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Food chemistry, unlike other branches of chemistry which focus on a particular
class of compounds, is a very broad field that encompasses many different aspects.
Food chemistry is involved not only in the determination of the chemical compo-
sition of the raw materials and food products but also deals with the desirable and
undesirable changes which occur in foods during their production and storage.
Since food is a very complex matrix by its nature, the chemical reactions of its
constituents are very complicated and affect the nutritional value, toxicological and
safety aspects, as well as the sensory quality of the food. Food chemistry is also
closely related to the technological and economic aspects in the food manufacturing
industry, catering, and health food business.

This Handbook is intended to be a comprehensive reference for the various
chemical aspects of foods and food commodities. Apart from the traditional knowl-
edge, this book will cover the most recent research and development of food
chemistry in the areas of functional foods and nutraceuticals, organic and geneti-
cally modified foods, and nanotechnology.

This Handbook is divided into the following seven parts:

Part 1: Introduction encompasses the overview of food chemistry, which includes
the general properties of major and minor food components; the major categories
of food additives including preservatives, dietary ingredients, processing aids,
flavors, sweeteners, colors, and texturizers as well as the applications of these
food additives in general. This part aims at providing some basic information for
those who may not have the background knowledge of food chemistry and can
be read as an independent introductory section.

Part 2: Principles of Chemical Analysis of Food Components provides a very
concise coverage of the basic chemical analysis of food components, which
highlights some classical wet chemistry methods, sampling and sample prepa-
ration, and instrumental food analysis. The purpose of this part is to outline some
of the essentials of food analysis which are used to determine the chemical
composition of food and food commodities mentioned in Part 3.

Part 3: Chemical Composition of Food and Food Commodities is the major section
in this Handbook, which consists of 12 categories including natural foods and
food commodities from plant and animal origin as well as genetically modified
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and organic ones. Some common processed food products are also included to
reflect the diversity of food commodities. The information in this part should
give the readers a comprehensive knowledge of the chemical composition of
most of the major food groups listed in a food composition database.

Part 4: Chemical and Toxicological Aspects of Food Contamination is a special

section which aims at covering the various types of toxins from plant and
microbial origins as well as the different chemical toxicants that are likely to
cause food contamination. Both the chemical nature and toxicological aspects of
all these natural and man-made contaminants/toxicants are essential for evalu-
ating the safety of our foods and food products.

Part 5: Nutritional and Toxicological Aspects of the Chemical Changes of Food

Components and Nutrients During Processing focuses on the possible chemical
changes of food components in regard to their nutritional and toxicological
aspects during conventional thermal processing methods including heating,
freezing, and drying as well as the unconventional pressure-assisted thermal
processing. Emphasis in this part is on the chemical degradation of food com-
ponents leading to the formation of harmful substances during processing and
their implications to food safety and health risk.

Part 6: Chemistry of Bioactive Ingredients in Functional Foods and Nutraceuticals

highlights the chemical properties of natural bioactive substances that are from
plant, animal, and microbial origin as well as synthetic ones. This information
will be useful for those who want to apply these substances as bioactive
ingredients in functional foods and nutraceuticals for human consumption.

Part 7: Chemistry of Food Nanotechnology covers a few areas related to food

nanotechnology including an introduction to food nanotechnology and its appli-
cation in food safety via the development of biosensors as well as nanomaterials
used for food processing. It reflects the very rapid and promising development in
food nanotechnology that would attract great attention in the near future.

This book should be appropriate for undergraduates and postgraduates in the

academics and professionals from the various disciplines and industries who are
interested in applying knowledge of food chemistry in their respective fields.

Peter C.K. Cheung
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Abstract

Among the different branches of food science, food chemistry focuses on the
changes in the composition and chemical, physical, and functional properties of
foods and food products during their different processing stages and storage
periods. Food chemistry has rapid development in the past few decades based on
modern chemistry and biochemistry. Its recent advances are mainly in the
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chemical aspects of food components and additives in the areas related to food
quality and safety. The future development of food chemistry will be expanded
into the field of functional foods and nutraceuticals.

Definition and Importance of Food Chemistry

Foods may be defined as natural products, fresh or processed, which are consumed
by human beings for their nourishment. Foods are composed of various chemical
constituents including mainly carbohydrates, lipids, proteins, vitamins, minerals,
and enzymes. All these chemical constituents when acting alone or when
interacting with others play an important role for the changes of the physical and
chemical properties of foods and food products during their production, handling,
processing, storage, and distribution.

The science of food therefore studies all these properties in foods. Food science
is a discipline in which biology, physical sciences, and engineering are used to
study the nature of foods, the causes of their deterioration, and the principles
underlying food processing. Food science is thus a multidisciplinary subject
which involves chemistry, microbiology, biology, engineering, as well as biotech-
nology, and all these different fields are interrelated.

Chemistry is the science of the composition of matter and the changes in
composition that occur under changing conditions (Ira 1976). The developments
in various branches of chemistry such as organic chemistry, analytical chemistry,
and physical chemistry were considered as essential to the advances of food
chemistry (Meyer 2004). Food chemistry is one of the major disciplines of food
science which is mainly focusing on changes in the composition and chemical,
physical, and functional properties of foods and food products during various stages
from farm to fork. Such changes would ultimately affect the quality attributes and
sensory characteristics of foods as well as the safety aspect. Therefore, the appli-
cation of food chemistry mainly focuses on improving food quality and safety for
the consumers.

Thorough knowledge of chemistry, biochemistry, botany, zoology, physiology,
and molecular biology is the key criteria to understand the food chemistry. Food
chemistry does not only concern with the composition of food raw materials and
end products but also with the desirable and undesirable reactions which are
controlled by a variety of physical and chemical parameters. There are extensive
studies on the chemical composition of foods, micronutrients, contaminants, and
additives as well as mechanisms of various reactions which affect the quality and
safety of foods. Food chemistry can provide an in-depth understanding of the
principles and mechanisms involved in the various reactions that happened during
food preparation, processing, and storage. A thorough understanding of all these
chemical reactions that occur in foods would allow us to maximize the production
or preservation of health-promoting compounds while minimizing the formation of
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harmful substances during food handling and preparation. Some typical examples
of these chemical reactions include enzymatic and nonenzymatic browning
(Maillard reaction), lipid oxidation, starch hydrolysis, formation of trans-fatty
acids, cross-linking and denaturation of proteins, gel formation, starch retrograda-
tion, toughening and softening of meat texture, degradation of vitamins, develop-
ment of food flavor and off-flavors, formation of carcinogenic compounds during
cooking, migration of various chemicals from packaging materials to food and their
interactions, as well as those measures taken to reduce deterioration of foods during
handling, processing, and storage.

Historical Development of Food Chemistry

At some point in the distant past, our ancestors who were hunter-gatherers had
harnessed fire and learned to cook raw foods and started to experiment primitive
methods to preserve excess foods by trial and error. These events gave birth to the
earliest knowledge of food science in which the chemistry of food was the major
area. Later, as foods became more abundant due to agriculture and farming, people
were motivated to make their diets more interesting and palatable and had the
luxury to enjoy the variety of food. Without knowing the principles behind, our
ancestors started to explore different cooking methods and treatments to make
foods more digestible, to remove toxins, to improve its taste, and to keep it longer.
Hence, traditional cooking and food preparation methods were developed in dif-
ferent regions and handed down to later generations.

It is difficult to trace the origin of food chemistry, but it is closely related to the
development of the different branches in modern chemistry and also biochemistry.
One of the major areas in food chemistry is the study of food composition in terms
of the different chemical components. It was not until in the eighteenth and
nineteenth centuries that the quest for understanding of the chemical nature of
our food by organic chemists had emerged. Firstly, the chemical structure and
properties of macronutrients like carbohydrates, proteins, and lipids were charac-
terized. This was followed by the discovery of various vitamins in the early
twentieth century. Research on the biosynthesis of both macro- and micronutrients
and their metabolism has also linked up food chemistry and food biochemistry
together during the twentieth century. The chemical analysis of food (so-called wet
chemistry) was developed in parallel with the study of food components at a similar
time due to the demand to expose the malpractices of adulteration by food sup-
pliers. With the advances in modern analytical instrumentation in the 1960s, food
analysis has moved from the classical techniques of wet chemistry to sophisticated
instrumental techniques using spectroscopy and spectrophotometry. The develop-
ment of physical sciences in the field of texture and image analysis has allowed the
sensory aspects of foods to be described in a more quantifiable manner and the
physical characteristics of foods to be more well defined.
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Chemical Aspects of Food Components and Additives in Quality
and Safety

Water

Water is essential to life. Water (H,O) contains strong covalent bonds that hold the
two hydrogen atoms and one oxygen atom together. The bonds between oxygen and
each hydrogen atom are polar bonds. The outer-shell electrons are unequally shared
between the oxygen and hydrogen atoms, the oxygen atom attracting them more
strongly than each hydrogen atom. As a result, each hydrogen atom is slightly
positively charged and each oxygen atom is slightly negatively charged. Therefore
they are able to form hydrogen bonds. The nature of hydrogen bonds allows water
to bond with other water molecules as well as with proteins, pectin, sugar, and
starches. Water is important as a solvent or dispersing medium, dissolving small
molecules to form true solutions and dispersing larger molecules to form colloidal
solutions depending on their particle size and solubility.

Water is an essential constituent of many foods. It may occur as an intracellular
or extracellular component in vegetable and animal products, acting as a dispersing
medium or solvent in a variety of products, as the dispersed phase in some
emulsified products such as butter, and as a minor constituent in other foods
(deMan 1999). Water is the major component of many foods, with its content
varying from food to food. The water content of some food and food products is
as follows: meats (50-82 %), fruits (80-95 %), vegetables (70-95 %), beer (90 %),
milk (84-86 %), bread (30-35 %), butter (16 %), milk powder (4-5 %), and
anhydrous milk fat (0.5 %). Water in the proper amount, location, and orientation
profoundly influences the structure, appearance, and taste of foods and their sus-
ceptibility to spoilage (Fennema 1996; Reid and Fennema 2008). Water activity
(a ratio of the vapor pressure of water in a solution to the vapor pressure of pure
water) has a profound effect on the rate of many chemical reactions (e.g., hydrolytic
reactions, nonenzymatic browning, lipid oxidation, color reaction) in foods and on
the rate of microbial growth (Labuza 1980; deMan 1999).

Carbohydrates

Carbohydrates are the most abundant food component and the most important
energy source (4 kcal/g) in our diet. Carbohydrates are defined as polyhydroxy
aldehydes or ketones and their derivatives. Carbohydrates come in various shapes
and sizes, from small sugar molecules to complex polymers containing thousands
of simple sugar units. Important food carbohydrates include simple sugars, dextrins,
starches, and nonstarch polysaccharides including celluloses, hemicelluloses, pec-
tins, and gums. The latter ones are an essential source of fiber in the diet. Carbo-
hydrates are important constituents of foods not only because of their nutritive
values but also because of their functional properties. Carbohydrates, especially
polysaccharides, can be used as sweeteners, thickeners, stabilizers, gelling agents,
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and fat replacers. They are being used in a wide spectrum of convenience foods
(Vaclavik and Christian 2008).

The intensity of sweetness of sugars varies depending on the specific sugar (e.g.,
fructose is the sweetest whereas lactose is the least sweet). The high water solubility
of sugars can make syrups easily. However, sugars form various crystals as water
gets evaporated or depending upon the saturation of the solution. Depending upon
the type of product, sugar crystallization is desirable (e.g., candy making) or
undesirable (e.g., sweetened condensed milk, ice cream). A high concentration of
sugar reduces the water activity in certain food products like jams, jelly, and
sweetened condensed milk which prevents the growth of spoilage microorganisms.

The addition of sugar makes food more viscous and provides body and mouth-
feel to foods. Nowadays, consumers are more health conscious, but the replacement
of sugar by nonnutritive sweeteners could not totally satisfy consumers who
demand food body fullness. Hence, the addition of various gums or starches is
necessary to get the desired body of the product. The most common energy source
of microorganisms is carbohydrates which are metabolized into various compo-
nents like lactic acid, acetic acid, pyruvic acid, and carbon dioxide. Sugar alcohols
such as mannitol, sorbitol, and xylitol are obtained from the reduction of the
carbonyl group to a hydroxyl group of the reducing sugar. These sugar alcohols
are not readily fermented by microorganisms and are used in chewing gums
because of their tooth decay prevention and can be used to replace sugar in
noncaloric foods (Vaclavik and Christian 2008).

The reducing sugar, having a free carbonyl group, undergoes reaction with free
amino acid groups of protein leading to the formation of various favor and color
compounds (e.g., melanoidins — a brown pigment). The interaction of the carbonyl
group with amino acids is known as Maillard reaction which can impart a brown
color to food products such as bakery products, UHT milk, and milk powder during
their production and subsequent storage period. Maillard reaction may also lead to
the formation of various toxic compounds and loss of the available lysine. On the
other hand, at extremely high temperatures, sugars alone can be decomposed to
produce brown color compounds, and the reaction is popularly known as
caramelization, which is a nonamino acid type of browning. Moreover, lactose
undergoes thermal degradation with the production of various organic acids such as
formic acid, lactic acid, pyruvic acid, levulinic acid, and acetic acid which can
lower the pH of milk during heat treatment leading to heat coagulation of milk and
milk products.

Lipids

Food lipids are esters formed by fatty acids and glycerol and are commonly known
as triglycerides or triacylglycerides. They are a heterogeneous group of naturally
occurring substances which are sparingly soluble in water but soluble in organic
solvents such as ether, chloroform, acetone, and benzene. Up to 99 % of the lipids in
plant and animal materials are consisted of triglycerides known as fats and oils.
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At room temperature, fats are solid while oils are liquid. The fatty acids in tri-
glycerides can be saturated and unsaturated, depending on the number of carbon-
carbon double bonds in the hydrocarbon chain.

Lipid is a principal dietary component of energy source and reserve which
provides (9 kcal/g) energy. The lipid content of foods can range from very low to
very high in vegetable and animal products such as haddock (0.1 %), cod (0.4 %),
barley (1.9 %), milk (4—6 %), chicken (7 %), cheese (25-30 %), butter (80 %), and
ghee/butter oil (99.5 %) (deMan 1999). Lipids also carry the fat-soluble vitamins A,
D, E, and K as well as provide essential fatty acids for our body (Vaclavik and
Christian 2008). Fatty acids such as monounsaturated fatty acid and conjugated
linolenic acid (CLA) have beneficial effects to human health such as a decreased
risk of coronary heart disease. Apart from its energy and nutritional values, lipid
plays an important functional role in foods by providing mouthfeel, palatability,
texture, and aroma. Lipids provide either tenderization (e.g., oil pie crusts) or
flakiness (puff pastry) that imparts distinct characteristics to a food product. How-
ever, health-conscious consumers often demand food products that have reduced-
fat, low-fat, or no-fat formulations produced by substituting lipids with a variety of
fat replacers derived from carbohydrates, proteins, or fats.

The fatty acid profile of individual fats and oils is unique, and hence the measure
of various parameters related to fatty acid composition (e.g., melting point, sapon-
ification number, iodine value, amount of short-chain fatty acids, Reichert Meissl
and Polenske value, refractive index) is often used to check adulteration of lipids in
the food products. The melting point of fat is usually not sharp but is within a
certain range due to variation in low-, medium-, and high-melting triglycerides.
Milk fat has a wide melting range (e.g., —40 °C to +40 °C), whereas chocolate fat
has a narrow melting range (close to body temperature) to allow its melting in our
mouth. Fat has the ability to form different crystals upon cooling. Controlled
crystallization of lipids can improve the functional properties in foods because
small fat crystals can give a smooth texture to products like butter and anhydrous
milk fat.

Food lipids are subjected to a number of chemical reactions that would affect their
quality and applications. Lipid oils can be modified by hydrogenation process to
reduce the number of double bonds to be used as solid fats in margarine. Interester-
ification of lipids can be used to produce more spreadable butter. Fats and oils
undergo various rancidification reactions. There are different types of rancidity that
can take place in food products having high fats and oils: hydrolytic (due to action of
lipase/lipolysis), ketonic (due to growth of penicillin mold), and oxidative (due to
chemical reaction with oxygen) rancidity. Limited lipolysis is essential in certain
varieties of cheese for the production of typical flavors but can also be detrimental in
anhydrous milk fat which leads to the production of short-chain fatty acids giving a
butyric and offensive smell. The oxidative deterioration of fats/oils can lead to the
formation of various off-flavors as well as generation of various toxic compounds.
Certain fats/oils that have undergone repeated deep-frying processes can form harm-
ful chemicals including various epoxides, free radicals, and other toxic compounds,
causing deterioration in the quality of food products.
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Proteins

Proteins play a central role in biological systems. They are utilized in the formation
and regeneration of body muscle. Certain specific proteins serve as enzymes, while
others serve to provide functions in metabolic regulations. The energy provided by
proteins is 4 kcal/g. Proteins are polymers of different amino acids joined together
by peptide bonds. Because of the various side chains that are linked to different
amino acids, proteins have different chemical properties (deMan 1999). Proteins
have four types of structure including primary, secondary, tertiary, and quaternary
structure. These structures are stabilized by peptide bonds, hydrogen bonds, disul-
fide bonds, hydrophobic interactions, ionic interactions, and van der Waals inter-
actions. Knowledge of protein conformation and stability is essential to
understanding the effects of processing on food proteins. Food proteins may be
defined as those that are easily digestible, nontoxic, nutritionally adequate, func-
tionally useable in food products, and available in abundance. Traditionally, milk,
meats (including fish and poultry), eggs, cereals, legumes, and oilseeds have been
the major sources of food proteins (Damodaran 2008).

Several factors, such as content of essential amino acids and digestibility,
contribute to the differences in the nutritive values of proteins. Cereal proteins
from wheat, maize, rice, and barley are richer in methionine but are very low in
lysine, while legume proteins are deficient in methionine but are higher in lysine
content. The nutritional quality of a protein that is deficient in an essential amino
acid can be improved by mixing it with another protein that is rich in that essential
amino acid. Food proteins of animal origin are more completely digested than those
of plant origin. Proteins of animal origin, such as milk (caseins), egg, and meat
proteins, are widely used in fabricated foods. These proteins are mixtures of several
proteins with wide-ranging physicochemical properties, and they are capable of
performing multiple functions. Plant proteins (e.g., soy and other legume and
oilseed proteins) are used to a limited extent in conventional foods.

Proteins have many useful functional properties in foods such as hydration,
emulsification, gelling, and foaming. Therefore, they can be used as thickeners,
binding and gelling agents, as well as emulsifiers or foaming agents (Vaclavik and
Christian 2008). Proteins generally have a great influence on the sensory attributes
such as texture, flavor, color, and appearance of foods. For example, the textural
and curd-forming properties of yogurt are due to the unique colloidal structure of
casein micelles; the sensory properties of bakery products are related to the dough-
forming properties of wheat gluten; and the succulent characteristics of meat
products are largely dependent on muscle proteins (Damodaran 2008).

Proteins are vulnerable to many chemical reactions that would affect their
nutritional and functional properties. For example, proteins can undergo several
chemical alterations involving lysyl residues when exposed to high temperatures
and alkaline pH. Such alterations reduce their digestibility. The reaction of reducing
sugars with e-amino groups (e.g., Maillard browning) also decreases digestibility of
lysine and produces certain toxic compounds (Damodaran 2008). Fermentation of
proteins leads to the production of various bioactive peptides which have health
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benefits. Moreover, excessive proteolysis in cheese is responsible for the production
of peptides with bitter taste. Various processing treatments can lead to various
chemical reactions involving protein-protein and protein-lipid interactions affect-
ing both functional properties and nutritive values of food proteins (Parris and
Barford 1991).

Minerals

Minerals usually refer to elements other than C, H, O, and N that are present in
foods. The mineral material may be present as inorganic or organic salts or may be
combined with organic material. Major minerals include calcium, phosphorus,
magnesium, sodium, potassium, and chloride. Trace elements include iron, iodine,
zinc, selenium, chromium, copper, fluorine, lead, and tin. Minerals play important
roles in both living organisms and foods (deMan 1999; Miller 2008).

Minerals are chemically inert to heat, light, oxidizing agents, and extreme
pH. Minerals can, however, be removed from foods by leaching or physical
separation. The most important factor causing mineral loss in foods is milling of
cereals and rice. Hence fortification is generally carried out in certain foods to
compensate for the loss of iron. Calcium and phosphate are present in colloidal
form with casein micelles, but they can be removed and transferred to the soluble
aqueous phase during acidification. Loss of calcium from milk can occur when
whey is drained during cheese making (Lucey and Fox 1993). Moreover, calcium
plays a significant role in cheese making, and hence sometimes calcium chloride is
added in milk to make a firmer body of cheese.

The presence of calcium, magnesium, phosphate, and citrate in milk is respon-
sible for the heat stability of milk and milk products. Moreover, citrate plays a key
role during fermentation of milk in the preparation of dahi and yogurt. Phosphate is
a food additive having multifunctions including acidifying (soft drinks), buffering
(various beverages), anticaking, leavening, stabilizing, emulsifying, water binding,
and protecting against oxidation (Miller 2008).

Minerals have a tendency to interact with other food components which affect
the physical and chemical properties of foods. For example, iron and copper are
considered as prooxidants and are responsible for various oxidative deteriorations
in high-fat food products. Iron serves as a color modifier in meat and has the ability
to form blue, black, or green complexes with polyphenol compounds. For applica-
tions in the food industry, nickel is used in the hydrogenation of vegetable oil and
copper can be used to produce heat-stable color pigment by replacing magnesium in
chlorophyll.

Vitamins

Although vitamins are only a minor constituent in foods, they play an essential role
in human nutrition. Some vitamins function as part of a coenzyme whereas others
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occur in foods as provitamins. They fall into two groups: water-soluble and
fat-soluble vitamins. Sources of vitamins are from both animal and plant products.
Milk and dairy products contain riboflavin, pyridoxine, and vitamins By,, A, D, E,
and K; fish, poultry, and meats provide riboflavin, niacin, biotin, thiamin, vitamin
B1,, and pyridoxine; fruits and vegetables are rich in vitamins A, K, and C, folate,
and riboflavin; bread and cereals contain thiamin, folate, pantothenic acid, niacin,
biotin, riboflavin, and pyridoxine, while fats and oils contain vitamins A, D, E, and
K (Combs 1992).

Chemically, many vitamins are unstable during thermal processing and storage
(deMan 1999). Vitamin A and carotenoids are relatively stable to heat in the
absence of oxygen but quite susceptible to oxidation in the presence of light due
to their unsaturation. Vitamin D is also susceptible to degradation by light. Certain
milk products like UHT milk and milk powders are fortified with vitamins A and D
to compensate the losses during heating. Vitamin E can act as antioxidants which
provide stability of highly unsaturated vegetable oils. Vitamin K is quite stable to
heat treatment but a certain fat substitute has been reported to impair vitamin K
absorption (Jesse 2008). Vitamin C or ascorbic acid is widely distributed in nature,
mostly in plant products such as citrus fruits, green vegetables, tomatoes, and
berries. Ascorbic acid is commonly used as a food ingredient/additive because of
its reducing and antioxidative properties. Ascorbic acid also prevents enzymatic
browning, inhibits nitrosamine formation in cured meats, and contributes to the
reduction of metal ions. Nevertheless, vitamin C is the least stable of all vitamins
and is easily destroyed during thermal processing and storage. Water-soluble
vitamins are easily leached out during processing treatments (deMan 1999).

Enzymes

Enzymes are proteins with catalytic properties. Although enzymes are only minor
constituents of many foods, they play a major role in foods. Enzymes that are
naturally present in foods can cause both desirable and undesirable changes in food
composition. Since very often these changes are undesirable, the responsible
enzymes must be deactivated (deMan 1999). Since enzymes are proteinaceous in
nature, various chemical agents and physical factors such as heat, strong acids and
bases, organic solvents can denature them and destroy their activity (Oort 2010).
Some examples of the chemical reactions involved by these enzymes include
oxidation catalyzed by lipid peroxides, lipolysis catalyzed by lipases, and enzy-
matic browning catalyzed by polyphenol oxidases. Lipases and lipoxygenase are
responsible for the formation of short-chain fatty acids and other off-flavor products
that are responsible for rancidity in high-fat food products. Polyphenol oxidases are
responsible for browning in cut fruits and vegetables after exposure to oxygen.
On the other hand, food enzymes can have many useful applications. For
instance, amylases which are widely found in plants, animals, and some microor-
ganisms are used in the brewing and baking industries. Proteolytic enzymes are
used in meat tenderization and cheese production. Peroxidases are responsible for
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the bleaching of flour during natural aging. Glycolytic enzymes are responsible for
the development of rigor mortis in fish and seafood products.

Food Additives

Many chemical substances are incorporated into foods for functional purposes, and
in many cases, these ingredients can also be found occurring naturally in some
foods. However, when they are used in processed foods, these chemicals are known
as food additives (Lindsay 2008). According to the FDA, food additives are sub-
stances added to foods for specific physical or technological effects. They may not
be used to disguise poor quality but may aid in preservation and processing or
improve the quality factors of appearance, flavor, nutritional value, and texture
(Vaclavik and Christian 2008).

Based on their specific functions in the food products, food additives include
anticaking/free-flow agents (e.g., calcium silicate), antimicrobials (e.g., benzoic
acid), antioxidants (e.g., vitamin E), emulsifiers (e.g., lecithin), stabilizers (e.g.,
carboxymethylcellulose), humectants (e.g., glycerol monostearate), bleaching/
maturing agents (e.g., benzoyl peroxide), bulking agents (e.g., sorbitol), firming
agents (e.g., calcium chloride), flavoring agents (e.g., aldehydes)/flavor enhancers
(e.g., monosodium glutamate), coloring agents (e.g., anthocyanins), curing agents
(sodium nitrate), dough conditioners/improvers (e.g., ammonium chloride), leav-
ening agents (e.g., ammonium bicarbonate), fat replacers (sucrose polyester),
sweeteners (e.g., high-fructose corn syrup), low-calorie sweeteners (e.g., aspar-
tame), and so on. Food additives can be used to maintain the nutritional quality
(e.g., use of antioxidants), increase the shelf life and stability (e.g., use of antimi-
crobial agents), enhance the appearance (use of coloring, flavoring agents, stabi-
lizers, bleaching agents), and act as processing aids (e.g., use of acids, buffers,
sequestrants) in food production (Meyer 2004).

Conclusion and Future Directions

The ultimate goal of food scientists and technologists is to produce foods and food
products that are fresh, natural, nutritious, safe, attractive, tasty, wholesome, conve-
nient, readily available at all seasons, and affordable to the general public. Food
chemistry has stood up to this great challenge. With the demand for more natural
foods and minimum processed foods, the use of nonthermal and food additive-free
preservation technologies is emerging. The chemical changes in the food components
and the microbes induced by nonthermal treatments like high pressure processing and
other emerging technologies like pulsed electric field and ohmic heating require
extensive studies. The future application of food chemistry will also be shifted
from the conventional food commodities to those that are organic and genetically
modified in origin. The growing popularity of molecular gastronomy has opened up
yet another interesting area in culinary science in which food chemistry is closely
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associated with physical chemistry. The advancement in nanotechnology and its
application in foods has initiated a new investigation of food chemistry with a main
focus on polymer science. As the structure-function relationship of individual food
components with human health and diseases is becoming more important among
food scientists, nutritionists, and physicians, the future direction of food chemistry
will be closely linked to life sciences and health sciences as well as the rapid
development of functional foods and nutraceutical in the food industry. It is antici-
pated that food chemistry would evolve into an even more multidisciplinary science
in the twenty-first century with higher impact to mankind.
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Abstract

Food consists of major constituents or materials. Its composition will affect
nutritional and sensory quality of food product, therefore elucidating the com-
position of food is very essential for food production chain. The major compo-
sitions of most foods are including water, lipid, protein, carbohydrate, and
enzyme. Each component has its own physical and chemical characteristics
which contribute to the final properties of food products. This chapter focuses
on the structure, physicochemical properties, and functionality of water, lipid,
protein, carbohydrate, and enzyme.

Introduction

Raw food products from plants and animals contains mostly water, lipid, protein,
and carbohydrate as major components. Understanding the fundamental aspects
such as the composition and physicochemical properties of raw food products
during handling, processing, and storage will be very important.

Water is an essential constituent in which organisms’ life processes occur.
In food, water presents predominantly as an intracellular or extracellular compo-
nent in plant and animal food products. Interaction of water with other food
constituents results in controlling many chemical and physical reactions which
significantly contributes to shelf life and quality values of food products (Luck
1981). For instance, removal of water from food by physical or chemical methods
such as binding it with salt or sugar inhibits chemical and enzymatic reactions
produced by microorganisms, resulting in shelf life improvement of food products
(Lewin 1974; Luck 1981). On the other hand physical interaction of water with
macromolecules may contribute to the physical appearance of food.

Food lipids are generally nonsoluble compounds referred to as fats (solid) or oils
(liquid) indicating their physical state at ambient temperatures. Food lipids are also
classified as nonpolar (e.g., triacylglycerol and cholesterol) and polar lipids (e.g.,
phospholipids) to indicate differences in their solubility and functional properties.
Food lipids play an important role in food sensory quality by contributing to
attributes such as texture, flavor, nutrition, and caloric density.

Proteins play a central role in biological systems and food as well. All biolog-
ically derived proteins can be used as food proteins which must be easily digestible,
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nontoxic, nutritionally adequate, functionally usable in food products, available in
abundance, and sustainable agriculturally. The functional properties of proteins in
foods are related to their structural and other physicochemical characteristics.

Carbohydrates are organic compounds that are mostly distributed and abundant
on earth. They consist of carbon, hydrogen, and oxygen and can be simple or
complex in structure of molecules. In food processing, a carbohydrate has func-
tional role in its physical and chemical properties which act as sweeteners, thick-
eners, stabilizers, gelling agents, fat replacers, and precursors for aroma and
coloring substances, especially in thermal processing. Carbohydrates are com-
monly divided into monosaccharides, oligosaccharides, and polysaccharides.

Enzymes are proteins involved in chemical reactions related to metabolism.
Generally, food enzymes can be classified as endogenous and exogenous. Endog-
enous enzymes are enzymes that exist and are synthesized by biological cells in all
organisms and thus enhance or deteriorate food quality, while exogenous enzymes
are enzymes that are added to foods to cause a desirable change (Damodaran
et al. 2008). Inactivation or controlling the rate of enzymes is important to result
in desirable changes in food products.

In this chapter, general properties of water, lipid, protein, carbohydrate, and
enzyme such as their chemical structure, physical and chemical properties, and
functional properties in food are discussed in different sections.

Water
Physical Properties of Water and Ice

Physical properties of water are shown in Table 1; much of this information was
obtained from De Man (1999). Table 2 shows physical properties of ice at various
temperatures. Some of the physical properties of water and ice are exceptional;
however, these exceptionally high values of the caloric properties of water would
be important for food processing operations such as freezing and drying (Fennema
1973). In frozen food, density difference of water and ice may contribute in
structural damage to foods. Structural change from solid to semisolid or vice
versa as a result of fluctuating temperature will change also the density of ice,
producing stresses and structural damage in frozen foods (Boutron et al. 1960;
Vaclavik and Christian 2014).

Interactions of Water

Water-Solute Interaction

Water-solute interaction results in alteration of the properties of food systems.
These changes result from molecular interactions between water and the nature of
the solute, particularly from ions or charged groups which interact with water
through electrostatic forces. These interactions alter the geometric structure of
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Table 1 Physical properties of water

Temperature (°C)

Water 0 20 40 60 80 100
Vapor pressure (mm Hg) 4.58 17.53 55.32 149.4 355.2 760.0
Density (g/cm”) 0.9998 |0.9982 |0.9922 |0.9832 |0.9718 |0.9583
Specific heat (cal/g °C) 1.0074 |0.9988 |0.9980 |0.9994 | 1.0023 |1.0070
Heat of vaporization (cal/g) 597.2 586.0 574.7 563.3 551.3 538.9

Thermal conductivity (kcal/m? 0.486 0.515 0.540 0.561 0.576 0.585
h °C)

Surface tension (dynes/cm) 75.62 72.75 55.32 69.55 66.17 62.60
Viscosity (centipoises) 1.792 1.002 0.653 0.466 0.355 0.282
Refractive index 1.3338 | 1.3330 |1.3306 |1.3272 |1.3230 |1.3180
Dielectric constant 88.0 80.4 73.3 66.7 60.8 55.3
Coefficient of thermal - 2.07 3.87 5.38 6.57 -

expansion x 107

Source: De Man J M. (1999). Principle of Food Chemistry. Aspen Publisher. Gaithersburg,
Maryland

Table 2 Physical properties of ice

Temperature (°C)

Ice 0 -5 -10 —15 -20 =25 =30
Vapor pressure 4.58 3.01 1.95 1.24 0.77 0.47 0.28
(mm Hg)

Heat of fusion (cal/g) 79.8 - - - - — -

Heat of sublimation 677.8 - 672.3 - 666.7 - 662.3
(cal/g)

Density (g/cm’) 09168 |0.9171 |09175 09178 |0.9182 |0.9185 |0.9188
Specific heat (cal/g 0.4873 |- 04770 |- 0.4647 |- 0.4504
°C)

Coefficient of thermal | 9.2 7.1 5.5 4.4 39 3.6 35
expansion x 107>

Heat capacity (joule/g) |2.06 - - - 1.94 - -

Source: De Man J M. (1999). Principle of Food Chemistry. Aspen Publisher. Gaithersburg,
Maryland

water molecules found in hydrophilic groups of solutes which result in their
mobility retardation and reactivity (Brady and Romanov 1960). In contrast, the
hydrophobic groups of solutes interact weakly with adjacent water, due to their
preference to nonaqueous surrounding environment (Ashbaugh et al. 2002). How-
ever, this weak interaction may result in instability and structural consequences.

Types of Water

Most natural fresh foods contain water up to 70 % of their weight or greater; fruits
and vegetables contain water up to 95 % or greater (Vaclavik and Christian 2014).
Water presents in food in the form of free, bound, and entrapped water
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(Fennema 1973; Schmidt 2004). Free water is water which can be removed easily
from foods just by squeezing, grinding, or pressing, for instance, removing water
from orange fruit just by squeezing it.

Bound water is water which cannot be extracted easily because it binds tightly
onto water molecules (Fennema 1973). Thus, this type of water needs particular
analysis methods to determine its value in the particular food. An example of bound
water is the water present in cacti or pine tree needles; it cannot be squeezed or
pressed out; even extreme desert heat or a winter freeze does not negatively affect
bound water, and the vegetation remains alive.

Water may also present as entrapped water in foods such as water in pectin gel or
in fruit or vegetable. Entrapped water is immobilized in matrixes, capillaries, or
cells, but if released during cutting or damage, it flows freely. Entrapped water has
properties of free water and no properties of bound water. Entrapped water in food
is often associated with water holding capacity, a term that is frequently employed
to describe the ability of a matrix of molecules, usually macromolecules present at
low concentration, to physically entrap large amounts of water in a manner that
inhibits exudation under the application of an external, often gravitational, force
(Belitz et al. 2009; Damodaran et al. 2008; De Man 1999). Familiar food matrices
that entrap water in this way include gels of pectin and starch and cells of tissues,
both plant and animal.

Physically entrapped water does not readily flow from tissue foods, even when
they are cut or minced. Nevertheless, this water behaves during processing with
properties close to those of pure water. It is easily removed during drying, easily
converted into ice during freezing, and readily available as a solvent. Thus, though
its bulk flow is severely restricted, the movement of individual molecules is
essentially similar to that of water molecules in a dilute salt solution (Fennema
1973, 1996).

Most of the water in tissues and gels can be categorized as physically entrapped,
and impairment of this entrapment capability (water holding capacity) of foods has
a profound effect on food quality. Examples of quality defects associated with
impairment of water holding capacity are syneresis of gels, thaw exudation from
previously frozen foods, and inferior performance of animal tissue in sausage
resulting from the decline in muscle pH that accompanies normal physiological
postmortem events. In all cases, the quality defect stems from the physical reloca-
tion of water molecules in space but does not necessarily reflect any significant
change in the interactive properties of these molecules (De Man 1999;
Schmidt 2004).

Water as Food Solvent and Dispersing Medium

Solutes in the form of food constituents can be either dissolved, dispersed, or
suspended in water depending on their particle size and solubility. To form a
solution, water should dissolve small molecules such as salts, sugars, or water-
soluble vitamins which may be either ionic or molecular. An ionic solution is
formed by dissolving substances that ionize in water, such as salts, acids, or
bases. Sodium chloride contains sodium (Na+) and chloride (Cl-) ions held together
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by ionic bonds; the added water molecules reduce the attractive forces between the
oppositely charged ions, the ionic bonds are loosened, and thus the water molecules
surround the individual hydrated ions. Each ion is usually surrounded by six water
molecules; the ions move independently of each other.

The surrounding concept of water molecules occurs also in polar molecules to
form molecular solutions, for instance, sugars. When a sugar crystal is dissolved in
water, predominant hydrogen bonds between the polar hydroxyl groups are
loosened and replaced by hydrogen bonds between water and the sugar molecules.
Therefore, the hydration occurs gradually until each sugar molecule is fully
surrounded by water molecules. Temperature also affects the hydrogen
bond disruption between polar hydroxyl groups of sucrose molecules, then
facilitating the formation of hydrogen bonds between water and sucrose and
hydration of sucrose molecules. Therefore, sucrose has much better solubility in
hot water than in cold water. Solute dissolution in water will increase the
boiling point of water which is practically important to be understood for
food process application like in candy or jelly making through determination of
the sucrose concentration by measuring the boiling point of sucrose solution
(Fennema 1996).

Big molecules with a size range 1-100 nm are difficult to dissolve fully to form
true solutions, but they can be dispersed to form colloidal dispersion. Examples of
such molecules include hydrocolloids, starches, and some food proteins. Colloidal
dispersions which mostly apply in food are often unstable systems; stabilization is
necessary to maintain water-solute binding, thus phase separation can be prevented.
They are particularly unstable to factors such as heating, freezing, or pH change. In
food application, changing the conditions in a stable dispersion can cause the
system to be unstable such as precipitation or gelation; however, this is desirable
in some cases, for instance, when making pectin jellies (Belitz et al. 2009). Colloi-
dal dispersion is essential to be understood in food processing as many convenient
or packaged foods have colloidal dimensions and their stability and sensitivity to
certain types of reactions.

Particles that are too large, usually >100 nm, will form a suspension when
mixed with water. Suspension is much more unstable, which separates out over a
period compared with colloidal dispersion. An example of a suspension is when
native starch grains are suspended in water.

Water and Food Stability

Since water is a predominant compound in food, it has a significant role to control
food stability. Stability of food includes its physical, chemical, and microbiological
aspect associated with quality of food; these parameters will affect and relate to
each other. Food instability can lead to food perishability which degrades food
quality. It has long been recognized that there is a relationship between water
content and food perishability. In some foods, water is an undesired compound.
Concentration and dehydration processes are performed primarily for the purpose
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Table 3 Water activity of g4

aw

some foods Leberwurst 0.96
Salami 0.82-0.85
Dried fruits 0.72-0.80
Marmalades 0.82-0.94
Honey 0.75

Source: Belitz HD, Grosch W, Schieberle P (2009). Food Chemistry.
4th revised and extended edition, Springer-Verlag Berlin Heidelberg

of decreasing the water content of a food, simultaneously increasing the concen-
tration of solutes and thereby decreasing perishability (Scott 1957).

Interestingly, it has also been investigated that various types of food with the
same water content have different significant perishability. Therefore, it is evident
that the indicator of perishability is not only the water content. Since water can
interact with solute, the intensity binding might expect that water engaged in strong
associations to lead food quality degradation mainly by microorganism growth and
hydrolytic chemical reactions. The term “water activity” (Aw) was introduced to
reflect the intensity with which water associates with various solute constituents
(Luck 1981; Scott 1957).

Although Aw is not a totally reliable factor in food stability and safety, Aw can give
sufficient information regarding its correlation with rates of microbial growth and rates
of many degradative reactions. Aw is considered high in living tissues of organisms
because they require sufficient level of water to maintain cell metabolism. However,
microorganisms such as bacteria, mold, and yeast multiply at high Aw (Labuza
et al. 1972). Preservation techniques against spoilage because of these microorganisms
take into account the controlling of water activity in the food. Less bacterial growth
occurs if the water level is lowered to less than 0.85 according to FDA Model Food
Code. Foods with aw values between 0.6 and 0.9 (examples in Table 3) are known as
“intermediate moisture foods” (IMF) (Vaclavik and Christian 2014).

Aw is not the only factor that contributes to bacterial growth; other factors such
as pH and environment would contribute also to food stability and safety. These
foods are necessary to be protected against microbial spoilage. In food application,
an option for decreasing water activity and thus improving the shelf life of food is to
use additives with high water binding capacities, such as sucrose, salt, sorbitol, and
glycerol, which act as humectants (Fennema 1978). For instance, jams, jellies, and
dried fruits are prepared using high concentrations of sugar and brines, whereas
hams, salami, and sausages contain high concentrations of salt to prolong their
shelf life.

The storage quality of food does depend on the water activity (Aw), not on the
water content. The ratio of the moisture content of food and the relative humidity of
the air surrounding it is known as the water activity. It is an important characteristic.
Water activity (Aw) is determined by (Vaclavik and Christian 2014)

Aw = P/P, = ERH (1)
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P = partial vapor pressure of food moisture at temperature T
Py = saturation vapor pressure of pure water at temperature T,
Ty = equilibrium temperature of the system

ERH = equilibrium relative humidity

A relationship between Aw and ERH is noteworthy. First, Aw is an intrinsic
property of the sample, whereas %ERH is a property of the atmosphere established
in steady state with the sample. Second, equality exists in Eq. 1 only if equilibrium
has been established between the product and its environment. Equilibrium condi-
tion of the samples is a time-consuming process and almost impossible for large
samples, especially at temperatures below 20 °C (Damodaran et al. 2008).

Role of Molecular Mobility in Food Stability

Even though Aw has become an important tool for the food industry, this should not
preclude consideration of other approaches that can support Aw as a tool for
predicting and controlling food stability and processability. Compelling evidence
has accumulated to indicate molecular mobility. In the molecular mobility
approach, attention is paid to the mobilities of the constituent molecules. Molecular
mobility Mm defined as rotational and translational mobilities is considered rele-
vant. This consideration of mobilities implies that careful attention should be given
to the diffusional aspects of many reactions, and in particular, the importance of
diffusion-limited reactions to the quality in many foods such as glassy states,
recrystallization, and collapse temperatures during freeze drying contributes to
the properties of biological materials (Angibaud 1986).

Many of the basic concepts related to Mm in nonequilibrium systems consisting
of synthetic amorphous polymers explained the important role of glassy and
supersaturated states in food containing various sugars and suggested that the
existence of these states had an important influence on the stability and process-
ability of many foods (Ferry 1980; White and Cakebread 1966; White and
Cakebread 1969; Williams et al. 1955). According to Duckworth et al. (1976)
evidence of the relationship between Mm and food stability is important, since
there is a relevance of Mm to rates of nonenzymatic browning and ascorbic acid
oxidation.

The major concept regarding the relationship between molecular mobility and
stability of foods is very simple. As a food is cooled, molecular mobilities decrease.
The different molecular constituents of the food will give their own characteristic
mobilities. Two possible mechanisms are proposed. First, as temperature is
lowered, at some point the larger molecules’ diffusion is highly restricted, and
processes depending on their mobility will slow down as well. At some lower
temperature, intermediate-size molecules also experience restricted motion that
affects the properties of the system, and its reactions. This relationship exhibits
temperature dependence, particularly in the temperature zone where restricted
motion occurs (Boutron et al. 1986; Damodaran et al. 2008).
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Second, as temperature is lowered, separation of new solid occurs. Ice solid phase
would be more relevant to this mechanism. The principle is when ice separates out,
concentration of solutes in the unfrozen aqueous phase increases; for this relationship
it is known that molecular mobility is not solely a function of the temperature but also
a function of the concentration, since at higher concentrations collisions and involve-
ment become more likely. The combination of temperature and concentration prevail
to a reduction in mobility with decreasing temperature, which is much more obvious
than only driving force-temperature dependence. As previously, molecular size is a
factor, with large molecules exhibiting severely restricted mobilities at higher tem-
peratures than do smaller molecules (Damodaran et al. 2008; Duckworth et al. 1976;
White and Cakebread 1966; White and Cakebread 1969).

In particular, Levine and Slade proposed the application of the Williams-Landel-
Ferry (WLF) equation to food systems to describe interrelationships between WLF
and molecular mobility. The WLF equation takes the form below (Damodaran
et al. 2008):

logl _ —CI(T—-Tg) @)
ng C2+(T-Tg)

n = the viscosity at product temperature T (K)

ng = the viscosity at product temperature Tg (K)

Tg (K) = product temperature (usually the glass transition temperature)

C1, C2 = constants

n can be replaced by 1/Mm, the molecular mobility, or any other diffusion-
limited relaxation process. This equation describes the dependence of system
viscosity, and other diffusion-enabled processes, on the amorphous state behavior
of a polymer. In polymer systems, universal values have been established for C1
and C2. It is a topic of dispute as to whether these values can be usefully applied to
systems of aqueous food glasses (Damodaran et al. 2008).

Diffusion-limited processes often play an important role in food stability, since
the essential constituents considered in molecular mobility are water and the
dominant solute or solutes; evidence implies that Mm is causatively related to
diffusion-limited properties of foods which contain other substances besides
water. Some types of these substances are substantial amounts of amorphous,
primarily hydrophilic molecules, ranging in size from monomers to polymers, for
example, starch-based foods, protein-based foods, boiled confections, intermediate-
moisture foods, and dried, frozen, or freeze-dried foods (Slade and Levine 1995).
When in a condition where Mm is greatly reduced, diffusion-limited properties
become highly stable, changing very slowly or not at all with time. It is important to
notice that while most processes of physical change are diffusion limited, not all
processes of chemical change are so limited. Sometimes chemical reactivities are
the dominant factor in food stability (Damodaran et al. 2008).
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Food Lipids
Chemical Structure and Classification

Fats and oils are triglycerides, the major constituent of lipids. Overall, lipid is the
umbrella term that includes the triglycerides, phospholipids, and sterols.

Glycerides

Glycerides include monoglycerides, diglycerides, and triglycerides. Glycerides
have a glycerol molecule backbone joined to one or more fatty acid molecules
(O’Keefe 2002). A monoglyceride contains glycerol esterified to one fatty acid
molecule. Diglycerides are formed by esterification of two fatty acids to glycerol. If
a triglyceride consists of three same fatty acids, it is called a simple triglyceride,
otherwise if it contains two or three different fatty acids it is called a mixed
triglyceride (O’Keefe 2002; Weiss 1983). The arrangement and specific type of
fatty acids on the glycerol determine the chemical and physical properties of a fat.

In addition to glycerides and free fatty acids, lipids may contain small amounts
of phospholipids, sterols, tocopherols, fat-soluble pigments, and vitamins (Nielsen
2003). Phospholipids are similar to triglycerides but consist of only two fatty acids
esterified to glycerol. A polar group containing phosphoric acid and a nitrogen-
containing group takes the place of the third fatty acid. Sterols contain a common
steroid nucleus, an 8—10 carbon side chain, and an alcohol group (Giese 1996).

Fatty acids are long hydrocarbon chains with a methyl group (CH3) at one end of
the chain and a carboxylic acid group (COOH) at the other. Most natural fatty acids
contain from 4 to 24 carbon atoms and an even number of carbon atoms in the
chain; for instance, butyric acid is the smallest fatty acid, having four carbon atoms.
Fatty acids may be saturated, in which case they contain only single carbon-to-
carbon bonds and have the general formula CH3(CH,),COOH (Fennema 1996).
Fatty acids also can be divided into monounsaturated fatty acids which contain only
one double bond (e.g., oleic acid) and polyunsaturated fatty acids which contain
two or more double bonds (e.g., linoleic acid) (Weiss 1983). Generally, unsaturated
fats have low melting points and liquid form at room temperature (Marangoni and
Narine 2002) (Fig. 1).

The double bonds in fatty acids have different isomer structures which occur
either in cis or trans configuration. In the cis form, the hydrogen atoms attached to
the carbon atoms of the double bond are located on the same side of the double
bond. In the trans configuration of the isomer, the hydrogen atoms are located on
opposite sides of the double bond, across from one another. This configuration of
the double bonds affects both melting point and shape of a fatty acid molecule.

Fig. 1 Example of saturated
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The trans double bonds have a higher melting point than the cis configurations, and
trans configurations do not significantly change the linear shape of the molecule,
but a cis double bond forms coil structure in the chain (O’Keefe 2002).

Physical Properties

Crystal Formation

Fat molecules can bind each other to form crystals. When liquid fat is cooled, the
molecular movement is reduced; the molecules will be attracted to each other by
Van der Waals forces. These forces are weak and of minor significance in
small molecules, but the effect is cumulative in large or long-chain molecules
(O’Keefe 2002).

Crystal formation depends on symmetry of fat molecules and the similarity of
fatty acid chain length (Marangoni and Narine 2002). Fats containing asymmetrical
molecules and molecules containing coil structure of the double bonds align in
more difficult manner, because they cannot pack together closely in space. Sym-
metrical fat molecules that align easily tend to form large crystals because they
have high melting points resulting from less energy removed before they crystal-
lize. On the other hand, asymmetrical molecules tend to form small crystals because
more energy must be removed before they crystallize.

Polymorphism

Fat polymorphism is when fat can exist in different crystalline forms. A fat may
crystallize in one of four different crystal forms, depending on the conditions during
crystallization and on the composition of the fat. The smallest and least stable
crystals are called a-crystals. They are formed when fats are chilled rapidly.
Because of instability, they change readily to p'-crystals, which are small needle-
like crystals approximately 1 pm long. Fats that can form stable p-crystals are good
for use as shortenings, as they can be creamed easily and give a smooth texture.
Unstable p’'-crystals change to the intermediate crystal form, about 3-5 pm in size,
and finally convert to coarse beta p-crystals, which can range from 25 to 100 pm in
length (Timms 1991; Vaclavik and Christian 2014). These large crystals have the
highest melting point.

Formation of small crystals is favored by rapid cooling with agitation. This
allows formation of many small crystals, instead of slow growth of fewer large
crystals (Akoh and Min 2002).

Formation of small or large crystals essentially depends on the cooling rate and
homogeneity of fats (Marangoni and Narine 2002). Growth of large crystals occurs
if cooling is slow and vice versa. The more heterogeneous the fat, the more likely
that the molecules form small stable crystals. Large crystals are formed by
homogeneous fats (e.g., lard), and small crystals are formed by heterogeneous
fats (e.g., acetoglycerides). Increasing of the heterogeneity of the fatty acid com-
position prevents the formation of large crystals. Fats with small crystals are harder
fats, have a smooth fine texture, and appear to be less oily because the oil is present
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as a fine film surrounding the crystals, whereas the reverse is true of fats with large
crystals. Smaller crystals are desirable if a fat contributes aeration to a food.

Melting Points

The melting point is an index of the force of attraction between molecules. A strong
attractive force indicates a good degree of fit between the molecules. Molecules that
do not fit together well do not have strong attractive forces holding them together,
and so they have lower melting points (Marangoni and Narine 2002).

The melting point range of fat or oil is based on the component fatty acids (Akoh
and Min 2002). The melting point of a fat or oil is actually a range, not a sharply
defined temperature. Each fat or oil contains triglycerides that melt at different
temperatures, depending on their component fatty acids. The more heterogeneous of
fatty acids will be less easy to fit together, thus they will have lower melting points.
Some fats have a wide melting range, whereas others, such as butter or chocolate, have
a narrow melting range. Chocolate has a narrow melting range that is close to body
temperature, and this accounts for its characteristic melt-in-your-mouth property.

The melting point is also determined by length of fatty acid chain, number of
double bonds, and isomeric configuration. The first factor is length of fatty acid
chain: long-chain fatty acids have a higher melting point than short-chain fatty
acids, because there is more potential for attraction between long chains than there
is between short chains; for instance, butyric acid (4:0) has a melting point of 18 F
(—7), whereas stearic acid (18:0) has a higher melting point of 157 F (69 °C). The
second factor is number of double bonds: higher the number of double bonds, lower
the melting point. A third influence on melting point is isomeric configuration. The
cis double-bond configuration introduces a number of coil structures which are
more difficult to pack together into the molecule than the frans configuration, thus it
has lower melting point (Weiss 1983).

Chemical Reaction

Hydrolytic Reaction

Off-flavors in fat-based products are caused by hydrolysis of fatty acids from
triacylglycerols (Akoh and Min 2002). Free fatty acids may produce off-flavor,
reduce oxidative stability, cause foaming, and reduce smoke point (the temperature
at which an oil begins to smoke). In hydrolytic rancidity, free fatty acids are
liberated from the glycerol backbone resulting in the development of off-flavors.
Free fatty acids produce off-aromas, and long-chain fatty acids produce soapy tastes
(Min and Boff 2002). Triacylglycerol hydrolysis also occurs in frying oils during
high-temperature processing, the water from fried food inducing the hydrolysis of
triacylglycerol. As the free fatty acid content of the frying oil increases, smoke
point and oxidative stability decrease and the tendency for foaming increases.
Triacylglycerol hydrolysis will also occur at extreme pH values. However, short-
chain free fatty acids sometimes contribute to desirable flavor profiles, such as in
yogurt or cheese products.
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Enzyme lipases play a role in free fatty acid liberation. Enzyme lipases present in
living tissues of raw food materials for foods, and the activity can occur naturally
such as in olive oil processing. Oils from subsequent pressing and oil extracted from
the pomace have higher free fatty acid concentrations as the cellular matrix is
further disrupted and the lipases have time to hydrolyze triacylglycerols (Rousseau
and Marangoni 2002).

Oxidative Rancidity

Oxidative rancidity is the predominant type of rancidity. In this process, the
unsaturated fatty acids are subjected to autoxidation. The more double bonds
there are, the greater the opportunity for addition of oxygen to double bonds,
increasing the risk that the fat or oil will become rancid (Zhuang et al. 2002).

Autoxidation is an oxidative complex reaction and is promoted by heat, light,
certain metals (iron and copper), and enzymes known as lipoxygenases (Min and
Boff 2002). There are three stages in the autoxidation reaction: initiation, propa-
gation, and termination. The initiation stage of the reaction involves formation of a
free radical. The free radical results if a hydrogen on a carbon atom adjacent to one
carrying a double bond is displaced (Buettner 1993). This reaction is propagated
which displaces another hydrogen from another unsaturated fatty acid, forming
another free radical. The reaction repeats, and this stage is called propagation stage
that yields activated peroxide. The liberated hydrogen unites with the peroxide to
form a hydroperoxide. Hydroperoxides are very unstable and decompose into
compounds with shorter carbon chains, such as volatile fatty acids, aldehydes,
and ketones (Decker and McClements 2001). These are responsible for the char-
acteristic odor of rancid fats and oils. The termination stage of the reaction involves
the reaction of free radicals to form nonradical products. Elimination of all free
radicals is the only way to stop the oxidation reaction.

Oxidation can be prevented or delayed by avoiding situations that would serve as
catalysts for the reaction (e.g., high temperature, presence of light, oxygen, and
water vapor) and addition of antioxidant (e.g., EDTA, tocopherols, BHA
(butylatedhydroxyanisole), BHT (butylatedhydroxytoluene), TBHQ (tertiary-
butyl hydroquinone), and propyl gallate (Buettner 1993).

Functional Properties in Foods

The functionality of triacylglycerol plays important roles in determining physical
and sensory properties of food products, such as texture, appearance, and flavor.

Texture

Functionality of triacylglycerols in food texture is determined by the physical state
of the lipid in the food matrix. For partially crystalline fats, such as chocolate, baked
products, shortenings, butter, and margarine, the texture is mainly determined by
the concentration, morphology, and interactions of the fat crystals (McGrady 1994;
Pszczola 2000). In particular, the melting profile of the fat crystals plays a major
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role in determining properties such as texture, stability, spread ability, and
mouthfeel.

The lipid concentration and behavior in the food matrix will also contribute to
the overall texture; for example, oil-in-water (O/W) food emulsion is determined by
the presence of fat droplets (e.g., creams, desserts, dressings, and mayonnaise). In
these systems, the texture is represented by the viscosity of the overall system. In
W/O food emulsions, the texture is represented by overall rheology of the system,
which is largely determined by the rheology of the oil as dominant phase. The
rheology of these products is determined by the morphology and interactions of the
fat crystals present during crystallization and storage conditions. Formation of a
three-dimensional network of aggregated fat crystals in the continuous phase pro-
vides fat product with spread ability (Moran 1994). On the other hand, interaction
of lipids with other compounds in food (e.g., cookies, cakes, biscuits) impacts their
texture by forming a network of interacting fat crystals that gives characteristics of
firmness or snap (Marangoni and Narine 2002).

The W/O emulsion consists of water droplets embedded in a lipid phase that
contains a network of aggregated crystals. The fat crystals formed are initially in the o
polymorphic form but are converted to the more stable p’ polymorphic form during
the crystallization step. It is important to control the extent of this transformation
during the manufacturing process since this determines the number and strength of
the bonds formed between the fat crystals and therefore the rheology of the final
product. On the other hand, it is also important to prevent the polymorphic transition
from the p’ form to the more stable p form during storage, since this leads to the
formation of large crystals (>30 pm) that are perceived as “grainy” or “gritty” in the
mouth. This conversion can often be prevented by adding surfactants that interfere
with the polymorphic transition, choosing lipids that will not form f crystals, or by
appropriate blending of lipids to favor the '-crystal habit (Lawler and Dimick 2002).

To obtain the desired functional characteristics in a particular product, it is
important to choose a blend of fats and oils that gives the appropriate melting
profile and polymorphic characteristics, then to process the fat using controlled
cooling and shearing conditions to obtain the desired crystal type and structure
(Ghotra et al. 2002). It is usually important that the lipid is partially crystalline at
storage temperatures so that it maintains its structural integrity but melts during
consumption to give a desirable mouthfeel.

Appearance

The characteristic appearance of many food products is represented by visual
observation such as color and opacity. The color of bulk oils, such as cooking or
salad oils, is mainly determined by the presence of pigment impurities that adsorb
light, such as chlorophyll and carotenoids. The opacity of the fat depends on the
concentration, size, and shape of the fat crystals present. Solid fats are usually
optically opaque because of scattering of light by the fat crystals present, whereas
liquid oils are usually optically clear. Food emulsions usually appear optically
opaque because the light passing through them is scattered by the droplets
(McClements 2002).
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Instability problem associated with fat crystallization in lipid-based products
such as chocolate can cause bloom. Bloom manifests itself as large grayish appear-
ance on the surface of the product (Lonchampt and Hartel 2004). Fluctuating
temperature during their storage causes the fat phase to melt and recrystallize
(Erickson and Frey 1994). Bloom can often be retarded or prevented by using
surfactants that limit the crystal transition or by carefully controlling the storage
temperature to avoid fat polymorphic phase transitions (Erickson and Frey 1994;
Lonchampt and Hartel 2004).

Flavor

Edible fats and oils contribute to the flavor of food. Different fatty acid composition
in fats and oils has distinctive flavor profiles. The flavor of many food products is
indirectly influenced by the lipid phase because flavor compounds can partition
between oil, water, and gaseous regions within the food matrix according to their
polarities and volatilities (McClements 2004). For this reason, the perceived aroma
and taste of foods are often strongly influenced by the type and concentration of
lipids present. Physical states of lipids also influence the mouthfeel of many food
products (Walstra 2003), for example, oily mouthfeel produced by liquid oils and
“grainy” or “sandy” mouthfeel produced by fat crystals (Moran 1994). The melting
of fat crystals in the mouth causes a cooling sensation, which is an important
sensory attribute of many fatty foods (Walstra 2003).

Food Proteins

Proteins are present in all living things and have a key role in many biological
processes. The nutritional energy value of proteins is 4 kcal/g. Amino acids are
required building blocks for protein biosynthesis. Damodaran (2008) has defined
food proteins as “those that are easily digestible, nontoxic, nutritionally adequate,
functionally useable in food products, available in abundance, and sustainable
agriculturally.” Proteins contribute to the flavor of food, precursors for aroma
compounds and colors formed during various processing of food. Proteins have
ability to build or stabilize gels, foams, emulsions, and fibrillar structures, which is
essential in certain food products. The proteins can be obtained from milk, meat,
grain, oilseeds, legumes, algae, yeasts, and bacteria (single-cell proteins).

Chemical Structure and Classification

There are 20 amino acids forming the building blocks of most proteins. Each amino
acid contains a primary amine and carboxylic acid group, which is shown in Fig. 2.
They link by peptide (amide) bonds formed between a-amino and a-carboxylic acid
groups of neighboring amino acids in the polypeptide sequence. The amide linkage
in proteins is a partial double bond.
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Fig. 2 General structure of R
amino acid

NHz— ge—COOH

H
Table 4 Common amino acids found in proteins
Type Name Abbreviation (three and one letter symbols
Simple Glycine Gly G
Aliphatic Alanine Ala A
Valine Val \%
Leucine Leu L
Isoleucine Ile I
Heterocyclic Tryptophan Trp w
Histidine His H
Proline Pro P
Aromatic Phenylalanine Phe F
Tyrosine Tyr Y
Hydroxy Serine Ser S
Threonine Thr T
Acidic Aspartic acid Asp D
Glutamic acid Glu E
Amide Asparagine Asn N
Glutamine Gln Q
Basic Lysine Lys K
Arginine Arg R
Sulfur containing Cysteine Cys C
Methionine Met M

In the simplest case, R = H (aminoacetic acid or glycine). In other amino acids,
R is an aliphatic, aromatic, or heterocyclic residue and may incorporate other
functional groups shown in Table 4.

Various side chains of the amino acids are involved in inter- and intramolecular
interactions in proteins and classified into a number of ways, which is shown in
Table 5.

Proteins are macromolecules whose name was derived from the Greek word
proteois, which means of the first kind. Proteins contain 50-55 % carbon, 6-7 %
hydrogen, 20-23 % oxygen, 12-19 % nitrogen, and 0.2-3.0 % sulfur on wt/wt
basis. Protein synthesis occurs in ribosomes, and then subsequently some of them
get modified by cytoplasmic enzymes (Damodaran 2008; Belitz et al. 2009). Pro-
teins modified by enzyme or made complex with nonprotein components (pros-
thetic groups) are called conjugated (heteroproteins) proteins whereas modified
proteins are known as homoproteins. Various proteins like glycoproteins, phospho-
proteins, lipoproteins, metalloproteins, and nucleoproteins are some of the
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Table 5 Base for classification of amino acids

Basis for classification Amino acids

Charged side chains Arginine, aspartic acid, glutamic acid, histidine, and lysine
Nonpolar, uncharged Methionine, glycine, alanine, valine, leucine, isoleucine, proline,
side chains phenylalanine, and tryptophan

Uncharged, polar side serine, threonine, cysteine, tyrosine, asparagine, and glutamine
chains

Essential amino acids Valine, leucine, isoleucine, phenylalanine, tryptophan, methionine,
threonine, histidine, lysine, and arginine

Nonessential amino Glycine, alanine, proline, serine, cysteine, tyrosine, asparagine,

acids glutamine, aspartic acid, and glutamic acid

examples of conjugated proteins. Moreover, based on structural organization, pro-
teins can be classified as globular and fibrous proteins. Globular proteins exist in
ellipsoidal or spherical shapes due to folding of a polypeptide chain on itself while
fibrous proteins are rod-shaped molecules containing twisted linear polypeptide
chains. Enzymes are globular proteins whereas collagen, keratin, and fibrin are
fibrous proteins. Based on biological functions, proteins can further be classified as
structural proteins, contractile proteins, transfer proteins, enzyme catalysts, storage
proteins, protective proteins, hormones, and antibodies (Damodaran 2008).

Structure of Proteins

Amino acids are linked covalently through the a-carboxyl group of one amino acid
and the a-amino group of another amino acid through an amide or peptide bond to
form peptides, oligopeptides, polypeptides, and proteins (Ustunol 2015). Peptides
are denoted by the number of amino acid residues as di-, tri-, tetrapeptides, etc., and
the term “oligopeptides” is used for those with 10 or less amino acid residues.
Higher molecular weight peptides are called polypeptides. The transition of “poly-
peptide” to “protein” is rather undefined, but the limit is commonly assumed to be at
a molecular weight of about 10 kd; i.e., about 100 amino acid residues are needed in
the chain for it to be called a protein. The amino acid residue with the free amino
group is always placed on the left. The amino acids of the chain ends are denoted as
N-terminal and C-terminal amino acid residues (Belitz et al. 2009) which are shown
in Fig. 3.

Proteins are formed from amino acids through amide linkages. The structure of a
protein is dependent on the amino acid sequence (the primary structure) which
determines the molecular conformation (secondary and tertiary structures). Proteins
sometimes occur as molecular aggregates which are arranged in an orderly geo-
metric fashion (quaternary structure) (Belitz et al. 2009). Thus proteins have
primary, secondary, tertiary, and quaternary structures, which are shown in Fig. 4.

Primary Structure

It refers to the linear sequence in which the constituent amino acids are covalently
linked through amide bonds, also known as peptide bonds. The primary structure is
determined by its genetic code and post-translational covalent modifications.
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N-terminal C-terminal

—

H,N-CH-COOH + H,N-CH-COOH —H:2 wi,-gi & on-coon

| | +H,0 R, g R,
R, R,

Peptide bond

Fig. 3 Peptide bond with N- and C-terminal

The primary structure of a protein determines the physicochemical and the func-
tional properties of food protein (Damodaran 2008; Ustunol 2015).

Secondary Structure

The primary structure gives the sequence of amino acids in a protein chain while the
secondary structure reveals the arrangement of the chain in space. Secondary
structure may result from aperiodic (random coil) or periodic structures. In aperi-
odic structures consecutive amino acid residues possess different sets of dihedral
angles whereas helical and extended structures are periodic structures which result
from consecutive amino acid residues in a segment having the same recurring set of
¢ and y angles (Damodaran 2008; Ustunol 2015). The a-, 3;¢-, and p-helices are the
helical structures, but the right-handed a-helix is the most common and is also the
most stable in food proteins. Protein helical structures are formed when the ¢ and y
angles of consecutive amino acid residues are twisted to a same set of values.
Stability to a-helix is provided by the hydrogen bonding of the N-H and C=0
groups of the fourth preceding residue. The hydrogen bonds are oriented parallel to
the helix axis. The a-helical structure found in proteins is amphiphilic in nature.
The cyclic imino acid, proline, cannot form a-helices. Proline is considered to be an
a-helix breaker. It cannot form hydrogen bond due to the lack of hydrogen on the
nitrogen atom. Proteins containing high levels of proline residues will take random
aperiodic structures. A f-casein and as;-casein possess about 17 % and 8.5 %
proline of the total amino acid respectively. Proline residues are uniformly distrib-
uted, and a-helices are not present in these proteins (Damodaran 2008; Ustunol
2015). These caseins have only primary (random) structures, and hence casein is
known as naturally denatured proteins. The p-sheet is an extended structure where
C=0 and N-H groups are positioned perpendicular to the direction of the poly-
peptide chain, which then allows for hydrogen bonding between the two segments
or B-strands. Two f-strands of the same molecule interact via hydrogen bonds,
forming a sheet-like structure known as f-pleated sheet. Depending on the direction
of the polypeptide strands, parallel B-sheet or antiparallel p-sheet are formed. The
P-sheet structure is generally more stable than the a-helix (Damodaran 2008).

Tertiary Structure
It refers to the spatial arrangement attained when a linear protein chain with
secondary structure segments folds further into a compact three-dimensional



2 General Properties of Major Food Components 33

LEVELS OF PROTEIN STRUCTURE

Primary Structure

Quaternary Structure

Particle Sciences

Fig. 4 Various levels of protein structures (Reprinted (adapted) with permission from Particle
Sciences, Inc. Source: Protein Structure. Particle Sciences — Technical Brief: 2009: volume
8. Particle Sciences — Drug Development Services (www.particlesciences.com))
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form. Formation of tertiary structure involves hydrophobic, electrostatic, van der
Waals, and hydrogen bonding between various groups of proteins. The folding of
the protein into a tertiary structure defines the size and shape of that protein. Folding
of proteins brings hydrophobic residues at the interior as well as hydrophilic and
charged residues on the surface of the molecule (Damodaran 2008; Ustunol 2015).
Presence of hydrophilic and hydrophobic residues in the polypeptide determines the
shape of proteins. Globular proteins are abundant in hydrophobic residues while
elongated or rod-shaped proteins are abundant in uniformly distributed hydrophilic
residues (Nelson and Cox 2013).

Quaternary Structure
It refers to the spatial arrangement of a protein when it contains more than one
polypeptide chain, which are also referred to as subunits or oligomers. Formation of
quaternary structure is primarily driven by the thermodynamic requirement to bury
exposed hydrophobic surfaces of subunits. The quaternary structure is further
stabilized by noncovalent interactions such as hydrogen bonding and hydrophobic
and electrostatic interactions (Damodaran 2008; Ustunol 2015).

The folding of a random polypeptide chain into its three-dimensional structure is
a complex process, and various forces are involved. These forces may be grouped
into two categories, i.e., (i) intermolecular interactions result from the surrounding
solvent (i.e., hydrogen bonding, electrostatic and hydrophobic interactions), and
(ii) intramolecular interactions result from forces intrinsic to the protein molecule
(i.e., stearic, van der Waals) (Damodaran 2008; Ustunol 2015).

Physical Properties

Dissociation/Acid-Base Properties

In aqueous solution amino acids are present, depending on pH, as cations, zwitter-
ions, or anions, which are shown in Fig. 5. In amino acids the acidity of the carboxyl
group is higher and the basicity of the amino group lower. Amino acids behave both
as acids and bases, i.e., they are ampholytes. At around neutral pH, both the
a-amino and a-carboxyl groups are ionized, and the molecule is a dipolar or a
zwitterion. The pH at which the dipolar ion is electrically neutral is called the
isoelectric point (pI) (Damodaran 2008; Belitz et al. 2009).

H —H T e H
NH —C*—COOH <—= NH; —C"—Cc00  <—= NH,—C"—CO0"
R +H* | + H*
R R
cation zwitterion anion

Fig. 5 Dissociation of amino acids
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Fig. 6 L- and p- amino acids COOH COOH
HoN— C* —H H— C*——NH;
R R
L-Amino acid D-Amino acid

Configuration and Optical Activity Properties

Amino acids, except for glycine, have at least one chiral center (a-carbon atom)
and, hence, are optically active. Isoleucine, threonine, and 4-hydroxyproline have
two asymmetric C-atoms, thus each has four isomers (Belitz et al. 2009). The L- and
D- amino acids are shown in Fig. 6.

All proteins found in nature contain only L-amino acids. p-amino acids also
occur in nature, for example, in a number of peptides of microbial origin. The
specific rotation of amino acids in aqueous solution is strongly influenced by pH. It
passes through a minimum in the neutral pH range and rises after addition of acids
or bases The optical activity of proteins is due not only to asymmetry of amino acids
but also to the chirality resulting from the arrangement of the peptide chain (Belitz
et al. 2009).

Solubility

The solubilities of amino acids in water are highly variable. Proline is
extremely soluble; hydroxyproline, glycine, and alanine are quite soluble, whereas
cystine and tyrosine have low solubilities in water. Addition of acids or bases
improves the solubility through salt formation. The extent of solubility of
amino acids in protein hydrolysates is different than that observed for the
individual components. The solubility in organic solvents is not very good
because of the polar characteristics of the amino acids. All amino acids are
insoluble in ether. Protein solubility is variable and is influenced by the number
of polar and apolar groups and their arrangement along the molecule
(Belitz et al. 2009).

UV Absorption

Aromatic amino acids such as phenylalanine, tyrosine, and tryptophan absorb in the
UV range of the spectrum with absorption maxima at 200-230 and 250-290
nm. Tyrosine and tryptophan also exhibit fluorescence in the ultraviolet region
(250-300 nm). Histidine, cysteine, and methionine absorb between 200 and
210 nm. Absorption readings at 280 nm are used for the determination of proteins
and peptides (Damodaran 2008; Belitz et al. 2009).



36 C.H. Wijaya et al.

Sensory Properties

While the taste quality of amino acids does depend on configuration, peptides,
except for the sweet dipeptide esters of aspartic acid, are neutral or bitter in taste
with no relationship to configuration. The taste intensity is influenced by the
hydrophobicity of the side chains. The taste intensity does not appear to be
dependent on amino acid sequence. Bitter-tasting peptides can occur in food after
proteolytic reactions (Belitz et al. 2009).

Chemical Reactivity of Amino Acids

Amino acids show the usual reactions of both carboxylic acids and amines. Reac-
tion specificity is due to the presence of both carboxyl and amino groups and other
reactive groups such as amino, carboxyl, sulthydryl, phenolic, hydroxyl, thioether
(Met), imidazole, and guanyl in free amino acids and proteins. Reactions occurring
at 100-220 °C, such as in cooking, frying, and baking, are particularly relevant to
food chemistry (Damodaran 2008; Belitz et al. 2009). Various type reactions which
involve (i) amino groups (e.g., reductive alkylation, guanidation, arylation, acety-
lation, succinylation, thiolation, deamination), (ii) carboxyl groups (e.g., esterifica-
tion, reduction, decarboxylation), (iii) sulfhydryl group (oxidation, blocking),
(iv) serine and threonine (e.g., esterification), and (v) methionine (e.g., alkyl
halides, p-propiolactone) take place. Some of the reactions can be used to alter
the hydrophilic and hydrophobic properties and the functional properties of proteins
and peptides as well as quantify amino acids and specific amino acid residues in
proteins (Damodaran 2008; Belitz et al. 2009). For further details on various
reactions, readers are advised to refer to some books like Damodaran (2008) and
Belitz et al. (2009).

Denaturation of Proteins

Protein denaturation refers to changes in the secondary and tertiary structure of the
protein. The primary structure (the amino acid sequence) of a protein remains
unchanged. The denaturation is a reversible or irreversible change of native con-
formation without cleavage of covalent bonds. Denaturation does not involve any
chemical changes in the protein. Any treatment that cleaves hydrogen bridges or
ionic or hydrophobic bonds is responsible for denaturation. This can be accom-
plished by: changing the temperature, adjusting the pH, increasing the interface
area, or adding organic solvents, urea, salts, guanidine hydrochloride, or detergents
such as sodium dodecyl sulfate. Denaturation is generally reversible when the
peptide chain is stabilized in its unfolded state by the denaturing agent and the
native conformation can be reestablished after removal of the agent. Irreversible
denaturation occurs when the unfolded peptide chain is stabilized by interaction
with other chains (as occurs, for instance, with egg proteins during boiling). During
unfolding reactive groups, such as thiol groups, that were buried or blocked may be



2 General Properties of Major Food Components 37

exposed. Their participation in the formation of disulfide bonds may also cause an
irreversible denaturation (Belitz et al. 2009). Consequences of denaturation of a
protein are that it loses its biological and enzymatic activity as well as solubility,
gets aggregated, improves digestibility, inactivates antinutritional factors as well as
deteriorative enzymes, and improves functional properties of food proteins that are
used as ingredients in processed foods (Ustunol 2015).

Functional Properties in Foods

Proteins possess a range of dynamic functional properties and represent a most
important class of functional ingredients. Functionality of food proteins refers to the
physical and chemical properties that influence the performance of proteins in food
systems during processing, storage, preparation, and consumption (Damodaran
2008). Functional properties of protein depend on physicochemical properties
like shape, size, composition and sequence of amino acid, distribution of charges,
structural levels of proteins, hydrophobicity/hydrophilicity ratio, molecular
flexibility, and ability to react/interact with other components (like lipids, sugars,
polysaccharides, salts, and minor components). Various functional properties like
organoleptic (flavor, odor, color), hydration (gelling, syneresis, swelling, thicken-
ing, solubility, wettability, water sorption, viscosity, gelation), kinesthetic (texture,
grittiness, mouthfeel, smoothness), rheological/textural (aggregation, cohesiveness,
chewiness, elasticity, adhesiveness, network formation, dough formation,
texturizability, extrudability), and surface (foaming, emulsification, film formation)
are commonly possessed by proteins. Proteins show versatility during processing.
They can form networks and structures and provide essential amino acids. More-
over, they interact with other components and improve quality attributes of foods
(Kinsella et al. 1994).

Solubility of Proteins

Protein solubility is variable. The solubility of proteins is considered as that
proportion of nitrogen in a protein product which is in the soluble state under
specific conditions. Proteins can be partly or completely soluble or completely
insoluble in water. Protein solubility provides useful information on foams, emul-
sions, and gels. Protein solubility is influenced by sequence and composition of
amino acid, molecular weight, and conformation and content of polar and nonpolar
groups in amino acids. Water molecules bind to charged groups, backbone peptide
groups, the amide groups of glutamine and asparagines, hydroxyl groups of thre-
onine, serine and tyrosine residues, and nonpolar residues in the proteins. Ionic
strength, type of solvent, pH, temperature, and processing conditions affect the
solubility of proteins. Solubility is increased if electrostatic repulsion between the
molecules is higher than hydrophobic interactions. At the isoelectric point (pl),
proteins have a net zero charge, attractive forces predominate, and molecules tend
to associate, resulting in insolubility. Above the pl, the net charge is negative and
solubility is enhanced. Protein-water interactions increase at pH values higher or
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lower than the pl because protein carries a positive or negative charge. At low ionic
strengths, the solubility rises with increase in ionic strength. Neutral salts have a
twofold effect on protein solubility. At low concentrations they increase the solu-
bility (“salting in” effect) by suppressing the electrostatic protein-protein interac-
tion (binding forces). Protein solubility is decreased (“salting out” effect) at higher
salt concentrations due to the ion hydration tendency of the salts. Solubility of
various proteins decreases variously with temperature and time of heating (Zayas
1997).

Water Holding Capacity of Proteins

Water hydration and holding, water retention, water binding, water imbibing, and
water adsorption are some of the terms used interchangeably for interaction of
proteins with water. The water holding capacity (WHC) of foods can be defined as
the ability to hold its own and added water during the application of forces,
pressing, centrifugation, or heating. WHC plays a major role in the formation of
food texture, especially in comminuted meat products and baked doughs. Swelling
is an important protein functional property as it is the first step in their solvation and
can be defined as the spontaneous uptake of water by a protein matrix. Water
retention is a critical factor in protein functionality because it affects the texture,
color, and sensory properties of products. Water binding depends on the composi-
tion and conformation of the protein molecules. Water interacts with proteins in a
number of ways, and significant amounts of water bounded by proteins are retained
by hydrogen bonding. Interactions between molecules of water and hydrophilic
groups of the protein side chains occur via hydrogen bonding. Structural water is
held by hydrogen bonding between polypeptide groups of the proteins. Binding of
water to proteins is related to the polar hydrophilic groups, such as imino, amino,
carboxyl, hydroxyl, carbonyl, and sulfhydryl groups. The capacity of proteins to
retain moisture is affected by the type and number of these polar groups in the
protein polypeptide chain. The binding of water is due to the dipolar character of
water. Proteins that contain numerous charged amino acids will tend to bind large
amounts of water. Water binding of proteins can be predicted from their amino acid
composition. The absorbed water is tightly bound to the protein molecules. Water
binding of a protein is influenced by protein concentration; pH; ionic strength;
temperature; presence of other components of foods such as hydrophilic poly-
saccharides, lipids, and salts; rate and length of heat treatment; and conditions of
storage (Zayas 1997; Belitz et al. 2009).

Foam Formation and Foam Stabilization

Proteins function as foam-forming and foam-stabilizing components in many
foods, e.g., baked goods, sweets, desserts, and beer. The most widely used protein
foaming agents are egg white, gelatins, casein, other milk proteins, soy proteins,
and gluten. Serum albumin foams very well, while egg albumin does not. Foams
consist of an aqueous continuous phase and a gaseous (air) dispersed phase. Foam
can be defined as a two-phase system consisting of air cells separated by a thin
continuous liquid layer called the lamellar phase. Proteins stabilize by forming
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flexible, cohesive films around the gas bubbles. Protein is adsorbed at the interface
via hydrophobic areas followed by partial unfolding. Protein adsorption facilitates
the formation of new interfaces by reducing surface tension. The more quickly a
protein molecule diffuses into interfaces and the more easily it is denatured there,
the more it is able to foam. Foam stability refers to the ability of protein to stabilize
foam against gravitational and mechanical stresses. Foams collapse because large
gas bubbles grow at the expense of smaller bubbles (disproportionation). The
protein films counteract this disproportionation. That is why the stability of a
foam depends on the strength of the protein film and its permeability for gases.
Film strength depends on the adsorbed amount of protein and the ability of the
adsorbed molecules to associate. An ideal foam-forming and foam-stabilizing
protein is characterized by a low molecular weight, high surface hydrophobicity,
good solubility, a small net charge in terms of the pH of the food, and easy
denaturability (Zayas 1997; Belitz et al. 2009).

Gel Formation

A gel is an intermediate phase between a solid and a liquid. Gel is a substantially
diluted system that exhibits no steady-state flow. Gelation is a basic process in the
processing of various foods, milk gels, comminuted meat and fish products, other
meat products, fruit jellies, bread doughs, pie and cake fillings, coagulated egg
white, and others. Protein gels may be utilized to simulate the textural properties
and mouthfeel of lipids. Gels are formed when partially unfolded proteins develop
uncoiled polypeptide segments that interact at specific points to form a three-
dimensional cross-linked network. Partial unfolding of proteins with slight changes
in secondary structure is required for gelation (Zayas 1997; Belitz et al. 2009).

Emulsifying Effect

Emulsions are disperse systems of one or more immiscible liquids. They are
stabilized by emulsifiers — compounds which form interface films and thus prevent
the disperse phases from flowing together. The adsorption of a protein at the
interface of an oil droplet is thermodynamically favored because the hydrophobic
amino acid residues can then escape the hydrogen bridge network of the surround-
ing water molecules. In addition, contact of the protein with the oil droplet results in
the displacement of water molecules from the hydrophobic regions of the oil-water
boundary layer. Therefore, the suitability of a protein as an emulsifier depends on
the rate at which it diffuses into the interface and on the deformability of its
conformation under the influence of interfacial tension (surface denaturation).
The diffusion rate depends on the temperature and the molecular weight, which
in turn can be influenced by the pH and the ionic strength. A protein with ideal
qualities as an emulsifier for an oil-in-water emulsion would have a relatively low
molecular weight; a balanced amino acid composition in terms of charged, polar,
and nonpolar residues; good water solubility; well-developed surface hydrophobic-
ity; and a relatively stable conformation. The p-casein molecule meets these
requirements because of less pronounced secondary structures and no cross-links
due to the lack of SH groups (Belitz et al. 2009).
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Food Carbohydrates
Chemical Structure and Classification

Carbohydrate in nature has a general elemental composition, namely, Cx(H,O)y,
which signifies molecules containing carbon atoms along with hydrogen and
oxygen atoms in the same ratio as they occur in water (Fennema 1996). However,
the great majority of natural carbohydrate compounds produced by living organ-
isms do not have this simple empirical formula (Vaclavik and Christian 2014).
Rather, most natural carbohydrates are classified as simple sugars (mono- and
disaccharides), oligomers (oligosaccharides), and polymers (polysaccharides).
However, this chapter begins with a presentation of simple sugars and builds
from there to larger and more complex structures.

Monosaccharides

Monosaccharides are simple carbohydrates containing three to eight carbon atoms,
but only those with five or six carbon atoms are common. Two of the most
important ones in foods are the six-carbon sugars, glucose and fructose, which
have the general formula C¢H;,04 (Fennema 1996).

Glucose is categorized as an aldose sugar due to an aldehyde group (CHO)
located on the first carbon atom of the chain. It is conventional to number the carbon
atoms along the chain so that the carbon atom with the highest number is farthest
away from the aldehyde (or functional) group. The aldehyde group therefore is
located on carbon one in glucose (and in all other aldose sugars) (Belitz et al. 2009;
Vaclavik and Christian 2014).

In nature, two isomers of glucose exist, which are mirror images of each other: b-
glucose and L-glucose. p-glucose is the isomer that occurs naturally. In fact, there
are two series of aldose sugars, known as the d-series and the I-series, in which each
isomer is formed by adding CHOH groups to build the carbon chain, starting from
the smallest aldose sugar, which is b- or L-glyceraldehyde (Cho et al. 1999).

As shown in Fig. 7, each H-C—OH group within the chain is asymmetrical (since
the H and OH groups are different). The highest-numbered asymmetric carbon
atom of each d-series sugar has the same configuration as p-glyceraldehyde, rather
than its l-isomer. In glucose, the highest-numbered asymmetric carbon atom is
carbon-5, which is termed the reference carbon atom, due to structure configuration
determination if the sugar is known as the d series or 1 series. The hydroxyl group
attached to it is called the reference hydroxyl group, which is always on the right
side in a d-series sugar (Stick and Williams 2009).

Oligosaccharides

The reducing group of one monosaccharide can connect to one of the hydroxyl
groups on another through glycosidic bond, to form disaccharides. More connec-
tions of glycosidic bonds will give rise to trisaccharides, tetrasaccharides, etc.,
categorized as oligosaccharides and ultimately polysaccharides. The glycosidic
bond is the result of the condensation of the hydroxyl of the hemiacetal group of
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Fig. 7 The main isomers of p-glucose (Fischer projections) (Reprinted (adapted) with permission
from Withers (2015)). Anomeric centre (alpha and beta) in CAZypedia, available at URL http://
www.cazypedia.org/index.php/Anomeric_centre_(alpha_and_beta))

C-1 with the hydroxyl of an alcohol. When a glycosidic linkage is established only
between the lactol groups of two monosaccharides, then a nonreducing disaccharide
is formed, and when one lactol group and one alcoholic HO group are involved, a
reducing disaccharide results (Belitz et al. 2009).

Polysaccharides

When oligosaccharides have more than ten monosaccharides the unit is known as
polysaccharide. Polysaccharides consist of monosaccharide units bound to each
other by glycosidic linkages. Their complete acidic hydrolysis yields monosaccha-
rides. Partial chemical and enzymatic hydrolysis giving rise to them is important for
structural elucidation, the analysis of which elucidates monosaccharide sequences
and the positions and types of linkages (Stephen 1995; Whistler and BeMiller
1993).

Polysaccharides (glycans) can have only a type of sugar structural unit
(homoglycans) or several types of sugar units (heteroglycans). Polysaccharides
may have a linear pattern (as in cellulose and amylose) or a branched fashion
(amylopectin, glycogen, guaran) of monosaccharide unit linkage. The frequency of
branching sites and the length of side chains can vary greatly (glycogen, guaran).
The monosaccharide residue sequence may be periodic, one period containing one
or several alternating structural units (cellulose, amylose, or hyaluronic acid), the
sequence may contain shorter or longer segments with periodically arranged resi-
dues separated by nonperiodic segments (alginate, carrageenans, pectin), or the
sequence may be nonperiodic all along the chain (as in the case of carbohydrate
components in glycoproteins). The monosaccharide structural unit conformation
and the positions and types of linkages in the chain determine the chain conforma-
tion of a polysaccharide (Fennema 1996; Stephen 1995).


http://www.cazypedia.org/index.php/Anomeric_centre_(alpha_and_beta
http://www.cazypedia.org/index.php/Anomeric_centre_(alpha_and_beta

42 C.H. Wijaya et al.

Physical Properties

Hygroscopicity of sugar in crystallized form is the ability of moisture uptake by
sugars. The hygroscopicity varies and depends on the sugar structure, isomers
present, and sugar purity (Belitz et al. 2009).

Monosaccharides tend to be soluble in polar solvent; they are also soluble to a
small extent in ethanol but not soluble in organic solvents such as benzene,
chloroform, and ether. When the crystal sugars cake together, the solubility will
decrease. Sugar solution in high concentrations, e.g, glucose syrup, is used in the
baking industry to retain food moisture. The solubility of mono- and oligosaccha-
rides in water is good. However, anomers may differ substantially in their solubil-
ity, as exemplified by a- and p- lactose (De Man 1999). The physical and sensory
properties of oligosaccharides are covered by monosaccharides since oligosaccha-
rides consist of not more than 10 sugar molecules.

While sugars form true solutions, polysaccharides form colloidal solutions and
are, therefore, difficult to purify. The polysaccharides are tasteless and amorphous.
Polysaccharides can be classified as (a) homoglycans: single monosaccharides
linked together — starch, cellulose, and glycogen; (b) heteroglycans: two or more
different constituents — hemicelluloses, mucilages, pectins, and resins; and
(c) conjugated compounds made up of saccharides, proteins, or lipids (Stephen
1995; Whistler and BeMiller 1993).

Isolated polysaccharides are utilized to a great extent in food processing, either
in native or modified form, such as thickening or gel-setting agents (starch, alginate,
pectin, guaran gum), stabilizers for emulsions and dispersions, film-forming, coat-
ing substances to protect sensitive food from undesired change, and inert fillers to
increase the proportion of indigestible substances in a diet.

Chemical Reactions

Carbohydrates can perform wide chemical reactions with other compounds because
besides having hydroxyl groups, some monosaccharides and sugars also have
carbonyl groups available for reaction. This section will focus on two most com-
mon reactions of carbohydrates in food processing, Maillard and caramelization.

Maillard Reaction

Maillard is categorized as nonenzymatic browning and plays an important role in
improving appearance and taste of cooked food, particularly roasting, toasting, and
baking food. The compounds that contribute to Maillard reaction were sugars and
amino acids in water, which was first reported in 1912 by Louis-Camille Maillard.
The chemistry underlying the Maillard reaction is very complex. It encompasses
not one reaction pathway but a whole network of various reactions. The original
comprehensive reaction scheme of Hodge (Fig. 8) has been developed and elabo-
rated by food technologists ever since, so the understanding of the reaction is
advancing steadily.
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Fig. 8 Maillard reaction (Hodge) scheme (Reprinted (adapted) with permission from Hodge
(1953). Chemistry of Browning Reactions in Model Systems. J Agric Food Chem 1: 928-943.
Copyright (1953) American Chemical Society)

In the early stage of Maillard, a reducing sugar, like glucose, reacts with a
compound possessing a free amino group (of an amino acid or in proteins mainly
the €-amino group of lysine but also the a-amino groups of terminal amino acids)
resulting in a condensation product N-substituted glycosylamine. This product will
lead to form the Amadori rearrangement product (ARP). The subsequent degrada-
tion of the Amadori product is dependent on the pH of the system. At pH 7 or
below, it undergoes mainly 1,2-enolization with the formation of furfural when
pentoses are entangled or hydroxymethylfurfural (HMF) when hexoses are
entangled. At pH >7 the degradation of the Amadori compound is thought to
involve mainly 2,3-enolization and formation of reductones, such as 4-hydroxy-5-
methyl-2,3-dihydrofuran-3-one (HMF°"), and a variety of fission products, includ-
ing acetol, pyruvaldehyde, and diacetyl as well. All these compounds are highly
reactive and take part in further reactions. Carbonyl groups will condense with free
amino groups, which results in the incorporation of nitrogen into the reaction
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products. Dicarbonyl compounds will react with amino acids with the formation of
aldehydes and a-aminoketones known as the Strecker degradation. Subsequently,
in an advanced stage, a range of reactions takes place, including cyclizations,
dehydrations, retroaldolizations, rearrangements, isomerizations, and further con-
densation. In the final stage, melanoidins were formed, which are brown nitroge-
nous polymers and copolymers (Martins et al. 2001).

Caramelization

Although it produces the same brown color, caramelization is different from
Maillard. In caramelization, sugar decomposition occurs at high temperature and
produces brown color; this reaction does not involve proteins and produces differ-
ent variety of compounds than Maillard, including organic acids, aldehydes, and
ketones. Reaction is facilitated by the presence of an acid, base, or salt. Heating
causes dehydration of the sugar molecule with introduction of double bonds or
formation of anhydro rings. As in Maillard browning, intermediates such as
3-deoxyosones and furans are formed. The unsaturated rings may condense to
form useful, conjugated double-bond-containing, brown-colored polymers. Cata-
lysts increase the reaction rate and are used to direct the reaction to specific types of
caramel colors, solubilities, and acidities. Caramel served as colorant and flavor in
cola, acidic beverages, baked goods, syrups, candies, and dry seasoning
(Damodaran et al. 2008).

Functional Properties in Foods

In food, simple forms of carbohydrates have main role as sweeteners in candies and
many other food products. The most obvious sensory property of sugars such as
glucose, fructose, and sucrose is their sweetness, which varies depending on the
specific sugar. Lactose, which is commonly found as dominant sugars in milk, is the
least sweet, whereas fructose is the sweetest sugar. In addition, sugars can form
solution because they are soluble in water and form syrups when the concentration
in water is high. In syrup production, water is evaporated to lead to crystal
formation, thus the molecular solutions are formed because of hydrogen-bond
interchange. When sugar is placed in water, the water molecules immediately
form hydrogen bonds with the sugar molecules, thus hydrating them and removing
them from hydrogen bonds between the sugar crystals. At high concentrations,
sugars act as a food preservative which prevents food spoilage by growth of
microorganisms. This mechanism is related to reducing the water activity in food
to a level below which bacterial growth cannot be supported. Examples of foods
preserved in this way include jams and candied fruit (Lee 1983; Vaclavik and
Christian 2014).

Mono- and polysaccharides in appropriate concentration or proportion contrib-
ute to the viscosity of foods, thus giving mouthfeel to foods. This functionality
related the binding capacity of the molecules particularly with water; if they are
replaced by a chemically sweetening additive such as aspartame or saccharin, it
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Table 6 Application of polysaccharides in food

Area of application/food

Stabilization of emulsions/suspensions in
condensed milk and chocolate milk
Stabilization of emulsions in coffee whiteners,
low-fat margarines

Stabilization of ice cream against ice crystal
formation, melting, phase separation;
improvement of consistency (smoothness)

Water binding, improvement of consistency,
yield increase of soft cheese, cream cheese,
cheese preparations

Thickening and gelation of milk in puddings
made with and without heating, creams;
improvement of consistency

Water binding, stabilization of emulsions in
meat products (corned beef, sausage)

Jellies for meat, fish, and vegetable products
Stabilization and thickening, prevention of
synaeresis, freeze-thaw stability of soups,
sauces, salad dressing, mayonnaise, ketchup;
obtaining “body” in low-fat and low-starch
products

Stabilization of protein foam in beer, whipped
cream, meringues, chocolate marshmallows
Prevention of starch retrogradation in bread
and cakes, water binding in dough
Thickening and gelation of fruit pulp
(confiture, jams, jellies, fruit pulp for ice
cream and yoghurt)

Gelation of jelly candies, jelly beans, glaze,
icing, water-dessert jellies

Sediment stabilization in fruit juices,
obtaining “body” in beverage powders

Stabilization of powdery aroma emulsions,
encapsulation of aroma substances

Suitable polysaccharides

Carrageenan, algin, pectin,
carboxymethylcellulose
Carrageenan

Algin, carrageenan, agar, gum arabic, gum
tragacanth, xanthan gum, guaran gum, locust
bean flour, modified starches,
carboxymethylcellulose, methylcellulose
Carrageenan, agar, gum tragacanth, karaya
gum, guaran gum, locust bean flour, algin,
carboxymethylcellulose

Pectin, algin, carrageenan, guaran gum, locust
bean flour, carboxymethylcellulose, modified
starches

Agar, karaya gum, guaran gum, locust bean
flour

Algin, carrageenan, agar

Gum tragacanth, algin, karaya gum, xanthan
gum, guaran gum, locust bean flour,
carboxymethylcellulose, propylene glycol
alginate, modified starches

Algin, carrageenan, agar, gum arabic, karaya
gum, xanthan gum

Agar, guaran gum, locust bean flour,
carrageenan, xanthan gum

Pectin, algin

Pectin, algin, carrageenan, agar, gum arabic,
modified starches

Algin, pectin, propylene glycol alginate, gum
arabic, xanthan gum, guaran gum,
methylcellulose

Source: Belitz HD, Grosch W, Schieberle P (2009). Food Chemistry. 4th revised and extended

edition, Springer-Verlag Berlin Heidelberg

doesn’t affect the consistency of the food. Another substance will be added to give
the expected body or mouthfeel to the food, for example, hydrocolloids to the
desired consistency without addition of natural sugar (Belitz et al. 2009; Fennema
1996). Table 6 shows the application of polysaccharides in food industry.

The outlined functions of polysaccharides depend on their highly variable
properties. They may vary from insoluble (cellulose) to those with good swelling
power and solubility at different temperatures of solvent (starch, guaran gum).
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The solutions may have low viscosities even at very high concentrations (gum
arabic) or may have exceptionally high viscosities even at low concentrations
(guaran gum). Some polysaccharides, even at a low concentration, set into a
thermoreversible gel (alginates, pectin). While most of the gels melt at elevated
temperatures, some cellulose derivatives set into a gel.

Food Enzymes
Classification

The systematic classification and designation of enzymes based on reaction spec-
ificity are based on the Nomenclature Committee of the International Union of
Biochemistry and Molecular Biology (IUBMB)-adopted rules last amended in
1992. All enzymes can be classified into six major classes (Belitz et al. 2009):

. Oxidoreductases: catalyzing oxidoreduction reactions

. Transferases: transferring a group from one compound to another

3. Hydrolases: catalyzing the hydrolytic cleavage of C-O, C-N, C-O, and some
other bonds

4. Lyases: clearing C-C, C-O, C-N, and other bonds by elimination

. Isomerases: catalyzing geometric or structural changes within one molecule

6. Ligases or synthetases: catalyzing the joining together of two molecules coupled

with the hydrolysis of a pyrophosphate bond in ATP or a similar triphosphate

N =

9]

Some other enzymes without the suffix “-ase” terminology are trypsin, rennin, and
ficin.

Each enzyme has a systematic name and number derived from the six classes
above. Each class can be subdivided into subclasses which more specifically denote
the type of reaction, e.g., by naming the electron donor of an oxidation-reduction
reaction or by naming the functional group carried over by a transferase or cleaved
by a hydrolase enzyme. Moreover, each subclass is further divided into
sub-subclasses. For example, sub-subclasses of oxidoreductases are denoted by
naming the acceptor which accepts the electron from its respective donor (Belitz
etal. 2009). An example is the enzyme ascorbic acid oxidase. Its systematic name is
L-ascorbate: oxygen oxidoreductase, and its systematic number is E.C. 1.1.10.3.3. It
is essential to mention the origin of the enzymes, particularly the type of organism
and subcellular fraction of origin (cytoplasmic, mitochondrial, or peroxisomal), for
example, ascorbate oxidase (E.C. 1.1.10.3.3) from cucumber.

E.C. 1. 10. 3. 3.

Enzyme Oxidoreductase | Subclass of Sub-subclass Serial number of

commission oxidoreductase (donor | (naming the the enzyme
naming diphenols or acceptor: within the

ascorbic acid) oxygen) sub-subclass
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Catalytic Actions

Catalytic actions of enzymes depend on their properties such as enzyme kinetics
and specificity. Enzyme kinetics are affected by enzyme concentration and enzyme
inhibition. The concentration of an enzyme in an enzyme-catalyzed reaction is
directly proportional to the rate of the reaction (Cornish-Bowden 1995).

Michaelis and Menten (1913) were the first to introduce mathematical analysis
of the velocity of enzyme-catalyzed reactions as affected by the substrate concen-
tration (Fig. 9). It is assumed that an intermediate enzyme-substrate complex is
formed, which is the important feature of this theory. In addition, the assumption is
made that the conversion rate of the enzyme-substrate complex to products of the
reaction and the enzyme determines the conversion rate of the substrate to the
reaction products. This equation is expressed as follows:

VS
' Kt S )

where v = initial velocity, V = maximal velocity, [S] = total concentration of
substrate, K,, = Michaelis-Menten constant.

K, 1 1 4

1
v
If one plots 1/v versus 1[S], K,,,/V is the slope, and intercept on 1/v axis is 1/V. One
gets a straight line rather than a sigmoid curve as in Michaelis-Menten. It is possible
to calculate K, (Fig. 9).

The Michaelis-Menten equation can be analyzed by the effects of enzyme
inhibitor on the reaction kinetics. There are three classes of enzyme inhibition:
competitive, noncompetitive, and uncompetitive. All of these are reversible. In
competitive inhibition, another substance related to the substrate competes with the
substrate to bind at the active site of the enzyme. This can inhibit the activity of the

Fig. 9 Linear plots of the 1 A
Michaelis—Menten equation —_
(Source: Diberri (http://

commons.wikimedia.org/

wiki/User:Diberri))
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enzyme in the formation of the complex with the normal substrate. In
noncompetitive inhibition, the inhibitors do not bind at the active site of the enzyme
but at another site that frequently alters the enzyme as a result. In uncompetitive
inhibition, an inactive enzyme-substrate-inhibitor complex is formed by the com-
bination with the enzyme-substrate complex, which is usually formed. This inhib-
itor itself does not react with the enzyme to form a complex. In irreversible
inhibition, some agents are able to alter permanently and covalently a functional
group of certain enzymes that is necessary for catalysis, resulting in irreversible
inactivation of the enzyme (Copeland 2000; Cornish-Bowden 1995).

As particular enzyme only fits with very specific substrate, lock-and-key theory
has been suggested by Fischer (1894) to describe the relationship. However, the
lock needs some adjustment, thus allowing the key to combine with the lock with
varying degrees of specificity, from highly specific to only moderately so. Urease,
highly specific, will act on urea only and on no other known compound. Some
enzymes act on a definite stereoisomeric structure. For example, racemic com-
pounds have been separated by means of enzymes because a specific enzyme was
found to act only on the dextro form, leaving the levo form undisturbed. Some
enzymes are intermediate in specificity, for instance, invertase, which hydrolyzes
sucrose and other P-fructosides. Lipases are enzymes of low specificity, which
hydrolyze not only triacylglycerols to fatty acids and glycerol but also simpler
esters to alcohols and acids (Pleiss et al. 1998).

Enzymes act only in the specific area due to the molecular size of enzymes,
known as the active site. In order for this reaction to proceed asymmetrically, the
enzyme and substrate must have a specific spatial relationship. The enzyme-
cofactor complex that is catalytically active is known as the holoenzyme. The
protein remaining after the removal of the cofactor is known as the apoenzyme,
which is, by itself, catalytically inactive. However, the holoenzyme has the ability
to combine with the substrate, yielding the final products (Gutfreund 1972).

Rate of Reaction

The rate of enzymatic reaction is referred to as the number of molecules of a
substrate decomposed by a molecule of a given enzyme per minute. As an example,
catalase decomposes 5,000,000 molecules of H,O, in a minute. If the molecular
weight of the enzyme is not known or if the material employed is not pure, it is
internationally accepted that one unit of the enzyme material used will catalyze the
reaction 1 pmol of substrate per minute under controlled conditions. Frank A. Lee
(1983) describes some factors that considerably affect the rate of an enzyme
reaction, as the following:

1. Temperature
Enzymes are denatured at high temperatures. Temperature can increase the
rate of the reaction when the optimum temperature is selected, whereas if the
temperature reaches the denaturation point of enzyme, it can decrease the rate of
reaction. The bulk of enzymes are most active around 30°-40 °C. Denaturation
begins around 45 °C, and the activity of the enzyme starts to decline. Some
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enzymes are more heat stable. The temperature coefficient, Q¢, is used as an
expression of the change in rate of reaction for a 10 °C change in temperature.
The value of Q¢ for many enzyme-mediated reactions is about 2. The Q ;o value
is determined by dividing the reaction rate at a given temperature plus 10 °C by
the reaction rate at that given temperature.

2. Regeneration (Renaturation)

It is reported that the enzyme trypsin can recover its enzyme activity when it
is cooled following denaturation by heat (Northrop 1932). Also, it is well known
that peroxidase in vegetables which has been inactivated by blanching can
recover at least part of its enzyme activity during frozen storage.

3. pH

pH can be used to control the rate of enzymatic reaction since the hydrogen
ion concentration of the medium affects significantly the activity of the enzyme.
The pH is controlled either to inhibit the enzyme activity or to increase the
maximum enzyme activity. The pH can be lowered in fruit products by the
addition of such compounds as phosphoric or citric acids.

4. Activators

Enzymes such as pyruvate kinase and enolase require either Mn>* or Mg>*
to be activated. Bisulfite ion or cysteine can prevent inactivation of
papain, bromelin, and ficin, plant proteolytic enzymes, when exposed to oxygen.
These reducing compounds maintain the sulfhydryl groups in the enzyme
protein.

5. Active Sites of Enzymes

Great catalytic efficiency depends on precise location of the substrate at the
catalytic group of the active site of the enzyme. Of the enzymes that contain only
amino acids it must be noted that not all are involved as part of the active site. In
certain enzymes large parts of the protein can be removed with no change in the
activity of the enzyme.

From the classification scheme given earlier, it is stated that enzymes are
classified by the kinds of reactions they catalyze. Those that bring about hydrolysis
and those active in oxidation and reduction are of particular interest in dealing with
foods. Various types of enzyme with their specific catalytic actions are given below
(Belitz et al. 2009; Lee 1983):

1. Esterases, among others, are able to bring about hydrolysis, or reversibly,
synthesis, of esters.

2. Lipase hydrolyzes fats and oils to glycerol and fatty acids. Lipase is also able to
hydrolyze the ethyl esters of long-chain fatty acids.

3. Glycosidases, the enzymes effective in the synthesis and breakdown of carbo-
hydrates, belong to the general group of hydrolases.

4. Pectinesterases hydrolyze the methyl ester groups naturally occurring in pectin.
They are used in the production of low-ester pectins which, in turn, are used for
the manufacture of jellies and jams of low sugar content for which products the
ordinary pectin will not produce a gel.
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5. Amylases have the ability to hydrolyze starch and glycogen. Three types of
amylases are considered: a-amylases, -amylases, and amyloglucosidases.

6. Phosphatases are able to split phosphoric acid from some types of organic
phosphates.

7. Proteinases, otherwise known as proteolytic enzymes, include papain, ficin,
trypsin, pepsin, and others and have the ability to cleave the CO-NH
(peptide) bond.

8. Peroxidases catalyze reactions in which hydrogen emulsifying the fatty material
increases the speed at which this reaction takes place.

Applications in Foods

In vegetable processing, the main purpose of enzyme inactivation is to prevent the
quality deterioration of vegetables. Blanching or steaming vegetables before
low-temperature storage can prevent their deterioration. Lee (1958) describes the
liberation of fatty acids as a result of peroxidases found in unblanched peas during
storage at —18 °C, whereas the compounds were not formed in the blanched peas.
On the other hand, blanching vegetables before drying process can eliminate the
development of haylike flavor and aroma. While low water content protects food
from spoilage by microbial action, it does not stop deterioration as a result of
enzyme activity. An increase in the moisture content can result in an increase in
enzyme activity.

In beverage industry, pectic enzymes are used to increase the yields of juice and
to extract completely the pigments from fruits. In alcoholic beverages, microor-
ganisms produce some enzymes that convert sugars to alcohol (Whitehurst and Law
2002).

Proteolytic enzymes are used to make meat tender. Wrapping meat with papaya
leaves has been applied to tenderize meat since long time ago. These leaves contain
proteolytic enzymes. In modern practice, allowing the carcass to hang at a low
temperature (4 °C) for several weeks improves the activity of tenderness enzyme.
Another method of tenderizing is achieved by injecting small amounts of proteo-
Iytic enzymes into the animal just prior to slaughter. In dairy processing, cheese
production is achieved by curdling milk with rennet, an enzyme produced by calf
stomachs (Nagodawithana and Reed 1993; Whitehurst and Law 2002).

Enzymes are frequently isolated from parts of organisms and microorganisms. In
enzyme isolation, the richest available source should be used in order to reduce the
amount of work necessary to prepare the enzyme. The extraction should not be done
in extreme temperature, pH, and ionic strength, which causes enzyme destability
and inactivity. The isolation can be done by chromatography with some media such
as Sephadex, cross-linked polyacrylamide, and ion-exchange, or another recent
technique involves the use of isoelectric focusing (Nagodawithana and Reed 1993).

Enzymes can be advantageous because of the following characteristics. (a) They
are efficient catalysts. (b) The reaction can be stopped by applying heat sufficient to
destroy the enzymes. (c) Temperature, pH, and time can be used to control the
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reactions. (d) Enzyme activity can be standardized. (e) They are nontoxic and can
be left in the product unless it is necessary to destroy them (Whitehurst and Law
2002).

Conclusion and Future Directions

Water molecule structure accounts for its special behavior which determines its
interaction with other compounds. Since water can determine the shelf life of food
because of its interaction with food components, water activity is important. Water
activity is the ratio of the moisture content of a food and the relative humidity of the
air surrounding. Besides, physical and chemical properties of water affect and
control food stability. Stability of food is associated with quality of food. Food
instability can lead to food perishability which degrades food quality. A combina-
tion between rapid techniques to detect water content in food and novel methods to
control physicochemical properties of water will be a focus to improve food quality
in the future. Some novel techniques both for entrapping and eliminating water
from the system will be interesting research to be developed in the future, such as
eliminating water with minimized effect on the physical and chemical changes of
food or entrapping water in the gel structure using food-grade biopolymer.

Lipids in food play an important role in food sensory attributes such as texture,
flavor, nutrition, and caloric density. Lipids enhance and modify flavor, aerate
doughs, contribute flakiness and tenderness, emulsify, transfer heat, and provide
satiety. They are composed of a glycerol molecule with one, two, or three fatty
acids attached creating mono-, di-, or triglycerides, respectively. Since lipids
produce much calories, food scientists and manufacturers will need to modify the
physical and chemical properties of food lipids in order to produce healthy foods
with high consumer acceptability. In other words, the content of unhealthy lipids
(e.g., saturated fats and frans fatty acids) will be reduced or replaced in food
without changing much food texture or flavor.

Proteins have a key role in many biological processes as well as foods. Amino
acids are required building blocks for protein biosynthesis. A protein containing
all of the essential amino acids is considered a complete protein and will have a
high biological value. Major animal proteins generally have high biological
value as compared to plant proteins due to deficiency in some of the essential
amino acids in plant foods. Food proteins are responsible for flavor, color, and
texture as well as gel and foam formations. The functional properties of proteins in
foods are related to their structural and other physicochemical characteristics. Food
proteins can be powerful allergens for some people and have adverse effects in the
diet. Food processing can alter the nutritional value and functional properties of
proteins.

Food carbohydrates are differentiated by their sugar molecules, chemical struc-
tures, and physicochemical properties. Each carbohydrate has its own characteris-
tics for various specific applications in food products. Microstructure manipulation
of polymeric assembly of carbohydrates can have great potential in developing
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novel food. This polymer can be used as food texturing, encapsulant, emulsifier,
and gelation agent.

Enzymes are classed as proteins, and the classification of enzymes is based on
the reactions they catalyze. Enzymes act by combining with the substrate at a small
area of activity which is known as the active site. The efficiency of an enzyme is
known as the molecular activity. This is the number of molecules of a substrate
which are decomposed by a molecule of a given enzyme in specific time. Enzymes
are important in a number of industrial processes involving foods. In future food
application, increasing food product quality through enzyme inactivation, isolation,
and optimization will still become a main concern for food research and
development.

Cross-References

Chemical Composition of Fat and Oil Products
Nutritional and Toxicological Aspects of the Chemical Changes of Food Com-
ponents and Nutrients During Heating and Cooking
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Abstract

Vitamins and minerals are minor components of foods that play an essential role
in human nutrition. The vitamins are generally divided into two main groups, the
water-soluble and the fat-soluble vitamins. The occurrence of the vitamins in the
various food groups is related to their water or fat solubility. Minerals may be
present as inorganic or organic salts or may be combined with organic material.
Many vitamins and minerals are unstable under certain conditions of processing
and storage; therefore, their content in processed foods may be considerably
reduced. Some vitamins and minerals function as part of an enzyme cofactor;
without them, the enzyme would be ineffective as a biocatalyst. This chapter
focuses on vitamins and mineral classification, their chemical properties and
stability, and their functional properties in food.

Introduction

Vitamins and minerals are quantitatively minor constituents in food that play an
important part in the nutritional value of foods. They are required to maintain health
and, in younger animals and adults, growth. Only small amounts of them are
necessary for these purposes.

The vitamins comprise a diverse group of organic compounds that are nutrition-
ally essential micronutrients. They function as enzyme precursors, components of
the antioxidative defense system, factors involved in genetic regulation. Vitamins
have a variety of chemical structures and they mainly can be categorized as water-
and fat-soluble vitamins. In food, several of the vitamins influence the chemical
nature of food, by functioning as reducing agents, radical scavengers, reactants in
browning reactions, and as flavor precursors. Stability and properties of vitamins in
complex food systems are affected by physical and compositional variables includ-
ing water activity, ionic strength, pH, enzymatic and trace metallic catalysts, and
other reactants (protein, reducing sugars, free radicals, active oxygen species)
(Belitz et al. 2009).

Mineral is assigned to the trace elements. Its involvement in a biochemical
function in a vital tissue or organ is possible to be detected. Main and trace elements
have very varied physiological functions, such as electrolytes, enzyme constituents,
and building materials, e.g., in bones and teeth. Mineral contents in the same food
raw material may be different, it can fluctuate greatly depending on genetic and
climatic factors, agricultural procedures, composition of the soil, and ripeness of the
harvested crops, among other factors (Lee 1983). Mineral materials contribute to
structure and physiological value (Damodaran et al. 2008). Changes in the mineral
content usually occur as well in the processing of raw materials, e.g., in thermal
processes and material separations (Belitz et al. 2009).

The major objective of this chapter is to discuss the chemistry of the individual
vitamins and minerals including the chemical structure and properties that influence
their stability and functional properties in foods.
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Food Vitamins
Vitamin Classification

Vitamins can be mainly categorized into two general classes: the fat-soluble
vitamins, such as A, D, E and K, and the water-soluble vitamins, B; (thiamin), B,
(riboflavin), Bs (niacin), Bs (pantothenic acid), B¢ (pyridoxine), B; (biotin), Bg
(folic acid), and B, (cyanocobalamin).

Vitamins are essential for human growth and development, either because they are
not produced in the body or because they are produced in insufficient amounts (e.g.,
niacin, choline). Each of these vitamins regulates many important functions in the
body by acting as antioxidants, coenzymes, cofactors, and hormone regulators
(Combs 2008). Some of the health benefits derived from these vitamins include:
improved vision and immunity boost (vitamin A); enhanced energy levels, mood
regulation, and immune boost (vitamin B-complex); immune boost and promoting
healthy skin, gums, tendons, and ligaments (vitamin C); healthy bones and teeth and
prevention of cancer and heart diseases (vitamin D); skin and brain vitality and
protection against bladder and prostate cancers (vitamin E); and potential role in
bone metabolism, nerve signaling, and prevention of atherosclerosis and kidney
stones (vitamin K) (Fairfield and Fletcher 2002; Ryan-Harshman and Aldoori 2005).

Structure and General Properties

Vitamin A

Vitamin A refers to a group of unsaturated hydrocarbons, including retinol and
related compounds and certain carotenoids. Vitamin A is insoluble in water but
soluble in ethanol and freely soluble in organic solvents including fats and oils
(de Man 1999).

Carotenoids provide significant vitamin A activity to foods of both plant and
animal origin. Of approximately 600 known carotenoids, about 50 exhibit some
provitamin A activity (i.e., are partially converted to vitamin A in vivo). In animal
tissues, vitamin A activity is predominantly in the form of retinol or its esters,
retinal, and, to a lesser extent, retinoic acid. The term retinoids refers to the class of
compounds including retinol and its chemical derivatives having four isoprenoid
units. For a compound to have vitamin A or provitamin A activity, it must exhibit
certain structural similarities to retinol, such as at least one intact nonoxygenated
[-ionone ring and an isoprenoid side chain terminating in an alcohol, aldehyde, or
carboxyl function (Fennema 1996) (Fig. 1).

Vitamin D

All provitamins D found in nature are chemically sterols, carbon 3, which has a
hydroxyl group attached and also contains the conjugated 5,7-diene (Lee 1983).
Vitamin D activity in foods is associated with several lipid-soluble sterol analogs
including cholecalciferol (vitamin D;) from animal sources and ergocalciferol
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Fig. 1 Chemical structure of retinol, one of the major forms of vitamin A (Source: http://
commons.wikimedia.org/wiki/User:NEUROtiker)

Fig. 2 Chemical structure of
ergocalciferol (vitamin D;)
(Source: http://commons.
wikimedia.org/wiki/User:
Calvero)

HO™

(vitamin D,) produced synthetically (Fennema 1996). Vitamins D, and Dj are
white to yellowish crystalline compounds. They dissolve readily in organic solvents
such as hexane, ether, acetone, and ethanol, are less in vegetable oils, and are
insoluble in water. Both of these compounds are used in synthetic form for food
fortification.

Vitamin D is synthesized in vivo from dietary vitamin D with the help of
sunlight exposure. Cholecalciferol forms in human skin upon exposure to sunlight,
and this is a multistep process involving photochemical modification of
7-dehydrocholesterol followed by nonenzymatic isomerization (Lee 1983). On
the other hand, ergocalciferol is an exclusively synthetic form of vitamin D that
is formed by commercial irradiation of phytosterol (a plant sterol) with ultraviolet
(UV) light. Several hydroxylated metabolites of vitamin D, and D3 form in vivo.
The 1,25-dihydroxy derivative of cholecalciferol is the main physiologically active
form, and it is involved in the regulation of calcium absorption and metabolism.
25-Hydroxycholecalciferol, in addition to cholecalciferol, comprises a significant
amount of the naturally occurring vitamin D activity in meat and milk products
(Damodaran et al. 2008) (Fig. 2).

Vitamin E

Vitamin E is the generic term for tocols and tocotrienols that exhibit vitamin
activity similar to that of a-tocopherol (Fig. 3). Tocols are 2-methyl-2(4,8,12-
trimethyltridecyl)chroman-6-ols, while tocotrienols are identical except for the


http://commons.wikimedia.org/wiki/User:NEUROtiker
http://commons.wikimedia.org/wiki/User:NEUROtiker
http://commons.wikimedia.org/wiki/User:Calvero
http://commons.wikimedia.org/wiki/User:Calvero
http://commons.wikimedia.org/wiki/User:Calvero

3 General Properties of Minor Food Components 59

Fig. 3 Chemical structure of a-tocopherol (Source: http://commons.wikimedia.org/wiki/User:
Calvero)

presence of double bonds at positions 3’, 7/, and 11’ of the side chain. Tocopherols,
which are typically the main compounds having vitamin E activity in foods, are
derivatives of the parent compound tocol and have one or more methyl groups at
positions 5’, 7', or 8’ of the ring structure (chromanol ring) (de Man 1999).

The «, B, v, and & forms of tocopherol and tocotrienol differ according to the
number and position of the methyl groups and thus distinguish significantly in
vitamin E activity (Fennema 1996). In a new system of reporting vitamin E activity
(Institute of Medicine 2000), a-tocopherol is viewed as the sole form exhibiting
specific vitamin E activity, while o-tocopherol and all other tocopherols and
tocotrienols provide a general antioxidant function. The stereochemical configura-
tion at these positions affects the vitamin E activity of the compound. The naturally
occurring configuration of a-tocopherol shows the greatest vitamin E activity.

a-Tocopherol is a pale, yellow, viscous oil which melts at 2.5-3.5 °C and boils
under very reduced pressure at 350 °C with decomposition. It is insoluble in water,
but soluble in alcohol and ether (de Man 1999).

Vitamin K

Vitamin K consists of a group of naphthoquinones that exist with or without a
terpenoid side chain in the 3-position. The unsubstituted form of vitamin K is
menadione, and it is of primary significance as a synthetic form of the vitamin
that is used in vitamin supplements and food fortification (Belitz et al. 2009).

Phylloquinone (vitamin K;) is a product of plant origin, while menaquinones
(vitamin K,) of varying chain length are products of bacterial synthesis, mainly by
intestinal microflora. Vitamin K| is a yellow viscous oil which has a melting point
of —20 °C. It is insoluble in water, but soluble in alcohol and ether. Vitamin K, is a
crystalline substance with a melting point between 35 °C and 60 °C (Damodaran
et al. 2008).

Phylloquinones occur in relatively large quantities in leafy vegetables including
spinach, kale, cauliflower, and cabbage, and they are present, but less abundant, in
tomatoes and certain vegetable oils. Vitamin K deficiency is rare in healthy
individuals because of the widespread presence of phylloquinones in the diet and
because microbial menoquinones are absorbed from the lower (Belitz et al. 2009).

Vitamin B, (Thiamin)
Thiamin is widely distributed in plant and animal tissues. Most naturally occurring
thiamin exists as thiamin pyrophosphate, with lesser amounts of nonphosphorylated
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Fig. 4 Chemical structure of NH,

a-thiamine (Source: http://
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thiamin, thiamin monophosphate, and thiamin triphosphate. Thiamin pyrophos-
phate functions as a coenzyme of various a-keto acid dehydrogenases, a-keto
acid decarboxylases, phosphoketolases, and transketolases (de Man 1999). Thiamin
is commercially available as the hydrochloride and mononitrate salts, and these
forms are widely used for food fortification and as nutritional supplements. It is
soluble in water, methanol, and glycerol but practically insoluble in acetone, ether,
chloroform, and benzene (Shils et al. 1999) (Fig. 4).

Vitamin B, (Riboflavin)

Riboflavin, formerly known as vitamin B,, is the generic term for the group of
compounds that exhibit the biological activity of riboflavin. Riboflavin is soluble in
water, giving rise to a bright yellow-colored solution. The parent compound of the
riboflavin family is 7,8-dimethyl-10(1’-ribityl)isoalloxazine, and all derivatives of
riboflavin are given the generic name flavins. Riboflavin is involved in several
dehydrogenase reactions such as interconverts NAD+/NAD(H) and NADP+/
NADPH couples (Belitz et al. 2009).

Vitamin B; (Niacin)
Niacin is also known as nicotinic acid and nicotinamide. This is otherwise known as
the anti-pellagra factor. Niacin is 3-pyridinecarboxylic acid, and nicotinamide is the
corresponding form of acid amide of this compound. Niacin crystallizes in the form
of needles from water or alcohol, with a melting point of 236-237 °C, and sublimes
without decomposition (Harris 1971). It is slightly soluble in water and alcohol, but
soluble in hot solvents, but nicotinamide is very soluble in water and alcohol. It
appears as a white powder but forms needles from benzene, melts at 129-131 °C,
and boils under reduced pressure (Harris 1971).

Nicotinamide is involved in enzyme activity of electron transport reactions. It is
a part of two acceptor pyridine protein enzymes which are known as nicotinamide
adenine dinucleotide (NAn) and nicotinamide adenine dinucleotide phosphate
(NADP). They have also been known as diphosphopyridine nucleotide (DPN)
and triphosphopyridine nucleotide (TPN) (Fennema 1996).

Vitamin B; (Pantothenic Acid)

Pantothenic acid, or d-N-(2,4-dihydroxy-3,3-dimethyl-butyryl-p-alanine), is a water-
soluble vitamin (Fennema 1996). Pantothenic acid oxidizes coenzyme A in
the synthesis/oxidation of fatty acid. It is a covalently bound prosthetic group
(without the adenosyl moiety of coenzyme A) of acyl carrier protein in fatty acid
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synthesis. Formation of a thioester derivative of coenzyme A with organic acids
facilitates a wide variety of metabolic processes that mainly involve addition or
removal of acyl groups, in an array of biosynthetic and catabolic reactions
(Damodaran et al. 2008). Pantothenic acid is essential for all living things and is
distributed widely among meats, cereal grains, eggs, milk, and many fresh
vegetables.

Vitamin B¢ (Pyridoxine)
Vitamin Bg is a generic term for the group of 2-methyl, 3-hydroxy, 5-hydroxymethyl-
pyridines having the vitamin activity of pyridoxine. The various forms of vitamin B¢
differ according to the nature of the one-carbon substituent at the 4-position. It
crystallizes in needles from acetone and has a melting point of 160 °C. It sublimes
and is very soluble in water and soluble in alcohol. Pyridoxine hydrochloride
crystallizes in plates from alcohol and acetone. It melts at 206-208 °C, sublimes,
and is very soluble in water and slightly soluble in alcohol (Lee 1983).
Glycosylated forms of vitamin B¢ are present in most fruits, vegetables, and
cereal grains, generally as pyridoxine-5-f-p-glucoside (Gregory and Ink 1987).
These comprise 5—75 % of the total vitamin B¢ and account for 15-20 % of the
vitamin B¢ in typical mixed diets. Pyridoxine glucoside becomes nutritionally
active only after hydrolysis of the glucoside by the action of B-glucosidases in the
intestine or other organs (Belitz et al. 2009). Several other glycosylated forms of
vitamin Bg are also found in certain plant products.

Vitamin B (Biotin)

Biotin naturally forms free p-biotin and biocytin (biotinyl-L-lysine). It is a water-
soluble vitamin that functions coenzymatically in carboxylation and transcar-
boxylation reactions (Lee 1983). Biocytin functions as the coenzyme form and
actually consists of a biotinylated lysyl residue, formed by post-translational
biotinylation, that is, covalently incorporated in a protein chain of various
carboxylases including a role in fatty acid synthesis (de Man 1999). The ring
system of biotin can exist in eight possible stereoisomers, only one of which
(d-biotin) is the natural, biologically active form. Both free biotin and protein-
bound biocytin exhibit biotin activity when consumed in the diet, whereas the
naturally occurring catabolic products of biotin in animal tissues (bis-norbiotin
and biotin sulfoxide) do not exhibit vitamin activity. Biotin is widely distributed
in plant and animal products, and biotin deficiency is rare in normal humans
(Belitz et al. 2009).

Vitamin B,y (Folic Acid)

Folic acid (pteroyl-L-glutamic acid) exists naturally only in trace quantities. Folic
acid consists of L-glutamic acid that is coupled with its a-amino group to the
carboxyl group of para-aminobenzoic acid that, in turn, is linked to a 2-amino-4-
hydroxypteridine (Fig. 5). In folic acid, the pteridine moiety exists in oxidized form
(Lee 1983). Vitamin By is essential for numerous bodily functions; it acts as
coenzyme in single-carbon metabolism (Belitz et al. 2009).
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Fig. 5 Chemical structure of O COsH
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Vitamin B,, (Cyanocobalamin)

Vitamin By is the generic term for the group of compounds (cobalamins). Cyano-
cobalamin is crystallized into red, odorless, and tasteless needles. It has the least
water solubility (12.5 mg/ml) among all the water-soluble vitamins (Fennema
1996). These compounds are corrinoids, tetrapyrrole structures in which a cobalt
ion (Co) is coordinately covalently bonded to the four pyrrole nitrogens. The fifth
coordinate covalent bond to Co is with a nitrogen of the dimethylbenzimidazole
moiety, while the sixth position may be occupied by cyanide, a 5-deoxyadenosyl
group, a methyl group, glutathione, water, a hydroxyl ion, or other ligands such as
nitrite, ammonia, or sulfite (Damodaran et al. 2008). It acts as coenzyme for
methylmalonyl-CoA mutase and homocysteine methyltransferase (Belitz
et al. 2009). Cyanocobalamin is commonly available in a synthetic form used in
food fortification and nutrient supplements.

Vitamin C (Ascorbic Acid)

Ascorbic acid is a naturally occurring organic compound. It is a white solid, but
impure samples can appear yellowish. It dissolves well in water to give mildly
acidic solutions. Ascorbic acid is one form of vitamin C. This compound is highly
polar; thus, it is readily soluble in aqueous solution and insoluble in less nonpolar
solvents. Ascorbic acid is acidic in character as a result of ionization of the C-3
hydroxyl group (pKa; = 4.04 at 25 °C). A second ionization, dissociation of the
C-2 hydroxyl, is much less favorable (pKa, = 11.4) (Lee 1983). It contains two
optically active centers at the C4 and Cs positions. Ascorbic acid is widely used as
food ingredients for their reducing and antioxidative activity (e.g., in the curing of
meats and for inhibiting enzymatic browning in fruits and vegetables), but it has no
nutritional value. Because of the high solubility of ascorbic acid aqueous solutions,
the potential exists for significant losses by leaching from freshly cut or bruised
surfaces of fruits and vegetables.

Stability and Degradation

Almost every food preparation process reduces the amount of micronutrients in
food, including vitamins. Vitamins are very unstable to high levels of heat, light,
and oxygen which can cause the greatest loss. Vitamins can also be “washed out”
from foods by fluids that are introduced during a cooking process. For example,
boiling a potato can cause much of the potato’s B and C vitamins to migrate to the
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boiling water. Similar losses also occur in different processes, such as broiling,
roasting, or frying in oil, and then draining off the drippings.

On the other hand, stability issues of vitamin related to the formulation and
delivery challenges for functional purpose are also an important concern. Both
water-soluble and oil-soluble vitamins suffer from stability issues concerning
mainly their oxidative stability in the presence of heat, ultraviolet light, and metal
ions (Ball 2004). It is quite straightforward to imagine that the formulation of
oil-soluble vitamins in food beverages or aqueous-based products is severely
limited due to their insolubility in water. More specific details related to the stability
of vitamins are given as follows.

Vitamin A: Vitamin A and provitamin A carotenoids are very sensitive to oxygen
in air, especially in the presence of light and heat. The sensitivity to oxidation is
enhanced in the presence of trace metal ions especially Fe*™ and Cu™. Food
processing and storage can lead to 540 % destruction of vitamin A and carotenoids
(Belitz et al. 2009). In the absence of oxygen and at higher temperatures (e.g.,
cooking or food sterilization), vitamin A can be degraded by reaction of isomeriza-
tion and fragmentation. In the presence of oxygen, oxidative degradation leads to a
series of products, some of which are volatile (Fennema 1996).

Vitamin D: Vitamins D, and D; are white to yellowish crystalline compounds.
Both vitamins are rapidly dissociated by light, oxygen, and acid, particularly in
solution or in finely powdered form. They are stable in alkaline solutions but tend to
isomerize in oily solutions. Vitamin D degradation may occur in glass-packaged
milk during retail storage. Approximately 50 % of cholecalciferol added to skim
milk is lost during 12 days of continual exposure to fluorescent light at 40 °C (Belitz
et al. 2009). Like other unsaturated fat-soluble components of foods, vitamin D
compounds are susceptible to oxidative degradation.

Vitamin E: Vitamin E content in food can be lowered by several detrimental factors
such as light, oxygen, and heat. In some foods it may decrease by 50 % during two
weeks of storage at room temperature. However, vitamin E compounds show good
stability in the absence of oxygen and oxidizing lipids. Anaerobic treatments in food
processing, such as retorting of canned foods, have little effect on vitamin E activity.
In contrast, the rate of vitamin E degradation increases in the presence of molecular
oxygen. Oxidative degradation of vitamin E is strongly influenced by the same factors
that influence oxidation of unsaturated lipids. On the other hand, frying causes large
losses of vitamin E in vegetable oils. Esters of a-tocopherol (a-tocopheryl acetate and
a-tocopheryl succinate) are used for supplements because they are more resistant to
oxidation during storage (Friedrich 1988; Jenness et al. 1988).

Vitamin K: Vitamin K compounds are moderately stable to heat and reducing
agents, but are sensitive to acid, alkali, light, and oxidizing agents (Jenness
et al. 1988). They are relatively stable to atmospheric oxygen and exposure to
heat. Vitamin K, is a light-yellow oily liquid that is decomposed by light and
alkaline substances. Vitamin K, is a crystalline substance with a melting point
between 35 °C and 60 °C (Lee 1983).

Vitamin B;: Vitamin B is stable in acidic conditions but highly unstable at
alkaline pH (Shils et al. 1999). In fact, thiamine is considered one of the most
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unstable B vitamins; it is unstable to heat and when exposed to UV and
y-irradiations. Moreover, because of its chemistry, thiamine is also known to
react strongly in Maillard-type reactions (Mahan and Escott-Stump 2000). It has
been reported that processes such as baking, pasteurization, or boiling of foods
fortified with thiamine can reduce its content by up to 50 % (Lee 1983).

The following losses of thiamine can be estimated between 15 % and 25 % in
canned fruit or vegetables stored for more than a year; 0-60 % in meat cooked
under household conditions, depending on temperature and preparation method;
20 % in salt brine pickling of meat and in baking of white bread; 15 % in blanching
of cabbage without sulfite; and 40 % with sulfite. Losses caused by sulfite are pH
dependent. Practically no thiamine degradation occurs in a stronger acidic medium
(e.g., lemon juice) (de Man 1999).

Vitamin B,: Riboflavin is quiet stable to heat and other processing operations but
degrades easily in the presence of light (Zhuge and Klopfenstein 1986). The
wavelengths of light responsible for the riboflavin destruction are in the visible
spectrum below 500-520 nm, while UV light has no destructive effect on ribofla-
vin. This photolytic reaction cleaves ribitol from the vitamin, converting it to
lumiflavin. Riboflavin gives yellow color in solution (Damodaran et al. 2008).
Moreover, one can also assume that due to its bright color-imparting nature, the
aesthetics of the fortified products may be altered. Riboflavin is relatively stable in
normal food handling processes.

Vitamin Bj: Niacin exhibits an excellent stability in the presence of heat, light,
air, and alkali. However, in the presence of other micronutrients such as minerals
especially coupled with high temperatures, the stability of niacin is altered
(Lee 1983).

Vitamin Bs: Pantothenic acid is yellow, viscous, and hygroscopic oil. It is stable
to heat in slightly acid to neutral conditions, but decomposes rapidly in alkaline
conditions (Gutzeit et al. 2007). It is stable in solution in the pH range of 5-7 and
less stable outside this range. Due to its low stability in the gastrointestinal
conditions, pantothenic acid supplements are sold as calcium and sodium salts. In
solution, pantothenic acid is most stable at pH 5-7 (de Man 1999).

Pantothenic acid exhibits relatively good stability during food storage, espe-
cially at reduced water activity. Losses occur in cooking and thermal processing in
proportion to the severity of the treatment and extent of leaching, and these range
from 30 % to 80 %. Although the mechanism of thermal loss of pantothenic acid has
not been fully determined, an acid- or base-catalyzed hydrolysis of the linkage
between p-alanine and the 1,4-dihydroxy,3,3-butyryl-carboxylic acid group appears
likely. The pantothenic acid molecule is otherwise quite unreactive and interacts
little with other food components. Coenzyme A is susceptible to the formation of
mixed disulfides with other thiols in foods; however, this exerts little effect on the
net quantity of available pantothenic acid (Belitz et al. 2009).

Degradation of pantothenic acid during thermal processing conforms to first-
order kinetics (Hamm and Lund 1978). Rate constants for degradation of free
pantothenic acid in buffered solutions increase with decreasing pH over the range
of pH 6.0-4.0, while the energy of activation decreases over this range. The rates of



3 General Properties of Minor Food Components 65

degradation reported for pantothenic acid are substantially less than those for other
labile nutrients (e.g., thiamin). These findings suggest that losses of pantothenic
acid reported in other studies of food processing may be predominantly due to
leaching rather than actual destruction.

Vitamin Bg: Pyridoxine is relatively stable to heat, but pyridoxal and pyridox-
amine are not. Vitamin Bg is decomposed by oxidation and ultraviolet light and in
an alkaline environment (Henry and Chapman 2002).

Vitamin B;: Vitamin B7 is also known as biotin. Biotin is quite stable to heat,
light, and oxygen. Heat treatment results in relatively small losses. The vitamin is
also stable to air at neutral (de Man 1999). Extremes of high or low pH can cause
degradation, possibly because they promote hydrolysis of the —NH——C=0
(amide) bond of the biotin ring system. Oxidizing conditions such as exposure to
hydrogen peroxide can oxidize the sulfur to form biologically inactive biotin
sulfoxide or sulfone. Losses of biotin during food processing and storage have
been documented and summarized (Hoppner and Lampi 1993). Such losses may
occur by chemical degradation processes as mentioned above and by leaching of
free biotin. Little degradation of biotin occurs during low moisture storage of
fortified cereal products.

Vitamin By: Folic acid losses its activity in the presence of light, oxidizing or
reducing agents, and acidic and alkaline environments. However, it is relatively
stable to heat and humidity (de Man 1999). There is no destruction of folic acid
during blanching of vegetables, while cooking of meat gives only small losses. Its
losses in milk are apparently due to an oxidative process and parallel those of
ascorbic acid. Ascorbic acid added to food can preserve folic acid from its degra-
dation (Lee 1983).

Vitamin B;,: Cyanocobalamin is crystallized into red, odorless, and tasteless
needles. Vitamin By, is stable to heat, but slowly loses its activity when exposed to
light, oxygen, and acid or alkali-containing environments (Henry and Chapman
2002). The stability of vitamin B, is very dependent on a number of conditions. It
is fairly stable at pH 46, even at high temperatures. In alkaline media or in the
presence of reducing agents, such as ascorbic acid or SO,, the vitamin is destroyed
to a greater extent.

Vitamin C: Ascorbic acid is easily destroyed during processing and storage
through the action of metals, such as copper and iron. It is oxidized in the presence
of air under neutral and alkaline conditions. Vitamin C is also sensitive to heat and
light. The rate of destruction is increased by the action of metals, especially copper
and iron, and by the action of enzymes (especially enzymes containing copper or
iron, such as ascorbic acid oxidase, phenolase, cytochrome oxidase, and peroxi-
dase) (de Ritter 1976).

Functional Properties in Food Processing

In addition to their role as essential micronutrients, vitamins may serve as food
ingredients for their varied functional properties, such as antioxidant and colorant.
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Several vitamins have been extensively used in food processing, such as vitamin C,
vitamin E, and vitamin A. Vitamin C and vitamin E have been used as antioxidants
in food. Provitamin A carotenoids such as f-carotene and [-apo-8-carotenal are
used as colorants in fat-based as well as water-based foods.

In lipid systems, vitamin E may be used as an antioxidant in fats. Vitamin C or
ascorbic acid in the form of its palmitic acid ester, ascorbyl palmitate, is an effective
antioxidant in lipid systems. Ascorbyl palmitate prevents the formation of lipid free
radicals and thereby delays the initiation of the chain reaction that leads to the
deterioration of the fat (Liao and Seib 1987). In vegetable oils, ascorbyl palmitate
acts synergistically with naturally occurring tocopherols.

Ascorbic acid reduces other food components including nitrous acid (HO-NO)
and oxidized phenolic compounds. The reduction of nitrous acid with high
concentrations of ascorbic acid (>1000 ppm) to nitric oxide occurs during
curing of meat and prevents the formation of N-nitrosamine, considered to be
mutagenic. Ascorbic acid is also widely used to prevent enzymatic browning in
fruit products. The reduction of quinones by ascorbic acid to regenerate phenolic
compounds is important in preventing the enzymatic browning reactions and in
restoring the antioxidant activity of polyphenolic compounds by a synergistic
mechanism (Liao and Seib 1987). Other functions of ascorbic acid are
inhibition of can corrosion in canned soft drinks, protection of flavor and color
of wine, prevention of black spot formation in shrimp, stabilization of cured
meat color, and dough improvement in baked goods (Institute of Food
Technologists 1987).

Food Minerals
Mineral Classification

Minerals are the constituents which play an important part, particularly in nutri-
tional value of foods. They are usually present in small amounts, frequently in
traces, but their importance is well recognized. They are divided into main ele-
ments, trace elements, and ultratrace elements. The major elements include Na, K,
Ca, Mg, Cl, and P which are essential for human beings in amounts >50 mg/day.
Trace elements (Fe, I, F, Zn, Se, Cu, Mn, Cr, Mo, Co, Ni) are essential in
concentrations of <50 mg/day (Belitz et al. 2009). The role of selenium in
human is not completely established. On the other hand, ultratrace elements
(Al, As, Ba, Bi, B, Br, Cd, Cs, Ge, Hg, Li, Pb, Rb, Sb, Si, Sm, Sn, Sr, Tl, Ti, W)
are elements that have been tested in animal experiments over several generations
and deficiency symptoms have been found under these extreme conditions. Some of
those minerals categorized as toxic elements include arsenic, cadmium, mercury,
lead, and antimony (Lee 1983). Food materials are the important source of the
major and minor elements. Table 1 shows some of the minerals found in a variety of
foods.
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Chemical Properties and Role of Minerals

Mineral elements are present in foods in many different chemical forms. These
forms are commonly referred to as species and include compounds, complexes,
chelates, and free ions and undergo complex changes during processing, storage,
and digestion of foods (van Dokum 1989). The large diversity of chemical proper-
ties among the mineral elements and the complexity of their presence in food, make
them difficult to be isolated and characterized. Therefore, the knowledge of the
exact chemical forms of minerals in foods remains limited. However, guiding
predictions about the behavior of mineral elements in foods have been established
according to principles and concepts of inorganic, organic, physical, and biochem-
istry, such as its solubility in aqueous systems, acid/base chemistry, and chelating
properties (Damodaran et al. 2008) (Table 2).

As a part of essential nutrients, the availabilities and reactivities of minerals
depend on their solubility in water. The species (forms) of elements present in food
vary considerably depending on the chemical properties of the element. Predomi-
nant free ionic species (Na*, K¥, C1~, and F) are highly water soluble and have low
affinities for most ligands, and thus, they present primarily as free ions in aqueous
systems. Most other minerals are present as weak coordinate complexes, chelates,
or oxygen-containing anions. The solubilities of mineral complexes and chelates
may be very different from solubilities of inorganic salts. For example, if ferric
chloride is dissolved in water, the iron will soon precipitate as ferric hydroxide.
However, ferric iron chelated with citrate is quite soluble. Conversely, calcium as
calcium chloride is very soluble, while calcium chelated with oxalate ion is
insoluble (Damodaran et al. 2008).

Applying the concepts of acid/base chemistry can help to understand the
chemistry of the mineral elements. Moreover, acids and bases may profoundly
influence functional properties and stabilities of other food components by altering
the pH of the food. A key to understanding the chemistry of minerals in foods is the
Lewis acid/base concept because metal cations are Lewis acids and they bind to
Lewis bases. The complexes produced by reactions between metal cations and food
molecules range from metal hydrates, to metal-containing pigments such as hemo-
globin and chlorophyll, to metalloenzymes. The electron-donating species in these
complexes are commonly referred to as ligands. Many food molecules including
proteins, carbohydrates, phospholipids, and organic acids are ligands for mineral.
The principal electron-donating atoms in ligands are oxygen, nitrogen, and sulfur
(Damodaran et al. 2008).

The term chelate is derived from chele, the Greek word for claw that is a
complex resulting from the combination of a metal ion and a multidentate ligand
such that the ligand forms two or more bonds with the metal resulting in a ring
structure that includes the metal ion. Since the structure is very stable because a
chelating ligand (also called a chelating agent) must contain at least two functional
groups capable of donating electrons, chelates have greater thermodynamic
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Table 2 Trace minerals in the human body and their daily intake®

Adequate intake®
Content” (/day) Note
Main |Na |1-15gkg |25-33¢ Present mostly as an extracellular
constituent and maintains the osmotic
pressure of the extracellular fluid

K 2-2.5 2-59¢ The most common cation in the
intracellular fluid
Mg | 0.4-0.5 300-500 mg As a constituent and activator of many
enzymes
Ca 10-20 lg Involved in the structure of the muscular
system and controls essential processes
Cl 1-1.2 A molar basis to Serves as a counterion for sodium in
the sodium extracellular fluid and for hydrogen ions in
requirement gastric juice
P 6-12 0.8-12¢ Present as a phosphate, free or bound as an

ester, or present as an anhydride, plays an
important role in metabolism

Trace |Fe 60 mg/kg 15 mg Most of it is present in the hemoglobin
(blood) and myoglobin (muscle tissue)
pigments

F 37 2.9-3.8 Its deficiency in animal study resulted in

growth and reproduction disorders

Zn |33 10-15 Its deficiency in animals causes serious
disorders, while high zinc intake by
humans is toxic

Cu 1.0 1.0-1.5 It is a component of a number of
oxidoreductase enzymes
Se 0.2 0.03-0.07 Selenium is an antioxidant and can

enhance tocopherol activity

Mn |0.2 2-5 The metal activator for pyruvate
carboxylase, and, like some other divalent
metal ions, it activates various enzymes

I 0.2 0.2-0.26 Its deficiency results in enlargement of the
thyroid gland (iodine deficiency-induced
goiter)

Ni 0.1 0.025-0.03 An activator of a number of enzymes

Mo |0.1 0.05-0.1 A component of aldehyde oxidase and
xanthine oxidase

Cr 0.1 0.003-0.1 It is important in the utilization of glucose

Co 0.02 0.002-0.1 Vitamin B, contains cobalt as its central
atom

Ultra | Sn A growth-promoting effect was detected in
trace rats, it is disputed

Al 50-150 mg |2-10 mg Proven nontoxic in animal studies but the

accumulation in human can damage the
nervous cells

(continued)
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Table 2 (continued)

Adequate intake®

Content” (/day) Note
B 28 mg/kg 1-2 mg Promotes bone formation by interaction
with calcium, magnesium, and vitamin D
Si lg 21-46 mg/day The toxicity of silicic acid is apparent only

at concentrations >100 mg/kg
As |- 12-25 pg/day Its metabolic role is not yet understood
Source: With kind permission from Springer Science+Business Media: Food chemistry. 4th
revised and extended edition, 2009, Belitz HD, Grosch W, Schieberle P
#Average values
"Body weight
“Estimated for adults

stabilities than similar complexes that are not chelates, a phenomenon referred to as
the “chelate effect” (Damodaran et al. 2008). Several factors that interact to affect
the stability of a chelate are ring size, number of rings, Lewis base strength, charge
of ligand, chemical environment of the donating atom, resonance in chelate ring,
and steric hindrance (Kratzer and Vohra 1986). Most complexes resulting from
interactions between metal ions and food molecules are chelates. Chelates are very
important in foods and in all biological systems; for instance, iron or copper can be
added to food to prevent them from acting as prooxidants. Furthermore, preformed
chelates, such as ferric sodium EDTA, may be added to foods as fortificants
(Bothwell and MacPhail 2004).

Since minerals are essential to physiological function and metabolism, the
primary role of minerals in foods is to provide a reliable source of essential nutrients
in a balanced and bioavailable form. In cases where concentrations and/or bio-
availabilities in the food supply are low, fortification has been used to help assure
adequate intake by all segments of the population. Fortification of minerals such as
iron and iodine has dramatically reduced deficiency of particular diseases associ-
ated with these nutrients in both developed and developing countries.

Functional Properties in Foods

Even though minerals are present in foods at relatively low concentrations, they
often have profound effects on physical and chemical properties of foods because of
their interactions with other food components. Overviews of mineral-food interac-
tions as well as their roles are summarized in Table 3.

Minerals also contribute to the nutritive/physiological value and the physical
state of food. For example, minerals may dramatically alter the color, texture,
flavor, and stability of foods. Discolorations of fruit and vegetable products or
metal-catalyzed reactions are responsible for losses of some essential nutrients, for
example, ascorbic acid oxidation. Also, they are responsible for taste defects or
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Table 3 Functional roles of minerals and their salts/complexes in foods

71

Mineral Functional role References
Main |Na | NaCl is used as preservative. Na,COs is used as leavening (Belitz
agents et al. 2009)
K KCl is used as salt substitute (Damodaran
et al. 2008)
Mg | Removal of Mg changes color in green vegetables from green | (Damodaran
to olive brown et al. 2008)
Ca | It forms gel when it combines with negatively charged (de Man 1999)
macromolecules such as anionic polysaccharides.
Maintaining the texture in canned vegetables product
P Present as phosphates. Phosphates aid emulsification in (Damodaran
cheese. H3POy is used as acidulent in soft drinks et al. 2008)
Trace |Fe Fe”* and Fe" catalyze lipid peroxidation in foods. It can (de Man 1999)
modify color of fresh meat
Zn | It affects water-binding capacity in meat products (de Man 1999)
Cu | It may cause black discoloration in canned, cured meats. It (de Man 1999)
catalyzes nonenzymatic browning
Mn | It acts as cofactor of enzymes (pyruvate carboxylase) (de Man 1999)
I KIO; improves baking quality of wheat flour (Damodaran
et al. 2008)
Ni It is used as catalyst in hydrogenation of vegetable oils (de Man 1999)
Se It acts as cofactor of enzymes (de Man 1999)
S SO, acts as browning inhibitor in dried fruits and (Belitz
antimicrobial in wine production et al. 2009)
Br KBrOs is used as bread improver, because wheat flour (de Man 1999)
contains bromine
Al Na,S04+Al,(SO,); is used as leavening NazAl(POy), is used | (Damodaran
as emulsifying agent in processed cheese et al. 2008)

off-flavors, for example, as a consequence of fat oxidation. Therefore, the removal
of many interfering metal ions by chelating agents or by other means is important to
the food processing. When manipulation of concentrations of minerals in foods is
not practical, chelating agents such as EDTA (when allowed) can be used to alter
their behavior (Damodaran et al. 2008). In contrast, minerals may be added to
achieve a particular functional effect, such as manipulating rheology in food
colloid, and stabilize food emulsion.

Mineral elements, unlike vitamins and amino acids, are indestructible and
resistant to heat, light, oxidizing agents, extreme pH, or other factors that affect
organic nutrients. However, minerals may be removed from foods intentionally or
unintentionally by leaching or physical separation. Grain milling is the major
cause of mineral loss because minerals tend to be concentrated in the bran layers
and the germ. Similar losses occur during milling of rice and other cereals.
Another example of mineral loss in cheese occurs when the pH of cheese
manufacturing is too low. In Cheddar and Emmental cheeses, the whey is
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normally drained at pH 6.1 and 6.5, respectively. Colloidal calcium phosphate, the
major fraction of Ca in milk, becomes increasingly soluble as the pH declines;
thus, soluble Ca losses when the whey is drained (Lucey and Fox 1993). More-
over, since many minerals have significant solubility in water, it is reasonable to
expect that cooking vegetables in water would result in some losses of minerals
compared to steaming (Lachance and Fisher 1988). Complexes formation of
minerals with protein can retain the loss of minerals during food processing.
The loss of iron during pasta cooking is relatively low due to iron is bound to
protein molecules.

Conclusion and Future Directions

Vitamins and minerals are trace compounds of varying composition which are
essential for the maintenance of health. Vitamins exist in two groups, water-soluble
and fat-soluble vitamins. Those vitamins that are also not synthesized by the
organism must be supplied in the diet. The mineral in food is at low concentrations,
but it plays important role not only in physiological function but also in food
processing, such as altering the color, texture, flavor, and stability of foods.

In food processing, both vitamins and minerals suffer from stability issues
concerning food processing conditions. Almost all food processing use high tem-
perature to process raw food material (e.g., drying, cooking, heating, pasteurizing).
Besides, other food processing treatments such as pH adjustment, exposure to
oxygen and light, and the presence of metal ion can lead to a reduction of vitamin
and mineral content in food. To date, challenges on protection of essential vitamins
and minerals from the loss during food processing are important issues that need to
be addressed.

Vitamin and mineral encapsulation is an approach to protect them from their
degradation. Encapsulation techniques can offer various advantages for minor food
components (e.g., vitamins and minerals), including improving their solubility,
improving their chemical stability, arresting and slowing down their chemical
degradation rates, enhancing their bioavailability with dissolution and absorption
limitation, and controlling their release for their biological performance enhance-
ment. The type of encapsulation techniques and materials corresponded to the
physical and chemical characteristics of micronutrients, economics of the process,
and the objective of application (using the micronutrients as food fortificants in
food formulation).

Nowadays, with the recent interest in the development of functional foods and
nutraceuticals (partly due to the increased lifestyle-based disorders and partly due
to the increased awareness among consumers), research on encapsulation technol-
ogy for overcoming poor stability of micronutrients in food processing has been
receiving a lot of attention. Moreover, the use of encapsulated micronutrients in
food formulation is also a prominent challenge and very relevant to the develop-
ment of new value-added products with enhanced health benefits.
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Cross-References

Nutritional and Toxicological Aspects of the Chemical Changes of Food
Components and Nutrients During Drying

Nutritional and Toxicological Aspects of the Chemical Changes of Food
Components and Nutrients During Heating and Cooking
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Abstract

Food additives are used in processing, storage, and packaging to maintain the
original form or enhance the quality of the food. In this chapter, the various
preservatives, dietary ingredients, and processing aids that are added to foods are
discussed, including descriptions of their chemical properties and some of their
conventional applications. Updates from relevant recent studies are included.
Other additives such as flavorings, sweeteners, acidulants, food colorants,
starches, emulsifiers, and hydrocolloids are discussed in » Chap. 5, “Chemical
Properties and Applications of Food Additives: Flavor, Sweeteners, Food
Colors, and Texturizers.”

Introduction: Foods and Food Additives

People eat to stay alive. Basically, foods are what can be eaten to maintain life and
to grow, so foods must be edible and nutritious. Therefore, foods must contain
water, carbohydrates, protein, fats, vitamins, minerals, and many bioactive com-
pounds. These contents are all derived from plants and are called phytochemicals.
Dietary fibers are also needed. Although they are not absorbed by the body, fibers
play important roles in regulating the digestive system so it absorbs nutrients
properly.

The role of food is not simply to provide nutrition. Food also provides pleasure,
and meals function as the focal point for gatherings and meetings. Food is judged
based on whether it tastes good or bad, in addition to its nutritional value.

The most primitive forms of food are plants and animals. Various parts of
cereals, vegetables, legumes, and fruits are used for food. Animals and marine
life are used for their meat, meat parts, milk, and eggs. The more popular animals
that are raised for consumption are cattle, pigs, sheep, and chicken, and seafood
include fish, crustaceans, and shellfish. Primitive foods are processed into various
forms such as beverages, dairy food, confectioneries, baked goods, snacks, pasta,
processed meats, and canned foods, so that people can have a great variety of food
to enjoy.

Most food consumers cannot eat foods immediately after they are produced.
Many foods need to be stored and transported. To preserve a food’s quality,
different kinds of food additives are used in processing. Other food additives are
incorporated to replace the nutrients lost during processing or to enhance their
nutritional value. Foods are sold in markets so some additives are added to enhance
the appearance of the food to influence the consumer.
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Bakers in ancient times had already discovered that yeast could make bread rise.
They knew how to add yeast into flour when preparing their staple foodstuffs. Food
additives are defined differently by different countries and different ethnic groups.
The 1958 Amendment to the Federal Food, Drug and Cosmetic Act (FFDCA) of the
United States stated: “The term ‘food additive’ means any substance the intended
use of which results or may reasonably be expected to result, directly or indirectly,
in its becoming a component or otherwise affecting the characteristics of any
food ... if such substance is not generally recognized among experts qualified by
scientific training and experience to evaluate its safety, as having been adequately
shown through scientific procedures (or, in the case of a substance used in food
prior to January 1, 1958, through either scientific procedures or experience based on
common use in food) to be safe under the conditions of its intended use...”
(Burdock and Carabin 2004). Food additives may be described as substances that
are added to a food or during food processing in small amounts to maintain or
modify its characteristics. They are used for a variety of reasons: to maintain
freshness during storage or transportation, to add nutrients or increase the nutri-
tional level, to have a more appealing appearance or taste, or to make processing
easier. Food additives are mostly synthetic chemicals but many are natural. They
usually are incorporated into foods in very small quantities, for example, 0.1-0.5 %
dosage, although some are added at a higher level, for instance, starch may be added
at a level of 1-5 %.

At the beginning of the twentieth century, the U.S. government began to take
notice of food additives present in various foods. The authorities passed regula-
tions to control the types and extent of the additives used. In 1906, the Pure Food
and Drug Act was signed by President Theodore Roosevelt (Burdock and Carabin
2004). In 1938, the Federal Food, Drug and Cosmetic Act (FFDCA) was passed,
which was amended in 1958. The act became the primary federal law regulating
the use of food additives in the U.S. The 1958 amendment included the important
Delaney anticancer clause that forbids the addition of carcinogenic materials
to foods, as referred to FFDCA 409(C)(3)(A). Since 1950, the Food and
Drug Administration (FDA) has exercised authority over the use of food additives
in almost all kinds of food produced and marketed in U.S. The U.S. Department of
Agriculture (USDA), which regulates meat processing and products, has adopted
the FDA’s definitions of food additives in the areas under its control. From 1958
to 1962, after proper study or inspection of the relevant safety of food
additives, the FDA compiled a list of Generally Recognized As Safe (GRAS)
food additives and incorporated it into the Code of Federal Regulation (CFR).
A GRAS substance must comply with the applicable specifications, must have an
appropriate function in food, and must be present at a level no greater than the
minimum amount needed to accomplish the intended effect (Kracov 2002). The
GRAS list is revised periodically. The up-to-date list can be found in 21 CFR
170.3(n).

The Codex Alimentarius Commission of the United Nations (UN) was
established under the auspices of the Food and Agriculture Organization (FAO)
and the World Health Organization (WHO). The commission compiled a set of
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standards for foods that are traded internationally, called the Codex Alimentarius.
The Committee of Food Additives endorses or establishes the maximum levels of
individual food additives allowed in specific food items (Wodicka 1980).

Food additives can be categorized into many groups, including preservatives,
antioxidants, and dietary ingredients, including vitamins, minerals, fibers, phyto-
chemicals, bioactive extracts from animals, and pre/probiotics, and processing aids,
including sesquestrants or chelating agents, enzymes, humectants, and coating
agents, all of which are discussed in this chapter. The next chapter discusses
flavorings, including flavors and flavoring materials, proteineous and Maillard
reaction materials, herbs, spices, essential oils and oleoresins, flavor enhancers,
acidulants, natural and synthetic sweeteners, artificial and natural food coloring,
starches, emulsifiers, and hydrocolloids. The classification of an additive is based
on its function in food. It is not uncommon for an additive to have several functions,
so it is mentioned in more than one category. For example, ascorbic acid is an
antioxidant and a vitamin; gum acacia is a hydrocolloid, an emulsifier, and a soluble
fiber. There are many additives that are used in different parts of the world so it is
impossible to list them all. Therefore, only the commonly used ones are discussed
in this chapter.

Antimicrobial Preservatives

When food is not consumed immediately after being processed, it may undergo
many changes, resulting in changes in form or quality. Most of the time, the quality
deteriorates mostly as a result of microorganisms, oxygen, or internal enzymatic
development. To retain the form and quality of foods for a certain period of time for
storage and transportation, foods can be preserved by heating, cooling, refrigera-
tion, freezing, air-proof packaging, drying, and fermentation. However, sometimes
these treatments are not suitable and it is necessary to add chemicals to preserve the
food. In many instances, chemicals are added to supplement the preservation that
results from a particular treatment. Preservatives are used to prevent spoilage
caused by bacteria, molds, fungi, yeasts, and other microorganisms. Artificial pre-
servatives are commonly used but they may be carcinogenic; thus, they are grad-
ually being replaced by their natural counterparts.

People in ancient times knew that adding salt and sugar can preserve their
foodstuffs. They act as preservatives because they kill bacteria and many other
organisms by reducing the amount water in the food; without enough available
water, microorganisms cannot survive. However, for continuous preservation, salt
or sugar must be present in the food in large quantities. Use of large amounts of salt
or sugar changes the food into another form known as preserved or salted food.
Thus, salt and sugar are regarded as major ingredients of this food form and are not
considered preservatives. Another preservative is wood smoke. Besides fuming, the
smoke deposits a variety of chemicals on the foodstuff which act as preservatives. It
would be more appropriate to describe fuming as food processing rather than call
wood smoke a preservative.
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Fig. 1 Chemical structure of conventional preservatives

Foods are nutritious materials that attract a great variety of microorganisms that
invade and then feed on the food. A specific chemical in a preservative may work on
a limited spectrum of food invaders. However, it is impossible to find just one
chemical with the ability to kill all microorganisms or to stop them from feeding on
the food. An antimicrobial in a preservative is chosen for its gross effect depending
on various factors such as its solubility in water, the most effective pH range, ease
of application, and cost. There are several types discussed below.

Conventional Preservatives

Conventional preservatives include sodium benzoate, potassium sorbate, and cal-
cium propionate. These are the most commonly used low-cost preservatives.
Together with their acid forms, all of them have GRAS status (see Fig. 1).

Sodium benzoate has been used as a preservative for more than 100 years.
It occurs in nature, especially in cranberries, prunes, plums, and cinnamon, at
~0.05 %. Sodium benzoate is a white granule, potassium sorbate is a colorless to
pale yellow scale-like crystal, and calcium propionate is a white powder. All three
do not act as preservatives when dissolved in water; however, when in an acidic
medium, their undissociated acid forms become effective preservatives:

Sodium benzoate + H* < Benzoic acid + Na*

Potassium sorbate + H* < Sorbic acid + K+

Calcium propionate + H* < Propionic acid + Ca*

Since the acid forms are barely soluble in water, their use as preservatives is not
convenient. The salt forms are readily soluble in water; therefore, commercially
they are more readily available. In water, 1 g sodium benzoate is solublein2ml, 1 g
potassium sorbate in 1.7 ml, and 1 g calcium propionate in 3 ml. Sodium propionate
is also available and has higher solubility. The maximum effectiveness of preser-
vation is achieved when there is a maximum degree of undissociated acids from the
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Fig. 2 Structure of the COOR
parabens R = CH; methyl
R = CyHs ethyl
R = C3H5 propyl
R = C4Hqg butyl
OH

salts, which depends on the pH of aqueous solvent: for sodium benzoate, it is
pH < 4; for potassium sorbate, pH < 6.5; and for calcium propionate, pH < 5.5.
Their acid forms dissolve the cell walls of the microorganism causing the cell to
rupture and then lyse, thus suppressing growth. Since these preservatives have
practically no effect on spores, they are not bactericidal. Benzoic acid controls
molds and yeast, sorbic acid controls bacteria, molds, and yeasts, and propionic acid
is extremely effective against molds but not yeast.

The cost of sodium benzoate is usually lower (sometimes a third of the cost) than
that of potassium sorbate. Both preservatives are used in foods at 0.1 % or less. The
former is widely used in foods of high pH. The preservatives are used largely in
beverages, including fruit juices and carbonated drinks, followed by sauces (includ-
ing soya and oyster sauces), pickles, ciders, vinegar, fruit jams and jellies, pie
fillings, and salad dressings. Potassium sorbate is used extensively in nearly all
types of foods with a lower acidic pH, especially noncarbonated beverages, and
certain bakery products like cakes. Since calcium propionate has no effect on yeast,
it is widely used in all yeast-raised flour goods, especially breads. It also works on
flour that contains spores of Bacillus mesentericus that produce a rope-like texture;
a dose of 0.2 % is an effective rope inhibitor.

Parabens

Paraben is the commercial name of a family of chemicals known as para-
hydroxybenzoic acid esters, which are closely related to benzoic acid. They are
made by the esterification of the carbonyl group of benzoic acid (see Fig. 2 for the
structure of paraben). there are four commercially available parabens: methyl,
ethyl, propyl, and butyl.

The parabens are barely soluble in water. Each paraben behaves differently.
With an increase in the carbon chain length of the alkyl group (R), there is a
decrease in solubility in water but an increase in solubility in a nonaqueous solution.
The toxicity decreases but the antimicrobial effect increases. Although benzoic acid
exhibits its effect in solution with pH < 4, parabens are effective at pH 7 or higher,
which no conventional chemicals can achieve. Originally, parabens were used in
cosmetics and pharmaceutical products, but it was found that their preservation
effect extended into the acidity range of benzoic acid in food products. The four
parabens have different antimicrobial effects, with the methyl paraben better for
molds and propyl paraben for yeast. Therefore, the parabens are mixed so the



4 Chemical Properties and Applications of Food Additives: Preservatives. . . 81

preservative mixture covers a wider spectrum of microorganisms. Since only
methyl and propyl parabens have GRAS status, the mixture is usually 3:1 methyl:
propyl. However, in many instances, the individual paraben or a mixture of
parabens is blended with benzoic acid to reinforce the antimicrobial effect on
foods in the extended pH range 4-8.

Parabens work against molds and yeasts, but less so against bacteria, especially
gram-negative bacteria. They are usually used at the 0.1 % level; however, since
they emit an odor when heated, a level of <0.05 % is recommended. The parabens
are first dissolved in NaOH solution, acetic acid, or ethyl alcohol before they are
applied to food formulation.

The parabens are used in all kinds of foods with neutral or slightly alkaline pH,
i.e., pH 6.5-8, such as baked goods, sports drinks, cheese, creams, jams and jellies
with artificial sweeteners, olives, pickles, syrup, dairy products, processed meats,
and marine products.

Sulfur Dioxide and Sulfites

Now we discuss sulfur dioxide gas and its associated compounds, including sodium
and potassium sulfites, bisulfites, metabisulfites, and hydrosulfites. Sulfur dioxide
gas forms by burning sulfur. It can be liquidized at —10 °C (14 °F). Sulfurous acid
forms when the gas is in contact with water. When sulfur dioxide reacts with
sodium or potassium cations, the above-mentioned chemicals are formed and
extracted. The metabisulfites are more stable than the bisulfites, followed by the
sulfites, and all have GRAS status. Sulfur dioxide is a very old preservative; its use
was recorded as early as the Egyptian and Roman periods. People smoked their
foodstuffs to preserve them so they could be stored for a long time. At that time,
people regarded sulfur dioxide as the best spoilage inhibitor for dried fruits, various
types of fruit juices, and wines made in the household.

Sulfur dioxide and related chemical compounds function not only as antimicro-
bials, but also as bleaching agents or strong antioxidants. They transform into sulfate
by oxidizing food in which the colors are usually bleached away. To avoid an extreme
reaction, caution must be taken when the gas or the chemicals are applied in solution.
For certain products like fruit juices, how much preservative to add must be calcu-
lated carefully so that preservation is achieved but the foods do not lose their color.
However, slightly higher doses can also be applied to bleach away certain unwanted
color in foods. The addition of sulfur dioxide to foods is referred to as sulfuring or
sulfurization. Many people are allergic to these preservatives.

Sulfur dioxide and its associated compounds are very effective at inhibiting
yeasts, molds, and bacteria, especially at lower pH. They also inhibit plant food
browning due to the natural occurrence of polyphenol oxidase (PPO). In one
study, sodium metabisulfite was shown to completely inhibit the PPO of yam flour
(elubo) and meal (amala) during processing (Evans et al. 2013). In many
instances, sulfur dioxide and its compounds can be used in conjunction with



82 P.N.A. Chan

other preservatives such as sodium benzoate. These preservatives are used exten-
sively in fruit and vegetable products:

1. In fruit purees, juices, syrups, concentrates, and cordials, 350-600 ppm can be
used for preservation. In the bottles in which these foods are contained, the sugar
levels are so high that molds are attracted to the food. The added salt form
decomposes to liberate the sulfur dioxide gas into the air head space, which will
also be sterilized.

2. Dehydrated fruits and vegetables are fumed with sulfur dioxide at
1,500-2,000 ppm to preserve colors.

3. In wine making, sulfur dioxide is used in different processing stages to sanitize
equipment, to treat raw grape juice extract so it eliminates the natural microbial
flora, to act as an antioxidant and clarifier (50-100 ppm) during fermentation,
and to preserve the finished products during shelf storage.

4. Sulfur dioxide is also used to condition bakery dough, and in corn foods, gelatin,
molasses, and fresh shrimp to prevent enzymatic browning.

Nitrites and Nitrates

Nitrates and nitrites are found naturally in many foods such as cheese. In food
processing, they are applied as a mixture of sodium salts dissolved in brines to cure
meats. The nitrates slowly turn into nitrites which fix the pink color of meats.
Because carcinogenic nitrosamines are formed by the reaction of nitrites with the
amino groups of meat proteins, the dosages are usually regulated and limited by
various state authorities to ~100—1,000 ppm of the mixture.

Acidulants as Preservatives

Acidulants are added to foods to adjust the pH; this has a preservative effect. In the
presence of other preservatives, acidity shortens the sterilization time. In the pH
range of 4.5-5, acids prevent the germination of microorganism spores, which is
believed to be due to the lethal effect of their hydrogen anion working with other
anions. Citric acid, lactic acid, acetic acid, tartaric acid, and many other acids are
used extensively as preservatives in beverages such as carbonated drinks and fruit
juices. Additional acids are added to juices and drinks when the natural acid content
of the fruits is not enough. Acids are also used in other foods such as canned
artichokes and figs, whipping cream, frankfurters, and salad dressings for their
bactericidal properties. Use of acetic or citric acid in commercial sesame paste
significantly minimizes the risk of contamination from the pathogen Salmonella
typhimurium (Al-Nabulsi et al. 2014). A mixture of citric and lactic acids in ice is
used for on-board chilled storage of two fish species, European hake and megrim
(Garcia-Soto et al. 2014). Sodium lactate is used to preserve cooked beef. In many
applications, the dosages of these acids are limited by the pH factor.
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Natural Preservatives

There is a wide range of natural plant extracts being used to preserve foods. These
extracts are used in fresh fruits to control microorganism growth or to reduce
enzymatic respiration so as to extend their shelf life. The aromatic components
from essential oils and oleoresins of cinnamon, Chinese Cassia, oregano, and red
thyme were evaluated and showed antimicrobial activity against some food path-
ogens (Dussault et al. 2014). This activity is enhanced with the addition of
hydroxypropyl-p-cyclodextrins (Liang et al. 2012). After dissolving in acidic pH,
chitosan, derived from chitin of insects or crustacean shells, forms a protective
coating for fruits and is regarded as a preservative. Finally, some microorganisms or
their attackers are effective preservatives, namely, lactic acid bacteria (LAB),
bacteriophage, and lysozyme. LAB belongs to the genera Lactobacillus and is
isolated from dairy products; the Lactobacillus brevis strain shows the best inhib-
itory effect (Rushdy and Gomaa 2013) by producing antimicrobial peptides such as
bacteriocins. Bacteriocins, including natamycin, nisin, and tylosin, are polypeptides
produced by microorganisms; some can be obtained from cheese whey, a low-cost
milk by-product (Schirru et al. 2014).

Antioxidants

It is a natural phenomenon that oily food materials become rancid when exposed to
air for a long time. All natural fats, oils, vitamins, essential oils, and waxes that
contain unsaturated bonded chemicals are subject to oxidation, upon which they
become rancid. Oxidation depends on many factors: the material itself, the storage
conditions such as temperature and humidity, the degree of exposure to air and
light, and the presence of catalysts such as enzymes and metals, especially iron and
copper. Oxidation begins with the accumulation of peroxide in the presence of air
so that a foul odor is formed; then the peroxide attacks the unsaturated bonds via a
catalytic reaction resulting in the strong unpleasant rancid smell. Antioxidants are
used to slow down or even prevent oxidation. Good antioxidants must not impart
any odor, taste, or color to foods and must be safe to use. There are several types of
antioxidant in common use.

Phenoxy Radical Type

Phenoxy radical-containing antioxidants are used extensively in edible oils. They
include butyrated hydroxyanisole (BHA), butyrated hydroxytoluene (BHT), tertiary
butyl hydroquinone (TBHQ), and propyl gallate. The phenoxy radicals help brake
the catalytic reaction to stop autoxidation; a dose as low as 0.025-0.1 % is sufficient.
The chemical structures of BHA, BHT, and TBHQ are similar (see Fig. 3). They
have excellent solubility in fats and oils. The former two are heat-stable, so they are
used in baking. BHT and propyl gallate have been in use the longest. Propyl gallate
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Fig. 3 Chemical structure of OH OH
BHA, BHT, TBHQ, and
propyl gallate C(CHs)3 (CH3)5C C(CH3)3
OCH; CH;
BHA BHT
OH OH
HO OH
C(CHz)3
OH COOC3Hy
TBHQ Propyl Gallate

is not heat-stable at temperatures over 165 °C; therefore, it is usually mixed with any
one of the other phenoxy radicals. In many foods that contain water or are moist,
these radicals are used together with citric acid. BHT synergizes a-tocopherol in a
nonpolar solvent such as toluene by regenerating tocopheral from the tocopheryl
radical (Marteau et al. 2014).

Acids and Their Salts

Citric acid, ascorbic acid, and erythorbic acid are antioxidants as are their sodium
salts. They are all water-soluble. Erythorbic acid, also known as isoascorbic acid, is
the isomer form of ascorbic acid. Since it is less expensive, it is preferred where the
food does not need active vitamins. Citric acid chelates trace metals which stops
their catalytic autoxidation degradation. Ascorbic and erythorbic acids scavenge
oxygen. These acids and salts are used in beer, wine, dairy products, fruits,
vegetables, fresh meats, and seafood to prevent color change or malodor develop-
ment due to oxidation or formation of trimethylamine. The nitrite meat-curing
process is hastened with the use of these acids. Ascorbic acid is also applied to
shrimp to stop blackening. Ascorbyl palmitate is oil-soluble and used in vitamin-
rich items.

Tocopherols

The E vitamins consist of eight different isomers and are one of the fastest growing
antioxidants. They are natural products extracted from edible oils, usually soya and
palm oils, but are not heat-stable. In an oil-in-water (o/w) emulsion system of both
canola and soybean oils, the a and 8 forms of tocopherols are synergistic in their
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antioxidant interaction at low concentration (Winkler-Moser et al. 2014). They are
used mainly in snacks, candies, cereals, nuts, whipped toppings, citrus drinks, and
baby foods. Tocopherols are dissolved in the fat or oil part of the food to help the
antioxidant effect.

Rosemary and Tea Extracts

Rosemary contains carnosol, rosmanol, carnosilic acid, and ursolic acid. Green tea
contains tea catechins, particularly epigallo catechins gallate (EGCG). In vivo, they
are powerful antioxidants that provide various benefits to the body’s metabolism. It
has been discovered that their antioxidant properties can also be utilized in pre-
serving foodstuffs, comparable to BHA or BHT. The dosage used is 0.05-0.1 % or
lower. In one study, rosemary extract and p-carotene were used as antioxidants at
0.02 % to improve stability against oxidation in sunflower oil, extra virgin sun-
flower oil, lard, and soybean oil. The peroxide values decreased at room tempera-
ture (Georgescu et al. 2013). Both rosemary and green tea extracts were tested for
their ability to stabilize the color of a dry-fermented beef sucuk sausage. Both had a
significant positive impact, but the green tea caused unacceptable sensory quality
(Savanovic et al. 2014).

Other Natural Antioxidants

A study by Uchida et al. (2001) showed that phytic acid (inositol hexaphosphate)
was more efficient at protecting skipjack tuna lipids against oxidation than
a-tocopherol. Chen et al. (2014b) evaluated the antioxidant activities of cumin oil
and its main components and found that 5-terpinene was the most efficient antiox-
idant. In another study, Yu et al. (2005) found that while cold-pressed black
caraway and cranberry seed oil extracts were able to considerably suppress lipid
peroxidation in human low-density lipids (LDL), their methanolic extracts and
those from carrot and hemp seed oil may be used as natural additives for food
quality, stability, and human health.

Dietary Ingredients

Carbohydrates, proteins, and fats are the major essential nutrients needed for
survival; these are called macronutrients. In addition to these, there are many
more nutrients that also are needed but in small quantities; these are called
micronutrients. Their shortage in diets results in various health defects. For exam-
ple, vitamin deficiency was one of the most serious diseases that afflicted sailors in
the eighteenth century. Scurvy was common due to a lack of ascorbic acid or
vitamin C. Not until the twentieth century was the etiology of such diseases
recognized. In addition to vitamins, minerals are also essential to the diet. Recently,
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dietary fibers, phytochemicals, polyunsaturated lipids, and pre- and probiotics have
been found to be essential for good health.

These micronutrients have many functions: they have a role in bone formation
or repair, they are constituents in hormones and enzymes, and act as antioxidants
and bactericides. Based on these functions, micronutrients are osteoprotectants,
coenzymes, and cofactors in catalysis of the essential biochemical metabolism.
They protect against hypotension and hypocholesterolemia and are
antiaggregants, anti-inflammatories, and anticarcinogenic. These nutrients are
consumed either separately as supplements and nutraceuticals or as dietary ingre-
dients added to foods. Foods with extra nutrients added are known as reinforced or
functional foods. Addition of vitamins or minerals to foods, especially drinks, has
been common for a long time. Nowadays, foods are not only nutritious, they are
also therapeutic. It is not surprising to see many more foods in the markets in
which micronutrients, including proteins and amino acids, are incorporated
for better body function and healing. These dietary materials are bioactive
ingredients.

Proteins and Amino Acids

Proteins are macronutrients that are fundamental building blocks for body tissues
and they have a role in the body’s functions while behaving like enzymes. They
are composed of amino acids. While proteins come from daily staple foods,
protein supplements are taken to make up some of the amino acid deficiency in
those foods and to enhance a specific function. For example, whey protein
concentrate (WPC) is consumed by those who do heavy exercise to obtain extra
leucine, an amino acid, in order to build muscle. In addition to WPC, soy and pea
proteins are common nutritional additives. Soy milk contains isoflavone but it is
in a form that converts to aglycones during storage. An emerging technology,
Ultra High Pressure Homogenization (UHPH), produced a product with a lower
amount of aglycones (Toro-Funes et al. 2014). A study of cumin seed protein
isolate revealed the potential source of a bioactive protein, or the ingredient of
functional and health-promoting foods (Siow and Gan 2014). Furthermore, an
analysis of the amino acid content of rice dreg protein showed that rice dreg met
the suggested nutritional requirements for children according to FAO/WHO.
Compared with soy protein isolate (SPI), rice dreg protein is easier to digest so
it could replace soy protein (Zhao et al. 2014).

More than 100 amino acids occur naturally, but only 20 of them are needed by
the human body and 8 of them are essential. Amino acids synthesize the body’s
proteins, structurally and enzymatically. Essential amino acids are absorbed from
foods. The amino acids that are at their lowest level in food are the limiting amino
acids, which determine the utilization of other essential acids. In such a case, the
diet must be supplemented to increase those limiting amino acids. For example, it is
recommended that methionine be taken to supplement leguminous foods, and rice
protein, which contains threonine, and milk protein, rich in leucine, are added to the
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diet for same purpose. Other amino acids such as arginine and lycine are added to
foods for specific health effects. A low glutathione concentration and low synthesis
rate in erythrocytes are associated with cysteine shortage in edematous children
with acute malnutrition. Methionine supplementation increases cysteine flux since
cysteine is made from methionine (Green et al. 2014).

Vitamins

In the past, vitamin deficiencies were the major cause of diseases like pellagra,
beriberi, and scurvy, which usually led to death. Vitamins are essential for life and
well-being. They are organic compounds that must be supplied by the diet; how-
ever, a few can be synthesized in the body, e.g., vitamin D. Some vitamins are
water-soluble, such as vitamin C and the B vitamins, and others are fat-soluble,
such as vitamins A, D, E, and K. From 2007 to 2010, the total intake of vitamins A,
C, D, and E and the minerals calcium and magnesium in a large portion of
population in the U.S. was below the average requirements. Government authorities
in many countries issue Dietary Vitamin Allowances for their citizens.

Vitamin A occurs in nature as retinal, retinol, retinoic acid, and retinyl palmi-
tate. Carotenoids are abundant natural botanical substances. The o and p forms such
as a- and P-carotenes and p-cryptoxanthin are provitamin A; they can be converted
to vitamin A after being absorbed by the body. Vitamin A palmitate and acetate are
two substances that are added to food such as margarine for fortification.

Vitamin B complex comprises the more essential B (thiamine), B, (riboflavin),
niacin, pantothenic acid, B¢ (pyridoxine), folic acid, B, (cyanocobalamin), and
choline. Biotin is included in vitamin B complex, although it is often denoted as
vitamin H. Other B vitamins are B3 (orotic acid), B;5 (pangamic acid), and B,
(laetrile). The B vitamins usually are consumed as a mixture. Yeasts are the most
abundant source of B vitamins in nature. Synthesized forms of individual vitamins
are also available. By, B,, and niacin are added, along with iron, to bread or flour for
enrichment.

Vitamin C ascorbic acid, is required for collagen formation. It prevents scurvy
due to its enediol structure, which reduces superoxide, hydroxyl, and many reactive
oxygen species (Howard 2001). An investigation in Korea showed that dietary
intake of vitamin C was associated with better hearing in the elderly (Kang
et al. 2014).

Vitamin D is unique in that it can be ingested or synthesized by the body via sun
exposure. There are two inactive precursor forms, cholecalciferol (D3) and
ergocalciferol (D,). They are transformed in the liver and kidney into
25-hydroxyvitamin D and 1,25-dihydroxyvitamin D, which prevent rickets and
other musculoskeletal diseases. Vitamin D plays a role in a wide variety of health
issues, including osteoporosis, arthritis, cardiovascular disease, and cancer. The
vitamin-D-binding protein is the primary carrier of vitamin D in the body and it
regulates the bioavailability of 25-hydroxyvitamin D (Moy et al. 2014). It is added
to milk and milk formula to prevent rickets in children.
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Vitamin E is a mixture of tocopherols and tocotrienols, each one with «, B, v,
and O forms. This vitamin is extracted from crude soy and palm oils. Tocopherols
are polyisoprenoid derivatives that function as scavengers of reactive oxygen
species (ROS) such as peroxyl and superoxide radicals for lipid peroxidation.
Their strong antioxidant property is due to their ability to donate their hydrogen
ions to lipid free radicals.

Vitamin K also has two forms: phylloquinone K; is in almost all green leafy
vegetables, and menaquinones K, is synthesized in the gut by microflora. They
reduce bone loss and improve bone strength.

Minerals

Minerals serve a wide range of physiological functions. For example, phosphorus (P)
is needed in bone and teeth. It is also involved in respiration and energy metabo-
lism. Phosphorus deficiency causes hypophosphatemia. Other essential minerals are
needed in abundance and some minerals are merely trace elements. Sodium
(Na) and chlorine (Cl), essential constituents of the daily diet and consumed in
large quantities, are usually not considered as additives. The macroelements are
required in the daily diet at levels >100 mg and include calcium (Ca), phosphorus
(P), magnesium (Mg), potassium (K), and sulfur (S). The microelements are
required in the diet at levels <100 mg and include iron (Fe), zinc (Zn), copper
(Cu), iodine (I), manganese (Mn), chromium (Cr), and cobalt (Co) (Nabrzyski
1997). Trace minerals are nickel (Ni), selenium (Se), vanadium (Vd) strontium
(St), and silicon (Si). These minerals cannot be absorbed in elemental form; they are
usually absorbed as organic substances or inorganic salts, like calcium acetate,
potassium iodate, and potassium iodide. Many are added to foods to fortify them.
Minerals are vital to life so many countries and the World Health Organization
(WHO) established recommended daily allowances (RDA) for consumers.

Dietary Fiber

Dietary fiber is the edible part of plants and is resistant to digestion and absorption
in the intestines. Lack of fiber in the diet is associated with gastrointestinal diseases,
including constipation, colon cancer, and hemorrhoids; cardiovascular diseases,
including hypercholesterolemia, stroke, and ischemic heart; and metabolic dis-
eases, including obesity and diabetes. Hypercholesterolemia is an important risk
factor for cardiovascular diseases (CVD). A study on the combined effect of dietary
fiber and plant sterols showed that they could be used to treat CVD (Castellanos-
Jankiewicz et al. 2014). Another study showed that high dietary fiber intake is
inversely and independently associated with the incidence and risk of stroke
(Casiglia et al. 2013). High-fiber and low-carbohydrate diets may enhance satiety
and promote weight loss, which was verified by a study on a high-fiber bean-rich
diet to fight obesity (Tonstad et al. 2014).
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Many plant materials are valuable sources of dietary fibers. The cell wall of the
fruiting body of mushroom comprises nondigestible macromolecules and is made
up of four parts: the outer part is made of polysaccharide, a cold alkali-soluble part
of hetero-polysaccharides, a hot alkali-soluble part of hyperbranched glucans, and
an alkali-insoluble part of glucan-chitin complex. The composite of all the parts is a
rich source of fiber that is beneficial to human health (Chen and Cheung 2014).
Further details can be obtained by referring to the chapter “Preparation and
Characterization of Polysaccharides from Mushrooms” in Zhu et al. 2015. Other
valuable sources of food fiber are food residue, which is often thrown away,
e.g., soybean hulls and lime rinds, and resistant starch, which is a small fraction
of starch that is resistant to digestion and can be fermented in the large intestine by
microbiota (Homayouni et al. 2014).

Fibers are insoluble or soluble. Insoluble fibers include cellulose, hemicellulose,
and lignin, of which cellulose is the most consumed. Cellulose is a polysaccharide
composed of basic glucose units, similar to starch. However, starch is soluble since
the units are mostly a(1 — 4) bonds and hydrolyzable by amylase or a-glucosidase,
but unit bonds in cellulose are f(1 — 4) links and not digestible by enzymes in the
intestine. Commercially, most cellulose comes in powdered form and is derived
from wheat, rice, soybean, citrus fruits, and bamboo. In food preparation, insoluble
fibers absorb and retain a small amount of water. In making bread, this results in an
increase in volume, softer texture, improved mouthfeel, and longer shelf life.
Insoluble fiber intake reduces the risk of coronary heart and cardiovascular diseases
(Threapleton et al. 2013), as well as prostate cancer (Deschasaux et al. 2014).
The functional properties of insoluble dietary fiber can be improved by microflui-
dization which effectively reduces the particle sizes to submicron scale (Chen
et al. 2013).

Soluble fibers are represented by hydrocolloids, mucilages, resistant starches,
and oligosaccharides. Hydrocolloids are high-molecule polysaccharides. Because
they are soluble in water, they bind a portion of fluid present in the digestive tract,
especially the small intestine. This delays the absorption of digested glucose and
hinders the recirculation of bile acids composed of cholesterol. As a result, the
glycemic index (GI) of foods containing these fibers is greatly decreased, thus
reducing blood cholesterol. In turn, a reduced GI and cholesterol level will decrease
the incidence of diabetes, obesity, and other diseases. Natural pectin and guar gum
and synthetic sodium carboxymethyl cellulose (CMC) were marketed as antiobesity
supplements. In one study, patients with type 2 diabetes who were given partially
hydrolyzed guar gum showed improved cardiovascular and metabolic profiles
because of their reduced waist circumference, glycated H6 (H6Alc), 24-h urinary
albumin excretion, and serum trans-fatty acids (Dall’Alba et al. 2013).
Another study showed that dietary supplements containing soluble fiber improved
the GI of those with type 2 diabetes (Silva et al. 2013). Consumption of soluble
fiber is associated with a variety of physiological responses, one of which is
the modulation of postprandial glycemia due to the increased viscosity of fiber
caused by the digestive process. Xanthan retains its viscosity significantly
(Fabek et al. 2014). Recently, konjac gum has become more popular because of
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its relatively high aqueous viscosity. These hydrocolloids must be hydrated
in vivo so they can achieve their maximum effect. Further detail can be
obtained by referring to the chapter “Pharmaceutical Applications of Various
Natural Gums” in Deshmukh et al. 2015.

Phytochemicals

Phytochemicals are micronutrients present in almost all parts of plants that are
consumed as food. They were discovered after vitamins and are so important for
human health that some nutritionists regard them as vitamins. There have been
continuous attempts to improve health by replacing the intake of pharmaceuticals
with natural compounds derived from plants (Lavecchia et al. 2013). Many people
are under stress and have chronic disorders such as diabetes, arthritis, allergies,
cardiovascular disease, fatigue, and cancer. The intake of green leafy vegetables
lowers the risk of chronic diseases (Rahal et al. 2014). Fruits and other plants
provide abundant bioactive substances as well. Enhanced release of these bio-
actives from plant cells by cell disruption and extraction through the cell wall can
be optimized using enzyme preparation (Puri et al. 2012). Another way to obtain
phytochemicals is by metabolic engineering of microorganisms to synthesize
natural products. DNA sequencing and recombinant DNA technology have eluci-
dated the biosynthetic pathways that create these products (Marienhagen and Bott
2013). Nosocomial infections caused by fungi have increased greatly due to the
increasing number of immunocompromised patients. Plants produce a variety of
medicinal components that can inhibit pathogen growth; many are secondary
metabolites, phenolic compounds, essential oils, and extracts (Negri et al. 2014).
Aging is an inevitable process influenced by genetics, lifestyle, and the environ-
ment. Increasing evidence shows that aging is slightly associated with a chronic
increase in reactive oxygen species (ROS). Recent studies show that phytochem-
icals are effective in extending the lifespan of various animal species by reducing
ROS (Si and Liu 2014). Scientists are developing personalized supplements
comprising specific phytochemicals for cancer prevention and other therapies
(Vallinas et al. 2013). Some phytochemicals with anticancer effects have already
been identified: resveratrol (red grapes), allicin (garlic), lycopene (tomato), indole-
3-carbinol (cruciferous vegetables), [6]-gingerol (ginger), emodin (aloe), sulfo-
raphane (mustard), ellagic acid (pomegranate), myricetin (cranberry), carnosol
(rosemary), and eugenol (cloves) (Khuda-Bukhsh et al. 2014). Phytochemicals
can be classified by their various chemical structures: (1) isoprenoids, including
carotenoids (lycopene, p-carotene, lutein, zeaxanthin, astaxanthin), saponins, and
terpenes; (2) phenolic compounds, including anthocyanins, isoflavones (daidzein
and genestein from soybean), flavonones (hesperetin and naringenin from citrus),
flavonols (myricetin, rutin, quercetin), flavanols (catechin, epicatechin, epigallo-
catechin gallate), and resveratrol; and (3) protein or amino acid-based, including
capsaicinoids, isothiocyanates, indole-3-carbinol, allyl sulfur compounds, and
folate. The unique structure of individual phytochemicals renders a specific
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pathway for certain therapeutic treatments. Naringin protects the nigrostriatal
dopaminergic projection in a neurotoxin model of Parkinson’s disease by induc-
tion of glia-derived neurotrophic factor (GDNF) (Leem et al. 2014). Resveratrol is
frequently used as an activator of sirtuin 1 to inhibit cell apoptosis induced by
radiation that results in the accumulation of ROS which contributes to neurode-
generative changes (Li et al. 2014). Further information can be obtained from the
chapter “Flavonoids” in Azimova and Vinogradova 2013.

Materials of Animal Sources and Unsaturated Fatty Acids

There are several dietary nutrients that are derived from animal sources:

®

(ii)

(iii)

@iv)

Conjugated linoleic acid (CLA), a geometrical and positional isomer of
linoleic acid (LA), is extracted from grazing animals for anticarcinogenic
purposes, but is used mostly for weight management by helping to reduce
body fat and maintain lean muscle mass. This ingredient is produced by
bacteria in the rumen of animals from ingested linoleic acid and distributed
to the flesh and milk. It can modulate dendritic cell cytokine production to
suppress initiating inflammatory diseases by directing T-helper cell differen-
tiation (Draper et al. 2014).

Polyunsaturated fatty acids (PUFA) include the omega-3’s, which are impor-
tant to health, especially the brain (cognition) and the heart. One study showed
that telomere shortening in the elderly with mild cognitive impairment may be
attenuated with omega-3 fatty acid supplements (O’Callaghan et al. 2014).
This positive and encouraging result has been echoed by many other studies on
the metabolics and physiology of the human aging process. The important
PUFAs are docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA),
which are present in deep water fish like salmon and crustaceans. The fatty
acids are produced by the algae and phytoplankton in the sea by converting the
precursor linolenic acid; the fish or crustaceans consume the algae and phy-
toplanktons and the fatty acids are deposited as lipids in their bodies. The
PUFAs are extracted from the animals or the algae. Microalgae from
Isochrysis, Nannochloropsis, Paviova, and Thalassiosira contain enough
omega-3 PUFAs for extraction (Ryckebosch et al. 2014). Flax seed oil can
be enriched with omega-3 fatty acids by adding alkaline lipase from Asper-
gillus fumigatus (Rajan et al. 2014).

Carnitine is found in animal meats, especially the red meats. It is an antiobesity
ingredient that transports body fat to the mitochondria which then burns it away
to produce energy. Presently, the material is available by synthesis.

Chitosan is another weight management agent, chemically converted from
chitin. Chitin is one of the main components of the shell or exoskeleton of
insects and crustaceans, with the chemical structure of the -1,4 homopolymer
of N-acetylglycosamine, very similar to pectin. Insoluble chitin is deacetylated
to become soluble in dilute acetic acid.
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Pro- and Prebiotics

A subset of foods that are good for health and affect the live microorganisms that
inhabit the intestines, particularly the colon, are known as probiotics, which are
commonly ingested as yogurt. A probiotic is a microorganism that improves the
beneficial properties of the indigenous microbiota in the digestive tract, which
produce plenty of B vitamins and short-chain fatty acids (SCFA): acetic, propionic,
and butyric. These nutrients are absorbed into the body and enhance calcium. The
colony of microorganisms usually occupies the area inhabited by toxin-producing
bacteria such as E. coli, coliform, and Clostridium by inhibiting their growth.
Because the destination of probiotics in foods is the intestines via the digestive
tract, they must endure the very acidic and enzymatic conditions of the stomach and
the intestines. Probiotics are able to colonize there and they are safe to consume.
The main probiotics are Lactobacillus and Bifidobacterium, each consisting of
several species. Other probiotics are Streptococcus salvarius, Lactococcus lactis,
and Saccharomyces boulardii, a yeast. Age-related alterations in the composition of
the gut microbiota have a direct impact on the immune system; modulation of the
microbiota with pre- and probiotics could improve immune system responses to
infections in the elderly (Yaqoob 2014). Many studies have proven that manipula-
tion of microbiota through the diet prevents metabolic disorders such as obesity
(Chen et al. 2014a). Dietary probiotics affect low-density lipoprotein cholesterol
(LDL-C); thus, they could be used in a lifestyle change to prevent cardiovascular
disease (DiRienzo 2014).

Another subset of foods, known as prebiotics, is actually nutrients for the
probiotics. These are mainly oligosaccharides that occur in many plant foods.
Common prebiotics are soy oligosaccharides (SOS), galacto-oligosaccharides
(GOS), xylo-oligosaccharides (XOS), raffinose, stachyose, and inulin. Some disac-
charides such as lactulose and palatinose, are prebiotics. GOS forms during enzy-
matic hydrolysis of lactose which is part of the production of a prebiotics-enriched
milk (Colinas et al. 2014).

Processing Aids

Processing aids are another variety of additives that are used in small amounts in
food formulations.

Anticaking Agents

Anticaking agents are normally used in powdered foods that are highly hygro-
scopic, e.g., foods rich in protein. They are usually minute mesh-sized particles.
The particles are fluffy, with air space channels between them. They are able to
absorb moisture from the atmosphere, thus keeping foods dry and free flowing for
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an extended period. Deliquescent, highly soluble crystalline ingredients are prone
to caking and dissolution when they are stored in places with relative humidity
above a certain level. Anticaking agents are added to improve the flowability of
powders and to prevent or reduce caking (Lipasek et al. 2012). While many
powdered starches and fiber can be used as anticaking agents, the commonly or
conventionally used agents are (1) the silicates: sodium aluminum silicate, calcium
silicate, calcium aluminum silicate, talc (also known as talcum powder, which is
magnesium hydrogen metasilicate), and magnesium silicate; (2) the stearates:
calcium stearate and magnesium stearate; (3) silica gel, which is silicon dioxide;
(4) calcium phosphate and tricalcium phosphate (TCP); and (5) microcrystalline
cellulose (MCC), magnesium carbonate, and magnesium oxide. Silicon dioxide and
calcium stearate were the only anticaking agents shown to improve the physical
stability of powdered sodium ascorbate (vitamin C) (Lipasek et al. 2011). Varying
amounts of TCP, maltodextrin, and glycerol monostearate were applied to mango
powders produced by vacuum drying so that optimum feed mix composition was
obtained (Jaya and Das 2004).

Enzymes

Enzymes are present in all living organisms to catalyze specific reactions.
Industrially, they are cultured from fungi and carried in diluents like water, salt,
sugar, and maltodextrin, and properly preserved and stabilized. Since their activi-
ties are to be preserved before application, enzymes must be handled with care.
Formulated in foods in very low dosages, each enzyme has a specific function and
action:

¢ Amylase and glucosidase degrade starch to glucose molecules; it is used in
baking bread to improve volume and softness;

» Cellulase and protease are used in wine and beer production for clarification;

e Proteases are used for meat tenderizing; papain, bromelain, and ficin are
used extensively; and new proteases are actinidin and zingibain (Bekhit
et al. 2014);

¢ Pectinase is used in juice concentration to destroy pectin so as to lower the
viscosity of the juice;

« Transglutaminase is used in the meat industry to make the meat pieces stick
together. The enzyme is able to modify soybean proteins and improve the
functional properties and quality of various low-fat and salted meat products.

Humectants

Humectants are the hygroscopic materials that are able to bind and retain
water molecules to prevent drying out; they are used in very small quantities
(a few percentage points). Common humectants are glycerol, sorbitol and
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propylene glycol. Glycerol prevents crystallization of syrup and is a plasticizer in
sausage casing. Sorbitol is used in confectioneries, chewing gum, baked goods,
and meats to help retain softness; in addition, its soft-tasting effect reduces the
bitter aftertaste of some sweeteners like saccharin. These humectants in any
combination are valuable to the production of many processed meat items; for
instance, cured jerkies made from pork or marine food are kept tender with
humectants.

Baker’'s Dough Conditioners and Leavening Agents

Natural milled wheat flour is yellow, too soft, and cannot form baker’s dough which
needs to be strong, stable, and elastic. Oxidization is required to condition the flour
(1) to prevent proteinase action in the flour, (2) to oxidize the -SH group so that the
protein matrix can be formed, and (3) to bleach it for a white appearance. Benzoyl
peroxide is a conventional conditioner; ascorbic acid and iodates are also used in
conjunction with enzymes. With some wheat bran bread, the action of ascorbic acid
together with vital wheat gluten compensates for the diluted gluten proteins, thus
improving the quality of the bread with respect to loaf volume yield, grain structure,
softness, and moisture content (Dizlek et al. 2013). Wheat germ enzyme
lipoxygenase in bread increases the volume and decreases the firmness (Bahal
et al. 2013).

For making bread and many bakery items, leavening or increasing the product
volume is the result of carbon dioxide generated by decomposing carbohydrate.
Yeast is the natural leavening agent used in bread. The amount of yeast used has an
effect on the rheological properties and microstructure of bread dough, which are
related to the size and distribution of the generated bubbles (Upadhyay et al. 2012).
For other baked goods, other materials that liberate carbon dioxide upon heating are
baking soda (sodium bicarbonate), cream of tartar (tartaric acid and potassium salt),
sodium aluminum sulfate, and fumaric, propionic, and glycono-delta-lactone acids,
used alone or in combination.

Additives to baker’s dough affect the structure, properties, and aging of the
loaves. Supplementation of gluten-free breads with nongluten proteins (albumin,
collagen, pea, lupin, and soya) affects volume, hardness, chewiness, and sensory
acceptance to varying degrees (Ziobro et al. 2013). Whey protein isolate (WPC) and
buttermilk powder affect dough and bread quality in a similar manner (Madenci and
Bilgicli 2014). Different enzymes are used for dough conditioning to control the
bread’s texture. Xylanase, transglutaminase, protease, lipase, and amylase are often
used in gluten-free breads.

Sesquestrants and Chelating Agents

In solution, sesquestrants and chelating agents suppress the activities of other mate-
rials, usually metals, by forming coordinate bonds. The common agents are ethylene
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diamine tetra-acetic acid and its salts (EDTA) and sodium hexametaphosphate
(SHMP). EDTA chelates copper and iron to stop the precipitation of metallic salts
in liquid foods such as salad dressings and canned foods. SHMP is a long-chain
polyphosphate salt with the formula (NaPO,)e. In solution, the tetrahedra nature of
potassium compounds results in a geometrical arrangement such that three phosphate
groups are in close proximity to one metal ion to form a complex. The main use for
SHMP is in dairy products, e.g., SHMP solubilizes calcium oxalate precipitants in
milk. Its complexation reaction with calcium cations results in the disappearance of
the precipitant. One study compared the chelating capacities of ethylenediaminete-
traacetic acid (EDTA) and sodium triphosphate (STPP) to prevent lipid oxidation due
to the catalysis of fish hemoglobin with iron with that of other acidic chelators. The
study showed that STPP was the most efficient, followed by EDTA, whereas citric
acid and adenosine-5-triphosphate (ATP) were ineffective (Maestre et al. 2009).
EDTA and cysteine were identified as effective chelators in eliminating mercury
from mackerel fillet (Hajeb and Jinap 2012). Many acids and their salts also act as
sequestrants. Malic, citric, tartaric, and lactic acids were investigated for their ability
to prevent precipitation in sand lance fish sauce; citric acid was found most effective
(Moon et al. 2008). The effects of six potential chelating agents (citric, lactic, malic,
and ascorbic acids, glucose, and xylitol) were tested to maximize the solubility of
mineral elements (Ca, Mg, Fe, Mn, Zn, K) in oat flakes; it was concluded that citric
acid was the most efficient (Ekholm et al. 2000).

Conclusion and Future Directions

One of the important roles of food is to provide nutrition. It is the job of food
formulators to produce better foods; better foods feed more people. Researchers at
various institutions are dedicated to upgrading the quality of various kinds of food,
for which they have earned respect. However, while people in developed countries
enjoy the fruits of their studies and research, it should not be forgotten that there are
many areas in the world, such as sub-Saharan Africa, where the people are still
suffering from starvation; they simply do not have enough food to eat. People there
are suffering from serious poverty. Statistically, our earth is able to grow enough
food for everyone living on it. There are many reasons for these tragic situations.
Besides political causes, there is uneven distribution of food and improper
processing so that foods do not keep from spoiling while being transported long
distances and spending a long time in storage, which are necessary when food must
be delivered far from where it is produced. Food includes processed items and
agricultural produce. To reduce regional poverty, food scientists must improve
production methods to preserve the nutrition of food, especially the micronutrients
of food products so surplus foods in the developed countries can be transported to
the areas where it is needed. Proper use of food additives is required so as to
increase not only the nutritional value but also the density of the nutrients. Another
mission is to add value to the existing local produce, such as grown crops, fruits,
and meats from farming or stock culturing. On the one hand, food scientists must
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work with agriculturalists to increase the harvest. On the other hand, research
should be done to upgrade the quality of various foods containing micronutrients
so that the food can help people avoid diseases by having a better immune system.

Hippocrates (460-370 BC), the Father of Medicine, said, “Let Food Be Thy
Medicine.” For the last several decades, the percentage of the population in devel-
oped countries suffering from various chronic diseases such as obesity, diabetes,
cancer, and cardiovascular diseases has increased dramatically. The national expen-
diture on health care and people’s individual medical bills are increasing every year
due to these chronic diseases. Recently, food scientists have identified a wide range
of dietary vitamins and minerals to be used as health supplements in foods. The focus
for improving health has moved to dietary fibers, prebiotics, probiotics, and phyto-
chemicals. Many studies have shown that extracts of these food ingredients do have
therapeutic value, especially when given to those with chronic diseases.

The human body is a miniature universe; nature can correct abnormal phenom-
ena, including human health disorder. Treating chronic diseases with pharmaceu-
ticals is not an ideal solution because there are side effects and drugs are somewhat
toxic. Fortunately, studies have shown many dietary ingredients with respective
therapeutic properties and able to reduce or even eradicate disease symptoms. It is
expected that in the near future, food or dietary ingredients will not only help the
body fight off disease, it will also be effective medicine to cure disease completely.
Medicine or pharmaceuticals are mostly synthetic materials; their prescriptions will
decrease and finally be abandoned someday. The public is looking to the entire
discipline of food science for the breakthrough.
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Abstract

Foods are nutrients. Besides nutrition, there are other major parameters that affect
a person’s like of or preference for various foods, such as appearance, odor, and
taste. The environment, including noise made when biting food and background
sound such as music, also has an effect. The addition of flavorings, sweeteners,
and acids, either natural or synthetic, to processed foods is meant to make up the
loss of odor and taste that occurs during processing, or to enhance the quality of
the food. Similarly, natural or synthetic colorants are used to improve the
appearance of food. Starches, emulsifiers, and hydrocolloids are food texturizers
with different chemical properties that affect taste via their respective character-
istics. Recently, there have been many studies on the production of foodstuffs
with specific and unique characteristics in which additives were used.

Introduction: Foods and Their Taste Attributes

Foods are nutrients for people. Before being eaten, foods are first seen and smelled,
so they must be attractive to people in appearance and odor. It is essential that foods
have good coloring and a pleasant smell to attract potential customers. Zellner
etal. (2014) studied how food presentation affected whether a person liked the taste
of the food. Subjects liked a food more when it was presented in a more attractive
manner. Color and taste, natural characteristics of foodstuffs, reflect the quality of
the food. The sensation of the taste of food in the mouth is a complex composite of
odor, taste, and texture that is affected by the appearance of the food and the sound
made when biting the food and by the movement of muscles in the mouth,
especially the tongue. A preference for certain flavors is a complicated combination
of genetics and eating behavior traits. Adventurous people are less afraid of new
foods, a trait linked to the TASIRI and PKDK3 genes (Tornwall et al. 2014). The
taste buds are minute depressions located mostly on the tongue. They comprise
many very small sensory receptors that detect the five basic electrical messages and
send them to the brain: sweet, sour, salty, bitter, and umami. In addition, there are
many volatile molecules in the flavoring materials that stimulate the nose’s sensory
cells. Environmental factors also affect the reception and sensation of food. A study
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of the type of background music played while dining showed that food is accepted
differently depending on not only the type of food served but also the kind of music
played and the performer (Fiegel et al. 2014). However, this topic is beyond the
scope of this chapter.

Aroma-active compounds, together with sugars, fat, and nucleotides, are the
main chemical species that determine the characteristic aroma and taste of food
(Lin et al. 2014). The food processing industry usually adds colors and flavors to
improve the quality of the food. Adding flavors to certain types of foods is
necessary to restore some of the original flavors that are partly or totally lost during
the manufacturing process. Also, flavors are added to enhance the food when
cooked in a microwave. Extra flavoring is necessary for many so-called health
foods, along with replacing some portion of sugar or fat, so they are acceptable to
consumers. Acidulants and sugar are taste integers. Currently, multiple sweeteners
are used extensively in foods to replace sugar for health reasons. In this chapter,
flavors, acidulants, and sweeteners added for taste are discussed. In addition, since
texture contributes to the feeling of food in the mouth, starches, emulsifiers, and
hydrocolloids are discussed.

Flavors

Flavors, known as flavoring materials, are composed of volatile or aromatic sub-
stances of very low molecular weight, most below 300. There are about 2,500
flavoring materials used in the food industry. Because of their strength, flavors are
used in extremely small quantities, mostly on a parts per million (ppm) scale or
smaller. Cavemen knew that smoking meats with apple wood could impart a
pleasant barbecue flavor, which was due to the presence of volatile flavoring
materials in the smoke. During the Middle Ages in Europe, natural flavor spices
were used to keep meats tastier while in long-term storage. Alchemists at that time
started to distill spices and herbs to obtain the concentrates, the early forms of
natural flavors. Flavors are classified as natural or synthetic.

Natural Flavors

Natural flavors are extracted from volatile compounds found in different parts of
plants, mostly herbs. Natural flavors come in various forms: oleoresins, which are
crude extractions and 5-20 times more condensed; essential oils, which are
processed by distillation, cold pressing, or solvent extraction and 80-100-fold
more concentrated; and fruit juice concentrates or purees, which are added to foods.

Popular oleoresins are usually from spices and herbs such as anise, basil,
cardamom, cinnamon, clove, coriander, mace, cumin, nutmeg, rosemary, sage,
thyme, and vanilla. Their naturally occurring wax and oils are used as essential
flavoring materials in processing culinary seasonings, condiments, and sauces.
Oleoresins are oil dispersible so their application is limited. An emulsifier such as
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lecithin is blended with an oleoresin to convert it into a water-dispersible aquaresin,
which can have many applications.

Essential oils are used across the entire food industry. In addition to the oleo-
resins that are processed into this form, there are also the essential oils of orange,
lemon, lime, almond, garlic, ginger, onion, peppermint, spearmint, and winter-
green. Besides their use in cooking, essential oils are used in candies, chewing
gums, bakery items, pickling, beverages, frozen desserts, and snacks. Essential oils
are oil-soluble flavors and are easily used by adding directly to food or to the oily
portion of foods at a dose of ~0.5 to 1 %. In addition to contributing flavor and taste
to foods, essential oils are therapeutics because of the specific therapeutic properties
of some active bioingredients in the aromatic compounds. One study showed that L-
carvone from spearmint induced apoptosis of breast cancer cells (Patel and Thakkar
2014). Diallyl sulfide, a natural organosulfuric aromatic compound in garlic,
inhibits tumor necrosis factor-o (TNF-a) and histamine-induced proinflammatory
responses in the aortic smooth muscle cells of rats (Ho et al. 2014).

Terpenes are major constituents of almost all essential oils. Orange, lemon, and
lime oils are citrus oils that have the same constituent terpenes like p-limonene.
Terpenes are hydrocarbons that are not very soluble in water, easily oxidizable in
air due to the presence of double bonds, and weak in flavor. Since citrus oils are
important flavors that need to be stable and soluble in water, folded oils were
developed by removing the unwanted L-limonene. Terpene makes up more than
98 % of orange oil. Removal of 80 % by weight of terpene results in a fivefold oil.
Similarly, 10-, 25-, and 50-fold oils are formed by removing 90 %, 96 %, and 98 %
of terpenes. Terpeneless oils are also available. Folded oils have stronger flavors
and are more stable and water-soluble; thus, they are used in beverages where water
is the solvent. All essential oils, including the folded oils, are natural flavors used in
foods at the 0.1-0.5 % level, or they are used as components in synthetic flavors.

The third type of natural flavor is obtained from the concentration of the
aromatic components of fruity extracts. These volatile organic and aromatic com-
ponents are flavoring materials. Gas chromatography (GC) and mass spectrometry
(MS) are used by flavorists to identify the aromatic components in the extracts.
Their flavor and value are highly influenced by their aroma, as dictated by volatile
flavoring materials. A simple and robust method of sampling these compounds on
polydimethylsiloxane has been developed (Allwood et al. 2014). In addition, during
the manufacture of some fruity foods, the volatile fraction is captured and added to
reinforce the extracts. Some natural flavors can be blended in small percentages
with extracts from other fruits to form the “natural flavor WONF,” where WONF
stands for “with other natural flavors” that one sees on an ingredients label.

Flavorists must understand the type and nature of flavoring materials in natural
flavors before creating synthetic flavors. Both aliphatic and aromatic flavoring
materials are esters, aldehydes, alcohols, ketones, and hydrocarbons. The charac-
teristics of the dominant flavoring materials of some individual flavors are listed in
Table 1.

Because of the complicated interaction of flavoring materials with some natural
foods, the analysis of their flavor spectrum is very challenging for flavorists.
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Table 1 Flavors and their characteristic aromatic chemicals

Characteristic aromatic Characteristic aromatic
Flavor chemical Flavor chemical
Almond Benzaldehyde Anise Anethole
Apple butter Benzyl isovalerate diacetyl Banana Isoamyl acetate
Coconut y-Nonalactone Cherry Benzyl acetoacetate
Garlic Allicin Coffee Methyl furoate
Grape Phenylethyl anthranilate Ginger Zingiberone
Lemon Citral Honey Benzyl cinnamate
Onion Diallyl disulfide Melon Octyl butyrate
Plum Citronellyl butyrate Peach y-Undecalactone
Strawberry 3-Methyl-3-phenylglycidic Raspberry Geranyl formate

acid ester

Vanilla Vanillin

For example, the analyses of the extremely delicate flavors of mango, grape, and
many tropical fruits are tedious. Recently, there has been some success with the
analysis of mango where its characteristic aromatic component has been identified
as 4-hydroxy-2,5-dimethyl-3(2H)-furanone; 54 flavoring materials were revealed
of which 16 were reported for the first time (Munafo et al. 2014). Alkyl-
methoxypyrazines were shown to be important flavoring materials in the cultivars
of grapes and their wines, in which a new flavoring material, 2,5-dimethyl-3-
methoxypyrazine, was identified as possibly an important and common odorant in
red wines (Botezatu et al. 2014).

Synthetic Flavors

In the food industry, the use of natural flavors has several disadvantages. First, their
flavor profile is not consistent. It is difficult for all aromatic ingredients from raw
materials to be consistent in content because of variation of the batches in
harvesting and processing. Second, the strength of the flavor is usually not great
enough because of the presence of many other natural components. Third, natural
flavors cost more to use because of their limited quantity in nature. Synthetic flavors
are an alternative to natural flavors. They are composed of volatile flavoring
materials that are mixed together using the same formula as that for natural flavors.
All ingredients are dissolved in a liquid carrier to form a synthetic flavor. The
solvents selected for use as carriers depend on the application, i.e., ethyl alcohol is
used for beverages, vegetable oil is used for any food with a lipid phase, and
propylene glycol or Triacetin is used for confectioneries and baked goods. Water
is used on rare occasions. Several flavoring materials may react with each other in
the flavor solution to yield a stronger flavor; this is known as synergism. Flavorists
create synthetic flavors that reference their natural counterparts. A good flavorist
knows how to utilize synergism to obtain strong flavors with a minimal amount of
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materials to keep the cost down. The dosage in foods is generally 0.1-0.2 % in
baked goods or hard-boiled candies when high-temperature heating is required for
processing and 0.05-0.1 % in other food products.

All flavoring materials must be generally recognized as safe (GRAS). In addition
to those found in nature, there are plenty of flavoring materials that have been
synthesized and have high flavoring strength. To be accepted for use as food
flavoring, adequate toxicity tests must be performed on flavoring materials to verify
their safety and their GRAS status must be determined. For example, vanillin is a
dominant ingredient in the vanilla flavor; ethyl vanillin, a modified form of vanillin
not found in nature, is more heat stable, about three times stronger, and is an
important component in many flavors used by bakers.

For some convenience foods like powdered or instant formulas, synthetic flavors
are preferred in powdered form. Instead of substrating the array of flavoring
materials in liquid form, they are spray-dried in the presence of a solid-phase carrier
such as gum acacia or glucose to form powdered flavors. One study showed that
rosemary essential oil was encapsulated by spray-drying the oil with whey protein
and insulin blends as the carrier (Fernandes et al. 2014). However, due to the heat
involved in the spray-drying process, it is more difficult to maintain the genuine
original flavor profile and the strength of the original flavor.

Flavor Enhancers

Flavor enhancers do not have their own specific flavor but enhance the effect of
other flavors, producing a taste sensation known as umami. Umami can be mea-
sured by electronic tongue and near-infrared spectroscopy (Bagnasco et al. 2014). A
typical flavor enhancer is monosodium glutamate (MSG). It was discovered in
Japan in 1908 as an extract from seaweed that enhanced the taste of food when
added during cooking. It was produced commercially the following year, and today
it is made by fermentation. Other flavor enhancers are nucleotides originally
extracted from bonito tuna — disodium 5’-inosinic monophosphate (IMP) and
disodium 5’-guanylic monophosphate (GMP) — which have a much stronger
enhancing effect than MSG. The naturally occurring mixture of 5'-IMP and
5'-GMP, known as “I + G,” has an excellent enhancing effect. Any one of these
materials can be used with MSG to optimize flavor enhancement. Other popular
flavor enhancers are maltol and the synthetic ethyl maltol, used in foods at 250 and
150 ppm, respectively. They are common flavoring materials used in many con-
fectionery flavors.

Meaty Flavors
While meats are cooking, natural characteristic flavors and attractive odors are

generated. In principle, meaty flavors come from two sources: the small amino
acids and peptides from protein hydrolysis and the volatile molecules resulting
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from the Maillard reaction. The Maillard reaction is the chemical reaction between
amino acids and reducing sugars that produces sulfur- or nitrogen-containing
molecules from the fragmentation of amino acids and peptides. The characteristic
flavor of a particular meat is due to the type of meat and the cooking or hydrolysis
process used. For example, the main active compounds that were found to contrib-
ute to the aroma of beef extract are 2,3,5-trimethylpyrazine, 1-octen-3-ol,
3-methylbutanoic acid, and 4-hydroxy-2,5-dimethyl-3(2H)-furanone (Takakura
et al. 2014). The strong smell of cooked ham is the result of 2-methyl-3-furanthiol,
2-methyl-3(methyldithio) furan, and bis(2-methyl-3-furyl) disulfide (Thomas
et al. 2014). Enzymatic hydrolysis has replaced chemical reaction so that less
unwanted salt and impure by-products are produced. A study found that the enzyme
bromelain hydrolyzes a seaweed protein and the end-product hydrolysate was
characterized as the precursor of a thermally processed seafood flavor (Laohakunjit
et al. 2014). The final flavor profile is purer and much more refined. Natural meaty
flavors can be produced by hydrolysis of plant proteins chemically or enzymati-
cally. Plant or vegetable protein is broken down into tasty peptides and amino acids
commonly known as hydrolyzed vegetable protein (HVP). Soy protein is usually
the raw material from which HVP is made. The protein slurry is hydrolyzed at high
temperature by the addition of hydrochloric acid or sodium alkaline; it is then
neutralized accordingly. To obtain yeast extract, yeast undergoes autolysis, i.e., the
protein inside the rigid cell wall compartment is digested or hydrolyzed by its own
enzyme, to yield the much smaller volatile molecules that give yeast extract that
characteristic meaty taste. Important aromatic compounds are furan derivatives,
pyrazines, and sulfur-containing aldehydes, acids, and ketones, similar to typical
natural meat flavors but with different component ratios. HVP and yeast extract are
synergistic and used in typical meaty flavorings.

A specific flavor profile is determined by the content of the Maillard reaction
materials, many constituents of which are available by chemical synthesis. To
produce synthetic flavors, the product of the protein hydrolysis part of the Maillard
reaction can be replaced by HVP or yeast extract. The Maillard reaction product is
obtained by the finely controlled reaction between selected amino acids and reduc-
ing sugars at high temperature in a reactor. The addition of glycerol to the reacting
vessel as a flavor precursor when processing a roasted meat flavor was shown to
contribute to the formation of specific proline materials such as 2-propionyl-
1(3),4,5,6-tetrahydropuridines, which are known for their roasted aroma (Smarrito-
Menozzi et al. 2013). Meaty flavorings are added at 0.5-2.0 % concentration to any
type of food that needs a characteristic meaty taste, such as soups, sauces, processed
meats and seafoods, imitation meat analogs, snacks, and packaged meals.

Acidulants

Acids are naturally present in almost every kind of fruit, contributing to their acidity
and tartness. Acids stimulate the appetite because they affect the olfactory nerve,
creating a desire for more food. Therefore, selecting the proper acid and the right
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amount when formulating a food product to obtain the desired physiological and
psychological reactions is a subtle skill. Citric, malic, lactic, tartaric, and phospho-
ric acids are those most commonly used in the food industry. Citric acid is
compatible with all citrus fruit items; malic acid is usually used as a flavor
enhancer; tartaric acid is added for a grape taste; and phosphoric acid is used for
colas. Addition of acids to a wide variety of foods, including beverages, jams,
jellies, preserves, bakery items, confectioneries, chewing gums, and dairy products,
is necessary to strengthen the function of the natural acid components or to adjust
the pH for taste optimization. The acidic pH can be buffered by adding a
corresponding salt, usually sodium.

Citric Acid

Citric acid is present in the human body, plants, and animals and functions as an
intermediary in respiration and energy metabolism. It has been used in food
processing for over 100 years. It is present in about 60 % of the world market.
Citric acid is tribasic and it is used mainly in citrus-type beverages, especially
carbonated orange, lemon, and lime drinks, as well as in fruit juices, concentrates,
syrups, and cordials. For confectioneries, chewing gums, desserts, ice creams, jams,
and jellies, citric acid is an absolute must. It is also valuable in meat curing,
mayonnaise, cheese, and cottage cheese. In many cases, sodium citrate is used
with citric acid to buffer the pH. Citric acid is produced mainly from the fermen-
tation of corn sugars or molasses. It is also obtained from raw glycerol by fermen-
tation of the yeast Yarrowia lipolytica (Morgunov et al. 2013).

Malic Acid

Malic acid is found in many vegetables and fruits, especially apple. Its acidulating
properties resemble those of citric acid, but the characteristic tartness occurs over
time. Malic acid is usually paired with citric acid to reduce the sharp note of food so
that the taste is more smooth and natural.

Lactic Acid

Lactic acid is widely found in nature, especially in milk and fermentation prod-
ucts, and has been used since the early days of human history. Since it is a viscous
liquid, the acid is present in both D- and L-stereoisomers, but in general the food
industry uses the DL racemic mixture. Lactic acid is mildly tart and is used in
dairy products, wine, frozen desserts, and especially added to packing of Spanish
olives.
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Tartaric Acid

Tartaric acid occurs naturally in grapes, limes, currants, gooseberries, raspberries,
and many other fruits, and contributes to the superior flavor profile of fruit drinks,
jellies, preserves, sherbet, and cakes, especially when combined with citric acid. Its
potassium salt, monopotassium bitartrate, commercially known as cream of tartar,
is a common leavening agent in the bakery industry. Most tartaric acid is produced
from the pressed cake of unfermented grape juice produced during wine
manufacturing.

Phosphoric Acid

Phosphoric acid is the only inorganic acid used in the food industry, and perhaps the
least costly acidulant that can achieve the required acidity in foods. Its principal use
is in carbonated beverages, particularly colas, root beer, and sarsaparilla, at a usage
level of a few hundred parts per million. It is also used in some dairy products such
as cheese. The acid is produced by treating phosphorus-containing rock with
sulfuric acid, reducing the product to elemental phosphorus, burning it to form
phosphorus pentoxide which is then hydrated to yield 75-85 % phosphoric acid,
and finally purifying the acid to a commercial grade of 75 %, 80 %, or 85 %.

Other Acids

Other acids include acetic acid, adipic acid, fumaric acid, tannic acid, and glucono
delta-lactone (GDL). Acetic acid is not directly used in foods, but vinegar, the
major ingredient of which is acetic acid, is a common additive. Adipic acid is not
common but sometimes is used in bakeries instead of tartaric acid to sustain the
flavor notes longer. Fumaric acid is a structural isomer of maleic acid, is more “tart”
than citric acid, and can be a substitute for tartaric acid. GDL, produced from the
oxidation of glucose, is the inner ester of gluconic acid and is used in the prepara-
tion of some cheeses and bean curd (tofu).

Sweeteners

People of all ages, cultures, and races desire sweet-tasting foods. Throughout
evolution, sweetness played a role in human nutrition by orienting humans to
ingest food for energy and essential nutrients (Drewnowski et al. 2012). Sugar or
sucrose is a universal sweetener present in almost every type of food. After
absorption in the gut, sucrose is hydrolyzed to glucose, which is the energy source
for life. Unfortunately, overconsumption of sugar or glucose can cause serious
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chronic diseases such as diabetes mellitus and obesity. Streptococcus mutans is
considered the primary etiologic agent of dental caries and contributes signifi-
cantly to the virulence of dental plaque, especially in the presence of sucrose.
Sugar substitutes interfere with the formation of Streptococcus mutans biofilms
(Durso et al. 2014). Thus, replacing sugar with alternative sweeteners in foods is
an important issue in food production. In food formulation, sugar is important not
only for sweetening, but also for bulking. Other parameters in food preparation,
such as viscosity and humidity control, are also significant. As replacements for
sugar, both the polyols and artificial or natural intense sweeteners have their
specific roles. First, a suitable bulking material to replace the volume of sugar
should be selected; polyols are good choice. Then, since polyols are not as sweet
as sugar, an artificial or natural intense sweetener is chosen to provide the required
sweetness. In addition, a small amount of hydrocolloids is recommended to adjust
moisture and viscosity.

Polyols

Polyols are sugar alcohols, a group of low-calorie digestible carbohydrates
similar to sugar. Polyols contain hydroxyl groups that are substitutes for alde-
hydes. They occur naturally in fruits and vegetables and are produced by certain
bacteria, fungi, yeasts, and algae (Ortiz et al. 2013). They are produced in the food
industry from catalytic hydrogenation of natural sugars, but biotechnological
production by lactic acid bacteria (LAB) has been investigated as an alternative
(Ortiz et al. 2013).

The first generation of polyols is derived from hydrogenation of monosaccha-
rides: sorbitol from glucose, xylitol from xylose, and mannitol from mannose, and
their sweetness is reminiscent of that of glucose. Many polyols can be produced by
various microorganisms. Xylitol can be produced from xylose and corn cob hydro-
lysate by assimilation of the tropical mangrove yeast Cyberlindnera saturnus
(Kamat et al. 2013). Microalga Chlamydomonas reinhardtii can be genetically
engineered to produce xylitol at low cost (Pourmir et al. 2013). Mannitol, the first
crystalline polyol discovered, is present in many plant exudates, seaweeds, and
grasses. By promoting the effective use of raw glycerol, mannitol is produced by
the activity of the yeast Candida azyma (Yoshikawa et al. 2014).

The second generation of polyols is from disaccharides: isomalt from
isomaltulose, lactitol from lactose, and maltitol from maltose. Isomaltulose is a
derivative of sucrose and is a mixture of two disaccharide alcohols: gluco-mannitol
and gluco-sorbitol.

Erythritol is a sugar alcohol that is present in a wide variety of fruits and
fermentation products. It is about 85 % as sweet as and with a profile similar to
that of sucrose. It used to be produced only by fermentation on glucose media. An
alternative method is production of erythritol by the yeast Yarrowia lipolytica on
pure and crude glycerol (Mironczuk et al. 2014). A study by Heikel et al. (2012)
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established the optimal synergism of erythritol with either rebaudioside A or
sucralose. It was concluded that the binary sweeteners achieved sucrose-like flavor
and texture profiles at an adjusted sweetness of 1.0 for both combinations (Heikel
et al. 2012).

Artificial Intense Sweeteners

There are a limited number of intense artificial sweeteners that the US FDA has
approved for industrial use as sucrose substitutes: acesulfame potassium, aspar-
tame, neotame, saccharin, and sucralose. The isosweetness concentration of these
sweeteners compared to sucrose, or relative sweetness (RS), depends on the type of
food in which the sweetener is incorporated. The isosweetness of neotame and
sucralose, together with natural rebaudioside (from Stevia), were analyzed in a
chocolate formulation and found to be 8,600, 570, and 200, respectively, which is a
similar profile to that of other foods (Palazzo et al. 2011). Descriptions of the
artificial sweeteners and their relative sweetness values are given below:

(i) Acesulfame potassium, also known as acesulfame-k, has an RS of 200, a
slightly bitter aftertaste, and is suggested for use in beverage mixes, gelatin
confectioneries, and chewing gums.

(i) Aspartame, a dipeptide ester with the amino acids aspartic acid and phenylal-
anine, has an RS of 200, a taste in the sharp direction, and is suggested for use
in desserts and beverages. Its sweetness is synergistic with acesulfame-k. It
may be metabolized to phenylalanine, which can cause sensitivity for indi-
viduals with phenylketonuria.

(iii)) Neotame is a derivative of the dipeptide composed of aspartic acid and
phenylalanine, has an RS in the range of 7,000—13,000, and is not metabolized
to phenylalanine.

(iv) Saccharin is the oldest artificial sweetener, having been in use since before
1900, has an RS of 300, is very stable to heat and acid, and has a slightly bitter
aftertaste. There was controversy about its possible carcinogenicity, but there
is no strong evidence.

(v) Sucralose, manufactured from sugar, has an RS of 600, a profile close to that
of sugar, a good clean taste, and is very stable.

The Natural Sweeteners

Because they are natural products, the compounds derived from the South Amer-
ican plant Stevia rebaudiana and monk fruit are used more and more. The leaves of
the stevia plant contain a range of diterpene glycoside steviosides, with
rebaudioside A the sweetener of industrial interest. The RS of rebaudioside A
ranges from 30 to 45. It has a clean taste, although there is some bitter aftertaste.
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The triterpene glycoside mogroside extracted from the monk fruit Siraitia
grosvenorii is also gaining in popularity (Pawar et al. 2013). Monk fruit is also
called luo han guo, a common Chinese herb. It has an RS of 250.

Food Colors

Like flavor, the appearance of food is an essential sensory characteristic. A food’s
appearance is the first thing that a consumer uses for a rapid judgment of quality.
Food manufacturers utilize brilliant colors to attract customers in their products. In
ancient Greece and Rome, dyes from inorganic heavy metal salts were added to
wines. However, the inorganic coloring materials have slowly been replaced by
their organic counterparts. In 1886, the US began regulating dyes by allowing
organic dyes to be added to butter. In 1900, USDA established guidelines for the
use of colors together with preservatives. Today, the US FDA is involved in use of
food colorants to help protect the safety and health of consumers.

There are two types of food colorants approved for industrial use, certified and
uncertified. Certified food colorants are synthetic dyes for which testing and
approval must be processed by the FDA for every manufactured lot, whereas
uncertified food colorants are natural colors that do not need batch approval by
the FDA. All approved synthetic colors are assigned a Food, Drug and Cosmetic
(FD&C) number. Table 2 gives the major commercial synthetic dyes.

The amount of each color that needs to be added in processed food is small, with
about 10-100 ppm for red and yellow and from 3 to 10-20 ppm for blue. These
additives are generally stable in acidic pH. The dyes are usually dissolved in ethyl
alcohol before being added to foods in the manufacturing process. In addition to
their own characteristic shades, other shades can be produced by mixing two or
more dyes. Because of the insolubility of food colorants in fats or oils, lakes are
used instead. Lakes are derivatives of food colorants and are made by depositing
individual dyes on a substrate of aluminum or calcium salts. With a dye content of
1040 %, the lakes are dispersed in lipid medium when added to food. The usage
level of food colorants is 0.1-0.3 %.

In nature, plants and animals have a wide variety of colorful appearances. The
natural color dyes are extracted from a large variety of plants. These are not
certified dyes; in many cases, when they are added to foods, food processors do
not have to label them as colors because they have other functions. However,

Table 2 Synthetic dyes Synthetic dye Color shade FD&C No.

and their FD&C numbers Erythrosine Bluish pink Red #3
Allura red Yellowish red Red #40
Tartrazine Yellow Yellow #5
Sunset yellow Reddish yellow (orange) Yellow #6
Brilliant blue Greenish blue Blue #1

Indigotine Deep blue Blue #2
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sophisticated techniques must be used and much care must be taken when using
natural colors because most are soluble in oil but not in water, and they are not
concentrated so that large quantities are required for use in food. In addition, they
are not quite pH stable, so some natural color extracts need extra protection to
safeguard them from the effects of high temperatures. One study evaluated the red
cochineal extract, which showed changes in its visual color in association with high
thermal stability (Fernandez-Lopez et al. 2013). Microencapsulation techniques
were used to increase stability. In the extrusion of rice flour, microencapsulated
lycopene yielded better color retention in the extrudates than free lycopene
(Choudhari et al. 2012); the freeze-drying process was favorable for microencap-
sulation of curcumin by maltodextrin (Sousdaleff et al. 2013); and the encapsula-
tion approach was a promising way to enhance the stability and dispersibility of
carotenoids using sodium caseinate as the carrier (Zhang and Zhong 2013).

At present, natural dyes are increasing in popularity. The majority come from
plants, e.g., Amaranthus red, annatto extract of bixin and norbixin, betanin from
beets, p-carotene from carrots, curcumin from turmeric, gardenia blue, konjac rice
red, lutein, paprika red, paprika orange, riboflavin yellow, spirulina blue, and
tomato red. Recently, anthrocyanins from blueberry and eggplant, orange color
from avocado, and betanin were studied in more depth. The extraction of bixin from
annatto seeds has increased because it is nontoxic (Barrozo et al. 2013). Paprika and
tomato were studied for use as natural pigments in cured meat products to com-
pensate for nitrite-reduced meat batters (Bazan-Lugo et al. 2012). In addition to
extracts from plant sources, there are other natural colors: carmine cochineal comes
from an insect; caramel is manufactured from the polymerization of phenolic
molecules that result from high-temperature treatment of sugar; carbon black is
made from minute purified charcoal particles, with one of the pure forms processed
from rice husk by hydrolysis, carbonization, and pyrolysis (Wang et al. 2011); and
titanium oxide is a mineral used for opaque white with a bright shiny look. A new
method for extracting carminic acid from the dried bodies of cochineal insects is by
pressurized liquid and supercritical fluid extraction techniques (Borges et al. 2012).
Caramel-colored solution can undergo ultrafiltration to remove as much of the toxic
chemical 5-hydroxymethyl-2-furaldehyde as possible to increase the intensity of
browning (Guan et al. 2011).

Texturizers: Starches and Their Modified Forms

Starches are the most widely used food texturizers and are well known worldwide,
especially to chefs and bakers. Since they are readily available almost everywhere,
they are inexpensive. Starches are obtained from cereal grains such as wheat, corn,
and rice, as well as from tubers like the potato and cassava root (tapioca). As a
major constituent of the human diet, starches are a primary energy source for the
human body. In addition to being a source of nutrition, starches and their modified
forms can be added to many kinds of foods for needed thickening, gelling, moisture
retention, and texturization. Many chefs and bakers are experts in making use of



114 P.N.A. Chan

Fig. 1 Brabender viscosity (Gelatinization)

. 3,000
curve of a typical starch
=)
5‘; 2000 (Retrodegration)
2
1,000 -
1 1 1 1 1 1
0 20 40 60 80 100 120
Time (Minutes)
45 90 90 20 20

Temperature (°C)

Heat | Hold | Cool | Hold |

starches in their foods and bakery items. In the food industry, the above-mentioned
properties have been fully utilized in food processing to attain various texturization
functionalities.

Native starches are contained in granules extracted directly from various sources.
Chemically, starches are polysaccharides, which are polymers consisting of
d-glucopyranose or anhydroglucose units (AGU) linked together by a-1,4 and
a-1,6 glycosidic bonds. The polymers that are linked together by a-1,4 bonds forming
straight chains are amylose, and those molecules with a number of units linked by
a-1,6 bonds are known as amylopectin. Amylose is a linear structure and is smaller
than amylopectin. Amylopectin is branched and much bigger, with a molecular
weight about 300 times that of amylose; therefore, it is more thermally stable and
has a higher viscosity in water. The difference in the properties and functionalities of
native starches from different sources is due largely to their ratio of amylose to
amylopectin. Waxy corn has an exceptionally high ratio of amylopectin of almost
100 %; potato, tapioca, and rice starches also have a high amylopectin content
compared to that of wheat and dent corn starches. The behavior of starch also depends
on small quantities of phosphorus, protein, and lipids.

The different sizes and shapes of starch granules also contribute to the diverse
properties of starches. Different starches have their own unique characteristics and
behave differently, which is reflected by the change in viscosity when the starch
grain is dispersed in water, heated, and then cooled. These viscosity changes are
recorded by viscoamylography. The Brabender viscosity curve shows the change in
viscosity in a standardized heating environment where the starch is heated from
45 t0 90 °C from 0 to 30 min, held at 90 °C from 30 to 50 min, cooled to 20 °C from
50 to 100 min, and then held at 20 °C from 100 to 120 min (Fig. 1).

When a slurry of starch grains is heated, the amylose and amylopectin gradually
become hydrated so that the swelling of the granules causes an increase in the viscosity
of the water solvent. The pasting temperature is where the viscosity begins to increase.
The granules pass into a paste form; this is known as the cooking or gelatinization
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process. After the viscosity reaches its peak, the amylose chains begin to reassociate in
a parallel array structure causing a drop in viscosity; this is called retrogradation.
Letting the starch stand leads to dispersal by loosening the hydration and rigid gel
formation. Different starches have their own specific viscosity and Brabender curve
shape. Different treatments also affect the properties of starches, e.g., heating or
freezing the starch suspension. According to one study, repasting the potato starch
produced by preheating preparation increased the viscosity by 50 % compared to that
of its native form; the strength of the produced gel was also greater from preheating
(Gryszkin et al. 2014). Waxy maize starch prepared in nanocrystal form could be used
as a particle emulsifier to stabilize oil in water emulsion because of its ability to absorb
both phases at the oil-water interface, resulting in stabilization (Li et al. 2014). The
addition of syrups, amino acids, and acidulants greatly affects certain parameters of
starches such as pasting temperature swelling power, aqueous solubility, gel strength,
and light transmittance. The addition of hydrocolloids has significant effects on
starches, which is particularly evident when they are added to foods.

To create starches with specific properties, parameters, stability, and applica-
tions, they are modified chemically or physically. There are various modified
starches on the market.

Cross-Linking

One way to increase the stability of starch is by cross-linking. It is the most common
chemical modification technique and is the result of the reaction between the slurry
of granular starch containing 3045 % solid and an agent in the alkaline medium.
Covalent bonds form between the agent and the hydroxy groups of two strains of
starch polymers with the same or different molecules. Cross-linking affects the
swelling of starch granules so that they can resist high temperature, high acid, and
stress conditions. Common agents used for cross-linking are sodium
trimetaphosphate (STMP) and phosphorus oxychloride. A cross-linked tapioca
starch prepared with 0.25-6 % concentration of STMP and sodium
tripolyphosphate (STPP) at a ratio of 99:1 w/w was tested for its physiochemical
properties. The paste clarity decreased with higher STMP/STPP concentration, and
variations in swelling power, solubility, pasting, gelatinization, and rheological
properties were observed such that cross-linking exhibited the strongest gel char-
acteristic and greater shear resistance at 1.0 % (Wongsagonsup et al. 2014).
Another study indicated that cross-linked wheat starch was more resistant to acids
than its native counterpart; the effect of lactic acid was greater than that of acetic
acid on the degradation of starch properties (Majzoobi and Beparva 2014).

Substitution

Introduction of a monofunctional agent into the starch amylose molecule blocks
it and delays amylose reassociation, i.e., retrogradation. Starches with this
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substitution are called starch esters. Starch acetate is formed by the agent acetic
anhydride, which is used in food products such as refrigerated and frozen foods to
increase stability. Starch with a substitution by 1-octenyl succinic anhydride (OSA)
or succinic anhydride results in starch octenyl succinate, which is an effective
emulsifier for carbonated beverages and an alternative to gum acacia when there
was a shortage. There is also starch ether, a hydroxypropylated starch that results
when the starch slurry reacts with propylene oxide under highly alkaline conditions.
Starch ether paste is more viscous but clearer, with better freeze-thaw stability and less
syneresis. Thus, it is used extensively in gravies, sauces, puddings, and pie fillings.

Acid Hydrolysis and Dextrinization

Acid-converted starches are hydrolyzed products produced by acidifying starches
in slurry under stringent control; they are called thin-boiling starches. The lower
aqueous viscosity of an acid-converted starch makes it readily dispersible in water
without excessive unrequired thickening. A specific use for these starches is in
candies with soft and jellylike yet firm texture. When starches are heated dry under
agitation, many glycosidic bonds are broken to form dextrins, which are used in the
coating of foods. Controlled enzymatic hydrolysis with amylase results in a range
of products such as maltodextrin, corn syrup, and dextrose (glucose), depending on
the degree of conversion. A study on maltodextrin obtained from tapioca starch
after enzymatic esterification showed that it had a higher viscosity than native
maltodextrin. It could be used as an emulsifier to make n-hexadecane oil-in-water
(o/w) emulsions that are characterized according to their oil droplet behavior
(Udomrati and Gohtani 2014).

Oxidation

Oxidation is used to bleach starches to remove colored impurities like carotene,
xanthophyll, and related pigments. The solution has a slightly lower viscosity but
becomes very transparent, suitable for use in batters or breadings to coat many types
of meats and vegetables. A study on ozonation of cassava starch found that pH 3.5
reduced the peak viscosity, breakdown, setback, and final viscosity (Klein et al. 2014).

Pregelatinization

Pregelatinization is when starches are gelatinized and then dehydrated to dry powder
form. When they are placed in water, hydration occurs immediately to form gel.
Commercially, pregelatinized starches are cold-water swelling (CWS) starches or
pregels that are used as thickeners in foods that require a minimal amount of heating,
e.g., instant soups and sauces. The concentration of pregelatinized waxy maize starch
has a significant impact on the stability of the emulsion with respect to creaming and
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the capacity to hold fat, a worthwhile trait to exploit for the development of low-fat
health-oriented food emulsions (Bortnowska et al. 2014).

Additional information on starches is available in the chapter “Starch and
Nanoparticle” in Dufresne 2015.

Emulsifiers

Water and oil cannot be mixed together; they automatically separate into two
distinct phases. However, an emulsifier can cause them to mix, forming an emul-
sion. An emulsion is a two-phase system, where one phase presents as finite
globules in the other continuous phase. In most cases, the two phases are aqueous
and lipid. Emulsifiers play important roles in humans, with the bile salts, choles-
terol, and saponins just a few examples. There are many emulsion systems in foods,
e.g., citrus oil-containing beverages, milk, dressings, shortening, coffee creamer,
meat products, margarine, and peanut butter. To function properly, an emulsifier
must have hydrophilic and lipophilic groups. It must be soluble in either or both
phases. The groups align themselves on the phase boundary in one direction and in
one layer forming micelles to separate the phases. By reducing the surface tension
at the phase boundary in this manner, the system is stabilized. There are two
systems: oil-in-water (o/w) and water-in-oil (w/0). The o/w system is more stable
after emulsification with an emulsifier with a stronger hydrophilic group, whereas
with the w/o system, the reverse is true. The suitability of the use of a specific
emulsifier is determined by its hydrophilic and lipophilic balance (HLB) value that
fits the particular emulsion system. The HLB value ranges from 2 to 18 and is based
on the tendency of the emulsifier to dissolve in oil or water: a low HLB (2-8)
indicates that it is more oil-soluble and a high HLB (14—18) indicates that it is more
water-soluble. Table 3 lists the HLB values of some of the more commonly used
emulsifiers (O’Brien 1998).

There are many emulsifiers that are used in a wide range of foods. Only the more
common ones are discussed below.

Fatty Acid Esters

The most commonly used emulsifier is glycerol monostearate (GMS) of the mono-
and diglyceride series. GMS was the first emulsifier to be added to a food (marga-
rine) and has about a 70 % market share of all emulsifiers, with its major use in
bakeries. GMS is produced by adding glycerol to fat or oil which results in a
mixture of monoglyceride and diglyceride. One emulsifier has a minimum mono-
glyceride content of 40 % and another has a minimum monoglyceride content of
52 %. A GMS with a monoglyceride content of over 90 %, which resulted from
distillation, is valuable in the production of w/o emulsion. GMSs have various
forms: liquid, semiliquid, soft plastic, flakes, beads, and powder. The main use for
GMS is to delay flour or starch retrogradation in yeast-raised baked goods.
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Table 3 Emulsifiers and Emulsifier HLB value

their HLB values Mono- and diglycerides

40 % mono (min) 2.8

52 % mono (min) 3.5
Distilled monoglycerides 4.3
Propylene glycol ester (PGME) 3.4
Sorbitan ester monostearate (Span 60) 4.7
Sorbitan ester tristearate (Span 65) 2.1
Polyoxyethylene sorbitan ester

Tween 60 14.9

Tween 65 10.5

Tween 80 15.0

Lactated ester SSL 2.6

Retrogradation occurs when the baked goods are left standing for several days and
the amylose of the flour retrogrades forming a parallel array of polymers and
the amylopectin crystallizes slowly, resulting in a loss of crispness and flavor
of the bread crumbs. The added emulsifier at a concentration of 0.25-0.5 % attaches
to the amylose to form a helical complex that retards the retrogradation of the
starch. In another application of GMS, the addition of 1.5 % GMS significantly
influenced the rheological properties of pistachio spread, such as the consistency,
thixotropy, and yield stress, because the monoglycerides as lipophilic emulsifiers
prevented oil separation (Shakerardekani et al. 2013).

By reacting with acids, the chemical structure of mono- and diglycerides can be
modified to that of ester derivatives that are soluble in water. Diacetyl tartaric acid
ester of monoglycerides (DATEM) and lactic acid ester are used extensively in
baking, e.g., the aeration of cakes, icings, and toppings. A study on frozen bread
dough showed that the addition of DATEM (0.75 %) with hydrocolloids to both
hard and soft wheat flours yielded the best results with respect to baking quality,
including loaf volume and prevention of staling (Sungur and Ercan 2013).

Other emulsifiers include the propylene glycol monoesters (PGME); the
so-called Span range, i.e., the sorbitol-derived sorbitan esters; and the Tween or
polysorbate range, i.e., the polysorbate fatty acid esters produced by the reaction of
sorbitan esters with ethylene oxide. Span 60 and 65 are sorbitan monostearate and
tristearate, respectively; Tween 60, 65, and 80 are polyoxyethylene sorbitan
monostearate, tristearate, and mono-oleate, respectively. Span 60 was added to
whipping cream to study its effect on particle size distribution, microstructure,
apparent viscosity, partial coalescence of fat, and overrun of this emulsion.
The study showed improvement in overrun and organoleptic properties (Zhao
et al. 2013). With the need for confectionery fat blends that are heat-stable, the
addition of Span 60 could be the answer (Peyronel and Marangoni 2014). Tween
80, in combination with a hydrocolloid (e.g., guar, xanthan, carrageenan, or algi-
nate), improved the stability of conventional meat sausages during cooking and
storage (Ramos et al. 2004).
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Another popular emulsifier range includes the lactic acid esters or lactated
esters; the most common ones are sodium stearoyl lactylate (SSL) and calcium
stearoyl lactylate (CSL). When wheat flour dough is baked, the added SSL affects
the extent and rate of gluten polymerization by causing less gliadin to be incorpo-
rated into the polymer gluten network and by interacting with gluten (Steertegem
et al. 2013). Many of these types of emulsifier are used in combinations of two or
more, and preferably with GMS. The HLB values of the individual emulsifiers
create a synergism that improves the flour grain to produce softer dough. Improve-
ment in quality is attained with the use of emulsifiers, yielding better product
structure with denser but finer air cells, larger volume, anti-staling characteristics,
and longer shelf life.

In addition to baked goods, these emulsifiers are valuable additives in other
foods that have both aqueous and lipid phases. They are used in ice cream,
shortenings, salad dressings, and mayonnaise, as well as for defoaming in pudding
production, lubrication of extruded goods, oil stabilization in peanut and sesame
butters, and starch complexing for pasta.

Lecithin

Lecithin was the first emulsifier discovered, in egg yolk, in 1846. It is present
naturally in almost all living cells. Today, most lecithin comes from soybean oil.
Lecithin is not a single product but a group of four phosphatidyl (PP) lipids:
PP-choline, PP-ethanolamide, PP-inositol, and phosphatic acids. Rich in polyun-
saturated fats and with no cholesterol, most lecithin is in the form of flakes, while
the de-oiled version is granular. It is an emulsifier with a wide HLB range of 3.5-6.5
and used extensively in both w/o and o/w emulsions.

Hydrocolloids

Gum acacia (or gum arabic) and propylene glycol alginate (PGA) are excellent
emulsifiers. Gum acacia contains arabinogalactan protein complex (AGP), which
comprises hydrophilic and lipophilic groups. It emulsifies citrus oil in sugar solu-
tion to form stable citric emulsified flavors for carbonated beverages. PGA is
manufactured by the reaction of propylene oxide with alginic acid. In foods rich
in oil, it improves acid stability and resists precipitation by calcium and other
polyvalent metal ions. It is used in salad dressings and mayonnaise.

Protein Concentrates
Both soy protein isolate (SPI) and whey protein isolate (WPI) are more than 90 %

protein and are used to emulsify fat in sausage-making; they prevent fat from
leaking from the meat emulsion filling. One study used WPI hydrolysate to produce
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o/w nanoemulsions with good stability and better storage properties. This demon-
strated the value of tailor-made nanoemulsions for use in a wide range of food
applications and they should be studied further (Adjonu et al. 2014). Sodium
caseinate is another excellent emulsifier for use in high-fat-content beverages. In
coconut drinks, it distributes the coconut oil evenly thus preventing an oily layer to
form on top of the beverage.

Hydrocolloids: The Dominant Texturizers

Like starches, hydrocolloids are food-texturizing agents. However, they are used
in much smaller quantities and their behavior and function are different. Texture
is important for food palatability and safety, and hydrocolloids play an important
role in controlling food texture (Funami 2011). In fact, hydrocolloids and starches
are synergistic when added together, although the amylose content of the starch is
a greater determinant of pasting, paste, and gel properties than the added hydro-
colloid (Kim et al. 2013). Hydrocolloids are also known as gums. They are
dispersible in water and have a strong water-binding characteristic. A grain of
gum dropped into water will immediately modify the rheology by either increas-
ing viscosity or gelling. In food, a high aqueous viscosity increases water or
moisture retention, particle suspension, emulsion, and foam stabilization;
improves volume; and prevents ice crystal formation. The formed gel controls
movement of water molecules and stabilizes the freeze-thaw cycle. Hydrocol-
loids, like starches, are polysaccharides, but unlike starch in AGU, various gums have
a different chemical composition of complex monosaccharides such as glucose,
mannose, galactose, arabinose, and rhamnose. Some monosaccharides are attached
with positive or negative charges. Each monosaccharide has unique properties that
play a role in its application and performance in food texturization.

Hydrocolloids are extracted from various parts of plants such as tree exudates,
seeds, seaweeds, fruits, tubers, and microorganisms, and some come from chemical
modification of wood pulp. Hydrocolloids are used in almost all kinds of foods that
contain water; they cannot be used in chocolate, chewing gum, and edible oil due to
the absence of enough water to function. Because of their strong water-binding
capacity, only small amounts of hydrocolloid are added to food, usually in the range
of 0.05-0.2 %. Hydrocolloids are commonly used in bakery products, including
dough conditioner, glazes, and pie filling; beverages such as fruit juices, concen-
trates, and soft and hard drinks; dairy products such as ice cream, yogurt, cheese,
whipping cream, and pudding; desserts like water gel and smoothies; frozen foods;
sauces and dressings; snacks; and meat products and their analogs.

Gum Acacia

Gum acacia is also known as gum arabic. It is extracted from the true exudates of
the plant Acacia senegal, which grows in Sudan. The gum was traded by Arabs in
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Tal?le 4 Seed gums and Seed gum Galactose:mannose
their galactose:mannose
. Fenugreek gum 1:1
ratio
Guar gum 1:2
Tara gum 1:3
Locust bean gum 1:4

the Middle Ages, which is how the name gum arabic came about. Gum acacia is a
mixture of glycoproteins and the polysaccharides arabinose, galactose, thamnose,
and glucuronic acid. Its exceptionally low aqueous viscosity makes it usable in
high-protein drinks, and its great adhesive qualities make it useful in gum drop-type
candies. As an emulsifier, gum acacia is used in citrus beverages that contain
citrus oil.

Seed Gums

Seed gums are a family of galactomannans. Commercially, they include fenugreek
gum, guar gum, tara gum, and locust bean gum (LBG), which are produced in
Canada, South Asia (India and Pakistan), South America, and Mediterranean
countries, respectively. All gums have polymannose as the backbone formed by
a-1,4 bonds, with a galactopyranose side chain of a-1,6 bonding to mannose in
different ratios, as shown in Table 4.

The properties of seed gums vary. Fenugreek and tara gums are cold water-
soluble and LBG dissolves in hot water. Fenugreek and guar gums cannot form a
gel, while tara gum and LBG react with xanthan, carrageenan, and konjac to form
gels of different strengths. Guar gum is used to increase viscosity in foods like
sauces and gravies. The viscosities of guar and xanthan synergize such that they are
used in gluten-free flour to strengthen the air cells in the flour matrix. The
antisyneresis property of LBG makes it useful in jellies either alone or in combi-
nation with xanthan. Tara gum can be used to replace both guar gum and LBG when
they are in short supply. Fenugreek gum contains amino acids that increase sensi-
tivity to insulin; thus, it is used mainly in herbal drinks.

Marine Gums
There are three marine gums: agar, alginate, and the carrageenans.

(i) Agar is extracted mostly from the genera Gracilaria and Gelidium; its sugar
units are galactose-linking sulfate acid ester groups that form agarose and
agaropectin. It dissolves in near-boiling water, forms a strong, brittle, and
hysteretic gel at 40-50 °C, and then melts at 80-85 °C. Agar is synergistic
with LBG. Agarose is the jellifying agent in stabilizing the structure of foam
and is used extensively in jelly sweets and aerated products like marshmallow.
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(i) Algin, or alginic acid, is extracted from the brown algae Phaeophyceae. The
backbone polysaccharide is composed of mannuronic acid and guluronic acid.
Since algin is insoluble, it is chemically converted to sodium alginates of
various viscosities. Sodium alginate reacts with a calcium cation to form the
thermoirreversible gel calcium alginate; gel formation is usually controlled by
using phosphate or polyphosphate as the sequestrant. The characteristics of
algin have made it useful in many gelation products such as ice cream and
imitation fruit purees. In molecular gastronomy, sodium alginate is the
“magic” material used in making caviar.

(iii) Carrageenan comes from the red seaweeds Rhodophyceae, Chondrus crispus,
and Gigartina, with structures of mixed galactan and half ester sulfates. The
sulfate is at position 1 or 3 in about every two monosaccharide units, forming k¥
(kappa) carrageenan and A (lambda) carrageenan, respectively. In addition, the
structure of the red seaweed Eucheuma spinosum has two sulfates in two
monosaccharides, forming the 1 (iota) carrageenan. Since sulfate groups affect
the stereostructure of the backbone chain, the k-carrageenan reacts with
potassium ions to form a rigid but elastic gel and the 1-carrageenan reacts
with calcium ions to form a softer gel; the A-type carrageenan does not gel.
The carrageenans react with milk protein to prevent whey-off; therefore, they
are used in dairy products like ice cream, milk puddings, flan, pie fillings, and
chocolate milk. x-Carrageenan is also used in water gel, either alone with
potassium salt or synergistically with konjac gum or locust bean gum.
k-Carrageenan was analyzed for any therapeutic uses upon enzymatic hydro-
lysis to oligosaccharides. A study of the mixture of k-neocarrabiose-sulfate,
k-neocarrahexaose-sulfate, and k-neocarraoctaose-sulfate showed antitumor
and antiangiogenic activities in vivo and in vitro (Yao et al. 2014).

Pectins

Pectin is extracted from the peel albedo and lamella of citrus fruits, mostly lemon
and lime, as well as from apple pomace. This hydrocolloid is composed of partial
methyl esters of polygalacturonic acids, with side chains comprising arabinose,
galactose, and xylose; its molecular weight is in the range of 20,000-40,000. Upon
extraction, it is 70-75 % esterified and is regarded as high-methoxyl (HM) pectin.
De-esterification occurs upon acid hydrolysis. When the percentage of esterification
goes below 50 %, it becomes low-methoxyl (LM) pectin. Alkaline can be used in
low-temperature hydrolysis. If ammonia is involved, some ester groups are
converted to acid amide groups and the pectin is regarded as amidated (AM). HM
pectins are soluble in hot water and at high temperature form smooth solid gels with
sugar of 65° brix. They are used in fruity jams, jellies, and marmalades. HM pectins
in foods give a sense of fullness with respect to mouthfeel; people are sensitive to a
pectin concentration of just a few parts per million. It is also used in yogurt, whereas
the positive charges in the pectin keep milk protein from coagulating when the
acidity of the lactic acid bacterial culture decreases to its isoelectric point.
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Commercial pectins are classified as rapid set (RS), medium set (MS), and slow set
(SS), depending on the degree of methylation: the higher the degree, the more rapid
the setting. The LM and AM types of pectin behave very differently. They are
soluble in cold water and form thixotropic, brittle, and irreversible gel with calcium
ions, very similar to alginate gels. The thixotropy characteristic is valuable in
making center-filling gels for cakes, breads, and biscuits.

Tuber Gum

Konjac gum is extracted from the tubers of Amorphophallus konjac. It is composed of
polyglucomannan of p-1,4 linkages and has a molecular weight of 200,000-2,000,000
Da; its nonionic structure is composed of glucose and mannose in a 1:1.6 ratio.
There are acetyl groups along the backbone in every 9-19 sugar units. Because of
its high molecular weight, it exhibits very high viscosity in water with a pH of 4-7.
Konjac is soluble in cold water and reacts with xanthan, carrageenan, locust bean
gum, and tara gum to form thermoreversible gels. However, when treated with
alkaline, an irreversible gel is formed via alkalinic cleavage of the acetyl groups.
Konjac also amplifies the pasting and gelling effects of starches. Konjac gum is used
extensively in a large variety of foods such as konjac jello, which is a gelation of
konjac and carrageenan. It is also used to make “konjac noodles” by spray-extruding
slurries of concentrated konjac solution into the alkaline calcium hydroxide bath.
By esterification with octenyl succinic anhydride using the microwave method, a new
polymeric surfactant, konjac glucomannan octenyl succinate, was created, with good
hydrophilic and lipophilic characteristics (Meng et al. 2014).

Biogums
The biogums are represented by xanthan and gellan.

(i) Xanthan is extracted from a culture of Xanthomonas campestris grown on
glucose or starch. It is a polysaccharide with its main backbone chain com-
posed of a-1,4-linked D-glucopyranose units, and the trisaccharide side chains
of mannose and glucuronic acid are attached to every other backbone sugar.
The solution is stable within a wide pH range of 2—12 and is thermally stable,
and its viscosity behaves in pseudoplastic fashion. Xanthan synergizes with
guar resulting in an increase in viscosity, and it forms gels of various charac-
teristics with locust bean gum, tara, carrageenan, and konjac. It is a universal
hydrocolloid with many applications. In many starchy food systems, the
addition of as little as 0.05-0.5 % of xanthan reduces the amount of starch
needed while improving the rheology and stability. The effect of modified
tapioca starches and xanthan on the viscoelasticity and texture of dough was
investigated after starch sheets for Chinese shrimp dumplings were stored at
4 °C, and hydroxypropylated starch and hydroxypropylated-cross-linked
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starches were substituted for natural starch. The viscoelasticity of the dough
made with the hydroxypropylated starch was much softer and the dough made
with the cross-linked counterpart was stiffer and more strain-resistant. Both
formulations gave the gel sheet the least change in texture, which is potentially
beneficial for frozen/chilled dumpling wrappers (Seetapan et al. 2013).
Xanthan was evaluated as a carrier of a preservative solution in an edible
coating applied to a freshly cut apple. The solution, which contained 1 %
glycerol, 0.5 % xanthan, 1 % calcium chloride, 1 % ascorbic acid, and 0.25 %
citric acid, reduced mass loss and oxidative browning of the apple, increased its
firmness, and decreased the growth of psychotropic microorganisms, molds,
and yeasts. Total and thermotolerant coliforms Escherichia coli and Salmo-
nella sp. were also absent with the use of the preservative solution containing
xanthan (Freitas et al. 2013).

Gellan is a relatively new gum that is extracted from the culture of Sphingomonas
elodea. There are two types of gellan: high acyl and low acyl. Both form very
transparent gels when mixed with calcium ions at very low dosage in water. The
gel of high-acyl gellan is soft, elastic, and nonbrittle, while that of low-acyl gellan
is harder, less elastic, and more brittle. Combining the two gels using different
ratios yields gels of various structures. Some food manufacturers use gellan in the
colored beads that float in fancy beverages. The addition of hydrocolloids
improves the quality of drinks; for example, for reduced-calorie carrot juice,
adding 0.3 % gellan gum greatly enhances the stability of the juice cloud during
storage (Sinchaipanit et al. 2013). A study concluded that a mixture of 0.2 %
gellan and 8 % modified starch was the best replacement for gelatin in puddings
in terms of gel strength, water absorption range, and elasticity (Wu et al. 2013).

Cellulose Derivatives

Cellulose is fiber that is present in all plants. Similar to starch, it is composed of a
long chain of anhydroglucose units (AGU) that are bonded with $-1,4 linkages,
which cannot be hydrolyzed by digestive enzymes like amylase. In the food
industry, cellulose is converted to different kinds of gums.

(i) Microcrystalline cellulose (MCC) is conventionally used for anticaking in

cheese. To produce MCC, which is also known as cellulose gel, a caustic
soda is used to swell the selected soft wood pulp, which is then spray-dried to
obtain fine microsized crystals. Although insoluble in water, these crystals are
porous and are able to absorb and attach an ample amount of contact water
after vigorous shearing. Therefore, they can be used as a carrier of oil or water
to transform some foods from paste to solid form. After taking up water, the
MCC crystals become gel-like and can be used in a wide variety of health or
low-fat foods because they mimic fat. Commercially, MCC at 85-90 %
is co-compressed with 10—15 % of other gums like guar, carboxymethyl
cellulose, or maltodextrin so that it can take up water faster.
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(ii)

(iii)

Sodium carboxymethyl cellulose (CMC) is the sodium salt of the
polycarboxymethyl ester of cellulose, the gum most widely used by food
manufacturers because it is inexpensive. CMC is obtained by treating the
hydroxyl groups of soften wood cellulose with caustic soda, followed by
reaction with sodium chloroacetate. Commercial CMC, also known as cellu-
lose gum, has many viscosity grades. It does not form a gel, but its low cost
and wide range of viscosities enable manufacturers to use it in many kinds of
foods that need increased viscosity, including bakery dough, yogurt, ice
cream, beverages, soups, sauces, and dressings. Unlike other hydrocolloids
which are natural, CMC is considered an artificial gum.

Methyl cellulose (MC) and hydroxypropylmethyl cellulose (HPMC) are also
artificial gums. MC is produced by the reaction of methyl chloride with
caustic-treated wood cellulose. To prepare HPMC, there is an additional
reaction with propylene oxide and then the by-product methoxy groups are
removed as impurities. Aqueous solutions of these two hydrocolloids do not
form a gel at low temperature, but gelation occurs upon heating; the HPMC
solution has a higher viscosity. MC and HPMC are used to stabilize foods, in
particular, batter coating. Recently, studies have compared the effect of
HPMC when other hydrocolloids were added to various foodstuffs. In devel-
oping an onion powder-containing pasta, the inclusion of HPMC was shown to
yield better product quality and sensory characteristics by increasing the shear
value of the pasta dough (Rajeswari et al. 2013). To prepare sweet potato
starch noodles with a high content of broccoli powder, several hydrocolloids
with distinct water-binding capacity were tested to control rheology and
structure. HPMC and xanthan were the most effective because they were
more efficient in controlling the degree of swelling of the vegetable particles
and starch granules in the starch noodles (Silva et al. 2013). The addition of
hydrocolloids is essential for gluten-free dough and bread because as poly-
meric substances they mimic the viscoelasticity of gluten and increase the
gas-retaining ability of the dough. A study showed that adding selected
hydrocolloids at 1-1.5 % to dough led to increased loaf volume, superior
color, and prolonged shelf life; bread containing 1.5 % HPMC was preferred
by a trained panel (Sabanis and Tzia 2011). Hydrocolloids are effective in
reducing oil uptake in fried goods. Among the hydrocolloids tested, HPMC
demonstrated the best moisture retention and oil uptake in French fries, which
were prepared from potatoes after pretreatment with water, calcium chloride,
and citric acid, and then coated with different hydrocolloids (Pahade and
Sakhale 2012).

Conclusion and Future Directions

Foods are meant to be eaten. They come into contact with a large number of sensory
cells in the mouth before being swallowed into the body via the digestive tract.
Foods are for living, and quality foods are for quality living. Quality foods must be
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nutritious and palatable so that people can enjoy them, especially at that initial
contact in the month.

Foods provide energy for the activities and metabolism of the body. The source
of all kinds of energy on earth is the sun, and all kinds of foods, whether produced
from plants, animals, microorganisms, or minerals, originate from the surface of the
earth. The earth transforms the energy of the sun into food form for people to
enjoy. All native crops and livestock can be considered a primary form that resulted
from the intimate interaction between the sun and earth. They are later transformed
into many varieties of food for human beings to enjoy. The colorful, nutritious,
and tasty foods are works of art created by nature, our father sun and mother earth.
All creatures, including human beings, depend on food to survive. Today, food
processors transform native foods into other foods for modern man’s enjoyment.
Unlike our ancestors who lived in the wilderness, we dwell in communities
where the area where primary foods are produced is far away. Processed foods
are necessary.

Processors break down primary foods into different portions of their components
and then recombine the selected components to structure them into secondary
foods, which go to the markets and eventually consumers’ plates and palates.
People want to live quality life. In addition to the necessities to sustain life, people
need enjoyment, and that includes eating. Eating has now become an art; therefore,
food processing is also an art, and food processors are actually artists. These artists
use various parts of primary foods as building blocks and combine them with
colorants, acidulants, sweeteners, flavoring materials, emulsifiers, starches, and
hydrocolloids, which are for combining with nutrients, preservatives and
processing aids, to satisfy palatal desires and nutritional needs.

Quality foods are created by combining the best available components. Today,
people are enjoying delicious foods at home and in restaurants. They should appre-
ciate the artists who create the wonderful secondary foods. In addition, these artists
are expected to create much more, so we can continue to lead quality lives.

From all perspectives, nature’s art is the most beautiful and perfect. What
will our secondary artists do then? Learn and discover more from nature.
Reflect nature’s beauty in developing our food. Yes, there have been many wonders
in natural foodstuffs, particularly the ingredients that have been discovered
by scientists. However, there is much more to be discovered and used, like
natural colors, natural stabilizers, and natural flavoring substances. It is the
mission of all food scientists to create the most wonderful foods, in harmony
with nature.
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Abstract

Analysis of foods is requesting the development of more durable, influential,
fragile, and cost-effective analytical methodologies. Also food analysis guarantees
the safety, quality, and traceability of foods in coherence with law and consumers’
demands. The old methods used at the beginning of the twentieth century called as
“wet chemistry” have improved the current powerful instrumental techniques used
in food laboratories. In addition to modern analytical instrumentation, wet chem-
ical analyses are offered. Often, modern instrumentation cannot determine results
which many specific wet chemical tests provide. Wet chemistry includes basic
experimentation techniques such as measuring, mixing, and weighing chemicals,
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conductivity, density, pH, specific gravity, temperature, viscosity, and other
aspects of liquids. Wet chemistry is usually qualitative. Qualitative means to
determine the presence of a specific chemical rather than the exact amount.
Some quantitative techniques are used in wet chemistry, and they occur as
gravimetric (weighing) and volumetric analysis (measuring).

Introduction

Chemistry is the study of matter, including its composition and structure, its
physical properties, and its reactivity. Chemistry is divided into five fields: organic
chemistry, inorganic chemistry, biochemistry, physical chemistry, and analytical
chemistry.

Analytical chemistry is the study of the separation, identification, and quantifi-
cation of the chemical components. Analytical chemistry is the science of
obtaining, processing, and communicating information about the composition and
structure of matter and is used for determining the chemical composition of samples
of matter. Analytical chemistry is responsible for characterizing the composition of
matter, both qualitatively and quantitatively.

Analytical methods can be classified as classical and instrumental. Classical
methods are also known as wet chemistry methods and are a term used to refer to
chemistry generally done in the liquid phase, which is also called as bench chem-
istry. However, bench chemistry and wet chemistry terms differ in two primary
ways: first term can involve dry chemicals, while second term always involves at
least one substance in the liquid phase. Moreover, wet chemistry involves high-tech
equipment, while bench chemistry only includes techniques that use simple
devices. Both types of chemistry use many of the same techniques and equipment.

Wet chemistry is sometimes considered as an old-fashion chemical science and
includes precipitation, extraction, distillation, and qualitative analysis by color,
melting point, etc. Traditionally, laboratory glasswares (beakers, flasks, etc.) are
used, and it excludes quantitative chemical analysis using instrumentation. Wet
chemistry methods are achieved by measurement of weight or volume such as
gravimetry and titrimetry. Besides, wet chemistry techniques can be used for
qualitative measurements. Some uses for wet chemistry include tests for pH,
moisture, fat characterization (refractive index, melting point, etc.), protein analy-
sis, fat analysis (Goldfish, Soxhlet, etc.), hardness of water, etc.

Compositional Analysis of Foods
Moisture Analysis
Water occurs as the main constituent of some raw products. The determination of

the water (moisture analysis) is an important step of many industrial and scientific
disciplines.
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The term of total water content of food refers to “free” and “bound” water,
equilibrium moisture content, moisture adsorption, moisture desorption, etc. The
most important term is bound water. Bound water was defined by many researchers
as the water which remains in an unchanged form when the food is subjected to a
particular treatment (Karel 1975).

Various methods for moisture analysis are described according to their princi-
ples, procedures, applications, cautions, advantages, and disadvantages. The
methods applied can be classified into two groups: direct or indirect methods. In
direct methods, the moisture is normally removed from the material by oven-
drying, desiccation, distillation, extraction, and other physicochemical techniques.
Also, in indirect methods, the moisture is not removed from material. Oven-drying
methods, distillation methods, chemical methods, and physical methods are used
for determination of the amount of moisture in the sample as wet chemistry
methods.

In oven-drying methods, the loss of weight is used to calculate the moisture
content of the sample. The methods are simple. The time required may be from a
few minutes to over 24 h. These methods are approved for determining the amount
of moisture in many food products as air oven, vacuum oven, microwave drying,
infrared drying, rapid moisture analyzer, etc. (Bradley 2010).

Air oven-drying method: Approximately 2—10 g, depending on solid content, is
weighed into a metallic flat, previously dried at 90-100°, and weighed. Sample is
dried in an air oven, with vents open, for 2-3 h at 98—100°. Water is removed and
cooled in a desiccator; it is weighed after it reaches room temperature and returned
to oven and redried for 1 h and weighed. Process is repeated until change in initial
and final weight difference is 2 mg. The loss of weight is calculated as percent
moisture (Hart and Fisher 1971). Lipid oxidation and a resulting sample weight
gain can occur at high temperatures in an air draft oven. If samples have the amount
of high carbohydrates, they should be dried in a vacuum oven at a temperature no
higher than 70 °C. Reduced pressure (typically 25-100 mmHg) is used in vacuum
oven. Their dried mass is determined within a 3—6-h drying time (Marwaha 2010).

In microwave drying, a sample is placed between the two pads, and then pads are
centered on the pedestal, and weighed against the tare weight. Time for the drying
operation is set by the operator, and “start” is activated. The microprocessor
controls the drying procedure, with percentage moisture indicated in the controller
window (Bradley 2010).

Distillation methods involve measuring the amount of water removed from a
food sample by evaporation. Distillation methods cause less thermal decomposition
of some foods. Distillation methods are best illustrated by the Dean and Stark
method. A known weight of food is placed in a flask with an organic solvent such
as xylene or toluene. The flask is attached to a condenser and the mixture is heated.
The water in the sample moves up into the condenser and converts back into liquid
water and then gathers in the graduated tube. Distillation is stopped when the amount
of collected water is stable, and the volume of water is read (Marwaha 2010).

The Karl Fischer titration is a chemical method, which is quite rapid and
accurate. This method is based on the fundamental reaction involving the reduction
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of iodine by SO, in the presence of water (Bradley 2010). The Karl Fischer method
is preferable for products with very low levels of moisture. The volume used in the
titration allows for the calculation of moisture content. The method uses no heat and
is rapid and sensitive but is subject to error from interfering food constituents
(Nielsen 2007).

Density, electrical conductivity, or refractive index is used with physical
methods to determine the moisture content of foods. The electrical properties of
water are determined by the dielectric method and measured according to the
change in capacitance or resistance. Hydrometry is used for measuring specific
gravity or density. Pycnometers are also commonly used for routine testing of
moisture. The moisture of beverages, salt brines, and sugar solutions are measured
by pycnometers. Moisture in liquid sugar products and condensed milks can be
determined using a refractometer. When water is added to a food product, many of
the physical constants are altered. Some properties such as vapor pressure, freezing
point, boiling point, and osmotic pressure of solutions depend on the number of
solute particles as ions or molecules present. Measurement of any of these proper-
ties can be used to determine the concentration of solutes in a solution (Bradley
2010).

The amount of water alone is not a reliable indicator of food stability. A
relationship exists between the water content of food and its perishability. Various
types of food with the same water content differ significantly in perishability. The
term “water activity” (Aw) was developed to account for the intensity with which
water associates with various nonaqueous constituents. There are various tech-
niques to measure Aw. A commonly used approach relies on measuring the amount
of moisture in the equilibrated headspace above a sample of the food product, which
correlates directly with sample a,, (Fennema 1996).

Ash Analysis

Ash means the inorganic residue that is remained after either ignition or complete
oxidation of organic matter in a foodstuff. There are two major types of ashing: dry
ashing and wet ashing.

Dry ashing refers to the use of a muffle furnace. Temperatures of 500—-600 °C are
used. Therefore, water and volatiles are vaporized, and organic substances are
burned, and most minerals are converted to oxides, sulfates, phosphates, chlorides,
and silicates. Some (Fe, Se, Pb, and Hg) of elements may partially volatilize with
this procedure. If ashing is a preliminary analysis, other methods can be used. Acids
and oxidizing agents or their combinations are used for wet ashing. Minerals are
solubilized without volatilization. Wet ashing often is preferable to dry ashing.

Plant material with 15 % or less moisture may be ashed without prior drying.
Animal products, syrups, and spices require treatments prior to ashing because of
high fat, moisture (spattering, swelling), or high sugar content (foaming). So, they
need to be evaporated to dryness or added one or two drops of olive oil (Marshall
2010).
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AOAC 923.03

Ash of Flour

Weigh well-mixed sample into shallow, relatively broad ashing dish that has been
ignited, cooled in desiccator, and weighed soon after reaching room temperature.
Ignite in furnace at ca. 550 °C until light gray ash results or to constant weight. Cool
in desiccator and weigh soon after reaching room temperature AOAC (1990f).

AOAC 935.13
Calcium in Animal Feed

Wet Ash Method

Weigh sample into Kjeldahl flask. Add a little HNOj3 and boil gently for a couple of
minutes to oxidize all easily oxidizable matter. Cool solution somewhat and add
70-72 % HClO,. Boil until solution is colorless, so dense white fumes appear. Use
particular care not to boil to dryness at any time. Cool slightly, add H,O, and boil to
drive out any remaining NO, fumes. Cool, dilute, filter into volume, flask, dilute to
volume, and mix thoroughly. Some suitable aliquot may be taken and titrated with
0.1 N KMnO, AOAC (1990g).

Total ash and acid-insoluble ash contents are important indices to illustrate the
quality and purity of sample. Total ash includes “physiological ash,” which is
derived from the plant tissue itself, and “nonphysiological ash,” which is often
from environmental contaminations such as sand and soil. Total ash content alone is
not sufficient to reflect the quality of sample, since the plant materials often contain
considerable levels of physiological ash, calcium oxalate in particular (Rao and
Xiang 2009).

Fat Analysis

Fat determination is one of the key analyses used for food labeling and quality
control. Lipids are insoluble in water and soluble in organic solvents such as
hexane, diethyl ether, or chloroform. Lipids are determined as fatty acids and
their derivatives. Sterols, tocopherols, and carotenoids are also common compo-
nents of lipid extracts (Moreau and Winkler-Moser 2010; O’Keefe 2008; Shahidi
and Wanasundara, 2008).

The terms lipids, fats, and oils are often used interchangeably. The term “lipid”
commonly refers to the broad, total collection of food molecules, whereas fats
generally are determined as those lipids that are solid at room temperature and oils
are also determined as those lipids that are liquid at room temperature (Van Camp
and Dierckx 2004).

Foods have different types of the lipid compounds (e.g., simple lipids (fats,
waxes, etc.), compound lipids (phospholipids, cerebrosides, sphingolipids), and
derived lipids) (Verkade 1985).
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The total lipid content of foods is commonly determined by organic solvent
extraction methods, which can be classified as continuous (e.g., Goldfish),
semicontinuous (e.g., Soxhlet), discontinuous (e.g., Mojonnier, Folch), and
nonsolvent wet extraction methods (e.g., Babcock or Gerber). These methods are
changeable for certain types of food products.

Continuous solvent extraction (Goldfish) is designed according to the methods
prescribed in the Association of Official Analytical Chemists (AOAC) or other
technical methods involved with the use of a continuous extractor. In this method,
solvent from a boiling flask continuously flows over the sample held in a ceramic
thimble. Fat content is measured by weight loss of the sample or by weight of the fat
removed. The continuous methods give faster and more efficient extraction than
semicontinuous extraction methods (Lai and Varriano-Marston 1980).

The Soxhlet method is an example of the semicontinuous extraction method. In
this method, the solvent builds up in the extraction chamber and completely
surrounds the sample and then siphons back to the boiling flask. Fat content is
measured by weight loss of the sample or by weight of the fat removed. However,
this method requires more time than the continuous method (Kumoroa et al. 2009).

Discontinuous solvent extraction methods are known as Mojonnier method and
chloroform—methanol procedure. In Mojonnier method, fat is extracted with a
mixture of ethyl ether and petroleum ether in a Mojonnier flask, and the extracted
fat is dried to a constant weight and expressed as percent fat by weight. This method
does not require removal of moisture from the sample. It can be applied to both
liquid and solid samples (Bligh and Dyer 1959). Chloroform—methanol procedure is
called as Folch extraction. The chloroform—methanol extraction procedure is rapid
and well suited to low-fat samples and can be used to generate lipid samples for
subsequent fatty acid compositional analysis. The procedure has been more applied
to basic commodities, rather than to finished product samples (Folch et al. 1957).

Nonsolvent wet extraction methods are known as Babcock method for milk fat
and Gerber method for milk fat. In the Babcock method, the fat is measured
volumetrically, but the result is expressed as percent fat by weight. Gerber method
is similar to that of the Babcock method. The sulfuric acid digests proteins and
carbohydrates, releases fat, and maintains the fat in a liquid state by generating heat
(Bligh and Dyer 1959).

There is no single standard method for the determination of fats in different
foods. To measure total fat, various methods have been used (Table 1).

AOAC 963.15
Fat in Cacao Products

Soxhlet Extraction Method

Chill sweet or bitter chocolate until hard, and grate or shave to fine granular
condition. Mix thoroughly and preserve in tightly stopped bottle in cool place.
Accurately weigh chocolate liquor into beaker. Add slowly, while stirring, boiling
H,O0 to give homogenous suspension. Add HCI and few defatted SiC chips or other
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Table 1 Various methods for measuring total fat

Description Solvent Apparatus Method

Fat in raw milk None, acid hydrolysis Babcock milk AOAC 989.04 (1990k)
test bottle

Fat in baked products | Acid hydrolysis and ethyl | Mojonnier AOAC 954.02 (1990i)

and pet foods ether extraction

Crude fat in food Anhydrous ethyl ether Soxhlet AOAC 920.39 (1990h)

antibumping agent, and stir. Cover with watch glass, bring slowly to boil, and boil
gently for 15 min. Rinse watch glass with H,O. Continue washing until last portion
of filtrate is Cl-free as determined by addition of AgNO;. Transfer wet paper and
sample to defatted extraction thimble, and dry for 618 h in small beaker at 100 °C.
Place glass wool plug over paper.

Add few defatted antibumping chips to Erlenmeyer, and dry for 1 h at 100 °C.
Cool to room temperature in desiccator and weigh. Place thimble concentrating
dried sample in Soxhlet, supporting it with spiral or glass beads. Rinse digestion
beaker, drying beaker, and watch glass with three petroleum ethers and add washing
to thimble. Reflux digested sample for 4 h, adjusting heat so that extractor siphons
>30 times. Remove flask, and evaporate solvent on steam bath. Dry flask at
100-101 °C to constant weight AOAC (1990j).

Protein Analysis

Proteins are an abundant component in animal and human cells. Proteins are
naturally constituted by 20 amino acids, so protein quality strongly depends on its
amino acid content. They are composed of elements including hydrogen, carbon,
nitrogen, oxygen, and sulfur (Aristoy and Toldr 2004).

Numerous methods have been developed to measure protein content. The basic
principles of these methods include the determinations of nitrogen, peptide bonds,
aromatic amino acids, dye-binding capacity, ultraviolet absorptivity of proteins,
and light-scattering properties.

In the Kjeldahl procedure, chemical and instrumental methods for determination
of nitrogen and protein are reviewed for their mode of action and utility in analysis
of proteins and products. Despite the fact that the Kjeldahl method is satisfactory
for determining total nitrogen, it is imprecise for determining total protein content.
Presence of variable amounts of nonprotein nitrogenous components produces error
if the formula (N X 6.25) is used to calculate crude protein (Benedict 1987).
Proteins and other organic food components in a sample are digested with sulfuric
acid in the presence of catalysts (AOAC 920.152) AOAC (1990r). The total organic
nitrogen is converted to ammonium sulfate. The digest is neutralized with alkali and
distilled into a boric acid solution. The borate anions formed are titrated with
standardized acid, which is converted to nitrogen in the sample. The result of the
analysis represents the crude protein content of the food since nitrogen also comes
from nonprotein components (Chang 2010).
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In Dumas method, samples are combusted at high temperatures (800—1,000 °C)
with a flow of pure oxygen. All carbon in the sample is converted to carbon dioxide
during the flash combustion. Nitrogen-containing components produced include N,
and nitrogen oxides. The nitrogen oxides are reduced to nitrogen in a copper
reduction column at a high temperature (600 °C). The Dumas method requires
less than 5 min per sample, can be semiautomated, avoids the use of corrosive and
hazardous chemicals, and is a relatively safe procedure (Jung et al. 2003).
Ultrahigh-purity acetanilide and EDTA (ethylenediamine tetraacetate) may be
used as the standards for the calibration of the nitrogen analyzer. The nitrogen
determined is converted to protein content in the sample using a protein conversion
factor (AOAC 968.06) AOAC (1990q).

Carbohydrate Analysis

Total carbohydrate content is of interest for nutrition-labeling purposes as well as
carbohydrates are important in foods as a major source of energy. Digestible
carbohydrates, which are converted into monosaccharides, provide metabolic
energy. Nondigestible polysaccharides comprise the major portion of dietary
fiber. Carbohydrates also contribute other attributes, including bulk, body, viscos-
ity, stability to emulsions and foams, water-holding capacity, freeze—thaw stability,
browning, flavors, aromas, and a range of desirable textures (from crispness to
smooth, soft gels). They also provide satiety.

The “total carbohydrate” content of a food must be calculated by subtraction of
the sums of the weights of crude protein, total fat, moisture, and ash from the total
weight of the food in a serving (Nielsen 2007).

Carbohydrates are classified as mono- and oligosaccharides, starch, and total
dietary fiber. At least 90 % of the carbohydrate is in the form of polysaccharides.
All other polysaccharides except starch are nondigestible. Nondigestible polysac-
charides can be divided into soluble and insoluble classes. Along with lignin and
other nondigestible polysaccharides occur dietary fiber (Koksel 2005).

The Trowell definition (Trowell 1974; Trowell et al. 1976) became the basis
definition for the first official AOAC International method issued in 1985 as AOAC
985.29 AOAC (1990u).

Mono- and oligosaccharides consist of glucose, fructose, sucrose, lactose, malt-
ose, raffinose, or stachyose. Samples may require extraction before analysis.
Extraction is used to remove interfering substances from samples prior to analysis
for mono- and oligosaccharides (Nielsen 2007).

AOAC 896.02

Sucrose in Sugars and Syrup

Weigh sample and dilute. Also weigh sample and dilute this second solution. Filter
both solutions, and obtain direct polariscopic readings. Invert each solution and
obtain invert readings.
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True direct polarization of sample four times direct polarization of diluted
solution minus direct polarization of undiluted solution AOAC (1990d).

AOAC 923.09
Invert Sugar in Sugars and Syrup

Lane-Eynon Method

This method is called as Lane—Eynon method and used for measuring invert sugar.
This is often the most accurate method for the estimation of reducing sugars. It is
required to reduce completely a known volume of alkaline copper reagent. The end
point is indicated by the use of an internal indicator, methylene blue AOAC
(1990n).

AOAC 955.36
Invert Sugar in Sugars and Syrup

Berlin Institute Method

Select amount of sample containing invert sugar. Pipet Miiller solution and sugar
solution into flask and cover. Mix and heat exactly 10 min in H,O bath so
vigorously that immersion of flask does not interrupt boiling. Place flask. After
heating period, cool flask rapidly without agitation. Add acetic acid to cooled
solution, mix, and immediately excess 0.0333 N I solution from buret. After all
Cu,0 precipitate dissolves, titrate excess I with 0.0333 N Na,S,03 AOAC (1990b).

AOAC 968.28
Total Sugars in Molasses as Invert Sugar

Lane-Eynon Constant Volume Volumetric Method
Fill buret with working standard solution containing 5 mg invert sugar/ml.

Accurately pipet each Soxhlet solution and mix and add 30 ml H,O. Add from
buret almost all standard working solution necessary to reduce the Cu. Add few
boiling chips. Place cold mixture on heater, regulate heat so that boiling will begin
in approximately 3 min, and maintain at moderate boil exactly 2 min, reducing heat,
if necessary, to prevent bumping. Without removing flask from heater, add 1 %
aqueous methylene blue solution and complete titration. Maintain continuous
evolution of steam to prevent reoxidation by air. Repeat standardization several
times. Factor F is average number ml standard sugar solution required to
completely reduce 20 ml. use average of >3 titrations.

Pipet filtrate and add 5 ml HCL. Let it stand for 24 h at 20-25 °C or 10 h at
>25 °C. Add few drops phenolphthalein and neutralize with 20 % NaOH solution.
Add few drops 0.5 N HCI until red disappears. Dilute to volume with H,O and
mix well.
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Determine approximate sugar content of sample as follows: Accurately pipet
each Soxhlet solution and mix and add aliquot inverted sample solution. Add 40 ml
H,O so that volume H,O plus volume sample solution is 50 ml. Mix without
heating by swirling. Add few boiling chips. Place flask on heater, regulate heat so
that boiling begins in approximately 3 min. After liquid boils 10-15 s, observe
change in color of solution. If blue color persists, add working standard sugar
solution 0.5-1.0 ml at time, with few second actual boiling after each addition
until unsafe to add more without risk of passing end point. Add drops methylene
blue solution and continue adding sugar solution, approximately 1 ml at time, at
intervals of approximately 10 s, until indicator is completely decolorized. Calcula-
tion approximates percent invert sugar in sample.

Pipet each of Soxhlet solution mix, add aliquot inverted sample solution as
indicated. Add ml H,O specified in table so that volume H,O plus volume solution
is 50 ml, and mix without heating by swirling. Add few boiling chips. Place flask on
heater, regulate heat so that boiling begins in approximately 3 min, and during
boiling, rapidly add working standard invert sugar solution from buret, so that
0.5-1.0 ml is required to complete titration AOAC (1990v).

The starch content of a food is best determined by a combination of enzymes.
Firstly, starch is converted to p-glucose and then D-glucose is measured as enzy-
matically. Dietary fiber constituents are cellulose, lignin, hemicellulose, pectins,
and hydrocolloids (Nielsen 2007).

AOAC 985.29
Total Dietary Fiber in Food

Enzymatic—Gravimetric Method

Total dietary fiber should be determined on dried, low-fat, or fat-free sample.
Homogenize sample and dry overnight in 70 °C vacuum oven. Cool in desiccator,
reweigh, and record weight loss due to drying. Dry-mill portion of dried sample
mesh. If sample cannot be heated, freeze-dry before milling. If high fat content
(>10 %) prevents proper milling, defatting with petroleum ether three times with
25 ml portions (per g of sample) can be applied before milling. When analyzing
mixed diets, always extract fat before determining total dietary fiber. Record weight
loss due to fat. Correct final percent dietary fiber determination for both moisture
and fat removed. Store dry-milled sample in capped jar in desiccator until analysis
is run.

Run blank through entire procedure along with samples to measure any contribu-
tion from reagents to residue. Weighing duplicate sample should differ by less than
20 mg from each other. Add 50 ml phosphate buffer (pH 6.0) to each beaker and
check pH with pH meter. Adjust if pH does not equal 6.0 £ 0.1. Add heat-stable
a-amylase solution. Cover beaker with aluminum foil and place in boiling water bath
for 15 min. Cool solutions to room temperature. Adjust to pH 7.5 £ 0.1. Check pH
with pH meter. Add protease solution. Cover beaker with aluminum foil and incubate
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at 60 °C with continuous agitation for 30 min. Cool and adjust pH to 4.5 + 0.2.
Check pH with pH meter. Add amyloglucosidase, cover with aluminum foil, and
incubate for 30 min at 60 °C with continuous agitation. Add 95 % EtOH (ethanol)
preheated to 60 °C. Let precipitate form at room temperature for 60 min. Weigh
crucible containing Celite, then wet by using stream of 78 % EtOH from wash bottle.
Apply suction to draw Celite onto fritted glass as even mat. Wash residue succes-
sively with three 78 % EtOH, two 95 % EtOH, and two acetone. Dry crucible
containing residue overnight in 70 °C vacuum oven or 105 °C air oven. Cool in
desiccator. Subtract crucible and Celite weights to determine weight of residue.
Analyze residue from one sample of set of duplicates for protein by using N x 6.25
as conversion factor. Incinerate second residue sample of duplicate for 5 h at 525 °C.
Cool in desiccator and weigh to determine ash AOAC (1990u).

This method is based on the enzymatic removal of starch and protein of the
samples by amylase and protease at 90 °C and 60 °C, respectively. Then, insoluble
dietary fibers (IDF) are separated by filtration and followed soluble dietary fibers
precipitated by 78 % ethanol and collected by filtration. These fiber fractions are
dried and weighed. The sum of them gives the total dietary fiber content of the
sample. For chemically defined dietary fibers (fructans, galactooligosaccharides,
pectin, resistant starch, resistant maltodextrins), special methods were devised for
measurement in different matrices. However, the major problems of these
methods are digestion of starch and protein at nonphysiological temperatures,
partial hydrolysis of resistant starch, and lack of detection of low molecular
weight dietary fiber (Hollmann et al. 2013). These problems were resolved by
AOAC method 2009.01. In this method, at the beginning, the sample is incubated
with a-amylase at 37 °C, then protein is digested at 60 °C by protease, and, as the
third step, insoluble and high-molecular-weight soluble dietary fibers are precip-
itated at 78 % ethanol and finally determined gravimetrically. Nondigestible
oligosaccharides (NDQO) are measured in the ethanol filtrate by HPLC. The
amount of NDO is calculated from the area under the curve. These nondigestible
oligosaccharides which have presumably positive health effects are not measured
by AOAC method 985.29 (Mc Cleary et al. 2012). In the AOAC2011.25, in
addition to IDF, SDF, and TDF, resistant starch (RS), alcohol-H,O-soluble
nondigestible oligosaccharides, and polysaccharides of DP > 3 are also
determined (Yang et al. 2014).

Vitamin Analysis

Vitamins are organic compounds, and they have been in the food in trace amounts.
The vitamins contain vitamin D, vitamin E, vitamin A, and vitamin K which are
fat-soluble vitamins and thiamin (vitamin B,), riboflavin (vitamin B,), pantothenic
acid, folate (folic acid), vitamin B, (cyanocobalamin), biotin, vitamin By, niacin,
and vitamin C (ascorbic acid) which are water-soluble vitamins (Colakoglu and
Otles 1985).
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Vitamins are generally defined by using spectrophotometric methods and high-
performance liquid chromatography (HPLC). Only vitamin C is determined by
titrimetric method.

AOAC Method 967.21

2,6-Dichloroindophenol Titrimetric Method

In the presence of significant amounts of ferrous (Fe), cuprous (Cu), and stannous
(Sn) ions in the biological matrix to be analyzed, it is advisable to include a
chelating agent such as ethylenediaminetetraacetic acid (EDTA) with the extraction
to avoid overestimation of the ascorbic acid content. The light but distinct rose-pink
end point should last more than 5 s to be valid AOAC (1990e).

Mineral Analysis

Most minerals are combinations of elements, while some minerals are elements by
themselves. The mineral compounds in food are K, Mg, Ca, Cu, Zn, Fe, Na, Mn,
etc. This chapter describes traditional methods for analysis of minerals involving
titrimetric procedures.

AOAC 973.52

Hardness of Water

Water hardness is determined by EDTA complexometric titration of the total of
calcium and magnesium. Dilute sample with H,O in porcelain casserole, add some
drop buffer solution, NaCN, and indicator powder, and titrate with EDTA standard
solution slowly, with continuous stirring, until last reddish tinge disappears, adding
last few drops at 3—5 s. Color at end point is blue in daylight and under daylight
fluorescent lamp. Complete titration within 5 min from time of buffer addition
AOAC (19901).

AOAC 920.195

Silica in Water
Sample is used in order to determine approximately amount of Ca and Mg present.
Amount of sample equivalent evaporate to CaO or Mg,P,0,. Acidify sample
with HCl and evaporate on steam bath to dryness in dish. Drying continues
approximately for 1 h. Add enough H,O to bring solvent salts into solution.
Heat on steam bath until salts dissolve. Filter to remove most of SiO, and wash
with hot H,O. Filtrate is evaporated to dryness and treated residue with 5 ml HCI
and enough H,O to dissolve solution salt, as before. Heat, filter, and wash with hot
H,0. The two residues to crucible are transferred, ignited, heated over blast lamp,
and weighed. Contents of crucible with few drops H,O are moistened, few drops
H,SO, are added and evaporated and volatilized. Dry carefully on hot plate,
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ignite, heat over blast lamp, and weigh. Difference between the two weights is the
weight of SiO,. Add weight residue to that of Al,O5 and Fe,O3 obtained AOAC
(1990t).

AOAC Method 960.29

Salt in Butter

Salt in foods may be estimated by titrating the chloride ion with silver. The orange
end point in this reaction occurs only when all chloride ion is complexed, resulting
in an excess of silver to form the colored silver chromate. The end point of this
reaction is therefore at the first hint of an orange color. When preparing reagents for
this assay, use boiled water to avoid interferences from carbonates in the water.

Chemical Properties and Characteristics of Foods
pH and Titratable Acidity

There are two methods in food analysis for dealing with acidity: pH and titratable
acidity. Titratable acidity is determined as measurement of the total acid concen-
tration within a food. pH is also called active acidity. pH is measurement of H-ion
activity and indicates acidity. It may be measured by determining electric potential
between glass and reference electrodes, using commercially apparatus standardized
against NIST primary standard pH buffers (AOAC 981.12) AOAC (1990p).

AOAC 975.124
Acidity Cheese

Titrimetric Method

To prepared sample, add H,O at 40 °C to volume of 105 ml, shake vigorously, and
filter. Titrate 25 ml portion filtrate, representing 2.5 g sample, with standard NaOH,
preferably 0.1 N, by using phenolphthalein. Express result as lactic acid. 1 m1 0.1 N
NaOH = 0.0090 g lactic acid. Results may also be expressed as ml 0.1 N NaOH/
100 g AOAC (1990a).

Fat Characterization

Numerous wet chemistry methods exist for the characterization of lipids, fats, and
oils. First method is called as the refractive index (RI) method that is defined as the
ratio of the speed of light in air (technically, a vacuum) to the speed of light in the
oil (Cemeroglu 2010). Second method is determined as melting point of fats.
Melting points of fats are measured as relation to their physical properties (hardness
and thermal behavior) (Nassu and Gongalves 1999). Melting point is usually
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defined as the point at which a material changes from a solid to a liquid, but natural
fats do not have a true melting point. Pure compounds have sharp and well-defined
melting points, but fats and oils are complex mixtures of compounds. For a melting
point, one point within the melting range must be selected with a defined method.
Only with rigid and specific definition of the conditions of the fat pretreatment and
the test procedure can a melting point be determined. Finally, iodine value is
measured for fat characterization. The iodine value is a chemical constant for a
fat or oil. It is a valuable characteristic in fat analysis that measures unsaturation but
does not define the specific fatty acids (O’Brien 2009).

AOAC 921.08

Index of Refraction of Oils and Fats

RI is related to the amount of saturation in a lipid. RI is also influenced by free fatty
acid content, oxidation, and heating of the fat or oil. Samples are measured with a
refractometer at 20 °C for oils and at specified higher temperatures for fats AOAC
(1990m).

AOAC 920.156

Melting Point of Fats and Fatty Acids

Let melted and filtered fat fall 15-20 cm from dropping tube upon piece of ice or
upon surface of cold Hg. Disks thus formed should be 1-1.5 cm in diameter and
weighed. Remove disks when solid, and let them stand for 2-3 h to obtain normal
melting point.

Alternatively, disks may be prepared using apparatus consisting of Al plate
approximately 3 mm thick and 100 mm square with perforations approximately
10 mm in diameter and steel plate approximately 10 mm thick and 150 mm square.
Chill steel plate in refrigerator and place Al plate on top. Pour melted and filtered fat
into holes of Al plate, and let it stand in refrigerator for >2 h. Remove fat above
surface of Al plate and remove disks.

Place 30 x 3.5-3.8 cm test tube, containing alcohol-H,O mixture, in a tall 35 X
10 cm beaker containing ice and H,O, and leave until mixture is cold. Drop disk of
fat into tube. It will sink immediately to point where density of alcohol-H,O
mixture is exactly equivalent to its own. Lower accurate thermometer that can be
read to 0.1 into test tube until bulb is just above disk. To secure even temperature in
all parts of alcohol-H,O mixture around disk, stir gently with thermometer. Slowly
heat H,0 in beaker, constantly stirring with air steam or other suitable device.

When temperature of alcohol-H,O mixture rises to approximately 6 °C below
melting point of fat, disk of fat begins to shrivel and gradually rolls up into irregular
mass. Lower thermometer until fat particle is even with center of bulb. Rotate
thermometer bulb gently and so regulate heat that approximately 10 min is required
for last 2 °C increase in temperature. As soon as fat mass becomes spherical, read
thermometer. This is Wiley melting point. At this point, temperature of bath must
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be <1.5 °C above melting point of sample. Conduct 2 additional determinations
exactly as above. Second and third results should agree closely.
If edge of disk touches side of tube, make new determinations AOAC (19900).

AOAC 920.158
lodine Absorption Number of Oils and Fats

Hanus Method

Weigh fat or oil and dissolve in CHCl;. With pipet, add 25 ml Hanus solution,
draining pipet in a definite time, and let it stand for 30 min in the dark, shaking
occasionally.

Add 15 % KI solution, shake, and add freshly boiled and cooled H,O, wash
down any free on stopper. Titrate with standard 0.1 N Na,S,03, adding it gradually
with constant shaking, until yellow solution turns almost colorless. Add few drops
starch indicator, and continue titration until blue entirely disappears. Toward end of
titration, stopper bottle and shake violently, so that any remaining in solution in
CHCI; may be taken up by KI solution AOAC (1990c).

Conclusion and Future Direction

Wet chemistry is sometimes considered as an old-fashion chemical science; how-
ever, the methods used for wet chemistry are preferred nowadays. Instruments are
not necessary and determinations are made as both quantitative and qualitative. Wet
chemical preparation is still the major time factor in an instrumental analytical
procedure. However, wet chemistry steps have also been shortened by
instrumentation.
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Abstract

Sampling and sample preparation include the treatment of the theory, the
methodology of sampling in all physical phases, and the theory of sample
preparation for all major extraction techniques. The analytes in food sample
are randomly distributed and variability. The analytical results depend on the
type of sample and on the sample preparation techniques (handling, filtering of
water, sieving of soils/sediments, drying, homogenizing). So, the highest-quality
data are obtained as well as analytical techniques and methods offer excellent
performance in achieving high sensitivity, selectivity, and identification capa-
bilities for a wide range of contaminants.
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List of Abbreviations
AOAC Association of Official Analytical Chemistry

ASE Accelerated solvent extraction
FFF Field-flow fractionation
GPC Gel permeation extraction

IUPAC The International Union of Pure and Applied Chemistry
LC-MS Liquid chromatography-mass spectrometry

LLE Liquid-liquid extraction

MAE Microwave-assisted extraction

M-SPE Miniaturized SPE

NMR Nuclear magnetic resonance

PCBs Polychlorinated biphenyls

PCDD/Fs Polychlorinated dibenzo-dioxins/furans

SBSE Stir bar sorptive extraction

SFE Supercritical fluid extraction

SHE Static headspace extraction

SM-SPE  Semimicro SPE

SPE Solid phase extraction

SPLE Combined extraction and cleanup in selective pressurized liquid

extraction

SPME Solid phase microextraction

Introduction

Food is a complex heterogeneous mixture of chemical substances. The isolation and
measurement of individual chemical compounds in food is usually difficult task.
Procedures for preparation of the sample should be developed, evaluated, and
published as an integral part of any analytical method (Lichon 2004).

If the sample is not prepared properly for analysis, or if the components become
altered during preparation, the results will be inaccurate regardless of the effort, the
precision of the apparatus, and the techniques used in the analysis. The aim of
sample preparation is to mix a large sample in the laboratory. Moreover, represen-
tative piece of material is extracted from a larger amount (Pomeranz and Meloan
1994).

There are three steps in sample preparation for chemical analysis of foods:
sampling, homogenization, and sample preparation (Fig. 1). The aim of each of
the three steps is to increase the accuracy and precision of the analysis. At the same
time, each step introduces inherent errors (Lichon 2004).

Sample preparation includes some steps. These steps depend on the sample, the
matrix, and the concentration level at which the analysis needs to be carried out.
After the sample preparation is complete, the analysis can be carried out.
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Fig. 1 Stepsina

measurement process Sampling

Homogenization

Sample Preparation

Analysis

Sampling

There is a great attention over the validity of analytical methods. The precision and
accuracy of methods include measures such as international collaborative trials.
However, the issue of sampling is not examined (Lichon 2004).

The International Union of Pure and Applied Chemistry (IUPAC) defines a
sampling plan as: “A predetermined procedure for the selection, withdrawal,
preservation, transportation, and preparation of the portions to be removed from a
lot as samples” (IUPAC 1997). Sampling purposes vary widely among different
food industries; however, the most important categories include nutritional label-
ing; detection of contaminants and foreign matter; statistical process control (qual-
ity assurance); acceptance of raw materials, ingredients, or products; release of lots
of finished product; detection of adulterations; microbiological safety; authenticity
of food ingredients; etc. (Morawicki 2010). Sampling can often be the greatest
source of error in chemical analysis. When the samples cannot provide the required
information, they are less worth the time and expense of analysis. Correct planning
for sampling must be an integral part of any study (Lichon 2004).

Factors affecting the choice of sampling plans are classified as the purpose of the
inspection, the nature of the product, the test method, and the nature of the
population (Puri et al. 1979). Sampling plans are designed for examination of either
attributes or variables. While, in attribute sampling, sampling is performed to
decide on the acceptability of a population based on whether the sample possesses
a certain characteristic or not, in variable sampling, it is applied to estimate
quantitatively the amount of a substance or a characteristic on a continuous scale
(Horwitz 1988).

The sample selected for analysis must be truly representative of the entire lot of
food to be analyzed because the amount of substance actually used in quantitative
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analysis is comparatively small. The composition of natural foods is variable. The
sugar, acid, and water content of fruits and vegetables are varied from a wide range,
depending on variety, the amount of sunlight during the growing period, the soil
and climatic conditions under which they are grown, the stage of maturity, and the
length and conditions of storage. Meats vary depending fat content. Fish vary
according to season. The carbohydrate, fat, and protein content of foods of vege-
table origin is more constant than the content of the essential mineral elements.
Although the total ash content may be fairly constant, the elements which compose
this ash such as the calcium, iron, phosphorus, and sulfur may vary between wide
limits. Moreover, the composition of food changes between various parts of food.
For example, the essential oils of citrus fruit occur only in specialized cells
embedded in the flavedo layer, and anthocyanin pigments of certain grapes are
located only in the epidermal cells. Others may be distributed throughout the plant
but are present in markedly different concentrations at various portions (Joslyn
1950).

The difficulties in obtaining good representative sampling depend on the nature
of the population. Discrete populations are relatively easy to sample. For example, a
shipment of pallets of canned food may be mathematically modeled and sampled.
However, sampling of continuous populations is by far more common. A three-
dimensional (3D) bulk population is the most difficult sampling problems, and
direct sampling is rarely possible. So, it is converted the bulk into a
one-dimensional (1D) flowing stream. In a factory situation, the best sampling
points are often conveyor belts. Another method for treatment of a 3D bulk is to
convert it into a flattened two-dimensional (2D) configuration. The 2D bulk may be
fashioned into a long narrow pile and cross-sampled in space as a 1D bulk (Lichon
2004).

Production sampling may purpose to determine a market price based on nutri-
tional content (such as oil in seeds) or to select on the basis of contaminant content
(aflatoxins, pesticides, etc.) (Lichon 2004).

Details for the sampling of specific food products are described in the Official
Methods of Analysis of AOAC International. Such examples for specific foods
follow.

The AOAC method 922.01 describes the method for sampling plants (AOAC
1990e). When more than one plant is sampled, include enough plants in sample to
ensure that it adequately represents average composition of entire lot of plants
sampled. Other sampling method is AOAC method 939.14 for eggs and egg
products (AOAC 1990d). Samples are taken from representative number of con-
tainers in lot. Sampling tube or dipper, auger, spoon, and hatcher are sterilized by
wiping with alcohol-soaked cotton and flaming over alcohol lamp or other burner.
Between sampling, instruments are washed, dried, and resterilized. Open and
sample all containers under as nearly aseptic conditions as possible. For example,
liquid eggs are mixed in the container with sterile sample tube or dipper, and
transfer to sterile sample container. Keep samples at <5 °C, but avoid freezing.
Odor of each container sampled is observed and recorded as normal, abnormal,
reject, or musty.
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Homogenization

The complex structure and composition of food substrates necessitate homogeni-
zation prior to most chromatographic analysis (Joslyn 1950). The homogenization
of a sample for analysis generally involves reduction in amount and in particle size
and mixing of the product. Therefore, the portion used represents the average
composition of the entire mixture (Joslyn 1950). There are two functions of
homogenization, reduction of particle size and mixing (Lichon 2004). Particle
size can be reducted by cutting, shattering and shearing. Mixing can occur in
very different ways and depends on the matrix. Within these steps, often two or
more techniques are sequentially used to guarantee final homogeneity (Lacorte
et al. 2012). In the analysis of liquids, homogeneous mixtures are easily obtained by
stirring or mixing, but solid mixtures whose constituents differ in hardness, specific
gravity, and particle size and are nonuniformly distributed must be ground and
mixed to yield accurate samples (Joslyn 1950).

Particle Size Reduction

To formulate a meal without including particulate foods is difficult. The presence of
the particles occurred in the character, texture, and flavor of food (Robins 2000).
Reduction of particle size involves cutting, shattering, and shearing. The various
homogenization devices achieve these in different ways to differing degrees
(Lichon 2004). The two most direct methods for particle size analysis, microscopy
and sieving, are discussed initially followed by three classes of optical technique,
comparatively simple forward or back scattering, angular-dependent light scatter-
ing, and dynamic light scattering. The next technique to be addressed is the
electrical sensing zone originally developed. Sedimentation techniques follow
gravitational sedimentation, centrifugal sedimentation, and field-flow fractionation
(FFF). The next two techniques are both acoustic in operation, either direct ultra-
sonic attenuation or electroacoustics. Finally, the novel applications based on
nuclear magnetic resonance (NMR) are presented (Robins 2000).

The importance of particle size reduction is intuitive; the smaller the particles,
the greater number of particles will be included in a given test portion, therefore
greater probability of sampling of more parts of the original bulk. Particle size may
also influence the analytical procedure such as surface area and/or particle radius
are critical to reagent exposure and penetration. Point of view, the degree of particle
size reduction may affect the accuracy as well as the precision of the analysis
(Lichon 2004).

AOAC International provides details on the preparation of specific food samples
for analysis. AOAC 983.18 method includes preparation of meat and meat products
(AOAC 1990b). Ground meat samples should be stored in glass or similar con-
tainers, with air and water tight lids. Fresh, dried, cured, and smoked meats are to be
bone free and cut no more than 3 mm wide. The sample then should be mixed and
analyzed.
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Mixing

While particle size reduction helps to improve sampling of the test portion by
increasing the number of particles sampled, the sample must be well mixed to
achieve the gain in accuracy and precision (Lichon 2004).

Most sampling and homogenization processes for foods lead to powdered
samples defined as free flowing and cohesive. Free-flowing powders known as
rice or coarse sugar exhibit a smooth flow. They have an attractive nondusty
appearance and adhere little to container walls. However, the flowable properties
lead to mixtures unmixing as easily as mixing. Cohesive powders such as flour have
also an erratic stick—slip flow. They are often dusty and stick to container walls.
Cohesive powders lack mobility as light individual particles are held in a structure
and cannot easily move independently (Lichon 2004).

Mixing procedures need attention to two areas such as adequate shearing and the
inclusion of all the samples. Adequate shearing is necessary to overcome cohesive
forces and to break up and disperse aggregates into the mixture. The inclusion of all
the samples requiring attention is to ensure the inclusion of the whole sample in the
mixing process. The processes that prevented adequate mixing of foods are classi-
fication, agglomeration, and phase separation. Differentiated particle sizes and
shapes, surface adhesivity, electrostatic charging, disruption of stable structures
maintaining surface tension, destruction of encapsulating structures cause these
processes.

Sample Preparation

Sample preparation is one of the important steps in flavor and food analysis, which
has remove interferences and analyte preconcentration and converts the analytes to
suitable form for separation and detection (Moein et al. 2014). It is necessary in
order to minimize the required sample preparation time (Silva et al. 2013). This
includes all steps from design and implementation of sampling in addition to
particle size reduction and mixing such as drying, weighing, dilution, and any
number of physical or chemical manipulations prior to analysis. These may also
include apportionment, storage, digestion, extraction, cleanup, separation, and
derivatization (Linchon 2000).

Several workers have also emphasized that for nutritional evaluation of food it is
desirable to prepare the sample in the same way as it is commonly consumed prior
to analysis.

Drying
AOAC 922.02 method is used for preparation of sample in plants (AOAC 1990c).

For mineral constituents, all foreign matter from material is removed. Air or oven-
dry as rapidly as possible to prevent decomposition or weight loss by respiration,
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grind, and store in tightly stoppered bottles. If results are to be expressed on fresh
weight basis, record sample weights before and after drying. When Cu, Mn, Zn, Fe,
Al, etc. are to be determined, avoid contaminating sample by dust during drying and
from grinding and sieving machinery.

Weighing

A practically universal step in the manipulation of the test portion is the weighing
step. A judicious choice of balance can maintain this precision (Linchon 2000).

Apportionment

Some research is required to decide what parts of the sample are to be analyzed. For
example, is fresh produce to be washed prior to pesticide analysis? The aim of this
seperation is removal of bones and trimming of exess fat from meat; and exclusion
of brines from canned vegetables and inclusion of liquid from canned fruits.

Storage and Preservation

Storage and identification of samples require meticulous attention and control.
Foods are generally frozen in sealed plastic after preliminary homogenization or
freeze-dried before and after further homogenization treatments and stored in
desiccators (Linchon 2000; Lichon 2004).

Extraction

The chemical properties of the analyte are important to an extraction. These
properties are fundamental to understanding extraction theory: vapor pressure,
solubility, molecular weight, hydrophobicity, and acid dissociation (Wells 2003).

Techniques used for extraction are liquid-liquid extraction (LLE), liquid—solid
extraction (LSEs), solid phase extraction (SPE), and solid phase microextraction
(SPME), stir bar sorptive extraction (SBSE), soxhlet extraction, automated soxhlet
extraction, ultrasonic extraction, supercritical fluid extraction (SFE), accelerated
solvent extraction (ASE), microwave-assisted extraction (MAE), static headspace
extraction (SHE), dynamic headspace extraction (purge and trap), and membrane
extraction.

In liquid-liquid extraction (LLE), phases A and B are both liquids. The two
liquid phases must be immiscible. For that reason, LLE has also been named as
immiscible solvent extraction. In practice, one phase is usually aqueous, while the
other phase is an organic solvent. The LLE process can be completed successfully
by shaking both two phases together in a separatory funnel. Then, the layers are
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allowed to separate. The high-density phases are separated from the bottom of the
separatory funnel by a glass or Teflon stopcock. Commonly, separatory funnels
are globe, pear, or cylindrically shaped. They may be shaken mechanically but are
often shaken manually (Koltho et al. 1969). The main disadvantages of LLE are
suffered from large amount of sample and large volume of toxic organic solvent
(Cai et al. 2014).

The liquid—solid extractions (LSEs) are used to concentrate semivolatile organic
compounds from liquids into the solid phase. The liquid phase contacts with bulk
solid extracting phase.An equilibrium is allowed to occur between the two phases
and then physical separation of solid and liquid phases follows it. During the past
quarter century, different approaches to solid phase extractions have appeared:
solid phase extraction (SPE), solid phase microextraction (SPME), and stir bar
sorptive extraction (SBSE) (Wells 2003).

Solid phase extraction (SPE) is a particularly attractive technique for isolation
and preconcentration of analytes. In SPE, an aqueous sample is passed through a
small tube filled with porous solid particles such as poly or silica C;g. Moreover, a
membrane disk containing sorbent particles may be used. The organic analytes are
extracted. After a brief wash, the analytes are eluted by a small volume of an
organic solvent. A portion of the eluate can then be analyzed by gas or liquid
chromatography or by capillary electrophoresis (Fritz and Macka 2000; Huck and
Bonn 2000). SPE relatived to LLE are reduced analysis time, cost, labor, organic
solvent consumption and disposal and supplied potential for formation of emul-
sions. SPE provides higher concentration factors than LLE and can be used to store
analytes in a sorbed state or as a vehicle for chemical derivatization. SPE is a
multistaged separation technique providing greater opportunity for selective isola-
tion than LLE, such as fractionation of the sample into different compounds or
groups of compounds (Fritz and Macka 2000; Huck and Bonn 2000).

Solid phase extraction procedures are used both to extract traces of organic
compound from environmental samples and to remove the interfering components
of the complex matrices in order to obtain a cleaner extract containing the analytes
of interest (Zwir-Ferenc and Biziuk 2006). Table 1 shows the application of solid
phase extraction technique in analysis of different compounds in food sample.

By solid phase microextraction (SPME), samples are analyzed after equilib-
rium is reached or at a specified time prior to achieving equilibrium.
Microextraction methods are usually based on using an amount of extraction
phase much smaller than that of sample. The most popular microextraction
method is SPME (Musteata 2013). SPME is distinctly different from SPE because
SPE techniques, including semimicro SPE (SM-SPE) and miniaturized SPE
(M-SPE), are exhaustive extraction procedures (Fritz 1999). The most important
advantage of SPME is a solventless sample preparation procedure. SPME is a
relatively simple involving only sorption and desorption (Beltran et al. 2000).
SPME is compatible with chromatographic analytical systems. SPME sampling
devices are portable. SPME has the advantages of high concentrating ability and
selectivity (Wells 2003).
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Table 1 Application of SPE as extraction and purification of extract technique

Sample Analytes References

Water Pesticides Stajbaher and Zupancic-
Kraljl (2003)

Drinking water Pesticides Focant and Pauwe (2002)

Wheat, maize Pesticides Manirakiza et al. (2000)

organophosphorus

Fruits Pesticides Ramos et al. (1999)

Fruits, vegetables (apples, peas, green Pesticides Eskilssons and Bjorklund

beans, oranges, raspberries, clementines, (2000)

carrots, wheat)

Fruit, vegetables Pesticides Dabrowska et al. (2003)

Fruits, vegetables Pesticides Wilgfield et al. (1996)

Vegetables Pesticides Junker-Buchheit and
Witzenbacher (1996)

Oranges, sweet potatoes, green beans Pesticides Lawrence et al. (1996)

Tomatoes Pesticides Kim et al. (2001)

Fatty food (chickens, pork meats) PCDD/Fs Doong and Lee (1999)

Fish meal, lard fat PCBs Beneyp et al. (1996)

Stir bar sorptive extraction (SBSE) is used as a solventless sample preparation
method for the extraction and enrichment of organic compounds from aqueous
matrices. In this method, the solutes are extracted into a polymer coating on a
magnetic stirring rod. The extraction is controlled by the partitioning coefficient of
the solutes between the polymer coating and the sample matrix and by the phase
ratio between the polymer coating and the sample volume (David and Sandra
2007).

Soxhlet extraction system has three components. The first part is a solvent vapor
reflux condenser. The second part occurs in a thimble holder with a siphon device
and a side tube. The thimble holder connects to a round-bottomed flask at third part.
The sample is loaded into a porous cellulous sample thimble and placed into the
thimble holder. Consequently, the sample is always extracted with fresh solvents in
each cycle. Automated Soxhlet extraction offers a faster alternative to Soxhlet, with
comparable extraction efficiency and lower solvent consumption (Kou and Mitra
2003).

Ultrasonic extraction, also known as sonication, uses ultrasonic vibration to
ensure intimate contact between the sample and the solvent. This extraction is fast,
but the extraction efficiency is not higher than the other techniques. Also, ultrasonic
irradiation may cause the decomposition of some organophosphorus compounds
(Kotronarou et al. 1992).

Supercritical fluid extraction (SFE) can be operated online or offline. While in
the online configuration, SFE is coupled directly to an analytical instrument, such as
a gas chromatograph, high-performance liquid chromatography or supercritical
fluid chromatography (SFC), etc., in the offline SFE, it is a stand-alone extraction
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method independent of the analytical technique to be used. A supercritical fluid is a
substance above its critical temperature and pressure. The density of supercritical
fluids is close to that of liquid and their viscosities are gas-like. In SFE, the sample
is loaded into an extraction cell and placed into the heating oven. The temperature,
pressure, flow rate, and the extraction time are adjusted, and then the extraction is
started. The extract is collected either by a sorbent trap or by a collection vial
containing a solvent (Mitra and Wilson 1991). SFE is fast and uses a little amount of
solvents per sample. CO; is nontoxic, nonflammable, and environmentally friendly.

Accelerated solvent extraction (ASE) is referred as pressurized fluid extraction
(PFE) or pressurized liquid extraction (PLE). ASE is developed because SFE is
matrix dependent and often requires the addition of organic modifiers. After the
sample is loaded into the extraction cell, the solvent is pumped in and the cell is
heated to the desired temperature and pressure. This is referred to as the prefill
method (Richter et al. 1996). ASE uses a little amount of solvent. ASE is very fast
and fully automated. It is very easy to use. Filtration is applied in ASE, so there is
no need for additional filtration. Moreover, ASE has some opportunity such as
flexibility of changing solvents without affecting the extraction temperature and
pressure. However, initial equipment cost is very higher (Kou and Mitra 2003).

Microwave-assisted extraction (MAE) is more advanced than the traditional
solvent extraction method (Li et al. 2011). MAE is an efficient extraction technique
because of its low usage of extraction solvents and shorter extraction time (Teo
et al. 2013). The matrix internally and externally without a thermal gradient is
heated and so, functional compounds can be extracted efficiently and protectively.
Moisture inside the cells is heated due to the microwave effect and evaporates.
MAE has many advantages such as including shorter extraction times and dramat-
ically reduced solvent volumes (Li et al. 2011).

Among these extraction techniques, static headspace extraction is a simple and
fast technique to implement because no sample preparation or solvent is needed.
SHE is used in food flavor analysis for the extraction of volatile compounds
(Cavalli et al. 2003). This extraction method is combined with gas chromatography.
In SHE-GC extraction, the vapor phase directly above and in contact with a liquid
or solid sample in a sealed container is sampled, and an aliquot is transferred to a
gas chromatograph for separation on a column, detection, and quantitation (Snow
and Bullock 2010).

The dynamic headspace technique separates volatile sample constituents from
the matrix by a continuous flow of an inert gas either above a solid or liquid sample
or by bubbling through a sintered glass of high pore density through a liquid sample,
preferably an aqueous one. This technique is called as purge and trap (P&T) (Kolb
and Ettre 20006).

Membrane-based extractions offer some alternatives to classical sample prepa-
ration techniques. It has some advantages such as the possibility of tuning the
selectivity by chemical means and decreasing solvent consumption and automati-
cally. They allow high selectivity, high enrichment factors, and giving good
possibilities for automation (Jonsson and Mathiasson 1999).
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Digestion, Cleanup, Filtration, and Derivatization

Digestion, cleanup, filtration, and derivatization should all be quantitative (Linchon
2000).

Most of the solid-liquid techniques used for the extraction of organic com-
pounds are not selective, and, thus, a cleanup step is usually necessary. The major
cleanup treatments are sulfur elimination, solid phase extraction (SPE), gel perme-
ation extraction (GPC), combined extraction and cleanup in selective pressurized
liquid extraction (SPLE), and other cleanup approaches. The cleanup methods
decrease the matrix effect and produce relatively high enrichment factors (Zuloaga
et al. 2012).

AOAC 920.202 method can be exemplified preparation of sample for determi-
nation of manganese, iodine, bromine, and arsenic and boric acid in water (AOAC
1990a). 0.5-2 L sample is evaporated to dryness after addition of small amounts of
solid Na,COjs. Residue is boiled thus transferred to filter and washed with hot
H,0. Residue remaining on filter for determination of Mn is used.

Derivatization aims to modify the structure of the target compounds and, thus,
the chemical and physical properties. Derivatization is integrated with some chro-
matographic methods such as LC-MS. The advantages of that include improvement
of selectivity and separation, enhancement of ionization efficiency, improvement of
structural elucidation, removal of endogenous interference, and facilitation of
isomer separation (Qi et al. 2014).

Conclusion and Future Directions

Sampling and sample preparation are the mean steps for the good analytical results
because the results of the experiments depend on the quality of the starting material.
The sample needs to be both representative, homogeneous, and with an even
surface in order to eliminate factors that can influence the results. Analytical errors
usually cost money such as wrong decisions based on erroneous results, lost
business, false security, and litigation. The analyst must be careful for accuracy
and precision in each of the four steps of analysis. While the analysis step is often
taken as routine in laboratories, the other steps are often less so, despite their
frequent domination of experimental error. The greatest effort should be expended
to reduce contributions in the error-dominating steps. In future, sampling and
sample preparation may aid the analyst for solving the problem being investigated.
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This chapter is structured to provide a description of the information each
technique can provide, a simple explanation of how it works and examples of
its application, and facilitates comparison of techniques. The focus of this
chapter is on spectroscopic, chromatographic and electrophoretic methods,
including specific examples of instruments such as capillary electrophoresis,
high-performance liquid chromatography (HPLC), nuclear magnetic resonance
(NMR), atomic absorption, emission and inductively coupled plasma, fluores-
cence spectroscopies, gel electrophoresis, etc., among many others.

Introduction

Modern analytical chemistry is “the qualitative and quantitative characterization of
matter”, which generally requires a small sample using different instruments.
Qualitative analysis is the identification of one or more chemical species present
in a material, whereas quantitative analysis is the determination of the exact amount
of a chemical species present in a sample. Separations can be achieved with
selective qualitative and quantitative methods. Instrumental methods are carried
out with specially designed electronic instruments controlled by computers and are
used for the interaction of electromagnetic radiation and matter, the determination
of some physical properties of matter, and characterization of the sample being
analyzed. These instruments have automated sample introduction, automated data
processing, and even automated sample preparation. The most suitable instrumental
technique depends on the physico-chemical characteristics of the analytes, the
detection limit, and the chromatographic resolution required.

Accurate determination of components, residues, and contaminants in food is
important to ensure both the quality and safety of products for consumers. Methods
of analysis have to be robust and accurate; however, the time spent on sample
preparation must be decreased and more environmentally friendly techniques must
be used, such as using smaller volumes of organic solvents. Food products are
complex mixtures of vitamins, sugars, proteins and lipids, fibers, aromas, pigments,
antioxidants, and other organic and mineral compounds. Before such substances can
be analyzed, they have to be extracted from the food matrix using different methods.

This chapter covers the fundamentals and application of instrumentation, which
have been classified into the following areas: spectroscopic methods, chromato-
graphic methods, and the electrophoretic method. Spectroscopic techniques involve
the visible region, ultraviolet (UV) region, the near-infrared (NIR) region,
mid-infrared (MIR), Fourier transform infrared (FT-IR), atomic spectroscopy, etc.
Chromatographic methods are commonly defined as gas, liquid, supercritical fluid,
paper, thin-layer chromatography (TLC), etc. Hyphenated chromatographic
methods have also now been developed. The final instrumental method is electro-
phoretic analysis, classified as conventional and capillary electrophoresis (CE).

To summarize, in this chapter the basic knowledge and terminology required for
understanding instrumental methods and their applications in food are introduced at
an elementary level.
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Spectroscopy

The range of wavelengths from 350 to 700 nm is known as the visible region of the
spectrum. While UV radiation is defined from 200 to 350 nm, the NIR region starts
immediately at 750 nm and ranges up to 2,500 nm. The classical infrared
(IR) region extends from 2,500 to 50,000 nm. The energies of IR radiation range
are not sufficient to cause electron transitions, but they do cause vibrational changes
within molecules. The principles involved in these spectroscopic techniques are
discussed in this chapter.

Absorption Spectroscopy (Ultraviolet/Visible)

UV/visible (UV/VIS) absorption spectroscopy has been used in food sampling
for many years. Although much of the routine work is performed using high
analysis systems, absorption spectroscopy still has an important place in most
food samples.

UV and visible radiation interacts with matter, causing electronic transitions.
Vibrational and rotational energy levels cause broad absorption. While the UV
region falls in the range between 190 and 380 nm, the visible region falls between
380 and 750 nm. When light passes through a sample, some of the light may be
absorbed and the remainder transmitted through the sample. This molecular absorp-
tion influences the chemical called a chromophore. A chromophore involves a
multiple bond (such as C = C, C = O, or C = N) and may be conjugated with
other groups to form complex chromophores (Siouffi 2004).

UV/VIS spectroscopy is the study of how a sample responds to light. When a
beam of light passes through a substance or a solution, some of the light may be
absorbed and the remainder transmitted through the sample. The laws of light
absorption are defined by two rules: Lambert’s Law and Beer’s Law.

In Lambert’s Law, the proportion of incident light absorbed by a transparent
medium (/) is the intensity of the light (/). This proportion is called transmittance (7).

1
=T M

The second rule, Beer’s Law states that the absorption of light is directly
proportional to both the concentration of the absorbing medium and the thickness
of the medium in the light path.

A combination of the two laws is known as the Lambert—Beer Law and defines
the relationship between absorbance (A) and transmittance (T'). ¢ is known molar
absorptivity (dm® mol~ " em ™), ¢ is molar concentration (mol dm ™), and b is path
length (cm). The Lambert-Beer law uses only monochromatic light.

I
A =log
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A spectrophotometer needs a source of radiation, a monochromator, and a
detector. The source of radiation is used to produce appropriate wavelengths. UV
light derived from a deuterium arc provides an emission of high intensity and
adequate continuity in the 190-380 nm range. A quartz or silica envelope is
necessary. Visible light is normally supplied by a tungsten lamp in the
320-380 nm range. A glass or quartz envelope is very useful in this region.
Spectrophotometers have either a single-beam or double-beam design. A mono-
chromator is used to isolate light of a single wavelength and transmit it to the
sample compartment. A detector helps to detect and measure the light intensity
(Yetim and Cam 2012).

A UV/VIS spectrophotometer can be used to determine very different food
compounds such as monosaccharides, disaccharides, fatty acids, sterols, HMF
(hydroxymethylfurfural), protein carbonyl, antioxidant compounds, vitamins, etc.
This spectrophotometer is available for raw and processed foods, cereals, grains,
nuts, dairy products, fruits, vegetables, juices, jam, beverages, honey, oils, fats,
meat products, fish, etc. Gao et al. (2015) determined the uronic acid content of
polysaccharide from Lilium lancifolium Thunb by means of spectrophotometry
with m-hydroxybiphenyl at 525 nm using D-galacturonic acid as the standard.
Chen et al. (2015) measured the total phenolic content in natural products via the
Folin—Ciocalteu method using a spectrophotometer at 730 nm. Pal et al. (2014)
developed an experimental oil refining unit and tested sunflower oil using it. The
quality and composition of crude and refined oil were analyzed and compared with
a spectrophotometer at 460 nm. Javeria et al. (2013) found p-carotene in different
vegetables such as carrots, corn, paprika, and pumpkin and quantified its concen-
tration using a spectrophotometer at 452 nm.

Fluorometry

When UV light is shone onto certain paints or certain minerals in the dark, they spit
visible light. These paints and minerals are said to fluoresce. For fluorescence to
occur, a molecule must absorb a photon and be raised from its ground state to an
excited vibrational state in a higher electronic state. Fluorescence and phosphores-
cence are both types of luminescence. Specifically, they are types of photolumi-
nescence, meaning that the excitation is achieved by absorption of light. There are
also other types of luminescence. If the excitation of a molecule and emission of
light occurs as a result of chemical energy from a chemical reaction, the lumines-
cence is called chemiluminescence (CL). The light emitted by a firefly is an
example of bioluminescence (Robinson et al. 2005). A typical fluorometer includes
radiation sources, monochromators, a sample cell and detector such as a UV/VIS
spectrophotometer. Cui and Lv (2014) investigated the effect of turbidity on the
determination of chlorophyll a wusing laboratory fluorometry RF5301-
spectrofluorophotometer. They analyzed the turbidity effect on fluorimetric deter-
mination results of chlorophyll a. Utrera and Estévez (2012) assessed tryptophan
depletion by quantifying the loss of natural tryptophan fluorescence during
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metal-catalyzed oxidation using fluorescence spectroscopy. Villaverde and Estévez
(2013) analyzed advanced glycation endproducts using a fluorescence spectrometer
in myofibriller proteins.

Infrared Spectroscopy

The IR absorption spectrum can be used to identify the molecule as a ‘fingerprint’
of a molecule with covalent bonds. Qualitative and quantitative identification of
organic and inorganic compounds is a primary use of IR spectroscopy. The IR
region begins after the visible region at 700 nm. From 700 to 2,500 nm is called the
NIR. The classical IR region is from 2,500 to 50,000 nm. The energies of IR
radiation range from 48 kJ mol ™! at 2,500 nm to 2.4 kJ mol ™! at 50,000 nm.
Electron transitions cannot be due to these low energies, only vibrational changes
within molecules occur. IR spectra differ from the typical UV or visible spectrum
with many relatively sharp peaks. Because of this, IR spectroscopy is ideal for
qualitative analysis of organic compounds. As do all spectrometers, IR has basic
units: a source of electromagnetic radiation, a dispersion device, a sample holder,
optical devices for collimating and focusing, a detection device, and a data readout
or storage system (Jespersen 2006).

FT-IR spectrometry is the preferred method of IR spectroscopy because it meets
the criteria of efficient analysis, i.e., easy to use, fast, and inexpensive (Bunaciu
etal. 2011). Changes in the position and intensity of bands in the FT-IR spectra would
be associated with the changes in the chemical composition of a sample (Sun
et al. 2010). The advantages of FT-IR application are that it is effective, specific,
rapid, and non-separative (Gad et al. 2013). The FT-IR spectrometry process consists
of a source from which IR energy is emitted from a glowing black-body, an
interferometer where the ‘spectral encoding’ takes place, a sample compartment
where the beam is transmitted through or reflected off the surface of the sample, a
detector used to measure the special interferogram signal, and a computer where the
measured signal is digitized and sent (Ismail et al. 1997). NIR spectroscopy has found
extensive use in food analysis and is concerned with NIR region of spectrum
(between the wavelengths of ~750 and ~2500 nm in wavelength or ~13500 to
~4000 cm™ ') where as MIR spectroscopy is a well-established technique for identi-
fication and structural analysis of chemical compounds in the MIR region of spectrum
( between ~2500 and ~23500 nm or ~4000 to ~450 cmfl) (Cai et al. 2010).

IR spectroscopy is an appealing technology for the food industry due to simple,
rapid, and non-destructive measurements of chemical and physical components. IR
combined with multivariate data analysis methods make this technology ideal for
large volumes, rapid screening, and characterization of minor food components
down to parts per billion (ppb) levels. The food industry is already familiar with the
technology and it has potential to expand to monitoring for food adulteration. The
FT-IR is based on a Michelson interferometer and consists of four optical arms,
usually at right angles to each other, with a beam splitter at their point of intersec-
tion. Radiation passes down the first arm and is separated by the beam splitter into
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two perpendicular beams of equal intensity. These beams pass down into other arms
of the spectrometer. At the ends of these arms, the two beams are reflected by
mirrors back to the beam splitter, where they re-combine and are reflected together
onto the detector. One of the mirrors is fixed in position; the other mirror can move
toward or away from the beam splitter, changing the path length of that arm. Anjos
et al. (2015) calculated the sugar content in honey samples using a FT-IR spectro-
scopic method. The FT-IR was shown to be a good methodology to quantify the
main sugar content in honey and can easily be adapted to routine analysis. Jaiswal
et al. (2015) used FT-IR spectroscopy to determine whether milk-like products
from vegetable sources (soy milk) were added to milk without declaration. FT-IR
spectroscopy has demonstrated potential as a rapid, quality monitoring method.
Mossoba et al. (2014) evaluated the total concentration of trans fatty acids in the fat
extracted from 19 representative fast foods using a portable FT-IR analyzer. These
results indicated that the portable FT-IR analyzer was suitable for the rapid and
routine quantification of total trans fat measured from fats extracted from fast
foods. Bhat and Yahya (2014) evaluated functional groups of Belinjau (Gnretum
gnemon L.) seed using FT-IR spectral-analyzed amines, amides, amino acids,
polysaccharides, carboxylic acids, esters, and lipids.

The NIR region is used for quantitative analysis of solid and liquid samples
containing OH, NH, and CH bonds, such as water and proteins. Ferreira
et al. (2014) applied NIR and MIR spectroscopy techniques for several agricultural
products to develop and compare these two spectroscopic techniques and determine
the parameters of quality, such as moisture, protein, lipid, and ash content, in
varieties of soybean. Both IR techniques have predictive abilities.

Atomic Spectroscopy

Atomic spectroscopy (AS) measures the concentration of chemical elements in a
sample. When elements are transformed into atomic vapor at high temperatures,
emission or absorption of light may occur and this can be accurately measured at a
unique resonant wavelength. Modern AS can be divided into three related tech-
niques. Whereas atomic absorption spectrometry (AAS) measures the quantity of
light absorbed by atoms of the analyte, atomic emission spectrometry (AES) and
atomic fluorescence spectrometry (AFS) measure the quantity of radiation emitted
by analyte atoms (Evans et al. 2014).

The basis of AAS is the absorption of discrete wavelengths of light by ground-
state, gas-phase free atoms. Free atoms in the gas phase are formed from the sample
by an ‘atomizer’ at high temperature. AAS is an elemental analysis technique and
used to determine ppb and parts per million (ppm) concentrations of most metal
elements. AAS supplies the accurate results in rapid analysis times. However, AAS
gives no information on the chemical form of the analyte, which makes AAS of
very limited use for qualitative analysis. Since AAS is used for quantitative analysis
of elements, the use of the term ‘spectrometry’ is preferred rather than ‘spectros-
copy.” AAS can measure down to ppb of a gram (pg dm>) in a sample. AAS
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corresponds to the energy needed to promote electrons from one energy level to a
higher energy level (Parsons 2000). AES is the study of the radiation emitted by
excited atoms and monatomic ions. Excited atoms and ions relax to the ground
state. The emitted atom and ion lines can be used for the qualitative identification of
elements present in a sample and for the quantitative analysis of such elements from
low ppb to higher ppb. AES is a multielement technique with the ability to
determine metals, metalloids, and some non-metal elements simultaneously. The
temperature of the excitation source of AES to achieve detection limits must exceed
6,000 K. AES is most useful for the easily excited alkali metals and alkaline earth
metals. The process of AFS involves the emission of a photon from a gas-phase
atom that has been excited by the absorption of a photon, as opposed to excitation
by thermal or electrical means. AFS also involves the absorption of incident
radiation and measures the radiation emitted from the excited state (Marshall 1997).

There are a lot of papers in the literature on major, minor, and trace element
analyses in food by AS. In general, AAS analyzes a range of metals at various
concentrations from high ppm (such as Calcium, Potassium, Magnesium, and
Sodium) to low ppb (such as, Cadmium, Cobalt, Copper, Iron, Mercury, Manga-
nese, Nickel, Lead, Selenium, and Zinc). The aim of metal content being analyzed
in foods and beverages is the determination of nutrition content, food safety, and for
the purpose of categorization and authentication (Intawongse and Dean 2006).

Fiorino et al. (1976) measured As, Se, Sb, and Te in food with AAS. The food or
biological tissue sample (1-3 g, dry weight) is weighed into a 100-ml Kjeldahl
flask, and 30 ml of a (4:1:1) mixture of concentrated, reagent grade HNO;, H,SOy,
and HC,0y is added to the flask. At least one reagent blank consisting of 30 ml of
the ternary acid mixture is prepared with each set of 10-12 samples. The sample
oxidation is carried out and the sample—acid mixture is heated. After the sample
foaming subsides, the temperature is raised to produce steady boiling. Tiiziin (2003)
determined the concentrations of heavy metals (Pb, Cd, Fe, Cu, Mn, and Zn) in fish
samples using graphite furnace AAS after dry ashing and wet ashing methods.
Ghaedi et al. (2008) reported the preconcentration of Cr’*, Fe**, Cu?*, Ni**, Co**,
and Zn”* in real samples such as cow meat and fish samples. Dolan and Capar
(2002) analyzed aluminum, arsenic, boron, barium, calcium, cadmium, cobalt,
chromium, copper, iron, potassium, magnesium, manganese, molybdenum,
sodium, nickel, phosphorus, lead, selenium, strontium, thallium, vanadium, and
zinc with inductively coupled plasma—AES with ultrasonic nebulization.

Nuclear Magnetic Resonance

Nuclear magnetic resonance (NMR) spectroscopy studies the structure of molecules.
NMR instruments and experimental methods permit determination of the three-
dimensional structure of proteins as large as 900,000 Da. NMR instruments coupled
to liquid chromatographs and mass spectrometers for separation and characterization
of unknowns are used commercially. NMR involves the absorption of radiowaves by
the nuclei of some combined atoms in a molecule that is located in a magnetic field.
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NMR can be considered a type of absorption spectroscopy, not unlike UV/VIS
absorption spectroscopy. Radiowaves are low-energy electromagnetic radiation.
NMR spectroscopy is the preferred method to determine the chemical structures of
macromolecules and measures the absorption of electromagnetic radiation in the
radiofrequency region of 4 to 900 MHz (Skoog et al. 2007). However, the weak
interaction strength between sample spins and inductive detectors, and low-thermal
polarization, restricts the sensitivity to large ensembles (Miiller et al. 2014).

Ali et al. (2015) showed a reduction in myowater in chicken breast meat with
NMR operating at a resonance frequency for protons of 22.6 MHz. One gram of
sample (1 x 1 x 1 cm) was placed in an NMR tube. Lim et al. (2015) showed
molecular mobility of high-amylose maize starch and high-amylose maize starch
acylated with acetate, propionate, and butyrate. Measurement of the molecular
mobility of the starch granules by NMR spectroscopy with Carr—Purcell-Mei-
boom-Gill experiments showed that T, long was reduced in acylated starches and
that drying and storage of the starch granules further reduced T, long. Dugo
et al. (2015) used the NMR technique for geographical characterization of extra-
virgin olive oils in Italy.

X-Ray Spectroscopy

X-ray absorption, emission, and fluorescence spectra are performed in the qualitative
and quantitative determination of elements in solid and liquid samples. X-ray spec-
trometry can analyze short-range order with elemental specificity for disordered
heterogeneous materials (Torok and Labar 1998). X-rays use electromagnetic radia-
tion with a wavelength range from 0.005 to 10 nm (0.05-100 A). X-rays have shorter
wavelengths and higher energy than UV radiation. X-rays are generated when a high-
speed electron is stopped by a solid object or by electronic transitions of inner core
electrons. They are absorbed by samples and the intensity is attenuated. The degree of
absorption depends on the wavelength of the X-rays, the thickness, density, atomic
number, and the local structure of the absorber (Kawai 2004).

Perring and Blanc (2007) developed a rapid and efficient method for the deter-
mination of iron in commercial infant cereals using an energy-dispersive X-ray
fluorescence (EDXRF) technique. The total time of analysis for iron is less than
20 min. Tolra et al. (2011) studied to understand localization of Al in tea leaf tissues
using low-energy X-ray fluorescence spectro-microscopy (LEXRF) because the
localization of Al in plant tissues can help in the understanding of the processes
of Al uptake, transport, and tolerance in plants.

Chromatography

Chromatography is essentially a physical method of separation. The separated
components are distributed between two phases: the stationary phase and mobile
phase. Chromatographic separations have three features: they are physical



8 Instrumental Food Analysis 173

methods of separation; two distinct phases are involved; and separation occurs
with differences in the distribution constants of the individual sample components
between the two phases. What is important is that either the rate of migration or
direction of migration of the two phases are different. A convenient classification
of chromatographic techniques can be made in terms of the physical state of the
phases employed for the separation. When the mobile phase is a gas and the
stationary phase a solid or liquid, the separation techniques are known as gas-solid
chromatography (GSC) or gas-liquid chromatography (GLC), respectively
(Poole 2002).

The chromatographic process is described by very complex theoretical equations
related to the performance of columns in terms of the height equivalent to a
theoretical plate, H, and the linear mobile phase velocity, u. This could be calcu-
lated from column dimensions and volume flow rates, or more simply measured
directly using the retention time of an unretained analyte, #);, and the measured
column length, L. Three constants are used to describe chromatographic column
efficiency (Van Deempter Equation) (Robinson et al. 2005).

B
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A applies to columns packed with support particles. It becomes zero for open
tubular columns when the mobile-phase velocity is slow enough for the flow to be
laminar. In a packed column, the paths of individual analyte molecules will differ as
they take different routes through the spaces between the particles. B accounts for
the spreading of molecules in both directions from the band center along the length
of the column as a result of random-walk diffusion. The C term displayed is actually
divided into contributions due to mass transfer in the mobile phase, Cm, and in the
stationary phase, Cs, where C = Cm + Cs (Robinson et al. 2005).

Various terms can be used in chromatography, one of which is retention time
(tg). tg shows the time required for a molecule to pass through a chromatographic
column. The retention time of unretained solute (#,,) is used to determine the
retention time of solute which isn’t retained by the stationary phase and proceeds
constantly through the mobile phase of the chromatographic column (Hisil 2011).
The adjusted retention time (zz) is a better measure of chromatographic retention
than 5. It is calculated as:

IR =ty +tp 4)

The ratio represents the amount of time spent by the solute in the stationary
phase related to the time it spends in the mobile phase (Hisil 2011).

k:fﬂ/w (5)

The number of theoretical plates (V) refers to column efficiency. Wj is the width
of the peak (Hisil 2011).
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W., is the peak width at half height (Hisil 2011).
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Height equivalent to a theoretical plate (HETP) shows column efficiency
(His1l 2011):

HETP ="y ©)

where L is the length of column and N is the theoretical plate numbers.
When the column length is divided by the effective plate number (N,z), height
equivalent to one effective plate () can be found (Hisil 2011):

Hey ="/, (10)

Gas Chromatography

In gas chromatography (GC), the components of a vaporized sample are separated
as a consequence of being partitioned between a mobile gaseous phase and a
liquid or a solid stationary phase held in a column. These types are named
according to stationary phase as GLC and GSC, respectively. GLC finds wide-
spread use in all fields of science; its name is usually shortened to GC (Skoog
et al. 2007). In GC, the first step consists of isolation of analytes from the sample.
These analytes are then partitioned between a gaseous mobile phase and a liquid
phase and, finally, identification and quantification of analytes (Hajslova and
Cajka 2008).

The sample preparation method plays a crucial role in obtaining the required
parameters of a particular analytical method. Some types of prior sample prepara-
tion are isolation, concentration, grinding, homogenization, reducing the particle
size of component, inactivation of enzyme systems, and storage under frozen
conditions of sample. In sample preparation for GC analysis, different sample
preparation methods are used: headspace analysis, distillation, preparative chroma-
tography (e.g., solid-phase extraction, column chromatography on silica gel),
solid-phase microextraction (SPME), stir-bar sorptive extraction (SBSE), single
drop microextraction (SDME), hollow-fiber liquid-phase microextraction
(HF-LPME), dispersive liquid—liquid microextraction (DLLME), and gas purge
microsyringe extraction (GP-MSE), or some combination of these basic methods
(Qian 2010).
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The basic components of a typical instrument for performing GC consists of a
supply of carrier gas, a sample injection system, the separation column, the detec-
tor, and a data recorder (Skoog et al. 2007).

The mobile-phase gas in GC is called the carrier gas. It must be chemically inert,
pure, and without water. In addition, specialized traps can be purchased to reduce or
remove hydrocarbons and oxygen in the carrier gas (Eiceman 2010). Helium,
argon, nitrogen, and hydrogen are the types of mobile-phase gas used (Hajslova
and Cajka 2008).

The injection port containing a soft septum provides a gas-tight seal. Different
injection ports are used depending on the various sample and instrumental require-
ments: split, splitless, programmed temperature injection, and cold on-column
(COC) injector (Grob 1987).

Most gas chromatographs are equipped with ovens to keep the column at
temperatures from 40 °C to 350 °C. Temperature-programmed ovens are preferred
to allow separations of chemicals spanning a range of vapor pressures in a single
analysis (Eiceman 2010; Qian 2010).

The GC column may be classified as either packed or capillary. Packed columns
are often stainless steel and filled with inert support: diatomaceous earth
(Chromosorb®), graphitized carbon, Teﬂon®, inorganic salts, and glass beads, etc.
(Merritt and Setle 1981). Capillary columns are not filled with inert support. Instead,
GC includes a stationary phase which is a high-viscosity, low-volatility liquid
(Cordero et al. 2012) or a thin film of liquid-phase coats the inside wall (McNair
and Miller 2009). Capillary columns consist of three columns: WCOT (wall-coated
capillary column), SCOT (support-coated open tubular column), and PLOT (porous
layer open tubular column).

Detectors are utilized to sense the effluents from the column and provide a record
of the chromatography in the form of a chromatogram. The detectors used for the
GC analysis are the flame ionization (FID), thermal conductivity (TCD), electron
capture (ECD), flame photometric (FPD), pulsed flame photometric (PFPD), and
photoionization (PID) detectors (Wong et al. 2013).

GC can successfully be used in food application fields such as flavor and aroma
characterization; study of the composition and authentication of origin; quali-
quantitative determination of volatile compounds from vegetable matrices; essen-
tial oils and various extracts; fat analysis and characterization; and residue and
contaminant determination (Cordero et al. 2012). Analysis of food constituents with
GC are shown in Table 1.

Liquid Chromatography

Liquid chromatography (LC) is the most widely used of all of the analytical
separation techniques and is classified by the separation mechanism or by the
type of stationary phase: partition chromatography, adsorption or liquid—solid
chromatography, ion exchange or ion chromatography, size-exclusion chromatog-
raphy, affinity chromatography, and chiral chromatography (Skoog et al. 2007).
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Table 1 Gas chromatography in the food industry

Detection

Analyte Sample method References
Esters, terpenoids, aldehydes, alcohols, ketones, | Strawberry TOF-MS Samykanno
furans, aromatic compounds, lactones, acid et al. (2013)
Neutral sugar Pitaya FID Montoya-

Arroyo

et al. (2014)
Pesticides Food TOF-MS Dalluge

(vegetables) et al. (2002)

Polycyclic aromatic hydrocarbons (PAH) Crude oil FID-MS Zhao

et al. (2014)
FID flame ionization detector, MS mass spectrometry, TOF time of flight

Size-exclusion chromatography is often used for solutes with molecular masses
greater than 10,000. However, it has now become possible to use reversed-phase
chromatography to analyze such compounds. For lower molecular mass ionic
species, ion-exchange chromatography is widely preferred, while small polar but
non-ionic species are best tested using reversed-phase methods. Once adsorption
chromatography was used for separating non-polar species, structural isomers, and
compound classes such as aliphatic hydrocarbons from aliphatic alcohols, adsorp-
tion chromatography with solid stationary phases was replaced by normal-phase
chromatography due to problems with retention reproducibility and irreversible
adsorption. Affinity chromatography is used for isolation and preparation of bio-
molecules, and chiral chromatography is employed for separating enantiomers
(Hisil 2011; Yetim and Cam 2012).

Pumping pressures of several hundred atmospheres are required to achieve
reasonable flow rates. Because of these high pressures, the equipment for high-
performance liquid chromatography (HPLC) tends to be more elaborate and expen-
sive than equipment for other types of chromatography. There are many advantages
of HPLC over traditional low-pressure column LC: higher speed, wide variety of
stationary phases, improved resolution, greater sensitivity, and easier sample recov-
ery (Reuhs and Rounds 2010).

The main components of a basic HPLC system are a pump, injector, column,
detector, and data system (Pomeranz and Meloan 1994). The pump is one of the
major components as in order to obtain better separations, smaller particles must be
packed into the column. High pressures are required for effective separation (Reuhs
and Rounds 2010).

HPLC is a very powerful and versatile technique for analyzing and purifying
food and beverages. Typical food analytes quantified by ion chromatography and
CE include sugars, aspartame, phospholipids, vitamins, caffeine, organic acids,
ionic species, peptides, and proteins. More sensitive fluorescence detectors for
HPLC instruments enable lower limits of detection for vitamins, proteins, aspar-
tame, and mycotoxins (McGorrin 2000). Analysis of food constituents with LC are
shown in Table 2.
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Table 2 Liquid chromatography in the food industry

Analyte Sample Detection method References
Biogenic amine Different LC-UV Restuccia et al. (2015)

coffee
Isoflavone Legumes UHPLC-MS/MS Vila-Donat

et al. (2015)

Polyphenols Wine HPLC Arribas et al. (2012)
Sodium benzoate, potassium | Food and HPLC-UV; Goren et al. (2015)
sorbate beverages LC-MS/MS
Terpenoid-based color Food products HPLC-DAD Cserhati and Forgacs
substances (2001)

DAD diode array detector, LC liquid chromatography, MS/MS tandem mass spectrometry, UPLC
ultra high-performance liquid chromatography, UV ultraviolet

Supercritical Fluid Chromatography

Supercritical fluid chromatography (SFC) is a promising technique for the anal-
ysis of food components without previous sample extraction and derivatization.
SFC can provide the molecular weight separating range of GC. SFC is character-
ized by a high resolution and flow rate because of the properties of supercritical
fluids. Analysis of hydrophobic compounds can be performed using SFC. Super-
critical fluid can be determined because as a liquid is heated, it starts to form a
vapor phase. The vapors being formed become more dense, and with continued
heating the liquid and vapor densities become closer to each other until the critical
temperature point is reached. At this same point, the liquid line or phase boundary
disappears. The small optimal column internal diameters combined with their low
flow rates has impeded instrument development and the reliance on carbon
dioxide as virtually the only convenient mobile phase for use with flame-based
detectors has restricted the applications of SFC to compounds with adequate
solubility in carbon dioxide, a relatively non-polar solvating medium (McNally
2006).

Lee et al. (2014) determined the profile of several regioisomeric triacylglycerols
in palm and canola oils with SFC coupled with triple quadrupole mass spectrometry
(MS). Qiao et al. (2014) used SFC to separate seven pairs of 25R/S-ergostanes from
Antrodia camphorata. Taguchi et al. (2014) analyzed the application of SFC for
fat-soluble and water-soluble vitamins.

Paper Chromatography

Paper chromatography is a liquid-liquid partitioning technique. The advantages of
paper chromatography are that a small amount of sample is required, a high level of
resolution, ease of detection, and simplicity. Paper consists of cellulose, while the
stationary phase consists of water. The sample is spotted with a capillary glass tube
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or micro-pipet on the paper. A diameter of 2 mm is preferable and achieves good
separation. The mixture or sample is highly water-soluble or has the greatest
hydrogen bonding capacity and moves slower. Separation takes place using ascend-
ing or descending mobile flow. While in ascending paper chromatography the
bottom of the paper is placed into the mobile phase, in descending chromatography
the solvent is placed in a trough at the top of the developing chamber. In this
system, both capillary and gravity elution occurs on the bottom of the tank (Grillini
2006). When separation with paper chromatograhy is difficult, two-dimensional
chromatography can be performed. It consists of developing a square sheet of paper
in two directions (Kilz and Radke 2015).

Paper chromatography is chosen for analysis of highly polar compounds: sugars,
amino acids, and natural pigments (Fuleki and Francis 1967). Ghosh et al. (2015)
investigated the occurrence of starch hydrolytic products during haria preparation.
The major endproducts were determined to be glucose, maltose, malto-triose,
malto-tertraose, and malto-pentose. Liu et al. (2014b) combined paper chromatog-
raphy with a paper-based CL analytical device for the determination of dichlorvos
in vegetables. This study showed that chromatographic method was suitable for
rapid and sensitive detection of trace levels of organophosphate pesticides in food
samples (Bhatia et al. 2014).

Thin-Layer Chromatography

TLC is one of the most popular and widely used separation techniques because of
its ease of use, cost effectiveness, high sensitivity, speed of separation, as well as its
capacity to analyze multiple samples simultaneously for separation, isolation,
identification, and quantification of components in a mixture. It is simple, fast,
reproducible, and can achieve high resolution (Grillini 2006). The size of micro-
scope slide plates is 20 x 20 cm and the mixture of sample is applied on this plate
with a glass capillary or a micro-pipet. As in PC, the development solvent used
depends on the materials to be separated; thus, the determination of the appropriate
solvent or mixture of solvents is made by trial and error. The ascending technique,
where the solvent migrates in a vertical fashion along the plate through capillary
action, is the most common. The inner wall of the tank is often covered with
chromatography paper in order to saturate the tank with solvent comprised of
hexane, carbontetrachloride, benzene or toluene, chloroform, diethylether, and
ethanol. The solvent front is marked and the plate is allowed to dry (Belanger,
et al. 1997). Bakhtiyari et al. (2015) showed the chromatogram of the biogum
produced from sucrose and molasses with TLC. Agatonovic-Kustrin et al. (2015)
developed a simple method with a TLC method combined with high-resolution
digital plate images to visually compare multiple wine samples simultaneously on a
single chromatographic plate and to quantify levels of gallic acid, caffeic acid,
resveratrol, and rutin.
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Mass Spectrometry and Hyphenated Instruments

The combination of separation techniques has created powerful tools. MS hyphen-
ates capillary GC and LC and the development of novel ionization techniques
caused extensive spreading of MS to food analysis. Also, the relatively inexpensive
quadrupole, ion trap mass analyzers, and the rediscovery of time-of-flight mass
analyzers are used with this sophisticated instrumental technique in both research as
well as routine applications (Cajka et al. 2009).

A mass spectrometer consists of three fundamental parts: an ion source, a mass
analyzer, and a detector. First, the analyzed sample is introduced into the ion source
of the instrument. These ions are then separated into the analyzer according to their
ratio of m/z (mass-to-charge ratio). The separated ions are detected and the signal-
containing information is stored as a mass spectrum (Hisil 2011).

The sample is introduced to the ion source after separation in GC or HPLC.
There are several ionization methods: electron ionization and chemical ionization
for GC-MS; electrospray ionization (ESI), atmospheric pressure chemical ioniza-
tion (APCI), and atmospheric pressure photoionization (APPI) for LC-MS. Some
direct ionization techniques, such as matrix-assisted laser desorption ionization
(MALDI), desorption electrospray ionization (DESI), desorption atmospheric pres-
sure chemical ionization (DAPCI), and direct analysis in real time (DART), can be
employed for sample characterization. Mass analyzers used now are quadrupole,
quadrupole ion trap, linear quadrupole ion trap, magnetic sector, time-of-flight,
Fourier transform ion cyclotron resonance (FT-ICR) analyzer, orbitrap. The detec-
tor monitors the ion current. Tandem mass spectrometry (MS/MS) has been
presented as both a hyphenated technique and as a replacement for chromato-
graphy—MS (Yetim and Cam 2012).

GC-MS analysis has been used to identify the volatiles of apples, beer, carrots,
cooked meats, etc. Palenikova et al. (2015) developed a method for determination
of the pesticide level in soya-based nutraceutical products with GC-MS/MS. Lopez
et al. (2015) applied a straightforward GC-MS method to determine the occurrence
of 14 flavoring compounds (e.g., coumarin, estragole, methyl-eugenol, (R)-(+)-
pulegone, thujone, alkenylbenzenes, trans-anethole, and myristicin, etc.) in foods
such as liquids, semi-solids, dry solids, and fatty solids. Rodriguez-Gomez
et al. (2014) developed and validated two accurate and sensitive methods with
GC-MS/MS and ultra high-performance LC (UHPLC)-MS/MS for the determina-
tion of endocrine-disrupting chemicals such as bisphenol A and its main chlorinated
derivatives, five benzophenone-UV filters, and four parabens in human breast milk.
Zhuang et al. (2014) used a combined data matrix consisting of HPLC—diode array
detector (HPLC-DAD) and inductively coupled plasma-MS (ICP-MS) measure-
ments of samples from the plant roots of the Cortex moutan. Liu et al. (2015)
developed an UHPLC- quadrupole time-of-flight (Q-TOF)-MS/MS method to
identify peptides derived from the protein hydrolysate of Mactra veneriformis.
Karioti et al. (2014) demonstrated the efficiency of one- and two-dimension
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NMR spectroscopy along with HPLC-DAD-MS analyses in characterizing the
content of a dietary supplement; two samples of olives; the leaves, flowers, and
fruit of hawthorn; plants in flower of fumitory; Shepherd’s purse, etc. Nebot
et al. (2014) presented a rapid analytical method based on HPLC coupled to a
tandem mass spectrometer (HPLC-MS/MS) for quantification of four tetracyclines
(tetracycline, chlortetracycline, doxycycline, and oxytetracycline) in 31 prepared
baby food samples containing vegetables and beef. Wu et al. (2014) used a novel
sensitive and selective HPLC-MS/MS method for analysis of 11 bioactive compo-
nents (six steroidal saponins and five flavonoids). Patras et al. (2014) identified
several flavonoids from alcoholic extracts of raw fermented cocoa beans from
Cameroon using a detailed HPLC-ESI-MS. Chen et al. (2014) used HPLC coupled
with MS and Q-TOF MS for the rapid identification of lignans in flaxseed. Freitas
et al. (2014) described sulfonamides, trimethoprim, tetracyclines, macrolides,
quinolones, penicillins, and chloramphenicol in gilthead sea bream (Sparus aurata)
using UHPLC-MS/MS.

Electrophoresis

Electrophoresis is based on the differential migration of charged components in an
electric field. The basic requirements of electrophoresis are a semi-conducting
medium and an electric field. The semi-conducting medium can be a paper soaked
in an electrolyte or a gel placed in an electrolyte.

Conventional Electrophoresis

Conventional electrophoresis comprises vertical or horizontal and flat gel or disk
gel electrophoresis. The horizontal system has more advantages than the vertical
electrophoresis with respect to simpler handling, buffer strips instead of large buffer
volumes, and efficient cooling. Flat gel electrophoresis also has an advantage over
disk gel electrophoresis because a large number of samples can be analyzed at one
time (Kane et al. 1999). In conventional electrophoresis, components are separated
based on particular size, the small molecules migrating faster than the larger ones.
Detection is a major problem because separated materials are trapped in a matrix
and are not easily quantified. Gel electrophoresis is performed either by disk
electrophoresis or by flat electrophoresis (Cancalon 2000).

Capillary Electrophoresis

In the CE methodology, the separation is performed in a capillary filled with a
carrier electrolyte and loaded with analyte. Following application of electrical
energy at both ends of the capillary, the analyte migrates and is sensed by the
detector. CE comprises a group of electrophoretic techniques: capillary zone
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electrophoresis (CZE), capillary gel electrophoresis (CGE), capillary isoelectric
focusing (CIEF), capillary isotachophoresis (CITP), and micellar electrokinetic
capillary chromatography (MECC) (Oliveira et al. 2014). CZE separates analytes
according to their charge-to-size ratio under the influence of an electric field in a
buffer-filled capillary. Typical separations are performed in a 10-50 pm inner
diameter, 10-50 cm long fused silica capillary at a potential of 10-30 kV. The
basic apparatus for CGE is similar to that of CZE, the major difference between
the two techniques being that while a sieving matrix is used in CGE, a background
electrolyte solution is employed in CZE (Zhu et al. 2012). In the case of CIEF, the
fused-silica capillary is coated with linear polyacrylamide to eliminate electro-
osmotic flow and reduce protein adsorption to the walls (Jensen et al. 2000) with a
pl (isoelectric pH) difference as small as 0.005 pH units (Chen et al. 2003). A
polyampholyte mixture in free solution is utilized by CIEF (Jensen et al. 2000).
CITP is a preconcentration step to increase detection sensitivity prior to real separa-
tion. CITP uses the analytes’ conductivity. The analyte zones are between a leading
and a terminating electrolyte. Analytes go to discrete zones according to their
mobilities (Suntornsuk 2010). MECC is a very suitable method for the determination
of some components, because it allows rapid, selective, and accurate analysis. The
fundamental principle of MECC is that an ionic surfactant used as a pseudostationary
phase (PSP) provides separation of electrically neutral and charged solutes. The
separation occurs primarily on partitioning of analytes with a hydrophobic micelle
effects (Pucci and Raggi 2005). The advantages of CE in terms of high efficiency,
good repeatability, fast analysis, and low consumption of electrolytes and samples
make this technique a good alternative to other more established techniques for
determination of components (Gonzalez and Gonzalez 2012).

Schocker and Becker (2001) used three different methods to separate low
molecular mass proteins to identify food allergens and peptides of hazelnut: sodium
dodecyl sulfate—polyacrylamid gel electrophoresis, immunoblotting, and protein
staining. In this study of hazelnut protein, sodium dodecyl sulfate—polyacrylamid
gel electrophoresis led to the clearest peptide separation pattern. Alenazi
et al. (2015) demonstrated the ability to analyze milk samples after dilution with
a background electrolyte. Bisphenol A was easily separated from all milk constit-
uents on the basis of different electrophoretic mobility values. Vulcano et al. (2015)
described secoiridoids in olive oil, oleocanthal, and oleacein with CE because it
only needs minute volumes of sample and buffer. Both compounds were quantified
by CE with ease and precision and their natural matrix was confirmed. An
et al. (2015) studied the amount of putrescine, histamine, tyramine, phenylethyl-
amine, and spermidine in oysters with CE coupled with electrochemiluminescence
(CE-ECL) during storage at two different temperatures (0 °C and 4 °C). The results
showed that spermidine and putrescine became dominant with an increase in the
storage time. In contrast, the histamine, tyramine, and phenylethylamine levels
increased slightly throughout the storage period in all of the experimental condi-
tions. Liu et al. (2015) developed a new method for the determination of food
colorants in beverage samples using diamino moiety functionalized silica
nanoparticles (1ASNPs) as both adsorbents in dispersive SPME (dSPME) and
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PSPs in CE separation. Vergara-Barberan et al. (2014) developed a method to
classify olive leaves and pulps according to their cultivar using protein profiles
with CGE. Chmiel et al. (2014) determined the quantification of K*, Na*, Ca?",
Mg**, and ammonium in berries of different blue honeysuckle cultivars with a
capillary isotachophoretic (cITP) method. Wang et al. (2012) used micellar elec-
trokinetic capillary chromatography to determine azoxystrobin, kresoxim-methyl,
and pyraclostrobin in fruit and vegetables.

Conclusion and Future Directions

The range of instrumental methods is broad and they have applications in all areas
of chemistry. Naturally, many different methods have been used and in some cases
even developed by chemists. In this chapter, an overview is given in which the
methods have been classified as spectroscopic, chromatographic, and electropho-
retic. The instrumental methods have complementary roles in chemistry and
include software packages that are available for experimental design, and are
sometimes even included in laboratory instruments.

After several decades of instrumental analysis equipment being on the market,
the technology and its applications have improved significantly. An end to the
possible uses of this technology has not been reached, and there are always new
challenges for further improvements in their performance and for the scope of the
applications to be extended.

In the future, substantial progress and improvement in technologies employing
the MS technique will be seen in food analysis. The range of analytical methods
involving MS are reported to effectively detect, identify, quantify, and confirm
various naturally occurring as well as xenobiotic substances in the food chain.
Finally, hyphenated instruments are going to become the preferred method
forroutine usage in the future.
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Abstract

Cereals have always occupied a preferential place in the food pyramid that
gathers dietary guidelines. Despite society lifestyle changes, cereal-based
goods are still the main players in the human diet, although their worldwide
contribution to dietary patterns is different. Regarding cereals’ role in the daily
diet, three different categories could be considered worldwide: (i) cereals as
staple/basis food, (ii) cereal-based goods as carriers of micronutrients or fortifi-
cation, and (iii) cereal-based foods tailored for specific needs. Bread is the main
bakery consumed product worldwide, although the concept of bread comprised
thousands of different products regarding their processing, shapes, composition,
and so on. Although with far less consumption, other bakery products include
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cookies, cakes and muffins, croissants, and pastries. An overview about the
chemical composition of cereals and cereals products, as well as their role in
human nutrition and health, is presented.

Introduction

Cereals constitute the raw commodities of the bakery products; because of that, a
special consideration is given to the chemical composition of cereals and the impact
of processing on that composition. Cereals are the edible seeds of the grass family,
Gramineae. The global importance of cereal crops to the human diet has been in
parallel to the written history of man and agriculture. Bakery products are mainly
fermented cereal-based products subjected to a high-temperature process for
increasing their organoleptic properties and shelf life. Cereals are the most impor-
tant group of food crops produced in the world. In the last 50 years, cereal
production has experienced a progressive linear increase, responding to the greater
demand owing to population increase. Despite changes in lifestyles and cereal
utilization, half of the cereal production is destined to human food (Fig. 1); only
a slight modification has occurred in cereal utilization; in the 1960s, 51 % of the
cereal production was utilized for human consumption, whereas in the twenty-first
century, 52 % of the production is dedicated to food and food manufacture. Even
better picture of the cereal contribution to the human diet could be obtained from
the yearly consumption per capita that reached the maximum point, 150 kg/person
year, in the 1990s, but it decreased to 147 kg/person year during the last two
decades, owing to the shift to animal-based foods when income increases.
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Cereal-based products are really ancient products that comprise a diversity of
foods mainly obtained from wheat, rice, corn, millet, teff, and other minor cereals.
Major cereal crops produced worldwide include wheat, rice, corn, and barley. Corn
(or maize) represents the greatest (36 %) cereal crop for agriculture, but it has
relatively less importance than wheat and rice because only one-third of its produc-
tion is destined to human consumption, in comparison with the 66 % and 79 % of the
wheat and rice used as human foods, respectively (Fig. 2). Some other minor cereals
include sorghum, millet, oat, rye, and some pseudocereals as quinoa and amaranth.

Cereals still remain on the basis of the human nutrition because they lead to
nutrient-dense baked goods. However, the weight of the cereals as an individual
source of nutrition varies with region, depending upon the importance of a grain to
the development of that culture. Cereal grains, such as wheat, rice, corn, barley,
sorghum, millet, and oats, account for most of the food consumed by humans. Rice
is more important to the development of Eastern cultures, where its cultivation is
concentrated, and wheat is more significant to Western ones. Globally, wheat
nourishes more people than any other grain, and it is a major part of the diet for
one-third of all people. The majority of wheat is milled into flour and it is the basis
of more foods than any other grain.

Cereal crops are energy dense, providing about 10-20 times more energy than
most succulent fruits and vegetables. Nutritionally, they are important sources of
dietary protein, carbohydrates, the B complex of vitamins, vitamin E, iron, trace
minerals, and fiber. It has been estimated that global cereal consumption directly
provides about 32 g of protein per person and day and 5.9 of fat per person and day,
being the highest contribution in the developing countries (Table 1).

However, cereals are mainly consumed after milling or processing which sig-
nificantly change their composition, due to removal of the outer parts, and conse-
quently the composition of the derived baked products.
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Table 1 Contribution of cereals to human nutrition in different world regions (Data source:
FAOSTAT 2014)

Food/capita/year (kg) | Kcal/capita/day | Proteins/capita/day (g) | Fat/capita/day (g)

World 1,292 32.0 5.9
Africa 151 1,283 34.0 8.4
Northern 109 831 24.4 3.6
America

Central 153 1,283 329 11.5
America

South America | 118 972 23.3 3.1
Asia 155 1,421 33.5 5.9
Europe 131 1,002 29.9 4.0
Oceania 98 792 22.9 3.1

Apart from the nutritional contribution, cereals have important nutraceutical and
health benefits that go beyond the provision of nutrients. The consumption of cereal
based foods products produces feelings of satiety; and their regular consumption in
the main meals appears to be key drivers of healthier dietary patterns (Aisbitt
et al. 2008). Nevertheless, consumption of cereal-based foodstuff has been attached
to several misconceptions: first the association of cereals, mainly wheat-based
goods, with food intolerance or allergy and second the link between cereals and
fattening effect (Aisbitt et al. 2008). Therefore, unless following the advice from a
registered dietitian or other health professional, consumers must be skeptical to all
those currents and do not eliminate unnecessarily this whole food group because
they provide a range of macro- and micronutrients and fiber. Dietary fiber, beta-
glucan, resistant starch, carotenoids, phenolics, tocotrienols, and tocopherols have
been related to disease prevention like cardiovascular diseases and strokes, hyper-
tension, metabolic syndrome, type 2 diabetes mellitus, obesity, as well as different
forms of cancer (Yu et al. 2012).

Cereals have a variety of uses as food. Owing to their protein functionality, only
two cereals, wheat and rye, are suited to the preparation of leavened bread. Because
of that, this chapter will be mainly referred to baked goods derived from those
crops, although mention will be made to corn due to its use for producing tortillas,
which are extensively consumed in Mexico and their commercialization has been
extended around the world.

Worldwide Consumption of Bakery Products

The almost ubiquitous consumption of cereals all over the world confers cereals a
prominent position in international nutrition. Cereal-based products account great
part of our daily diet through the consumption of bread, breakfast cereals, cookies,
snacks, cereal bars, cakes, and so on. The total consumption of bread, viennoiserie,
and patisserie was estimated as nearly 39 million tons in the 27 EU countries.
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Worldwide bread consumption accounts for one of the largest consumed foodstuff,
with an average consumption ranging from 41 to 303 kg/year per capita, which
becomes an essential part of the human diet, enjoyed at various times of the day.
Bread, through the different forms, is the most widely consumed food worldwide. It
is handy and very convenient for the on-the-go consumers, available in any place
and during all year around, affordable, and from nutritional point of view a source
of energy in the form of starch, besides the supply of dietary fiber and a range of
vitamins and minerals.

Bread has changed in many ways since our ancestors, going from a grainy
flatbread to an aerated texture (Fig. 3). Bread is the product of fermenting and
baking a mixture of whole wheat or refined flour, water, salt, and yeast or baking
powder, as the basic ingredients. With the years, innovation has been focused on
industrial processing (Rosell 2009), and, more recently, trends drive to obtain
nutritious bread in response to the health concerns of the consumers.

A study for the European Commission in 2010 found that the European bread
market was around 32 million tons in the 27 EU countries and the market share of
the industrial bakers versus the craft bakers was approximately 50/50 although
great differences were encountered among countries. Bread consumption patterns
differ widely within the EU but most countries have an average consumption of
50 kg of bread per person per year.

Sliced pan bread is greatly extended in the USA, but Europe’s consumers prefer
crispy breads with crusty surface like French baguette. The opposite sensory
characteristics could be found in the steamed bread that is consumed in Asian
countries. In India, flatbread called chapatti is consumed in the main meals, whereas
flatbread in Mexico is made of corn and it is named tortilla. In Finland and
Germany, a very dark rye bread, made of 100 % rye flour, is the most common
bread. In Venezuela, the arepas are considered a staple part of the diet, and they are
eaten for breakfast, as a snack, or together with a meal. In Brazil, pao de queijo,
small, round, cheese-stuffed bread balls, are traditionally served for breakfast. It
seems that the term bread comprises thousands of different types of breads around
the world and even there is a big diversity within each country.

Bread consumption patterns differ widely around the world. For instance, within
the EU, the average consumption is 106 g of bread per person per day, in contrast
with the 40 g per person per day of fine bakery wares and around 10 g per person per
day of breakfast cereals (EFSA Comprehensive European Food Consumption
Database, published in March 2011). Bread consumption in Western Europe is
stable although it varies greatly between countries. Germans and Austrians show
the highest consumption of bread at around 80 kg/year, although the greatest annual
consumption registered in the Guinness World Records belongs to Turkey in 2000
with 199.6 kg per person followed by Serbia and Montenegro with 135 kg and
Bulgaria with 133.1 kg. In opposition, the UK and Ireland have an annual con-
sumption of less than 50 kg/year.

Bread is also a staple food in the diet of American consumers, principally for
adult men and women 55 years and older, households with low annual incomes,
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Fig. 3 Bread types worldwide. 1. White bread; 2. Pan bread; 3. Pita bread; 4. Tortilla; 5. Chapatti;
6. Chinese steamed bread

households led by a homemaker with some high school education, single and
married active seniors, and Black/non-Hispanic ethnic groups.

Lately, the driving force for increasing bread consumption is the innovation in
ethnic breads and the production of greater varieties of whole wheat breads with
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oats, bran, seeds, etc. that are more nutritious products to attract health-conscious
consumers (Lambert et al. 2009). There is also a growing trend for increased
production of morning goods and specialty breads with lots of opportunities for
innovation. Nevertheless, some popular diets, such as the Paleo and gluten-free
diets, have limited the consumption of wheat breads. Changes in demand for bread
have induced a growing demand for low-carbohydrate foods, whole grains, and
gluten-free products. Companies have successfully attracted these health-conscious
consumers by introducing products such as low-calorie “sandwich thins” and
gluten-free products. This shift in consumer preferences has been attributed to
more sophisticated consumer tastes and their desire for healthier and more nutri-
tious food, in line with lowering sodium, besides the looking for more exotic or
ethnic varieties and new formats, like thinner slices.

Chemical Composition of Cereals and Changes Associated
to Milling and Proofing

The chemical composition of bakery products is mainly dependent on the commodity
used for their production; because of that, the chemical composition of the different
cereals that are used as raw materials in bakeries is considered crucial. All cereal
grains have a fairly similar structure and nutritive value although the shape and size of
the seed may be different (McKevith 2004). Cereal grains are formed of bran or the
outer layers, endosperm and germ. Cereals are the major providers of food carbohy-
drates, representing about 50 % of all the carbohydrates consumed worldwide.

Cereals are quite similar in gross composition, being low in protein and high in
carbohydrates. Regarding composition, cereals consist of 12—14 % water, 55-75 %
carbohydrates, 1.5-6 % lipids, and 7-12 % protein; mineral composition varies
from 1.4 % to 2.5 % and the fiber content ranges from 0.8 % to 4.1 %. Barley,
sorghum, rye, and oat proteins have lower digestibility (77-88 %) than those of rice,
corn, and wheat (95-100 %). The biological value and net protein utilization of
cereal proteins are relatively low due to deficiencies in essential amino acids and
low protein availability. Cereals provide B-group vitamins and minerals like phos-
phorous, potassium, magnesium, calcium, and traces of iron. Cereals are low in
saturated fat but they are a source of polyunsaturated fats, including omega-3
linolenic acid, and also cholesterol-free.

Whole-grain intakes and specially cereal fiber have been repeatedly associated
in the epidemiological literature with reduced mortality and risk of chronic disease
including obesity, cardiovascular diseases, and type 2 diabetes (Smith and Tucker
2011; Borneo and Le6n 2012).

Nevertheless, cereals are not consumed as grains. They undergo milling to
obtain flour that has particular functionality for creating and developing an infinity
of breads that differ in shapes, structure, and sensory characteristics. The chemical
constituents of cereals are not evenly distributed in the grain. Bran that represents
7 % of the grain contains the majority of the grain fiber, essentially cellulose and
pentosans, it is a source of B vitamins and phytochemicals, and 40-70 % of the
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minerals are concentrated in this outer layer. The endosperm, the main part of the
grain (80—85 % of the grain), is composed mainly of starch, it has lower protein and
lipid content than the germ and the bran, and it is poor in vitamins and minerals. The
germ, the small inner core, represents around 21 % of the grain, and it is rich in
B-group vitamins, proteins, minerals like potassium and phosphorous, healthful
unsaturated fats, antioxidants, and phytochemicals. Cereals are rich in glutamic
acid, proline, leucine, and aspartic acid and are deficient in lysine. The amino acid
content is mainly concentrated in the germ.

Milling provokes the reduction in nutrients and micronutrients that are mainly
concentrated in the outer layers and germ. In the conversion of cereal grains to
white flour, bran and germ are removed and with them the majority of the fibrous
layers of the grain, B vitamins, phytochemicals, 50-80 % of the grain minerals, and
lipids. Globally, twenty or more ingredients, such as thiamine, riboflavin, niacin,
pyridoxine, folate, pantothenate, biotin, vitamin E, calcium, copper, iron, potas-
sium, magnesium, manganese, phosphorus, zinc, chromium, fluorine, molybde-
num, and selenium, are lost to the extent of 50-90 % during the milling process
(Rosell 2008). Conversely, white flour contains mostly starch, protein, and low
content of fat, vitamins, and minerals.

The consumption of processed or refined products may reduce the health benefits
of the original food. In wheat-based processed foods, the removal of external layers
and germ is parallel to the reduction in nonessential phytochemicals such as
carotenoids, polyphenols, phytosterols/stanols, and dietary fibers. In consequence,
those refined products have lost the potential ability to reduce the risk of major
chronic diseases of humans, such as cancer, cardiovascular diseases, and
Parkinson’s disease.

Wheat is the most commonly used cereal for producing bakery goods. Wheat
and wheat-based products have been the basis of the human diet for many centuries,
so any process that leads to a decrease in the nutritional value of these products
results in a reduction in the daily supply of fiber, vitamins, and minerals. The
increasing awareness of the potential benefits of high-fiber diets has prompted a
growing interest in the consumption of whole-grain breads or bran breads. The
complex carbohydrates, mainly starch, are the major components of wheat
(61-65 %), but it is also an excellent source of dietary fiber (9-12 %), composed
mainly of cellulose, complex xylans, lignin, and B-glucans, which are located in the
outer layers of the grain. The protein content of wheat is one of the highest in
cereals; it ranges between 10 % and 15 %. The predominant amino acids are
glutamic acid, proline, leucine, and aspartic acid and are mainly concentrated in
the germ. The fat content is very low (1.7-2.0 %) and is mainly polyunsaturated
with an absence of cholesterol. With respect to the micronutrient composition,
wheat is also a source of B vitamins, namely, thiamine (B), riboflavin (B,), and
niacin (Bg), and minerals. Important amounts of calcium, phosphorus, iron, sodium,
magnesium, and potassium are found in the aleurone layer of wheat.

Cereals and other plant foods may contain significant amounts of toxic or
antinutritional substances. Most cereals contain appreciable amounts of phytates and
enzyme inhibitors, and some cereals like sorghum and millet contain large amounts of
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polyphenols and tannins. Some of these substances reduce the nutritional value of
foods by interfering with the mineral bioavailability and digestibility of proteins and
carbohydrates. Special consideration must be paid to phosphorus, since it is forming
the complex phytic acid or myo-inositol hexaphosphate, which it is not readily
available and is considered an antinutritional compound because of its adverse effects
on the bioavailability of minerals. Other health-promoting compounds mainly con-
centrated in the germ and bran are the phytochemicals. These phytochemicals include
lignans, a phytoestrogen that can lower the risk of coronary heart disease and may
protect against hormonally linked diseases such as breast and prostate cancers.

Other phytochemicals include saponins, phytosterols, squalene, oryzanol, and
tocotrienols, which lower blood cholesterol, and some phenolic compounds that
have antioxidant effects.

The consumption of wheat is recommended due to its excellent nutritional
profile, consisting of: (i) complex carbohydrates; (ii) dietary fiber; (iii) low fat
content (without containing cholesterol); (iv) minerals, especially calcium, phos-
phorus, iron, and potassium; and (v) B vitamins.

Milling Impact on the Nutritional Composition of Cereals

Whole wheat flour contains all the constituents and nutrients from the grain; thus,
no losses are produced when milling whole grains. Nevertheless, during the twen-
tieth century, consumers move their preferences to white bakery products, which
were a sign of high quality; in consequence, refining became a common practice for
millers. Milling removes the external layers and germ of the grains and the
extraction rate is indicative of the milling yield. Higher extraction rate means
high recovery of flour from the initial grain; thus, more nutrients are recovered in
the resulting flour. However, for obtaining white flour, extraction rates must be
lowered to 65-70 %, increasing the starch concentration in the flour and with the
subsequent losses of the rest of constituents. Wheat processing like milling can
result in a significant change in the nutritional value of the ultimate wheat products.
The nutrients concentrated in the bran layers and germ will be removed during the
traditional or conventional milling. The most affected compound during conven-
tional milling is the crude fiber followed by the ash (minerals) and vitamins, having
a detrimental effect on the nutritional value. Without the bran and germ, about 25 %
of the grain proteins are lost, along with 66 % of fiber, 92 % of selenium, 62 % of
folate, and up to 99.8 % of phytochemicals (Rosell 2012). Some fibers, vitamins,
and minerals may be added back into refined cereal products, which compensates
for losses due to refining, but it is impossible to recover the phytochemicals lost in
the processing. Other alternatives to improve the nutritive value of cereals include
traditional genetic selection, genetic engineering, nutrient and micronutrient forti-
fication, complementation with other proteins (particularly legumes), milling mod-
ifications, heating, and germination.

Agronomic fortification has been a very useful alternative for increasing the
level of micronutrients in the edible parts of the plants, which is known as
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biofortification. Biofortification focuses on the agricultural modifications as a
public health intervention, which could have a direct impact on the diet of the
low-income consumers, who are often at highest risk for micronutrient deficiencies.
HarvestPlus is a Challenge Program of the Consultative Group on International
Agricultural Research (CGIAR) in which the objective is to design, produce, test,
and disseminate staple food crops that are biofortified with iron, zinc, and provita-
min A. Under this program, a steady progress in breeding for biofortified crops has
been achieved, with satisfactory results regarding levels of zinc and provitamin A
carotenoids and iron in several staple food crops, including maize, rice, wheat, pearl
millet, potatoes, and bananas or plantains.

Biofortification can be accomplished by either mineral fertilization or plant
breeding. Biofortification by mineral fertilization is a common practice in some
countries that applied selenium-containing fertilizers as a short-term solution for
improving the selenium content of wheat. Selenium is an essential micronutrient for
humans and may reduce the risk of degenerative diseases including cancer, but it is
deficient in at least a billion people worldwide. Wheat is a major source of dietary
selenium in humans. The intake of selenium through the baked goods obtained from
agronomically biofortified wheat increases the plasma selenium concentration but
without modifying substantially the selected biomarkers of degenerative disease
risk and health status. Biofortification through plant breeding consists of the
development of micronutrient-enhanced crop varieties through conventional breed-
ing. Nevertheless, the implementation of this type of biofortification requires the
identification of genetic resources, to determine the interaction of genotype and
environment, to define the desired level of micronutrient increase, and finally to
assess the cost-effectiveness. So far, it seems a sustainable and cost-effective
approach for reaching biofortification in zinc and iron. Past efforts have focused
on increasing crop yields, but today the enhancement of the nutritional quality of
the crops has become an urgent task because about half of the world population
suffers from malnutrition with respect to iron, zinc, and selenium.

Another agronomical approach for enhancing the nutritional value of wheat flour
is the expression of a heat-stable phytase, which is more resistant to baking or
processing temperatures and can degrade phytate more efficiently. Phytase is an
esterase that catalyzes the stepwise hydrolysis of phytates to phosphate and inositol
via penta- to monophosphates, thus progressively reducing the ability of phytates to
complex with minerals (binding with minerals renders phytates nonabsorbable in
the intestines). Animal feeding experiments confirmed a significant improvement in
zinc bioavailability from transgenic wheat containing a heat-stable phytase.

Germination or sprouting has been traditionally applied at a household level to
improve the nutritional, functional, and sensory properties of grains such as pulses
and cereals. Pulses are a particularly rich source of vegetable proteins, dietary
fibers, vitamins, and minerals, but their nutritional value is limited by the presence
of antinutrients that reduce digestibility and micronutrient bioavailability, and by
germination the level of antinutrients is substantially reduced. Only recently the
benefits of germination have been recognized, and industrial processes have been
developed to germinate grains and enable the change in their chemical composition.
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Specifically, sprouting of grains for a limited period causes increased activities of
hydrolytic enzymes, degradation of beta-glucans, improvement in the contents of
certain essential amino acids and B-group vitamins, and a decrease in dry matter,
starch, and antinutrients. Proteins and starch improve their digestibilities due to
their partial hydrolysis during sprouting. Nevertheless, the conditions for sprouting
must be carefully defined for each type of cereal. The flour from sprouted grains is
nutritionally improved and it might be expected that resulting processed foods will
have a substantial nutritional advantages.

An alternative to whole-grain flour is the use of different milling processes for
obtaining nutritionally improved flours. Debranning or cereal-grain pearling is
increasingly accepted by the milling and baking industry as a key stage in cereal
processing. Pearling is the process prior to milling that removes effectively only the
bran layers from the cereal grains with the application of abrasion and friction. This
selective and limited removal allows nutritious parts, such as the aleurone layer to
remain in the intact kernels. This pretreatment potentially could also improve
milling yields of superior flour quality; besides, it lowers the capital investment
costs. Nevertheless, the antioxidant capacity of pearled grains significantly
decreases as the degree of pearling increases, which goes to the by-products that
have higher antioxidant capacity compared to the pearled grains. The concentration
of grain antioxidants is dramatically reduced during the refining process because
phenolic compounds are concentrated in the outermost layers. Bran fractions, the
by-product resulting from pearling, may be used as a natural source of antioxidants
in the production of functional food ingredients or for the enrichment of certain
products. Sequential pearling is applied to maximize the health benefits of the
wheat flours, which could be used for partial replacement of the refined wheat
flour (up to 10 %). The antioxidant and dietary fiber contents of the bread can be
increased by enriching with pearled fractions, without affecting significantly the
technological properties. Although in those strategies it must be considered the
possible risk of micotoxins content when very external layers are not completely
removed.

Nutritional Changes Occurring Along the Breadmaking Process

Different alternatives have been developed for adapting breadmaking to the con-
sumer demands and for facilitating the baker’s work (Rosell 2011). Breadmaking
stages include mixing the ingredients, dough resting, dividing and shaping,
proofing, and baking, with great variation in the intermediate stage depending on
the type of bread. Breadmaking is a dynamic process with continuous physico-
chemical, microbiological, and biochemical changes, motivated by the mechanical-
thermal action and the activity of the yeast and lactic acid bacteria together with the
activity of the endogenous enzymes. During mixing, fermenting, and baking, dough
is subjected to physical changes till yielding bread, in which gluten proteins are
mainly responsible for bread dough structure formation, whereas starch is mainly
implicated in the final textural properties and stability. During mixing is formed a
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continuous protein network where gluten, a non-pure protein system, has the main
contribution.

Yeast and lactic acid bacteria participate along proofing and the initial stage of
baking. Therefore, wheat flour, yeasts, and bacterial population of sourdoughs are
the sources of different endogenous enzymes in breadmaking processes and exert
an important effect on dough rheology and on the technological quality of bread
(Rosell 2011). Different processing aids, namely, enzymes, are also used in
breadmaking to improve the quality of the baked products by reinforcing the role
of gluten, providing fermentable sugars, and/or contributing to stabilize the
hydrophobic-hydrophilic interactions (Rosell and Collar 2008).

Fermented foods contribute to about one-third of the diet worldwide. Cereals are
important substrates for fermented foods in all parts of the world and are staples in
the Indian subcontinent, Asia, and Africa (Guyot 2012). Fermentation causes
changes in food quality indices including texture, flavor, appearance, nutrition,
and safety. Some benefits derived from fermentation include improvement in
palatability and acceptability by developing improved flavors and textures; preser-
vation through formation of acidulants, alcohol, and antibacterial compounds;
enrichment of nutritive content by microbial synthesis of essential nutrients and
improving the digestibility of protein and carbohydrates; removal of antinutrients,
natural toxicants, and mycotoxins; and decreased cooking times.

The content and quality of cereal proteins may be improved by fermentation.
Natural fermentation of cereals increases their relative nutritive value and available
lysine. Bacterial fermentations involving proteolytic activity are expected to
increase the biological availability of essential amino acids, whereas yeast fermen-
tations mainly degrade carbohydrates. Starch and fiber tend to decrease during
fermentation of cereals. During breadmaking, the total amino acid content (partic-
ularly for ornithine and threonine) increases by 64 % during mixing and undergoes
a decrease of 55 % during baking, with glutamine, leucine, ornithine, arginine,
lysine, and histidine being the most reactive amino acids. In general, wheat doughs
started with lactic acid bacteria show a gradual increase of valine, leucine, and
lysine along the fermentation, and also proline but only during the initial hours of
proofing. Additionally, the action of proteinases and peptidases from lactic acid
bacteria on soluble polypeptides and proteins results in the increase of short-chain
peptides that contribute to plasticize the dough and give elasticity to gluten.

Fermentation also modifies the mineral content of the product, improving its
bioavailability. Changes in the vitamin content of cereals with fermentation vary
according to the fermentation process and the raw material used in the fermentation.
The yeasted breadmaking process leads to a 48 % loss of thiamine and 47 % of
pyridoxine in white bread, although higher levels of those vitamins could be
obtained with longer fermentations (Batifoulier et al. 2005). Native or endogenous
folates show good stability to the baking process, and even an increase in endog-
enous folate content in dough and bread compared with the bread flour was
observed by Osseyi et al. (2001). Nevertheless, breadmaking process with yeast
fermentation is beneficial for reducing the levels of phytate content with the
subsequent increase in magnesium and phosphorus bioavailability (Rosell 2012).
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Free amino acids in wheat flour and dough play an important role in the
generation of bread flavor precursors, through the formation of Maillard com-
pounds during baking. In fact, leucine, proline, isoleucine, and serine reacting
with sugars form typical flavors and aromas described as toasty and bread-like,
while excessive amounts of leucine in fermenting doughs lead to bread with
unappetizing flavor. But it must be stressed that the biochemical changes that
occur during breadmaking are highly dependent on the process, that is, time and
temperatures for leavening, resting, and baking or cooking (Dewettinck et al. 2008).
In fact, in the case of steamed bread, a decrease in the amount of amino acid takes
place during production, especially alanine and tyrosine.

A special remark must be done regarding acrylamide (probable carcinogen) that
has been found in starchy baked foods. No link between acrylamide levels in food
and cancer risk has been established and based on the evidence to date, but some
concern has risen with the first mentions. However, the Scientific Committee on
Food of the European Union (EU) has endorsed recommendations made by the
Food and Agriculture Organization/World Health Organization addressed to
research the possibility of reducing levels of acrylamide in food by changes in
formulation and processing.

Chemical Composition of Bread

Bread is the bakery specialty most frequently consumed, but different bread types
result from diverse recipes, processing, shapes, and so on (Fig. 3). Analysis of the
UK Government’s National Diet and Nutrition Survey in 2012 suggests that bread
still contributes more than 10 % of an adult’s daily intake of protein, thiamine,
niacin, folate, iron, zinc, copper, and magnesium; 20 % of our fiber and calcium
intake; and more than 25 % of our manganese intake. Thus, eating bread can help
consumers to meet their daily requirements for many nutrients, including
micronutrients such as zinc and calcium.

A long-standing belief of the consumers is that bread fattens. This encourages
many people to restrict, or even eliminate, bread from their diet. Nevertheless,
eating patterns that include whole-grain bread could not be associated with overall
obesity or excess abdominal adiposity and may be beneficial to ponderal status.
Regarding dietary patterns that include refined bread, a possible relationship with
excess abdominal fat has been encountered. Whole-grain cereals of various kinds
are recommended due to their healthy and nutritious composition (Collar 2008).

Refined grains and cereals do not contain sufficient nutrient for maintaining the
health of sedentary populations. Refined cereals, such as white flour, generally have
higher glycemic index than its whole-grain counterpart; thus, consuming refined
cereals causes a sharp rise in blood sugars, demanding a strong response from the
pancreas. A diet full of high-glycemic-index foods has been linked to the develop-
ment of diabetes. Generally, dietary pattern of people who eat large amounts of
refined cereals is poor in more nutritious foods like fruits and vegetables, which
increases the risk of certain diseases, such as some types of cancer. Sometimes,
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fiber removed during milling is added back to refined products or they are enriched
with vegetable fibers, but it still remains unknown whether those resulting products
have similar beneficial properties and functionality to products from whole wheat
cereals.

It is recommend that cereals should be consumed at least 4-5 serves daily and
that at least half of these serves should be whole grain; even as little as one serving
daily reduced health risks. It must remind that the protective components (such as
fiber, antioxidants, and phytoestrogens) are found in the outer layers of grains
(Collar 2008).

As has been mentioned before, the basic ingredients for making bread are flour,
water, yeast, and salt. Nevertheless, changes in lifestyle have conducted to modify
recipes for extending shelf life using preservatives but also for improving texture
with conditioners, leavening agents, shortenings, and humectants (Table 2).
Conditioners include chemical compounds like emulsifiers (sodium stearoyl
lactylate and monoglycerides), enzymes (alpha-amylase, lipase, xylanase, and so
on), ascorbic acid, azodicarbonamide (not allowed in some countries), and calcium
peroxide. Although bread is fermented by yeast and also sourdough (provides lactic
acid bacteria), it is common for some kind of bread to add leavening agents, also
known as raising agents or baking powders, among those sodium bicarbonate,
sodium aluminum sulfate, disodium diphosphate, sodium hydrogen carbonate,
monocalcium phosphate, and/or sodium acid pyrophosphate, calcium sulfate, and
calcium phosphate. Other chemicals frequently used are the preservatives for
extending the shelf life, like calcium propionate, potassium sorbate, methyl
parabens, and/or citric acid. The combination of those ingredients led to breads
with diverse nutritional composition (Table 2). The energy contribution of bread
could go from 147 to twice that value in some type of breads like packaged chapatti
or tortillas. Steamed bread is the one with lower energy supply per serving, due to
its high moisture content. Part of those calories, from 6 % to 22 %, comes from fat,
but no trans fats are present in bread composition. It is also important the absence of
cholesterol, which was expected since cereals do not contain it. Refined flours are
mainly carbohydrate, and the amount of proteins is limited; in consequence, the
same pattern is observed in bread products. Carbohydrates constitute around half of
the composition of breads, with the exception of steamed bread that has 50 % of
that, due again to its high moisture content. The amount of dietary fibers in breads
obtained from refined flour is relatively low (1-4 %). Protein content in wheat bread
ranges from 3 to 9 g/100 g. Regarding minerals, bread is a major contributor to
sodium intake in many countries. The salt content in bread is not really high, but
due to its daily frequent consumption, it provides around 22 % of the mean salt
intake from foods. In fact, in the UK, bread and breakfast cereals provide over
one-third of salt in children’s diets. Excessive sodium intake has been strongly
associated with high blood pressure and hypertension, which can increase the risk to
suffer heart disease and stroke.

Because of that, different national campaigns have been promoted to reduce the
content of salt in breads as a way to reduce overall sodium intake. For instance, the
Irish Bread Bakers Association (IBBA) was involved in an ongoing voluntary salt
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Table 2 Ingredients used in bread recipes and nutritional composition

Chinese

White Tortilla | Chapatti | steamed
Ingredients bread (1) | Pan bread (2) | Pita bread (3) | (4) 5) bread (6)
Wheat flour X X X X
Enriched unbleached flour X X
Vegetable shortening X X
Sugar X
Yeast X X
Leavening X
Salt X X
Soybean oil X
Sunflower oil X
Rapeseed oil X
Preservatives X X X
Conditioners X X
Enzymes X
Rice flour X
Fumaric acid X
Calcium sulfate X
Low-fat yogurt X
Amount per 100 g
Calories 240 250 257 279 284 147
Calories from fat 14 18 29 57 52 32
Total fat (g) 1.60 18 3 7 5.8 3.59
Saturated fat (g) 0.4 3 0.5 0.707
Trans fat (g)
Cholesterol (mg)
Sodium (mg) 650 571 457 525 330 549
Total carbohydrate (g) | 47 54 54 51 49.4 25.06
Dietary fiber (g) 4 4 3 2.1 0.9
Sugars (g) 4 11 3 1.6 0.09
Protein (g) 8 7 9 8 7.4 3.3

Numbers following the name of the bread are used to identify their picture in Fig. 3

reduction program in partnership with the Food Safety Authority of Ireland (FSAI),
which resulted in a drop by a minimum of 10 % in the breads.

There is now considerable evidence for the beneficial role played by dietary fiber
in health and disease (Smith and Tucker 2011). Dietary fiber absorbs water and
increases bowel bulk, resulting in a softer and larger bulk and more frequent bowel
action. This provides a good environment for beneficial bacteria while decreasing
the levels of harmful bacteria and the buildup of carcinogenic compounds.
Cereal fiber or whole grains offer protection against heart disease. Regularly
eating cereals that are rich in soluble fiber has been found to significantly
reduce the amount of cholesterol in the bloodstream and reduced the risk of heart
disease by 25-28 %, stroke by 30-36 %, and type 2 diabetes by 21-30 %.
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Conversely, high-insoluble-fiber diet has been associated with decreased risk of
developing colon cancer and diverticular disease. There is scientific evidence that
people who eat whole grains regularly have lower risk of obesity, as measured by their
body mass index and waist-to-hip ratios, and lower risk of many chronic diseases.

Whole grains may be eaten whole, cracked, split, ground, or milled into flour.
Those forms can be incorporated in bread dough recipes to increase nutritional
composition. Whole wheat breads and cereals are recommended as the best source
of energy and fiber (Harris and Kris-Etherton 2010). When a food label indicates
that the package contains whole grain, the “whole grain” part of the food inside the
package is required to have virtually the same proportions of bran, germ, and
endosperm as the harvested kernel does before it is processed, although labeling
recommendations are dependent on countries’ regulations. FDA defined in 1999
that “For purposes of bearing the prospective claim, the notification defined ‘whole
grain foods’ as foods that contain 51 % or more whole grain ingredient(s) by
weight” (extract). The Whole Grains Council (2006) allows certifications with the
basic stamp of products that contain 8 g of whole grain per serving where 51 % of
the grains are whole grain. The “100 % stamp” must only be tagged in products that
contain 16 g of whole grain per serving, and all the grains in the product must be
whole grain.

Incorporation of whole-grain flours increased free and bound phenolics and
antioxidant capacity, apart from soluble, insoluble, and total dietary fiber fractions
and total minerals. Despite the growing concern about healthy dietary guidelines,
the impact of the whole-grain products in the human nutrition is still low (Sir6
et al. 2008). Whole grains make up about 10-15 % of grain products on supermar-
ket shelves, within a huge presence of refined grain foods. Despite whole meal
breads provide higher energy and fiber content, no great differences could be
observed in the energy and fiber content due to the disparity of ingredients used
for making bread (Table 3). Even fat content could be rather similar to that of
refined breads. Protein content is higher than the one presented in refined breads
because aleurone is also included in wholemeal wheat. Sometimes, cereal bran is
added to refined wheat flour to increase the nutritional value of the flour, particu-
larly the dietary fiber content, nonetheless bran stability somewhat limites its use in
breadmaking. Different treatments like extrusion and steam cooking of bran have
been suggested for improving its technological properties and also its stability
during storage. Among stabilized cereal brans, stabilized rice bran is preferred
due to its sweet and palatable flavor, which positively affects the sensory evaluation
of the bran-containing breads. Wheat germ despite its nutritional properties is
considered a by-product of the milling industry due to a high risk of rancidity.
But again, certain thermal treatments such as extrusion can reduce that drawback
and constitute a suitable treatment to stabilize wheat germ in bread dough or
alternatively it can be used as defatted wheat germ. Extruded bran can be incorpo-
rated in wheat breads up to 10/100 g flour without significantly affecting the
technological and sensorial quality of the breads.

Very often, the dietary fiber content of breads is increased by adding dietary
fibers from different sources, like fruit extracts, resistant starch, beta-glucans, and



9 Chemical Composition of Bakery Products 207

Table 3 Proximate composition of bread types containing different grains

Large

White | enriched Whole grain | Whole
Amount per 100 g | 3 grains | Multigrain | bread bread and flaxseed | wheat
Calories (kcal) 316 256 289 250 263 279
Total fat (g) 12 3 4 3 4 3
Total 42 47 53 53 45 49
carbohydrates (g)
Dietary fiber (g) 5 7 3 8 7
Proteins (g) 13 12 8 6 11 12
Sodium (mg) 395 442 632 563 421 488
% daily value
Vitamin A
Vitamin C
Calcium 11 5 5 13 11 5
Thiamine 39 26 31 16 14
Riboflavin 53 16 19 5 9
Niacin 11 16 19 16 19
Folic acid 16 21 25 5 9

so on. Oat and oat or barley products containing beta-glucans are associated with
many health claims including reducing blood cholesterol levels, although the
physiological efficacy is dependent on the level and molecular weight of beta-
glucans. Numerous commercial fibers are available in the market, which differed in
solubility, particle size, hydration properties, and viscosity, among other
characteristics.

Bread, like other cereal-based products, is rich in carbohydrates and produces
high glycemic response. The replacement of part of wheat flour by fibers offers the
chance to improve the nutritional balance of bread at the expense of readily
digestible carbohydrates. In general, dietary fiber enrichment is responsible for
deterioration in the expected and perceived liking of breads, although the effect
might be alleviated using high-quality wheat flours.

Other trend goes to enrich bread by using protein from different sources. Legumes
have been proposed as flour sources for complementing the essential amino acid
balance of the cereal proteins. Legumes are rich in proteins, dietary fiber, complex
carbohydrates, resistant starch, vitamins, and minerals. This practice improves the
amino acid profile and increases the protein content of the bakery products made from
blended flours. This approach has been selected in some countries with minor
production of wheat for replacing it in bread production with the added nutritional
benefit. Faba beans are among the legumes used for producing protein-rich flours.
Levels of legumes used in breadmaking may reach up to 15 % wheat flour replace-
ment without affecting dramatically the rheological properties of the dough and the
sensory characteristics of the breads. That addition could lead up to 20 % increase in
the protein content with minor effect on other constituents like fat.
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Even with some types of breads like flatbreads, flours milled from green lentils,
navy beans, and pinto beans can replace up to 25 % of the wheat flour. For instance,
pita breads can be prepared with navy and pinto bean flours with coarse particle
sizes with adequate color, texture, and sensory acceptance. This type of breads has
been enriched with milk, eggs, other cereals, legumes, syrup, dried fruits, leafy
vegetables, cassava, green banana, flaxseed flour, sesame, blackseeds, species, and
dried or fresh herbs in order to increase the nutritional content in protein, vitamins
and minerals, and fibers.

Other small seeds have been also added to nutritionally improve the quality of
breads. For instance, fennel seeds are a source of many nutrients, like sugars,
minerals, essential fatty acids, vitamins, protein, fiber, and many flavonoids.
Bread with fennel seed content between 5.0 and 7.0 % shows good acceptability
besides an increase in the antioxidant activity (i.e., total phenolic content, ferric
reducing antioxidant power, and 2,2-diphenyl-1-picrylhydrazyl radical scaveng-
ing). Full-fat or partially defatted flaxseed meals have been added in the recipe of
bread and flatbread for increasing the insoluble and soluble dietary fiber contents
and amino acid (like isoleucine) and fatty acid composition (palmitic acid and
stearic acid). However, when adding flaxseed, it is necessary to select the adequate
processing conditions to keep the desired health attributes (Mercier et al. 2014). In
fact, the benefits of flaxseed enrichment depend on the mechanical and physical
properties of cereal products, enrichment level, and processing history. Flaxseed
lipids are really stable under most processing and storage conditions, owing to the
significant antioxidant properties of lignans; nevertheless, there is still scarce
information about the impact of home handling on lipid oxidation. Concerning
product shelf life, it has been also reported that cereal products enriched with
flaxseed show similar or improved shelf life compared to their counterparts with
no flaxseed enrichment; presumably, flaxseed may hinder starch retrogradation,
contribute to moisture content retention, and delay microbial growth. Nevertheless,
most cereal products containing flaxseed show lower organoleptic properties, and
recommendations suggested that enrichment up to 15 % can be carried out with less
impact on the sensory pattern.

Lately, consumers’ interest in the role of nutrition for health and well-being
seems a priority. Therefore, today, the main concern of the industry is to innovate,
meet, and satisfy consumer requirements. In the baking industry, that trend has
prompted the development of baked goods, keeping in mind the healthy concept.
Some very novel and innovative improvements developed for enhancing the
healthy benefits of breads are the processing of probiotic breads, inclusion of
microencapsulated oils containing omega-3 fatty acids, and so on. In recent
decades, studies on human nutrition have emphasized the importance of omega-3
and omega-6 intakes. With that purpose, different sources of those fatty acids have
been investigated to be used in breadmaking. Flaxseed is a good source for such
fatty acids and it has been successfully applied to obtain pan breads and Brazilian
cheese roll enriched with flaxseed flour with good acceptance. Therefore, the
cheese roll enriched with flaxseed presents a good alternative for aggregating
nutritional and functional benefits to the conventional product. Alternatively,
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flaxseed oil can be used with the purpose of enriching with omega-3 in bread
formulations, with the subsequent improvement of the nutritional value of wheat
flaxseed-enriched breads. Also the substitution of shortenings with
microencapsulated n-3 polyunsaturated fatty acids reflects an alternative for
improving healthy aspects of breads.

There is a growing market for foods that contain probiotic bacteria, and a wide
variety of probiotic strains are being added to an array of foods. The ability of
probiotic strains to survive the conditions of the manufacturing processes (e.g.,
temperature, pH, oxygen, etc.) is the main impediment food manufacturers must
overcome. The development of functional breads containing viable microorgan-
isms has been a challenge due to the high temperature reached during baking,
which results in significant losses in probiotic viability. Successful probiotic
breads have been obtained using thermostable Lactobacillus and also incorporating
Lactobacillus acidophilus in microcapsules applied to bread surface through edible
coatings; specifically, those have been sprayed on partially baked breads to
minimize the impact of the baking temperature on the microorganism viability.
The heat stability of probiotic Bacillus subtilis RO179 has permitted its addition in
bread and cookie formulations with adequate survival. Another probiotic that has
been recommended for probiotic breadmaking is Lactobacillus rhamnosus R0O011,
which, despite its heat sensitivity, when sprayed on baked bread shows good
stability over the shelf life of the product. In the USA, B. subtilis and
L. rhamnosus are entitled for structure/function claims, which can be used in
baked products.

Probiotic bread was launched in the USA by a baking company claiming that a
health and wellness bread contains probiotics, which contributes to the health and
balance of the digestive system; besides, it was made with whole wheat flour,
flaxseeds, sunflower seeds, chia seeds, and millet for added nutritional value.

Composition of Other Bakery Products

Apart from bread, other common bakery products include muffins, cookies, crack-
ers, pastries, and croissants. Converse to the basic bread composition, sweet bakery
products are obtained from very rich recipes, with numerous ingredients. Those
products are in general hypercaloric due to their high content of sugar and fatty
ingredients. Some sweet products (cookies, croissants, pastries, and muffins/cakes)
have been selected for reviewing ingredients used in their recipe and also for
showing their nutritional composition (Tables 4, 5, and 6).

Cookies, also referred as biscuits in some parts of the world, have a great diversity
of composition. A variety of ingredients is used, which determine their sensory
perception but mainly texture during fracture. Table 4 shows different kinds of
biscuits; they mainly differ in fat content and therefore in their texture when cutting.
Wheat flour is usually the main ingredient of this kind of products, followed by fat
(from animal or vegetable sources) and sugar. Sugar could be added as sucrose,
glucose, or fructose syrup. This type of products is leavened with baking powders,
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generally ammonium bicarbonate and sodium bicarbonate. Minor ingredients com-
prise salt, dairy ingredients, and flavors like vanilla. Cookies have very low moisture
content (4-8 %) and water activity, which inhibits microbial growth during their
storage. Regarding their nutritional composition, as can be expected from the fat-rich
recipe, they are highly caloric (from 400 to 500 kcal/100 g) (Table 4). No trans fats
are necessary for processing cookies. Cholesterol is present whenever fats from
animal sources are used in the recipes. Cookies have higher content of carbohydrates
than bread due to the high sugar content, and fiber could greatly vary depending on
whether fibers were incorporated in the recipe. Protein content is usually derived
from the cereal flour and some traces of dairy ingredients. Legume flours are also
added for cookie making, with significant improvement of their nutritional quality.

Other caloric products are croissants and pastries, which require a high amount
of fat for reaching a layered structure. Examples of composition are given in
Table 5. Wheat flour is still the main ingredient closely followed by fat
(non-hydrogenated or partially hydrogenated vegetable margarine). In addition,
croissants contain sugar, mono- and diglycerides, lecithin, sugar, yeast, salt, and
preservatives, whereas pastries could contain mono- and diglycerides, lecithin, and
syrup. Energy provided by 100 g of croissants or pastries is around 400 kcal, with a
great contribution of fats to that caloric value. High cholesterol content could be
present when animal fats are used. The amount of carbohydrates is low compared
with the rest of bakery products and proteins generally from the flour content.

Muffins and cakes admit thousands of variations in their recipes, either due to
raw materials or fillings, toppings, and so on. In this type of products, egg proteins
and sugar play a really important role for determining their internal structure and, in
consequence, their mouthfeel and taste. Some examples of composition can be
displayed in Table 6. In muffins and cakes, the main ingredient is wheat flour
closely followed by oil and eggs. Since they are rich in fat and oils, emulsifiers are
usually present in their composition to improve texture. Lecithin, mono- and
diglycerides, and sodium stearoyl lactylate are used as emulsifiers. Preservatives
and also gums like xanthan gum, guar gum, or modified celluloses are commonly
present for extending the shelf life and the freshness perception. Consumption of
these products supply a high amount of calories mainly from fat and sugars, and the
cholesterol content is dependent on the type of fat used in their processing. Usually,
they supply high amounts of sodium and very low levels of fibers.

Non-bread bakery products are usually rich in fats and sugars; thus, they are
conceived for consumer’s pleasure and healthiness is somewhat secondary. Never-
theless, even in this type of products, consciousness about improving their nutri-
tional profile is being sited. Tendencies are mainly focused on improving the fats
composition and reducing the caloric intake from sugars. Usually, sweet bakery
products contain a high amount of saturated fats with trans-fatty acids, which are
needed for the handling and texture of laminated doughs. However, in the last
decade, there is sufficient scientific information supporting the prejudicial effect
of the frans-fatty acids on the blood lipid metabolism and the development of
arteriosclerosis and cardiovascular diseases. In consequence, great efforts
have been concentrated in looking for functional replacements of those fatty
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Table 5 Ingredients used in croissant and pastry recipes and their nutritional composition

Ingredients

Croissants

Puff pastry sheets

i

-—

-~
-

Enriched bleached wheat flour

Unbleached enriched wheat flour

Vegetable margarine

Vegetable shortening

Water

Sugar

Monoglycerides

Diglycerides

Soy lecithin

Citric acid

Potassium sorbate

Flavor

Vitamin A palmitate

Vitamin D

Beta-carotene color

Soybean oil

Yeast

Salt

Sodium propionate

Lo T B B T R e T B R e B e B

Fructose corn syrup

Wheat gluten

Amount per 100 g

Calories (kcal)

438

415

Calories from fat

168

244

Total fat (g)

21

27

Saturated fat (g)

12

15

Trans fat (g)

Cholesterol (mg)

67

Sodium (mg)

467

341

Total carbohydrate (g)

46

34

Dietary fiber (g)

<2

Sugars (g)

11

Protein (g)
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Table 6 Ingredients used in croissant and pastry recipes and their nutritional composition

Ingredients

Muffin

Cake

Wheat flour

Sugar

Soybean oil

Canola oil

Eggs

Water

Cultured buttermilk

Margarine

Baking powder

Dextrose

Whey milk

Salt

Monoglycerides

Diglycerides

Sodium stearoyl
lactylate

LR T T B B R e B o I B - B R e B

PO | M

Xanthan gum

Sodium bicarbonate

Natural flavor

Artificial flavor

Citric acid

Soy lecithin

PR R x|

Food starch modified

Partially hydrogenated
soybean oil

>

Cottonseed oil

Palm oil

Nonfat milk

Wheat gluten

Dextrose

Cornstarch

Soy flour

Sodium propionate

Calcium sulfate

Ea I R R B I R e B

(continued)
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Table 6 (continued)

Muffin Cake
Ingredients
Cellulose gum X
Buttermilk powder X
Beta-carotene color X
Potassium sorbate X
Coconut oil X
Amount per 100 g
Calories 364 400
Calories from fat 162 188
Total fat (g) 17 21
Saturated fat (g) 3 4
Trans fat (g) 0 0
Cholesterol (mg) 56 65
Sodium (mg) 343 365
Total carbohydrate (g) 48 51
Dietary fiber (g) 1 <1
Sugars (g) 31 28
Protein (g) 5 5

acids. The usual fat replacers can be classified into three categories: carbohydrate
based, protein based, and fat based. Inulin, polydextrose, and oligofructose have
been proposed as fat mimetics in cookie making or inulin in muffin making.
Another alternative is the use of edible emulsions of water in fat in the presence
of a humectant for obtaining low-fat products.

In addition, fat- and sugar-reduced cookies have been also developed. With that
purpose, fat mimetics have been used for partial fat replacement and polyols, like
lactitol, sorbitol, and maltitol, for sugar replacement. With this strategy, up to a
50 % fat replacement could be obtained, but those replacements usually result in
hard and brittle cookies which do not have a proper expansion after baking. In doing
those fat replacements, it must be taken into account that before new ingredients
can be used in food, they must either be self-affirmed to be generally recognized as
safe (GRAS) or approved for such use by the Food and Drug Administration (FDA)
under a food additive petition. A GRAS substance is defined as one generally
recognized by scientific experts to be safe for specific uses on the basis of an
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extensive history of use or on the basis of published scientific evidence.
These procedures seek to ensure the safety of foods for consumers of all
ages. The majority of fat reduction ingredients currently used are considered to
be GRAS.

Among other alternatives for improving the nutritional profile of those products
is the use of wheat germ up to 20 % for cake making. Wheat germ addition
increases the ash, protein, fat, and mineral contents (Ca, Cu, Fe, Mg, Mn, P, K,
and Zn) of the cakes, although the addition of emulsifiers is advisable for keeping
physical and sensory quality.

Bakery Products in Fortification Programs

Bakery foodstuffs constitute staple food in many countries, and as such, they have
been selected as the best carriers of micronutrients in fortification programs when
some special requirements are detected in the population (Baurenfiend and
DeRitter 1991). Properly used fortification can be a strategy to control nutrient
deficiencies (Allen et al. 2006). Fortification may be the easiest, cheapest, and
best way to reduce a deficiency problem. Nevertheless, some concerns related to
proliferation and excessive promotion of the fortified foods have risen, because
that could lead to a simultaneous replacement of the non-fortified foods in the diet
and to avoid situations of excessive intake of certain micronutrients (Rosell
2008). The pros and cons of fortification need to be balanced in each circumstance
(Rosell 2004).

Fortification can be defined as the addition of one or more vitamins and/or
minerals to a food, regardless of its usual content in the food, in order to prevent or
correct a demonstrated deficiency of one or more vitamins and/or minerals in the
population or specific population groups or to improve the nutritional status of the
population and dietary intakes of vitamins or minerals due to changes in dietary
habits, and that addition must be based on generally accepted scientific knowl-
edge of the role of vitamins and minerals in health (Rosell 2004, 2008). Additions
are carried out based on generally accepted scientific knowledge of the role of
vitamins and minerals in attaining good health. Foods are fortified for the follow-
ing reasons:

« To prevent or correct a demonstrated deficiency of one or more vitamins and/or
minerals in the population or specific population groups

e To improve the nutritional status of the population and dietary intakes of
vitamins or minerals due to changes in dietary habits

Enrichment is a term usually interchanged with fortification that should be
equivalent to restoration of the vitamin and mineral levels lost during manufactur-
ing, storage, and handling.

Cereal fortification methods have been developed to restore the nutrients that
have been removed during milling and to improve the nutrient intake level of a
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specific population (Poletti et al. 2004). In addition, some efforts have focused on
enhancing the nutritional quality of the crops through biofortification strategies,
because half of the world population suffers from malnutrition with respect to iron,
zinc, and selenium. For instance, selenium is an essential micronutrient for humans,
and it is deficient in at least one billion people worldwide (Lim et al. 2013). Plants
and plant-derived products transfer the soil-uptaken selenium to humans; thus, the
cultivation of plants enriched in selenium can be an effective way to improve the
selenium status on humankind (Pérez-Massot et al. 2013). Therefore, controlled
agronomic biofortification of wheat crops for flour and bread production could
provide an appropriate strategy to increase the intake of some minerals.

Fortification of flour is usually carried out in mills, where the nutrient mixture is
blended with the flour. Milling produced a uniform distribution of fortificants with
no significant separation during packaging or transportation. In doing so, it is
critical the definition of the nutrients and the levels to be added must be based on
the nutritional needs and deficiencies of the population, the common consumption
of the fortifiable flour, the sensory and physical aspects, and economic cost. The
addition of B vitamins, iron, and calcium is a common practice in some developed
countries (Rosell 2008, 2014). However, the nutrient added must have good
stability during storage, and in defining the levels to be added must be considered
the extraction rate during milling.

Flour fortification has become mandatory in numerous countries, where specific
legislation has been set up to define the list of foods acting as carriers, the minerals
and vitamins to be added back, the levels, and also the chemical compounds
allowed to supply those minerals and vitamins (Rosell 2008, 2012, 2014). In fact,
enriched flours might contain, apart from the wheat flour, niacin, reduced iron,
thiamine mononitrate, riboflavin, and folic acid. The success of fortification pro-
grams always depends on good control, so they should be set up, regulated, and
enforced by the national governments.

There are some criteria or principles for fortification that should be met for those
when planning to fortify one or more foods to improve nutritional status. They
apply mainly to fortification as a strategy to tackle micronutrient deficiencies.
Those criteria are (i) known nutrient deficiency in the population, (ii) wide con-
sumption of the food to be fortified among the at-risk population, (iii) suitability of
the food and nutrient together, (iv) technical feasibility, (v) limited number of food
manufacturers, (vi) no substantial increase in the price of the food, and (vii)
legislation. When a fortification program is established, continuous monitoring
and control of the fortification, in order to determine the success of the strategy,
are necessary.

Food fortification offers an important strategy to help control, in particular, the
three main micronutrient deficiencies, namely, deficiencies of iodine, vitamin A,
and iron (Ranum et al. 2001). In developing countries, the greatest priority should
be given to fortification with these nutrients. With iodine, fortification alone, in the
form of salt iodization, is often the only strategy used. With vitamin A and iron,
fortification should be used in combination with, not to the exclusion of, other
interventions (Hurrell et al. 2010). It must be stressed that also compounds
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interactions might enhance or shield the effectiveness of the fortification. For
instance, inhibitors of iron absorption include phytate, polyphenols, soy protein,
and calcium, and enhancers include animal tissue and ascorbic acid. Organic acids,
such as citric acid, malic acid, and tartaric acid, are promoters of Fe bioavailability.
Sensory analysis must be always considered because differences in the overall
quality of breads prepared with fortified flour with the addition of chemical sources
of minerals might affect sensory characteristics.

Fortification has been also very effective to reduce the deficiency prevalence of
the following micronutrients: niacin, thiamine, riboflavin, folate, vitamin C, zinc
and calcium. Only phytate and soy protein inhibit zinc absorption, although also the
consumption of black tea simultaneously with fortified bread significantly reduces
the zinc absorption. The supplementation of B vitamins to flour is faced with the
problem of low stability of these compounds during storage. Hence, higher effec-
tiveness is obtained when B vitamins are added at the bakery rather than at the mill.

B vitamins (thiamine, By; riboflavin, B,; and niacin, B3) are supplemented to
cereal flours in developed countries to ensure the adequate intake of those nutrients
through, for instance, the consumption of fortified bread. Pyridoxine or vitamin B¢
is also supplemented to wheat for obtaining fortified bread, although bioavailability
decreases by 5-10 % when it is used in whole wheat bread (Leklem et al. 1980).
Vitamin B,-fortified bread is a good source of this vitamin (Selhub and Paul 2011);
with its consumption even the elderly can ensure the efficient absorption of vitamin
B, (Rusell et al. 2001). Other less exploited but convenient and efficient strategy of
increasing the levels of vitamins is the use of selected natural riboflavin-
overproducing strains. For instance, riboflavin-overproducing strains of Lactoba-
cillus plantarum can be used in breadmaking (by means of sourdough fermentation)
to enhance bread vitamin B, content.

Bread has also been fortified with vitamin D using cholecalciferol, showing good
dispersion in the breads and stability. This fortified bread increases serum
25-hydroxyvitamin D concentration as effectively as the cholecalciferol supple-
ment, without affecting serum intact parathyroid hormone concentration or urinary
calcium excretion (Natri et al. 2006). Therefore, fortified bread is a safe and feasible
way to improve vitamin D nutrition.

Folic acid is another B vitamin added to cereals due to its great contribution to
the population health. In 1996, the American Food and Drug Administration
concluded that 1,000 pg folate/day is the safe upper limit of folate intake for the
general population. The fortification level was established at 140 pg folic acid/100 g
for enriched cereal-grain products; that fortification provides 10 % of the daily
value per bread serving. This level of fortification was chosen to assist women of
reproductive age in increasing their folic acid intake by a daily average of 140 pg
folic acid. Currently, folic acid mandatory fortification is already used in more than
50 countries, including the USA and Canada, where research suggests it reduces the
rate of neural tube defects by 25-50 %. It seems that this fortification will be
imminently mandatory in the UK.

In addition, it has been described that the consumption of bread fortified with
2.5 % elemental calcium concentration is an effective way for ameliorating the
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hyperphosphatemia without inducing hypercalcemia (Babarykin et al. 2004).
Therefore, calcium-fortified bread can be consumed as a treatment of uremic
hyperphosphatemia. Calcium-fortified pita bread was similar to its regular coun-
terpart (Ziadeh et al. 2005).

Special Bakery Products Developed for Targeted Groups

There is some population with food ailments associated to cereals, mainly gluten.
This type of products requires special attention because their composition is
completely different than the ones obtained directly from cereals. This section
will describe the chemical composition of gluten-free breads and other types of
breads that have been developed to meet the requirements of targeted groups.

To be in a healthy state, the maintenance of energy balance is necessary. Positive
energy balance in favor of the energy ingested leads to obesity, regardless of the
composition of excess energy. The frequency of obesity has increased dramatically
in many developed and developing countries. There is great concern among health
authorities because of the relationship between obesity and some other diseases like
diabetes, cardiovascular disease, and other chronic diseases of lifestyle. A tactic to
fight that trend is to increase carbohydrate consumption (in replacement of fat)
because carbohydrate provides only 4 kcal per gram compared with 9 kcal per gram
for fat. High-fiber foods and whole-grain breads and cereals can be an effective part
of any weight loss program (Collar 2008) since they have slower digestion and
induce a feeling of satiety.

When considering cereals and health, it is important to introduce that a percent-
age of population shows intolerance to gluten intake like celiac disease. Peptides
released during gluten digestion are responsible for the intolerance in genetically
predisposed individuals. Up to date, the unique effective treatment is dietary
therapy, avoiding the intake of gluten-containing foods (Garcia-Manzanares and
Lucendo 2011). A general consensus has been reached that the cereals considered
gluten-free safe are rice and corn (Rosell and Marco 2008). Wheat, spelt, kamut,
rye, triticale, barley, and probably oats and hybrids of these grains must be
eliminated from the diet. Gluten-sensitive individuals can tolerate buckwheat,
millet, amaranth, quinoa, teff, and/or sorghum. To mimic the viscoelastic properties
of gluten, a large number of flours and starches as well as many ingredients such as
gums, enzymes, and proteins from different sources have been used for making
bread resembling the structure, mouthfeel, acceptability, and shelf life of gluten
breads (Rosell 2007, 2013).

The absence of gluten in natural and processed foods, despite being the corner-
stone treatment for celiac disease, may lead to nutritional consequences, such as
deficits and imbalances. Nutrition counseling for celiac disease has focused on the
foods to avoid when sticking to gluten-free diet, but the nutritional quality of
gluten-free products must enter into the picture. There are growing concerns over
the nutritional adequacy of the gluten-free dietary pattern because it is often
characterized by an excessive consumption of proteins and fats and a reduced
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intake of complex carbohydrates, dietary fiber, vitamins, and minerals (Penagini
et al. 2013). As a consequence, the long-life adherence to gluten-free products has
been associated to undernourished and also mineral deficiencies that could lead to
anemia, osteopenia, or osteoporosis. In recent years, attention has focused on the
nutritional quality of gluten-free products available in the market, which are of
lower quality and poorer nutritional value than their gluten-containing counterparts.
Gluten-free breads are mainly starch based and contain low amounts of vitamins,
minerals, and in particular dietary fiber, but with great variation among marketed
products (Rosell 2014). Gluten-free breads have very low contribution to the
recommended daily protein intake, with a high contribution to the carbohydrate
dietary reference intake. In general, gluten-free breads show great variation in the
nutrient composition, being starch-based foods low in proteins and high in fat
content, with high glycemic index. Besides that, gluten intolerance, like celiac
disease, induces an intestinal lesion that leads to various deficiencies of nutrients,
vitamins, and dietary minerals, being ferropenia, vitamin Bj,, folic acid, and
fat-soluble vitamin deficiencies especially frequent. This proximal location in the
small intestine often results in malabsorption of calcium, iron, folic acid, and
fat-soluble vitamins. Patients newly diagnosed or inadequately treated often have
low bone mineral density, which appears to be directly related to the intestinal
malabsorption. Osteomalacia or osteopenia is secondary to the reduced calcium
absorption, caused by atrophy of the intestinal villi, and/or to a vitamin D defi-
ciency, leading to secondary hyperparathyroidism; because of that, osteoporosis is a
frequent complication accompanying celiac disease. Those patients are particularly
prone to have low bone density and high risk of fractures. Therefore, a redesign of
the gluten-free bakery goods is needed for obtaining gluten-free baked products
with similar nutritional composition to that of their gluten counterparts. Those
products would allow celiac patients and/or population with other allergic reactions
and intolerances caused by proteins or another component of cereals to meet dietary
guidelines without changing their dietary pattern.

In the last decade, new recipes and ingredient composition are proposed
for obtaining nutritional balances or enriched gluten-free breads. Additionally,
the supplementation of gluten-free bread with proteins has been a technological
strategy for improving the protein network and for mimicking the viscoelastic
properties of gluten proteins in wheat-containing breads. Protein enrichment
can be obtained using legume flours, egg proteins, or dairy proteins at different
percentages (0 %, 10 %, 20 %). Eggs are frequently avoided because gluten-
intolerant patients are very often intolerant to albumin. Dairy powders can be
added up to 12 % because higher levels provoke great detrimental effect on the
technological properties. Legume flours are useful for protein and fiber enrichment
of bakery foodstuff, like gluten-free cakes. Nevertheless, their effect on the tech-
nological and sensorial quality is dependent on the legume origin. Legumes signif-
icantly enhance the protein content and its availability, and the total dietary fiber
content, besides its incorporation, reduces the glycemic index of the resulting
product. Moreover, lentil-containing cakes led to low-density batters and high
specific volume.
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Gluten-free bakery products have not been immune to the fiber enrichment
trend. With that aim, different fibers have been added to this type of products.
Usually, whole wheat grains are not used for making gluten-free products due to
technological limitations for obtaining low dense and porous structures; because of
that, fibers from different sources are being preferred for enriching these products.
Fibers from cereal bran, legumes’ outer layer, and processing by-products of apple
and potato industry have been used for enriching wheat cakes and muffins. Rice
bran up to 10 % or therein fractions have been proposed for increasing the protein,
fat, and dietary fiber contents; moreover, they supply insoluble and soluble dietary
fiber. Soluble dietary fibers also contribute to the technological quality of gluten-
free breads, improving color, specific volume, softness of crumb, and crumb
porosity. Insoluble and soluble fibers or their blends are recommended for making
gluten-free layer cakes enriched in soluble and insoluble fibers of acceptable
quality, without compromising excessively the specific volume and the crumb
texture. Due to health benefits derived from the intake of fiber-containing foods
and the recommendation to still balance the consumption of soluble and insoluble
fibers, a blend of insoluble fiber with soluble fibers like inulin or guar gum is
advisable for replacing up to 20 g/100 g of gluten-free flour when making enriched
gluten-free layer cakes.

Gluten-free flours have not been subjected to regulations regarding fortification
programs; because of that, numerous gluten-free products are mineral and vitamin
poorer than their wheat counterparts. The fortification of gluten-free bread with
different sources of minerals like calcium has been a topic of research, owing to the
impact of calcium on the health of gluten-intolerant patients. Calcium lactate, calcium
citrate, calcium chloride, and calcium carbonate are among the proposed sources of
elementary calcium for gluten-free breads. All those sources led to fortified breads,
calcium carbonate followed by calcium citrate is the most recommended salt for
obtaining calcium fortification of gluten-free breads based on the sensory acceptance
of breads. The same approach has been carried out with different iron compounds,
although elemental iron seems to be more stable and with less impact on sensory and
technological characteristics of the gluten-free breads.

Other allergies are related to the intake of dairy, peanuts, tree nuts, egg, soy, fish,
or shellfish — the allergens that with wheat/gluten account for 90 % of all food
allergic reactions in the USA. To give response to those consumers with some type
of allergies, there are products in the market free from lactose and dairy com-
pounds, eggs, and so on. The presence of those products is still very limited and this
market is not a strong driven force as occurs in the gluten-free products.

Conclusion and Future Directions

The market of baked goods is always increasing and thousands of new products
are launched yearly. Cereal baked goods are still an important source of nutrients
worldwide, owing to their presence in almost all daily meals. Those products are the
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main sources of complex carbohydrates and proteins, besides B vitamins
and minerals like calcium, iron, potassium, magnesium, manganese, phosphorus,
and zinc. Nevertheless, a great part of those is lost during milling; because of
that, whole wheat products are recommended. When considering baked products, a
distinction must be made between bread and the rest of baked products,
since their chemical composition is considerably different, moreover, on the fat
content.

Despite the availability of the increasing number of bakery products, recipes are
changing and the nutritional profile of the baked products has been changing over
the last decades. This fact together with the changes underwent in the consumers’
lifestyle and also the increasing detection of diverse ailments obey to
reconsider carefully the recipes or formulations used for making baked products.
Lately, enrichment and fortification are gaining popularity for providing more
nutritious baked products. With this purpose, additional raw materials like
pseudocereals, legumes, and other protein sources are being included in the
recipes. In addition, having nutrition awareness in mind, recipes have also been
modified for healthier ingredients or additives, which is really important in baked
goods rich in fat constituents. Simultaneously, the special requirements needed by
consumers when subjected to dietetic therapies make necessary the design and
development of tailored baked goods that meet sensory desires and nutritional
requests. It is envisaged that during the next decade, nutrition is still going to
govern the driven forces of the food market and nutrition claims will try to attract
consumers.
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Abstract

Chemical constituents are summarized for a selection of important beverages:
fruit juices, carbonated nonalcoholic drinks (including mineral/springwater,
soda water, soda pop, cola drinks, root beers, and tonic water), functional
beverages (sports, health, energy, and relaxation drinks), and alcoholic bever-
ages (wine, cider, beer, rice wine, spirits, and their flavorings). Major chemical
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constituents reviewed include pigments, colorants, carbohydrates, sweeteners,
acids, volatile compounds, phenolic compounds, terpenoids and steroids, nitro-
gen compounds (especially amines, amino acids, and proteins), minerals, vita-
mins, ethanol (for alcoholic beverages), carbon dioxide (for carbonated drinks),
and preservatives. General relationships between chemical content and methods
of processing are emphasized for several key beverages.

Introduction

Knowledge of the chemical composition of a beverage is important for both
understanding the organoleptic character of the beverage and for maximizing its
commercial value. While it is impossible in a work of this kind to be totally
comprehensive, this chapter summarizes the main chemical constituents of common
drinks in two parts: fruit juices, nonalcoholic carbonated drinks, and nonalcoholic
functional beverages in the first part and alcoholic beverages in the second.

Fruit juices and alcoholic beverages (many of which are derived from fruit
juices) are discussed in terms of the common categories of natural chemical
constituents that they contain. These include pigments, carbohydrates, acids, vol-
atile compounds, phenolic compounds, amino acids, peptides, proteins, and other
organic nitrogen compounds, minerals, vitamins, and bitter/astringent compounds.
Additionally, ethanol and carbon dioxide contents are discussed for relevant bev-
erages. Also considered are legal additives, such as colorants, flavorants, sweet-
eners, and preservatives, as well as potentially toxic substances that are formed
naturally during processing (e.g., ethyl carbamate in wines and distilled spirits).
The major processing methods for several kinds of beverages are described,
tabulated, or illustrated in outline, as these are a major influence on the chemical
composition of the final products and hence on their organoleptic character.

Nonalcoholic carbonated beverages and functional drinks (apart from unflavored
mineral or springwater) are treated from the point of view of purified water to which
has been added a selection of chemical ingredients. These include carbon dioxide,
salts, sugars and/or low-calorie sweeteners, colorants, flavorants, vitamins, amino
acids, and special active ingredients, such as central nervous system (CNS) or
smooth muscle stimulants (e.g., caffeine, creatine) or relaxants (e.g., melatonin,
L-theanine), either as pure substances or as part of plant extracts (e.g., guarana,
ginseng, green tea). In contrast to other sections, most of the data in the
Nonalcoholic Functional Drinks section comes from product labels or company
Web sites and hence are anonymous, in order to avoid advertising.

In some cases, component concentration data may be only approximate values,
being results, for example, of semiquantitative chromatographic (e.g., GC/MS)
determinations that use just one internal standard. Nevertheless, such data can
still give a broad understanding of chemical composition.

Agricultural, industrial, and microbiological contaminants originating from raw
materials are not generally included, except in a few important cases.
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Chemical Composition of Nonalcoholic Beverages and Functional
Drinks

Fruit Juices

Several methods are available for the commercial production of fruit juices. The
simplest of these is pressing, which gives a cloudy product with a shelf life of only a
few days, even at chill temperature storage. The shelf life can be extended some-
what by the use of a light pasteurization step. Freshly pressed juice (such as apple,
lime, or orange) is considered by many to have the best flavor. However, most
commercial fruit juices are the results of more elaborate processes that involve
filtration and/or concentration steps (evaporation, usually at reduced pressure),
followed by restoration (i.e., adding back flavor compounds, pulp) or reconstitution
(i.e., diluting with water) toward the end of the process. Fruit juices that have been
processed without evaporation and reconstitution steps are called NFC (not from
concentrate) juices. Restoration or reconstitution is performed in such a way as to
give a product that is the same as the original pressed juice so that the essential
composition and quality factors of the juice are maintained (Heredia et al. 2013 and
references therein). These juices are generally pasteurized and aseptically pack-
aged, giving them much longer shelf lives at ambient storage (Ashurst 2012 and
references therein). Apart from the above, fruit juices, usually in the form of
concentrates or sometimes in decolorized or deionized forms, are important ingre-
dients of soft drinks, some carbonated varieties of which are discussed in
Nonalcoholic Carbonated Beverages. Additionally, many fruit juices are obtained
expressly for winemaking. Some of their chemical components survive into the
wine, but many are lost or changed.

This section deals solely with the chemical composition of pure fruit juices,
obtained by any of the above processes and without the inclusion of additives, such
as sugar or preservatives, which is forbidden in many countries. The focus is on
more common juices made from fruit grown in temperate climates, but depending
on available data, certain aspects of the chemical composition of some less common
juices are included, particularly those that are frequently converted to wine or are
ingredients of soft drinks.

Pigments

The major pigments of red-purple fruit juices, such as those of black currant,
blueberry, red/black cherry, black grape, blood orange, or strawberry, are anthocy-
anins, mostly anthocyanidin 3-O-glycosides, but there are many variations. Figure 1
displays the six fundamental anthocyanidins (the aglycone part of anthocyanins),
along with examples of glycosides and acylated glycosides that constitute antho-
cyanin fruit juice pigments. Table 1 displays the major anthocyanins found in
selected juices, along with total anthocyanin content (TAC), either as a typical
value or as a range. TAC is often quoted as mg cyanidin or cyanidin 3-O-glucoside
equivalents per L or per 100 g fresh weight.
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Fig. 1 Structures of some fruit juice anthocyanins

The most common anthocyanins are cyanidin glycosides, except for black grape

juice where the bulk of the anthocyanins (50-90 %)
Strength of color and TAC depend on several factors

are malvidin derivatives.

, including the variety and

condition of the fruit and the juicing process, especially with regard to skin contact

and heat, enzyme, or other treatments.

Additional to monomeric anthocyanins, lower concentrations of anthocyanin
oligomers may be present in grape juice, depending on the extent of extraction from
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Table 1 Major anthocyanin pigments in red-purple fruit juices®

Typical total

anthocyanin
Juice Major anthocyanins content”
Bilberry/blueberry Malvidin 3-O-galactoside, delphinidin 3-O- 3,800
V. myrtillus/ glucoside, cyanidin 3-O-glucoside, delphinidin
Vaccinium 3-O-arabinoside, petunidin 3-O-glucoside,
corymbosum malvidin 3-O-glucoside
Blackberry Cyanidin 3-O-arabinoside, cyanidin 3-O- 1,256-1,978
Rubus spp. dioxaloylglucoside, cyanidin 3-O-
malonylglucoside, peonidin 3-O-glucoside
Black currant Cyanidin 3-O-rutinoside, delphinidin 3-O- 2,620
Ribes nigrum L. rutinoside, delphinidin 3-O-glucoside, Cyanidin
3-0-glucoside, petunidin 3-O-glucoside,
peonidin 3-O-rutinoside
Blood orange Cyanidin 3-O-glucoside, cyanidin 3-O- 43-291
Citrus sinensis (L) | 6"-malonylglucoside, delphinidin 3-O-glucoside
Osbeck
Cherry (red/black) Cyanidin 3-O-glucosylrutinoside® cyanidin 3-0- | 350-634
Prunus cerasus L. rutinoside, cyanidin 3-O-sophoroside,
(sour) pelargonidin 3-O-rutinoside, cyanidin 3-O-
Prunus avium L. glucoside, peonidin 3-O-rutinoside
(sweet)
Grape (black) Malvidin 3-O-glucoside, malvidin 3-O- 800-1,600
Vitis Vinifera, galactoside-6"-acetate, malvidin 30-, 50-
V. labrusca, diglucoside®, delphinidin 3-O-glucoside,
V. riparia, etc. malvidin 3-O-galactoside-6"-p-coumarate,
petunidin 3-O-glucoside, peonidin 3-O-glucoside
Raspberry (red) Cyanidin 3-O-sophoroside, cyanidin 3-O- 351491
Rubus idaeus L. glucoside, pelargonidin 3-O-glucoside
Strawberry (red) Pelargonidin 3-0-glucoside, cyanidin 3-O- 39.4-136.1 442
Fragaria x glucoside pelargonidin 3-O-rutinoside

ananassa Duch

“Data from McKay et al. (2011, pp. 419-435) and references therein, unless specified otherwise
"TAC (mg cyanidin 3-O-glucoside equivalents/kg fruit mass or mg/L juice)

“IData from Damar and Eksi (2012); “main anthocyanin in sour cherry juice (140-321 mg/L);
4(2.6-21.5 mg/L) in sour cherry juice

°Found at high levels in the juice of V. riparia and V. rupestris grapes and hybrids of these with
V. vinifera. It is absent or very minor in juice from V. vinifera varieties

the skins during the juicing process. These are flavan—flavylium dimers and trimers
with C(4)-C(8) links (type A) or C(2)-O-C(7) and C(4)-C(8) links (type B) (Buglass
and Caven-Quantrill 2013 and references therein). Also, low levels of vitisins
(pyranoanthocyanins formed by reaction of anthocyanins with carbonyl com-
pounds, such as acetaldehyde and pyruvic acid) have been found in blood orange
juice (Hillebrand et al. 2004). Vitisins are generally much more evident in young
red wines (see Fig. 10).
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Fig. 2 Structures of some non-purple fruit juice pigments

Polyphenols (flavan-3-ols and their condensation oligomers, flavanones, fla-
vones, and flavonols) (see Fig. 2 and Table 2 for examples), carotenoids (Fig. 2),
and possibly chlorophyll and chlorophyll degradation products, are the major
pigments of pale fruit juices. The latter have been found in apple, pear, and white
grape juice, whereas certain carotenoids are also evident in red grape juice and
wine, as minor pigments (McKay et al. 2011, pp. 419-435 and references therein).

Flavanone 7-O-glycosides are the most abundant flavonoids in all citrus juices
(Tripoli et al. 2007 and references therein). Neohesperidoside flavanones (naringin,
neohesperidin, and neoeriocitrin) are mainly present in bergamot, grapefruit, and
bitter orange juices, whereas flavanone rutinosides (hesperidin, narirutin,
and didymin) are present in bergamot, orange, mandarin, and lemon juices. See
“Phenolic Compounds” for further discussion.

The major pigment of tomato juice and red grapefruit juice is the carotenoid all-trans-
lycopene (Fig. 2): it comprises 80-90 % of the carotenoid content of freshly pressed
tomato juice, but its concentration gradually diminishes with storage time, via conver-
sion to a number of geometric isomers. Heat treatment during tomato juice processing
leads to lesser formation of lycopene geometric isomers (5-cis-, 9-cis, and 15-cis-
lycopene) over a 56-day storage time (Vallverda-Queralt et al. 2013). The main pig-
ments of cherry tomatoes are all-trans-lycopene (80-90 %), p-carotene (4.3—-12.2 %),
and a-carotene, phytoene, and phytofluoene (together, ~6.8 %) (Lenucci et al. 2006).
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Table 2 Major pigments of non-purple fruit juices®

Category
Carotenoids

Phenolic
compoundsb:
Chalcones
Dihydrochalcones
Flavan-3-ols

Flavones (and
isoflavones) and
flavonols

Flavanones and
flavanonols
Flavan-3.,4-diols
Procyanidin
oligomers
Chlorophyll and
degradation
products

Examples

a-Carotene, B-carotene (all-trans),
(13-cis)-carotene

Oxygenated carotenoids: 2/,
3’-anhydrolutein, a-cryptoxanthin,
B-cryptoxanthin, lutein, (13-cis)-
lutein, (13'-cis)-lutein, zeaxanthin
Epoxy and furanoyl carotenes:
antheraxanthins, auroxanthins,
luteoxanthins, mutatoxanthins, and
violaxanthins

Lycopenes (mainly all-trans
lycopene)

Butein, chalconaringenin
Phloretin, phloridzin
(+)-Catechin, (—)-epicatechin
Apigenin, tangeretin (usually as
glycosides)

Kaempferol, quercetin (and
glycosides)

Hesperitin, naringenin (usually as
glycosides), Dihydroquercetin
Cyanidol

Dimers, trimers, and upwards, of
(+)-catechin, (—)-epicatechin
Nonfluorescent chlorophyll
catabolites (NCCs) and other
chlorophyll breakdown products

231

Comments

Carotenoids are present in many
fruit juices, such as those of white
grapes, apricot/peach, and citrus
fruits, especially oranges. Some are
very minor pigments of black grape
juice. Lycopenes are prominent in
tomato juice. Isomerizations can
occur on heat treatment processes

In many juices, including apple and
pear juice

Apple and pear juice

In many fruit juices

Especially citrus fruit juices

In many fruit juices

Especially citrus fruit juices

Especially pear juice

Especially in cider apple and perry
pear juice

In many pale juices, including
apple, white grape, and pear juice

#Some of these (e.g., some carotenoids and flavonoid phenols) are also present in purple juices
(e.g., black grape juice), where provision of color is dominated by anthocyanins

bSimple phenols and phenolic compounds of the hydroxybenzoic acid and hydroxycinnamic acid
type (including quinic acid derivatives) contribute more to taste but may provide color indirectly
via nonenzymic browning reactions

Carotenoids are also major pigments in orange juice, 5-23 mg/L being typical
total carotenoid concentrations (Meléndez-Martinez et al. 2009). The main carot-
enoids of orange juice appear to be (9-cis)-violaxanthin, (all-trans)-violaxanthin
(+cis-isomers), (9-cis)- or (9-trans)-antheraxanthin, zeaxanthin, mutatoxanthin epi-
mers, and p-cryptoxanthin (others being <1 mg/L concentration) (Meléndez-Mar-
tinez et al. 2009).

Volatile Components

Hundreds of volatile compounds have been detected in fruit juices. Many of these
(e.g., alcohols, carbonyl compounds, carboxylic acids, lactones, norisoprenoids) are
secondary metabolites of biochemical pathways involving amino acids,
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carotenoids, or fatty acids. Others (e.g., esters, ethers, and terpenoids) occur during
ripening of fruit (Heredia et al. 2013). Some abundant or important volatile
compounds (key odorants) of selected juices are given in Table 3. The odor
threshold value (OTV) (or perception threshold) of a volatile is defined as the
minimum concentration (often in water) at which the volatile can be detected
organoleptically. OTVs of some key volatiles are given in Table 3. Odor activity
value (OAV) (=concentration/OTV) was designed to indicate the extent of contri-
bution of a compound to the global aroma: OAV > 1 has been suggested as a
necessary condition for probable significant contribution.

Usually only a fraction of the many volatile compounds in a particular juice are
odor active (i.e., with OAV > 1) at the concentration levels found in that juice.
Aroma reconstitution methods can suggest the number and levels of odor-active
compounds needed to reproduce the juice aroma. However, these results may not be
universally accepted, for a number of reasons, including aroma perception subjec-
tivity and omission of key (usually minor) compounds. Nonvolatile components
(e.g., polyphenols), as well as scarce volatiles, can influence the perception of more
abundant volatile compounds. Also, biological factors (e.g., genetics, agricultural
practices, climate) and technological factors (e.g., method of juice preparation,
storage) can influence global juice aroma.

In some cases, one or two volatile compounds can be highly suggestive of the
whole juice aroma. Examples include 4-hydroxy-3,5-dimethyl-3(2H )-furanone
(strawberry), p-1-menthene-8-thiol (grapefruit), methyl anthranilate (grape, Vitis
labrusca, etc.), aromatic alcohols and carbonyls (juice of stone fruit, such as
apricot, cherry, and peach), 4-mercapto-4-methyl-2-pentanone (grape, V. vinifera
var. Sauvignon blanc), 1-( p-hydroxyphenyl)-3-butanone (raspberry), allyl carbox-
ylates (pineapple), and 4-methoxy-2-methyl-2-butanone (black currant).

In general, however, many other compounds (often at low levels), as well as key
odorants, contribute to global juice aroma/flavor and should be included, as far as
possible, in aroma reconstitution experiments.

Many fruit juice volatile compounds (especially alcohols and including
terpenols) exist partially or entirely as glycosides, which are odorless until they
are hydrolyzed to release the odorant aglycone. This can occur during fermentative
conversion of juice to wine or by the addition of -glucosidase or pectinase enzymes
during juice preparation (see Fig. 13) (Buglass and Caven-Quantrill 2013).

Phenolic Compounds

This subsection focuses on non-anthocyanin, nonvolatile phenolic compounds,
many of which contribute to color and/or are important contributors of bitter
and/or astringent sensations in the taste and mouthfeel of fruit juices. Important
classes of phenolic compounds, with examples, can be found in Table 4, while
selected structures are displayed in Fig. 3. In general, juices from fruit that are
specifically grown to produce cider, perry (pear cider), or wine have the highest
total phenolic content (TPC), which is measured in gallic acid equivalents (GAE)
and is usually quoted in mg GAE/L or mg GAE/100 g FW (fresh weight).
See Table 5.
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Table 3 Principal aroma/flavor compounds of fruit juices*

Fruit juice
Apple (Malus domestica
Bartch. or M. sylvestris)

Apricot (Prunus
armeniaca L.)
Blackcurrant (Ribes
nigrum L.)

Citrus juices:

Grapefruit (Citrus x
paradisa Macfad.), lemon
(Citrus limon (L.) Burm.
f.), Orange (Citrus sinensis
(L.) Osbeck)

Grape (Vitis vinifera L.,
V. labrusca, V. riparia,
V. rupestris, etc.

Peach (Prunus persica
(L.) Bartch var. persica

Pear (Pyrus communis L.)

Pineapple (Ananas
comosus (L.) Merr.

Strawberry (Fragaria x
ananassa Duch.)

Tomato (Lycopersicon
esculentum Mill.)

Characteristic aroma compounds

Alcohols: 1-butanol, 1-hexanol, 2-methyl-1-butanol; carbonyls:
cis-2-hexenal; esters: butyl hexanoate, ethyl butanoate, ethyl
2-methylbutanoate, hexyl acetate, hexyl butanoate, hexyl
hexanoate, 2-methylbutyl acetate; norisoprenoids:
f-damascenone

Alcohols: 2-phenylethanol; carbonyls: benzaldehyde;
terpenoids: linalool, a-terpineol, 4-terpineol

Carbonyls: 1-octen-3-one; esters: ethyl butanoate, ethyl
hexanoate, methyl butanoate; norisoprenoids: a-damascenone;
pyrazines: 2-methoxy-3-isopropylpyrazine; terpenoids: cineole,
linalool, 4-terpineol; sulfur compounds: 4-methoxy-2-methyl-2-
butanethiol

Carbonyls: 4,5-epoxy-trans-2-decenal, 1-hepten-3-one, cis-3-
hexenal; esters and lactones: ethyl butanoate, wine lactone;
sulfur compounds: p-1-menthene-8-thiol, 4-mercapto-4-methyl-
2-one

Alcohols: ethanol, methanol; carbonyls: 2-methyl-3-buten-2-ol;
4-methyl-2-pentanone, perillaldehyde; esters: ethyl acetate
terpenoids: carvone, geranial, limonene, linalool, neral,
y-terpinene, a-terpineol, terpinen-4-ol

Carbonyls: acetaldehyde, octanal; esters: ethyl butanoate;
terpenoids: citral, limonene, linalool, a-pinene

Alcohols: hexan-1-ol, 2-phenylethanol; carbonyls:
2,3-butanedione, decanal, 2-cis-6-trans-nonadial; esters: ethyl
butanoate, ethyl 2-methylbutanoate, methyl anthranilate”; furans:
4-hydroxy-2,5-dimethyl-3(2H)-furanone; pyrazines: 3-isobutyl-
2-methoxypyrazine, 3-isopropyl-2-methoxypyrazine; terpenoids
and norisoprenoids: p-damascenone, geraniol®, linalool® sulfur
compounds: 3-(methylsulfanyl)propanal

Carbonyls: benzaldehyde; esters and lactones: y-decalactone,
ethyl acetate, hexalactone, methyl acetate; norisoprenoids:
-damascenone

Esters: ethyl 2,4-decadienoate; terpenoids: trans,
trans-a-farnesene

Esters and lactones: allyl hexanoate, ethyl and methyl
2-hydroxybutanoate, ethyl and methyl 2-hydroxyhexanoate, ethyl
and methyl 2-methylbutanoate, methyl 2-methylpropanoate,
y—nonalactone, 8-octalactone, y-octalactone; furans: 4-hydroxy-
2,5-dimethyl-3(2H)-furanone; terpenoids and isoprenoids:
trans-p-damascenone

Carbonyls: 2,3-butanedione, cis-3-hexenal, esters: ethyl and
methyl butanoate, methyl 2-methylpropanoate; furans:
4-hydroxy-2,5-dimethyl-3(2H)-furanone

Alcohols: cis-3-hexenol 3-methylbutanol; carbonyls: hexanal,
cis-3-hexenal, trans-2-hexenal, 6-methyl-5-hepten-2one;
norisoprenoids: a-ionone; thiazoles: 2-isobutylthiazole

“Data from McKay et al. (2011), Heredia et al. (2013) and references therein
bImportant in V. labrusca, riperia and other American species (and some hybrids)
“Prevalent in muscat and/or traminer varieties of V. vinifera
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Table 4 Important non-anthocyanin phenolic compounds in fruit juices

Class

Hydroxybenzoic acid
type

Hydroxycinnamic acid
derivatives

Chalcones;
dihydrochalcones

Flavan-3-ols

Flavones

Flavonols

Flavanones; Flavanonols

Flavan-3,4-diols

Condensed tannins:
procyanidins and
condensed
proanthocyanidins (>10
flavan monomer units)

Stilbenes

Hydrolyzable tannins
(glucosidic esters of
gallic acid, ellagic acid,
and other phenolic acids)

Examples

p-Hydroxybenzoic acid, gallic
acid, gentisic acid

Caffeic acid, p-coumaric acid,
ferulic acid, sinapic acid

Butein, chalconaringenin,
licochalcone, okanin; phloretin

(+)-Catechin and (—)-
epicatechin

Apigenin, diosmetin, luteolin,
nobiletin, sinensetin, tangeretin
Isorhamnetin, kaempferol,
myricetin, quercetin,
rhamnetin

Didymin, heridictyol,
hesperitin, isosakuranetin,
narigenin; Dihydroquercetin

Cyanidinol

Dimers, trimers, and upwards
of (+)-catechin and (—)-
epicatechin, with 4-8
(sometimes 4—6) links or with a
4-8 and a 27 ether link

Piceatannol, resveratrol

Castalin, castalagin,
ellagitannin, vescalin,
vescalagin

Comments

Usually present as glycosides in
apple, grape and pear juice

In many fruit juices, including
black and white grape juice
Caffeic and p-coumaric acids
are often present as quinic acid
derivatives (e.g., chlorogenic
acid = caffeoylquinic acid) —
these are constituents of apple
and pear juice

Glucosides and tartrate esters
(e.g., caftaric acid) are found in
grape juice

Phloridzin (phloretin
2'-glucoside) is a component of
apple and pear juices

Present as aglycones in many
fruit juices, such as apple,
citrus, grape, and pear juices
Both types are mostly present as
glycosides. Flavones are
common in citrus fruit juices.
Also polymethoxy derivatives are
found in orange juice. Flavonol
glycosides (e.g., quercetin-3-O-
rutinoside or rutin) are
components of most fruit juices

Flavanones are important
components of citrus juices,
usually as neohesperidosides
(7-0-B-glc-(2-1)-a-rha) or
rutinosides
(7-0-B-glc-(6-1)-a-rha)
Especially prevalent in perry
pear juice

In apple, pear, and grape juices
in particular, especially in black
grape juice and cider apple and
perry pear juices after some
skin contact

In juice of blueberry and related
fruits (e.g., huckleberry). Also
in black grape juice
Ellagitannin is found at low
concentrations in some fruit
juices (especially blackberry,
raspberry, and strawberry);
higher levels if seeds are
ruptured during juicing
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Fig. 3 Structures of some fruit juice phenolic compounds

The simplest phenols, hydroxybenzoic acids, are usually present as glycosides
(mostly glucosides) in fruit juices: free forms are more prevalent in wine, especially
red wine. Hydroxycinnamic acids are present as glucosides and also as esters of
tartaric acid (e.g., p-coumaryl tartaric acid or coutaric acid and cafeyl tartaric acid
or caftaric acid) or quinic acid (e.g., coumaroylquinic acid; Fig. 3). Many
hydroxycinnamic acids, in their various forms, are significant components of
apple, grape, pear, and other fruit juices, where some are involved in “browning”
(see Fig. 11). Also, caffeic and p-coumaric acids can combine with anthocyanidin
3-0-glucosides to form small quantities of acylated anthocyanins in black grape
and other purple fruit juices (Fig. 1).

Chalcones and dihydrochalcones are comparatively rare, but phloretin and
phloridzin in particular are important phenolic constituents of apple and pear juices.
Monomeric flavonoid phenols are generally widespread throughout fruit juices, the
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Table 5 Total phenolic content (TPC) and phenolic composition of selected fruit juices

Juice
Apple* (from specific
eating apples)

Apple® (from German
cider apples)

Apple® (commercial
juices)

Cherry (sweet)®®

Grapef

Grapefruit®

Grapefruith

Orangei

TPC (mg GAE/L)
154.4-178.0

261.2-970.0

109.9-495.0

44.3-87.9

~300 (white)
~2,000 (black)

441.09-725.71

Major phenolic components (mg/L)

Hydroxycinnamic acids (56.8-67.7),
dihydrochalcones (9.8-35.2), flavan-3-ols
(7.6-54.6), procyanidins (32.3-46.8), flavonols
(1.6-3.6)

Hydroxycinnamic acids (138.5-592.6),
dihydrochalcones (33.5-171.0), flavan-3-ols
(32.8-249.1), procyanidins (32.0-143.4),
flavonols (4.9-26.7)

Hydroxycinnamic acids (68.6-259.0),
dihydrochalcones (9.4-75.8), flavan-3-ols
(14.0-102.1), procyanidins (tr.—60.9), flavonols
(tr—13.5)

Chlorogenic acid (0.60-2.61), p-coumaric acid
(0.77-7.20), epicatechin (0.43-3.70),
neochlorogenic acid (4.74—-11.9), rutin (2.06-5.78)
Hydroxybenzoic and hydroxycinnamic acids as
glycosides (100-200 in black grape juice)
(10-20 in white grape juice), flavonols as
glycosides (~100 in black grape juice) (1-3 in
white grape juice), flavan-3-ols (~1,000 in black
grape juice) (100-200 in white grape juice),
procyanidins (~1,000 in black grape juice)
(100-300 in white grape juice), flavanonols as
glycosides (2.3-116), flavan-3.,4-diols (2.3-116
in white grape juice), flavones (3-93 in white
grape juice only)

Flavanones: narirutin 4'-glucoside(9-15),
naringin 4’-glucoside (16-21), rhoifolin
4'-glucoside (0-16), neoeriocitrin (0-4),
narirutin (136-163), naringin (420-480),
neohesperidin (6), rhoifolin (0-23), naringin-
6'-malonate (24-33), poncerin (8—10)
Hydroxybenzoic acids: gallic acid (3.18-4.53),
p-hydroxybenzoic acid (0.87-2.45),
protocatechuic acid (1.87-3.70), vanillic acid
(0.58-5.30)

Hydroxycinnamic acids: caffeic acid
(4.15-6.90), chlorogenic acid (3.12-5.17),
p-coumaric acid (13.70-16.30), ferulic acid
(14.09-26.46), sinapic acid (9.21-13.44)
Flavanones: didymin (4.30-12.48), hesperidin
(8.47-10.25), naringin (270.21-464.13),
narirutin (63.80-120.06), neohesperidin
(14.72-24.24), poncirin (16.98-26.02)
Flavanones: naringenin 7-rutinoside-
4’-glucoside (3.1), hesperetin 7-rutinoside-
3'-glucoside (5.1), naringenin 4'-methyl-7-
rutinoside (9.2), naringenin 7-rutinoside (33.2),
hesperetin 7-rutinoside (86.3)

(continued)
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Table 5 (continued)

Juice TPC (mg GAE/L) | Major phenolic components (mg/L)

Tomato! 92.8-128.9 Hydroxycinnamic acids: caffeic acid
(0.15-0.47), cafteic acid glycoside (0.22-0.68),
chlorogenic acid (0.84-1.56), cryptochlorogenic
acid (0.47-0.95), dicaffeoylquinic acid
(0.15-0.27), ferulic acid glycoside (1.92—4.52)
Flavanones: naringenin (3.60-7.04), naringenin
7-0-glucoside (0.13-0.58)

Flavonols: kaempferol 3-O-glucoside
(0.57-1.17), kaempferol 3-O-rutinoside
(1.59-3.57), Quercetin (0.13-0.55), rutin
(5.03-8.91)

“Kabhle et al. (2005); Malus domestica: Fuji, Golden Delicious, Granny Smith, Red Delicious
®Kahle et al. (2005); Malus sylvestris: Bittenfelder, Bohnapfel, Boskoop, Brettacher, Kaiser
Alexander, Kaiser Wilhelm, Winterrambur

“Kahle et al. (2005); probably mostly M. domestica blends

dUsenik et al. (2008); Prunus avium L.

°TPC in mg GAE/100 g FW; composition in mg/100 g FW

fRibereau-Gayon et al. (2000, pp. 129-186); Amerine and Ough (1980, pp. 175-199); V. vinifera
€Hsu et al. (1998); Actually juice of two common Citrus grandis Osbeck x Citrus x paradisi
Macfad. crosses: Melogold and Oroblanco

"Kelebek (2010); (Citrus x paradisi Macfad.) Handerson, Rio red, Ruby red, Star ruby
"Tomés-Navarro et al. (2014); actually juice of Citrus hybrid between mandarin and sweet orange
(Citrus sinensis L. var. “Ortanique”)

IVallverdd-Queralt et al. (2013)

major flavonoid classes being flavones, isoflavones, flavonols, flavanones,
flavanonols, flavan-3-ols (catechins), and flavan-3,4-diols (leucoanthocyanins or
anthocyanogens). Of these, flavan-3-ols and flavonols are almost ubiquitous in fruit
juices, probably partly because they are located in both the pulp (or pericarp) and
skins of fruit, whereas others, such as flavones, are concentrated in skins or peel.
Flavanones are usually the most abundant flavonoids of citrus juices, while fla-
vones, located mostly in the peel, are usually present only at low or trace levels
(or are undetectable), although polymethoxylated flavones exist in tangerine and
some other citrus juices. Flavanonols (e.g., dihydroquercetin or taxifolin) are found
in grape juice, and flavan-3,4-diols are significant constituents of pear juice. The
majority of flavonoid phenols exist mainly as O-glycosides in fruit juices: excep-
tions include flavan-3-ols, which are always present as aglycones, and a few
flavones in citrus peel that exist as C-glycosides.

Oligomeric and polymeric flavonoid phenols (condensed tannins) are also
important in many juices, including apple, bilberry/blueberry, cherry, grape, and
pear juices. They are generally known as procyanidins and mostly consist of (+)-
catechin and/or (—)-epicatechin monomer units. Type B (the most common) has C
(4)-C(8) or C(4)-C(6) interflavan bonds, whereas type A has an addition ether bond
between C(5) or C(7) on the lower flavonoid unit and C(2) on the upper unit.
Procyanidins exist largely as aglycones, with dimers and trimers being most
common, but polymers of up to 17 units exist in cider apple juice.
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Flavan-3-ols, procyanidins, and other polyphenols are also capable of forming
oligomers with anthocyanins or their derivatives, but these are more important in wine
(Fig. 10). Hydrolyzable tannins such as ellagitannins (Fig. 3) are rare in juices (e.g.,
cherry, raspberry, and strawberry juices) but are more common in oak-aged wine.

Carbohydrates

Free sugars are crucial to the palatability of fruit juices, but carbohydrates in
general, including their derivatives (such as sugar acids and reduced monosaccha-
rides or polyols), are present in juices in many different guises, as outlined in
Table 6. Total free sugars are often estimated from measurement of total soluble
solids, using either a hydrometer or refractometer.

Table 7 lists typical values for common fruit juices, using the °Brix (Balling or
Plato) scale, which is probably the most widely used scale for this purpose. It is an
approximate measure of mass of sugar (in g) per 100 g juice — % sugar (w:w).

It can be seen from Table 8 that the most abundant fruit juice free sugars are the
disaccharide sucrose (saccharose), along with the monosaccharides p-fructose and
D-glucose, the first two being especially prevalent. Other free sugars exist in fruit
juices but usually at low to very low levels: these include the monosaccharides
L-arabinose, D-galactose, L-thamnose, D-ribose, and D-xylose; the disaccharides
lactose, maltose, melibiose, and trehalose; and the trisaccharide raffinose. Juice of
V. vinifera grapes contain only minute amounts of sucrose and no trehalose,
whereas most other fruit juices (including those of other Vitis species, such as
V. labrusca) contain considerable, even dominant, amounts of sucrose.

With respect to relative sweetness, if sucrose has a rating of 1, fructose rates
1.73, glucose rates 0.74, and the pentoses (L-arabinose, etc.) rate about 0.4 so that,
if the total sugar content of two juices is the same, the juice with the higher
fructose—sucrose—glucose ratio will be sweeter.

Depending on the processing methods, varying amounts of pectic substances,
oligomers and polymers of f-p-glucose, and oligomers and polymers of L-arabinose
and p-xylose are present (Table 6). All of these are “fibrous” and are “soluble” or
“insoluble” according to the extent of polymerization and branching, the insoluble
materials forming part of the cloud. They arise from the breakdown of pectic and
cellulosic structural materials of the fruit. If f-glucanase and xylanase enzymes (for
cellulose/arabinoxylan degradation) and pectinase (pectolase) enzymes (for pectin
degradation) have been used in the juicing process and if the juice has been filtered,
then it will contain only relatively small amounts of soluble oligomers and mono-
mers (including low-trace levels of rare sugars and derivatives — see Table 6).
Freshly pressed juice, however, will contain a significant amount of fibrous material
(dietary fiber) — see Table 10.

Polyols (sugar alcohols), such as sorbitol, are present in apple, cherry, and pear
juices in particular but not in grape juice that has been prepared from healthy fruit.
However, grapes that have been infected by the fungus Botrytis cinerea will give
juice that contains low levels of glycerol, mesoinositol, and sorbitol. Under the right
conditions, this is favorable for the production of certain types of wine, but table
grapes grown to produce juice for drinking should always be healthy.
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Carbohydrate context

Comments

Free sugars
HO
(B)-D-GI no o
o(B)-D-Glucopyranose
Py HO OH]
OH

Hoy_ oH OH
HOU
OH

HO— O B-D-Fructofuranose

Sucrose: o—D-glcp-(1-2)-p-D-fruf

Gluconic acid, meso-inositol,
mannitol and sorbitol (sugar alcohols)

Glycosidic units

B-L-Arabinose, B-D-glucopyranose, p-D-galactose
o-L-rhamnose, B-D-xylose (monosaccharides)

Rutinose (B-D-glc-(6-1)-0-L-rha), neohesperidose,
(B-D-glc-(1-1)-0-L-rha), sophorose,
(B—D-glc-(2-1)-B-D-glc), sambubiose
(B-D-glc-(2-1)-B-D-xyl) (disaccharides)

Sugar components of pectic substances

o-D-Galacturonic acid and methyl
galacturonate

B-L-Rhamnose, o-L-arabinose

B-D-Apiose, o-L-fucose, 2-O-methyl-o.
-L-fucose, B-D-glucuronic acid,
B-deoxy-D-lyxo-heptulosaric acid,
2-keto-3-deoxy-D-manno-2-octulosic acid,
B-3-C-carboxy-5-deoxy-L-xylose and
2-O-methyl-a-D-xylose

Sugar components of cell wall
polysaccharides

B-D-glucopyranose, B-D-xylose,
o-L-arabinose

These are the major free sugars of fruit juices.
Fructose is probably the most important overall.
Glucose and fructose are by far the main free
sugars of grape juice, but sucrose is abundant
in many fruit juices, such as apple, citrus, peach,
pear and strawberry juices. B-D-galactose is
found at low levels in some juices (e.g. grape
juice, ~0.1 mg/L). Other disaccharides; lactose,
maltose, melibiose, and raffinose are present at
very low levels in many juices.

Gluconic acid is the major sugar acid of fruit
juices. Apple and pear juices are relatively rich in
sorbitol. meso-Inositol is found in grape juice.

These are the main monosaccharide sugars of
the wide range of glycosides of odorous alcohols
(including terpenols) and phenols (including
simple phenols and flavonoid phenols) found in
all fruit juices. The sugar units are usually linked
to the aglycone by ether (C-O-C) bonds, but
sometimes by C-C bonds.

These units form the backbone of fruit pectic
substances.

L-rhamnose forms part of the rhamno-
glacturonan regions of pectic substances; L-
arabinose occurs in side chains and in regions
of the main chain.

These rare sugars are found in rhamnogalact-
uronan Il regions of pectic substances. These
regions are resistant to pectinase action and
may be the only pectic substances found in fruit
juices made using total liquefaction by pectinase
enzymes.

These are the monomers of cellulose, which
together with pectic substances and lignins forms
the cell walls of fruit. Glucose polymers are
called B-glucans and xylose polymers are known
as P-xylans. Polymers of B-D-xylose and o-L-
arabinose are sometimes known as pentosans.

Uronic acids (sugar acids), principally galacturonic acid, are found in many fruit

juices, including grape juice, where total uronic acid concentration is generally
100-300 mg/L.

Acids

Like sugars, acids are also crucial to the palatability of fruit juices — without them
they would taste flat and sugary, many would have different colors, and they would
all be highly prone to microbiological spoilage. Table 7 displays the total acidity of
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Table 7 Total soluble solids and total acid content of selected fruit juices®

Black
Fruit Appleb Apricot | Bilberry | Blueberry | Blackberry | currant
Total soluble solids 11-17 13-14 8-12 11-13 8 10
(°Brix)*
Total acidity (g/L) 2-10 6-15 8 3 12 30

Grape Grape

Fruit Cherry | (table) (wine) Grapefruit | Guava Mango
Total soluble solids 13-18 14-20 18-32 8-11 8-10 11-15
(°Brix)
Total acidity (g/L) 1026 | 3-6 6-9 12-14 5 11-14
Fruit Orange | Peach Pear® Pineapple | Strawberry | Tomato
Total soluble solids 11-13 11-15 13-17 12-18 8 5-7
(°Brix)
Total acidity (g/L) 10-13 1 4-9 3-10 9-12 12 3-5

“Typical values or ranges. Data from Amerine and Ough (1980, pp. 45-73), Chinnici et al. (2005),
Shamsudin et al. (2005), Cheng et al. (2007), McKay et al. (2011, pp. 419-435), Li et al. (2012)
®Lower °Brix values and lower total acidities tend to be associated with cider apples and perry
pears

“Total soluble solids (an approximate measure of sugar content) ~g sugar/100 g juice

selected juices, where it can be seen that there is a wide acidity range, from mildly
acidic apple or grape juices to highly acidic black currant juice.

Table 8 shows that the most common and most abundant fruit juice acids are
citric and malic acids, but in general juice organic acids are mostly low-molecular-
weight mono-, di-, and tricarboxylic acids with pK, values in the range 3.01-5.74.
They all exist largely as free (molecular or undissociated) acids, but those with
lowest pK,(1) values, especially L-(+)-tartaric acid (3.01), citric acid (3.09), and L-
(—)-malic acid (3.46), will be present in partial salt form (see “Salts” subsection).
To these we can add the inorganic acids phosphoric and sulfuric acids, which will
be present mainly as dissociated salts, ascorbic acid (see “Vitamins” subsection),
the sugar acids, and the very weakly acidic phenolic acids mentioned in previous
subsections.

Other carboxylic acids found in juices include tartaric acid (especially important
in grape and pomegranate juice), acetic, isocitric, pyruvic, quinic, succinic, and
some other acids of the citric acid cycle/glycolysis pathway.

Amino Acids, Peptides, and Proteins
Of the total nitrogen content of ripe fruit juices, as determined by the Kjeldahl or
Dumas methods, normally less than 10 % is present as inorganic nitrogen (mainly
NH,"); amino acids and peptides make up about 30—40 % each and the rest is made
up of mainly proteins, along with small amounts of amines, amino sugars, N-
heterocycles, and N-containing vitamins.

Amino acids include the “magic twenty” protein components, plus citrulline,
hydroxyproline, norvaline, and ornithine (all L-a-amino acids), as well as $-alanine
and y-aminobutanoic acid (GABA). Table 9 displays the total amino acid content
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Table 8 Major acids and free sugars of selected fruit juices

Juice Apple Apricot Grape Grapefruit | Mandarin | Mango

Acids | M (1.4-5.6)* | M (2.3-5.1)* | T (4.0-8.0)° | C (19-24)° | C (12-17)* | M (6.9-10)°

(g/L) C(r-1.1) |C(2.1-32) |M(2.0-5.0) | M (1.8-3.0) | M (3.8-8.0) | C (1.6-2.6)
S (0.2-0.8) |S(0.1-0.8) |S(0.5-1.0) |S (0.2-0.6) | S (0.8-3.7) | S (0.9-1.6)

Q (tr—0.4) | U (0.1-0.3) T (0.1-0.9)
A (0.16)
Sugars | Fr (60)8 Su (35-69)* | Fr(80-130)" | Su (29-35)° | Su (28-68)" | Fr (50-53)°
(g/L) Gl (17) Gl (45-63) | Gl (70-120) | Fr (22-27) |Fr (9.2-22) | Su (33-80)
Su (25) Fr (33-44) Gl (22-25) | Gl (6.9-20) | G1 (20-28)
So (5)
Juice Peach Pear Pomegranate Strawberry
Acids | M (1.5-5.6) C (1.5-2.0)* C(2.0-10.0)" C (0.5-1.0)¢
(g/L) C (1.0-1.9) M (0.5-1.2) M (3.0-3.5) M (0.1-0.2)
S (0.1-1.5) S (0.4-1.0) T (0.2-0.6) Q (t-0.2)
Q (t-0.07) S (0.02)
Sugars | Fr (22-75)* Fr (48-68)" Fr (40-50)" Gl (2.9-6.4)
(g/L) Su (20-77) So (15-28) Gl (40-50) Fr (1.8-3.5)
Gl (37-43) Gl (17-20) Su (0.9)
Su (1.7-15)

Key: A Acetic, C Citric, Q Quinic, S Succinic, T Tartaric, U Uronic (sugar acids). Sugars: Fr
Fructose, GI Glucose, Su Sucrose, So Sorbitol, #r. trace

#Chinicci et al. (2005)

PRibéreau-Gayon et al. (2000, pp. 3-40; 55-80)

“Kelebek (2010)

9Sdiri et al. (2012)

°Li et al. (2012)

Mena et al. (2012)

£Giindiiz and Ozdemir (2014)

and the most abundant amino acids in selected fruit juices. They are predominantly
L-isomers, but it is evident that the levels of individual amino acids in juice depend
on processing methods. Generally lower levels have been found in pomegranate,
strawberry, and tomato juices prepared from concentrates or by using some kind of
heat treatment than in freshly squeezed juices (Vallverdi-Queralt et al. 2013).
Likewise, concentrations of p-isomers (e.g., -PRO) are higher in heat-processed
juices (Tezcan et al. 2013).

Oligopeptides (up to tetrapeptides), such as glutathione, and polypeptides
(<10,000 Da molecular weight) constitute a considerable part (~30-40 %) of the
organic nitrogen content of juices but have not been extensively studied. Proteins
are present in juices in concentration up to ~300 mg/L. Grape juice has several of
molecular weight 10,000-100,000 Da but with the majority being in the
20,000-50,000 Da range. Many of the proteins are typical of fruit proteins and
include chitinases, lipid transfer proteins, pathogen-related proteins, ripening-
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Table 9 Total amino acid content and major a-amino acids of selected fruit juices

Total amino acid Major amino acids (most abundant on left). All L

Juice content (mg/L) isomers, except where specified otherwise

Apple* ~800 ASN, ASP, NVAL, SER, GLU, ALA, PRO, ILEU,
THR ~ VAL, LEU ~ PHE

Grape® 1,500—4,000 PRO, ARG, GLU, SER, ALA, a-ABA, THR, ASP

Pear® ~2,700 ASP, GLU, LEU, LYS ~ SER ~ VAL, ALA, GLY ~
ILEU ~ PRO, PHE, ARG, CYS ~ HIS, MET, TYR

Pomegranate” 733-3,374 SER, L-PRO, ALA, p-PRO, GLU, TRP, ARG, ASP,
ASN, LEU

Strawberry® 418.7-464.5 ALA, SER, ASP, GLU, THR, VAL, GLY ~ ILEU,
TYR, LUE ~ PHE, LYS

Tomato® 445.0-768.8 GLU, PHE, SER, HIS, ASP, LYS, ILEU, ARG, VAL,

ALA, MET, GLY

“Phenomenex Inc. (2014) Application data (NVAL Norvaline)

bBuglass and Caven-Quantrill (2013) and references therein; a-ABA, a-aminobutanoic acid
“USDA National Nutrient Database for Standard Reference Release

9Tezcan et al. (2013); one juice also contained p-LEU

“Vallverdi-Queralt et al. (2013)

related proteins, thaumatin-like proteins, and vacuolar invertase 1, GIN1. Similar
proteins are found in wine (see Table 13; Wigand et al. 2009).

Inorganic Cations and Anions (Electrolytes)

Fruit juices can be significant sources of mineral nutrients, which are present as
salts of various inorganic and organic acids (Table 10). The macronutrients are
Ca, K, Mg, N, Na, and P, the metals existing as their cations, N as NH,* (ammo-
nium), and P as phosphate anions. Micronutrients, often called trace elements,
include B, Cu, Fe, Mn, Se, Si, and Zn.

If juice is evaporated to dryness, the dry extract (usually ~15-30 g/L juice)
contains all the nonvolatile organic matter, plus inorganic compounds. When the
dry extract is combusted at 525 °C, in a stream of air, all organic salts (acetates,
tartrates, etc.), except ammonium salts, are converted to inorganic salts, mostly
carbonates, the resulting ash usually being ~1.5-3.0 g/L juice. The total inorganic
salt content can be estimated by titration.

Potassium is the most abundant ion, followed by calcium and phosphate, then N
(as NH,"), and magnesium. Sodium is normally found at lower levels in juice (14
mg/100 g juice), an exception being pomegranate juice, which has ~9 mg/100 g juice
(Table 10). The most abundant inorganic anions (after phosphates) are chloride and
sulfate. Of the micronutrients, Fe is usually found at higher levels than Zn, although
some juices, such as pomegranate juice, are good sources of dietary B and Mn.

Many minerals may persist into alcoholic beverages during fermentation and
other processes, although some, like Ca and P, may be partially removed by
precipitation, while others, such as Ca, NH,", SO42_, Na, Cu, Fe, and others, may
accumulate (deliberately or by accident) at certain stages of the process.
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Table 10 Total mineral, vitamin, and dietary fiber content of selected fruit juices®

Juice

Apple

Blood®
orange

Clementine

Grape

Grapefruit

Lemon

Orange

Pear

Mineral content
(mg/100 g juice)
K=101,Ca=8,P =
7, Mg =5,Na=4; Fe
=0.12,Zn = 0.02

K=171.2,P =8.8, Mg
=6.7,Ca=5.9,Na=
1.3; Fe = 0.25,Zn =
0.12,Cu=0.113,Mn =
0.076, Se = 0.001
K=177,Ca=30,P =
21,Mg =10,Na=1;
Fe = 0.14, Zn = 0.06

K=104,P=14,Ca =
11, Mg =10, Na = 5;
Fe = 0.23, Zn = 0.08

K=143,Ca=12,P =
12, Mg = 9; Fe = 0.08,
Zn = 0.07

K=103,P=8,Ca=
6, Mg = 6, Na = 1; Fe
=0.08, Zn = 0.05

K =200,P=17,Ca=
11,Mg=11,Na=1[;
Fe = 0.20, Zn = 0.05

K=130,Ca=12,P =
12, Mg =8,Na = 8,Zn
=0.08

Vitamin content (/100 g
juice)

Vit. C = 0.9 mg, niacin =
0.073 mg, vit. B¢ = 0.018
mg, riboflavin = 0.017
mg, vit. E = 0.01 mg

Vit. C = 48.8 mg, niacin
= 0.636 mg, thiamin =
0.086 mg, vit. Bg = 0.075
mg, riboflavin = 0.030
mg, vit. E = 0.20 mg,
folate = 0.024 mg,

Vit. C = 0.12 mg, niacin
= 0.12 mg, vit. B¢ = 0.04
mg, pantothenic acid =
0.04 mg,

Vit. A = 0.4 pg (8 L.U.),
vit. K =04 pg

Vit. C = 33 mg, niacin =
0.269 mg, vit. Bg = 0.043
mg, thiamin = 0.037 mg,
riboflavin = 0.020 mg,
folate = 0.012 mg, vit. A
= 0.005 mg (101 L.U.)
Vit. C = 38.7 mg, niacin
= 0.091 mg, vit. B¢ =
0.046 mg, thiamin =
0.037 mg, folate = 0.020
mg, riboflavin = 0.015 g,
vit. E = 0.15 mg, vit. A =
0.005 mg (101 L.U.)

Vit. C = 50.0 mg, niacin
= 0.400 mg, thiamin =
0.090 mg, vit. B¢ = 0.040
mg, riboflavin = 0.030
mg, folate = 0.030 mg,
vit. A = 0.010 mg (200 1.
U.), vit. E = 0.04 mg, vit.
K=0.1pg

Vit. C = 34 mg, niacin =
0.300 mg, riboflavin =
0.030 mg, thiamin =
0.010, vit. Bg = 0.010 mg,
folate = 0.004 mg, vit. E =
0.09 mg, vit. K =0.003 mg
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Total dietary fiber
(g/100 g juice)®

0.5

0.3

0.3

0.2

0.4

(continued)
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Table 10 (continued)

Mineral content

Vitamin content (/100 g

A.J. Buglass

Total dietary fiber

Juice (mg/100 g juice) juice) (g/100 g juice)b
Pineapple K =130,Ca=13,Mg |Vit. C =43.8 mg, Niacin | 0.2
=12,P=8,Na=2;Fe | =0.636 mg, vit. Bg =
=0.31,Zn =0.11 0.100 mg, thiamin =
0.058 mg, riboflavin =
0.021 mg, vit. E = 0.02
mg, folate = 0.018 mg,
vit. A = 2.5 pg (51 L.U.)
Pomegranate |K=214Ca=11.0,P= | Vit. E =0.36 mg, -

11.0, Na =9.0; Mg =
7.0, Fe = 0.080, Zn =
0.080, Mn = 0.080

pantothenic acid = 0.28

mg, niacin = 0.24 mg, vit.

C = 0.080 mg, vit. Bg =

0.040 mg, folate = 0.024

mg, vit. K = 0.010 mg

“Data from USDA (2014) National Nutrient Database for Standard Reference Release, unless
stated otherwise. Metals as cations, P as phosphate

PFresh whole fruit generally possess higher levels of fiber, followed by freshly pressed juice (e.g.,
1.5-2.4 g/L for citrus fruits)

“Cautela et al. (2009)

Vitamins

Like the parent fruits, juices are good sources of a wide range of vitamins.
Table 10 displays the main vitamin content of selected juices, where it can be
seen that vitamin C (ascorbic acid) is the most abundant and most
widespread vitamin, having high levels in citrus juices (typically ~50 mg/100 g
juice). High levels are found in black currant and guava juices too (181 and
110 mg/100 g juice, respectively). Niacin is usually the next most abundant
vitamin (~0.2-0.4 mg/100 g juice), followed by vitamin Bg (pyridoxine),
thiamine (B,), riboflavin (B,), vitamin E, pantothenic acid, folate, and vitamin
K. An exception is pomegranate juice, which has pantothenic acid as the
main vitamin, and it has relatively high levels of folate and (particularly)
vitamin K (e.g., ~0.010 mg/100 g juice — about 25 times the concentration in
grape juice).

Vitamin levels are generally higher in freshly pressed juices — processing steps,
such as pasteurization and evaporation, are known to deplete the juice vitamin
content somewhat. Likewise, vitamin levels tend to be lower in alcoholic beverages
made from fruit juices, although some, especially B vitamins and vitamin C, can be
added legally at certain production stages.

Other Components

Nonvolatile triterpenoids, such as limonin, nomilin, nomilinic acid, obacunone
glucosides, and aglycones, are found in citrus juices. During fruit maturation,
total glucoside concentration rises, while total aglycone level drops, often to
below taste perception levels (~6 mg/L juice): glucosides are tasteless, but
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aglycones are bitter and can be a cause of consumer rejection. Total limonoid
glucoside levels vary between about 60 mg/L for some grapefruit hybrid juices,
through ~190 mg/L for grapefruit juices, and ~320 mg/L juice for some sweet
orange juices (Hsu et al. 1998). Some grapefruit cultivar and hybrid citrus juices
have total aglycone levels above the taste threshold.

Pentacyclic triterpenoids (again nonvolatile), such as maslinic acid, oleanolic
acid, ursolic acid, and derivatives, are found in the waxy skins of many fruits,
including apples and pears. See Fig. 25. They are potent in vitro anticancer agents.
Ursolic acid is present at levels up to 1.6 g/kg fruit in apples, and cloudy juices
contain low levels of these compounds, depending on the processing (Fuller
et al. 2011, pp. 1093—1110 and references therein).

Nonalcoholic Carbonated Beverages

Carbonated drinks form an important part of the soft drinks industry. They can be
divided into the following major categories:

¢ Mineral water and soda water
e Fruit drinks

» Cola- and root beer-type drinks
¢ Tonic water

Apart from (unflavored) mineral water and most soda water, all categories
have added compounded flavor mixtures, sugar, or low-calorie sweeteners, and
some have added colorants. The carbonation level of most drinks is around 3 vols
CO; per vol liquid, which gives internal pressures of ~2 atm at 4 °C and ~2.5-3 atm
at 21 °C.

Carbonated Mineral Water and Soda Water

Carbonated mineral water is sourced from natural springs or from deep subterra-
nean aquifers, where it is carbonated by natural CO, at above atmospheric pressure.
Nowadays, the CO, is usually removed at source and then added back when the
water is bottled, typically at 4 °C and under CO, pressure of 1.2 atm. During its
long contact with rock, the water acquires many mineral ions, its mineral
profile depending largely on local geology (Table 11). Bottled mineral water
must conform to national standards of purity and must be consistent with regard
to pH and mineral content. It is permissible to remove undesirable constituents,
such as volatile sulfur compounds (e.g., in hot volcanic springwater), Fe?*/Fe* or
Mn’", prior to treatment with ozone and/or UV light (to kill microorganisms) before
bottling.

Water that flows through limestone or chalk tends to be alkaline, with high
HCO; ", Ca®*, and Mg** content — and sometimes with high sulfate and Na* content
too — whereas water flowing through basalt or other volcanic rock tends on the
acidic side, with lower total dissolved solids (TDS) (Table 11).
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Table 11 Major mineral content (mg/L) of some bottled carbonated mineral waters®

Eiffel
(Germany) Cachet Spring
Dolomite (Italy) Vergez Languedoc (dolomite (French Alps)
(limestone) (France) (limestone) | limestone) Fiji (volcanic) | (granite)
pH =738 pH = 5.46 pH =6.0 pH="7.7 pH=72
Ca™ = 180 Ca™ =155 Ca™* =348 |Ca™* =17 Ca™ =80
Cl™ =180 Cl =25 Cl™ =40 Cl =5 Cl =6
HCO;™ =238 HCO;™ =445 HCO;™ = HCO;™ =140 |HCO; = 360
1,816
Mg** =523 Mg** =6 K =11 K*=0 K'=1
Na* = 57 Na* = 11 Mg* =108 |Mg* =13 Mg™* =26
Sulfates = 459 Sulfates = 38 Na* =118 Na* =18 Na" =6
NO; =22 NO; =18 NO; =18 Sulfates = 0 Sulfates = 12
Si (silicate) = 7.5 Sulfates = Si (silicate) =
38 94
TDS® = 960 TDS = 688 TDS =2,479 | TDS = 220 TDS = 330
Catalan
Ty Nant (Wales) | Clairvic spring, Napa Valley | Vichy (Allier, | (Girona)
(granite, (Auvergne, France) (US) (hot France) (Spain)
sedimentary) (volcanic) spring) (volcanic) (volcanic)
pH =16.8 pH=7.0 pH = 6.82
Ca®* =220 Ca®* =115 Ca™* =2 Ca®* = 103 Ca™ =54.1
Cl™ =14.0 Cl” =135 Cl™ =200 Cl™ =235 ClI =601.5
HCO;™ =? HCO;™ =71 HCO;™ =25 |HCO;™ = HCO;™ =
2,989 2,135
Mg>* =11.5 K"=6.2 K'=14 K* = 66 K*'=48
Na* =22.0 Mg** =8 Mg™ =0 Mg** =10 Mg?* =92
Sulfates = 4.0 Na* =11.6 Na* =170 Na" = 1,172 Na* = 1,110
NO; < 0.1 Sulfates = 8 Sulfates = Sulfates = Sulfates = 138
110 138
Dry residue = Si (silicate) = 31.7 (Si) silicate =
165 (at 180 °C) 76.8
TDS = 131 TDS = 521 TDS =4,713 TDS = 3,052

Sulfates = SO,>~ and HSO,~
“The identity of each mineral water is given by the location of the source, not by brand name
Total dissolved solids

Flavored carbonated mineral water has enough added fruit essences (e.g., lemon,
lime, or apple) to give just a light flavor, which means that the flavor and bittering
component content will be low.

Nonalcoholic “spritzers” are more substantially flavored sparkling water. They
lie between flavored mineral water and fruit drinks, having typical carbohydrate
content, protein content, and fiber content of 60-70 g/L, ~1 g/L, and ~1 g/L,
respectively.

Soda water (sparkling water or seltzer water) refers to any water (even
domestic tap water) that is artificially carbonated, often at CO, pressures as high
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as ~8 atm, at 8 °C. Commercial examples are usually filtered or purified water
(which must conform to national purity standards) that contains low levels of added
salts (e.g., sodium or potassium bicarbonate or citrate, potassium sulfate, or
disodium phosphate). This is the kind of soda water that is used in “mixers,” say
with whisky. Additionally, some manufacturers add sucrose syrup and vanilla
essence and/or other extract (such as quillaja) to make a sparkling drink sometimes
known as “cream soda”.

Fruit Drinks

Carbonated fruit drinks (“pop,” “lemonade,” “soda pop”) constitute a major part of
the soft drinks industry. They are made with purified water (or even springwater or
natural mineral water in some cases), fruit juice (typically 2—10 % v:v), possibly
compounded flavors containing fruit extracts or essential oils, sugar syrup and/or
low-calorie sweetener, and possibly coloring. The fruit juice is used in concentrated
form (~6x original strength), obtained by heat evaporation, membrane concentra-
tion, or cryoconcentration (Ashurst 2012 and references therein). Essences, essen-
tial oils, and extracts are used as ingredients in compounded flavor formulations
and, as such, are individually likely to constitute no more than ~0.1 % (w:v) of the
fruit drink. Compounded flavor mixes are especially important in the manufacture
of cola- and root beer-type drinks. The range of volatile flavor compounds and bitter
compounds for a particular fruit drink is similar to that in the pure fruit juice or
alcoholic beverage containing that fruit (Table 3 and Fig. 25), but citrus drinks have
lower levels of terpene hydrocarbons, as most of these are removed from the
essential oil before compounding (Ashurst 2012).

Nowadays, high-fructose corn syrup and sucrose syrup are the main sugar
source, sometimes in combination with a very small quantity of low-calorie sweet-
ener or intense sweetener. In diet (low-calorie) versions of soft drinks, a combina-
tion of low-calorie sweeteners (e.g., saccharin and aspartame), always at very low
concentration, is often used. See Fig. 4 for examples of low-calorie sweeteners and
intense sweeteners.

Beverage colorants, deemed “natural” in most countries, are extracts or concen-
trates of fruit or vegetable and include annatto, beet juice, grape skin extract,
B-carotenes, paprika, and saffron. Also included is cochineal, of animal origin.
Synthetic colorants include Brilliant Blue (FD&C 1, E135), Indigotine (FD&C
2, E132), Erythrosine (FD&C 3, E127), Allura Red (FD&C 40, E129), Tartrazine
(FD&C 5, E102), and Sunset Yellow (FD&C 6, E110). Caramel, in its various
forms (E150a-d) is the most widely used beverage colorant (Buglass and Caven-
Quantrill 2012), especially regarding cola and similar drinks. Plain caramel
(E150a), made from sugar and acid (or alkali or salts) (but with no ammonia or
sulfite), will supply low levels of monomeric and polymeric O-heterocycles (furans
and pyrans), whereas ammonia caramels (E150c, d) supply additional low levels of
monomeric and polymeric N-heterocycles (imidazoles and pyrazines).

Preservatives used in soft drinks include benzoates, dimethyl dicarbonate
(DMDC), sorbates, and sulfites, depending on national regulations, and with max-
imum levels generally around 200 mg/L.

EENT3
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Fig. 4 Natural and synthetic low-calorie sweeteners used in soft drinks (approximate sweetness
relative to sucrose = 1)

Cola- and Root Beer-Type Drinks

Modern cola drinks are made of sweetened, acidified, colored carbonated purified
water, with a compounded flavor mix consisting of a source of caffeine, essential
oils of citrus, cinnamon, and vanilla, along with gum arabic as an emulsion
stabilizer. Sometimes other essential oils, such as nutmeg, are included. Caffeine
content is usually 100-200 mg/L. The acidulant is phosphoric acid and/or citric
acid, the sweetener is either sucrose syrup or high-fructose corn syrup (HFCS), and
the colorant is caramel. Diet versions use low-calorie sweeteners (Fig. 4), and clear
cola drinks (without caramel) are also available.

Cocaine, one of the original bitter agents, has not been used in cola drinks for
many decades, because of its addictive nature. Some cola manufacturers use
catuaba bark (Trichilia catigua) extract, which gives bitter but nonaddictive tropane
alkaloids, catuabines A—D.

The compounded flavor mix for root beers is more complex than that for cola
drinks (Table 12), but like cola, the combination of essential oils, extracts, and other
ingredients differs between manufacturers and are trade secrets. Root beers usually
possess a more spicy and bitter character than cola drinks.

Historically, the major flavor component was extract of Sassafras albidum
root, but safrole, this oil’s major component, has been shown to be carcinogenic
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Table 12 Ingredients and selected organoleptic components of root beers®

Ingredient (part of
plant used)

Botanical name

Major organoleptic components

Sassafras (root)

Sassafras albidum

Safrole, terpenoids, saponins

Sarsaparilla (root)

Smilax regelii,
S. glyciphylla

Terpenoids, polyphenols, saponins

Wintergreen (leaf,
berry)

Gaultheria
procumbens

Methyl salicylate

Licorice (root)

Glycyrrhiza glabra

Anethole, glycyrrhizin

Birch sap

Betula lenta,
B. nigra

Sugars

Black cherry (bark)

Prunus serotina

Lignins, saponins

Spruce (sap, needle)

Picea rubens,
P. mariana,
P. sitchensis

Bornyl acetate, camphene, 8-3-carene

Burdock (root)

Arctium lappa

Acids, polyphenols, polyacetylenes, inulin and
other fibrous carbohydrates, arctigenin, arctiin

Dandelion (root)

Taraxacum
officinale

o- and m-xylene, 2-ethyl-1-methylbenzene,
heneicosane, tricosane, taraxacin

Root beer plant (root)

Piper auritum

Safrole, terpenoids, polyphenols

Cinnamon (bark)

Cinnamomum
verum

Estragole, ethyl cinnamate

Nutmeg (fruit)

Mpyristica fragrans

Eugenol, elemicin, myristicin

Aniseed (fruit)

Pimpinella anisum

Anethole, ethyl cinnamate

Star anise (fruit)

Hllicium verum

Anethole

Ginger (root)

Zingiber officinale

ar-Curcumene, zingiberene, zingiberol,
gingerol

Clove (fruit) Syzygium Acetyleugenol, eugenol, eugenin
aromaticum

Mint (leaf) Mentha spp. (—)-carvone, menthol, menthone

Fennel (seed) Foeniculum Anethole, anisaldehyde, apiole, dillapiole,
vulgare limonene, (+)-carvone

Fenugreek Trigonella Saponins, fibrous carbohydrates
foenum-graecum

Cassia (bark) Cinnamomum Benzaldehyde, chavicol, cinnamaldehyde
aromatica

Soapbark Quillaja saponaria | Polyphenols, saponins

Allspice (corn or seed)

Pimenta dioica

Eugenol, caryophyllene

Balsam

Abies balsamea

Benzyl benzoate, benzyl cinnamate, cinnamic
acid

Hop (flower)

Mpyroxylon
balsamum

Humulus lupulus

Humulene, myrcene

“Only a certain combination of these will be used by a particular manufacturer, usually as extracts
or essential oils. This is not an exhaustive list. See also Table 19
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Fig. 5 Bitter saponins (triterpenoids) in sarsaparilla (Smilax regelii), a flavoring ingredient of root
beers. These and other saponins aid foaming

in mice (there is no evidence for carcinogenicity in man). Nowadays, either
“safrole-free” sassafras root extract or some substitute is used in commercial
examples. Sweeteners are as for other soft drinks, but molasses or honey is
sometimes used. “Sarsaparilla” and “dandelion and burdock” are carbonated
soft drinks, like root beers, but are made with much more limited flavor mixes,
as implied by their names. Table 12 lists a few compounds of organoleptic
importance in the essential oils or extracts used in these two drinks, and Fig. 5
gives the structures of two of many bitter saponins (triterpenoid or steroidal
glycosides) found in sarsaparilla root extract; these compounds also aid the
foaming properties of such drinks. Root beers and related drinks are usually
colored with caramel. Ginger beer (or ale) is a carbonated drink flavored with
ginger essence or powder (and sometimes other essences), sucrose of HFCS, or
low-calorie sweeteners; they are not usually colored. See Table 12 for major
chemical components of ginger.

Note that root beers and ginger beer can be made as alcoholic versions
(the originals were probably alcoholic), using a yeast culture and added
citric acid for balance. Filtration after mixing thoroughly with yeast, fermenting
for a short time at ~20 °C, then cooling to ~4 °C, and stoppering give an efferves-
cent, mildly alcoholic drink (0.5-2 % ABYV, depending on fermentation time).
Whether these drinks are classified as soft or alcoholic depends on national
regulations.

Tonic Water

Tonic water or Indian tonic water is a sweetened carbonated drink flavored with
cinchona bark extract or quinine. Nowadays, the quinine content is low (the United
States Food and Drug Administration — USFDA — specifies a maximum level of
83 mg/L), so the drink is ineffective as a prophylactic against malaria (requiring
~2,000 mg per day for adults), which was its original purpose. It is widely used in
cocktails or mixers (e.g., with citrus juices or gin).
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Table 13 Carbohydrate, mineral, and protein/amino acid content of sports drinks*

Usual level or range (mg/L) in drinks that

Component | Concentration range (mg/L) contain them
Sugars 0-76 (g/L) ~60 (g/L)
Na* 170-3,750 420-845

K* 0-450 84-250
Mg>* 0-420 -

Ca? 0-340 25-125

Cl™ 0-1,270 340-380
Protein 0-85 ~33

Amino 0-15 (g/L) -

acids

“Data from labels of selected drinks
Functional Nonalcoholic Beverages

Functional drinks are those that claim to provide some sort of specific physiological
function, along with health benefits. Only ready-to-drink products (a large and
growing market) are discussed in detail here. They can be subdivided into the
following general categories (with a certain amount of overlap):

« Sports, performance, and recovery drinks
« Health beverages

» Energy and rejuvenation beverages

» Relaxation drinks

Fermented functional drinks, such as kefirs, soy beverages, fermented whey,
kombucha (fermented tea), and fruit vinegars (made from fruit wines), although
some of the most nutritious of such beverages, are not dealt with here.

Sports, Performance, and Recovery Drinks

These generally still (non-carbonated) drinks are designed to promote rehydration
and to be a source of fuel for rapid metabolic conversions that are required during
vigorous exercise. They claim to prevent dehydration and to increase athletic
performance. The first generation of such drinks were purified water that contained
electrolytes and/or carbohydrates and sometimes fruit flavorants and colorants, but
modern versions can contain, besides these, a combination of amino acids, proteins,
vitamins, lecithin, L-carnitine, chromium picolinate (a regulator of carbohydrate
metabolism), and herb extracts. Sports drinks can be classified as hypotonic,
isotonic, or hypertonic, depending on concentrations of minerals (lower, similar,
and higher levels, respectively, of minerals in comparison with the human body).
Caffeine is not a component of sports drinks but is a major component in most
energy beverages. Table 13 summarizes the sugar, mineral (electrolyte), and pro-
tein content of sports drinks, where it can be seen that Na* is the major electrolyte
(~460-930 mg/L), being needed to replenish the sodium lost in sweat.
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Electrolyte-only sports drinks are sometimes called rehydration drinks — their
function is to replenish lost moisture and minerals. Most sports drinks contain
sugars, often a mixture of fructose, glucose, and sucrose, for optimum metabolism
during strenuous exercise (Reents 2007). Many modern sports drinks contain amino
acids or protein (Table 13), in response to observations that their presence aids
athletic performance. Also present in some sports drinks are additional ingredients
listed above — it is here that there is some overlap with health beverages.

Health Beverages

Many drinks are called “healthy,” but this subsection considers only ready-to-drink
products that are marketed specifically as “health drinks” for normal individuals and
are not necessarily associated with sporting activities. Some companies provide
concentrates for mixing with water to make a “health drink.” Some of these can be
highly complex mixtures of powders of seaweed, cereals, fruit, vegetables, herbs, or
mushrooms. These will supply a wide range of phytochemicals (carbohydrates, fats,
amino acids, proteins (including enzymes), terpenoids, phenolic compounds, minerals,
vitamins, and others) associated with particular components, along with dietary fiber.

Typical ready-to-drink health beverages consist of purified water, with added
minerals (but not Na*) and vitamins: they are generally devoid of carbohydrates,
fats, amino acids, and proteins. They contain flavorings (e.g., natural flavorings or
those from fruit/vegetable concentrates), citric acid (acidulant), calcium lactate
(electrolyte), possibly caramel or other colorant, and low-calorie sweeteners, such
as a sucralose/acesulfame-K combination (Fig. 4). The vitamin content (typically A,
B complex, C, D, and E) per bottle (usually 237 mL) often supplies ~15-70 % of the
daily requirement.

Some health drinks (“calorie-burning drinks”) focus on people who seek to lose
weight. These drinks frequently contain relatively high levels of the polyphenol
epigallocatechin gallate (EPCG) or tea extract (EPCG is a component of tea) or
chlorogenic acid (a coffee component). 