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1

Introduction

D. Ledward, The University of Reading, J. Kerry and J. Kerry,
University College Cork

Meat has long been a central component of the human diet, both as a food in its
own right and as an essential ingredient in many other food products. Its
importance has also attracted controversy. Meat consumption has, for example,
been associated with chronic diseases such as cancer and heart disease. These
and other concerns, such as those over safety, have led to declining consumption
of some types of red meat in regions such as the EU. As a result, the questions of
what defines meat quality in the minds of consumers, and the ways these quality
attributes can be maintained or enhanced during processing, are of particular
importance to the food industry. This volume addresses these questions.

Chapter 2 provides the foundation for the rest of the book by discussing what
defines meat quality. It explores changing consumer perceptions, the cues they
use to measure quality attributes, and suggests ways in which the meat industry
can meet consumer expectations more effectively. Part 1 considers individual
aspects of quality, beginning with a discussion of the factors affecting the
quality of raw meat. The nutritional role of meat has been a subject of concern to
some consumers. Chapter 4 addresses such concerns and discusses recent
research on the nutritional importance of meat in the modern diet. The following
chapters consider other aspects of quality such as flavour, colour and the
changing fat content of meat.

Following on from the discussion in Part 2 of individual quality attributes,
Part 3 explores ways in which quality can be measured, beginning with a
discussion of how to establish reliable and measurable indicators for quality
attributes. Sensory analysis remains essential in both defining and measuring
quality, and is reviewed in chapter 9. Whilst the use of trained sensory panels
provides the foundation for measuring meat quality, instrumental techniques are
essential for effective control during processing. Chapter 10 discusses the range
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of on-line instrumertation avaiable, whilst the following chaptr considershe
important topic of idertifying microbiological hazarddn ensuringmea safety.

Thefinal part of the book looks at a rangeof newtedcniquesthathavebeen
appled at the varioussteagesin the supplychainto provideimprovedand more
consktent quality. The use of compuer modelsto undestand and contol
processesmore effectively is growing throughoutthe food indugry. Chapter 12
looks at its applcation at the begiming of the suppy chan to beef cattle
produdion. The following two chapersthenreview new devebpmentsin the
subsguent stagesof production, disaussing autanation in slaughéering and
carasshandling,andthe key areaof car@ssdecontamimtion after slaugher. If
its safetyandquality areto be presrvedbeforeit is eithersoldto the consuner
or goeson for further processing,raw meatrequireseffectiverefrigerdion. The
colledion thereforeincludes a review of the impact of chilling andfreezing on
med quality andways of optimising the desigh and operdion of the meatcold
chan. This chaper is complenentedby a comprelensive review of current
devebpmentsin meatpackaging Finally, the book concludeswith chaptes on
the processing and qualty contol of such produds as restrictured meatand
fermentedmeatproduds.

© 2002 Woodhead Publishing Ltd.



2

Defining meat quality
T. Becker, University of Hohenheim, Stuttgart

2.1 Introduction: what is quality?

Price and quality are key factors for success in food markets and, as such, are
important both for the competitiveness and economic efficiency of firms and of
the whole supply chain in meeting consumer demands. The price premium,
which high quality products receive compared to low price products, is one
measure (in this case financial) of the quality of a product. This price premium is
the result of the interplay of the supply of and demand for quality. In terms of
the demand side of the market, it represents the marginal willingness of
consumers to pay a premium for quality. In terms of the supply side, if markets
are competitive, it is equal to the marginal cost of producing a higher quality
product. If the supplier is in a monopolistic quality position, prices will be
higher than marginal production cost.

In general, food markets are rather competitive and price is the predominant
parameter of success, but delivering a premium quality may lessen price com-
petition and give the supplier the opportunity to increase revenue. In some cases a
certain level of quality, defined for example by a farm assurance scheme, may be
made a prerequisite by those customers with market power. Products produced
according to a premium quality standard as requested by large retailers may gain
no price premium but just the opportunity to stay in the market. Food retailers in
Great Britain have significant market power (Northen, 2000a, b) compared to the
food retailing sector in Germany for example. As a result, some of the price
premium for quality paid by the consumer accrues to the large retailers.

The members of each stage of the food supply chain (Fig. 2.1) in general and
the meat supply chain in particular have their own economic interests and goals.
Consumers would like to pay low prices whilst retailers prefer high prices for

© 2002 CRC Press LLC and Woodhead Publishing Ltd.



Input Agricultural Processing Retailers Consumers

industries sector industries
Food market
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Agricultural
product
market

Agricultural
input
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Fig. 2.1 The supplychainfor food products.

food produds. Retailers would like to purchaseat low pricesin the wholesle
food market while the processingindustly triesto maximiseits returns In turn,
the processowould like to purchaseraw materids cheagy from the agricultural
sectd, while farmers try to get the bestprice for their produe@. The straegic
interests of eachstageof the supply chainarein conflict both with respectto
price and,therefore, potentially with respectto quality aswell.

Eachstageof the suppl chainhasits own definition of qualty. Consuners
ask both for sensoy quality and produds that are safeto consume.They may
also demanda range of other potential quality attributes such as nutritional
quaity which may itself be variously definedto include a rangeof effectson
heath (sudh aslevel of fat content). They may alsoincludein their definition of
quaity how a productis manufatured, rangingfrom animal welfare stardards
and environmenal impactsto produd composition and ingredients.Qudity is
defined by consumes accordig to their own persomal preferencesand goals.

Retaiersareinterestedin a high marginandaccordngly in produds thatare
cheapto purchaseyet cancommand a premium price, areeasyto handle havea
long shelflife and quick turn-over, and which contibute positively to their
image. Price is of utmostimportane and qualty is defined accoding to the
extent to which a productcontibutes to the economicgoak of retailers.Food
marufactuers are interesed in a high margin and a good product which
contibutesto their brandimage. The larger manufaturersin particular invest
heavly in value-addedproduds which can be usedto createstrongbrand to
gain a comgetitive advantagen the market A strongindudry brandis not in
geneal in the interest of retailes who prefer to estabish their own brand to
improve their own marketpostion at the expeng of food mandacturers

The processing stageitself may include more than one stege. In the meat
chan, slaughterhasesareonly thefirst stepin the processingof theagricultual
produd. Furthermoe we haveto distinguish hereat leastbetweentwo chains,
the fresh meatand the meat productchain. Foad processorsre interesed in
agricukural raw materals in large homogeneos batces producedto quality
criteria gearedto the demandsof manufaturing. Producersusually soure their
raw materids from a number of supplers. It is often not pereivedto bein the
interest of onefarmerto co-ordnate on quality with otherfarmesif the costof
co-odinationfor the individual farme is highe thanthe beneft received.This
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will often be the caseevenif the total benefitsof co-ordnationamongfarmers
would be much higherthanthe total co-odination costif the latter wasshaed
betwee them.

Definitions of quality thus differ betwee the different stagesof the supply
chainand, asa result,consumemeedsare not alwaysmet efficiently. In case
where the reputation of marufactuers depend decsively on the quaity and
safetyof the agricultural produds usedasinputs,asin the caseof babyfood, the
industry prescribedarming produdion methodsor evenredu@sthe role of the
farme to a suppler of land andlabaur. In creding their own brands,retaiers
may alsoimposetheir own quality standads on the marufactuersthey contact
to supply their produds and on farmersprodudng fresh producefor the retail
sector. Contracting of this kind or other forms of vertical integration may
preventthe inefficient supplyof qualty throughcompetingstagesn the suppy
chain, and are a meansof ensumg more uniform qualty throughthe supply
chainasa whole.

In orderto facilitate an efficient supply chainresmpnseto the needsof the
consumerinterestsn the supplychainneedto be aligned Thereneedso bean
undestandingof andcommitmentto meding the consuner definition of qualty
at all stagesof the supplychainfrom retailer throughto the agricultural sector.
In the caseof meatthis consensusieedsto extendeven further throughthe
supplychainto include for exanple, the animalfeedindustry, andothe sectors
providing inputsinto agricultural produdion. An efficient responsef the supply
chainto the consuner demandfor quality implies a commurication of quality
throughall the stagesof the suppl chain. This implies a definition of quality
sharedby all the stagesof the supply chainandthe willin gnessof all stagesof
the supplychainto work togethe to meetconsumenqualty demand.This might
soundUtopian, but Utopian worlds may give us sigrs for the directionto goin
the real world. Vertical integrationis only one, and sometines very costly,
meansto co-ordinate on qualty. Other forms of co-ordination, like qualty
standads sharedby all the stagesof the suppl chain, might be more efficient.

Howevae, definitionsof quality differ not only betwea the different stageof
thesuppl chain,but alsobetweerthe differentscientfic disciplinesinvolvedin
meat quaity maragementand policy. We will present here a framewok for
defining quality which is designedto take on board a range of different
definitions andways of defining quality. This framework requires information
distributed amongmanyscientific disciplines.It alsoneedso takeinto account
gapsin knowledgeand suggets where new researchmight be directed.

We will appraach the definition of qualty by distinguishirg betwee two
extremesOneview is thatquality may be regadedasa constru¢ in the mind of
the customer which is highly subjctive and which cannot be measued
consistertly and objectively. The other extreme view is tha qudity is
objectively definedand existsonly to the extentit is scientfically meaurable
The subgctiveview is takento the extrene in the following statemeti ‘Quality
cannotbe defined.It canonly berecaynised’. The objectiveview is taken to the
extremein this statemet ‘Quality existsonly to the extentit canbe measued
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with laboratorymethod& We will not take either of theseextremeviews here.
We will regad quality, on the one hand, as a subjectiveconcept since it is

depen@nt on the percepions, needsand goals of the individual custoner. In

some partsof the literaturefollowing this apprachthe term ‘perceivedquality’

is usedto stressthe view that quality is neither absolué nor objective.On the
othe hand,we taketheview thatquality canbe descibedanddefinedevenif it

is morethanwha is measuable with labaratory methods While the objective
concet of qualty is predaninantin the supply chan andin the meatsciences,
the subjecive concet of qualty drivesconsumerdemandandis sharedin the
marketing and managerant literature.In our approachboth the subjectiveand
the objective quaity concet are combined.

We will apprachour definition of quaity by preentingfirst the consumer
pergectiveandthenthe produer perspede. Thesetwo sectims areintended
to give a short overview and to lay the ground for the integration of both
appraches The apprach, presentd in the following sectim, is basically a
combination and, more importantl, an integration of different appraches
already available in the literature, which either take the consumeror the
produer pergective.

2.2 Consumer perceptionsof quality

Sensoy studes are frequently usedto evaluae the quality of meatand meat
produds. According to thesestudes, preferencesor meatseemto be strongly
affectedby colourfappearane andtexture, andto a lesserextentby changsin
flavour. Texture may be undestoodwith juicinessand tendernessas different
dimensgons of textural quality (Risvik, 1994). Flavaur may be regaded as
conssting of tage and smell. However, eating or sensoy qualty is only one
dimenson of consuner pereived quaity. Many consuner surveys in seveal
counties of the Europen Union clearly demongtate that consumes not only
careabouteatingquality but alsoothe quality attributessuchasproductsafety
(in the light of outbreals such as BSE and foot-and-nouth disease)animal
welfare, ecologtal produdion methodspr the presencef residuesor additives
suchashormonesor antibiaics usedin animal produdion.

There are two main apprachesto investigating and modelling consumer
behavour: the consuner studes/maketing approachand the microecononic
apprach. In the former, severalmodds are availeble that seekto capture
differentaspets of consuner attitudesandbehaviour This apprachregadsthe
pereption of quality as closel linked to the peronal goak and endsof each
consuner. The means-encthain theory is a good exampé of this approach.
Consumersare assuned to chooseproduds becausehey believe that specific
attributes of the product can help them achieve desiredends. Audenaetr and
Steenkamp(1996)apply this approactto beefandexplain the consegencesor
marketing beefto consunersin Belgium. Attributeslike tender,succuent and
the lack of visible fat are linked in the mind of the consumerwith the
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consguenceof anenjoyableeatingexperiencewhile attributessuchasleanness
and the absewe of growth-promoting hormonesusedin animal rearing are
linked to the consequere of a heathy life. Animal welfare, ecobgical
produdion and other processattributeswere excludedfrom this analyss. Even
with this restricteddesignfocudng exclusively on eatingqualty, it is clearthat,
asidefrom sensoy propertes,thereexistsat least oneotherquaity dimensgonin
the mind of the consumerthe contibution to a heathy lifestyle.

This subjectiveaspectof quality is further pursied in the perceived quality
apprach. Here quality may be defined as fitness for use, fithess for certan
goals, or as the composite of all produd attributes which yield consumer
satisfacion. Thedistinction betwea quality cuesandquaity attribuesbecomes
decisve. Qudity cuesarewha the consuner obseves,andqualty attributesare
whatthe consumemants.Quality cuesareimportantonly to the extentthatthey
actasconsumepereivedindicabrsfor attributes.Qudity cuesmaybeintrinsic
or extrinsicto the produd. Quality attributesmay be expeiencedor haveto be
inferred (Steenkanp, 1990).

Consuner studes distingush betwee quality expedations and quaity
performance (Steenkampand van Trijp, 1996). At the point of purchasethe
consumefforms animpressionaboutthe expeded produd quality of altemative
food productsand accordngly decdeswhich produd to buy. It is geneally
acknowledged that consumers expectations about quality are based on
percepions of quality cues.Qudity cuesare any informational stimuli that
can be ascetainedthroughthe senss prior to consunption, and, accoding to
the consuner, have predictive validity for the produd’s quality performance
upon consumptia. In the caseof freshmed, placeof purchaseand colour are
amongthe more important quality cues,as confirmedin Europeanconsumer
surveys(Glitsch, 2000a) Thesecuesare essentidy subjecive.

While consumerstudiesliterature stresgs the subjctive view of quality,
economstsanalysingconsumebehavioutin the coniext of marketstakeaview
morein accordane with the objectiveview of qualty. Produds areregadedas
bundesof objectivelymeasuablechaiacteristic. Demart is assumedo depend
onincomeandprices(Heienetal., 1996).ChalfantandAlston (1991)stresshe
view that changesn meatdemandcan be explainedusing only relative prices
and income variables without assunmg a strucural changein consumer
preferacesor tastes Davis (1997) discusse the problems of identifying and
measuing strucural changein consuner preferemes from a microeconome
perspedve. Howeve, economsts havebegunto stressthe importan@ of non-
price/incme factors. The non-price/incomefactors which appearto be more
importantfor consumpbn trendsin the UK, for exanple, are associted with
suchissuesashealthand convenence(Banslack, 1995). Andersonand Shugan
(1991)stresshesefactorsasthe reasorfor the increasan poultry consumpion
andthedeclinein beefsalesVon Alvendeben(1995)regardshe conparatively
low productdiversity in the caseof meatasinfluencingconsumpbn pattens.
Richadsonet al., (1993) regard health, tage and concens over additivesas
determirantsof changes in med consumpbn.
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In orderto takeaccount of the distinctionbetweerthe subjecively pereived
quality apprachandthe objectivequality apprach,we will usethe following
terms

e quality attribut es (QA) to denote those qualty featues of the product
pereived asimportantby the consumer

« quality characteristics (QC) to denoe those quality features which are
scienffically measuable.

Food hasto be prepaed to becone a dish. In orderto take this on board,the
consunption processtself may be regardedasa produdion processwhere food
produds with otherinputslike time, skill, andothergoodsaretransbrmedinto
the final good which is consumed Consuner preferencesalso exist for these
final goods. Thesefinal goods have no market prices but only subjecive
‘shadow prices’in the mind of the consuner (StiglerandBecker 1977).These
final goods becomethe foundaion on which the consuner builds quality
attributes. Both the pereived quaity apprach and the objective quality
appracharelinked together if we regardprodud attributesasthe outpu of the
home produdion of final goods.The willin gnessto pay a price premium for
objectively measurablequality chaiacteristic may be derivedfrom the internal
persnalvaluationsof quality attributesasvalidatedby thefinal goodsprepared
and consumedwithin the home.

The recentfocus of microeconanic theory on asymnetric information adds
othe importantinsights to the consuner perspedve on quaity. According to
Becker (1996) therearethreedecsionframes for the consuner whenassssing
the qualty attributesof a produd:

1. Thedeckionundercertainy, mace at the point of purctase.

2. Thedecisionunderrisk, when the consumerssumesjualty attributeswill
be realisedlater at the point of consumpbn.

3. The decsion under uncertanty, where the consumermay not be able to
establishthe qualty attribute independatly.

An exanple of thefirst frame the decisbn undercertainy, is the sizeof a piece
of med. Theconsumeranbe sureof thequaity attribute by inspection.We will
denot thos attributesasinspection quality attribut es(IQA). Consumersuse
othea cues, such as the kind of shop or the colour, as inspection quaity
attributes. Colour, for exampg, is regardedby consumes as both a quality
attribute in itself andevenmoreimportantasanindicatorfor eatingquality and
med safety(Glitsch, 2000b)

An exanple of the secondframe, the decisionunderrisk, is the attribute of
med ‘tendemness’. The consumercannotassesghis attribute when buying the
piece of meat,but experencesthe tendernessonly after preparingthe product
and consumng it. Accordingly, we will use the term experiene quality
attribute (EQA) or ‘eating quality’ to denot thosequality attributesthat are
expefencedonly in consunption. Consunerslook for certan quality cuesthat
suggesthe meatwill be tenderto eatafterit is cooked
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Exampes of the third frame the decisionunder uncertainty are ‘animal
welfare friendly’ or ‘organic’ produgion methods.Here the consumerhasin
generaho meando establishvhethe the produd hasthesequality attributesbut
insteal hasto rely on third-party information.As anexanple, the consumethas
no way of inferring from the productitself whethe the animalhadbeenreared
and slaugheredhumaney. As in the caseof experiace quality attributes,the
consumerhasto rely on cueshut, in the caseof credence quality attribut es
(CQA), trusthasto substitue for personakxperiece. The consuner is not only
interesedin thesenseoy or eaing quality, but alsoin issuedik e animalwelfare,
environmentally friendly produdion and,in particula in the caseof beef in the
safetyof the meat.The safetyof a med produd may be seeneitherasan EQA,
sincethe consumemay be immediaely expose to any risk after consumpbn,
or as a CQA if potential health effects are long term. Within the group of
credenceguality attributeswe will distinguishaccordngly betweenethicd and
safety/helth credencequalty attributes. The distincton is importantbecase
food safety and health issuesare of importance for the well-being of the
consumer while ethical issuesare more importantfor the well-feeling of the
consumer

This asymmetricor incompleteinformaion apprachshedssomelight on the
cue processig processintermalised within the consuner. Any content of
information, whethercuesor attributes,canbe categoisedaccordngto thethree
decisbn frames.Researctshows(Glitsch 2000a,b) thatin the caseof meatand
meatproduds, the placeof purchasewhethe butcher'sshopor supemarket,is
regardedby consumes (even in those counties where butcher’s shopshave
hardly anyimportan@) asa primary indicator, both of safetyandeatingquality.
Priceis regadedasa muchlessimportantindicator. Evenin thosecountrieslike
Sweckn, where independat butchers shops are conparativey rare, their
importan@ as a cue for quality equalsthat of price. Colour and, to a lesser
extent, country of origin are,togethe with place of purchasealsoamag the
first-ranked indicators used by consumes to infer eating qualty. In most
countriesin Europe producerabds andbrand haveonly minor importanceas
indicators for quality. Exceptfor beefin Sweden and chickenin Germany, this
quality cueis regaded asless importantthanthe place of purchase.

Trustis deckive for the consuner in the caseof credencequalty attributes.
The two most trusted soure@s of informaion on the safdy of mea in six
countries investigatedin Europe (Table 2.1) are the independentretailer or
butcherandthe butcherin the supemarket(Glitsch, 2000a) Germanconsumes
rank consumergroupsin third place, while British and Irish consumes rank
their own opinionthird. In the caseof Sweden newspapes arerankedthird and,
in the caseof Italy and Spain the Depariment of Hedth. Italy and Spain
comparel to the othe counties investigaed, are chalcterisedby a direct
involvement of nationd andregionalministriesin qualty policy.

Freshmess,asindicatedby attributessuchascolour andajuicy texture, seems
to be the most importantindicata for the safety of meat. Among the more
importantexpeience-aiality attributesrelated to safetyareflavour, tendernss,
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Table 2.1 Most trustedsourcesof information aboutmeat (% of all answers)

Germany Ireland Italy Span Sweden United Kingdom
Independent Butchersin the Independent Independent Independat Butchersin the
retailers/buthers supemarket retdlers/butclers retdlers/butclers retailergbutches supermeket
(37.5%) (36.7%) (28.3% (25.6%9 (10.7%9 (23.1%
Butchersin the Independent Butchersin the Butchersin the Butchersin the Independat
supermarket retailers/butclers supemarket supemarket supermeket retailergbutchers
(6.8 %) (9.8%) (28.2% (15.1% (10.29% (9.3%)
Consume Own opinion Depatment of Departnent of Newspaprs Own opinion
groups (4.6 %) Hedth Health (7.6%) (6.0%)
(6.6%) (6.0%) (5.6%)
Magazines Reports Friends Consimer Own opinion Newspaprs
(3.8%) (2.8%) (3.8%) groyps (4.6%) (2.9%)

(4.7%)
Reports Farme Consimer Own opinion Friends Governnent
(3.7%) representative grouwps (4.0%) (4.0%) (2.4%)

(2.4%) (3.7%)
Friends Newspapers Reports Governnent Foodsafety Labelling
(3.5%) (2.3%) (3.6%) (2.8%) board (2.0%)
(3.5%)

Source: Glitsch (2000a),p. 139.



Some people think that the quality of food productssold in [our country] is
improving, whilst othersthink it is gettingworse.For eachof thefollowing products
soldin [our country], pleasetell meif you think its quality is tendingto improve or
tendingto getworse?(Showcard.)

EU 15 average
in % of respondents
Tendingto getworse  Tendingto improve Neither

Freshmeat: 45 32 23
Freshfish: 32 38 31
Freshvegetables: 28 44 28
Freshfruit: 28 46 27
Pre-cookedmeals: 25 43 32
Eggs: 24 39 37
Cannedfoods: 23 38 39
Freshmilk: 21 42 36
Breadandbakeryproducts: 21 49 30
Frozenfoods: 18 49 33
Cheese: 17 48 35

Fig. 2.2 Foodquality perceptionin the EuropeanUnion (February1997).Source:
InternationalResearchAssociategINRA): Eurobarometed7.0,20 March 1997.

juiciness and smell. Where possibé consumes look for cuesfor crecence
quality attributes. Place of purchase, country of origin and, in the case of
chicken, free-rangeprodudion have someimportane as cues. Price and the
nameof the produer havecomparéively little importan@ asindicators for the
safety of meat. Among the more important safdy concens are the use of
hormonesand antibiotics in animal rearirg, and the preenceof salmonellain
chicken and BSE in the case of beef Fat and cholesterb seemto be
compardively minor concernsfor Europeanconsumes (Fig. 2.2). This would
certain not hold for consumes in the United Statesof America.

From the perspectie of the consuner, food should be safe, converient to
prepare,good for the health, tasty and produed in accordane with personal
ethicd values. The resuts of consumetlinterviewsshowthat, though objective
guality may not have changel, the perceivedqualty of meatis regardedas
havingworsené, thouch the situafon variesbetweencounties (Fig. 2.3). This
may be accountd for by changirg productattributes demandedyy consumes
but not sufficiently taken care of by the supply side The consunption data
showsthat overall mea consunption hasstayedrelaively constanthroughout
the lag decae. Howeve, while pork consumpibn and, in particular, poultry
consumpbn hasincreagdfurther,beefconsumpibn hasdecreasedFig. 2.4). If
quality is defined as fitness for consunption, both consumerinterviews and
consumpbn pattens showthatthe (perceived)qualty of beefin particular has
decrease overtime. Percapitabeefconsumpon in Europehassuffered along-
termdecline,accderatedmore recentlyby the BSE crisis. Consumptionpattens
afterfood scandls recoverafter some time, in mostcase after six monthsor a
year.The BSE crisisis no excegtion in this regad, but the quaity imageof beef
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Some people think that the quality of food productssold in [our country] is
improving,whilst othersthink it is gettingworse.For eachof thefollowing products
soldin [our country], pleasetell meif you think its quality is tendingto improve or
tendingto getworse?(Showcard.)
in % of respondents

Tendingto getworse  Tendingto improve  Neither
Germany 62 24 14
Greece 60 30 11
Belgium 53 24 23
France 51 29 21
Italy 45 28 27
Portugal 42 40 18
Luxemborg 39 32 29
Denmark 36 35 30
Ireland 35 43 22
Austria 34 37 29
Netherlands 34 38 27
United Kingdom 32 33 35
Finland 29 24 46
Spain 29 54 18
Sweden 25 27 48

Fig. 2.3 Meat quality perceptionin the EuropeanUnion (Februaryl1997). Source:
InternationalResearchAssociategINRA): Eurobarometed?7.0,20 March 1997.

hassufferad further damage. Current pattens thus sugges that an increag in
overdl meatconsumpibn is very unlikely andthat, at best,consunption will

reman stable or even decline Sdety is clearly a credencequality attribute
which, in the caseof beefin particular, the industry hasfound it difficult to
saifsfy.

Foad prepaation shouldbe converient. The sizeof houseloldshasdeceased
whilst income hasincreagd. As more womenhave enteredthe labour market,
houselldshavelesstime to prepae meals Corsumeraow investlesstime and
skill in prepaing food, and look for converience foods that require little
prepaation Meat is only one ingredient amang many in most convenence
foods and has less importan@ than in a home-mademeal preparatbn.
Corsumersurveysclearly showthat the skills required to preparemeatdishes
have deceasedfrom generaibn to generabn (Glitsch, 2000a). This loss of
domestic culinary skills may also have reducedthe pereived eaing quality
attributesof meat,consoldatinga perceived decine in quality.

Foad shouldbe healthy Fromthe pergectiveof the consuner, mea doesnot
contibute to healthasmuadh asothe foodssuchasvegetablesOn the contrary,
med is regardedasa food which may contributeto coronaryheat diseaseand
othe diseass, andshoutl therebre be consumedess to producea healthydiet
(Wildner, 2000). This percepion hasagain contibuted to a decreasén meat
consunption.

Foad shoul be producedin accordane with personalvalues. In order to
consune med, animalshaveto beraisedandslaughered.Consuner attitudes to
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methodsof production have changedprofoundly. There has beenincreasing
criticism of the useof syntetic addtives to enhane quality attributessuchas
colour and shelf-life. Corsumershave increasindy demandedfoods that are
more ‘minimally’ processd and retan their origind sensoryand nutritional
guaities. In the caseof meat,therehasbeenincreasingconcen aboutthe useof
antibiotics and growth-promoing hormonesto make animal rearirg more
produdive. At the sanme time consumes have becomemore concernedthat
animak arereared,transportd and slawghteredin humaneconditions. Finally,
there is increasing consumer pressure to make farming practices and
manufacturing processes more environmentally friendly. This has been
reflected,for exampe, in the increasng dermandfor orgaric produce.

2.3 Supplier perceptionsof quality

As in the caseof studesof consumeattitudes therearetwo distinctappraches
to thetopic of qualty from the supplierperspective:thatof industrid econonics

andthatof quaity maragementin microeconome theay, quality is regadedas
a paraneterfor compeition. Firms choosefrom a variety of possiblequality

attributesthe bundleof qualty chalacteristics that maximises profit. Qudity is

regaded as only one parameteramong othersfor conpetition. The optimal

choice of quality depend on the behaviourof the othe firms and customer
needs(Tirole, 1988). From an econonic perspective firms neednot always
med custoner quality needsefficiently, but only to the degreeneededto

maintain a profitable position in the market. In particula, in the case of

expefence qualty attributes, there exist market equilibrium condtions which

may resultin anundesuppl of quality. If consumes preferhigh to low quality
and are willing to cover the additional produdion costfor high quality, there
may still be an undesupply of qualty productsif consuners are not perfectly
informedof the quality attributesat thetime of purchaseor havenoreliablecues
for judging highe quality. This is well demonstatedby the so-alled ‘Lemons
Probkem’ (Akerlof, 1970). Signalsfor quality may lessenthe problem of an
undesupply of quality. Any reputation mechansm like brands,advetising or

warranties may act as sucha sigral.

The focus of the quality maragementliterature has changel significantly
over the last cenury, shifting first from readive end-produttestingto a more
proadive emphass onimproved processontol. It hasalso movedfrom afocus
on how to produ@ more consisterlyy and meetspecificdions moreexacty to a
more consumeiorientaed apprachgearedo idertifying consumemneedsmore
effectively andthendespning produds aroundthose needs(Dalen, 1996). This
quaity-by-desgn apprach hasbeendevebped,for example,in the concent of
quaity function deploynent that requiresa produd developnentteamto find
measurablechaiacteristics descibing cusbmer needs(Akao, 1990). By using
the custoner’s own rating of importanceof needsandthe specialis knowledge
of the relationshipbetwea needsand chamacteristis, it is possibleto find the
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most important characeristics valued by custoners and to focus on thesein
produd desgn. This is not an easytask: ‘In sone instan@sit is necessar to
estabish new expressinsto descrile the warted quality. Sametimesnew ways
of measuringquality mug be found. This is one of the challengesto meat
researh scientistsaswell astheir colleaguesin relatedfields: whatto measue
in the end productand how to measue it’ (Dalen, 1996).

This approachhas beendevelopedfor indudrial designspecificdions but
falls shortin coveringall the pecularities of food, in particular meda produd
design.In the caseof meat,both processandprodud attributes,experisnceand
credencejuality attributes areof importane. Credere attributesseento play a
dominarn role in consuner food demand in general comparedto non-foa
produds. The Quality Guidane Approad suggestd by Steenkamp and van
Trijp (1996) seeksto adapta Qudity Function Deployment appraach to food
produd designand canbe characerisedasfollows:

The quality guidancephilosophyconsiss of the following steps:(1)
measuementof the quaity judganentsmacde by consumes in the target
markets;(2) disentanglemaet of the qualty judgementsinto its
constituets, viz. pereptionsof intrinsic quaity cuesand qualty
attributes; (3) linking consumermperaeptionswith resgectto intrinsic
quality cuesand quality attributesto physicalprodud characeristics
(Steenkanp andvan Trijp 1996).

This addsthe importantdistinction betwee cuesand attributesto the Quality
Funcion Deployment approachabove. Empirical researb emgdoying this
framework is availabe for the caseof blade steak.(Steenkampand van Trijp,
1996). Characteristics measured were colour, fatness, pH, water-binding
capacity shearforce and sarconere lengh. Thesecharacterists were linked
to consuner perceptions of freshnes, visible fat, appeaance, tendernss,
flavour, non-meat components and the quality expectations and quality
performanceof the steak.The generalresultsshow that visible fat in the raw
steak and perceived tenderness at consumption have relatively accurate
counter@rts in physical produd characterists. For othe consumerquaity
attributes such as perceiwed freshnes, preenceof non-nmeat componerg and
flavour, the converionally employel physical meaures appea to be less
effective predictors.

In most,if not all, countriesof the EuropeanUnion there are meatquality
schemes Only a few of these cover all the stages of the suppy chan.
Nevertteless,theseschenes are efforts to co-ordinate quality betwee at least
some stagesof the supply chain. Schemesmay be led by manufaturers
retailers, industly assod@tions or by governmat agenées. In Irelard, for
exampk, qualty schenesarepublicly adninistered,while thos in Spainhavea
combindion of farmer, industry and publicly administraton involvement. In
Germany, Swecen and Italy quaity schenes are mainly run by farme
orgarisations/coeperatives In the United Kingdom, schemesare run by
industry-led organsationsand retailers who are able to exerciseconsderable
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influenceoverthe supplychain.In general commecial quality schenesfor the
suppl chaintendto berun by the channel'captain’, thatis, the mostpoweril
playerin the supplychan. In the United Kingdom, Irelandand Sweden, quality
schenes cover mog of the supply chain and have a nationd covelage. In
Germany, Italy and Spain quality schemegend to be of regional natureand
sone of the schenes account for less than 1% of nationd supply. (Northen,
2000a)

2.4 Combining consumerand supplier perceptions: the
quality circle

Qudity in a marketis the resultof the interpay of demandandsuppl. Only if
the costof producinghigh-quaity produds is less thanthe price recaved will a
firm produe high-qualty products.If firmsandconsumerscing in a perfectly
competive maiket have complde information on quality chamcteristics
through consuner reliance on measuable inspection quality attributes, the
suppl of quality productswill be efficient in the sensehat, if the consumelis
prepaed to pay more thanthe producion cost, productsof the desred qualty
will be suppledto consunersby the market.No quality marketfailure occursin
this case.

Howeve, if we assumanorerealistically thatqualty is basedon expeience
or credencequality attributes, qualty is lesseasly definedand meauredby
consuners and producers and there may be a subopimal supply of quality
produds. This risk may be lessenedf therearereliable predictive indicators or
sigralsfor eaing qualty suchasbrand or warrantiesthough aswe haveseen,
these are not sigrificant indicators for consumes of mea products Crederce
quaity attributesdependargely ontrust.In thesecase, claimsby the produers
may haveto be endosedandregultedby somekind of reputablethird party.
Consumersneedto be convincedboth of the natue andreliability of produer
claims andthe standirg andeffectivenes®f anythird-party regulation (Caswel
and Mojduszla, 1996).

The scientfic literaturehascontributel to severalaspets of qualty design,
produdion and consumerpereption. This chapteris aimed at putting the
differentviewstogeher. The concept of a ‘circle of quality’ (Fig. 2.5) hasbeen
devebpedto define qualty in a mamer that takesinto accownt both consumer
andproducerviews on quality andensuesan effectve dialogueand consensus
in the market.Current researb on quaity hastendedto negkctthe problens of
communicaion betwea consumes and producersn definingwhateachmeans
by quality. Clearly, commurication is very importantin the caseof expefence
quaity attributesand evenmore soin the caseof credencequality attributes.

While the circle of quality is intendel to give a frame for consuner-
orientatedmeatquality managerant,the framehasto befilled by therespedve
expets. Researches respedely in meatscienceandquality managementave
to come together with those analysing consumer behaviour and the
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Fig. 2.5 The quality circle.

microeconom¢ behaviour of firms to develop robug quality maragement
schemesThe circle of quality is intendel to clarify the apprachesusedin the
differentdisciplinesandto contibuteto a commonundestandiry. It is clearthat
focusingon inspectionquaity attributes, suchasthe appeaanceof meat,and
even experence quaity attributes, that is the eating quality of meat, may be
inadequat if this meansneglkecting consuner demandsfor crecence qualty
attributes. It also becones clear that quality produdion is only one part of
guality maragementand needsto be matchedby an equalemphass on under
standirg how consumes assessjuality and effective quality communicdion to
the consumer

The assumpbns undetying the quality circle have beenreviewed in the
previoustwo sectims. On the one side thereis the consumerwith her or his
percepion of quality basedon both product and process.This pereption is
basedon quaity attributes, which are assssedby inspection, expeience or
credence Cues are used by the consuner as indicators to infer quality, in
particula for expefenceor crecencequality attributes.The consumesideof the
quality circle is only onesidg the demandside. The othersideis the produdion
side of qualty. Thewhole suppl chainis regardedasone produer to keepthe
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expostion simple.Problens accruirg from the differentinterestsof the different
stegesof the supplychainhavealreadybeendiscussd in the beghnning of this
chaper. Quality maragementincludes both the designof the productand the
processto med consumes’ needsWhile quality characterigts may needto be
expressedastechnial specificdions, thesecharaceristicshaveto be transhted
into sigmals, like brands, labds, advertisng and other informafon to be
communicaedto the consumerThe produ@r may be ableto controlthe sigmals
for productcharaceristics,like the brandimage,but not all the cuesusedby the
consuner to infer quality attributes.Here the communication processitself is
decsive. Accordingly, we needto distingush not only betweenattributesand
chamcterisics, but also betwee sigrals from the produer and cuesfor the
consuner as indicators for quality attributes. Attributes and characterists,
signals and cues are regaded here as the consttuents of the universeof a
consuner-orienatedqualty maragementThe full qualty circle consiss of two
parts,the produdion andthe commurication part.

The production part of the circle needs to bridge the gap between
chaicterisics and attributes. Thereis now a significant body of researchfor
exanple, on the effectsof bredl, feedng, rearing,transportingandslaughering
(Chaper 3) and chilling (Chapter15) on raw meatquality. Researchhasalso
improved undestandirg in such areasas the control of colour and flavour
(Chapers5 and6), andthereareincreaingly sophsticatedways of measuring
these characterists (Chaper 10). Meat and med produd producerstherefore
haveincreasindy sophsticatedmeansof measuing inspection and expefence
quality characteristics. Improvements in consumer and sensory research
(Chaper 9) have helped to show how these chaiacteristic correlte with
attributespereived by the consuner.

Howeve, eating or expeience quality is only one category of quality
chalcterisics. Hardly any informationon the ‘production’ of credencequality
chaacterisics or thelink of thesecharacterists to attributesis available. As we
haveseenconsuner researb hasmack importantadvancesn idertifying these
attributes and the cuesusedby consuners to assesshem. Consumersurveys
clearly showthat crecencequalty attributeshavegairedin importane for the
consuner in judging the quality of meatand meda produds. Thoughwe know
from consumersurveyswhich credencequaity attributes are pereived as
important,we hardly know how to defineprodud and processchaiacteristic to
med theseconsuner demandspr to matchsignalsto the cuescustonerslook
for in assssingtheseattributes.

Comrrunication is of particular importance for expeience and credence
quaity attributesIn the caseof credencequalty attributes,trusthasto subsitute
for personal experience. Though there may be product and process
chamacterisics available to med consumerdemandsfor credence quality
attributes, unless they are defined, enshined in technical regulatons and
efficiently commuricatedto the consuner, a quaity problemoccurs.Thewhole
circle conssts of both the managerant of qualty produdion and of quality
communicdaion to the consumerBoth the productionand commurication parts
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haveto beaddedto createthefull quality circle. Without both parts,thecircleis
incompkte. The quality produdion circle startsfrom the chamacteristic and
links theseto attributes. The quality commurication circle stars with thee
characeristics, identifies cuesand correspading sigrals to turn theminto the
quality attributesthat the consumetis looking for.

Quality commurication is of particular importane in the caseof process
characeristics. Technicalregultions may define produd¢ and processquality
characeristicsin detail, but haveto be commurcated to the consuner usingthe
right sigrals, particulaly in the caseof process characeristicsextrinsic to the
produd. The signalsareintendedby the senderof the sigral, the producr, to act
as indicators for produd and processquality chamcteristic but have to be
receivel and interpreted by the respedive consuner as cues.Someof these
signalsmay act as cuesfor the consuner, othersmay be ineffective. Same of
thesesignalsmay commuricate to the consumerwhat the produceroriginaly
intendel. Other signals may even be interpreted in a way contary to the
meanirg intended Only those cueswhich are trustedand acceptedasreliable
indicators by the consuner have some influence on consumerattitudes and
behaviour Those that are not may even deepenconsumer mistrust. The
perception of credence quality attributes, like animal welfare friendly
produdion, is particularly sensitiveto the degreeof trust in the information
source.The claim of a produer that produdion is welfare friendly, is not a
direct verifiable signalunless,for exanple, it is validated by a repugble third
party in which the consuner hastrust.

Our apprach has demonstated that, for crecence quality attributes in
particula, unresohedissuesn communicaing quality hinde anefficient supply
of quality in the market.Ethical andsafety/helh issueshaveto be produedand
commuricated. Without trustedindicators and signalsconsumemeedsare not
fulfilled. Both pubic and private quality managemenschemesin the meat
sectorcould be improved to meetconsumemeedsby taking more into account
the commurnication element in quality managerant.

2.5 Regulatory definitions of quality

Quality standardsfor mea, aslaid downin mardatory public quality schemes
are predaminantly targeed towards food safety and hygiene, thoudh they do
cover eatingquaity, animalwelfare and other ethicd issues.

2.5.1 Standads for food hygiene and safety

The generalrules for food hygiene in the European Union are laid down in
Directive 93/43/EEC This directivelaysdowngeneralrulesfor hygiene control,
covering meat processig though not primary production. Food hygiene is
definedas ‘all measuresiecesaryto ensurethe safetyand wholeomenesof
foodguffs’. The HACCP systemis made mardatory. MemberStatesareableto
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maintain or introduce nationd hygiene provisionsthat are more specific than
those laid downin the Directive, providing thattheseare not lessstringent,and
thattheydo not constitue a barier to tradein foodguffs produ@din accordane
with the Directive. While the exclusbn of primary productionfrom product
liability hassubsguentlybeenaboished,theintroductionof HACCP sysemsin
the agricultural sectoris still limited, althoughmary microbiological problems
havetheir sourcein the agricukural sector,suchas salmonellain chicken.The
White Paperon Food Safety(Conmissionof the European Communties, 2000)
hasannouned that:

A new comprehenste Reguation will be proposedrecasing the
exiging legal requiremats to introduce consiséncy and clarity
throughoutthe food produdion chain. The guiding principle throughout
will be that food operdors bearfull respondbility for the safdy of the
food they produce.The implementatbn of hazardanalysisand control
principles andthe obsevanceof hygiene rules,to be appied at all
leves of the food chain, mustensurethis safety.

Within the overall framework of geneal hygieneregulation, more than 20
Directives coverdifferentaspets of meathygiene.As arestut of the BSE crisis
in paricular, these Directives have been supplenented by more than 30
Dedsions of the European Commission. As an exanple, Regulation2377/90/
EEC lays down procelures for establishing maxmum residue limits for
vetainary medicinal produds in foods of animal origin. Maximum allowable
residuelevels of vetainary medicd productsaredefinedin Regulation675/92
EEC andsubsguentregulatons. Regulation 315/B/EEC definescontaminarts,
howtheyshout be handled(through,for exampk GoodManufacturingPractice
(GMP)) and, whereappr@riate maximum allowablelevels. Directive 86/363/
EEC specifiesmaximum levelsfor pesticideresidue in foodsof animalorigin.
The BSE crisis hasresultedin a significant extensionin food safetyregulatian.
The establising of a systemfor the idertification and registation of bovine
animak (Reguhtion 17602000£U) would probaly not have beenpolitically
feasble without the BSE crisis. Though a systemfor beef traceability was
introduced mainly to meetsafdy consterations,it also underpinslabelling of
med products an areacoveredby othea legislaion govemning quality.

2.5.2 Standardsfor animal welfare and other ethical issues

The first Europen Union legislaion on animalwelfare wasintroducedin 1974
(Directive 74/577/EEC),laying down requirenentsfor the stuming of animals
before slaughter.Sincethattime a wide body of animalwelfarelegislaion has
been introduced. The Treaty of Maastridit included a declardion on the
protectionof animalswhich called for EU membe staesto take prope account
of the welfare requiremats of animals when drafting and implementing

legislation. Specific welfare standads have also beenlaid down for individual

speces. Regulation 1804/99 extendsthe Reguldion for organic produdion
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(2092/91) to cover animal production. These Regulations define the
requiranentsfor the productionprocessof productsto be labdled as organic.
Stanardsfor orgaric productionmethodscan be regaded as combining both
environnentalandanimalwelfare standads. Theseregulatons alsocoverother
ethicd and safety issues,like restricions on the use of geneically modified
organsms in agricultural production. These standads can be categoised as
regulatirg a wide rangeof ethicd credencequalty attributes.

2.5.3 Standads for eating quality

Compukory carassclassification for cattle and pigs was implementedunder
Reguldion 120881 and Regulation 3220/84respectively. The main aim of this
systemwas to referencethe processig quaity of carcases for standadising
price reportingsystens acrossmemberstates This carcasslassificaton canbe
regardedas providing an internal quality standad for the meda trade and,
becawseit is not commuricated to the consumerhasonly anindirect impacton
eating quality. The Europen Quality Beef Schemeis an effort to establisha
guality label for fresh beef directed specificdly at the consumer So far, the
succes®f this schemeseemsto be ratherlimited (Becker,2000)

2.6 Improving meat and meat product quality

A prerequidie for the improvement of (perceived)meat and mea produd
quality is a conmon undestandirg of quality betweenthe consumerand the
produer. In particular, communicdion to the consuner of quality attribuies
seemsto be the weakestpart of quality managerant in the meat sector.
Communication is a two-way concept and implies listening to the needsand
percepions of the consumerand informing the consuner effectivdy about
quality attributesin away thatis mearingful to the consumerThe supply chan
hasto listenandto speakto the consumemorecarefully thanit hasdonesofar.

Quality attributesperceivedasimportant by the consuner havebeendivided
into three categories: inspection, experience and crederce attributes Of
particula importane for meat and meda produds are credence attributes.
Within this categoy we have distinguishedbetwee ethical and safdy/healt
attributes. The maragementf inspection quality attributesandthe appearane
of meatin the shop needsstill further improvement, but we will focus on
experience qualty attributesandon crecencequalty attributes.

2.6.1 Experience quality attribut es

Eating qualty could be improved further by integrating sensoryresearb with

researb in meat science In an ideal world from the quality maragement
perspedtre, resarch shoull start with consuner pereeptions of important
attributes andinvestigateprofitable ways of produdng the productand process
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chamcterisics linked to thes quality attributes.The eatingquality of meatis the
resut of the home produdion process of the consumer An efficient quality

maragemenprogranme hasto includethis stageof processig. Consuner skills

in preparingmeat and knowledge of meatrecipeshave decrease over time,
contibuting to the decline in meat consumpbn. Produ¢ developnent and
innovationin themed sectorshouldtakemoreinto accounthe growing demand
of consumes for converiencein preparatbn.

Corsumersuserelatively few predicive cuesto judge the eating quality of
med. The place of purchase,whether butcher'sshopor supemarket,and the
colour providethe main cuesindicatingeatingqualty. This clearly denonstrates
that more predictive indicabrs, from an objective point of view, are needel.
Thereis nothinglike a quality gradeor quality classificationschene availeble
for consumes in the caseof fresh mea. Evenmore important,predicive cues
alreadyavailable, like ageandsexof the animak, andwhatthe animalis fed on,
are not commuricatedto the consumer.n the caseof fresh meat,brands and
labds play hardly any role as cuesto indicateeaing qualty. Efforts shouldbe
mack to give consuners better and fuller predictive cuesto indicate eating
qualty, for exampe by develophg andestablising a sensoy qualty indexand
communicding this index to the consuner. In the fish sector, efforts have
alreadybeenmace to estabish sucha quality index.

2.6.2 Credencequality attribut es

In comparisorwith the US, meatin the EU seemdo havea betterhealthimage,
in particular with respecto cholesterb Thereneedsto be furtherimprovemen

in the healthimage of meat(seeChapte 4). Improvementsin commurcation

seemto bemorepromisingin increasingperceived quality thanimprovementdn

produdion which are alreadysigrificant. The BSE crisis hasundemined the

safay imageof med. Public policy hastakenoverthetaskof meding consumer
demandsfor food safetyby, for exampé, establising traceabilty systemsfor

med. Therecentstahlisation of beefconsunption andthelack of mediainterest

in further BSE casesseemto indicat that public policy has been quite

succasful in this respect However, othe safety concens such as the use of

antibioticsin animalrearingarestill significantandneedto be taken account of

by both the indugry andgovenment.The focusof public mardatory standards
has traditionally been on the managerant and control of safety. Private
standards,as laid down in qualty schemeshave beentargeed more towards
eaing quality and ethicd credencequality attributes.However, progresshas
sonetimesbeenpiecemealvith price compettion, for exampé, putting presure
on the implementation of more expensive animal welfare standards in

produdion. Public standardsare increasngly taking over the task of defining

technical regulatons for ethical crecenceattributesaswell.
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3

Factors affecting the quality of raw meat
R. K. Miller, Texas A & M University, College Station

3.1 Introduction

Establishing an understanding of raw meat eating quality and consistency is an
important component of meat production systems. It is generally understood that
production of meat must be tied to the production of a product that consumers
find visually appealing, that they will continually purchase and that consistently
delivers an acceptable eating experience. Therefore, meat quality encompasses
the visual appearance and eating quality. Both of these quality factors can be
influenced by ante-mortem and post-mortem production factors. This chapter
will concentrate on ante-mortem production factors of breed and genetic effects,
dietary influences, and rearing effects on meat quality and the post-mortem
factor of the slaughter effect will be discussed as a post-mortem production
factor. This information will provide a basis of understanding for subsequent
discussions on meat quality in ensuing chapters.

3.2 Quality, meat composition and structure

Meat is composed of lean tissue or muscle fiber cells, fat and connective tissue.
Fat or adipose cells can be found in up to three depots or locations in meat. Fat
can be deposited intramuscularly as marbling or contained between muscles
(defined as seam fat) or it can be found as external fat or subcutaneous fat.
Additionally, meat may include bone, but the trend has moved toward boneless
meat cuts and therefore bone will not be discussed in this chapter. Nervous
tissue and components of the blood system are contained within meat but their
total weight or proportional contribution to meat is small and so will not be

© 2002 CRC Press LLC and Woodhead Publishing Ltd.



disaussed.Thesethree major componentsof meat,fat, lean or the myofibrillar
component,and connetive tissue,affect meatquaity in different ways.

3.2.1 Fat compment

Intramusclar fat content hasbeenshownto affect flavor, juiciness tenderness
and visual chamacteristic of mea. Savel and Cross (1988) devebped the

Window of Acceptbility to demonstrat the generalrelatonship betwee the

role of increagdintramusgularfat on med pork, lambandbeefpalaability (Fig.

3.1). In general as fat content increags, palatdility increases;however

improvementsin palataility with increasng fat pereentageare not equalacross
all fatnesdevels If fat contentis lessthan 3%, palatabilty decreasemarkedly

with eachdeceasein fat perentage.In fact, this is the steepesslopeon the

curve As fatincrease$rom 3%to about6%, mea palatdility improves,butnaot

asdramaically asreportedat the lower levels.As fat contentexceeds/.3%, fat

is highly visible and has been idertified as too fatty by heath-cons@us
consuners. Too muchvisible fat hasraisedquestioms aboutconsumptia of fat

in med productsandincreasednciderce of coronaryheat diseaseobesityor

somre forms of cancerin humans; thes issuescanaffect consumes’ perception
of acceptaility. Therefore, meat with fat content between3 and 7.3% is

genenlly corsidered accetalle. Diet/hedth-conscious consuners may be
willin g to sacrifice palataility for lower fat content.

How does intramugular fat affect palataility? One way is through the
relaionship of intramusular fat with meat juiciness. As intramusular fat
increags,humanspereeive thatthe meatis juicier. During masticaton or during
thefirst bites,if fat is preent, someof it is releasedandthe salivaryglandsare
stimulated. This resultsin a pereption of juiciness,addtionally, meatwith a
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Fig. 3.1 TheWindow of acceptability Adaptedwith permissiorfrom DesigningFoods:
AnimalProductOptionsin the Marketplace Copyright1988by the National Academyof
SciencesCourtesyof the National AcademyPressWashingtonDC.
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higher fat contentmay give a longe sustaned percepion of juiciness.Savell
and Cross(1988) staed that ‘fat may affect juicinessby enhaning the water
holding capadty of med, by lubricating the muscle fibers during cooking, by
increadng thetendernssof mea andthusthe appaentsens#on of juiciness or
by stimulatirg salivay flow during magication’.

A secom way that intramugular fat affects palatabilty is through the
relationship between fat content and tenderness. Interestingly, there is
conflicting evidenceasto the meattendernss and fat relationsip. Savelland
Cross(1988)suppotedtherelaionshipbetwea increagdintramugularfat and
meattendernessby proposng four hypothess. The first hypotesis,the Bulk
Density Theory, staesthatasfat is lower in densitythanheat-d@aturedproten
in cookedmeat,asthe fat perentageincreasesthe overall densityof the meat
decrease As bulk density decreasg within a given bite of meat,the meatis
more tencer. The secomn hypotesisis defined as the Lubrication Effect.
Intramusailar fat is mainly triglyceridesstoredin adiposecellsembeddedn the
perimysial connetive tissuewall of the muscle As meatis cooked triglycerides
melt and bathe the mu<le fibers. As the med is chewed,fat is releagd,
salivaion increasesndthe meatis pereivedasjuicy. Additionally, the muscle
fibers give or slide more easily resuling in an increagd percepion of
tendernas. The third hypothesis,the InsuranceTheory, statesthat fat provides
protectian againstthe negaive effectsof over-cooling or high heaton proten
denaturéion. Meatprotensareinvolvedin binding waterin themusclefiber. As
meatis cooked,protens denatureandlose someof their ability to bind water.
Fatcanactto insulatethe transer of heator slow downthe heattranser sothat
protein denatirationis lesssevee andlessmoisture is lost during cooking. The
fourth theory or the Strain Theory relatesto the weakeningof the perimysial
connetive tissue surrounding muscle bundes. As marbing is deposied as
adiposecells dispersedin perimysal connetive tissue,developnent and an
increaged number of adipose cells wegen the connective tissue structure
resultingin moretender meat.

To understandf marbing or intramusular fat affectedconsumemacceptace
and the subseguent relatonship with trained sensoy responsesthe Beef
CustomerSaisfactionstudywasconduded (Lorenzenet al., 1999 Neelyetal.,
1998; Savellet al., 1999)in the United Staks. Beef top loin steaksfrom four
USDA Qudity Grade classificationswere seleced to represat four Quality
GradeclassficationswhereLow Select would containbeeftop loin steakswith
Slight” to Slight® degrees of marbling that would equae to about3 to 3.5%
chemial lipid; High Selectsteakshad Slight"* to Slight'°° degreesof marHing
or about3.5to 4.0% chemicallipid; Low Choicesteaks had a small degreeof
marbing or about4 to 5% chemial lipid; and Top Chadce consstedof steaks
with modestandmodeatedegreeof marbing or about6 to 7% chemial lipid.
Chemica lipid approximationswere projectedfrom Savell and Cross (1988)
Steakswere evauatedby 300 householdsn four citieswhere eachhouselld
contaired two adultconsumes who atebeefthreeor moretimes perweek. Four
top loin steaksrom eachcarcassasservedto four consumesin eachcity and
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one steak was evaluaed by a trained meat descrigive attribute panel and
Wamer-Brazler shearforce was conduded as a mechantal measurementof

tencernessasdescibed by AMSA (1995) ConsunersratedTop Choicesteaks
highest for overalllike andjuiciness(Table 3.1). They liked the tendernesand
flavor of Choice(Top ChoiceandLow Choice steakscomparedto Select steaks
andthey indicatedthat the Choice steakshad a higher intensity of flavor than
Select steaks.Trained sensorypanelsalso indicated that as marling score
increagd, cookedbeeftop loin steakswerejuicier, moretencer, moreintensein

flavor andthey hadhigherlevelsof beefflavor andbeeffat flavor (Table 3.1).

Wamer-Bratler shearforce values deceasedas marbing score increased
(Table 3.1). In this samestudy, top sirloin and top round steaksalso were
evalated.Thesesteakshad slightly lower fat contentthantop loin steaksand
the marbing to palaability relationdiip wasnot asstrong.

In pork, a similar study wascondudedin threecitieswith pork consumesin
the United Staes.Porkloin chopswere selectedo varyin pH, lipid contentand
tencernessasdetermired by WarnerBratzlershearforce value (Table3.2). Pork
consuners in the US did not rate pork loin chopsdifferently basedon lipid
conent.However,when a similar studywasconductedvith Japaneseonsuners
(Table 3.3),Japaeseconsumes ratedpork loin chopswith higherNationalPork
Produer Councl (NPRC) marbling score(NPRC marbing scoresare a visual
assesmenbf intramugularfat andthey arerelatedto a chemical lipid value)as
juicier, they liked the flavor andtaste,they liked the color andthey tendedto
like the amountof fat and visual appeaance. Porkloin chopswith the highest
leve of lipid tended not to be preferredby Japaeseconsunersmostlikely due
to too much visible fat. In summary,thereis a marbing to meat palataility
relatonship, but this relationip may vary acress meat speciesand across
consuner populations. While this relatonship is not strong acrossall meat
speces,increagd marbing or intramuscularfat assistan improving the eating
quaity of meat.

Intramuscular fat also has an indirect relatonship to meattencerness.As
animak grow anddevelop,fat is deposied sequatially andmarbling is the last
fat depotto fill. Marbling therefae is an indication of growth and nutritional
staus of animals.If animalsarefed high-energy-baeddietsthey grow rapidly
or they havehigh ratesof proten andlipid accetion. The endresultis heavier
animak with higher levels of subcuaneous,seamand intramuscularfat and
greder musclemass.Theseheaver, fatter and more musular carasseschill
slower and are less susceptite to cold-inducedtouglening (seedisaussionin
3.2.2. Additionally, animalsfed enegy-based diets, that grow rapidly have
higher collagen solubility (see discussion in 3.2.3) that improves meat
tencernesslt becomesapparenthat interrelationshipsbetwee the connetive
tissue muscle fiber and fat componentare involved in understading meat
palaability.

Marbling hasbeenshown to affect consumeiandtrained sensorypanelmed
flavor attributes(Tables3.1, 3.2, 3.3). As fat level increags,consumes tendto
like the flavor of beefand pork. Fat hasa characeristic flavor and hasbeen
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Table 3.1 Leastsquaresmeansof top loin steaksfrom US Beef CustomerSatisfactionStudy for consumersensoryattributes; trained meat
descriptivesensoryattributesand Warner-Bratzlershearforce (kg) as effectedby USDA quality grade

USDA quality grade

Rootmean
Quality attribute Top choice  Low choice  High select Low select  squareerror P-value
Consumersensoryattribute$'
Overall like/dislike 19.7 19.1° 18.§ 18.7 3.06 0.0004
Juiciness 18.5° 18.5° 18.8 18.0° 3.57 0.0006
Tendernestike/dislike 19.0°¢ 19.7 18.6¢ 18.6 3.28 0.0001
Flavor intensity 19.1° 19.7 18.9¢ 18.9 2.87 0.0009
Flavor like/dislike 19.3¢ 19.3 19.0°¢ 18.9 2.88 0.0002
Trained meatdescriptivesensoryattribute’
Juiciness 5.8 5.6° 5.5 5.4 0.58 0.0001
Musclefiber tenderness 6.7 6.6 6.5° 6.5° 0.58 0.01
Connectivetissueamount 6.8 6.9 6.9 6.9 0.45 0.55
Overall tenderness 6.6 6.6 6.5 6.5° 0.56 0.06
Flavor intensity 5.7 5.7 5.6 5.6 0.31 0.002
Beef flavor intensity 3.5 3.5 3F 3F 0.32 0.0001
Beeffat flavor intensity 2.1° 2.0° 1.8 1.8 0.23 0.000a
Mechanicaltendernessneasuremeht
Warner-Bratzlershearforce, kg 2.7¢" 2.78 3.00 2.95 0.71 0.0002

& Valuesfrom Neely et al. (199§ andLorenzn et al. (1999. Valuesdiffer from thosereported as modelsdiffered slightly in orderto genere theseleastsquare
mears. Consumes’ sensoryattributeswere rated as 1=didike extrenely, not at all juicy, not at all tende, dislike extrenely, and no flavor at all, repectively and
23=like extremely extrenely tender,extremdy juicy, like extrerrely, and an extrermre amountof flavor, respectiely.

b Valuesare unpiblisheddata, but they were derivedfrom the samedatasetas published by Neely et al. (1999 andLorenzn et al. (1999).

cde | eastsquaresneanswithin a row anda cut lacking a commonsuperscit differ (P < 0.05).



Table 3.2 Least squaresmeansfor pork consumersensorytraits as affected by
predeterminedategorief lipid, Warner-Bratzlershearforce, and pH from loin chops
from the US Pork ConsumerSensoryStudy. Adaptedfrom Miller et al. (2000).

Trait n Juiciness Tenderness Flavor Overall like
pH category 0.04 0.0165 0.06 0.03
Low 648 3.3 3.7 3.2 3.x
Medium 620 3.3 3.3 3.2 3.
High 498 3.5 3.4 34 3.4
RSOF 1.13 1.08 1.10 1.03
Lipid category 0.20 0.19 0.09 0.18
Low 427 3.4 3.3 3.3 3.2
Medium 857 3.3 3.3 3.2 3.2
High 482 34 3.4 3.4 3.3
RS 1.3 1.08 1.05 1.03
Shearcategory 0.0004 0.0001 0.0004 0.0001
High 379 3.7 3.1¢ 3.1¢ 3¢
Medium 844 3.4 3.3 3.3 3.3
Low 520 35 35 3L 3L
RSDF 1.12 1.07 1.05 1.03

& Consumerattributeswere evaluatedusing a 5-point hedonic,end-anchred sensoryscalewhere
1=dislike extremelyand5=like extremely

P p-valuefrom the Analysis of Variancetable.

¢ RSD=ResidualStandardDeviationfrom the Analysisof Variancetable.

def | eastsquaresneanswithin a columnanda trait lackinga commonsuperscriptiffer (P < 0.05).

idertified asone of the major componerd of the meatflavor lexicon (Johnsen
andCiville, 1986).Whereasfat is notthe predomirantflavor in meat,it provides
a balancebetwed leanandfat flavors Whenmeatconiinsvery low levels of
fat, the predomnantflavors are thoseasso@ted with the lean suchas cooked
beeflean,serumy, bloody, grainy, metalic, livery/organy,andbrothy (Johnsen
and Civille, 1986; Lyon, 1987). As the level of fat or marbing increags, the
cookedfat aromaticor flavor increagsin meatandthis aromatic can assistin
decreasingor maing flavor attributesassocigedwith lean, providingabalance
of flavors.

3.2.2 Lean or musde fiber compment
The major componentof mea is leanandlean is mainly compsedof musle
fibers. Musde fibers from the cellular structure that possesesthe contradile
appaatusof the muscle. Musde proteinsalsoarethe componentsn the muscle
fiber that bindswater or interact with waterto hold it in the muscle fiber. The
strucural integrity and the ability of the muscleprotens to bind water affect
med tendernssandjuiciness.

Therearetwo componerg of the musclefiber strucure, the contradile state
andthedegralativestate thatinfluencemeattendernss.In living tissue mu<le
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Table 3.3 Leastsquaresmeansfor consumersensoryscoresof pork loin chopsfrom the Japanesdork ConsumerStudy that vary by NPPC
marbling scoresdeterminedat the 10thrib in the Longissimusmuscle.Adaptedfrom Miller et al. (2000)

Marbling scoré

Consumenattribute 1 2 3 4 5 6 P Value
Aroma like/dislike? 3.20 3.11 3.16 3.27 3.87 3.00 0.13
Juicinesdike/dislike? 3.09" 3.0¢" 3.01% 3.13® 417 3.36"° 0.048
Tendernesgke/dislike® 3.34 3.29 3.25 3.39 4.25 3.82 0.07
Flavor like/dislike? 3.15 3.19 3.14 3.29 412 3.64"° 0.04
Overall tastelike/dislike® 3.15 3.1¢ 3.1 3.34° 4.258 3.87 0.006
Appearanceike/dislike® 3.0 3.11% 3.19% 3.3%% 3.75 2.8% 0.02
Color like/dislike? 3.07 317 3.23% 3.2g% 3.87 2.8+ 0.04
Color intensity 3.1¢' 3.36® 3.1%8 3.28 3.87 2.91° 0.02
Amount of fat like/dislike? 3.06' 3.19%* 3.26 3.36 3.75 3.09 0.02
Overall visual like/dislike? 3.00 3.13 3.28 3.34 3.5¢1 2.8 0.009

& Consumenttributeswere evaluatedusing a 5-point scalewhere 1 =dislike extremelyand5=like extremely.

b Consume attributeswere evaluatedusinga 5-point scalewhere 1 =light and5=dark.

¢ National Pork ProducersCouncil new fresh meatmarbling scoreswhere 1<1% lipid, 2=2% lipid; 3=3% lipid, 4=4% lipid, 5=5% lipid and
6>6% lipid.

def | eastsquaregneanswithin a row lacking a commonsuperscriptiffer (P < 0.05).



fibers are elastic and have the ability to contra¢ and relax. Through the
convesion of muscleto meat, musle procesds through rigor mortis where
mucle fibers losetheir ability to relax andthatrestts in lossof muchof their
elasticity. Biochemical andphysical condiions presentwhena musle proceeds
through rigor mortis affect the final contradile stateor sarconere length and
tencernes=f the muscle. Onephysblogicd phenonenonthat canoccurduring
rigor mortis is called cold-inducedtoughening or cold-shortaning. It occurs
during the onset of rigor mortis when the muscle is chilled rapidly, the
sarcoplasmic reticulum loses its ability to bind calcium, so calcium
concentrationsin the cytosolof the cell increasesThe endresultis thatenergy
storesin the form of ATP are still availeble when calcium concentration
increaes and the contradile apparatusof the musclestill has the ability to
contact. The musclefibersthencontact morerigoroudy thannormal andupon
the inability to relax, the contractle stateof the muscleis shorterthannormal.
The result is toughermed. Sarcomee length is a measue of cold-induced
tougteningandit is the distan@ betwee thetwo Z lineswithin a sarconere.A
saromereis the smallestcontradile appaatusof a mu<le fiber andthe Z lines
arerigid strucuresthat composethe exterior of a saromere.Z linesare very
strongstructure that haveto withstandthe forcesappliedduring contaction.In
cold-shortemedmea, Z line densityincreagswithin agivenquantity of meat.As
long asthe Z line hasnot beendisruptedby eitherdegralationor fragmentation
from contradile proteinsin supercontraced meat,increagd densty of Z lines
hasbeenrelatedto increasedmeattoughnesgLocker, 1960; Marsh and Leet,
1966;Marshetal., 1968).Additionally, musclefibersthatareshorterhavebeen
shown notto degradeasrapidly post-nortemasthereis not sufficient room for
degralative enzymesto work.

Strength of the structurd componerg within the musclefiber alsohasbeen
related to meattendernss. The bast premsseis that asthe strucural appaatus
of the muscle is degraded and weakened, meat tenderness improves
(Koohmarége, 1988, 1992; Koohmaraieet al., 1983). The structurd appaatus
of muscle fibersis composedf Z linesandmultiple structura proteinsthathold
the myofilamens of musclefiber in an organizel, structura array. Also, the
major contractile proteins,myodsn and actin, are part of the strucural array in
thattheyarethe predominanproteinsin the mu<le fiber. Degradativeenzymes
work to breakapartthe mus<le fiber structural appaatus.In living tissue,these
enzynesareresmnsiblefor proteindegralationandrepar of protein structure
In meat, thee enzynes degrale large strucural proteins such as titan and
nebuln and loosenthe strengh of the muscle fiber component The major
enzyme sysem shown to affect postmortem musclefiber degradabn is the
calpain proteoltic sysem (Koohmaraie,1988,1992, Koohmaraieet al., 1988;
Goll et al.,, 1995). This systemis composedof §-calpan, m-calpain and
calpastatin.Cdpastatinregulatesthe activities of the calpainsthat have been
shown to degrale structurad protens post-morem (Koohmaraie, 1988, 1992,
Koohmarak et al., 1988). Increasedmyofibrillar degralation postmortemhas
beenrelatedto improvementsin mus<le fiber tendernss. Goll et al. (1995)
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propo®d the theay that actomyosin interactons also may play a role in
improved meat tencernesspostmortem even thouch actomyosin does not
degradepostmortem Goll etal. (1995) propod thatweakening or a decrease
in the strengthof the actomyosin interacton post-morem may contibute to
improved tencerness.

The ability of myofibrillar protensto bind waterwithin the muscle fiber is
alsorelatedto meattendernessandjuiciness Myofibrillar proteinshavechaged
side-goupsthat contain ionic chagesandtheseionic chargesbind water.Actin
andmyosdn, the mostabundat proteinsin the musle fiber, bind the majority of
waterwithin the mu<le fiber. The chargeon proteinscan be either positive or
negative andchangsin chage canbealteredby pH. As pH increasesthereis a
net increaseof negaive chalges and as pH decreassg, proten side-goups
becomemore positively charged.As the net chage of proteinsbecomeeither
more positively or negatiwely chargedjonic forcesincreag andwateris bound
or held more tightly to the protehs. Changein net chage of proteins is
accompishedby changingmeatpH. An increag or decreasén mea pH will
changetheratio of postive andnegaive chargeson proten side-chails andwill
alter the ability of muscle protens to bind water. The isoelectric point of a
proten is the pH wherethereis a balanceof positiveandnegaive chargeonthe
proten side-groups.Theisoelectric pointis wheremuscle proteinshavetheleast
ability to bind waterandit is where waterholding capadty is lowest As meat
pH reactles the isoelectric point, meat loses more water as drip loss during
storageandupon cookingor a lower cookyield. The resdtant meatis drier and
tougher. Therdore, meatpH is an importantcomponentof mea quality as it
relatesto the ability of musle proteinsto bind water and the subsguent
juicinessandtencernessof the meat.

3.2.3 Meat color

Meat color, the major visual factor affecting meatquality, is imbedda within
the muscle fiber componentas meat color is a resut of pigment-ontainirg
protensthat caneitherabsorbor reflectlight. In mea, myodobin is the major
pigmentcontainng compound. The level of myoglobin, the oxidative state of
the heme-ringwithin myodobin and what is boundto the myodobin ligand
affects meat color. The level of myodobin within a muscleis influencedby
speciesmuscle function within the animal,andageof the animal. The stateof
iron within the phorforin ring of myoglobin(Fe'? or ferrous Fe" or ferric) and
whatcompounds boundto the myogdobin ligandis mainly affectedby storage
conditions of the mea.

Meat color from different speciesof animalsand the corresponihg muscle
myodobin contentare presentedn Table 3.4. As myodobin conentincreags,
color intensity of the meatincreasesdrom white or pink to very dark red. The
highermyodobin contentin beefdifferentiatest from the lighter color of pork
or poultry med thathasalower myoglobincontent Howeve, muscleswithin a
speciesanda carcasganalsovary in color. Musclesvary in myoglobincontent
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Table 3.4 The relationshipbetweenspeciesof origination of musclefoods, raw meat
color, musclefoods myoglobin content,and major factorsinfluencing quality of meat

Major factors
influencing quality

Speciesof listedin decreasing
origin of Animal Myoglobin Visual orderof importance
musclefood age content,mg/g color within a species
Beef 12 days 0.70 Brownishpink Tenderness
3 years 4.60 Bright, cherry  Juicinessandflavor
>10years 16to 20 red to dark red
Lamb Young 2.50 Light redto Flavor
red Juicinessand
tenderness
Poultrydark 8 weeks 0.40 Dull red Flavor
meat 26 weeks(females) 1.12 Juiciness
26 weeks(males) 1.50 Tenderness
Fish dark 5.3to0 Dull redto Flavor
meatspecies 24.4 darkred Juiciness
Texture
Turkeydark 14 weeks(female) 0.37 Dull red Flavor
meat 14 weeks(male)  0.37 Juiciness
24 weeks(female) 1.00 Tenderness
24 weeks(male) 1.50
Pork 5 months 0.30 Grayishpink  Juiciness
Flavor
Tenderness
Poultry white 8 weeks 0.01 Grayishwhite  Flavor
meat 26 weeks(females) 0.08 Juiciness
26 weeks(males) 0.10 Tenderness
Turkey white 14 weeks(female) 0.12 Dull red Flavor
meat 14 weeks(male) 0.12 Juiciness
24 weeks(female) 0.25 Tenderness
24 weeks(male)  0.37
Fish white 0.3to Grayishwhite  Flavor
meatspecies 1.0 Juiciness
Texture

Adaptedfrom Miller (1994).

basedon the physiolayical role of the muscle. High usemusclessuchastheleg
mugle in chickenand otherspecieshavehighermyoglobin contentdueto the
need for myodobin to store and deliver oxygen in the muscle. Myoglobin
conientalsoincrease@sanimak increasen agesothatmeatfrom olderanimals
is darke thanmea from youngeranimals.For exanple, veal is brownish pink
veraus beeffrom threeyear-old steersthat is bright, cherry red. The increagd
rednessin color within beefis due to higher myogdobin content(Table 3.4).
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Therdore, musclecolor hasbeenusedasan indication of maturity and quaity
within meatspecies

While myogdobin is the major pigmentin meat,accounting for 50 to 80% of
the total pigment hemogldin, the major color pigmentin blood can also
contributeto med color. Conditionsduringslawghterthatinfluenceproperblood
removalcaninfluencehemogldoin content. A higherhenoglobincontentrestts
in darkerlean Other meatpigments,cytochranes, catahse,and flavins, exist
within muscleandinfluencemea color, but only to a very minor extent.

3.2.4 Connective tissue companent

Perimysium, connetive tissuesurrounding musclebundles, and endonysium,
connetive tissue surrounding muscle fibers, provide structral suppot to
muscles. High-use muscles usedfor work or major movementshave higher
connetive tissue content than low-use musles or muscles that provide
structurd support. Musdes with higher amounts of connective tissue are
tougler. This phenomenn is why muscles from the hindquarterof animalsthat
are usedfor locomotion, such as the Bicepsfemorts, Semimembrarsus and
Semitendiosus, are inherenly tougher than suppot muscles, such as the
Longissimuslumboriumin theloin region.Anotheraspecbf connetive tissueis
the type of crosslinkng within the connectie tissue matrix. There are two
classificationsof bondswithin connetive tissue heat-stuble bondsand heat-
insolubke bonds.Collagenis the mainfiber in the perimysium andendonysium
connetive tissuematrix. During heatingor cooking, a propotion of the bonds
canbe solubilized or broken. As animalsage,the percentagef insolublebonds
increags. Increagd tougmess due to increags in animal age is mainly
attributedto theincreag in heat-insalible collagenbonds.Therefoe, connetive
tissuecontibutesto meatquality mainly by its influenceon meattendernss.In
young animals, connetive tissue affects med tendernss mainly through the
total amaunt of connetive tissuebetwe& muscleswithin the sameanimal. As
animals increasein age, meat becomestougher mainly by increasing the
percenageof heatinsolublecollagen cross-lirks.

In summay, the three major componerg of mea, fat, lean and connetive
tissue contibute to meat quality with each uniquely contibuting to meat
juiciness tendernss and flavor. While each of thesecomponerd has been
discussd sepaately, they are not independeh componerd, but they are
intercomected and interact biologically within the muscle or mea system
Therdore, ante-mortemand postmortem factors that affect mea quality may
affect any of the threecomponentsand subsguently affect meatquality.

3.3 Breed and genetic effects on meat quality

As meat quality is affected by the lipid, muscle fiber and connectivetissue
comporentswithin ananimal,it is not surprisingthatanimalgenetis canplay a
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major role in mea quality. It haslong beenunderstod that the unique geneic
code for each animal regulatesthe produdion of proteins and that geneic
variation existswithin meatanimalspeciedor importantmeatquality attributes.
Meat qualty traits are generally recognizd as being modeate to highly
heriteble.

3.3.1 Beef

In beefcattle,variationin quality in the US hasbeenwell documengd through
the National Beef Quality Audits in 1991, 1995, and 2000 (Lorenzenet al.,
1993; Boleman et al., 1998; McKenna et al., 2002) and the National Beef
TencernessSuveys (Morgan et al., 1991; Brooks et al., 20QR). Extersive
resarch on factorsthat contributeto this variation has beenconduded. One
soure of variationimplicated as contributing to this variation hasbeenbreed
type

Biological type within Bos taurus catle, British (Hereford, Angus and
Shorthorn)andExotic or Continenal (Chaolais, Chianina,Gelbvieh,Limousin,
Maine Anjou, Pinzcauer, Simmentd and Tarentais,for exampk) and dairy
breals (Holstein, Jersey and Brown Swiss) has been shown to influence
tencernesshut mainly throughdifference in growth rate,weight at the time of
slaughterandfatnessat slaugher. Cortinentatinfluenced cattletendto betaller,
haveheaver carcasssat a consantfatness andrequirea longertime on high-
enegy dietsto reacha constantfat endpont when comparedto British-based
catle. As biologicaltypeinfluencesgrowth rate,fatnessweight, andbodymass,
thes factors haveadirector indirectinfluenceon meattencernessespecily as
carassfatnessand weight caninfluence cold-inducedtoughnessand marbling
leves. As long as cattle are maraged similarly and slaughered at the same
fatnesendpoint differencesn meatqualty areminimal. However,dairy-based
breals tend to have highe marbling levels at a constantsubcutaneus fatness
levd as selectionfor milking ability appearsto haveresultedin selectionfor
highe marbing.

Reseachess at the United States Department of Agriculture (USDA),
Agricultural Reseath Service (ARS), Roman L. Hruska US Meat Animal
Research Cente in Clay Cente, NE, have examined geneic differences
betwea many breedtypes. The Germ Plasn Evaluation (GPE) programhas
completedmultiple cycles.In Cycles|, Il andlll, F; crossesout of Hereford and
Angus damsandsired by Angus, Brahman,Brown Swiss,Charolas, Chianina,
Gelbvieh, Herebrd, Jersey, Limousin, Maine Anjou, Pinzgauer Red Poll,
Sahiwal, Simmentd South Devon and Tarentais bulls were evalwated for
multiple carassandbeefquality chamacteristis (Koch etal., 1982a;Koch etal.,
1976; Koch et al., 1982b; Koch et al., 1979). While differencesin marbling
scoe andWamer-Bratler tendernssexisted betwea Cortinental-andBritish-
basedcattle, differenceswvereslight (Table 3.5) aslong ascattlehadbeenfed to
a similar fat thicknessor days-on-éed endpont. If cattle are fed to contin
varying levels of fatnessor they are at different physblogical pointsin their
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Table 3.5 Summay of marbling and Warrer-Bratder shear force (kg) (WBS)
differencesbetweenbeef cattle breed-typesevaluatedin the Germ Plasm Evaluation
programatthe USDA, ARS RomanL. HruskaUS Meat Animal ResearctCenterin Clay
Center,NE

Cyclel Cyclell Cyclelll
Breedgroup Marbling WBS Marbling WBS*  Marbling WBS?
Hereford 10.0 3.1 10.6 3.2
Angus 13.2 3.2 14.2 3.0
Hereford x Angus 114 3.4 10.8 3.4 114 34
Angus x Hereford 121 3.1 11.9 3.1 11.9 3.2
Jerseyx 13.7 3.0
SouthDevon x 11.7 3.0
Limousin x 9.2 3.4
Simmentalx 10.3 34
Charolais 10.9 3.2
RedPoll x 11.3 3.3
Brown Swiss x 11.7 34
Gelbvieh x 9.6 3.4
Maine Anjou x 111 3.1
Chianinax 9.2 34
Brahmanx 9.2 3.9
Sahiwal x 9.6 4.2
Pinzgauerx 10.8 3.3
Tarentaisex 10.0 3.7

Adaptedfrom GPEP,1974; GPEP,1975; GPEP,1978.

growth curve breeddifferences may exist. Thesebreeddifferencesare thena
factor of not comparing catle at the sane endpont andthey may differ in body
mass fatnesdevel andmarbing level. Diff erencesn tendernesghenare most
likely dueto the effects of marbing on meatpalatabiity, cold-shateningeffects
and connetive tissuedifferences.

The main breal effect for mea tendernss has beenbetweenBos indicus
versus Bos Taurus cattle. It has been well docurrented that Bos indicus
influencedcattle havehighe shearforce valuesandgreatervariation Reseach
hasdocunentedthat asthe percenage of Bosindicus breedingincrea®s, beef
tendernastendsto decreaseandthe variability in tendernessncreags(Damon
et al., 1960; Ramseyet al., 1963; Koch et al., 1982h Crouseet al., 1989;
Wheder et al., 1990; Whipple et al., 1990; Shackelbrd et al., 1991)(Table 3.6
as adaptedfrom Shackdéord (1992)). Early researb hypothesizedthat Bos
indicus cattle were tougher due to lower levels of intramusular fat and higher
connetive tissuecontent when comparedto Bos taurus cattle. Wheder et al.
(1990) showedthat Bosindicus cattle hadlower levels of p-calpain andhighe
levels of calpastatin. They concluded that calpain activity, as moduated by
calpastah, seemedo play a major role in the inherenttendernessdifferences
betwea Hereford and American Gray Brahmansteers
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Table 3.6 Warner-Bratzlershearforce (kg) meansfrom the Longissimusmuscle of
cattle differing in Bosindicus versusBostaurusinheritance

Percentagdosindicus breeding

Reference Breed 0 25 38 50 62 75 100
Damonet al., 1960 B 6.22 6.72 6.68 7.14 - 7.79 9.27
Carpentertal., 1961 B - 3.93 - 5.02 - 4.65 5.29
Ramseyetal.,, 1963 B 2.31 - 3.03 2.46 - - 3.23
Luckettetal.,, 1975 B 3.94 4.37 - - - - 6.29
Koch et al., 1982b B 3.44 - - 3.92 - - -
Koch et al., 1982b S 3.44 - - 4.27 - - -
McKeith etal., 1985 B 4.79 - - 5.77 - - 7.18
Bidner et al., 1986 B 3.90 4.30 - — - - -
Riley et al., 1986 B 4.30 - - 6.00 - - -
Crouseet al., 1987 B 4.00 - - 7.50 - - -
Crouseet al., 1987 S 4.00 - - 8.00 - - -
Crouseet al., 1989 B 440 5.16 - 5.80 - 6.68 -
Crouseet al., 1989 S 440 564 - 6.64 - 8.41 -
Cundiffetal., 1990 N 5.50 - - 7.00 - - -
Wheeleretal., 1990 B 4.75 — - 4.75 - — 6.40
Whippleetal., 1990 S  4.70 - 6.40 - 7.70 - -
Shackelfordet al., B 4.50 - - — 5.40 — —
1991

2 B=Brahman,S=SahiwalandN = Nelore.
Adaptedfrom Shackelford(1992).

As with otherbreedtypes,variationin bed quality within the Bosindicus breed
exists To undestandthe effect of majar sire lines within Bos indicus breed on
bed quality in the US, afive-yearresearctstudy was corductedin the 1990s.This
researchevaluatel steergdn = 252)from 15 BrahmansiresandoneNelore sireand
born from Hereford (n=44) or Angus (n=208) cows under standard
environmentalconditionsto understandf differencein tendernesgxisted(Hager,
2000. Sixty pure-tved Angus steerswere included in the lag threeyears.The
overall goal of this researchwas to identify Bos indicus sires that prodwced
progeny that had positive carcasdraits and that were tenderand lessvariablein
tencernessQuality gradecharacteistics wereobtainedandWarner—Batzlershear
force values(kg) weredeteminedafter 1, 7, 14, 21, 28, and 35 daysof agéng at
4°C. Sire influenced (P < 0.05) lean maturity, overdl maturity, marding, qudity
gradeandshearforcevalues(Tables3.7 and3.8) andsireaffected(P < 0.05)shear
force valuesafter ageng for 1, 7, and 21 days (Table 3.8). The F; Bosindicus
influencedsteers were less tenderat 1 day and 7 days post-morten than Angus
steers(Fig. 3.2). Angussteerseadedtheir maximumtendernesafter 7 dayspost-
mortem. However,F; steersshoweda fasterrate of ageingandwere not different
in tendenessafter 14 dayspostimortemageng thanmeatfrom Angus steersThe
rateof ageingwas fasterfor F, steerghanthe Angussteersandshearforce values
did not differ betwee the two breed after 21 daysageing.lt canbe hypothesizd
thatsufficient post-morten ageingcanremovevariation in tendernesbetweerBos
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Table 3.7 Leastsquaresneansandstandarderrorsfor quality gradecarcasgraits of F; Bosindicus x Angusor Herefordsteersasinfluencedby

sire from Hager(2000).

Lean Skeletal Overall Quality
Sire maturity? maturity? maturity? Marbling® gradé

1 (n=21) 167.7:3.54"° 149.5+2.07 157.3:1.97¢ 433.6+12.29" 697.0+8.32

2 (n=14) 177.3:4.15 157.6+2.42 166.1£2.25" 320.7:14.40"¢ 622.5+9.75""

3 (n=18) 171.4:3.76" 154.8£2.19 161.9+2.03 e fan 341.3:13.03"®"9 637.4£8.82H9N

4 (n=16) 172.8+3.87 154.2+2.25 162.2:2.0F 9" 365.2£13.419 660.2£9.08"

5 (n=16) 178.6+4.35 146.0£2.54 158.9+2.36"°9 310.8£15.17F 611.1£10.28

6 (n=13) 180.5+4.33 154.142.52 165.3£2.348N 362.8+15.019 652.1£10.16""1

7 (n=17) 172.0+3.87 153.4£2.26 161.4+2.10"efan 348.8£13.45"9 646.6£9.1¢° 9"

8 (n=17) 170.4+3.63 153.8+2.11 161.0+1.96"e" 0N 367.3:12.60'9 660.9£8.52"

9 (n=17) 173.3:3.75 152.6£2.18 161.1+-2.03 e fah 343.1£13.00"%"9 638.2£8.8¢°"9"
10 (n =15) 168.3+3.98" 147.6+2.32 156.3+2.15 348.2+13.80°"9 648.4£9.341
11 (n =16) 171.73.97%¢ 151.9+2.31 161.4+2 15 efah 376.1£13.76 671.7:9.33
12 (n =15) 164.0+4.07° 152.4+2.37 157.3:2.20" 372.7£14.1PF 665.2£9.55"

13 (n=14) 168.6+4.23"¢ 150.0+2.47 157.9£2.29" 332.2+14.68"e19 632.0£9.94% "9
14 (n =16) 183.8+3.89 151.0+2.27 165.1-2.11%9:n 339.5+13.50"e ¢ 639.1+9.14F9ni
15 (n=13) 159.8+4.36" 154.3+2.55 156.6:2.36"° 451.2+15.14 704.1:10.28

16 (n =14) 170.4:4.71°" 149.742.75 158.6+2.55"° 303.3:16.34' 618.1£11.06"°
P-value 0.003 0.05 0.01 0.0001 0.0001

RSO 14.6 8.5 7.9 50.5 34.2

@ 100=A°° and500=E®,

b 100=Pradically devoid®® and900=Abundanf®.

€ 100=Canne®® and 800= Prime™.
defonii Meanswith different supersdpts within a column are different (P < 0.05.
K RSD=regdual standad deviation.
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Table 3.8 Leastsquaresneansandstandarderrorsfor Warner-Bratzlershearforce values(kg) of F; Bosindicus x Angusor Herefordsteersas
influencedby sire for post-mortemageingperiodof 1, 7, 14, 21, 28, and 35 daysfrom Hager(2000)

Lengthof storageday
Sire 1 7 14 21 28 35
1 (n=21) 4.30+.2%F 3.45+. 20> 3.03+.17 2.87+.180¢ 3.10+.17 2.79+.18
2 (n=14) 4.414+2F 3.57+.23cd 3.17+.20 2.90+.212PC 3.214+.20 3.39+.21
3 (h=18) 3.89t.2430¢ 3.87+.21° 3.01+.18 2.99+.19cd 3.06+.18 3.21+.19
4 (n=16) 3.85+.25%P¢ 3.20+.213PC 2.76+.18 2.59+.19° 2.80+.19 2.75+.20
5 (n=16) 3.32.27 3.18+.242P¢ 2.85+.20 2.54+ 212° 2.87+.20 2.59+.21
6 (n=13) 4.03+.29¢ 3.60+.25%¢ 2.79%.21 3.12+.234 3.27+.22 3.03+.23
7 (n=17) 4.34+ 27 3.68+.24%¢ 2.91+.20 2.89+.217PC 3.40+.20 3.19+.21
8 (h=17) 3.59+.23*P 3.00+.207° 2.76+.17 2.77+£.180¢ 3.05+.17 2.79+.18
9 (h=17) 421425 3.50+.22>¢d 2.88t.17 3.43+.2¢F 3.57+.19 2.82+£.20
10 (n =15) 3.44+ 24P 3.32+.213bc 2.66+.18 2.82+.19+PC 2.98+.18 2.69+.19
11 (n=16) 4.09+.25>°¢ 3.33+.22b¢ 3.27+.19 3.02+.2¢>¢¢ 2.95+.19 2.91+.20
12 (n=15) 3.56+.26*" 3.00+.238P 2.59+.19 2.42+ 217 2.99+.20 2.82+.21
13 (n=14) 3.96+.272P° 3.27+.23bC 2.66+.19 2.614+.230C 2.97+.20 2.81+.21
14 (n =16) 3.56+.25*° 3.16+.22bc 2.68+.18 2.75+.204P°¢ 3.18+.19 2.86+.20
15 (n =13) 3.28+.27 3.00+.242P 2.57+.20 2.66+.2220C 2.74+.21 2.53+.22
16 (n =14) 3.44+ 2P 2.70+.26% 2.65+.22 2.61+.230°C 2.98+.22 2.814+.23
P-value 0.0001 0.03 0.16 0.01 0.09 0.15
RSO 0.85 0.74 0.85 0.67 0.65 0.68

ab.ed Meanswith different supersciits within a column are different (P < 0.05).
¢ RSD=residu# standird deviation.
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Fig. 3.2 Warner-Bratzleishearforce values(kg) for top loin steaksfrom AngusandF,
Angusor Hereford x Bosindicus steersfrom Hager(2000).

indicus andBostauruscattle Also, differencedn tencernessetweenBosindicus
and Bos taurus cattle can be partially attributedto differencesin post-mortem
musclefiber ageingeffectsattributed to differencesin calpastainandor calpain
levels.Interestindy, the relationslip betwea marbling andWarner-Brazler shear
force is very low in Bos indicusinfluencedcattle (Hager, 2000). To undestand
whatchemical factors(Table 3.9) wererelatedto Warrer-Bratzlershearforce over
35 days of post-mortemageng, simple correldion codficients were calaulated
(Table 3.10).

Comporents related to the myofibrillar component, saromere length and
calpastan activity, andthe connetive tissuecomponentcollagen amaunt and
solubility, were not highly related to Wamer-Bratzer shear force values.
Howeve, fat wassignificantly, but only slightly, correlatedto Wamer-Bratzler
shearforce after 14 daysof ageing.While it would be expedted that calpasatin
would havea higherrelationslip basedon the previousdisaussion,it shouldbe
notedthat calpain levels were not measued. While the evidenceis strong that
Bosindicus catle differ in tencernessfrom Bostaurus catle, thereis not one
factor that contibutes to this effect. The lean, fat and connetive tissue
comporentsare interrelated. Obvioudy, differences in rate of ageingoccurred
andmarblingdifferences may be contributing to differencesput the datado not
suppot singling out one componentasthe contibuting factor.

Extensive researchin the 1990shas beendirectedat devebpmentof beef
geneticmarkes. Geneticmarkes for martbling developedn Australia, a marker
for marbling that was devebped out of the Angelton Projectat Texas A&M
University, and sevenmarkes for tencernessthat were developedout of the
Angelton Project, are being examired for commecial produdion. Howeve,
geneticmarkes idertify the geneticpropendy of an animal and they do not
guarante that high-quaity beefwill resut. Prodution andmaragemenfactors
that can influence beef quality needto be cardully contolled to ensurean
animal hasthe opportunityto expressits geneticpotential. When commercial

© 2002 CRC Press LLC and Woodhead Publishing Ltd.



Table 3.9 Leastsquaresmeansand standarderrors for chemical componentsof F,
steersasinfluencedby sire including Angus steersadaptedrom Hager(2000)

Sarcomere Calpastatin, Moisture, Fat, Total collagen, Collagen

Sire length,um  activity/g % % mg/g solubility, %
1(h=21) 173 2.73 72.28°¢ 4.9 2.42 7.59
2(h=14) 1.69 2.51 73.15% 35 279 712
3(h=18) 1.68 2.53 729F  3.78%°%9 262 6.98°
4 (n=16) 1.73 2.36 73.07¢ 388?257 7.24
5(n=16) 1.68 2.61 73.389  3.158¢ 2.28 9.28°¢
6 (n=13) 1.66 2.68 72.48° 41409 257 7.40
7 (n=17) 1.66 2.16 72.7P°¢ 4179 238 8.34
8 (h=17) 1.70 2.53 729F 389?269 7.37
9 (n=17) 1.69 3.02 7253¢ 38F°cd 249 7.23

10 (n=15) 1.68 2.12 72.7¢° 4009 256 6.97

11 (n=16) 1.69 1.90 72.28°  4.08c%¢ 252 7.80°

12 (n=15) 170 2.44 72.7P° 448t 244 8.02

13 (n=14) 1.74 3.56 7427 294 2.46 8.23

14 (n=16) 1.69 2.56 72.4P° 4089 237 11.37

15 (n=13) 1.75 2.63 72.62° 454" 273 7.49

16 (h=14) 1.67 2.64 73.42% 3589 261 8.26°

Angus(n =60) 1.75 2.43 716 539 2.65 7.36

P-value 0.27 0.13 0.005 0.0001  0.95 0.03

RSD* 0.11 0.74 1.8 1.5 0.75 3.2

& RSD=residualstandarddeviation.
bedef Meanswith different superscriptsvithin a columnare different (P < 0.05).

Table 3.10 Simple correlationsbetweenshearforce valuesand chemicalcomponents
adaptedrom Hager(2000)

Shearforce at different length post-mortemageingtime, days

Chemicalcomponents 1 7 14 21 28 35
Sarcomerdength,um  —0.01 —0.02 0.15 0.09 —0.004  0.0003
Calpastatinactivity/g ~ —0.01 0.04 0.03 -0.03 0.03 -0.03
Moisture, % -0.04 -0.17 -0.01 -0.12 -0.08 -0.11
Fat, % -0.02 -0.10 -0.2¢8 -0.27 -0.26 -0.30¢°
Total collagen,mg/g -0.01 -0.01 -0.05 -0.06 —-0.04 -0.06
Collagensolubility, % —0.08 -0.16¢ 0.03 —0.01 0.06 -0.03

& Correlatbnswith superscriptare significant(P < 0.05).

useof geneic markesis viable,thesemarkeswill assisin removing variability
assoc@tedwith bredl differences.

3.3.2 Pork
Diff erencesin ultimate musle pH, lean color, waterholding capacity and
marhling are the major pork quality issuesas color and the ability of muscle
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protens to bind water affect pork qualty. Porkis inherenlty moretencer than
beefasporkis mud lesssuscetible to cold-shortaing effectsandpostmortem
ageingoccursatamuch more rapidratethanin beef Also, porkis slaughterd at
physiolggically youngeragesso connectivetissueplays a very minor role in
meatqualty. Pak is also more susceptil# to preslaughterstressthat induces
morequalty defectsrelatedto the color andwaterholding capadty of the lean.
As alarge propotion of pork meatgoesinto further processd products water
holding capacityor the ability to hold brinesor non-meaingrediens beconesa
muchmoreimportantissue Marbling, while not asimportantanissueasin beef
haseconomt value in some international markes and so marling differences
canbe animportant trait.

Berkshire pigs have darker colored lean, highea marbling scores,highe
ultimate pH andmoretendermeat(Table 3.11) (Goodwin, 1994; NPPC,1995;
Goodvin, 1997); however, high levels of overall carcassfat and low lean
produdion areissuegrelatedto the practical productionof theseanimak exceft
for speciaty markets Hampdire hogshavebeenshownto havemoderatepink
to grayishpink color, intermedate levels of marbling, but low ultimate pH and
low waterholding capacity (Goodwin, 1997). Most of this effect has been
contributedto the Napolegeneeffect (seediscusson below). Durocshavebeen
shownto havea highe lipid conentand Landracehavea pale meatcolor and
low pH (NPPC,1995; Goodwin,1997).Thereforedifferencesn pork qualty are
related to breed group, however, most commercial pork operations use
composie genetictypes. Compaison of differences in pork quality betwee
thesegenetictypesis not availeble and,therefore,direct comparisos cannot be
made. Howeve, mog major breading companies provide carcassand meat
quality datafor compargive purpogs. The pork indugry hasgeneticmarkes,
the Halothane gene and the Napde gene, for pork quality commaecially
available. Useof thes geneticmarkes assistsn removing quality variationand
improving overall quaity of pork.

3.3.3 Halothane geneeffectson pork quality

The halothane genehasbeenassocited with the Pak StressSyndromein pigs
Fujii etal. (1991)reportal a point mutationin the ryanadine receptorregulabry
regionof chronnsome6 andthis mutationresultedin pigsthatwere susceptits
to malignant hypothernia when exposedto halahane gas. The ryanaline
recepto is involved in calcium releag and regulaton from the sarcopasmic
reticuluminto the cytosolof the cell. Whenmutantor homozygog (nn) pigsare
expose to stress,calcium concentrationsin the cytosol of the cel increag
abnomally and pigs do not have the ability to adequéely deceasecalcium
concentrationin the cytosol or re-esablish calcium concentationsfor muscle
relaxatbn. The result can be either death or near death due to malignant
hypethermia.lf theseanimalsare stressedmmediately prior to slawghter,one
of two conditions may exid. Either the animak prematuré die or due to
increagd metabdism, pH declinesvery rapidly post-moremandresultsin pale
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Table 3.11 Ultimate pH asinfluencedby breedtype

Breedtype
Cinta Belgian ltalian  Swedish US Poland

Reference Berkshire SeneseDuroc Hampshire Landrace Landrace Landrace Landrace Pietrain China Spot Yorkshire
Lawrie and Gatherum 1962 5.44 5.49
Jenseretal., 1967 5.46 5.33 5.42 5.38 4.57
Hedrick et al., 1968 5.59 5.43

Monin and Sellier, 1985 5.40 5.45 5.53
Dazzietal., 1987 6.03 5.72 5.72 5.92 5.68 5.53
Sellieretal., 1988 5.86 5.78 5.86
Barton-Gade;1990 5.56 5.48 5.46 5.47
Goodwin,1994 5.92 5.72 5.53 5.65 5.72 5.69 5.72
NPPC,1995 5.91 5.85 5.70 5.83 5.84
Lindahl et al., 2001 5.33 5.42 5.44

& SwedishY orkshirepigs



soft andexudative (PSE)meat.Selectionof pigswith onecopy of the halothane
gene,or heteroygotes (Nn), hasbeenimplementedby sone geneticcompanes
dueto therelationdip betwea heteroygotesanddecrease carassfatnessand
increagd carcassmea Yyields; however, a deceasein pork quality hasbeen
associged with heteroggote pigs.

Halothaneheteroygote pigs havebeenshown to be palerin color (Christian
andRothschild,1981;Lundstom et al., 1989;Wilson, 1993 Louis etal., 1994;
Goodvin, 1994),havemore drip loss(Lundgrom et al., 1989),havesoftermeat
(Louis etal., 1994)with lessmarbling(Louis etal., 1994; Goodwin, 1994),and
theyweretoughrer (Goodwin, 1994) thannormal or non-carrie pigs. Therefoe,
Halothanegenestatus,either Nn or nn, affectspork quality throughincreagd
susceptvility to short-erm pre-shughterstresghatresultsin lower thannormal
ultimate pH and paler, softermeatthat hasa highe thannormaldrip and cook
loss. Theseeffects resultin drier, tougher and less flavorful med. Goodwhn
(2002) found that the overdl frequencyof Halothaneheteroygotein eight US
breedsfrom the National Barrow Show in 1999,2000and 2001 was6.2% with
Berkshre, ChesterWhite, Duroc, Hampsire, Landrace PolandChina,Spot and
Yorkshire having4.2,0.6,1.6,0, 1.239, 12,and3.3%,respedlely, frequencies
He found that Halothaneheteozygote pigs had less 10th rib backfat larger
ribeye areas,lower pH, lighter color, lower intramuscula fat, lower water
holding capadty, highe cookyield loss,andthe cookedloin chopsweredrier
andtougter.

The Halothane gene obviously affects pork quality. While pre-shughter
handling systemsto reducestressdecreasethe impact of this geneon meat
quality, the use of homozygoé and heterozygat animak for meatproductian
negatiwely affectspork quality.

3.3.4 Napole geneeffect on pork quality

The RendenentNapole (RN-) gene,commonly called the Napole gene,in pork
is believed to be the causeof red, soft, exudative(RSE) pork (Warneret al.,
1997).RSEpork hasaredcolor thatconsumes’ desire butis softandexudative
indicating that the muscle proteirs have low water-hotling capacity.The RN
allele wasfirst suggeted to be respondile for the RSE conditionby LeRoy et
al. (1990) where the RN genewas identified in two Frend conposite lines
including Hampdire lines. The Hampdire hogsexamired hadlower processig
yield and higherdrip lossin cookedcured produds. Warneret al. (1997) later
propo®d that lower processingyields in RSE pork were due to lower pH and
high amountsf glycogenin the musle andthey suggetedthatRSEpork wasa
resultof the presenceof the RN gene.Reseath hasshown thatthe RN allele
increags muscleglycogen conent by 70% of homazygousand heteroygous
RN carrigs (Estadeet al., 1993). The RN homozygousand heterozygas RN
animals have a modified adenosine monophosphate kinase. Adenosine
mongohosphée reguhtes glycogen synthase and the altered enzyre cannot
effectivdy inhibit glycogen produdion asin normal animals.As glycogenis
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convetedto lactic acid post-nortem,the highe levelsof glycogenin meatfrom
Napole genecarriersresultsin highe levelsof lactic acid beingprodu@d post-
mortem. Increasedrodudion of lactic acid resuts in a lower ultimate meatpH
(Lundgrometal., 1996;Enfaltetal., 1997a). A low musclepH resultsin higher
drip lossor aslower waterholding capacity(LeRoy et al., 1996) decraseglue
to the meatpH apprachingthe meatisodectric point. Whencomparedto non-
carrigs, drip lossandcookinglossincreagd by 21% and 12%, resgectively, in
mea from carrie's (Lundgrom et al., 1996).

Studies have shownthat the RN genehasothe detrimenal effects on pork
quaity bestes lower ultimate pH, waterholding capadty and cook yields.
Carriersof the Napolegenealsohavelower protein extractability (Lundgrom et
al., 1996).This is dueto the lower proten contentof RN carriers.Estradeet al.
(1993)foundthatcarriersof the RN allele hada 10% lower proteincontentof all
protein fractions compared to non-carriers. The extracton of salt soluble
proteins is essatial to the manufaturing of hans and other processé pork
produds. A decreasen proten extractablity resultsin alower-qudity product.
The lower protein content alsohasan effect on waterholding capadty of mea
with the RN gene.The decreasen proten contentof RN cariiers leadsto a
deceasein the water contentin the myofibrils after curing (Lunddrom et al.,
1996).

Othernegaive effectsof meda from RN carriers include highe surfaceand
internal reflectance and ashvalues(Lundgdrom et al., 1996). Also, meatfrom
Hampshre pigs carying the RN alele has been found to have lower
intramuscularmarbling scoes than non-carrigs or Yorkshires (Miller K.D. et
al., 2000). This can affect the flavor andtencernessof meat.

The effectof the RN geneon pork palatabilty hasnot beenconsstent.Same
resarch when comparing non-arriersto RN carriers, found lower Wamer-
Bratzler shearforce valuesandhighertraineddesciptive attribute sensoy tage
intensty andflavor (LeRoyetal., 1996;Lundstromet al., 1996); whereasother
studesfailed to find the sane tage andtendernesdifference betweea carriers
andnon-carters (Lunddrom et al., 1998).Otherpostive attributesfoundin RN
carrigs have beenhigher daily gairs, fewer dayson teg, and carcases with
highe lean meatcontentand a larger propotion of ham (Enfdt et al., 1997a)
Another study from Enfaltetal. (19971 foundthatcarriershadless sidefatthan
non-arriers,largerpropotions of whole hamandwhole backcomparedo non-
carriers and Landrace and Yorkshire pigs. Goodvin (2002) showed that the
Napole genedid not have an effect on carass conmposition in eight breeds
evalatedin 1999,2000 and2001,in the US.

A geneic maiker testis commaecially availeble to testpork for the RN gene.
Mill er R.K. et al. (2000)found thatthe RN allele exigs at high frequenciesn
the American Hampdire breed in the Unites Statesand they reported a
frequency of 0.630 for the dominant RN allele using the Hardy-\Weinbeg
equiibrium, in the American Hampsire breed.Goodvin (2002) repoted the
frequencyof the RN genein a represetative sanple of the US purebredpork
popukbtionfrom the 1999,2000and2001National Barrov Showwas5.6%.The
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percenageof pigswithin breal-typehavingonecopy of the RN genewere6.3,

1.3,0, 66, 0, 16, 25 and 1.3 for Berkshre, Cheser White, Duroc, Hampshie,

Landrae,Pdand China,SpotandYorkshire,resgectivdy. It is appaentthatthe

highestfrequeng is within the Hampsire breed, but otherbreels,excep Duroc

andLandrace, hasa smallinciderce of the RN gene.Goodvin (2002)foundthat

heteroygote Napole pigs did not differ from normal pigs in 10th rib carcass
backfat loineye areq intramuscular fat and cooked loin juiciness.Howeve,

heteroygote Napole pigs had lower pH, slightly lighter color and marbing

scoresJower water-hotling capacityand higher cook loss, but the cookedloin

chopswere moretenderthan normal cookedpork loin chops.

The Napole gene affects meat quality and the inciderce of it is at a high
enoughfrequeny that pork quality is affected by its presence Selectionto
removethis genefrom the pork populationwould improve overdl pork qualty
without significantly affectinglean composiion.

3.4 Dietary influenceson meat quality

Dietaryinfluenceson mea qualty havebeenextensively studed in a numberof

meat species.In general as the enegy density of the diet increasesgither
throughthe useof high-quality grainsthat replaceforagesor by adding fat, the
growth rate of the animalsincrea®, animak reachslaughterweight at younger
agestheresutant carcasss heaver andhighe in overdl fatnessandmarbing,

the meatis juicier and speciesspecificflavors are somewhatdiluted by an
increag in fat flavor. When animals are fed forages,growth rate is slower,

animalsareolder at slaugher, the carcasshaslessfat andthe med is leaner(a
positive attribute for diet/healh-corscious consumes), the med is darkerin

color and hasmore speciesspecific lean flavors. Foragefed animak also may
retain3 caratenalerivedfrom foragesin their fat thatresuts in moreyellow fat.

Additionally, some foragescontain compoundsthat can be storedin the fat
portion of meda that resultsin meat off-flavors. Therdore, animal diet can
negatively or postively affect meatquaity.

3.4.1 Feeding high concentate diets to beef

Extersive researb hasshown that intensivefeedng of high concentrag diets
prior to slaugher positively affectsbeefsensoy propertes (Meyer et al., 1960;
Hawryshetal., 1975;Kropf etal., 1975;Bowling etal., 1977;Schroeleretal.,
1980; Tatum,1981). This improvementin beefpalataility hasbeenassoaated
with multiple factors.First, by feedingcattle on high concentate diets, animal
overall fatness,musle mas and carcassweight increag. Therdore, with
increagd time on high concentratediets, marbling scoresincreaseand sensoy
panelpalataility ratings increag in beef(Greeneet al., 1989; Williams et al.,
1992; May et al., 1992). When cattle arefed high concentras diets, they grow
more rapidy and they read slaugher weight in a shorter period of time.
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Secondy, cattle fed high concentrate diets are usually slaughered at younger
agesandtherebre,the negaive effectsof increagd ageon meatpalataility are
diminished.Thirdly, ascattlefed high concentratedietsare heavierat slaughter
with carcasss contairing highea amaunts of subcuaneousfat and greater
mu<le mass, beef carassesfrom fed cattle are not as suscetible to cold

shortening as these fatter, heavier more muscubr carcasss chill slower.

Fourthly, catle fed high concentrat dietsthat expefencerapid ratesof growth

havebeenshownto havehighe amauntsof collagen solulility in youngcattle
(Aberleetal., 1981;Wu etal., 1981). Therefore feedng high concentratediets
to catle prior to slaugher hasa postive effect on the strucural componentsof

the mu<le and resuts in improved meat palatdility. Feedng cattle high

concentrate diets prior to slaughter also has been assoa@ted with removing

variation asso@tedwith nutritional effectsprior to the high concentratefeeding
periad. The lower the enegy density of the diet, the more restricted cattle
growth is. Cattle enteringthe feedlotthat have beenfed varying enegy-based
diets from high to low energywould be expeded to differ in live weight and
composition and therebre their qualty also would vary. By feedng high

concentratediets, this variation is reduced(Harrisonet al., 1978; Skelleyet al.,

1978; Schroedeeet al., 1980; Miller et al., 1987).

Feedng cattle high concentratedietsis also relatedto improving beefflavor
and juiciness The mea from animak fed high concentrate diets is brighter,
chery red andthe fat is whiter. It is generdly recanmendel that the effect of
forages high in g caroter that resultsin yellow fat can be decreasedor
eliminatedby feedinghigh concentatedietsfor up to 90 daysprior to slaughter.

The diet fed to cattle prior to slaughtercanaffect beefflavor. As the diet can
affect overall fatnesslevel, the affect of flavor may be due to changesin fat
contert. Meat with lower fat contentis often describedas being more beefy or
brathy, higher in serumy,bloody, livery and grainy/cowy flavors and is more
metallic than beefwith higheramounts of fat. Fat mostlikely either masksthe
otherflavor attributesor by slightly coatingthe mouth,the ability to detectother
flavor attributesmay be diminished.Other off-flavors can also be derivedfrom
dietary forage soures. Dietary flavor compoundscan be depositedin adipose
cells andresultin off-flavors. Melton (1983) summarizedhat the corn in beef
high-concentratdinishing dietscanbe pattially or totally replacedy cornsilage,
a combinationcornsilageandalfalfa, alfalfa hay,or a combinationof alfalfa hay
andtimothy andbeefflavor wasnot affected.Changesn the grain soureswithin
a high concentrataliet mostlikely will not affectbeefflavor. Miller etal. (1997)
fed beef steerseither a corn, corn/barley or barley basd high-concentrate
finishing diet 102 to 103 days prior to slaughterto a final live weight of
appoximately495kg. Cookedtop loin steakdid notdifferin cookedbeefflavor
intensty or in any beefflavor attribute dueto grain sour® of the diet.

The meatfrom beeffed corn-basedliets candiffer in flavor from pasture-fed
beef.Most of theflavor differenceis dueto fatnesdlifferencedn thebeef(Melton,
1983).Whenpastureandgrain-fedcattleareslaughteredtsimilarfatnessMelton
(1983) found that beef from pasture-fedcattle was still less desirable.These
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differences were most likely due to deposition of feed-derived compounds
depositedin the fat. Cattle fed either bromegrassand bluestem;bluegrassand

clover;fescueprchardgrassandclover;fescuealone;flint hills grassnativerange
grass;foragesorghum;orchardgrassandclover; oats,rye, andryegrassmillet or

coastabermudagrass;andbermudagrass-cloveandsudangrasshadlower flavor

ratings.Supplementingattlewith grainduringpasturdeedingwill dilute outthese
effectsor feedingcattle for 90 to 100 dayson grain-basedlietsprior to slaughter
will reducethe negativeflavor effectsof thesegrasses.

The effects of nutrition onlambqualty arevery similar asdisaussedor beef
As lambsare ruminants, feeding grain-taseddiets hassimilar effectsasthose
discussd for beef. Howeve, feeding high-con@ntrae diets to lambs prior to
slaugher is not as commona practice as in beef. Lamb can be slaudhtered
directly afterbeingfed forage or grass-baeddiets.As long aslambsarefed to a
fat-constantendpont, difference in tendernssarenot geneally reported The
most significant impact of feedng lamb or beef on forage-basedliets is the
potentialfor off-flavors derivedfrom foragebasedcompounds.

Feedingof dietary suppementssuchas vitamins hasbeenshown to affect
meatqualty. Feedng of vitamin E hasbeenshown to improve color stability
and extendshelfiife of beef. Vitamin E is fat-sduble andis deposied in cell
membanesandadiposecells. It is a strongantioxidantandmog likely worksto
control lipid oxidation and color deteioration throughits antioxidantfunction
(Faugman and Wang, 2000).

3.4.2 Dietary effectsin pork
In pork production, the use of high enegy grain diets (soy beanand corn) is
standad, the main effectsof diet on pork quality arerelatedto thelysinelevelin
the diet or the level and/orquality of the fat (fatty acid composiion) in the diet.
The NPPCconduted a studywith six pork genotypeghatwerefed oneof four
dietsdiffering in lysinelevel (1.25,1.1,0.95and0.8%]lysine). Hogsfed the diet
contairing the lowestlysine level hadhighe overdl carcasdatnessandhighe
intramugular fat content. So diet could affect marbing level, but at the
detrimernt of decreasig car@assleannessTheincreasedevel of marding would
mostlikely not offsetthe increagd produdion andcarassyield costassoé@ted
with deceasingcarassleanness

Altering the fatty acid composition of the diet in non-uminantsinfluences
thefinal fatty acid composiion of the animals fat. In ruminants, the microflora
biohydrogenat unsaturatedatty acids andit is more difficult to modify beef
and lamb fatty acid composiion by dietary meansunless rumen-proectedfats
are fed. St. Johnet al. (1987) fed growing pigs a high-oleate diet and found
higher muscle and adipose tissue oleate levels Howevea, meat flavor and
palatdility were altered. High-deic cooked Longissimus chopswere juicier,
hadhighertendernssscoes,andflavor wassimilar to chopsfrom traditionally
fed hogs(St. Johnet al., 1987). The higherunsatiratedfatty acid compositon
foundin the meatfrom animak fed the high-oleic sunflower contairing diet was
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softer, oilier andwould be constdereda visual quality defect.While fat flavor is
depen@ntonthe conpositionor fatty acid profile of the fat, slight alteratonsin
the fatty acid profile may not sigrificantly affect flavor. The sourceof the fat
may also affect cooked pork qualty. When pigs were fed canoh oil, the
subsguentmeat had more off-fl avor, lower qualty scores,and lower overall
palaability ratingsthanmed from pigsfed eitheranormalswineration,animal-
fat-, safflower oil-, or sunflower oil-baseddiets.While alteringthe fat sour@ in
the diet canaffect the fatty acid profile in the subsguentmed, the decreasén
the fatty acids asso@ted with increasinghuman serun choleserol levds is
minimal and mostlikely would not affect the overall healthof consuners.

3.5 Rearing and meat quality

The rearirg or housingof animalsprior to slaughtercan affect meatquaity.
Theseeffectsare mainly dueto the lack of stressor the leve of stressinflicted
on the animal due to the rearirg environment. If animals are housedin
condtions thatresut in lower ratesof gain thenanimalsmay be slightly older
andmay not havethe samelevd of fatnessastheir counter@rtsreaedin more
desrable conditions. Free-range animalsalso havethe potential to haveaccess
to a highervariety of feedstdfs prior to slaughterthat may affect the flavor of
the subsequentneat.For exampe, rangefed hogswould haveaccesgo forages
during some partsof the yearthat may resudt in off-flavorsin their med (see
previousdiscussion)but this effectwould be seasonaandbasecbn whattype of
forages were available. In geneal, confinemen feeding has minimal to no
effects on meat qualty. If animak are overcrowded there may be limited
accessto feed andwaterandanimak exhibit undesirdle socialbehavios such
as fighting, chewing and inability to rest propely. In thesesituaions animal
growth will be affectedandthe subsguentmeatmay belowerin overdl fatness
and mea from theseanimabk may havea highe incidenceof quality problems
relaied to stressduring slaughter.

3.6 Slaughtering and meat quality

The convesion of muscleto med or the live animalto a carasscan impact
med quaity. Rigor mortis, Latin for ‘stiffening after death’,is the procesghat
themuscle proceedsthrough in orderto becomemeat.During this processstress
induced on the animal, either long- or short-term,will affect how rapidly the
process of rigor mortis will proceed.

3.6.1 Long-term stresson meat quality
Animals exposeé to long-term pre-slaughtr stresshave reduced glycogen
supplesat slaughterlUpononsetof rigor mortis, pH declinedoesnot proceed at
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anormalrate. The substrée glucose thatis derivedfrom glycogen,is convertel
to lactic acid. The build up of lactic acid is respnsible for post-morem pH
declinein muscle.lf postmortempH decine doesnot proceedhormally andthe
ultimatepH is higherthannormal(greaer than6.0), the resutant meatis darke
in color, hasa firm texture, hasa high waterholding capaciy and haslessdrip
lossandfree moisture onthe meatsurface The meatis definedasdark, firm and
dry or DFD. When DFD meatis cooked it is often descrited as being juicy,
tenderandvery intensein flavor. Somedescrile the flavor asserumy,mustyor
old. Additionally, due to the high pH, DFD mea will spoil more rapidly.
Conditions that induce long-term stressare long transit times, exposue to
extremesin tempeature (hot or cold), extendedperiodswithout food, bulls
expresgig sexud behavor, orimproper handlingprior to slaugher. It is obvious
that conditionsimposing long-termstressshoutl be avoidedin orderto improve
quality.

3.6.2 Shat-term stresseffects on meat quality

Short-ermstressresultsin pale,soft andexudatve meat(PSE).This meathasa
lower thannormal pH thatresultsin meatthatis palein color anddoesnot have
the ability to hold water.During cooking PSEmeatwill losea high amaunt of
moisture and the resultantmed will be drier, tougher and not as flavorful.
Imprope handing, rough handling mixing of pensduring transpotation or at
the slaugher plant, poorly designedholding and handing facilities at the
slaugher plant,andothe conditionsthatinduce stresgust immediately prior to
slaugher canresultin PSEmed. Whenanimalsbecomeexcited pre-shughter,
metabdism associged with the flight or fight mechanism is increagd. Body
temperature increases and glycolytic metabolism is stimulated. During
exsamguination, the blood suppl is no longer able to help regulat body
temperatire and remove the produds of anaerobi metabdism. As a restut
increagd body tempeaturein combindion with rapid metabdism restts in a
fasterthannormalpH declineandsomeprotein denaturatiordueto higherbody
temperatire. The combineal effect of a lower pH and proteh denaturatio
contributeto the lower waterholding capadty of the meat. The higheramount
of free-waer providesa higherrefledive surfacefor light so that the meatis
palerin color. The weakerprotein interactons resut in softer, lessfirm meat
that also providesgreaterrefledancesurfacefor light contributing to the paler
color. The NPPCdefinedvisual standardsof PSEmea in the hamandloin chop
becawse final meatpH is a continuais variable that is difficult to caiegorize
Ultimate pH shouldbe consderedan importantquality variableasit accounts
for short-tem pre-slaugher stresseffects andthe subsguentvisual and eating
quality of the med.

The RSE condition discussd previousy in 3.3.4 is a resut of highe
glycogenlevelsin meatprior to slaughter.During the convesion of muscleto
meat,asthereis a higha amouwnt of substrge for the conversionof glucoseto
lactic acid, the resultantmeathasa lower thannormal pH, but not aslow asin
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PSEmeat.The RSEmea doesnot havethe palecolor associted with PSEmed
and the RSE condtion, in geneal, is not associted with pre-slaughar stress
Eliminationor minimizationof short-erm pre-shughterstressobviously affects
pork quality. To improve overall pork quality andconsistencymanagemenand
handing practcesmustnot induce short-erm presslaughterstress.

3.6.3 Stunning method effectson meat quality

The type of stuming methodusedto immabilize animalsduring the slaughter
processcanaffectmed qualty eitherthroughindudng short-tem preslaughter
stressor it can affect blood removal upon exsanguiation. The most common
methodsof stuming include an apparats thatinducesa concusion referredto
as concusive methods,the use of electricity to immoabilize and concussthe
animal or exposue to CO;, thatreslts in animmobilized state.Cattlearemore
commonly immobilized using concusive stuming methods and hogs are
immobilized generaly with electicity, but also CO, stunningis usedin some
counties. Eledrical stunningcanbe placed on the headonly, on the headto the
back or on the headto the brisket. With electrical stuming an epilepiform
seizureis inducedsothatthe animalis insensble to pain Therearetwo phases
of these seizurestonic andclonic (Gregay, 1985). The indudion and strength
of the seizuress dependenbn the amaunt of currentandthe areaof the brain
thatthe currentaffects. Hoendeken (1978)defineda minimumrequirenentof a
currentof 1.25to 1.3A thatis maintainedfor threeseconls using a voltageof at
least 240V for electrical stunning During electical stuming, kicking canoccur
during the clonic phaseasthe brain’s inhibitory influence on the spinalcord is
redued. This canresultin increagdtime for shacking, increasedvorker risks
and lesseffective exsamuination.

Pigsimmobilized with CO, aremore relaxed(Channa et al., 2002).Use of
headto-back or head-tobrisket stuming electrodeshas been consideed the
mog humaneconpared to headto-head stunning as these methals induce
cardac fibrillation thatresultsin cardac arrestandthes pigs showlesskicking
(Wotton et al., 1992). With cardac arrest pigs will not regdn conséousness
With head-to-headstuming, there are sone incidenceswhere pigs regain
consgousress.A disalvantageof headto-backelectrical stuming is that there
can be someinciderce of broken vertebraeif too high a voltage is appled.
Brokenvertebae are reducedby applying headto-brisketstunring.

Carbon dioxide stuming has been shown to redue the inciderce of
ecchymosis(Gregory,1985)andasanimalscanremainmotionlessfor up to 60
secomls, kicking is redu@d during shacking (Larsen, 1982). Worker safety
therebre is redued with CO, stuming. However,CO, stuming in itself does
not reducetheinciderce of PSE,but asanimalsstunnedwith CO, havereduced
stress meatqualty is betterthanwith electrical stunning(BartonGade,1993).
Channon et al. (2002) found that hogs stumed with CO, had higher pH than
headto-brisket and headenly stumed hogsin the 5th—&h thoract after 40
minutes,90 minutes,3 hoursand6 hours but after24 hours,pH did not differ in
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meatfrom animak stunnedby the three methods Drip loss (%) was higherin
meatfrom animabk stumed with headto-brisketstuming and ecchymosiswas
lower in animak stumedusing CO..

Hemoglobin content of meat is strongly influenced by conditions
immediaely prior to and during exsamuinaion at slaughter.Pre-slaughdr
stress inadequate seveing of the artery or vein used for exsamuinaton,
extendedtime betwee stuming and exsangination, andimproper susp@sion
of the carcasgluring exsamuination canrestrictthe volume of blood removed
Whenhemogldoin contentis highe in muscletissuedueto improper bleedirg,
ecchymosiscanbeincreagdandmeatcanbedarkerredandtastemoremetalic.
Properappication of stuming andprope blood removalduring exsamuindion
can affect meatquality. Carein propely appling thesemethodsis neede to
reducevariationin quality.

3.6.4 Electrical stimulation effectson meat quality

The useof electricalpulsesto useup energyreservesn meatis called electrical
stimulation.Savellet al. (1978)showedthat by applyingelectricalstimulationto
beef carcasses, cold-induced toughening was reduced. They showed that
electrically stimulatedbeef carcassediad acceleratedpost-mortempH decline
and longer sarcomereghat resultedin more tendermeat. High or low voltage
electrical stimulationcan be usedto reducevariationin beefquality. The major
differencesbetweenlow-voltage and high-voltageelectrical stimulation is that
low-voltageelectricalstimulationmustbeappliedearlyin thepost-mortenprocess
and resultsin more gentle musclecontractionswhen comparedto high-voltage
electricalstimulation.Additionally, with high-voltageelectricalstimulationthere
canbe sometearingat the molecularlevel in musclesthat arerigorouslyworked
that provides additional tenderness improvements. Electrically stimulated
carcassealsohavebrightercherryredcolor at shorterchilling timespost-mortem.
As rigor proceedsat a more rapid rate in electrically stimulatedbeef carcasses,
ultimate pH is obtainedmore rapidly and post-mortemphysiological changes
stabilize sooner. Some researchhas shown that electrically stimulated beef
carcases hawe brighter chery-red color and highe amounts of marbling.
Carcassesvith low levels of externalfat, usuallylessthan0.64cm, chill rapidly
andtheresultant_ongissimugnusclemayappeadarkerredalongthe exteriorrim
of themeatandbe lighterin colorin the center.This conditionis calledheatring,
butit is actuallyaresultof pH differencesn themuscledueto amorerapidchilling
of the exterior surfaceof the cut comparedo the center.

The exteria surfacewill havea highe pH thatis aresut of rapidchilling in
leancarcases.At cold tempeatures glycolysis proceedsat a reducedrate until
it eventally is halted.In rapidy chilled muscle glycolyss haltswhen thereis
still substate, glucose, availeble for further pH decling but the systemto
convert glucose to lactic acid is not functioning Therdore, ultimate pH is
higher.In the cener of the muscle rigor mortis continues at a morenormalrate
andglycolysisis not limited dueto cold tempeatures.The ultimatepH is lower.
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Eledrical stimulation reduesor eliminaesthis effectby forcing the musclesto
work and useup ATP reseves, rigor mortis proceedsat a more rapid rate and
ultimate pH is more closely reachedbefore chilling caninhibit glycolysisand
rigor mortis developnent.

Eledrical stimulation hasnot commony beenappliedto pork. As pork has
more problemswith rapid ratesof post-nortem pH decline due to short-term
excitement,electrical stimulaion traditionally hasinduced higherleves of PSE.
Researchis continuing on modifying electrical stimulation to address quality
problemsin pork.

3.7 Other influenceson meat quality

Storage of meat can strongly affect quality positively and negatiely. The
postive effect of mea storageinfluencesmed tendernss, also referredto as
meat ageing. During refrigerated post-mortem storage, meat tenderness
improves. The major factor respondile for postmortemimprovementin meat
tencernessis degralation or proteolyss of musle proteins. Proteolysis of
musle post-morem has mainly contribited to sarcoplasiic Ca*-depadent
proteases,the calpains, and the leve of their inhibitor, calpastah. The
physblogicd changs in postmortem musle have been asso@ted with
degralationof Z-lines, troponin-T,titin, nebulinanddesminandthe appeaance
of a 95,000daltonand 30,000 daltoncomponentsDuring post-nortemstorage
themajorimprovemerts in tencernessoccurwith thefirst 7 to 14 days(Fig. 3.2),
but degradabn coninues with increasedstorage but at a slower rate. The
negaive effectof meatstorageon mea quality is dueto microbid growthand/or
lipid oxidation.Both of theseprocessesresultin endingthe shelflife of meat.

3.8 Summary: ensuring consistencyin raw meat quality

Meat quality and consisency are important in ensuringconsumersatisfacton.
Qudity of meatis affectedby the geneic propensity of the animal, how the
animal is reared,and the nutritional staus during production. Thesefactors
affect the fat, lean and connetive tissue component of mea and therefore
influence med quality. Genetic differencesare being understod as geneic

markers are being developedfor mary major quality characeristics within

speces. As the produdion segnent select animals to maximize quaity,

redudion in meatquaity canbe obtained However,theseanimak mustbe fed
andrearedto maximize quality. Qudity alsois stronglyinfluencedby conditions
atthe slaugher plant. How animak are handledpre-slaugter affectsthe rate of
rigor mortis. The application of stuming and exsanguiation methodsthat
ensue reducedanimal stressareimportantto mea quality. The applicationof
electrical stimulation and how the carcasds chilled influencethe rate of rigor
mortis and subsequeninea quality.
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3.9 Future trends

Quality asa mea indudry issuewill continue Providing consumes with high
quality, consisent productis a key to the success of the meatindudry aswith
any food entity. Today’'s consumes demandconsisency and quality and their
demandsare met by othersegnentsof the food indudry. Thoselivestockmeat
produers who can ensue consistentquality will be the viable playersof the
future. To ensue consstency and quality, links between the productbn
segmers of the livestockindudry that havegeneticverification of animalsand
that then managetheseanimalsto maximize their genetic propensity will be
produersof thefuture. The seedstoclandcommercal produdion segmerg will

either be verticaly integratedor therewill be alliancesbetweenproducersto
form joint ventureso produ@ animalsof consisentquaity, much like thelarge
poultry companeés in the United States.The slaugher and manufaturing
segmert of the med indudry will havecontrol points within their productian
segmerd to assuremeatquaity andwill controlthe endprodud from slaudter
to the final packaye for the consuner.

Technological advances to improve meat quality will be viewed as
interventionsto help control consistencyand qualty. A fully integratel meat
produdion sysem that assues qualty will haveeconomicbeneft andreturns
Produds will be brandidentfied andcarry a qualty reputation asa component
of marketng the produd.
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4

The nutritional quality of meat

J. Higgs, Food To Fit, Towcester and B. Mulvihill, Republic of
Ireland

4.1 Introduction

The most common dietary problems in developed countries are due mainly to
over-nutrition. The incidences of overweight, obesity and adult onset-diabetes
are increasing steadily. Cancer is now the most common cause of death in many
developed countries. The most common cancers are breast, lung, bowel and
prostate, which are virtually absent in some developing countries. However,
even in our affluent society, we also see signs of nutritional inadequacies. For
instance, in the UK nearly a half of females aged between 11 and 14 are not
getting enough iron in their diet, while more than a third are not getting enough
zinc (Gregoryet al,, 2000). We are living in a society where both signs of over-
and under-nutrition occur side by side. To correct for these nutritional paradoxes
we as consumers have to get the balance of nutrients, energy and physical
activity right. The objective of this chapter is to highlight the nutritional role that
meat can play in modern society.

The National Food Survey for 1999 (Ministry of Agriculture Fisheries and
Food, 1999), included a special analysis on meat and meat products
consumption in the UK. It stated that ‘meat, meat products ... are important
contributors to the intakes of many nutrients in the British diet’. Data from this
survey showed that meat and meat products supply: energy 15%, protein 30%,
fat 22% (saturated fatty acids (SFA) 22%, monounsaturated fatty acids (MUFA)
27%, polyunsaturated fatty acids (PUFA) 15%), vitamin D 19%,1B%, B
21%, By, 22%, vitamin A equivalents 20%, niacin 37%, zinc 30%, iron 14%.

Meat has been a major part of the human diet for at least 2 million years.
Human genetic make-up and physical features have been adapted over 4.5
million years for a diet containing meat. An example of this adaptation is our
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presentteethand jaw strucure, which have developedto becomeefficient at
chewirg and swallowing meat. Meat is a highly nutritious and versatilefood.
The primary importane of med asafood lies in the fact that whendigestedts
proten is broken down releagng amino acids, these are assinilated and
ultimately usedfor the repairandgrowth of cells. Meatis a nutrient densefood,
providing valuabke amaunts of mary essentialmicronutrients. Meat supplies
fatty acids,vitamins,minerals,energyandwaterandis involvedin the synthesis
of protein, fat and membranesn the body.

Traditiondly, meatwas consideed a highly nutritious food, highly valued
and associted with good heath and prosperity. As such, westen societies
graduwally increagd consumpbn with increasng affluence. The heathy image
of red meat gradwally becameerodal during the 1980s, when the lipid
hypothesis focused attentbn on the fat contibuted from meda. The British
Governnent's Committee on Medical Aspect of Foad and Nutrition (COMA)
report on coronary heat disease(CHD) in 1984 idertified meatas a major
sourceof saturatedfat, contibuting a quarterof UK intakes(COMA, 1984).
Although the multifactorial natureof CHD risk is now widely acknowkdged
(British Nutrition Foundation1996;COMA, 19%), the heath imageof redmeat
remainstarnsheddueto this negativeasso@tion. More recently,we haveseen
the publicaion of two repotts on diet andcance (World CanceResearch-und,
1997; COMA, 1998). Thesereports asso@ted red mea consumpibn with
increagd inciderce of certaincances, in particular, colorectalcance (CRC),
despite the existence of conflicting evidence. Both of thesereports issued
guidelinreson the limits of red meatone shoull consumeto redue the risk of
developng CRC, therebynegatiely influencing the image of red med.

The 199G also sawmajor publicity on non-rutritional issuesincluding animal
health concernssuch as bovine spongiform encephalophy (BSE) and more
recenty the returnof foot and mouthdiseasgFMD) to Britain. The last 25 years
havebeenthe mostturbulentregardingissues surroundig med consumption with
much of the publicity being negative thus playing down meat’snutritional value.

The negative nutritional image that surroundsred meatis in some way
respondile for the decreasén expendture. In 1999, 25.8% of expendture on
homefood in GreatBritain was spenton meatand med produds (Ministry of
Agriculture FisheiesandFood, 1999).This is a significantdrop comparedwith
32.1%in 1979. During this time period there have beenmajor changesn the
type of med thatpeopk arebuying in the UK. Expenditureson beef lamb, pork,
baconand ham eachfell, whilst expendture shaes on poultry and on other
meatshasrisen. The major growth areain processedmeatsand med products
hasbeenfrozen converience meatproduds, meat-base readymealsand othe
meatproductssuchas Chine® and Italian mealscontainingmeat(Mini stry of
Agriculture Fisheres and Food, 1999). There are many factors respnsiblefor
thesechangs, the tarnishedimage of red med being one such factor. Other
influencing factors include changesn lifestyle trendswhich sawthe drive for
converience foods and the resultantrespnsivenes of the industry to this has
greatly influencedthe changingmeatbuying habitsof consuners.
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4.2 Meat and cancer

Meat consumpbn has been implicated in many cancers,as being either
protective or causativedepenéhg on the type of cancer Meat consumptio has
beenshown to protectagainstcances of the stomad (Hirayama,1990; Tuynset
al., 1992; Azevedoet al., 1999),liver andthe oesoplagus(Zeigleretal., 1981,
Tuynsetal., 1987, Nakachiet al., 1988).Thesearethreeof thetop five cances
globdly. Onthe othe handmeatconsunption hasbeenimplicated asa causeof
colorectal(colon andrectal),breast andprostatecance, with the mainemphasis
being on (CRC). CRC is the fourth mog common cancerin the world, but in
Europe and other Westerncountriesit is secom in terms of inciderce and
mortality (after lung cance in menand breastcance in women)with 190,000
new casesper year in Europe(Black et al., 1997; Bingham, 1996. Thereis
strong evidence from epidemiologcal studies showing that diet plays an
important role in mog large bowel cancers,implying that it is a potentially
preventable disease(Higginsm, 1966; COMA, 1998) The precise dietary
componentsthat influenceCRC risk havenot beenfully elucidged. However,
epidemiological studies sugges that high intakes of fat, meat and alcohol
increa® risk, wherea vegetbles,cereas andnon-starchpolysactarides found
in fruit and mary othe foods decreasehe risk (Bingham 1996). For many of
thee dietaryfactorsthe evidenceis equivocal. In the caseof meat,the evidence
is conflicting, early cross-sectional comparisons attributed much of the
worldwide variation in CRC inciderce to fat and animal protein consunption
(Armstrongand Doll, 1975). In contra$, subsguentcasecontrol and cohort
studes are muchlessconsstent(Hill, 199a).

Meat consumptia and CRC becamea high-prdile issueduring 1997-198
with the globd launch of the World CancerResearchi-und(1997)report,timed
to coincide with the publicaion of the British COMA repot, both on diet and
cance. The WCRF repot was particularly negativetowards red meat, which
fuelled the launch publicity. This stimulaed severalcritical apprasals of the
repot, all challenging the conclusionsregardig meat (Hill, 1999b). The
scientific evidenceis not sufficiently robug to recanmenda maximumof 80g/
day red meat as pronownced by the WCRF and the initial announementby
COMA for a similar recommendtion was subsequely revised. Most of the
datashowinganassoci#ion betwee& meatconsumpibn andCRCareAmerican,
whereasseveralstudiesconduded outsidethe US (manyin Europe)haveshown
no such relationshp (Hill, 1999a). On final publicaion, COMA (1998)
reasuredUK consumes that avelage consumpbn levels (90g/dayof cooked
red meat)wereaccetable. COMA suggestshat high consumes, lessthan15%
of the UK popuation, eaing above140g/day might beneit from a redudion.
Equally important, this repot acknowkdged that meat and mea produds
remah a valuable sourceof a numter of nutrientsincluding iron and that for
mary amoderaténtakemakesanimportantcontributionto micronutrientstaus.
The potential effect on iron statusof further reductionsto red mea intakeswas
subsguenty investigated asrecommenddwithin the COMA report.Giventhat
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a 50% redudion in intake would resut in a third of women having low iron
intakes (below 8 mg/d), the appropriateness of public health messages
concening meatconsumpibn shouldbe carefully consideed prior to reachiry
the media(Gibsonand Ashwell, 2001).

Various comporents of meat (protein, iron, and heterocydc amines)have
beensuspectd of contributingto the developnent of CRC. Dietary protein is
broken down in the body to amino acids, which are further degradedto
ammona, which may have cancerinitiating effects. The human colon is also
rich in amidesand aminesthat are substatesfor bacterialnitrosation by nitric
oxide (NO) to N-nitrosocompoundghatarefoundin humanfaees.Thereis no
conclusie evidencethat proteinderivedcompoundsanincreag cancerrisk in
humanslt is hypothesisedbut not yet establisted, that the intake of iron from
meatandothe iron-rich foodsmayincrea therisk of cancervia the producton
of free radicalsin the body. Heterocydic aminesare formed by the Maillard
reactionsthat involve amino acids, sugarsand creatine,during cooking. They
areusualy produed during cooking at very high tempeatureson the surfaceof
meat,suchasfrying, grilling or barbecuing but they are minimal when meatis
steamed microwaved or marinated. The hetaocyclic amines are known
mutages in vitro and carcin@ensin roderis. The mod abundat heterogclic
aminesproduedin meatis phenylimadazopyridine (PhIP) whichis arelaively
weak carcinogencomparedo otherheterogclic aminessuchasIQ andMelQ.
The role of heterocglic aminesin causingCRC is not fully elucidatel in
humans.

Truswel summaisedthe evidencein Hill (2000)and showed that 20 out of
30 casecontrol studes and 10 out of 14 prospedwe studes showed no
relation$ip between meat intake and CRC with sone of the resuts of the
remainirg studiesbeingconfusedandoneprospective study showinganinverse
correltion between med consumpbn and CRC risk (Hill, 2000. If meat
consumpibn were asso@ted with increasedisk for cance, onewould exped
mortdity from cancerto be muchlower amongvegetaians.In a recentmeta-
analyss of five cohortstudes, resuts haveshown no significant differences in
mortdity from cancerin geneal, and more specificdly mortality in stomad,
breast,lung, prostateand coloredal cance betwea vegetariangand omnivores
(Key et al., 1998, 1999). If red meat consunption were associted with
increaedrisk for CRC,onewould expet a decreasén theinciderce of CRCto
occurovertime asa resultof decreasingneatconsunption trends.During the
past30 years, red meatconsunption in the UK hasdecieasedy apprximately
25%, while during the sametime the incidenceof CRC hasincreasedyy about
50% (Hill, 1999b) Similardy, if meat consumpbn were associatedwith
increaed risk for CRC, one would exped the ratesof CRC to be highe in
countries with high mea consumpibn and lower in countries with low meat
consumpbn. The Meditermneancountrieseatmore red meatthanfor instane
the UK yetthes countrieshavelower CRCrates(Hill, 2000).Suchparadoxical
evidenceis further evidencethat, at currentlevels, meatconsunption is not a
risk factor for CRC incidence.
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Epidamiological associtions betwea dietaly components specific foodsor
food groupsandchroric disease suchascancergcanidentify risk factors,butare
geneally notsufficientto estiblishcauseandeffectrelationshipsFindingsfrom
epidemiological studiesmug be combinel with other typesof evidence(e.g.
animal experiments, human clinical trials) before a persuasive causal
relaionship can be estblished. CRC is multi-factorial; it is confounded by
diet, smoking alcohol physkal activity, obesty, aspirin use,age and family
histoly. Thereareknown protective and causativefactors.lt is well known that
daily consumpbn of vegetabés and med reducesthe risk of cancerat mary
sites,whereasdaily meatconsunption with lessfrequentvegetibleconsunption
increagsrisk (Hirayama,1986 Kohlmeier et al., 1995; Cox and Whichelow,
1997).Evidencesuggess thatit is the reducedintakesof the protective factors
suchasvegetabésandcereas that arethe main deteminantsof CRC risk with
med being coincidentally related.

There is a needto assss the role of meat when consuned in normal
guantties, by normal cooking methods and within the context of a mixed,
balanced,diet. The methodof cooking meatand the degreeof browning is of
partiaular importane to this whole issue.A major effort by Interngional Meat
Indudry partnes hasattempéed to raiseawaenessof the conplexities of meat
prepaation andcooking habitsandhow thes differ betwea countries Dietary
assesmenttechniquesadoptedby nutrition scientistscurrently do not take full
account of the diversedifferencesbetweenmeat produds world wide and the
conseguent influencesthee may have on the body. For exampe, it is well
recaynizedthat mea is often cookedmore evenly throughthe musclewithin
Europe,whereasit tendsto be ‘blackened’ on the outdde whilst remainirg rare
ontheinsidein North America. This may be onereasorfor the greder negaive
findingsin Americanstudiesof therole of meatin CRC,comparel to European
studes. This hitheto unexpbred face of meat consumpbn may have far-
reading implications for interpreation of epidemological dataand ultimately
for public healthrecanmendaions. Certainmarinadesappliedto meatbefore
cooking will reducethequantty of potential cardnogenicmaterials presentThe
appication of knowledge in this areato the production of processd meat
produds with all the nutritional benefts and none of the potertially harmful
componentswould be progresa/e indeed.

In summary, it is important not only to examine the relationsip betwea
mea consunption and CRC alone, but also meat prepaation and cooking
differencesin conjunction with protectiwe factors, such as vegetbles and
ceraals. At ameatanddietworkshop it wasstaed: It is time thatthemea CRC
story was laid to rest, so that we can get back to recanmendingthat young
womenof childbearing ageeatmea asa read/ soure of avaiable iron’ (Hill,
2000). Neverthelessit is sensibleto considerthat there must be an optimal
rangefor meatintakesin orderto ensue a balanceddiet is achieved whilst
optimal weight is maintained.From this practical pergpective COMA's (1998)
suggeted intakerangeof 90—140gcookedmed perday, is sensibleasa public
heath mesage. The overemphasison reducing meat however, rather than

© 2002 CRC Press LLC and Woodhead Publishing Ltd.



encouragig gredaer accomg@nyingplan food intake hassened only to confuse
the public (Hill, 1999b) Evidence suggets that the risk of cance will be
reducedo a greaer extentby increasingintakesof fruit andvegetableshanby
lowering med intakes Once agan, the move towards preprepared meal
solutiors providesan opportunity for marufacturersto developrecipeswith a
healthy balanceof mea and vegetab¢ ingredients such that the nutitional
profile of the dishis optimised.

4.3 Meat, fat content and disease

Regular consumption of red meat is associated, epidemiologically with
increagd risk of coronaryheartdisease,dueto its fat composition Cornversely
a growing bankof evidenceis showingthata heathy diet thatincludes leanred
meatcan producepositive blood lipid changegWattset al., 1988; Scottet al.,
1990; Davidson et al., 1999; Beauchesre-Rondeau et al., 1999). Blood
choleserol levels are increagd by inclusion of beef fat, not lean beefin an
otherwise low-fat diet. Equal amaunts of lean beef, chicken,andfish addedto
low-fat, low-saturatedfat diets, similarly redue plasmacholesterb and LDL-
choleserollevelsin hyperccholeserolaeme andnormochdesterdaemicmenand
women.

Meatis a sourceof arachidnic acid (20:4n-6, bothin thelean andvisible fat
comporents(Duo et al., 1998). Assunptions that the 20:4n-6 conient of meat
was resmnsiblefor increasingthromtotic tendenciesn Westernsocktiesare
too simplistic. The presnce of large amountsof linoleic acid (18:2n-6) in
currentdietsresultsin plasmaincreasof linoleic andaradidonic acids only.
Howevae, in the absenceof linoleic acid, the long chain n-6 and n-3 PUFAs
preset in lean meda can influence the plasma pod, increasng plasna
eicosatrenoic acid (20:3n-6§, 20:4n6, and eicosapatanoic acid (20:5n-3,
and probably reducingthrombotic tendencieslt is the imbalanceof n-6: n-3
PUFAsin the diet, brough aboutby excesive 18:2n6 that causs high tissue
20:4n6 levels,soencoungingmetabdism to eicosanals, (Sinclairetal., 1994;
Mannet al., 1997).

Meatcontibutesbetweea one-thrd to half of the UK daily choleserolintake,
(Chizzoini etal., 1999;British Nutrition Foundaibn, 1999).Meat’s choleserol
contentis, for consuners, anothernegatiwe influence on meat’s healthimage,
althoughit is now accetedthatdietaryintakeof cholesterolhaslittle bearingon
plasma cholesterol. A review of the cholesterol conent of meat indicates
surprisngly that levels of cholesterb are generaly not highe in fatty meator
meat produds. The cholesterolcontentof a med is relatedto the number of
musclefibres so tendsto be highe the morered the muscle

Twenty yeas ago red mea and meat produds were idertified as major
contributorsto fat intakein the UK. Most of thevisible (subcutarous)fat in the
meatwas consumed In the early 1980sthe red med industry beganto shift
produdion systens to favour less fat, refleding more energyefficient animal
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husbandry. For many years now there hasbeenemphass on redudng the fat
coneent of our diets and this coninued consumerdemandfor lessfat, further
promptedthe meatindustryto considerways to reducethe fat contentof meat.
The fat contentof the carasshasreducedin Britain by over 30% for pork,
making British pork virtually theleanestin theworld, 15%for beef and10%for
lamb, with further redudions anticipatedfor beefandlamb over the next 5-10
yeass. The fat contentof fully trimmedlamb, beefandporkis now 8%, 5% and
4% respectivey (Chanetal., 1995).

Theseachievementsre due to threefactors: selectivebreedingand feeding
practices designedto increasethe carcasslean to fat ratio; official carcass
classificationsystemalesignedo favourleanerproduction;andmodernbutchery
techniqguegseamingout whole musclesandtrimming awayall intermusculafat.
It is easierto appreciatehe processand extentof fat reductionby looking at the
changesover time for a single cut of meatsuchasa pork chop (Fig. 4.1). The
reductionin fat for pig meatis well illustratedby the trenddownwardsin P, fat
depthfrom the 1970sto the 1990s(P;, is fat depthat the position of the last rib)
(Fig. 4.2). Since1992it hasremainedstableat around11mm.

Although updatd conpositional figures for British meat were publishel
from 1986 onwads (Royal Societyof Cheamistry, 1986;1993 1996; Meat and

1950s - 1970s | 30 |

Breed &
feed changes

1990s

Cutting plant &
Modern retail trimming
butchery
[ Total back fat trim | Traditional
butchery

m -4— Lean +

intermuscular — =
Trimming, cooking

Seam cutting fat only loss & plate waste
| 3.9 | ~i— Fully

trimmed
lean only » Fully

trimmed
I 3.5 | lean only
Sourcesof data: McCance and Widdowson (1940, 1960, 1978); Royal Society of
Chemistry(1995); MLC/RSC reportto MAFF (1990).

Fig. 4.1 Porkloin — changein fat contentof pork loin for 100g of raw edibletissue.
Adaptedfrom Higgs and Pratt, 1998.

| Futher cooking loss
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Fig. 4.2 AverageP, fat depthof British slaughtempigs 1972—-95.Source:MLC (1990).

Livestodk Commission andRoyal Socigy of Chamistry, 1990),it is only since
updatedsupplenentsto the McCane and Widdowsontableswere publishedin
1995 (Chanet al., 1995, 1996), that the achievementof the mea industry in
reducing the fat contert of meat has been more widely acknowledged
(Depatment Of Health, 19944a; ScottishOffice, 1996; Higgs, 2000).

A fat audit for the UK, commissbned by the Govenments Ministry of
Agriculture,FisheiesandFoad to traceall fat in the human food chainprovides
a more accurag picture than National Food Suvey (NFS) (Ministry of
Agriculture, Fisheies and Food, 1981-199) data for identifying principal
sourcef fatin the diet, betwea 1982—192 (Ulbricht, 1995).1t illustrates that
wherea the fat contibutedby red meatredued by neaty athird, thatfrom fats
and oils as a group increasedby a third to contibute neaty half of our fat
intakes(Fig. 4.3). This striking picture is lost in NFS datasincevegetabé fats
(in particular) areconsumedyithin a broadrangeof end products— from chips
(so hidden within the vegetbles section) to med produds (so artificially
inflating the appaent fat contibuted by meat).

The fat contentof meat productscan vary considerably,dependenton the
proportionof leanandfat presentandthe amountof addednon-meatfat (Higgs
and Pratt, 1998). Traditional types such as sausagespastry-coveredies and
salamiare high in fat (up to 50%) but modernproductsinclude readymealsand
preparedmeatsthat canbe low in fat (5%). The trend downwardsin fat for red
meatis reflectedin the reducedat contentof a numberof meatproducts,suchas
hamsand sausagesSomereduced-fatmeatproductsare now availablealthough
the potentialfor productdevelopmentin this areahasnot beenfully exploited.

4.4 Fatty acidsin meat

The fatty acid compositionof food, including meat, has becomeincreasingly
importantin recentyears, becauseof concernswith the effects they have on
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Fig. 4.3 Totalfat availablefor consumption(UK) from differentfood sourcesAdapted
from: Ulbricht 1995fat in the food chain.

human health. Fatty acids play a role in many conditions such as CHD, cancer,
obesity, diabetes and arthritis. These roles can be protective, causative, or
relatively neutral, depending on the disease, the fatty acid, and the opposing
effects of other dietary components. Current dietary advice emphasises balancing
the intake of the different fatty acids. The Department of Health (COMA, 1994)
has recommended a reduction in the intake of saturated fat and an increase in the
intake of unsaturated fat. Within the unsaturated fatty acids it is recommended to
increase the omega-3 (n-3) PUFAs relative to the omega-6 (n-6) PUFAs.

4.4.1 Saturated fatty acids

Probably the main misconception about meat fat is that it is assumed to be
totally saturated. Meat contains a mixture of fatty acids both saturated and
unsaturated and the amount of saturated fat in meat has been reduced in recent
years. Nowadays, less than half the fat in pork and beef and 51% of the fat in
lamb is saturated. The saturated fat contributed to the diet from red meat and
meat products has gradually fallen from 24% in 1979 to 19.6% in 1999. Carcass
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meatsnow provide 6.7% of total saturatedfat intake (Ministry Of Agriculture
Fisheres And Food,1981). In reality eventhis figure is an overesimate, since
thereis a dispropotionate wagagein terms of trimming, cooking losses and
plate wade (Leedset al., 1997).

The predaninant saturatedfatty acidsin mea are stearicacid (C180) and
palmitic acid (C160). In geneal terms,saturagdfatsareknownasthe ‘bad’ fats
asthey tendto raise blood cholesteroland causeatheroslerosis.Howeve, not
all saturatedfats are equalin their effectson blood choleserol. For instane,
stearicacid doesnot appearto raiseblood cholesterol(Bonanane and Grundy,
1988)or othe thromhotic risk factors(Kelly etal., 1999,2001).Steaic acidis a
promirentsauratedfat in meat,for exampe, it accountsfor approimately one-
third of the saturaed fat in beef Similady, palmitic acid, anoher major
saturatedat in meatdoesnot consisterly raiseblood lipids. Onthe othe hand,
myristic acid (C14:0)is the mog atherogeic fatty acid, it hasfour times the
choleserol-rasing patential of palmitic acid (Ulbricht and South@te, 1991).
Myristic acid is found only in minor quantties in meat.

4.4.2 Monounsaturated fatty acids

Meat confains a mixture of unsaturged fatty acids, polyunsaturéed fatty acids
and monounsaturated fatty acids (MUFAs). MUFAs are the dominant
unsaturged fatty acid in mea andthey account for approimately 40% of the
total fat in meat.It is a neglkectedfact thatmeatand meatproductsarethe main
contributorsto MUFAs in the British diet, supplyirg 27% of total MUFA intake
(Ministry Of Agriculture Fishaies And Food, 199). MUFAs areconsideed to
be neutal with resgectto blood cholesterolleves. The principal MUFA in meat
is oleic acid (cis C181n-9), which is alsofound in olive oil andis assoated
with the healthy Meditermneandiet.

4.4.3 Polyunsaturated fatty acids

The PUFAs have a strucural role as they are found in the membane
phosphtipids andthey arealsoinvolvedin eicosanal synthesisTherearetwo
typesof polyursaturatedatty acids, the omega-3(n-3) andthe omega-6(n-6).
Meatandmeatproduds, suppy 17%n-6 and19% n-3 PUFA intake (Gregoryet
al.,, 1990). Linoleic acid (C18:2 n-6) and a-linolenic acid (C18:3n-3) are
essentialfatty acids as we cannot synthesie them ourselve, so we are
depenent on diet to provide them.In the body thes are further elongatedand
desaturated to longer chain derivatives, arachidonic acid (C20:4n-6),
docosapentaenoic add (C22:5n-6), eicosapentaencic acid (C20:5n-3) and
docosaexaenoicacid (C22:6n-3) Thesearefoundin usefulquantities in meat.
Overthe past30 yeais therehasbeena major shift in the intakesof the different
fatty acids,the saturatedatsbeingreplacedoy the unsaturéedfats. The increag
in the unsaturéed fatty acidswasmainly dueto anincrea® in n-6 fatty acidsas
a consguenceof replacing vegeable oils for animal fat. Today, the usual
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Weserndiet conains10 to 20 times moren-6 thann-3. For instane, in the UK,

the n-6 PUFA intake is now resporsible for 875% of total PUFA intake, the
remanderbeingthe n-3 PUFAs. Howeve, evidencenow indicatesthatit is the
n-3 PUFAs which are cardioproéctive in particdar, the very long chain n-3
PUFAs, eicosapetaenoicacid (C205n-3) and docos&exaenoicacid (C22:6n-
3). The GISSI trial showed that 1g of eicosapataenoc acid (C205n-3) and
docoshexamoic acid (C226n-3)daily reduceccororary heat diseasaleathdy
20% (GISSI, 1999). The exactmechansm for this effect is not clear but they
may reducebloodcholeserol. Otherbenefcial effects of theverylong chainn-3
PUFAs include anti-inflammatory and anti-tumourigenic properties.

Doocosaherenoicacid (C22:6n-3)also plays a role in neuronaldevelopnent,
cogntive function and visual acuty. It appeas that newborn babieshave a
redued ability to make the longer chain derivatves and docos&exa@oic acid
(C226n-3)is anessentiafatty acidfor the newborn.Meatandfish arethe only

sigrificant sourcesof preformed very long chain n-3 PUFAsin the diet. The
chief sourcef n-3PUFAs areoily fish andfish oils, however, only one-thrd of

the UK populationconsumeoily fish weekly. Not so surprisingthenin the UK,

mea andmead produds suppl moren-3 PUFAs (19%)thanfish andfish dishes,
(14%) (Gregay etal., 1990).In areporton n-3 fatty acidsthe British Nutrition

Foundationsummarsedthis fact with thefollowing statemen‘red med is likely

to rival fish asa soure of n-3 PUFAsin mary peopksdiet’ (British Nutrition

Foundation 1999).

Animals can convet «a-linolenic acid to 20- and 22-carbonn-3 PUFAs but
plants cannot,hence thereare no long chain PUFAsin vegandiets. Diets that
exclude meatandfish, suchas vegetariandiets, are practically devoid of very
long chainn-3 PUFAs. Vegansrely soldy on the endog@oussynthess of very
long chainn-3 PUFA from «-linolenic acid. This fact is verified by studesthat
have shown that vegeairianshavelower n-3 PUFA intake than their omnivore
counerpars. This imbalancemay havenutitional consguencs for vegansand
vegetrians.For instane, resuts from a recent observationstudy showed that
the n-3:n-6 ratio in plasmaphosphtipids was significantly lower amag ovo-
lactovegetarans and vegans comparel with med eatersand this may be
respnsiblefor anincreagd plateket aggregationendencyamongvegetaians,
which is a risk factor for cardovasculardisease(Li et al., 1999).

Meatis alreadya valuabk sourceof n-3 PUFAsamang omnivares,thusany
furtherincrea® in the n-3 PUFA contentof meatwill make usetil contibutions
to their overdl intakes Nowadas, researbersarelooking at waysto enhane
the n-3 PUFA contentof med. Feedingtrials of cattle, pigs and sheephave
shown dietary modification to be successfl in raising n-3 PUFA conentof their
meds. The n-3 PUFA contentof mea canbeenhanedby increasingheamourt
of n-3 PUFAs in thediet of the animal.For instancegras is rich in a-linolenic
acid (C18:3n-3)and grass-éd meat has a highe n-3 fatty acid contentthan
grainfed meat (Ense et al., 1998). Similarly, experimens have shown that
including fish oil, marinealgaeoils andoilseals, suchaslinseal, which arerich
sour@s on n-3 PUFAs, in the animak’ diet can favourably enhane the n-3
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contentof theresultantmed. Enhancig the n-3 PUFA contentof meatis much
easierto achievein monayastrics suchaspigsandpoultry, thanin ruminants.In
the rumen, the dietary unsaturated fatty acids are susceptible to
biohydrogenabn. Biohydrogenatbn is a processthat occursin the rumen
wherethe dietaly unsaturged fatty acidsare hydrogenatedby ruminant micro-
orgarnisms to more saturatedend produds. Evidence indicates that sone
unsaturged fatty acids appea to be more resistantto biohydrogenabn than
others. Exanples include the very long chain n-3 PUFAs. Howeve more
researb is required to clarify this issue.Researche are looking at ways to
overcone biohydrogaationin ruminarts by protectingthe n-3 PUFA. Altering
the fatty acid composiion of med can have negaive impactson the meat
quality, its shef-life, colour and flavour. Therdore animal scientists, food
technobgists and nutritionists are looking at ways to improve the nutitional
quality of mea by enhancingts n-3 PUFA contentwithout causingany advese
sensoy qualities or negativelyaffectingits shef-life.

The Department of Hedth (19943 has issued guiddines regardng the
recommended intake of saturated and polyunsaturated fats. The current
recomnendation for the polyunsaturatedgaturatedratio (P:S ratio) is about
0.4.Porkhasa postive P:Sratio wherea the P:Sratio of lambandbeefis lower
(Table 4.1), asa consguenceof biohydrogaation. The Departnent of Hedth
(1994) has also issued an index regardirg the ratio of n-6:n-3 PUFAs. The
recomnendedvaluefor this ratio (n-6:n-3 is lessthan4. The n-6:n-3ratios of
trimmed beef,lamb and pork are approxmately 2.2, 1.3 and 7.5, respedt/ely
(Table 4.1). Therefore, both beef and lamb have acceptable n-6:n-3 ratios
where& that for pork needsto be redued, to read acceptale values. The
reasorfor thehigh n-6:n-3ratio in pork, is dueto significant amountsof linoleic
acid (C18:2 n-6) presentin its adiposetissue(Ense et al., 1996).In summay,
researbersare focuing on ways of enhaning the n-3 PUFA content of meat
andmead products Howeve, when increasng the n-3 fatty acid composition of
ruminant meas suchasbeefandlamb, theyarefocusng on waysto increasehe
P:Sratio whilst retaning the positive n-6:n-3 ratio. On the other hand, for
monggastric med, such as pork, the n-3 PUFA contentshoull be increa®d,
whilst maintaining its positive P:S rato. Many of the resuts to date are
promidng, for instance,beefandlamb liver from animalsraisedon gras are
particulaly goodsourcef n-3 PUFAswith then-6:n-3 being0.46 (Enseretal.,
1998). Suchdatahighlightsthe potertial for carcasameatwith improved fatty
acid composition as a highly acceptable and effective vehicle for providing
optimal fatty acid intake for the consumer

4.4.4 Conjugated linoleic acid (CLA)

Another emaging dietary benefit for meat, in particular, ruminant meat, is
conjugaed linoleic acid (CLA). CLA is a fatty acid that occursnaturally in
ruminant meatssuchasbeefandlamb. The acronymCLA is a colledive term
usedto descrile a mixture of positional(7,9- 8,10-;9,11-;10,12-or 11,13-) and
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Table 4.1 Fatty acid ratiosrelatedto healthynutrition

Sourceof meat Sample P:S n-6:n-3
Beef Muscle 0.11 211
Beef Adiposetissue 0.05 2.30
Beef Steak 0.07 2.22
Lamb Muscle 0.15 1.32
Lamb Adiposetissue 0.09 1.37
Lamb Chop 0.09 1.28
Pork Muscle 0.58 7.22
Pork Adiposetissue 0.61 7.64
Pork Chop 0.61 7.57

Valuesfor steaksand chopscalculatedfor whole cut aspurchased
Adaptedfrom Enseret al. (1996).

geonetrical (c,c-; c,t-; t,t- or t,c-) isomersof linoleic acid (9¢c,12c-18:2). CLA
hasthe samechainlengthaslinoleic acid (18C), butin CLA the doubk bonds
are conjucated. Conjugded double bonds are separagd by only one sinde
carbon bond. The c9-t11-18:2isomer(rumeric acid) is the predominantisomer
of CLA (Krameretal., 1998).Thisisomerhasbeenshown to account for atleast
60% of total CLA in beef(Shanthaet al., 1994; O’Sheaet al., 1998). Factors
influencing the CLA contentof meatinclude the breed,age and diet of the
animal (O’Sheaet al, 1998; Mulvihill, 2001). As well as having a high n-3
PUFA content grassfed meat also has highea CLA content(Shanthaet al.,
1994).Since,CLA is formed predaminately in the rumen,the CLA contentof
ruminant med, beefandlamb, is mud higherthannon-rumnant meda suchas
pork, chickenandgame (Chin et al., 1992). The bestnatual dietaly souresof
CLA areruminant productssuchasbeefandlamb (Ma et al., 1999). Meat and
med produds supply approximaely a quarter of dietay CLA in Gemany
(Fritsche and Steinhart,1998).

CLA appeas to havea variety of potential heath benetts. It hasbeenshown
to have tumourreducing (Belury, 1995; Ip et al., 1991, 1994, 1999; Ip and
Scimeca, 1997) and atheroscleotic-reducing propeties (Lee et al., 1994;
Nicolosietal., 1997;Gavinoetal., 2000).CLA mayalsoreduceadiposity (Park
etal., 1997;Westet al., 1998)anddelaythe onsetof diabetegHousekechtet
al., 1998). The different isomersof CLA appearto be respondile for its
differing biological effects.For instane, the c-9t-11 isomermay play an anti-
cardnogenicrole, while the t-10,c-12 isomerappeas to play arole in reducing
adiposity. Sofar, mostof the researctwork denonstratirg the healthbenefitsof
CLA hasbeenconduded in experimenal animalsor cell culture modds. The
jury is still out for its effect on human heath. The American Dietetic
Associationhasendorsedeefandlamb asfunctionalfoodsbecawse of the anti-
tumaurigenic propeties of the CLA they contain (ADA, 1999). We are just
beghnning to fully understad the effect(s)that CLA hason human healthand
the role that med playsin its dietaly provision. In a review, Mulvihill (2001)
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raiseda numbera questiors thatneedto be answeedto improve our knowledye
aboutCLA in meat.Theyinclude howis CLA formedin therumen?Can thisbe
regulatedWhat CLA isomes are in meat?Can meatconsumpbn influence
CLA levelsin the humanbody?

4.4.5 Trans fatty acids

Trans fatty acidsraise LDL cholesteroland decreaseHDL cholesteol. It is

recomnended by the Departmentof Health (1991) that trans fatty acids
contribue lessthan 2% of total energy.Ruminantmeatsare a sourceof trans
fatty acids,contribuing around18% of total intakes. Theseareformedduring

biohydrayenationin the rumen.In the British diet the main sourceof trans
fatty acids are cereds and cered productsandfat spreadswvhich usepartially
hydrogerated vegetableand fish oils in their products. Other significant
sourcesnclude ruminant meatandmilk (Gregoryetal., 1990).It appearsfrom

the analysisof 14 Europeancountries that the fat contentof meatdoesnot
correlatewith the percentageof transfatty acid content(Hulshof et al., 1999).
Transfats havebeenhighlightedascontributingto atherg@enesisalthoughthe
hydrogerated fats from vegetablesourcesusedin bakery goodsand other

processedoods appearto be more of a concernthan the natural trans fats
found in ruminant meatsand milk fat (British Nutrition Foundation’'sTask
Force,1995). After assessig the intake of trans fatty acidsin 14 European
countries (TRANSFAIR study), the conclusion wasthat the currentintake of

TFA in mostWesten Europearcountriesincluding the United Kingdom does
not appearto be a reasonfor major concern(Hulshd et al., 1999; van de
Vijver et al., 2000). In fact, the TRANSFAIR study, showedthat intakesof

trans fatty acids did not influence LDL and HDL cholesteol and a weak
inverseassociationwasfoundin total serumcholesterol(van de Vijver etal.,

2000).In the USA, thereis a much greaer relianceon procesed foods, the
consequenthigher intakes (6% dietary energy) of non-rumninant trans fatty

acidsare causingsomeconcern.

4.4.7 Choleserol

Much researchaslookedat the effect thatindividual fatty acids haveon blood
choleserol ratherthan the mixture that we digest. It is now obvious that we
shouldbe looking at the effect that diet asa whole hason blood cholestera In
the United States, the National Cholegderol Education Program (NCEP)
recomnendsdietary guiddines for peopk with hypercholeserolaema (raised
blood cholestert). The NCEPdietaly guidelinesare a first-line therapyfor the
managerent of high blood choleserol. A recentstudy comparedthe effect of
including leanred mea (beef,veal and pork) andleanwhite meat(poulry and
fish) in the NCEP diet, on blood cholesterol of people with hyper-
choleserolaema (Davidsonet al., 1999). This study showedthat the inclusion
of appraximately 170gleanred mea per day,fiv e to severtimesperweekin the
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NCEP diet wasaseffective aslean white meatin redudng bothtotal andLDL
cholesterolwhile simultareouslyraisingHDL cholesterb Thusthe inclusionof
lean red meatin sucha diet hada postive impacton blood cholesterb leves.
The authorsalso indicatedthatthe study partidpantswho consumedheleanred
med weremore likely to follow their dietaly regimenasthey hada wider food
choice than thos on the white mea diet. This study not only highlights the
nutritional value of redmeatin suchadiet but alsothe practicalvalue, asno diet
canpossiby work unlessit is adheed to!

An earlier study conduded in the United Kingdom, showedsimilar results,
where mildly hypercholestertaemic men ate 180g of lean meatevery day, a
guantity we would considerhigh today. This diet waslow fat, low saturagd fat
and high in PUFA and it provedto be effecive in lowering total and LDL
cholesterol(Watts et al., 1988).In Canadaa study was conduded comparing
the effects of lipid-lowering diets containinglean beef poultry (without skin)
andleanfish on plasmacholesterblevelsin menwith raisedblood cholesterol.
The resuts indicatedthat when comparedto the usualdiet, the lean beefand
poultry diets sigrificantly reducedboth total choleserol and LDL (‘bad’)
cholesterolin menwith raisedblood cholesterol.Whereasin thefish-contaning
diet, only total cholesterolleves fell significantly when comparedto the usual
diet (BeauhesneRondeauet al., 1999). There is now a wedth of studes
showing similar results (Scottet al, 1990; Mann et al, 1997; Davidsm et al.,
1999),which arenot that surprisng, asleanred med is low in fat, low in SFA
and containsa mixture of benefcial unsatuwated fatty acids, such as linoleic
acid, n-3 PUFAs,MUFAs and CLA.

45 Protein in meat

Protein is the bast building materid for making cells and its adequatantake
canbe of particular benefitfor thosegrowing or in adultswheremuscle tissueis
being rebuilt, suchasathleesor those recuperting postsurgey. Meatis a good
sour@ of proten andit contains all the essentialamino acids. In the United
Kingdom, meat and meat products supply 30% of dietary protein intakes
(Ministry Of Agriculture Fisheies And Food, 1999).Emphaison a prudent diet
for heath that recomnendedjust 11246 (Nationd Advisory Comnittee On
Nutrition Education, 1983) from proten hasled us to undeplay the potential
role of high proten foodsin the diet. Recentinterest in the useof high protein
diets(25E%) for weightredudion haveutili sedthe highersatiatingpropeties of
protein, important for dietary compliance, and achievedsigrificantly more
weight loss over a six monthsdietary intervention comparel to lower (12E%)
protein. Theseresluts were achievedwithout advese effects on renal function
(Skov et al., 1999a,b).

Meat protein hasa higherbiological value thanplant proten assomeof the
amino acids are limiting in plart protein. For exanple, lysine is the limiting
aminoacidin wheat,tryptophanis thelimiting aminoacidin maizeandsulphur-

© 2002 CRC Press LLC and Woodhead Publishing Ltd.



contairing aminoacidsare limiting in soyaban. It is necessaryor vegansand
vegetaians to eat a wide variety of vegetble proten foods to provide the
necessaramauntsof eachaminoacid. Meatis arich soure of tautine. Taurine
is consideedto beanessatial aminoacidfor newbornsasthey seemto havea
limited ability to synthesse it. Taurine concentrationsin the breastmilk of
veganswere shownto be considerab} lower than in omnivores (Ranaand
Saundes, 1986). The significance of this finding is unknown.

4.6 Meat asa ‘functional’ food

Typical Westen omnivorous diets over the last 40 yearshave beenrelaively

highin proten andfat with insufficientdietaryfibre, fruit andvegetabés.Meat
intake is by definition the key differencebetwea vegetaian and omnivorous
diets,thuscompartive studieshavetendedio exaggeatethe heath benefitsof a
vegetaian diet soreinforcing a negativehealthimagefor mea. It haslong been
recognied (Burr, 1983) that although vegetaranism seemsto confa somre
protection againstheartdiseaseit is not clearif this is dueto abstinencdrom

meator high consunption of vegetabés.Meatintake hasprovideda markerfor

a generdly ‘unhealthy’ diet, in the past(American Dietetic Association, 1993;
COMA, 1991;Sandes andReddy, 1994; Thorogodl et al., 1994).Furthermoe,
vegetaians havetendedto be more healthconsdous, they traditionally smdke
less,consumdessalcohol tea,andcoffee,andtendto exercisemore,thustheir
good heath could be attributed to any or a combination of thesehabits. CHD
andcance aremultifactorial, dietis onefactor playing arole in thesecondtions,
but diet aloneis a very broadterm, becasewithin diet thereare protective and
causatie factors. Compaing currentomnivoraus and vegetaian diets shows
thatthe meatcontent of the formeris not respnsiblefor its highe fat content
Australian researchhas shown that when the meat compament was removed
from an omnivore diet, the remaining part of the diet was still significantly

higherin total fat, saturagd fat andcholesterolthana vegetaian diet (Li etal.,

1999).This suggestshatthe overdl diet ratherthanthe meatis respnsiblefor

thesediet chalcteristic.

The significanceof meatto nutrientintakedependon theimportancegivento
meatin anindividual’s, or society’sdiet andculture.With a limited rangeof foods
availablein primitive societiesthroughouthistory, meatprovideda concentrated
sourceof a wide range of nutrients (Davidsonand Passmore1969; Sanders,
1999). Consideringthe diet of modern man, where meat is excludedwithin
traditional vegetariancultures,the nutrientsit providescan be suppliedfrom a
combinationof otherfoodsandthis appearsat leastadequateprovidedthe diet is
not too restrictiveanddependenbn nutritionally inferior staplessuchasmaizeor
cassavaSanders,1999). With the range and abundanceof foods available to
developedsocietietoday,the nutritional significanceof any onefood is reduced.

Traditiondly, the vegetarianwas likely to consumea wider rangeof foods
than the meat eater. Consequentlyvegetariansgn Europeand North America
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historically had similar enegy intakesto meat eatersand greaterintakes of

vitamins B1, C, E, folic acid, 8-carotne,potassiumandfibre (Sandes, 1999).
Nowadys vegetirianismcannotbe assuned to provide a favourable fatty acid
intake. Compaative studiesof vegearrian and omnivorous children surveyed
from 9 to 17 yeas found that saturatedfat intakes were no lower in the
vegearianchildren (Nathanet al., 1994,1997; Burges et al, 2001). Therewas
no significant differencebetweerenergyintakesandthe perentagesnegy from

fat, or saturatd fat intakes betwea vegetaian and omnivare adokescentsin

North WestEngland (Burgesset al., 2001).Vegetaran women havelower zinc
intakesandstausthantheir omnivorecounter@rts(Ball and Ackland,2000).A

recent study in Australia showed vegetarianshad a lower intake of benefcial

very long chainn-3 PUFAs (Li etal., 1999). A study comparing med eaers
with vegetrians has shown that plasmahomaysteine,an independat risk

factor for heat diseaseamag vegetarans was signficantly higherthan their
omnivore counerparts,and this was correlat@ with a lower intake of vitamin

B, amongthe vegetarias (Mannetal., 1999;Krajcovicova-Kullackovaet al.,

2000;Mann20018. Veganshavesignificantly lower intakesof protein,vitamin

D, calcium, and seleniumbut no difference in energy and iron intakes to

omnivores and the vegans have significantly lower vitamin Bi, blood

concentration (Larssonand Johanson,2001).

Modem eaing habitsare contributing to eroson of the traditional vegetaian
diet in developedcountriesasthereis now a greder depenénceon vegetaran
convenence foods coinciding with increasedavaiability and choice. Whilst
vegetrianconvenence foodsmay appea attrective in termsof healthaswell as
for easeandspeedof preparatdn, theyarenot necessaly of superor nutritional
value comparel to mea containingequivalens. Thereis wide variationin the fat
conent of vegearian produds, ranging from 2% to 58%, with nearly a third
suppking more than50% of their energyfrom fat (Reid and Hadett, 2001).

Excluding meat whilst paying little attention to sdecting appropriate
altemativefood combindionsto ensue adequée nutrients are supplied is cause
for concen, especidly in childrenandadolescats. Today’s busylifestylesgive
rise to more erratic dietary pradices making it easierto obtan all nutrients
requiredfor healthby including meatasa componentof the diet. Thetime spent
plaming and preparingmeds is minimal and an increasng proportionof our
daily food intakeis consumedutsde the home,assnacls andquick meds. NFS
data suggestthat in 1998, 28% of total expenditire on food and drink was
outdde the home (MAFF, 199). Data on the dietaly intakesand nutritional
staus of young peopk aged4—-18yearsin the UK showthat enegy intakesof
young people are now approximately 20% below estimated average
requrementyEAR) for age.Growth pattens suggessuchintakesareadequée
andmerelyreflea the correspading lower activity levels of youngstes today,
whichin itself is a concen. Reducecenergy intakesmug increa® the emphasis
on a more nutrient densediet, particularly in growing children. The surveyhas
recaded intakesof iron, zinc and copperbelow the RNI paricularly in older
girls (Gregoryet al., 2000). It is possibk that the recordedlower meatintakes
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are partly respnsible for this. The deckion to becomevegetaian should be
accompanied by adequate nutritional information and education. Desite
popular opinion, vegetirianism per se does not guarantee a nutritionally
adequée diet. Convergly, using meatasa significantprotein soure in the diet
provides a concentrated nutrient supplement, thus ensuring the diet is
nutritionally adequée (Departnent Of Health, 1994; Mill ward, 1999). The
potentialfor produdng nutritionally superior,convenenceproduds, thatinclude
meat as a functional ingredient, is enormousand deservesmore thoroud
exploitaion.

4.6.1 Meat and paledithic diets
Humansareomnivores.Evidencesuchasdentition, gut structureandecosytem,
enzymtc rangeand adapability and our depen@nceon both plant and animal
sourcedor our essentiahutrientsareall suppotive of this issue.We beginlife
as omnivores, becase as babies in uterog, all the nutrientswe receive are of
animalorigin. During thelce Age, plantscould notgrow thusmanhadto depend
on meatas his main sour@ of nutrition. Thereis much historical evidenceand
datafrom carba isotopes, gut morphobgy, brain size, cranio-dendl featues,
tools,weaponsandrock art depictionof huntingall tracethe evolutionof manas
anomnivore (Mann, 2001a) Thereis consterableweight to the argumen that
our brainsevolvedbecausave could eata variety of foodsincluding meat.
As we beghn the new Millennium, someexpets are looking at the diet of
Paleolithc (stoneage) manin a searchfor ways to redue the inciderces of
‘modem’ disease suchasobesty, cancerandcororary heat diseaseReseath
from huntergatherersocietes hasindicated that thesepeopk were relatvely
free of manyof the chroric anddegeneative diseaseshat plagueustoday, this
is in part, attributable to the different dietaly practices.Invedigation of the
dietary habts of modern huntergathere societes, as an apprximation of
Paleolithic practices hasshown a high relianceon animalfoods comparedwith
plant foods for basic enegy requiranents(Cordain et al., 2000). It hasbeen
estimaedthatthe huntergatherer®btanedappraimately 45-65%of their total
energyintake from meat, which was either huntedor fished (Cordan et al.,
2000).1t is only with the relativdy recentrise in agriculture that humars have
begunto consumehigh levels of carbohydates. This is now recognied as a
major contributa of ‘Westernlifestyle’ diseasesWe havechangel from a diet
high in meatto a diet where grains and refined foods dominate.The hunter-
gathere diet was high in proten (19-3%6E) and low in carbohydate (22—
40%E)wherea nowadayshe opposite prevals — lower in protein (15%E) and
much highe in carbohydates (55%B (Cordan et al., 2000). The fatty acid
profiles of suchdiets may havediffered with higherlevels of unsaturéed fatty
acidsin wild animals,compare to domesticatedfarm animals.
Studieshaveshownthat AustralianAborigineshaveshown sigrificant health
improvementsincluding a redudion in blood cholesterblevels after returning
to their natual diets— wherethereis a high relianceon animalfoods (O'Dea,
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1991). Researchof macrontrient proportons in the diet of hunter-gaterer
popultions show a clear relationship betweenhigh proten contentand the
evolution of insdin resisance, which offered a survival and reproducive

advantage (Brand-Miller and Colagiuri, 1994). However, the advent of

agricuture andthe rise of a diet higherin carbohydate hasmeantthat people
were unpreparedfor the high glycaenic load and this is respondile for the
currentinciderce of norrinsulin depenént diabeteamellitus (Brand-Miller and
Colaguri, 1994). Howeve, we mug also remenber that humans are not
carrivores and thus we cannotexist on protein intakesabove35% enegy for

extendedperiodsof time. ‘A clear role for lean red meatin a healthybalanced
diet becones evidentas the diet histoly of our speciesis uncoveed’ (Mann,

2001a)

4.6.2 Meat and satiety

The prevdenceof obesityhasincreagd dramaically in recentyears (National
Audit Office, 2001). Satieyy influencesthe frequeng of meals and snacls,
whereas,satiationinfluencesthe size of mealsandsnacls. Macronutrientshave
differing effectson satety, proten is more satiathg than carlbohydrates which
are more safating than fat (Hill and Blundell, 1986; Barkeling et al., 1990;
Stubbs 1995). The exactmechanisnby which proten exertsits satiatingeffect
is not known, but it may involve changs in the levels and pattens of
metabolites and hormones (e.g. amino acids, glucose and insulin),
cholecystoknin and amino acid precurseos of the neurotransntters serdonin,
norealenalire anddopanine. A meatcontairing mealwasshownto havemore
sustinedsaiety thana vegetaian meal (Barkeling et al., 1990). Other studes
have shown that different meds have different saiating powes (Uhe et al.,
1992).Thesedifferencesmay berelaiedto differencesn aminoacid profiles or
digestibilities. More researb on the effectsthat differentmeatshave on satiety
will prove invaluable in assessingvhetheror not meatcan, in the future, be
promoted as a food that can negatiwely curb the growing levels of obesity

4.7 Meat and micronutrients

4.7.1 Iron in meat

Iron deficiency(Schrimshav, 1991)andiron deficiencyanaenm (Walker, 1998)
reman the most common nutritional disarders in the world today. Iron
deficiency is the only widesread nutrient deficiency occurring in both
devebpedand developng countries. Iron deficiency affects between20-50%
of theworld’s population(Beardand Stoltzfus,2001). Therearemary causs of
iron deficiency, including hook worm infestaton, low iron intakes, low
bioavailability of dietaly iron and increagd demand due to physblogical
requrements.The mostcommonresut of iron deficiencyis anaemiaSame of
the liabilities asso@ted with iron deficiency and anaemiaare defective
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psychomaor development in infants, impaired educaion performance in
schoolchidren, adverseperinatal outcomein pregrancy and diminished work
capacity(Codk, 1999). All of theiron in our bodycomesfrom our diet,andmeat
is arich dietay source.Concen aboutiron deficiencyis onenutrtional rea®n
for recommenihg eatingat leastsonme meat(WHO, 1990; COMA, 1998).

Food iron can be classifiedas haemiron or non-ha&m iron. Haemiron is
derived from haemogbbin and myodgobin and its chief food sour® is meat,
where& non-haemiron is derived mainly from cereas, fruits and vegetabés.
Meat is distinctive asit contairs both typesof iron, haem(50-6®%) and non-
haem.Our bodiesreadly absob haemiron (20-3®%) asit is not affectedby
otherdietaryfactors. Meat positively influencesthe bioavailablity of non-haem
iron. Bioavailability of iron refersto the propotion of ingestediron that is
absorbedand utilised by the body (O'Dell, 1989). Only two dietary factors
enhane non-ham iron bioavalability, they are vitamin C (Hallberg et al.,
1989) and meat (Cook and Monsen, 1999; Taylor et al., 1986; Hazel et al.,
1978; Kapsokefalouand Mill er, 1991, 1993, 1995 Mulvihill and Morrissey,
1998a,b; Mulvihill et al., 1998). Absorpion of non-ha&m iron from meatis
typically 15-25% comparedwith 1-7% from plant soures (FairweathefTait,
1989).The presencef meatin a med enhanesthe bioavailability of non-haem
iron contaired in the otherfoodspresnt suchascereas, fruits andvegetabés.

The enhaning effect of meaton non-haemiron bioavailallity is commory
referredto asthe ‘meatfactor’. The exactmechamnsmby which the ‘meatfactor
works still remains unknown despite the fact that numeous efforts have
concentratedon this topic. Reseath indicatesthat the mechansm of the ‘meat
factor may not be due solely to a single factor but due to a number of
contributing factors which work together promoting non-haem iron
bioavailability. These factors include the release of cysteine-rich small
molecudar weight peptides during the proteolyss of meat;the ability of thee
peptides to reduceferric iron to the more solubleferrousiron; the chehtion of
soluble non-haemiron by thesepeptdes and the ability of meatto promot
gastric acid secretionand gastrin releasebetter than other food componerd
(Mulvihill, 1996).

Glutathiore is a tri-peptidecontainirg cysteine,andthis is consideredo play a
rolein the ‘meatfactor’. However, reducedylutathionerepresats only 3% of total
cysteinein meatandthis is consiceredtoo low to have sucha profound positive
influenceon non-haemiron bioavailablity (Tayloretal., 1986). Elucidaion of the
mechaném(s)of the ‘meat factor’ is extremely importart in the seart for more
effective waysto improve iron nutrition. Isolation of the ‘meatfacta’ will allow
the potential to prodice steble non-raemiron absorptim enhances which canbe
addedto otherfoods,thusimproving iron bioaailability.

Meat and med produds provide 14% of iron intake (MAFF, 1999) within
this, carcasaneatand meatproduds supply 12.5% of total iron intakes This
figure grosdy undeestimaesthe value of meatfor influencing iron status Meat
hasanimportantinfluenceon iron bioavailahlity andthusiron stausdueto its
enhaning propertes and overdl greder absoption capadty. Low iron intakes

© 2002 CRC Press LLC and Woodhead Publishing Ltd.



and staus are common among certain subgoups of the popuktion; toddlers
(Gregoryet al., 1995; Edmondet al., 1996), adolescats (Nelsonet al., 1993;
Nelson 1996), pregrant women (Allen, 1997 and the eldely (Finch et al.,
1998).Datafrom the National Diet and Nutrition Survey of children showsthat
20% havelow iron storesand8% haveiron deficiencyanaemigGregoryetal.,
1995). Iron deficiency anaema amongtoddlersis often asso@ted with late
weaning pradices. A Spanishstudy showedthat children who first ate meat
before eight months of age showeda betteriron statusthan those who were
introducedto meatlaterthaneight months(Requejoet al., 1999).Anotherstudy
showedthatlow iron storesin one-andtwo-year old childrenis relatedto a low
med iron intake (Mira et al., 1996). The COMA report Weaning and the
Weaning Diet recommends that foods containing haem iron should be
incorporatal into the diets of infantsby 6—8 monthsof age.Soft-coded pureed
meat can be introduced. This goes against the modern trend to delay
introduction, the basisfor which appeas to be non-scientific.

Adolescentshavehigh demandgor iron to allow for muscledevelopnentand
increagd blood volumewhile the onsetof merstruationin femalesmakesthem
vulnerableto iron deficiency.Half the female populationliving in the UK, aged
betwea 15-18years, haveiron intakesbelow the recanmende level. This is
reflectedby thefact that27% of thatagegrouphavelow iron stores(Gregay et
al., 2000).The prevalenceof low iron storesamag adolescat girls in the UK
hasbeencited to be as high as43% (Nelsonet al., 1993). During pregnancy,
more lactovegetarians(26%) reportal suffering from iron deficiency than
omnivores(11%) (Drakeetal., 1999b) Lyle etal., (1992)hasdemonstatedthat
mea suppkementswere more effective than iron tabletsin maintaning iron
staus during exerise in previoudy sedemary young women. Among the
eldely, both low iron intakesandlow iron statushasbeenshown to increase
with age(Finch et al., 1998).

Serumferritin, the body’s iron store,is strorgly correlatedwith haemiron
(Reddy and Sandes, 1990). Bioavailability of iron plays an importantrole in
detamining iron status Studieshaveshownthatdespte the fact thatvegetaians
have either a similar or a highe iron intake than their omnivore countergrts,
their iron statusis lower (Nathanet al., 1996; Ball and Bartlett, 1999; Wilson
andBall, 1999).Vegetaiansshoul consumeron-rich foodsto compensatedor
the low bioavailability of non-haem iron from the foods they eat. The
importanceof meatin iron nutrition cannotbe overemghasised.The effectsof
med and mea produds on iron nutrition are threefold.Firstly, they area rich
sour@ of iron. Secondy, they contain haemiron, which is readly absorbed.
Thirdly, they promote the absoption of non-hamin the diet.

4.7.2 Zinc in meat

All meats,but in particular beef are excellent sourcesof dietay zinc. It takes
410z.milk, 150z.tunaor 6%2eggsto equaltheamaunt of zincin anavelage4oz.
portion of beef(Hammod, 1987).0On averagemeatandmeatproductsaccout
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for a third of total zinc intakes(MAFF, 1999).Zinc absorptionis suppressg by
inhibitors suchas oxalateand phytae which arefound in plant foods (Johrson
andWalker,1992;Zhenget al., 1993;Huntetal., 199%). Onthe contary, meat
facilitatesthe absoption of zinc — 20—40%o0f zinc is absobedfrom meat.For
instane, onestudyshowedthatfemale omnivoreswho hada sigrificantly lower
zinc intake thantheir vegetaran counerpartshada higherzinc status(Ball and
Ackland, 2000), suchdatahighlights the role that meatplaysin providing an
assuredsourceof dietary zinc. Becaug of the low bioavailability of zinc from
plant foods, vegetriansshoutl strive to meetor exceel their RDA for zinc, to
ensureadequée zinc intakes

Zinc is necessar for growth, healing the immune system,repraduction
(Agget and Comerfod, 1995) and cognitive developnent (Sandsead, 2000).
Low zinc intakesare beconing more prevdent, especidy amongadokscents
An NDNS surveyshowedthatonein ten 7—10-year-oldgirls andonein threeof
11-14year-od girls have intakes of zinc belowv the recommendd level
(Gregay et al., 2000). Long-term,low zinc intakeslead to zinc deficiencies,
which may becomea public healthproblemin the future (Sand$ead,1995).Iron
and zinc deficiencies can often occur simultaneously, particularly amag
adolescats (Sandstad, 2000). Adolescentsoften avoid eaing meat;in sone
incidercesmeatis providing up to just 25% of total zinc intakescomparedto
40% of adultintakes(Gregoy et al., 1995; Mills and Tyler, 1992; Gregoy et
al., 2000).Therdore includingmeatin the diet of adolescatscanaid in averting
bothiron andzinc deficienciesin concet, asthesemineralsin meatarein easily
absorbal# forms. Similarly, concern over low zinc status amorg infants
prompedthe DoH, in its COMA weaningreport,to recanmendincreasng meat
portion sizesfor infant's at the weanirg stage(Depatment Of Hedth, 1994H.

4.7.3 Seleium in meat

Seleniumact as an antioxidant and is consideed to protect againstcororary
heartdiseaseand certan cances, suchas prostate.Meat contins about10mg
selenum per 100g,which is approxinately 25% of our daily requirenent. Beef
andpork contain more sekniumthanlamb, which may be dueto the ageof the
animal as selenum may colled in the mea over time. Bioavalability of
selenum from plant foods was thoughtto be greaer than that from animal
foods butrecent datademonstrat that med, raw andcooked providesa highly
bioavalable soure@ (Shi and Spallholz,1994).

4.7.4 Other mineralsin meat

Meatalsocontinsphospheous,atypical sening providesroughly 20—25%of an
adult’s requirement. Phosphorus has important biochemical functions in

carbohyrates,fat and protein metabdism. Meat also providesusefd amounts
of copper magresium potassium,iodine and chloride.

© 2002 CRC Press LLC and Woodhead Publishing Ltd.



4.7.5 B-vitamins in meat

Meat is a significant and an important sour@ of many B vitamins. The B-

vitamins in meat are thiamin (vitamin B,), riboflavin (vitamin By), niacin,
panbthenic acid, vitamin Bg and vitamin B,,. B-vitamins are water soluble

hence leanmea contairs more of thesevitaminsthanfattier meat.Same losses
of B-vitamins occurduring cooking,the amaunt lost depend uponthe duration

andthe temperatire of the cooking method.

Thiamin andriboflavin are found in usetil amauntsin meats Pork and its
produdsincluding baconandhamareoneof therichestsour@sof thiamin.Pork
coniains apprximately 5-10times as mucd thiamin as beefor lamb. Thiamin
aidsthe supply of enegy to the body by working as part of a co-enzyne that
convets fat and carbohydatesinto fuel. It also helpsto promote a normal
appeite andcontibutes to normalnervoussystemfunction. Typical senings of
pork provide all the daily requirenentof thiamin. Offal meatsaregoad sources
of riboflavin, for exanple, a singe portion (100g) of kidney or liver provides
more thanits daily requiremat. Riboflavin, like thiamin, alsoaidsin supplyirg
enegy and also promogs healthyskin, eyesand vision.

Meat is the richest sourceof niacin. Half the niadn provided by meatis
derived from tryptophan,which is more readly absorbedy the body thanthat
boundto glucosein plantsourcesNiacin helpsto suppl energyto the bodyasit
plays a role in conveting carlohydraes and fats into fuel. Meat and meat
produds supply more than a third of total niacin intakesin Britain (MAFF,
1999).Liver andkidney arerich souresof pantothaic acid. Although mostof
this vitamin is leachedinto the drip loss asso@ted with frozen meat, this is
unlikely to be of any nutritional consequereaspantothenicacidis universalin
all living matter.

A 100g portion of veal liver provideshalf our daily vitamin Bg needsand
othe meatsprovide arourd a third. Vitamin Bg is a necesaryco-facta for more
than 100 different cellular enzymereactions,including thoserelated to amino
acid metabdism and inter-converson. Vitamin By, is exclusively of animal
origin asit is aprodud of bacterialfermertation,which occursin theintestire of
ruminant animak such as catle, sheepand goas. Vitamin B, is required to
produe red blood cells and acts as a cofactor for mary enzymereactions.
Deficiency of vitamin B, cause megloblastic anaema, neurgathy and
gastointestinal symptoms.Groupsat risk of vitamin B, deficiency include
vegansandstrict vegeariansbecasevitamin B, is exclusivel of animalorigin
and the elderly, becausetheir ability to absorbthis vitamin from the diet
diminisheswith age(Allen andCasteline, 1994;Swain,1995;Baik andRussdl,
1999;Drakeet al., 1999a) In the pastsomevitamin B,, wasprovidedfrom the
soil of poorly cleanedfoods This may in part explainthe appaent absee of
deficiency in some vegan groups. Today with the emphasis on good food
hygiene pradices, this source can no longea protect aganst deficiency in
vulnerable individuals. Vegans are recommended to take vitamin Bi,
suppkmentssincethe quantity consumedrom foodsfortified with the vitamin
is too low (Jones, 1995; Draper 1991: Sandersand Reddy,1994). The RNI for
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vitamin B;, amongthe elderly is 1.5ug/day (Departmentof Health, 1991). A
100gportion of leantrimmed beefcontairs 2u.g vitamin B,,, thussuppling all
their daily needsfor this vitamin. In Britain, med and meat produds supply
morethana fifth of both vitamin Bg and B4, intakes(MAFF, 1999). The need
for vitamin B, has been a part of the rationale for recommenthg the
consumpbn of animalfoodsamamg all agegroups(WHO, 1990).

Raisedhomaysteine anaminoacid metabolite is anindependat risk factor
for cardiovascular disease. It is estimated that 67% of the cases of
hypehomocyseinemiaare attributabé to inadequateplasmaconcentrationsof
oneor moreof the B-vitaminsnamely;folate, vitamin Bg andvitamin B;,. Some
enzymesthat reducehomocyseine leves requre vitamins Bg and B;, as co-
factors. Vitamin Bg is a co-factor for two enzymereactionsthat cataboli®
homaysteineto cystehe via a transulfuation pathway, they are cystahionine
(#-synthage and cystathiomse. Mearwhile, vitamin B, is a co-factor for the
remethyation enzyme,methionine synthase which convertshomacystene to
methiorine. Researchthasshown that low levds of both vitamins Bg and B>
independently correlate with raised homocysteine. For instance, ovo-
lactovegetariansor veganswho had significantly lower serum vitamin B
levelsthan meateatershad signficantly highe levelsof plasmahomaystene
(Mann et al., 1999, KrajcovicovaKudlackovra et al., 2000, Mann, 2001b)
Similarly, low dosesof vitamin Bg can effectively lower fasting plasma
homaysteinelevels (McKinley et al., 2001). The role of meatin regulting
homaysteineis intriguing and needsto be addresse further.

4.7.6 Meat and vitamin D

In the body vitamin D actsasa hormone essentl for the absoption of dietary
calcium. Therdore, vitamin D is essentiafor skeletaldevelopnent and sevee
deficiencyis associted with defective mineralis@ion of the boneresuting in
ricketsin childrenor its adukt equivalent,osteonalacia(Fraser,1995;Dunrigan
and Hendersn, 1997; DelLuca and Zierold, 1998; Department of Health,
1998b) More subtle degress of insufficiency lead to increasedbone loss and
osteopootic fractures. Other functions of vitamin D includes its role in the
immune sysem, and may be protective againsttuberculosismuscle weaknes,
diabetes, certain cancersand cororary heat disease (Depatment of Health,
1998b)

It is well esablishedthat sunlightexposue on the skin is the main soure of
vitamin D. Howeve, there arecertan subgroups$n the populationwho aremore
atrisk of vitamin D deficiency,andthesedependon dietin addiion to sunight
to obtainadequée vitamin D. Such subgoupsincludeinfants, toddlers pregnant
and lactating women, the elderly and thos who havelow sunlight exposue,
suchascertainethric minorities andthosehouselund (Departmenbf Hedth,
1998a) The prevalence of vitamin D inadequaciesamong thes groupsis
widespead.Forinstane, 27% of two-year-oltl Asianchildrenliving in England
havelow vitamin D status(Lawson and Thomas, 1999) and, 99% of elderly
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peopk living in institutionsarenot receivingenoughof dietary vitamin D (Finch
etal., 1998).Vitamin D deficiency amongthe elderly will becone much more
appaent and a greaterpublic heath problemwhen we constder that we are
living in anincreasngly ageingpopulation.

Liver aside, meat and meat products were constered poor sourcesof
vitamin D. However, new andytical data for the compaition of meat
indicatesthat this is not true (Chanet al., 1995). Meat and meat products
contain significant amaunts of 25-hydroxycholecalcferol, assunedto havea
biologicd activity five timesthatof cholecalcifaol. In fact, the meatgroupis
now recaynisedasthe richestnaturaldietary sourceof vitamin D, supplying
appraximately 21% (Gibsonand Ashwell, 1997). Vitamin D is presentin both
the leanandthe fat of meatalthoughits exactfunction in the animal is notyet
known. Sinceinterestin therole of meatin supplying vitamin D is arelatively
new subject, there are certdan areasthat needto be reseached such as the
effect of cooking mea on vitamin D levels, the bioavailablity of vitamin D
from meatandthe influence of seasoal varation on thevitamin D congentof
med and meatproducts.

Low intake of med and meatproduds, hasemegedas an independat risk
factorfor Asianricketsandabsenintake of meatandmeatproduds emerge as
an independen risk factor for Asian osteonalacia (Dunniganand Hendersn,
1997). It has beenhypothesisedby this researb group that there may be a
‘magic factor in meatwhich is protective againstrickets and osteonalacia.In
Glasgav, at the beginnirg of the century,the inciderce of rickets was high,
whereas,betwea 1987 and 1991, only one caseof rickets was repoted. This
may be explaired by the fact that nowadaysinfants are weanedonto an
omnivorousdiet from four monthsof age and this mea inclusion is offering
protection aganst rickets (Dunniganand Herderson,1997). Obvioudy much
more resarchis required to improve our knowledye on this subject.It is also of
interest to note that signs of both iron and vitamin D deficiency can occur
simultaneousy among toddlers (Lawson and Thomas, 1999). For instane,
during thewinter half of thetoddlershadbothlow vitamin D andlow iron levels
(Lawsonand Thomas, 1999). Suchevidencehighlightsthe potental protectve
role that mea inclusioncanplay in a toddlers diet. It is importantfor toddlers
andchildrento eatfoodsrich in bothiron andvitamin D suchasmeda andmea
produds aswell asplaying outdoors to get sunight.

4.8 Future trends

As we begin the 21st Century, we look to the future to predict the likely
nutritional problemswe will needto tackle.The four major nutiitional problems
today are heat diseasehypertersion, obesityand diabetes.Thesearelikely to
remah significant public health problens in the future. The denograghic
strucure of the populationis changing.Througtout Europeboth birth anddeath
datesarefalling, peopleareliving longer andit is estimaedthatby theyear2030,
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morethanhalf the popuktionliving in the UK will beover50yearsold. With this
knowledgewe shalltry to ascertairthe likely future nutritional role of mea.

This chapterclearly outlines ways to reducethe fat contentof mea and
manipuhteits fatty acid composiion. The meatthatis on saletoday hasnever
beenleaner.Fortunatey, mostof the valuabk nutrientsof meatare located in
the leancomponentso reducingthe visible fat of meathaslittle beaing on its
micronutrientstatus Researche arefocusingon ways of furtherimprovingthe
fatty acid composition of meat,usingthe knowledgethatgrassfeedingresultsin
highlevelsof bothn-3 PUFAsandCLA content.Both n-3PUFAsandCLA may
have many possibe benefitsfor human health, and in particular may offer
protectian againstprediced future healthproblems(Cordainet al., 2002).N-3
PUFAs,in particula, haveavery long chain,arecardioproectiveandhaveanti-
inflammatory andanti-tumourigenc propeties. CLA canprevent formaion and
slowthe growthfor tumourdevelopnent(lp etal., 1994),redue atheroscleosis
developrent (Lee et al., 1994) and can help normalise blood glucoselevels
which may be shown to prevent adult-onsetdiabetegHouselechtetal., 1998).
Studiesn human subjectsareneedel beforewe fully realisethe benefitsof CLA
on human health.Thefat andfatty acid storyfor meatsofar is postive andonly
researb andtime will tell whether this story will be further improved.

The prevdence of overweightand obesity is increasingsteadly in mary
developedcounties. In the UK, over a quarterof the popuktion are either
overweght or obese Obesityis a risk factor for mary condtions. During a ten-
year follow-up study, the inciderce of colon cancer,diabetes,heart disease
hypetension,strake (menonly) andgallstonesncreasedn line with the degres
of overweightamongaduls (Field et al., 2001). Thus,reducingthe inciderce of
overweght and obesity is a major public health priority. A positive energy
balanceis the causeof practicaly all casesof overweightand obesty. Factors
regulatirg food intake are hurger, appetite,satation and saiety.

Meat-mntainingmeds havehigher satiety valuesthan vegetabé-containng
meals(Barkeling et al., 1990). Reseath needsto be undetakento determire
whethe meatcanplay arole in curtailing obesity,asa resultof its high safety
value.Media hypeaboutCLA hasconcentratedon its ability to reducebody fat
and increaselean body mas. Studies have notedthat CLA inducesa relative
decreaseén body fat andanincrea in leanmuscle(Parket al., 1997; Westet
al., 1998). Trials are currently under way to confirm whether or not thes
benefitsoccur in humans.Lean mea alreadyis low in fat, but other attributes
suchasits high satietyvalue andthe CLA it containsmay be usedin the future
to maket meat as a food than can help to redue overweightand obesity
Furthernore, the capacity of meatto encourge greder vegetableand sahd
consumpbn, dueto theway it is eatenshoul not be overlookel in this regad.

An increa® in the inciderce of hip fracturesis aninevitable consequeneof
people living longer. Researchhas shown that an increag in meat proten
consumpbn amang elderly women correlateswith a decreasén the risk of hip
fracture (French et al., 1997). Decreaing the risk of hip fractureis a public
health priority. Vegetarianwomentencded to have lower spinal bone mineral
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densty than non-vegetarians(Barr et al., 1998). Dunnigan and Henderson
(1997) suggeted that theremay be a ‘magic factor’ in mea protectng aganst
rickets and osteonalacia. To sugges that meat plays a role in bone healthis
relaively new and exciting and warrants further investigation.

Anotheremergingbenefitfor meatis selenium.Up to the middle part of the
lag cenury the main sourceof selenum in the diet wasfrom wheat-containirg
produds. Whed, which wasimportedmainly from the United Staes,washigh
in selenum. Nowadas, thereis a much greaterreliance on Europe&an wheat,
which is much lower in selenium.This hasresultedin the fact that our intake of
sekniumhasdeceasedsteadiy duringthe pastfifty yeass, butthe propotion of
seknium we get from meat has increased.Recent studies have found that
sekeniummayreducetherisk of heartdiseaseindcertan typesof cancersuchas
prostaé and enhane the body’s ability to fight infections.

Meat providesa wide range of valuable nutrients, for example one study
hasshownthatyoungwomenconsuning a high mea diet havegreaterintakes
of thiamine, niacin, zinc and iron than those consuning a low meat diet
(Ortegaet al., 1998).In a review on optimal iron intakes,iron containedin
animal foodsis far betta assinilated thanin vegetaran foods (Cook, 1999)
Meat is one of the richest natual souces of glutathione, an important
reducing agent providing a major cellular defence againsta variety of
toxicologicd and patiologicd processesModeratelevels of glutathione are
found in fruit and vegetaltes andlow levels are preset in dairy and cereal
products. Glutathione inhibits formation of mutagels in model systems
(Trompetaand O'Brien, 1998).1t also maintains as®rbatein a reducedand
functional form. Glutathone importance in the defence again$ chroric
diseae provides postive potential for meat and merits further reseach
(Bronzetti, 1994; Trompeta and O'Brien, 1998).

Therehasneverbefore beensuchawide variety andchoice of food onsakin
Wesern societiesand in the recent pastwe have seenthe develpment of
functional foods. A functional food can be loosely descibed as a food that
provides a health beneft beyondits basic nutritional content. In the United
Statesbeef and lamb are now descibed as functional foods (ADA, 1999),
becage of the CLA they contin. At a Meat Marketing/Communicaion
Workshop,Dr Lynne Cobiac(CSIRO (Cobiac, 2000)descibed somenutrtive
and non-nuritive meatconmponentsthat may have potential health promoting
propeaties. They are summaised asfollows:

» Lipoic acid hasantioxidant propertesandhasbeenshownto be benefcial in
diabeticsandin the prevention of catar&t developnentin animalmodds and
cell lines. Organ meatscontain higher quantties of lipoic acid than musle
meds.

e Carnosineis a dipeptide composedof alanine and histidine. Carnosineis
found in meatsand its antioxidant propertes may confer sone protection
aganst oxidative stress. Its an anti-inflammatory agent and has anti-
tumouligenic propertesin ratsandit also playsarolein cellular homeatasis.
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« Biogeric aminesare natually formed from bacteral decarboxyhtion of
amino acids or naturaldecarboxyhseactivity. They have beenlinked with
improving gut healthand cognitive performane.

* Nucledides are addedto enteral feeds to enhane the generalimmune
function. Organmeatsare good sourcesof nucleotdes.

* Glutathione is a tripeptide contairing the sulphur amino acid cystene.
Glutathione may be the ‘meat factor which enhanes non-ha&m iron
absorption.

* Choline is now termeda nutiient. In the United Staes, it is an essential
nutriert andthe estimaed adequaténtakeis 550mg/dg for menand425nyg/
day for women.Cholineis a precurso of the neurdransmiter acetlycholing
it is necessar for cental nervoussystemdevebpment,folate/homogsteine
metabdism, it plays a role in the immune system fat metabolismand
improves athleic performance.Beef and in patrticular liver is one of the
richestsourcesof choline

» Carnitine is composedof lysine and methimine. Seveny-five percentof
carnitine comes from the diet, mainly from red meat, lamb being a
particulaly good source.Carnitine carriesthe long chain fatty acidsto the
mitochondra for oxidation to give energyand thus canbe usedto improve
athletic performane. It alsohasantioxidantcapalilitie s andit maybecritical
for normal brain devebpment by providing acetyl groupsto synhesise
acetylchoine, a neurdransnitter.

This range of meat componentsmay have the ability to fight againstcertan
cancersCHD, anaenm andcatarac$, enhane immunity andcognition,improve
gut andbonehealth,regulat body weight and may be usedin spors nutrition.
Howevae, alot of the evidenceindicating benefcial effectsof thesecomponerd
comesfrom animalor cell culture modds. Reseachwill haveto becondudedin
humansto denonstratetheir effect on humanhealth.But evenglancingat the
amount of ‘potental’ componerd presentin meat indicatesa positive and
compeitive future for mea.

Howeve, when looking to the future we must alo try to visualise what
changs arelik ely to occurthat may influencemea consumpibn. Traditionally,
food purchase was mainly influenced by price and sustenace. Current and
future food choice dependsn thesevalues but alongside otherfactors suchas
health, food safety, converience and welfare concens. Changesn our social
patterns suchasmoving away from the formal family med-eatingpattensto a
‘grazing’ or ‘snacking’ habt will becomemuchmore appaent. Increaéng loss
of culinary skillsis alreadyevidentandis likely to rise. The marketwill demand
more converience and processedmeatproduds in place of traditional cuts of
meats Eating outsidethe homewill placea greaer emphass on the caterirg
sectorasfood providess. Availability of ‘exotic’ measwill escalateDemard for
organc mea is expeded to rise. Compdition from otherfoodswill intensify.
The emergace of more functional foodsis likely to occur Theseare sorne of
the factorsthat will sculptue the future demandfor meatand med products.
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Meat mustadaptto the changingenvironnment. However,the emphasisbetweea
food choiceand healthwas neveras greatandis likely to becomeevenmore
important. In the past,meatrespondedo consuner demandsby deceasingits
fat content. Meat is a veratile food, however, it is time to bansh the
misinformation that surroundghe nutritional value of meat.Meatis a relatively
low fat nutrientdensefood. Meat and meatproduds are an integral part of the
UK diet and for those who chooseto consune meat, it makesa valuable
contibution to nutritional intakes(BNF, 1999).

4.9 Conclusion

Therehasbeenconsideableemdive andpublic healthdebaé overthe lasttwo
decacs on the relatve importanceof meatin the diet of modernman Early
dismissive argumeis have more recently beenrevisited and chalengedas a
resut of the continual progressand review of nutritional science The early
focus on fat as the route causeof Weskrn-style disease of affluence led,
naively, to mea being blamedfor diet-related problems.More recently, the
focusonthedietsof our ancestas haseffectivdy reverse this thinkingandlean
red meat has beenrediscavered as a mainsay of humandiet evolution. The
serious health concens resuting from the epidenic rise in CHD, obesity
diabetesand cances requiremore cardully guidedpubic healthadvice,based
on an holistic apprachto diet andlifestyle.

Lean meat can be seenas the ultimate naturd functional food. Eatenin
modeatequantitiesaspartof amealalongwith sufficientplantfoods,it providesa
valuable,argudly essentibnutriert-densesupplemento the diet with bereficial
effectsfor health,bothin the shot andlong term. As a key ingredent of moden
processed pre-prefred meds, med, when addedas a quality ingredent, can
enhance the nutritiond benefits of the food prodwct and make a significant,
positive contribution to our health.It would be naive to ignore this potertial.
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5

Lipid-derived flavors in meat products

F. Shahidi, Memaoarial University of Newfoundland, St John’s

5.1 Introduction

Flavor is an important quality attribute of muscle foods and comprises mainly the
two sensations of taste and aroma or smell. Although both of these factors affect
the overall acceptability of foods, the aroma or flavor volatiles are of utmost
importance because they influence the judgement of the consumer even before
the food is eaten. While muscle foods, namely red meat, poultry and, to a lesser
extent, seafoods in the fresh, raw state have little flavor of their own, upon heat
processing their specific meaty aroma develops (Shahidi, 1989; Farmer, 1992).
Nonetheless, it should be recognized that the fishy aroma of raw, stored seafoods
may arise from the presence of amines, derived from trimethylamine oxide which
is present in gadoid fish species as an osmoregulator, or via lipoxygenase-assisted
oxidation and generation of aldehydes and alcohols, especially 2,4,7-dicatrienals
and cis-4-heptenal (Josephson, 1991; Lindsay, 1994).

Upon heat processing, meat constituents undergo a series of thermally induced
reactions to afford a large number of volatile compounds that contribute to its
aroma. Some of the non-volatile precursors of volatile flavor compounds are also
known to contribute to the taste of cooked meat. The most important taste-active
components of meats are amino acids, peptides, organic acids, nucleotides and
other flavor enhancers, among others (Shahidi, 1989). It has further been
concluded that high-molecular-weight fibrillar and sarcoplasmic proteins have
little effect on the development of meat flavor volatiles. Since the free amino acids
and carbohydrates in meat from different species are similar, their flavor upon
heat processing is also expected to be similar. However, the lipid components of
meat, mainly the intramuscular lipids, are known to modify the flavor quality of
thermally-processed muscle foods. Both desirable and undesirable aromas are
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formed. Of course,the speciesof musclefood being examined,methodof heat
processinggemployeddietaryregimeandsexof the slaughtered@nimal,aswell as
freshnessof the product and storage conditions affect the flavor quality of
products(e.g. Ladikos and Lougovois,1990; Buckley et al., 1996).

More than 1000 chemicat have so far beenidertified in the volatiles of
different muscle foods (Shahdi et al., 1985). While many of thesehavelittle
influenceon flavor of meat,no single compound hasbeenidertified as being
primarily responsite for the aromaof cookedmuscle foods. The aromaimpact
compoundshavebeenfound to comprisea myriad of compoundsbelongirg to
differentclassesof heterogclic andacyclic compoundscontairing N, O andS
atoms.In addtion, lipid bre&kdown productshavebeenfound to participae in
the developnent of meaty aromaas well as meatflavor deteriordion. Same
aspets of aromaof musclefoods both desiralbe andundesirdle arediscussd.

5.2 The role of lipids in generation of meaty flavors

The role of lipids in meatflavor generationhasbeenthe subjectof extensive
studes. It has beensuggeted that the basic meaty aromaof beef, pork and
mutton is the sameandis derivedfrom the watersolublefraction of the muscle
whichis areservoirof low-molecular-weightcompunds(HornsteinandCrowe,
1960; 1963). Meanwhik, speciesspeific flavors in meatsoriginate from the
involvement of ther lipid componerts in Maillard reacion during heat
processing.Lipids may contibute both to desiralbe and undesirale flavors of
med from different species Their effect on geneation of desiralle aromasin
cookedmeatsmay arise from mild thermal oxidative changs which produe
important flavor compounds;they may also read¢ with componentsof lean
tissues to afford othe flavor compoundsand may act as a carrier for aroma
compounds.thus affecting their sensibé thresholdvalues.

The effect of both triacylglycerols (TAG) and phosphtipids (PL) on the
devebpmentof meaty aromain meat and model systemshas been studed
(Mottram, 1983, 1991; Mottram and Edwads, 1983). In thesestudies,a meat
sanple was heatprocessé as suchor was extractedwith hexaneor metharol-
chloroform prior to cooking. While there was little difference in the
devebpmentof meday aromain the untreaed and hexaneextrected sanples,
med extractedwith methaml-chloroform hadlittle meay aroma,but possessed
a sharp roast and biscuit-like odor. In particular, the concentration of
dimethylpyrazinein the headpacevolatiles was significantly increagd with a
concurent deceasein the contentof lipid oxidaion produds. Thus, it was
concludedthat phosphtipids pregntin the intramusular lipids of mea were
primarily respnsiblefor the devebpmentof medy aromas

Basedon theseexperimentspther model systemswere devisedin orderto
unraveltherole of phospholipidsn theformationof Maillard reactionproducts
(MRP) (Farmer and Mottram, 1990). Cysteine and ribose, with or without
phospholipidswereusedto assesshe involvementof lipids in theformationof
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Table 5.1 Relativeconcentratiorof selectedacyclicandheterocyclicvolatilesfrom the
reaction of cysteine and ribose in the absenceor presenceof beef triacylglycerols
(BTAG) andbeefphospholipidg BPL)

Compound No lipid BTAG BPL
3-Pentanone2-mercapto 1 0.72 0.49
2-Pentanone3-mercapto 1 0.77 0.47
2-Furylmethanethiol 1 0.67 0.63
3-Furanethiol 2-methyl 1 0.40 0.15
2-Thiophenethiol 1 0.32 0.03
3-Thiophenethiol 2-methyl 1 0.08 0.01
Pyridine, 2-pentyl 0 0.09 1
Thiophene 2-pentyl 0 0.00 1
Thiophene 2-hexyl 0 0.15 1
2-H-Thiapyran,2-pentyl 0 0.10 1

aroma compounds via Maillard reaction following heating in buffered
solutions.

Therewas a markedreductionin the amountof thiols when phospholipids,
andto a lesserexten triacylglycerols,werepresent (Table5.1). The compound
that were formed only in the presenceof lipids were 2-pentylpyridine, 2-
alkylthiophenesalkenylthiophenegentylthiapyrarandalkanethiolqTable5.1).
Furthermorethe impactof PL wasmuch greaterthanthat of TAG in affecting
the flavor of systemsunderinvedigation. Formationof 2-alkylheterocylesvas
generallydueto thereactionof 2,4-decadienavith ammoniaor hydrogensuffide
formed from cygeine or other precursorqFig. 5.1). Direct reactionof hexanal
with amino acidswould alsoleadto the formationof 2- hexylpyridine.Formation
of other alkyl substitued heterocycliccompoundsfrom participationof lipid-
derivedaldehydess alsocontemplatedReactionof 2,4-decadienatlirectly with
amino acids has also beenreported.The compound?2,4-dacadieriais a major
breakdownproductof the omega-6fatty acids Furthermae, 1-heptanethiobrd
1-octanethiolwerepresenbnly in the systemsontainingphospholipidandtheir
formation is presumedio be due to the interactionof alcoholswith hydrogen
sulfide. Furthermore, MRPs may also interact with meat lipids by acting as
antioxidantsin orderto stabilize them. Bailey (1988), and Bailey et al. (1997
have demonstratedhat MRPs act as important antioxidantsin meat model
systems.It has also been shown that furanthiols and thiophenethiolsexert
antioxidative activity in lipids (Eiserichand Shibamoto,1994), as well asin
aqueoussolutions as eviderced by their tyrosyl radcal scaveging effect
(Eiserichet al., 1995). The antioxidantactivity of thesecompoundswas similar
to that of ascorbicacid. Figures5.1 and 5.2 show examplesof involvement of
lipids in Maillard reactionand formationof volatile flavor compounds

Other potentially desiratke flavor componerd that might be formed in
processd meatsarefree fatty acids andrelatedcompaindswhich are prevdent
in dry-cured-ham. These compounds are formed in such products via
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Fig. 5.1 Productionof long-chainalkyl heterocyclesrom thereactionof 2,4-decadienal
with ammoniaand hydrogensulfide.

CHsCHO + CHg(CH,),CHO + 3H,S

|
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Fig. 5.2 Involvementof hexanelan oxidationproductof linoleic acid, in productionof
a trisulfide heterocycliccompound.

fermentation reactians. The flavor chamcteristics of dry-cured hamhasrecently
beenreported(Toldra et al., 1997).

5.3 Lipid autoxidation and meat flavor deterioration

The primary mechansmfor thedegradabn of desiralte flavor in storedmeatss
lipid autoxiddion. Lipids in musle foods particulaly their phosphdpid
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Table 5.2 Flavorthresholdsof somelipid oxidation products®

Compound Threshold,ppm
Hydrocarbonssaturated 90-2150
Alkenes 0.02-9
Furans 1-27
Alcohols, saturated 0.3-2.5
Alcohols, unsaturated 0.001-3
Aldehydes,saturated 0.014-1
Aldehydes,monounsaturated 0.04-2.5
Aldehydes diunsaturated 0.002-0.6
Ketones,methyl 0.16-5.5
Ketones vinyl 0.0002-0.007

1 Adaptedfrom Drumm and Spanier(1991).

comporents, undego degradabn to produ@ a large numkbker of volatile
compouwnds.While hydroperoxides the primary produds of lipid oxidation, are
odorlessand tasteles, their degralation leads to the formation of an array of
secomlary produds suchas aldehydes,hydroarbors, alcohok, ketones,acids,
estersfurans, lactones and epoxy compoundsaswell aspolymers. Theselatter
classef compoundsareflavor-active particulaly aldehydesandposseslow
threshotl valuesin the partspermilli on or evenpartsperbillion levds, thusthey
arerespnsiblefor the devebpmentof warmed-overflavor (WOF), ascoined by
Tims and Watts (1958),and med flavor deteriordion (MFD) (e.g.Drumm and
Spaner,1991).Table5.2 sunmarizesthe threshotl valuesof selectectlasse®f
volatile compoundsIn addtion, lipid oxidaion produds lead to the loss of
nutritional value and safety, color, texture and othe functional propertes and
wholemenesof foods.

The degres of unsatiration of the acyl constituets of meatlipids primarily
dictates the rate at which MFD proceeds;unsaturatd lipids being more
susceptible. Autoxidation of meat lipids gives rise to a number of
hydropeioxides which, in conjundion with the mary different pathways
possibe, decompos to a large numker of volatile compounds.Howeve, other
factors might also affect the oxidation of med lipids andformation of WOF as
well asshef-life of products(Spaneretal., 1988;Gray etal., 1996).In chicken
meat, lack of a-tocopheol is the main reasm for MFD and formation of
undesirdle WOF in produds. Howeve, cookedturkey med, despiteits highe
contentof unsaturéed lipids, may not readily developWOF becaseit contairs
endog@ousa-tocopherol In addition, presenceof heme conpoundsand metal
ions may alsohasterthe oxidation of meatli pids. Furthernmore, preenceof salt
and other ingredents used in cooking, such as onion, may also affect
progres®on of MFD. It has been repoted that aldehydes generatd from
oxidation of lipids, reactwith thiols, a classof compoundsin onion, suchas
propenethiol to produe 1,1-bis (propylthio)-hexaneand 1,2-bis (propylthio)-
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hexane Thesecompoundwill definitely modify flavor profile of musclefoods
(Ho et al., 1994). Formation of volatile aldehydesand otherlipid degradation
produds resultsin the maskirg of desrable meatyaromaof products Thus,the

role of bothendogenasandexogemusfactors on the oxidative statusof muscle

foodsrequiresattentbn (seethe following).

5.4 The effect of ingredients on the flavor quality of meat

In addition to the effects of low-molecularweight water-sduble conponents
and lipid consttuentson quality attributesof meat, othe factorsmug also be
carefully corsidaed Thus, endbgerous comporents of mea as well as
ingredientsaddedto it prior to heatprocessingare of major importane in the
devebpmentof flavor andits quality characeristics.An attemptwill be madeto
provide a cursoryaccount of thes factors.

5.4.1 Lipid classesand fatty acid compasition

While adiposetissuesgenerallycontainover 98%triacylglycerols,phospholipids
constitutea major portionof intramusculatipids of musclefoods.Theunsaturated
fatty acids presentin TAGs of red meatand poultry contain mainly oleic and
linoleic acids, however,phospholipidscontain a relatively higher proportion of
linolenicandarachidoniacids.In seafoodslong chainomega-JFatty acidssuchas
eicosapentaeno&nddocosahexaenocidsareprevalent Existing differencesn
thefatty acidconstituent®f phospholipidsandtriacylglycerolsof musclefoodsare
primarily responsiblefor speciesdifferentiationin cookedsamplesof meat, as
discussed earlier. Furthermore, depending on the type and proportion of
unsaturatedatty acidsin musclefoods,lipid autoxidationandflavor deterioration
mayproceedatdifferentrates.in thisrespectseafoodsleterioratenuchfasterthan
chickenwhich is oxidized quickerthanred meats.

5.4.2 Effect of transition metal ions

Transtion metalssuchasiron, copperandcobaltmay catalyzetheinitiation and
enhane the propayationstepsinvolved in lipid autaidation. For exampe, Fe?*

will reductivel cleavehydroperoxidesto highly readive alkoxy radicalswhich
in turn abstracta hydrogen atom from othe lipid molecues to form new lipid

radicak. This readion is known ashydroperoxidedepeneéntlipid peroxdation
(Svingenet al., 1979). Morrissey and Tichivangana(1985) and Tichivangana
andMorrissey(1985)havereportedthatferrousion at 1-10ppmlevelsactsasa
strongprooxidantin cookedfish muscles.Similafy, copper(ll) andcobalt(ll)

were effective prooxidans. These observationsare in agreement with the
findings of Igene et al. (1979) who repotted that iron ions were the major
catalysts responsible for enhancement of autoxidation in muscle foods.

Furthermoee, Shahidi and Hong (1991) demonstratd that the prooxidart effect
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Table 5.3 Effect of chelatorson TBA numbersof groundpork catalyzedby iron ions
and Hemecompound$

Treatment NO chelator Na, EDTA, 500 ppm STPP,3000 ppm
Control 3.03 0.07 0.22
Fet 4.80 0.09 0.27
Fe* 4.60 0.08 0.37
Mb 4.20 0.07 0.38
Hb 4.33 0.10 0.30
Hm 4.35 0.07 0.33
CCMP 0.42 0.30 0.30

1 From Shahidiand Hong (1991).

of metalionswasmore pronowncedat their lower oxidationstateandfound that
in the presencef chelatorssuchasdisadium saltof ethylenedianinentetaacetic
acid (Na,EDTA) andsodiumtripolyphogphat (STPP),the prooxidanteffect of

metal ions was circumvened (Table 5.3). Furthermoe, Cassen et al. (1979)
haveshownthat 1-3%of the total amountof nitrite addedto mea duringcuring

wasrecoverd in thelipid extractsusing the Folch method(Folch et al., 1957).
Thus, stabilization of meatlipids by nitrite may also be influenced by direct
coupling of nitric oxide with lipid radicals,but mostof the nitrite wasin the
proten-bound form as nitrosahiol, nitrite/nitrae and nitrosylheme complex,

amongothers(e.g.Kanneret al., 1984).

Hemopoteins in meatsare generally known for their prooxidant activity
(Robinson,1924;YounatranandWatts 1959;Pearsoretal., 1977,Igeneetal.,
1979; Rhee, 1988; Shahdi et al., 1988; Johnset al., 1989; Shahdi and Hong,
1991;Wettasingheand Shahid, 1997); sone havealsobeenreporteal to posses
antioxidantpropeties (BenAziz etal., 1971;Kanneretal., 1984;Shahidi etal.,
1987; Shahidi,1989; Shahidi andHong, 1991; Wettasigheand Shahidi,1997).
The prooxidan activity of hemecompounmls arises at leastin part, from their
decompotion upon cooking of meatand liberation of free iron. Mearwhile,
nitric oxide derivatives of heme pigments, namely nitrosyl myogobin and
nitrosyl ferrohanochrone (or cookedcured-meatpigment, CCMP), arereported
to have antioxidant effect (e.g. Wettssingheand Shabhidi, 1997). This topic is
further discussd underthe effect of nitrite and nitrite altematives.

5.4.3 Effect of salt

Sodiumchloride, or table salt, is animportantingredientin the meatindustry: It
actsgeneally asa prooxidan, but sormretimesalsoasanantioxidant(Kannerand
Kinsella, 1983. In comminuted meat samples,under different processig
conditions, sodum chloride did not act as an antioxidant but its neutal or
prooxidant effects were clearly demonstrated (St Angelo et al., 1992
Wettasinghe and Shahdi, 1996). Takiguchi (1989) and Kanner et al. (1991)
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Fig. 5.3 Effect of chloride saltson oxidation of meatlipids, asreflectedin 2-
thiobarbituricacid reactivesubstanceéTBARS) values,overa seven-daystorageperiod.

have denonstratedthe prooxidant effect of NaCl in a commiruted musle
sysemandsuggestd thatit may promot the displacenentof iron from binding
sitesof heme compoundsby interfeling with iron-proteininteractons. The free
iron ions soformedmay catalyzelipid peroxiddion. Recently Wettssingheand
Shahidi (1996) reporta that LiCl, KCI, CsCIl, MgCl, and CaClL exhibited
prooxidant actvities in a cooked meat model system (Fig. 5.3). Thus, the
overiiding prooxidan activity wasthoudht to be dueto the chlorideion of sals.
The resultsof Rheeet al. (1983a,b)and Cho andRhee(1995)for the effect of
NaCl, KCI and MgCl, in ground pork sample are in agreementwith our
findings. Further studieson the effect of replacing chloride with their fluoride
and iodide counerpars showed inhibition of lipid oxidation of meats, but
bromide salts behavedvery similary to their chloride countergrts (Fig. 5.4).
Howeve, the situation was somewvhat different when alkali earthhalideswere
used. Thus, it was concludedthat pro- or antioxidative effects of salts are
primarily dictated by their anions, but medated by their cations becase of
exiging differencesin their ability to partidpatein iron-paring interactionswith
the anion counerpars.
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Fig. 5.4 Effect of sodiumhalideson oxidation of meatlipids, asreflectedin 2-
thiobarbituricacid reactivesubstanc TBARS) valuesand measuredas malonaldehyde
(MA) equivalents/kgsample,over a seven-daystorageperiod.

5.4.4 Effect of nitrit e and nitrit e alternatives

Nitrite is a key ingredient of the cure and is respnsible for producingthe
characeristic pink color in cookedcuredproduds andcontibutesto the typical

flavor asso@ted with curedmeas and preventsthe formaton of warmed-wer
flavor aswell asrenderingmicrobial stability to produds (Fox, 1966;Haddenet
al., 1975; Pearsoret al., 1977; Shahdi, 1992). The relation$ip of nitrite to

curedmea flavor was first describedby Brooks et al. (1940) Theseauthors
presume thatanadequée curedflavor could be obtainel with a relativdy low,

10 mg/kg, concentration of nitrite, but Simonet al. (1973)and MacDougall et
al. (1975)shovedhighe tastepanelscoresvhen theaddtion level of nitrite was
increagd.

Therole of nitrite in modifying flavor of cookedmeat(Haddenet al., 1975;
MacDondd et al. 1980) and suppessinglipid oxidation and MFD in cooked
meats(Fox, 1966;Pearsoretal., 1977;Foolali etal., 1979)is well documengd.
Sato and Hegarty (1971) repoted that nitrite at 50 ppm was capalle of
suppressing oxidation of meat lipids. However, Shahidi et al. (1987)
demongtated that presenceof a reductantsuch as sodium ascobate was
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essatial to eliminatelipid oxidationin meatswhenlessthan150 ppm of nitrite
was used.Meat flavor deteriordion, thereforedoesnot developin cured meat.
This obsevation might be attributedto any or a comhnation of the effects
related to (a) stebilization of heme pigments (Zipser et al., 1964), (b)
stabilization of membanelipids (Zubillaga et al., 1984), (c) chehtion of free
metalionsandprooxidantcatalystqShahidiandHong,1991),and(d) formation
of nitrosylhene derivatives possasing antioxidant effects (Morrissey and
Tichivangana;1985; Kannerand Juven,1980; Shahdi et al., 1988 Shahidi and
Hong 1991).

Hemeproteinsandtheir relatedproduds aswell astransitionmetalionshave
beenimplicated in meat lipid oxidation (e.g. Shahidi and Hong 1991), as
disaussedearlier. As a resultof heatprocessing,hemecompmundsin untreated
meds arerapidly oxidized and produceferrousandferric ions In cured meds
nitric oxide, producedfrom nitrite, reactswith myoglobin and also conbines
with Fe* ions and thus suppessesMFD (see Table 5.3). The chelating
propeties of nitrite may be dugicated by the action of sequsterantssuchas
Na,EDTA andSTPP.The antioxidantactivity of sone nitrosylhemecompounds
hasbeendemorstratedby Ben Aziz et al. (1971)and Wettasirghe and Shahidi
(1997) The exact mechanism by which this antioxidatve effect is exeted
remans eludgve. Nonethdess,stabilization of iron in the protohemecompounds
may be, at leastin part, respondile.

Shahdi etal. (1987)andWettasingheand Shahidi(1997)haveclearly shown
that the preformedcooked cured-meatpigment (CCMP) (Fig. 5.5) acs asan
antioxidantin a mea andin a -caroene-linokatemodel system respectively.
Howevea, CCMP in the presenceof ascorbatesnay form potent antioxidant
combinations with evidence of strong synegism betweenthe components
(Shahii, 1992).Furthermoe, this synergisic effectwasnoted for both nitrosyl
myogobin and CCMP in which iron atomsare in the ferrous form and their
coordnation sitesareoccuped. Suggestims havebeenmadethat nitrosatediron
porphyrin compoundsact in the early stagesof the reactionto neutalize
substate free radicak and thus inhibit oxidation of meatlipids (Kanneret al.,
1984). During the curing process, S-nitrosocystie (RSNO) may also be
formed This compoundactsasa strongantioxidantasit hasbeenreportel to
inhibit oxidation of turkey meat (Kanner and Juven,1980). Effectiveness of
nitrite in inhibition of MFD through other mecanisns has been further
denonstratedn the literature (Ohshimaet al., 1988.

Inhibition of oxidationof unsaturged fatty acids andformation of secondary
carbonyl compounds as well as other degradation products of lipid
hydroperoxidesin cured produds resuts in a drasticredudion in the number
andconcentrationof volatiles in the cured mea produds asconmparedwith their
uncuied counter@rts (e.g. see Table 5.4 ). In partiaular, formation of higher
aldehydesis effectively suppessed(Cross and Ziegler, 1965; Shahidi, 1992).
CrossandZiegler (1965)havealsoreportal that passge of volatiles of uncured
beef and chicken through an acidic solution of 2,4-dinitrophenylhydraine,
which stripped their carlonyl compounds,resultedin the revelaton of a flavor

© 2002 CRC Press LLC and Woodhead Publishing Ltd.



NO

H,C= CH CH,

H,C CH=CH,
HsC CH,
HOOC COOH

Fig. 5.5 The chemicalstructureof cookedcured-meapigment(CCMP).

Table 5.4 Effect of curing on the relative concentrationof major
aldehydesn pork flavor volatiles

Relativeconcentration

Aldehyde Uncured Cured
Hexanal 100 7.0
Pentanal 31.3 0.5
Heptanal 3.8 <0.5
Octanal 3.6 <0.5
2-Octenal 2.6 -
Nonanal 8.8 0.5
2-Nonenal 1.0 -
Decanal 1.1 -
2-Undecenal 1.4 0.5
2,4-Decadienal 1.1 -

which wasindistinguishabk from that of cured ham.Howeve, curing of sheep
meatdid notremovethe specific'sheepmed’ odorof theprodud (Youngetal.,
1994).This effectis thoughtto be dueto the preenceof 4-methylronanoicand,
to a lesserextent, 4-methyloctamic acids in cooked sampes of meat from
mutton. Therefore,it appeas that the basic flavor of cookeduncuredmeats
without having beenaffectedmuch by their lipid componerg is in mostcases
similar to their cured counerparts but becomesnaskedwith carbony products
formedvia autaidation. Lindsay (1997)hasalso thoughtthat nitrophenolsmay
haveaninfluenceon the characeristicaromaof curedmeatproducts Howeve,
this suggetion hasnot yet beensupporté by relevan experinental results.
Based on these findings, we have proposed that any othe agent or
combindions that could preventlipid oxidation would, in principle and in
general duplicatethe antioxidantrole of nitrite in the curing procesdor species
other than mutton, thus preventing MFD (Shahidj 1991). To verify this
simpligic view, we exanined the effect of commonly usedfood antioxidans
andchelabrsaswell asothe curingadjuncs suchassalt,asdiscussd earlier,as
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Table 5.5 Inhibition of formationof selectedvolatile oxidationproducts(%) in nitrite-
and nitrite-free curedmeats

Additive(s) TBARS Hexanal  2-pentyl- Nonanal 2,4-deca-
furan dienal
SA 48 50 80 21 63
STPP 70 62 40 34 57
SA+STPP 92 88 88 61 64
SA+STPP+CCMP 99 98 97 91 90
SA+STPP+CCMP 99 99 98 92 96
+TBHQ
SA + NaNG, 98 99 98 95 95

Abbreviationsare: TBARS, 2-thiobarbiturc acid reactivesubstancesSA, sodiumascorbateSTPP,
sodiumtripolyphosplate; CCMP, cooked cured-neat pigment; TBHQ, t-butylhydro quinone;and
NaNQO,, sodiumnitrite.

well asascobatesand polyphosphgesin preventionof MFD andformaion of
off flavors(ShahidiandPegg,1992).Surprisingy, curingadjuncs hada marked
effectin controling MFD asin curedmeas. Furthermoe, additionof CCMPto
the mixture, with or without an auxiliary antioxidantsuchas TBHQ, resultedin
anear-duplation of theacton of nitritein preventirg lipid oxidationin cooked
storedmeats(Table5.5).

Having recagnizedthe importanceof curing adjuncs on the flavor of meas,
we develoged nitrite-free curing systens in which ascobates,polyphosphges,
CCMP and possiby an antimicrobial agent, with or without any additional
agens were usedto duplicateall propertiesof nitrite-curedmeats For further
informationon this topic, the readeris referredto publicaions by Shahidiand
co-warkers.

5.5 The evaluation of aroma compoundsand flavor quality

Flavar quaity of musle foods may be evaluaed by emgdoying sensory
technigues Both desiralle andundesiablearomacharactemsticsof produds are
easilyrecaynized.A thoroughdiscussiorof sensoryanalysisof meatproductsas
well asapplcationof instrumertal methodsandchenical procedursis provided
in the literature While manyindicatrs may be usedfor suchevolutions,it is
mod appr@riate to sekct the ones that show maximum variaion under
expeimental conditions of heat processing, packaing and storage In this
connetion, the use of the 2-thiobarbituric acid readive subsances(TBARS)
ted is commorplace.Althoughtherearemary shortconingsasso@tedwith this
method of evaluation, noneheless,it provides a realistic assessmentf the
relatve oxidaive stability of products(e.g. Shahdi and Wanaundara,1996).
This topic hasbeenthoroughlydiscussedn theliterature Furthermoe, hexanal,
a promimant oxidation produda of linoleic andothe omega-6fatty acids may be
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used effectivdy to evaluae the oxidative state and off flavor formation in
cooked red meatsand poultry. Howeve, when fatty acids in the food are
dominakd by omega-3 fatty acids, such as eicosapataenot and docas-
hexaaoic acids,useof hexanalasan indicator might not be appropriagé. Thus,
propanal may be usedas an indicator for evaluation of aromadeterioraion of
seafoodsand marire oils.

5.6 Summary

The formation of desirablearomasin musclefoods has beenfound to arise,
primarily, from thereactionof low-molecular-weight, watersolubke compounds
andinvolvementof lipids in Maillard reaction.While lipids andtheir bre&kdown

produds contribute postively to the flavor quality of freshly preparedmuscle
foods their further oxidationis recognizdto causeMFD. Breakadwn products
of lipids suchasaldehydesketonesandrelatd compoundshavelow threshotl

valuesand,evenat relatively low concentration,may maskthe desiralbe aroma
of heterogclic andacyclic heterodomic compunds.Thus,control of oxidation

in musclefoods is necesary in order to protect them aganst geneation of

undesirble aromasandflavor deterioraton. Furthermoe it is desiralte to devise
formulatons which could accentuate the desirablemeaty aromain products
which remaineffective during prolongedstorage
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6

Modelling colour stability in meat

M. Jakobsen and G. Bertelsen, Royal Veterinary and Agricultural
University, Frederiksberg

6.1 Introduction

Colour stability of meat products is influenced by a large number of factors
some being of biochemical nature, some due to handling during the slaughter
process and some due to packaging and storage conditions. This chapter focuses
on modelling the effect of the external factors applied during packaging and
storage. However, meat from different sources show different tendencies to
undergo colour deterioration and this variation in internal factors influences the
developed models. Therefore some consideration will also be given to
discussing how internal factors like, e.g., muscle type and addition of nitrite
in cured meat affect the models. Modelling can be used to identify the most
important factors/interaction of factors affecting quality loss and to define
critical levels of these factors, thereby forming the basis for proposing the
optimal packaging and storage conditions or the best compromise, if several
deteriorative reactions need to be considered. Caution in choosing the optimal
packaging and storage conditions can largely improve the colour shelf life of
meat products.

When packaging fresh meat products an elevated oxygen fartial
pressure needs to be maintained to keep the meat pigment myoglobin in its
oxygenated bright red state. Through modelling of a MAP system for fresh beef,
the most critical external factors have been identified to be storage temperature
and gas composition (Jakobsen and Bertelsen, 2000). Through modelling of a
MAP system for cured meat products the most critical external factors have been
identified to be a low availability of oxygen combined with exclusion of light
(storage temperature was kept constant at 5°C) (Metled., 2002). However,
low availability of oxygen is not solely ensured by reducing the residual oxygen
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level in the headpace during the packaying process. Other equally critical
factors area high produd to headspaceatio anda packajing film of low oxygen
transmision rate (OTR) of the packagingdfilm (Mgller et al., 2002.

6.2 External factors affecting colour stability during
packaging and storage

Modified atmoshere packel meatis a complex and dynamic systemwhere
severalfactorsinteract (Zhaoet al., 1994).Modelscanbe usedto descrike how

theinitial packaye atmosjmerechangs overtime andhow thes changs affect
product quality and shelf-life. The dynamic changes in headspace gas

composiion during storagecan be modéled as a function of gastransmission
ratesof the packaying materal, initial gascomposition, produd¢ and packaye
geomety, gasabsoption in the meatetc. Combhnedwith the knowledge from

modelson quality changs in the meatas a function of packajing and storage
conditions such as storage tempeature, gas conposition and light exposue,

predictins of produd shef life canbe made. Pfeiffer et al. (1999) devebped
simulaions of how produd shef life changeswith different packaying and
storageconditionsfor a wide rangeof food products(primarily dry products.

Howeva, at presentsufficient modelsfor many qualty deteiorative readions
arelacking andonly a few attemps havebeenmadeto modelchenical quaity

changsin mea productsin contastto modelling of microbid shelf-life, where
extensve work hasbeenperformed(McDonald and Sun, 1999).

6.3 Modelling dynamic changesin headspacecomposition

6.3.1 Permeability of the packaging film

Headspae gas composition changs dynamically due to seveal factors. Gas
exchange with the environmentoccurs over the packagingfilm, if the partial
pressureof a gasdiffers on the two sides of the film. The amaunt of gasthat
permegesoverthefilm canbe calculaed from equaion 6.1 (Robetson,1993):

Q=P -Ap-t-A 6.1

Q = theamaunt of gasthat permesesoverthe film (cm®)

P = thepermedility of the packaying film (cm®m?/24h/atm)

Ap = the differencein gaspartid pressureon the two sidesof the film (atm)
t the storagetime (24h)

A the areaof the packaye (m?)

Different gases have different pemeability through the same film. For
converional films, the permedility of CO, is generadly 4—-6timesgreder than
that of O, and 12—18times largerthanthat of N,. The permedility of a plagic
film is roughly propotional to the thicknessof the film. Doubling the film
thicknessappraimately halvesthe permedility of the film.
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Perneability is also influencedby storagetempentureandrelaive humidity.
Pfeiffer et al., (1999) found that the empiricd equatio 6.2 fitted well with
literaturedatafor oxygenpermeability.

P(T,RH) = exp(co + ¢1/T 4 ¢2 - RH + ¢c3 - RH?) 6.2
P = the permeabiliy of the packaying film
T = storagetempenture
RH = storagerelative humidity
¢ = experimenally derivedcoefficient.

Gasexchangeoverthe packaying film is of particularimportan@ whenthe film

needgo maintain a narrowy definedgasconcentrationasshownin the exanple
in sectimm 6.5, where the permeaility of even small amaunts of O, into a
packaye containing a cured med produd is constdereda critical packaging
paraneter.

6.3.2 Gasabsorption in the meat

Headspacegas composition canalso changedueto gasabsorptionin the meat.
Packadng in elevatedlevelsof CO, canresultin largeamauntsof CO, absorbed
in the meat(JalobsenandBertelsen,2002;Zhaoet al., 1994)andtherebylarge
change comparel to theinitially appled gasconposition.Absorptionof O, and
N, is negigible comparedto the absorptionof CO, (Jalobsenand Bertelsen,
2002). Models for CO, solubility as a function of packajing and storage
paraneterssuchas produd to headpacevolume ratio, temperatire and initial
CO, level weredevebpedby Zhaoetal., (1995)andDevieghereet al., (1998)
FavaandPiergiozanni(1992)developednodds of CO, solubility asa function
of differentcompositionalparameers,a,,, pH, protein,fat andmoisturecontent.
As regardsgasabsoption, equilibrium is obtaned during the first one or two
days. Microbial or meat metabdism can also causeslight changs in gas
compositionby using O, and produéng CO..

Whenit is undestoodhow the gasatmosfnerecanchangefrom the initially
appied atmosgere under different packaying and storage conditions, this
knowledgecanbe usedto evaluae the effect on qualty deteriording reactions.
Besidesmicrobid growth, the primary concen when packajing both freshand
cured meatproductsis colour stability. The mecanismsof colour changs in
freshmeatproduds and curedmeatproduds are compldely differentascanbe
seenfrom the exampés on modelling givenin the following two sectins.

6.4 Modelling in practice: fresh beef

Jakobgn and Bertelsen(2000) and Bro and Jakobgn (2002) modelledcolour
stability of fresh beefunderdifferent packaying and storagecondtions. In all
casa colour measuementswere performed using a Minolta Colorimeer CR-
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Table 6.1 Packagingandstorageconditionsusedin the modelsdevelopedn Jakobsen
and Bertelsen(2000)

Modelling factor Abbreviation No. of levels  Settingof levels
Storagetime (days) Day 5 2,4,6,8,10
Temperaturg®°C) Temp 3 2,5,8

O, level (%) 02 5 20, 35,50, 65,80

300 (Minolta, Osaka,Japan using the L,a, b coordnates (CIELAB colour

system. Red colour was expressé as the a-value, the highe the a-value the
redderthe sample Whenpackaying freshred meatselevatedO, partial pressurs
are used to stabilise myoglobin in its bright red oxygenated form

(oxymyogbbin). However,elevatedO, levels may increa® somedeteriordive

reactionse.g.,lipid oxidation. Consequetly, it is interesing to investigateif a
level of O, exids, which is accepthle when consideing both colour stabilty

and lipid oxidation. Jakobgn and Bertelen (2000) investigated different
packaying andstoragecondtions (Table6.1) anddevelopeda regres®n modd/

responsesurface model predictirg the colour a-value as a function of storage
time, storagetempeature and O, level basedon steaksof Longisimusdorsi

muscles from four different animals.Theresuting model(equdion 6.3) contairs
main effects of the three factors plus two-way interactions and two squaed
effects. Interpretationof the model is best done by exploring the respnse
surfaceplot (Fig. 6.1).

a-value= [y + 51 -Day+ 3, - Temp+ 33 - O2+ 34 - Day-Temp+
0Os - Day- O2+ (g - Temp- O2+ 37 - Day- Day+ (g - Temp- Temp 6.3

Where 3 is a regres®n coeficient.

Figure6.1 shows aresmpnsesurfaceplot varyingthe two factors,tempeanture
and O, level, while keepng the third factor, storagetime, constantat day 6.
Figure6.1reveals aninterval of approximately 55-80%0,, wherethe O, level
doesnot affectthe colour a-value significantly (the nearhorizongl linesin this
interval mean that only temperatire influencesthe a-value) The bordes of this
interval changea little dependéhg on the seting of the day.But it is evidentthat
the O, levd canbe redued from the normally used70-80%without advese
effect on colour shef-life.

The complexity of the interactons/sqiaredtermsin equaion 6.3 called for
further searchfor adequée models A novel apprach called GEMANOVA
(Genenlized Multiplicative ANOVA) wastherebre usedin Bro and Jakobgn
(2002). In this study the effect of different packaying and storagecondtions
(Table6.2) on colourstability andlipid oxidation of steaksof Longissimusdorsi
muscles from threedifferent animak was investigated.The effect of light was
evaluaedasthetime of exposue to a fluoresenttubecommorty usedfor retail
display (Philips Fluotone TLD 18W/830 yielding 1000 lux at the packaye
surfacefor 0, 50 or 100% of the storagetime). Evenwhen consideing only two
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30.6

Temperature

O,-level

Fig. 6.1 Responseurfaceplot of predicteda-values(averageof four animals)after six
daysstorageat different temperaturesind different oxygenlevels (Adaptedfrom
Jakobserand Bertelsen,2000).

Table 6.2 Packagingandstorageconditionsusedin the modelsdevelopedn Bro and
Jakobser(2002)

Modelling factor Abbreviation No. of levels  Settingof levels
Storagetime (days) Day 4 3,7,8,10
TemperaturgC) Temp 3 2,5,8

Light exposure(%) Light 3 0, 50, 100

O, level (%) 02 3 40, 60, 80

factorinteractionsa traditional ANOVA modelfor the experimentin Table 6.2
would look like equatio 6.4 (beforeremoval of any insignificant effects).

a-value= [y + (31 - Day+ (3, - Temp+ (3-Light + 34 - O2
+0s-Day- Temp+ g - Day - Light + 37 - Day- O2+ g - Temp- Light
409 - Temp- O2+ (1o - Light - O2 6.4

Where ( is a regressiorcoefficient.
Onthecontary, whenapplying the GEMANOVA modeltheinteractionsare
moddled as one highe-order multiplicative effect, resulting in equaton 6.5
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(before removal of any insignificant effects). The interpretation of the
GEMANOVA modéd is much more simple than the ANOVA modd as is
discussd in detailin Bro (1997)andBro and Jakobgn (2002)

a-value= Day- Temp- Light - O2 6.5

The resuting GEMANOVA modd for the datain Table 6.2 canbe written as
equatian 6.6, since the effect of the O, level is insignificant in the interval
betwea 40-8% O, (Bro andJakoben2002).Theinteracton termDay - Temp
-Light - co, descibesdeviationsfrom the a-valueonday0 in avery simpleway,
andinterpretationof the modé parametes canbe performedfrom Fig. 6.2.

a-value= a-valug, + Day- Temp- Light - co; 6.6

Wherea-valug, is the a-value at day 0 and ¢, is a constant

For all settingsof the factorsthe estimatedresponsds simply the stating
level of thea-valueplusthe produd of thefour effectsseenfrom the ordinatesin
Fig. 6.2. The multiplicative termin equatio 6.6 is 0 on day 0. Furthermoe it is
easily seenthat:

0g 3
1.15 15
23 D 0
0 2 4 6 8 10 2 3 4 5 6 7 8
Storage time (days) Temperature (°C)
25 - 23
y///e//fo —
1.25 1 1.15
0 0
0 20 40 60 80 100 40 50 60 70 80
Light exposure (%) Oxygen level (%)

Fig. 6.2 Parametetevelsfor theinteractionterm (Day - Temp- Light - co) in equation
6.6 (Adaptedfrom Bro and Jakobsen2002).
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e All changesin colour a-value are negative (colour becomesless red)
conparedto the stating colour. The changeis calculaed asthe produd of
the four paraméersDay, Temp Light andO, which consistof onenegaive
numter (Day) and threepositive numkers.

» The changs are relative and the effect of the individual factors can be
interpretedindividually. For exanple whengoing from 2°Cto 8°C the Temp
loadng increasedrom 1.2to 2.4, meaningthatregadlessof all otherfactors
the deceasein a-value at 8°C is twice the deceaseat 2°C.

« The effectsof storagetime andtempeatureare mog important.

» Theeffectof light is minor, althoughanincreag in time of exposue to light
seemdo resultin a decreasedolour a-value.

« Theeffectof the O, levd is insignificant in the interval from 40-80%andis
therebre containedin equation6.6 asa consant.

The GEMANOVA model confirms the resultsfrom Jakobgn and Bertelsen
(2000)by emphassingtheimportanceof keepinga low storageemperatire and
showing no effect of O, leve in the interval betwea appraimately 40-80%
Howeve, the interpretationof the modéd is much more simple, since the effect
of eachfactor canbe interpretedindividually.

Likewise applying the GEMANOVA modéd on the datasetin Table 6.1
resuts in equatio 6.7 which is muchmoresimple to interpretthanequatio 6.3.

a-value= a-valug,+ Day- Temp- O2 6.7

Wher a-valug, is the a-value at day 0.

From Fig. 6.3 the effect of the individual factors canbe interpreted,andthe
stable interval betwea 40—-80%0, is evident

It is rathersurprisingthat 40% O, is sufficient to ensurethe stability of the
bright red meat colour, as an O, level of 70—-80%is commorty usedin the
indudry. The appled produd to headpacevolumeratio for the experimens in
Tables 6.1 and 6.2 wasapprximately 1:9. The large headpacevolume might
cause only minor changs in headpace gas conposition (oxygen partial
presure)to take place during storage.Howeve, when packaying fresh meat
produds for retail sak, a large headgace volume is common. Furthermoe,
large amaunts of oxygenhaveto permeateover the film or be usedfor meat/
microbial metabdism before a notevorthy changein oxygen partial presure
takes place, andthe meatcolour becomesaffected.A reductionin the appled
oxygenlevd leavesthe possiblity of using more carton dioxide or nitrogenin
the packae headspace.

6.5 Modelling in practice: cured ham

When packagingcured meatproduds it is importantto keepthe O, and light
exposue at a minimum. Mgller et al. (2002)investigatedthe colour stability of
cured hamunderdifferentpackagingandstoragecondtions according to Table
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Fig. 6.3 Parametetevelsfor the interactionterm (Day- Temp- O;) in equation6.7.

Table 6.3 Packagingandstorageconditionsusedin the modelsdevelopedn Mgller et

al., (2002)

Modelling factor Abbreviation No. of levels  Settingof levels
Storagetime (days) Time 5 1,3,6,9, 14
ResidualO, level (%) ResO2 3 0.1,0.25,0.5
MeasuredO, level (%) MeasO2 - Continuously
OxygenTransmissiorRate OTR 3 0.5,10, 32
(ml/m?/24h/atm)

Volume ratio Vol 3 1:1,1:3,1:5
(productto headspace)

Light intensity (Lux) Light 2 500,1000
Nitrite content(ppm) Nit 2 60, 150

6.3.Colourmeasuementswvereperformedusinga Minolta Colorimeer CR-300.
The effect of light was evaluatedasthe light intensty from a fluorescenttube
measued on the packagesurface Theresultingregres®n modéd (afterremoval
of insignificant effects) constering only two-factor interections is shown in

equation 6.8,
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Fig. 6.4 Contourplot of the interactioneffect betweenvolumeratio
(product:headspaceind measuredD, level (%) after nine daysstorage(Adaptedfrom
Maller et al., 2002).

a-value= [y + B1-ResQ@ + (3,-Vol + (33-Light + 34-Nit + G5-Time
+06-Mea®D2+ 3;-Res@-Light+ f5-ResO2 Time+ G- ResO2 Mea®D2
+f10 - Vol - MeasO2+ f31; - Light - MeaD2+ 1, - Time- MeagD2 6.8

Where ( is a regressiorcoefficiert.

As expectedthe a-valuedecreasgwith increasedime, increagdresidud O,
levd, increagd OTR, increa®d light intensiy and deceasednitrite content.
Howeve, the study also shows the importanceof interactions betwea factors.
Especally the interacton betwea O, level and produd to headspcevolume
ratio is interesting.Normally, the focusis on the residu& O, leved (%) in the
packaye andit is commory overlookel that alsothe total amountof available
oxygenmolecuesis important. The total amaunt of oxygenmolecues availeble
for colour deteriordive readions is determired by the residud oxygen level
after packagingthe meatto headpacevolumeratio, andthe amountof oxygen
that permeatento the packae headpacein combination. It is not sufficiert to
keepalow O, levelin the packageheadgace.If the headpacevolumeis large
therewill still be plenty of oxygenmolecues for colour deterioraton.

Figure 6.4 shows a contour plot of the interaction between‘measued O,
levd’ and ‘volume ratio’ (the remaning factors are fixed to the following
setings: residud O, level=0.25% illuminance= 1000 lux, nitrite=60 ppm,
storagetime =9 days) The a-value of the productfor a given combination of
‘measuredO, level’ and ‘volume ratio’ can be found from the plot by reading
thea-valuefrom the correspondingconibur line, e.g.,appling 0.10% ‘measured
O, level' anda‘volumeratio’ of 1:1.3resultsin ana-valueof 5.6 after9 daysof
storage It appeas thatto maintin a high a-value, it is necessaryo keepboth
the oxygenlevel andthe headspac&olume low (lower left cornerof the plot),
soldy keepingthe O, level low is not sufficient. The interactionbetwea O,
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level andlight intensty is alsoimportant In order to maintin a good produd
colour it is necessarsimultaneouly to keep both the O, level and the light
intensily low (Mgller et al., 2002).

6.6 Internal factors affecting colour stability

6.6.1 Fresh meat
Largevariaionsin colour stability betweermeatof differentorigin canstrongly
influencethe developgd modds. Different meattypes showlargevariability due
to different myodobin contentand different metabolictype (Renere, 1990).
The contentof myoglobinis, e.g.,largestin beeffollowed by lambandpork, and
the colour of pork is more stable than the other two species Ste&s of
Longisimus dorsi mustles have high colour stability and steaksof Semi-
membanosusmuscles have mediumcolour stability. Animals of differentage,
breed, feeding, etc., will also show differences in colour stability (Renerre,
1990; Jensea et al., 1998

It appeas from Figs 6.5 and 6.6 that there is a huge variaton in colour
stability betwee meat from different sources.A range of intrinsic factors
influence the oxidative balancein raw meatandthereby the colour stability of

35 1

a-value

10 \
0 5 10
Storage time (days)
Fig. 6.5 Measured-valuesfor four differentanimalsstoredin 80% O, at 8°C (Adapted

from Jakobserand Bertelsen,2000).
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Fig. 6.6 Measured-valuesfor two muscletypesfrom threedifferentanimals,storedin
80% O, at 8°C. Longissismuslorsi muscles(closedsymbols)and Semi-membranosus
muscles(opensymbols).

the mea (Bertelsenet al., 2000). Thus the oxiddive stability of musles is
depenent on the composiion, concentrations and reactivity of (i) oxidation
substates (lipids, proten and pigmens), (ii) oxidation catalsts (prooxidants
such as transtion metak and various enzynes) and (iii) antioxidans, e.g.,
vitamin E andvariousenzymesFor a review seeBertelsenet al. (2000)

Meat from different origins show different tendenciesto undergo colour
detaioration. It is therefore necesaryto investigatemeatfrom a large number
of sourcego be ableto make generalconclusions.Despitethe largevariatiorsin
colour stability of med from the differentanimalsandmuscle types investigated
in secton 6.4 the pronowncedeffect of temperatire andthe consaintinterval of
O, arecommon. Only the rate of colour deteioration differs.

6.6.2 Cured meat
A range of intrinsic factors affects the colour stability of nitrite cured meat
products.The mostimportantarethe level of nitrite andthe contentof vitamin E
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Fig. 6.7 Measureda-valuesfor curedham containing150 ppm (filled circles)and60
ppm (opencircles) nitrite (eachpoint is an averageof 42 samples)yDatafrom Mgller et
al., 2002).

(Weberetal., 1999).Thus,optimumcolourstability canbeachievednly by using
amultifactorial approachwherebothintrinsic andextrinsicfactorsareconsidered
(Bertelseretal., 2000).FromFig. 6.7 the effectof the nitrite contenton the rateof
colour deteriorationis evident.Increasingthe nitrite contentstabilisesthe colour.
Thisresultemphasisethe necessityof investigatinghe specificproductof interest
in orderto definecritical levelsof packagingand storagefactors.

6.7 Validation of models

The exanples in sectons 6.4 and 6.5 clearly demongtate the usefulnas of
modelling for identificaion of the mostimportantfactors/ineractionof factors
affecting colour deteioration. They also dernonstrate how critical limits/
intervals of thes factors canbe idertified. For fresh beefit is recagnisedthat
keepinga low storagetempeatureis the key paraneterto obtaina long colour
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shef-life. In addtion awide interval of oxygenpartial pressureexiststhatresult
in optimal colour stability, leaving the possiblity of optimising the gas
composition with respectto other quaity deteriording readions, e.g., lipid

oxidation without compromisingthe colour stability. With respecto cured med

produdsit is importantto realisethat severaffactors influencethe total amount
of O, molecues avaiable for oxidation.

Modelling of MAP sysems shows great potential for optimising/taloring
storageand packaying paraméers to maintan produd quality, in this casea
goodmeatcolourstabhlity (JakobserandBertelsen2000; Lyijynenetal., 1998;
Pfeiffer et al., 1999). As shown, moddling can be usedto identify the most
important factors affecting quality loss and to define critical leves of these
factors. Multivariable experimendl desgn is necesaryto be ableto investigate
the large number of influencing factors on severl levels as well as the
interactions betwea factors. Howeve, due to large biological differences
between med from different sourcesand to differences in handling and
processingof the meatit is alsoimportantto recogni® thatinternal factors have
an effecton the devebpedmodels The descrited modelscanbe usedto predict
the generalrespnseof a meatproductto changs in external factors, but not to
predit the exacta-value for a certainpiece of mea. Thatwould requiremuch
more specificmodéds (for eachproducttype)andincorpomtion of knowledyeon
the interral factors into the models(Jalobsenand Bertelsen,2000).

6.8 Future trends

The obvious tools for optimisaion of productshef life through contolling the
packaying and storageconditionsare compute simulaions. Modelsof change
in headpace gas compositin should be combinedwith modds describing
changs in the mod importantquaity parameers.A computerprogramshould
be given inputson:

* permedility of the different packagingfilms to be compare
» storagetemperatire

« relatve humidity during storage

e gascompositon measued after packaging

» the headpaceandproductvolumes

« light condtions during storage

By using compute simulationsthe time for reading, e.g., an oxygencontent
critical for the colour stability of a given produd canbe predicted Furthermoe,
demandsfor the permeabilityof the packagingmateral canbe set,or the shelf
life using a specificpackagindgilm canbe predicted Such compute simulatons
weredevelopedy Pfeifferetal., (1999)primarily for predicing quality changs,
moisture gain andlipid oxidation in severaldry produds. The modds descibed
in the earlier sectiors are well suitedfor defining critical factors andleves for
maintaining a good meatcolour stability of freshandcured meatproduds.
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Computersimulations are an attrective supplemento storageexperimens
sinceit will not be necessaryo testall combinatons of the factors beforethe
optimal packajing and storagecondtions can be choseé consideing both the
produd shelf life and minimisationof the packaing materfal.
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v

The fat content of meat and meat
products

A. P. Moloney, Teagasc, Dunsany

7.1 Introduction

Fat is an essential component of meat for sensory perception of juiciness,
flavour and texture. Fat in meat also supplies fatty acids that cannot be
synthesised by humans. The perception of healthiness and sensory expectation
are important quality criteria that influence the decision of a consumer to
purchase a particular food product. Consumer perception of the influence of the
content and composition of fat in meat, and in particular beef, for human health
will be reviewed. Negative perceptions of beef as an excessively fat food have
contributed to beef losing market share to competing meats and other protein
sources throughout the developed world. Fresh meat production systems
represent the combined and interacting effects of genotype, gender, age at
slaughter and nutrition before slaughter, all of which can contribute to
differences in the fat concentration of fresh meat. These influences will be
briefly reviewed and it will be demonstrated that modern lean red meat can have
an intramuscular fat concentration of 25-50 g/kg and can be considered a low-fat
food.

The opportunities to exploit the diet of meat animals to produce flavoursome
meat that has an increased concentration of conjugated linoleic acid (CLA), a
compound that may protect against obesity, cancer and heart disease, a low fat
concentration and a fatty acid profile more compatible with current human
dietary recommendations will be illustrated. The chapter will end with a
commentary on likely future trends in the fat content of meat and meat products
including the possibility of meat being recognised as a functional food.
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7.2 Fat and the consumer

The fat in mea supplies essatial fatty acidsandvitamins andplays an essetial

role in the sensoy perception of juiciness flavour and texture. Nevertheless
thereis a percepion amongconsunersandoftenthe medcal professiorthatred

med, in particular beef, is a food with an excesively high fat concentration.

Further, mea fat is consideredto causea variety of human diseass, mainly

becawse of the belief thatit hasa high propotion of sauratedfatty acids(SFA)

which raise blood cholesterb levels, a risk factor for cardovasculardisease
(Departmenbf Health,1994). Historically, animal produds were consteredto

be wholesome versatile foods for humans and important for human health.
From the 1960s however attitudes towardsfatty foods beganto changeand
animalfatswerelinked to the onsetof cororary heartdiseaseandotherdiseases.
In 1984, the Comnittee on Medical Aspectsof Food Policy (COMA, 1984)
publisheda reporton diet in relationto cardiovaculardiseaseand this report
andits succesorshavebecomethe basisof public policy in the UK. Amongthe

evidence consideed by the panelwas the so-calleddirect evidence i.e., the

correlation found by Keys (1970) betweenmortdity due to cororary heart
diseaseandthe propotion of dietaryenegy derivedfrom saturatedat in seven
counties, seleced from 21 for which datawere available. This conclusionhas
beensubgctedto increasingcriticism (e.g. Blaxter and Webger, 1991) and

HegstedandAusman (1988)demongtatedthatif Keys’ datafor Japarandltaly

aredeletedthenno statistcally significant correlationremansbetwea countries
in the relafonship betwea diet and coronary heart disease Nevertheless
medcal authorties world-wide recanmendthat enegy intake from fat shoud

not excea 30-35%,that enegy intake from SFA should not exceed10% of

total enegy intake and that energyintake from monaunsaturéed fatty acids
(MUFA) andpolyunsatiratedfatty acids(PUFA) shouldbe appraiimately 16%

and 7%, respedtely, of enegy intake. Furthermoe, anincreag in n-3 PUFA

consunption such that the ratio of n-6:n-3 PUFA is <4:1 has also been
recanmendel (Depatment of Hedth, 1994; Gibney, 1993, United States
Department of Agriculture, 2000). It is likely that such recommendtions
contibuted to the decine in red meat consumpibn and provided impetus to

devebp strategiesto alter the total fat concentation and the fatty acid

conposition of med fat to be more compatibk with consuner requiremets.

7.3 The fat content of meat

7.3.1 Fatness

In arecentbriefing paperfrom the British Nutrition Foundaion (1999) it was
concludedthat ‘meatand meatproduds are anintegral part of the UK diet and
make a valuabk contributionto nutritional intakes’. The fat conent of meat
varies with the choice of cut or meatprodud, the speciesof animal and the
produdion sysem throughwhich that animalhascome(Sectbns 7.4 and7.5).
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Table 7.1 Total fat andfatty acid concentratiorof meatand meatproducts(g/100g)
(adaptedrom Chanet al., 1995,1996)

Fat SFA* MUFA* PUFA*

Braising steak,lean, braised 9.7 4.1 4.1 0.6
Chickenbreast,skinless,grilled 2.2 0.6 1.0 0.4
Lamb leg, lean,roastedmedium 9.4 3.8 3.9 0.6
Liver, pig, stewed 8.1 2.5 1.3 2.2
Minced beef, extralean, stewed 8.7 3.8 3.8 0.3
Porkloin chops,lean,roasted 10.1 3.7 4.0 1.5
Turkey thigh, casseroled 7.5 25 2.7 1.8
Bacon,back, fat trimmed, grilled 12.3 4.6 5.2 1.6
Chickenkorma 5.8 1.7 1.9 1.8
Chilli concarne,chilled/frozen,reheated 4.3 1.9 1.9 0.2
Ham, canned 4.5 1.6 2.0 0.4
Lamb kheema 145 3.8 5.3 4.2
Lamb kheema reducedfat 9.7 3.4 3.6 1.8
Pork andbeefsausageggrilled 20.3 7.5 9.1 2.2
Pork sausageseducedfat, grilled 13.8 4.9 5.9 2.1
Salami 39.2 14.6 17.7 4.4
Steakandkidney pie, single crust 16.4 6.1 6.7 25
Turkey pie, single crust 10.3 45 3.7 15
Extra-lean meat

Beef, extra-trimmed Jean 5.1

Beef, mini-joint 3.4

Beef, skirt steaks 6.9

Lamb, extra-trimmed ean 7.5

Lamb, leg steaks 5.2

Lamb, medallions 8.0

Pork, extra-trimmed lean 3.7

Pork, escalopes 1.7

Pork, medallions 3.9

*SFA =saturatedfatty acids, MUFA =monounsatiated fatty acids, PUFA= polyunsaturatd fatty
acids

Dataon the fat contentof a rangeof mea produds are compiled and publishel
in food conposition tables by several agencies world-wide, so seleced
exampés only are shown in Table 7.1. Fat in meat can be presentas
intermugular fat (betweenthe muscles),intramugular fat (or marbing, i.e.,
within the muscles)and subcutaneus fat (unde the skin). Most of the fat is
presentasglycerolesers,but cholesterg phosphdipids andfatty acid estersare
alsopresnt. Due largely to consumermpreferancefor low-fat food produds, the
red meatindugry beganin the early 1980sto modify productionsysemsto
produe lessfat in meat.The fat contentof the car@asshasdecieasedn Britain
by over 30% for pork, making mary pork cuts comparale with chicken, 15%
for beef and 10% for lamb, with further redudions anticipatedfor beefand
lamb over the next 5-10 years(Higgs, 2000). Theseachievementsare due to
selectivebreedingandfeedingpracticesdesignedo increa® the carcasseanto
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Breed and
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[ Further trimming

(Seam butchery)

Further losses
on cooking

Fig. 7.1 Reductionin fat contentof meat(After Higgs, 2000).

fat ratio; official carcassclassificaion systens desgned to favour leaner
produdion; and modernbutcherytechniquies(seaning out whole musles,and
trimming away all intermusgularfat). Thesechangesareshownschematally in

Fig. 7.1. Beef produed during our researchhada marbing fat concentrationin

the orderof 20-50g/kg. This lean beefcould therebre be consdereda low-fat
food, espea@lly when comparel to the fat concentration preentedfor meatin

mary tablesof food composition (>70-100g/kg).

The fat contentof meatproductscan vary consterably, dependingon the
propotion of lean andfat from the origind mea aswell asthelevd of inclusion
of otheringredients.Traditiond mea productssuchassausges,pastryeovered
piesandsalamiarehigh in fat (up to 50%) but moden productsinclude ready
meds and prepaed meatsthat canbe low in fat (5%). The trenddownwadsin
fat for red meatis reflectedin the reducedfat contentof a number of meat
produds, such as hams and sausges (Table 7.1). While reducedfat meat
produds are now available the potentialfor productdevelopnentin this area
hasnot beenfully exploited.

While the meatindugry continuesto addressonsumeipreferencdor lower-
fat meatandmeatproduds, the relationsip betweerthe fat contentandsensory
perceptionof meatmug beconstered.In somemeatprodudion systens (USA,
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beef), high intramusgular fat content (marbling) has been asso@ted with
superiortencernessjuicinessand overdl satisfacton. Moreover mary of the
flavour compoundsof meatare contaired in the fat componentor arereleagd
due to chemicalchangs in the fat, alorne andin interacton with the proten
comporent, during ageingand cooking. The cons@susof opinionnow is thata
decreasen intramugular fat to 2% will not impair eaing quality of meat
(Wood, 1990). This hasbeenobseved with pork loin or lean chicken breast
(Chizzoini etal., 1999).A reductionin intramusular fat contentto 2—-5%with a
relativdy greaterredudion in ‘waste’ fat depos such as subcutaneus and
intermugular would make a postive contributionto produdion efficiency and
consumetheath without negatiwely impactingon meatquaity.

7.3.2 Fatty acids

Thefatty acid compositionof selectedneatandmeatproductsis alsoshownin

Table7.1. Most meatsprovide similar proportionsof SFA andMUFA, making
them an important sourceof the latter. While the ratio of PUFA to SFA is

lower in ruminanttissuethan non-ruminanttissue, SFA representdessthan
half of the total fatty acidsof beefandof SFA, 30% arerepresentedby stearic
acid which hasbeenshownto be neutralin its effect on plasmacholesterolin

humans (Bonanomeand Grundy, 1988). This indicates that the common
referenceto beeffat asvery saturateds erroneousMeat cortributesto PUFA

consumption,including docosahexaenoiacid and eicosapentaenoiacid of

which therearefew rich sourcesapartfrom oil-rich fish. Docosahexenoicacid

hasanimportantrole in the developmenbf the centralnervoussystemof the

newbornwhile eicosapentaenoiacid is involved in blood clotting and the

inflammatory response Meat from ruminant animalsin particular, but also
monogastriceanbe a sourceof CLA (Section7.5.3).Thereis a growing body
of evidencethat a healthy diet which includeslean red meat can produce
positive changesn lipid biochemistry.Blood cholesterollevels are increased
by inclusion of fat, but not lean meat, in an otherwiselow-fat diet. Equal

amountsof leanbeef,chickenandfish addedto low fat, low saturatedat diets,

similarly reduce plasma cholesterol and LDL-cholesterol levels in

hypercholesterolaemiand normocholesterolaemimen and women.

7.4 Animal effectson the fat contentand compositionof meat

7.4.1 Fatnes

An increasein fat depositionper seis generadly accompaied by anincreasan
intramugular fat concentation. The degree of fatnessis deternined by
genotyye, the weight of the carcassand how closethe animalis to its ultimate
mature size when slaughered.In animal produdion sysemswhich evolve to
optimise econonic efficiency, severalof thesefactorsmay vary. The impactof
thesefactors will beillustrated sepaately but likely interactons with the other
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Table 7.2 Fatconcentrationg/kg) of beefcarcassandlongissimusdorsi muscle
(adaptedrom Keane,1993)

Carcassveight(kg)

280 340 400
Sire Sub. IM. Sub. IM. Sub. IM.
Breed® Faf® Faf® LDY Faf? Faf® LD Faf® Faf® LD
Friesian 77 104 22 102 123 43 130 138 67
Hereford 91 114 26 121 134 50 155 150 77
MRI 76 102 22 98 120 46 123 135 73
Limousin 65 90 20 86 109 35 109 126 53
Blonde 53 74 16 72 90 25 92 105 37
Simmental 61 87 18 82 104 30 105 119 45
BelgianBlue 53 76 16 71 91 25 89 106 37
Charolais 55 80 16 74 9% 28 95 110 43

@ Matedto Friesiancows ® Subcutarousfat © Intermusciar fat 9 Longissims dorsi muscle

factors and nutiition (Section7.5) shouldalso be constlered.Acrossgenotype,
breals that have light matue bodyweights mature earlier than thosewith a
heaver matule bodyweight. Therefoe at a constantime relativeto birth, earlier
matuiing animalswill befatter thanlate maturinganimak. This is illustrated by

the dataof Keane (1993)shownin Table 7.2 for differentbreedsof beefcattle.
At 280kg carcasswveight, Friesianshad 18% fat. The correspading propotion

for Herefords, an earlier matuing breed was 21%, and for the later maturing
Limousin, Chaolais and Belgian Blue breals were 16%, 12%, and 13%
resgectively. As carcasswveight increagd, the proportionsof fat increagd and
propotions of musle and bone deceased.Compaed with 280kg, a 400kg

Friesian carcasshad 27% fat. Corresponding propotions for Herefords and
Chaolais were 31% and 21%, respectively. Intramusalar lipid propotion

increagd with increasng carcassweight and did so more rapidly for earlier-

matuiing breeds For exampe, over the carcassveight range280-40g, lipid

concentrationincreaseddy 51g/kg for Herefordsconmparedwith anincrea® of

only 21g/kg for BelgianBlues. Similar lipid concentrationswould be obtaned
from a Hereford carassweighing 280kg and a Chaolais carassweighing

340kg. With respect to gender,heifers of the sane breedgrown togethe with

steersachieveda similar carcassompgsition at a lighter carcassveight (267 vs.

326 kg) i.e., heifers are earlier matuiing than steers (Keane,1993). Similarly,

castrdion of intact male animals rendes the resulting castréaes more early
matuiing with respectto body composition.

In geneal for any particula ratio, anincrea in intake by a med-producing
animal will promote a higher growth rate and a fatter carcass(at a similar
carassweighi i.e., growth rate per sewill increasefat deposiion relative to
protein deposiion (Owensetal., 1995).This seemgo reflectsomemaximalrate
of musclegrowth which appeargo be related to ageaswell as proten intake
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(Basset al., 1990). Howeve, thereis sone opportunity to deceasefatnessby
manipuhting the growth pathrelaively close to slaugher. ThusMoloney et al.
(2001) repated that conmpared to catle finished on a gras silage and
concentrateration, feedng unsupplerentedsilagefor 56 daysfollowed by the
sameamountof concentratesoffered ad libitum decrease internal fat weight
and longissmus dorsi lipid concentration. Practcal methods of decreasig
fatnessin farm animalshave beenreviewed (Basset al., 1990).

7.4.2 Fatty acids
Many comparisonsof animalfactors areconfoundedy differencesin fatnessin
general increasingfatnessresuts in greder unsaturéion of lipid with the
MUFA propotion increasng and SFA propotion deceasing(Ducket et al.,
1993). However, where corrections have been made for fatness, some
differences in fatty acid composition due to genoype have been reportel.
Zambayashiet al. (1995)suggetedthatthe JapaeseBlack breedof catle hasa
geneticpredispaition for produdng lipids with higher MUFA concentrations
than othe breals studed. The Wagyu beef breedis characerisedby greder
intramugular than subcutaneus fat depositon and was found to have highe
concentrationsof MUFA and a highee MUFA:SFA ratio than other breedsin
several studies (Xie et al., 1996). Similarly for pigs the Duroc breed
characerisedby higher amountsof intramugular fat relaive to backfat had
higherintramugular SFA andMUFA propotions andlower PUFA propotions
than British Landrace pigs (Camerm and Enser 1991). In both breals,
increadng intramusularfat depositon causel arelatively greaterincreag in the
MUFA propotion than the SFA proportion. Breed differences and effects of
matuiity or growth stege on the subcuaineousor intramugular fatty acid
composiion of beefhavebeenreviewedby de Smetetal. (2001).With regad to
gender,fewer comparisos have been mace but Malau-Aduli et al. (1998)
reportal phosphdipid PUFA:SFA ratios of 0.27 and 0.54 for steer and heifers
respedtely, fed on pasture

Specific breeddifferences in then-6:n-3PUFA ratio andin the concentation
of longerchainn-3 PUFA that probaly could not be attributedto differencesin
intramugular fat concentration have also been reported.Choi et al. (2000)
reportal sigrificantly highea propotions of Cig.3n.3 in neutal lipids and
phosphdipids andhigherpropotions of Csg.5,.3andCys.5,.3in phosphdpids of
WelshBlack compare with Holsten Friesencatle, resuting in alower n-6:n-3
ratio in WelshBlack, whereastherewereno differences in the concentationsof
Cig:3n-3and Cyy.6n.3 The preferentialdepositon of n-3 PUFA was maintaned
on diets contairing suppkemental n-3 PUFA, indicating no breed by diet
interacton. Itoh et al. (1999)found sigrificant differencesbetweenAngusand
Simmental cattlein the deposiion of C,g.3,.3andof thelonge chan fatty acids,
but breel by diet interactonswere presentfor sorre of the fatty acids,makingit
difficult to interpret the breedeffects.Despitethe above,de Smetet al. (2001)
concludedhat much of the differencesdn fatty acid composition appaently due
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to genotypecould be explainedby variationin intramusular fat concentration
and that effects of genotypewerein geneal much smdler than effectsdue to
diet.

7.5 Dietary effectson the fat contentand composition of meat

7.5.1 Fatness

Whenexamiring the effectsof diet on the fat content of meatit is importantto

sepaatethe direct effectsof dietary ingredientsfrom indirect effectsof possble

differencesin enegy intake on carcassweight and fatness Carcas fatnessin

monayastrcs and ruminants can be influenced by the energy and protein

concentrationin thediet. Howeve, the extentto which the proportionof lean-to-
fat is alteredby dietary manipulatonsis limited without havinga majorimpact
on growth rate and feed efficiency. In pigs restrictirg the energyintake by

feedng a low-energy (low fat andbr high fibre) diet will reducecarcassfat

deposiion. Other nutrients must be suppled in sufficient amountsto support
maximum lean tissue accretionor restrictian in energy intake may result in

protein being usedfor energy purpo®s. Feedng excessproten, i.e., excess
essatial aminoacids,to pigswill resultin a higherproportionof lean to fat in

the carcasshut the effect is primarily a result of enegy restricion relatve to

protein. Changesn intramugularfat concentrationcanalsobe accompishedby

varying the enegy and protein composiion of the diet. Knowledgeof enegy

and amino acid nutrition of ruminants is not as advaned as for monayastrics
mainly dueto pre-fementaton andtransbrmaton of dietaryingredientsin the

rumen of ruminants.

Nevertheless, there is a body of evidence that unwilted extersively
fermented grasssilage can increag fatnessrelative to wilted silageghay or
non-slage-baseddietsandthat stachy ingredientspromot greder fatnessthan
digedible fibre-based ingredents. In a grass silage-based ration, protein
suppled in exces of requiremat increaseccarassfatness(Steenand Robson,
1995). Increasng propionaé supply from the rumen by addtion of sodium
propionateto the diet decrease fat deposiion (Moloney, 1998; 2002). Many
studes have compare the effects of foragebased diets with concentrate
(usudly grain) -baseddiets. In aliteraturesurvey,Muir etal. (1998)foundlittle
differencein marblingbetwee grain-fed andgrass-éd beefat the samecarcass
weight This conclusionis suppoted by Frend et al. (2000).

7.5.2 Fatty acids

Fatty acid deposition in monogastiics largely reflects dietary fatty aadd
composition (Wood and Enser 1997, Rule et al., 1995). This is illustrated by
datafrom Verbekeet al. (1999) shown in Table 7.3. Intramusallar fat in pigs
hadhigh MUFA reflectingendog@aoussynthess butincorporaton of oilseedsn
the diet canincreag the PUFA'SFA and deceasethe n-6:n-3 PUFA ratio. An
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Table 7.3 Influence of fat sourceson fatty acid compositionof pig muscle(adapted
from Verbekeet al., 1999)

Fat source
Fatty acids Tallow Rapeseed Soybeans Linseed Safflower
C18:1(%) 44,06 46.55 38.75 38.17 48.8
C18:2(%) 10.36 10.54 14.98 10.68 10.4
C18:3(%) 0.52 1.11 1.04 4.41 1.40
PUFA:SFA 0.30 0.32 0.37 0.36 0.34
n-6:n-3 19.92 9.50 14.40 2.42 7.43

importantdifferencebetwea monagyastricsandruminantsis thatthe long-chan
n-3 PUFA, including eicosapataenot acid and docosaexaaoic acid, are not
incorpomatedinto triacylglycerolsto anyimportantextentin ruminants. Theyare
incorporated mainly into membane phaospholipids and therefore, are found
predaminantly in muscle(Ense et al. 1996). This providesthe opportunty to
manipubteintramuscularfatty acid composiion of ruminantmeatwithout large
increagsin fatnessper se

In ruminants dietary PUFA are hydrogenagd to SFA but a propotion of
dietary unsaturatd fatty acidsbypasesthe rumenintact andis absobed and
deposiedin bodyfat (Wood and Enser,1997). Increaéng the dietary supply of
PUFA, particulaly n-3 PUFA, is onestrategyto increag PUFA concentrations
in ruminantmeat.In Table 7.4, inclusion of bruisedwhole linseedarich sour@
of linolenic acid, resultedin 100%increa in concentrationof linolenic acidin
musclewhile a linsea oil-fish oil treamentincreagd the marine n-3 PUFA
concentrations(Scolan et al. 1997;2000). The fatty acid composition of beef
can be more efficiently modified by including in the diet, fatty acidsthat are
protectedfrom rumind hydrogenation(Scottet al. 1971, Demeyer and Doreau,
1999).Scollanet al. (2001)showedthat a protectedipid supplenent markedy
improved the PUFA:SFA ratio in muscle (Table 7.4).

Grasshas higher PUFA and particulaly higher n-3 PUFA, primarily as
linolenic acid, than grain-tasedruminant feeds. In geneal, grass-fedbeef has
higher concentrationsof PUFA, particulaly in the phospholipid fraction, than
grain-fedbeef(Griebenav etal., 1997).An increasen the proportionof grasin
the diet of finishing steers decieasedthe SFA concentrabn, increasedthe
PUFA:SFAratio, increagd the n-3 PUFA concentrabn and decrease the n-
6:n-3PUFAratio (Frenchetal., 2000).Then-3 PUFA detecedin mea from the
grass-éd catle in this study was predominarly linolenic acid. The health
benefits of n-3 PUFA from plant and marire (i.e. longe chain fatty acids)
sourcesappea to differ. An expet workshopon this issue(de Deckee et al.,
1998) concludedthat:

thereis incomplete but growing evidencethat consunption of the plant
n-3 PUFA, alpha-linoleric acid, reducesherisk of cororary heat
diseaseAn intake of 2g/d or 1% of energyof alpha-Inolenic acid
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Table 7.4 Influenceof fat sourceson the fatty acid composition(mg/100gtissue)of

beefmuscle(adaptedrom Scollanet al., 1997;2000; 2001)

(i) Different sourcesof oil

Fatty acids Control Linseed Fishoil Linseed/fistoil s.e.d. Significance
C16:0 1029 1089 1305 1171 206.0 NS
C18:0 528 581 543 490 104.0 NS
ci18:1 1209 1471 1260 1225 279.0 NS
C18:2 81 78 66 64 9.2 NS
C18:3 22 43 26 30 5.6 ke
C20:4 23 21 14 17 15 el
C20:5 11 16 23 15 1.9 bl
C22:6 2.2 2.4 4.6 4.9 0.52  xx*
Total fatty acids 3529 4222 4292 3973 741.0 NS
PUFA:SFA 0.07 0.07 0.05 0.05 0.011 NS
n-6:n-3 2.00 1.19 0.91 111 0.141 *
(ii) Oil protectedfrom ruminal biohyrogenation

Fatty acids Control 5009 pLS 1000g pLS s.e.d. Significance
C16:0 986 843 598 117.8 *
C18:0 508 421 331 61.6 *
C18:1 1195 1144 759 177.0 *
C18:2 100 195 215 9.5 i
C18:3 23 46 46 4.3 *k
C20:4 28 27 28 2.0 NS
C20:5 10 10 9 1.2 NS
C22:6 2 2 2 0.4 NS
Total fatty acids 3505 3260 2421 430.8 *
PUFA:SFA 0.06 0.19 0.28 0.029 ok
n-6:n-3 4.6 4.4 4.7 0.48 NS
Notes

*=p < 0.05* =p<001,* =p<0.001
1 =protectedipid supplemat.

appeas prudent. The ratio of total n-3 over n-6 PUFA (linoleic acid) is
not uselil for characerising foodsor diets becauselant and marinen-3
PUFA show differenteffects,andbecase a decreasén n-6 PUFA
intake doesnot produe the sane effectsasanincreasein n-3 PUFA
intake. Separateecanmendgions for alpha-Inolenic acid, maiine n-3

PUFA andlinoleic acid are prefered.

Grass-fed beef can contribute to diets desgned to achieve an increagd

consunption of n-3 PUFA

7.5.3 Conjugated linoleic acid

Conjugatedinoleic acid (CLA) refersto a mixture of positionaland geometric
isomersof linoleic acid (18:2n-6). The cis 9, trans 11 form is believedto be the
mostcommonnaturalform of CLA with biologicalactivity, but biological activity
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has been proposedfor other isomers, especiallythe trans 10, cis 12 isomer.
Conjugatediinoleic acid hasbeenshownto be an anticarcinogenand to have
antiatherogenic, immunomodulating, growth promoting, lean body mass-
enhancingand antidiabetic properties (MacDonald, 2000; Whigham et al.,
2000).1t is foundin highestconcentrationén fat from ruminantanimals,whereit
is producedin the rumen as the first intermediatein the biohydrogenationof
dietarylinoleic acid. In the secondstepof the pathway,the conjugateddieneis
hydrogenatedo trans 11 octadecenoi@cid (trans-vaccinicacid) which is now
thoughtto bea substratdor tissuesynthesiof CLA via anenzymaticdesaturation
reaction.Becausef the potentialhealthbenefitsarisingfrom CLA consumption,
thereis considerableresearcheffort directedto increasingthe CLA contentof
ruminant-derivedood. Milk fat CLA concentrationsre primarily influencedby
linoleic acid supply to the rumen, by inclusion of grassin the diet and by the
forageto concentrateatio of the diet (Kelly et al., 1998a,b; Jianget al., 1996).

For ruminantmeat,anincrea® in the proporton of gras in the diet causeda
linear increasein CLA concentation, while a grasssilaggconcentate diet
resultedin a lower CLA concentration than a grass-baeddiet with a similar
forageto concentrad ratio (Frenchetal., 2000). Inclusion of sunfloweroil in the
supplenentaryconcentrateto a silage-basd diet alsolinearly increagd muscle
CLA (Noci etal., 2002).Concentréionsof CLA in Irish andAustralianbeefcan
be two to threetimes highe thanthosein United Statesbeef This presimably
reflectsthe greaer consumpion of PUFA-rich pasturethroughoutthe year by
cattle in these countries. Protection of dietary CLA from ruminal
biohydrogenabn is being examned with equivocal results. Gassmanet al.
(2000)reported a 2.4 and 3.0-fold increasen intramusular CLA concentation
in rib androundmugle, resgectively,in respnseto inclusion of 2.5%proteced
CLA in the diet of cattle. Dietary inclusion of CLA hasalso beenshownto
markedy increasethe CLA concentation of pig muscle(from 0.09to 0.55%
total fatty acidsin the study of Eggertet al., 2001) and chicken musle. In
addition thereis evidencethatthe CLA concentrationincreagsin foodsthatare
cookedandbr othewise processed.

7.6 Future trends

In the UK between1989 and 1999, consumptionof primary poultry meatand
other meat productsincreasedwhile that of carcassmeat (beef, veal, mutton,
lamb, and pork) declined (Robinson,2001). Robinson (2001) consideredthis
increasdn consumptiorto be duemainly ‘to increasesn meat-basedeadymeats
and takeaway eaen at home’. This clearly reflects consumer desre for
convenienceproductsand presentsa major challengeto the non-poultry sector
andto the primered-meatsector,in particular.To regainmarketshare this sector
of the meatindustrywill haveto developa more diverserangeof products.
The declinein carcassmeatconsumpbn alsorefleds consumemreferace
for low-fat meat and meat produds, guided by medcal advice. Recent
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devebpmentsn decreasinghetotal fat concentrationof mea andmaripulating
the fatty acid concentration have beenillustrated in earlier sectionsof this
chaper. There are clear opportunitiesto maripulate the animal componentof
fatnessby integratingthe variouscontributingfactors, i.e., breal sekction,use
of non-castatedmaleanimals slaughteredyoungandfed approprately, etc.It is
likely that the nutrient requrementsto optimise proten accreion while
minimising adiposetissue accreton will be defined more precisely than at
preent. Current and future researb will then focus on optimising both the
suppy of nutrierts andthetime when theyaresupplied (bothdiurally andduring
the lifetime of the animal) to allow the targetanimalto achieveits geneically
detemined body and muscle composition.

The data preentedon factors affecting the fatty acid composition of the
intramuscularfat of meatdenonstratehatmea canbe produ@dthathasa fatty
acid profile more conpatiblewith currentmedcal recommendtionsfor human
diet composiion. In particular, red meatscan now be producedthat arelow in
fat, havea lower concentration of atherogeic SFA, higha MUFA and PUFA
concentrations and lower n-6:n-3 PUFA ratio than was possibé previausly.
Moreover, thereis emaging evidencethat palmitic acid andstearic acid do not
contibute to coronaryheartdiseaseindicating that the pereptionthat all SFA
are‘unhealthy’ is incorrect. Sincemeatintramusular fat contins virtualy no
short chan SFA, only myristic acid contributes to elevatd low density
lipoprotein cholesterol,arisk factor for coronaryheartdiseaseandthis typically
representsjust 3% of total fatty acids. Since n-6:n-3 PUFA ratio in meatis
within the desiralbe range future researb will focuson enhaning the fatty acid
profile of mea even further, in particular with the use of emergingrumen
protection technobgy. Paralel researb will be required to ensue adequée
antioxidant protection in meatwith animproved PUFA:SFA ratio.

The so-alled ‘lipid hypotesis’ hasguided medcal advice for mary years.
This hypothesisis beingincreasindy criticised,particularly ason-goingresearch
on lipid metabdism in humansandits relationdip to healthanddiseaseyields
datainconsstentwith this hypothesis.Moreover the hypothesisthat a low-fat,
high-carbohydatediet is bestfor preventing obesity a disorderoftenconstdered
to reflect fat consumpibn, is alsobeingincreasngly rejected.lt is to be hoped
that future medcal guidelines will reflea the findings of recent dietay
interventiontype researb ratherthan be basedpredominarly on correlations
arising from epidemiological, rather than retrospective-type studies The
dismovery of CLA, togethe with the finding that ruminantfat is its primary
natual soure, is a postive advane for red meat,in particula. Clarification of
the heath-enhaing anddiseaseprevening propetiesof CLA in humansds the
subpect of extensve resarch world-wide. Reprodetion in humans, of the
obsewationsmace in laboratoryanimal modds andtissueculture, will gredly
add to the image of meatas a heathy food. Moreover, future meatcould be
constdereda functional food, i.e., a food that hasheath benefitsbeyondbasic
nutiition. The American Dietetic Associaion hasendosedlean beefandlamb
as functional foods (1999) Researchon strakgies to increag the CLA
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concentrationin meatwill continueandthe observaibn thatCLA is deposiedin
adiposetissueas well asthe intramugular phosphtipid fraction will provide
high CLA fat as a functional ingredient for healthy processed meats (see
Jimeng—Colmerero et al., 2001).

The positive contribution of meatto humandiet andrecagnition that evenat
present meat has a role in a healthy diet is not appreiated by consumes
(Bruhn, 2000). Of consumers surveyed in the US (American Dietetic
Assocation, 1997), fish was perceived as very healthful by 57% and poultry
by 55%, but med suchasbeef pork, and lamb was seenas very healthiul by
only 13%; an addtional 45% consideredt somewvhat healthul. Bruhn (2000)
statesthat the potentialfor heath-enhawing productsis subsantial. Enhance
nutritional comporentsin animal produds meetthe preferencesof consumes
and health professonals. Thereis a neednow and in the future for the meat
industry to conveythe postive nutritional contributinsof meatproduds suchas
iron, zinc, ‘healthy’ fatty acids and CLA to both consumes and health
professimals.The concluson of Bruhn (2000)that‘communicationis thekeyto
correct consumer (and medical) myths and to increag awareress of new
informaton or enhaned propeties of healthfulfood’ is mostapprgriateadvice
to all sectorsof the meatindudry for the future.

7.7 Sourcesof infor mation and advice

Publicatons

GURR,M.I. (1999)Lipidsin Nutrition and Heath: A Regopraisal The Oily Press
Bridgweter.

ATKINS, R.C. New Diet Revoludion. Vermilion, London.

ALLEN, P., DREELING, N., DESMOND, E., HUGHES, E., MULLEN, A.M. and TROY, D.
(1999) New Technobgiesin the Manufactire of Low Fat Meat Producs.
End of project report. The National Food Centre,Dublin.

MEAT IN THE DIET. Briefing paper.The British Nutrition Foundatia, London.

MCCANCE AND WIDDOWSON’'S The Compodion of Foods.The Royal Scriety of
Chemistry and Ministry of Agriculture, Fisheries and Food (and
supplenents).

NEWMAN, C., HENCHION, M. and MATTHEWS, A. (2002) Factors shaping
expenditureon meat and prepared meals. End of project report. The
National Food Centee, Dublin.

Websites

Enhancig the contentof benefcial fatty acidsin beef and improving meat
quality for the consumemww.healttybeef.iger.bbsrcac.uk

Conjugded linoleic acid referenceshttp:/Awww.wiscedufri/clarefs.htm

British Nutrition Foundaion http:/Avww.nutition.org.uk

Healthfinder— Gateway to reliable Consuner Health Informaion

www.healthfhder.gov
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http://www.wisc.edu/fri/clarefs.htm
http://www.nutrition.org.uk
http://www.healthybeef.iger.bbsrc.ac.uk/
http://www.healthfinder.gov/

U.S. Departmentof Agriculture, Nutrient datalaborabry USDA. Nutrientdata-
base for standad reference, release 14 http:/Avww.nal.usda.guw/fnic/
foodoomp
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8

Quality indicators for raw meat
M. D. Aaslyng, Danish Meat Research Institute, Roskilde

8.1 Introduction

To be able to define the quality indicators for raw meat it is neccesary first to
define what quality of meat is. The quality of raw meat can be defined as the
suitability of meat for use in a specified product. If the meat is well suited for the
product it is intended for, then the meat quality is defined as good. If the meat is
less suitable for the product, then the meat quality is defined as poor.

The attributes of meat that determine the quality thus depend on the use for
which the meat is intended. Quality can be definedexhnological quality,
describing meat for further processing like salting, curing, etc., freas meat
eating quality that describes meat for fresh meat consumption, and which
includes all traits registered with our senses, both appearance, flavour and
texture. The quality indicators for the two quality definitions to some degree
overlap but some differences also exist. Other quality descriptions, however,
exist like ethical quality and health quality but they will not be covered in this
chapter.

8.2 Technological quality

In the processing of meat the yield is the main quality parameter as it determines
the amount of available product for sale and is therefore of direct economic
importance. The sensory quality of the processed product has an indirect
economic importance as it might influence the amount of sold product,

especially how often a consumer buys the same product again. Quality
indicators in the raw meat that can predict the yield of the processed meat are
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espea@lly pH and waterholding capadty, whereasthe sensoy qualty of the
processedmeatcan also be influencedby the colour, the meat/fa distribution
andthe fat quality in the raw med.

8.2.1 pH and water-holding capacity

The yield of curedcookedproductsdepend on the pH of the mea. The higher
pH the highe yield (Muller, 1991). In an investigaton of hams produed
without phosphées the correltion betwea pH andtotal yield wasaround0.4
(Table 8.1, unpublsheddata,Hviid, 2002pers comm.) Produgion of this type
of hamincludes a curinganda cookingstep.An investigaton hasshownthatthe
pH espeally influencesthe yield by alteringthe cooking loss. The hans were
from non-arrier and carrier pigs of the RN™-geneand were produ@d without
phosphges Pigscartying the RN™-genearerecognigdby having high glycogen
content, high drip loss andlow pH. The curingyield wasindependat of geneic
backgound and therebyof pH, whereasthe carrigs of the RN"-genehad a
significantly highercookingloss(Anderssonetal., 1997). Not only theyield but
also the colour can be influenced by pH. In cured bacon product the pH
influencedthe colour of the bacon.A pH below 5.3 resuted in baconof an
unevencolor whereaspH above5.7 gave a beefy, glazy appeaance (Barton,
1971).

If the water-holdhg capacityis extremne like PSE (pale, soft exudatve) or
DFD (dark, firm, dry) meatit is alsoreflectal in the yield PSEmeatgiving a
lower yield and DFD med giving a higher yield compare to normal meat
(Barton Gade,1984). Also dried harrs with a 12-monh seasorntime show a
highe weight loss if the raw ham was PSE (Maggi and Oddi, 1988). The
relatonshipbetweerdrip lossandyield in productionof hamsfrom meathaving
a waterholding capacityin a more normal rangeis howeverrelativey low as
canbe seenfrom Table 8.1 with a correlationbelow 0.3.

The waterholding capadty and pH is very dependenbn the pre- and post-
slaughter metabdism. A fast pH decline early post-morem has often been
shown to resut in low waterholding capady. In theseworks the pH hasbeen
detemined 45 minute postmortemanda low pH hasbeensad to be dueto a
fast pH decline Recentinvestigations where the pH was determired already 1
minute after debleedinghave shown that it might not be the rate of the pH

Table 8.1 Correlation between meat quality and cooking loss/total yield in an
investigationof hamsproducedas JambonSuperieur(without phosphatespf meatfrom
LYD, LYDH andLYP pigsall free of the halothanegeneandthe RN™-gene(n = 315)
(Hviid, 2002,unpubl.data).

Cookingloss Total yield

pH —0.437 0.394
Drip loss 0.277 —0.286
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declinebut the time of accderationof the pH declinewhich is crucial (Hencké
etal., 1999; Stgieret al., 2001).In animak with a high pre-slaugh¢r stressthe
pH of the muscles was lower already at time of slaughter comparel to less
stressed animals (Henckel et al. 1999). When the concentration of
creatinepbsphaé at the time of slaughter is high the anaeobic glycogen
degralation and thereby the lactate produdion will occur later and the
acceleation of the pH decline will therebre be delayed (Stder et al. 2001).
Both investigatons find, however, that the rate of pH decline was equally
independat of pre-slaughar stress.pH, is independat of the pH decline
Insteadthelimiting factor for the ultimatepH is the concentation of glycogenin
themusclegHencke etal., 1997).1f the pigsareexhausedat slaughterthe low
glycogencontentwill resultin a high ultimate pH andthe med will be DFD. In
a more normal pH interval a linear correlation betweenpH, andthe glycogen
contentat slaughterhasbeenseenat concentrationslower thanabout53 mmol/
kg. With more glycogenno correlation was seen(Hencké, Pers.Comm).

pH is aneasilydetermiredraw meatquality attribute.lt canbe deteminedby
direct measuement with an electode in the meat, or a sample can be
homogenised before determination. The water-holding capacity can be
determired by threefundamentally different principles: (i) usingextenal forces
to drive out the waterlike the filter pres methodand by centifugation, (ii) by
letting the water drip out of the raw meatin a standarésedway over a certain
time periodlike the ‘Honikel bagmethod’or the EZ-drip loss or (iii) by heating
the meatand measuing the cooking loss (Honikel, 1989; Honikel and Hamm
1994; Rasnussenand Andersson1996; Chrigensen,2002).

8.2.2 Colour

Thecolour of theraw meatis a conbinationof the contentof myogobin andthe
reflection from the proten denaturéion. For the colour of the cured cookedmeat
only the content of myoglobin is important. During the curing processthe
myodobin and oxymyogbbin are conveted into nitrosomyoglobn in the
presencef nitrite, forming a pink colour (Andersenetal., 1988).During storage
the colour might further changebut it depend on both the packaye materialand
on the packagingandstorageconditions(Andersenet al. 1988). The amountof

myodobin in the raw meda might thereforebe an indicator of the raw meat
quality with respectto further processing The hemgroup of both myoglobn

andtracesof hemodobine canbe quantiied spectropbtometricaly.

8.2.3 Meat/fat distribution and fat quality

Thefat conentandqualty of theraw med is alsoanindicator of the quality of

processd meat.Cookedcuredhamis in generakregadedasalean meatprodud

in Frane. Theamountof intramugularfat (IMF) in Frenchhamsdid notchange
other senseoy attribuies than colour and marbing when assesedby a trained

sensory panel but acceptability by consumers decreased markedly with
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increasng IMF (Fernande et al., 2000). In dried, cured meatprodud a high
amaunt of intramuscular fat is, however denanded(Garda et al., 1997). A
study of dry cured pork ham comparingthree terminal sires showedhowever
that Duroc and Large White as terminal sire gave the sane consuner
accetability independen of a larger IMF contentin Duroc (Oliver et al.,
1994).In bacon,espedlly, the lean/fatdistribution is importantto consuners.
Most Irish consuners prefer a thin fat layer (44%) followed by medium fat
(38%) andvery thin fat (17%). On this backgrounda backfat dept of 12-16
mm was recanmendel as optimal for most of this consuner group (Moss,
1993).As morefocushasbeenon the healthperspectie of fat intakethis might
havechangedowards a thinnerfat layer sincethis investigatian.

Fatty acid composiion influencesthe quaity of mea aswell in respect to
processed med quality. A high conent of polyunsatirated fatty acids like
linoleic acid (C18:2) and n-3 fatty acidsresuts in softening of the fat and a
highe oxidative instabilty. As fat randdity is one of the limiting factors in
storageof produds with fat-like sausagethisis of importanceaswell (Woo and
Maerg, 1983).If the animalsarefed with vitamin E, the antioxidative statusof
the med will however be increagd and therebylimit the problem of rancidity
while Cu in the feedwill actasa prooxidart andtherebyincreasethe problem
with rancidity (Lauridsenet al., 1999).

IMF canbe measuredvisually asfat marbing using differentscalesThis is a
subpctive methodbut with photcs asreferencesit is possibleto standargse the
assesment By chemnical analses the content of IMF can be descibed
objectively. Most chemial methodsbeginwith an acid hydrolysis, to liberate
the fat from protens andothe complexes,followed by an extracton step.This
step determires which part of the lipids the later analysis will quantfy. It is
possble to getthe neutrallipids (triglycerides)only or in additiona greateror
smadler part of the phosphtipids (polar lipids from the membane). The
phosphtipid content range from about0.5% in longissmusdorsi (LD) up to
about 0.7% in psoasmajor and 0.9% in massetr in pig (Gandemer 1999;
Mourot andHermier, 2001).1n beefthe contentof phosphtipids is about0.7%
in longissimus dorsi and 1.1% in diaphragma (Gandemer, 1999). The
concentration of phosphtipids in a muscleis rather invariable comparel to
the contentof triglycerides,which canvary. After the extractionthe amaunt of
lipids canthenbe quantfied gravimetrically. It is alsopossibleto deteminethe
amaunt of fat by methodslike NMR. The fatty acid composition can be
detemined on an extractof the med by GC.

8.3 Eating quality

Whenmeatis usedfor freshconsunption thetime from slaugher to couner can
rangefrom two days(in particular poultry and pork) to sevenl weeks(in the
case of bee). The appeaance of the raw meat influences the consuner’s
willin gnessto buy the meat, and can therebre be regardedas an important
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quality factor for meat proposedfor fresh mea consumpibn. Howeve after
cooking tencerness,juiciness, flavour, and appeaance of the cooked meat
togethe detemine the eatingqualty. Quality indicatos of raw mea for these
paramgers are the content of intramusular fat and the composition of fatty
acids, the collagen content and solubility, the sarconere length, activity of
proteoltic enzymespH andwater-hotling capacity,andthe colour of the raw
meat.

8.3.1 Intra muscuar fat and fatty acid composiion
The contentof intramugular fat or the degreeof fat marbling has a great
influence on the eatingqualty begnning whenthe consumes choosethe meat
in the supermaket. Many consumes will rejectbuying mea with a medum or
high amaunt of visualfat marbing bothin beefandpork eventhoughtheyfind
it more palaablewheneatenwithout knowing the amountof fat (Grunet, 1997,
Bredah et al., 1998; Brewer et al., 2001a) Bligaard,2002, Pas. comm.).

Thereare conflicting resultson the influence of IMF ontendernss.lt is sad
to increaseboth the tendernss of the meat(DeVol et al., 1988 Cameon and
Enser 1991; Gwartng et al., 1996; Fernandezt al., 1999; CandekPotokaret
al., 1999; Laacketal., 2001;Breweret al., 2001a;D’'Souzaand Mullan, 2002)
and to have no effect or even a negatie effect (Goranssonet al., 1992;
Kipfmdiller etal., 2000).The reasorfor theseresuts could be,thatvariatiors in
IMF arealwaysconfoundedwith othervariaions, which alsohavesignificance
for tencerness.The age of slaughter and the slaughter weight influence the
contentof IMF (Johrsonetal., 1969; Candek-Btokaret al., 1999) but canalso
influence factors like the content and strengthof connectivetissueandin this
way influence the tendernss. Feedingstrategynot only influencesthe IMF
content (Blanchard et al., 1999) but also the growth rate and thereby the
proteoytic activity that is of signficance for the tencerisation of the meat
during ageing (Therkildsen et al., 2002). The genetic background also
contributesto variatons in IMF. In pork somebreals like the Chinesebreals
and Berkstire have an extremely high fat content In the more commercial
breedsDuroc espedlly is known to havea highe contentof IMF conparedto
the white breed like Landraceand Large White. It hasbeenshownhowever,
that the correltion betwee IMF and sensory quality dependson breed
(Fjelkner-Modig and Persson,1986). The fatty acid composition can also
influence the effect of IMF on tenderness. In pork the saturated and
monaunsaturged fatty acids are positively correlatel to tendernss where
polyunsaturatedfatty acids are negatiwely correlatedto tenderness(Cameron
and Enser, 1991; Eikelenlbom et al., 1996). The fatty acid composition is
depenént on both breal (Garda et al., 1986; Tejeda et al., 2001) and feed
(Engeletal., 2001).

It hasalsobeensaidthata high contentof IMF would improve therobustnes
of the meat agahst a non-ogimal cooking. This was shown in beef by
Cummirgset al., (1999)who found a decine in tenderngsin meatwith a low
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IMF contentwhencookedto 80°Cwhile meatwith a high IMF conentwasstill
tencer at this end-mint temperatire. The differencebetwea the two groupsat
70°Cend-mint temperatire wasonly small. It wasnot possibe to find a similar
effect in anotherstudy (Rymill et al., 1997) and the effect of IMF on the
robugnessof the med might therebre interactwith othe matters,asthe direct
effect of IMF on tendernssis saidto do.

Juidnessis the feeling of moisture in the mouth during chewing. It is a
dynanic attribute changingduring the chewing process.The contentof IMF is
postively correlatedto juiciness(Savdl andCross,1988;Gwartneyetal. 1996;
Flores et al., 1999; Cummings et al., 1999 Brewer et al. 2001a) Same
investigationsindicateespecialy thatthe sustanedjuicinessexperierredduring
the last part of the chewirg processjs increagd by increasingamaunt of IMF
(Savdl and Cross,1988; Aadyng et al., 2002). An increasng amountof IMF
also implies a deceasein cooking loss (Aaslyng et al., 2002). Juiciness is to
sone extert negatively correlatedto cooking loss (Tornbergand Goransson,
1994;Toscaset al., 199; Aaslyrg et al., 2002)andthe decrease cookingloss
could explain part of the effect of IMF on juiciness.

The contentof IMF alsoinfluencesthe flavour of meat(Candd-Potokaret
al., 1998;Fernandezet al. 1999).This might be due to produdion of a volatile
componentasthe fatty acid composiion is importantto the flavour. In pork the
conientof polyunsaturged fatty acidsis correlatedwith abnormaé flavour while
monaunsatuagd and saturatedatty acids are correltedwith pork flavour and
overdl liking (Cameronand Enser 1991; Cameronet al., 2000).In beefit has
beenfound that the meaty aromawas due to phosphtipids and not to sucha
gred extent to triglycerides (Mottram and Edwards, 1983. Flavour is a
composition of volatile andnonvoktile componers. It is not investigatedhow
IMF influencesthe nonvolatle flavour componerd but part of the unspecifed
effect on flavour could be due to facilitating the contact betwea the flavour
conmponentsandthe tage buds.

8.3.2 Connective tissue

It is well known that musclesrich in connetive tissuelike bicepsfemors are
less tenderthanmuscles contairing less connectivetissuelike psoasmajor and
the connectivetissuehastherebre often beenin focus as a contibutor to the
tougmessof the meat and therefore a raw meat quality indicator (Honikel,
1992). The main constituent of the connetive tissueis collagen. Collagenis a
very strongprotein polymereandit is said to make up about2% of the total
mugle protein in beef(Powell et al., 2000).Collagencanbe dividedinto a heat
soluble and a heatinsoluble fraction reflecting the degreeof cross-lirking of
hydroxyprolin in the collagen(Powell et al., 2000).

Ageing of the meataltersthe connectivetissueonly margnally (Nordyke et
al., 2000) and part of the effect might actually be due to degralationsof the
proteoglycansin integrity with the connetive tissue.The collagen molecues
change during cooking and their influence on mea tendernessis muc
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influenced by the end-pointtemperatire and the heaing rate (Powel et al.,
2000).

The degreeof cross-linking of collagen increagswith the ageof the animal
At the sametime the shearforce increasedndicaing a deceasein tendernss
(Lebretet al., 1998; Fanget al., 1999). Also feedng can alter the degres of
cross-lirking. In beefa high energylevd upto slaugherresuts in anincreasen
heat-stuble collagenand a decreasen shearforce (Miller and Cross,1987;
Schnellet al., 1997). In a shearforce determiration the meatis heatedin a
controled way, and depenthg on the end-int temperatve the heat-stuble
collagen will no longer add to the shearforce. The effect of cross-Inking on
tendernss is, however not that clearcut any more, asit hasbeen(Purslow
1999).Looking acrossl2 beefmusles,a small correlationbetweenthe amount
of collagen andtencernessat —0.36wasseenbut within eachmuscle therewas
no sigrificant correlation(McKeith etal., 1985)andothersalsofind only aweak
correltion betwee the amaunt of collagen or the degres of cross-linking and
tendernas(Zgubic et al., 1998). The difference in tencernessaccording to age
or feedng strategymight therebre be dueto othervariatiors aswell.

A morphobgical analysis has denonstratedthat the architectureof the
intramugular connectivetissue in semitendinass was dominated by thick
collagen fibrils with parallel alignment, tightly bundledinto fibres running in
variousdirectiors. The fibres formeda tight network,which may predisposdor
tough med. A chamacteristicfeaturefor psoasmajor was thin collagen fibrils
more randanly distributed forming a criss-cras patten (Eggenet al., 2001).
The aspectf organsationof the collagen fibrils might therebre explainsone
of the differenceshbetweermusclesin tencernesgsatherthanthe degreeof cross-
linking. The useof collagen contentor degree of cross-linking asa raw meat
quality markermight thereforebereasonatd to sone degres acressmuscles, but
within a mugle it might be more opento discussbn.

8.3.3 Sarcomere length

The sarcomerdength of the meatdependsn the chilling andthe metaboism
post-mortem.If the temperatureof a muscleis below approximately10°C
beforethe onsetof rigor mortis cold shorteningcanoccur.Also stretchingof the
mugle before rigor mortis influences the sacomere lengh and longe
sarcomerdengthshavebeenfoundin semitendinosuandbicepsfemorisusing
pelvic suspensiorcomparedto achillessuspensioriMgller et al., 1987). The
sarcomerdength hasbeenshownin beefto correlatenegativelyto Warner-
Bratzlershearforce (Toscasetal. 1999).In a studyacrossmusclesn porkit has
beenshownthat a sarcomerdength above2um always implies tendermeat
whereatherfactorsinfluencethe tendernesat lower sarcomerdengths.This
could explainwhy somemuscledike semitendinosuarenot astoughasmight
have been expectedfrom the collagen content (Wheeleret al., 2000). The
sarcomerdength can be analysedby laser diffraction. It is importantto do
severaldetermination®n the samemuscleasthe sarcomerdengthnot only on
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differentslicesfrom the samemuscle butalsoon severakiteson the sameslice
(Honikel et al., 1986).

8.3.4 Enzymatic activity

It haslong beenknown that ageingthe meatincreasesthe tendernss. The
optimal lengh of agehg depend on the species— pork having a shorter
recanmendel ageing time than beef During the ageing period the protein
strucuresare degradedeginning with a diffusion of the Z-lines. Two enzyme
sysems are said to be involved in this tenderisdbn — the calpains and the
cathepsinsThe exactrole of thetwo enzymesystemsluringtenderisatian is still

a matterof discussionO’Halloran et al., 1997).

The calpainsare nonlysosorale enzynes. Betweentwo and four different
calpainsaredescribedlepenihg on speciegDrandield, 1999).In beefandpork
p-calpain and m-cabpain are expressedin the med cell. The u-calpan is
acivatedby ;M concentrationof Ca&* comparedto m-calpan thatis activaed
by mM concentrationsof Ca”. u-Calpain and not m-calpah is saidto be the
mog important enzyme during the tencerisation process (O’Halloran et al.,
1997; Dransfidd, 1999; Geeshk and Koohmaaie, 1999) even though mary
questons still remain (Drandield, 1999). The activity of the calpains during
ageng depend on the concentration of C&*, on the pH, and on the concen-
tration of their inhibitor calpasatin (O’Halloranet al., 1997).The propotion of
u-calpainto calpastah hasbeenshown to explain morethan50% of the change
in myofibrillar fragmentation index during conditioning but only 30% of the
changein shearforce during the sarre period (McDonaghand Oddy, 1997).

The cathepsinsarelysosomalenzymeswith alow pH optimum— betwea 2.0
and 6.5 (Ertbjerg, 1996). As the pH of the meat decreasg post mortem the
membraneof the lysosonesbecomedeaky andthe enzymesarereleasedEven
thouch mostfocus hasbeenon u-calpan othe investigations have shownthat
the cathepais also might contributeto tencerisation espe@lly whenthe pH of
the mea hasdroppel (Ertbjerg, 1996; O'Halloranet al., 1997).

The acivity of the proteolytic enzynes at slaugher dependson the growth
rateprior to slaugher. A high muscleproteinsynthesigpre-shughterandthereby
a high activity of the proteoltic enzymesin vivo could imply a fasterrate of
protein degralationpost-matem. This hypotesishasnot yet beenconfirmedor
rejeced (Thekildsen 1999).Howeve, recentstudiesin pork indicatethat this
relaionship existsandtherebre the activity of u-calpan prior to slaugheris a
raw meatqualty indicatorfor tendernesqTheikildsenet al., 2002).

8.3.5 pH and water-holding capacity

pH is an importantraw med quality indicator with respect to technological
quaity and influencesthe fresh meat eating qualty as well. A quadratic
connetion betweerpH andtenderngsandjuicinesshasbeendescritedin both
pork (Dransfiell et al., 1985) and beef (Cunmings et al., 1999) but the main
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connetion in both experments occured when pH was above6.0. In normal
meat— pH below 6.0 — therewas no influence of pH on either tendernss or
juiciness This was confirmedin a recen expeiment finding that eventhouch
meatwith a pH below 5.4 hada higherdrip lossthanmea with pH betwea 5.4
and 5.8 therewasno differencein juiciness(Aaslynget al., 2002). Evenin the
normal pH rangean effect on flavour can be expected The beefflavour in a
steakcookedto 60°C (rare) was significantly highe when pH was below 5.6
comparel to a pH aboveb5.6. This is dueto the fact that the Maillard readion,
which is respnsiblefor mary of the flavour conponentsis very depenént on
the pH (Tresslet al., 1989; Farnmer and Mottram, 1990; Meynier and Mottram,
1995; Madrugaand Mottram, 1995).

8.3.6 Colour

Colouris animportantraw med quality attribute asit influencesthe consumer
in the choice of meat. A too pale or too dark colour often meansthat the

consumerrejecs the med. The colour of fresh meatis a combindion of the

reflection due to proten denaturéion as a resut of the pH changeand the

concentration and oxidative staus of myodgobin. A fast pH fall early post

mortem resllts in a palecolourwhere& a high ultimate pH resultsin a dark, red

colour. Myoglobin is purple but oxidaion to oxymyoglobin gives a morered

colour that for mary consimes indicates freshress. During starage the

oxymyoglobin can further oxidise to metmyoglobin, which causesa brown

discolauring (Gutze et al., 1997).The rate of oxidaion depeng on the species
(Gutzke et al., 1997).

The colour of raw meatcanbe deteminedinstrumentally or visually (Hunt,
1991).In aninstrumentaldeterminatio the valuesa*, b* andL* aremeasued.
Fromthes variousothe chamacterisics canbe calculatedlike Hue angke, which
is usedfor distinguishingcolourfamiliesandchroma,which is the strengh of a
colour. a* represets the rednessof the mea and is very depenént on the
blooming time (Hunt, 1991). It is influencedby the pH of the meatbecase
oxidation and reduction processes of myoglobin are pH-dependent. In
comparson L* is independat of blooming time but still very depenént on
pH (Breweretal., 2001b). As about65% of the variationin L* canbe explaired
from variaionsin solubility of the sar@plasmaticproteins(Jooetal., 1999)L*
is a goodindicator of degreeof PSE/CFD (Breweret al., 2001b)

A visual determinatim of meat colour must be standadised using only
trainedassessar Various scaleshavebeenuseddependihg on the speciesand
on the exactpurposeof the study (Hunt, 1991).In pork a much-ugd scaleis the
Japancolour scale whereasvarious scalescan be usedin beef. In general
standads like photcs are very helpful both in calibraing the assessarand in
ensuringthat the scaledoesnot drift with time.
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8.4 Determining eating quality

The eatingquality of meatcanbe deternined both sensoily andinstrumertally.
In a consumettest, where consumes are askedif they like or dislike the meat
sanple, the hedont quality is descriled. For a more analyticd assessmera
trained sensoy panelcanbe used.A desciptive anal/sis— a profiling — canbe
performed in different ways but in general, attributes are described
guanttatively asking the question ‘How intensive is this attribute in this
sanple?’. The attributes cover appeaance,texture andflavour. By training the
assasorsit is possble to do this analyss objectively (Murray et al., 2001).

As meatis normaly eaen warm the meatin a sensoryprofiling is served
heaed aswell. This presern a challengeto the sensoy laboratoryasthe meat
sanplespresntedto all assessamustread) the sameend-pointtemperatire at
the sametime and be sened in a very standadised way. Furthermore, a
biological variation canbe found in texturenot only betweea two slicesof the
same mu<le but evenwithin a single slice of the musle. This emphasiseghe
importanceof very stendardisel procaduresfor slicing andsening of the med.

In a sensory profile appearance, texture and flavour are determined
simultaneousyf onthe sane slice of meat.Thisis not possiblein aninstrumental
anaysis. Texture canbe determired by a shearforce analysis.A meda sampleis
cookedin a standarésedway andthe necessaryorce requiredto cut the meatto
agiven extentis regisered.Diff erenttypesof knives aswell asdifferentwaysof
cutting the meat, e.g. until 80% conmpression,can be used. The correlation
betwea a shearforce analyss and tencernessassessedy a sensoy panel
depend both on the experimenal condtions during the shearforce anaysis
(Tornbergand Goransson;1994; Tornbeg, 1996)andon the cooking procedure
usedfor the meatfor the sensoy panel(Aaslynget al., 2001).

Flavaur can be determired by GC-MS or GC-O analysis.In a GC-MS
analsis the composiion of volatile componerg in the meat headpace is
identified andquantfied. To translatethis knowledge to an undestandirg of the
flavour requires that somekey compment of the flavour be known. As meat
flavour is a conplex mix of manycomponentsthis is rather difficult. In a GC-O
analsisan assessosniffs at the effluent of the GC andregisterswvhenan odour
is apparentin this way the mog flavour-potentcomponerg can be picked out
facilitating the interpretaion of the GC-MS data(Grosd, 2001).

8.5 Sampling procedure

The analsis of a raw meatindicator in a sanple is often usedto predict the
staus of the whole muscle or even of the whole carcassThereis howewer a
variation bothwithin a mu<le, betwee muslesandbetwee animalsandcare
mug betakenin a predicion from oneanalysis.Figure 8.1 showstwo slicesof
LD of beeffrom two differentanimals.The first slice is from the 11th thoracic
verteba. At this positionthe amaunt of fat marbing is very different betwee
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Fig. 8.1 Fatmarblingin two slicesfrom two differentbeefs.(a) animall, 11ththoracic
vertebra,(b) animal 2, 11th thoracicvertebra,(c) animal 1, 13th thoracicvertebra,(d)
animal 2, 13th thoracicvertebra(from N. T. Madsen,DanishMeat Researchnstitute).

the two animals.The secom slice is from the 13th thoracic vertebraonly 8 cm
awayfrom thefirst slice. At this postion the differencebetweerthetwo animak
is much smadler. If the differencebetwea the two animalsin fat marbing was
determired from only one samplethe answer would very much dependon the
samplingsite.

The effect of sampling site when determiring drip loss in pork has been
investigaed.Ontheleft loin thedrip losswasdetermned usingthe EZ-drip loss
methodwhere betwea one and three cylindrical cuts, 25mmin diameer and
25mmthick wereused.Theright loin (LD) wasslicedaswell andthe drip loss
was determired on the whole slicesusing the bag methodto simulatk the drip
lossseenwhen a butcheris slicing the loin for sale.The resuts showed that a
correhltion betwea one EZ-drip loss deternmination and the whole drip of the
otherloin was0.9.In this caseonedrip losssampleof LD wasrepresatativefor
the whole muscle(Christensa, 2002).

Looking acrossmustlesit is evenmoredifficult to predictthe meatqualty
from one sampleof one muscle LD is often used as the sampling muscle
becawseit is of econom¢ importanceandbecaseit is along muscle andeasyto
sample The variafon in tencernessof beef assessedy a sensoy panelis
however larger in LD than in four othe muscles(Wheeler et al., 2000).
Furthernore,therelaionshipbetwee LD andothermusclesin tenderness not
constant(Wheeleret al., 2000)—- andfor sone muslesthe correltion is very
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low (Matthews et al., 1998). The LD mustle therebre cannotbe usedto predict
the tencernessof othea muscles Whendecidirg wherea sanple for an analysis
is taken, it is therebre very important to considerwhat is the aim of the
sanpling and not to conclude more than actually possiblefrom this sample

8.6 Future trends

The future demandson raw meatquality reflect the useof the meat. Two key
words exist: ‘uniformity’ and‘variety’. A future trendis the demandfor alarge
amaunt of meatwith a uniform raw mea quality for further processig. This
makes it importantthat the raw mea quality can be predictedor deternined
early—if possble beforethe chilling begns. Anotherfuture trendis the demand
for a greater variety in smaller amounts espedally for the fredh meat
consunption market. This makes it important that the raw mea quality can
be controled in orderto designa specific quality.
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9

Sensory analysis of meat
G. R. Nute, University of Bristol

9.1 Introduction

The science of sensory analysis is relatively young when compared with the
traditional sciences such as physics and chemistry. An early systematic sensory
test was the triangular testifca 1940) which was used in Scandinavian
countries. Parallel development was also in progress in the USA at about this
time. The first book on sensory analysis was written by TilgrierPolish and

this text was later translated into Czech, Hungarian and Russian. The second
book on sensory analysis was written in Japanese (Masuyama and Rliura),
whilst the third textbook, which most sensory analysts will recognise, was that
published by Amerine, Pangborn and Roes3l&his book was based on the
lectures given at The University of California at Davis as part of their Food
Science course programme. A very practical book by Jelffiniskuseful for
teaching, and contains what are in effect menus of how to set up basic training
courses as an introduction to sensory analysis. More recent books such as that by
Meilgaard, Civille and Carrbuild upon previous works and include applications

of difference tests that have been developed in the intervening period.

Sensory analysis is very much an interdisciplinary subject and the
aforementioned works cover in some detail the basis of human sensory
perception related to thresholds of determination of basic tastes, the variance in
individual sensory response and some examples of experimental design. The
importance of good experimental design cannot be overemphasised in sensory
experiments. Two useful texts are those published by Cochran and &ox,
general statistics book on experimental design, and that by Gacula, Jr and
Singh! a statistics book aimed more specifically at sensory analysts. Many of
the procedures used in sensory analysis are applicable to many different food
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items, including mea. This chapter will outline the method used in the
recrutment of sensoy assessorsypes of panelandtraining relatedspecificdly
to meatandwherepossibk publishedexanplesof wherethe different typesof
teds havebeenusedin meatresearb.

9.2 The sensorypanel

As far asthe sensoy analystis concernegdsensoy assasorsare effectivdy the
instrumentsusedto deteminethe sensonattributesof afooditem. Thefirst step
in sensoryanalysisis to assenble a panel Thereis the option of using membes
of stdf if therearesufficient numkersavailable If this optionis chose, it will
be necessaryo impressuponline manages andindividuals thatit is anessatial
partof their dutiesto attendpanelsessionsThe disadvantageof this apprachis
that, whilst a consideable amaunt of time and effort is devoed to timetabling
the ses®nsto ensureeveryoneis available therecanstill be problens of non-
attendace at panels.This raisesthe issue of misshg data which is a major
problem in meattastingif it hastaken up to two yearsto produe an animal.
Thereis alsotherelatedproblemof pre-conditoning the panel.This canoccurin
smdl companésandresearh groupswherethe assesorshavea good idea of
what the researber is working on.

An altemativeto the in-house panelis the recuitment of an externa panel.
Thesepeoplearepaidto attendsessiongndoftenrecave a bonusto encourage
full attendace. The advantage and disadvanagesof this type of panelhave
beenaddressedby Nally® who descrieshow they operde andtheir costs.Same
of the sectonson termsandcondtions of emgoymentgivenin herpaperdo not
appl in the Euro zone.The advantageof this type of panelis that the sensory
analst cantake moretime to train the panel,andhold disaussionsfor profiling
without having to curtaill sessions because assessors have other work
commitments. The assessarare relaxed becase their job is soldy to attend
the panelsessionsThe disadvanageof this type of panelis theinitial effort in
advetising and setting up screenng ses#ns for potertial assssorsand the
further training that occurswith meat. When assessarleavethere is often no
quick way of recruting assessarunlessa reservelist of pre-sceenedassssors
is keptandit remainsavaiable.

9.2.1 Screeningcriteria and training

Paential sensoy assssorsare requirad to underg a seriesof screenng teds.
These procedure have beendocunentedby various standads organisations,
notably The British Standards Institution (BSl), The International
Standrdisaton Organsation (ISO) and The American Society for Testing
Materials (ASTM). All thes organiséions publish methodsfor selectingand
training sensoy assessorand give details of how to estabish the basictage
acuty of assessar As an exampe, assessarcanbe screenedaccording to the
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methodsoutlinedin the relevar BSI standad: BS 7667, Part1.° This Standird
outlines the methodsof assessingn individual's ability to taste,assessand
descrile odours assessand descrite textures.Theseprocedurs will highlight
any individualsthat are unlikely to be efficient sensoy assessa: Whenthes
testshavebeencompldaed it will be necessarto starttraining with meat. The
methodsoutlined by Crosset al.'° for basic training in meat are usefil in
training assessa: Their methodsare basedon utilising resarch resultsthat
showvariatiors in sensoy attributes. Howeve, with the adventof BSE in the
UK, it is no longe possibé to usesteaksrom animak over 30 monts of ageas
exampeks, and consguenty it has beennecesary to modify some of their
suggeted materids and methods

9.2.2 Using samplesin training

It is particularly importantto preparesample carefuly when training assessar
and assessig consitency of performane. A usefu procedue for produdng
rangesof texture, juicinessand flavour in pork, for exanple, is to follow the
methodsoutlinedby WoodandNute** The proceduresarebasedon varyingthe
endpoirn cookingtempeatureof pork steaks. Threeendpointtempeatureswere
used:65°C,72.5°Cand80°C.The steakq1.90an) werecutin triplicate to create
a seriesof uniform samplesan importantaspectin reducingvariaion. Eight-
point categoy scaleswere usedfor texture, juicinessand flavour where:

1=extrenely tough, extrenely dry, extremey wesk
2=very tough very dry, very wes&k

3 =modeaately tough, modeately dry, moderagely weak
4=slightly tough slighty dry, slighty weak

5=slightly tender,slightly juicy, slightly strong

6 = modeately tender,modeately juicy, moderatelystrong
7 =very tencer, very juicy, very strong

8 = extrenely tender,extrenely juicy, extremely strong

Analyss of varianes revealedhighly significant (p < 0.001) differences in
texture related to endpont tempeature. Therewere mears of 5.1, 4.5, 4.2 for
65°C, 72.5°Cand 80°C respectivdy, with a standarderror of the difference of
means(s.e.d)of 0.153.Mears for juicinesswere 5.0, 4.3, 3.5 at 65°C 72.5°C
80°Crespectively. Meansfor pork flavour intensitywere 3.4, 3.5, 4.1 at 65°C
72.5°Cand80°C respectivéy. This apprachwastestedusingdifferent soures
of pigs andwasfoundto be consistenin all cases.

The assesmenbf beefusesprocedure basedon modifying the condtioning
period.To produ@ anexampe of extremetougmessit is necessarto removea
section of hot m.longissimusdorsi, vacuumpack and immedigely plungeinto
iced water, followed by blag freezing at —40°C To producetender beef, it is
necessar to vacuumpack a section of m.longissimusdorsi and condition at
+1°C for 20 days. Extrerrely tencer beef can be produed by using m.pas
major, vacuumpacking and conditioning for 10 daysat +1°C. Dransfidd,*? has
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publisheda study in which instrumental toughnessvas measued in 18 beef
muslesandheatedn a watebathto 60°C,75°C and90°C Theseresultscanbe
usedto produe further exampés of toughnessvhen training assssors.

9.2.3 General conditions for the assesment of samples

To condut effectivesensoy panelsassessameedto befree of distractionsand
the teds shoul be carried out in a specialroom in which thereis controled
lighting andgoodventilaion. Assessrs shouldbe seatedht separas booths and
shoutl not be able to commuricate with eachothe during the assessents.
Sampes of food should be uniform in size and of the sametempegture at
sening. Theyshoul be codedby a randomthree-digitnumber andpresntedin

cleanodour-freecontairers.If morethanonesampleis to be assessedhencare
is neededto ensurethat the assessardo not receivethe samplesin the same
order, since this will introduce a bias. Assessorsare instructed to rinse their
moutsout with waterbetwea eachsampleto removeall tracesof the previous
sanple.

9.3 Sensorytests
There are a rangeof differenttypesof test:

» differencetests

* pairedcomparisortests

* triangular tests

» altemative forced choiceB-AFC tests
* duo-tio teds

e ‘A~ notA’ test

e rankingtests

* two from five test.

9.3.1 Difference tests

Diff erenceteds areteds where the assessois presenedwith a choice situatio,

i.e., askedto selectthe odd sanple or match the sampleto a referencefor

exanple. A generalconsideation when using differenceteds for mea is to
undestandthe variane@sthat occurnaturallyin meatandthe conplications that
arisein the interpretationof theresults.It is importantnot to biasthe test. This

means that, when presening samplesijt is necessarto ensurethatthe sanples
areatthe sametempenture,cut the samesize,presentedn the sane way and, if

colour differences are presentpresenthe sample underredlight to mas these
effects.
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9.3.2 Paired comparison tests (BS5929part2: 1982,1SO 54%)"3

The paired comparisontest is used to determire difference or preferences
betwea two sample for a specified attribute, e.g., tougher or more tender.
Thesedifferenceanay be direcional or non-directional. A typical questia in a

directioral test would be: ‘Which sampleis more tender? Here the method
requires at leastsevenexpets or 20 selectedassessar. A typical questionfor a

non-directional test would be: ‘Which of thesetwo meat sanples do you

prefer?. Directional tests are one-sided (one-tailed tests) whereas non-

directioral testsare two-sidal (two-tailed tests).It is necesaryto balance the

orderof presentatiorof samplesA andB asshown in Table9.1. Sincethe BSI/

ISO standad was publishel, further work on the operationof the test was
publishel by Thieme and O’'Mahony* They suggeted that if assessarwere
exposel to the rangeof sampledikely to be encounteredin the test, thenthe

warmed-uppairedcomparisonwasthe mostsensiive tes compare to the duo-

trio and‘A’ ‘not A’ test.

An investigaton into the influenceof a decontanmation methodusinglactic
acid on broilers wasconduded by Van der Marel 1° Broilersweresubmergdin
1% (v/v) lactic acid for 15s, pH 2.4, 15°C at three stages during processig.
Carcaseswere then stored for two days after which samplesof thigh and
drumstick were removedand then grilled for 30 minutes. Control andtreaed
sample were preentedas a pair to eachassasor (12 assessartook part, 4
paired comparisos each)who were askedwhich samplethey preferred.This
applicaion (pooling replicae resuts) of the paired comparisonwas a non-
directioral test and the expectednumkber of choicesin a particula direction
would be 32/48 In this casetherewere26 responses the controldirectionand
22 in the treated direction The assumptia is that using lactic acid as a
decontanmant would not be detectedby a trainedpanel.

Table 9.1 Presentatiorof samplesn directionaland non-directionalpreferencetests

Directional test Non-directional
Preferenceest
Assessor Presentatiororder Presentatiororder
Setl Set2 Setl Set2
1 AB BA AB AA
2 BA BA BB BA
3 BA AB BA AB
4 AB AB AB BA
5 BA AB AA BB
6 AB BA BB AA
7 AB AB AB BB
8 BA BA AA AB
9 BA AB BB AB
10 BA BA AA BA
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9.3.3 Triangular tests(BS5929:pat3:1984, ISO 4120-1983)'°

In triangular teds, three codedsamplesare preentedsimultaneous}, of which
two are the same and one is different Assesers are askedto selectthe odd
sanple. All six conmbinations are sened (ABB,AAB,ABA,BAA,BBA,BAB).
Same assassorswill recave two samplesof A andone of B, whilst otherswill
recave two samplesof B and one of A. If the number of assessorss not a
multiple of six thenit is necessaryo presentthe six setsto eachassessoon
severl occasons. The probaility of selecing the correctodd sampleby chance
alore is 1/3. To analse the test resuts, the numker of correctreplies at the
agre=d level of probaility is comparedwith thos in the referencetable and
checled to seeif the numter of correctreplies exceedsthat in the table of
probaility where p=1/3. If the numtler is exceeled than the samplesare
significantly different

In testson mea it is usualy not sufficient to assumethat the difference
betwea a pair of treatmatswill be consistenficrassall animalsandtreatments
andusuallythe testis repeatd usingdifferent pairsof animals.The questio of
whether it is permisible to combine the resuts of triangular tests has been
disaussedby Kunert and Meynas'” who staed that, if the expeiment was
propely randamisedand controlled, thenthe assessmestare independen and
have a successprobaility of p=1/3. Therefore, the sum of all correct
judgementsis binomial and the paraneter p =1/3 applies. This fulfils the
criteria for the null hypothesis where A = B, i.e., no differenceacrass n
replications.

Daaemontand Sauvaget'® havereportal that, in sone specfic areasit is
good methowlogical practice to apply replications in triangular tests. This
apprachwasappliedby Dransfieldetal.'®in a studyof bull versus steermed.
In anattemptto reduce variation betwe@ animals,pairsof twin bulls (dizygoug
were obtainedand one of the pair castatedat 80 days.Four different cooking
procedures were used: roasting, casserole, mince and grilling using
m.longissimus dorsi, m.suprapinatis, m.gastocnemius and m.pas major
respectively. The results showed that bull meat could be significantly
distinguishedfrom steermea. Later work by Dransfidd et al.?° on twin lambs
from two different breeds,Dorset Down and Sufolk crossesand comparing
entires andcastraes,showedthat 52/106assesmentdifferentiatedthe sexesn
the DorsetDown comparisorand 49/110in Sufolk crosses.Both resultswere
sigrificant (p <0.001) In trials on lamb from the same expeiment, but
unpared and using standad attribute tasting,no sigrificant differencebetweea
ram and castrae lamb was obsewed. The inferenceis that, in the highly
contolled twin situafon, there is sone difference that enabledassessorso
idertify ram from castrae, but this differencecould not be establisled in the
unreltedlamb sysem often encounteed in sensorytesting. It is importantto
remenberthatthetriangula teg is usedfor differenceonly, it is not permissble
to askassessarto idertify the ‘odd’ sampleon somecriteria, e.g.,flavour.
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9.3.4 Alter native forced choice,3 — AFC?*

Thisted is similar in theway sample arepreentedto thatof thetriangular test
with oneimportantdifference:the ‘odd’ sanple is alwaysthe samethroughout
the test. The probaility of sekctingthe ‘odd’ sampleis still p = 1/3. This test
hasappicationsfor estimatingthe sensoy thresholdof individualsand groups
of assesors.This apprach hasbeensuccessflly utilised in studes on ‘Boar
taint’ by Annor-Fremponget al.?? incorpoating the ascendig methodof limits
methodin conjunctionwith 3-AFC. Using a modé sysemin which individual
sample of andrastenoneandskatolewereusedin a neutrallipid baseassessar
wereaskedo sniff the samplesandindicatethe ‘odd’ sanple. The concentation
on subsguenttestswas gradwally increa®d in the ‘odd’ sampleuntil it was
deteced. This appraachwassuccessfl in showng how individual respnsesto
andrestenoneandskable varied.It alsoenableda groupthreshodl respnseto be
estabished, effectively the sensitivity thresholdof the panelasa whole.

The range of sensitvity of individual assessar varied from 0.018 to
0.143ugg " for skable with a group threshotl of 0.026.gg %, and 0.25 to
1.000ugg* for androsteonewith a group esimate of 0.426ugg™*. In both
series of trials, two different individuals had very low thresholds for
andrastenoneand skatoleand were excluded from further trials. Inclusion of
thesesuper-sensive individualswould influenceany panelted for usingthes
compounds. Including non-nsitive assasorsin a paneljust to make up the
numkersalso preentsa problem. Thesesituatians highlight the needto screen
assessarbeforecommencinga sensonytrial, particularly whenthe responsdo
anindividual threshotl for a compoundis unknown.

9.3.5 Duo-trio test (BS5929Part 8:1992; ISO 10399,1991%3

The duo-trio test is an intermedate betweenthe duo (paired) and the trio
(triangular) teg andis statisticdly lesspowerfulthanthetriange ted. In thistest
the assssorrecaves one samplemarkedas a referance sanple and two othe
codedsampes and are askedwhich of the two sanples matche the reference
sample The probaility of selectingthe correctsampleby chane is 1/2. The
preserdtion orderfor the duo-tio teg is shownin Table 9.2.

Studieson the influence of chilling method,eitherwateror brine chilled, on
theeatng quality of chickenbreastandthigh meatswereinvestigatedby Janke
and Salmar?* They usedthe duo-trio approachand gave betwea 20 and 25
assessarsanplesof deepfried chickenpieces Assessrswereableto detectthe
difference betwee chicken piecesfrom the two chilling treatmentsin both
breastand thigh meats.Instrumenal sheartestsdid not reveal this difference
althoughit was thoucht that textural differenceswould be the likely outcome
from the chilling treaments.

9.3.6 ‘A-'n ot A’ test (BS5929:pat5:1988)>°
This testis usedfor evaluaing samplesavingvariaionsin appearane(whenit
is diffi cult to obtain strictly idertical repeatsamples)lt canbe alsousedasa
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Table 9.2 Presentatiororder for the duo-trio test

Constantreferencetechnique
SampleA is the referencesample

Presentatiororder
Assessor Setl Set2
1 R AB R BA
2 R BA R BA
3 R AB R AB
4 R BA R AB
5 R AB R AB
6 R BA R AB
7 R AB R BA
8 R BA R BA
9 R AB R AB
10 R BA R AB
11 R AB R BA
12 R BA R BA
Balancedreferencetechnique*
Presentatiororder

Assessor Setl Set?2
1 R AB RE® AB
2 R BA R® BA
3 R* AB R® AB
4 R BA R® BA
5 R* AB RE AB
6 R® BA RA BA
7 RE AB R AB
8 R® BA R* BA
9 RE AB R AB
10 R® BA RA BA
12 RE BA R* BA

* Sometimegeferredto asthe ‘alternatingreferencetechnique’.

perception test, to determire the sensilvity of an assessorto a stimulus.
Assessorsare askedto look, smell, touch or taste sample A and remember
everything aboutthe sanple. The sanple is thenremovedand replacedwith a
numker of sanples, (in sore US textbools, both ‘A’ and’not A’ sample are
presented).The numkersof ‘A’ and‘not A’ sample presentéd are unknown as
far astheassessas concened.Howeve, it is convenentto balancethe numker
of ‘A’ and‘not A’ samplessothat,insteal of calculatng the chi-squae, p = 1/2
tablescanbe usedto investigatedifferencesHoweve, it is importantto addthe
numker of correct resultswhen ‘A’ is recognigd to the number of the correct
resuts for ‘not A’. It is thetotal numkber of correctresponsesheckedagainsthe
total numkber of respnsesthat are usedwhenusing p = 1/2 tables
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If using the chi-squaed test apprach then the resuts from the test are
recordedfor eachsanple andusedto constuct a 2 x 2 coningencytable. The
numter of correctandincorrectrespnsesdetermire whether ‘A’ is recognigd
in a differentway to ‘not A’. Corsiderwhen a particular ingredientis usedin a
meatproductand,for commercialrea®ns,it is necesaryto changesuppligs of
this ingredient. The manufactuer wishesto know whethe the replacenent
ingredient canbeidentified from the origind. Twerty assssorstake partin the
testandaregiven five sampleof ‘A’ andfive sample of ‘Not A’. The orderof
presenation is given below:

Asseser Sampe presenation order
lto5 AABBABABBA
6to 10 BABAABAABB
11to 15 ABABBABBAA
16to 20 BBAABABAAB

Havingcompletedhetest,theresultsareassembleéhto a2 x 2 contingencytable:

Sampleidertified as Samplepreented Total

‘A ‘Not A’
‘A 60 35 95
‘Not A’ 40 65 105
Total 100 100 200

The chi-squaied index is calculated using the expression:

2
2 _ (Eo—- &)
X? = .XJ: E

whereEo is the obseved numterin boxi,j (in whichi is the numker of therow
andj is the numker of the column); E; is the theaetical numberin the sane box
given by the ratio of the produa of the numberfrom the row and the number
from the columnto the total numter. In this casethe X? index is 12.53 andthe
critical value 3.84 at 5% probaility. Therdore in this casethereis a sigrificant
differencebetweenthe origind ingredientand the replacenent.

9.3.7 Ranking tests (BS5929part 6 1989:1SO 8587:1988Y°
Rankirg teds are concened with putting sample in order accordng to the
strengthof stimuluspereived.Rankirg testshavethe advantagehat more than
two sample canbe comparedat the sametime, whereasonly two sanplescan
be comparedin difference tests. Howeve, the disadvanage is that inexact
results can be obtaned if the differences are very smdl or the sample
themséves havewide variationsbetwea them.In this ted, assssorsarelikely
to suffer from sensoryfatigueandthis limit s the usefulnesof this testfor meat.
Assesers evaluatea numberof sample in randan order and are askedto
place them in rank order basedupon a specfied criterion. Assesers are
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instructed to avoid tied rankings wherepossibk. Resuts are then collated and
theranksunsfor individualsamplesalculatd.For anoverallcomparsonof all
the sanplesthe FriedmanvalueF is calculatedusingthe following formula:
12 2 2 2
NGRS (RR1+R2+RP)-3J(P+1)

where J is the numkber of assesors P is the numberof samplesandR,, R, are
theranksuns givento P sanplesfor J assessordf F is equalor greaterthanthe
critical value correspading to the number of assessa, the numberof sanples
andthe sekctedlevel of significance,it canbe concludedhatthereis anoverall
differencebetwea the sanples.

If anoverdl differencehasbeenestblishedbetweensample, theranksums
of each samplecan be usedto identify the significant differences betwee
sanple pairs asfollows. Let i andj be the sampleswith R; and R; their rank
suns. Using the normal approimation, the two sample are different if:

PP + 1)
6

IR —Rj| > 1.960 for 5% leve of probability

Degite the problemof sensoy fatiguethere arestill opporunitiesto useranking
teds in the mea area.Shead et al.?” investigatedthe factors that affect the
‘w hite exudag’ from cookedbacon.A rangeof 20 photograjs were takenof
the different levels of exudate from bacon and assessors ranked these
photayrapts in order of increasingexudae. The resultsrevealeddifferences
betwea dry cured, Wiltshire untempeed and rapid untempeed, Wiltshire
tempeed andrapid tempeed bacon.The dry cured baconhadthe least exudate
and the rapid temperedbaconthe mog. A secom expeiment examnining just
Wilt shireandrapid curing methodson loins from the samepig showedthat the
Wilt shire methodhadthe least exudateand the rapid methodthe mog.

9.3.8 Two from five test®

This is ageneralifferencetes which canbe moreefficient statisticdly thanthe

triangular testsincethe probability of correcty guessinghe two odd sampless

1/10 conparedto the triangular testand paired conparisonwhich are 1/3 and

1/2 respectivey. Unfortunatey thetwo from five testcanbe affectedby sensory
fatigue and this should be taken into constderation before this procelure is

sekcted.The testconsiss of presening assessawith five samplesvherethree
of the sample are A andtwo areB or threeare A andtwo areB. Thereare 20

possble combindions of two from five sanplesasshownbelow:

AAABB ABABA BBBAA BABAB
AABAB BAABA BBABA ABBAB
ABAAB ABBAA BABBA BAABB
BAAAB BABAA ABBBA ABABB
AABBA BBAAA BBAAB AABBB
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If thenumberof assessorarelessthantwenty it is importantto selectat randan
from the above combindions, ensuing that there are an equal numter of
combindions that contain three As and three Bs. Howeve, it has not been
possibe to find any applicatims of this testbeing usedin meatscience

9.4 Category scales

Cate@ry scalesareoftenusedto ratea numberof differentstimuli, e.g.,texture,
flavour andjuiciness.They havethe advanagethatthey areeasyto useandcan
covera numter of attributes,aswell asup to six sample in a ses®n. For the
test to be succesful it is necessar to have good experimenal design. The
resultscanthenbe analysed,for exanple, using analysis of variane techniques
to establishthe differencesbetwee and within the sample. The use of thes
typesof categoy scaless uselil for determiring the grossdifference in eating
quality andis frequently usedin animal production experinments that require
sensoy data Howeve, this apprach may not yield sufficient informaton if

thereis a needto identify theindividual chalcteristic of afood, in which case
it is necessaryo derivea profile of thefood. Thereis oftendebateon how mary

scalepointsshoul be usedin a categoy testandwhethe the categoryapprach
is the mog efficient in terms of reproducibility and discriminaton. Work by
Lawless andMalone?® examired four typesof rating scalesnine-pointcategoy

scalesline marking, magnitudeestmation anda hybrid categoy andline scale.
They showedthat all methodswereableto find significart differences betwee

produds. However, category scaleshad a small advantageover the othe

methods

The term ‘rating’ hasbeenintroduced as against'scoring’. Thesetermsare
often interchangedin sensoy expeiments on meat, but there are important
differences betwea the two terms. Lawless and Malone®™® comparel ratings
scales for their sensitivity, replication and relative measurements. They
concludedthatthatin spite of the small physical differences within the samples
givento assessa; assessorgsedwide rangeswithin the scalesThis concluson
suppots the view that rating scalesare relative. The term ‘scoring’ hasoften
beenusedin sensoy analysisof meatbecausenuchwork on med hasinvolved
carcasgyradingandjudging. In thesescenaios it hasbeenpossibé to produe
photagyraphicstandads depicting the variousdifferencesbetweenthe catgories
andthenallocae a scoe. In mea tastingthisis very diffi cult to achievebecase
of the difficulty of reproduchg exanples of meat at each scale point in a
categoy scak.

Thereis a furtheraspecto constderon whether assssorsareaskedto rateor
score a sample and this concerns the relationship between a physical
measuement produed by an instrument and a psychdogical or sensoy
impressiongiven by an assesor.An instrumert that gave different values on
different days for the sane measuementwould be quickly disregaded or
repaied. Treatinga sensorypanelas an instrument of measurementhasat its
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heat a belief that a particula point on a scaleof physical measurementwill
always be associged with a physical stimulus in an assssor>* Psychologial
impressionsdependon a numker of factors related to the othe sample preent
in the testandthe stimulusthatthey geneatein the assessoiThey alsodepend
ontheintensityof the stimulusnot reachirg the point whererespnseadaptation
occus i.e., the point at which an increasingintensty of the stimulus doesnot
evokean impressionof increasng responsein the assessot-

In meat scienceexperiments,where the interest is in the major changes
that occur, category scalesare widely usedand there are many examplesof
their application In a study on the influence of breed,feed and conditioning
time in pork, Wood et al.®® usal eight-point caiegory scalesto show that
condifoning time affectedthe tendenessof pork, with ten-dayconditioning
producing moretender pork than one-day conditoning. Pork flavour wasalso
increased after ten days and abnormal flavour decreasedBreed effects
showedthat Durocs had more pork flavour than Large Whites. In a study by
Shard et al.>* on polyphosphateinjection at 3% and 5% concetration in
pork, eight-pont categoryscaleswere usedby a panelof ten assesarsto rate
tencerness juiciness, pork flavour intensity and abnomal flavour intensity.
Theresultsshowedthat tendernesincreasedvith increasingconcentation of
polyphosghate. Juiciness also incresed with concentation to 3%, but
increasing concentration beyond 3% did not increa® juiciness perception.
Pork flavour intensity deceasedwith increasing concentation of poly-
phosphate.The resporseswere similar in pork from both entires andfemales
usal in this trial.

9.5 Sensoryprofile methodsand comparisonswith
instrum ental measurenents

Thereare variousways of carrying out descriptiveanalyss of foods. Thereare
two basicmethodsof profiling: fix ed-choiceprofiling andfree-choiceprofiling.
In the fixed-choicemethod,the assessoreachdevelopa vocabularyto describe
the food undertest. One of the assessoractsaspanelleaderandtheir taskis to
discussthe words generatedby the other assessorsso that a consensugan be
agreed The agreedsetof descriptorss thenused to describethe food. The free-
choice methodinvolves the assessordeing given the likely rangeof samples
during anumberof training sessiongo detive a profile thatis uniqueto them.The
assasorsthenusethis profile to describethe foodsin the experimentln both of
thee methodsijt is importantthat the experimentsaarewell designedstatistically
since, if theyarenot, it is unlikely that mearingful resultswill be obtained.
The relationship betwee sensoy and instrumental resultsis an area of
constderableinterest Relating the two is particulaly importantin suchareasas
new productdevelopment Sensoryanalyss can help setthe paranetersfor a
new formulation, but instrumental measuremats are needel to devebp and
ensue consisent productquality. Nute et al.>® have explored the relationship
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betwea the sensoy characeristics of ham and produd¢ composiion. In this
work 52 hamsample were obtainal and subjectedo sensoy andinstrumental
analyss. The hans were subdvided into three groups traditional, moden
tumbled and massagedams, and cannedhams.A generaldesciptive profile
covering appearane, texture and flavour was developed The study used a
methodof staistical analysisknown asGeneréised ProciustesAnalyss (GPA),
origindly descibed by Gower>® where the methodsof assessat usageof
scalesaretakeninto account in the analyss. There are basicaly threestepsin
GPA analyss:

1. Trandation. This is a methodof standadising the meanratings for each
assasorfor eachattribute. This effectivdy removesthe variation betwee
assesorslocationsalong an adjectval scale.

2. Rotaton/reflecion. This takes account of assessa' usageof different
adjectives to asses the samesensoy stimulus A good exampe is the
confusion betwea the terms ‘bitter’ and ‘astringent’ as documengd by
Langran.®’

3. Scalng. The overall variaion amag sample rated by eachassssoris
stendardisecandremoveghe effectof assessarating over differentranges
of the adjectivd scales.

In this particular experimentall three steps were highly signficant and
demongtatedthe effectivenesof GPA asdetermined by a procruseananalyss
of variance.It shoull be mentionedthat the calcultion of the degreesof
freedomis differentfrom anormal ANOVA. With A assesorsandD descrifiive
adjectves, the degreesof freedomare; D(A-1)for transhtion, A-1 for scalirg
and D(A-1)(D-1) for rotationteflection.

Theoverdl concusionshowedhatthefirst principal axisaccountedfor 33%
of thetotal variationandwasa contras betwea gelatinousappearaneandfirm
texture. The seconl principal axis, accownting for 17% of the variation, was
relatedto the appeaanceand flavour of the productswhilst the third principal
axis was relatedto colour, fatnessand saltiness Examining the relaionship
betwe& mechantal andsensornpropeties showedthatfirmnessincreagd with
shearstrength,and that gelatinousand plastic appeaance was relatedto the
amountof boundwaterin the hams.

In studes on the effects of fatty acid composiion andits effect on eating
quality, Fishe et al.>® showedthat the flavour of meatfrom lambsconprising
WelshMountain, Saay, Suffok off grassand Suffok off concentratescould be
characerisedusingaflavour profile. A profile containng 12 specfic descrigors
for flavour and five genenl desciptors adaptedfrom categoy scalesand
convertel to line scalesvasdevebped.Lambmeatfrom Soaywaschaiacterised
by significantly highervaluesfor ‘livery ‘and ‘fishy’ flavours.Otherdifferences
betwea the lambbreedswvererelatedto the differencedbetwea thoselambson
foragesystemscompare with thoseon concentrate systems.

Savageet al.*° studed the changesthat occur in adhe#on betwea meat
piecesusing different concentrationsof a crude myosin solution. Mechanical
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Table 9.3 Line scalesusedin a texture profile of restructuredbeef steaks(eachline
100mm in length)

Descriptor Anchor points

Tactile Left point Right point
Firmnesson cutting Nil Extreme
Crumblinesson cutting Nil Extreme
Fibrousparticleson cutting Nil Extreme

Eating
Rubberiness Non-rubbery Rubbery
Easeof fragmentation Cohesive Readily separating
Degreeof comminution Coarse Fine
Tenderness Extremelytough Extremelytender
Moistness Dry Wet

Table 9.4 Effect of addedmyosinon the sensoryattributesof meatproducts

% addedmyosin signf. Isd
Sensorypanel 0 175 35 525 7.0
Tactile
Firmnesson cutting 50.5 57.5 61.0 64.5 68.7 *** 472
Crumblinesson cutting 35.0 171 141 113 85 ** 41
Fibrousparticleson cutting 26.2 20.4 18.1 182 156 *** 35
Eating
Rubberiness 49.3 48.9 53.6 59.4 60.0 ** 45
Easeof fragmentation 61.0 55.7 50.6 43.7 43.4 *** 42
Degreeof comminution 48,5 50.6 50.6 47.3 49.6 ns. 4.0
Tenderness 60.4 61.6 60.7 56.4 56.4 ** 3.5
Moistness 50.3 57.9 58.1 58.8 56.1 ** 4.7

Isd= leastsignificantdifference;n.s.= not significant
** =p<0.01;* =p<0.001.

teds hadestabishedthatit waspossibe to measue differencesin total adhegve
strengh, butwha wasrequired wasa desciption of howthiswasperceivedoy a
trained sensoy panel A fixed profile using the descrigors shown in Table9.3
was developedover a numberof training sessionaising the sameassssorson
eachoccasionUsinganalyss of varian@ with myosn concentrationasa factor,
for each individua descriptor, differences that were related to myosin
concentration were reveale as sunmarisedin Table 9.4. Assessorsvere able
to differentiate differences in adhesion caused by increasing myosin
concentration and showedthat sampleswith highe levds of myosn were
firmer when cutting and less crumbly. When eating, higher levels of myosin
resuted in sanples that were more rubbeay, less easyto fragmentand less
tencer.
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9.6 Comparisonsbetweencountries

Theuseof sensorypanelsin differentcountriesoftenleadsto the needto compare
resultsacrosscountries Work hasbeendoneto investigatdf resultsachievedwith
one panel in one country are the same as in another country. Two early
comparisonsverecompletecby Dransfield® etal. Thefirst experimencompared
meatfrom beefanimalssuppliedby five researchnstitutes. Eachcountrysupplied
loin steaksfrom ten animals and eating quality was comparedin Denmark,
Ireland, the UK, Franceand Germany.The panelsin eachcountryfound a wide
variationin eatingquality and many of the steakswere very tough.A common
eight-pointcategoryscalewasusedfor tenderness/toughne®etweenthe panels
tendernessvashighly correlatedwhilst flavour andjuicinesswerepoorly related.
The concernin this experimentcentredon the fact that someof the samplesvere
very tough and coud dominant the other sersory attributes. The second
experimentby Dransfieldet al.** concentratedn only one laboratorysupplying
meat (UK) and producing two types of animal, Charollais cross steersand
Galloway steers.Meat was exchangedbetweenBelgium, Denmark, the UK,
France,Germany,lreland and Italy. Two producttypeswere used,sirloin steaks
and cubesof m.semimembranosufor a casserolingprocedure.Again it was
shownthattextureand,in this experimentjuicinesswerestronglyrelatedbetween
countries,but againflavour could not be predictedaccuratelybetweencountries.
The authorssuggestedhat different culinary practicescould have affectedthis
result since the endpointtemperatureghat the steakswere cookedto varied
betweencountriesandit is known that this affectseatingquality.

In a more recentstudy on lamb meatby Sanudoet al.,** sampes of lamb
werepurchasedin Spainandoneloin from eachlamb expotedto the UK. Both
panelsusedtheir own methodsof sensoy analysis,whereby UK usedeight-
point categoy scalesand Spain used100mm line scales.The two panelsused
the same descriptors and both panels achieved the same results and
interpretation of the results. In this trial a hedonicscalefor preferencewas
included andit is interestingthatthe panelsagreedon terms suchaslamb odour
intensity, tendernss, juiciness,lamb flavour intensity However, in hedonc
(preferene) ratingsthe Spanishpanelpreferied the Spangsh lamb and the UK
panelpreferredBritish lamb.

9.7 Conclusions

Sensoy analsisis animportanttool in meatscienceandis beconing acceptd
as a necessar part of meat quality experimens. Advances in compute
technobgy asa meansf datacaptue andanalysisfacilitatesmoresophsticated
statisical methals to be used by sensoy analysts.As new instrumental
technobgiesare developedfor exampek electront nosesthe interrelatonships
betwea thes techniquesandsensorymethodseedexploring. Work by Annor-
Frempond?® on ‘boar taint hasalreadyshown it is possibleto classify ‘boar
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taint with anelectront nosein away thatis very similar to that obtainel by a

panel A reviewby Schalle eta

.**idertifies nine produd area, including mea

andfish, where thistechnobgy is providing usefulinformation. Despiteall these
advanesthe bast procedurs outlined earlier, where it is necesaryto screen,
train and monitor a panel, are still a vital requiremat to produe effectve
sensoy resuts.
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10

On-line monitoring of meat quality
H. J. Swatland, University of Guelph

10.1 Introduction

On-line monitoring of quality for meat processing involves two main activities.
Firstly, individual carcasses or primal cuts are selected whose meat reaches a
required standard for premium products such as cured hams or in-flight meals.
Probes, ultrasonics and video image analysis (VIA) are available. Obtaining
access to interior muscles, and variation between and within carcasses are the
main problems. Being able to predict meat quality from on-line measurements
has great commercial potential, especially for tenderness and water-holding
capacity (WHC), but we can allow no contamination, only imperceptible
damage, and measurements must be very fast to keep pace with line speeds.
Secondly, for the processing of comminuted meat, information from on-line
sensors is used for process control in emulsion formation, curing or cooking.
Operating conditions are relatively simple if the product can be accessed in
homogenised batches or in a continuous stream. There is usually ample time for
integrated measurements.

10.1.1 Apparatus

Despite the tremendous commercial advantages offered by on-line monitoring of
meat quality, relatively few methods are available as off-the-shelf purchases.
Apparatus that may be simple to build, develop and test in a laboratory with

skilled operators and convenient operating conditions is seldom profitable to

develop commercially for use in severe industrial conditions. Developers of

scientific apparatus usually think in terms of hundreds or thousands of units to
be manufactured, not ones and twos. The meat industry is reluctant to spend
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much unlessappaatusis proven beyonddoubt Thus,small marketsandlack of
vision combinein aviciouscircle to perpguatevintagetechnobgy suchasglass
pH electrodesHowever, a few meatprocessa@ have commissiond their own
technologyandaresecrely reapingthe rewards. Commrercial secretsareseldom
publicised in researb papers,so this chapter can offer only an academic
pergectiveon the subject.

Appaatuscomesin severalformats. VIA is remoe. The camerais located
sonme distane from the side profile of a carass or a sectimed rib-eye
Ultrasonictransducershowever, areplacedin contactwith the sanple, usuallya
carass.Orthogonality must be maintaned to form an image of soundwaves
reflected from mugle-fat boundaies. Spectropbtometrc methodsmay be
remde, asfor a plate of comminued produd placedin a colourimeteror near-
infrared (NIR) spectrometer. But, using optical fibres (Kapany, 1967),
spectophotometic methals may be adaptedas probesto pushinto the carcass
or form awindow againsta comminuedproduct(MacDougal andJones;1980).
Optical fibres pushedinto meatdo not give the same reflectance spectrumas
obtaned with a converional reflectomeer (Fig. 10.1). When pushedinto a
car@ss, the probe may be comkined with a depth detector to give a spatial
dimengon to the data.For exampg, reflectancemay be plotted veraus depth in
thecarcassThisis calledatransectA thin probeminimisestissuedistortion but
suppots only a smallopticalwindow. This reduceghe volumeof tissuethrough
whichreflectances integratel, sothatnon-muste tissues at the optical window
may createanonalousspectrawhich do not represat musclequality (Brgndum
et al., 2000).Eledromechanicalprobes havea long history for predicing mea
tougmess.A torque probeis currently available (Jereniah and Phillips, 2000).
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Fig. 10.1 Reflectancespectraof pork measuredvith optical fibres (a) andwith a
reflectance(b). Line c is line a raisedto the third power of wavelength.
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10.2 Measuring electrical impedance

Musde hasa relatively low electrical resistane while fat hasa high resistane.
Musde contains continuais electolytes with a relatively high conductivit,
while fat is dominatd by globues of insulating lipid. This enableghe deph of
subcutaneusfat to befoundalong atransect,overall lipid contentto bedeteced
electomagndically, and exudative meatto be deteced by high condudivity.

Electrical impedance measuementswerefirst madein Englandin the 1920s
and 1930sas DFD (dark, firm, dry) pork becamea problemwhen shigping of
pigs by rail to new centralsedabatoirs replacedocal slaughering. Penetration
of curing ingredientsfor traditional dry curing is dangerougl slow but, when
diffusionis furtherredu@dby a paucityof extracellur fluid, it mayallow deep
spoiage Banfield (1935 found the main factars to be (i) curing sat
concentration, (i) volume of pickle pumpedinto the meat,(iii) intrinsictexture
andmoisture conent of the med, (iv) ambienttempeature,(v) fat-free surface
area for pickle penetation, and (vi) volume of meat relatve to pickle.
Penetrabn of curing salts was monitored on-line by teding the electrical
resistane of the mea (Callow, 1936). This led to the discovery of pH-relaed
variability in the resisanceof freshpork (Fig. 10.2),which now we may useto
placepork on a scalefrom DFD to PSE(pale, soft, exudatie).

10.2.1 Biophysical source

Skeletd muscleis composedof myofibres. Theseare extrenely large cells,
althoughreachirg only about0.1 mmin diametrthey maybemary cenimetres
in lengh. Like all othe cells, myofibresare surroundd by a plasmamembane
with strongdieledric propetiesanda capacitane of approimately 1 pFcm™2.

Thus, the cell membaneis a very effective insulator and when meat probe
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Fig. 10.2 Therelationshipof impedanceat 50Hz to the ultimate pH of fresh pork
discoveredby Callow in 1936.
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electrodesareinsertedinto the muscle of a recently slaugheredcarcassstrong
overdl capadtanceis detecable.

10.22 Polarisation

For metalelectrodesn contactwith electrolyteswithin andbetweenmyofibres,
anelectrodedischagesionsinto thefluid while ionsin thefluid tendto combine
with anelectrode.This may creae a chage gradientacrossan electricaldouble
layer sothatthe electode-eleatolyte interfacebehave asa voltagesourceand
as a capacito in parallel with a resiste. The magnitude of this polarisation
depend on: (i) themetalic compositionof the electrode;(ii) electrodearea;(iii)

electrode insdation by adipose cells; (iv) current densty and electrode
separation; (v) post-mortem changes in electrolyte composition; (vi)
tempeature; and (vii) the frequency of the test current, such that resistane
andcapadtancein pardlel areusuallyinversdy propotional to thelogarithm of
frequency.Polarisationin med probesmay be cancdled by usingAC insteal of
DC, and by using separat soure and detectorelectrodesFor exampk, with
four electrodes,two supplythe testcurrentandtwo detectit.

10.23 Resistance capacitane and anisotropy

Impedancds detemined by resisanceand capadtance (capacitve reactace),
butthes maybein seriesor parallel(Gielenetal., 1986).Capaciance(Cs) and
resisance (Rg) in seriescircuit are relatedto their equivalentsin pardlel as
follows,

Rs = Ry/(1 + (27fCyR,)? (1)
Cs = Cp(1+ (1/(2nfCyR;)?) (2)

As well astheintrinsic dieledric anisotropyof meatcauseddy myofibresbeing
pardlel (EpsteinandFoste, 1983),othe factorsareinvolvedin makingon-line

measuremats. Plate electrodesmay be used for excised or commiuted
mugles, but carassmeasuremats require probes.A pair of probeelectrodes
may be inseted in three different planesrelative to the longitudinal axes of

myofibres. When electodes and myofibres are coaxial myofibres may be

compressedconcentricdly arourd the electodesto increasecapadtance from

membanes.But if electrodesopen up channés of extracdlular fluid along
myofibres, this shors the test current and reducesthe current density on

membanes.Thus, on-line use of electical probesrequiresstandardiation of

electrodeplacenent relative to myofibre orientation.

10.24 Electrode penetration
Depth of electrodepenetratbn may detemine the areaof elecrode contactand
the currentdensitybetweerthe electrodes. Corntactareashoul be contolled by
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an insulatedsleevecovering the baseof the electode so that exposue to the
meatis constantSurfece wetneson a car@ssmayvary andit maybenecessar
to dry the car@ssat points of measuementto avoid surfacefluid shortingthe
elecrodes.Evenif the distan@ betwea electrodesis set by a manufadurer,
electodesmay becomebent Moving the electodesclosertogeher decreasg
resistane, but may increasecapacitane.

10.2.5 Freezng

Freezingobscuresany initial differencesin impedance, probaly becase ice
crystalscut throughcell membanesto createa continuais pool of electrolytes
whenthe muscleis thawed This providesa methodfor the detectionof meat
that hasbeenfrozen and thawed relative to meatthat hasneverbeenfrozen
(Sale 1972).

10.2.6 PSE detection

Pioneer researb was undertakenby Rowanand Bate Smith (1939) but their
discovetes lay dormantuntil the late 1970s, when attemps were made to
developbettermethodsthan glasspH electrodesfor sorting and detecting PSE
pork carcasss. Seveal commercial systens becameavaiable in the 1980sto
measue the electrical propeties of pork, such as the MS-Tester and the
Carnates As well as pork, impedancetesting may be usedto identify PSE
turkey meat(Aberle et al., 1971). The MS-Teste measuresthe dieledric loss
factor of pork usinga frequeng synthessercombinal with ananalogto digital
converte. With condudivity v and dielectic constante,, the dieledric loss
factord

~ /e (3)

is found from the cotangentof the meauredphaseangle (Pfitzner and Fialik,
1982).The TestronMS-testerusestwo parallelscalpelblades25 mm apat at 15
kHz (Kleibel et al., 1983).

DFD, normalandPSEcategoriesareseldomdiscreteandusuallyoverlapasa
continuun. Separationis further complicatedby the non-linear relationshipof
impedance with meat qualty, as shown for the MS-Tester by Seidler et al.
(1987). When capadtancein parallel (Cp) and resistane in parallel (Rp) are
relatedto frequeng (f), the quaity factor (Q) is definedas,

Q=2rf CpRp (4)
The otherterm in commonuseis the dissipationfactor,
D=1/Q (5)

The MS-teser may be capalte of differentating betwee normaland PSEpork
as early as an hour or less postmortem (Kleibel et al., 1983), but this is not
alwayspossble (Schmittenet al., 1984; Fortin and Raymond, 1988).
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10.27 Adenosinetri phosphate

Adenosinetriphogphate (ATP) providesenergyfor musle contration andthe
maintenance of ion gradients across membranes such as those of the
sarcoplasmic reticulum. The conversion of extensible living muscle to
inextensiblemeatis deternined by the lengh of time that anaeroht glycolyss
canmaintan ATP levds from stored glycogen.Impedanceoften appeas to be
correlatedwith pH, asin Fig. 11.2,but a morefundamentalrelation$ip may be
betwea capacitane and ATP concentration. If lactae-induwced damageto ion
pumps in cell membraness posulatedasthe primary causeof the deceasein
impedance as the pH decines post-nortem, then DFD beefwith a relatively
high pH shou have high impedaice. This doesnot appea to be the case In
beef Cp may be correlatedwith ATP, r = 0.8, whereascorrelationsof Cp with
pH areweakerand sporalic in occurence(Swatlandand Dutson,1984). Thus,
the postmortemdecine of Cp is probaly determired more by the leakageof
ATP-drivenion pumps thanby a direct effect of pH on cel membranes

10.28 Electromagnetic scanring

Whenan animalor carcasss passd at a constantvelocity througha magneic
field, skeletl muscles createa measuable perturbationin the magneic field.
For live animak, this principle wasusedin the EMME (model SA-1, electronic
med measuringequpment, EMME Corp., Phoenk, Arizona), then in the
TOBEC (total body electrical condudivity) HA2 for measuringadipcsity in
humans. The marufacturerof the TOBEC (Agmed Inc., Springfield, Illinois)
then estabisheda subsidary (Meat Qudity Inc.) to produceequipmentfor on-
line evaluaion of the fat contentof med, the MQI Eledromagnetic Scanne.

A perturkation in a magnetic field is difficult to standadise or expressin
scientific units. Thus, a phanbm sampleis usedfor standadisation. Carcass
shaps are conplex, so electromagnet scaniing is well suitedfor the analysis
of boxed beef. The Emscan MQ27 sysem used in Australia usesa coil
frequencyof 2.5MHz. The phaseangk betweerthe voltageandthe current,and
the amgitude of the current are meaured at 50Hz giving a lean meat
computationoutpu at 20Hz.

As a pork carcasspasss throughthe coil of the MQ25, a relatve enegy
absoption curve is generatd, and the curve is scaledfrom the height and
postion of the major peak. Predictiors are possble to line speed of 1,000
carassesper hour. If tempeanture is taken into accouwnt, electromagnet
scaniing resuts may be combinedwith carcassveightto give a strongpredictor
of total lean (R*=0.904)

10.29 Bioelectrical impedance

A four-electrode bioelectrical impedane andyser (RJL Systans Detroit,
Michigan) hasbeendevelopedto predict carcasdean content. The electrodes
are 21-gaugeneedlesplacedin an antaior to posteror sequ@ce along the full
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length of the animal’s back with a 10-cm sepaation betwea transmitter and
detecor electrodesat eachend. For lamb, prediction equatios (R* = 0.97) for
total weight of retal cutswere developedusing resisance,readance,weight,
distane betweendetectorelectrodesandtempeature.Measuré alorng the side
of pork carcasss, the predicion of lean yield (R*=0.81)is lessaccuraé than
TOBEC, but may be usedfor both live animalsand carcases (Swanek et al.,
1992). Marchello and Slanger (1992) found that the methodwas suitable for
robotic sorting of pork shoubersaccording to lean content.

10.3 Measuring pH

ThepH of living skeletalmuscleis usuallyjust abovepH 7. It may decreasefter
slaughterto pH 5.4 to 5.7 in normal meat.If initial glycogenis limited, the pH
stayshigh andthe meatremainsDFD (asit is in thelive animal).If the pH decline
is rapid (affecting muscleproteinswhile still warm) or extensive(giving a low
ultimate pH), the meatbecome$SE.Thus,the pH of meathasa profoundeffect
on colour, firmnessandwater-holdingcapacity,aswell assubtleeffectson taste,
tendernessand rate of post-mortemconditioning. The pH of meat may be
measurecn-line with a gel-filled combinationelectrode but the risk of broken
glassmay be unacceptableRuggedportableequipmentfor routine on-line usein
commercialplantsis available(NWK Binar GmbH, LandsbergGermany).

An unofficial terminology hasdevebpedamongmea scientists. Subscipts
are appenéd to indicate time of measuement. The two classicalmeasuing
timesare45 minutesand 24 hourspost-morem. Thesemay be termedpH; and
pH,, respectivéy, or pHys andpH,,4. Othersubscipts may appear suchaspHszg
for a measuement at 30 minutes postmortem. The context usually shows
whethe the subscipt is in minutesor hours.This may not be precise but it is
convenent. Working in a commercial environmentit is very difficult to ensue
the accuracyof times post-matem.

10.3.1 PSEin pork

A pH; < 6.0is typically takenasthe critical point belov which commecially
importantPSEdevebpsin pork (BendallandSwatkhnd,1988).The pH;-indexis
definedasthe percentof pH; valuesbelow pH 6.0 at 45 minutes postmortem
The following equations may be usedto relate the meanpH, to the pH;-index:

for meanpH; > 6.33: pH; — index = 37.8 x (6.65— pH,) (6)
for meanpH,; < 6.33: pH; — index = 1103 x (6.39 — pH,) (7)

10.3.2 Conditions of measuement

Many factors affect pH measuementson-line, particularly the difficulty of
estabishing elecrical contactwith the reference cell of a glasselectrodeif the
meatis dry. Meat may be homagenisedin potassiumchloride andiodoacetad
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soluion to arrestglycolyss (Benddl, 1973). Corrections for tempeature are
required. The effectof temperatireis to lower the pH by 0.1-0.15units per10°C
rise in tempeanture and to raise it by the same amount per 10°C fall in
tempenture(BendallandWisme-Pedersen1962).This is causel by changsin
the pK valuesof carnosineanserie and histidine buffersin meat.

10.33 Light scattering

Meatwith a high pH appeas dark while meatwith alow pH appeas pale. This
is causedy differencesin light scatteringlncidentlight is transmitteddeepinto
med with a high pH andvery little escgesto be seenby the obsever. Incident
light haslimited penetréion of meatwith alow pH andmostof it escgesfrom
the meatto be seenas palenessby the obsever. For measuementsmace by
reflectancespectrphotoméry therefore,meatwith a high pH hasdeepe bands
of selecive absorbane (becausehelight pathis longerthanin meatwith a low
pH). Light scatteging may be measued on-line for the direct predictian of the
appeaanceof the meat,for either PSEor DFD (Gariépy et al., 1994),or asan
indirect way of measuring other pH-relatedpropeties such as water-holding
capadty (Anderseret al., 1999).

10.34 Biophysical source

Three factors may contribute to high light scatteing in meatwith a low pH.
Firstly, BendallandWismerPederserf1962) propogd that light scatteing ata
low pH is causedby denatuation of sarcopasmic proteins, similar to heat
denatrration of eggalbumen (Benddl, 1962). Preciptatedproten is detectble
histologically in severe PSE pork (Bendall and Wismea-Pedersn, 1962).
Secondy, anoherfactoris thatshrinkage of myofibrils atalow pH increagsthe
refractiveindexdifferencebetwea myofibrils andsaroplasmsothat scatteing
from the myofibrillar surfacemay be increagd (Hamm, 1960; Offer et al.,
1989). Myofibrils accountfor appraimately 80% of the volume of pork,
decining to 50% as the pH decines post-morem. Thus, even small optical
changs in the myofibrils have a major effect. A third factor is that increagd
myofibrillar refractive index causedby low pH may increasescatteringby
increasing the refractive deflection of light passing through myofibrils.
Myofibrils are strongly birefringent, as indicated by the naming of A
(anisotopic) and | (isotropic) bands,and this enablesthemto be investigated
with polaised light. Measirementson individual myofibres show that the
optical path difference (between rays following different refractive pathways
allowed by birefringence)tendsto increag when pH is deceased.

10.35 Laser scanning

Laser scanningof meatwas introduced by Birth et al. (1978) basedon the
Kubdka-Munk analysisof light scattering.lluminating the uppersurfaceof a
slice of musclewith a helium-nen lasergives:
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log Mt = A—Br (8)

whereMy is theradiantexcitanceon thelower surface A is theinterceptandB is
theslope of aregres®n (light intensty versusdistan@), andr is the pathlength
throughthe meat.Birth et al. (1978) showed that

B =10g2(S+K) (9)

where S is a scatte coeficient (cm™ ), and K is the absorptioncoeficient
(cm™1). B may be called a spatia measurerant of scattering,for the sakeof
converience.Birth etal. (1978)showedthat spatialmeasuementsof scattemg
arerelatedto meatqualty.

10.4 Analysing meat properties usingNIR spectophotometry

NIR spectophotonetry hasmary certified appicationsin food analyss (Norris,

1984),espedlly for the fat content of mince or groundbeef(Tagerseret al.,

1999).1t isided for platesandcontinuaisstreans of comminuted meatproducts
(Isaks®n et al., 1996), but hasalsobeenusedfor carassegChen,1992; Chen

and Massie 1993). It may be usedto predict functional propertiesof med in

processed products and to detect previously frozen meat (Downey and

Beauchee, 1997).

10.4.1 Apparatus

Typical componentsare a tunggen-halogn sour@, a grating monochranator
from 800to 1100nm, anoptical systemto directthelight throughor ontoa plate
of comminuted meatand a photaneter Multiple scaniing and rotation of the
samplehelp to averageheterogeeity, and smoothe absorbane measuements
at about100 wavelenghs may be usedto make predictionsfrom a partid least
squareschenometric calibraion. Techntal problemsoriginate from drying of

the sample surface, pH-related changs in light scatterhg, metmyogbbin

formation, and sampletempegture. Theseoften limit the appicability of a
prediction equaion to situatins exactly the sameasthe calibration popultion.

Becausg NIR spectophotonetry is sensitve to fat content andfat content has
many effects on produd qualty, it may be difficult to extractinformationthat
relatesdirectly to protein functionalty.

10.5 Measuring meat colour and other properties

The oxygendion of purplemyoglobinto red oxymyoglobin, andthe oxidation of
oxymyoglobinto brown metnyoglobin arevitally importantfor the appearane
of meatproduds, asis the formation of heatstable,pink nitrosylhaemmochrome
in curing (Fox, 1987). This latter reactionis so sensitve to nitrite that even
nitrite from spices and tap water may prevent browning in cooked products.
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Cabon monoxde may havea similar effect (evenfrom exposue of transpoted
animak to traffic fumes) Myoglobin is also important in connectionwith
oxidaive randdity. Haemalobin, althoughminimal in propely exsamuinaed
med, may inadvertenly be introduced from bone marrow in medanically
deboné meat.

10.51 Spectrophotometry

The Soret absorbance bands of deoxymyoglobin, oxymyoglobin, and
metmyoglobin occur at 434, 416, and 410 nm, respectively (Bowen, 1949;
Morton, 1975). The oxygenaion of myodobin causes lossof the absorbane
bandat 555nm andthe appearaneof two newabsorbane bandsat542and578
nmwith milli molarabsoptivitiesof 132 and13.3,respectively (Morton, 1975).

Working on-line with muscle surfacereflectance is more difficult than the
spectrophotometry of purified pigments in solution. Using reflectance
spectophotomety, Ray andPaff (1930)foundthat542 and578 nm absorbane
bandswere of equalintensity. But many publisha studes are of artificially
stabilised surfaces. Subsurfaceoxidaion of myodobin may produe strange
resuts on-line (becausescatteing is changedas well as the absorbane
spectum). From absorbane spectophotonetry of purified metnmyoglobin, the
secomlary refledancepeakof metmyogbbin arourd 600 nm may encompasan
addtional smdl peak at 565 nm. If cut meat surface are expose, product
colour canbe measued on-line by VIA (Lu et al., 2000).

Spectrophotometryia optical fibres may be usedto assesghe functional
propertiesof comminutedmeat(SwatlandandBarbut,1990).For mixturesof pork
adiposdissueandbeefmusclewith alow connectivetissuecontent reflectanceat
1000nm may be correlated with lipid content (r =0.99), at 930nm with
centrifugationfluid loss(r =0.77),andat 1000nm with cookingloss(r =0.99).
Correlationsmay be weakenedwhen the meatis adjustedto a constantlipid
content;for example for pork musclereflectanceat 780 nm was correlatedwith
pH (r = —0.80),at690nm with centrifugationfluid loss(r =0.74),andat 710nm
with cooking loss (r =0.63). Peak correlationswith functional propertiesare
highly wavelengthdependentin the first setof correlationsgiven above, lipid
contentis the major variableandthe strongestelationshipsare obtainedwith red
or NIR. But if variationin lipid contentis cancelledsothat pH-dependenprotein
propertiesare dominant,thenthe peakcorrelationsare with shorterwavelengths.
Thus,in experimentaktudiesaimedat finding the mostsuitablewavelengthgor
simple on-line sensorsthe likely importanceof lipid-related versuspH-related
sourcesof varianceshouldbe considered.

With regard to cost-effectiveness, full-range spectrophotometry must
necesarily be more expensiveandmoreconplex thana simplemonachromaic
senso. But in choosingthe lessexpengse andmorerobug option, it is essatial
to know the whole spectr& rangeof correlations. Sometims, correlationsof
reflectancewith a functional propery are strong at a certain wavelength but
wedk at an adjacentwavelengh. If both wavelenghs are enconpassedwithin
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the broadbandrangeof a simple senso, thenthe resuts may be disappointing.
But a narrow spectra rangeimplies weaklight intensty, thuseitherincreasng
the costor the relafive noiseof the photoméer.

10.6 Water-holding capacity

Water-tolding capacity(WHC) may be definedasthe ability of meatto retan

its own water underexternal influencessuchas compressim or centifugation

In this case water-bnding capadty beconesthe ability of the meatto bind extra
wateraddedto a product.Water absorptionor gelling capacitymay be defined
as the ability of meat to absorb water sponaineously from an aqueos
environnent. The basic mechanismis the effect of pH on the myofilament
lattice. As pH decines towards the isoelectric point of muscle proteins, a
reduction in the negatiwe elecrostaticrepulsionbetweenmyofilamentsredues
the water spaceof the myofilament lattice. The releasetime of this fluid,

however is highly depen@nton time-temperatureinteractions musle structure
and handing.

The usualmethodfor predictig WHC on-line is to exploit a correltion of
WHC with pH and, indirectly, with light scattering(Jau et al., 1992) or
condudivity (Lee et al., 2000). The usualproblemis weak correlations,often
from curvilinearrelation$ips.NIR reflectancemeasuredvith a probeat 30 min
post-nmortem can predict 24 hour fluid lossesfrom pork, but the measuement
takessix minutes(Forrestet al., 2000).

10.7 Sarcomere length

Sarcanerelengthhassomeimportanteffectson mea quailty. If amusclesetsin
rigor mortis at a shortend length, thereis a high degreeof overlap betwea
thick and thin myofilaments.The meatis tough and hasa low WHC. A laser
diffractometermay be usedto measue sarcanerelengh,

Sarcomee length= \/sin @ (10)

whered is the anglesubtendedy the first orderdiffraction bandrelative to the
opticalaxis.Becausg theanglesarerelativdy small,sin 6 ~ tané (Ronme, 1967).
Howeve, this methodrequires the dissectim of individual or small burdles of
myofibres,andis no more useon-line thanis light microscopy Bulk meatwith
high scatteing from countessmyofibres presers a real chalenge.

With two plane polarisers (a fixed polariser and rotatalbe analser), the
maximum transnittance occurs when the analyseris rotated parallel to the
polariser, and the minimum is when the analser is perpemicular to the
polariser. But if the polariser is at 0°, when the analyseris at 90% then a
birefringent muscle sample with myofibres at 45° betwea the polariser and
analyserrotatedight sothatnow it may passthroughtheanalyser.The brightest
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Fig. 10.3 With polarisedNIR transmittedthroughpork, rotation of the analyser
(degreeshyffectsthe correlationof transmittancewith sarcomerdength.

bandsarethe A bandswherethick (myosin)andthin (actin) filamentsoverlap.
But maximumtransmitencenow is at an analserangke >90°, becawse of the
optical path differenceof the myofibre.

NIR is usedto minimise scatteringandenablesneasuementso be madeon
thin slices. The transmittanceof NIR polarised light increags as sarconere
lengh increagsfrom 1.2to 1.5um, it peaksat sarconerelengh 1.5um, then
deceasesas sarconere lengthincreagsto 3.5um. Thus, if thereare no cold-
shortend sarcomers, the transmissn of polarisedNIR may be correlatedwith
saromerelengh (Fig. 10.3),andwith functional propetiesin meatprocessing.
For example NIR birefringenceis correltedwith WHC and cooking lossesin
processedturkey meat (r =0.8 and r = — 0.82 respectivey; Swathnd and
Barbut 1995),anda probefor on-line usehasbeendeveloped Swatland,1996).

10.8 Connectivetissue

Comectivetissues suchaselastin and Type | collagen are notorious sourcesof
med toughnessElastinis alwaysheat-stal#, while Type | collagen may resist
normal cooking if it is highly cross-lirked, as in beef from an old cow.
Gelainised collagenis importantin meda processing.It may be desiralte in
certah produds, suchaspork piesandcookedhans. Howeve, in exces, when
it hasbeenaddedas a filler to a comminuted produd, gelatin capsbecomea
defect.

10.81 Carcassmeasirements
Both elastin and collagen, as well as heat-stablepyridinoline cross-lirks, are
autdluorescent(Odettietal., 1994).Whenilluminatedwith UV light at370nm,
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Fig. 10.4 UV fluorescencaransectghroughbeefsemitendinosusvith high sensory
toughnesgline) andlongissimusdorsi with low sensorytoughnesgsolid squares).

theyfluoresce blue-white from about400to 550 nm. Measirementsnadewith a
UV fibre-optic probe may be correlatel with sensoy tendernes®f beef (Fig.
10.4; Swatlndet al., 1994). The main problemis that connectivetissueis only
one sourceof beeftougmess.The probemay be effective for sorting carcases
in a popuation whereconnetive tissuetoughmessis dominan, but may fail if
someother problemsuchas shortsarcanerelengh is dominar.

10.8.2 In meat processig
Connecive tissuelevelsin groundbeef may be a problemif too mary meat
scrapswith a high contentof tendbn areworkedinto a product.The resut may
be a gritty texture for hamburge, or excessivegelain formation in a cooked
product. Elastin derived from elastic ligaments has virtually the same
fluorecenceemisgon spectrum asType | collagenfrom tendonandligamens.
This enabledluorescene emisson ratiosto be usedto predicttotal connetive
tissuelevels

Under experimental conditions, collagen fluorescence in comminuted
mixtures of chicken skin and muscle may be meauredthrougha quartz-glas
rod with a window onto the product (Swatland and Barbut, 1991). High
proportonsof skin deceasethe gel strengthof the cookedproduct(r = — 0.99),
causing high cooking losses (r =0.99) and decreasé WHC (r = —0.92).
Fluoresenceintensity may be strongly correltedwith skin content (r > 0.9
from 460 to 510 nm) and, thus, may be strongly correlatedwith gel strength
cooking lossesand fluid-holding capadty (Fig. 10.5). Corrdations would be
weakerin a practical applicaion, but still adequatefor feed-bak contol of
produd¢ composiion.

Oneof the problemsin calibrationis pseud@luorescene — reflectanceof the
upper edge of the excitaion band-passThis occurs becase excitation and
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Fig. 10.5 Spectraldistribution of the t-statisticfor the correlationof fluorescence
emissionwith skin content(line), gel strength(solid squaresjand cookinglosses
(empty squaresjn mixturesof chickenbreastmeatand skin.

emisson maximaare fairly close, and the filters and dichroic mirrors usedto
sepaate excitation from emisson are not perfect. Thus, the standad usedto
calibratethe apparatugor the measuementof relativefluorescene shouldhave
asimilar reflectanceto meat.Cleanaluminium foil with adull surfaceis afairly
close matchto meat.

10.9 Marbling and fat content

Marbling is composedof clumps of adipose cells, mostly located betwee

bundkes of myofibres. It is notoriously diffi cult to measue objectively. Unless
elaborate precauions are taken using polarised light and spectophotonetric

idertification, VIA may fail to separatemarbing from connectivetissueand
glistening spectlar refledance.Marbling distribution is anisotrojic (becauset

follows muscle fasciculi) and subjective grades may have a non-linear

relatonship to extractble lipid. Marbling may be detectedand distinguished
from connetive tissueusinga multichannelprobe(Swatland 2000),but thereis

little or no application for meat processing. As increasing amounts of

subcuaneousor intermuscularfat are comminutedtogeher with lean musle,

reflectanceincreasesat all visible wavelengtts until reachirg the spectum of

100% adiposetissue(Frankeand Solbeg, 1971).

10.91 Yellow and soft fat

Facors in the animals diet causingyellowing of fat (from caroter) and
softenng (low-meting point fatty acids)arereadily detectablewith afibre-opic
probe(Swatland 1988; Irie and Swatland,1992).
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10.10 Meat flavour

On-line testingof meataromaand, hence flavour is possibé (Linforth, 2000).
Thetedhnologyfor the detecion of volatiles coninuesto devebp (Dickinsonet
al., 1996; White et al., 1996). Chanilumines@ncemay be usedto assesthe
conditioning of beef(Yano et al., 199%a) and for meatspoiage (Yanoet al.,
1996b.Semconductorgassensos also are suitablefor useon meat(Berdague
andTalou, 1993)andmaybeusedto identify varioustypesof meat(Neelyetal.,
2001) andwarmed-overflavour (Grigioni et al., 2000).

10.11 Boar taint

In North America, male pigs for meatproductionare usualy castrateddespite
deleteious effectson rate of growth andfeedefficiency. The primary reasons
therisk of boartaintin the fat. This is an unpleasantodourthat occurswhenthe
fatis heatedHoweve, boartaintis only detecaiblein pork from youngmalesby
a smdl percentagenf consuners. Thus,the problemowes its notorietyto pork
obtainel from old boarsthat havebeenusedfor breeding andit neednot be a
problemin intact young malesslawghteredat a relatively light weight.

A majorcauseof boartaintis the concentrationof sexsteroidsin thefat, such
as Sa-andrast-16-ene3-one, commonly called androstenpne. Androsenone
smellsstrorgly of animalurine. Othertedicular steroidssmdl like mus. Other
causesof boar taint include skatoleand indole, with a faeal odour produed
from tryptophanin the gut.

Carcassesnay be testedsubgctivdy on-line using a hot iron. Objective
methodsareavailablefor skable andandrastenoneBoth requirea sampe to be
removedfrom the carcasdor analysis but the methodsare sufficiently rapid to
be consderedcommecially (Andersenet al., 1993). On-line testing for boar
taint may be possibk usingthe Alabaste-UV semconducbr sysem (Berdague
andTalou, 1993).The sensoiis mourtedin a stainlesssteelchamter with a UV
sourceand gasesare expose to a cycle of ozoneandthenflushedby air.

10.12 Emulsions

10.12.1 Electrical method

The emulsifying capacityof meatmay be evaluatedby progressivelyadding oil
during the formation of an experimenal meat emulsion (Cumingham and
Froning,1972).Initially, the oil is trappedin a steble meda emulsionbut further
additionof oil causeshe emulsionto breakdown. Emulsionbreak-dow maybe
deteced electically (Webbet al., 1970).Electrodesarelocatedin an emusion
formedfrom salt-extactedmea proteinsoluion using a mixing propéler (Fig.
10.6).

© 2002 CRC Press LLC and Woodhead Publishing Ltd.



Impedance

0 25 50 75 100
Qil ml
Fig. 10.6 Impedancechangeduring the formationandbreakof an emulsionasoil is
added.

10.122 Optical method

During emulsionformation the reductionin particle size causedby chopping
haslittle opticaleffect.But theinclusionof air bubblesincreagslight scatteing,

thusincreasng produd paleness(Palambo et al., 1994). Scatterirg deceasesf

battes arestoredor if thereis aredistibution of air from smallto largerbubbles.
Thesechangesmay be monitored using fibre-optics,asin the gelaion of whey
proteins (Barbut, 1996).

10.13 Measuring changesduring cooking

10.131 Temperature

Many off-the-shelfmethodsare available. Iron-corstanta and chromel-alumel

thernocoupks are in conmon use. A themocoupé uses two dissimiar

electrical condudors to geneate a thernmoelectrc voltage proportion# to the

tempeanture difference betwea the two end junctions. Junctons may be

exposel or covered, andbr grounded. Alternatively, a thermistoris a resistve

circuit component, usualy a two-terminal semiconduair, whose resistane

deceasesas tempeanture increags. Another methodis to use a Callenda’s

thernometer(platinum RTD probe)with a thin film or wire of pure platinum

This hasa high resisanceandfacilitatesmeasuringhe changen resistane with

tempeature. Microwave cooking may be monitored with a temperatire-

sensiive fluorescentcap on a quartz optical fibre. Infra-red radiometers
calibratedasthemometes areavailablefor remotesensingof tempeature.The

time constanis thelengh of time thata senso takesto readthetrue temperature
of the sample Heat condudion along wires to the senso must be minimal.

Signd transnitters may be requiredfor long wires.
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10.13.2 Colour changes

Meatwith anapprecablemyogobin concentrationchangesrom redto greyish-
brown when cooked(Pearsorand Tauber 1984). The brown pigmens formed
during cooking include denature globin nicotinamide herrichromes (Tappé,

1957),denaturd myodobin (Bernofsky etal., 1959),Maillard reactionproducts
(Pearsoret al., 1962), metmyochomogen(Tadadgis, 1962) and haemain di-

imadaole complexes(Ledward,1974). Failure of med to brownis a common
commercial problem, particularly with the nicotinamide-denatured globin

haemachomesof cookedpoultry meat(Claus et al., 1994).

Cooking increasesreflectance at mogs wavelengths, but espe@lly arourd
560 nm (Fig. 10.7). Reduction but not complée loss of myoglobinabsobance
arourd 560 nm also occurs.Between0 and 40°C there are small changs in
reflectance arourd the Soretabsorbane bandfor myoglobin but, for practical
purpo®s, the colour may be regardedas constnt. Above 40°C, however,
reflectance startsto increase,peaking at 70°C, and then decreasingas the
temperatire is increagd beyondthis.

For eachwawelength the slopefor the changein reflectance per degreeof
temperatire (AR/At) is influencedby the magnitude of the initial reflectance.
The slopeis high for reflectarce peaksandlow for valleys This obscureswvhat
is really happeing at different wavelengtts. Correctionsmay be mace by
dividing the tempenture slope (AR/At) for each wavelength by the mea
reflectance for eachwawvelengthat all temperatires. This may be called the
adjustel tempeaturecoeficient for eachwavelengh andis usefu in finding the
temperatiresat which major changesn colouroccur. Changesarourd the Saret
absorbane bandareparticulaly complex (Fig. 10.8).To seehow thesechanges
affectsubjectivecolourpercepion, chromattity coordindesmay be foundfrom
spectrausing the weighted ordinae method. The resultsare not correct (for
reason®videntin Fig. 10.1)but maybe quiterevealing. For exanple, Fig. 10.9,

(c)

0.1

0.05

Reflection

0
400 500 600 700

Wavelength nm

Fig. 10.7 Progressivehangesn fibre-opticreflectanceaslambis cookedfrom 25°(a),
to 50°(b), andto 80°C (c).
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Fig. 10.8 Adjustedtemperatureoefficients400nm (a),430nm (b) and480nm (c) from
the sameexperimentas Fig. 10.7.
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Fig. 10.9 CIE chromaticitycoordinatesx andy andpalenesgluminosity, Y) calculated
by the weightedordinatemethodfrom spectrasuchasthoseshownin Fig. 10.7.

shows that cooking of lamb (asin Fig. 10.7), causesonly minor changs in
chromaticity coordnatesx andy, but major changesn palenesgy).

10.133 Gelatinisation

Initial heat-shinkageof the endomysiumduring cooking cause the expression

of fluid from the myofibre, while later gelatinisationof the perimysium creates
the characterist textureof cookedmeat.Lossof collagen birefringencemaybe

usedto monitor the gelatinsationof collagen (Fig. 10.10)
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Fig. 10.10 Two extremesof gelatinisation— tough beefperimysium(a) versus
perimysiumfrom cookedturkey rolls with a crumbly texture (b). The optical path
differenceof birefringence(nm) is affectedby the thicknesof the sample(sodifferences
in absolutevalue of a versusb areirrelevant),but turkey sampleshowsearly
gelatinisationstartingat 60°C whereashe beefis unchangedintil muchhigher
temperatures.

10.14 Conclusion

Thereare clearly many waysto obtan usefd information for med processig

from on-line senses, both in selectingcarcasses and in process control The
ready availability of software for multivariate analysisand neural netwoiks
makesit very temping to adopta strictly empiricd approach— measuing a
batchof known sanples,thendevebping a predicion equatia for on-line use.
This may be unreliableif thereis any changein the interactionbetwea sample
and apparatis, or in the natureof the sanples evaluaed. In the first categoy,

simply moving the apparatis may necesgate a new predictian equation. In the
secoml categoy, sanpleswhos main variableis lipid conentwill not perform
in the sameway assanplesdominatd by pH-relatedproteinfunctionality. The
price of a trustwothy senso is knowing how it works. Only then can the
programmer anticipatethe unexpeted.

10.15 Sourcesof furth er information and advice

Furtherinformationon med sensos maybe obtainel from Swatbnd(1995).For
thoseworking with fibre-opic senses, many of the conponentsand software
conceptsarethe sameasthose usedin microphotoméry (Swatland,1998).Meat
Sciencels the obvious journal to watchfor further developnents.My own on-
goingstudiesusualy appeain Food Rearchinternational which originaesin
Canada.
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11

Microbiological hazard identification in
the meat industry

P. J. McClure, Unilever Research, Sharnbrook

11.1 Introduction

This chapter describes the main microbiological hazards associated with meat
and meat products. Meat is associated with a variety of pathogenic
microorganisms some of which we are relatively familiar with. Worryingly,

the past two decades has seen the emergence of ‘new’ microbial agents capable
of causing disease. These recent developments and the continued increase in the
number of cases of foodborne illness have resulted in widespread concern for
consumer safety. Many of the recently emerging foodborne pathogens are
associated with meat from poultry, cattle and other animals, and they do not
necessarily cause overt signs of illness in these animals. The appearance of these
pathogens is, generally speaking, a global trend and is not restricted to particular
geographic locations. The reasons for their emergence and spread are poorly
understood and it is suspected that the shift to a global economy, international
trade, and changes in the livestock industry may have contributed to these recent
developments. No doubt, some of this is also due to improved surveillance,
reporting and methods of detection.

The first principle of HACCP (conducting a hazard analysis) includes
determination of the food safety hazards likely to occur and these may come
from a variety of different sources. The list of hazards associated with meat and
meat products includes protozoal parasites, helminths, arthropods, viruses,
prions and bacteria, arguably the most important of these categories. Many
bacteria are common inhabitants of animal intestines and their presence may be
transient or long term. In addition to livestock being a source of infection,
through internal carriage or hide contamination, pathogens may be introduced at
any point in slaughter, processing, packaging, distribution and preparation of
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food. The backeriaandmain protozod parasitesonsideedto behazadsin meat
and meatproduds are discussd.

Undestandingthe origin of thesedifferent pattogensand their fate during
processingis essentiafor control of the hazardsandmaragingthe risk posedby
their presenceThe analytical methodsusedto detectthe presenceof mary of
these pathbgenshave advaned significantly in recentyears. Theseimprove-
merts in detection and chamacterisatbn methoddogies now allow for the
tracking of differentpathogensthroughprocessingenablirg identificationof the
origin of these agentsThesedevelopmergalsoallow links to be madebetwee
appaently unrelaed (e.g. sporalic) casesThe specific methoddogies usedfor
enunerationand detectionof particular pathogensare not within the scopeof
thischaper, butthegeneralpprachesandrecent advaneswill bediscussedA
number of futuretrends likely to impacton the hazardsasso@tedwith meatand
mea produds arealsodisaussedn this chapter Geneticevolution will coninue
to contiibute to the appearane of new patlotypesor pathovas of microorgan-
ismsandthis will resultin pathogenghat possesnew combindions of known
and unknown virulence factors.

11.2 The main hazards

11.21 Salmonelae

The genusSalmonéa is subdividedinto over 2000serotyps or serovarsbased
onunique antigenc structure Furthersubdivigon is possibe throuch phage-and
biotyping. Salmorellae are primarily intesinal parasitesof humansand mary

animask, including rodents,wild birds and domesic animals. Recently the
nomenclatureof salmorellaehasbeenrevisedsincemoderntaxononic methods
suggeted that all serdypes of Salmonéa probably belonged to one DNA-

hybridisation group. S. enterica was originally subdiviced into seven sub-
groups S. enterica subspp enteica, salanae arizonae diarizonae houtenae
bongai and indica. S.entgica subsppbongori has since been elevaed to

speceslevel. Only serdypesof subsp.enterica arestill naned (e.g.S. enteica

subsp. enterica serotype Typhimurium or S. Typhimurium or simply

Typhimurium) indicating that the named serotypeis a membe of subsp.
enteica.

Although mary salmorellae are potentialy pathogens in animak, the
respnseto infectionby the sameserotypein differentanimak may bedifferent.
Although a large numker of serotypesavebeenidentified,lessthan10% have
beenisolatedfrom manandotheranimak. Salnonellaeare mog oftenisolated
from cattle and poultry. Serotypesare classified as either host-adated or non-
hostadaptel, depenéhg on their host range and the majoiity show no host
specficity. Hog adaped serdypesrarely causediseasein otherhoss. S.Dublin
is traditionally hostadaptedo cattle but in sone casehasshowna tendencyto
spreadto swineandwasoriginally isolatedfrom a child. This serdype cancause
sevee diseasdseficaema, osteomyelitis,and meningtis) in someindividuals.
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Salmonéosis in animak

Generdly spealing, younganimak are more suscetible to salmorellosis than
older ones.There are a numberof factors that predisp@e animalsto clinical

salmorellosis and these include poor sanitation, overaowding, parturiion,

transpotation and concurent infections with other pathogens(e.g. parasites,
viruses etc). Many animals,particularly swineandpoultry arefed contaninated
feed without devebping any appaent clinical symptoms.Feed is usually
contaninated through meat and bone med, fish meal or soybeanmeal with

organisms enterng these materals during or after processingWild birds and
roderts alsoprovide a sourceof contamnation from faecescontaninating feed
or buildings,andothe possble sourcesnclude conaminatedpoultry litter and
water courses.

Salmonellgisin cattleusudly begnsasan entericinfection, commencing
with colonisatia of theintestineandinvasionof theintestinalepithelium.This
can be followed by septicaenia, abortion, meningtis, pneumonra or arthritis,
afterentryinto thebloodstrean. Thetwo mod importantserdypesin cattleare
S. Typhimurium and S. Dublin. Typhimuiium is found worldwide and Dublin
is found mainly in Europe, westernUS and SouthAfrica. Antibiotic resistant
strains of Dublin are now spreadingto the north-eastar US! Persisently
sheddingcarrier animalsare thought to be the primary reservoirof Dublin,
with mostinfections occurring when animalsare on pasture.Unlike Dublin,
diseasecausedby Typhimurium is usually self-limiting, since persistent
shedderarenotthe nom. Typhimuriumis knownfor primarily erteric disease
stateswhereadDublin causeprimarily septicaera. The mostimportart mode
of transmissiorfor Typhimurium is the faecal-or& route.Both serotypesause
seriousdiseasewith mortality rates sometines as high as 50-75%. Other
serotypesthat have causedinfection in cattle include Anatum, Montevideo,
Newpot and Saintpaul.

In sheep serdypes associted with diseaseinclude Abortus ovis, Dublin,
Montevideo and Typhimuiium. Infection in flocks resultsfrom introduction of
infected sheepandingestion of the organism.Dublin and Typhimurium cause
enteritis,septcaemiaandabortion, similar to the conditionsobseved in catle.
For sheepand goas, Typhimuium infection can come from a variety of
environnmentalandanimalsourcesvherea cattlearethe usualsoure of Dublin.

The serotypes most frequently associated with disease in pigs are
Choleraesis and Typhimuiium and other serotype that can causediseasein
susceptile animalsinclude Anatum Derby, Heidelbeg, Newportand Panana.
Choleraesis causegaratyploid, Dublin causs enteritis and meringoencepa-
litis and Typhimuium and other serotyps causeenterits and septi@aemia
Heidelbeg canalso produceseverecatarrhalenteroolitis.

In poultry, serdypes causing diseaseinclude Agona, Bareilly, Hadar,
Oranenburg, Typhimuium, Gallinarum and Pullorum. The last two of thes
causefowl typhad and bacillaty white diarrhcea. Pullorum is now rarely
isolatedin the United Statesandnorthen Europe,dueto successfl eradicaton
programmes,butis of increasingmportane in Latin America, the Middle East
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the Pacfic Rim, Africa and sorre partsof soutiern Europe The inciderce of
Gallinarum has also beenredu®d due to changs in husbaxry and through
eradcation of Pullorum with which it sharescommon antigers. In the areas
where Pulorum has been eradcated, Typhimuiium is often found, causing
parayphoid. Typical condtions of pardyphad in poultry include enteritis,
diarrhceaand septi@aemia.

During 1985/1986,S. Enteritidis PT4emergel asa ‘new’ problemin poultry
in Europe In 1993, thefirst outbreakof PT4occurredn the US, andthe number
of isolations from eggsandthe farm environnent of laying flocks suggets that
eggshavehada major contribution to the dramaticincrea® in asso@atedhuman
illness.Enteritidis is aninvasive serotypeandhasachievedprominencebecause
of its assoa@tion with poultry eggs.Although eggshave beenrecaynisedasa
soure of infectionfor Typhimurium,theinciderce of food poisoningcasesrom
this sourcehasalwaysthought to havebeenlow.

S. Typhimurium DT104 has recently emergel in cattle populationsin
particular parts of the world and causs severediarrhceea, with an associted
mortality rate of 50—60% Long-tem carriage(up to 18 monthsfollowing an
outbreak) hasbeenobsered in many speciesincluding cattle?

Salmmellosisin man

Non-+yphoidd Salmon#a spp.are one of the mod commonly reportel food-
bornepathogensn indudrialised countries.Symptons of humansalmorellosis
include nauseayomiting, diarrhoea,abdoninal crampsand fever, with illness
lagting for 3-12 days® Associated clinical condiions also include reactive
arthritis, Reiterssyndiome septicarthritis and septicaeria.

Certain serotypes are being increasingly reported as the cause of
samondlosis. In 1989, Typhimuium, Enteritidis, Heidelbeg, Hadar and
Agona accounted for 57.9% of all serdypesisolatedfrom humaninfections
and accownted for 46.5% of isolations obtainedfrom poultry, in the US. One
serdype thathasincreasedsignificantly in recentyeas is S. Enteritidis. Before
1990, Typhimurium wasthe mog commoncauseof reportel salmorellosisin a
numker of geographi regions. In 1990, this serotype was overtake by
Enteritidis and is now a major cause of human food poisoning in many
counties? In recentyearsin the UK and westernEurope the predomnant
phagetype respondile for egg-bornesalmorellosisis PT4 whereasin the US,
although there is no predaminant phage type associted with egg-borne
infection, PT8 and PT13aare the most commory isolatedphagetypes® The
emegenceof othe phagetypes,suchasPT6in the UK, continuesto occur, as
doesthe emerg@ace of othe typessuchas S. Typhimurium DT104, which is
now appeanng in Europe north Americaandelsevhere® The mainresevoir of
this pathogen,which often exhibits resistane to multiple antibiotics, is thought
to be catle, but therearerepots of increasng inciderce in poultry, sheep pigs
andgoats.This is in contras to S. Enteritidis, which is mainly assocated with
eggsand poultry. The invasivenessof DT104 in humansdoesnot appea to be
anydifferentto othersaimonellae put anincreasen occurrerce of severeallness
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has been reported, with higher proportions of those infected requiring
hospitdisation

11.2.2 Escherichia coli

Like salmorellag the primary habtat of E. coli is theintestinaltractof manand
otherwarm-bloodedanimals.Many E. coli arecommensalorganismsandcause
no harmbut there are sone typesthat are pathogenicto manandotheranimab

andthes arenot regardedaspart of the normalflora of the human intesine. E.

coli is also commony foundin externalenvironments(e.g.soil andwater)that
havebeenaffectedby humanandanimalactivity. E. coli is divided into more

than170serogroup basedon the somatic(O) antigers, andover50flagellar (H)

and 100 capslar (K) antigens allow further subdivision into seiotypes.
Serogroping and serotyping are used with biotyping, phage typing and
enterotain produdion to distinguishstrans ableto causeinfectious diseasdn

manand animak.

Thereare mary typesof diseasecausé by E. coli andthesedependon the
virulence factors present The known virulence factors include adhess and
colonisation mechansms, haemoysin, ability to invade epithelial cells and
produdion of a numker of toxins including heatlabile enterotoxis, heatstable
enterotains, cytotoxic neciotising factors andvero cytotoxins(or Shigatoxins,
Stx1 and 2). The adhesionand colonisation factors include fimbrae, haema-
glutinnins and specific adhefs suchas the F4 (K88) antigen The encodng
genesof theseand other virulence factors may be carried on transmisible
plasmidsor on the chromo®me. There are currenty six recognigd virulence
groups compriing enteopathogeic E. coli (EPEQ, enterotoxgenic E. coli
(ETEQ), entegoinvasiveE. coli (EIEC), verotoxigent E. coli (VTEC or Shiga
like toxin producing E. coli or SLTEC, which include enterohaemrrhagtc
E. coli or EHEC), enteroggregativeE. coli (EAQgEQ anddiffuselyadheentE.
coli (DAEC).

Disea® in animak

E. coli infectionsoccurfrequenly in manyfarm animak, including poultry.
youngeranimals there areprincipally two typesof diseasevhich aresystenatic
colibadllosis, causedby a range of O-sepgroupsand entertc colibadllosis,
causedy afew host-spedic enteropghogenic strains.In olderanimak, a third
groupof diseases;ausedy a numberof O-serogrops, causesnaditis in cows
and sows.Other, sporalic infections, suchas urinary tract infections,can also
occur.

Enteric colibadllosis involves oral infection, followed by site specific
adheon to intestiral mucosaallowing colonisationandreleaseof toxins,which
causedamageto intesinal cells or othe orgars. Colibacillary diarrhoeais an
acutediseaseandoccurs mostfrequentlyin calves lambsandpiglets,soonafter
birth andis mainly causel by ETEC. The OK groupsin calvesandlambstendto
be the same whilst the OK groupsassociatedvith pigs arerarely isolatedfrom

7,8|n
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othe speciesin catle, commonserdypesinclude O8, 09 and 0101 In pigs,
the most common serotypeis 0149 and othe commonly isolated serdypes
include 08,0138 O147and0157.Thereappeas to havebeenlittle changein
the serotypesthat causecolibadllary diarrhcea or their virulence factors, in
recent years. Otherforms of entericcolibadllosis are colibadllary toxaemiain
pigs, asso@ted with a few serotyps that causeshock in weanersydrame,
haenorrhagt colitis andoedena disease. Theseforms of diseaserethoughtto
relate to produdion of enterobxin, endotoxn or a neurdoxin.

Systenic colibadllosis is causedby invasivwe strains and involves their
survival and multiplication in extraintestiral sites. This occuss frequently in
calves, lamb and poultry, but not in pigs and develo by passagef E. coli
from the alimentaryor respiratoy mucosato the bloodstream.From there, a
locdised infection, such as meningitis or arthritis in calves and lambsor air
sacallitis andpericardtis in poultry, or a generlisedinfection(colisepticaemia)
can devebp. 078 and O2 are commorty isolated from poultry, and these
serdypesarerarely obsewvedin human isolates Strainscausingcolibadllosis in
calvesbelongto relativdy few seraypessuchas015:K,035:K,0137:K79,and
078:K80. The last of theseis the mostfrequenly isolatedandis alsoassocited
with similar conditionsin lambsand poultry.

Bovine mastitisis still animportant diseaseand canrangefrom mild forms,
which causeclots, milk dismlorationandudderswelling, to sevee ilinessthat
canresut in deathof the affectedanimal. Mastitis is causel by a large number
of serdypes that are not easily distinguishedfrom strans in normal faeces.
Endotoxin and necrotishg cytotoxin arethought to play signficant rolesin this
disease.

It is generdly though that VTEC do not causeovert diseasein animals,but
thereis increasingevidenceof illnesscause by someVTEC in neonaal calves
andolderanimals®*°Bovine VTEC stranssharemary of thevirulencemarkers
with VTEC strains causinginfection in man but in Germany, the intimin-
postive strains(thosestrainscausingattading andeffacinglesons,encode by
the eaegene)arethoudt to be restrictedto the sty genoype, only capalte of
produdng Stx1.In Brazil, however a recentstudy hasshownthat 60% of the
VTEC stransisolaiedfrom cattlepossasboth sty andstx. Serogroup£5 and
0118 are mainly assottedwith diseasen calves,sergroups026,0103and
0111 causediseasean calvesand humansbut O157is generaly consideedto
be carriedby healthyanimalsand only associatedvith diseasén humans.

Disea® in man

Worldwide, the importanceof diarrhoealandothe diseasesausedy E. coli

is immense,particularly in children in developng courtries. In developed
courtries, the incidence of foodbane illness associaté with E. coli is also
sigrificant and appeas to be increasingMore worryingly, recentyeas have
seen the emergene of particularly virulent E. coli, suchasE. coli O157H7

(the predaminant VTEC serotype¢, that are able to causeseriaus illness in

man with low infectious doses, e.g. fewer than 100 cells. The severity of
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disease caused by VTEC can vary from asymptomatic carriage to
haemarhagic colitis (HC), to life-threatering conditions suchas haemdytic
uraamic syndrone (HUS) in children and thrombotic thrombaytopaaic
purpura(TTP) in aduts. HUS is the mostcommon cawseof acuterenalfailure
in children. For the other pathotyes of E. coli, suchas EPEC,ETEC and
EIEC, clinical studes suggest that more than 10° EPEC are necessar to
produce diarhoea, 10 ETEC are necessaryfor infection and diarhoeaand
10° EIEC are recuired to producediarhoeal symptans in healtty adults.
EPECcausea bloody diarrhoeain infants (commonly referredto asinfantile
diarrhoea),which in somecasa may be prolonged; ETEC causeself-limiting
diarrhoea,vomiting andfever, andtravellers’ diarrhoeaEIEC causeshigella-
like dysentery; EAggECcause persistehdiarrhoeain children particularly in
devel@ing counties; and DAEC causechildhood diarrhoea.

EventhoughtherearemanyE. coli respnsiblefor diseasdn animals,most
of the E. coli pathogerg in man are not the same asthos causingillnessin
animals.Indeed,the principal resevoir for mary humanpathogera E. coli is
believad to be man. Howeva, this is not true of VTEC, including E. coli
O157H7, where the main resevoirs are thought to be cattle and othe
ruminants** Dairy cattle, particulaly young animalswithin herds,have been
identified asa reservoirof E. coli O157:H7 andothe VTEC, andthis serotype
hasalso beenisolatedfrom otherruminantssuchassheepandgoats.Henceraw
foodsof bovine or ovine origin arelikely to be vehiclesof E. coli O157%H7 and
other VTEC through faecal contamination during slaughter or milking
procedues. In one survey,four per centof cattle were contamnated prior to
slaugher, andafter processing,30% of the carcaseswere conaminated-® The
mog frequently implicated vehide of infection for E. coli O157:H7 is
underookedgroundbeef Surveys of raw meatsfor sak haverevealel E. coli
0O157H7 in 2-4% of ground beef, 1.5% of pork and poultry, and 2% of
lamb®* Other studes sugges contanination ratesfor VTEC in someraw
foodsof between 16 and40%. The inciderce of E. coli O157H7-relatedillness
is worldwide.

Humaninfectionswith VTEC O157:H7areundernationwide survellance in
a numberof counties, but detecton of other non-O157VTEC types is more
difficult andperformedonly by speciali$ laboratories.Humansarelikely to be
more exposé to non-O157VTEC becausehesestrans are more prevalentin
animals and as contaminans in foods. The growing numter of non-O1%
serogroup asso@atedwith human diseasenow include 026,0103 0111 0118
and 0145 |t is thought that both horizontl gene transér and intragent
combindion are important for evolution of VTEC. Partiaular regionsof the
globe show pattens of emergacethat appea to be unique, e.g. 20-25%of E.
coli O157isolatesin Germanyare sorbitol +ve. The mog commonnon-O1Y
serotyps in Germanyare O26:H, O103H™, O111H™ andO145 In Italy, the
HUS casescausé by 026 strainsnow outnumber thosecausedby O157:H7
Studiesin animak denonstratethat someof these ser@roups suchasO118,are
alsoprevalat in farm animak, andare a likely reservor.
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Humanpathogenicstrainsof VTEC vary in their ability to causeiliness,and
this depend on virulence attributes and other unknown factors ° Pathaenic
VTEC 026,0103and 0111 belongto their own lineagesand possesaunique
profiles of virulencedeterminantghataredifferentfrom the virulence profile of
E. coli O157:H7, which is said to contain a more complge repertdare of
virulence traits. This may explain why E. coli O157H7 is the predomnant
VTEC seraype.

One of the problemsthat is beconing increasindy recognid is that the
terminology usedto descibe diarrhaeageiic E. coli is complex andby nho means
definitive. Sinceit wasfirst recagnisedthat E. coli could causediarrhcea, an
array of virulencefactors have beendiscoseredand a numker of categoriesof
diarrhceageic E. coli havebeenproposedgeneslly basedon the preenceof
non-owerlappig virulencefactors.However,EPECstrainsandEHEC strainsare
often regoupedunderthe nameof attading/efacing E. coli (AEEC) on the
bask of the ability to produe commonattating and effacing lesionsin their
hoss.

Therearealreadya numter of documentedtudesdescibing isolatesthatdo
not fit neatly into any of the recaynisedcategoies of diarhoeagerg E. coli.
This shoubl not be surprisng consideringthat the virulencefactors areencodel
on ‘pathogenicity islands’, bacteriophage, transposons and transmissible
plagnids. Same of theseelements have also beenfound in other membes of
the Enterobaceriaceae Therefore,we shouldanticipae thattherewill be other
conmbinationsof known and currenty unknown virulence factorsappeaing in
the group of orgarisms we currently call E. coli, and other membes of the
Enterobacteraceae

11.23 Campylobater jejuni

C. jejuni wasnot recaynisedasa causeof humanillnessuntil thelate 1970sbut
is now regardedas the leading cause of bacterial foodbane infection in

devebpedcountriest’ It is oneof 20 speciesand sub-spe@swithin the genus
Campyobader and family Campyobacteiaceag which also includes four

speces in the genusArcobader. Despitethe huge numker of C. jejuni cases
currently being reportal, the orgarism does not generdly trigger the same
degree of concen asE. coli or salmonellagsinceit rarely causs deathandis

rarely asso@tedwith newsworthy outbreals of food poisoning. It is amongthe
mod common cause of sporalic bacterial foodbane illness. C. jejuni is

asso@tedwith warm-blaoodedanimals,but unlike salmorellaeandE. coli does
not survive well outside the host. C. jejuni is suscetible to environmenal

condtions and does not survive well in food and is, therebre, fortunaely

relaively easyto control Food associged illness usually resdts from eating
foods that are re-contanmated after cooking or eatingfoods of animal origin

that are raw or inadequately cooked The organsm is part of the normal

intesinal flora of a wide variety of wild and domestic animals,andhasa high

level of assoa@tion with poultry.'® The virulence of the orgarism, assuggeted
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by the relativdy low infectious doseof a few hundrel cells andits widespgead
prevalecein animals,areimportantfeatuieswhich explainwhy this relatively
sensiive organismis a leadingcauseof gastro@teritis in man.

Campyobacteiosis in animak

C. jejuni is a commensalrganismof the intestiral tract of a wide variety of

animals®® In catle, younganimak aremore often colonisedthanolderanimas,

and feedot cate are more likely to be cariers than grazing animals

Colonisaton of dairy herdshas beenasso@ated with drinking unchlorinaed

water.Day-old chicks canbe colonised with asfew as 35 organismsand most
chickensin commercial operdions are colonisd by four weeks. Reservoirsin

the podtry environmentincludeinsects,unchbrinateddrinking waterandfarm

workers, but probaly not feeds, sinee theseare thought to be too dry for

survival of canmpylobacters It hasbeenproposedthat C. jejuni is a causeof

winter dysenery in calvesand older cattle, and expeimentaly infected calves
have shown some clinical sigrs of diseasesuch as diarrhoeaand sporadic
dysentey. Neverthegss,the aetiologyof natually occuring diseaseén animak

remainsunconfrmed. C. jejuni is, however,a known causeof bovine maditis,

and the orgarnisms associatedwith this condtion have beenshown to cause
gastroateritisin peronsconsumig unpasteusedmilk from affectedanimak.

Other campybbacterssuchasC. fetus are known to causeabortionsin sheep
andcattle andsomestrainsof C. spubrumareknown to causeporcineintesinal

adenomaisis and regional ileitis in pigs, but theseappearto be hostspecific
diseass.

Campyobacteiosis in man
C. jejuni and C. coli are the most common campybbactes associatedwith
diarrhceal diseasein man and are clinically indistinguishabé. Also, most
laboratgies do not attenpt to distingush betwea the two organisms.lt is
thought that C. coli consttute 5-10%o0f case reportal ascausedy C. jejuni in
the US. Campyobacterioss in manis usually chamacterisedby an acute,self-
limiting enteocolitis, lasting up to a week. A small propotion (5-10% of
affectedindividuals suffer relapses Symptomsof diseaseoften include fever,
abdomiral pain and diarrhaea, which may be inflammabry, with slimy/bloody
stools,or non-inflammatory, with watery stoolsandabsencef blood Reactive
arthritis andbactraemiaarerare conmplicationsandinfectionis also asso@ted
with Guillain-Barre syndrome an autoinmune peripheralneuropaty caushng
limb wedakness. This condition is thought to be asso@ted with particula
serotyps (e.g.0:19, O:4 and O:1) capalte of produdng strucuresthat mimic
gangliosde motor neurans. Thereare a numter of pathogenicty detaminants
that have beensuggeted for C. jejuni, including motility, adheence,invasian
andtoxin produdion, butlittle is known aboutthe mecanismcausingdiseasen
man.

There is considerable evidence that poultry is the main vehicle for
transmiting Campyobacte enteritisin man. Poultry typically haspopuktions
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of 10°~10° C. jejuni per gram of intestinal conent and more than 75% of
chickens and turkey often carry the orgarism in their intesinal tract. It is
estmatedthat 30% of retail poultry is contaminatedwith C. jejuni at levels of
10°—10" per gram. Also, serdypesassodted with poultry are also frequently
assoc@tedwith illnessin humans.

Prior to 1991, Arcobader butzleri and A. cryaerophius were known as
aerotolerant Campylobacter. Thes organsms have been asscciated with
aborfons and enteitis in animalsand enteritisin man. Although both species
areknown to causediseasén man,mog humanisolatescomefrom the species
A. butzleri Thereis very little knownaboutthe epidemiology,pathogeneis and
real clinical significanceof Arcobactersput it is thought that consumpibn of
conaminatedfood may play arole in transmisionof this groupof organismgo
man Although Arcobaders have never been asso@ted with outbreals of
foodbane illness, they have been isolated from domesic animak, poultry,
groundpork and water.

11.24 Yersiniaenteocolitica

Suveillance datasuggesthat Yersina enterocditica is an increasingcauseof
gastoenteritisin manin Europeandthe US2° The main causeof yersniosis
during the 1970sand 1980swas thoudht to be milk and the main serdaype
asso@ted with diseasewas O:8. Sincethen, O:3 hasbecomethe predomnant
serdype in developedcountries. The main reservoi of this serotypeand other
important serdypes, such as O:9, is pigs and consumpbn of pork is an
important risk factor for infection. Y. enterocditica is a component of the
intesinal flora of red meatanimals,particulaly pigs Paultry is knownto carry
sigrificant levelsof yersinias Although meatand meatproductsfrom goatsand
sheephaveneverbeenimplicated in outbreals of foodbane yersniosis, small
ruminantscan harbaur the pathogen.

Y. enterocditica causegastro@teritis in manand canalso causepersstent
arthritis. Infection doesnot, however alwaysresultin diarrhcea. Yersinicsisis
usualy characterisé by abdomiral pain, accompaied by fever, with or without
diarrhcea. Becaus of its ability to multiply at refrigerdion temperaturs, Y.
enteocoliticais of specialinterestto particula areasof thefoodindugry. There
is relatively little known aboutthe mechanisra of pathogenrgity but the genes
for invasian of mamnalian cells lie onthe chromo®meandall the othe known
pathogenicty deterninantsare found on a plagnid. The otha membe of this
genusthatcancausegastroentstis is Y. pseudtuberculosisandlargeoutbreals
of gastroateritis causeddy this orgarism havebeenreportal in Japan Disease
asso@ted with Y. pseudtubercubsis resemles typhad andis often fatal. Y.
entgocoliticais notknown to causediseasen animals.Y. pseudtuberculoss is
rarely asso@ted with infections in cattle and sheep with those in cattle
marifesting as pneumona or abortion.
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11.2.5 Staphyococcusaureus

Meat or meat productsare not thoughtto be a major sourceof S. aureus
infectionin maneventhoughS.aureusis animportantpathogerin animals.The
principle sourceof transmision betweeranimalsandmanis unpaseurisedmilk

and cheesemack from unpasteused milk. Outbreaksof staphybcoccalfood

poisonirg in man are frequently asso@ted with improper food handling and
temperatire abuseof foodsof animalorigin, butit is geneally believed thatthe
mainsoure of contaninationis food handers.Neverthelessstransof S.aureus
can becomeendenic in food processingplants and meatcan be contaninated
from animalor humansoures.S. aureushasbeenisolatedfrom cattlecarcasss
andis also found in raw beef. Thereis a high correlationbetweencoagulas
produdion and produdion of enterotoxins, of which there are at least seven
heat-stal# typesasso@tedwith food poisming. In animals,S. aureuscauss a
numler of differentdiseasesThe mostrelevar diseasdor transmision of the
orgarism to manis bovine and ovine mastitis.

11.2.6 Listeria monog/togenes

Listeriosis is an atypical foodbane diseasethat has attracteda great deal of
attentbn sincethe early 1980s mainly becase of the severity, high mortality
rate and non-enteric nature of the disease. Listeriosis is caused by L.
monaytogens, which is foundin mary environrmentsandis frequentlycarried
in theintestiral tractof mary animals,including man.L. monaytogensis often
foundin heathy animak and humans, with a carrie rate of 10-50%in catle,
poultry and swine. The orgarism hasbeenisolatedfrom a variety of foods at
levelsof 13%in raw meat,3-4%raw milk and3—4%of dairy products’* Some
of the major outbreals in man have beenattributedto meatproduds suchas
pork tongueand meatpate Foodsasso@tedwith outbreals havelargely been
refrigerdaed, processedand are read/-to-ed. The diseasein manis commorly
associated with meningitis, septicaemia and abortion. Recent outbreaks,
however have beenassotted with a milder form of diseasecharacterisé by
gastroateritis and flu-like symptons. In thes recentoutbreals, serayroup 1/2
has been implicated whereas many of the human strainsisolated previousy
belongto serovardb andto onemajorribovar. Serogrougl/2 accountsor most
of thefood andenvironnentalisolatsandtogeher, serotype 1/2a,1/2band4b
account for up to 96% of the isolatesin man Hostfactors arelikely to play an
important role in the susceptidity to listerioss, togeher with presenceof
virulence factors in the organsm. Many individuals frequently ingest L.
monaytogens withoutany appaentill effects.Although listeriosk is a sevee
diseasethe numberof casesconparedto sone of the otherfoodbanediseass,
is relativdy low.

SinceL. monaytogens is widely distributedin soil, vegetationand faeces,
mostanimalsare exposé to it during their lifetime. L. monaytogens is also
commony foundin largenumkersin poor-quality silage andruminantsfed this
materid are more likely to devebp listeriosis. As in humars, predispaing
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factors areimportantfor diseasein animak. The clinical conditions associged
with animallisteriosisaresimilar to the human disease andincludesepticaena,
aborfon, enteitis and meringoencephalitis. Interestingly, the isolates asso-
ciated with processed meats more often originate from the processing
environmentthan from the animalitself.

11.27 Clostridium perfringens

Strains of C. perfringensare classified into 5 types, A—E, accordingto the
extracellulartoxinsthatareformed.Type A is resposible for almostall casesf
foodbornediseasdn humans.Type C very rarely causefoodbornediseaseand
reailts in necrotic enteritis, but is only a concernin individuals who are
nutrtionally impairedor whoseintestinalproteolyticenzymeactivity is reduced
TypeA C. perfringenss usuallypresentn thesoil atconcentrationsf 10°-10Yg.
Theothertypesareobligateparasite®f domesticanimalsanddo not persistin the
soll. TypeA strainsoccurwidely in raw andprocesedfoods,but at numbergoo
low to causeinfection. The orgarismis foundin the alimentarytract of nearlyall
speiesof warm-bloaledanimals.

C. perfringens is primarily associatedwith outbreaks of food poisonirg
involving handing problens andmea, meatproductsandpoultry arefrequently
implicated in outbreals. lllness usually results from ingestion of heavily
contaminatedfood and typical symptomsare diarrhoeaand severeabdomiral
pain Occasionalreportsof illnesswithin 2h of ingestion indicateingestion of
preformed toxin. Sporulaion of ingestel bacteriais also asso@ted with
produdion of enterotoxn, which is destroyel by heating(e.g.60°C for 10 min).

In animals,type A causegellow lamb diseasén sheepanda similar illness
(toxin producedn the smallintestire) in goats.Type B is known to causeamb
dysenery, and haemorhagic dysenery in sheep,goats and calves. Type C
causs entaotoxaemain avariety of animalspeciesandtype D causeshe same
disease,but apparentlyonly in sheepTypeE is believed to causehaemorhagic
necmotic enteitis in cales.

11.28 Clostridium botulinum

Strans of C. botulinumareclassfied into seveal types(A-G) depenéhg onthe
antigeric propeties of the toxin produed. TypesA, B, E andF arerespondile
for most casesof human botulism, whereastypes C and D causeillness in
animask. The outbreaksof foodbornebotulism associted with meats suchas
homecuredhans, tendto occurmainly in Gernmany, Frane, Polard and Italy.
The incidence of foodbane botulism is extrenely low, but the severity of
diseaseandits heatresisancemeanthatit is the targetmicroorganism of many
pregrvationprocessesusedfor foods.Sporesof C. botulinumarepresentin the
soil andenvironmentbut to a lesserextentthanC. perfringens Sporesmay be
preent in meat, but this is usualy at leves between0.1-10 spores/kg. The
diseasein manis an intoxication and causesgeneralweanessof limbs and
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respilatory muscles,and often nauseaand vomiting. Like humansbotulismin
animals almost always arises from ingestion of food con@aminated with
preformed toxin. Thereis evidencethat animak carry sporesandthis may lead
to internal contanination and conaminatbn of meatprocessingenvironmens.
In Europe occurenceof sporesis generadly infrequentbutwhen it occuss, levels
canread 7/kg of samplewherea inciderce in meds in the US is muchlower,
probably reflecting the inciderce of meatassociatedotulismin the two ares.

11.2.9 Other bacteria

Other bacteria associatedwith meat animals include brucellae (e.g. Brucella

melitensiy andBacillusanthracis which cancauseliseasén manbutareregarded
asa relatively low risk from meatand meatproducts.B. cereus is a ubiquitous
organismand hasbeenfound in raw beefand milk, andthe organismis directly

linked to dairy cows, being incriminated in abortionsand mastitis. Therefore,
contaminatiorof carcassesf dairy cowsis possiblebutis notthoughtto constitute
asignificantrisk in foodsof animalorigin. Foodbornellnesscausedy B. cereus
generally results from improper handling of foods. Other organisms,such as

CorynebacteriunpseudotuberculosjdMycobacteriumparatuberculosisand Pas-

teurellaspp.areresponsibldor diseased animalsandhavebeenlinkedto disease
in humansbut transmissibilityfrom animalsto manhasyet to be proven.

11.2.10 Parasites

Giardia duodendis and G. lamblia

G. duodenés is oneof the mog commonprotozoa infections in man,causing
diarrhceal diseasein infants and young children, in both industridised and
developng countries. The parasiteis also found in mary domesic animak
including cattle, sheepandgoats,particulaly younganimals.Thereis evidence
of zoonotc transmision, but the major sour@sof contaminatbn arethought to
be water or food contaninatedwith waterthat hasbeenin contactwith faecal
materid.??

Cryptosporidum parvum

C. parvumhasa wide spectum of animal hosts,including cattle, goas, othe
farm animak andman It is anintracelular parasitc protozoa respnsiblefor
self-limiting diarrhoea illness in its hosts.?®> Symptoms include watery
diarrhceea, naus@, anorexia abdoninal cramps fever and weight loss. The
life-cycle is completedwithin one hostand large numkers of oocystsare then
transmited, in faeces,to the environnent, where they may survive for long
periodsof time. In man,if individualsareyoungor immunoconpromised more
seriousgastoenteritiscanoccurandthis canbefatal. In diarrhcetic younggoas
and sheep,there is a high prevdence of C. parvum suggeting a strorg
assocition betwee infectionanddisease.ln surveyslooking for presencef C.
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parvumin animak, oocystswere found in calvesat levels of up to 22% of
animak tested The reservoirsandroutesof transnissionsuggesthat meatand
med productsmay be a sourceof infectionin humans.Sausageandtripe have
beenshown to containC. parvumoocyss.?® Contamhatedwateris known to be
the causeof largeoutbreals of diseasePoor diagnosisof diseasen manandthe
smdl numbersof oocyss (1009 necessar to causeinfection mean that mary
case of cryptosmrdiosismay go undetected.

Other parasies

Toxoplasmagondi is a protozo# parasite well known for causingabortionsin
sheep The organismis alsoknown to causeacuteprimary infectionin manand
is a particular risk to pregrant women. Consunption of raw or undercooked
mutton is thoughtto be respondile for transmision to man.

Trichinellaspiralis is reporsiblefor trichinellosis,which,in man beginsasan
acue gastrontestinalcondtion andis followed by fever andmyagias. Chronic
illness may result since 10-20% of casesdevelop neurdogic or cardac
synmptoms.llinessin manresultsfrom consumpbn of raw or undercookd pork,
wild boaror horsemed, with mostcasesoccurringin Europe Taeniasaginata
also causs outbreals of diseasein Europethroughconsumpbn of infectedbeef.

Cyclosporaspp.causevery similar diseasdo C. parvumandarealsosimilar
in otherrespectssuchasbiology andpathogensis, but thereis only onespecies
Cyclospora cayetanasis known to causeillnessin man. This speciesis not
known to haveany otheranimalhost.Othermembes of the genuscausedisease
in other animak.

Echinococais granulosuss anoher parasitethat cancauseinfection in man.
The larval stage is foundin sheepgoats,cattle,pigsandman Thefinal hostfor
the parasiteis the dog. Corntaminaton of meatis not thought to occurdirectly;
the main route of infection is throughcontaminaton of eggsfrom dogs.

11.211 Other agerts

Transnissible spongifam encephalpathies(TSEs)
Scrape hasbeenprevdentin sheepandgoas in particularpartsof the world for
mary yeass. This diseasas regadedasthe prototype of TSEs foundin humans
andothe animak. TheseTSEscauseprogresive degeneative disardersof the
nervaus systemandresut in death.Thereis no doubtthat theseare infectious
diseasesbut the nature of the infectious agentsremans elusive. Theoriesabout
the causdéive agentvary andthere is continuais debateaboutthe presenceof
nucleic acids andthe importane of a proteag resistantproten (prion theay),
derived from a normal hostprotein. In the early 1980s,an epidenic of bovine
spongform encefalopahy (BSE) beganin the UK, and the recycling of
infectedcatle materal is thought to have continued driving this epidenic.
The recentemergace of a new variantof Creutzfédt-JakobdiseasgvCJD)
in humansn the UK hasled to the belief thatthis newdisorderis relatedto the
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transmisible agentcausingBSE. The working hypothesisis that transnission
has occured through contaninated mateial enteing the food chain. This, in
turn, hasfocusedattenton back on scrapieas a potental sourceof infection,
despitethe fact that large quantities of contaminged materid musthave been
consumedwithout any appaentill effects. It is not known how mary vCJD
casesarelikely to emergeas a consguenceof the BSE epidemic andthereis
still much to learnaboutall aspectsof this group of diseass.

Viruses

Virusesarenotgeneradly consideredo betransmittedto manvia meatandmeat
produds, although caliciviruses infect humansand other animals. Within the
family Caliciviridae, thereare four distinct genea comprising vesiviruse and
lagoviruses,which containa broadrangeof animal virusesand Norwalk-ike

viruses(NLV or smallroundstructurel viruse§ andSappoo-like viruses which
until recently haveonly beenasso@tedwith man.NLV s are the main causeof

gastrointestinalillnessin restauantsand institutions. Recent datasugges that
NLV infectiors often occurin calvesandsonetimesin pigs?* The significance
of this recentfinding is unknownat the presenttime.

11.3 Analytical methods

This sectionof the chapterprovidesa brief overview of the typesof methods
availablefor detectionof foodborne pathogensDetaileddesription of methods
for eachof thepathogensliscusse@bovearenotincluded.Conventionalmethod
for the detectionand characterisatiorof bacteriaasso@ted with foodsrely on
specific media. Thesemethodstend to be relatively cheap, sensitiveand can
provide both quantitativeand qualitative information. However, they can be
lengthy procedures.are labour intensive, rely on multiplication of the target
organismanddo not usegeneticinformation,which canbe usedto disciminate
betweenclosely related organisns. Nevertheles, there have beenadvancesn
recentyearsthat facilitate someof theseconventionalproceduressuch as the
introduction of chromogenicor fluorogenic media, removing the needto do
further sub-culturingand biochemicalsteps. Modifications to particular media
have also beenmace to improve performanceand cut down someof the other
stepsinvolved in conventionalculture methods.Other improvenents include
availability of automatedtolony counting,usingimageanalysis,andavailability
of automatediochemicalidentification systemsTheseadvancegprovideresuts
directly comparabldo conventioml testsbut maketeging muchmoreconvenient.
Relianceon particdar methodsfor the detectionof pathogenscan lead to
problers where atypical typesor responsesre evident. For exanple, E. coli
0157H7 isolatsareroutinely distinguishedfrom otherE. coli becase of their
inability to ferment sorbibl. This meansthat sorbitol +ve E. coli O157:H7
strains,such as thosefound in Germany, would go undetectedduring routine
testing. Selective media, becauseof their inclusion of inhibitory agents,may
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also underestimtetargetorgansmsif theyareinjured. In suchcase, inclusion
of arecovery stageis critical to the detection procedure.

Alternativeapprachedor the detection of specfic microorganismshavealso
beendevelodin recentyearsandtheseincludeflow cytomery, impedinetry,
immunologcal techriquesandnucleic acid basedassgs. Flow cytometry is an
opticaly-basal apprach that can detectlow numters of cells (e.g. 10°-10°
baceria) rapidly (within minutes), but food matrices can interfere with the
technique and distincion betweenlive and ‘dead’ cells can be problematic. It
has been usedfor the enumeration of virusesin water and is also usedto
enunerate Cryptosporidiumoocyss. Impedimery is basedon changs in the
electrical condudivity of liquid mediacausedoy growth of the targetorgarism.
Althoughthis methodis not ‘rapid’, it is convenent for high throughputsinceit
is fully automated and can ded with multiple samples simultaneously.
Specificity is dependenbn the mediausedto grow the targetorgarisms.

Immurologicd methodsare basedon the specific binding of an antibodyto
anantigen The adventof moncclonal antibodesnow providesa consstentand
reliable source of characterisé antibodies Immunoassaysare divided into
homayeneos and hetaogeneousassag. There is no needfor markes with
homayeneos assgs, sincethe antibodyantigen complex is directly measuable
and the test time is short Examples of this type of assg are aggltination
readions, immunodifusion and turbidimetry, and testsare availablefor most
pathogens Heterogereous assays are more complex procedures and use
immobilised antibodes on a variety of suppots and reporting systems.These
precdurescanbe carriedout without the needfor specialequipment.Detedion
limits arebetweenl0°~10° cell/ml for mog pathogens Direct detecion in foods
is not possible and enrichrent is required. Immunoassayscan also detect
bacterial toxins. Automated immunoassays are also now commercially
avaiable.

Developmantsin geneticaly-basel techniquesin recentyearsprovidea step-
changein analyticd capalility for detection and chalcterisaton of pathogens
Thesetechniqiesare basedon the hybridisationof targetDNA or RNA with a
specfic DNA probe.The specificty of this probeis depenénton its nucleotde
sequace. When hybridisaton hasoccurred detection can be via a numberof
methods similar to thoseusedin immuncassaysComnercial assaysare now
avalablefor anumter of pathogensThedetectionlimit for baceriais 10° cels,
so enrichrrent is sometines required. Alternatively, an amplification stepmay
be used.Examplesof this arepolymerasechainreadion, involving denaturéion
of the targetDNA and anneding of primersto the singe strand,followed by
extensionof the primersusingathernostablepolymeraseor RNA amplification
through the concered action of enzymes(NASBA®). Use of amgification
methodgequires cleansamples, andavailability of commecial kits now enables
routine laboratoriesto carty out procadureswhich until recently wereregarded
as complex and only carried out in specalist labaratories. Becausethese
methodsare basedon geneticelemants, resultsonly indicate the potential to
produe toxin or expressvirulence.Therearealsoproblemswith false positives
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(e.g.'dead’ cells) and negatiwes (polymerag inhibitors or accessibility to the
targetorgarism).

Molecular typing is alsopossble now, allowing idertification to sub-pecies
level, aiding epidemiological andtaxononic studies.Thesetechniquesareoften
referredto asfingerprirting methods They include restricion fragmentlength
polymormphism (RFLP), randon amgified polymorphic DNA (RAPD), pulsed
field gel electrophoesis(PFGE) and AFLP®™ which combinesPCR and RFLP.
Whilst convertional methodsstill have an importantrole to play, molecular
methodsare lik ely to becomemore commonly used.The next breakthroughn
diagnosic methoddogy is likely to come from ‘DNA chip’ technolay, which
combines semiconductor manufacturing with molecular techniques. This
technobgy will allow rapid and cheapanalysis of multiple sequéces,using
large arrays of nucleotdes, making it possibleto detect and type different
orgarismsin the samefood sample Thereare, however, significant hurdlesto
be overcme, with virusesand parasitesposingtheir own particular problems.

11.4 Future trends

Foodbone patlogensthat have emerge in recentyears sharea numkber of
characeristics. Nealy all of thee have an animal reservoi from which they
spreado man i.e.theyarefoodbanezoonogs,butunlike establisiedzoonogs,
theydo not often causellnessin the animalhost. Anotherworrying trendis that
thesepathogensreableto spreadglobdly in ashortperiodof time. Many of the
emergirg pathogensare becomig increagngly resisant to antibiotics and this
hasbeenattributed, partly, to the useof antibioticsin animak. The pradice of
using antibioticsin animal produdion is coming underincreasng pressureand
there have beenrecent legislaive changes that address this issue in particula
partsof the world. Unfortunately, it is likely that someof thesepracticeswill
continuein thosearea that are not properly regulatd or policed.

New food vehicles havebeenidentified in recentyeass. Thesenew vehicles
includefoodsthatwereoncethought to be ‘safe’ suchaseggs,applejuice, fresh
fruit, fresh vegetabés and fermented meds. With consuner preferencedor
fresher less heavly processedfoodslikely to coninue, it is possibk that new
food vehicles for foodbane diseasewill contnue to emerge Alternative
processs, if incorrectly assessedmay also provide an additional source of
infection. Cortinued consoldationwithin the food indugry is likely to lead to
increaingly large marketsandwider distribuion from centralsedmanufatur-
ing operdions. With increasng demand from increasng populations we are
likely to seemorere-useandrecyclingof waterandwade, andthis may havean
impacton the microbiological hazardswe haveto face.

Fortunatly, improved epidemiobgical capalility, provided through better
detection methods and better cooperation/coordination between different
surveillance networls, is likely to allow quicker detection of geographially
widespeadoutbreals of foodbane disease.Molecular methodsare transbrm-
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ing taxanomyandour understading of the genonesof particula pathogensnd
groupsof pathogenssuch as the Enterobactriaceae This hasalreadylet us
gain someinsight into evolutionaly processe and shoutl allow us to better
anticipate the potential of microorganismsto incorporatenew geneic material
anddevelopnewyvirulencecharactestics.Betterundestandirg of pathogenes
of foodbanediseaseandcolonisationof animak may alsoallow developmenbf
new intervention strategies.

With anticipatedincreasesn the averagdife exped¢ancy,throughimproved
medcal treatmentof chroric diseaseindotheradvanes,thereis likely to be an
increag in the proportionof peronswith age-relagéd suscetibility to foodborne
disease. Also, thereis likely to be a coninuing increasein the numker of
immuno-sippressedndividuals, due to infection with HIV and other chroric
illnesses.

At the presentime we are seeinga deceasein the numberof casef some
commonfoodbane patlogens suchassalmorellae,in develogd countieslike
the US, UK and othe partsof Europe This is encourging and suggestghat
some diseaseprevention straegiesmay be beginnirg to takeeffect. Despitethis,
the inciderce of foodbane illnessesand deathscause by unsafefood are
increagng. The geneticplasticty of the microorganismsposesa seriousthreat
for the future, and will undoubedly leadto the emergace of novel infectious
diseases.At the geneic and molecuar level, the virulence traits of pathogens
clearly showusthat pathagenicity doesnot ariseby slow adaptiveevolution but
ratherby stepchangs.

11.5 Sourcesof further information and advice

Geneal articles desribing membes of the Enterobacteriaceae, such as
samonellae,E. coli and Y. enterocditica are available>?° Entembacteriacae
andE. coli infections in animalshavebeenreviewedin a numter of articles”*®
Specific articles descriling foodbane listeriosis, campybbacterios and the
emagenceof E. coli O157H7 arealsoavailable'**®2*Foodbone parasitesare
reviewed in severalarticles??232° A review of anaytical methodsused in
microbiology hasbeenpublishedrecently?®
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12

Modelling beef cattle production to
improve quality

K. G. Rickert, University of Queensland, Gatton

12.1 Introduction

This chapter refers to computer models that simulate beef cattle production.
Such models consist of mathematical equations and instructions which mimic
the roles, interactions and influences of the various inputs to beef cattle
production. The chapter recognises that modelling is a term which refers to both
building and using models, and that beef cattle production includes the complex
interactions between the physical environment, financial environment, manage-
ment, feed supply, and animal reproduction and growth. The chapter considers
the challenge faced by model builders in dealing with such complexity,
overviews possible applications, and gives an example of a simple beef
production model.

Pasture and animal scientists started to model beef cattle production after
computers first became available for research in the 1960s. A rapid expansion in
the range, scope and role of models followed in response to the even more rapid
expansions in the power and accessibility of computers. Insight into the progress
and philosophy of modelling pasture and animal production are obtained from
recent reviews: 2 Models have been a valuable aid to research, extension, and

management at the farm, industry or government levels because of the following
three attributes.

1. If each equation in a model is regarded as a hypothesis pertaining to a
specific process or component, then a model can be regarded as a collection
of hypotheses, derived from past research that can be further modified and
developed through new research. In this way, a model becomes a repository
for past research and a precursor for future reseafdiodel construction
iS now a common activity that gives research direction and focus.
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2. Models provide a quantitative description of the many interacting
componerg which may have conflicting responsesn a beef produdion
systent! This is a powerlul and unique attribute that grealy exceed the
analyticd capacityof the human mind. For exanple with beef cattle, as
stockirg rate increa®s (the numter of animak per unit areaof land), the
liveweight and value per animal decease,variabke costs increag and
productionper hectareat first increags and then deceases. A marager
must balancethe trade-ofs betweenprofit, risk, pastire degralation and
premium prices® Similar trade-offs betwea produdivity, stability and
sustainabity arecommonin farming sysems andamodéd allows usersto
experience ‘virtual’ reality in managng grazng systens.

3. Models can give a quantitative extrapolation in space and time of
informaton derivedfrom pastresearb and experiences.For example,by
processinchistorical recordsof daily weathe datg estimatesof variability
in outpu can be expressd as probability distribuions?® Similady, by
processinghe historical weathe for different land units in a region, and
thereby esimating spatal and temporal variatiors in forage produdion,
estimatesof safe stockirg ratescan be comparedagainsttrendsin actual
regional stocing ratesto indicate periodsof overgraing.® Further, if the
spatialmodelusescurrentweatherdataasinput, the outpu is a nearreal-
time display of pastureandbr animal productbn® that can influence
governmat or industrypolicies.All of thes appicationsrely on a modd's
ability to extrapohte information in tempoal and spatialdimensons, and
this attribute is fundamental to the role of modelsin information transer*

Today a wide range of modelson different aspectsof plant and animal
produdion are being used as aids to researh, farm maragement and to
detemine govenmentor indudry policies*

12.2 Elementsof beefcattle production

Beef cattle produdion deak with the converson of climatic andedaph¢ inputs
into plart produds, which areconsuned by various classef animak in a beef
catle herdto give mea for humanconsunption. This beefprodudion sysem
consstsof four interacting biophysical andbioeconomicsubsygems,which are
maripulated through the managerant subsytem in respnseto the climate
subsytem (Fig. 12.1). The structureandsignificarce of the varioussubsystes
aredescibed in more detail below.

The climate subsystm is largely outsde the maragementsubsytem but it
directly affects the four subsystms influenced by a manager For exanple,
rainfdl supplies soil water for plant gronth, may causesoil eroson, and
influences the rate of waste decomposition in soil. Further, prevailing
tempenture, humidity andradiaion influenceplant growth and the inciderce
of plantandanimalpestsanddiseasesClimatic inputsalsodisplayseasnaland
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Management subsystem

Climate
subsystem Land subsystem Forage subsystem
Rainfall, Soil type and its Pasture types,
temperature physical and fertiliser grazing and
radiation — | chemical condition, fire management,
frosts runoff, topography fodder conservation
evaporation etc. etc.
humidity

y A

A4 A 4
Outputs Economic Animal subsystem
Live cattle subsystem Breed and class of
for slaughter | Market cattle, herd structure
or sale - specifications, costs and husbandry,
elsewhere and prices, interest feeding supplements

rates, cash flow etc. etc.

Fig. 12.1 Interrelationshipdbetweenbiophysicaland bioeconomicsubsystems
(rectanglesyith the managemensubsystenof the farmer. The biophysicaland
bioeconomicsubsystemsontainprocesseshat determinetheir status.The interface
betweentwo subsystemsgarrows)represents& conversionof materialsinto a new form.
Themanageis constantlyrespondingo the climate subsystemwhich impactsto varying

degreesn the sail, pasture animaland economicsubsystems.

year-byyearvariatiors anda maragermug devise strategesto copewith these
variatiors. Indead, matching the farming systemto the level and variabiity of
climate inputsis a big chalengefor a farm marager-? Seasoal variatiors in
climate give riseto seasonaVariaionsin quality andtype of foragewhich may
trigger fodder conservatin (e.g. hay) to offset periodsof forage deficiency.
Wide year-byyearvariaions in climateinputs, often expressedas droughs or
floods which lead to major perturlationsin forage supply and marketprices,
needto be handledthroughskillful and resairceful managerent*® Howeve,
long-tem weathe forecass now give maragersprior warningof likely climatic
extremes.For exampe, in northern Australia seasonafforecass indicate the
probaility of rainfdl in the forthcaming three to six monts exceedig the
histoiical medianvalue, therebypermittingmaragersto makean early respnse
to alikely distribuion of rainfall.* Also extremey hot or cold temperatirescan
causedeathsin plants and animak, and compute models such as GRAZ-
PLAN,*® coupledto weekly weaher forecasts,give early warning of likely
mortdities in susceptite classe®f animals.In both case, recentimprovements
in the reliability and skill of weathe forecastingare helping farmersto cope
with wide variatiors in climate.

The land subsysten supplies water and nutrientsfor plant growth Sinceit
includes many of the ecobgical processe that sustan the whole system both
the maragerand interest groupsin the wider commurity are keento keepthe
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land subsystm in good condition. Land degralation through soil erosion,
desetification, salinisaion, acidification andnutrient declineis a majorconcern
in many of the world’s graang landsand hasled to the nation of landscag
maragementWith this approachmanagersn aregionwith acommonattribute,
such as a river catchment are encouragd to adopt stratgies that enhane
sustanable development rather than exploitation of the land subsystem.
Landscapemanagementlso recognies that grazing lands produce food as
well asecosptemsenices, suchas water and biodiversty that are neede to
susain the citieswhere mostpeoplelive. Prefered maragemenstrategesfor a
landscapemay arise through different managemenbptions being assessedty
govenmert agenciesor local communities and compute modds are often
usetll toolsin this process®

Plantswithin the foragesubsystensupply digestiblenutrientswhengrazedby
cattle. Forageaccumulateghrough plant growth and forage not eaten,together
with faecesandurine from cattle,returnto the soil subsystenthroughthe detritus
food chain.The quality of forageon offer varieswith the growing conditionsand
type of plantspeciedn the system New growthis the mostdigestibleandthereis
a steadydeclinein quality as plant partsage, die and senesceSincetemperate
grasseshave a higher digestibility than tropical grasses,grazing systemsin
temperatezonestendto display higher animal performancethan tropical zones,
Leguminousspeciegendto havehigherdigestibility thangramineouspecies-’ If
a grazing systemis basedon sown pastureghe managemay selectto grow a
mixed-pasturewhich usually consistsof a few speciesthat are well suitedto a
particular situation. This contrastswith native rangelandswhere the system
consistsof many different speciespftenincluding trees.Herea managemimsto
keepthe pasturen goodconditionby maintainingadequatelant coverto reduce
soil erosion and a predominanceof desirable rather than undesirableplant
species? In both sownpastureproductionsystemsand nativerangelandsforage
condition and animal performancecan be manipulatedby managemenbptions
such as the choice of stocking rate, type and amountof fertiliser application,
periodsof grazingand conservation]evel of supplementaryeeding,andfire in
the caseof rangelands®%°

The cattle subsysten producesanimalsfor sak through the processeg of
reproduction and growth within a herd conskting of different animal classes.
The numter of differentanimalclassesn afarm largely dependsn the quality
of the pasturesubsysem and on the objectives of a marager. In essence,
brealing cows produe calves and after weanirg these move into different
classesastheygrow andage(Table12.1).Usuwally youngfemalecattle (heifers)
areselectedo replaceagedor culled cows andare matedfor thefirst time when
they reath matuity and a specifc weight that depend on the breal and
prevaling nutrition. Undergood nutrition, heifers may be matedfirst at 15-18
monts of age, but with the poore nutrition in extersive rangdands, mating
usualy takesplace at 24—30months.Heifersthat are not requiredfor replacing
cows might besoldfor slaughteor for breading purpogselsevhere.Male cattle
are commonly castated before weanirg although a small number of high-

© 2002 CRC Press LLC and Woodhead Publishing Ltd.



Table 12.1 Classeof cattlecommonlyfoundin beefcattle herdsin extensivegrazing
systems Adult equivalent,being the ratio of the energyrequirementof a classto the
energyrequirementof an adult animal, is a coefficientfor equatinganimal numbersin
eachclassto a commonbase Intensivegrazingsystemswith a higherlevel of nutrition
will havefewer classessincecattle are sold at a youngerage

Animal class Adult Age Comments
equivalent years

Cowsand 1.3 2-12 Managersaim to havebreedingcows calve

calves annually.Calvesare usually weanedat about6
monthsof age.

Yearling 0.55 0.5-1.5 Heifersarefemalesthat havenot had one calf.

heifers Whenmatureat 1.5to 2.5 years,dependingon

2-year-old 0.75 1.5-2.5 breedandgrowing conditions,someare mated
heifers to replaceculled cows. Surplusheifersmay be
sold for slaughteror asbreedingstock.

Yearling 0.55 0.5-1.5 Steerspr castratedmales,aresold for finishing

steers elsewherepr for slaughter Age andweight at

2-year-old 0.8 1.5-2.5 saledependnthelevel of nutrition they experi-

steers ence the specificationsof availablemarkets,and

3-year-old 1.0 2.5-3.5 on the price advantageof different markets.

steers Within limits setby prevailing climatic and

4-year-old 1.1 3.5-4.5 economicconditions,a managercantargeta

steers specific marketby manipulatingfeed suppliesin
the pasturesubsytem.

Culledcows 1.0 3-12 Cowsno longer suitablefor breedingdueto age
or infertility. Usually conditionedandsold for
slaughter.

Bulls 1.1 3-7 Male animalsfor mating with cows.Onebull is

requiredfor every 20 to 25 cows.

performing males may be retained to replaceagedbulls. Dependig on the
prevailing nutrition and markes, male catle may be retaned for oneto three
years after weaning to be sold for slawghter or for finishing elsewhereon
anotherfarm or in a feedlot Thus,which marketto target,and how the catle
should be fed to med the market are key stratgic decisionsfor a manager
Deciding when to sell specfic groupsof cattle is a key tactical decision for a
manager

The different classesof cattle in a beef herd have different nutitional
requiranentsbecausehey differ in weight and age.The term aduk equivalent
(AE) relatesthe enegy requiremat of differentclassedo a conmon base the
energyrequrementfor maintnanceof anadultanimal,suchasa non-lacating
cow. The AEs of Table 12.1 can be determired from feedingtablesbut a first
appraimation for growing cattleis given by:

AE = LW%73/1057 (121)
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where LW and LWP-"® arethe liveweight and metabdic weight of animalsin a
specfic classand105.7is the metabdic weightof a non-lactating bovine with a
liveweight of 500kg/head?*

Themarketsubsytemrefersto the differentmarkes for beefcattle availeble
to a manageralong with the prices and profit margins asso@ated with each
market. Specficationsfor marketsvary with location.In an extremecasethere
is no specfication, andall cattle are sold as beefwith no separatiorof cutsat
retai outlets.At theothea extreme jndividualanimalsarepreparedor a specific
market and tracedthrough the supply chain, with carcases being gradedfor
quaity and various cuts of meat sepaated and sold at prices that reflect
consuner preferancesandthe grade Farmersin countriesthatexpot beef such
asUSA, Australia, CanadaandNew Zealand,commony havearangeof market
optionsthat are specified in termsof age,genderweightandfat thicknessof a
carass.Howeve, the classification schemeis not standadisedinternationally,
although there is an international trend to redue the allowable limits for
residue of pesticideandgrowth promotantsin exportbeef.Penaliesfor farmers
in not meetingspecificaionsfor chenical residus areusualy severejncluding
condemmation of all meatin the caseof excesschemial residus.

12.3 Challengesfor modellers

The abovedescriptionof beef produdion is decepively simple.In practicea
modéd builderis facedwith the chalengeof expresaig the complexinteractons
betwe@ componerd of the sysem (Fig. 12.1). Specfic challengesinclude

» how to match the primary purpo® of the model to the mog appropiate
strucure

* how to handke natural variability in the biophystal comporents and the
interface betweenthe subsytems,and

« how to validatethe completedmode.

Answersto thesequestims are interrelaed and reflect back to the history and
philosophyof modé building.

12.31 Matching purpose and structure

Models of beefproductbn sysemsarecommony built asaidsto researchfarm
maragementor policy evaluaton and their strucure may be medanistic,
emgrical or a combination of both! Empirical modds esimate outpus by
emgrical equatims devebped from expeimental observabn of outpu in
relaion to oneor more influencingvariables while mecharstic modds reflect a
theaetical undestandimy of the factorsthat control outpus. The relative merits
of mechanist andempiricd structure havebeenhatly debatedandthe choice
of structureis a critical and often difficult deciion for amode builder? 42223
Mechanistic models becawse of their strongertheaetical base tendto be more
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versatie and are more likely to explain responseshan emgrical models but
they may not be more accurag andoften containparametes that aredifficult to
determire in practical situations.Corversely, the robugnessof an emgirical
model depend on the rangeof experinental datausedin its derivaion, and
spuriousresults might occur if it is applied outside this range. Thus model
builders should specify the derivation and appication of an empirical model,
and uses should adhee to thesespecifications.As a variation on the above
distincion, some models combine both empiricd and mechanstic elements,
such as an empiricd modd being usedto processand interpret the resuts
previoudy storedfrom manysimulation experimens with a medanisticmodel.

Researchmodelsarebuilt by researbersto analysethe comple interections
in beef production systens. They can be regardedas a repository for past
researh sincethey collate andintegrate informationfrom pastresearchThey
are also a precursor for future research since gaps in knowledge and
undestanding are highlighted. Becaug researb modds focus on processg
andtheir interactons, they areoften mechanist in structureandhavea limited
distributon. Howeve, GRAZE is an exceftion to this statemeh being a
comprelensivemechanstic modd of forageand animal growth that is widely
distribuied andwell docunented?* Soméimesa reserchmode evolvesinto a
managerant or policy model, therebyreducingdevebpmentcoss.

Models for farm managemenére usually designedto evaluatemanagerant
options pertaining to one or more components of the system. They aid
management by evaluating different scenarios thereby alowing preferred
strategiego be identified, but importantly, a manageiis freeto acceptor reject
the output. Developingthis type of modelrequiresconsiderate time andeffort,
since to be acceptedby potential users,the packageneedsto operatein a
convenientandreliablemannerhavea high degreeof validity or skill, andhavea
commercialarrangemenfor distributionandafter-saleservice: FEEDMAN®is
an exampe of mary commercialdecisionsuppat systemsthat focus on farm
managementdowever,histay suggststhat experiencedarmersdo not readily
usesuchsoftwarefor commonroutinedecisonsunlessts useis clearlybeneficial
and it is promotedby a trusted product champior?®=28 On the other hand,
professionalfarm advisors who are paid to recommendpreferredmanagerent
optionsarelikely to usethe softwareto justify arecommendatiorBecause farm
advisormayhavemanyclients,decisionsuppat softwarethatis regularlyusedoy
a few farm advisorsmay still have a big impact on farm mamgement.Both
mechanistiandempirical sub-modelsarewidely usedin managemensoftware.

Policy modelsservegovernmenor industryleadersby estimatingoutcomego
possiblescenariosand initiatives in policy. Both mechanisticand empirical sub-
modelsare usedin policy modelsdealingwith pastureand animal production.
Policy modelsrange from thosethat provide a one-off analysisof a specific
problemto thosethat providea regularongoingservice.An exampleof a one-off
analysisthat influencedpolicy wasthe rejectionof a plan, basedon resultsfrom
field researctoverten years,to constructfarm damsand usethe storedwaterto
irrigate crops to improve the forage supply in north western Queensland.
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Simulationstudiesbasedn long-termrecordsof climateshowedhattheplanwas
not viable becauserainfall was too variable?® Apparently the field study that
supportedthe plan coincidedwith a run of high-rainfall years.An exampleof a
regularongoingserviceis the monthly mapsof relative pastureyield, adjustedor

prevailing stocking rates, which are derived from a pastureproduction model
operatingon a5 x 5km grid for the Stateof Queensland® The mapsprovidean

objectiveassessmentf droughtstatusfor governmentandindustry.Constructing
and maintaining a policy model of this scale requiresan integratedteam of

scientists programmersand supportstaff. As with managementodels,a policy

model’'s credibility dependsn its scientific baseand validity.

12.32 Coping with linkagesbetweencompanents

With regad to Fig. 12.1, the statusof eachsubsystm is expresse by seveal
differentterms,which reflect the purpo® of the overall modelandthe structure
of the sub-modés that simulate each subsysem. Since the subsystms are
interdependat, they needto be linked in an apprgriate manner,an issuein
modd building that is often called the interface problem As an illustration,
simple expressionsof the statusof eachsubsyste might be:

1. climate subsytem — inputs of solar radiationandbr tempeatureon plant
growth andrainfall on soil water suppy;

2. land subsysem — amaunt of soil water (mm) avaiable for plant growth in
responsdo daily rainfal runoff, drainageand evapotanspiraion;

3. pasturesubsyste —yield (kg/ha) of leaf andstem,potentialy for eachplant
speciesin the pasture,in responseo daily plant growth lessconsunption
and senesence;

4. animalsubsystm — liveweight (kg/head)of eachanimalclass,in response
to aninitial liveweightandaccumuateddaily liveweight gain, and

5. econom¢ subsygem — farm profit ($ or $/hg in respnseto value of
animalssold less variabke costs.

Interfacebetween climate, land and pasturesubsgtems

Mechanistic modelsoften esimate plant growth as the productof intercepted
sola radiation and radiaion use efficiency. Interceptedradiation dependson

leaf areaof the forage,and radiation use efficiency links the soil and climate
subsygems,being depenénton prevailing climate, soil nutrient statusand soil

water supply3! In practice,radiaion interception and radiaion use efficiency

aredifficul t to simulatein pastiresin rangdandsthatarea mixture of C3andC4

specesgrowingasspacedlantsundertreesin a semi-aridenvironnent,andare
grazd sekctively by catle. Unde thes complex circumstncesan empirical
modd basedon field observaibns can be a usefil tool. For exampe, pasture
growth (PGkg/ha)canbe estimaed as:

PG = WUE * WU (12.2)

© 2002 CRC Press LLC and Woodhead Publishing Ltd.



whereWUE is wateruseefficiency, anotherterm that links the two subsysems
for a specfied site (kg/mm), andWU is wateruseovera specifiedtime step(e.g.
mm/day).

Equation(12.2) avoidsthe difficul ties asso@ated with radiaion interception
by recagnisingthe strongdirectrelationshipbetwea waterusevia transpiration
and forage growth via photosyntlesis,two gaseais transkr processe that are
controled by leaf stomata.lt can be applied at different temporaland spatal
scales’? On adaily time step, WUE becomegranspiraion efficiency andWU is
daily transpirdion estimatedby a sub-nodel of soil water balance, but on
monthly or seasonaltime step, WUE becomesrainfdl use efficiency and
effective rainfall (actual rainfall less runoff) is an approximaion of WU.
AlthoughWUE varieswith fertility stausof the soil, seasnalconditionsandthe
numter of treespresentit is a parameer thatcanbe determired simply for a site
from measuementsof plantgrowthin relaion to WU. The FEEDMAN decisbn
suppot systemestimatesnontly plant growth throughthis apprach and the
defaultvaluesof WUE for many differentsoil-forage combindions were either
obtainel from field expeiments or by integrating output from a daily plant
growth model. In either case,the default values can be customisd to reflect
local condiions.

Interface betweenpastureand animd subsystms
This interface mug account for nutritional demands of different classesof
animals,all of which havethe ability to moveandselecta preferreddiet from a
pasturethat exhibits wide spatal andtemporalvariaion in yield and qualty.
In mechanigt terms,animal produdion is depen@nton intake of digestibe
nutrients, and once the amaunt and quaity of diet is known, models for
estimating different forms of production (e.g. liveweight change, milk
produdion, wool growth) in different animal classesalreadyexist>® Thus the
interface problem becones how to estimae, either directly or indirectly, two
interdependentterms, the amount (intake) and quality (digestihlity) of diet.
Actual intakeis usuallyless thana potental intake,which depend on the breed
and liveweight of animak, due to constaints arising from the amaunt and
quality of forageon offer. Foragedigestibility declineswith age,is greaterin
leaf than stem, and varies acrass species Mechanistic modds commony
simulake diet selectionby partitioning theforage on offer into digestiblity or age
categoieswith animak thenselectingprogressivelyfrom high to low categories
until their appetiteis satisfied>* Whilst this appraach tends to mimic diet
selectionin tempera¢ pastiresreasonabl well, the desciptive functions are
essentidy empiricd relationdipsderivedfrom field expeiments.Theapprach
has beenless succesful in rangdands with a more heterogaeeousbotanical
composiion andswardstructure®> Howeve, a morerealistic algorithmfor diet
selectionin heterogeeousforagesplaces plant speciesinto broad preferace
categoies (e.g. preferred,desiralte, undesirdle, toxic, emergacy and non-
consumell and then computesthe proportion of eachpreferaice classin the

© 2002 CRC Press LLC and Woodhead Publishing Ltd.



diet® The algorithmassunesthatananimalhasexperiecewith the vegetation
and has leaned to avoid toxic speciesand non-consured species The
‘emermency’ categoy accountsfor specieghatareonly eatenafterthe preferred,
desrable and undesirble speciesare depletel.

The above ‘medhanisticc models are essertialy based on ‘empirical’
expressionsderivedfrom diet selectionstudieswith paranetersthat are rather
abstact and site specific. To avoid thesedifficul ties, the FEEDMAN packaje
usedthe notion of potentialliveweightgainto characerisethe seasnalvariation
qualty of differentforages.Paential liveweight gain is the monthly liveweight
gain of a standad animal (a 200kg cross-bed steer,Bostaurusby Bosindicug
gragng the forageat a low stockirg rate in a good seasonlt is a bioassayfor
forage quality that can be measuredbut more importantly, it is meanimgful to
farmersand can be adjustel to reflect local experience and knowledge. With
potential liveweightgain for a standardanimal given, the enegy concentration
of the forage can be estimatedand appled to different animal classesafter
taking account of the impact of high stoding rate on redudng intake and dry
condiions redudng foragequalty.?® Becaus this approachusesa bioassayto
chamcterise forage quality, and a medanistic modd to estimate animal
performanceit canbe readily adaped to herdsof different speciesbreedsand
classesof livestock.

Interface betwesn animal and econonic subsystems
Opeating profit of a beefcattle enterprig on a farm is given by:

Gross profit=Number soldx (Animal value— Variable_coss)($) (12.3)

where Number_sal is the numter of animalssold, Animal valueis the average
value of saleanimals,Variable_costsaareaveragevariable or operatingcostsper

animal asso@tedwith different managemenoptions.Compaison of the gross
profit for differentmaragemenbptionsindicatesthe relative profitability of the

options.

Estimation of Variable_coss is a simple arithmetic exercise, but sincethere
is wide variationin local costs,a modelmug allow a userto modify andrecall
this information, and a user mug updatethe information as required. On the
othe hand,estmation of Animal_valueis a two-stepprocesswhereanimak are
first allocaed to a market categoy (if more than one existy, eachwith a
corresponihg sale price that usually exhibits spatid and tempoal variation
Thus, tablesof marketpricesfor usein the calculation of Animal valueneedto
beupdatedeguhbrly. Thedeteminationof marketcategoresis locationspecific
since there is wide national and internationd variaion in the title and
specficationsfor eachcategoy. In counties with well devebpedbeefmarkets,
categoriesmay be specified by age,sexandbreedof cattle,by weightexpressé
asliveweight or carcasswveight and by an indication of the degreeof ‘finish’
expressedas a condtion scorein live cattle or fat thickness for carasses.
Howeve, markets are not necessaly mutually exclusive in that while a
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premum market may have narrow specifications, catle suitedto a premum
marketmay also be suitedto a lower-priced market with wider specfications

Mechanistic modelsattemptto estimae animal growth and devebpment,and
the associged fat deposiion.3”-*® Condition scorehasbeenderivedempiricaly

from the history and statusof animal performance>® but neitherapproachhas
beenappied to a full rangeof marketspecifications.FEEDMAN usesa simple
apprachto estimateAnimal_valuein that the chamacteristis of eachherd are
comparel againstentriesin atableof markets specifiedin termsof monthlysak
price, andbreal, age,classandliveweightof cattle. The highestprice matchis
thenselectedand usedto calculate Animal_value.

12.3.3 Coping with natural variability

On-fam compleity

Creatirg a ‘user friendly’ presentationof software that mimics pastureand
animalprodudion onafarmis achalengebecausa multi-dimensonalscenarm
must be descrited through a keyboad and monitor. The multi-dimensiona
scenam might consistof desciptionsof fieldsin the farm, pastiresin thefields,
number andclassof animalsin herds,grazingmaragemenbf herds,andperiod,
type, and amaunt of suppkementaryfeeding (Fig. 12.1). In addition, potential
userscommonly prefer the software to have keystroles and a screen layout
similar to otherfamiliar software.Also, outputs mug be clear,easilyunderstood
and suitabk for further anaysis or storage One apprach used by model
builders to meettheserequiranentsis to consut with a panelof potential uses
on a regular basis and progressively modify the software in responseto
suggestions from the panel.’* Such ‘interactive prototyping’ is a time-
consuming task that can lead to major changesin the layout of screensfor
entering data and displaying resuts, but expefence has shown that model
builders, who know a packae intimately, are not expertsin ‘user friendly’
preserdtions.In practice therearetradeofs betwea the capadty of a decisbn
suppot packaye to handlewide variaionsin farm productionsysemsandthe
needfor the packaye to be ‘user friendly’. Extensiwe help notes, default values
for input paranetersandtraining exercisesandexanplesall assista noviceuser
in mastemg a packaye. In addition to complexity due to on-farm variatiors
mentioredabove climateandpricesareoff-farm inputsthatdisplaywide spatal
andtempoal variatons.

Climate

In the caseof climate a usermay wish to evaluatemanagemenbptionsover a
range of seasnal condtions confainedin historicd recads of climate. One
apprachis to useall historical dataasan input andthenexpresskey outputs,
suchasfarm profit, asa probability distribuion. Anotherapprachis to usea
probaility distribuion of historicd annualrainfdl to estabish catgoriesof
‘seasonsthat reflect natual variations,suchas:
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very dry, rainfdl likely to be lessthanthis categoy in 10% of yealrs;

dry, rainfdl likely to be lessthanthis categoy in 30% of years;
medan, rainfdl likely to be lessthanthis categoy in 50% of years;
wet, rainfdl likely to be lessthanthis categoy in 70% of yeass; and

very wet, rainfdl likely to be lessthanthis categoy in 90% of yeass.

The formerapproachldemandsaccesgo a largedatabasef historical recads of
climate,particularly if amodd is to apply to awide rangeof locaions,eachwith
a different climate history. The secondapprach, to select from the same
comprehensie databasea relativdy smdl number of typical climate categores
for eachlocation, thereby eliminates the needfor regular access to a large
datdase of historical records. Both appraches are an attempt to assess
maragemenbptionssimulakedby themodd in termsof therisk or likelihood of
certan outacomes.Thisis akey attribute of modelsof beefprodudion in variable
climateswhichis not obtanedby usingavemgeor medianclimate data Indeed,
if only medianclimate datais used,animal produdion at high stockirg ratesis
overestimatel becawse yearby-yearvariaions andinteractions are ignored®

In addtion to analysing histoiical records of climate, model uses are
frequentlyinterestedn evaluatingmanagemenbptionsin relationto the current
staus of catle andforageon a farm andfuture climate scengios that are based
onlong-termweaherforecass*® Currently long-tem weathe forecastsindicate
the probability of rainfall in the nextthreeor six monthsbeingaboveor belon
medan rainfdl, andthe skill of the forecass is improving.*° To caterfor this
requrement,modelsmug allow usersto enterpotential future rainfal.

12.34 Verification and validation

Model verification ensues that the compute prograns on which a mode is

basedarefree of ‘bugs andperform propely within specific limits. Usually a
moded builder usesspecialinput dataand paraméersto tes componentsof a
modd and their interactons undera wide rangeof operding condiions. The
program needsto be correctedif valuesof the variousvariablesand processes
excea an acceptale range Problens may arisefrom a flaw in the algarithm

descibing a processparticulaly asupper or lower limits are apprached,or

from a typing error in the program code. A sensitvity analyss is another
componentof verification that indicatesthe relative importan@ of accuracyin

modd inputs. Here a simulation expeiment is designedto test the relaive

sensitvity of inputsandparameersthatinfluencea systemObviouslyaccuracy
is more important with sensiive than with insensiive inputs. The relaive

sensitvity of different inputsis indicatedby comparing the changein output
cause by a specificchangen the differentinputs (e.g.percentchangen outpu

after a 5, 10 or 20% changein an input paraméer). Whilst verification is

primarily the respnsibility of model builders, simple exerciseson theselines
give modd uses a good appreiation of the operdion and limitations of a
modéd.
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Model validationrefersto how well a modelmimics the systemit is meantto
representValidation is commonly demonstratedy first instructinga model to
mimic a wide rangeof scenarioghat have beenactually observedandthen by
comparingpredictionsfrom a modelagainsthe observationsThe validationdata
shouldbeindependenbf the datausedin developinga model.Linearregressions
of observationsgainstpredictionsare commonlyusedto makethe comparisons.
The closerthe slopeandcoefficientof determinatiorfor a regressiorareto unity,
and the interceptto zero, the betterthe validity of a model. However,thereare
theoreticaland practicalproblemswith validation basedon regressioranalysis?*
and the confidenceof the model builders should be recognisedas a model
undergoesdevelopmentand modification??® Of course, serious users also
developconfidencein a model throughlessformal validationsasthey compare
predictionsagainsttheir own observationgandexperiencesln practice,validation
is anongoingactivity thatwarrantsconsiderableffort by the modelbuildersand
independentexperts, particularly when the model attemptsto mimic large
variationin productionsystemsandis usedasan aid to politically or financially
sensitivedecisions!* In essence modelis ‘valid’ whenit sufficiently mimicsthe
real world to fulfil its objectives,and when decisionsbasedon the model are
superiorto thosemadewithout the model#®

12.4 Simple model of herd structure

It is obviousfrom Fig. 12.1andTable12.1thatfor a givenfarm, thenumberand
classof cattle in the animal subsytem depend on the amountand quality of
growthin the foragesubsyste. Theseinteractonsarecapturedn thefollowing
simple emgrical model of herd strucure in relation to broad maragement
options.It alsoillustrateshow a modelthatincorpoatesa few basicparaméers
canbe a poweful analytical tool.

Thenotionof farm carrying capacity(CC) is agood stating point. This is the
long-tem safe stoking rate for a farm, one that does not causeecobgical
deterioraion of the produdion systemlt is a vital conceptfor managedyrazing
systems that incorporate the biological, commercial and sccial elemerts
pertainirg to good land care.It is commory usedto quantify a farm for sak
or leasirg in Australia andthe USA, andbecausdlifferent classef cattlehave
differentnutritional requiremats, it is commory expresse asaduk equivalents
(seeequation (12.1).

In rangéandswhere foragegrowthis depen@nton rainfall, carryingcapady
is largely depenént on the amaunt of forage growth and on the proportion of
growth that can be eaten(utilisation, U) without caushg degradabn of the
pasture Thus, basedon the reportby Johnstoret al.3?

CC=R «WUE A U/l (AE) (12.4)

where CC is farm carrying capadty, R is effective rainfdl (mm/year, in
subtropcal climates this is annual rainfdl less runoff), WUE is water use
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efficiency (e.g.5kg/ha/mn), A is areaof the farm (ha),U is safeutilisation (e.g.
0.25)andl is annualintakefor anadultanimal(e.g.4000kg/year). Whilst WUE
varieswith theinherentfertility of the soil, fertili serapplcationsandpresenceof
trees,it is simple to measue. On the othe handU is not simply measued but
studes have shown it ranges from about0.1 in arid infertile environmens to
about0.5in moistfertile environments Although equatian (12.4) denonstrates
the derivatin of CC from first principles, in practce farm CC is usually
detemined from locad knowledge and experience3? The next task is to
detemine herd structure or the distribuion of carrying capadty acrossthe
various animal classes

Whenall catle on a farm originatefrom the breedingcows(i.e. no off-farm
purchases)the systemis characerisedby three performanceindicators, which
undepin a simple but versatie mathematal modé of herd strucure.

(1) Weaningrates refer to the numkber of calvesweanedper hurdred cows
mated.This key indicata depend=on the nutritional heath statusof cows
andon the numberandfertility of bulls. It commonly rangesfrom 95%in
high-peforming herdsto lessthan 50% in herdsof poa performane, a
value that will not sustan the herdin the long term.

(2) Survival ratesrefer to the propotion of eachclass of cattle that survive a
year. Mortality from poor health, accident or predatorsis common
particulaly in extensively-managedbeef production systens. The animal
classesmost proneto mortdity are breading cows and calvessoon after
weanirg. Cleatty high survival ratesaredesrableandsuscetible classeof
cattle commonly receive special feedng to avoid mortality from poor
nutrition.

(3) Culling ratesrefer to the propotion of breeling cows culled annualy for
age,infertility, or otherimpetrfections.Hence,if the effective breedinglife
of a beef cow is aboutten years, culling helps to maintain high weanirg
rates.The rate of culling, plus the mortality of brealing cows definesthe
numberof replacemat heifers requirad to maintin a consant number of
breedingcows.

The following modd, which is suitablefor a spreadshet, providesa ‘steady
stae’ estimateof numkberin thevariousclasse®f cattlein aherd(herdstructure
Table 12.1), in respnseto a few key assumgbns and paraméers, and local
knowledgeof performancecriteria. The model depend on four assumpbns:*®
First, all animal classeson a farm with brealing and growing cattle can be
specfied by a marager, and are related numericaly to the numker of cows
mated,provided extraanimalsare not purchased.Secondthe overdl carrying
capadty of afarm, in termsof numker of aduk equivalens, is eitherknown or
canbe estimatedby equation (12.4). Third, for simplicity, cowsand calvesare
regadedasa sinde animalclassuntil the calvesareweaned.Fourth, the number
of cowsmated(CM) is fixed for eachsituationbecaseif onediesor is culled
from the breedingherdit is replacedwith a heifer. Thusthe‘n’ classef cattle
on a farm canbe represeted as
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CC=A1xCM + A2xCM + A3XCM +...AnxCM (12.5)
and after collection of termsand simplification
CM =CC/) A (12.6)

whereAi is a coefficientthat relatesthe number of animalsin the ‘i’ th classof
cattleto CM, the numbersof cows mated.Ai is the produd of four factors:

Ai = PFi x CFi x SRix BRi (127)

wherePFi is aflag to indicateif theith classof animalis present(1, present;0,
abset); CFi is a factor to convet the ith classof animalto adut equivalents
(Table 12.1); SRiis the propotion of the original numker surviving in the ith
class;andBRi is theratio of the numberof animak in theith classto the number
of breaderswhensurvival in the classis 100%.

WR is weanirg rate, expressedas a perentageof the numker of calves
weanedo numberof cowsmated.If half theweanes areassumedo be female,
it follows that BRi=WR/2for eachclassof steersin the herd, and for heifer
cattle BRi is similar to steersuntil replacenentheifersenterthe breedng herd.

Replacerent heifersenterthe breedingherdwhen two or threeyears of age
by adjusting PFi accordimgly. First deadcowsarereplaced DEATHS= percen-
tage of CM dying eachyear), then culled cows are replacedaccoding to a
specified culling policy (CULL = preferredpercenage of CM replacedeach
year).If therearetoo few heifersfor the culling policy, all availableheifersare
usedasreplacenerts andthe shortfall is notedby the lack of surplusheifers for
subsguentsaleand a reducedratio for culling. If therearetoo few heifersto
replacethe deadcowsthe herd cannotbe sustaned. Thus for culled cows:

BReull cows = MAX (0, MIN (CULL, WR/2 — DEATHS)/100)  (128)

andfor any surplusfemales
BRsurpus females= MAX (0, (WR/2 — CULL — DEATHS)/100)  (12.9)

Oncethe numberof cowsmatedhavebeencalcultedusingequation(12.6)
the numkber of cattlein the remainirg animal classesis given by

Ni = CM « PFi * SFi % Bri (12.10)

wherei > 1 sincefor cows,beingclassl, Ni=CM.

Table 12.2 illustrates the appication of this modd to four scenams
pertainirg to breedingand growing beefcattle on extensve rangelans. Casel
repreents a herd where disease and/or poor nutrition severely restricts
performance of the breedingherd and this limitation is removed in Case2.
Case3 is similar to Case2 exceptfor a 50%increasan farm carrying capadty,
which might occurthroughfarm developnentoptionssuchasbuying moreland,
controling woody weedsor sowing improved pasture Case4 illustratesthe
effectson herd structureof a furtherimprovernentin performane of breeding
cowsalong with areductionin ageof selling steersandmatingheifers, asmight
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Table 12.2 Herd structuregyeneratedy the simple model given abovein responsdo
changesn key parametershatmight occurashealth,nutrition andmanagemerimproves
in a ‘closed’ herdconsistingof breedingand growing cattle on extensiverangeland

Key parameters Casel Case2 Case3 Case4

Farm carrying capacity(CC) adult equivalents 1000 1000 1500 1500

Weaningratio (WR) (% of cows mated) 50 80 80 90
Cow mortality rate (DEATHS (%) 15 5 5 3
Ideal culling ratio for cows (CULL) (%) 20 20 20 20
Age of steersat sale:years 4 4 4 3
Age of surplusheifersat sale:years 3 3 3 2
Simulatedresults

Total numberof cattlein herd 1088 1121 1682 1700
Numberof breedingcows 421 303 455 532
Proportionof herd as breedingcows (%) 39 27 27 31
Numberof culled cows 42 61 91 106
Proportionof breedingcows culled (%) 10 20 20 20
Numberof surplusheiferssold 0 44 66 112
Numberof steerssold 99 114 171 227
Total numberof cattle sold 141 219 328 446
Proportionof salecattlein herd (%) 13 20 20 26

occur from a further improvementin herd nutrition and maragement.Whilst
Tablel12.2is a staticrepresatationthatignoresthetransitionalstateghatwould
occurwhen changingfrom Casel to Case4, it showsthe broadimplications of
maragementoptions on herd structureand numter of catle for sale. It also
illustratesthat simple ‘spreadsheétmodelscanbe a useill first stepin selecting
broadmanagemenobptions that warrant a more detdled evalwation.

12.5 Future developments

Modeling pastireandanimalprodudion hascome alongway in threedecades.
Its future asan aid to resarchis assued sinceit providesdirectionandconext
to resarch prograns.

While farmershave beenslow to adoptdeckion supportpackageghat aid
routine decisions,professionhadvisorswho needto give goad adviceto many
clients are more receptiveto new tools that assistin evaluatingmanagerant
options within complex systemsacrass a wide rangeof environmens. Future
devebpersof farm managemenimodds will probally regad farm advisorsor
senice agendes ratherthanfarmersasthe primary custaners.Also, the modds
will be more user-friendly through the use of improved graphics and
visualisatin techniques, and the provision of supportand upgracs via the
World Wide Web.

The scopeand rangeof policy modelsare expandingrapidly becausethey
provide policy makerswith an objectiveassessmerdf complexproblems.This
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trendwill continue,but policy modelsare likely to expandfrom the traditional
biophysical baseto include socioeconont componentsand estimatesof the
impact of policies on the ‘triple bottom line’ — ecdogical sugainallity,
profitability andsocialacceptaility.*’~*° Indeed,a future challengewill be how
to betterintegratethe technologiegertainingto hard and soft systemssuchas
pastureandanimalproductionmodelsbeingpart of participatoryactionresearch,
andtherebyinvolving stakéoldersin defining andevaluatingpolicies*®->°

A globalnetwoik of information for modé developnentandprovensoftware
modues is expandhg through the World Wide Web. Model develogers will
have increasng access to libraries of algarithms, and computer operatirg
environnmentswhich will encouragenorerapid developnentof newmodds and
a rich setof sharedapplicaions and expeiences.Howeve, since modds are
repositaies for information and resuts from past research there remans a
global need for scientsts and government agenciesto orgarise creditabk
database of information, which are critical to the future developnent of
decisbn suppot systens andintegratel policy models®*

12.6 References

1. RICKERT KG, STUTH JW, MCKEON GM, ‘Modelling pastue and animal
production: In Field and Laboratory Methodsfor Grassland and Animal
Researt, L T Manndje and RM Jones(Eds) pp. 29-65, Wallingford,
CAB Publishing,2000.

2. HERREROM, DENT JB, FAWCETTRH, ‘The plant/animalinterfacein models
of graang sysems’. In Agricultural SysemsModding and Simulatio,
RM Peartand RB Curry (Eds), pp. 495-542,Marcel Dekker Inc, New
York, 1998.

3. EBERSOHNJP, ‘A commatary on sysemsstudes in agricukure’. Agric
Syst 19761(3) 173-84

4. BLACK JL, DAVIES GT, FLEMING JF, ‘Role of computer simulation in the
applicationof knowledye to animal indudries’. AustJ Agric Res 1993
44(3) 541-55.

5. JONESRJ, SANDLAND RL, ‘The relationbetwe@ animalgain andstockirg
rate. Derivation of the relaion from the resuts of grazng trials’. J Agric
SciUK, 1974 83(2) 335-42.

6. RICKERT KG, ‘Stocking rate and sustainable grazing systems. In
GrasslandSciencein Perspetive, A Elgersma,PC Stuik andL JG van
de Maesn (Eds), Wageingen Agriculturd University Papes 96.4, pp.
29-63.Wageiingen Agriculturad Universty, Wageningen,1996.

7. CONWAY GR, ‘Sustainability in agicultural development: trade-offs
betweenprodudivity, stability, and equitability. J Farm SystRes Ext,
1994 4(2) 1-14.

8. RICKERT K G, MCKEON GM, ‘Models for native pasturemanagerent and
developrent in southeastQueensland’.In Ecology and Managementof

© 2002 CRC Press LLC and Woodhead Publishing Ltd.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

the World’s Savanng, J.C. Tothill and J.C. Mott (Eds) pp. 299-302,
1985.

MCKEON GM, DAY KA, HOWDEN SM, MOTT JJ, ORR DM, SCATTINI W,
WESTON EJ, ‘Northem Australian savamas: mamagementfor pastoral
produdion’. J Biogeogr 199017(4-5) 355-72.

HALL WH, Near-red Time Finacid Assesmert of the QueenslandVool
Indugry on a RegionalBasis PhD Thesis, Universty of Quesnsland,
1997.

STUTH JW, HAMILT ON WT, CONNERJC, SHEEHY DP, BAKER M J, ‘Decision
suppot sysemsin thetranskr of graslandtechnology’. In Grasshndsfor
our World, M J Baker (Ed.), pp. 234-42, SIR Pulishing, Wellington,
1993.

LANDSBERG RG, ASH AJ, SHEPHERD RK, MCKEON GM, ‘Learning from
histoly to survive in the future: managementevolution on Trafalgar
Statian, North-EastQueensind’. Rangel J, 199820(1) 104-18.
JOHNSTONPW, MCKEON GM, BUXTON R, COBONDH, DAY KA, HALL WB,
QUIRK MF, SCANLAN JC, ‘Managing climate variabiity in Queensinds’s
graang lands — new appraches’.In Applicaions of Seasoal Climate
Forecasting in Agricultural and Naturd Ecosy$ems— the Australian
Experiene, G Hamner, N Nicholls and C Mitchell (Eds), Kluwer
Acadenic Press Amstercam, 2000.

MCKEON GM, ASH AJ, HALL WB, STAFFORD SMITH DM, ‘Simulation of
graang straegies for beef production in north-east Queensland’ In
Applicatonsof Seasoal Climate Forecastingin Agricultural and Naturd
Ecosysems— the Australian Experiene, G Hammer, N Nicholls and C
Mitchell (Eds) Kluwer Academic Press Amsterdam,2000.

DONNELLY JR, MOORE AD, FREER M, ‘GRAZPLAN: decision support
systens for Australian grazng enterpriges—I. Overview of the GRAZ-
PLAN project,anda descripton of the MetAccessand LambAlive DSS.’
Agric Syst,199754(1) 57-76.

ABEL N, ‘Resilient rangeland regions. In People and Rargelands:
Building the Future, D EldridgeandD Freudaberger,(Eds) Procealings
of the VI Internaional Rangeland Congress, Towrsville, Quesnsland,
Austrlia, 19-23July, 19991, 21-30.

NORTON BW, ‘Differ encesbetwea speciesin forage quality. Temperae
and tropical legunesand grases,digestiblity’. In Nutritional Limits to
Animal Producton from Pastures JB Hacker (Ed.), Farnhan Royal,
Comnonweath Agricultura Bureaw, 1982.

BROWN JR, ‘State and transition modelsfor rangdands.2. Ecology asa
basisfor rangéand managementperformane criteria for testingmodes’.
Trop Grass| 1994 28(4) 206-13.

HODGSON JG, Grazing Management. Science into Practice, Harlow,
Longman, 1990.

HEITSCHVIDT RK, WALKER JW, ‘Grazing managementtechnology for
sustaning rangeland ecosytem®’. Rangel J, 1996 18(2) 194-215.

© 2002 CRC Press LLC and Woodhead Publishing Ltd.



21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

MINSON D J, WHITEMAN PC, ‘A standad livestock unit (SLU) for defining

stockirg rate in graang studes’. Procealings of the XVI International

GrasslandCorgress,4-11 Octobe 1989, Nice, France,1989,1117-B8,

1989.

SELIGMAN NG, BAKER MJ, ‘Modelling as a tool for grasland science
progress In Grasslandgor our World, M JBaker,(Ed.), pp.228-33,SIR
Publishing,Wellington, 1993.

MONTEITH JL, ‘The questfor balancein crop modding’. AgronJ, 1996
88(5) 695-7.

LOEWER 0J, ‘GRAZE: a beefforage model of sekctive graang’. In

Agricultural Systera Modding and Simulation RM PeartandRB Curry
(Eds), pp. 301-417,New York, Marcel DekkerInc., 1998.

SINCLAIR SE, RICKERTK G, PRITCHARD JR, FEEDMAN — A feed-to-dolars
beef and deer maragementpackaye, QZ0004, Brisbane, Queensind
Departnent of Primary Indudries, 2000.

COX PG, ‘Some issues in the design of agricultural decision suppot

systems’.Agric Syst 1996 52(2) 355-81.

BUXTON R, STAFFORDSMITH MD, ‘Managng drought in Austraia’s
rangelads:four wedding anda funeral. Rangel J, 199618(2) 292-38.

RICKERT K G, ‘Experienceswith FEEDMAN, a decisionsuppot packaje
for beef catle produersin souh easten Quesnsland’ Acta Hort, 1998

476 227-34.

CLEWETT JF, ShallowStoragelrrigation for SorghunProducion in North-
westQueenslandBulletin QB850@, Brisbane QuesnslandDepartmentof

Primary Industies, 1985.

HASSETT RC, WOOD HL, CARTER JO, DANAHER TJ, ‘Statewide ground

truthing of a spatial modd’. In People and Rangelands: Building the
Future D Eldridge and D Freudenbeger (Eds), Proceedimys of the VI

International Rangeland Congress, Townsville, Queensland, Australia,

19-23July, 1999, 2, 763-4.

HAMMERGL, WRIGHTGC, ‘A theaetical analsisof nitrogen andradiation
effectson radiaion useefficiency in peanut’.AustJ Agric Res 199445(3)

575-89.

JOHNSTON PW, MCKEONGM, DAY K A, ‘Objective “‘safe” graang capacites
for southwest Queensland Australia: devebpment of a modd for

individual propeties’. RangelJ, 1996 18(2) 244-58.

FREER M, MOORE AD, DONNELLY JR, ‘GRAZPLAN: decisbn suppot
systemdor Australiangraang enteprises— Il. The animalbiology model
for feed intake, produdion and reproducton and the GrazFed DSS’

Agric Syst 1997 54(1) 77-126.

DOVE H, ‘Constrains to the modelling of diet selecion andintakein the
grazingruminant’. AustJ Agric Res 199647(2) 257—75.

HALL WB, RICKERT K G, MCKEON GM, CARTERJO, ‘Simulation studes of

nitrogen concentration in the diet of sheepgrazng Mitchell and mulga
grasslandsn westen Queensind’. AustJ Agric Res 2000 51 163-72.

© 2002 CRC Press LLC and Woodhead Publishing Ltd.



36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

50.

51.

QUIRK MF, STUTH JW, WEST NE, ‘Verification of POPMX preference
algaithmsfor estimaing diet compositionof livestock’. In Rangelandsin
a Sustain®le Biosphere Denver,Scciety for RangeManagenent, 1996.
sca, Feeding Standardsfor Australian Livestack: Rumhants Standing
Comnittee on Agriculture, EastMelboume, CSIRO Publications, 1990.
WILLIAMS CB, JENKINS GM, ‘Prediding empty body composition and
composition of empty body weight changs in matue cattle’. Agric Syst
199753(1) 1-25.

RICKERTK G, MCKEONGM, ‘A compuer modelof the integrationof forage
optionsfor beefproduction. Proc Aust SocAn Prod, 1984 15 15-19.
DAY KA, AHERNS DG, PEACOCK A, RICKERT K G, MCKEON GM, ‘Climate
tools for northen grassylandscaps.’ Procealings of Northern Grassy
LandscgesConferenceKatheiine, 29-31August200Q Darwin, Northern
Territory University, 2000.

MITCHELL PL, ‘Misuse of regresin for empiricd validation of modds’.
Agric Syst 1997 54(3) 313-26.

HARRISON SR, ‘Regressiorof amodd of real-g/stemoutput:aninvalid teg
of modd validity’. Agric Syst 1990 34(3) 183-90.

HARRISON SR, ‘Validation of agricukural expet sysems’. Agric Syst 1991
35(3) 265-85.

SCANLAN JC, MCKEON GM, DAY KA, MOTT JJ, HINTON AW, ‘Estimating
safe carrying capacites of extensve cattlegrazng propeties within
tropical, semi-aridwoodandsof north-easternAustralia’. RangelJ, 1994
16(1) 64-76.

DENT JB, EDWARD JONESG, MCGREGORM J, ‘Simulation of ecologtal,
social and econonic factors in agricultual systens’. Agric Syst 1995
49(4) 337-51.

RICKERT K G, ESPIENJ, STOCKUP: a progam to assss the structure of
beefcattle herds,Brisbane,Departnent of Primaly Indugries, 1990.
PANDEY S, HARDAKER JB, ‘The role of modelling in the quest for
sustanablefarming systems’ Agric Syst 199547(4) 439-50.

BELLAMY JA, LOWES D, ASH AJ, MCIVOR JG, MACLEOD ND, ‘A deckion
support approach to sustainable grazing management for spatialy
heterogeeousrangdand paddo&s’. Rangel J, 1996 18(2) 370-91.
ABEL N, ROSSH, WALKER P, ‘Mental models in rangelad resarch,
communication and management Rangel J, 199820(1) 77-91.

PARK J, SEATON RAF, ‘Integrative researchand sustinable agricultue’.
Agric Syst 1996 50(1) 81-100.

BESWICK A, JEFFREYSJ, MOODIE K B, ‘Climate databasg fundamentalto
the effective managementof Australia’s rangelads’. In Peopk and
Rangelands:Building the Future, D Eldridge andD Freudeberger (Eds),
Proceelings of the VI International Rangeland Congres, Towrsville,
Queensland,Australia, 19-23July, 1999, 2, 850-1.

© 2002 CRC Press LLC and Woodhead Publishing Ltd.



13

New developments in decontaminating
raw meat

C. James, Food Refrigeration and Process Engineering Research
Centre (FRPERC), University of Bristol

13.1 Introduction

Throughout the European Union (EU) consumers are requiring the food industry
to provide them with an increasing range of safe, nutritious and healthy chilled
foods of high sensory quality and an increased shelf-life. To meet the demand
for healthier food of high sensory quality, the use of additives and preservatives
is being reduced or eliminated and minimal processing techniques introduced.

To increase food safety whilst maintaining or increasing storage life, a
considerable amount of time, effort and money has been spent in adopting
HACCP techniques, including the use of mathematical modelling of microbial
growth, better packaging methods and improved temperature control within the
chill chain. Nevertheless there is little, if any, sign within official statistics of
significant reductions in the incidence of food-borne illnesses within EU
countries. Over the period 1982—-94 cases have risen by 330, 50, and 200% in
Spain, Norway and the United Kingdom respectively. In one year, 1988-89,
cases rose by 28% in Belgium, 75% in France and between 20 and 26% in
Germany. Poultry, red meat and meat products together make up the largest
single source of food poisoning in the EU. For example, 47% of the outbreaks in
Belgium, 38% in Sweden and 45% in the UK were attributed to poultry and red
meat. Wastage due to microbiological spoilage and poor appearance due to
desiccation is also high from meat and meat products.

There is no terminal step (such as cooking) to eliminate pathogenic
organisms from many raw products such as red and white meat until it reaches
the consumer. The consumer is relied upon to adequately cook the meat
sufficient to kill any bacteria injurious to health prior to ingestion. Several of the
pathogens present on meat are psychrotrophic and can grow at refrigeration
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tempeantures. Centilised processingand prepaation of these produds is
growing, increasng the distan@ and time betwee initial prepaation and the
consuner, thusincreasingtherisk of growth of pathogensldeally, sone form of
terminal step shoull be introduced, failing that any step that reducesthe
microbial load would be advantageus to public health and of econonic
sigrificance to the industy. That is provided sucha step did not changethe
intrinsic natureof the food, i.e., the ‘raw’ produceor meda mustreman ‘raw’.

It would be expeded that improvementsto slaughteringprocedues shoul
resut in a significant redudion in bacerial contaminaton of carcasseslt is
therebre very disappointingthat the last publishel scientfic survey(Hinton et
al., 1998)repotedthat’lt can... besafelyconcludedhatthereis little evidence
of any major changein the bactriological qualty of British beefduringthe last
10-15years’. Therewould seemto be no basisfor believing thatthe situatian is
differentin the UK from that of othe EU membe states.The main effect of
introducing new procedure, however, appeas to be a changein the distribution
of contaminatbn ratherthan a substarial reductionin total number(Jameset
al., 1999).In thefew casesvhere a generallylower microbial contaninationhas
beenreportal, theredudionswere quitesmdl. For exanple, comparsonsof two
dresing methodsin New Zealand repoted changs ranging from a 1.41
deceaseto a 0.5 l0g,, Colony FormingUnits cm™~2 increa® in bacterialcounts
at different positions (Bell et al., 1993). The applcation of ‘strictly hygienic’
procaduressuchassurgica gloves anddisinfeced knives undernearlaboratory
conditions have been found to have a significant effect on levels of
conaminaton. Howeve, attemptsat transerring laboratory technobgy into
commercial operdions havemet with limited succes.

Many studieshaveshownthat at the time of slawghterthe muscletissueof a
heathy animal is essentidl steile (Gill, 1979). The surfaceof the meatis
conaminatedwith pathogeni and spolage organsms during slaugher and
subsguenthandling Exposedsurface of the hide, fleece and skin of cattle,
sheepandpigs andthe feathersof poutry arecoveredwith dust,dirt andfaeal
matter. Further contanination can occur from exposue to intesinal contents,
which like faecescontin saimonellasand campylobaatrs — the two most
common cause®f food-borre diseaself microbeson the surfaceof mea could
be eliminating or substantily redued immediately after slaugher the risk of
cross-contamination during processing would be substantily reduced.An
efficient method of surface decontamination therefore offers substantia
advangagesin termsof food safety,spolage and economes.

13.2 Current decontamination techniquesand their
limit ations

Many decontarmation techniques have beensuggeted and studied over the
years. Howeve, manyof thee haveonly beenattenptedon a laboratoryscale.
Methods of decontamimting mea can be divided into thosethat rely on the
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activity of physicaltreatmentsandothersthat usechemicas to eitherremoveor
destroythe microorganisms.

13.2.1 The problems of decortaminating raw meat
Animal carcassesare not ideal shapedo decontamiate. Most decontaminatio
treatmentsrely on physical contactand uniform coverageof the meatsurface.
Thisis difficult, asthe surfacesof manyproduceandwhole animalcarcasseare
veryirregular.For example the outersurfaceof a carcashasmary crevicesand
folds. Theseareasare very difficult to treatand provide protectionto attached
bacteria. They slow down the penetrationof aqueousard gas treatmentsand
causeshaawing problemsfor radiationtreatmentsuchasultraviolet (UV) light.
As well asprotectingbacteria theseareasoften clog up with physicalcontami-
nation, suchasdirt and hair, anddo not drain well. Pook of wateror chemical
solutionslying in theseareascanhavea detrimentalaffectson the visual quality
of the meatand causedifficulties in controlling the contacttime of treatments.
Thereis much evidencethat the time at which produds are treatedgreatly
affectsthe efficacy of decontanmation processs. The longerbacteriaresideon
produd surfacesthe moredifficult removalbecomesbecaise of the ability of
bacteriato attac to tissue.Bacteria differ in their ability to attad to different
surface andthe time they requireto becomefully attaded. The formation of
bio-flms may increag the resistane of bacteriato disinfectints such as
chlorine. Surfactarg suchas ‘Tween 80’ have beenusedto increag surface
wetting, in theay allowing thedisinfectantto ‘get at’ thebactera. Tween80' is
not used for food production becase it cause unaceptable organolgtic
changs. Two surfactans, ‘Orenm Peel40’ and ‘Tergitol’, are usedfor fruits
andvegetblesin the USA (Zhangand Farbe, 1996).

13.2.2 The difference betweendecontamination methodsand treatments
Thereis rarely any distinction mace in the literature between deconaminaton
‘methods’ (i.e., the method of appling a treatmat) and deconaminatian
‘treatments’. This often cloudsthe practicalissuesof decontanmnation. Thereis
often too much emphasisplacedon the treatment rather than the method of
applicaion. Decontaminaion is not a matier of simply dipping or sprayingthe
produa with chemicas or water,or giving it a quick flash of light. For exampeg,
manyfactorsaffectthe efficiency of aqueos spraysystemsin automatedspray
cabines the positionandnumter of the sprays, the shapeof the spray,andspray
pressurs, all havea significant effecton the treamentirrespecive of the nature
of the subsancebeing pumped throughthe sprays.Many studes have shown
thatthe methodof deconaiminatbn is often moreimportantthanthe treament.
Most abattoirshaverelied in the paston manualsprays to washred meat
carcasss; thus automatedspray cabinets have beena natural devebpment.
Somestudies however, haveshownthat a delugemethodof applicgion where
the carcassis passedunder a wateffall offers a more effective method of
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covelage(DaveyandSmith,1989).The useof waterspraysis currenty themog

common methodof cleaning carcassesMany studieshavebeencariied out to

optimise spraying systens and investigate their efficiency. Extensiverelated
studes havebeencarriedout in the UK by Bailey (1971),in Ireland by Kelly et
al., (1981) in the USA by Andersam and co-woikers on the CAPER sysem
(Andersonet al., 1984, and in Australia by Smith and Dawey (1990) In a
numter of thes studes the effect of addingorganicacidsand chlorine to the
water systems was evaluated. Together these studies provide essential

information on the paranetersthat affect spray washirg. Physicalparaneters
include sprgy presure and flow rate, and nozzle type, configuration and the
angk of spray.As well asthesephysical parametes variablessuchas tissue
type, inoculation menstrwm, inoculdion amaunt, or tempenture of treatment
all affectthe resultof deconaminatian procedures.

Hed treatments, with or without chemials, arevery relianton the methodof
appication. To preventcooking the product,suchtreamentshaveto providea
uniform heatng of all surfacesfor a short period. This is not particulaly
difficult to achieve on a labaratory scale, sprayingor dipping smdl sanples
using hot water for exampe. Similarly, laboratory studiesusing steamhave
shown thatif very high tempegturesare appliedfor very shorttimes, followed
by coolingthesurfacerapidly, high bacteral redudions canbeachievecon med
without affecting the surfaceappea@ance.However,succasfully applying such
tedchniquesto carcasssin an abattoir,for instance presentsmany engneering
chalenges.

13.3 Washing

Washing meat or produce with water can effectively remove physical
contaminatessuchassoil, hairs and otherdebris,howeverits affecton bacerial
numkersis margnal. The temperatire at the surfaceandthe methodof applying
the water are the two modg importantfactorsin bacteral removal. While it is
genenlly accepted that washirg is an effective method of removing visible
conaminatbn from meat carcasss, there is persistentcriticism that it may
redistibute bacteriaoverthe carass.At preent, mostwasheautilisecold water
andthe evidenceis that cold waterhaslittle effecton microbial numkbers.Trials
on sheephave shownthat washirg led to bacterialcontamingion of the dorsa
area which was unconaminated before wasing (Ellerbro&k et al., 1999).
Corntaminaton on the vental areawas not redued, an areamog likely to be
contaminated during dressilg operations.Residual water remaning on the
carasswas believed to enhancebacerial multiplication during storage Cold
waterwashirg of beefcarcassshasbeenshownby onestudyto beineffective
andtendng to bring abouta ‘posteiior to anterbr redistibution’ (Bell, 1997).
Howeve, anoter study (Charlelis et al., 1991) found that there was little
differencein the distribution of faecalcoliforms beforeand after trimming and
washing on beef carassesn threeabatoirs.
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Washingwith wateralorne usually obtainsa reductionin microbial numbers
of 1- to 2-log-units (10 to 10%) on meat.Increasingthe tempentureof the water
increagsthe reduction.Howeve, a sprayjet rapidly loses heatby evapoation.
Studieshave shownthat the maximumimpact tempeatureon the carcasf a
sprayplaced30 cm awayandsupplied with waterat 90°Cis approcimately 63°C
(Bailey, 1971). Abattoirshavealwaysbeenworried aboutthe effectof hotwater
ontheappearaneof carassesHoweve, studieg(Smith,1992)haveshown that
treatments of 8C°C for 10 s not only significantly redue bacteriallevelsbut do
so without any permanat damageto the surfacetissue

Automatedwashirg systens for meatcarcaseshavelong beenseento bethe
way forward. The mostcomprekensivepublicly documengédstudiesto datehave
beenonthe CAPER (CarassAcquired Path@enElimination Reducion) system
developedin the USA and the Australian ‘Deluge’ sysem. The Australian
systemdependa on the action of hot water solely to decontantate. While the
CAPER sysem has beendespned as a two-gage process involving a water
stageto removephysical contaminatbn andorgaric acidsto sanitisethe carcass
Commercial spraycabinetssimilar to the CAPER sysem are available in the
USA, while trials havebeencarriedout on a commercial vergon of the deluge
systemin Australia.

13.4 The useof chemicals

Many studieshavebeencarriedout to testgroupsof chenicals for antimicrobial
activity againstspecific patrogenicandfood spolage organismsA wide range
of chemials are known which will destroyor severelylimit the growth of
pathogerd and spoilage baceria. Howeve, the numberof chemials that are
likely to be approvedfor useon meatis severey limited (Table 13.1), not least
becawse of legd restricions. While chlorine has been an acceptd part of
washirg fruits andvegetabésfor manyyears, chemicalwashirg of red meathas
not generdly beenacceped. The poultry indudry hasutilised chlorine to keep
chiller waterclean,which hashada knock-onaffecton microbial counts,but its
use in the EU is being stoppedfollowing health concens. More recerly
trisodum phosph&e (TSP) has beenusedfor poultry. Thereis also growing
interest in the use of ozone and natually occurring antimicrobials. The
effectivenessof mod chemial treatmentslepend on concentration,applicaton
temperatire and exposuretime.

13.4.1 Application of chemicals

Whenconsideringall chemicaltreatmentghe methodof applicationmustalsobe
consideredIn many casestheseare ‘drop-in’ additionsto the washingprocess
ratherthananintegral part of the washingsystem.Most chemicalsare appliedin

the form of aqueoussolutionsthereforeaswith water treatmentsthe methodof

applicationwill havea significantinfluenceon how effectivea treatmentwill be.
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Table 13.1 Chemicalsinvestigatedwith varying successto decontaminateneat

Organicacids Lactic, acetic,fumaric, citric, ascorbic,formic, propionic,
benzoic,sorbic

Chlorine Gaseoughlorine, sodiumhypochlorite,calcium hypochlorite

Chlorine dioxide

Sorbates Potassiunsorbate sorbic acid

Polyphosphates (Trisodium orthophosphatéTSP), sodium
hexametaphosphatspdiumtripolyphosphatetetrasodium
pyrophosphate)

Ozone

Hydrogenperoxide

Potassiunchloride

Lysozyme

Disinfectants (Glutaraldehydg1,5-pentanedial)Poly

hexamethylenebiguanideydrochloride(PHMB), lodophor,
Cetylpyridinium chloride (1-hexadecylpyridiniunchloride)
(CPC),Carntrol(activeingredientcoppersulfatepentahydrate),
Timsen(40%N-alkyldimethylbenzylammoniunchloride in
60% stabilisedurea))

Most of the chemials descrited havebeeninvestigatedin labaratory studes
by dippingsmallsanplesof meatinto solutionsof the chemicas. Immersbnis a
very effectivemethodof ensumg full coveiageof aprodud. Howeve, thereare
a numter of practical problems with immersion. Aside from the logistical
problem of immersing a side or whole carcass, maintaining chemical
concentrationis diffi cult. As well asbeing lost throughspillageand absoption
by the meat,the activity of the solutionwill changeasthe chemicalreactswith
the microorgansms and othe organicmateral. Acid soluions lose activity as
the anions are easily bound by peptides and proteinsreleasedby the meat.
Chlorine also reads with orgarnic materal. Ozone and hydrogen peroxde in
soluion rapidly decompos. While immerson may be practicalfor cutsof mea,
(subprimalsandpoutry carcasssit is unlikely to be adoped for treatingsides
and carcasss.

Sprayng is the mod commonway of appling chemialsto carcases.Most
studes haveusedmarual spray devices.The effectivenessof a manualsysem,
whether it is using just water or a chemial spray, depend very muchon the
skill of the operatorandwill vary from operatorto operator.This meansthatany
resuts are difficult to quanify. Even the effectivenessof autanated cabnet
sysems depend upon the influence of various physical parametersThese
paranetershave been coveredin the earlier section on spraying with water.
Most of the cabinetstudeshaveusedequipmentbasedon the CAPERsystemor
onemace by US CHAD Co.,thougha numter of groupshaveusedpurpog-built
sysems.

© 2002 CRC Press LLC and Woodhead Publishing Ltd.



13.4.2 Chlorine

Thevariousformsof chlorine areprobaly themostwidely usedsanitisesin the
food industy. They include gaseas chlorine (Cly), sodum hypachlorite
(NaOcCl), calcium hypochloite (Ca(OQ),), andchlorine dioxide (CIO,). Apart
from ClO,, which has a different mode of acion, thee compoundsform
hypochbrousacid (HOCI) in agueos solution, andit is this form thatis active
againstmicroorganisrs. The anti-microbial action of all chlorine compound is
dueto their oxidising affect. However, while chlorine is widely usedin the EU
by the food indudry to washvegetablesparticularly saladvegetbles,it is not
permitedto be usedon med. Despik this, scientfic trials havebeencarriedout
on its appicability. Many studies have shown that applying chlorine at
concatrationsof 200 ppm and aboveto meatcarcasss can produe a 2 log
(10 redudion in bacerial numkers. Thesereductionscan be furtherincreagd
by raising the temperatire of the chlorine. Most pathbgenscan be readly
controlled, though not eliminated, by chlorine but some would require
concentrations higher than 200ppm. It is very unlikely that chlorine
concentrationsabovethis level would be allowed legally for meat.

Numeious concernsare increaingly being expressd about the use of
gaseais chlorine andhypochloite solutions.Amongthes arethe fact thatthey
react with phenolc compoundsand the resutant chloropheols can cause
tainting at very low concerrations, as well as possble human heath risks
associged with chlorinaked lipids and proteins. Chlorine dioxide has been
propo®d asa safealtemative since it doesnot reactin this way. Therearealso
many practical problemsin terms of contol of chlorine levels protecton of
delivery systens from corrosion etc.

13.4.3 Organic acids
There are many commerciallyavailable organic acids. The effects of different
concentrationgemperatureandmixturesof mary of these havebeenstudiedon
meatmicro-flora. Acetic andlactic acid havebeenthe mostwidely studiedof the
organic acids, while propionic, citric and fumaric acids have also been
investigatedOrganicacidsarenaturallypresenin manyfoods,andarerelatively
cheapasthey arethe principal productsof many naturalfermentationreactions.
The effect of organicacidsdepend on threefactors (Ingramet al., 1956); (i)
the effect of pH, (ii) the extentof dissociaibn of the acid, and (iii) a specific
effectrelatedto the acid molecue. In generakhe antimicrobial actionof organic
acidsis dueto pH drop. The lower the pH the greaer the effect. Lowering the
pH, however throuch the addtion of aninorganicacid is ineffective (Reynols
and Carpenter,1974). Dissociatim of the acid is also a factor. Undissciatel
weak acids are 10 to 600 times as effedive in inhibiting and killing
microorganismsasdisociatedforms (Eklund, 1983).Organt acidsare mainly
undissociated when dissolved in water. They therefore have a stronger
antimicrobial action than inorganic acids that are totally dissocatedin water.
Buffering the acids(throughthe additionof a solublesalt of the baseacid) will
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increa® their effectivenessas more undissocated molecues will be presnt.

Evenunderthe sane condtionsof pH andaciddissocationtherearedifferences
in the antimicrobial action of variousorgaric acids (de Koos, 1992),this is due

to the natureof the anion (Snulders,1995).

Wastes and sprayscontairing organicacidshavebeensuccessfullyusedin
deconaminating beef,lamb, pork and poultry carcasses.Researche agreethat
orgarnc acids canredue the numbersof patlogenicandspoilage organismson
med by typically 1 to 3.5log microorganismsper g produéng an extensia of
shef life of 7 to 17 daysrespectivey. In investigatonswhere thetempeatureof
theacid is varied,greaterreductbnsin bacteral numbersareachievedat higher
tempentures.However,in many case the mea hasbeenimmersel in the acid
mixture andit is difficult to separag the effect of the tempenturefrom that of
the acid.

Studieshavegeneally usedconcentationsof betweer2 to 4% with someas
high as24% andit is not clearwhat shouldbe the maximumconcentration. In
some studies concentations of 2% acetc acid were reported to produe
disolouration on pork loins (Cacdarelli et al., 1983). In others,at 3% no
advese effects were found on lean sample but slight off flavours and grey
dismlourationwasrepoted on fats (Andersonet al., 1979a).Overall, treatmei
with 2% lactic acid solutionsappied at a meatsurfacetemperatire of 37°Chave
beendescibed as optimal (Anderson and Marshal, 1989). Someresearbers
advocae a mixture, othe's single acids.

It is disgppointingthatthe reductonsproduedin commecial trials areoften
significantly lower thanthose foundin laboratorystudiesin laboratorytrials the
sanples have often beeninoculated with high levels of bacteriaandin these
situaions the acids may be more effective Also, produdng an even surface
covemgeof acid is far easieron a small samplein the laboratorythan over a
whole carcassn the abatoir.

13.44 Polyphoghates

Trisodium phosphée (TSP) was develogd in the US for the control of
samonellaon poultry. TSP(NagPOy) possbly worksby removing athin layer of
fat from the carcasssurfaceand in doing so removing the microorganisms
attahedto the surface(Giese,1992),it thencauss ruptureof the bacterialcell
membane.Ruptured cells are not protectedand succumb to the ionic strength
and high pH of the medum.

Thereareconflicting reportson the sensiivities of Gram-posiive andGram-
negaive baceria to polyphosphées. It has beenrepoted that Gramposiive
baceriaaregeneally moresensiive to polyphosphtesthanare Gramnegative
baceria(Leeetal., 1994),but TSPhasbeenreportedto be more active aganst
Gram-negéive bacteria, such as Salmorlla spp., Campyobacte spp. and
Pseudomnasspp.(Corry andMead 1996). Thereare conflicting reportson its
effectivenesson reducingmicroorgansms on red med tissues(Dicksonet al.,
1994; Gormanet al., 1995).
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13.4.5 Ozone

Ozone (O3) is a watersoluble naturally occuring gas that is a poweful

oxidising agent It is alsovery unstabé, on exposue to air andwaterit rapidly
decompossto form oxygen,hencegeneraion is usually at the point of use.In

general baceria are more suscetible than yeass or moulds; Gram-pogive

bacteria are more sensiive than Gram-neg@tive; bacerial sporesare more
resistantthan vegetaive cells. Temperatue, relative humidity, pH, stage of
microbial growth andorganicmatterpreenthaveall beenshownto affectozone
antimicrobial action.

Gaseou®zonewasusedcommecially in the 1940sto extendtherefrigerated
storage life of meda (Ewell, 1943). The use of gaseds ozone in meat-
conditioning coolershaslong beenaccetedby the FDA in the USA (Graham,
1997). Howeve, mea pigments and fats are sensitve to oxidation by high
concentrationsof ozone(> 10ppm). Studiesusing ozonatedvaterhavereportel
conflicting results,somereporting advantage over othe chermical treaments,
othersshowing no advantags over washirg with water alone (Reaga et al.,
1996).

13.5 New methods: steam

Steamat 100°Chasa subsantially highe heatcapadty thanthe sameamaunt of

water at that tempeature.If steamis allowed to conderse onto the surfaceof

meatit will rapidly raisethe surfacetempeatureof themeat.Onevery attrective
featule of condemsing steamis its ability to penetrae cavities and conderseon
any cold surface. The bask for why steamtreaiment neednot cook raw meat
while killing baceriaandthe penetrativeability of gaseshasbeendeat with by
Morgan et al. (19963. Heat kills bacteriamainly by inadivating the most
sensiive vital enzynes.Typically the heatof acivation of theseenzynesis 8.38
to 50.28kJ(g.mol) . The heatof activation for irreversible musclecooking is

209.5to 419 kJ(g.mol)*, substarially higher. Only microgramsof enzyme
needto be inadivated conparedto the grans of musle denatired during
cooking ‘For a squae centimete of surfacecontaminatedwith 100 bacteria, 15
milli on times asmuch heatis neede to cookthe surfaceto a deph equalto the
length of a bacerium comparel to the heat neede to kill all the bacteria’
(Morganetal., 1996a).Sincebacterisarepresenpnly on the surfaceof themeat
evenassunng that heatingratesare the sametheoretially the baceria shoutl

die earlierthanthe mea would cook. In fact the meatwill takelongersinceit

requires condudive heat transfer through the musle. Exposue times for

chickenmeatin air-free thermally saturatedsteam at varioustempeaturesare
shownin Figure 13.1,an equivaknttime in 100°Cwaterwould be about1000
ms.

Water vapour molecues are much smalker than bacteria,for exanple 2 by

10~* um in diameer comparedwith 0.7 by 4 um for Salmon#a cells (Morgan
etal., 1996a) Therefoe steam is capalke of reachirg any bacteriain cavities.
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Fig. 13.1 Time for cookingto beginon broiler meatpiecesexposedo steamat various
temperaturegadaptedrom Morganet al., 1996a).

Although the velocity of steamis redued by cavities of diameer lessthanthe
mean free pathof the gasdensitythis doesnot restrict steam reachirg bacteria.
In 140°C satuatedsteam,the meanfree path of the steammolecue is 0.4um,
half the diameterof the smadlest cavity capableof containinga Salmonéa cell.
To preventcookingthe steammustconderse on the surfacerapidly, andre-
evapoateequallyrapidly. Gasesnoveby eitherflow or diffusion. Flow is rapid,
motivatedby a presuregradient Diffusion is mud slowerand motivatedby a
concentration gradientof the gasthrough othea gasesDuring steam treatment
air, andany othe non-ondensald gaspresnt, is concentratedby the inrushof
condersing steamforming a layer arourd the product surface. This prevents
steam flow, slowing condersationasthe steamdiffuses throughthe layer. Non-
condersabk gasescan come from three sour@s; gasesaroundthe meatwhen
encbsedin the chamber gasesenteringwith the treatment steam and gases
which have been desobed by heat from the med or other surfaces. The
tempeanture at which water bails is a function of presure. At atmosgeric
presure, steamwill initially be createl at 100°C. At lower presuresthe
geneantion temperturewill be lower, at higherpressurest will be higher.
Two laboratorystudes on the directappication of steamthrougha hoseto a
med carcassepot conflicting results.In one study, direct treatmeant of pork
car@asseshowed a reductio of total bacterialcountsof 6 log micro-organsms
percm? (Biemuller et al., 1973).Howeve, the steammarral the appearane of
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the carcasss.In contras a study on beefcarcasssshowed direct applicationto
be ineffective andto redue storagelife (Andersonet al., 1979b)

The effects of various steamtreamentson the appeaana, shelflife and
microbiological quality of chicken portions have been investigated at the
University of Bristol (Jamest al., 2000a) Application of steamat atmosymeric
pressure(100°C for 10s) on naturally contamnated chicken breastportions
resultedin a 1.65 log;pocfucm™2 reduction in the numters of total viable
bacteriaHoweve, in comparisorwith untreatedcontols, this treatmentdid not
extend the shelf-life. Stean treatmeat for up to 10s on chicken portions
inoculaedwith analidixic acidresistanstrainof Escheichia coli serotypeO 80
resulted in a maxmum reduction of 1.90 Ioglocfucmfz. Overall, resuts
indicated that significant reductionsin microbiological numkers could be
achievedon chicken meatusing steam.However, the reductionsachievedwere
lessthanwould be expeded from the time tempeature cyclesachieved

Additional work at the University of Bristol hascomparedsteamcondensation
(100°Cfor 8s), hot water immersionalone (90°C for 8s), and chlorinatedhot
water(250ppm,90°Cfor 8s)for treatinglamb carcasseflamesetal., 2000b).All
threetreatmentgproducedcarcassewith lower aerobicplatecountsthanuntreated
controls(averagecountof 3.2log;gcfucm™<). Therewasno significantdifference
betweenthe steamandhot watertreatmentawith both treatmentseducingcounts
by approximatelyl log;ocfucm 2. Overall the chlorinatedhot water treatment
reduced counts by 1.6 log;pcfucm 2. Although chlorine proved the most
effective, the authorsfelt that current attitudestowardsthe use of chemicals
relegatedts usein comparisonwith the othertwo treatments.

Steamcan be produed undervacuumat temperatires substantily below
100°Cwithout substanitlly reducingits heatcapadty. Sub-atmosphec steam
hasbeenshownto be an effective way of deconaminatingpoultry drumstidks
and carasss, surface temperdures of 75°C for four minutes achieving
reductians of the orderof 5.5 and 3 log, respectivdy (Klose et al., 1971).

EU and UK governmat fundedstudies involving the University of Bristol,
have been cariied out on the use of sub-amospheic steam paseurisaton
systens for treatinga rangeof food produds (Evans 1999. During trials each
food type wasinoculaed with a pathogeranda spoiage orgarism (Salmonelba
entertidis and Pseudomorafluoresenson poultry, Escheritia coli O157:H7
and Pseudoronasfragi on beefand Yersina enterocditica and Pseudoronas
fragi on pork). The sampleswere treatedin a decontannation apparatis
(developed aspart of the work,) at tempeaturesbetwea 55 and85°Cfor times
between ten seconds and ten minutes and the reduction in microbial
contaninantsdetermired. As an additioral treatment, orgaric acidswereadded
before heat treament and their effect quantified The effects of three acids
appliedat 10 or 55°Cwere investigated(acetic(0.15,0.230r 0.3M), lactic (0.1,
0.150r 0.2M), bufferedlactae anda mixture of aceticandlactic acids).Water
appliedat 55°C wasusedasa contol.

In theabsencef acid or watersprays steamat 75 or 85°Cfor 40 seconlswas
requiral in orderto reducelevds of S. enteritidison chickenby 3—4log cycles.

© 2002 CRC Press LLC and Woodhead Publishing Ltd.



Treamentsof 75°Cfor tensecomnisredued Y. enterocditica on pork skinandE.
coli 0157:H7 on beefby 2-3log cycles.The addition of orgaric acidsincreased
microbial redudions in all of the three meatsinvestigated.The appication of
acids at high temperatire (55°C) and strongermolarities wasfound to be most
effective.Improvedeffectsof the acidswere alsofoundwhen thetime of contact
betwea the acid andthe food prior to steamtreatmentwasincreasedContad
times of betwea four andsix minuteswererequired to achieveredudionsin the
pattpgensstuded by 4 log,o cfu cm~2 on pork skin and between5—6 log, o cfu
cm 2 on beefor chickenskin. On all meatsacetic,lactic or a mixture of these
acids were mog effective, although when water was appled as contol,
redudions abovethoseachievedby steamalonewere recorded This indicated
that someof the action of the acidswasto wash microbesfrom surface.

When steamalore wasusedto deconaminatebeefsampleghe shef-life of
sanplesstoredat 0 or 10°Cin eithervacuumpacksor air wasextendedonly if
the storagetemperatire was maintaned at 0°C. When acids were appliedin
addtion to steamtreatmet the storagelife of pork skin and chicken was
extended.On the pork skin four acidswerecomparel (0.3M acetc, 0.2M lactic,
an acetic/latic mixture andbufferedlactic). Of thes acids,bufferedlactic was
capalbe of retaning microbial couns below the pre-decatamnation level for
14 daysif storedat 0°C andfive daysif storedat 10°C.Extersionsin the storage
life of deconaminatedchickensamplesvhentreaedwith organicacids(lactic)
andsteamwerealsofound. On theinoculatedandtreatedsamplef poultry the
levels of TVCs and pseudononadsremainedbelow 6 log for 2—3 timeslonger
than the control sanples (for three daysat 10°C and 12 days at 0°C). Total
numbers of microbeson the treatedsamplesrequiredlonger periodsof time to
read a setlevel. This was primarily becawe they had lower initial levels of
contaminatbn. The rate of growth of saimonellasurviving the heattreatment
overthe 20-daystorageperiodat 0°Cwasnegligible aswould beexpededat this
tempeature.At 10°C growth wasslow, but the overall increa did not exceel
onelog cycle during the five-day storage

This study hasshown that re-contanmation, after decontanmation, of pork
with Y. enterocditica did not preent a highe risk of increasedyrowth during
aerdic storage(at 0 or 10°Q on decontanmnatedthan on untreatedoork when
the numtersof backgoundflora werelow conmparedto the inoculaed bacteria.
The risk was slightly greder when the sanples were vacuum packayed. On
chicken, Salm.entertidis grew well in aerdic conditions at 10°C both on the
deconaminatedandthe untreaed meat.

As E. coli O157H7 hasa very low infectious doseand causesvery severe
diseasethe consguencesf growth could be espea@lly serious In this study a
storagetemperatire of 10°Cwasusedasa ‘worst case’.Whena high inoculum
(3.6 log;gcfucm™ <) was used,the multiplication was much more rapid on the
deconaminatedbeef when vacuumpackaed. This was also the casefor the
three expeimentswith low inoculum but therewasa greaer variability in the
resuts. Theseobsevationsneedto beinvestigatedurther, particulaly ask. coli
0157H7 is known to beresistanto acids.Howeve, it shouldbe bornein mind
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that postprocessrecantaminaton is likely to include mainly non-pahogenic
(competitive) microorganisms, at least sorre of which are likely to compee
successflly with E. coli O157H7. In addtion, raw meatshoul be storedat
temperatires significantly belonv 7°C, which is the minimum temperaitire for
growth of this patlogen.

In all cass somedegreeof cookingwasappaent on the meatsinvestigaed.
Onthechickenandbeefthe outer layer of musclewasslightly cooked although
the skin of the chickenwasbarelyaffected.With pork skin the steamtreaiment
slightly influencedthe surfacecolour but did not affect consumeracceptabity
of the samplesWhenacidswereaddedto the pork skin consumes wereableto
detect an acid odour immedigely after treatment,although the acid odour
decrease during storage

Morgan et al. (1996a b) have developeda device that enablesvery high
temperatire surfacetreatmeat of meat without cooking. This systemutilises
very rapid cycling (for millisecond} of heatingand cooling using steamunder
pressureand vacuumecooling. Meat sanples are placedin a rotating chamber
thatasit rotates is expose to threeotherchambes, a vacuum steam, andfinal
vacuum.This allows tempeaturesof up to 145°C Tests,using inocula of L.
innocua on chicken meat, have shown that subsantial reductionscan be
achieved Subsegantwork showedhattreamentat 145°Cfor 25msproduceda
4 log redudion on raw chickenmea. Treatnentat 121°Cfor 48ms produed a
2.5and 1.9 log reductionon beefand pork samplesyespectivéy.

The mostsuccesful steamprocessyet, in termsof indudrial applicdion, has
been that devebped in the USA by Frigoscandia the Steam Paseurisation
System(SPS).Studieson this commaecially avaiable systemfor treaing red
meatcarasseshavebeenconduded and publishel by KansasStateUniversity
(Nutsch et al., 1995; 1996, 1997, 1998; Phebuset al., 1996, b, ¢, 1997a,b,
1999). Significart reductbnsof the orderof 3.5 log-units for specific baceria
havebeenrepoted. The full commecial sysem (SPS400 Stean Paseurisaton
systen) consistsof a three-stageabinet.Washedcarassegpassthroughanair-
drying stageto removeresidud waterfrom the carcasdeforeanenclesed-steam
treatment stagefollowedby spraycooling. Thefull unitis verylarge,‘the size of
a subway car’ (Smith, 1996), and a single-steam unit (SPS 30 Steam
Pasteusationsysem) for small abatoirs hasalso beenmarketed Approval of
the use of steampasteuisation as an antimicrobial stepin the beef slaughéer
processwas grantedby the USDA in 1995

Commertial evaluatiors of the SPShavebeencarried outin the UK undera
MAFF LINK schemeusinga SPSSC1® cabinet(Eveleigh,2000).Initial trials
showedthat both natural TVC and Enterobateriace@ counts on carcasss
produed in the abattoir involved in the study were too low to show any
significant differences in process treatmats before and after the SPS. Thus
bacteriaweresurfaceinoculaedprior to treament. The TVC resultsshowedhat
85°C had little effect, evenfor 12s, conparedto 90°C while there was little
differenceat highertemperatires. This was taken to indicatethat therewerea
numter of thermotoleant organismspresentWhile resuts showedthata 90°C
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treamentfor 8s would satisfyrequirementsfor an effective treatment with the
least effect on carcasscolour, the partidpantschoseto carry out further trials
using 90C for 10s, eventhoughtherewasa noticealte colour change

13.6 Other new methods

A whole rangeof more novel techniquessuchas microwaves (Patersoret al.,
1995)ultra-violetlight (Steemeretal., 1987)or visible light (MertensandKnorr
1992),havebeensuggeted for treatingmeats andin sone caseslenonstrated
to be viable alternaives. Most of thesemethodsdependon heatto destroythe
baceriapresenthouch a numberof non-thermaltreatmentshavebeenpropo®d
(Mertins andKnorr, 1992).

Many of the alternaive physical decontanmation treatmentsrely on the
effectof radiantenegy on surfacebacteria(Table 13.2). Thesemethodsnclude
ultraviolet radiaion (UV), visible light, andlasers Othersrely on the effect of
electromagnet fields andinclude microwave, electricalstimulation (ES), high
voltagepulsedelectic field (PEF)andoscillatingmagneticfield pulses(OMF).
In addition high pressurs, air ions and ultrasoundhavebeeninvestigated.

UV hasbeenusedto extend the storagelife of chilled meat.Many repots
showthat exposue to UV canreducesurfacecontaminatbn of mea by 2 to 3
log,cCFUcm 2 and it would appea to have no deleterbus effects on the
appeaance of the meat. Under high intensity UV, exposue times would be
<10s. UV appearssuitable for on-line decontamiaation of meat either as
carassesprimas or retai cuts To achieveanevenexposue of all pointsonthe
surface of the meat appearsto be the main technial problem. The use of
roboics and autanation to orientate the med with the sourceor move the
sour@(s) over the surfaceto prevent ‘shadaving’ needsto be examired. Very
brief highintensity pulsesof visible light produe a >1 log reductionin bacerial
numkers. Few data,however, are currenty availableon the processAttaining
very high surfacestemperatiresfor a very shortperiod using lasersmight also
havemuchto offer in the future.

The number of papers on the use of microwave energy for meat
deconaminaton look promising Papersreportthat a 40 secondexposue can

Table 13.2 Mode of anti-microbial action of different novel decontaminatiortreat-

ments

Method Mode of action on microbial cells
Microwave Thermaleffect

Ultraviolet light UV effect

Pulsedlight UV (or thermal) effect
Ultrasound Ruptureof cell membrane

Ultra high pressure Denaturingof protein
Pulsedelectricfields Ruptureof cell membrane
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reducebacerial countson chicken piecesby 2 log (Cunningham1978,1980).
Howeve, recentwork at the University of Bristol (Goksoy et al., 1999, 2000)
refute these claims. This work using domestic microwave ovens showed
microwave heatingto be too unevenand unreproducdle to surfaceheatmeat
cutswithout cooking. Althoughtherehavebeennumerougublicaions claiming
a possibe non-themal antimicrobial affect of microwave exposue most
reviewes of the literature have concludced that any destuction of micro-
organsmsin a microwave is purely thermal.

Electrical stimulation appeas to produe a smallreductia in bacteral levels
in laboratory studeson modd foods Reductionsof upto 6 log;(CFUcm 2 have
beenrepotedafter the applicationof high voltagePEF(Zhangetal., 1994).The
technigue, however, is in its early stags and will requre constderale
developnent before it can be appliedto small pieces of meat. Similardy the
applicaion of OMF appeas to be an effecive meansof destroyingbactria,
especidly for treaing liquid foods,but is not likely to haveappicationsin the
decontanmation of meatin the nearfuture (Mertensand Knorr, 1992).

Ultrasownd is effective only in a liquid medum and therefae haslimited
applicdion for red meatcarasseshoughit may proveusetl for treatingcutsof
meat. Laboratorytrials have shownthat very high presure processig is an
effective methodof extendingthe chilled storagelife of highly contaninated
minced meat (Carlez et al., 1994). It also sigrificantly redues the risk of
survival of pathogeni microorganisms. The cost of high-pressureequpment
that could process substantl quantities of med, however,appeas to limit its
commecial uptake.

13.7 Future trends

Meat carcassesypically contain betwee 10" and 10* microorganismsper g
(James et al., 1999). To achieve any significant improvement in the
microbiological condtion of suchproduds we requre a 4 log-unit reduction
in total bacterialnumbers To date no adequée methodof achieving this has
beenfoundwithout affectingthe sensoral quality of meat.No treatnent,asyet,
can be relied upon to eliminate all patlogens. Typical reductionsfor non-
chemial andchemicaldecontarmation treatmentsireshownin Table 13.3and
Table 13.4,respectivéy.

With the increasein commaecial interest and use of deconaminatbn
treatments (particulaty in the USA) more andmore studiesarebeing carried out
in operdional abattoirsunlike much of the earlier work that was often on a
bench scale. In the US commercal abatoirs are utilising a wide range of
decontanmation treatments, often sequatially.

While steamis beingappied commercially in America,andundegoingtrials
in the UK, for beefcarassesexpeimentalwork is still ongoingon its usefor
othermeats Much work at FRPERChasconcentratedon poultry while others
have even appled it to delicate meatssuch as fish. Despitethe succes and
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Table 13.3 Typical microbial reductionsachievedby
non-chemicaimeatdecontaminatiorireatments

Treatment Log reduction(APCs)
Water- cold 1-2

Water— hot 1-3

Steam 2-4(6)

Ultraviolet 0-2

Visible light 1-3

Microwave 1-2

Ultrasound 0-1.5

Table 13.4 Typical microbial reductionsachievedby
chemicalmeatdecontaminatiorireatments

Treatment Log reduction(APCs)
Organicacids 1-3.5

Chlorine 1-2

Chlorine dioxide 1-2

Trisodium phosphate 1-3

Ozone 0.5-3
Hydrogenperoxide 2-3

commercialrealisationof steampaseurisaton sysemstherearestill holesin the
undestandirg of thesesystems.To realisethe full potertial of steamsurface
paseurisaton it is necessaryto undestandthe relatonship betwee heating/
cooling cycles and appeaana/quality change for foods of interest. The
condtions that will maximise bacterial reduction without significant quality
change needto be identified along with the engineeringunderstandingto
produe those requirad condtions consisently over the surfaceof food when
preented at indudrial throughputs. While there are effective commecial
sysemsavailablethereis much evidencethat thesesystens still requirefurther
devebpmentto achievefull efficiency.

Many studesstill concentrateon the efficacy of differentchemicas, oftenas
combined chemial solutions. In the EU legd restrictims on the use of
chenicals for treatingraw mea reman. Thusit is still unlikely that chemials
will find widespead applicdion in the meat industy. Howeve, chemial
wadhing of fruits and vegetabésis widespred and a growing research topic.
Internationaly, the leastcontroversal methodsof treatingmeatinvolve washirg
or someform of heattreament.

The adoptionof surfacedecontammationtreamentsby the meatindugry in
the EU remans restricted by legislation on what shoutl or shoutl not be
pernitted. Meanwhle the adoptionof an E. coli ‘zero tolerance’ requiranentin
the USA, has effectivdy forced the American meat indudry to use anti-
microbial systems.Thusthe introductionof efficient anti-microbial sysemsin
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other countriesmay be required just to maintin current expot markets.In
responseto American policy, Australian and New Zeaknd plants are also
investigaing and devebping anti-microbial systems.

It is debatablevhether consunerswill be willing to pay extrafor saferfood.
They logically believe that the food is already safe. Processeshat eliminate
pathogenshouldalso produe a subsantial reductionin the numberof spoilage
organsmsandhencean extension of storagelife. This will helpthe economes
of food produdion, allowing longer produdion runs, delively to more distant
markets andredued waste Howeve, the introduction of surfacepaseurisaton
systens does not directly improve profitability by cost savingsor increagd
throughput Consequetly, despitethe obvious advantags to the indugry asa
wholeandthe consumerit will beintroducedonly if it is cheapreliableandhas
low running costs.Atmosphericsteamsurfacepasturisation hasthe potential to
meetthes requiranents.

The majoiity of previousstudiesinto surfacedecontarmation techniques
have beenconduded by laboratorybasedmicrobiologists interested mainly in
the effects of such treatmentson specific bacteria. This researb cannotbe
successflly scaled up to indudrial usefuness becauseof the engneering
problers in recreathg the effective condiions asusedin the labaratory in an
industial environment. Involving food enginees and skilled microbiologists
from the outsethassignificantly greaterchane of successfl scaleup. Engineers
building the labaratory equipmant will befully awareof the condtionsusedand
by direct interacton with microbiologists, have complete knowledge of the
bactericdal effects. Becauseof the close collaboration and awaremssof the
other disciplines’ limits, the construdion of effecive large-scat equipmentis
possibe.

Particularengineeringchallengexistin the developmenbf handlingsystems
for non-laboratorydecontaminationtreatmentof meats. For treatmentsto be
effective,all surfaceseedto be exposedo the steamenvironmentThis requires
non-contacbr minimal-contacthandlingsystemsMost food productsaredelicate
andrequiregentlehandlingto avoid bruisinganddamageHandlingsystemsnust
alsointegrateinto theindustrialline andthe throughputratemustbe equivalento
currentproductionrates.The handlingand transportsystemswill differ for each
producttype andwill be influencedby the treatmenttimes required.

The main aim should be to concentrate on pathogens and harmful
microorganismson real food surface. Typical spoiage orgarisms are less
hardythanpathogensReductiors in spoilage microorganismshouldbe seenas
a bereficial ‘side-éfect’ of pahogen destruction condtions Since food
poisonirg resuts from ingestion of an infectious dose of pathogens the
absolue levelsof microorgarismsremainirg on productsafter treamentshoud
be usedas the main measureof succes. Howeve, inoculation microbiology
may be usedto evaluateprocess parameterrelationshipsfor specific products
within eachscaleof processingsystem

Wherework hasbeendonewith realfood, it hasoftenlooked atreductionsn
inoculaed bacteriallevels asthe meaure of effectivenessWhilst inoculation
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microbiology allows therelative effectivenes®f differentprocesseandprocess
variatons to be evaluated,it is not a true represatation of ‘real-world’
microorgansms. Inoculatedmicroorganisms are usualy at much higherleves,
differently attaded, and in differing growth stagesfrom microorganisms
typically found on a food produd¢ during an industrid production process.
Whilst inoculation microbiology is of usein developng equpment,more trials
shoutl be carriedout using naturally occurring contanination. Whilst this will
involve greder expeimental effort, the resultswill be directly appicableto the
indudrial problembecausenatural contamingion on food will be consideed at
the technology developnent stage.

In conclusion,any decontamimtion systemfor meatadoptedin the EU will
dependon a perceived needby govemmentandfood retailers, andwill probally
requre change to current legislaion. The EU Scientific Comnittee on
Vetelinary measues relating to Public Health have publishel views regading
deconaminatbn for poultry carcasseqEU, 1998). It is probéle that any
deconaminatbn systemfor red meatwill needto addresghe recommendtions
of this report. The Comnittee recommendd that:

1. Antimicrobial treatmentshouldbe usedonly aspart of an overdl strategy
for pathogencontrol throughoutthe whole produdion chan.

2. Before any decontanmation compoundor decontanmation technique is
authorisedfor useit shouldbe fully assessed

3. The pern/commny proposng such a deconaminatbn compound or
decontamation techniguemustdenonstratethat all aspectsare covered.

4. The person/oganisdion using a deconaminaton compoundor decon-
taminaton techniquie mustdemonsgtate that effective control of paraneters
critical for efficacy and safeuseare in place and that good pradice and
approprate HACCP plansareimplemented.

5. Basedon the conclusonsof their report,a frameworkis estabishedfor the
assessmertdf deconaminationcompoundsor decontammation techniques
proposed.

13.8 Sourcesof further information and advice

An extensivereviewof decontanmation hasbeenpublishel by JamesandJames
(1997)at the Universty of Bristol andregularupdatesmade in 1999and2000.
Goodgeneal reviewsof decontamiation and contanination issueshavebeen
publishedin recent yearsby Bolder (1997) Corry and Mead (1996) Dorsa
(1997) Sdosetal., (1999) Bjerklie (2000) An oveniew of conaminaton and
deconaminatbn issuesinvolving poultry meathasbeendiscussd by Smulders
(1999) Usdul booksinclude thos editedby Gould (1995) Smuldes (1987)
and Ellerbroek (1999).

Reviews of specific subjecs include Jeyamkadanet al., (1999) on pulsed
electric field processingKim et al., (1999)on ozoneapplicdions and Mertens
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and Knorr (1992) and Palmieri et al., (1999) on non-themal preservatio
methods(such as pulsed electic fields, pulsedlight and oscillaing magetic
fields).
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14

Automated meat processing

K. B. Madsen and J. U. Nielsen, Danish Meat Research Institute,
Roskilde

14.1 Introduction

The meat industry has trailed far behind other industries as far as process
automation is concerned. The reason is that until recently the biological variation
in the raw material made it very difficult to automate. However, the development
of faster computer techniques, more sophisticated sensors and more advanced
vision techniques has facilitated progress of automation in the meat industry
during the last decade. In many industrialised countries there is an increasing
shortage of labour. Compared to most other industries the working environment
in the meat industry is characterised by noise, draft, humidity, cold and repetitive
work under pressure. Dealing with the slaughtering of animals, separation and
movement of the various components of the carcass, and disposal of waste is also
both physically demanding and, for some, unpalatable. The meat industry is not,
therefore, very attractive for prospective employees, especially young people. To
overcome potential labour shortages and get better returns from its existing
workforce, the meat industry has come under increasing pressure to automate the
most labour-intensive parts of meat production. These pressures have been
increased in Europe by relatively static overall consumption of meat over the last
decade and the increasing pressure on margins in meat processing.
Automation, however, always requires a high level of investment. A
reasonable payback time is realistic only in industries with high production
volumes and high labour costs. There is the additional risk that automation
creates more repetitive and uninteresting work, exacerbating potential labour
shortages. Profitable automation of processes in the meat industry requires a
certain degree of uniformity in the raw material. This is the main reason why
automation has come much further in the pig, poultry and lamb industries than in
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the beef sector. Automation hasthe potential to createend products of more
uniform quality. If machineryis properly cleanedand sterilised,it alsobecomes
possilhe to producesaferproducts However,if thes high hygienicstardardsare
not mairtained,automatedprodwction may severelycompromisemeatsafety.

In beef production the first use of robotic equipmentwas in splitting a
comgdete carcassnto carcasssides.A numberof manufacturergproducesuch
equipmentwhichreplaceghis particularlyarduousmanualproces. Howewer, the
performanceof suc equipments still not satisfactoryin termsof the accuracyof
spiitting the carcassdown the centre of the spinal column, and the hygiene
problems associatedwith the depositionof bone dustand other detrituson the
ediblesurfecesof the carcassTheseproblemshavebeenhighlightedrecentlyby
the BSE crisis in Europe.During the 1980sa very comprehensiveand ambitious
Australian developmentproject called ‘Fututech’ was startedwith the aim of
automatilg the completebeefslaughteringorocessFor a numberof reasonghis
project failed and was abandoned (Purnell, 1998). Other attempts at
comprehensiveautomationof the beef slaughteringprocesshave beenmadein
theUS by the TexasBeefGroupandin the UK by the University of Bristol. None
of them has, however, yet resultedin commercialequipmentfor the industry
(Purrell, 1998). Semi-automaticequipmentfor grading of beef carcassedas
been developedby companiesin Demmark, Germany, Australia and Canada.
They are all basedon vision image analysis(VIA). Someof them are usedin
daily productioneventhoughnoneof them hasyet beenapprovedby the EU.

Automation of sheepand lamb slaughering hasmainly beencarried out in
Australia and New Zealand. The Meat Industy Reseach Institute of New
Zealnd (MIRINZ) hasin particular been very active in this area. Seveal
marual operatons have been medanised,improving both process efficiency
andhygiene thoughlamb productionis still not fully automaed (Templeretal.,
1998).In contast,autanatedslaughering and prepaation of poultry is carried
out at very high line speedsthoughit requiresbirds to be of uniform sizeand
shape Recentlyresearb using senso-driven robotic techriquesto improve the
cutting processhasbeencarriedoutin UK andUS, althoughtheseprocessesare
not yet commerciaised (Purnell, 1998).

This chager will, however, ded mainly with the auomation of pig
slaughtering processs. Denmark has for mary years been a leaderin the
autamation of primary and secondaryprocesss in pig slaughering. This has
beenpartly due to high labou costs butis alsodueto the co-operativestructure
of the Danish med industry which has enabledjoint financing of the high
devebpmentandinvestmen costsof processautomaion.

14.2 Current developmentsin robotics in the meat industry

Standrd robotshavebeenin usefor manyyearsin manyindusties. However,
the med sectorhasbeenreluctantto introducestandad indudrial robots for a
numker of rea®nsincluding:
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« the harshnessf the environmentin the meatindudry
» the speed eliability andcostof the robots
» the complexity of the processginvolving handling biological materids.

The use of dedicated autanatic equipment has thereforebeenthe dominar
featuie for the meatsector. Howeve, standad modernmulti-axisrobots,usedin
combinaion with advanedvision andhigh-speddigital video techniqies,have
providedthe foundationfor developng dedicaed autanatic madinery for the
meatindustry. Thesetechniqueshavespee@d up the devebpmentprocessand
helpedto find solutionswhich were simply not possble a few yearsago.

During the last few yeas industrial robotswith namessuch as ‘Clean Room
Robot’, ‘Envirobot’ and*'Shiny Robot’ havebeea introducedto the med industry.
Industial ResearchLtd., New Zealand, hasmarkeing the Envirobot for handing
organic prodicts in harsh environmentssuch as the food industry. It has been
develope especiallyfor slaughtehousesn Austrdia andNew Zealand, whereit is
usedfor the critical so-callel Y-cuts in comectionwith dehidng and cutting of
lamb carcasse and for sawingthrouch the breastbae on cattle carcasse The
Envirobot is madeof stainlesssteeland resistsharshcleaningmaterids and the
corrosivechilled environmentin slaugherhousegPurnell, 1998).

The GermanconpanyKUKA Robote GmbH haspatenteda cabinetfor their
robots,which is capalbe of resistng the harshslaugherhouseenvironment At
presentit is installedat the Gilde HedOpslaugherhotsein Norway and at the
FACCSA slaugherhousein Spain The robot, which performscertaincutsand
jet-ink printing on pig carcassess guided by a vision cameraThe KUKA robot
seemdo providea cheapeisolutionto the environmenal problemspresengd by
slaugherhouseconditions than the Envirobot (Khodabadehloo, 1999). The
German company imt-Peter Nagler GmbH has patenteda robot packaing
system‘Ulixes Sorierer’ for high-sped packagingof hot dogs, baconand
similar produds. This systemshoutl havegoodmarket penetratio asit replace
what was a time-consuning and arduousmanual operation with signficant
potential hygiene risks (Wolf, 1999). Traditional industrial robots are
increadngly usedfor packaying and palletisaion in the food indudry becawse
produds at thatstagehavea very well definedshapeandareeasyto handlewith
traditional robot programmig soluions.

14.3 Automation in pig slaughtering

Table 14.1 provides an oveniew of the handling of slaughterpigs from
transpotation of the live animalsthroughthe slaughterprocessto the packaying
of thefinal produds. The preslaughtethandlingof theanimakis importantboth
for animal welfare and for ensumg good meat quaity. The transpotation of
animalsto the slaughterhasehasto be performedasgenty aspossibe. Often
the pigs are delivered from the farmerin the samegroupsin which they are
reared At themostadvancealaugherhowsesthe pigsareheldin the lairageand
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Table 14.1 Schematicoverview of the pig slaughtemprocess

Processsection Main subprocesses

Live animalhandling Transportatiorto slaughterhouse
Unloadingof pigs
Veterinaryante-morteminspection
Restperiodin lairage
Transferto stunning
CO; stunning/electricabtunning

Sticking and bleeding Shackling
Sticking and bleeding

U

N  Surfacetreatment Scalding

C Deshackling

L Mechanicaldehairing

E Gambrelling

A Singeing

N Rind scraping/polishing

C Eviscerationand trimming Carcasopening

L Removalof secondaryorgans

E Removalof stomachandintestines

A Removalof pluck

N Preparatiorfor splitting
Carcasssplitting

Inspectionand quality Veterinaryinspectionof carcasses

measurements andcuts

Carcassweighing
Carcasglassification

Downstreamprocesses Carcas<hilling
Sortinginto quality groups
Storageand temperature
Equilibration

Secondaryprocesses Carcassutting
Boning and trimming of cuts
Packaging

driven to stunningin thes groups thus preventing fighting and stress CO.-
stuming is becoming moreandmore widespreadiueto advantagswith resgect
to animal welfare and meatquaity. Equipment for automaic CO,-stunning of
groupsof 5-6 pigs devebpedby the Darish MeatResearchinstitute (DMRI), is
being installed in many Europearand American slaugherhousest the moment
(Christenseret al., 1997).

Shacking and sticking of the stumed animalswill probaly neverbe fully
autamated,asthe animak are still alive at the time of thes operations Apart
from thesetwo operdionsandthe gambreling operation all otheroperdionson
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the uncleanslaughterline(scaldirg, singeirg, scrging andpolishing havebeen
carried out automdically for severalyeass. Dehiding, which is rarely done
outsidethe Far East,is only partly autanated.

Carcassplitting eitherby choppingor by sawinghasbeen automatedor many
years.A few yeas ago the Dutch company STORK MPS launchedthe F-line
modular seiies of dedcated robots, which are now operaional in a number of
counties. They havebee installedin slaugherhousesvith line speed of 600 pigs
perhour(or more)in asingleline layoutor 1200pigsperhou in adoubleline (Van
Ochten,1999).In the F-line conceptthefollowing processeshavebeenautomated

 cutting of the pelvic symphyss

« openingof the abdonen andthe thorax
» removalof the fat end

e neckecutting

» removalof the leaf lard.

The Danish companySFK-Danfotech has, in co-operationwith the Danish
Meat Researchinstitute (DMRI), devebped a seriesof dedicated robofs for
automdion of slaugherline processs. The robot seriesis marufactured as
separad modules eachrobot having its separatehydraulic station and PLC
control All robotshavecapadties for between360 and 400 carasseger hour
andmaybeinstaled separatsf or asaline depen@nton the requirenentsof the
slaugherhouse The seriesof robotsconsistsof:

e ameauringunit to deternine the length of the pig carcass
« throatcutter

« fat enddroppe and hamdivider

e carcasopener

e evisceation equpment

< equipment for backfinning

e acarasssplitting machire.

All therobotsareoperationaln anumberof slaughterhousesitherindividually or
as more or less completelines (Anon., 2001). Automatic weighing of dressed
carcassesn connectionwith carcassclassificationis performed either semi-
automaticallyor fully automatically(ultrasoundyision or optical probes)on most
modernslaughterlinesThe only two fully automaticclassificationsystemsarethe
Danish CarcassClassificationCentredevelopedby the DMRI and the AUTO-
FOM systemdevelopeddy the DanishcompanySFK-TechnologyMadsenet al.,
1992; Brandscheicket al., 1997).

14.4 Casestudy: the evisceration process

The eviscerationprocesswhich involves the cutting and removal of the pig's
internal organs,is one of the most demandingoperationson the slaughterline.
Even when slaughterhousetry to easeindividual operatorstrain through job
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rotationanda practicaldesignof the work place,intestineandpluck removalare
still the mostdifficult processe$o manon the slaughterlineUntil recentlythese
operationshavebeencarriedout manuallyasno automaticequipmenhasexisted.

Manud evisceationat Danishslaughterlines with capacitesof 360—-400pigs
perhouris normally cariied out by threeoperativesThefirst operativecutsfree
the intesinal tract from the abdominal cavity and then separatsthe pluck set
andthe intestnal tract insidethe carcassy cutting the oesoplagusclose to the
stomad. Finally he lifts the intestires weighing about10kg into a conveyor
tray. The secondoperative loosens the diaphragn and leaf fat. The third
operdive cutsthe pluck setloosefrom the thoract cavity andneckandlift s the
pluck setweighingabout5kg onto a conveyorhook. The evisceation process,
partiaularly the cutting of the oesophagu<lose to the stomachinside the
carass,risks causirg contamination of the carasswith patha@enic backeria.

Both from a working environment a costand a hygienepoint of view, the
eviscerationprocessis an obviouscanddatefor automaion. This hasbeendone
succesfully by the DMRI in co-operation with the Darish company SFK-
Darfotech. The autamatic evisceration equpment (Fig. 14.1) is capale of
handling 360 carcasses per hour including the necessary cleaning and
disinfection. The pluck setandthe intesinal tract are removedtogethe by the
robot, allowing sepaation to be done manually outdde the carass, thus
improving hygiene conparedwith existing manual methods The equipment
als eliminatesthe heavywork of lifting the intestiral tract andthe pluck set

Basially, the autanatic evisceation sysem consiss of a measuing station
andahandlingstaion. The measuing stationmeaureshe postion of the elbow
of thepig carcasswhichis anabmically closeto where cutting operdionsoccur,
allowing the handling station to identify where to cut into the carcass.The
measuring stationis postioned on the slaughér line prior to carcassopenng.
The handIng stationcontainsseventools (asshownin Fig. 14.1):

1. A thoraxopener.

2. Units for fixing the carcass

3. An integrata@ tencerloin cutter, resistane bracketandlung loosener

4. Conveyorsysems for transpoting the pig carcassinto and out of the
handlingstation.

5. A specialunit cutting the intesinal attadimentto the spine and cutting
throughthe diaphragn at the spine.

. An intestire shovellifting up the intestires.

7. Bracketsfor detachnent of the diaphragn and leaf fat. A motorisel knife

integratel in eachbracketcutsthroughthe diaphragn.

A comgete cyclefor thehanding of a carcassonsistof thefollowing steps:

1. Thecarassarrivesat the handlingstation.

2. The carcasss pushedinto the machire by the conveyr system(4), data
from the measuing stationare transerredto the handing station and the
tools take up their starting position.
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Fig. 14.1 Automatic eviscerationsystem.

3. The carcasds heldin the fixing unit (2).

4. The intestineshovel(6) lifts up the intestireshangingout from the opened
car@sstherebyexposig the insation pointsfor the leaf fat brackes.

The leaf fat bradets (7) are pushedinto the carassand opened

The thoraxis openedby the thoraxopener(1).

7. Theintesine shovel(6) is withdrawn.Intesineshangingout will fall down
throughthe opening betwee the leaf fat brackes.

The knivesbuilt into the leaf fat brackes cut free the diaphragn.

The backcutter(5) is moved along the spineand penetréesthe diaphragn.

The backcutteris thenmoved upwadsalong the spine andcutsthroughthe
diaphragmandthe connectivetissuebetwea spineandthe intestiral tract

(Operations9 and10 arecarriedout simultaneouslywith operations4 to 8).

ou

©
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10.

11.

12.

13.

14.

15.
16.

The tool containing the tenderlon knife (3) moves downwads. Having

passedhe hind legsthe knife is turnedin. The knife cutsthe tenderbins

alongthe spine.The knife is movedout. The tool is now placed on top of

the diaphragm with a predeermined force thereby acting as resistane

during the following leaf fat loosening.

The leaf fat bradkets (7) are movedupwardsinside the pig. The bradkets

passbetwee the leaf fat andabdoninal wall therebydetaching the leaf fat

compleely.

The tool (3) coninuesdownwads into the thoractc cavity of the carcass
therebyloosening possble adhefons betwee the lungs and the thoracic
wall. At the sametime the thorax is openedurther by the thoraxopener(1)

to facilitate the detachnent process.

Thetool (3) is taken outhorizontaly from thethoract cavity of the carcass
pulling the orgars out.

The thorax opener(1) and the fixing units (2) are moved back to their

startingpostions.

The carassis pulled out of the handlingunit.

The tools are washedfirst in cold and thenin hot water before the next

carcassarrives.

As mertioned previously, the machire is capalbe of handling360 carasseger
hour. This implies a total operdion cycle of 10 secondsfor eachcarcassAt
pregntthe cutting anddivisionof the pluck setinto theindividual orgarsis also
in the processof being automaed by the DMRI. This is a difficult taskasthe
pluck setis not very well defined. Automatic equipment for this purposeis
expected to be availableby 2004.

14.5 Automation of secondaryprocesses

The main secomlary processesare cutting and boning of carasses.These
processesinclude

carasscutting

cutting of the middle

boning of the fore-erd

hinddeg boning

boning andtrimming of bellies
boning andtrimming of the loin.

14.51 Carcasscutting

After chilling andtemperatire equaligtion for about20 hoursthe carcasshasa
tempeature of approximagly 2°C. For further processingthe carcassis most
often cut into the primary cuts: hind leg, middle andfore-erd. Fully autamatic
equpment performing this operdion was developedby the DMRI and is
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marketed by the Danish company ATTEC. The equipment consistsof a
conveyr andthreestatiors:

1. alaying-down station
2. ameasuing station
3. asawingstationwith a hind leg sawanda fore-erd saw.

At the laying-down stationthe two half carcasesare positionedhorizontally on
a conveyor. Simultaneusly the ganbrel is taken off andthe hind feetare sawn
off. The conveyor bringsthe carcasgo the measuing stationwhere a hooktakes
hold of the pubic bone of eachhalf carcassand bringsit to a fixed position
relativeto the hind leg saw.During this movemen the postion of the elbow of
thetwo half carassess recorded The conveyor afterwardstakesthe carassto
the sawingstation. During transportto the sawingstationthe fore-end sawis
positiored according to the recadedpositionof the elbow of the carass.At the
sawingstationthe half carcasss are divided into fore-ends middlesand hind
legs.

14.5.2 Cutting of the middle

In mary currentslaughtedinestherib topsare cut off manualy with a circular
sawandtheloin andthebelly aresubsequeiy divided marually by abandsaw
Theseprocesss, however, cansoonbe automatedully. The Canadianconpany
LeBlanc is marketing equipment for splitting the loin and the belly
automadically. Quebecindustrial Reseach Centre (CRIQ) recently preenteda
prototype for cutting off the rib tops automaically (Robocu™). During 2002
ATTEC will market equipmentfor cutting off the rib topsanddividing the loin
andthe belly automaticdly. This equpment(Fig. 14.2) hasbeendevelopedby
the DMRI. The equipmet consistsof:

* aconveyr
* ameasuringstaion
e asawng station.

The conveyor is equippedwith a graspingdevice, which pulls therib topsoutto

their full length. This straightas out the backbae, simplifying the subsguent
sawing off of the rib tops After fixing in the conveyor, the middle passse
through measuing stations,which measureghe length and any inaccuacy in

the earlier carcassplitting. Basedon these meaurementsthe sawsareadjustel

to cut off the belly from the loin and subsguently cut off the loin from the rib

tops.

14.5.3 Boning of the fore-end

Boning of fore-erds hasmostoften beendone manualy. However, the Dutch
companySTORK MPS is marketing equipmentfor pres boning of fore-erds.
The equipment has a tool consisting of two halves with indentations
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Fig. 14.2 Automatedsecondaryprocessescutting of the middle.

corresponihg to the bonesin the fore-erd. The fore-endis placedbetwea the
two halves.Theseare pressedogeaher andthe meatis squeeed off the bones.
The disadvantagef usingthis methodis thatthe texture of the meatis changel,

andthe meatcancontainsplintersof bone.As aresult,the useof this equipment

hasnot becomewidespeadin the industry.

Against this backgroundhe DMRI hasdevelopedequipmet which can cut
off the riblet and neckbone automaically from fore-erds (Fig. 14.3). The
Townsendconmpany will marketthe equpment during 2002. The equipment
operdesasfollows:

e aconveyr, equppedwith a graping devicesimilar to that descriledin the
previoussection,catcheghe neckboneof the fore-erd andstraightensit out
to simplify the later removalof the neckbone

« the fore-endthen passes number of measuing stations andknives

« thefirst knife loosensthe meatbehindthe neckbone

« the nextknife loosensthe deeperportion of the neckbone

« theriblet is cut free by a sword-like knife mountedin a 3-axisrobot

« thefore-erd now passe a saw,which cutsoff theriblet andsaws throughthe
first neckjoint

« finally, the meatis pulled off the neckbonre beforethelastknife cutsthe neck
bonefree.

The remainirg processe of removing the shankbones,humerusand shoulder
blade will becarried outby equipment whichis currently beingdevelopedatthe
DMRI andis expeded to be markeed by the middle of 2004.
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Fig. 14.3 Automatedsecondaryprocesseshoning of the fore-end.

14.5.4 Hind leg boning

Boningof hind legshasto bedonevery precisdy asit is the mostexpensve cut.
For this reasonit is still mog often done marually. Howeve, in 1998 the
Japaesecompany MYCOM at the IFFA exhibition in Frankfurtdemonstated
equipmat called Hamdas, which boneshind legsautanatically. However,this
equipmeat hasa low yield and it will probablytake someyeass before this
processs compleely or partly automated

14.5.5 Boning and trimm ing of bellies

Boning of belliesis alsomog often carriedout manualy. It may also takeyears
before this process is compldaely or partly automaed. Howevea, CRIQ has
developedequipmeat which can cut the ribs off the belly by using a vision-
guidedrobot. Trimming of belliesis alsostill normaly carriedout manualy. At
the beginnirg of 1990 the Danish company Lumetedy markeed equipment
which trimmed bellies by using water jets and vision guided robots, but the
systemneverachievedwidespeadusein indugry becauseof its high price.

14.5.6 Boning and trimm ing of the loin

Boning of loins is another predaninantly marual processparticdarly asloin is
an expensve cut requiringa high degreeof accuracyandskill. It will probaly
takea numberof years before this processis conpletely or parly automaed. Fat
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trimming of loins has, however, been automaed for a numker of yeas. A
number of companiesare marketng so-calledloin pullers where the loin is
pulled through a fixed shapée knife. The DanishcompanyCARNITECH has
improvedthis concet by controling the shapeof the knife with a compute. On
the basisof information from measuing the thickness of the fat, a conputer
adjusts the postion and shapeof the knife cutting off the fat, making the fat
trimming of the loin more precise

14.6 Future trends

Within the next few years slaughering of pigs aswell assecondaryprocessing
will be partly automaed. Fig. 14.4 shows the layout of an automaed slaughter
line of the future. Thereare,however, a numberof issueswhich still needto be
resdved beforeautomatian can progressto this point.

14.61 Automation and hygiene

In automatedhigh-speedoroduction sterilisaton of toolsandequipmet will be
of gred importan@ in preventingcross-ontaminaion. This is an areawhich
requres major attentionin the future.In mary case the presentdisinfection of
machinery betwea the processingof individual produds is not sufficient. More
attenton hasto be paid at the designstageto the easeof cleaning the tools that
getinto contactwith the produds. Often a dedicaed disinfection systemhasto
be usedfor eachindividual type of equipmentApplication of severalstepsfor
washing and disinfecion of automatic equipmet has proved to be very
effective. In addiion, varying water pressure and temperatires helps to
optimise cleaning. A possiblity might also be applicaion of lactic acid for
disinfection of especialy exposedools. This disinfection methodis, however
not yet permittedeverywtere.

14.62 Automation and management

With the increased automation of previously manual operations at
slaughterhoses,it is also necessanto focus on the new chalengesfaced by
line and supevisory stdf. Increasedautomaion will influence and changethe
currentrole of operdives, their leve of respondiility andthe qualificationsthey
need.In the future:

« Supervisorswill havefewerandmore demandng operatveswho wantmore
influence on their working situaion. The supervisorwill therebre haveto
spendmoretime on marmgementandesablishmen of goodco-operationand
training of the produdion team.

e The quality of produds will to a large extent dependon the autamatic
produdion equpment.Much moreattenton will therebre haveto be paidto
the surveillance and control of the automdic machineryin orderto secure
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high yield andshortdowrtimes.The operativeswill not only haveto monitor
the autamatic equipment and make minor adjustmets, but mustalso check
thequalty of theproducts This requireswider knowedgebothfor operatives
andfor productionmaragement.

Automation will also changethe presentorganiséion and commurcation
strucure:

It mayrequireproductionteams of butchers maintenage staff andmadine
operdives working separatsl for the produdion marager. Payment of the
empoyeeswill probablybe on ateambasis.This might easeintegrationand
co-operation between the traditional trade groups, ensuring higher
produdivity andbetterquaity of endproduds.

» The supervior will haveto actascoachfor the productionteam.

* Therewill be a requirementfor fuller and more rapid communicaion with
maragementas well as a continuais dialogue with the produdion and
maintenancedepartmers.

On the whole, the changefrom mainly marual craft-bagd produdion to almost
fully automaed productionwill give the produdion managerant many new
chalenges.
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15

New developments in the chilling and
freezing of meat

S.J. James, Food Refrigeration and Process Engineering Research
Centre (FRPERC), University of Bristol

15.1 Introduction

The American Food and Drug Administration (FDA) reckons — ‘conservatively’,
according to one official — that there may be anywhere between 24 and 81
million cases and 10,000 ‘needless deaths’ from food poisoning in the US every
year. In England and Wales reported cases of food poisoning have increased
nearly fivefold over the last decade. In addition to the human cost the economic
loss in terms of working days and medical treatment in the US is between $5
billion and $6 billion. A study of one outbreak &almonella enteritidisn the

UK calculated that it cost the country between £224 and £321 million. Even a
superficial examination of the problem reveals that temperature control is the
prime factor that determines the safe distribution life of many foods including
meat. Temperature control also determines the ultimate eating quality and
economic yield of the product.

Temperature is one of the major factors affecting microbiological growth.
Microbiological growth is described in terms of the lag phase and the generation
time. When a microorganism is introduced to a particular environment there is a
time (the lag phase) in which no increase in numbers is apparent followed by a
period when growth occurs. The generation time is a measure of rate of growth
in the latter stage. Microorganisms, have an optimum growth temperature at
which a particular strain grows most rapidly, i.e. the lag phase and generation
time are both at a minimum. They also have a maximum growth temperature
above which growth no longer occurs. Above this temperature, one or more of
the enzymes essential for growth are inactivated and the cell is considered to be
heat-injured. However, in general, unless the temperature is raised to a point
substantially above the maximum growth temperature then the injury is not
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lethal and growth will recanmene as the tempeature is reduad. Attaining
tempeaturessubstantily abovethe maximum growthtemperatire is therefore
critical during cooking andre-heatiig operations.

Of mog concen during storage distribuion andretail disgay of meatand
med produds is a third temperture, the minimum growth temperatire for a
microorgarnism. As the temperatire of an organsm is reducedbelow that for
optimum growth then the lag phaseand generaibn time both increase.The
minimum growthtempeaturecanbe consideedto bethe highesttemperatue at
which eitherof the growth criteria, i.e., lag phaseandgeneationtime, becomes
infinitely long. The minimum growth tempeatureis not only a function of the
particular orgarism but alsothe type of food or growth mediathatis usedfor the
incubation. Although sone patlogenscan grow at 0°C, or evenslightly lower,
from a practicalpoint of view therisksto food safetyareconsiderabl reduedif
med is maintanedbelow 5°C.

Meat may also becone microbiologicaly unaceptableas a result of the
growth of spolage microorganisms.Their growth can produe unaccepable
changs in the sensoy quality of many foods and their rate of growth is also
very tempenturedepenént. The devebpmentof off odoursis usualy the first
sign of putrefaction in meat and occurs when bacterial levels reach
appraimately 10° per cn? of surface area. When bacerial levels have
increa®d a further tenfold, slime begins to appearon the surfaceand meat
recaved in this condtion is usually condemnd out of hand.At 0°C beefwith
avemgeinitial contaminaton levels canbe kept for at least15 daysbefore any
off odourscanbe deteced. Every 5°Crisein the storagetemperatire above0°C
will appraimately halve the storage time that can be achieved So from a
spolage point of view, andthe underlyingecononic conseuencesof extended
storagédistribution life, temperatire is agan a very important factor in food
produdion.

Meat exhibits otherparticular quality advanagesasa restut of rapid cooling.
In meatthe pH startsto fall immediaely afterslaugher andprotein denaturéion
begins. The resultof this denaturéion is a pink protenaceas fluid, commonly
called ‘drip’, often seenin pre-paclagedjoints. The rate of denaturéon is
directly relatedto temperatire andit therebre follows thatthe fasterthe chilling
rate the lessthe drip. Investigatons using pork and beef muscles have shown
that rapid ratesof chilling canhalve the amaunt of drip loss.

A final, but important, quality and econonic advantageof tempeature
contol is a reductian in weightloss which resultsin a highe yield of saleable
materfal. Meat hasa high waterconentandthe rate of evapoation depend on
the vapourpressureat the surface.Vapour pressureincreaseswith temperature
and thus any redudion in the surface temperatire will redue the rate of
evapoation. The useof very rapid chilling systemsor pork carcaseshasbeen
shown to reduceweight by at least 1% when comparedwith conventonal
sysems.

In a world where consuners require ‘safe food’ of high quaity without
addtives and presrvativesthentemperatire is the critical control factor. Most
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of the previous disaussion has centredarourd chilled foods but to provide
longersafeshef-lives thancanbe producedby chilling, tempeaturecontol in
the form of freezingis againthe answer

15.2 The impact of chilling and freezing on texture

Whilst a numker of chamacterisics affectthe overall quality andacceptability of

both fresh and frozen meats tendernss is the major characeristic of eating
quality becauseit determires the easewith which meat can be chewedand
swallowed. The tendernessof meatis affectedby both chilling/freeang and
storage Unde the prope condtions, tendernssis well maintainedthroughout
the chilledffrozen storagelife, but improper chilling/freeang, can produe

severgougheningandmeatof pooreatingqualty. Refrigemtion hastwo critical

rolesin meattendernss.Oneis in the prevention of muscleshorteningin the
periodimmediately following slaugher. The seconds in the conditioning of the
meatso that the desred degreeof tendernssis obtaned.

Chilling hasseriouseffects on the texture of meatif it is carried out rapidly
whenthe meatis still in the prerigor condition,thatis, before the meatpH has
fallen below about 6.2 (Benddl, 1972). In this stae the musclescontain
sufficient amountsof the contactile fuel, adenosinetriphogphate (ATP), for
forcible shorteningo setin asthetemperatirefalls below 11°C,the mostsevee
effect occurring at about3°C. ‘Cold-shatening’ first becameappaentin New
Zealand,when tough lamb beganto be producedroutinely by the improved
refrigerdion techniques that were introduced after the SecondWorld War
(Locker, 1985).As ‘rules of thumb’, cooling to temperatuesnot below 10°Cin
ten hoursfor beef and lamb (Offer et al., 1988) and in five hours for pork
(Honikel, 1986) can avoid cold-shatening.

Thaw shortenng, which occuis when a rapidly frozen musle is thawed
resemles cold-shatening in that it setsin while the level of contactile fuel
(ATP) is still high. However, it differs becase the amaunt of work doneand
force devebped are much higher. With ‘thaw-shortaing’ the temperatee is
raisedthroughthe dangerzonefrom 0 to 10C, whereasin cold-shatening it is
reducedhroughthis zone.The rateof contrad¢ion depend entirely on therateof
thawing Rapid thawing of a freely suspendedunloadedmuscle strip cause
very dramaticshortening oftento lessthan40%of the ‘frozen’ lengh. Theterms
‘conditioning’, ‘ageing’, ‘ripening’, ‘maturing’ and‘the resolutia of rigor’ have
all beenappled to the practiceof storing meatfor periodsbeyondthe normal
time taken for cooling and setting, to improwve its tendernessafter cooking.
Conditioning imposes a sevee limitation on processingcondtions becawseit is
a slow process.

The bulk of investigatiors to determire the time requiredfor tenderisiny
changs to take place in beef have been carried out in North America
Deatheageand Harsham(1947) investigatedthe changs in beefat 0.5 to 2°C
andfoundthatthetendernesf cookedsirloin (Longisimusdorsi) increagd up
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to 17 days storagewith sonme addtional improvementup to 31 days. They
concludedthatunlessbeefis to be agedbeyondfour weeks,it needonly beaged
2.5weeks.Doty andPierce(1961)also showedthatcondtioning for two weeks
at 0.5 to 2°C improved texture and causeé very substantiaredudions in the
shearstrengh of cookedmeat, but much lesschangeoccured during the next
two weeks. Increasingthe delay period before freezing, enhanes tenderness
becawsemed agesat chill tempeaturesbut not at normal freezertemperatires.
Meat which has beenconditionedprior to freezing is more tencer than that
frozen within one or two days and the differenceis maintained throughout
frozen storagefor nine months.

Freeing rateaffectsthe rate of tencerisingafterthawing but not the ultimate
tencerness Freeing at —10°C more than doublesthe rate; freezing in liquid
nitrogen almosttreblestherate.Freezings known to causestrucural damageby
ice crydal formation. It seemslikely that ice crydals, particulaly small
intracellular ice crystalsformedby very fast freezingrates,enhane the rate of
condtioning probaly by releaseof enzymes(Dransfield 1986). Repeated
freeze-thawcyclesusingrelatively low freezirg ratesdoesnot seemo causeany
enhaned tenderising(Locker and Daines,1973).

15.3 The impact of chilling and freezing on colour

The appearaneof meatatits point of sak is the mostimportantquality attribute
goveningits purchase.The ratio of fat to leanandthe amountof marblkdfat are
importantappeaancefactors andanotheris the colour of the meat.The changes
in colour of the musle and blood pigmens (myogldbin and haenoglobin,
resgectively) detemine the attractivenessof fresh red med, which in turn
influences the consuners’ acceptarce of mea produds (Pearsm, 1994).
Consumersprefer bright-red fresh meds, brown or grey-coburedcookedmeds
and pink cured meats(Cornforth, 1994). Red colour is more stable at lower
tempeaturesbecase the rate of oxidation of the pigmentdecreasg At low
tempentures, the solubility of oxygen is greder and oxygen consumig
readions are slowed down. There is a greder penetréion of oxygeninto the
med andthe med is redderthanat high tempeatures.

Changesin colour have been repoted resulting from chilling treatment.
Taylor et al., (1995) found that electrical stimuation of pork producedhigher
lightness(L), i.e., paler, valuesthan those measuredin non-stimudated sides.
Spray chilling of pork hassomeeffect on its colour during the initial chilling
periad (Feldhuse et al., 1995a) After four hours of chilling the musculatureof
sprayed ham becones lighter and red and yellow values decease.Howeve,
after 20 hours there was no significant differencein the colour values. The
surfaceof the skin becomedighter after spraychilling.

Newly cut conditionedmed is known to showa brightersurfaceaftera short
expostuie to air than unconditoned meat(Doty and Pierce,1961; Tumaet al.,
1962;1963). MacDougll (1972) studiedthe effects of condtioning on colour
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and on subseqant storagein packayesof high oxygenpermealblity typical of

thoseusedfor display and in vacuum packayes of low oxygen permeability
Meat, when cut and exposedto air, change from dull purple red to a bright
cherry red, which is measuredas an increag in ‘lightness’, a ‘hue’ change
towards red and an increa® in ‘saturation’. The magitude of the changeon
blooming for conditionng meatascomparedvith unagedwvasthe sare size for

‘lightness’ but was twofold greater for ‘hue’ and threefold greater for

‘saturation’. Conditioned meat,when freshly cut, was lighter but more purple

thanthe uncondtioned. After one hour exposue to air, conditonedmeathada
redder ‘hue’ which was consideably more saturatedand intense than the
uncondiionedsampla. Thesechangsin lightness hueandsaturaton produed
by condiioning resultin a brighter, more attrective appearane. The overdl

colour improvementwas of a similar magnitudeto that which occurred on

blooming.

The colour of frozen meatvarieswith the rate of freezing. Taylor (1930,
1931)reportal that, asthe speedof freezingdiminished, the appearane of the
produ¢ changel and at very low rates there is a marked devebpment of
translucee.Laterexpeimentshavedemonstateda directrelaionshipbetwea
freezing rate and musclelightness;the fasterthe rate the lighter the produd.
Guenthe andHenrickson(1962)found that 2.5cm thick steaksfrozenat —9°C
weredark. Thosefrozenat —34 to —40°Chadthe mostdesirablecolour andthat
thosefrozen at —73 to —87°C tenckd to be pale. Jakobssorand Bengtson
(1969, 1973) obtaned similar results; very rapid freezing in liquid nitrogen
spray at a freezing rate of about 13 cm hr* produed mea which was
unnaturdly pale.Air blastfreezingat2 cm hr~* gavethe bestfrozenappearane
while very slow freezingat 0.04 cm hr~* resultedin a darke colou and the
formation of ice on the produd surface Zaritzky et al. (1983)reportel thatthe
surfaceof liver frozenat high rateswaslighter in colour. Thesedifferences in
frozen meatlightnessresult from the depenénceof ice crystal growth on the
freezingrate.Smallcrystalsformedby fastfreezingscattermorelight thanlarge
crystalsformedby slow freezingandhencefast frozenmeatis opagueandpale
and slow frozen meat is transluicent and dark. ‘Freezer burn’ is the main
appeaanceproblem that traditionally affectedthe appearane of meatin frozen
storage Desiccaiton from the surfacetissues producesadry, spongylayer thatis
unattctive and does not recover after thawing. This is commorty called
‘freezer-burn’. It occuss in unwrappe or poorly wrappedmeat.The problemis
accentugedin area expose to low humidity air at high velocities,andby poor
temperatire control

In thawedmed therateof pigmentoxidation is increagd (Cutting, 1970 and
therebre the colour will be less stable than in fresh. On prolongedfrozen
storage a dark brown layer of metmyogbbin may form 1-2mm beneaththe
surfaceso that on thawing the surface colour will rapidly deterbrate. Meat,
which haslost its attractivenessduring frozen storagebecase of oxidation of
oxymyoglobin on the surface will remain brown after thawing. Unwrapped
meatthawedin high humidity air, wateror in steamundervacuumappeas very
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white andmilky afterthawing. Howevae, if thenstoredin a chill roomfor 10to
24 hoursit will be almostindistinguishablefrom fresh meat. Unwraped meat
thawedin air at high tempeaturesandlow humidities will takeon a dark, dry,
tired appeaance. It will not recoverits appearane during chilled storageand
will often requireextensve trimming before sale.

15.4 The impact of chilling and freezing on drip lossand
evaporative weight loss

15.41 Drip loss

The qualty of fresh meat exposedfor retai sale is initially judged on its
appeaance. The presenceof exudateor ‘drip’, which accumuétes in the
container of pre-paclaged meat or in trays or dishes of unwrappel meat,
subsantially redues its salesappeal(Malton and James,1983). Drip can be
referredto by a numberof different namesincluding ‘purge loss’, ‘pressloss’
and ‘thaw loss’ depenéhg on the method of measuement and when it is
measured.

In general,beeftends to lose propotionately more drip than pork or lamb.
Sincemostof the exudatecomesfrom the cut endsof musclefibres, smallpieces
of meatdrip morethanlargeintact carcasseslhe protein concentrationof drip
is about140mg/ml, about70% of thatof meatitself. The proteinsin drip arethe
intracellular, soluble proteins of the musclecells. The red colour is dueto the
protein myoglobin,the main pigmentof meat.

The problem of drip lossis not, however, confinedto retai packs The meat
indudry useslarge bonekssprimd cuts, which are packel in plastic bags,for
distribution throughoutthe trade. Thesemay be storedunderrefrigerdion for
mary weeksbefore useandduring this time a consideable volume of drip may
accunulatein the bag. Not only doesthis exudatelook unatractive but it also
representsan apprecableweightlossto the userwhenthe meatis subsguently
removed from its contairer.

Excessse drip could have a smdl effect on the eating quaity of meat.
Percéved juicinessis one of theimportantsenseoy attributesof med. Drynesss
assocted with a decreasein the othe palataility attributes,especidly with
lack of flavour and increasedtougmess(Peason, 1994). However, moisture
lossesduring cookingaretypically an orderof magniudehigherthanmog drip
losses during refrigeration. Consequetly, small differencesin drip loss will
havelittle effecton eaing quality. The potential for drip lossis inherentin fresh
med and is influencedby many factors. Thesemay include breed, diet and
physblogicd histoty, all of which affectthe condtion of the animalbeforeit is
slaughtered After slaughter, factors such as the rate of chilling, storage
tempeatures,freezing and thawing canall influence the drip produced.

Rapd cooling of meatimmediaely after slaugher will reducedrip lossafter
subsguentcutting operations.The potential for drip lossis estabishedin the
first periodof cooling, the temperatue rangecondudve to drip is downto about
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30°Cor perhapsa little lower. Therearea numberof publicaions showng that
rapid cooling canreduc drip production.Taylor (1972) comparel two cooling
treatments for pig carcases.In 38 out of 40 pairedlegs the drip losswasless
afterthe quickercooling. The differencevaried betwee breed andrangedfrom
apprximately 1.6—2fold.

Gigiel et al. (1985) removedcylindrical samples of muscle from freshly
slaughered beef. The curved surface and one end of the cylinder were
surroundd by insuation and the free end placedin contact with solid CO..
Since heat was extractedfrom only one end this produceda wide range of
cooling ratesthroughthe length of the cylinder. After cooling and equaligtion,
thecylinderwascutinto discsandthe drip potentialof eachdiscmeasuedusing
a centrifuge technique descriled by Taylor (1982) Close to the surfacein
contactwith the CO, the rate of cooling was highestbut freezing occured and
the drip was high. Minimum drip potential was measued in the next region
wherehigh cooling rateswere achievedwithout freezing.Drip thenincreagdas
cooling time to 7°C increa®d. In med drip loss increaseswith length and
temperatire of chilled storage Work by Lee et al. (1985) clearly showedthe
effectof both. Drip lossfrom pork cubesincreagd substantily during 21 days
of storage at 0, 3 and 7°C. The rate of increasewas greaterat the highe
temperatires. In storageat 0 and 3°C no increa® in drip loss with time was
measued after21 days.At 7°Cdrip wasstill increasng betwea 21 and28 days.

A numberof scientific investigations which canbe comparedo commercial
practice,havedefinedthe effect of freezingrate on drip produdion. Petovic et
al. (1993) statedthat the optimal conditionsfor freezing porioned mea are
thosethat achieve freezingratesbetween2 and5 cmh™* to —7°C. Grujic et al.
(1993) sugges even tighter limits 3.33 to 3.95 cm h™'. Theseresults are
scientfically very interesing, however in indudrial pradice mostmed is air
frozenin the form of large individual piecesor cartonsof smalker portiors. In
commecial situaions, freezingratesof 0.5cmh ™~ in the deepe sectionswould
be consideed ‘fast’ andtherewould be consideable variation in freezingtime
within the mea. The sample frozenby Sackset al. (1993)were muchsmaller
(77.6g in weight) than mog commaecial products Even with such smadl
sample there was no significant difference in drip after 48 hours betwea
cryogenic freezing at —90°C and a walk-in freezeroperding at —21°C.

15.4.2 Evaporative weight loss

From the momentan animal is slaugheredthe meatprodued begns to lose
weightby evapoation. Unde typical commaecial distribution condtions, it has
beenestmatedthatlamb andbeeflosefrom 5.5to 7% by evaporaibn betwea
slaugher andretail sale(Malton, 1984). Weight lossesfrom pork are probaly

of the samemagnituwle. In addition to the directlossin sakablemeatthereare
also secondarylosses Excessiveevaporaibn during initial chilling and chilled
storageprodues a dark unattictive surfaceon the meat. Either this hasto be
removedby trimming, or the meatis downgradedand sold at a reducedprice.
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Freeing doesnot stopweight loss. After meatis frozen, sublimaton of ice
from the surfaceoccus. If the degres of sublimaton is excessie, the surfaceof
the meatbecomeddry and spongy,a phenonenoncalled ‘freezer burn'’. In the
United Stateswveightlossresultingfrom a combinationof directevapoative loss
and freezer burn in pork bellies stored for one month before curing, was
estmatedto be 500000kg (AshbyandJames1974).Sincethendevelopnents
in the use of moisture impewious packajing materals have significantly
redued subimation in frozenmed.

15.5 The cold chain

The cold chan linkstempeaturechangig operationssuchaschilling, freezing,
thawing, handing and cooking, and temperaturemaintenanceoperationssuch
as chilled and frozen storage,transpotation and display. In geneal, as meat
moves along the cold chan it becomesincreasngly diffi cult to contol and
maintain its tempeature. Temperaturesof bulk packsof meatandmeatproduds
in large storeroons are far less sensiive to small heat inputs than singe
consuner packsin transpot or opendisplay case.

15.51 Primary chilling/free zing

After slaughter meat car@ssesare at a temperatire which is close to the
optimum growth temperatire for many microorganismsandchilling is required
before the meatcanbe processedor distributed.Thefirst stagein the cold chain
will thereforebe a cooling operationto reducethe tempeatureof the meatto a
value that limits microbiological and quality changes.If the meatis to be
distributedin a chilled form then this value will be abovethe initial freezing
pointandin therange—1 to +15°C In manycountriesthelegal limit is +7°C.If
a frozen food is required then the value will typically be between—12 and
—30°C

15.52 Seconday processing

Any med thatis processedafterits initial primary chilling or freezingoperation
is likely to gain heatand consejuentlyrise in temperatire. This rise canrange
from a few degreesin a packing operaton to 100sin cooking. To maintain
produd¢ quality it is often important to remove this added heat. Indugrial
cooking processescannotbe guaranteedto eliminate all pathogenicorganisms
andif cooling ratesare slow microbial spores that survive the cooking process
will germinate and grow. Systems that produ@ a rapid reduction in the
tempentureof the meatwill retardmicrobid growth and consejuently extend
shef life. This is especidly important when chilling cookedproduds that will
eventially be consumectold or in a wam reheatedstate.
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15.5.3 Storage and transport

After thetempeatureof the meathasbeenreducedo a desiredvalueit is likely
to remainatthattemperatire for a periodwhich mayrangefrom afew hours for
chilled products to a numker of yeass in the caseof frozenfoods.During that
period it may remainin a sinde store or be transpoted around the world.
Theordically, thereshout befew problemsin the storageandtranspot of either
chilled or frozenfoods.If themed is atthe correcttempeaturewhenit is loaded
into the storageroom or transpot vehicle thenall therefrigerdion is requiredto
dois to insulatethe meatfrom sourcef heat.Most of thetime the main soure
will be a slow movemat of heatfrom the outdde amkent through the walls,
which canbe easily cateredfor. Copingwith door openirgs and peoplemoving
arourd inside the refrigerat&l chamberis more diffi cult. Howeve, if the
standad of managemantis good, and the meatbulk stacked, thentempeature
risein the meatwill be small andrestrctedto exposedsurface.

In practicetherearemanyproblensin mea storageandtranspot becausehe
meatandmeatproduds arenot at the correcttemperatire when they areloaded.
If thetempeatureof the meatis too high whenit is wrappedandbulk packayed
thenit beconesvery difficult to reducethat tempenturewithin the storageor
transpot compartment. Sincethesesysemsarenot designedo extractheatthen
the averageroom tempeature can rise togethe with that of any othe foods
alreadystored.Failureto removethe required heatbeforeloadingcanbe dueto
a numker of causs including, (i) insuficient time allowed, (ii) insuficient
refrigerdion capadty to catr for highinitial produd load, (iii) overloadng, (iv)
variability in size of productsor (v) incorrectenvironmenal condtions.

15.5.4 Retall display

Chilled meatproductsspendperiodsrangingfrom a few minutesto a weekin
retail displayandin extremecase with frozen produds a few months.During
thattime thereis a conflict betwea the needto protectthefood from extran@us
heatsourcesandthoseto displayit to its bestadvanage.Retail dispay cabines
canhaveintegral or remoterefrigerationunits, air movemaent canbe gravity or
forced air andthe displays can be single-ter, multi-tier or well.

15.5.5 Domestictransport and storage
Evenif food produersandretailers maintan acceptale produd tempegtures
duringthe distribution chain theylosecontrolwhenthe productleavesthe retail
store.After themed is removedrom adisgay cabinetit spendsa period outside
a refrigerated environment whilst it is carried arourd the store and then
transpoted home. Temperaures of foods, especidly thin sliced produds, can
rise consderablyduring thes journeys

Consunershaveconsterablefaith in thetemperturemaintenanceproperties
of domesic refrigerators.However, measuremats taken at five positions at
five-minuteintervals over an averageof six daysin refrigeratorsin 250 homes
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havereveal@ consideablevariationin performance.The highestrecordednean
tempeaturewas 11.37°Cand the lowest —0.89°C,produdng a rangein mean
tempeaturesof 12.3°C.The overdl meanair temperatirefor all therefrigerators
in the survey was 6.04°C. Conseguently, over half operated at mean

tempeaturesthat would supportthe growth of salmorella.

15.6 Temperature monitoring

It is oftenstatedby thosein the meatandrefrigerationindustriesthat ‘anyonecan
measurea temperature’ Many millions of measurementare madeof both meat
andenvironmentatemperatures the meatindustry.However,in manycaseghe
measurements made are an unreliable guide to the effectiveness of the
refrigeratbn process.Even when the correct temperatureshave beenobtained
the dataare often poorly analysedandrarely actedupon. The industry needsto
measurgemperaturesaccurately reliably, meaningfully,simply and cheaply.It
needdo beableto analysahedataandrespondvhenrequiredIt needghecorrect
instrumentatiorandthe expertiseto collect andinterpretthe temperaturedata.
The first considerations the rangeof temperatvesto be measuredFor the
meatindustry, a rangefrom —40 to +150°Cwould copewith the temperatures
foundin freezerschillers,storagerooms retail displaycabinetsandin waterused
for cleaningor scaldingtanksin theabattoir.If theyproducecookedmeatproducts
thenthe uppertemperaturemay rise to 250 to 300°C.As well asthe measuring
rangethe range of ambienttemperatureover which the instrumentwill work
needsto be considered.The electronic of many temperature measurement
instrumentsare designedto work to the specifiedaccuracyonly within certain
ambienttemperatureangesusuallyO to 40°C.If temperature#n a cold storeare
to be measuredhe instrumentitself may needto be keptwarm until it is used.
Any temperatire meauringsystemshouldbe testedoverthe operatingrange
atregularintervalsto ensureaccuracyandshouldalsohavea currentcalibration
certificate from its manufacureror official standadslaboratory. The systemcan
be checled by mears of a calibration instrument, or aganst a reference
thermometerthat is known to be accurate.Melting ice (which if madefrom
distilled water shouldread0°C or —0.06°Cif madefrom tap waterwith 0.1%
sak) may be usedto checksenso accuracy The ice shoutl be broken up into
smdl piecesand placed in a wide-necke vacuumflask with a dept of more
than50mm. The systemshouldbe agitatedfrequentlyandthe temperatire read
afterafew minuteswhen stable If differences of morethan0.5°Carefoundthe
instrumentshouldeither be very cardully adjustel, or sentfor calibration.
Accurately deternining the tempeatureof chilled med throughoutthe cold
chan is diffi cult. Training and expefence are requiredto locate postions of
maxmum and minimum temperatire in abattoirs stores,vehiclesand dispgay
cabiets.The problemis further exaggeatedby changs in positionwith time
cause by loadng pattensandthe cycling of the refrigeraton plarts. Obtainirg
a relationship betwee environmenél tempeatures (that can be measued
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relativdly easily) and internal meat tempenturesis not a simple process.
Relatng tempeaturesobtaned in a non-destructive mamer with internal meat
temperatiresagainposegroblems Detemining thetempeatureof cutsof meat
with regular shapess quite simple but doing so for irregular cuts of meatis
more difficult.

All thetempernturemeauremenproblemsasso@tedwith chilled foodswill
equally apply to quick-frozen foods In addtion, there are a numter of othe
problems. Many instruments have sensors that will accurately measure
temperatires of —20°C and below, but the instruments themséves becone
inaccuate or fail to operateat low tempentures.If frozenfoodsare removed
from their low temperatire environmrent to one suitablefor the instrumentthe
surfacetemperatue risesvery rapidly. Howeve, the main problemis that of
actualy insertinga temperatire senso into frozen med.

The surfacetempenture of a food or pack can be measued by placing a
temperatire senso (suchasthosedisaussedabove)in contactwith the surface
In pradice therearevery largetempenturegradiens on both sidesof the surface
and the presenceof the senso can influence the tempeature being measued.
Exterding the surfaceof the senso to measurehe averagetempentureover a
largersurfaceareais onemethodusedto minimisethes problens. This method
is recommendd for suchappicationsas between-pek measurerant.

Since it is impossibleto measue the temperture of an expose surface
accuraely, the next bestthing is to take a measuementof the tempeature
betwea two food items. As long as goodthermalcontactis achievedbetwee
thetemperatire sensormndthe packs,a betwea-packmethodshoul providean
accurat measurerantof the packtemperatre. If thethermal condudivity of the
packaying materid is high andthe food makesa goodthermal contactwith the
packthenthe temperatire measuredwill be close to that of the produd. With a
produd such as skinrwrapped chilled sausagesthe above requireanents are
satisfied. A temperature sensor, especially a flat-headed probe, can be
sandwched betwea two packs An accuratemeasuementis obtainel due to
the combindion of a flexible food and a thin wrapping With chilled food in
cartonsor bubble packsthe accuracyis muchlower.

The contact problens are much greaterwith a frozen produd. Since the
surfaceof a frozen produd is not flexible only point contact can be achieved
betwea the surfaceof the produd andthat of the packor probe Using a flat
probewith extendecdcontact surfacesdoesnot necessarilyimprove the accuracy
of tempemture measuement. In extreme cases,for exanple with frozen
sausagegshe contactsurfaces may extend outinto the air streamandmeasue air
not produd tempeature. With packsof small items such as diced meat the
accuracywill be much better. Care must also be takento pre-coolthe probe
beforetempeanturesare measuredThis is especidly important with low heat
capacitypackaying materids.

Non-contcttemperatire measurerantdevicesmeasue theamaunt of enegy
in an areaof the infra-red spectum that is radiated from the surface being
measued. Basicinstrumentsmeasurethe avelagetemperatire of the areain a
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smdl field of view. More complicaed systemsof thermalimaging provide a
tempeaturepicture of all the objectsovera muchwider area.A certainamourt
of knowledgeis neede in orderto interpretthe valuesthat suchinstrumerts
give (Evansetal., 1994;JamesaindEvans,1994).Thefirst point to bearin mind
when using infra-red thermometry is that the temperatire measued is the
surfacetempeature.lf the meathasbeenin surroundingsthathavenot changel
in tempeature for a long period of time, then it is likely that the surface
tempeaturewill be very closeto thatof the meatbeneattthe surface However,
if thetempeatureof the surroundingsis changingor haschangel overthe past
24 hours thenit is likely thatthe surfacetempenturewill notbethe sameasthe
tempenturedeepwithin the meat.lIt is alsonecesaryfor the operatorto know
how muchof the surfaceis ‘seen’ by theinfra-redinstrument,asit will meaure
the ‘averagé temperatureover the whole of this area.The targetareacanvary
significantly from instrumentto instrument and with the distancebetwee the
instrumentandthe surface

Thereis afurthercomgication in theuseof infra-redthemometes; reflected
radiaton. Theinstrumentswill seetheradiationemitted from a surfaceandalso
an amaunt of radiationfrom the surroundingsthat is reflectedby that surface
The reflectedradiationwill therebre consttute an error. For warm objectsat a
tempeature greaterthan their surroundhgs, the amountof reflected radiation
will besmallin relation to thatfrom the surfaceandconsequety the error will
be smdl. With frozen meat,the temperatire of the med is no warmerthan,and
oftencolderthan,the temperatire of the surroundings. Therefoe, the amaunt of
reflectedradiationcoming from the surfaceconstituesa significant error.

Detemining the temperatureof small cutsof meatwith reguar shapess quite
simple. Detemining the temperatureof irregula cuts of meat, and particulaty
large pieces is more difficult. Possilty the mostdifficult problemis ascertaing
dee legtempenturein beefcarcases TheMeatResearciCorporationn Austrdia
(1995 recommendthatthe temperaturesensorshouldtouchthe Trochanter Major
(aitchbone) whichis the‘knob’ of boneonthe oppasite sideof thefemurto the hip
joint. To locae the sengr in this positionit should be insertedthroughthe ‘Pope’s
Eye’ at an angleabaut 15 to 20° below the horizontal. It shouldbe aimedat an
imagnary vertical line approximaely onethird of the distan@ from the Achilles
Tendbn to the lag tailbore. Becausecorduction occurs alongthe steelshaftof a
probeit is importantthatthe probeis insered asfar aspossble into the med. For
exanple, to takethe temperatureof a cut of meatit is bette pradice to insertthe
probeto its full depgh alongthelong axisof thecutrathe thanto insertthe probeto
half its lengththrough the short axis (CSIRQ, 1991).

15.7 Optimising the designand operation of meat
refri geration

In specifying refrigerdion equipmentthe function of the equpmentmug be
absolitely clear.Refrigeraion equpmentis alwaysusedto controltemperature
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Either the meat passingthrough the processis to be maintained at its initial
temperatire, e.g., as in a refrigerded store or a packing operdion, or the
temperatire of the med is to be redued, e.g.,in a blast freezer. Thesetwo
functions require very different equipment.If a room is to sene several
functionstheneachfunction mustbe clearlyidentified. The optimum condtions
neede for thatfunction mustbe evaluatedanda clearcompromsebetweenthe
conflictingusesmack. Theresut will inevitably bearoomthatdoesnot perform
any function conpletely effectively. There are three steges in obtaining a
refrigerdion plart. Thefirst is detemining the processspecificdion, the secom
is drawing up the engineeing specificdion, i.e. turning processig condtions
into termswhich a refrigeration engineercan undestand,independentof the
food processand finally the procuwement the third and final stage being
procuementof the plant.

Poordesgn in exiging chillers/freeersis dueto a mismath betwea what
theroomwasoriginally designedo do andhowit is actuallyused.The first tak
in designing suchplantis thereforethe preparaibn of a clear specfication by the
userof howtheroomwill beused.In prepaing this specfication the userwould
do well to consultwith all partiesconcened;thes may be officials enforcirg
legislaion, cusbmers,other depatmentswithin the company and engneering
consulants or contactors— but the ultimate decisionstakenin forming this
specificdion arethe user'salore.

The aim of drawing up an engneeringspecificdion is to turn the processig
conditionsinto a specificdion thatany refrigerdion engneercanthenconstuct
anddeliver without knowedgeof the meatprocessinvolved If the first part of
the processspecificdion hasbeencompldged thenthe engineeing specfication
will be largely in place.lt consiss of: the environmenal conditionswithin the
refrigerdedenclosue, air temperatire, air velocity andhumidity; theway theair
will move within the refrigerded enclosue; the size of the equipment; the
refrigerdion load profile; the amhkient despn condtions and the defrost
requiranents. The final phase of the engneering specificaion shoutl be
drawing up a schedile for testingthe engneeringspecificdion prior to handng
over the equpment.This teg will bein engineeing and not productterms.

The engireering specificdion shouldbe sentout to tencer. If tendershave
been selectedfor the quaity of their equipmet and all accet the tender
conditions and say they can meetthe designandtest condtions specfied, the
lowesttencer would normaly be chose. The contractoris normaly respnsible
for the detailed engneering design, constuction and commissionng and the
only needis to checkthatthis work is carried outin a professionalvay. His first
respondiility is in carryingout the accetanceteds. Thesetestthe performance
of the refrigerdion equipmat in termsof the engineeing specificdaion andthe
plant shoul not be acceptd until satisfacbry testshavebeencariied out. The
plant canthen be handedover and training given to the plant operatos in the
correct use of the refrigeratim equipmet. The plant then needsto be
commissoned by the factory peronnel, systenaticdly increasingthroughput
until the procesdeds canbe carriedout. Theseensurethat the original process
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specfication in fact achievesthe intendeal resultsin terms of temperatires,
throughputsandyield.

15.8 Sourcesof further information and advice

Food Refrigeraton and Process Engineering Reseach Centre, Universty of
Bristol, Churchill Building, Langford, North Samerset BS40 5DU, UK.
http://www.frperc.bris.a.uk

International Institute of Refrigerafon, 177 Boulevard Malesherbes 75017
Pars, Frane, www.iifiir.org

Processng and Presevation Techology, AgResearch Food Systans and
Technobgy, PrivateBag 3123, Hamilton, New Zealand.
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16

High pressure processing of meat

M. de Lamballerie-Anton, ENITIAA, Richard G. Taylor and Joseph
Culioli, INRA

16.1 Introduction: high pressure treatment and meat quality

High pressure technology, defined as a pressure treatment between 100 and
1000 MPa, is derived from the ceramic industry. It is of increasing interest to
food processing because of its potential to decrease the level of microbial
contamination without any heat treatment. Industrial high pressure food products
are mainly manufactured in:

» Japan (fruit jams and juices, sake, ham, fish and rice products)
» the USA (oysters and fruit juices)

» Mexico (fruit juices)

» Spain (ham and other meat products)

Research on the effect of high pressure on food began one hundred years ago
(Hite, 1899) but only expanded significantly in the 1990s.

High pressure processing of meat has been an active topic of research
because of its potential to extend shelf-life (Ledward, 2002). However, pressure
treatment brings about changes in the constituent molecules of meat, and could
affect functional properties of meat such as colour and gelation properties. This
chapter deals with the effects of high pressure on the constituents and quality
attributes of meat products, and with current and potential industrial applications
of this technique. Meat and meat products are solid foods so high pressure
treatment requires the use of a discontinuous system. The most common
technique involves vacuum wrapping and putting meat in a pressurizing vessel.
In the presence of the pressure medium (water), the pressure increases at a rate
of 100 or 200 MPa/min (Tonello, 2001). When the appropriate pressure level is
reached, valves are closed and the pressure remains constant (Fig. 16.1). The
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Fig. 16.1 High pressurgrocessingesselcourtesyof ACB PressurésystemsFrance).

food industly generlly uses presure between200 and 800MPa, with the
durafon of pressurekept as shortaspossibé (abou 15 min. max).

16.2 General effect of high pressure on food components

Reactionsof food comporentsunderpresure are govened by Le Chatdier’s

principle, accoding to which a processassocited with a decreasein volumeis

favored by anincrea® in presureandvice versa Volume changs are dueto

moleaular conformation modifications, intranoleaular interadions sdvent

variation, and chemical readions. Weak energy bonds such as hydrogen,
hydrophobic or ionic bondsare affectedby high pressuretreament, whereas
covakent bondsare not modified. The main effects of high presure on meat
componentsare on water, proteins(including enzymes) and lipids.

16.21 Water

At 600MPa and 22°C wateris compresedby 15%. Meat and med produds
usualy contain significant amaunts of waterandtendto conpressby a similar
amount. Packaging must take this compression into account. Adiabatic
compressia of water alsoinduces an increag of temperatire about2 or 3°C
for each100MPa (Hayash, 1991) which can be dissipatel by heat transfer
betwee the food andthe presurizing water (Cheftel and Dumay, 1997).High
presurealsoinducesthereversibe dissaiation of water, deceasingoH by 0.73
when presureis increagd from 0.1to 100MPa (Cheftel,1991). This changeis
significant becawse of its potential effect on proteins (seesecton 16.2.2) In
addtion, presuredecreaseshe melting point of ice below 220MPa, allowing
thawing under pressureat subzeo tempeature.
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16.2.2 Proteins and enzymes

The effect of high presureon proteinsis highly depenént on the structure of

the macromoécule and the composition of the medium aroundit (pH, ionic

strengthand tempeature). Generdly the primary structureis not modified by

pressurg wherea secondarystructureis only affectedby very high pressure
treatment (Mozhaev et al., 1994), and tertiary and quaternarystrucures are

modified from 100MPa (Galazkaet al., 1996). Thesechangs in structurecan

alterthe activity of endog@ousmeatenzymesHoweve, studiesof the effect of

high pressureon enzyme actvity are conplicated becauseenzynes react
differenty whenthey havebeenextractedfrom food (Hendickx et al., 1998).

High pressure treatment induces activation or inactivation of enzymes

dependhg on conditionsof buffer and pressurgseesection 16.4).

16.2.3 Carbohydratesand lipids

High pressurectsonly on polysactarides Glycogenis the only polysacharide
presenin muscle but post-morem mea geneally doesnot containanyresiduad
glycogenbecawse of the postmortemglycolysis (Lawrie, 199). Meat products
therebre, are not affectedby pressuramodification of cartohydrates.

High pressuretreament can induce sonme modification of lipids, but it is
difficult to makegeneralkconclusionsaboutlipid changesn meatwith regadsto
oxidation andfree fatty acids formation resuting from pressureHigh pressure
doesincrea® the melting point of lipids. At roomtemperatire triglyceridescan
crystalise underpressurewhich may alter the structureand,asa conseuence
the permeaility of cell membranesThis medcanismcould be involved in the
inactivaion of bactera.

16.3 Structural changesdue to high pressuretreatment of
muscle

The effectsof high pressurdreatmenton musle structurehavebeenexamired
for beef (Jung et al., 2000a; Kennidk et al., 1980; Locker and Wild 1984;
Macfalaneetal., 1980;Uero etal., 1999; Suzukiet al., 1992),sheep(Kennick
etal., 1980;MacfarlaneandMorton 1978), poultry (Y usteetal., 1998)andfish
(Ashie etal., 1997).In addiion sone of thes effectshavebeendisaussedn a
previous review of the effects of presure treament on meat (Chetel and
Culioli, 1997). Before disaussingtheseeffectsit is necessar to give a brief
review of postmortemmeda changesat atmosgheric presure.

Normd muscle structure has been thoroughi/ reviewed (Bendall, 1973;
Bloom andFaweett, 1975;Goll etal., 1984)and,for the purposeof this chapter
can be simply descriled as a composite strucure compesed of myofibers
orgarizedin bundlesby connetive tissue Most of the structurd changsrelated
to high presuretreatment of meathaveexamired the ultragructure of muscle
especidly theattahment of sarconeresto eachotherandto theendomiumby
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the cytoskeleton (cytoskdetal structure has beenreviewed by Thornell and
Price, 1991; Squire, 1997). Interpreting the effects of high presure is
conplicatedby inherentvariability in meatstrucure andthe rapid post-morem
changs. Thereareultrastructual differences betwee musclefiber typeswhich
include Z line width and mitochondrialcontent There are also differencesin
postmortem change relatedto fiber type (Abbot et al., 1977; Stromer et al.,
1967).Normal post-morem changs include:

« fiber-fiber detahmentin fish and mammas (Taylor and Koohmaaie, 1998
Taylor etal., 2002; Will etal., 1980)

¢ bredsin | bandsandintermedate filaments (Taylor et al., 1995;Ho et al.,
1997)

e extensivedismuption of the reticulum (Will et al., 1980)

In geneal strucural changs are similar in fowl (MacNaughtan,1978), pork
(Abbotet al., 1977), beef (Davey and Gilbert, 1969; Gannand Merkel, 1978;
Will et al., 1980)and sheep(Taylor and Koohmaraie,1998). However,fish do
notshowl bandbred&s (Papaetal., 1997, Taylor etal., 2002),o0neof the major
features of other med animak. Connecive tissueof mammnals is stable post-
mortem with few structurd change for severalweeks (McCormick, 1994;
Puslow, 1994).

Structural changegdueto pressurdreamentof mea arevery depenénton
time post-morem,temperatire, presureand,to alesserdegree on specier on
mugle type. If pressuretreament is appled pre-rigor there is extensive
contaction of four different sheepand beef musclesgroups, with 103MPa
causng shrinkag of up to 48% (Kennick et al., 1980) and disruption of the
sarolemma. Similar results are reportal for sheep(Macfarlane and Morton
1978)andbeef(Boutonetal., 1980,ElgasimandKennick,1982),with pre-rigor
treament causing contaction of fibers, contradgion bandsand sarolemma
disrugtion. Detailed structura studes using SEM and TEM alsoreveal changs
in sarconeric structurewith lossof M linesandsone gapsin the Z line (Elgasim
andKennid, 1982).

Treatmentof med postrigor doesnot resultin extensve contradion (Junget
al., 2000a,MacfarlaneandMorton, 1978, Suzukiet al., 1992)andcanimprove
tendernessin generalatambiert or lower tempenturesandlow presuresthere
is little or no strucural change for exampe at:

e 130MPaand10°Cfor beef(Junget al., 2000a)
* 100MPaand20°Cfor bluefish (Ashie et al., 1997)
» 100MPaand10°Cfor beef(Suzuk et al., 1992; Uero et al., 1999)

At theserespectivetemperatires, increasingthe presure causs M line loss,
disrugtion of thin filamentorganizaion, thickering of Z lines(Jungetal., 2000a,
Sweuki et al., 1992),sone fiber breaksandalsodisrugion of endomysiumand
perimysium orgarnzation (Ashie et al., 1997,Uero et al., 199). Theseeffects
havebeenprodued, for exanple, by increasng the presureto:
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« 325MPaandaboveat 10C for beef(Junget al., 2000a)
e 200o0r 300MPa for bluefish (Ashie et al., 1997)
e 200MPaand10°Cfor beef(Suzuk et al., 1992, Uero et al., 1999)

At 150MPaand0°Cfor 3hthereis lossof M linesandl banddisrupion in beef
(Macfalane et al., 1980),and similar changs at 150MPaand 20°Cfor 5 min.
(Suzuk et al., 1990). Due to the greatvariability of paranetersinvolved, it is
difficult to saythat 150MPais a critical pressurevhich inducesultragructural
change The geneal conclsion is that, at ambien temperatires or less and
pressure of lessthan 150MPa, thereis little to no structurd changein meat.

Studies such as these show that | band disrupfon, M line loss and
endomyium/sarcadmma detachnent are hallmarks of high pressurenduced
structurd changs in meat. Other frequenly reported fiber-relaed changs
includeincreasedspacebetweerfibers(Elgasm andKennic, 1982,Jungetal.,
2000a, Yuste et al., 1998). In addtion both fibers (Yuste et al., 1998) and
saromeaes (Jung et al., 200(a) have increasel diameers after presure
treatment. Suzukiet al., (1991) have examired structural changesn pressure
treatedprepaationsof purified beefmyofibersandalsofoundM line loss,Z line
thickering andl banddisruptionasreportal for whole mea. Howeve, theyalso
observednoreextensivechangs, notably A bandbreaksnotreportedfor whole
meat.

Combining pressurewith heattreamentincreags effects on structureand
alsocauses changest lower presuresTreatnentof sheepat 100MPafor 1h at
25°C, for exanple, cause M line lossand| banddisorgatization (Macfarlane
and Morton, 1978). At tempeaturescloser to normal cooking tempeatures,
pressurenducedstructural changescan be extensive. Locker and Wild found
ultrastiuctural changs in beef treated at 60MPa and 50°C to 65°C which
includad disruptionof thin filament orgarization, M line loss and increased\
linesin thel bandindicating proten aggregabn (Locker and Wild, 1984). At
60°C and higher presuresof 150MPa (Bouton et al., 1977, Macfarlare and
MacKenzie, 1986), beef muscle shows thicker Z lines, thin filament
disorgarization, M line loss and also bre&s within the A band. This muscle
structureis normaly very stablepostmortemandevenat cooking tempeatures
(Joneset al., 1977,Leande et al., 1980).

The connectie tissueultrastructire hasalsobeenexaninedin high pressure
treatedmeat.As mentionedabove,the endonysium detachesiormally in meat
andthisis enhancedy presuretreatmet. Undercertan condtionstherecanbe
breaksin theendonysium(Uenoetal., 1999,Ashie etal., 1997).Thesechange
tendto beminorandothe authorshavereportal no changesn connedive tissue
structuredueto high presure(Suzuk et al., 1993, Yusteet al., 1998).

Thereis onereportof changs in lysosonal ultrastructire in beeftreatedat
high presure.Junget al., (20005 exanined lysosone ultragructure in beef
storedfor 48 hoursandthentreatedat presuresfrom 0 to 600MPa for various
timesat 10°C.At pressureabove300MPathelysosomeswvereswollenandhad
disruped membranesUnder thes condtions the conient of free lysosomal
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enzymesincreasesand may contibute to some of the changesbservedThese
obsevations are similar to lysosomalchange after 14 days of mea ageing
(Chanbers et al., 1994, suggestingthat high pressureaccderates normal
lysosomalchangs.

16.4 Influence on enzymereleaseand activity

Enzymatic reactionsare highly susceptibd to high presure treatment, and
mugle enzymesare particularly significantin the tencerizationof mea during
ageng. As a restut, the effect of high pressureon meat enzymeshas been
extensively studed.

16.41 Calpain sysiem and proteasome

High presure treainent increasesproteolytic actvity of muscularenzymes
(Homma et al., 1994). Homma et al. (1995) showed a decreaseof calpain
activity in mea whenit waspressurizd, andthat baro€nsibility was different
accoding to calpah type Protasomeactivity is enhaned at 150 MPa, but
decreasesat higherpresurevalues(Otsukaet al., 1998).

16.42 Lysosomal enzymes

High presure treatment of muscleinduces a releag of lysosonal enzymes
(Homma et al., 1994, Elgasm et al., 1983) due to lysosone membrane
brekdown (Jung et al., 2000b). Gererally, activity of cathepsinD and acid

phosphtasin presurizedmeatsanplesis higherthanin controlsamplesattwo

dayspost-morem and during storage(Junget al., 2000c)

16.43 ATPaseand glycolytic activity

Yamanoto etal. (1993)showedthatmyosinATPag activity decrease assoon
as 70MPa was appled, and that actvity fell to zero after 210MPa. Horgan
(1980) showeda deceaseof C&*-dependanATPag activity in pre- and post-
rigor meat.But glycolysis mayincrea® with presurebecawse of phosphoylase
acivation associateavith changef pH andfree C&* (Elkhalifa et al., 1984).

16.5 High pressureeffectson the sensoryand functional
properties of meat

16.51 Texture

Resultspreentedin Table 16.1 showthat severalgroupshavefound that high
presure can tenckrize meat when appled pre-rigor. However, high presure
treatment doesnot havetheseeffectsif combinedwith commercialconditions
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Table 16.1 Effect of high pressurdreatmenton meattendernesgfrom Jung,2000d)

Time High pressure Cooking Effecton  Authors

post- treatment conditions tenderness

mortem

pre-rigor As far as130MPa 90°C, 1h T Macfarlane(1973)

post-rigor 30-40°C,1-8min WE

pre-rigor 20to 140MPa 75and80°C, T Boutonetal. (1977)

post-rigor 25to 60°C,2.5minto 1h 1.5h WE

pre-rigor 103MPa Microwave T Riffero andHolmes
35°C,2min + grill (80°C) (1983)

pre-rigor 103.5MPa 80°C,40min T Elgasimand Kennick
37°C,2min (1982)

pre-rigor 103MPa 80°C,40min T Kennick et al. (1980)
35°C,2min

post-rigor Pre-cookingd5°C,45min 80°C,90min T Boutonet al. (1980)
150MPa 60°C,30min 80°C,24h

post-rigor 60MPa 80°C,40min T Locker and Wild
25-65°C,5-20min raw WE (1984)

post-rigor 150MPa 80°C,1h T Beilken et al.
40to 80°C,1 to 4h WE (1990)

post-rigor Pre-cookingd5°C,45min 80°C,2h T Ratcliff et al.
150MPa 60°C,30min (1977)

post-rigor Pre-cookingd5°C,45min 80°C,1h T Robertsoret al.
150MPa 60°C,30min (1984)

post-rigor 150MPa 30 or 60°C 80°C,1h WE Macfarlaneand
1.60r 16h T McKenzie (1986)

post-rigor 150MPa 25,50 or WE Macfarlaneet al.
0°C, 3h 80°C,1h H (1980)

post-rigor 500MPa H Yusteet al. (1998)
2°C,10 or 30min

post-rigor 400to 600MPa 80°C,20min WE Margeyet al. (1997)
20to 50°C,15min

post-rigor 200to 350MPa raw T Mussa(1999)
20°C,5 to 100min

post-rigor 520MPa, 260s, 10°C 65°C,1h H Junget al. (2000c)

T: Tenderizig WE: Without Effect H: Hardening.

for mea ageing,i.e. post-rigorandat low temperatire. High presuretreament
of postrigor musle causs a significantincreag in lysosomalenzyire activiy,
but doesnot improve meattendernessor reducethe ageingtime.

16.5.2 Color and lipid oxidation
Meat color charactesstics in the CIELAB system,i.e. L* (lightnes), a*
(rednesy and b* (yellowness)are modified by high presure processing. L*
increaes from 250MPa to 350MPa and then becomesconstantfor highe
pressurevalues. As a consequerg, bovine meatappeas lighter and less red
(Carlezetal., 1995,Shigehisaetal., 1991). This modification of lightnessis due
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both to myodobin denatrration (Carlez 1994) and myofibrillar protens
denatrration (Goutefonga et al., 1995). The a* index deceaseswhen meat
hasbeenpresurizedat highe pressure (400-D0MPa),becawgeof theincrease
of the metmya@lobin content (Ledwad, 1998), while the b* index remains
constant (Riffero and Holmes, 1983) and the meat becomes brown.
Metmyoglobin formation can be prevented by complege removal of oxygen
throughvacuumpackagingwith an oxygenscavengeror by previousformation
of nitrosylmyogbbin, as in processedbrined products(Carlez et al., 1995;
Goutebngeaet al., 1995). Although high pressuretreatmentinducesvisible
modifications of the color of raw meat, after cooking the color differenceis
gredly redued (Junget al., 2000c).

Cheah and Ledward (1996) showed that high presure (800 MPa, 20 min)
treaked pork mince samplesevealedfasteroxidationthan control sample, and
that pressuretreatment at greaterthan 300-400MPa causedconverson of
redued myogdobin/oxymyogbbin to the denature ferric form. Cheah and
Ledward (1997) also denonstratedthat iron releasedfrom metal conmplexes
during presuretreatmaent catal/sedlipid oxidaion in meat.Accordingto Orlien
and Hansen, (2000) 500MPa is a critical presure for lipid oxidation and
devebpmentof randdity in chickenbreast muscle Lipid oxidation at higher
presuresis not relatedto the releaseof non-hemFe or catlytic activity of
metmyoglobin, but could be linked to membanedanage.

16.53 Gelation and emulsifying properties

The meatproductsindusty depend on exploiting the functional propeties of
myofibrillar proteins, including water binding, gelling and emulsifying
propeties. High pressuremay induce gelaion of myofibrillar protens without
heatng (Hermanson et al., 1986). When myofibrillar protens have been
previously submittel to high pressuretreament, heatd gels are stronger
(Ikeuchi etal., 1992a). Thesemodifications aremainly linked to theincrea of
hydrophobidty and sulfhydryl interactionsof myofibrillar proteins (Ikeuchi et
al., 1992h,Chepleauet al., 2002).

Crehanand Troy (2000) haveshown that the emusion stability of meatwas
increagd in frankfurters mack with 1.5% NaCl after exposue of the meatto
150MPa. Generdly spealing, high pressurdmproves meatbinding propeties,
partidly compensging for a reductionof the NaCl content of meatproduds.

16.6 Pressureassistedfreezing and thawing

As Fig. 16.2 shows, the phasechangetemperatire of waterdeceasedrom 0°C
downto —22°Cwhen pressurdncreagsup to 220MPa. The oppositeeffectis
obseved abovethis presure. This phenomenn can be usedto achieverapid
thawing or freezing of foods suchasmea, which containa signficant amourt
of water.Slow freezingrestts in largerice crystals which generallydamagehe
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Fig. 16.2 Phasediagramof waterunderpressurgfrom Kalichevskyet al., 1995).

texture of the food, whereasa rapid freezing rate usualy preserve food texture

(Sanzet al., 1999). Rapid freezing using high pressurecan be achievedby

cooling at —20°Cand 200 MPa. In thesecondtions waterremainsin the liquid

state.Upon releag of pressurginstantaneus and homogeneos crystalsation
occurswith formaton of very smdl crydals. This methodhasbeenshownto

preservethe textural propeties of pork meatas well as traditional methods
(Martino et al., 1998).

High pressurethawing also offers several advanagesin comparson to
thawingat atmosyeric pressurejncluding the redudion of the thawingtime by
2 to 5-fold in comparisonwith convertional processs, andpartial destuctionor
growth limitation of pathbgens(Haackand Heinz, 2001). Zhao et al., (1998)
haveshown that high pressurghawing mainiainsthe organolgtic propeties of
bovine med. Additional studiesarenecessarto betterundestandwaterholding
capacityand protein denaturatio during high pressurethawing (Knorr et al.,
1998).

16.7 Effects on microflora

Theuseof high presurefor food preservéion waspropogdmorethanacentury
ago.Firstappledto milk (Hite, 1899),high pressuravasthenusedto treatfruits
and vegetbles(Hite et al., 1914), and other food produds suchas meat. The
resistane of bacteria, enzymesand toxins to pressuretreatmeits has been
investigaed for many yeaiss sincethe pioneerirg work publishel by Larsonet
al., (1918) and Bassetand Macheboefi (1932) Howevae, the first industial
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appication of high pressurepreservatn was not developeduntil the 1990s
when large scaleequipmentwere devebpedfor continuaustreatmant of liquids
suchasfruit juice.

High pressureprocessingeffectively inactivaesspoilagemicro-organsmsas
well as food borne pattogens (Chetel, 1995). This inadivation is due to
widespead damagesof microorgarisms through modification of morphobgy
and of severalvulnerable componentssuchas cell membranesribosonesand
enzynes,including thoseinvolved in the replicaion andtranscrigtion of DNA
(Yuste et al., 2001a) The effect of high pressureon bacterial survival is
influencedby a numter of interactng factors suchasmagnitudeanddurationof
the treatment, temperatire, environnental condtions, bacteria speces and
devebpmentphase(Pattersoret al., 1995).

At ambienttempeaturevegetaive cells areinactivatedbetweerd00 and600
MPa. In general, gram-psitive bactera (Listeria monaytogens, Staphy-
lococcus aureug are more resistantto pressurethan gram-regative (Pseudo-
mongs, Sdmonellaspp Yersina enterocditica, Vibrio parahaemolyicus), but
large differences can exist betweenstrainswithin the same species Moreover
cocci are more resistantthan rods becase of fewer morphobgical changs
underpressure.In addition, culturesin the exponetial growth phasehavebeen
shown to be far more sensiive than culturesin the logarithmic growth or
staionaryphasegHooveretal., 1989).In contast,spores atambiert temperature
canresistpressure up to 1000MPa, temperatiresabove70°C being necesary
to obtan asignificantlevel of inactivaion. Howeve, it hasalso beenshown that
lower presures (250MPa) associted with mild temperatires (40°C) can
inadivate spores in atwo stage processpressurdirst indudang germnationand
then inactivating the baro-sensitive germinated spores. In addition,
presurisaton can inactivate sone parasitessuchas Trichinella spiralis but its
efficiency on inactivation of virusesis very limited (Cheftel, 1995).

The applicationof high pressurecan producea populationof stressedcells
which can be revived in certan environmendl condtions. As a consequeng,
presureinactivation of bacteriamay not be effectve. Attachmentof bacteriato
certah food constituems such as protein, carlohydréaes, and lipids may also
confa abaroprotection which limits the effectivenessof high presure.Indeed,
presure resistane of baceria has beenshown to be dependenton culture
medum. UHT milk, for exampk, exhibits a protective effecton Staplylococcis
aureus Listeria monocybgenesand Escheridia coli O157H7 comparedto
porkslurry or poultry med, wherea high pressuras the mog effectivewhen the
baceria areinoculaed in pH 7.0 phosphatébuffers (Patersonet al., 1995). It
hasalso beenshownthatthe useof inoculatedflora mayleadto over-estimation
of the effectivenesof high presure.Carlez et al., (1994) noted that minced
med endog@ousflora wasmore resistanto pressurghaninoculaed colledion
strans.

A processcycle at both low and high pressure may be more effective in
inadivating vegetaive bacteriathanconinuoustreatmaent (Yusteetal., 2001a)
Howeve, the succasof this apprach depend on conditionssuchasintensity
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andduraton of pressurdogetherwith otherfactors suchastemperaturgYuste
etal., 200Lb). In generalfull sterilization of food produds is not possibé with
high pressuret levelsbelow 500MPa. Most industial applicationsoperde at a
ceiling of 400 to 500MPa maxmum, and produds require chilled storageto
maximize shelflife. The combination of high pressurewith othe physical
treatmants (sud asradiation pulsedelectic fields or ultrasound, for exanple)
or chemical preservation methods (such as bacteriocins, chitosans or
antioxidants)hasbeenpropodin orderto enhane its efficiency and/orredue
the severity of the othe treatmaents (Yusteet al., 2001a)

Thefact that pressue-stressedells may be lessredstantto heatcould explain
the efficiency of combinedhigh pressue andmoderatetemperaturetreatmenton
bacteriainactivation.High pressuréas well adaptedo ‘pasteurization’of animal
food productssensitiveto heat.In particular,it canbe appliedto foie grasfrom
fatty gooseor duck,increasingts microbial safetyandshéf-life. Conditionssuc
aspressue at 400MPaandtemperaturén the 50—60°Crangeappliedfor 5 to 15
min. have beenshownto be efficient for preservationwithout the lipid loss
associatedvith thermalpageurisation(El Moueffak et al., 1996).High pressue
canalsobeusedto increa® the safetyof meatscookedat low temperaturever a
long period. This techniqueincreasesthe tendernesof meat as long as the
temperaturas kept no higherthan60-65°Cto avoid contractionof collagenand
resultingcookinglossesFinally, pressureanbe usedfor presevationof alread/
packagedmeat products which may have been contaminated earlier during
processng. In particular, packaged sliced ham and sdami emulsiontype
sausagesare well adaptedto pressuretreatment,in part due to the stahlity of
their pink or red color under pressurgChefteland Culioli, 1997).

16.8 Current applications and future prospects

Stabilzation of fruit products(suchas fruit juices, jam and avocalo paste)is
currenty the main field of applicationfor high pressuren the food industy.
Japanwasthefirst countryto manufature presurizedproductssuchasfruit jam
onacommecial scaleduring the 1990s.The main applicationsof high pressure
treatmant in the meatindustryarein stabilizingmea productsandtexturing of
meat pastein combination with thermal processig. As an exampe, high
pressurdreaed, cookedandslicedhamhasbeenprodued since 1999in Spain
by the Espura Company and hasextendedprodud shelf life to seveal weeks
(Fig. 16.3).The sane companyhasalsoexpanedthe useof high presureto the
manufature of produds such as meat ‘tapas’. There remain a numker of
constrants on develg@ment,including cost.Early estmatessuggestd that high
pressureprocessig could be asmuch astwenty timesthe costof converional
thermal technobgies(Manvel, 1996).In addition,moreresearb is requiredto
estabish process paraméers for microbial and enzyne inactivaion. Such
researh is essentialin the context of regulabry approsal (for exanple, in
meetingthe EU’s Novd FoodRegulation) permiting a largerscalecommercial
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Fig. 16.3 Meat productsproducedusing high pressurdreatment— Esputa Company,
Spain(courtesyof ACB PressureSystemsfFrance).

breakthrough for this technology (European Community, 1997). The
devebpmentof kinetic dataand apprqriate modds descibing, for exanple,
the combinal effects of pressureand tempeature on the inactivaion of
pathogenic and spoilage orgarisms, will provide a foundation for further
devebpment(Ludikhuyzeet al., 2001).
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18

Quality control of fermented meat
products

D. Demeyer, Ghent University and L. Stahnke, Chr. Hansen A/S,
Harsholm

18.1 Introduction: the product

This deals with ‘fermented sausage’, a product with an ancient origin in con-
tinental Europe and receiving increasing interest in other parts of the world like
Australia. The basic concept of its preparation involves comminution of muscle
and fat tissue with salt, nitrate and/or nitrite and spices often including sugar,
starter cultures and other additives such as non-meat proteins. After stuffing the
mixture into a casing, the resulting sausage is left to ferment and dry, often in
two consecutive and separate stages. The presence of salt, the lowering of water
activity (a,) and the exclusion of ©selects for salt tolerant lactic acid bacteria,
producing lactic acid from carbohydrates added and/or present. This lowers pH
to final values between 4.5 and 5.5, inducing denaturation of salt solubilised
protein to a gel structure that can be sliced. The adequate (fast) reduction of pH
and the lowered @ ensure both product stability and safety. Once these basic
requirements are met, the production technology allows for many but imprecise
variations, yielding a variety of different products, presenting a considerable
challenge to standardisation and management of quality. The different
technologies involved lead to two general types of products:

* Northern type product§NP) containing beef and pork and characterized by
relatively short ripening periods, up to about three weeks, involving clearly
separated fermentation (about three days) and drying periods. Fermentation
temperatures do not normally exceed 30°C. Some products, particularly in the
US, are not dried but pasteurised after fermentation (Pearson and Gillet,
1996). Rapid acidulation to final pH values just below 5 followed by product-
dependent weight losses during drying ensures safety and shelf-life. Smoking
is applied to add specific flavour (taste and aroma).
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« Mediterraneanor Souttern type products(MP) are predaminantly purepork
products and involve longer ripening periods, up to several months.
Fermentation occus at lower tempeatures (< 20°C versus > 25°C) and
acidulation to final pH valuesaboveb5 is thereforeslower and often not
clearly separatd from drying. Smokeis not appied, exceptfor the typical
Hungarian sausge, and shelflife is mainly determired by drying and
lowered water activity.

Variations within thes basictechnobgiesyield productsvarying in moisture
conentbetwea 25 and50% (Acton andDick, 1976).In all types,very complex
andinterrelaed physical, cherical and biochemical changs in the protein fat
and carbohydate fraction, brough aboutby meataswell asmicrobid enzyme
activity, determire both safetyand sensoy quaity of the produa (for a recent
review, seeOrdaiez et al., 199).

18.2 The quality concept

As with all meatandmea products fermented sausgesare subjectto a quality
concet that hasbeenenlarga, essatially becawse of the definite condtion of
surplis meatprodudion in the indudrialised counties. In the complex set of
variable interactng criteria that detemine purchase (consimption?)of a meat
produd, indirect criteria, associged with the produdion of meat and rarely
pereptible or measuable on the product, have become more important
(Demeyer,1997). Direct quality criteria are measurableon the produd¢ and
mainly relate to safetyandsensoryevalation. The safdy of fermentedsausages
is mainly deteminedby the inactivation of pathogenshroughthe developnent
of desiralte added(and/orpresentmicroorgarismswith theassocited decease
in pH (Llcke, 2000). It is also coveral, togeher with indirect quality
chamcterisics, by the tracedility of the raw materialsused,as laid down in
the requirements for integrated quality control (HACCP concept, brand
certification; Jago et al., 2000) and receiving increasng attenton from the
consuner (Gellyndk and Verbeke 2001).

This chaper will not deal with thes aspects but will focus on sensory
quaity. Indeed whereasmicrobial and (bio)chemicd changs as well as
processing techndogy in relation to mea fermentation have been discussd
extensively (seee.g. Montel et al., 1998, Ordafiez et al., 1999, Kottke et al.,
1996 respectivdy) little quanttative and comparativeinformation is available
on the factorsaffecing sensoy quality andits control, exceptfor the Geman
literature (Rodel, 1989. It shouldalso be clearthat the importan@ of indirect
quality characteristics may increase, subject to changes in the relative
importanceof the mary conflicting interess associatedvith the productionof
med andmea produds (Demeyer1997).In this resgectit is worthwhie to note
thatthe energycostof Northen type fermentel sausagerodudion amountsto
3.6.10 3 MJ per 100 kg final produd, a value closeto tenfold highe than for
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other meatproduds and mainly dueto the maintenane of ripening condtions
(Stiebinget al., 1981).

Within sensoy quality characeristics, flavour is very important Whereas
purchaseand rejection of the productare initiated respediely by appearane
(colour) andtexture, flavour is the featule that convincesthe consuner to buy
the produd agan (Verpladse, 1994a) The typical cured meda colour is
associgedwith theformaion of thenitric oxide hene pigment stabilised by the
denaturéon of the globin componen{ActonandDick, 1977). In sometypesof
Mediterraneanproducts such as Spansh chorizo sausge, its importance is
sharedwith that of the colour of addedchilli peppes (Fernandez-Fernandezet
al., 1998).Theimportane of the curedmeatcolour for fermentedsausag hasof
coursealso beendiminished by the recentlegalisaton in the EU of colouring
agentssuchas Monagus red (Angkak), cochanille and betanin derived from
yeast,a scaleinsectandred beetrespedtely. Methodsfor their determiration
have been perfected(Brockman, 1998) and althoughtheir use may facilitate
technobgy, it alsoallowsfor the useof raw matefals subjectto lessdemandng
quality characeristics. The aptitude of the sausge for slicing is brough about
by the combindion of gel formation becawse of acidulationof salt solubilised
proteins, followed by drying. Again, the bast interaction of salt extraced
muscle proten with pH decreaseand water loss is affectedby a numkber of
additives,including, e.g.,milk andsoy proteins,aswell as polysacclarides.

Flavou is a complex sensoy reactioninvolving taste,smell (odouj) and
texture of a produd¢. Odou or aromais by far the mog importantcomponent
becawe of the high sensiivity of the nasalreceptaos for the numerousvolatile
comporents releasedduring chewing and ingestion. The numker of aroma
compounds derivedfrom spicesand smoking (Northein types) exceels that of
compounds derived from metabdism (Schmidtand Berger,1998). The latter
however are considered very important for the specific sausage flavour
(Stahnke,1995b) They are derivedfrom changs in the lipid, protein and, to
a less extent, the carbohydate fraction of the sausagebrough about by
interacton betwee muscle and microbid metabolismas well as chemical
reactionsProteirs andlipids areinitially subjgctto hydrolysiscatalysedby meat
(muscleandadiposetissug enzymesThis probaly facilitatesfurther microbial
(bacterial) metabolism of peptides, amino acids and fatty adds formed
(Demeyer,2000). The relaive importane of theseprocessesis closely related
to the ingredientcomposiion, to the rate of pH decreasaluring fermentatia,
andthusto processingechnobgy.

18.3 Sensoryquality and its measurenent

The sensoryquality of a meatprodud canbe meauredin severalways by either
sensoy or instrumental methodsor a combination of both. All methodshave
their advanages and disadvantage Preferdly, sensoy qualty of a dried
sausages measued by a sensoy panel a consuner pane] trainedlabaratory
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panel or an expet panel depenihg on the purpo® in questim. Sensoy

evaluations can be rather laborious and expensve and are therebre often

replacel to variousextentsby instrumental methods not only in developnent
andresarchprojectsbutalso for regularqualty controlin the factory.Onemug

realise however, that quality profiles obtainedby merely instrumental means
often give too simple resuts making it difficult or impossibleto link the profile

to the actualquality perceeived by the consuner eaing the produd. During the
eaing process,flavour is releagd from the productin a complex manner
depenihg on the matrix itself and by the anatonical and physblogical

chamcterisics of the person eating the food. Also, the perceived flavour is

relaied to the previousexperienceand presentexpedations of the individual

(Rothe, 1988). The following paragrap will briefly describe the sensory
methodsavaiable for measuing sensoryquality in geneal. Thespecfic sensory
and instrumental methodsapplied for dried sausageevaluationare descibed
sepaately for appea@ance, texture and flavour together with the present
knowledge on how thesequality concedts developin relation to processing
technology.

Seveal sensoy methodshavebeendevelopedandaredescriledin excellent
textbools (Piggott, 1984; Meilgaard et al., 1991). A brief survey only is
preentedhere.Sensoy evauationmethodscanbe dividedinto differenceteds,
scalirg andrankingtestsanddescriptiveteds. In geneal, differencetegds canbe
acconplishedwith untrainedpanelliss, whose humbersdependon the size of
the difference whereasdesciptive testsneeda carefully trainedpanelin order
to get reasomble resuts (Meilgaardet al., 1991). Difference testsallow the
investigatorto detemineif aningredientor processchangecauses significart
differencein the sensoy percepion of the product. Compaison teds (triangle,
paired comparson, duo-trio, etc) only indicate if a difference exists or not,
whereasrankingtestsalsogive information aboutthe directionof thedifference

For estmation of the magniude of the differenceas well, more elaborae
scalig methodsand a trained panel are necessaryMeilgaard et al., 1991).
Howeve, scalig methods using hedont categoy rating (e.g. like/dislike
scales)are generdly usedwith untraned assessarsincetrained panelliss are
unlikely to give true affectiveresponsefand andShepherd1984).Descriptve
teds break down the overall sensoryattributesinto sepaate desciptors. The
term‘rancid’, for example s often usedasoneof the desciptorsfor evaluating
the flavour of fermentedmeatproduds. During training the panelis exposedo
referencesample that represat the individual flavour or otherdesciptors both
in orderto learnwhat they stard for andto be ableto quantify their magnitude
on the sameintensity scale(Bett and Grimm, 1994).

Trained sensoy panelstypically consistof five to twenty membersselected
on the basisof their ability to tage andsmellandtheir availability andinterest.
After selection the panellists are trained in the basic principles of sensory
perception, descrijor devebpment and flavour-intensity measuement. The
training period may require manyhoursof practisng to perfectevaluaton skills
depenthg on the purpo® of the specific sensoryanalyss, a worthwhile effort,
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since the outpu from a well-perfoming sensoy panel is as objective and
reliable as data obtaned from instrumenrtal analysis.Over the yeass different
formal and sysemiseddescrigiive procedureshave beendeveloped Examples
are The Flavour Profile Method The Texture Profile Method and The
Quantitagive Degriptive Analysis (QDA) Method (Meilgaad et al., 1991).

18.4 Appearanceand colour: measirement and development

The major factor determirning the appeaanceof a fermentedmed produd is the
colour of the product. However, visual evaluation also involves other
characeristics that may be covered by the term ‘structure’, a propety of
significantimportancein evaluationof dry sausge slices.Examplesof this are
particle size, uniformity of paricles, glistenng of fat, stickines and more
(Meilgaad et al., 1991). Evaluation of appearane involves constlerable
psychghysical elements, but can be rendeed objective by image analyss
technobgy (Roudotet al., 1992). Such technobgy hasshown that the surface
occupiedby fat partides in slices cut perpendiular to the sausageength,
changs very little with drying andis about45% of thetotal surfacearea(Colas
and Simatos,1976). Further discussiorwill be limited to colour.

18.4.1 Sensorymeasuement of colour

The appeaane of a fermented sawsage has mog often been evaluated
sensoially by hedont scalig methodsor by desciptive analysis either using
a point scale, a ranking scaleor a continuas line scale with two anchos
(Stahnkeet al., 2002; Hagenet al., 2000; Sanzet al., 1997;Diaz et al., 1997,
Dellaglio etal., 1996;Neeset al., 1995). Typical colou attribuesfor fermented
sausageare whiteness hue, colour intensty and colou tone of fat and meat
particles. In somecases,colour attributeshave beenevaluatedfollowing the
Natural Colour System(NCS), a systembasedon the resenblanceof the sample
colour to the six elementarycolours white, black, yellow, red, blue and green
(ScardinavianColor Institute 2001; Stahnkeet al., 2002).

18.4.2 Instrumental measirement of colour

The methodof choicefor objective measuementof colour is the use of CIE
tristimulus values (X,Y,Z), derived from the sausagesurfacereflectaxce of
specifiedlight sourcesunderspecificconditionsandtransbrmedinto colour co-
ordinaes in order to obtan a uniform distribution. They reflect lightness,
rednessandyellownes asresgectively L, aandb (Hunter,1975)or L*, @ and
b" (CIE, 1976)andinterconversio betweerboth sysemsis providedfor (http/
www.colorpro.com/info/tools/convert.htm). Additional psychophysical

paraméers chromaticity, hue and redness index can be derived from the co-
ordinaes.Bothrednesgo-ordnatesarewell correltedwith eachother andwith
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sensoy colour evaluation (Ansorena et al., 1997) as well as with pigment
nitrosation (Uren and Babayigt, 1997). The sameunits can be usedfor the
deteamination of colour changs after exposue to light, e.g.,colour stability.

18.43 Colour develbpment

The formation of nitrosomyoglohin is the netresut of a seriesof complicated
readions involving the formation of nitrogen oxide (NO) andits reactionwith
myodobin or metmyogbbin producing nitrosylated pigments with red and
greyishcolour,respedtely. In the Mediterraniantype of processing,the (added)
substate for NO productionis often nitrate, whereasin the Northern type of
processing,sodiumnitrite, addedas colouring salt, is used.Use of the former
involves bacterial redudion to nitrite, a process geneally consteredto be
inhibited by pH valuesbelowv 5.2 (Ally et al., 1992). The latter, however acts
uponaddtion asavery reactiveoxidant,andis reducedo NO immediaely after
prepaation of the sausge mix, associéed with the oxidative formaton of
metnyoglobin andresuting in animmediate greyishdiscolouraion of the mix,
with loweringof L anda’ values(PribisandSvrzic, 1995).Develgmentof the
stable red colour during fermentation and drying requres the subsguent
redudion of the (nitrosylated) metnmyoglobin backto (nitrosylated) myodobin
togeher with the denaturdéion of the pigmentglobin moiety.

Theratesof boththeinitial oxidationandthe subsegentredudion, aswell as
thestahility of thecolou formedto later oxidation,aredeternminedby a complex
setof factors linked to both processingand raw materids. Theseinclude e.g.,
the amountsof nitrite used,the rate of pH drop during fermentation, the useof
anti-axidant addtives andthe anti-axidant activities of the starterbacteriaused.
The reducingactivity of the meatusedand/orits pH arealsoimportantfactors.
In general the susceptibdities of (cured)med pigmentandlipid to oxidationare
tightly linked and increase with decreases of pH and of the reducing
environment Mechanisms determinng the latter include e.g., the use of
oxidaive muscleand thus higher pigmentand iron concentrationsand higher
lipolytic acivity aswell asthe presenceof lower concentraibns of a seriesof
endog@ousandbr addedantioxidatve compoundssuchasa-tocopheol (vit.E),
numeous phenolic compoundsof plant origin and, possbly, carrosine. The
interactionsof suchcompoundsvith membanestrucuresandenzynes,aswell
aswith spicesinvolve pro- aswell asantioxidantactivities of e.g.nitrite andfree
fatty acids(!).

As pointed out recently by Bertelsenet al., (2000), much remans to be
investigatedin relation to the outstandingcolour stability of Parmaham, for
exanple where colouris formedwithout addednitratehitrite. It would seemthat
for the Northen ripening processthe use of sodiun ascobate (e.g. 600 ppm)
with minimal amouwnts of sodium nitrite (e.g.150 ppm)is sufficiert to obtan an
acceptable colour stability alsorefleded in a low redox potental (Ally et al.,
1992), minimal lipid oxidation (Zanadi et al., 2000) and efficient oxygen
consunption (Torfs and Demeyer, in prepaation). The latter may be relatedto
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the use of starer organismswith antioxidant activities (catabse, superoxile
dismutaseandbr nitrate reductae activitie9 also contributing to flavour
developnent (Barriére et al., 2001).pH valuesbelow 4.9 havebeenconsideed
harmfu for colour developnent (Stiebing and Rodel, 1989). It is evident that
colour contol can involve the introduction of limit values for colour co-
ordinaks, taking into accountconsterablevariablity: Dellaglio et al., (1996)
reportal coeficients of variation between5 and 11% for CIELAB colour co-
ordinaesfor theinterior of the samesausag®rand,wherea Torfs andDemeyer
(in prepaation) could detect sigrificant differencesboth within and betwea
produdion units (cutters)in two companes.

18.5 Texture: measurenent and development

Threesenss—toud, sightandheaing — maybeinvolvedin sensoy assesment
of texture, but in the majoity of case the senseof touch plays the most
importantrole (Breman, 1984) The ‘in-mouth’ textureis the paraméer thatis
normaly measuredvhen evaluatingdried sausagdexture by sensoy means—
eitherby desciptive analyss or by hedonicmethods Quantfication hasmosly
beenacconplishedby a point scaleor a continuas line scale(Stahnkeet al.,
2002;Brunaetal., 2001; Garciaetal., 2001;Hagenetal., 2000;Mendazaetal.,
2001;Pataataetal., 1997;Diaz etal., 1997).Typical texture attributesusedfor
fermented sausagein descrigiive analysis are: hardress, fattiness, juiciness,
stickines, tencernessgranularity, fibrousnessand clamminess.

The rheologyof dry sausge is that of a visco-dastic body but its strucural
compleity is betterrefleded in emgrical units, ratherthanin physicallaws.
Objective but empiricd determiration of food texture has been elaborated
extensvely, also for mea and meat products (Honikel, 1998). The force
(Newton) necesaryto penetate the sausagesurfaceor interior (sausageslice)
understandardisel condiionsandreferredto as‘hardnes’ hasbeenusedmainly
for texture evaluaion of dry sausagd€Touraille and Sdé, 1976).

18.5.1 Dewelopment of texture

During comminution, the added salt solubilises muscle proteins, which
coagulaé and form a gel surroundng lard and meat partides upon the
acidification brough aboutby fermentation. The pH necessar for coaguhtion
increags with increagng salt concentration and is 5.3 at the often-used salt
concatrationsbetwee 2 and3% (Ten Cae, 1960).Accordingto Rodel (1985)
hardressincreaseshaply when sausagegH reachess.4 and further increaes
gradwally until pH=4.9 (Rodel, 1985). More detailed studieshave shownthat
myosinis the major proten solwilised by salt andthat myosn filaments swal
and are progressively fragmented in a ‘halolytic’ process that involves
increaing loss of the typical band pattern of the myofibrils, depenihg on
intensity of chopping and NaCl concentration. At the periphery of the
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myofibrils, swdlen and parly dissolvedproteinsform a netwok that can be
constdered an ‘adhesive subsance’ holding med, connetive tissue and fat
partides together. This network consists of filamentous aggregats whose
dimensonsandformation dependon factorssuchaspH andNaCl concentration,
determining, for example, the relative rates of filament formation and
aggraeyation (Katsarasand Budras, 1992).

Cogyulationby aciduldion or heatinginvolvesthe formation of more steble
and more intensiveaggregabns, asso@ted with the releaseof water. The gel
formed by coaguhtion is further stabilied by the releag of water occupying
spacs betwee the aggregags and forms a matrix surrounding fat and
connetive tissueparticlesthat determnes sausge texture. It hasbeenshown
that proteolytic damageto the myosinmolecue, brough about,e.g.,by ageing
or electical stimulation of beefcarcasss,lowersthe strengthof heatcoaguated
myosn gels (Demeyerand Samgima, 1991). Musde cathepsinD-like activity
degralessausagemyosin mainly during fermentation(Verpladse et al., 1989,
Verplaetse,1994b) but significant change require pH< 5.1 (Molly et al.,
1997). It is thereforeclear that acidulation during fermentdion inducestwo
opposig effectson texture developnent: coagulatiom of the myosn sol into a
gel aswell asaccelerang proteolytic cleaving of myosn molecues, lowering
their contibution to gel strength.A modeate negaive correltion wasindeed
found betwea proteolytic activity andtexture (Sanamariaetal., 1994),andthe
clear tencerising effect upon addition of exogenais proteag to a sausagenas
beenrelatedto myosindegralation (Melendoet al., 1996).

Diff erent relative rates of acid induced coaguation and proteolyss may
explain the positive relationsip found betwee initial ratesof acidulationand
hardressdevelopnentasillustratedin Table18.1.Increasedatesof acidulation
increag ratesof drying, a processalso determining rate of texturedevelopnent.
In the Northernripening process,drying during fermentationis very limited, as
well as pH changeduring drying. The datain Table 18.1 show that texture
devebpmentduring fermentationis determired by the drop in pH, irrespecive
of small weight changeswhereasfurther texture developnent during drying is
then determired by the loss of water only. Both hardress developnent and
weight loss showexponetial changeguring ripening. Howeve, the latter has
beenreportedto deceleate with time wherea the former acceleates(Touraille
andSale 1976).1t is clearthat numeroudactorsaffect the interrelatedrates of
both acidulationand drying.

18.52 Sausagecompasition and size

The use of PSE pork (Townsend et al., 1980), the use of spices
(Vandendresscheet al., 1980), stater organisms (Demeyeret al., 1986) and
soy proten (Stiebing, 1998) are known to increaserates of acidulation and
drying andthusof texture developnent. Substtution of KCI andCaCl, for NaCl
at equivaknt ionic strengh significantly reduceshardressas well as sensory
texture and colour intensity (Gimenoet al., 1999). A higherfat contentof the
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Table 18.1 Ratesof acidification, drying andtexture development

Experiment pH % DM Hardness
(Newton)

Ratesof change(c)®
Expt. 1: effectof starter$

None —0.23 0.03 0.01
Startersausage —1.06 0.06 0.06
Starterorganismgn=4) —0.58+0.06 0.04+0.01 0.03+0.01

Absolutechangesafter2 or 3 and21 d of ripening®

Expt. 2: effectof comminutiofl

Meanfat particle size (mn¥) 2-3d 21d 2-3d 21d 2-3d 21d

24.4 -0.7 -09 -1.2 9.6 64 213

3.8-6.0 -0.6 -0.9 -09 8.8 49 203

1.5 -0.7 -1.0 0.6 7.3 61 145
Expt. 3: effectof sausagediametef % weight loss

60mm -1.0 -1.0 9.0 30.5 83 184

140mm -1.0 -1.0 4.9 17.9 87 129

2 Data relate to experimentsreported by Demeyeret al., (1984). ° Data relate to
experimentgeportedby Verplaetseet al., (1990).° Demeyerand Claeys(unpublished).
9 Initial rates of change calculated from exponential kinetic models proposed by
Demeyeret al., (1986).° Valuesafter ripening-start.

sausagemix decreasedoth rate of pH drop andrate of hardressdevebpment
(Rodel, 1985; Touraille andSalg 1976).The useof betwee 50 and60%lard in

the sausge mix (equivalentto 40 and 50% fat), can resultin a spreadatd
produd (Klettner, 1989).Increaing sausage@iametr clearly decreasethe rate
of drying andthusrate of hardnesslevelopnent (Rodel, 1985).An increasein

sausageliameteralsodecreasgthe rate of pH decine becaseof anincreasng

contribution of proteolyticprocesssto metabdism (Demeyeretal., 1986)(Lois
etal., 1987).

18.5.3 Conditions of batter preparation

According to Rodel (1985) and Tourraille and Sale (1976) the degre of
commirution doesnot affecttexturedevelopnent. Lowering the aveiagesize of
fat particlesto 1.5mm, however wasfound to decreasenitial aswell asfinal
valuesfor hardress(Table 18.1); the findings probaly related to the smeanng
of fat aroundproten partides. An increaseddegreeof lipolysisfor the fat used
may intensify theseeffects(Touraille andSale 1976).In a detailed study under
practical condtions, Van ‘t Hooft (1999) concludedthat the meanprocessig
factors that significantly determine binding and structure are (i) meat
temperatire (—2 betterthan —4°C), fat tempegture (—18 betterthan —10°Q),
saltchoppig time (60 betterthan20 sec.)andvacuumtreatment(90 betterthan
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0 sec.) Thelatterfactorreflectsthe presencef air pocketsin the sausge batter,
leading to a differencebetwea weight and volume loss. Salt choppng time
could berelatedto extractedmyosinanda remakablefinding wasthat,contary
to GMP, the useof blunt ratherthan sharpcutter knivesis to be preferredfor
goodtexture.

18.54 Fermentation and drying conditions

Air speed,temperatire and humidity not only affect rate of drying, but also
resut in agradientchangeof wateractivity (a,), importantfor the estabishmert
of productsafetyaswell asfor the developmentof texture,colour andflavour.
Valuesfor a, canbeestmatedwith acceptableaccuracyfrom companyspecific
relaionshipswith sausge compositionand ratesof drying (De Jaegeret al.,
1984) or measued continuaisly during ripening (Stiebing and Rodel, 1992).
Hardressvaluesare subgctto variability and coefficients of variation fluctuate
betwea 5 and 15%, valuesbeing highe for slicesthan for the whole sausage
(Touraille andSale 1976). Nevertheéss limits for hardnesganbe imposedfor
thefinal productandcontroled by measuremaet or estimaton from correlations
with pH anddrying losses.

18.6 Flavour: measurementand development

In geneal, thetermflavouris definedasthe overallimpressionpereivedvia the
chenical sensedrom a produd in the mouth. Defined in this manner flavour
includes the sensatiorof tage andaromaaswell astrigeminalfeelings,suchas
astingency the pain from hot spices,metalic note from blood, etc. Texture,
appeaanceandthe soundsof the food during chewing haveaninfluenceon the
pereivedflavour aswell, but they arenot commonly included in the definition
of flavour (Meilgaad et al., 1991). Howeve, one mud be aware that the
tempoal order of the senséion has a great influence on the total flavour
impression,i.e., the order of stimulation is very importantfor how the food is
pereived andliked. During eatingthe consuner is first of all confroned with
theappeaanceandcolour of thefood andlateron with its odour.This givesrise
to certainexpecations on how the food will taste.Finally, during the chewirg
process, the consuner is confroned with texture, taste and aroma, which
togeher will createthe final impresson of the flavour (Rothe, 1988).

The sens#on of tade is causeé by primarily non-vdatile compoundsn the
food interactng with the tastebudson the surfaceof the tongue aswell asin the
muaosaof the palateandareasof thethroat. The sensatio of aromais cause by
volatiles in the food evapoating from the food during the chewirg processand
traveling throughthe nasoplarynxto the nasalcavity, wheretheyread with the
olfactory receptas produdng an electrical signal, which is transmited to the
olfactory bulb in the front brain (Rothe, 1988). The discre@mncy betweentage
andaromashouldbe keptin mind when analysingflavour eitherby sensoy or
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instrumentalmeansHowever,it is also true that sub-thesholdconcentrationsof
non-vdatile compoundsmay affectsensiivity to anaromacompoundDaltonet
al., 2000). Such ‘taste-olfaction integration’ of senss is apparentfrom the
aromaenhancerantdueto the glutamate-umamtasteandpeptides in fermenta
sausagemay havea similar effect.

18.6.1 Sensorymeasuement of aroma, taste and flavour

Thearoma(or odour),tasteandflavour of dried sausge is commony measued
by hedonicmethodsor descrigiive anaysis, eitherusing a point scale,a ranking
scaleor a confnuous line scale(Mendozaet al., 2001; Hagenet al., 2000; Sanz
etal., 1997 Diazetal., 1997;Dellaglio etal., 1996).Typical tasteattributesare:
acidity, saltiness, sweetness, metallicness, bitterness, umami and acidic
aftertase. Prefrably tasteshouldbe measued while the panelliss havea clip
on their nosein orderto prevent air from travelling throughthe nasoplarynxto
the nasalcavity and confusirg the flavour impressionwith the tastingsenséon
(Bingham et al., 1990). Aroma (or odour) and flavour attributes that are
frequenly usedare: overdl intensity, meattype (pork, beef, etc), fresh meat,
sour-sveet, acid, vinegar, tanginess, sour socks spices,pepper flowery, nutty,
garlic, matuiity, cured, dry sausagebutter, cheese,sourcugh, fatty, rancid,
nauseus, burned, solvent, smoked(Stehnke et al., 2002; Hagenet al., 2000;
Stahrke et al., 1999; Zalacainet al., 1997; Viallon et al., 1996; Dellaglio et al.,
1996; Stahrke, 1995c¢; Berdagueet al., 1993; Acton et al., 1972).

During training of panelliss for dry sausageavaluation chenical standads
may be included to exenplify the qualtative desciption of the various
attributes. This wasrecentlydoneby Erkkila etal., (2001)who usedlactic acid,
acett acid, arginine,alanine andsaltto descibe the flavour of lactic andacetc
acid, bitternes, sweehessand saltinessrespedtely.

18.6.2 Instrumental measirement of aroma and taste compaunds

A huge number of method have been developedfor analyshg the flavour
compounds of med productsand other foods, but one shouldrealisethat the
composiion of the final aromasampleis highly reflected by the choice of
method.Also, the reproducibiliy of flavour anal/sesis in geneal lower thanfor
other analtical methods in particula on complex matrices such as meat
produds. Standarddeviations within the same sausageange between5 and
more than 10% for sone volatiles and betwee-batchvariabiity may exced
50% (Schmdt and Berger, 1998, Hinrichsen and Pedesen 1995; Mateo and
Zumdacaregui 1996; Meynier et al., 1999, Stahnkeet al., 2002). Flavour
researb hasbeenprimarily confinedto the study of the volatile andthe semi-
volatile compounds since they are the most important contibutors to the
characeristic flavour of mog foods (Cronin, 1982). The following paragraps
will therebrefocusonthe measuementof volatile compoundsandonly slightly
on the non-vdatile. The bast principles include four steps:Collection of the
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flavour compoundsconcentration, separatiorand detection.(Bett and Grimm,
1994).

Collection of corrpounds

Dependingon the type of flavour compoundstheir polarity, volatility, etc.,and
the kind of matrix in which they are embeddedraw meat/cookedmeat, lipid
content,structure,etc.) different collection methodsare preferredand basically,
threedifferent methodsexist; (i) directextractionwith a solvent(organicsolvent,
water, super-critical fluids), (ii) distillation combinedwith a transfer of the
volatilesinto asmallamountof solvent(e.g.,steamdistillation, Likens-Nickerson,
high vacuumdistillation of extracts)and (iii) headspaceollection,in which the
volatilesin the air abovethe samplearesampledandcollectedin a cold-trapor on
anadsorben{dynamicheadspacesampling) purgeandtrap sampling,solid phase
micro-extraction,etc.). However, somemethodsare harsherthan othersgiving
riseto extensiveartefactformationif not well suitedto the product.For example,
steam distillation at atmosphericpressure,although claimed to induce less
variability (SchmidtandBerger,1998),would not bethe bestchoicefor collecting
aroma compoundsfrom a raw meat product, since compoundsnot originally
presenin the productwill be producedby thermalreactionsduringthe distillation
procesqParliament,1997; Wampler,1997).Althoughits usedecreaseanalytical
variability, it may increasethe amountsof volatiles extractedfrom fermented
sausagenore than twentyfold comparedo headspaceanalysis(Demeyeret al.,
2000).

Corcentraion

Dependingon the colledion methodand the conceantration of compoundsthe

aroma samplemay haveto be concentrated to a smadler volume.For extractsthe

solventis commony evapoatedon a Vigreux columnin a thernostattedwater
bath or by blow down of an inert gas,usually nitrogen, on the surfaceof the

extract In headpacemethodsusingadsobenttrapsthe aroma sampleis located

in thetrap,which may be extractedwith a minute amountof solventor desorbed
by heat (see below). During the concentration step thereis a risk of highly

volatile compoundsbeing lost due to evaporabn togethe with the solvent

(Patiament 1997; Hartmanet al., 1993; Burgardand Kuznicki, 1990).

Separdion

The separation of the flavour sample is primarily performed by gas
chromatograply (GC) (for volatiles) or, for non-vdatiles and compoundswith
low volatility, by high pressurdiquid chromatogaphy(HPLC). The presnceof
impurities or of numerouscompoundsmnay necesitate pre-separationCronin,
1982; Merritt and Robertson,198). Volatiles colleced on adsorkent trapsare
often injected directly into the GC by a thermal desober. Aroma extractsare
preferablyinjecteddirectly on-columnat aslow atempeatureaspossble since
high tempeatures may decompos labile compoundsand produe artefects
(Wampler,1997;Merritt andRobertson,1982).Analyss of the peptidefraction
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merits special mertion: early work studying proteolysis during dry sausge
fermentation has used semi-quantative SDSPAGE (Verpladse et al., 1989;
Verplaetse 1994k Verplaeseetal.,1992) Sucha methodis limited however to
the molecular weights (MW) > 5 kD. Size exclusbn chromabgraphy (gel
filtration) by HPLC can be usedto isolate smaller MW fractions for further
analyss by reverse phaseHPLC (Lambregtset al., 1998).

Detedion

Detedion of flavour compoundsin gas chromatogaphic analsis is mostly
performed by massspectranetry (MS) andby flame ionisation detection (FID),
which respondsto any compoundthat is conmbustible in a hydrogen flame.
Elementselective detecors are availeble for organc compound confaining
halogens,nitrogen, sulphur and phosphaous, but are rarely usedin flavour
researb. The advantageof the mass spectraneter comparel to the othe
detecbrsis basedon its ability bothto quantify andidentify the compoundsat
the sametime. Howeve, in mary appications the sensitvity and the linear
rangeof the MS are muchlessthanthe otherdetectors (Rood, 1999).

A highly efficient,commony useddetecton principlein instrumentalflavour
analyss methodis olfactometry.In gaschromabgraphyolfactometry(GCO)all
or partof the effluentfrom the column is led to an outlet outsidethe GC-oven,
wherea human subgct sniffs the compoundsasthey elute. The odoursarerated
qualitaively andsometinesalso quanttatively andmake it possibe to identify
the more important odorows compoundsn the food sanple. While instrumental
detecbrs quantify the individual componentsof the food sanple, the peakarea
do not necessally correspondo the flavour intensity. The humannoseis much
more sensitve thanthe instrumentaldetector to manyflavour compounds(Bett
and Grimm, 1994). Diff erentprotocolsfor analsing flavour samplesby GCO
havebeendevebped(Blank, 1997) and modified versionsare commonly used
(Meynier et al., 1999; Stahrke, 1995c;van Ruth and Roazen, 1995).

The newestprinciple for detecton of volatile flavour compoundsis the
‘electroric nose’,a device basedon an array of sensos eachhaving a partial
specificty for eachvolatile compoundin the gasphasethusprodudéng anodour
fingerprint that canbe identified by a patternrecognitbn systemwithout need
for prior separatior(Stiike etal., 1999).The main advantagef electronicnoses
is rapid analyss, enablirg quick decisisonmaking, e.g.,in relationto quality
control Electronic nosesensiig was shownto be sufficiently accurateas an
apprximation of human olfacion apparatus, but further devebpment is
necessar althoughits succesful usein disaiminating betwee sausageypes
hasbeenreportal (Verna-Rossietal., 1996;Eklov etal., 1998).For analyss of
peptides by revarsedphaseHPLC, detection sensiivity may bealimiting factor,
necesgating the use of massspectronetry. Analogaus to GCQO, the liquid
fractions from gel filtration or prepaative HPLC on non-vdatile flavour
compouwnds may be tastedby a sensorypanel and the taste of the eluted
compouwndsevaluatedHenriksen and Stahrke, 1997) but this apprachhasnot
beenmudh usedby flavour researbers.
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18.63 Chemical compaunds related to the development of flavour

Even thouch the flavour impressionis probaly the mostimportantcomponent
of theeatingquality of fermentedsausge, researb onthe matter hasbeenrather
scace and until quite recentlyit was not directly focusedon the analsis of
flavour compainds(seesection 18.6.2.) On the otherhandmuch researchhas
beenaimedat understandinghe chemigry of cookedmeatflavour (Mottram,
1998).But oneshout be carefulnotto confuseresultsfrom mea flavour studes
with fermented sausag flavour since flavour compoundsin cooked meas
primarily are derived through thermal processes,whereascompoundsin raw
dried meat produds such as salami and dry ham mainly arise from both
endogenous and microbial enzyme reactions taking place during the
fermentation and drying steps.

18.7 Taste and aroma: measirement and development

The acidtade is animportantcomponentof the overdl tasteof fermened meat
produds, often soughtafter in the Northernprocesswhereasit may berejected
in the Mediterraneanprodud. It is positively correlted with the D-lactae
(Buchales et al., 1984) and acetate(Demeyer 1992) conient. Only limited
amaunts of nitrogen-cortaining or protein-relatedcompoundsare found in the
volatile aromacompainds (Berdagueet al., 1993, yet, flavour evaluaton of
fermentedsausagéhasbeenmainly related to extentof proteolysis(Deneyer,
1992), specfically in relationto surfacemould growth (Lticke, 1998. Inded,
thefatty acids presenin sausagéipids arethemsévestoo long to be of sensory
relevarce. Although suchfindings suggestthat most of the significant aroma
compoundsarederivedfrom the protein fraction of the sausageit is knownthat
intensty of proteolysisreflects releag of peptides affecting taste,ratherthan
aroma (Nishimura et al., 1988) as shown for cheeg (Fox, 1989)andraw ham
(Hansen-Mder et al., 1997).Also, the non-proein nitrogen fraction will affect
sausge pH (Demeyeret al., 1979) and sausge pH may affect liberation of
aroma determiring acid compoundsduring chewirg (Dainty and Blom, 1995;
Dirinck, personalcommurcation). Work on proteoysis in dry sausagehas
involved the initial degradabn of myosin and actin (Verpladse et al., 1992;
Verplaetse 1994b;Molly etal., 1997;Harnieetal., 2000)andpreliminarywork
on the peptideandfree aminoacid fraction hasbeenreportal (Lambregtsetal.,
1998; Demeyer,2000).

The use of antibiotics and paucbacterial meat incubations has clearly
eshblishedthat initial proteolytic changes mainly involve myosin and actin
degralationthroughthe actionof cathepsinD-like enzymesThe contributionof
baceriain further endo-and, mainly, exopioteolytic changs increagsdownto
ammona produdion, the end of the proteolytic chain. Mediteranean, low
tempeatureripening,lowers rate of pH drop andthus cathepsinD activity and
initial protein degralation as well as the propotion of smaller pepides
(1-10kDa). The contibution to flavour of ATP metabdites suchasIMP and
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hypoxarthine is also recognied and that of free higher fatty acids geneally
consideed of less importan@ (Verpladse, 1994a). Studies on the relative
importan@ of volatiles and water solubles in flavour analysis should use
multivariate statisics involving data setsfor both volatile and water soluble
compounds.

18.7.1 Aroma

The raw sausge mince doesnot conain any volatile compoundsof sensoy
importane sinceit haslittle or no aroma.On the othe hand,it continsa large
numter of aroma precurses, which during the fermentation, drying and
matu@tion stepsare conveted by endog@ousenzymesmicrobid actvity and
chemia@l reactionsinto a large numter of volatile compoundsof both sensoy
andnon-sensor importane. The first study on the aromaprofile of afermented
sausagappeaedin 190 andsincethendifferentsausagefom all over Europe
havebeenanalysedy variousanalyticd methodqBergeretal., 1990;Berdagié
et al., 1993; Johanson et al., 1994; Stahnke, 1994, 1995b; Mateo and
Zumdacaregui, 1996; Schmdt andBerger 1998; Stahrke et al., 1999; Viallon
etal., 199; Meynier et al., 1999; Sunesenet al., 2001; Stahrke et al., 2002).
The volatiles presentin fermented sausge consst of a wide variety of
compounds from many different chemial classesdepenéhg on ingredient
levels spices, meat origin, smdke, stater cultures, processig condiions,
packaging condtions etc.,, alkanesalkenesaldehydesketonesacids,alcohok,
esters sulphur compounds, furans, lactones,aromatic, terpens, nitriles and
more.Until now morethan 200 compoundshavebeenidentified, but not all of
themareof sensoy relevarce. In particula, compoundssuchasthe alkanesand
straightchainalcohok havesensonthresholdvaluesmuchtoo high for themto
haveany influence on fermentedsausge flavour (Grosch,1982).

By using gaschromatogaphy olfactormetry (GCO) or multivariate statistics
combining sensoryand instrumentally determired flavour profiles, it hasbeen
shownthat the aromacompoundscreatingthe basiccuredsausge flavour are
mostlikely to consistof compaindsfrom microbial degradabn of fatty acids
andof the aminoacidsvaline, leucine,isoleucineand methionne togethe with
compouwndsfrom carlohydratecatabolisn. More specfically, differentbranded
aldehydesand acids, ketones, various sulfides, diacetyl, acetatiehyde acetc
acid and perh@s als certainethyl esters(Stahnkeet al., 2002; Stahrke 2000;
Meynier et al., 1999; Stahnle et al., 1999; Stahrke 1994, 1995c; Schmdt and
Berger 1998 Montel et al., 1996; Berdagué et al., 1993). Compounds
originating from chemial autaidation of lipids such as hexanal, octanal
1-octene3-one,etc.,are of gred importan@ but may not be involved with the
cured flavour attribute, but rather contribue to the randd notes. Smokel
sausagesconiin specifc top notes attributed to 2-furfurylmercaptan and
guaiaco) wherea Mediteraneanmouldedsausagesontain popcon notes due
to 2-acetyl-1-pyrroline (Stahnke2000). Therehavealsobeenreportsstaing that
degradabn productsof sulphurcompoumsin garlic may contibute positively
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to maturity and cured flavour (Stahnke, 1998; Stahrke et al., 2002). However,

flavour researbers still needto confirm thesefindings by reconsituting the

propo®d flavour compoundsinto a mixture holding the fermentel sausage
flavour.

18.72 The origin of the aroma compaunds

Figure 18.1 gives an oveniew of the overdl enzynatic andchemial reactions
that may lead to sausagédlavour compoundsby degralation of cartohydrde,
protein and fat in the sausagemince. Dependig on sausge ingredientsand
processingconditions,somereactionswill be more pronowncedthanothers,but
how thesefactors exactly determire the overdl patternis not clear and much
more researb is neededo understad in particula, the role of starer cultures
and their interactons with both the backgound flora and the endog@&ous
enzynes.

18.73 Aroma compaunds from carbohydrate catabdism

During thefermentaton periodmostof the addedcarbohydrateis convetedinto
lactic acid and different amouwnts of side productsdepenthg on the appied
lactic acid bacteriathetype andcontentof carlohydrate tempeatureandother
processing parameters. The additional starter cultures of, for example,
stgphylococd or yeast probably exet some effect in converting sugarsto
produds otherthanlactic acid, but are of cours in strongcompeition with the
lactic acid bacteria. Volatile compounds in fermented sausge, generally

Proteins Carbohydrates Lipids
Proteolysis Lipolysis
Peptides Free fatty acids

Amino acids

Transammination Lactic acid Autoxidation
Decarboxylation Dacetyl B-oxidation
Deamination Acetaldehyde

.......... Short fatty acids

Sulphides Aldehydes
Thiols Ketones
Branched aldehydes
Branched acids
Esters

Fig. 18.1 Simplified overview of the primary pathwaysleadingto importantflavour
compoundsn fermentedsausage.

© 2002 CRC Press LLC and Woodhead Publishing Ltd.



consideedto bederivedfrom carbotydratecatabolisn, areacett, propionic and
butyric acids,acetatlehyde diacetyl,aceton, 2,3-butandiol, ethanol,acetone2-
propanol and more (Gottschalk, 1986; Demeyer, 1982; Stahnke, 1999).
Howeve, the compoundsarederivedfrom pyruvate which may originate from
manysour@sotherthancarbohydateduringmicrobial metabdism (Demeyeret
al., 1986).

18.7.4 Aroma compaunds from protein degradation

As mentionedearlier, extensiveproteolysistakesplace in fermeried sausages
creatingpeptidesandfree aminoacids.During maturationaminoacidsandsmall
peptidesaretakenup by the microorganism@&ndconvertednto numeros aroma
compounddby differentpathwayqFig. 18.1). Someof themoreimportantarethe
biochemical conversions of the amino acids leucine, isoleucine, valine,
methionineand phenylalanineinto the sensoryimportant brarched aldehydes
andcorrespndingsecondaryroducts suchasacids alcoholsandestergMontel
et al., 1998; Stahrke et al., 2002). The microorganisns reonsiblefor those
conversionsare primarily speciesfrom the Micrococcaceadamily. It hasbeen
shown,both in modelexperimentsandin sausageshat different staphyococci
andmicrococci (kocuria) produce2- and 3-methylbutanal2-methylprganal, 2-
and 3-methylbutanoicacid, 2-methylpropanic acid, 2- and 3-methylbutanol,
ethyl-2- and 3-methylbutanoatemethional, phenylacetaldehydeyhenylethanl
andmanymore(Berdagueetal., 1993;Stahnke 1994,1999; Montel et al., 1996;
Massonet al., 1999; Larroutureet al., 2000).

The amoun of the compoundsis highly influenced by the processig
conditions. In minimal meda, modd mincesandin sausage# hasbeenshown
that paraneters such as tempeature, pH, glucose, sat, nitrite, nitrate and
ascorbag all influencethe amaunt of aromacompoundsin oneway or the other
(Stahnke,1995b, 1999; Massonet al., 1999; Larrouture et al., 2000). Results
indicate that for Staphyl@occusthe readions are negatiely correlatel with
their growth, i.e., it seens as if the orgarisms producemore of the above-
mentiored compoundsvhenthey are in the resting phasethanwhenin active
growth but this still needsto be studed further (Stahnke,1999). It hasbeen
suggeted that the branchedehainedaldehyees could also arise from the non-
enzymait Strecker readions betwea the correspading amino acids and a
diketone suchasdiaceyl (Stahnke,1995b;Barbieri et al., 1992). This would
explain the presenceof different pyrazines in unspiced fermented sausges
(Stahnke,1995b; Johanssoret al., 1994; Berdagie et al., 1993). Apart from
aldehydesthe Streckerdegradabn restlts in variousketo-amnesthatdimerize
into different pyraanes (Hurrell, 1982). Inded, studieshave shown that the
amount of 2- and 3-methylbtanal and 2-methylgpoparal was of the sane
magnitwe in sausagesvith or without microbial growth (Stahnke,1994).
Howeve, the Streckerdegradabn is favoured by hightempeatureandvery low
water activity, i.e., conditions not prevaling in fermented sausage(Hurrell,
1982).
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18.75 Aroma compounds from lipid degradation

During the fermentationand maturationperiodsthe lipid fraction of the sausage
mince is partly hydrolyseal by lipolytic reactims in which triglycerides and
phosphtipids are liberating free fatty acids. Residualmono and diglycerides
havealsobeendetectedandit wasshown thatmoreunsaturatd fatty acidswere
liberated preferentially, probably because of a preferential membrane
phosphdipid degradabn as well as a postional and/or fatty acid specificity
of themeatlipases (Demeyeretal., 1974;Molly etal., 1997).Lipolysishasbeen
extensively studed over the years since free fatty acids are believed to be
important precursors for oxidation products of relevance for flavour.
Newverthelessa direct correlationbetwea lipolysis and matuiity developnent
has not been establisled (Montel et al., 1998). Recentresuts indicate that
methyl ketonesfrom microbial 5-oxidaton of free fatty acidsmay be important
for matuiity (Stahnkeet al., 2002) but perhapshe amountof free fatty acidsis
soplentiful thatincreagdamountsof this precurseo do notinfluencethe flavour
profile. Oneshouldbearin mind thataromacompoundsarepresenin the ppbto
ppmlevelswhereasthelevel of free fatty acidsarebetwea 0.5to 7% depending
on sausag type (Nagy et al., 1989; Dominguez and Zumalad@rregui, 1991,
Stahrke, 1994; Johanssort al., 1994; Navarro et al., 1997).

Lipolysisis cause both by microbial enzymesand endogepusenzynesin
the meatandfat and therehasbeenmuch debateaboutwhich medanismsare
the dominar. However,the mostrecentresultsfrom sterle modd mincesand
sausges with added antibiotics show that the major part of the lipolytic
bre&downis attributedto endogenusenzymesevenif strongly lipolytic strains
of Staplylococcis are usedas a starterculture (Molly et al., 1997 Stahrke,
1994).The pH of the sausagenince may be decisive for the degreeof lipolysis
arising from microorgansimssincepH is a major factor influencing the amount
of Micrococcaceaetheir productionof lipasesandtheir acivity (Sgndegaard
andStahnke2002 Hierro etal., 1997 SaenserandJakobgn,1996).1t hasalso
beenshownin sausgesthatthe amountof free fatty acidsis increasedoy high
fermentation tempeatureand redued salt levels (Stahnke, 1995a).The partial
glyceridesandbr the free fatty acidsproducedduring lipolysis may oxidise via
different pathways chemially or microbially. It is not clearwhethe free fatty
acids are oxidised faster than intact glycerides. Although addition of lipases
increagd lipid oxidationduring maturation(Ansorenaet al., 1998),otherwork
hasshown that increasedipolysis was not asso@ted with increagd rancidity
(Nagy et al., 1989) (Fernande and Rodriguez,1991).

Chamical autaxidation of unsatiratedfatty acids produesa whole rangeof
volatile aldehydesketonesalchols etc., some of which are very potent aroma
compounds.As mentionedabove,gaschromatgraphyolfactomety hasshown
that compound suchas hexanal,octanaland 1-octene3-one are important for
the overall flavour (Meynier et al., 1999; Schnidt and Berger, 1998; Stahrke,
1995c¢) In geneal, the influence of autoxiddion processeswill increag during
matumtion andstoragedependhg on the sausge ingredients.It hasbeenshown
that ascorbag prevens autaidation (Houbenand Krol, 1986) and that nitrate
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may increa® it (Stahnke,1995b) Additionally, specesbelonging to the genus
Staplylococcis havebeenreportal to preventautoxiddion, possiby dueto their
capalility of forming catabseandsuperoxie dismutasethat degradenydrogen
peroxde (H,O,) andsuperoxde (O, ), respectivéy (Barriere etal., 2001;Talon
et al., 2000).

As mertionedpreviousy, methylketones(2-dkanonesanbeformedduring
microbial metabdism, eitherdirectly by decarboxyation of free 3-keto acidsor
by -oxidaton of free fatty acids.Their sensorthresholdvaluesare quite high
though, comparel to othe lipid oxidation compoundgGrosd, 1982). The 2-
alkanonesnaybefurtherreducedo 2-alkanolsby alcoholdehydrogensein the
microorganism.The level of methyl ketonesincreags steadly over time in
Mediterraneanfermented sausges (Sunegn et al., 2001; Croizet et al., 1992)
andthe Penicilliumgrowing on the surfacemay berespnsible Howeve, North
Europen non-noulded sausageslso contain methyl ketones,be it in slightly
lower amours (Stehnke et al., 1999). Model experimens show that both
Staplylococcis and Penidllium speciesare capalle of produdng methyl
ketones(Stahnke,1999; Montel et al., 1996; Larsen,1998).

18.8 The control and improvement of quality

It is evidentthatthe methodsdiscussd bothfor panelandinstrumental analyss
canbe usedat various stagesof the produdion process. The results,assoé@ted
with the information on quality developnent discussd above,canthenbe used
to improve the progresive interactionsbetwea raw matefals, microorganisrs
and processing.

18.8.1 Raw materials

Musde lipase and proteag activities determire to a large extentliberation of
free fatty acids,peptides,and evenaminoacidsduring dry sausge processig.
Althoughthe effectsof animalspeceson suchchangs (Demeyeretal., 1992),
as well as on flavour (Fournaud,1978) have been reportedfor fermented
sausagetheir relation to the formation of flavour compounds from fatty acid
oxidation and bacterialamino acid metabdism is not clear (Demeyer, 2000).
Relationshipsof muscleproteag andlipaseactvity with both carcasandmeat
quality havehoweverbeendenonstrated ToldraandFlores,2000;Claeysetal.,
2000) and may be usedfor the specificdion of raw materials,similar to a
suggetion made for raw ham production (Toldra and Flores, 1998 and in
additionto the classiccriteria relatedto pH (< 5.8), inner temperatire (< 4°C)
and fatty acid unsaturatia (< 12% w/w of polyunsaturged fatty acidsin total
fatty acids) asdescibed, e.g.,by Stiebing (1994). Sugar(max. 2%), nitrite and
nitrate addition may be optimisedin relationto the findings discussd earlier.
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18.82 Starter cultures

The appication of stater cultures for sausge fermentaton is today a natual
part of indudrial sausageproduction. The microorganisms used as starter
culturesare commonly divided into two groups lactic acid baceria, primarily
resmnsiblefor the acidification process, and flavouring microorgarisms, often
capale of nitrate redudion. The first group consistsof Lactabacillus and
Pediccoccts, the secondgroup of Micrococcaceae(Staphyl@occus,Kocuria
(formerly Micrococcug), yeasts (Debaryomyeg and moulds (Penidllium)
(Jesen, 1995). Lactic acid bacteriaare usedto ensue acidulationand avoid
faulty productiondue to contaminatbn with pattbgensand othe undesirel
microorgarisms that may proliferate without the presenceof a compeitive
stater inoculaion. Micrococca®ae speciesand yeass are addedto speedup
and intensify flavour developnent and to ensue that enoughnitrate reducing
microorgarnisms are presentin sausag minceswith addednitrate. Mould is
primarily usedto prevent growth of spontinousfungi capalle of mycotoxin
produdion andto shortenthe onsetof mould coverage. The choice of starers
depend of courseon the type of sausge to be produed. In the fermentaion
processbhacteriayeastsandfungi all contributeto thefinal sensoy quality of the
fermentedsausge (Lticke 1998).

Lactic acid bacteria

The lactic acid bacteriaprimarily affectflavour formation by produdng thetage
componentlactic acid of eitherthe D(—) or L(+) configuration or a mixture of

both. Howeve, undercertan processig conditionsthe bacteriamay switch to

othe pathwas produdéng end produds such as acetic acid, ethano] aceton,

formate and strongsmelling sulfides (Jesen,1995). Lactic acid baceria have
beenrepoted to be wedly proteolytic and lipolytic and thereby capalte of

influencingflavour formation, but geneally thesecharacterists arenot sought
for in the selecton of lactic acid bactria for fermentedsausge. Acidulation
rate, lag phase competitiveness towards endogenous flora, carbohydrate
fermentation patternand optimum growth tempeaturesare the typical contol

points. Produdion of hydrogen peroxideand biogenic aminesare also of great
concen aswell asproductionof bacteriochs, phageresistane, stability during
marufactuing and more (Jessen1995).

Micrococcaeae

Seveal studeshaveshownthatit is possibe to affectthe sensoy qualty of the
final produd by changig thetype or contentof the starterculture. Studieshave
also shownthat speciesrom the Micrococcaceadamily arethe major flavour
conftibuting microorgansms (Berdague et al., 1993; Montel et al., 1996;
Stahrke et al., 2002).Model andsausagexpeimentshaveshownthat different
strans have very different volatile profiles, which are affecteddifferently by

processing parameters (Stahnke, 1995b; Sgrensen and Jakobsen, 1996;

Sendergaad and Stahrke, 2002; Stahrke, 1999;Larrouture etal., 2000; Masson
etal., 1999). The Micrococca®caespeciegrimaily sold asstater culturesare
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different strainsof S. xylosus,S. carnosusand Kocuria varians (Jessen1995).
Howeve, at the low pH conditionsprevailing during North Europen sausge

produdion the amaunt of Micrococcaeaeis dragically redued. Evenif added
in high numbersthesespecesbeginto die out shortly afteronsetof fermentaton

(Johansso et al., 1994). Selection of low pH tolerant Micrococcaeaespecies
for sausagdermentationis thushighly relevan.

Other characeristics looked for are lipolytic and proteolytic capability,
nitrateredudaseandcatalaseproduction. Thelatter two activitiesareconsideed
important for colour formaton and colour stability and perhapsalso for
preventig lipid oxidation(Jessen1995;Talonetal., 2000).Howeve, basedon
themostrecentknowledgeaspresengdin the previouws paragraps, lipolytic and
proteoltic activity of the starter cultures are probally not as relevan as
previously suspected. In fact it may be more relevant for the culture
manufaturersto look at the capalility of degradig amino acids or forming
methyl ketonesfrom fatty acids. Nevertteless,there is still a long way to go
beforecontol of flavour formation in fermentedsausge by control of growthor
pre-higory of Micrococcaceaeis a pradical reality. Most of the flavour
developng pathwgs are not idertified and their regulaton on both geneand
pathway level even poorer understood. Only very recently, the first
staphybcoccal gene for one of the enzymesin the catabolic pathway of
leucine isolucine and valine into the branched aldehydes and acids was
sequaced(EMBL databasg2001).

Yeast

In commercial starer culture preparatnsyeastis offeredfor both exteriorand

interior use,but it is usedin much smalleramountsthan the Micrococcaeae
(Jessen1995; Andersen,2001). Debaryonyceshanseii is the dominan yeast
speciesidentified in natually fermente&l produds and is also the species
primarily soldasstater culture (Encinasetal., 2000;Metaxopoulosetal., 1996;

Jessen,1995). The influence of yeaston the sensoy quaity of fermented
sausagess not well documengd. It seemdo be highly depenént on the othe

microorganismgresen{Gehlenetal., 1991)andstudieshaveshownthatyeast
may or may not have an influence on sausagdlavour (Gehlenet al., 1991;

Miteva et al., 1986; Olesenand Stahrke, 2000).

Due to its high oxygen demand D. hanseniiis mainly observedin the
periphey of the sausgeswhere it stabilisescolour, degraleslactic and acett
acid and producesammona (Geisenet al., 1992; Gehlenet al., 1991). The
aromacompound produdion by D. hanseifi has beenstudiedin malt agar
mincesandin sausgesand it was shown that very small amountsof volatile
compouwnds were producedcomparedto other yeast species(Westall, 1998;
Olesa and Stahrke, 2000).In model mincesand sausgesC. utilis is a much
strongemproducerof volatiles, in particdar acetate¢Olesenand Stahrke, 2000).
Both C. utilis and D. hanseii are lipolytic, but for D. hanseii the lipolytic
activity is inhibited at low pH andtemperatires(Miteva et al., 1985; Sgrensn,
1997).D. hanseii is a very sal tolerantspeciesvith a wateractvity minimum
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for growth of 0.84in salinesolution(DeakandBeuchat,1996).However,garlic
addedto the sausagemince may preventgrowth at a, valuesashigh as0.95—
0.96 (Olesn and Stahnke 2000).

Fungi

Mediterraneanair-dried sausagesnd certain Hungaran types are fermented
with mould on the surface The mould coveragegives the final produd a

chacterisic flavour dueto the fungaldegradabn of sausgeingredientsacting
together with the bacterial fermentation in the inside of the sausage.

Unfortunatey, researb on the influence of mould on sausgesis almostnon-

exigentandit is not clear how fungi affect flavour. A few studes haveshown,
that appication of different strains of Penicillium nalgiovense,Penicillium

camembert and Penicillium chrysogenm may give sensoy differencesin the

final produd but the causeis not known (Sunesenand Stahrke, 2001). A

sepaatestudyhasidertified a specific popcon-smellingcompound(2-acetyt1-

pyrroline) asthe mostimportantvolatile differentiging mould andnon-noulded
sausges (Stahnke,2000). On the other handit seemsasif the othe sensory
differencesaredueto concentrationchangsin variousconmpoundsn the overall

flavour patternratherthanto the exisenceof specificcompmpundsfrom moulds.
Otherstudiesindicatethatthe mould may be respondile for muchof the methyl

ketones, 4-heptanone, 1-octene-3-ol and phenylacetaldehyde in moulded

sausges (Sunegn et al., 2001; Stahrke et al., 1999; Croizet et al., 1992;
Kaminski et al., 1974).

Moulds are lipolytic and proteolytic, perform g-oxidation of free fatty acids
produceammoniaand degraddactic acid therebyincreasingpH (Geisen,1993;
Triguerosetal., 1995; Toledoetal., 1997;Licke, 1998;Larsen,1998; Selgaset
al., 1999).All of theseactivitieswill affectflavour asdescribedn the previous
paragaphs.Also, it hasbeenclaimedthat mould coverag reducesthe risk of
drying faults and delaysrancidity by consumingoxygen(Lticke, 1998), but this
hasneveractuallybeenproven.However, the strongesargumenfor usingfungal
starterculturesis to preventgrowth of mycotoxin-producingungi and to produce
salsageswith aneven, white surfacewithout discolouring.This requiresthatthe
fungal starter has a short lag phase compared to the house-flora, high
competitivenessgoodadhesivepropertiesandwhitish colour while still creating
afinal productwith the correctsensoryquality (Jessa, 1995 Liicke,1998).The
moud primarily usedas starteris Penicillium nalgiovense since only certain
strairs of this specieshave been declared non-toxinogenic (Jessen, 1995).
Additionally, many Penicillia are capableof producingthe antibiotic penicillin
(Andersenand Frisvad, 1994). Genetechnologyis presentlybeing usedin the
congruction of new well-performing and safecultures(Geisen1993).

18.83 Processing conditions
Cudomary rates of pH drop in Northern processig (4.8 after a three-day
fermentation) are sonmewhatlower thanthosereportel earlier by Stiebing and
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Rodel (1987a b) (about5.3 after three days) who discussd the effect of air
speed tempenture and relaive humidity on the interrelaed rates of drying
(weight losses of 15 and 30% after 21 days for 60 and 140mm diameter
sausagesespectivey), acidulation and texture developnent. As discussd
above,developmenbf colour, appeaance,and flavour are affectedby ratesof
aciduldion anddrying, andthusindirectly by otherprocessingvariablessuchas
addition of spices (Vanderriesstie et al., 1980), decontamiation of spices
(Bolancer etal., 1995)manganesaddtion, degreeof comminuton andsating
(Demeyer,2001). 1t shouldbe realisedthat the numter of procesaig variablkes
that may affect sensoy quality is very large.As an exampg, it hasbeenshown
that the development of the mould-associated flavour was significantly
improved by the use of natual, ratherthan artificial casing(Roncdes et al.,
1991).

18.9 Future trends in quality development

Produd¢ developnent in the production of fermented sausges follows the
generaltrendsof the food indugry: acceleation of produdion with guaranted
sensoy quality aswell assafetyandintroductionof (new) functional properties

18.9.1 Accelerated production

The useof low fermentationtempeaturesand extendeddrying periodsleadsto

specific delicately flavoured Mediterranean products. An accelerated

fermentation at highertemperatiresand using specfic stater cultures, similar
to the Northernprocess, hasbeeninvestigaed for Mediterraneanproducts in

orderbothto redue the greatersafdy risks andprodudion costs.Howeve, the
increagdrateof pH drop (4.8vs. 5.5 after threedays)interfereswith thetypical

flavour developmert, obvioudy related to the inhibition of Micrococcal

metabdism (Martuscell et al., 2000) and/orthe stimulation of musle proteag
activity (Molly etal., 1997).This finding hasmotivatedextensiveresearchinto

the acceleratia of flavour develpment through addtion of enzymes As

recentlydisaussed(Ordofez et al., 1999) proteinasesandlipasescould be used
to accderate and increaseproteolyss and free fatty acid formaton. Howeve,

their actvity is diffi cult to control and often leadsto faulty (soter) texture
developnent. Theseauthorsstae correctly that addtion of suchenzymesmay
provide more substate for flavour-prodicing microorganisms, but substate
concertration is obvioudy not a limiting factor in flavour dewlopmert

(Demeyer et al., 200]). Stimulatory effectsof cell-free preparatbns on aroma
developnent (Hagenet al., 1996; Bruna et al., 2001) may be relatedto the
presenceof non-enzymatic stimulatory agents such as marganeg in the
preparaibn used(Hagen,pers.comm.).
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18.92 Fermented meat products as functional foods

Improvementof the nutritional value of meatproductshasbeentried for years,
e.g. by replacemenbr lowering of fat (Arganosaet al., 1983) and sdt content
(Gimenoet al., 1999). More recently, the sucessfulerrichmentwith calcium
(Gimenoet al., 2000) and inulin (Mendozaet al., 2001) was reportedand the
concep of ‘functional foods’, e.g., foods containing naturally, or by addition,
ingredientswith clearly identified beneficial effectson a targetfunction of the
human body and/or lowering the risk of disease(Diplock et al., 199), were
introduced into the meat industry (Jimenez-Colmenercet al., 2001). A major
target function could be the lowering of the consumerbody’s antioxidant
protection systemthroughthe productionof meatand meat productscontaining
natuml or addedantioxidants A well investigatedcaseis the additionof vitamin
E for improvementof colour stability, a characteristiaeflecting the antioxidant
statusof the meat.In freshmeat,improvenent of colour stability by vitamin E
was much betterwhen suppliedwith the diet, than post-motem (Mitsumoto et
al., 1993).For dry sausag@roduction,the findings shouldstimulate the useof
raw materialswith improvedantioxidantstatusthroughselectionof animaland
mus<le and/ordietary treatmentgeflecting, e.g., glutathioneperoxidaseactivity
andsolubleseleniumcontent(Daunetal., 2001) corjugatedlinoleic acid content
(Raeset al., 2001)and animalsfed dietserrichedin polyphenolgLopez-Boteet
al., 2000; Tangetal., 2000).Other possililities arereflectedin theidentification
of angiotensin |-converting enzyme inhibitors in the peptide fraction of
fermerted sausageqArihara et al., 1999) and the introduction of probiotic
startercultures (LUcke, 2000; Erkhila et al., 2001) (Sameshimaet al., 1998).
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19

New technigues for analysing raw meat
quality

A. M. Mullen, The National Food Centre, Dublin

19.1 Introduction

Analysis of raw meat quality encompasses a large variety of attributes and
analytical methods. In the following section a broad definition of meat quality is
presented and those attributes which are more pertinent to this discussion are
highlighted. Laboratory-based methods tend to require a large input of resources. A
brief overview, of some of the more popular laboratory methods is outlined in
Section 19.2. There is a huge requirement for more rapid methods for the
estimation of meat quality. Such methods need to be accurate, precise and suitable
for use in a commercial situation. Currently, only a few eaplgstmortem
measurements are recorded in meat plants in attempts to obtain advance knowledge
regarding quality (Section 19.3). However, a wide array of novel techniques has
been tested for their usefulness as indicators of meat quality. Section 19.4 details
the findings of some of these new methodologies. Animal genomics has benefited
greatly from the advances that have recently been witnessed in the analysis of the
human genome. Section 19.5 highlights some of the prospects this technology
offers to deepen our understanding of meat quality and to the development of
objective methods for analysing raw meat quality. While attempts have been made
to present many of the recent advances in the area of meat quality analysis this
chapter is not to be considered a definitive list of laboratory-based methods and
relevant emerging technologies.

19.2 Defining meat quality

Meat quality can be defined in various ways from palatability to technological
aspects to safety. A common definition of quality is that it is a ‘measure of traits
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that are soughtand valued by the consuner’. Hoffman (1990) descriled meat
quality as the ‘sum of all quality factors of meatin terms of the sensor,
nutritive, hygienic and toxicological and technologi@al propeties.’ In the
following chaptermostemphasisill be on sensoy, nutritive andtechnobgical
aspectsof med qualty. Sensorypropeties include tencerness,flavour and
colourwhile nutritive factors includefat, proten and connectivetissuecontent
Technobgical factors include such parametersas water holding capacity,pH,
water distributon, etc. Most referenceswill be regardingbovine, porcine and
ovine muscle

19.2.1 Difficulties for the meat industry

Thevariabiity of meatquaity preventghe meatindudry marketirg its produe
accordng to quality. Degite muchwork in undestanding the scientific basisof
quality attributes (tendeness,colour, water-hoting capadty, juiciness)their
evaluation, predction and control remain most elusive within the meat
processig plart (i.e. within 48h post-slaugter). As a resut med produed
today can not be guaranted to possasthe bestqualty attributesasits quality
canonly be truly assessedfter purchase.Thereforethe marketabiity of meat,
the consstencyof quality andthe guaranteeingof setstandardof produd are
made very difficult. The reasonsfor the variability of mea quality are
numerousbutthey emanag from thefact thatthesequalty attributesarealtered
from post-shughterconditions,right along the produdion chain, into the beef
procesdig plart, in retail outlet and evenin the purchaseés home.

19.2.2 Why the needfor objective methods

Most of the laboratay-basedmethods(seebelow) require an expendture of
time, personneland cost. Most procaluresare generaly not quick enoughor
adaptabd enoughto an ‘on-line’ or ‘at-line’ situafon. Idedly, the ultimate
eating quality of meatneedsto be predictedin the early postmotem periad
(Mullen et al., 1998aand Troy et al., 1998).By this, we meanwithin 24—48h
post-slaugter, during which time the carcasss within the confinesof the meat
factowy. Thereis alsoa needfor a methodof assessingneatquality at the point
of sale.Presently routine methodsof measuring meatqualty, within a typical
Europan med processig plarn, revolve arounda few measuremats. These
include measuementsof both pH and temperatire. Commecially avaiable
probes include hand held probes for the measuremert of the electrical
paraméers of conductvity andimpedance.

19.2.3 Laboratory-based methods

Many objective and subgctive, laboratay-baseqd methodsfor chamcterishg
meat quaity have been devebped to aid the comprelkensive assesmentof
quality attributes. The whole areaof sensoryanalsis providesa complex array
of tools for decipheng specific detals relating to meat quality. The sensoy
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assesmentdepend on threeprincipal consideations.Firstthereareappeaance
chamcterisics including colour, form, size, shape integrity, viscosity, etc.
Secondare textural chacteristis, which may include tencerness firmness

moutfeel, bite and chewabilty. The third principal consideation includes
flavour factors suchastaste,odaur, off flavours. In generalthe assessent of

thes sensoy attributesrequires trained panelsof judgeswho can minimise
subgctivity, (Singhal et al., 1997). In sone circumstances where untrained
panelists are used,larger numters of assessarmay be required. A variety of

sensoy testsareavaileble to theresearcheeachproviding quite distincttypes of

information. Analytical tests include for exampe, difference test such as
triangular and paired comparisons which determineif detectable differences
exig betweendifferent sample. Descriptve analsis is usedto quanttatively

and qualitatively chamacterisesensoy attributes.A scaleusedto measue the
degree of liking or disliking is usuallycalleda hedonc scale Much usehasbeen
mack in food researh of this hedont scaledevelopedby Peryam and Pilgrim

(1957) (seeLove, 1994 for review on accetability evaluaion).

A wide rangeof objective teds are available for meat quality assessent
(Chrydall, 1994).Someof the physical methodswhich havebeendevelopedo
predict tendernes,asassessetly a sensorypanel,include measuing the force
requiredto shearpenetate,bite, mince,compres or streth meat(Szczsniak,
1963; Szczeniak and Torge®n, 1965). To date, no meanswith sufficient
predsion havebeendevelopedor identified to predictcookedmeattencerness,
with sufficient accuracy during the early postmorten period. Howeve, the use
of the WarnerBratzler shearforce (WBSF) blade (Warner, 1928; Bratzler and
Smith, 1963) has becone a standard methodfor estimaing tendernss from
cookedmeatsamples. Recenly, in the US, a morerapid methodfor estimating
tencernesshasbeendevebped(Shadelford etal., 1999).Many researb groups
have deternmned the relatonship betweensubgctive and objective measure-
merts of tenderngsandin mary instancesr’ valuesof above0.7 areobserved.

Instrunental analyss of flavour volatiles requires predse GC methods
following extraction and concentration of the compounds A portion of the
column effluentcanbe diverted from the endof the column,prior to the detector
and routed through a port to be sniffed by a human subjectfor qualitaive
evaluation. Spitting the effluent in this mamer with the use of a sniffer port
allows for simultaneoushumanevaluaton and instrumental qualfication. The
useof mass spectranetry greatlyenhanceshis analysis Otherinstrumerts such
as high performane liquid chromatograply (HPLC) are also usedfor flavour
anaysis.

Themeasuementof thewater-hotling capacity(WHC) of med is carried out
in mary differentways(seeHonikel andHamm 1994, for review). All meaure
theinherentability of the cellular andsubcellula structure of meatto hold onto
part of its own and/oraddedwater. In spite of the variation in methodsused,
there are three main treaimentsthat give rise to three basic procedurs for
measuring WHC, i.e. (i) applying no force, (ii) appling mechantal force and
(iii) applyingthermalforce.

© 2002 CRC Press LLC and Woodhead Publishing Ltd.



Colouris usually consiceredthe mostimportantsensoy characterist in the
appeaance of meat. Various systens exist for the objective measuementof
colour with CIE L*a*b* or Hunter Lab being quite populr (seeMacDougall,
1994 for review).

In the pastmed wasoftendescriledin a simplistic mannerasa combindion
of mugle fat and moisture and small amaunts of non-combustibé materal
(ash). Howeve, with new labeling laws, growing interestand focus on the
nutritional value of food meatcompositonal analyss enconpassesnany other
attributes (Ellis, 1994). In recen years,in particula, there hasbeena lot of
interestin the analsis of fatty acids.Becaus of their reportel heath benefts
the ratio of unsaturatd to saturatedats, andthe level of individual fatty acids
suchasconjugatediinoleic acid havereceival a lot of attenton. GC andHPLC
arecommony usedmethodsin the analyss of fatty acids.

19.3 Current state of art techniques

19.3.1 pH

A knowledhe of pH andits importancein the quality of meatis an essential
elemet in med quality measurerants. Postmortemglycolyss resultsin the
accumuation of lactic acidandadeclinein thepH of themuscle from about7.2,
at death,to roughly 5.5 after rigor mottis onset(Geesink,1993).In pork, rapid

pH declinecanresultin pale,soft, exudatve (PSE)meat,which presers a large
problem to pork produers. To date the most effective predicta of the
occurrerce of this condtion is the measuremat of the early postmorten pH

decline In pork pH measurenants at 45min postmortem (pHys) are usedto

detectthe presencef PSEcondtions (Somrerset al., 1985).Recenly Kircheim

et al. (2001) showed pH,s displayed a high degreeof reliability in correctly
predictig PSE and RFN (reddish-pink, firm, non-exudative) meat while

Eikelentbom et al. (1996) sugges ultimate pH is a good predictor of pork
tendernss.In bovinemuscle measurementst 48h postmotem(pH,g) areused
to detectDFD meat.While Shacké&ord et al. (1999)reportal that pHs wasnot

an effective predictor of mea tendernessO’Halloran et al. (1997) concluded
that both the early postmorten and ultimate pH of musle, hasan important
effect on the disruption of myofibrillar protens and thus on meattendernss.
The relatonship betweenpH and tempeature up to 24h posmortemis an

importantfactor when consideing ultimate med qualty. Recentresearb has
focusedon the mannerin which eventhe tempeatureof the meatat thetime of

samplingwill influencethe pH (Jarsen,2001; Bruce et al., 2001). In general
glass or solid state electrodesare used to measue pH electrochenically.

Investigations at The National Food Centre (NFC) have recently shown that
significant variaion in recaded pH valuesis introducedthrough the use of

different types of metes and probes.For indudrial situatins a solid state
elecrode would be the mog suitable, however sone diffi culties have been
notedin tems of drift within the probe which may be asso@ted with protein
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build up. Andersea et al. (1999) suggestd that nearinfared (NIR) and visual
range spectometric methodsare comparableto the precisionof the standad
glass electode pH meter

19.32 Electrical impedanceand conductivity

The electricalcondudivity of musclechangs when damageto differing degrees
occuss to the membane systemof the muscle during postmotem glycolyss.

Corductivity is a way of teding the intact cell membaneswithin a musle

tissue Impedancewhich is a combindion of both resisanceand capacitane,

deceasesvhen thereis a disruptionin membranentegiity (Kleibel etal., 1983)
andan increasen fluids within the muscletissue(Pliquet et al., 1995). Early

postmortem measuementsof theseelectical paranetershave beenacquirel

from trials within the NFC and have been comparel with sensoy and
technologial attributesin pork. Pearsn correltions revealed that impedance
andcondutivity measuementswere sigrificantly correlatedto the colour, drip

loss and tenderness values. Schoeberlein et al. (1999) ascertained that

impedance measuementsact asa good indicator of pork quality, while Lee et

al. (2000) suggestthat condudivity (24h postmorten) may be a reliable

predictor of waterholding capadty in pork. Therelaionshipbetwee electical

impedaceandbeeftenderneshasbeenexploredby Lepetitetal. (2002).Using

anarbitraly methodof segegatingbovine carcassson the basisof colour, drip

loss and pH, a strongercorreltion (r = 0.84) betweencondudivity 24h, and
WBSF 14 dayswasobservedMullen et al., 2000)in one classification group.
Same relationsip exists between electrical measuements and tencerness,
however, it would appea that this is not a simple, linear relationdip. The

usefilnessof condudivity andimpedaice measuementsas quaity predictors
hasbeenaddresse by manyresarchersandmore detailsregardingimpedance,
can be readin Chapter10 in this book and a paperby Pliquet and Pliquett
(1998)

19.33 Colour

Colour measurementm the early postmortenperiod have beeninvestigatedfor
their relationship with meat tendemess. Jeremiah et al. (1991) conclude
segregationtendernesspasedon both pH and colour appearto offer little in
advantageover the use of pH alone. While more recent studies suggesta
relationship between colour and tenderness(Wulf et al., 1997), correlation
coefficientswere quite low (r = —0.38 (WBSF); r =0.37 (sensorytenderness)).
Wulf and Page (2000) suggestedinclusion of muscle colour and pH would
increasethe accuracyand precisionof the USDA quality grading standardsfor
beefcarcassesA monochromatidiber-optic probewasdevelopedy MacDougall
and Jones(1975) to measurethe internal reflectanceof meat. It has a peak
sensitivity at 900nm, where absorbanceby red heme pigmentsis minimal
(Swatland,1995). The usefulnes®f the fiber-optic probein segregatinf?SEand
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DFD classehasbeendemonstratedgMacDougallandJones1980;Garridoet al.,
1995). However, this probe hasnot beentakenup by the industry to any great
extent. Following analysison a large numberof topsidepork muscleswe have
shownbothreflectancepsinga handheld, noninvasiveprobe,(Optostarjandthe
CIE L* value of colour, performedwell asobjectivemethodsof segregatinghe
visualquality of porktopsidesprior to processingnto hams(NFC resultsaccepted
for ICOMST 2002). Tan et al. (2000) concludedthat a colour machinevision
systemwasan accuratemethodof evaluatingpork colourwhile van Oeckelet al.,
(1999) found double density light transmissionto be a useful method. Results
from a multichannelfibre optic probe indicate that adiposeand collagenous
connectivetissuehavehigh reflectancevalues(Swatland,2000).

19.4 Emerging technologies

In recentyears,newtedhnologies havebeendevelopedvhich showpromise for
exploitaion and use in the meat plant. These include both physical and
biochenical techniqies,which aredescrited in more detail below aswell asin
otherchaptes in this book. Theseshowpotental for useasindicators of meat
quality and pavethe way for further researb into their predicive ability.

19.4.1 Ultrasound
Soundwaves with frequendes abovethe audible rangeare called ultrasourd
waves.A numkber of variablescharacerising the propaation of an ultrasounl
signal, through a medium such as med, can be meaured. In addition the
ultrasound measuremets can also be madeat a numberof frequenées. Sound
movesby compresgnwaves which arereflectad andrefradedwhentheymove
from one medum to the next Sono-elasographyis a method which uses
ultrasoric pulsesto track the intermal displacenentsof smdl tissueelementsn
responsdo externdly appled stress

The mechantal propeties of meat have been characerisedby two sono-
elastgraphy paramé¢ers — the propagation velocity and the attenugion co-
efficient of the mechangal wave. Optimisationof the measuementcondtions
have taken tempeature, sanple dimensons, probe dimensons and frequency
rangeinto account. Measuementstaken from beefsanples haveindicatedthe
usefulnasof this technologyasa non-intrusivemethodof visualising structual
characeristics of beef (Ophir et al., 1993; and Crossand Belk, 1994). These
investigatonsindicatedthatmeasuementsmay descibe musclestrucure at the
musclebundlelevel. The evoluion of mea during rigor onsetand ageingwas
followed by pH measuementsand mechantal resistane of myofibrils at 20%
of deformation. Compaisons were made betwea these paranetersand the
variables from the sono-elatograply analsis. Results indicate that sono-
elastgraphycanbeusedto follow rigor mortisonsetandagengin meat.Eladic
deformation of intramuscularconnetive and adiposetissuecausedby externa
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stresds detecedultrasoncally andhasbeenpropo®dasa methodof predictirg
beefqualty (Swatland 2001). Abouelkaram,etal., (2000)haveanalysedovine
mugle sanples and investigatedthe influence of composiional and textural
chamcterisics on ultrasonicmeaurementsThe methodusedwasbasedon the
measuremat of acousic parameers (velocity, attenusion and backscatring).
They concludethat the ultrasonic methodusedis robug enoughto havereal
potential for muscletissuechaiacterisaton.

A novel ultraound technique has been developedwith the potential to
rapidy andaccuragly measue tencernesson small sample of mea (Allen et
al., 2001). This techniqwe has much higher resolution than previousy appied
methodsand is, therefore,very sensitiveto meattexture. The methodis also
sensiive to differencesin med composition,particularly fat andprotein content.
It is possible, therefore, that conposition and texture could be measured
simultaneous} to give an overdl picture of the likely eatingquality of meat.
This could be particularly usefulin processd meatswhere it is important to
know the compositionandtextural propeties of intermedate emusionsin order
to control the eating quaity of the final produd. Anisotropy of ultrasnic
velocity is capalke of tracking strucural changesin ageing beef and has
potential as an indicator of eating qualty in beef (Dwyer et al., 2001a, b).
Howeve, further work on a broaderspectum of mea samplesis needé to
validate this approachfor predictirg beefeaing quality.

19.42 Nuclear magndic resonarce (NMR)

NMR imaging measues enegy differences betwee& magnetic moments of
natually occuring, intrinsically magetic atoms, when externa fields are
imposed. The relationdip betweea water dynamics and muscle typeshasbeen
explored usingNMR. Various quanttative NMR parameteravhich are closely
related to waterdynanics, namelyrelaxaton curves (T,; and T,,) andmagneic
transkr paraneters,havebeenacquirel andanalysed According to Beauvalet
andRenou(1992) NMR hasprovento be a poweriul technique for the studyof
transbrmaions in mugle tissue and is of value in assasing mea quality.
Further measuements recaded at 3h and 14 days postmotem in bovine
musle, deteced a redistrbution of water over the ageing process. This
redistibution is being analysedto monitor its suitablity in deternining meat
quaity (wate holding capadty). A patternwas seento exist for someof the
NMR measurerantsveraus time postmotem for different pH falls. This was
thought to be partly dueto pH fall andpartly dueto muscle shortenng. A study
by Brondrumet al. (2000) concuded NMR to be a better predictor of water
holding capacity,intramusular fat and total water content than the use of a
fibre optic probeor visible or NIR spectracopy.Laurent etal. (2000)publishel
a good oveniew of the characerisation of muscle by NMR imaging and
spectroscopic techniques. These techniques give non-invasive access to
studural, metabdic and chemial information as well as water dynarics and
fat distributon. Howeve, the costof this analysismay be prohibitive.
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19.4.3 Image analysis

Imageanalysisof meathasbeeninvestigatedwith the view to identifying features
which are characteristioof the meatsample.Textural attributesof photographic
imageswere analysedusing severalfeature extraction methodsto evaluatethe

possibility of identifying bovine muscle (Bassetet al., 2000). This involved

acquiringphotographidmagesof meatsamplesunderboth ultravioletandvisible

light. Classificationsexperimentswvere performedto identify the bovine muscle
accordingto muscletype, ageandbreed.Classificationof musclesfrom animals
within oneagecategoryled to highidentificationrates while classificationdased
on ageof the animal and breedsprovedmore difficult.

19.4.4 Autofluorescence(AF) spectrosopy

AF wasassssedfor its potential to predictthe fat andconnetive tissuecontent
in meda (Wold, et al., 1999b) Meat sample containing varying amours of

meat, fat and connetive tissue were analysed The resuts conclude that at
different wavelengths along the spectra AF may provide a rapid methodfor

detecion of connetive tissue(380nm) and fat (332nm) contentin med. AF

spectrecopyhasalsobeeninvestigatedn conjunctionwith imagingto analyse
postmotem changesin sensort tencernessand WBSF meauremats. An

optimum excitation wawelength has been demonstated for modelng the
biochenical constituems. Good correlationshave been obtaned betweea the
emission spectra and time postmortem. Combining spectral data with

information from imagescanresultin betterpredicion modelsfor fat content
(Wold, etal., 1999a)

19.4.5 Nea Infar ed (NIR) spectoscopy

Applications of NIR for the predictin of functional propertes and quaity

variablesin foods have emeged. NIR spectranetry is both rapid and non-
destrutive and can be calibratedto meaureseverl componentsat onetime.

Infraredlight is partof the broadspectrum of enegy known aselectomagnéic

radiation NIR spectranetry is concernedvith a specificregionof the infrared,
adjacentto the red end of the visible spectrun. The frequency of wave
oscillations in the IR region is of the sane order as the natural mechanical
vibrational frequendes of mary chemial groups(Bensm, 1993). The types of

absorptonsthat dominateNIR are hydrogenic absorptonssuchas —OH, —NH

and —CH vibrations. Thesetypesof absoptions are displayedby moistureand
virtually all other major constitues of foodguffs.

Many applicaions of NIR havedealtwith the quantitaive determination of
composiional analysis of foods (Osbon and Fearn 1986). NIR spectrareflect
the orgaric constituems of food produds and contain informaton about the
conformaion of componerts suwch as proteins and polysaccharides. NIR
applicaions have also focusedon direct estimaton of quality paraméers in
foods WhenusingNIR spectrao predictthefat contentit is advisableto mince
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or grind the mea into a homayenousmixture (Isakssn et al., 1992; Rodbotten
et al., 2000). In this way a singe NIR scanwill probaly detectthe ‘true’
composition.Perhapsncreasingthe numberof NIR scanssubstaritilly onintact
med samplesnayimprovethe prediction resuts for fat (Rodbotta etal., 2000).

The ability of NIR to detectchangs in the stateof water and hydrogenbord
interactionsin foodshasbeenobservel (Hildrum etal., 1995. Sincesuchchanges
evidently ocaur in meat during tencerisationand ageingit was thoucht that a
relationship may exist betweenNIR measurmentsand med qudity attributes.
This wasinitially investigatedby Mitsumota et al. (1991)who observeda strorg
relationship betwee NIR and both WBSF and compositional measuementsof
med. Sincethenmany studiesconcludel that NIR wasa good predictorof meat
tencernessasassesedby WBSF (Byrne, 1998;Parket al., 1998).Howe\er, these
prediction modelswere not always easily replicated (NFC, unpiblished work).
Recently work atthe NFC (Venel et al., 2001) focusedon avoidanceof a numkber
of potential experimental errors which may have mitigated against the
dewelopmentof satsfactory models. While NIR (750-1100nm) was unabk to
satisfactorily predict the selected organoleptic properties of bovine M.
semimenbranoss (SM), better resuls were obtainedfor the WBSF values in
the LD (r=0.51). While the predidive performaice was improved, when the
samplesetwas segregtedaccordng to animal grace, sex, ultimate pH or day of
boneout (r =0.54-0.72), the accur@ies were no betterthan previouslyreportel
(NFC, unpwlishedwork). NIR spectra(1100-2500nm) were collectedpre-rigor
in bovine M. longissimusdors (LD) (Rodbotteret al., 2000).While thesespectra
had highe overall absorbaciescomparedo post-rigor measurementshe results
did not supportthat early postmortemNIR spectracould be usedasa predictorof
bed tencerness.

19.46 Temperature

It is well known thattempegtureplaysa majorrolein determining med quality.

Probkemssuchas cold shortenng, heatrigor and cold autolysisare associged

with postmotem carass tempeature. May et al. (1992) concluled that an

interral longissmusdorsi temperaturg4.5cmto 5.5cm into the medal portion

immediately anteria to the 9th rib) of 33°Cat 2.5h postmotemwasrelated to

the tendernss of the meat(r = —0.63 (WBSF), r = 0.54 (sensorytendernss)).
Pak loins having low carcassempentureat 3 h postmotem have highe pH

and water holding capadty and produed lower lightnessand WBSF values
(Pak et al., 2001). Optimal beef tendernessafter ageing for 14 days was
asso@tedwith anintermedate pH declineof pH5.9—6.2at 1.5h postmorten or

rigor temperatire of 29—30°CatpH 6.0 (HwangandThompson,2001).In lamb

atemperaturef approcimately 15°Cat onsetof rigor appearso be optimal for

tencerness(Geesinket al., 2000). Not all researcher however agreeto the
usefilnessof temperatire in the idertification of differences in tenderness
(Jones and Tatum, 1994). Perhas strakgic temperatire measuementsmay
provide usefll information on the ultimate eaing quality of meat.
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19.4.7 Immunoassag

The application of immunoasay technobgy to the analysisof non-dinical
samplein the FoodandAgricultura sectorshasbeengrowing steadily for sone
time (Rittenbug and Grothaus,1992). It is a powerul anajtical tool that
depend ontheinteracton betweeranantibodyandthe antigenbeing measued.
It canprovide a rapid, econonical, highly sensitve and specificanalysis andis
relativdy simpleto perform In comparisorto othe analyticd methodssuchas
electrophoresis and high performance liquid chromatography (HPLC),
immunoassays alow a higher sample throughput with minimal sample
procesgig. This analyticd method has been usedin the detection of food
contaninants such as antibiotics pestcides and microbiological orgarisms
(Rittenkurg, 1990). The potential of this methodfor investigatirg endog@ous
food componentssuch as vitamins, enzymesand structurd protens hasbeen
realised(Finglas et al, 1992; Dounit et al, 1996).

Proteoytic degraddabn of key myofibrillar protens has been shown to
contribute to post mortan tencerisation(Troy et al., 1987; O’Halloran 1996;
BoyerBerri and Grease, 1998). Degradéion of many structurally important
myofibrillar proteins,during the postmotemageng of meat,hasbeenobseved
by many researchgroupsincluding NFC. Of thesetroponn T and its 30kDa
myofibrillar proteolytic fragmenthavebeenrelatedto meattendernss (Buts et
al., 1986; Troy et al., 1987).It hasbeensuggeted that the appearane of this
30kDa fragnment could serve as an ealy postrortem indicator of med
tendernes. A soluble 1734.80a fragment of the tropanin T molecde has
recentlybeenisolated(Steevaet al., 2000; Mullen et al., 1998b;Nakai et al.,
1995)which appeas to berelatedto mea tendernses(Mullen etal., 2000).Due
to its solubility this fragment is more easily extractedfrom med than the
myofibrillar 30kDa and, therebre, it may be a more suitable candida¢ for
routine factory analysis. An immuno-based assay was developed using
polyclonal antibodes for the detecion of this fragment.Initial resultsshow a
relationdip between formation of the fragment and beef tenderness.The
calpastatin/calpain proteolytic system which has been implicated in the
tenckrisaton process has also been targeted for the devebpment of an
immunoassaytest (Doumit et al., 1996; Koohmaaie, 1996b) Exoproteae
activities can constitute a novel and adequ# techniqwe to predict early
postmotempork mea quality (ToldraandFlores,2000). Theseenzymesreman
stableup to 24h postmortem Development of immuno-basedassgs to thee
and otherimportantenzymesand proteoytic fragmentsare undeway with the
ultimate aim of predicing meat quality traits. The analtical performanceof
theseassaysieedso bethoroughly validatedandconvenent sanple preparatio
proceduesdesigred for appication of the assayg to mea extracts.Evaluation of
the efficacy of the assgs in the prediction of mea tendernssis alsonecessar
and the resuting data canthenbe usedto sekct the assg or combindion of
assayswhich give the bestcorreltion with altemative indices of tendernss.
Data collected from the validation stages would also indicate whether a
gualitaive or quanttative assayformatis neededor afinal teg system.There
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are somereservéions aboutspeedof immunoasays for usein a commecial
situaion (Koohmarae, 1996b). Howevea, ultimately, and more idedly, a
succasfulassg could be developednto a morerapid tes suchasa ‘dip-stick’
type ted, which would be morereadly transerableto the meatindustry.

19.48 Metabolites

Many metabdites existin muscle,blood andurine which may contain valuable
information regardng the variability of quality betwea different animals.
Detemination of someof thesefactors may be part of routineanalysisin some
labaratories. Resuts from these samples may provide an indicabr of meat
quaity and may also provide a greaer knowledge of the biochenical process
occuring overthis period(Troy et al., 1998).Higherlevelsof metabdites such
ascredinine phosphéinase, free fatty acidsand 8-hydroxybuyrate havebeen
linked to the ultimate pH (pH,). No relaionshipwasobservedetwea various
blood biochemical paraméersandpH, (NFC, unpublshedresults).Nuclecsides
and nucleotides also play an important role in the biochemical changs which
occur during the early postmotem period. Thereis a rapid decreasean high
energy molecules such as tri- (ATP) and di- (ADP) nucleotides, eary
posmortem with a simultaneousincreasein monmucleotids (AMP, IMP,
GMP, etc.), and nucleosiles (adenogie, inosne, guanofe, etc.). Levels of
hypoxanthineandinosinewere differentin exudaive andnormal pork med up
to 3 dayspostmorten (Battle, etal., 2001).In the sane study IMP andATP only
differed betwee 4 and6 h postmotemwith the IMP:ATP ratio differing up to
2 h postmortem The authorssuggesthat 2h is the optimumtime for sampling
when attemging to predictPSE.In anotherstudy the sameauttors suggesthat
nucleotidecontens may serveasanindex of sone tastevariatiors betwee pork
quaity classesbut a directlink may be unlikely dueto their rapid metabdism
and the low degreeof differences accounted for (Floreset al., 1999). Other
novel metabdites of interestinclude nitric oxide (NO) which is a gaseas
intercellular messengr and has recently been propod in ubiquitous roles,
including thosewithin a normal functioning skeletl muscle.WBSF valuesfor
striploins incubatedwith NO enhaners were seento decreasevhile thoseof
striploinsincubaedwith NO inhibitorsincreagd at days3 and6 of conditionng
(Cook et al., 1997. The mechanismof NO in tenderisathn is not yet known,
however NO can medate its effectsby free radicalsand/or calcium change
which canin turn affect proteolytic enzymes The non-enzynatic tenderisatn
of mea propo®d by Takaha&hi (Takatashi 1996) and involving calcium ions
could be partially explaired by NO.

19.49 Tendernes probe

As mertioned above efforts have beenmadeto develop physical methodsto
predict tencerness,as assesedby a sensoy panel. As well as the Wamer-
Bratzler shearforce method,otherinstrumentshavebeendevelopedandteded.
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The MIRINZ (Meat Indudry Researchinstitute of New Zealand)tendernss
probeconsiss of two set of pinsonwhich mea sanplesareimpaled(Jeremia

and Phillips, 2000). Tersionis appliedto the musclefibres by one setof pins
which rotaterelative to a static setof pins. A torquesignalis recaded against
the angle of rotation. Resultsindicateit may be an alternaive methodto the

WarnerBratlzer.Howeve, this methodwould still require cookingof the meat.
Ideally the indugry requresa methodwhich would allow measuementsto be

takenon raw meat, either on the carassor on primal or retail cuts.

19.5 The geneticsof meat quality

In recentyearsgred advanes have beenmade which have enableddeepe
undestanding of the relation$ip between genomis and meat quality. It is
anticipated that breeding programmes will be greatly improved through
identificationof polymorphismsin the DNA sequ&ceswhich impacton qualty
traits. Functiona genonics aims to provide further insight to the complex
interpay of geneexpressin eventsinvolvedin the developnentof meatqualty.
Theimportanceof this expandingareaof researchs beconing moreapparentn
the understandingof meatquality (Mullen et al., 2000and mary referencesn
the following paragraph The readeris also directedto Marshall (1999) and
Solomonetal. (2000)for furtherinformationin this area Complenentaryto the
functional genonics apprachis proteomeanalysis (Andersonetal., 2000). The
useof proteomic allows the charactesationof expressedprotein within any
given cell type. This is a very powerful techrique asthe phenoypic traits of an
organsm are ultimately marifestedthroughthe interection of the environment
andthevariousproteinsexpressé in its tissueqstructura) enzynatic, metabdic
andreguhtory proteins) (Pandg and Mann, 2000).

DNA markes, (regiors of chronosomesshowing polymomphismsin the
nucleic acid sequencekxan be usedto detectquantitaive trait loci (QTL), or
regionson a chromo®mewhich havea substantibeffect on quanttative traits
suchastendernesgyrowth rate,intramugular fat etc. Thisis referredto asQTL
mapping To succesfully carty out QTL analsis, seveal hundredanimalsare
requirad. Thesemust be producedover severalgenerabns using pure bred
animalsand emgoying strict control of the brealing regimes. DNA markes
linked to the QTL canbeusedto devebp strategesfor markerassiséd selection
(MAS) breedingprogmammeg(for review readDertine, 1999).Preliminary data
from genomewide scanningof DNA markes have revealed a number of
putative QTL associted with meattraits, althoughrelatively few resuts have
beenpublishel to date. Therehavebeenseveralprojects,world wide, desgned
to identify QTL affecting phenoypessuchas med quality, car@assattributes,
growth anddevelopnent of beefcattleandpigs The following are someof the
researb groupsthat are currenty undegoing progmmmesin this area Jay
Hetzd and Bill Barende’s group from the CSIRO in Australia (Hetzel and
Davis, 1997 andHetzd et al., 1997), Yoshikazy Sugimoto from the Shirakava
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Institute of Animal Gereticsin JapanSteveKappes'groupatthe USDA MARC
in the US (Stane et al., 1999), animal genomicsgroup at TexasA&M (Taylor
and Davis, 1997, 1998), animal genetis group in Michigan State University,
and Michel Geage’s group from Belgium Casaset al., (2000) hasidertified
suggetive QTL for longissmus musle area,hot carcassveight, marbing and
WBSF.

QTL for carcassand growth traits havebeenidertified (Stoneet al., 1999).
The chrommsomallocations of at leastfive genesinfluencing beeftenderness
and anoher four genesinfluencing marbing havebeenidentified (Taylor and
Davis, 1998andHetzéd et al., 1997).A QTL influencing WBSF hasalsobeen
recently identified (Keeleet al., 1999).In pork QTL for IMF andbackfathave
beenidentified (for review seeDe Vries et al., 2000; Rothsdild, 1997). In
geneal, however relatively little hasbeenpublishel concening thelocalisaton
of genesinfluencing variatiors in beefcatle phenoypes.

19.51 Major genesand candidate genes

Although many quanttative traits seemto be contolled by multiple genes
individual genescanaccountfor a relaively largeamountof variationin some
traits. Thesegenesare referredto as major genes Candichte genesare genes
which arerelatedphysiologically or biochemicdly to the selectedrait andare
assuned to have an effect on trait performane. Using this apprach seveal

major geneshavebeendeteced. Recentevidencesuggets thatdouble muscling
in sone beef breedsis causel by a mutation of a genelocated on bovine

chronosome 2 that produes the protein myostatin (Grobg et al., 1997,
Kambadur et al., 1997; Smith et al., 1997). Normally, myodatin senes to

repressskeletalmusclegrowth, butthe mutaion appeargo block this effectand
permits extra musle growth. Porcine stresssyndrome (PSS or malignant
hypothermia (MH) is a geneticdisorderthat canresut in suddendeah or PSE
mea in domestic pigs.Initially the geneticmutationrespondile for this disarder
waslocated to the MH locus but subsequentvork demonstateda mutationin a
sinde (maja) gene,the ryandine receptor gene (see DeVries et al., 2000;
Cumingham 1999for review). An exampe of a candidaé genefor meatquality
is providedby the genefor fatty acid binding protein(FABP). Polymophismsin

this gene(heat andadipocyte) havebeenfoundto be associted with variaions
in IMF in pigs (Gerbenset al., 1998a,b). In addtion, the effect appeas to be
independem of backfat. Anotherrelevantcandiateapproachs the researcton

calpainandcalpastatin Therearemanyreportsof therole of the calpain sysem,
a setof calcium dependenproteagsandtheir inhibitor calpastatinbothin vivo
and postmotem in proten turnover and meat tenderness(Koohmaré 1992,
1996a;Zamoraetal., 1996).Threepolymorphic siteshavebeenidentifiedin the
pig calpastatingene(Ernstet al., 1998). Significart associéions betwea beef
tencernessand calpastah genoype were detected by Greenet al. (1996a,b),

but not by Lonerganet al. (1995).
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19.5.2 Geneexpression and microarray technology

Genomcs is the study of an organisms whole geneic blueprint and the

variatiors within that blueprint which make every individual in a popuktion

unique. Functonal genonics seeksto relate differences in the geneic blueprint

to physiology and phenoype. It is widely believedthat thousandsof genesand
their products(proteins)in a given living organism,function in a complicaed

and orchestated way to create the unique characterists in individuals.

Differencesin geneexpressioror changesn the sequece of expressd genes
contribute to the various phenotypesin any animal popuktion. Traditiond

methodsallow only one geneto be studed at a time. However, thereis much
excitementat presenbver the useof microarraysor biochips,andtheir potential
contribution to the study of genomics.The technique, which involves laying

down an orderedarray of genetic elemens onto a solid substrte, is useful
becaseit enablegjeneticanalysisof thousand®f genesandmarkersin asingle
experiment (Zhaoetal., 1995;Dugganet al., 1999; Sinclair, 1999. Combiing

microarraytechnobgy with methodsof molecularbiology allows comparisonof

gene expressionto be made betweenindividuals or betweea cel types etc

(Yanget al., 1999; Liang and Parde, 1992). Using this technology will allow
patterns of gene expression to be comparel between animals disgaying
extremesof quality traits of interest.In this mannera ‘favourable’ setof gene
expressin pattens may be definedfor particular quality traits. Thesepattens
could be monitoredthroughvarious treamentregimesto deternine an optimal
setof conditionsthat shouldexig within the animal prior to processing.Many
researb groupsworld wide, including NFC, havedynanic programmesin place
to determire the relationdip betweenpattens of geneexpression(and proten
expressin) and meatquality traits. This is an exciting and revoluionary area
with much potential for real appicationsto improving the consistencyof the
quality of mea. While methoddogy requiresinvestmen in termsof time and
developnent of specific tools, the benefts in the medum to long term are
potentialy great.

19.6 The future

Many innovative advanes have been mace in the area of measuringand
predictirg meatquality traits. It canbe seenthatin manycase the findings can
be difficult to interpret and may be contradictory to others.Obvioudy factors
such as expermental desgn, sampling methoddogy, samping condtions,
instrumenttype anddataanalysisarecritical to theinterpretationof results.The
applicaion of any of thesetechriquesto an on-line situatian will requirelarge
scale industial basedtrials to verify and confirm their ultimate usefulnes.
Many advanceshave been mace in the areaof DNA and gene expressia
analyss. It is anticipaedthatthis will contibute greatlyto our undestandirg of
meatquality traits. It is possble thatearly postmortempredicion of meatqualty
will requre recading more than one ‘on-line’ measuement. Ultimatdy
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predicting meatqualty attributesmay requirea more holistic apprach which
ses criteria at morethat onepoint alongthe chainof animalprodudion through
to consunption.

19.7 Sourcesof further information and advice

A wide array of booksare availablefor geneal readingon the sciencebehind
med quality attributes andtheir measurerants.A few of the more notewortty
include Singhal et al. (1997), Pearsonand Dutson (1994) Kress-Roges and
Brimelow (2001) Taylor et al. (1996) and Lawrie (1998). Throughout this
chaper mary referenceavebeencited, mary of which arereview articlesor
book chaptes, rather thanlist all of thesehereagan the reacer shouldconsult
the relevan sectims. In the areaof meatquality predictin (esgecially using
various probes) Chapte 10 in this bodk shoull be read,in conjunction with
mary of the publishal papersby this auttor. Someof the resultsdiscussd in
this chapterarefrom researb carriedout underthe EU FAIR progamme(Fifth
Framework), projectnumber PL96-1107andvariousnationdly funded projects
(Departmentof Agriculture, Food and Rural Develgpment, Ireland).
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20

Meat packaging

H. M. Walsh and J. P. Kerry, University College Cork

20.1 Introduction

Meat packaging technology has evolved rapidly over the past two decades yet
despite major developments in packaging materials and systems the fundamental
principles of packaging muscle foods remain the same. Packaging fresh meat is
carried out to delay spoilage, permit some enzymatic activity to improve
tenderness, reduce weight loss, and, where applicable, to ensure an
oxymyoglobin or cherry red colour in red meats at retail or customer level
(Brody, 1997). When considering processed meat products, factors such as
dehydration, lipid oxidation, discolouration and loss of aroma must be taken into
account (Mondry, 1996).

Many meat packaging systems currently exist, each with different attributes
and applications. These systems range from overwrap packaging for short-term
chilled storage and retail display to 100% carbon dioxide atmosphere packaging
for long-term chilled storage (Payret al, 1998). Considerable interest has
developed recently within the retail sector in merchandising centrally processed,
display-ready, meat cuts. Packs are prepared at the meat plant and from here,
placed straight onto the supermarket shelves in this form. The notion of
centralised fresh meat packaging began almost immediately after the corner
butcher had moved to the backroom of the newly emerged supermarket in the
1950s (Brody, 2000).

The meat and retailing industry’s movement towards centralised packaging
and distribution has led to an increased interest in other types of packaging
systems which may have potential use for the future. The only criterion
customers have at the point of purchase of fresh meat cuts is visual appearance
(Kropf, 1980). Consequently, desirable colour must be maintained during chilled
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storage distribution and subsguent retail display if preservéive packaging
sysemsareto be effective (Jeremid and Gibson,1997). A longe shelflife is

also required for long- and short-dstane@ distributon. The use of modified
atmosymere packaying (MAP) as well as vacuumpackagingsysems are just
somre of the optionsavailableto the processor/etailer. The shift from point-of-

sak processingto cental processinghasalsoled to theintroductionof motheror

mager packaying systemsThesesystemsconsistof a numberof gaspermedle

overwrappel trays, seded in a magder pack which contains a modified

atmosyiere Thesemay be supeior to MAP, providedthat the meda maintains
anacceptéale appearanefor a sufficient periodafterbulk packsareopenedand
individual meattrays are displayed.

In conclusion,selecing a presrvative packagingthat is apprgriate for a
particular fresh/proessedmed produd for a particula niche marketrequres
knowledge of the principal deteriordive processs to which the produd is
subgcted the geneal hygieniccondtion of the productwhenit is presengd for
packaying and the temperatire history that the produd can be expeded to
expefenceduring its storageand distribuion (Gill, 1991)

The dominart preferexce amorg consumes in their daily food consumptio
pattens (after tasteand safety)is for convernience.Consunerswart their food
fastandeasy(Kinsey, 1997). The family unit hasdecreasedn size overrecen
years andmore peoplearenow living alone. Therearenow morewomenin the
work-force, who do not desire complicated food preparatbn each evening.
Longer commuting to and from work and increasngly busy life-styles also
contibute to the needfor converience. Therdore, smdler senings of a wide
choice of meat cuts, well presengd in packsin retail display units are the
obvious choice for consuners.

Certralisedmeatpackaying offers a numker of significant advantagsto the
indudry andthe consumerFor the industry, the overall costsof produdion are
redued. Trangortation costs are lower and trimming, evaporaibn and drip
losses are redu@d also. There is also improvedinventory and produd control
with the useof computersedprodud¢ movementystens. This leadsto accuate
forecastingof required stod andcanall be carried out from onecentrallocation
(www.paclstrat.com).Central processingalso offers someeconomyof labour
for theindugry. Personnelvork on a high-sped,automaedline, eachwith their
own specifiedjob, andgreder safetyis achieveddueto closesupevision. At the
very least, retailes mug be knowledgeabé about the differences betwee
packaying treatmentsto make cost effective buying decisbns, which in turn,
will beneft the consuner (Schuler et al., 1994).

The advantags for the consumerinclude better santation and enhaned
palaability due to controled ageing of the product (www.an<i.uiuc.edu/
meadsciencellibrary/padkaging.hin). The choice of produd availeble to the
consuner has also improved. Fifteen to twenty years ago, only fresh poultry
meda wasseenin shelfreadypackaging However,today a wide rangeof fresh
and processedpork, lamb and beef produds, are also available Therefoe, the
main contributas to fresh meat deteriordion leading to loss of profit, are,
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colour, microbiology and drip loss. Processedneds on the other hand, need
protection from bacteriological contamination, oxidation, dehydration,
discolauration andloss of aromato ensurea good quality produd is avaiable
to the consumer(Mondry, 1996). Before constering the form of packaing
which will be usedto pack musle food produds, it is importantthat factors
which will deternine shelf-life qualty of a particdar meat produd are
consideed, meauredand quantfied where possible.For the purpogs of this
review, meatquality factors will be divided into those for freshmea andthos
for processd meatproduds.

20.2 Factors influencing the quality of fresh and processed
meat products

The principal factors that mustbe addressedin the preservéion of freshchilled
meataretheretentionof anattractive freshappeaancefor the produd which is
displayed anda delayin bacteral spoilage (Gill, 1996).Minimising drip losses
is also of economicconcen becawse suchlossescan increag the cost of the
produd, which is often traded on narrow profit mamins. During storage
processd meds deteriorde in the first instane becase of discolairation,
secomlly becauseof oxidative randdity of fat and thirdly on account of
microbial change (Peasonand Tauber,1984).

20.2.1 Meat colour

In the mind of the averageconsumeraboutto purchasemeat,colour becomes
synonynouswith freshred meatquality (RenerreandLabas,1987).The colour

of freshred meatis of the utmostimportan@ in marketing sinceit is the first

quality attributeseenby the consuner who usesit asan indication of freshnes

and wholemeness.The colour of fresh meatis not well correlatel with the

eatingquality howeverthe consumesstill demandghatbeefhasa bright chery

red colour (Taylor, 1996), lamb a brick red colour and pork and chicken a

uniform pink colour.

Meat colour depend on myoglobin, a pigmentwith severalforms (Renerre
andLabas,1987)(seeFig. 20.1). Myoglobin is concenedwith the storageand
transkr of oxygenwithin the muscle Myoglobin concentrations are variablke
betwea speciesandbetwea musclesLight chickenmea, porkandbeefcontain
0.01, 1-3 and 3-6mg/g myoglobin, resgectively (Warriss, 1996). Deaxy-
myodobin or redued myodobin is purple in colour andis the predaminant
musclecolour in the absenceof oxygen.It is the expet¢ed muscle colour of
vacuumpackayedmeat.Whenoxygenis introducedor whenmeatis expose to
air, deoxymyogbbin become®xygenatd to oxymyoglokin whichis respnsible
for the bright cherry red colour consuners exped to seeon the supermarke
shelves.f oxygenis removed oxymyogbbin revets to the basicdark purple
myogdobin pigment(Taylor, 1996).Overa periodof time andunderatmosyneric
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Fig. 20.1 The colour of freshred meatrelatedto the forms of the pigmentmyoglobin
(Sorheimand Nissen,2000).

condtions,which mayvary from severahoursto seveal days,oxymyoglohin is
furtheroxidisedto metmyoglobin. This is the pigmentrespondile for the brown
dislouration asso@ted with non-aleabe meat(Kerry et al., 2000). Deoxy-
myogdobin and oxymyoglobin are hemeproteinsin which theiron is presentn
the ferrousstate(Fe2+) while metmyoglobin possessethe ferric (Fe3+)form.
The converson of theferrousto theferric form is brough aboutby oxygendion.

Myoglobin canrapidly combinewith or lose oxygenin responséo the partial
presureof oxygento whichit is exposedLivingstonandBrown, 1981).Ledward
(1970) found that the formation of metmyoglobinon bovine M. semiteinosus
was maximalata partial O, presureof 6mmHg at 0°C.Meatcanbemaintainedn
much higheror extremelylow O, concentrationsn orderto avoid thesecolour-
degructive O, tensions Sorheimet al. (1995) reportedthat pork loin sections
stared in CO, atmospheresvith 1.0, 2.8 and 4.0% O, for 12 days were all
discolouredbut thatsectionsstoredin O, free CO, werenot. Greeneetal. (1971)
repated that 40% metmyoglobin causedmeatrejectionby consumers.

The pigment of curedmeds, nitrosylmyoglobin, is stablein the absenceof
oxygenor undervacuumbut oxidation to metmyogbbin is rapidwhenoxygenis
present. The rate of oxidation increagsdirectly with increasng oxygentension
Low humidity and high storage temperature may result in a brown
disolouration on the surface due to chemial alteraton and dehydation.
Nitrosylmyaglobin is much more susceptibé to light than myodobin; cured
meds canfadein one hour underretail display lighting condtions. Sincelight
accderatesoxidaive changs in the preenceof oxygen,vacuumor inert gas
packaing will help reducethe effect (Roberten, 1993). Lundqust (1987)
discoveredthat holding vacuumpackagedneatsin the dark for 1-2 daysbefore
exposig themto dispay lights allowedresidualsurfaceoxygento be depketed
by microorganisms and tissueactivity, thus reducingcolour deterbration. He
also reportecthatto inhibit colourchangesn curedmeatproduds, alower leve
of available oxygenthan that requiral to shift the microbial popuktion from
aerdic to anaerohi wasrequirel.
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The degres of photooxidation of the nitrosyl meatpigmentis highly affected
by the oxygenpressureabovethe curedmea productbut it canbe minimisedby
the use of low oxygen transmision rate films in combination with vacuum
packaying or packaying in modified atmosneres without oxygenor interactive
packaying with oxygenabsorbes (Andersenet al., 1983, 1990).

20.2.2 Lipid oxidation

Lipid oxidation is aleadingcauseof quaity deterioraion in muscle foods(Rhee
etal., 1996),resultingin rancidity, off-fl avoursandoff-odours aswell ascolour
and texture deteioration (Kanneret al., 199?). Lipid oxidationin vivo andin

musclefoods,is believed to beinitiated,in the highly unsaturéed phosphtipid

fraction in subcdlular membanes (Morrissgy et al.,, 2000). Immediately
preslaghter,and during the early postslaugher phase oxidationin the highly

unsaturged phosphdipid fractionis nolonge highly contolled andthe balance
betwee the proxidaive factors and antioxidatve capacityis likely to favour

oxidation. At this stage it is unlikely thatthe defersive mechanismthatexig in

the live animalstill function (Morrisseyet al., 1998).

Mechantal boning, mincing, restructuing andcooking cancausesigrificant
disrupion of the cellular compartnentalisatdon strucure which facilitates the
meetingof proxidantswith unsaturéed fatty acidsresuling in the geneation of
free radicalsand propajation of the oxidative reaction(Buckley et al., 1995).
Themajor productsof lipid oxidationarethe hydroperoxideswhich breakdown
into secondanyproductssuchasaldehydesalcohok, hydroarbonsandketmes.
Thesesecomlary productsformedduring oxidationcontribute to the off-flavours
generagd during storage (St Angeo and Spanier, 1993). A distinctive off-
flavour developsrapidly in mea that has beenprecooked chilled-stoed and
reheate. The term Warmed-Over Flavour (WOF) hasbeenadoptedto idertify
this flavour deteioration. Autoxidation of membane phosphdipids is largely
accepted as causal in the formation of WOF. It is thought that the
polyunsaturatedatty acidsfrom polar phosphdipids ratherthan triglycerides
areresmnsiblefor theinitial developrnentof off-fl avoursandoff-odours in raw
and cookedmeats(Renere and Ladabg, 1993).

Lipid oxidationis not usually a limiting factorin conventionalover-wrapped
traysasair-permeabldilms allow odourvolatilesto escapehroughthe package.
However,with modified atmosphergackagesthe volatile productsare retained
within the packageandcanbeclearlydetectedy consumersvhenopenedZhaoet
al., 1994). Theseodourscan be termedas compartmentalisegpackagingodours
andmay arisethrougha complexinteractionof productvolatileswith packaging
volatiles in a manipulatedgaseousenvironment.Storageof meatin high O,
atmospherekeadsto alimited shelflife dueto lipid oxidation.Taylor etal. (1990)
reportedthat malonaldehydén beefsamplesincreasedn modified atmosphere
packs more rapidly than in vacuum packsbut not until one week after retail
packagingJacksoretal. (1992)foundthatbeefstriploinspackagedn 80%0O, and
20% CO, at 3°C developedstrongoff-flavours asa resultof lipid oxidation.
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Codked or pressurdreatedmeatsare more vulnerableto oxidationthanfresh
meds. Factorswhichinfluencetherateandcours of oxidation of lipids arewell
known and include light, locd oxygen concenration, high temperatures
presenceof catalystsandwateractivity. Control of thege factors cansignificantly
redue the extent of lipid oxidation in foods St Angdo and Spanier(1993)
disooveredthat heme-contaning catalystssuchas myogobin, henoglobin and
cytochromegamay also causeoxidation. Nitrites, which areaddedto mea during
curing, arethought to prevent lipid oxidation or the formation of meatflavour
detaioration. It hasbeenwell documengd that vacuumpackaying or modified
atmosyerepackagingn ananoxicgashasbeenshownto reducelipid oxidation
of precookedmeatseffectively (Nolan et al., 1989; Spanieret al., 1992).

Even though premoked meatsare placed in an anoxic environment lipid
oxidation still proceedsdueto residud oxygenin the produd andthe package.
The residud concentration of oxygenin MAP packayesis normally 0.5-2.0%
(Smddy etal., 2002,Randal etal., 1995). Bertelseret al. (2000)staedthatthe
oxidative stability may be furtherimprovedif a raw materid with an optimum
intrinsic oxiddive stability, achievedby feedng supranutitional levels of
vitamin E, is usedfor produdion of theseproduds. The combined synegistic
effects of supplenenting animak with dietary a-tocopheyl acetateand the
subsguent maripulation of packagingsystens to improve meat quality and
extend shelflife of musclefood productshave beenshown by a number of
resarchers Cannonet al. (1995) showedthat packagingat low oxygenleves
conmbinedwith dietary vitamin E washighly effectivein decreasig TBARS in
chill-storedprecookedhork chopsandroads. Kerry etal. (1996)repotedthata-
tocopherylacteate supplenentedmodified atmosfnerepackayedbeefincreased
colour stability in steakcoreswhen comparel to aerobially packagd cores.
O’Grady et al. (2001) found that lipid and oxymyoglobin oxidationin minced
beef stored in 80% O,:20% CO, were lower in muscle from vitamin E
suppkmentel animak comparel with unsupplerentedanimals.

20.23 Meat microbiol ogy
The microbial popuktion of fresh meatis affectedby a number of factors such
as species health and handling of the live animal slaughtering practices
chilling of the carcasssanitdion during fabrication, type of packajing usedand
handing throughdistribuion and storage(Young et al., 1988). Most microbial
contaminatbn of muscletissueoccurs after the animal has been slaughered
through two main soures, those derived from the slaugher environmentand
organsmsfrom theintestinaltract. The predominantrganismson the surfaceof
freshly prepaed carcases are gram-regative bacteriasuch as Acinetolacter,
Aerononas Pseudoronas and Moraxella. Enterobacer and Escheritia are
also found. Gram-posiive organismsare less abundat but commony include
Brochotirix, otherlactic acid bacteriaand Micrococcaeae

The wrappng materals for fresh over-wapped meat are only slightly
permeableto watervapourbut highly permeale to oxygenandcarbondioxide.
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Therdore, condtions for microbid growth are favourable. The predaminant
organsms in this caseare the aerobic psychotrophs,such as Pseudoronas
Acinetolacter and Psychrobaar spp. Pseudomords in particular causea
putrid spoilage of the meat. Vacuum packaing and using high oxygen
impemeablefilms caninhibit the growth of Pseudoranasbut it doesnot affect
the growth of Lactdbacillus orgarisms,which arefacultativeanaerobeandtend
to thrive in vacuumpackagedmeats Lactic acid bacteriahavetwo particula
advantags. Firstly, they developat a slower rate than aerdic gram-regative
flora, resuting in a longershelflife. Secondly,the sour‘off’ odour,which can
be detected on opening of packs,is far lessoffensive than putrid odours

Thereareinconsistaciesin the literaturerelating to the growth of different
bacterialstrans in vacuumpackayed med. Newton and Rigg (1979) reportel
that thes contradictiors could be explaired if films of different permediliti es
were usedin eachstudy. High oxygen modfified atmosghere packagedmeat
spoils aerdically with the spoilag flora being dominated by Pseudoronas
Their growth rate is only half that attaned under non-presevative aerobic
conditions. Low oxygen modified atmosynere packajed meat is normally
spoiledby lactic acid bacteriaif the atmosyereusedis 100%CO,. The growth
rateof the lactic acid baceriais nealy halveddueto the bacteriostdt effect of
CO,, resuting in a longe shelf life than obtainel for equivaknt vacuum
packayed produds.

Many factorsinfluencethe natureof the microflora thatdevelopin procesed
meatproductsduring chill storageThe mainfactorsarenitrite concentrationsalt
concentratior(which affectsthe a,), preenceof oxygenandpermeabilityof the
packagindfilm. Theovenrll pH of the productmay alsoplay a part (Zeuthenand
Mead,1996).The mostfrequently observedypesof bacterialspoiagein vacwm
packedsliced,cooked curedmeatsarea sweet/soundourcausedy lactobacilli,
leuconostocsand streptococci(Mol et al., 1971); a cheey odour cawsed by
Brochothrix thermoghacta (Egan et al., 1980); a sulphide odour causedby
Enterobacteriaceae and greening caused by hydrogen peroxide producing
lactobacilli. Boeremaet al. (1993) reportedthat the advarnage of shelflife
extension afforded fresh meats by carbon dioxide controlled atmosphere
packaging,over that attainablein vacuumpackaging,doesnot apply for sliced
cookedham. The presenceof yeastsand moulds can be a problem for sone
processedmeat products,especiallyon dry meat surfaces The most comma
speciesof yeastsencounteredon meatproductsare Candidaand Rhodotorué.
The presenceof mould growth on packagedneatis usually an indication of a
defectivepackagingsystem.Y eastscancausespoilagewhencourts areaslow as
10°/g meat,whereas bacterialspoilagedoesnot usudly occurbelow populations
of 10"/g—1(*/g meat.McDanieletal. (1984)reportecthatvacuumpackedcooked
beefsteakswere organolefically acceptablefter 21 daysstorageat 4°C, while
modified atmosphergackagedsteakswerenotfit for consimptionafter 14 days
of storageHintlian and Hotchkiss(1987)foundthathigh CO, MAP waseffective
in inhibiting the growth of Pseudomonas fragi, Salmaonella typhimurium,
Staphylococcuaureusand Clostridium perfringeson cooked slicedroastbeef.
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20.24 Drip loss

One of the main quality attributesof fresh meatis its water-holdingcapacity
becausdt influencesconsumeracceptancend the final weight of the product
(Den Hertog-Meischke,1997). The loss of exudatesfrom muscle tissue is
unavoidable Any systemprolongingthe shelflife of packedchilled meatwill be
subjectto accumulatiorof exudater drip. The drip is thoughtto originatefrom
the spacesetweenthe fibre bundlesandthe perimysialnetwork andthe spaces
betweerthe fibres andthe endomysiahetwork (Offer and Cousins, 1992). These
spacesappearduring rigor development.Factorsthat may affect drip losses
include rigor temperatureand membrandntegrity (Honikel, 1988; Honikel et al.
1986),preslaughtestressprocessingactors,andpackaging(Payneet al., 1997).
Exudatelossesareexacerbatetby cutting of meatinto smallerportions.Losseof
approximately5% of the primal cut weight at the packingplant canbe expected.
The amountof drip in cut meatis also largely dependenbn samplethickness,
surfaceto volumeratio, orientationof cut surfacewith respecto musclefibre axis
and prevalenceof large blood vesselqFarouket al., 1990).

Taylor et al. (1990) found that drip losses were lower for vacuum skin
packayed sanples than modified atmosjnere packayed sample. Payneet al.
(1998) investigated drip loss in beef under convertional vacuum packaging
sysems and non-vacuumpackadgng systens and found that drip loss can be
redued by using a packagingsystemthat avoids appling a vacuum The
accumnulation of juice from processedmed produds is alsoa causefor concern
in vacuumpacks.Vacuum skin packsagainhavethe advanage over vacuum
packsfor processeé meds in thatthereis no exces of film aroundthe product,
leaving virtually no space for produd juice to collect (Mondry, 1996).
Cordensatdn of moisture on the surfaceof the meatandthe packaye may be
preventedby carrying out packaying operationsn anenvironmenthaving a dew
point temperature below the subjed temperature (Rizvi, 1981). Antifog
propeties in fresh meatpackagingfilm are provided by lowering the surface
tengon of the film through incorporating a wetting agent into the film
formulation or by coaing the surfacewith a wetting agent

20.3 Vacuum packaging

Todaythe mostwidely usedmethodemployel to extendthe storagdife of fresh
med is vacuumpackaging (Bell andGarout 1994).In the USA, 97% of all beef
is estimaed to have beenfabricatel and transpoted as a vacuum packayed
produ¢ (Humphreys, 1996). Vacuun packajing extendsthe storagelife of
chilled meatsby maintaining an oxygendeficient environmentwithin the pack.
The air within the packagemust be evacuatd effecively to nominal anoxic
levds (lessthan500ppm)to preventirreversible browning dueto low levels of
residud oxygen. The exclusion of oxygen from the meat surfaceas soon as
possble after the bre&ing of the carcassinto primds pregrvesthe meat's
potential to reoxygenatefollowing retail pack display.
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The conceptof ‘boxed beef wasdevebpedby Frent Scientistsasearly as
1932,to prolong the shelf-life of frozen meatstoredas military provisions. It
wasnotuntil 1966,however thatbeefwascentally processedanddistributedin
this form. Today differentpackaying materids areusedbut the concet remans
the same.The carassesare divided into parts,deboné and trimmed, vacuum
packal in heavy plastic bags, placed in corrugated paperboatt boxes and
shipped to retaiers. Boxed beef is a preferred method of packaging by
distribuiors andretaiers becase weightlossand drying canbe prevented, it is
hygienic, meat colour and quality are maintained as films of low O,
permedility are used, operationscan be centralsed, rational distribution is
possibe andthereis easeof inventory control (Tomioka, 1990).

The preservativeeffect of vacuum packagingis achievedby maintairing an
oxygendepletecatmosphersincepotentspoilagebacteriaareinhibitedin normalpH
meatunderoptimumvacuumpackagecdonditions(Gill, 1991).The microenviron-
mentwithin the packwill determinethetype of microflorawhich develogs (Devore
and Soberg, 1974). When meat s first vacuum packagedany residual oxygen
remainingin the packis consumedy meatandmusclepigments(Hood andMead,
1993)and CO, is producedasthe end productof tissueand microbial respiration.
Underagoodvacuumthe packageéheadpaceconsistof < 1% O, and10-20%CO,
(Lambertetal., 1991).This type of packageseverelyrestrictsthe growth of aerobic
microorganismsud asPseudompasandfavoursfacultativeanaeroli organisms
such as Lactolacillus (desirable)and Brochothrix thermosphactalundesirabg).
Theseareslowgrowing bacteriatheycausdessoffensivetypesof spoilageathigher
bacteriahumberghanotheraerobicorganismsandwill eventuallycausespoilagebut
only aftermanyweeksof storaggMuller, 1990).Underaerobicconditionghegrowth
of Brochothrixthermasphactaat chill temperaturess inhibited at pH valuesbelow
5.8.However thegrowth of this organismis oftenassaiatedwith theearlyspoilage
of vacuumpackagedigh pH meat.

If vacuumpackaing procedurs are followed correcty, the storagelife of
meatcan be extended(Muller, 1990). Caremug be takento ensurethe initial
bacterialload hasbeenkept aslow as possibé by adheenceto good hygiene
procedues. The tempeature mud be maintined as near as 0°C as possibé
(Brody, 1989). High pH andDFD mea mustalso be avoidedasearly spoilage
may occur (Humphreys, 1996). The succas of packaing is thoughtalso to
dependargely uponthe degreeof vacuumisabn achieved High vacuumlevels
resultin the mostdesiralbe musclecolourandfat appea@aance.Vacuumpackayed
meatof normal pH (< 5.8) can be storedfor 12 (Eustace 1989)to 14 weeks
(Hood andMead 1993)at 0°C.

Vacuum packaing is a simple easily controlled processwith any failure
clearlyidentified by visible air pocketsremainirg in the pack.Thereis increagd
hygieneandsimplified handlingduring distribuion andstorageaswell asmore
efficient use of refrigerded storage There is more efficient processcontrol
throughthe useof flow line techniqueswith subsguentincreagd productiity.
Thereis also a significant redudion in skilled labour and wasteat retail level
associged with vacuumpackaying (Humphreys,1996).
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Howeve, vacuumpackaying is consideed unsutablefor red meatsfor retail
dispay purpogssincethe oxygendepktedatmosfnerecauss the mea in these
packayes to be the purplish colour of deoxymyodobin and therefore not
accetableto consumes (Gill, 1991).Semaretal. (1988)observedhatvacuum
packajed meathad greaer colour stability than meatstoredin carlon dioxide.
Pak chopsstoredin vacuumwere also more desiralte in appeaanceand had
more acceptablecolour thanaerobially stored chops(Dohety andAllen, 1998;
Dohaty etal., 199%). Therangeof productsto which straightvacuumpackaging
canbe appliedis limited however vacuumpackagingis ineffective for whole
carassesor cuts of shaps which preventthe packaying film being closely
appled to all surfaces(Gill, 1996).

Theformationof drip in meatpackagings unsightly,andrepresatsaportion
of the productthatthe consumercannotuse.Many studiesreportel thatvacuum
packayed meatproducedhighe leves of drip thanmeatpackagedn modified
atmosyeres (Doherty et al., 1996, Schuter et al., 1994, O’Keefe and Hood,
1982).Howeve, avery low levd of drip is obsewed when meatis shrinkwrap
vacuumpackaed.This lower drip losscould be dueto the fact thatthereis less
spacefor drip to form, or dueto softerpackaying or a combindion both (Payne
etal., 1998).Vacuum packaying is constderedunsutablefor meatproduds that
aresensiive to presure,for exampe very thin slicesof hamthat when packel
undervacuumarediffi cult to separa¢ without damageThe introduction of CO,
or N5 flush at this stagecould prevent slice adhesiornand provide bettercolour
retenton dueto the removalof residud O..

Vacuum packagsfor meatareformedin four bast ways. Thefirst methodis
through heat shrinking a flexible packagingmateial arourd the prima cuts
(zagow, 1997).Shrink bagsaresuppled pre-malewith a sealprovidedat either
endandalong the sides Whentheyarebriefly expose to heat,a built in tension
called ‘lockedin tension’is releagd and they shrink in both directions. This
processincreagsfilm thickness,improving medanicalresistane and oxygen
bariier propeties. The level of drip is alsoreducedand handlingof the produd
is improved. Most of theseshrink bagsare mace from multi-ply formulations
basedon polyolefin resins,with eitherpolyvinylidenechloride (PVDC) or ethyl
vinyl alcohol (EVOH) asthe gasbarrie component{Humphreys 1996).

The secomn methodis by using a preformedpladic bag, also known as a
pouch,in anevacationchanber(Zagory, 1997). The basicpouchstructureuses
polyamide (PA) asthe outerlayer which providesbarrierand physicalstrength
propeties with aninner core and sealirg layer of polyethylene(PE) or linear
low density polyethyiene (LLDPE). Thesematerids cannotbe shrurk which
may give rise to the accumuation of drip in the creasesandfolds (Humphreys,
1996).

The third methodis the useof themoforming traysin line from a baseweb
(Zzagory, 1997).After the produd hasbeenplacedinto the newly-formed tray, a
secom film web, coming from a secondreel of film is placedon the top of the
tray. The resuting packis evaclatedin this caseandthe top andbottom films
aresealedn the machine’svacuumsealingstation. After cuttingthe sealedveb
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acrossand longitudinally, finished single packsleave the madine (Mondry,
1996).

The final methodis throughvacuumskin packaying, in which the produd
actsasa forming mould (Zagory, 1997).In vacuumskin packaying the med is
placedin arigid pre-formedtray or ontheflat surfaceof aflexible basemateral.
The top web is first softene by heatand air is evacated. The top web then
forms closely around the produd, shrinking as it does, and forms a seal
everywtereit comesinto conact with the base(Humphreys,1996).

A numberof packaying systens exist for processd meatsalso. Vacuum
packaging is usedfor thickly slicedmeds andwhole piecesof processeé meats
Vacuumpackagingwith a steamshrink operdion canalsobe used.This method
removesloose film and wrinkles are redued. The produd¢ must be able to
withstand the heattreatment during shrinking. Vacuum packsfrom rigid trays
are used for stackedslices of processedmeat. The shapeof the produd is
designedto fit tightly to the packaye dimensons. Modified atmosyere packs
from flexible film are usedfor salamis,bulk packsof sliced meatsand bulk
packsof frankfurter sausges. Thesebulk packsare deliveredto supermakets
wherethey areopenedn the preparaibn areabeforedisplaying the productfor
saleasafreshprodud. Modified atmosgmherepacksin rigid film or traysareused
for thinly sliced productsand for produds which can damage the film when
packel undervacuum The gasor gas mixture in thes packsis very much
depen@ntonthetype of produd, theway in which the produd is consunedand
the type of film used.Skin packsareusedfor high qualty expenss/e products
The film is softenedbefore being skin-drapedonto the produ¢ and therebre
does not damage it. Difficult opening procedures and the high cost of the
package are the main disadvantageof this sysem (Mondry, 1996).

The sousvide methodof food prepaationwasdevebpedin the mid-1970sin
Frane (Creal, 1998)andhasfoundwidespeadaccetancethere.Acceptanceof
this processig method has beenslower in the United Statesand most other
Europeancountriesbut coninuesto grow, particulaly in thefood servicesector.
Sousvide involves vacuumpackagingof foods, usually in multilayer laminae
plastic pouchescooking the vacuumpackayed produd in a water bath moist
steamor presurecooker,cooling rapidly in cold waterandthen storing under
refrigerdion (Zagoly, 1997).1t hasbeenwidely claimedthat sousvide food is
sensaoially andnutritionally superiorto thatprodued usingcook-chil methods
Firstly, the low oxygentensioninsidethe packinhibits both chenical oxidation
and microbial activity. Secondy, the packagingpreventsevapoative lossesof
waterandflavour volatiles during heattreatment (Churd, 1998). The majoiity
of studes undertalen on the micraobiological safdy of sousvide products
concen Clostridium botulinum The public healthrisk posedby sousvide is
exacerbted by its anaeroli nature which inhibits both chemical oxidation and
aerobic spolage organsms which usually provide the sensoy indicaton of
spoilage prior to it beconing unfit for consumpibn. Thus,a potential risk exists
for sousvide produds to be palatableyet microbiologically unsafe(Conneret
al., 1989).Howeve, thereis little evidenceto dateto indicatea significant risk
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exceft in cases of extreme produd abuseresulting from either a lack of
uniformity of heattreatmet or tempeature/tine abuseduring chilled storage

Caming is alsoa form of vacuumpackajing which is often accompaied by
thermal processing.Vacuumin the cansmay be obtaned by filling conpletely
with the produd at a high tempeatureusing atmospheg presure.The vacuum
may alsobe obtaned by machire vacuum by ‘steamvac’ closureor by thermal
exhausing. The major reasonfor cannng meatis to provide safeproductsthat
have desiralle flavour, texture and appeaance. Successfu produdion of
commercially sterile canned meat products requires that all viable
microorganisms be either destroyel or rendereddormant The processmust
also inactivateraw mateial enzymesystens. Comrrercially sterilecannedmed
produds geneally reach an internal tempeagture of at least 107°C, but this
tempeaturemay be aslow as101°C,depenéhg on the salt and nitrite content.
Same mea productsmerchadisedin cansreceiveonly a pasteuisationprocess
and are referred to as ‘perishable’, which meansthat they must be kept
refrigerated (PeasonandGillett, 1996).Five principal typesof cansareusedin
the meatindudry; squareand pullmanbase pearshape, roundsanitary,drawn
aluminium, and oblong. The cansusedare geneally tin or chrone platedlow
carlon steelor aluminium. Themog recent devebpmentin this areahasbeenin
the replacenent of such materids with PET-alminium basedlaminates.The
resuting produd hasanimproved flavour, greaternutritional value andenergy
cost are redued. There are a wide range of meat-base cannedproduds
avaiable on the supemarketshelves.The consuner is probablymog familiar
with beef stew, chilli con carre, med balls in gravy, cannel hams,spamand
tongle andluncheonmeat(Peasonand Gillett, 1996).

20.4 Modified atmospherepackaging

Modified atmosgherepackaing (MAP) is the enclosue of food produdsin high
gasbarrier matefals in which the gaseas environmenthas beenchangel to
slow respimtion rates, reduce microbiological growth and retard enzymaic
spoiagewith theintentof extendingshelf-life (Youngetal., 1988).Distribution
distan@ is now probaly the main factor deternining the form of packaging
usedfor fresh meats As disaussedprevioudy, the cental preparatbn of retail
packsis now commorplace within the trading secor. These central cutting
sysemscan be operded with productin converional overwrappedtrays, but
only if times are shortbetwe& meatcutting and disgay. For wider trading of
retai-readymeat,a modified atmosgheremug be usedto extendthe storagelife
of the produd (Young et al.,, 1988). The advanagesand disadvantage of
modified atmosheres are shownin Table 20.1.

MAP systens mostfrequenly usemixturesof CO,, O, andbr N, in which
eachgashasa specific role to play in extendng the shelf-life and maintaining
the appeaanceof packayed meat(Young et al., 1988). Over a hundredyears
ago,a patent wasgrantedfor applying a gasmixture of CO, andCO for storage
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Table 20.1 Advantagesand disadvantagesf modified atmosphergackaging(Wolfe,
1980)

Advantages Disadvantages
Extendedtransittime Visible addedcost
Higher quality maintenance Variable productrequirements
Active inhibition of bacteriaand moulds Not universallyeffective
Reducedeconomicloss Colour changeswith red meats
Atmospheremaintenance

Temperaturgegulation

of meat.In the 1970s MAP wasintroducedfor retailmed in Frane andthe UK.
The marketshae of MAP in Westen Europen counties asa perentageof the
total retail meatmarket is 10-40%(Sorheimand Nissen, 2000). Howeve, this
methodof meatpackagingis not aspopularin the USA. The demandfor meat
packaing in the USA is led by meatpackingcompaniesratherthanby retaiers.
In addtion, the distribution chainis neitherasquick or ascontolled asit is in
Europe anddistan@sfrom processorto marketare gredaer (Taylor, 1996).

20.4.1 Gasesusedin fresh and processed meat packaging

The mostconmmonly usedgasedor the packagingof meatare CO,, N> and O,
althoughothe gasesincluding CO, nitrous oxide, argon, sulphur dioxide and
ozonehave beentried to a limited extent (Church,1994). The EU classfies
packajing gasesas additivesand has given eachof them an E-nunber. Also
according to EU legislation, foods packagedn modified atmosferesmustbe
labelledwith a phrasdike ‘Packagedn a protective atmosphere(Sorteim and
Nisse, 2000). Gasesfor the packaying of meatare seldomusedalonebut in
mixtures, which vary accoding to the applicaion (Sorteim et al., 1997).

Oxygen

Oneof themajor functionsof oxygenis to maintain the red pigment myoglobn
in the oxymyoglobin statethatis respnsiblefor the bright red colour asso@ted
with freshnes. Oxygen pressurelevels over 240mm are thought to gredly
increag and extendthe fresh appeaance of meats(Seidenan and Durland
1984).Remonal of oxygenis particdarly importantfor processé muscle foods
held in modified atmosghere systens. In mog casesdeterioraion of meatsis
causedy oxidationof med componentr spoiageby aerdic microorganisrs,
both of which are acceleatedin the presenceof oxygen. The level of residu#
oxygenin processedmea modified atmoshere packsis therebre animportant
factorto consider It maybeattributedto a numberof factors, suchasthe oxygen
permeaility of the packaying materid, the ability of the food to trap air, poor
sealirg of the packwhich may causeair to leakin, or inapproprige evacuation
and/orgasflushing procadures(Smithetal., 1986).Smiddyetal. (2001)reportel
that measuremat of residud oxygen in packsin conjunction with oxygen
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perneability of the packaying matefals may provide a better insight into
appicability of thes materals assuitableprotectorsof food during storage.

Carbon dioxide

Cabon dioxide is a known inhibitor of microbid growth including meat-bore
microorgarismsandthesepreservéive propatieswerereportal asearlyas1882
(Finne, 1982). Gramnegativespoilage flora of refrigeratedmea are espeally

sensiive to CO, while lactic acid baceria are lessaffected (Enforsand Molin,

1984). The inhibitory effectsof CO, have beenattributed to alteration of the
bacerial cells permedility, pH changs and enzymatic inhibition (King and
Nacel, 1967). Thereappeardo be an increa® in the lag phaseand generation
time, which delaysthe overallincreaseof bacterialpopulations Facbrs suchas
initial bacterial load, time of application, storage temperature and gas
concentrationwill affectthe desiredendrestit.

Gill andTan (1980)denonstratedhat the level of CO, that gave maximum
inhibition for the commonspoilage orgarisms was apprximately 200mm Hg,
equivalentto 26% CO, in air. Thatis, for mog of the orgarisms usedin their
study, 26% CO, gavethe samenhibition ashigherlevelsof CO,. Theinhibitory
efficiency of CO, is increasedat lower temperatires.Thisis thoucht to be due to
the fact that the solubility of gasesis much higher at lower tempeatures;the
CO, concettration in the medum will increag asthe temperatire is lowered.

A packaing sysem usingan atmosyereof carbondioxide alore is now in
commercialusefor chilledred meatsthataretranspotedto distantmarkets(Gill
andHarrison,1989). Thefirst pradical useof modified atmosfmerescontaining
elevatedlevds of carlon dioxide asa preservéve in the handing of freshmeat
wasin the shipment of whole beefcarcassefrom AustraliaandNew Zealndto
GreatBritain in the 1930s(Silliker and Wolfe, 1980).

Carbondioxide reactswith water to form carlonic acid and can actually
disolve in freshmeatandalso in the fat. As the gasdissohesin the water of
fresh meat, the quantity of gaswithin the packaye diminishesand a partial
vacuumis generatd. This may bring aboutthe collaps of the pack (Hirsch,
1991). Bruce et al. (1992) reportal fissures in beef storedin 100% carlon
dioxide controled atmospleres,which they attributed to evolution of absorbed
carlon dioxide from the meatduring cooking.lt is thoucht thata carlon dioxide
levd of 51/kg wasusedin this study while the optimum level to useto extend
chilled storagdife of redmeas andporkis 1-2l/kg (Gill andPenny,1988)and
2l/kg respectively (Jerenmah et al., 1996). Sorheimet al. (1996) were of the
opinion that increasng atmosyeric presuresconceitrations of CO, had a
negaive effect on the ability of meatto hold water. Ledward (1970) repoted
that more than 30% CQO, in red meataccderateddiscolouration.

Experiencehas shown that as far as processd meas are concened, about
95% of applicationscanbe coveredby a standad mixture of 70% N, and 30%
CO,. For boiled and cookedmeat produds the main dangercomesfrom CO,
disolving in the produd juice. Too much CO, will changethe produd’s aroma
andcauseghe packto collaps. Too little CO, will meanthat after a few days,
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no CO, will reman in the packaye. Close monitoring of the gas mixture
composiion is required. Pre-friedproduds are packel at highe leves of CO,
(up to 50%). Thesepackagesare geneally mace from rigid film, ascollapsed
packsarea commonfeatuie dueto dissoldion of CO, (Mondry, 1996).

Nitrogen

Nitrogenis an inert gasandis abundatly availableat relaively low cost, has
neither colour nor odourandis chemially unreacive (Hirsch,1991).1t hasa
low solubility in bothwaterandfat. In modified atmosgheresnitrogen is usedto
displae oxygenin orderto delay aerdic spolage and oxidative detegioration.
Anotherrole of nitrogenis to actasa filler gasso asto preventpackcollapse
(Day, 1992).

Carbonmonaide

The postive effect of carton monaide (CO) on meatcolour was known and
patentel over 100 yearsago (Churd, 1994) but as yet CO hasbeenapplied
commecially only to alimitedextent in the MA P of med. The Norwegianmeat
industy hasbeenusing a gas mixture of 60—-70%CO,, 30—-40%N, and 0.3~
0.4% CO for the packaying of beef,pork andlamb. Basedon the literature,the
presenceof 0.4—1.0%CO in modified atmosferesusedfor the packagingof
meat seemssufficient to producea steble chery red colour (Sorheimet al.,
1997).Howeva, the undesirdle pink colour,which sometinesarisesin cooked
white med, can sonetimesbe linked to exposue to CO also. Sorheimet al.
(2001)reportal thatpersstentrednessn cookedbeefburges wasinfluencedby
CO. The burgers,contairing cartoxymyoglobin, were cookedto an end point
temperatire of more than 80°C while still having tracesof pink colour and
uncookel appeaance. Howeve carton monaide is atoxic gasandtherebreits
usefor food packaying is not allowed in mostcounties. It is not approsed for
meat packaying in the US or in the EU (Luno et al., 1998). Very little
informaton exists in the literature on the exposue to CO following the
consumpbn of meatthat has beentreaed with CO gasbut it is consideed
highly improbable that CO exposue from meat packayed in an atmosfere
contairing up to 0.5% will represat a toxic threatto consumes throughthe
formation of carboxyhaeoglobin (COHb) (Sorhkeim et al. 1997).

The safety of workers who come in contactwith carbonmonaxide in meat
packaging factories is also a cause for concern. If pure CO or high
concentrationsof CO were usedfor mixing of gasesin the plart, they would
posea clear risk. The practiceof Norwegiangassupplersis eitherto deliver CO
asa 1% CO/99% N, mixture andthenblendthis mixture with CO, on site,or as
a complete0.3% CO/70% CO,/30% N, mixture. This practiceis recognigd by
Norwegian healthauttorities to be safe(Sorheimet al., 2001).

In a studycariied out by Luno et al. (2000)it wasshown thatan atmosyere
contairing 50% CGO, and0.50—-0.7%6 CO in the presencef alow concentation
of O, (24%) is ableto extendthe shelf life of fresh beefsteaksby 5-10days
whenconmparedwith the storagdife in anatmosgereof 70% O,, 20% CO, and
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10% N». The presencef CO and50% CO, extendsprodud shef-life by inhibi-
tion of spoilage bacteriagrowth, delayedmetmyoglobin formation, stabilisation
of red colour measued by instrumertal andsensoy techniqies,maintenanceof
fresh med odour and slowing down of oxidative reactions(Luno et al. 2000).
Jayafgh et al. (2001) recommendd the pretreatmentof beef steakswith 5%
CO for 24 hoursto ensue a high colour stability before continuing storagein
anaeobic condtions. It is thougt that the colour of cookedmeatproduds can
also beneft from exposue to CO, as1% CO in a N, atmosmerestabilised the
colour of bologna(Aasgard, 1993). The reasonfor the colour improvementis
unknowvn but CO may bind to partly undengured mylglobin.

Sulptur dioxide and argon

Suphur dioxide is very chemicaly reactivein aqueos soluion and forms
suphite compouwnds, which are inhibitory to bacteia in acid condtions
(pH < 4). It hasfound usein the contol of microbid growth in someprocessé
med produds, such as sausges. Some people dispay hypessensiivity to
sulphite compoundsin foods and their use has come under scruiny in recent
yeas.

Argon is a noble gasandis not known to have any chemial or biological
activity. Howevae, it is reportal to have sone antimicrobial effects. Argon is
preentin the atmosere(0.90%)andis therebre relativdy abundat (Zagoyy,
1997).

20.42 Modified atmosphereequipment
A variety of machiresarenow available usingmixturesof betwe& 60—-80%0,
and 40-20% CO, for prolonging the usefd retai life of fresh meat to
apprximately a week. The mod common of thes is the thermofoming
machinewhich producegraysfrom a bottomweb of plagic, flushesthemwith a
gasmixture andthensealsthemwith atop web of film. The useof modified gas
atmosperes for the bulk gasflushprocesswasdevelopedn themid-197G. The
bast bulk gaspacking technique employsthe useof a preformedpouchor rigid
tray along with a high barrier flexible lidding material. Air surrounding the
produd insidethe packagds removedandreplacel with a specificgasmixture.
The modified atmoshere gasmixes usedfor bulk gaspacking, aswell asthe
performance requirements of the padage, differ gredly from those for
consumer retail packs. Oxygen is not normally used in bulk modified
atmosyhere packing, since extension of caselife of mostproduds depend on
the absenceof oxygen The most commongas mixtures selectedfor different
med productsfor bulk gasflushing canbe seenin Table 20.2
Thermoforming machireshavebeendesgnedfor gasflushing of retail sized
packsbut canalsobe usedfor bulk packingby removing the smadler die inserts.
Packsof up to 5kg canbe produed at high speed but they canbe difficult to
hande and tend to be expensse. Snorkd-type macines are specificdly
desgnedfor bulk gaspacking of meatandarenow the mostwidely used.Theair
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Table 20.2 Typical MAP combinationsshowingbulk storagelife (Down, 1996)

Bulk MAP Packaging Gasmix Temp Life
product (°C) (max. days)
Whole chicken 5L PA/PE 100% CO, —2to0 20-25
Whole turkey 5L PA/PE 100%CO, Oto2 14-20
Poultry portions 5LPA/PE 100%CO, —2to0 10-14
Pork primals 5LPA/PE 40%CG/60%N, Oto2 10-14
Pork primals PA/EVOH/PE 100%CQ Oto 2 20-25
Beef primals PA/EVOH/PE 80%CQ/20%N, —2to0 42
Lamb primals PA/EVOH/PE  80%CQ/20%N, Oto2 21
Curedmeats PA/EVOH/PE  80%CQ/20%N, Oto2 21
Whole salmon/trout 5L PA/PE 80%CQ/20%N, Oto2 14-20

is evacuatedrom preformed pouche andreplacel with gasthroughretradable
snorlels,which areinsertedinto the mouthsof the pouche until just beforeheat
sealirg (Down, 1996).

Modified atmospere trays are designedto minimise confact with the
undesideof the meatandalsobe deepenoughto avoid contactwith thelid. The
excessie size of the tray can add consideably to the packajing coss. Tray
depthcanbe consideably redued by vacuumskin-pading the mea to the base
of thetray using an O, permedle plastic. The spaceabovethe skin-packedmeat
is flushedwith a modified atmosynere,beforebeing sealedwith a barrierplagic
lid. The meatis fixed to the baseof the tray and, therebre, there is less
likelihood of accidentalcontact with the lid or tray sides(Taylor, 1996).

20.4.3 The effectivenessof MAP on fresh and processed meats
The compositon of the atmosyere within a modified atmosinere packaye
determiresto alargedegres the extentandtype of spoilage thatdevelopsduring
storage Reportsdiffer concening the optimum gasmixture requiredto maintain
satisfacdry meat colour and to extendthe microbiological shelf life of the
produd. The mostcommorty usedgasmixture for freshred meatis high O,
which hasa minimum of 60-70%0, and 30—40%COQO,. Packagng in high O,
extendsthe time for occurenceof microbiological spoilage and discolauration
of meat (Sorheim and Nissen, 2000). Gill (1991) stated that modified
atmosyieresconfining high oxygenconcentationsessentidy doublethe time
to spoilage(storagelife) andimprove colour stability. Accordingto Youngetal.
(1988), oxygen partial pressure over 240mm greatly enhanceand extend
retentionof the freshappeaanceof meat.Low O, MAP is sometinesusedfor
bulk packaying product;the inhibitory effects of CO, are exploited without any
particula regad for the preservéion of meatcolour (Gill, 1995).
ShayandEgan(1990)foundthatthe increa® in displaylife of retai cutsby
modified atmosplere storagedecrease as the time of storagein the vacuum
packincreagd. Howeve, they concludedthat modified atmosihere storageof
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beefandlambin a mixture of 80% O, and20% CO, cangive up to a threefold
extension of retail display life. Gill and Jones(1996) reportedthat pork chops
storedin 67% oxygen and 33% carbondioxide for up to 12 daysremained
acceptablein appeaance during 48 hoursof display.Marriott etal. (1977)found
thatatmosyherescontaining 60% carlon dioxide, 25% oxygenand15%nitrogen
improved the overdl retail appe@aanceanddesiralility of beefcuts However,
Okayamaet al. (1987) showed that beef steaks, storedin 20% carbondioxide
and 80% oxygenfor 13 daysat 4°C underwat a changein surfacepH.

Most chilled poultry produds are sold prewrappedin O, permedle film,
which preventsmoisiure lossandthe spreadof contaninating micooorgarnsms.
Rdatively little useis macde of MAP dueto high costandthelack of anymarked
advanage in preservéion. Howeve, where O, impemeablefiims are used,
mainly for turkeyandduck,thereareclearbenefitsin extending shelfdife (Hood
and Mead 1993). There have also been reports that high CO, atmosnere
packaing of poultry extendsthe storagdife up to threetimes that of storagein
air (Bakeret al., 1985).

Zeutren and Mead (1996) suggeted that 50% of the shelf life of modified
atmosghere meats could be attributed to effective chilling (+2°C during
processing, storage and display), 33% to high standardof hygiene during
processingwhile theremaning 17% s affectedby the quality of materid used.
Temperatue is probaly the most important single environmenal factor
influencingthe growth of bacteriaon MAP mea (Lambet et al., 1991).

The optimum storagetempeaturefor chilled med is the minimum that can
be maintined indefinitely without overt freezing of the produd. Gill (1991)
staed thatthe optimum tempeaturefor packagedmeatis —1.5 4+ 0.5°C. Evena
smdl increag aboveoptimum tempeature will lead to large lossesof meat
storagelife, irrespecive of the packaying used.At tempeaturesof 0, 2 or 5°C,
the storagédife is about70, 50, or 30%, respectivéy, of the storagdife obtaned
atthe optimum tempeature(Gill, 1991). Theimportanceof storageemperature
wasfurther emphasisedby SorheimandNissen (2000)who reportedthat when
MAP meatis storedat 8°C, Salmond#a spp.and Escheichia coli, may posea
heath risk to the consuner. Thesepathogensantolerae high carton dioxide
concentrationsandtherebre strict temperatire control is required. Temperature
is also important for maintaning the colour of mea. High tempeaturesare
known to decreasecolour stability. At tempeaturesabove 3°C, myogobin is
more readly oxidisedto metmyoglobin (Fausmanand Cassen, 1990).At low
tempeatures,oxygendiffusion into the meatis greaterandso a deepe layer of
oxymyoglobin is formed (Winstanky, 1979). O'Keeffe and Hood (1982)
suggeted that the rate of discolouraion of beefis tempeaturedepenént and
underaerobiccondtions,therateof discolauration is two to five timeshigherat
10°Cthanat 0°C.

Unde aerdic condtions, the dominan spoilageorgansms are the strictly
aerdic Pseudomoads Glucos is abundanin mostmuscle tissuewhich allows
Pseudoronads to grow to numters of about 10%cm?® before the glucose
becones growth limiting. The backria then attadk amino acids as sour@s of
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growth substates.While the bacteriaare consuning glucose,no offensive by-
produds are producedbut when they commenceutilising the amino acids as
food sources,a variety of by-products are produ@d which are deteced
orgaroleptically as putrid odaurs and flavours (Gill, 1996). High oxygen
atmosyeresin conjuncton with CO, inhibits growth of Pseudoranadsand
allowsthe slowergrowing orgarisms, like lactic acid bacteriato dominat. The
creation of condtions where lactic acid bacteria predaninate are prefered
becawseunlike Pseudoronads lactobailli do not precipitatespoilage whenthey
areincreagng in numters (Gill, 1991).

Ahmad and Marchello (1989) repoted that a gas mixture of 10% C0O,:5%
0,:85% N, was the most effective modified atmosphere in reducing
psychdrophic growth on beef steaks.Buys et al. (1994) found that highe
mean pseudononadcouns were recordedfor 25% CO,:50% N,:25% O, and
80%0,:20% CO, bulk packayedsample thanfor 200%CO, and75%CG:25%
N> gasmixtures, respedwely.

Cookedmeatspackel under modified atmosyeres, confaining CO, asthe
antimiaobial component,are more prevdent than ever in the supermarke
(Devlieghereet al., 1999). Howeve, thereare conflicting reportspublishal on
the shelf-life extending effect of modified atmosgheresfor cooked products.
Reportedgas conpositionsof modified atmosfnere packayed processedmeat
produds are shownin Table 20.3. The widespeaduseof modified atmosynere
packaging for cured meat productshas geneated problens regardingcolour
stability of curedmeatproduds storedunderilluminationduring retai display:.
Light exposure (Andersen et al., 1988) including intensity of light or
illuminance,oxygen transnission rate of the packagingmateial (Yen et al.,
1988)andresidué level of oxygen(Moller et al., in press)havebeenfoundto
affectthe colour stability of cured med. Resultsof a study carried out by Moller
et al. (in press) concluded that it is important to consider all factors
simultaneously,when optimising the colou stability of cured ham

20.5 Bulk, master or mother packaging

Jeyamkodan et al. (2000) consideed mager packajing to be the most
economcal of all centalised packagng techniqies. However, it must be
integratedwith strict tempeaturecontrolin a narrowrangejust abovefreezing,
goodprocessinghygieneandmaintenanceof a compldely anoxicatmosmerein
the packaye headpacethroughoutthe distribuion period to maxmise storage
life. If propely appled, the storagdife of retai readymeatcanbe extendedfor
up to ten weeksin the mager packaye followed by three daysof retail display:.
While processd meatsare not maste packagedat present this method of
packaying may be consideed safe and reliable for such produds where
requirenentsor applcationsmay arise.

It is thought thata ratio of 1:3in meatto gasvolumeis requirel to maintan
anadequéely preservéive conmpositionof theatmosgherein aretail pack.Packs
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Table 20.3 Reportedgascompositionsof processedneatproducts(Church,1993)

Gas(%)

O, Co, N>
Bacon,cured <05 CO./N>» Flushed
Bacon,sliced - 20-35 65-80
Barbecueribs - 20-40 65-80
Beef, sliced cooked 10 75 15
Chicken,cooked <0.2 30 70
Chickenthighs, breadedbaked - 30 70
Chicken,breadedflash fried - - 100
Cookedmeat - 20-25 75-80
Cookedmeat - 20-25 70-75
Cookedmeat - 20-40 60-80
Cookedmeat,sliced - 80 20
Cookedmincedmeatproducts - 20 80
Cornedbeef <0.3 60 40
Curedmeat - 50 50
Curedmeat - 20 80
Curedmeat - 40 60
Curedmeat,bulk - 35 65
Curedmeat,retail - 20 80
Frankfurters - - 100
Frankfurters - 100 -
Ham - 20-35 65-80
Ham, Italian, sliced - 20 80
Ham, slicedk 0.3 60 40
Lasagne - 70 30
Luncheonmeat - 100 -
Meat pie - 50 50
Meat pies - 25-50 50-75
Pastastuffed with meat(< 30% moisture) - 50 50
Pastastuffed with meat - 80 20
Pizza,dependingon topping - 30-60 40-70
Pizza,ham - 60 40
Poultry products - 25 75
Ravioli - 20 80
Roastbeef, sliced, cooked 10 75 15
Roastpork, sliced <0.3 60 40
Salami - 20 80
Salami - 20-35 65-80
SausageBritish fresh (raw, uncured) <0.5 CO./N, Flushed
SausageBritish fresh (raw, uncured) 50 50 -
Sausagesliced - 20-30 70-80
Sausagesmoked - 30 70
SausageSummer - - 100
Sausageyncured 40 60 -
SausageYienna - 20 80
Sausagen pastry - 80 20
Turkey, cooked <0.2 30 70
Wieners,naturalcasings <04 30 70
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that are oversizd for the produd they contain increasethe distributon and
displaycostsperunit andtheyarealsoconsideed unfavourdly by the custaner
(Gill and Jones, 1996). Therefoe, modified atmosfnere dispay packs in

commecial use are often of a size sub-optinal for meat preservéion and so
conferonly a modestextension of produd storagelife (Gill and Jones 1996).
Master packaying would alleviate the problens asso@ted with oversizd
display packs Minced beefand beefsteaksthat are mager packayed underN,
and CO, atmosyherescan be storedfor three weeks or longe than produd
freshly preparedor displayfrom vacuumpackayed meatof the sameage(Gill

andJones1994a,b). Off-flavour devebpmentconsttuted the limi ting factorin

extendng the chilled storagdife of display-readyporkin controled atmosfere
mastepacks(Jeremiahand Gibson,1997).

It hasbeenrepoted that the mog successfl gas mixture in the pouchfor
maste packagingis 25% CO,, 50% N, and 25% O, althoughthe odou scoes
indicatedthatthis mixture could achievea storageperiodof only 14 daysat 0°C
andsubsequenghef-life of two days.A studywascarriedout thatinvestigaed
theinfluenceon the shelflife of freshpork of differentcentralsedprepackamg
techniques— PVC overwrapping, MAP using 25% CO, and 75% O,, vacuum
skin packagingandbulk gasflushing of the maste packwith 100%CO.. All of
the packagingsysems were equally efficient for the first four days of retail
displaybutin the extendedshef-life study the maste packsystemdemonstated
the most promisng shelfdife resultsand was also judged superor on odour
scores(Buys, 1996).

20.6 Controlled atmosphete packaging and active packaging
systems

Modified atmogphere padkagng is a packaging system where the pack
atmosyere is alteredinitially and then allowed to changeover time during
storage With controled atmospherepackajing, the packaje atmosere is
alteredinitially and then maintainedduring the life of the packaye (Jeremi#,
2001).Discoloumtionin controlled atmospher@ackaing canbe prevente only
by exclusionof essentidl/ all oxygenfrom the packagewhich requires the use
of special evacuaion equpment and totally gas impermeale packaing
materids (Gill, 1991). Gill and Jones(1994a,b) repoted that discolairation
inducedby any residud oxygen in controled atmosgnere packswill resolve
after 2—4 days.If CO, is a major or sole componentof the input atmosghere
then the quanity of addedgas must be adjustedto assue that the intendel
atmoserepersistsafter dissoldion of the gasinto the product(Gill, 1995).

For chilled meat, the mog effective technobgy to date is the high CO,
controlled atmosphere packaging system. This regime limits microbial
deteriorgion through optimal storagetemperaturs (—1.5°C), high levels of
CO,, low residud oxygen (<0.05%), and use of a gas impermable film
(Jeremid et al., 1995).
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Active packagingis an innovative conceptthat can be definedas a type of
packaying that changesthe condition of the packajing to extend shef-life or
improve safetyor sensoy propeties while maintaining the qualty of the food.
Major acive packaying techniqiesare concened with substanes that absob
oxygen, ethylene, moisture carton dioxide, flavours/alours and thosewhich
release carbon dioxide, antimicrobial agents, antioxidants and flavours
(Vermeirenet al., 1999.

The mog prevalant form of acive packagingn the med industry is basecon
oxygenscaveiging. The majority of conmercialO, scavagersusedin the med
indudry arebasedon iron powders which aremixedwith acidsandbr sats and
ahumecant,to promote oxidationof theiron. The humecantmaybedry or pre-
wetted (Gill andMcGinnis, 1995).Oxygenscavegersaregeneraly formulated
to reducethe O, concentrationin a volumeof air thatis five timesthe ratedO,
absobing capacityof the scaveagerto < 100ppn within abouta day, but the
time taken to read thatvaluemay vary from 0.5-4days(Smithet al., 1986).A
potential risk associted with O, scavegersis accidenal ingestion of a large
amaunt of iron, in spite of the label ‘Do Not Eat’ on the front of the pack. A
welcone altemativeto sachetss the incorporationof the O, scavengemto the
packaying strucure itself. Low molecuar weightingredientsmay be disolved
or dispersedn apladic or the plagic maybe madefrom a polymericscavenger
Otherrecent devebpmentsincludeinsers in the form of flat packes, cardsor
shees uponwhich the mea produd may sit, aswell asO, scavening adhesse
labds.

Someoxygenscavegersuseanenzyire reador surfacethatreactswith some
substate to scavengencoming O,. Another technique involves sealirg of a
smadl coil of an ethyl cellulose film containinga dissohed photcsensitivedye
andsinde O, acceptorin the headpaceof a transpaent packag. lllumination
of the film excites dye molecues, which sensiise any O, moleculesto the
sindet state.Thesemolecuesin turn thenreactwith acceptor molecdesandare
consuned (Rooney 1995).

In a recent study a naturalantimicrobial agent grapefruit seedextract,was
incorporatel on the food contactsurfaceof multilayeredpolyethyiene (PE) film
by a co-extusion or soluion coating process and applied to minced beef.
Results showed that both types of grapefruit seed extract-incorporated
multilayer PE films contibuted to a reductionof the growth ratesof aerdic
andcoliform bacteriaon mincedbeefwhencomparedo plain PEfilm (Haetal.,
2001).Oudter et al. (2000)undetook a study to evaluatethe feasibiity of using
antimicrobial films, designedo slowly releasebacterialinhibitors, to improve
the preservéion of vacuumpackayed processd meds during refrigeraed
storage Resultsconfirmedthatthe lactic acid baceria, werenot affectedby the
antimicrobial films under study but the growth of Enterobactriaceae was
delayed or completely inhibited asa resut of film appication.

Researh in biosensortechnology for the detecion of pathogensis very
prevdent at present althoughto date,there hasbeenno commercial success.
Belcher (2000) propo®d thatbiosensas will play a big role in the future of the
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packaing of meatproduds. Biosensorsare definedasindicators of biological
compouwndsthat canbe assimple astempeaturesensitivepaintsor ascomplex
asDNA-RNA probes. Infectiousdosags of pathogensuchasSalmonéa or E
coli 0157-Hr areaslow astencells anduntil biosensog havea detection limit as
low asa singleorganismperml, with rapid detecion andatalow cost,theywill
not be consideed viable. Two systemswhich havebeenrecentlydevelopedo
the semi-conmercial stae in North America are the SIRA ‘Food Sentirel’
systemand the toxin alert ‘Toxin guard’ system The SIRA ‘Food Sentinel
systemusesa bar code monitoring sysem for the detecton of specific food
contamnants. The secondsysem is for manufaturing flexible packaying
materids that can detectandidertify microbial matefals in the packae.

Anotherrecentdevebpmentavaileble now on the marketis the CryovaclLid
550P/Barier FoamTray packaying sysem. This usesa high bariier polystyrene
foamtray anda multi-ply lidstock that hasa peehbleinterfaceandis the active
part of the process.The produd is held at its redued/deoxynyoglobin state
throughoutdistribuion but onceit readesthe retail storethe barrier film is
broken at the interface and is peeledoff. A high oxygen permedle layer
remains which lets oxygeninto the packaye andallows the mea to returnto the
red oxymyoglobin stae in 15-30 minutes (Belcher, 2000). A new and
innovative produd, known as FreshR-Pax moisture absorbimg trays, suitabke
for freshcut meds andothe high purgeitems (manuficturedby Maxwell Chase
Technobgiesandsuppled by Balitmore Chemicds) is now available. FreshR-
Pax moisture absorbig technobgy is marketedin pad, pouch or tray format
(Rowan, 2001). Smiddy et al. (2002) had succes detectingoxygen levels in
packayed meat products using disposable phosphoes@nt oxygen sensas,
placedin eachpackanda fibre-optic phasedetector.

20.7 Packaging materials usedfor meat products

A numter of simple criteria must be adheredto when selecting particula
packaying materids for usewith med products The packaye is the primary
means of displaying the contaned meat product and providing product
informaion and point of sale advertisng. The packaje must also be cost
effective relatve to the containedfood. The main requiremats of any chilled
musclefood packageare listed in Table 20.4.

Plasticfilm s arethe matefals of choicefor the majority of meatproducts A
plasticfilm derivesits basicpropeties from the monaner unit of the polymer
from which it is made.Monomers composedof carbo and hydrogen produe
polymess suchas polyethylene and polypropylene which are good barrie's to
moisture but relaively permedle to gases.The inclusion of chlorine in the
monaner unit greatlyreduesgaspermeaility but may make the polymerfilm
brittle. This problem can be overcomeby addirg smdl quanities of othe
monamers such as acetas and acrylates which upset the regular polymer
structureandmakethe film moreflexible. Othercompoundsmay alsobe added
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Table 20.4 Functionsof a packagingsystemfor chilled musclefood products

Containthe product

Be compatiblewith the food

Non toxic

Handledistribution stresses
Preventphysicaldamage

Have appropriategaspermeability
Control moistureloss or gain
Protectagainstlight wherenecessary
Possessantifog properties

Be tamperevident

Conformto environmentalegislation

Sealintegrity

Preventmicrobial contamination
Protectfrom taintsand odours

Be costeffective

Have salesappeal
Communicateproductinformation
Easily openable

Be tolerantto storagetemperatures
Preventdirt contamination
Conformto legal legislation

to polymess to improve their handing on machires or enhanceparticular
propeties. The methodby which thefilm is producedalsoaffects its propeties.
Most med packagingfilms arethernmoplasticandare extrudedfrom the molten
stage throughdies. They can be stretchedto thinner gaugeg(thickness)before
cooling andthis may impartthe ability to shrink when reheated(Taylor, 1996).

If the propeties requirad of a packajing matefal cannotbe satisfiedby a
singde film, severalfilms with individual desrable propeties may be conbined
to give a satisfactoy composite. Thesemay be combineal by laminaing two or
more films togeher. This is carried out by joining togethe previoudy extruded
pladic films either by adhes/es or by extrudng an adheson polymer melt
betwea the layers. Polymes may be co-extruded togethe to form a singe
matefal by deliveiing individual molten resins by separag¢ extrudes to a
combinedroundor flat platedie which maintainstheir separabn in discretebut
weldedlayers.A compositecanalsobe produedby coatinga film with anotter
polymer. In this casea layer of molten plasticresinor a dissoled or dispersed
polymer is appliedonto a preformedfilm (Humphreys 1996). Polyvinylidene
chloride and ethyl vinyl alcohol are conmonly usedin this way to produe
materals with very good gasand moisture propertes (Taylor, 1996).

The choice of films for packagingmeat is largely determired by their
moisture andgaspermeabilities Most of the films usedare moisture barries in
order to avoid weight loss from the med. Gas permedility is much more
variabke and is specific to individual polymess. For retai cuts of fresh meat
where retenton of bright red colour is desired packageswith high oxygen
transnissionrates are used.Howeve, for cuts of meatand processedproduds
where extendedstorage life is the main concen, packageswith low gas
transnission rates are used (Newton and Rigg, 1979). The moisture and gas
perneabilities of some commony used pladic films for meat packagingare
shown in Table20.5.

A vacuumpackaying film mug havemechantal toughhessa high resistane
to puncture(especidly from bonein meat$ andabrasion, gasbarrier propeties
(patticularly to oxygen) be adequatefor the appication, have suitable optical
propeaties andthe ability to form a sealevenin the presencef fat or med juice
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Table 20.5 Barrier propertiesof plastic materialstypically usedin packagingof meat
(Roberts,1990)

Material (25 micron thickness) O, transmissiorrate Water vapour
(cc.nf.daylatm.Q)  transmissiorrate
23°C;dry (g.m2day™)
38°C;90% RH
EVA (ethyl vinyl acetate) 12,000 110-160
LPDE (low densitypolyethylene) 7,100 16-24
PC (polycarbonate) 4,300 180
PP (polypropylene) 3,000 10
PS (polystyrene) 2,500-5,000 110-160
HDPE (high densitypolyethylene) 2,100 6-8
Nylon 11 (polyamide) 350 60
UPVC (unplasticisedpolyvinyl chloride) 120-160 22-35
Nylon 6 (polyamide) 80 200
PET (polyesterterephthalate) 50-100 20-30
Amorphousnylon 40 20
Aromatic nylon 2.4 25
PVDC extrusion(polyvinylidenechloride) 1.2-9.2 0.8-3.2
PVDC emulsion(polyvinylidenechloride) 0.8-3.4 0.3-1.0
EVOH (ethyl vinyl alcohol) 0.16-1.6 24-120

andfilm overlap.Thefilms thatbestmeetall theserequirenentsareconposites
which utilise the propertiesof two or more individualfilm mateials to providea
good packae (Eustce, 1981), each providing their own contibution to the
structure Most film produds currenty usedin Australia for vacuumpackaying
freshmeathaveeithernylon or PVDCincluded asthe primarybarrierto oxygen.
The individual polymer materids mog often usedfor meatvacuumpacksare
listed in Table 20.6 with their main contributiors to the overdl strucure.

During marufactue, shrink bags are stretched both longitudionally and
transveselyatacontrolled rateandtemperturewhich reorganiseghe polymeric
chainsandretainsabuilt-in tensionasthefilm is chilled. Later,whenthemateral
is exposedo heat thistensionis releasedndthefilm shrinksin bothdirectiors.
Most shrink bagsavaiable on the marketuse multi-ply formulationsbasedon
polyolefin resins,with either PVYDC or EVOH as the gas barriee component
Electronic cross-lirking is sometimesusedto improve the mechantal resistane
of the basic matefal (Humphreys, 1996). Pauchescan be producedby co-
extrusian, adhesre or extrusion lamination. One of the basicpouchstructures
usesPA asthe outerlayer with aninner coreandsealirg layer of PEor LLDPE.
The propertes of pouche canbe improved by incorporatingorientedPA which
reduceshesusceptidity of its oxygenbarrie propetiesto moistureor by adding
aluminium foil layerswhich canoffer an excegionally high bariier to oxygen.
Heat sealablity can be improved by using more expeng/e EVA or ionomer
resins(Humphreys 1996).For vacuumskin-packagng, the highly formabe top
webs are basedon ionomerresinswith barrig layersof EVOH and the rigid
bottomwels on polyvinyl chloride (PVC), polystyreneor PET.
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Table 20.6 Individuad polymer materials, common abbreviation and associated

properties

Polymermaterials Abbreviations Associatedproperties

Low densitypolyethylene LDPE Sealability, formability, moisture
barrier,low cost

Linear low density LLDPE Sealability,abuseresistancemoisture

polyethylene barrier, formability

Polypropylene PP Moisture barrier,thermalresistance,
dimensionalstability

Ethylenevinyl acetate EVOH Sealability,improvedabuseresistance

copolymer over LDPE, clarity

Polyesters PET Mechanicalresistanceheatresistance,
mediumO, barrier

Ethylenevinyl alcohol EVA High O, barrier,good co-extrusion,
processability clarity

Polyamides PA Mechanicalstrength,0O, barrier
(moisturesensitive) formability

Polyvinylidenechloride PVDC High O, barrier (moisturestable),
greaseandfat barrier

High densitypolyethylene HDPE More gasimpermeablehan LDPE,
low cost, strong,reducedclarity

Polyvinyl chloride PVC Versatile,shrink properties sparkling
clear,low cost

Polystyrene PS Excellentclarity, low cost, readily
themoformedand injection moulded

lonomer Heatsealability, producefilms of
unusualtoughnessand clarity

Polycarbonate PC High clarity, strong,impact

resistancedimensionalrigidity

Thernmoforming is now the most conmon methodof modified atmoshere
packaying of meatandmeatproduds. Traysareproducedrom a bottomweb of
plagic, evacuatecandthenflushedwith the gasmixture beforethey are sealed
with atop web of film. The traysareusuallymadefrom unplasticisé polyvinyl
chloride (UPVC) or PSandthe lidding matefals from PETPS conbinations,
which may alsoinclude a PVDC or EVOH componentto improve gasbarrier
propeties. Trays are often designedwith pattened basesto dispersethe drip
which may accunulate on storagebut in most case extra absobent padsare
also included. Cordensatioron the inside of the contairer lid canbe avoidedby
minimising temperaturdluctuationsin the displaycabinetandby incorporating
an anti-fog coatingon the inner surfaceof the lidding material.

The propeties of the materid from which processd meatpackagesaremade
are also of greda importan®. Optical propeaties, barrier propeties, neutal
behavour regading tage and smell, resistane to fats and oils, sealabiity and
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Table 20.7 Materialsusedfor packagingprocessedneat(Mondry, 1996)

Packtype Bottom web materials Top film materials
(whereapplicable)

Flexible vacuumpack PA/PE,co-extrudedas5

layer-films

Flexible MAP pack  PA/PE OPA/PE
PA/EVOH/PE (O =oriented= prestretched)
PA/EVOH/PA/PE PET/PVDC/PE
PP/EVOH/PE
PE/EVOH/PE

Rigid vacuumpack  A-PET (amorphougolyester)  OPA/PE
PVC or PVC/PE PET/PVDC/PE
PS/EVOH/PE OPA/PE/EVOH/PE

PET/PE/EVOH/PE

Rigid MAP pack PVC OPA/PE
PVC/PEor PVC/EVOH/PE PET/PVDC/PE
A-PET OPA/PE/EVOH/PE
A-PET/PEor A-PET/EVOH/PE PET/PE/EVOH/PE
PS/EVOH/PE

Skin packs PVC/PE Severalcombinationsof
PS/EVOH/PE up to sevenor more layers
A-PET but incorporatingEVOH
A-PET/PE asgasbarrier

tightness, thickness and madinability must be consideed. In mog case
multilayer films are used.The most common materids usedfor packaying of
processdé meatare shownin Table 20.7.

20.8 Future trends

Packaing is a prerequsite today demandng distribution of food products
globally, nationally regionally. Product development in meat foods will
continue leading to a wider range of produds with increasingcomplexity.
Salesof read/-mademealsare increasingand read/-madeproduds contining
meat puts high demandson creding a suitabk packaying environmentwhich
will guararnee quality and maintain or extendshelflife. Thereis a healthand
fithesstrendsweepingacrassmary countries Hygienic andecolbogical demands
onmea producerwill also increag andthes demandwill affectthe choiceor
selectionof materids usedand ultimately, the packaying propeties obtainel.
Researctanddevelopnentin the areaof active packajing sysemsfor meat
produds hasreceivedmuch attentionrecentlyandwill coninueto do soin the
nearfuture. The areasof interestare bio and chenical senso technologis and
anti-microbial agents.Johanssor§2001) concludedin a recentreportthat food
packaging, including the total packagingsystem is set to undego major
developnent changs over the nextfew years.The way to facethe challengeis
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the developnent of barrier materids, a packajing systens review and to see
packaying asa meansof reducingenvironmenrdl load in the supply chain.
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