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1

Abstract The production of fresh cheeses has always been in relation to the 
 problem of the determination of cheesemaking yields in terms of kilograms of 
product per 100 l of original milk. Studies have been carried out in the past in 
regard to stretched cheeses using cow milk. However, there is little literature on 
the production and related yields of so-called ‘analogue’ or ‘processed’ cheeses. 
This argument can be interesting from the viewpoint of the cheesemaking industry. 
On the other hand, the increasing perplexity of the normal consumer should be 
considered because of the possibility of purchasing analogue cheeses. These prod-
ucts are surely a declared imitation of traditional cheeses, but they often appear 
as  ‘ameliorated’ versions of the original food. From the analytical viewpoint, the 
maximum predictable aqueous absorption for milk proteins, especially caseins, 
seems one of the key points. Consequently, a simulated study on processed 
cheeses and separated ingredients—rennet caseins above all—can be carried out 
with the aim of explaining several of the unknown features of analogue cheeses.

Keywords Analogue cheese · Apparent hydric absorption · Casein · Cheese-
making yield · Hydrolysis · Moisture

Abbreviations

A%  Apparent hydric absorption
Ca2+  Calcium
CaCl2  Calcium chloride
CY  Cheesemaking yield
CYPEP:2006  Cheesemaking yield and proteins estimation according to Parisi: 

2006

Chapter 1
The Problem of Aqueous Absorption 
in Processed Cheeses: A Simulated 
Approach

© The Author(s) 2014 
G. Barbieri et al., The Influence of Chemistry on New Foods and Traditional 
Products, Chemistry of Foods, DOI 10.1007/978-3-319-11358-6_1
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CCS  Compact cheese spreadsheets
DM  Dry matter
FDM  Fat content on dry matter
GSFS  Global standard for food safety
IDF  International dairy federation
IFS  International featured standards
MC  Moisture content
MFFB  Moisture on free fat basis
MW  Molecular weight
MRA  Most reliable amount
TPMRA  Most reliable amount of proteins
CASHA  Presumptive ‘high-adsorption’ casein
p-CASHA  Presumptive ‘high-absorption’ pre-casein
RGT  Rennet gelation time
R&C  Rigorous and corrected

1.1  The Production of Cheeses: Differences Between 
Artisanal Products and Industrial Foods

At present, the market of cheeses and dairy products seems exposed to cyclic peri-
ods with the notable diminution of stored raw materials and the related growth of 
prices for finished products. In recent years, the continuity of these periods has 
been repeatedly interrupted during time with the consequent overproduction of 
cheeses and other dairy foods. The above-mentioned situation depends on the 
current economic crisis on a worldwide scale, but other concomitant causes have 
surely their weight. With reference to milk products, the cyclic deficiency of cow’s 
milk in several countries determines the subsequent exiguity of correlated deriva-
tives (butters, caseins, yoghurts, cheeses, etc.), but other factors should be taken 
into account.

With exclusive reference to dairy products—animal butters, casein products, 
lactose and so on—cow milk is surely the most used raw material, but other milk 
can be produced on a large scale with different uses [1]:

•	 Goat milk
•	 Sheep milk
•	 Buffalo milk
•	 Reindeer milk
•	 Jenny milk
•	 Dam milk

For example, buffalo milk is extensively used for the production of foods with 
notable historical traditions: the famous buffalo mozzarella cheese is the most 
known product for this category, despite the competition of another mozzarella 
cheese using cow milk curd [2]. On the other side, Italian pecorino cheeses are 
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particularly appreciated because of the technology of production, while goat milk 
is well known and recommended for other reasons [3].

This chapter is explicitly dedicated to a little part of cow milk-derived products. 
In fact, cow milk is the most used ingredient for the production of cheeses in com-
parison with other milk [4].

Secondly, it should be noted that the different types of milk have strong influ-
ence on the technology and properties of final products, especially cheeses. 
Various factors have to be considered: initial chemical features, the typology of 
collection, the microbial ecology of the original milk. It is known [1] that rumi-
nant mammals produce generally milk with notable amounts of proteins, including 
albumins, compared with other animals. This difference is important: in fact, the 
production of cheeses implies good textural properties for the final product, but 
this feature is strongly dependent on the quality and quantity of proteins. In other 
words, the higher the quantity and the molecular weight of proteins, caseins above 
all (these molecules are associations of different proteins), the higher the yield and 
textural properties of final cheeses. As a result, caseins appear the most important 
component in the production of cheeses.

With relation to cheeses, many important differences may be highlighted: the 
perspective of these milk-derived products may be very variegated [5].

From a general viewpoint, the whole group of cow milk-derived cheeses may 
be subdivided in the following way [1]:

(a) Fresh cheeses
(b) Soft cheeses
(c) Pressed cheeses
(d) ‘Pasta filata’ cheeses
(e) Cheeses without coagulant agents (animal rennet, microbial enzymes, etc.)
(f) Cheeses from skimmed milk.

This classification corresponds to the viewpoint of the International Dairy 
Federation (IDF). The IDF has discriminated cheeses on the basis of a few known 
features [6]. However, other classifications may be proposed: the ‘Codex General 
Standard for Cheese’ is a useful example [7].

Anyway, all proposed classifications tend to be approximately similar by the 
chemical viewpoint: in fact, basic variables for chemical classification appear 
always the amount of moisture (and the consequent quantity of dry matter), the 
content of fat matter on the dry content, the ‘moisture on free fat basis’ (MFFB) 
index, the amount of salt (sodium chloride) on the dry content and pH values. The 
microbial ecology of cheeses and the technological process of production can be 
useful. For example, the following classifications appear mainly correlated to the 
technology of cheeses [8, 9]:

1. With reference to coagulation,

•	 Acid-coagulated cheeses
•	 Cheeses obtained by heat and acid at the same time
•	 Rennet-coagulated cheeses

1.1 The Production of Cheeses …



4 1 The Problem of the Aqueous Absorption …

2. With reference to texture,

•	 Extra-hard products
•	 Hard products
•	 Semi-hard products
•	 Soft cheeses

3. With relation to geographical origin,

•	 Dutch-type cheeses
•	 Swiss-type cheeses

4. With concern to the technology of ripening,

•	 Cheeses ripened ‘in brine’ [10]
•	 Unripened pasta filata products
•	 Mould-ripened cheeses
•	 Blue cheeses
•	 Other ripened cheeses like Tilsit [11]

5. With relation to industrial processes,

•	 Dried, processed products and analogue cheeses.

The last point is interesting because of the numerical growth of different varieties 
with the declared or undeclared intention of imitating other cheeses. For exam-
ple, ‘analogue’ or ‘analog’ cheeses are processed preparations obtained from the 
mixing and melting of different ingredients: rennet casein, butter, vegetable oils, 
water, melting agents, colourants, etc. Most known products of this category seem 
to be [12]:

(a) Low-moisture mozzarella cheeses
(b) Normal and pasteurised processed cheddar
(c) Monterey jack.

Generally, processing techniques are similar to the usual method for obtaining 
pasteurised processed cheeses [13], except for the composition: processed prod-
ucts contain essentially cheeses with a small percentage of optional components 
and the exclusion of vegetable oils. These melted foods can represent a conveni-
ent option for cheesemakers: notable amounts of declassed cheese may be used 
and re-introduced in the so-called ‘market flow’, on condition that the food safety 
remains guaranteed with relation to final foods [14]. In addition, the re-use of 
declassed cheese has to be considered with the viewpoint of ISO 9001:2008-
based quality systems. With reference to the food sector, two useful examples are 
the ISO 22000:2005 norm, the Global Standard for Food Safety (GSFS) and the 
International Featured Standards (IFS) Food. The quality of services and products, 
including ‘ameliorated’ versions, has to be adequately explained to the customer.

On the other side, there are different types of processed cheeses: one of these 
products, the ‘dried’ or ‘powdered’ cheese, is a fine-grained melted food with 
minimum moisture and good ‘fat matter on dry content’ values. Once more, many 
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types of ‘old’ cheese or declassed products can be ‘recycled’ [14] with acceptable 
results from the chemical and microbiological viewpoint.

The aim of this chapter is the possibility of marking some ‘analytical’ line of 
discrimination between historical products and the heterogeneous group of mod-
ern industrial cheese, including ‘cheese-like’ products [12]. This study is impor-
tant because of the economic implications (reduction of exercise expenses, 
increase of gross profits, etc.). On the other side, the production of ‘ameliorated’ 
versions of normal cheese should be considered based on the analytical viewpoint. 
Several hygienists could suppose these products correspond to the ‘worsened’ 
alternative of cheese: one of the possible objections could be the use of polyphos-
phates, according to Alais [1].

1.2  Ameliorated Versions of Artisanal Cheese: Economic 
Reasons and Other Advantages

The first reason for the increasing and diffused availability of cheese-like products 
appears related to the notable deficiency of raw materials in determined geographical 
areas. Moreover, the necessity of lowering exercise costs for the production of food 
preparations should be remembered. However, this approach may seem too simplified.

Many years ago, the exiguity or the complete lack of milk seemed to explain the 
strategy of cheesemakers: the use of imported raw materials for the production of 
cheese-like products. Moreover, the possible ‘recycle’ of hard cheese (swiss-type 
products, cheddar) as raw materials for the production of imitation cheeses seemed 
particularly interesting [1]. The chemical and technological explanation of these 
choices are simple enough: the melting procedure cannot give excellent results 
with high-moisture cheeses. In these products, casein molecules are generally simi-
lar to protein chains in the original milk: in other words, the hydrolytic breakdown 
of caseins into simpler and soluble fragments, proteose-peptones and amino acids 
is limited. As a result, mineral contents of caseins (calcium ions above all) remain 
high. On the one side, the abundance of calcium ions is absolutely needed in modern 
melting technologies if the aim is the increase of production yields [15, 16]. On the 
other side, calcium (Ca2+) can act as chelating agent between different casein chains 
[17]: consequently, high Ca2+ contents may retard or make difficult the mixing of 
different cheeses with dissimilar proteolysis degrees. The presence of rennet casein 
[1, 15] in most formulations does not improve the situation because of the highest 
molecular weight (MW). Rennet casein can be intended as a mixture of different 
casein chains without a small polypeptide fraction [16–18].

As a result, the production of good or excellent processed cheeses would 
require the use of raw materials with several months of shelf life; seasoned 
cheeses (example: hard products) can be good ingredients. In seasoned products, 
casein chains should be short enough (low and very low MW) and the presence 
of Ca2+ ions should be numerically reduced because of the advanced proteolysis. 
The fusion at 100 °C or slightly lower temperatures [13] of similar cheeses with 
the addition of the right quantity of melting agents (polyphosphates, citrates) can 

1.1 The Production of Cheeses …
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be easily carried out. In fact, should Ca2+ ions be in excess, melting agents would 
replace this metal with sodium and the chelating effect of Ca2+ would disappear.

On the other hand, hard cheeses are not able to absorb water molecules like 
other products [19]. In fact, this property appears typical for high MW-casein 
chains with limited or absent proteolysis (examples: cow milk curds, pasta filata 
cheeses). For these reasons, processed cheeses with high shelf-life values should 
be produced with a good percentage of these ‘soft’ products.

Moreover, low or medium moisture cheeses have a common feature: the percent-
age of fat matter on the dry content can often reach 50 % and higher values [20, 21]. 
For this reason, cheese-like products have been progressively used for catering uses 
because of the predominant preference for soft and spicy tasted foods [15, 22]. With 
exclusive concern to sensorial features, the increase in the fat content determines the 
concomitant augment of the spicy or soft taste in cheeses with or without advanced 
fat fermentation by microbial lipases. A peculiar subcategory of cheese-like prod-
ucts comprehend analogue cheeses: the related formulation (water, seasoned and 
soft cheeses, vegetable oils, caseins, starches, colourants, hydrocolloids, preserva-
tives, etc.) implies the same processing technique as melted cheeses [12], but final 
products may be realised with notable moisture contents (45–55 %).

The problem of moisture is directly correlated to the yield. In effect, the final 
amount of x Kg of cheese or cheese-like product may be different from the origi-
nal sum of y Kg of used raw materials, including water. The quantity of absorbed 
water by rennet caseins and degraded cheeses (raw materials) depends on the aver-
age degree of proteolysis [16, 19]. Naturally, the addition of non-proteolysed ren-
net caseins is helpful because of their high absorption [15]. As a result, the higher 
the amount of non-proteolysed caseins, the higher the quantity of absorbed water 
in the melting process. Many components may have a role with reference to 
obtainable yields; several predictive equations might be useful for cheesemakers 
when speaking of normal cheeses and melted products.

Before continuing, it should be remembered that the economic convenience of 
cheese-like products has to be intended in terms of;

•	 Use of declassed cheeses or products with low economic value.
•	 Use of by-products of the milk and dairy industry.
•	 Possible addition of vegetable oils (related prices are normally lower if com-

pared with animal butters).
•	 Possible management of aqueous absorption with consequent increase in yields.

1.3  The Theoretical Yield for Cheesemakers: The 
Fundamental Role of Rennet Caseins and Calcium 
Chloride

The yield depends on various factors: two of these variables are surely the quan-
tity and the chemical composition of milk caseins. Actually, this name implies 
the existence of  at least four different protein chains [1, 23]; these molecules are 
approximately 80 % of the total amount of proteins in cow milk.
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First of all, it can be affirmed that the word ‘casein’ concerns all phosphoryl-
ated proteins with the peculiar property of forming gels when the original milk is 
acidified at pH 4.6 [1]. Casein molecules can be easily separated from remaining 
serum proteins (albumins, globulins). Serum proteins can precipitate only under 
heating with limited applications for cheeses.

With relation to the group of casein molecules, it has to be highlighted that the 
proportion between basic atoms (carbon, hydrogen, oxygen, nitrogen) appears 
extremely constant in all discovered types [1]. The current subdivision concerns [24]:

1. α-casein. This name represents two different αs1 and αs2 types
2. β-casein. This substance and α-casein correspond to 70 % of the total casein 

amount; both proteins are able to form insoluble agglomerations in presence of 
Ca2+ ions

3. γ-casein. Actually, this name concerns three different molecules. Probably, they 
are fragments of β-casein

4. κ-casein. This protein (13 % of the total amount of caseins) is soluble at all 
possible temperatures on condition that Ca2+ ions are present. This compound 
is also responsible for the creation and the stabilisation of micellar suspensions 
in the original milk [23].

The separation between different caseins is not simple; in addition, there are no 
practical interests at present with concern to the production of peculiar casein types. 
As a consequence, the name ‘casein’ is currently used instead of the more correct 
distinction between known nitrogen-based molecules: α, β, γ and κ. This choice can 
be questionable from the analytical viewpoint but it can be used in simulated studies.

Another important feature of caseins is the notable amount of phosphorylated 
groups: their presence is useful because of the above-mentioned chelation effect 
between different protein chains, with the necessary presence of Ca2+ ions. In 
other words, the final yield is strongly dependent on the first step of cheesemak-
ing: the production of the initial curd from the original milk. Chemically, this 
process corresponds to the coagulation and the precipitation of a heterogeneous 
matter from the original milk [1]. The coagulated matter is constituted of:

•	 ‘Casein’ molecules. Actually, the correct name should be ‘paracasein’ or ‘para-
κ-casein’ [15, 24]

•	 Lipids, triglycerides above all. These esters, derived from glycerol and three 
fatty acids, are easily trapped [25] into the caseous agglomeration (insoluble 
and gelificated paracaseins, proteose-peptones, amino acids, etc.)

•	 Mineral salts. The prevailing cation is Ca2+ while phosphate groups are the 
most important fraction of electronegative ions [26]

•	 Water
•	 Carbohydrates (traces).

The coagulation of caseous matters is a three-step process: casein molecules are 
considered able to create stable molecular aggregates of colloidal size, also named 
micellar suspensions, because of the stabilising action of κ-casein.

The first step is the attack of κ-casein by chymosin or other coagulating enzymes. 
Attacked κ-casein is hydrolised with the detachment of a glycomacropeptide fraction 

1.3 The Theoretical Yield for Cheesemakers …
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[4, 27, 28]. This simple reaction determines the collapse of existing micelles in the 
original milk and other casein types become free from chemical bonds and attrac-
tions. Should the presence of Ca2+ ions be abundant, a sort of chaotic agglomeration 
of different caseins would occur.

In detail, different protein chains tend to form a casein agglomeration or 
matrix around a hypothetical centre [29, 30]. The resulting gel network can easily 
avoid the migration of incorporated non-protein molecules: lipids, carbohydrates, 
etc. [26, 31]. Secondly, casein chains are composed of different peptide groups 
with the possibility of attracting water molecules by means of hydrogen bonds. 
Actually, the absorption can be limited [19] depending on the amount and disposi-
tion of triglycerides and partially demolished fat chains into the forming curd [25]. 
Moreover, another important factor has to be discussed.

The problem of the aqueous absorption is the main factor affecting cheesemak-
ing yields [4, 16, 32]. In fact, the initial quantity of water molecules into the casein 
matrix depends on the degree of proteolysis: the higher the amount of fragmented 
casein chains, the lower the absorbed water despite peptide groups being free 
enough to move and search for thermodynamically favoured sterical dispositions 
[18, 19]. In a second step, the absorbed water is partially expelled from the gel 
network (syneresis): the paracasein network rearranges and contracts itself with 
the consequent expulsion of water in excess, serum proteins, nitrogen-based frac-
tions and other little compounds [33, 34].

Finally, the remaining amount of absorbed water may be expelled in the final 
ripening step (actually, several cheeses do not need to be ripened). Moreover, an 
additional quantity of water is continually generated by hydrolysis because of the 
constant microbiological activity and other chemical reactions on proteins, lipids 
and remaining carbohydrates. On the other hand, unripened cheeses and pack-
aged products without possibility of aqueous expulsion tend to show the appar-
ent increase of the aqueous amount [18, 20]. Actually, the analytical increase is 
referred to moisture: this parameter is not coincident with the aqueous content. In 
addition, pH values and redox potentials tend to increase at the same time. Once 
more, main reasons are the constant microbiological activity and other chemical 
reactions on proteins, lipids and remaining carbohydrates.

With reference to cheesemaking yields, the result is influenced by the content 
and the chemical composition (MW, length of chains, number of peptide groups) 
of caseins. Moreover, the addition of calcium chloride (CaCl2) in the process is 
important because of the increase in the coagulation speed until a certain level 
CaCl2 is normally added with coagulating enzymes and its role can be explained in 
the following way [1, 34]:

(a) pH values are normally lowered in cow milk if amino acids and phosphate 
groups into caseins lose progressively their protons with the subsequent sub-
stitution by Ca2+ ions. As a result, measurable reductions in rennet gela-
tion times (RGT) have been observed with the concomitant increase of curd 
firming rate and firmness. However, RGT seem to decrease if the addition of 
CaCl2 remains between 2 and 9 mMol because Ca2+ in excess tend to react 
with negatively charged carboxyl groups on caseins
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(b) The average dimension of micellar suspensions appears to increase with the 
addition of CaCl2, while caseins seems to prefer the micellar disposition 
instead of the soluble form.

As a consequence, added CaCl2 may increase cheesemaking yields: in fact, differ-
ent para-κ-casein chains tend to form stable ionic bonds by means of the presence 
of Ca2+ ions between peptide groups in the enolic disposition [1]. For this reason, 
analytical reports for different cheeses may show higher Ca2+ values compared 
with the scientific literature [15, 35]. On the other hand, CaCl2 is widely used for 
the production of various dairy products: for example, rennet caseins for food 
grade applications can be cited.

However, the natural detection of Ca2+ in normal milks may give a peculiar dif-
ficulty with concern to the production of cheese-like products: the necessary reduc-
tion of this element in excess with sequestrating agents (polyphosphates, citrates 
and other additives). The result should be the substitution of Ca2+ with sodium and 
the consequent reduction of calcium phosphate crosslinks between para-κ-casein 
molecules [13]; in addition, the aqueous absorption should be easier.

Substantially, the addition of CaCl2 is important because of the increase in the 
amount of coagulated caseins and lipids (these chains are entrapped into the gel 
network). However, the aqueous absorption is not directly influenced by the pres-
ence of Ca2+ ions. In effect, the cheesemaking yield can be intended in two differ-
ent ways:

1. The production of a specified amount of curd from the original milk.
2. The production of cheeses and cheese-like products by complex formulations; 

for example, ‘low moisture’ mozzarella cheeses [36].

With reference to the normal concept of cheesemaking yield, this quantity can be 
defined as the amount of produced cheese in kg from 100 kg of milk [36]. Other 
authors prefer to describe yields as the number of kilograms of produced cheese 
from 100 l of milk [16]. It has to be noted that other formulations can be proposed: 
the ‘moisture-adjusted cheese’ yield or the percentage of fat recovered in cheese 
[31]. The real hope of cheesemakers is the possibility of predicting one of these 
yields on the basis of a few parameters, in spite of the variability of original milks 
[16]. Normally, most known and used predictive equations consider the influence 
of fat and casein amounts of the original milk [4]. The general equation is:

where a and b are dependent on the influence of fat and casein contents on the 
cheesemaking yield (CY). In addition, e is a constant, dependent on the loss of 
casein and the amount of non-fat and non-casein solid matters in the final cheese. 
Actually, e may be 0 [4].

 Van Slyke’s equation and related modifications for cheddar cheeses can also be 
mentioned: the interested reader is invited to read other literature works. However, 
obtainable results should be validated for every cheese type and production [4].

Another recent study has been published [16, 22, 37] with reference to the cal-
culation of cheesemaking yields. This approach—the ‘Cheesemaking Yield and 

(1.1)CY = aF + bC + e

1.3 The Theoretical Yield for Cheesemakers …
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Proteins Estimation according to Parisi:2006’ (CYPEP:2006) indirect method—can 
be used for the determination of yields and the most reliable amount of proteins in 
cheeses. Two similar free software, the Compact Cheese Spreadsheets (CCS), ver-
sions 1.0 and 1.1 [37] and the SynCheese Suite 2009 [38], have been realised on 
the basis of CYPEP:2006.

The CYPEP:2006 approach can be helpful for the determination of different 
cheesemaking yields from the original milk, but other applications may be interesting 
with reference to cheese-like products. Section 1.4 shows several of these applications.

1.4  A Predictive Equation for the Calculation of the 
Theoretical Yield: Analogue Cheeses

Generally, cheesemaking yields can be predicted on the basis of main chemical 
data of the original milk [1]. This approach is justified when speaking of ‘pure’ 
cheeses from milk, salt and rennet only, but modern cheesemakers would need 
to obtain reliable data and predictions for the production of industrial imitation 
cheeses. This necessity is particularly important if the final production of pro-
cessed cheeses is very far from the geographical location of the milk collection 
and the intermediate storage [21].

In addition, the yield of normal cheeses from ‘ready-to-use’ curds should be 
predicted depending on features of the designed product. In other words, the use 
of ready curds from different locations can give several problems because this type 
of raw material may be unable to absorb more water in subsequent steps. As a con-
sequence, reliable cheesemaking yields could be better calculated when following 
cheese parameters are known before the production:

•	 Moisture content (MC) or dry matter (DM), and
•	 Fat content on dry matter (FDM).

These data are well known in the cheesemaking industry and easily calculable.
The above-mentioned CYPEP:2006 method is based on these two data [16]. It 

has to be noted this procedure is available in two different versions: in fact, the 
‘rigorous and corrected’ (R&C) method may sometimes give incorrect or incom-
patible results because of peculiar preconditions [37]. For this reason, a second 
and ‘rapid’ approach is available: this version can furnish slightly different results 
if compared with the R&C approach, but related differences are acceptable. In 
addition, the rapid approach can also be used for calculating related errors.

The basic aim of the CYPEP:2006 method is the reliable prediction of the theo-
retical CY (Kg/10 l of milk). At the same time, the most probable amount of pro-
teins in the final cheese may be calculated: however, this content is the quantity of 
nitrogen in grams multiplied 6.38 (milk and milk-based products) instead of the 
currently accepted conversion factor for proteins in foods (6.25). The basic equa-
tion (R&C approach) is [16, 18]:
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This equation is mainly based on the quantity ‘MC/MFFB’: the minimum CY 
should be 6.98 kg/100 l of milk if MC (and the resulting MC/MFFB ratio) = 0.
On the basis of the prediction of CY, other data can be obtained by means of 
CYPEP:2006 in both rigorous and rapid procedures [16]:

•	 Presumptive ‘high-adsorption’ casein (CASHA). This quantity corresponds 
to the undemolished ‘casein’ with high water absorption (estimated MW: 
22,296 Da). CASHA is a simulated casein molecule with an average MW 
between different casein types. It can be obtained by means of the following 
equation:

•	

•	 Presumptive ‘high-absorption’ pre-casein (p-CASHA). This quantity is the unde-
molished ‘casein’ with low water absorption (estimated MW > 22,296 Da). It 
can be found in curds with limited protein degradation and highest Ca2+ con-
tent. p-CASHA corresponds to a simulated casein molecule with low hydric 
absorption compared with CASHA. Chemically, p-CASHA is different from 
CASHA for the presence of the original glycomacropeptide. This fraction is 
removed after the primary hydrolytic reaction by means of the chymosin action

•	 The ‘most reliable amount’ (MRA) of proteins in cheeses (TPMRA). According 
to the rapid version of CYPEP:2006, TPMRA = MFFB × 0.84

•	 Apparent hydric absorption (A%). By the mathematical viewpoint, A% is equal 
to (CASHA/TPMRA) × 100. Two different situations can occur:

– A% represents the hydric adsorption of caseins when the cheese structure 
corresponds to one solid and diphasic system: ‘water, caseins and other dis-
solved substances’ (aqueous phase) and ‘fat matter’ (organic phase). In this 
situation, A% may reach 100 %

– A% may also mean the hydric adsorption of caseins when the cheese struc-
ture is done by the coexistence of:

1. One solid and diphasic system: ‘water, caseins and other dissolved sub-
stances’ (aqueous phase) and ‘fat matter’ (organic phase), and

2. A second liquid phase (water) that can be considered ‘totally free’ and 
continually relocated inside the solid diphasic matrix. In this situation, 
A% exceeds 100 %

All above-mentioned definitions may be helpful with relation to the chemistry and 
technology of cheeses [25]: the nature of analogue cheeses may be studied with 
this simulative approach.

(1.2)CY =
MC

MFFB
× 2.47 + 6.98

(1.3)CASHA = CY ×
21.6

12.5

1.4 A Predictive Equation for the Calculation of the Theoretical Yield …
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1.5  Peculiar Properties of Analogue Cheeses and Related 
Explanation by Means of the CYPEP:2006 Method

A simulative study of the composition and properties of analogue cheeses is 
shown here. In detail, this example concerns the composition of a peculiar product 
obtained with the following list of ingredients: water, rennet casein, vegetable oils, 
butter, cheeses, citric acid (acidity corrector) and sodium citrate (melting agent). 
Similar processed foods have been studied in recent years [15, 20, 21].

The following data are known for the above-mentioned analogue cheese, 
 version 1:

•	 MC = 52.2 %
•	 FC = 20.5 %.

On these bases, other data can be calculated by means of CYPEP:2006 or the 
CCS:

•	 The MFFB index. This number (65.7 %) can be correlated to firmness and rip-
ening features of cheeses [3]

•	 The theoretical yield (naturally, this number is without real meaning here 
because processed cheeses are not directly obtained from milk). With reference 
to our situation, CY = 11.7 kg per 100 l

•	 The apparent hydric absorption (A%). For this cheese, A% = 88.2 %.

On the basis of these results, it can be inferred that:

1. The designed product should be soft enough: MFFB value for soft cheeses is nor-
mally higher than 67 % according to the CODEX STAN 283-1978 document [7]

2. CY may be useful to our situation in spite of the nature of analogue cheeses. 
Should the above calculated data be referred to a ‘true’ cheese (obtained by 
milk, salt and rennet only), it would be affirmed that the related cheesemaking 
yield has been ‘high’ [1]. In other words, obtained cheeses should give good 
prices from the economic viewpoint. On the other hand, it could be affirmed 
that the analogue cheese-like product is economically interesting in comparison 
to other similar processed products because of high CY values.

Finally, A% = 88.2 % means that 88.2 % of the MRA quantity of proteins can 
absorb the maximum water content because of the status of non-proteolysed 
caseins. In other words, the molecular profile of these proteins should show a 
peculiar abundance of high-MW-casein chains. This molecular profile can be 
shown by means of CCS: this free software can display a diagram of different MW 
(Fig. 1.1) and the non-proteolysed fraction is on the right of the diagram.

In contrast, most proteolysed caseins, proteose-peptones, other protein traces 
and simple amino acids (low MW) are progressively displayed from the left to 
the centre (MW = 11,148 Da) of the diagram. These molecules remain constantly 
under A% = 5 %, while a notable fraction between the centre and the right of the 
diagram shows A% ≥ 5 %.
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This simulation may help cheese technologists with possible amelioration of 
the product in the design step. For example, the analogue cheese may be realised 
with more firmness: mathematically, this would mean that MFFB has to be low-
ered. As a consequence, the resulting product should give lower prices compared 
with the first version because of CY and A% values. A possible solution may be 
the design of another ‘version 2’ with the same MC content and FC = 15.0 %.

Consequently, CYPEP:2006 and CCS would calculate the following new 
values:

•	 MFFB = 61.4 % (it was 65.7 % for version 1)
•	 CY = 10.9 kg per 100 l (it was 11.7 for version 1)
•	 A% = 68.4 % (it was 88.2 % for version 1).

Yield values for versions 1 and 2 are similar, but the difference between A% num-
bers is notable (19.8 %). In addition, the diagram of the most probable protein pro-
file can be shown for the second version (Fig. 1.2).

Figure 1.2 shows that the highest peak on the right side- CASHA—does 
not reach 25 % (it was 35 % in Fig. 1.1), while the extreme left peak is nota-
bly increased. From the chemical viewpoint, the following interpretation can be 
expressed: version 2 contains more proteolysed proteins from ‘old’ cheeses (raw 
materials) compared with the amount of added rennet caseins, and A% has been 
naturally lowered. At the same time, the final product can be firmer than the initial 
version; this implies also the augment of chewiness. On the other side, the increase 
in CY is moderate (+6.8 % in comparison with the original value).

Finally, cheese technologists could desire to create softer products than the 
original version 1. Should this be the main goal, the FC value would necessarily 
be increased. For example, the new analogue cheese (version 3) may be realised 
with the same MC content and FC = 26.0 %. Consequently, CYPEP:2006 and 
CCS would calculate the following values:
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Fig. 1.1  The most probable profile of proteins for the first version of an analogue cheese accord-
ing to CCS, version 1.1. This diagram shows the non-proteolysed fraction of caseins on the right 
(high MW) with the highest value of A%, and another area with low A% between MW = 18,952 
and 20,066 Da. Degraded casein chains (proteolysed caseins, proteose-peptones, other protein 
traces and simple amino acids) are progressively displayed from the left of the diagram (low 
MW, low A%) to the centre (MW = 11,148 Da; A% < 5 %)

1.5 Peculiar Properties of Analogue Cheeses …
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•	 MFFB = 70.5 % (it was 65.7 % for version 1)
•	 CY = 12.9 kg per 100 l (it was 11.7 for version 1)
•	 A% = 121.7 % (it was 88.2 % for version 1).

The new analogue cheese is certainly softer than the original product; in addition, 
yields and the capability of absorbing water by caseins seem to be enhanced. On 
the other hand, the economic value of these products may be low. This commercial 
and technological concept seems in contrast with the above shown conclusions.

In effect, the opinion of technologist is referred to (a) the mathematical result 
of cheese processing and (b) the production of good products with relation to the 
acceptability of shelf life and technological properties (chewiness, firmness, melt-
ing,…), including quality parameters.

According to CYPEP:2006, CY and A% increased values demonstrate that the 
original version may be modified with the desired augment of the final quantity of 
cheese. This approach also means that the final cheese-like product contains too 
much water with reference to the amount of high-absorption caseins: A% > 100 %.

From the chemical viewpoint, the exceeding water can be imagined as a liquid-
like fraction in contact with the solid and diphasic cheese [19]: water molecules 
are weakly linked with casein peptide groups by means of hydrogen bonds, but 
there are two additional aqueous layers between proteins and the liquid-like phase. 
In other words, every peptide group can establish up to four different hydrogen 
bonds with water, but the upper aqueous layer can create hydrogen bonds with 
other molecules. This structure corresponds to a double-layered network of water 
around proteins: the first layer, strongly connected to caseins, might be roughly 
identified with the ‘linked water’, while the second layer is a notable part or the 
totality of ‘free water’. Finally, there is the possibility of connecting the second 
aqueous layer with other water, if available: the resulting third layer is continually 
connected and relocated on the surface of the second layer because of the intrinsic 
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Fig. 1.2  The most probable profile of proteins for the second version of an analogue cheese 
according to CCS, version 1.1. This diagram shows the non-proteolysed fraction of caseins on 
the right (high MW) with the highest value of A%, and another important area with low A% 
between MW = 14,492 and 15,607 Da. Degraded casein chains (proteolysed caseins, proteose-
peptones, other protein traces and simple amino acids) are progressively displayed from the left 
of the diagram (low MW, A% > 10 %) to the centre (MW = 11,148 Da; A% < 5 %)
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weakness of hydrogen bonds between water molecules. The exceeding water can 
also temporarily enter the casein network.

As a result, the designed cheese would show peculiar features: ‘mozzarella 
cheese in water’ is surely one of cheeses with this behaviour. This product is well 
known for the property of releasing drops of absorbed water: this water corre-
sponds to the above-mentioned third layer. From the mathematical viewpoint, the 
apparent hydric absorption is higher than 100.

Figure 1.3 shows the most probable protein profile for version 3: the extreme 
right peak- CASHA—has increased the related abundance, while the extreme left 
peak does not reach A% = 5 %. In other words, most part of the proteins (18.3 %, 
according to CYPEP:2006) correspond to CASHA (more rennet caseins, reduced 
quantity of ‘old’ cheeses in the formula) and the related absorption is really 
enhanced.

At the same time, the final product is surely softer than version 1 and there is 
the possibility of seeing aqueous drops emerging from the cheese surface at room 
temperature. This expulsive phenomenon is caused by the temporary absorption 
of water in excess. These molecules are not directly linked to proteins because of 
their localisation in the third layer; their distance from peptide groups is notable 
[19].

Consequently, cheese technologists have to make their choice: on the one side, 
the increase in CY and the concomitant reduction of costs; on the other hand, the 
production of long shelf-life products with reduced moisture, enhanced firmness 
and ameliorated technological features (chewiness, slicing, etc.).

Similar examples may help readers to learn several aspects of the produc-
tion and correlated strategies in the market of analogue cheeses and cheese-like 
products.
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Fig. 1.3  The most probable profile of proteins for the third version of an analogue cheese 
according to CCS, version 1.1. This diagram shows the non-proteolysed fraction of caseins on 
the right (high MW) with A% > 45 %. This time, the most part of caseins appears substantially 
circumscribed between MW = 18,952 and 22,296 Da; A% is ≥5 %. On the other side, most 
degraded casein chains (MW ≤ 11,148 Da) are not abundant. This fraction remains constantly 
under A% < 5 %

1.5 Peculiar Properties of Analogue Cheeses…
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Abstract The determination of shelf life of food products is one of the most 
important problems in the modern industry. With reference to this argument, the 
list of scientific papers is long enough. It should be considered that the food pro-
duction is subdivided into a number of different fields and subsectors, depending 
on the typology of raw materials, intermediates, finished products and by-prod-
ucts. In addition, every class of food product can be easily expanded in com-
parison with the classification of the Codex Alimentarius Commission due to the 
presence of industrial imitations. Several of these industrial products may be per-
ceived as ‘ameliorated’ versions of the original prototype. The prediction of food 
durability is certainly influenced by several parameters: the typology of process, 
the packaging system, the choice of the correct storage condition and other factors. 
Moreover, the function of food additives should be discussed. The food producer 
is always responsible for the correctness of nutritional data and other informa-
tion related to the food product, including the durability. The aim of this paper 
is to review previous theories and related calculations for the preventive determi-
nation of shelf life values in cheeses, especially soft products. These calculations 
are based on the approximate chemical formulation of the final product. Authors 
have also discussed the possible modification of predictive equations for a peculiar 
pasta filata product, the so-called ‘mozzarella cheese in water’.

Keywords Casein · Hydrolysis · Moisture · Mozzarella cheese · Shelf life · Yeasts  
and moulds

2.1  The Food Durability: An Overview

The determination of shelf life (SL) of food products is one of the most important 
problems in the modern industry. With reference to this argument, the list of scien-
tific papers is long enough [1, 2].

It should be considered that the food production is subdivided in a number 
of different fields and subsectors, depending on the typology of raw materials, 
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intermediates, finished products and by-products. In addition, every class of food 
product can be easily expanded in comparison with the classification of the Codex 
Alimentarius Commission [3] because of the presence of industrial imitations. 
Moreover, several of these industrial products may be often perceived as ‘amelio-
rated’ versions of the original prototype by consumers [4–7].

The prediction of food durability is influenced by several parameters: the typol-
ogy of process [8], the packaging material and related packing systems [9], the 
choice of the correct storage condition [8] and other factors. In addition, the func-
tion of food additives should be considered [10]. The food producer is always 
responsible for the correctness of nutritional data and other information related to 
the food product, including the durability.

The aim of this paper is to review several theories and related calculations for 
the preventive determination of SL values in cheeses, especially soft products. 
These calculations are based on the approximate chemical formulation of the final 
product. Moreover, the possible modification of predictive equations has been dis-
cussed for a peculiar type of pasta filata product, ‘mozzarella cheese in water’.

From a general viewpoint, it can be affirmed that the SL of foods and beverages 
is strictly related to the typology of food product; on these bases, food durabil-
ity may be considered as a sort of ‘fingerprint’ for the peculiar food and might be 
used for identification and classification purposes. Two or more similar products 
may have the same SL; consequently, the concept of ‘fingerprint’ may be ques-
tionable [8]. On the other hand, the SL may be considered as a performance indi-
cator for foods and beverages. In effect, the simple colorimetric modification of 
certain products may signal that the related food is or appears expired [9, 11]. As 
a result, the exact determination of the temporal period between the production of 
foods and the ‘unacceptable’ modification of sensorial features may be expressed 
as a simple number: in other words, every food may be classified by means of this 
‘performance value’ [9, 12]. According to the ‘principle of food degradation’ [8], 
all edible products are exposed to the continuous and unstoppable transformation 
of chemical, physical, microbiological and technological features during time, in 
all possible storage conditions.

Moreover, the estimation of food durability values needs solid mathematical 
bases because the ‘true’ SL has to be centred into a numerical range with maximum 
and minimum limits [13]. However, this requirement—the existence of mathemati-
cal restrictions—might be the cause of problems when related equations have to be 
solved and obtained results have to be verified in the real world. One of the most 
interesting approaches may be the predictive estimation of a minimum SL with 
accessory ‘positive’ errors [1]. On these bases, the minimum SL would be always 
reliable while the mathematical error should influence only the maximum value.

The following list contains main factors affecting SL values:

(a) Food or beverage type (category). Examples: meat and meat-based products; 
fruits and vegetables; milk and milk products; seafood; industrial preparations

(b) Food or beverage sub-class. A useful reference is the ‘Codex General 
Standard for Food Additives’, Annex B, Parts I and II [3]
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(c) Processing technology, from raw materials to finished products
(d) Packaging procedures, including the preliminary evaluation of packaging 

materials
(e) Storage conditions with peculiar reference to temperatures and logistics
(f) Every parameter (microbiological counts, chemical contents, etc.) with influ-

ence on sensory features of food products.

From a general viewpoint, the problem of the correct and reliable determination of 
SL values may be difficult and ‘thorny’; related responsibilities are ascribed to the 
food producer [13].

In detail, the determination of food durability values can be complex because 
of a number of different factors; the subdivision of foods and beverages in peculiar 
categories is helpful. A typical example is related to the production of cheeses: 
with concern to these products, SL depends basically on the following points [14]:

•	 Cleaning methods and sanitisation procedures for pipelines and milk collection 
equipment.

•	 The chemical and microbiological condition of used raw milks.
•	 Storage conditions, with peculiar reference to thermal values.

The ‘Hazard Analysis and Critical Control Points’ (HACCP) approach implies that 
the production of hygienically sure and compliant foods cannot be demonstrated 
when the above-mentioned basic information and other data are not considered by 
cheesemakers [15].

Other important points are:

•	 The influence of food packaging materials (FPM) on the SL of the packaged 
cheese [16, 17]

•	 The use of food additives, antimicrobial agents and other chemicals for production 
of ‘ameliorated’ and ‘imitation’ cheeses. For example several additives—nisin, 
sodium propionate, potassium sorbate—may be used because of their notable 
action against moulds in analogue products [7].

However, the category of cheeses may appear extremely variegated and the deter-
mination of food durability values cannot be discussed from a general viewpoint. 
As a result, authors have decided to mention the peculiar class of ‘pasta filata’ 
products and the related sub-category of mozzarella cheeses (MZR) with the aim 
of giving useful demonstrations and examples. In addition, abundant scientific lit-
erature is available about mozzarella cheeses.

2.2  Cheeses and Food Durability

The category of pasta filata cheeses is included in the general macrogroup of 
rennet-coagulated cheeses [5]: this list concerns 10 different cheese subclasses at 
least. One of the  main features of pasta filata cheeses is substantially related to 

2.1 The Food Durability: An Overview
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the distribution of the amorphous ‘paracasein’: this name means a small group of 
milk proteins. Paracaseins are generally rearranged and aligned into roughly paral-
lel fibres [18] by means of a peculiar technique of cheese production. In detail, 
the original raw milk (different types are used, but most known applications are 
related to cow’s and buffalo’s milks) is coagulated with the use of animal, veg-
etable or microbial enzymes to obtain the so-called ‘curd’. This intermediate 
material is subsequently ‘cooked and stretched’ in hot water. The final result is a 
peculiar protein matrix containing also fat globules (variable dimensions). As a 
consequence, the heterogeneous quasi-laminar structure of caseins determines 
peculiar features of pasta filata cheeses. For example the exceptional stretchability 
is dependent on the behaviour of proteins. Caseins may be considered as organic 
textile fibres: consequently, should the curd be drawn in a single direction with the 
addition of hot water, these protein chains would easily dispose themselves in par-
allel and roughly ordered lines.

Naturally, good products need adequate raw materials and correct conditions: 
the right acidity of raw milks and the resulting curd, the correct quantity of cal-
cium, the high water temperature and the speed of mixer screws [18].

The main and most known pasta filata product in the world is probably moz-
zarella cheese. A number of different versions and ‘ameliorated’ foods with this 
name are available at present. The low-moisture mozzarella cheese (LMMC) is a 
good example [18].

From the technical viewpoint, MZR are not ripened products [19]: these foods 
can be heated or used without other processes a few hours after the production. 
However, ripening modifications can occur in MZR during their SL period: in fact, 
it may be affirmed that pasta filata cheeses tend to change their original compo-
sition and the microbial population into the packaging container. This situation 
corresponds to a series of different reactions and microbial fermentations: nor-
mally, ‘fresh’ cheeses may show these anomalies when the related food durability 
exceeds 15 days.

For this and other reasons, microbiological limits for this type of cheese 
appear very rigorous: legally, the European Regulation (EC) No 2073/2005 and 
subsequent amendments has defined strict requirements. Another example can be 
shown: the french Fédération des Entreprises du Commerce et de la Distribution 
(FCD, French Retail and Wholesale Federation) has forced cheese producers to 
consider additional parameters with reference to unripened cheeses from pas-
teurised milk [20]. With reference to yeasts and moulds, the following rules are 
mandatory:

•	 100 colony-forming units (CFU) per gram at the arrival near mass retailers.
•	 100 CFU per gram at the end of SL periods (expiration or ‘best before end’ 

date).

These requirements, valuable for French mass retailers only, are not absolute: 
yeasts and moulds can reach 5,000 CFU/g at the reception near mass retailers for 
mozzarella and similar traditional cheeses, while 50,000 CFU/g can be tolerated at 
the end of SL [20].
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This simple example shows how the management of pasta filata cheeses may 
be difficult from the microbiological viewpoint. Basically, the FCD recognises that 
the limit of yeasts and moulds may notably increase. As an implicit result, SL val-
ues can be dependent on the variable behaviour of these life forms into cheeses.

Moreover, the peculiar subclass of MZR is composed of various versions: there 
is no real possibility of defining one SL value only for all existing products with 
this name. For example, the same mozzarella cheese can be packed into plastic con-
tainers of different types with or without water: the first group concerns products 
with notable weights (400- 1,000–2,000 g, etc.), while the second category is nor-
mally produced as little spheres (‘cherries’) with reduced weight: 5, 6, 8, 10, 100 
or 250 g. It has to be highlighted that these two classes of mozzarella cheese show 
dissimilar behaviours during their SL. Naturally, the microbial spreading should 
be easily predicted and notably accelerated when cheeses are immersed in water, 
and the possible modification of sensorial features is further increased because of 
the small dimension of products (lower weights = higher contact surface between 
cheeses and water). Additionally, yeasts and moulds are non-pathogenic agents but 
cheeses can be excellent ‘culture media’ for different degrading life forms [1]: this 
risk has to be carefully taken into account when speaking of cheeses in water.

2.3  Soft Cheeses and Cherries in Water: Predictable 
Differences

As above mentioned, the group of pasta filata cheeses comprehends different 
products: most known cheeses are mozzarella, provolone, kashkaval [4, 21] and 
halloumi [22]. MZR are particularly studied because of the absence of ripen-
ing periods. However, several modifications—hydrolysis, expulsion of proteo-
lysed substances and fatty molecules dissolved in water, enhanced fermentation 
by Lactobacillaceae and Streptococcae, microbial spreading—may occur within 
15 days after the initial production into the final packaging [23].

When MZR are packed without water, the sum of the above-mentioned trans-
formations can be easily identified with a sort of undesired ‘maturation’ of the 
initial cheese into the container. The casein matrix tends to remove the exceed-
ing water (the original aqueous content and the result of the additional hydrolysis) 
and different dissolved molecules: calcium and sodium salts, proteose-pep-
tones, organic acids (by microbial fermentation), etc. It has to be noted that this 
exceeding water is not allowed to drain unless perforated packages are used. 
Consequently, packaged MZR are essentially metastable products because of the 
presence of contaminated and exceeding hydrolysis water at the food/packaging 
interface. Generally, MZR tend to show excessive softness [24] with reference to 
external layers of the product (surfaces are clearly the softest section). In addi-
tion, pH values tend to increase and oxidation-reduction (redox) potentials may 
turn to negative values [25]. The same phenomenon has been observed in different 
cheeses produced from sheep milk [26, 27].

2.2 Cheeses and Food Durability
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As a consequence, the microbial spreading by yeasts and other degrading life 
forms can become important because of one or more of the following conditions:

•	 Negative values of redox potentials.
•	 Increase of water and degraded substances.

Should this situation be observed, the packaged mozzarella cheese would become 
superficially degraded and non-edible: in other words, an unpredictable reduction 
of the declared SL would be noted [1].

Apparently, the above described phenomenon might appear ‘silent’ when 
speaking of MZR in water. For example, mozzarella cherries in water show a 
peculiar behaviour. In detail, this product is initially able to absorb a certain 
amount of ‘external’ water into the packaging material [28] depending on:

•	 The degree of proteolysis of para-κ-caseins (Sect. 1.3), and
•	 The fat content on dry matter (FDM) amount [29].

As a clear and macroscopic consequence, MZR tends to increase their weight 
compared with the initial value. Modest dimensions of cheese spheres (cherries) 
are also a distinctive advantage: the higher the global surface (cheeses are subdi-
vided in small pieces), the higher the observable absorption.

This important step should occur on the first day after the initial production. 
However, high FDM values or advanced proteolysis can diminish the predictable 
absorption of water. Subsequently, mozzarella cherries tend to release progres-
sively water. As above mentioned, this water is composed of two fractions:

1. The initial absorbed water on the first day after the final packaging (variable 
amount) and the original aqueous amount of cheeses.

2. The total quantity of exceeding water (cause: partially degraded caseins 
become more and more unable to absorb water depending on the degree of pro-
teolysis and the reduction of molecular weights).

Additionally, the microbial spreading is really enhanced in the external and con-
stantly wetted layers of mozzarella cherries. The visual detection of spoiled MZR 
may be difficult because of non-transparent packages and the suspension in water. 
On the other hand, the odour of contaminated waters can be important because 
of the probable emission of ‘rotten eggs’ smells [30]; this defect is caused by the 
abundant presence of free sulphur amino acids.

Substantially, cheeses in water tend to spoil with increased speed compared 
with normal mozzarella cheeses. The following sensorial features should be atten-
tively considered because of their strong connection with the real acceptability 
(from the viewpoint of food safety):

•	 Softness, gumminess, stickness
•	 Colourimetric modifications: from white to yellow or brown colours [30]
•	 Superficial defects (microblisters) by yeast fermentation
•	 Textural modifications
•	 Red pinpoint colonies on cheese surfaces by pigment producers such as Serratia 

marcescens [1]

http://dx.doi.org/10.1007/978-3-319-11358-6_1


25

•	 Excessive pH variations
•	 Excessive moisture values (drained cheeses)
•	 Unacceptable increase of the microbial spreading
•	 Detection of pathogen agents
•	 Detection of microbial toxins
•	 Packaging failures.

2.4  Predictive Models for Shelf Life of Cheeses

Basically, the preventive estimation of durability is mandatory from the legal 
viewpoint [8, 13], and the food producer or packer is entirely responsible for the 
correct determination of this important value. However, the evaluation of food 
durability values depends on various factors, including packaging materials; con-
sequently, the HACCP approach is surely needed.

From a general viewpoint, the preventive estimation of remaining shelf life (RSL) 
for food and beverage products was initially carried out with the predictive microbi-
ology. However, this peculiar approach tends to examine systematically the probable 
behaviour of specific spoilage life forms and the temporal advance of related processes 
in edible products [31]. On the other hand, the prediction of RSL should include the 
problem of the microbial ecology in food systems and the evaluation of peculiar chem-
ical and physical indicators [32]. Consequently, many techniques can be used includ-
ing electronic temperature integrators, data loggers and dedicated databases.

The weight of the predictive microbiology on the prediction of RSL has been 
predominant [31]: different mathematical models have been created and devel-
oped with the aim of describing and predicting microbial growth curves [33]. On 
these bases, different software products have been also created for predicting the 
durability of peculiar foods. Several of these programs use microbial models and 
chemical information at the same time.

Two examples are the Seafood Spoilage and Safety Predictor (SSSP) with 
reference to seafood products [34, 35] and the more general Pathogen Modeling 
Program (PMP). Actually, the validation of obtained predictions in ‘true’ condi-
tions should be always recommended because mathematical elaborations may be 
related to in vitro experiments.

On the other side, RSL may be estimated by means of mathematical equations 
with ‘chemical’ inspiration like the Arrhenius law [13, 36].

In the specific cheese sector, many applications have been published. Several of 
these approaches are based on empiric equations: these expressions may calculate 
SL values of whole or portioned cheeses (different packaging materials) on the 
basis of chemical, physical and microbiological data [1, 2, 37].

The creation of artificial neural networks (ANN) has made possible the creation 
of peculiar algorithms for the prediction of SL values of processed cheeses [38]. 
Once more, different inputs have to be processed: yeast and mould (YM) count, 
pH, total viable count, soluble nitrogen content, sensory evaluations…

2.3 Soft Cheeses and Cherries in Water: Predictable Differences
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The prediction of SL appears correlated to many factors. This reflection may 
highlight the role of sensorial evaluations: the correlation between organoleptic 
data and the initial amount or several chemical (or microbiological) variables may 
be useful. In other words, the aim should be the possible creation [8] of a coherent 
and reliable system for the estimation of RSL on the basis of a collection of appar-
ently disconnected variables (microbial counts, chemical compounds, sensorial 
scores, etc.). This approach has to discriminate received inputs: probably, much 
of the available information may be irrelevant, misleading or simply redundant 
[1]. Moreover, processing and storage conditions have to be examined: the simple 
record of storage temperatures can determine the validity of analytical results in 
terms of food hygiene [39].

Section 2.5 is dedicated to the practical application of a peculiar predictive 
approach. This empiric method may ‘design’ the SL of pasta filata cheeses on the 
basis of a few parameters: raw materials, environmental hygiene, etc. This pro-
cedure was created for pasta filata products in normal conditions with the exclu-
sion of MZR in water. However, similar methods may be corrected when different 
products, processing and/or storage conditions are applied. Should this possibility 
be verified, the original approach could furnish reliable results even with relation 
to highly perishable cheeses.

2.5  A Peculiar Approach: Cheeses in Water

With reference to cheeses, the empiric approach to the prediction of RSL can also 
be used for different goals. Generally, food technologists would be able to modify 
cheese performances—including RSL—on the basis of the original formulation. 
However, several cheesemakers prefer to modify a small number of ‘main’ param-
eters (curd, salt, rennet) without the addition or subtraction of ‘secondary’ addi-
tives (lactic acid, etc.).

This section is dedicated to the prediction of RSL for MZR in water by means 
of a predictive formula for packaged pasta filata cheeses [1]. The related approach 
has been included in a free software: the ‘Deductive Evaluation of Shelf-Life: 
Cheeses’ 1.0 (DESC 1.0). Obtained results are reliable on condition that following 
conditions are verified [9]:

•	 The ‘moisture on free fat basis’ (MFFB) index of packed soft cheeses is >70 %.
•	 Packed semi-hard cheeses have MFFB ≥63 %.
•	 Anyway, cheeses are stored at 2 ± 2 °C (a second version of the method allows 

10 ± 2 °C).

Otherwise, obtained results have to be validated [1, 2]. Moreover, following prod-
ucts should not be considered [9]:

•	 Cheeses in water
•	 Other cheeses under peculiar conditions: sliced cheeses, products packaged 

under modified atmosphere, smoked cheeses, etc.
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With reference to DESC 1.0, the predictive equation is [1]:

where [SL]2°C = shelf life at 2 ± 2 °C and Log10YM = decimal logarithm of YM 
count. Actually, DESC 1.0 may use other similar equations:

where [SL]10°C = shelf life at 10 ± 2 °C and [SL]FR means the value of RSL 
according to the french AFNOR V01-003 norm. The aim of this study is to calcu-
late the food durability at 2 ± 2 °C by means of the Eq. 2.1.

As above declared, the predictive approach has been specifically elaborated 
for pasta filata cheeses but mozzarella cherries in water are not considered [1]. 
However, the chemical composition and the technology of these products are 
substantially identical. As a consequence, authors have decided to test the perfor-
mance of the Eq. 2.1 for mozzarella cherries in water.

The study has been carried out near a cheesemaking industry: different produc-
tions of MZR in water have been sampled. Basically, MZR have been subdivided 
into two distinct typologies:

(a) A first group, named MZR-100: net weight, 100 g; gross weight, 180 g; 
weight of water: 80 g

(b) A second group, named MZR-250: net weight, 250 g; gross weight, 500 g; 
weight of water: 250 g.

All described cheeses have been produced by means of the normal ‘stretching 
method’ for MZR in hot water [18]; the final packaging has been realised with the 
addition of simple pasteurised water. Subsequently, produced cheeses have been 
sampled in the following way:

•	 MZR-100: five different lots, five samples per lot.
•	 MZR-250: five different lots, five samples per lot.

As a result, 10 different production lots have been sampled: 50 cheeses have been 
considered for the study and stored at 2 ± 2 °C. Chemical and microbiological 
analyses have been carried out in the following way.

First of all, 10 stored samples (temperature: 2 ± 2 °C) have been analysed: five 
lots per MZR-100 and five lots per MZR-250 cheeses, storage time: 24 h after the 
production date. Following analyses have been carried out:

•	 Moisture content (MC) of drained cheeses according to an internally validated 
thermogravimetric method [40].

•	 Fat content (FC) of drained cheeses according to the AFNOR NF V04-287 
norm.

•	 pH value of drained cheeses with a calibrated pH-meter.

(2.1)[SL]2◦C = −1.6 × MFFB + 29.9 × pH − 10.9 × log10 YM

(2.2)[SL]10◦C = −0.7 × MFFB + 11.6 × pH − 2.6 × log10 YM

(2.3)[SL]FR =
1

3
× [SL]2◦C +

2

3
× [SL]10◦C

2.5 A Peculiar Approach: Cheeses in Water
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•	 YM count of drained cheeses according to the ISO 21527-1:2008 norm.
•	 Total coliform (TC) count of drained cheeses according to the AOAC 991.14 

protocol.

The remaining MZR-100 and MZR-250 samples (40 total products, 20 cheeses 
per group, four products per lot) have been subdivided into four different groups 
containing one cheese per lot. The first group has been considered for analytical 
controls 7 days after the production date; other groups have been considered after 
14, 21 and 28 days, respectively. This time, the following data have been obtained:

•	 pH value
•	 TC count of drained cheeses.

With reference to the positive or negative evaluation of cheeses in this preliminary 
study, acceptable products cannot show deviations from the below mentioned list 
of parameters:

1. Absence of unpleasant odours.
2. Absence of unusual colours.
3. Anomalous texture for the drained cheese. The product should be able to sus-

tain the pressure of one packaged product (same weight) without ruptures for 
60 s; subsequently, the cheese should return to the original shape.

4. Absence of blisters, holes, ruptures, other similar defects.
5. Absence of gaseous fermentation into the bag with consequent dilatation.
6. pH values > 6.3.
7. TC counts ≥ 1,000 CFU/g.

Tables 2.1 and 2.2 display all obtained results for MZR-100 and MZR-250 groups, 
respectively (average data). Additionally, MFFB values have been added.

Table 2.1  Analytical data for MZR-100 samples

All displayed data are average results. MC is for moisture (g/100 g). FC is for fat content 
(g/100 g). MFFB is for ‘moisture on free fat basis’. YM and TC are for ‘yeast and mould’ and 
‘total coliform’ respectively. The estimated shelf life (SL) at 2 ± 2 °C has been 45 days. The 
observed SL at 2 ± 2 °C has been 21 days

Number  
of days  
after the  
production

MZR-100 samples, five different lots

MC FC MFFB  
index

YM  
count

pH TC  
count

1 60.2 18.7 74.0 1.1 5.87 1.2

7 6.02 1.5

14 6.12 2.0

21 6.19 2.5

28 Please note expired products because of following 
failures: blisters and anomalous odours

6.26 2.9
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Two simple deductions may be inferred on the basis of Tables 2.1 and 2.2:

1. Expired MZR-100 cheeses have shown sensorial failures, but the increase 
in pH and TC values is interesting and should be correlated to organoleptic 
defects.

2. Observed blisters and anomalous odours are surely caused by mixed fermen-
tation, but the role of coliforms—proteolytic bacteria—should be attentively 
evaluated: generally, unpleasant smells were associated to the presence of sul-
phur amino acids.

On the other side, it has to be noted that the predictive Eq. 2.1 has calculated high 
SL values in comparison with the real expiration date: both MZR-100 and MZR-
250 cheeses can be considered expired after 21 days, while the real date cannot be 
inferred (between 21 and 28 days). Consequently, the best strategy is the definition 
of a ‘minimum’ and sure RSL value: 21 days.

Differences between estimated and real RSL values were expected. However, 
theoretical results (45 and 46 days for MZR-100 and MZR-250 cheeses, respec-
tively) may be mathematically corrected by means of a correction factor. In fact, 
real RSL correspond to 46.7 and 45.7% of calculated and erroneous RSL for 
MZR-100 and MZR-250, respectively. In other words, the estimated RSL may 
be multiplied by a number between 0.457 and 0.467 (best choice: average value, 
0.462) with the aim of obtaining the real value.

Moreover, the ratio between the net weight of cheeses and the related gross 
weight is approximately 0.5 for MZR-100 and MZR-250: this number is similar to 
the supposed correction factor of 0.462.

Consequently, the original Eq. 2.1 may be corrected for MZR in water on con-
dition that a correction factor = 0.5 is used. The chemical meaning should be 
evident: the higher the amount of free (and bioavailable) water, the higher the 

Table 2.2  Analytical data for MZR-250 samples

All displayed data are average results. MC is for moisture (g/100 g). FC is for fat content 
(g/100 g). MFFB is for ‘moisture on free fat basis’. YM and TC are for ‘yeast and mould’ and 
‘total coliform’, respectively. The estimated shelf life (SL) at 2 ± 2 °C has been 46 days. The 
observed SL at 2 ± 2 °C has been 21 days

Number  
of days  
after the  
production

MZR-250 samples, five different lots

MC FC MFFB  
index

YM  
count

pH TC  
count

1 59.7 19.5 74.2 1.2 5.92 1.0

7 6.07 1.6

14 6.16 2.2

21 6.24 1.8

28 Please note expired products because of following 
failures: blisters, anomalous odours, textural defects, 
pH values > 6.3, TC counts > 1,000 CFU/g

6.32 3.3

2.5 A Peculiar Approach: Cheeses in Water
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expiration of cheeses in water in comparison with normal products. More research 
is needed, but this hypothesis could confirm the connection between RSL of 
cheeses in water and the original composition of products after the production. 
This limitation is already evident in Eq. 2.1 because of the MFFB index [1], but 
the presence of free water in excess tends to reduce predictable RSL values.
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Abstract Charcuterie products are often submitted to severe judgment because of 
the percentage of ingredients such as salt, fat and spices. The reduction of these 
ingredients is feasible in certain traditional pork cold meats, but their complete 
removal is difficult; otherwise, the product would lose typical characteristics. This 
chapter concerns mortadella (with relation to fat reduction) and cooked hams 
(with concern to salt reduction). Sodium chloride has a key role in the extraction 
process of proteins and with relation to the texture of cooked hams. This ingredi-
ent has been frequently substituted with potassium chloride, but this molecule may 
affect negatively the taste. Mortadella is a traditional cold meat produced with 
large percentage of fat cuts. Nevertheless, the manufacturing of mortadella has 
been profoundly modified in the last 20 years and the fat has been reduced with-
out negative effects on the texture and acceptance of the product. Moreover, the 
use of nitrite has been discussed. The complete abolition of this additive does not 
seem possible at present in cooked meat products. The sensorial acceptance and 
microbiological features are affected by the content of nitrite in the manufacturing 
of cooked hams or in other charcuterie products. However, a relevant reduction of 
added nitrite appears to be already achieved at present.

Keywords Charcuterie product · Cooked ham · Fat · Mortadella · Nitrite ·  
Sodium chloride

3.1  The Reduction of Salt, Fat and Other Additives 
in Charcuterie Products: An Introduction

The impact of diet on healthiness is often highlighted by researchers and the 
World Health Organization [1]. In particular, charcuterie products are submitted 
to severe judgment by both medical and nutritional viewpoints because of the high 
percentage of some ingredient such as salt, fat and spices or additives like nitrite. 
Unfortunately, the reduction of these ingredients appears feasible only in some 

Chapter 3
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traditional pork cold meats: should the complete removal be approved, final prod-
ucts would lose their typical features.

Many efforts have been tried to solve these problems and meet consumers’ 
expectations [2]. Some of these approaches are considered in this review: the 
reduction of sodium chloride, fat and sodium nitrite. This chapter concerns two 
Italian typical charcuterie products: mortadella (the aspect of fat reduction is 
mainly discussed here) and cooked hams (with reference to salt reduction).

3.1.1  Reduction of Sodium Chloride

At present, the role and the association of sodium intake with hypertension and 
cardiovascular diseases is well known and discussed. With relation to this matter, 
charcuteries are among the guilty of this contribution [3].

The main source of sodium in cooked meat products is sodium chloride, also 
named ‘salt’. The contribution of other sodium salts—ascorbate, nitrite, polyphos-
phates and other additives or ingredients—is negligible [4].

Several studies have been carried out with the aim of reducing the ingoing 
amount of salt [5]. Obtained results have shown that the complete removal is not 
achievable while a significant decrease may be obtained. In addition, the elimina-
tion of salt in charcuteries may notably decrease the palatability of final products.

Basically, sodium chloride is an important ingredient that accomplishes many 
actions in cooked meat products: it carries out the solubilisation of salt-soluble 
proteins. In addition, salt preserves the product from the degradative action of 
spoilage bacteria and can contribute to the final taste. Finally, the reduction in 
cooking losses can be remarkably enhanced by means of the addition of salt.

However, some of these tasks have been maybe overestimated. For instance, 
the extraction of salt-soluble proteins in cooked hams can occur also with low 
salt percentage [6] and it seems to depend mainly on ‘tumbling’ step parameters, 
while the amount of added salt may have a secondary role. With reference to the 
so-called ‘tumbling’ process [7], the effect of processing parameters is shown by 
means of experimental data.

A detailed and unpublished study was carried out with relation to three differ-
ent tumbling processes for the production of cooked hams (Table 3.1). The first 

Table 3.1  Effect of tumbling 
on NaCl % content in meat 
at the end of the process. The 
presumptive amount of NaCl 
is calculated on the basis of 
% brine injection

NaCl amounts (%) at the end of 
 tumbling processes (48 h), average 
results with significant difference 
(p < 0.05)

Presumptive  
amount of  
NaCl (%)

T1 T2 T3

1.2 1.37 1.67 1.59

1.0 1.25 1.45 1.23
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two tumbling procedures, named T1 and T2, have been performed with the same 
friction massage into horizontal tumblers. Variations have concerned rest/work 
ratio values. T1 can be also defined as ‘53/7’: this ratio depends on rest times, 
approximately 53 min, and work times (7 min). On the other side, T2 can be 
named ‘50/10’: rest and work times are 50 and 10 min, respectively.

The tumbling system is smooth and acts through friction between the thighs. 
The T3 tumbling process provides a different mechanical action: the drum rotates 
on its vertical axes; thighs are (a) lifted to the upper part of the drum and sub-
sequently (b) they fall down. Consequently, a sequence of nine cycles has been 
provided—15 min of work time and 45 min of rest time—followed by a long rest 
(15 h), also named as ‘maceration step’. As a result, the total duration corresponds 
to 48 h. The longer the work time (T2 tumbling protocol), the higher the salt diffu-
sion in meat at the end of the process. With relation to salt contents, the tumbling 
process surely has some influence.

Nevertheless, the obtained results have not shown significant differences when 
speaking of the extraction of total (TP) and myofibrillar (MP) proteins. In detail, 
the relationship between salt amounts and the quantity of solubilised TP and MP 
in the tumbling phase is shown in Table 3.2.

As a result, it may be inferred that salt contents could be reduced up to  
1.0–1.2 % in cooked hams with concern to the above-mentioned relationship. The 
technological need for salt is lower than the current and demonstrable use, accord-
ing to many scientific papers; in fact, a level of 1.7 % at least is reasonably obtain-
able instead of 2.3–3.0 % in several cooked hams [3, 8–10].

Since sodium chloride takes a role in the extraction of proteins and in the aque-
ous absorption, the influence of salt on the texture, consistency and hardness of 
meat products should be considered. Salt is well known for the ability to link 
water: this feature implies a decrease in cooking losses (Fig. 3.1). This aspect of 
cooked hams is extremely important when speaking of whole cut cooked meats, 
also called cooked roasts. On the other side, salt reduction may play a negligible 
role in certain processed meats such as cooked sausages because of predictable 
weight losses.

The influence of salt on the microbial growth is more relevant in cured and 
seasoned meat products compared with cooked cold meats. In fact, water activity 
(Aw) in cooked products may fall within a small range (0.96–0.97). In addition, 

Table 3.2  Effect of salt on total (TP) and myofibrillar proteins (MP) extraction in exudates and 
meats at the end of tumbling

TP and MP values and standard deviations (%), in various samples at 
the end of tumbling processes (48 h), as correlated to NaCl amounts 
(%)

TP MP

NaCl amount (%) Exudates Meat Exudates Meat

1.8 10.51 ± 0.03 16.02 ± 1.18 6.70 ± 0.13 8.35 ± 0.71

1.2 10.88 ± 0.61 16.42 ± 1.13 6.50 ± 0.24 7.88 ± 2.27

1.0 10.35 ± 0.56 16.86 ± 1.69 6.02 ± 0.28 6.78 ± 2.11

3.1 The Reduction of Salt, Fat and Other Additives …
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the effect of Aw on the stability of processed meat products seems low in the usual 
range. Consequently, these Aw values do not give any recognised microbial protec-
tion: other strategies should be tried and one of these approaches may be the sub-
stitution of sodium chloride with other substances.

A crucial aspect of the replacement of salt is the sensory acceptability of the 
product. With exclusive relation to cooked hams only, the organoleptic acceptance 
of products may decrease dramatically when salt percentages are significantly 
lower than a reasonable limit (1.8 %). Table 3.3 shows a selection of experimental 
data with concern to a sensorial test on cooked hams; this examination was per-
formed by eight experienced panellists in the ambit of an unpublished work. The 
proposed score, ranging from 0 to 9, aims to represent the whole spectrum of per-
formances, from the lower level to the higher one.

In general, sensory parameters such as brightness, greasiness, graininess, col-
our and compactness may be dependent on the added salt. With reference to mor-
tadella sausages, it has been reported that the higher the salt content, the lower 
the hardness and the correlated chewiness. Similar correlations can be observed in 
cooked hams (Table 3.3).

Other studies have been carried out on Italian mortadella productions between 
1990 and 2010 [11]. Generally, a significant modification of the historical and tra-
ditional formulation has been realised by means of a reduction of average salt con-
tents from 2.56 to 2.26 % [11]. In addition, researchers have also highlighted that 
salt percentages were quite homogeneous in the 1990s, while the production of 
current mortadella is rather different. It may be inferred that the different approach 
of meat processors to food safety and health issues has progressively determined 
the subdivision of the original and traditional mortadella product in a series of ver-
sions and subversions with a broad range of salt amounts [11].

Fig. 3.1  Effect of salt 
content on weight cooking 
loss in cooked hams. This 
technological parameter is 
economically relevant and it 
must be taken into account
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Table 3.3  Effect of salt percentage on some sensory parameters

Average values are significantly different (p < 0.05). C colour; CS cohesiveness of slices;  
J  juiciness; CH chewiness; S saltiness; OJ overall judgement

Sensory parameters, average values

Salt (%) C CS J CH S OJ

1.8 (control) 6.35 7.52 6.57 6.35 7.45 6.55

1.2 7.40 4.50 7.00 7.15 5.50 5.73

1.0 6.35 5.12 3.85 5.65 3.15 5.33
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Many replacements have been tested [12]. Potassium chloride (KCl) is the 
oldest choice; however, the complete substitution of sodium with potassium may 
affect negatively the taste with the concomitant and significant increase in bitter-
ness [3]. Consequently, the partial replacement has been suggested and put into 
practice up to 50 % of the theoretical replacement [3]. On the other side, the 
assumption of high levels of potassium may affect negatively the health of diabetic 
patients or subjects with renal diseases. At present, KCl does not seem a conclu-
sive solution: probably, the use of KCl can be reasonably suggested with the aim 
of reducing partially the sodium intake [3].

New approaches have been proposed. Hydrolysed peptides with high presence 
of lysine and arginine and free amino acids by the decomposition of myofibril-
lar and sarcoplasmic proteins can bring a salty taste in meats [13]. Alternatively, 
the increase in tumbling times (24–48 h) may be suggested; however, this strategy 
could be too expensive.

Moreover, the role of glutamic acid may be discussed. This molecule brings a 
peculiar umami savour [14] with the declared aim of misleading the taste in pro-
cessed hams [15, 16]. On the other side, glutamate is involved in health concerns: 
for this reason the use of glutamic acid is not recommended at present.

Generally, the salty effect could be obtained by means of the presence of min-
eral ions and the increase of free and bioavailable water in the final product. With 
relation to this approach, many ingredients have been tested: phosphates, wines, 
some spice and ribonucleotides. A few of these ingredients are available at pre-
sent; moreover, technological procedures need to be carefully revised [17].

The main factors affecting both technological aspects and sensory evaluations 
appear at the minimum level of sodium and fat matter. Sodium can be reduced up 
to a value of 1.2–1.5 % (as sodium chloride) in cooked hams with possible senso-
rial arrangements (flavour) and some dispensation about technological issues. On 
the other side, food producers have to realise and develop their own products with 
a certain freedom.

With concern to grounded meat products such as frankfurter- or mortadella 
Bologna-type sausages, the solubilisation of proteins is simpler than in whole cut 
muscles because the higher surface of meats can interact with ingredients. As a 
consequence, the diffusion of added substances is simpler and faster because of 
the notable addition of salt [17].

It should be emphasised that the substitution of salt in the Italian mortadella 
product is simpler than in cooked hams from the technological viewpoint: the mor-
tadella processing is slightly affected by the reduction of salt. Similar to all com-
minuted meat products, cooking losses concern the grinding process and the fat 
emulsification to the same extent; on the other hand, the extraction of MP by means 
of the simple addition of sodium chloride (NaCl) seems less important if salt does 
not exceed 1.5–2.0 % [18]. Consequently, small amounts of NaCl are needed.

Mortadella-type sausages show peculiar tastes and flavours: these sensorial 
attributes are determined by the addition of many spices with the aim of masking 
easily a poor salty taste. Usually, organoleptic features of mortadella are ‘person-
alised’ by each food processor by means of the use of alcoholic extracts of grapes, 

3.1 The Reduction of Salt, Fat and Other Additives …
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different plants, cardamom, garlic, pepper, coriander, cinnamon, cloves, nutmeg, 
pimento and so on [19].

It should be also taken into account that the water content is quite low in mor-
tadella-type sausages if compared with cooked hams. Moreover, the composition 
of lipids can notably influence tastes.

The microbiological stability of mortadella is achieved by means of (a) intense 
heating treatment and (b) adequate amount of ingoing nitrite [20]. For this reason, 
the reduction of salt up to 1.5–1.8 % does not appear useful: Aw decrease from 
0.969 up to 0.959 with the concomitant augment of NaCl. This behaviour does not 
imply important improvements of the microbial stability.

3.1.2  Sodium Nitrite

The use of ‘nitrite’ as a food additive has been often questioned. The health tox-
icity of nitrites is connected to the formation of N-nitrosamine [21]; as a result, 
cured meat may be often considered as a health risk because of the detection of 
related precursors.

Nevertheless, the large number of studies focused on this issue [22] has sug-
gested that the complete elimination of nitrite is unfeasible in cooked meat products 
at present [23]. Unlike seasoned sausages, cooked meat products exhibit  remark-
able water activity (Aw > 0.90): for this reason, possible pathogens could easily 
spread without the possibility of contrasting agents such as antagonistic bacteria.

It should be also remembered that the sensory acceptance and microbial profiles 
are affected by the quantitative addition of nitrite in the manufacturing of cooked 
hams, mortadella sausages and in other charcuterie products [24]. At present, the 
main difficulty is related to the lack of other substances with similar bacteriostatic 
and fat antioxidant properties. Moreover, nitrites can contribute to exhibit peculiar 
flavours and pink tints. However, the role of nitrites in the formation of carcino-
genic N-nitrosamine and in certain reactions catalysed by iron is well known [25].

Sodium nitrite exhibits a complex chemistry because of its low stability [26]. 
This molecule can be oxidised and reduced following many pathways [27]. In gen-
eral, three possible reactions can be considered:

Basically, nitrite ion can be reduced at the lowest oxidation level. This transforma-
tion may happen in two different ways:

(a) Simple reduction to nitric oxide (reaction 3.1)
(b) Inner oxidation–reduction or dismutation (reaction 3.2) with the production of 

nitric oxide (NO) and nitrate.

(3.1)HNO2 + Red → NO + OH−
+ Ox

(3.2)3HNO2 → 2NO + NO−

3 + H2O + H+

(3.3)2HNO2 + O2 → 2NO−

3 + 2H+
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With reference to the first pathway (reaction 3.1), the nitrite ion is initially reduced 
to the intermediate dinitrogen trioxide (N2O3). The second step is the final reduc-
tion to nitric oxide. Reducing compounds are available in meats—cysteine, glu-
tathione, nicotinamide-adenine dinucleotide (NADH)—and others molecules (e.g. 
ascorbate) are usually added. As a consequence, the behaviour of nitrites is strictly 
connected to the redox potential and pH values in meat systems.

Another possible and non-enzymatic pathway is dismutation (reaction 3.2) of 
nitrous acid (HNO2) to nitric acid (HNO3) and nitric oxide at acidic pH values 
[28, 29].

A simple oxidation (reaction 3.3) needs the availability of oxygen. This reac-
tion is not easily expected in whole meat cuts. On the other hand, oxidative pro-
cesses could run to some extent in comminuted meats.

From the hygienic viewpoint, the main problem is the necessity of lowering 
residuals of the above-mentioned reactions: nitrites, nitrates and NO. Nitric oxide 
is reported to disappear just after formation [30] because of the high reactivity. 
Moreover, nitrite residues are often negligible or undetectable. On the other hand, 
nitrate is a stable anion and is reported to concern human health [31].

Consequently, the necessity of lowering nitrate (and nitrite) residues is con-
sidered crucial when speaking of food safety and meat technology. Many studies 
have been carried out with this purpose [23, 32].

The comprehension of the formation and the disappearance of nitrous/nitric 
species by the kinetic viewpoint can be useful. A specific study has been car-
ried out with relation to nitrite and nitrate contents in cooked hams through the 
cooking process [33]. Figures 3.2 and 3.3 show the correlation between detected 
amounts of chemical anions and cooking temperatures.

Figure 3.2 concerns the influence of cooking temperatures for production 
of cooked hams on the amount of detected nitrate residues. With reference to 
this study, the maximum amount of nitrate is detected at 55 °C [33]. As regards 
nitrite, Fig. 3.3 displays the same type of correlation between thermal conditions 
and chemical levels. Once more, nitrite appears to reach maximum values when 
the cooking process is performed at 55 °C. However, it should be also noted that 
the observable decrease in nitrite residues in cooked hams throughout heat treat-
ment does not appear linear, while the increase of nitrates (NO3

–) in the same 

Fig. 3.2  Trend of nitrate in 
cooked hams throughout the 
heat treatment process [33]

0

20

40

60

80

100

20 30 40 50 60 70 80

n
it

ra
te

, m
g

/k
g

Temperature °C

Trend of nitrate in cooked ham during the process

3.1 The Reduction of Salt, Fat and Other Additives …



40 3 Chemical and Health Features of Cooked Cold Meats …

experiment seems observable between 35 and 55 °C. After the maximum values, 
NO3

– residues seem to decrease slightly [33].
The kinetics of reactions 3.1 and 3.2 has been recently studied in a real meat 

system, mortadella Bologna-type sausages, throughout the cooking process [34]. 
Generally, these reactions follow a first-order kinetics. As recently reported, first-
order rate constants range between 1.2 × 10−3 s−1 at 60 °C and 1.37 × 10−2 s−1 
at 70 °C for the reaction 3.1 [34]. With relation to the second reaction (dismutation 
of nitrous acid to nitric acid and nitric oxide), first-order rate constants have been 
reported between 0.8 × 10−3 s−1 at 60 °C and 1.5 × 10−3 s−1 at 70 °C. However, 
dismutation has also shown higher rate constant values at 55 °C [34].

Differently from dismutation, the reduction in nitrites is temperature-sensitive. 
Environmental parameters and chemical conditions, pH and redox potential values 
above all, become important when nitrites are detectable in many reactions at the 
same time.

The above-mentioned parameters can address the observable behaviour of 
nitrites and many other molecules in meat products. In particular, four chemical 
species are mainly involved, excluding nitrite:

(a) Ferric-Fe(III) and ferrous-Fe(II) ions. The associated ratio can be expressed as 
‘Fe(III)/Fe(II)’

(b) The ascorbate ion (HAsc−) and dehydroascorbic acid (DHAsc, the oxidised 
form of ascorbic acid). These substances are derived from ascorbic acid. This 
ratio can be defined as [HAsc−]/[DHAsc].

The evolution of the chemical system is determined by the oxidation–reduction 
potential (E) of every couple of involved species. It has to be considered that the 
influence of the concentration of hydrogen is critical for both reduction and oxida-
tion reactions. Correlated Nerst equations are expressed as follows:
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Fig. 3.3  Trend of nitrite in cooked ham throughout the heat treatment process [33]
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where standard oxidation–reduction potential (E0) values are 1.00 and 0.94 V 
in Eqs. 3.4 and 3.5, respectively. In addition, ‘n’ is for the number of electrons 
involved in redox reactions, namely 1 and 2 for Eqs. 3.4 and 3.5, respectively.

Basically, Eqs. 3.4 and 3.5 demonstrate that:

•	 Oxidised forms prevail, nitrates above all, if pH values are low.
•	 On the other hand, the increase in pH values determines the diminution of E and 

the consequent augment of reductive species, NO above all.

In addition, the slope for the E0-pH curve is higher for the equilibrium [HNO2]/
[NO] than for [HNO3]/[HNO2].

With relation to the negative logarithm of dissociation constants (pKa), HNO2 
is reported to have a pKa of 3.40 [35]. With reference to the dissociation of nitrous 
acid, it may be inferred that the dissociated form, NO2

−, is predominant when 
pH ≈ 5.75. This value is normally observed in meats. Should this pH be observed, 
the amount of the undissociated and reactive form—HNO2—would be low. In 
fact, the ratio [NO2

−]/[HNO2] is 2.53 × 102 at pH = 5.75.
The role of ascorbate ions should be highlighted. In fact, the action of nitrite 

depends also on the reduction to NO because of the presence of HAsc−. With con-
cern to ascorbic acid (H2Asc), pKA is reported to be 4.17 [36]. The ratio [HAsc−]/
[H2Asc] is 3.80 at pH = 5.75.

In this situation, the active form is HAsc− and the meat environment allows 
the contemporary presence of both anionic and undissociated species. Moreover, 
a simple relation between the DHAsc/HAsc− redox couple and the redox potential 
for the correlated dissociation of DHAsc may be written as follows:

Equation 3.6 can be obtained from the usual Nernst equation for the 
DHAsc/HAsc− redox couple taking into account the pH (of meats), the number of 
involved electrons (n = 2) and E0.

On these bases, it can be demonstrated that the predominance of reduced forms 
should be obtained on condition that E is lower than −60 mV. Measured E val-
ues often match similar values when speaking of meat mixtures on condition that 
pH is approximately 5.75. Should this value exceed 5.75, the above-mentioned 
predominance would be obtained with lower E (−70 mV). This deduction can be 
important: in fact, the equilibrium of chemical species is notably influenced by the 
critical pH value (5.75) above all [34]. In addition, meats may be considered as a 
‘strong buffering system’ both for pH and E values because of the presence of one 
or more of these substances: glutathione, cysteine, nicotinamide-adenine dinucleo-
tide phosphate (NADPH), etc.

It has been reported that the rate of dismutation is higher than the reduction of 
nitrite ions when the temperature is lower than 60 °C [34]. On the other hand, the 
reduction of nitrites becomes faster when temperatures go over 65 °C. With refer-
ence to the intermediate thermal range between 65 and 70 °C, nitrites appear to 

(3.6)log
[DHAsc]
[

HAsc−
] =

E + 0.059

0.029
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turn mostly into NO, while the developing nitrate ion is reduced at the same time 
[34].

Nitrites can be involved in different reactions with some connection to food 
safety and hygiene. For instance, they can react with the ascorbate anion with 
the enhancement of antioxidant properties [37]. Moreover, the production of 
N-nitrosamines can imply the presence of nitrites. Finally, the oxidative rancidity 
of fatty chains may be influenced by nitrites [38].

Based on the previous research, some suggestion may be inferred with refer-
ence to cooking processes: the basic aim would be the reduction of residual 
nitrite and nitrate particles in cold cooked meats. In detail, thermal values may be 
increased over 60 °C if desired results are (a) the minimisation of nitrate amounts 
and (b) the improvement of NO formation. It should be considered also that NO3

− 
is continually generated and stable. The opposite solution—long thermal processes 
at low temperatures—do not seem to be helpful.

The second point of interest may concern the concentration of reducing agents, 
mainly the ascorbate ion, with the purpose of maintaining E values as low as 
possible.

At present, the current threshold limit for nitrite is 150 mg/kg in the European 
Union for cooked meat products that have not been sterilised [26]. However, trials 
have shown that the level of nitrite could be reduced at least in comminuted meat 
sausages. Figure 3.4 shows a peculiar product with low nitrite levels (25 mg/kg). 
When used for colour developing purposes, nitrite should not exceed 25 mg/kg: 
similar amounts are considered sufficient in cured meats to ensure the formation of 
nitric oxide myoglobin [39]. On the contrary, abnormal colorimetric distributions 
seem to be obtained with the same amount in whole cuts (Fig. 3.5).

The microbial stability of treated meats depends on the initial count of living 
microorganisms. At present, the European Authority on Food Safety (EFSA) has 

Fig. 3.4  The use of nitrite 
for colour developing 
purposes in comminuted 
meat sausages. A low nitrite 
level (25 mg/kg) can provide 
acceptable colorimetric 
results
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suggested a minimum ingoing amount of 50 mg/kg [40]. However, this limit may 
be exceeded in certain products [41].

3.1.3  Fat

Lipids are an important part of the human diet, providing a concentrated source of 
bioavailable energy and important compounds for the construction of cell mem-
branes, hormones, prostaglandins and other molecules. Saturated fats can be syn-
thesised in the human body; therefore, these compounds are not essential parts of 
the diet. Some unsaturated fats are considered ‘essential’ because they are required 
for specific functions and the human body cannot synthesise them. Anyway, both 
saturated and unsaturated fats have important functions and should be part of a 
healthy diet [42].

At present, a diet with approximately 30 % of the daily energy coming from 
the consumption of lipids is considered consistent with good human health [43]. 
Moreover, the amount of kilocalories from saturated fat should be reasonably low 
with a tolerable upper limit of 10–11 % of the total quantity of daily kilocalories 
[43].

People suffering from cardiovascular diseases or subject to overweight should 
pay attention to the consumption of fatty foods. Animal fats are often questioned 
because of their high content of saturated and trans-fatty acids. In addition, the 
matter of cholesterol should be considered. Modern breeding styles for pigs aim 
to modify the composition of animal fats. Fat reduction is a current issue to deal 
with.

On the other hand, the observed reduction of fat amounts in whole and com-
minuted meat products is quite different, depending on the formulation or used 
raw materials. For instance, the reduction in fat contents may be realised with the 

Fig. 3.5  The use of nitrite 
for colour developing 
purposes in a whole cut 
(loin). Differently from 
comminuted meat sausages, 
irregular colorimetric 
distributions seem to be 
obtained with low nitrite 
levels (25 mg/kg) in whole 
cuts (Fig. 3.4)

3.1 The Reduction of Salt, Fat and Other Additives …
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careful selection of pigs and the choice of different rearing methods when speak-
ing of cooked hams. This strategy cannot be used for mortadella sausages: the 
decision has to be taken by the manufacturing company with regard to the pos-
sibility (and the economic convenience) of mixing cuts with less or more lean 
muscles.

The current decrease of fat matter in cooked hams is a consequence of new 
rearing protocols. Breeders would produce pigs with thin external fat layers and 
without exceeding ‘marbling’ [44–46].

In addition, leaner products can be achieved removing manually the excess of 
the outer fat behind the skin and the inner fat around the bone. At present, many 
typologies of defatted hams are on the market. Nevertheless, cooked ham is a lean 
product and the current fat percentage ranges around 4 %.

Tables 3.4 and 3.5 display several data on Italian cooked hams in 2010 (unpub-
lished data). In general, low fat contents in raw meats are further reduced in 
cooked products after ‘cleaning’ processes on pig thighs. Moreover, the higher the 
desired quality of the final product, the higher the fat content. Normally, ‘top qual-
ity’ hams can be produced with the selection and the processing of heaviest thighs: 
main reasons are correlated to (a) the reduced thickness of superficial fat layers 
and (b) the upper intramuscular fat infiltration.

A further technological reduction of fat amounts can be achieved by means of 
the addition of starch and hydrocolloids. In fact, these molecules or compounds 
are known for their notable water absorption. Consequently, the addition of similar 
water-linking agents allows the increase of the moisture and the concomitant dimi-
nution of fat amounts in final meat products.

On the other hand, the substitution of fat matter with water can affect the 
physical stability of meat products: sometimes, defective meats may lose a cer-
tain amount of moisture with the consequent migration of aqueous solutions from 
meats to the inner surface of packages. Moreover, the insertion of water-absorbent 
substances among muscle fibres may be correlated with the unnatural appearance 
of certain ham slices because of the difference in light scattering of meat surfaces. 

Table 3.4  Fat content in high-quality cooked hams and original raw thighs

Fat content in high-quality products and original raw materials

Food 
samples

Average value 
(%)

Minimum value 
(%)

Maximum value 
(%)

Standard deviation 
(%)

Raw thighs 5.39 3.56 7.25 1.29

Cooked ham 4.59 2.71 5.77 0.87

Table 3.5  Fat content in low-quality cooked hams and original raw thighs

Fat content in low-quality products and original raw materials

Food 
samples

Average value 
(%)

Minimum value 
(%)

Maximum value 
(%)

Standard deviation 
(%)

Raw thighs 4.92 4.05 5.92 0.75

Cooked ham 3.77 3.01 4.33 0.49
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It has to be considered that this result may determine negative sensory evaluations 
by consumers, despite other situations that may occur with different causes [47].

Another point concerns the improvement of the lipidic composition by means 
of different feeds for pigs: the immediate modification should concern the increase 
of polyunsaturated fat acids. However, this option should be carefully evaluated: 
the diminution of the lipidic fraction known as ‘low-melting fat’ may be excessive. 
A possible consequence is the ‘dripping’ failure (emersion of fats and gels from 
the surface of treated foods and consequent accumulation) during the heating pro-
cess or after packaging, in the final product.

When speaking of reduction of fat matter, more options are available in com-
minuted meat products such as mortadella or cooked sausages. Mortadella 
is an Italian traditional cold meat produced with large percentage of fat cuts. 
Nevertheless, the manufacture of mortadella sausages has evolved in the last 
20 years: the reduction of fat matters in these products is reported to be higher than 
10 % without negative effects for the texture and the consumers’ acceptance [48].

One of the recent surveys on fat reduction demonstrated that lipids range 
between 19.17 and 21.94 % (unpublished results). In addition, it should be con-
sidered that mortadella sausages are normally produced with the peculiar insertion 
of little fat cubes, namely ‘lardelli’, in the product. The composition of mortadella 
products should be also considered with the exclusion of lardelli cubes. As a 
result, a study has been carried out with relation to two typologies of mortadella 
sausages on the basis of the fat content (12.44 and 24.99 %). With relation to this 
study, a sensory evaluation has been carried out: average scores of significant 
attributes are shown in Table 3.6.

The diminution of fat matter seems to have a positive effect on many organoleptic 
aspects: taste, colour and brightness, in particular (Table 3.6). Moreover, the general 
acceptance seems to increase when fat is reduced (12 %). It has also been observed 
that sausages with high fat contents show higher salt/water ratios. In other terms, 
the amount of dissolved NaCl in water seems to depend strictly on the amount of fat 
matter with possible consequences for the consumers’ perception of salty tastes.

Fat content can also affect the chromatic perception of products with a pecu-
liar ‘dilution effect’: this failure is often identified with a paler pink colour of 

3.1 The Reduction of Salt, Fat and Other Additives …

Table 3.6  Significant differences in some sensorial parameters for two typologies of mortadella 
sausages (high and low fat levels)

Sensory 
parameter

High fat  percentage 
(24.99 % on lean 
mixture)

Low fat percentage 
(12.44 % on meat 
mixture)

Significant 
difference

Graininess 7.38 7.92 p < 0.05

Greasiness 5.75 7.69 p < 0.05

Brightness 6.92 7.83 p < 0.01

Colour 5.88 6.69 p < 0.01

Taste 5.51 6.98 p < 0.01

Vote 5.92 6.94 p < 0.05

Score from 0 to 9 as hedonic evaluation
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examined samples. In addition, the taste of leaner sausages has been more appreci-
ated and slices have been judged more brilliant than usual. Probably, the last eval-
uation should be determined by the increasing moisture on the surface.

From the technological point of view, the quality and the chemical composition 
of the organic (fat) phase in meat products can become very important. In detail, 
a minimum value for fat matter should fall within a short range (around 10–12 %) 
when speaking of non-‘low fat’ meat systems [49]. Otherwise, meat mixtures may 
easily become too firm. Consequently, possible technological defects may occur 
in the ‘stuffing’ process [50]. Intermediate foods have to be forced under pressure 
into artificial sausage casings made from cellulose hydrate or similar materials. 
Should intermediate meats be firmer than usual, final products could be defective. 
Moreover, the heating treatment may cause some burns on the surface in the sub-
sequent drying step: as a result, the final meat could be harder than expected.

With regard to low-fat sausages or similar processed foods, technological prob-
lems may be avoided by means of the simple augment of moisture. However, the 
addition of emulsifiers should be needed because final products may appear unsta-
ble. Different cooked sausages are processed with fat replacers such as hydrocol-
loids (xanthan, carrageenan or starch). The main role of fat replacers is to stabilise 
excess water in the meat system. Should this strategy be used, final meat prod-
ucts would be called ‘light’ foods. It should be noted that these ingredients are 
not allowed in peculiar products that are linked to a geographical area such as 
‘Protected Geographical Indication’ (PGI) mortadella Bologna [51].

Other compounds have recently been suggested: vegetable fibres such as inu-
lin and β-glucan [52, 53], canola oil [54], grape seed oil and rice bran fibres [55]. 
These functional ingredients may be economically convenient if the declared aim is 
the production of innovative cooked cold meat products. The exclusion of similar 
substances is definite when speaking of traditional meat products because of severe 
restrictions and rules, in accordance with the Regulation (EC) No 2081/1992. The 
above-mentioned PGI mortadella Bologna is one of the most known examples. 
Generally, a small modification of mixed cuts is allowed in these situations.

With regard to the chemical composition of PGI mortadella products, the fol-
lowing limits are compulsory [56]: the fat/protein ratio—this number has to be 
lower than 2.00—and the minimum amount of protein content (13.5 %). Food man-
ufacturers are allowed to obtain a reasonable fat reduction by means of the increase 
of lean cuts (shoulder or lean trimmings) or other systems. However, the risk of gel 
accumulations has to be taken into account: in fact, the quantitative increase in con-
nective tissues (collagenous proteins) can determine possible ‘dripping’ failures.

3.2  Conclusions

The content of salt, fat and nitrite in charcuterie products can be correlated with 
many safety aspects. The reduction of these components has been recently pro-
posed and implemented with different results.
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On one hand, fatty compounds are essential components of the original meat. 
In addition, NaCl can be surely considered as a traditional ingredient and pre-
servative in many foods, including charcuterie products. On the other hand, nitrite 
has been questioned in recent years: many studies have been carried out with the 
declared aim of replacing or limiting the use of this additive in processed meats at 
least. However, the complete substitution of nitrite in cooked meat products does 
not seem to be achievable at present.

With regard to cooked meat products, the whole sequence of processing steps has 
to be carefully examined and regularly evaluated, step by step, because of the num-
ber of possible (desired or undesired) chemical modifications. In fact, each chemical 
variation of the composition and/or the physical structure of products can potentially 
modify the appearance and the sensory perception of the product, especially with 
relation to traditional (historical) cold meat products. Certainly, food consumers 
are able to perceive sensory characteristics of foods; in addition, they may refuse 
‘strange’ modifications when obtained with modern technologies and ingredients.

From the industrial viewpoint, food technologists have to decide the ‘right’ 
strategy with the aim of reaching a possible agreement between economic needs of 
food manufacturers and sensory expectations of normal consumers: the influence 
of salt, fat and nitrite can affect basic organoleptic qualities of cooked meats in a 
predictable way.

It has been observed that cooking processes including a slow rate of increasing 
temperature (above 60 °C) can be useful to reduce the production of nitrate ani-
ons. At the same time, the hydrolysis of proteins is notably enhanced, improving a 
peculiar taste and making easier the reduction of salt.

At present, the level of salt in cooked meat products can be easily reduced by 
means of modification of technological processes (tumbling, cooking) and  addi-
tion of suitable and allowed flavours. Many food companies are trying to turn these 
variations into economically convenient management strategies. From the sensory 
viewpoint, the contribution of nitrite and fatty compounds is not negligible.

Texture properties appear indirectly affected by the amount of salt because of 
the role of water as solvent. Moreover, fat content is reported to influence the hard-
ness of meat products, especially with relation to comminuted foods. Fat matter 
may be often replaced with gelling agents or water-absorbing molecules such as 
starch or similar compounds.

The chromatic appearance is a needful property of charcuteries and the pres-
ence of nitrite ions is essential for good colorimetric results. However, the current 
amount of added nitrite may be notably lowered. In addition, the minimum quan-
tity of nitrite is correlated with the microbial ecology of cooked products. Further 
research is needed: however, an ingoing amount of 50–60 mg/kg should be defi-
nitely considered.

Finally, the continual research and further improvements are expected to give 
important results in breeding and meat technology. Cooked meat products can be 
considered as valid and interesting carriers of proteins, essential amino acids and 
important elements such as zinc and iron. As a consequence, these products can be 
seen as both healthy foods and tasty products.

3.2 Conclusions
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Abstract Currently, there is a significant demand for food products with alterna-
tive sweeteners. Several sugar alcohols may have great potential for use in various 
food formulations. For instance, xylitol and other sugar alcohols have great poten-
tial as sweet compounds, which have low glycaemic indices but also benefit oral 
health. Continued investigation into their applications in food products will enable 
us to expand our realisation of the vastly undiscovered potential of sugar alcohols 
as alternative sweeteners.

Keywords Food formulation · Erythritol · Isomalt · Maltitol · Sorbitol · Sugar  
alcohol · Xylitol

4.1  Introduction

Substances eliciting the perception of sweet flavour span those classified as sugars 
to various compounds chemically distinct from sugar–sugar substitutes.

Sugar is a generalised term for short-chain carbohydrates of which many 
are used in foods and elicit sweet tastes. Furthermore, simple sugars are termed 
monosaccharides and include glucose, fructose and galactose. Disaccharides are 
obtained when two monosaccharides are covalently bonded together via a conden-
sation reaction; they are soluble in aqueous solution along with monosaccharides. 
Disaccharides include sucrose (commonly referred to as ‘table sugar’), maltose 
and lactose. Sugars of longer chain length are referred to as oligosaccharides. 
Generally, these molecules are produced in plant tissues via photosynthesis from 
carbon dioxide and water but extents of sugar production vary across species.

Sugar substitutes are natural or synthetic substances that mimic the taste of 
sugar (saccharose). Although the majority of approved sugar substitutes are 
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artificially synthesised, certain bulk natural sugar substitutes are used in foods, 
including xylitol and sorbitol. The catalytic hydrogenation of appropriate reducing 
sugars is the main production strategy if the extraction of these sugar substitutes 
is not recommended from fruits and vegetables because of practical and economic 
reasons. For instance, xylose is converted into xylitol and glucose to sorbitol.

Certain non-sugar sweeteners termed ‘polyols’ or ‘sugar alcohols’ are also 
known. Sugar alcohols are white, naturally occurring water-soluble solids. They 
are typically less sweet than sucrose but have similar bulk properties and are thus 
attractive for use in a spectrum of food products. This chapter focuses on some of 
the new findings and applications of five popular sugar alcohols in food products.

4.1.1  Xylitol

Xylitol, also intended as (2R,3r,4S)-pentane-1,2,3,4,5-pentol, is an achiral poly-
alcohol isomer of pentane-1,2,3,4,5-pentol (Fig. 4.1). Chemically, it can be pro-
duced by means of the hydrogenation of xylose [1]. D-xylose is obtained by 
acid-catalysed hydrolysis of vegetable matters containing xylan: this molecule is 
temporarily converted into D-xylulose and finally transformed in D-xylose [1].

Xylitol is widely used as a diabetic sweetener and has sweetness roughly similar 
to that of sucrose [1]. Owing to its increased popularity over the recent years, the 
number of research papers involving xylitol has grown relatively steadily (Fig. 4.2).

Interestingly, xylitol has a unique characteristic of reducing dental caries to 
approximately a third with regular use [2]. Several studies using data from elec-
tron microscopy have pointed towards an effectiveness of xylitol for inducing 
remineralisation of the demineralised enamel [3]. In addition, chewing gum with 
addition of xylitol has been reported to have some positive effect with concern to 
the reduction of acute otitis media in day-care children [4].

This compound is found naturally in fibrous tissues of various fruits and veg-
etables and can be extracted from materials such as birch, berries, mushrooms, 
oats, strawberries and cauliflowers [1, 5]. It can be also produced by recombi-
nant microalgae [6]: in detail, the chloroplast genome of the eukaryotic micro-
alga Chlamydomonas reinhardtii has been reported to be genetically engineered 
to yield xylitol via introduction of a gene encoding xylose reductase from a fungal 

Fig. 4.1  The chemical structure of xylitol, also named (2R,3r,4S)-pentane-1,2,3,4,5-pentol. 
BKchem version 0.13.0, 2009 (http://bkchem.zirael.org/index.html) has been used for drawing 
this structure

http://bkchem.zirael.org/index.html
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species. Another reported possibility is the oxidative conversion of D-arabitol to 
xylitol (intermediate product: D-xylulose) by means of the microbial activity of 
Glucanobacter oxydans. In detail, a dedicated D-arabitol dehydrogenase is used to 
convert initially D-arabitol to D-xylulose [7]. Subsequently, the intermediate product 
is turned into xylitol by means of a D-xylulose dehydrogenase [8]. The whole path-
way does not seem to show high yields: reported values do not exceed 25 % [8, 9].

One gram of xylitol contains 2.4 kilocalories: in other words, two-thirds of the 
food energy for one gram of conventional sucrose [1]. Xylitol has a lower effect 
on blood sugar as compared with conventional sugars such as glucose: the glyce-
mic index is reported to be 7 instead of 100 [10].

Recently, a formulation of green tea with vitamin C and xylitol has been 
reported to provide enhanced delivery and bioavailability of catechins in humans 
[11]. In detail, catechin transport measurements from both apical to basolateral 
and basolateral to apical directions showed an exciting potential strategy for cat-
echin delivery enhancement [11].

Xylitol has also been shown to affect the functional properties of low-fat pro-
cess cheeses [12]. Process cheese is a dairy food mixture comprised of natural 
cheese, salts and other ingredients heated and agitated to produce a homogenous 
final product. In producing low-fat cheeses, one challenge has been to over-
come increased hardness and reduced melting characteristics associated with the 
absence of fat. Addition of xylitol has shown to significantly decrease the hardness 
of low-fat process cheeses as determined by texture profile analysis. Elasticity and 
viscosity also may improve with addition of xylitol.

4.1.2  Erythritol

Erythritol, also called (2R,3S)-butane-1,2,3,4-tetraol, is another sugar alcohol used 
in food products (Fig. 4.3). Like xylitol, it can be found in algae, lichens, grasses 
and in various fruits such as melons, grapes and pears. Erythritol is also reported 
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to be present in other foods: sake, soy sauces, etc. [1, 13]. In 2013, 87 PubMed 
items contained the word ‘erythritol’ as opposed to 156 results for ‘xylitol’ 
(Fig. 4.4).

Chemically, the structure of erythritol is peculiar because of the known achiral-
ity. Actually, the meso-structure shows two asymmetrical carbon atoms (2R and 
3S). However, erythritol is reported to exhibit the absence of optical rotation [14]. 
From the viewpoint of food technologists, this molecule is well known also for 
the high digestive tolerance, differently from other polyols with comparable non-
calorific properties [1].

Generally, erythritol is produced by means of fermentative processes. 
Differently from xylitol and other polyols, the hydrogenation process of carbohy-
drates does not seem interesting: this time, the fermentative action of fungi such as 
Aureobasidium spp or yeasts such as Trichosporonoides spp is preferred [1]. With 
relation to osmophilic yeasts, the substrate is D-glucose from hydrolysed starch. 
Resulting erythritol yields appear to be between 40 and 50 % because of the con-
comitant conversion of substrates to glycerol and ribitol [1].

Fig. 4.3  The chemical structure of erythritol, also named (2R,3S)-butane-1,2,3,4-tetraol. 
BKchem version 0.13.0, 2009 (http://bkchem.zirael.org/index.html) has been used for drawing 
this structure
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Erythritol contains approximately 0.2 calories per gram [1]. Most dietary eryth-
ritol is absorbed into the bloodstream via the small intestine and is subsequently 
excreted through the urine. Approximately, 10 % enters the colon and is very 
unlikely to be fermented in vivo [15]. Erythritol is noncariogenic as it cannot be 
metabolised by oral bacteria [16]. Thus, it is a promising sugar substitute from the 
perspective of dental health. Recently, erythritol has been reported to have a pro-
tective effect on endothelial cells under hyperglycemic conditions [17].

Commonly, erythritol is used as a medium for delivering other sweeteners, 
such as stevia, to achieve a flavour similar to that of table sugar. Since erythritol 
is about 75–80 % as sweet as sucrose [1, 18, 19], combining it with high-inten-
sity sweeteners can be an effective strategy for food product design. These appli-
cations are reported at present: tooth-friendly chewing gums, candy products, ice 
creams and also ipocaloric beverages (in association with aspartame or acesulfame 
K). In addition, this substance may be used as a carrier for table-top sweeteners 
[1, 20, 21]. Erythritol is not hygroscopic and thus does not attract moisture. This 
is an important characteristic to keep in mind as it may necessitate the use of other 
hygroscopic components in product formulations.

4.1.3  Maltitol

Maltitol, also called 4-O-α-D-glucopyranosyl-D-glucitol, is reported to have a rela-
tive sweetness of approximately 0.65, although 0.9 may be signalled [1, 22]. It con-
tains 2.1 calories per gram: this ipocaloric value is reported to be lower if maltitol 
is compared with sucrose [1]. In addition, maltitol is highly stable by the thermal 
and chemical viewpoint and exhibits very similar properties to table sugar: viscos-
ity (when dissolved in aqueous solutions), hygroscopicity, solubility in water, etc. 
[1, 23]. It is commonly produced via a hydrogenation method involving starch-
obtained maltose. Furthermore, maltitol syrup is made by hydrogenation of mixed 
carbohydrates from starch. The high sweetness level of maltitol lends itself well to 
being incorporated in sweets and candy products, chocolates, ice creams, etc. [1].

Chemically, maltitol is different from the above-mentioned polyols because 
of the peculiar structure:  this molecule is a disaccharide where a glucose hetero-
atomic ring is connected with a sorbitol unit [1].

Maltitol has a documented laxative effect when consumed in large quantities. 
However, it has been recently reported that osmotic diarrhoea caused by malti-
tol ingestion could be suppressed by adding soluble or insoluble fibre to ingested 
maltitol products [24]. More recently, the concomitant use of maltitol and short-
chain fructo-oligosaccharides has been suggested in sugar-free food product for-
mulations to lower postprandial glycaemic responses [25]. Finally, the positive 
action of maltitol has been demonstrated in rats with concern to the absorption of 
intestinal calcium [1, 26].

In spite of the interesting properties of this molecule, only 199 total results are 
counted for searching the key word ‘maltitol’ on PubMed until 2013.

4.1 Introduction
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4.1.4  Sorbitol

Sorbitol or (2S,3R,4R,5R)-hexane-1,2,3,4,5,6-hexol is also known as glucitol 
(Fig. 4.5). After metabolisation, this alcohol can provide 2.6 calories per gram. 
Chemically, it can be obtained [1] by:

•	 Electrochemical reduction of dextrose in alkaline conditions. During the reduc-
tion of glucose, the aldehyde group is changed to a hydroxyl group. However, a 
notable content of mannitol is obtained also because of the observed epimerisa-
tion of dextrose to fructose.

•	 High-pressure catalytic hydrogenation of dextrose (mannitol does not exceed 
2 %).

•	 Catalytic hydrogenation of sucrose (mannitol is also produced).

Sorbitol is mainly produced from corn syrup but can also be found in various 
fruits such as berries, peaches, apples and pears [27]. Interestingly, sorbitol plays 
an important role in carbon metabolism of fruits and affects the quality of starch 
accumulation and sugar–acid balance. Sorbitol as a key search word on PubMed 
draws the following result counts by year (Fig. 4.6).

Fig. 4.5  The chemical structure of sorbitol, also named (2S,3R,4R,5R)-Hexane-1,2,3,4,5,6-
hexol. BKchem version 0.13.0, 2009 (http://bkchem.zirael.org/index.html) has been used for 
drawing this structure

0

100

200

300

400

500

600

1920 1940 1960 1980 2000 2020

It
em

 c
o

u
n

ts

Year

PubMed results for 'sorbitol', range: 1925-2013

Fig. 4.6  Results counts for ‘sorbitol’ in PubMed, 1925–2013

http://bkchem.zirael.org/index.html


57

Sorbitol, like other sugar alcohols such as maltitol, can have a laxative effect. 
In fact, the well-known laxative effect of prunes may be explained by their high 
sorbitol content: 14.7 g/100 g [28]. Sorbitol-based osmotic diarrhoea has been 
shown to be the result of intestinal malabsorption. In rats, rice starch contained in 
rice gruel may cause a slower rate of intestinal transit of sorbitol when ingested 
together [29]. Moreover, this slower gastric emptying and intestinal transit may 
help to maintain a constant normal osmotic environment in the intestinal lumen so 
as to prevent diarrhoea.

Owing to its thickening and humectant properties, sorbitol can be and is used 
in food (and even cosmetic) formulations which necessitate those properties. Since 
sorbitol has a high enough refractive index, it may be used for formulation of trans-
parent substances. In addition, 25 % of the total production of sorbitol is reported to 
be destined for the realisation of syrups (moisture stabilisers and softeners) [1, 30].

4.1.5  Isomalt

Isomalt, also called (2R,3R,4R,5R)-6-[[(2S,3R,4S,5S,6R)- 3,4,5-trihydroxy-6- 
(hydroxymethyl)- 2-tetrahydropyranyl]oxy]hexane- 1,2,3,4,5-pentol, has 2 calories 
per gram and has similar physical properties as sugar. It is an equimolar mixture 
of two disaccharides, each composed of glucose and mannitol. Isomalt is typically 
manufactured by transformation of sucrose into isomaltulose which is then sub-
sequently hydrogenated. Isomalt does not crystallise as quickly as sucrose and is 
thus attractive for use in sugar sculpture and other decorative edible products.

Isomalt (Fig. 4.7) appears to be a palatable alternative sweetener for use in dia-
betic confectionaries as it exhibits a lower glycaemic effect (0.45) in comparison 
to conventional chocolate [31]. In addition, isomalt is reported to give higher spe-
cific heat capacity, lower viscosity and higher boiling point values to melted prep-
arations when added. Finally, the high stability to acid hydrolysis is well known: 
for these and other reasons, the use of isomalt is recommended in many food and 
non-food applications if compared with other polyol sweeteners [1, 32].

Fig. 4.7  The chemical structure of isomalt. This name corresponds to the mixture of two dias-
tereoisomers in different proportions, depending on conditions of the hydrogenation of iso-
maltulose by sucrose via enzymatic reaction. BKchem version 0.13.0, 2009 (http://bkchem.zirael
.org/index.html) has been used for drawing this structure
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5.1  Introduction to Food Allergens

Allergens are naturally occurring proteins responsible for causing non-toxic immune 
mediated adverse food reaction, called ‘Food Allergy’, in consumers. Another type 
of non-toxic reactions is ‘Food Sensitivity or Intolerance’. Allergic reactions such 
as anaphylactic shocks may even cause death within minutes. For these and other 
reasons, medical treatments are urgently required. Multiple factors are involved 
in development of allergies like genetics, age, dose, exposure to allergenic foods, 
etc. The aim of this chapter is to provide a general overview of the problem of food 
allergens in the current food industry with a description of main countermeasures.

From a general viewpoint, food allergy has been observed and identified as a 
clinical concern since 1921 [1–4]. On the other hand, hygienists have progres-
sively considered this phenomenon as a public health problem instead of individ-
ual incidents with food-related causes in the last 30 years [5–8].

The problem of food allergy as a systematic phenomenon with non-aleatory causes 
can be observed and studied with different approaches. One of these methods can be 
simply referred to the numerical dimension or magnitude of observed situations. In 
other words, the following factors should be considered by a clinical viewpoint [8]:

•	 The prevalence of the allergic condition with a necessary connection to safety 
consequences on the human being, and

•	 Limits of responsibility for the different players or stakeholders of the so-called 
‘food chain’.

With regard to the first factor, it has been reported that 1–2 % of the population 
may suffer from food allergic reactions. In addition, the exposure may reach 8 % 
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in case of children [8–11]. On the other hand, the perceived extension of the food 
allergic condition may be notably underestimated [8, 12] because of:

(a) The similarity between allergic reactions within a single family [13]. As a result, 
the totality of the members of a single and restricted community can have a 
peculiar food allergy; on the other hand, only a few cases might be reported.

(b) Self-reported food allergic reactions appear to be greater than the estimated 
and clarified prevalence of ‘official’ results [14].

(c) Different people eat different foods and a variety of different branded edible 
products. As a consequence, the penetration of a peculiar food in the market 
can affect possible studies and simulations about allergy risks, depending on 
reasons such as the regionality of brands [15].

The problem of food allergy may be notably complicated when considering the 
number of possible players of the food chains and related responsibilities. With the 
preventive exclusion of consumers’ duties, medical exceptions and the behaviour 
of mass retailers and distributors, the main responsibilities of food producers may 
be summarised as follows [8, 16]:

•	 The food industry must provide safe foods (general requirement) without 
exclusions, including the possibility of food allergy- sensitive consumers. This 
obligation is mainly carried out by means of adequate ‘good manufacturing 
practices’ [15] with the aim of removing known food allergens from the supply 
chain (if possible).

•	 Moreover, food producers have to inform potentially sensitive consumers with 
adequate labels or interactive systems. Basically, this information is compulsory 
in many countries and macroeconomic regions with concern to simple labelling 
descriptions.

•	 Finally, the food industry should carefully evaluate the use of novel foods or 
ingredients because of possible food allergic reactions. For this reason, trial 
tests should be carried out in the so-called ‘design’ step of foods before produc-
tion, with the aim of preventing worst case scenarios [17]. For example, could a 
specified novel food cause allergic reactions and/or increase the estimated food 
allergy prevalence in the normal population? Because of the lack of predictive 
tests for the identification of potential allergenicity by novel foods (especially 
proteins), these ‘ingredients’ should be evaluated as potential allergens [8].

5.2  Chemistry and Action of Allergens

Allergy may be defined as the result of binding between ‘epitopes’—peculiar 
regions of tridimensional proteins—and the so-called ε heavy chain- immunoglob-
ulin (IgE) [18, 19]. Every epitope can be considered as a molecular region on the 
surface of an ‘antigen’ with the ability of causing a specific reaction or ‘response’ 
by an ‘antibody’ molecule. As a consequence, a specific epitope is recognized by 
a specific ‘antibody’ or antigen receptor. For these reasons, epitopes can also be 
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called antigenic determinants because of the localization into a molecule—the 
antigen—with the ability of generating specific antibodies [18, 19].

As a result, allergic reactions correspond to the response of environmental 
antigens when in presence of pre-existing antibodies. Allergy may be observed 
in a variety of situations; on the other hand, the most known mechanism appears 
the binding of allergen epitopes to IgE antibody on mast cells. Observed conse-
quences may be asthma, allergic rhinitis, etc., because of the occurrence of the 
so-called ‘immediate reaction’ (a few seconds are needed) [19]. However, the sys-
tematic exposure to antigens may also cause anaphylactic shocks with consequent 
circulatory collapses and suffocation due to tracheal swelling [19]. These reactions 
occur within minutes of exposure. Consequently, effects are observed with a cer-
tain delay as compared to immediate reactions.

In addition, the increased tendency to produce immediate hypersensitivity reac-
tions against potential allergens, the so-called ‘atopic’ allergy, is one of the grow-
ing fields of interest [18, 19].

Chemically, the reaction between IgE normally present in human serum in 
extremely small quantities, although serum concentration may increase several 
hundred if specific stimuli are given [20–22]—and allergens is typically persistent 
because of the high-affinity receptor FcεRI [23] in basophils and mast cells, and 
the low-affinity receptor FcεRII [24]. Consequently, the presence of allergens—
usually water-soluble glycoproteins with molecular weights between 10 and 
70 kDalton—can determine the release of chemicals like histamines and leukot-
rienes with the occurrence of above-mentioned ‘immediate’ symptoms [24].

Food allergens may resist heat, acids and proteases. One of these examples is 
the Ara h 1 glycoprotein: this molecule—a highly structured protein with a clear 
tertiary fold and reported to be found as a trimeric complex in peanuts—is reported 
to exhibit excellent stability to heat, in spite of the clear denaturation by digestive 
enzymes [24, 25]. As a result, the allergenicity of Ara h 1 may appear unaffected 
by thermal treatments. In addition, related allergic reactions may occur with a dose 
of 100 μg with the risk of severe dangers for subjects with peanut allergy [25].

The above shown situation may be observed with other food allergens. As a clear 
result, the approach to allergen risk management in the food industry is expected to 
be mainly focussed on the implementation of good manufacturing practices, includ-
ing correct guidelines for the handling of allergens and the exclusion of cross-con-
tamination [8]. In other words, food allergenicity cannot be reasonably curtailed by 
processing procedures such as thermal treatments or ‘enzymatic’ strategies.

5.3  Food Allergens and the Industry: Risk Management

Because of lack of processes or technical solutions for the eradication of food 
allergenicity, the current approach appears mainly focussed on the information to 
consumers (labelling) and the concomitant limitation of all possible allergens in 
food until a safe value can be reached [8].

5.2 Chemistry and Action of Allergens
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On the other hand, it should be recognised that:

•	 Mentioning a peculiar food allergen may be difficult. As a consequence, the term 
‘lactose’ can be identified under the more general ‘milk and milk products, includ-
ing lactose’ phrase. Thus, all possible milk derivatives would be named with the 
same efficacy. This is the current position in the European Union (EU) [26]

•	 The quantitative limitation of allergens in industrial productions and recipes can 
be obtained by cooperative efforts. Subsequently, the exclusion of allergenic 
substances should be assured by means of continuous and regular controls by 
suppliers and manufacturers of food products. This monitoring activity should 
be managed by brand-owner and non-manufacturing companies by means of 
detailed audits, in accordance with food safety system protocols such as ISO 
22000 and other standards by British Retail Consortium and International 
Featured Standards (IFS). The Regulation (EU) No 1169/2011 defines the posi-
tion of brand-owners with well-circumscribed responsibilities with respect to 
labelling declarations. As a result, the control on manufacturing should be per-
formed by the totality of involved players

•	 The problem of cross-contamination is critical. The management of this risk 
is generally considered by means of the ‘hazard analysis and critical control 
points’ (HACCP) approach. However, HACCP plans need to be constantly 
reviewed with the aim of assuring that all possible risks are reduced to an 
acceptable level. In addition, prerequisite programmes as cleaning and sanita-
tion & allergen control policy—are the foundation of the HACCP plans [27].

In conclusion, the management of food allergens is a work in progress. Because 
of the notable number of food allergen-related alerts in the EU, new strategies are 
needed. The necessity for repeated audits and the validation of new and cost-effec-
tive analytical protocols for different food matrices continue to be the economic 
challenge for allergen management [27].
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