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Chapter 1 ®)
Antioxidants and Nutritional Significance |

Abbreviations

RCS Reactive chlorine species

ROS Reactive oxygen species

RNS Reactive nitrogen species

RSS  Reactive sulphur species

1.1 Introduction to Antioxidants and Oxidative Stress

1.1.1 Foods Are a Complex Combination

The current situation of food and beverage industries and the market—from a general
and ‘global’ viewpoint—is showing many interesting challenges for food technol-
ogists. A brief and absolutely not exhaustive list of arguments could contain many
topics. Anyway, several points of discussion should be considered (Haddad and Parisi
2020; Parisi et al. 2021a, b, ¢):

(a)

The food or beverage product is the result of a transformation, except for a few
situations. In other terms, we are speaking of transformed foods and/or bever-
ages. Probably, different versions and sub-types of the same product (or the
‘idea’ of a general product) can be easily found depending on the geopolitical
and traditional/historical area of certain regions and nations. Some works avail-
able in the recent literature have already reported examples of historical and
technological contamination such as certain typical foods common to Italian or
Arab cuisine. For example, the interesting example of Italian ‘panissa’ (bread
with slices), normally found in the Savona area, has been supposed to be the
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counterpart of another food specialty: the Sicilian ‘pane e panelle’ as the result
of the presence of Genoese merchants in the Palermo area in the Middle Age
(Barone and Pellerito 2020). Another interesting argument may be the discus-
sion concerning Sicilian ‘arancini’ of Catania, reproduced as form and purpose
in Jordan when speaking of the traditional dairy jameed balls (Haddad et al.
2021a)

(b) Modern food and beverage products are protected, presented, and transported
inside a container or composition of inedible, in general (plastic films, glass,
metallic materials, etc.). This statement should highlight the role of ‘invisible’
and ‘accessory’ food packaging materials on the one side. On the other side,
similar packaging/food integrations—the composed food products—do not
include or mean only advantages. In fact, synergically joint containers (or
associations of packaging materials) with contained foods or beverages could
involve disadvantages intended as ‘unexpected’ food modifications. In general,
we are speaking of the visible and detectable (by consumers) reaction of the
food to new processes or treatments that would not have been possible in the
past. An interesting and generally hidden aspect of the food technology—the
needed presence and use of non-food components essential for food-grade
machines such as food-grade lubricants should be highlighted and considered
with attention

(c) Food safety-related scandals generally concern the detection—and health
consequences—of non-chemical and biological risks: foreign bodies
(detectable by means of metal detectors and X-ray inspection machines),
and also chemical contaminants and biological toxins. These occurrences are
the result of the sum of continuous and discontinuous sub-processes able to
complete separately a food product along the whole food supply chain, from the
primary production (agriculture, etc.) to the final distributor(s). As the number
of separated operations grows, the complexity increases with the augment of
possible disadvantages.

These reflections should be considered as a first attempt to discuss the role of
chemical additives and ingredients, which are generally used in the food and beverage
industry with the aim of obtaining more palatable and shelf-life stable products. In
other terms, these—and other additives—are needed, but their presence is often
not accepted by normal consumers, because ‘the natural food is the best’. Such a
definition of a food product is a real mistake at present: as recently affirmed, should
aresearch chemist be obliged to show a food or beverage product without the presence
of chemical compounds, He/She would be completely unable to satisfy this request.
In other terms, there are no food or beverage products without chemical substances
(Ballantini 2021).

What about chemical compounds (additives, surrogates, etc.) in the food industry?
Their use is generally linked to easily detectable performances (by consumers):
ameliorated (brilliant) colours, good smell, excellent texture, measurable and compa-
rable chewingness... and other factors. Interestingly, these performances should be
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maintained within the so-called expiration date or use-by-date term, as a conse-
quence of the First Parisi’s Law of Food Degradation (Anonymous 2021; Parisi 2002;
Srivastava 2019). However, the increasing worries of food consumers on the ground
of human health have progressively generated other questions and requests. Conse-
quently, the demand for ‘natural’ foods or ‘clean labels’ has increasingly augmented
in recent years (Nieto et al. 2018; Parisi et al. 2021b), based on the possible use or
enhancement of chemical additives with ‘antioxidant power’. What could be told
when speaking of this argument?

1.1.2 The Antioxidant Power

The use of chemical additives, especially from natural sources, has progressively
increased in recent years because of three reasons, in particular (Barbieri et al. 2014;
Barone et al. 2014; Nieto et al. 2018; Parisi and Dongo 2020; Parisi et al. 2020; Sahu
et al. 2017; Singla 2020; Singla et al. 2021a, b; Sultana et al. 2021):

(1) It has been reported that natural additives (extracts from vegetable organ-
isms, etc.) can have a synergical action with preservation methods, which are
common and historically accepted in the industry and by food consumers.

(2) In addition, the ‘natural’ adjective is perceived as a synonym term for ‘safe’.

(3) Finally, several compounds have been specifically recommended in food appli-
cations because of their claimed antioxidant, anti-toxigenic, antibacterial,
anti-diabetes, and antimutagenic features, and research still continues.

In other terms, these compounds have a large spectrum of health-positive prop-
erties. With reference to toxigenic, antibacterial, anti-diabetes, and antimutagenic
features, adequate terminologies are available in the scientific literature. With concern
to antioxidants, their action is generally named ‘antioxidant power’. These words
mean the power of these molecules against oxidant agents, from a chemical point
of view. However, food technologists and biologists in the medical ambit above
all have a profound interest in these compounds because ‘antioxidant power’ aims
at contrasting biological damages, especially when speaking of attacks by reactive
oxygen species (ROS). On the one side, antioxidant power is intended to limit oxida-
tive reactions (with effects on texture, food performance, rancidity, and in general,
durability) (Decker et al. 2005-2010); on the other side, antioxidants are used against
biological damages, generally mentioned as ‘oxidative stress’ (Shahidi and Ambi-
gaipalan 2015). In the ambit of this book, the second interpretation is considered.
However, the ‘natural’ adjective should exclude the use of synthetic compounds,
which are able to enhance antioxidant power in prepared foods and beverages. Conse-
quently, our discussion should take into account a practical subdivision of antioxidant
agents depending on their natural or artificial source.
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1.2 Antioxidant Agents. Natural and Synthetic Compounds

Basically, there are two categories with concern to antioxidant agents of food interest
(Flieger et al. 2021):

(1) Natural molecules: these compounds are further discriminated with reference
to the endogenous or exogenous origin. In the first situation, the following
sub-categories can be mentioned: enzymatic and non-enzymatic molecules.

(2) Synthetic molecules: these compounds are based on phenolic structures,
polyphenols, etc., such as butylated hydroxyanisole, butylated hydroxytoluene,
or n-propyl gallate. In this situation, health concerns have been considered so
far because of possible contamination with chemical precursors, dangerous
by-products, etc. On the other side, nano-antioxidants such as ascorbic acid in
specific applications have been proposed. However, the synthetic origin and
correlated health concerns have not favoured the use of similar compounds.

Consequently, the main research area concerning food and beverage applications
includes natural-origin molecules, as shown in Fig. 1.1 (Flieger et al. 2021):

(a) Endogenous compounds: enzymatic and non-enzymatic species. The first
group is further subdivided into: primary defence systems such as catalase or
glutathione peroxidase, and secondary defence systems (i.e. glutathione reduc-
tase). On the other side, non-enzymatic species are discriminated on the basis

Antioxidant Agents. Natural Compounds

Enzymatic systems:

Catalase
Glutathione peroxidase
ENDOGENOUS gy Glutathione reductase, ...
COMPOUNDS
Non-enzymatic systems:
Lipoic acid
Uric acid
Albumin, ...
- Vitamins (ascorbic acid, retinol)
- Caroteinoids (lutein, lycopene, etc.) y . EXOGENOUS
- Trace metals (selenium, copper, zinc, manganese...) COMPOI.INDS

- Polyphenols (flavanols, flavons, flavons,
flavonoids, phenolics acids...)

Fig. 1.1 A simplified classification of natural antioxidants which may be used in the industry of
foods and beverages
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of low-molecular weight (lipophilic molecules, i.e. lipoic acid; or hydrophilic
molecules, i.e. uric acid) or the ability of binding metals (i.e. albumin, ferritin,
etc.)

(b) Exogenous compounds: vitamins (ascorbic acid, retinol); carotenoids (lutein,
lycopene, etc.); trace metals (selenium, copper, zinc, manganese...); and the
large class of polyphenols (it is really larger than synthetic polyphenols because
of the remarkable abundance in fruits and vegetables, and the diversification
of chemical structures).

In relation to polyphenols, the diversification involves different subgroups such
as flavanols, flavons, flavonoids such as anthocyanins, stilbenes, phenolic acids, etc.
(Parisi and Dongo 2020).

1.3 Reactive Oxygen Species and Role of Antioxidants
in Prevention of Diseases

The action of (preferably) natural antioxidants or synthetic compounds concerns
essentially the delay of cell damages in the human body, contrasting ‘oxidative
stress’. This complex phenomenon can lead to the production of free radicals, which
are highly unstable and can cause remarkable changes able to damage cells. Cellular
and genetic changes may occur due to the highly reactive state of free radicals. These
chemical species are substantially highly reactive compounds because of the exis-
tence of only one unpaired electron in the valence shell of the most interesting atom
in the molecule. Because of this feature, these radicals can potentially act as oxidants
(electron donors) or reducing species (electron acceptors). Anyway, these compounds
are extremely dangerous because they are generally involved in metabolic processes
such as reactions of the respiratory chain, prostaglandin synthesis, the cytochrome P-
450 system, and other metabolic ambits (Flieger et al. 2021). In general, the medical
discussion takes into account reactive oxygen species (ROS), i.e. hydroxyl, hydroper-
oxyl, alkyloxyl, and superoxide anion species. Actually, different non-radical species
should be considered.

However, the existence of the following reactive compounds (Fig. 1.2) cannot be
avoided (Flieger et al. 2021):

(a) Reactive nitrogen species (RNS) such as radical nitric oxide (and other radicals
and non-radical species);

(b) Reactive chlorine species (RCS), such as radical chlorine or non-radical
biatomic chlorine;

(c) Reactive sulphur species (RSS) such as radical sulphur and non-radical
hydrogen sulphide.

Because of the heterogeneity of complex oxidative-stress menaces (by the chem-
ical and bio-chemical viewpoints), the discussion should take into account inflam-
mations and cellular damages leading to cardiovascular disease, diabetes mellitus,
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Dangerous radical species...

Reactive oxygen species (hydroxyl,
hydroperoxyl, alkyloxyl, and superoxide anion
species)

Reactive nitrogen species
such as radical nitric oxide

Reactive chlorine species
L Bii | (radical chlorine
or non-radical biatomic

Chlorine)

b Reactive sulfur species
“ such as radical sulphur

and non-radical hydrogen sulphide

Fig. 1.2 Dangerous radical species

obesity, and Alzheimer’s disease. During the normal process of ageing, antioxidant-
rich diets can actively contribute to maintaining health and preventing diseases. The
chemical action of dietary antioxidants is essentially a scavenging attitude against
free radicals above all. As a result, intake of fresh vegetables and fruits, is extremely
beneficial in preventing diseases caused by species such as ROS, RNS, RCS, and
RSS (Haddad et al. 2021a, b).

The antioxidant potential of natural products, and even single chemicals, depends
on many factors such as conditions of sample collections, as well as the extracts
preparation method and the way of expressing results.

It has been recently reported that vegetable extracts can be not only used as
sources of natural antioxidants ‘as they are’ (for direct use in food production) but
also as sources for the production of nano-antioxidants. This line of research can be
extremely promising because of environmental-friendly contents (‘green synthesis’
or ‘sustainable chemistry’) and relatively cheap solutions. In addition, these strategies
could be used for therapeutic approaches in the medical sector with the possibility
of direct supplementation by means of non-food applications (such as bandages).
Consequently, the use of natural antioxidants should not be considered at present as
a single approach for food production. The next chapters will discuss this and other
topics (different active principles) in a more detailed way with concern to nutrition
and diet-correlated ambits in the Indian subcontinent.
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Chapter 2 ®)
Phytochemicals e

Abbreviations

—OH Hydroxyl group
0, Molecular oxygen

2.1 A Brief Introduction to Phytochemical Substances

Foods and beverages are usually considered nutrient mixtures. In general, it can be
inferred that edible materials have remarkable importance because of three essential
functions for living organisms:

(a) Foods and beverages can sustain vital processes;;

(b) In addition, edible materials can sustain the growth

(c) And finally, these complex mixtures can supply energy (not only chemicals
supposed to build/rebuild or repair tissues, organs, and so on).

The complexity of a food or beverage matrix relied on a roughly tripartite
composition, with the exception of water as an essential dissolution medium
(Chap. 3):

(1) Protein content,
(2) Fat (lipid) content,
(3) Carbohydrate content.

However, the remaining part may be essential for life. As a result, the rest of the
food matrices could be roughly subdivided into two subcategories without a specific
chemical characterization, but with only a discrimination factor: are these compounds
essential for life, or not?
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Should the answer be negative, we could consider many interesting food and
beverage chemical profiles with some surprise, even if living organisms do not really
need them to survive. This heterogeneous group contains many chemical species and
subcategories, including ‘phytochemicals’.

In general, these compounds are defined as chemicals produced by (and found
in) vegetable organisms. From the above-mentioned viewpoint, these molecules are
not essential nutrients. However, their importance should be considered from the
viewpoint of nutritional significance and public health at least, even if there is limited
evidence that certain molecules (or groups) have a specific action without synergy
with other compounds found in ‘healthy’ foods such as fruits, pulses, whole grains,
nuts, and certain vegetable products.

The real problem with phytochemicals is that their bioactivity is sure and well
recognized; however, there is little information available with concern to the syner-
gical action of these substances (and also the possible connection with other non-
phytochemicals when speaking of beneficial effects on human health, at least). Why
should these difficulties be discussed?

In fact, phytochemistry, the science of studying phytochemicals, has to rely on
the knowledge and the continuous evaluation of six main pillars (Mendoza and Silva
2018):

(1)  Chemical structures and configuration;

(2) Biosynthetic pathways and degradation mechanisms (in other words, metabolic
processes);

(3) Natural distribution in vegetable organisms and fruits;

(4) Known biological functions and bioactive properties;

(5) And finally, methods of extraction and qualitative—quantitative analysis.

As a result, it should be admitted each new knowledge concerning phytochemi-
cals is strongly dependent on the availability of plant materials (a good point, and
the natural abundance is assured), the possibility of human and animal studies and
researches (once more, this problem should be easily solvable), and... the availability
of good extracts suitable for studies. However (Lu and Zhao 2017):

(a) Certain phytochemicals are photochemically unstable. In other words, these
compounds may be easily photodegraded, in particular where the presence of
photocatalyzing agents (also named sensitizers) is demonstrable. Easily visible
and detectable food modifications—change of sensorial features, decrease of
certain nutrients, production of toxic molecules—are only the most evident
and ‘obvious’ result of photodegradation or photo-oxidation. In detail, three
different mechanisms can be observed: direct absorption of light energy; elec-
tron transfer or proton transfer with the needed action of triplet-excited state
sensitizers (this mechanism is named ‘type I- photo-oxidation’); and/or photo-
oxidation by means of the action of singlet oxygen produced by molecular
oxygen (O;,) (this mechanism is named ‘type II- photo-oxidation’). Anyways,
phytochemical may be partially or totally destroyed. .. and this reflection should
highlight the importance of good extraction and stabilization protocols in the
laboratory and in the industry
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(b) Phytochemical sources—plant materials—may be stabilized by means of heat
treatments (60 °C in ovens, etc.) until these tissues reach a constant weight.
Subsequently, the following operations—extraction of phytochemicals (chro-
matographic systems, electrophoresis...); separation and isolation; identifi-
cation of isolated molecules (ultraviolet spectroscopy, infrared spectroscopy,
nuclear magnetic resonance spectroscopy, etc.); study of biosynthetic path-
ways for these phytochemicals; evaluation of quantities extractable from
vegetable sources—have to be performed before considering animal or human
experiments.

2.2 C(Classification of Phytochemicals. Two Possible Systems

The complexity of this matter needs some type of acceptable classification concerning
phytochemicals before discussing their benefits. Two options can be offered here as
a necessary premise (Fig. 2.1), while positive effects will be discussed in the next
chapters (Higdon and Drake 2012, 2021; Higdon et al. 2021; Mendoza and Silva
2018; Merhan 2017):

(a) First classification, based on three features only: biosynthetic pathways,
structural features (concerning chemical structures), and solubility in water:

Phytochemicals. Two possible classifications...

Phenolic molecules (1 or >1 OH groups). Good
solubility in water. Precursor:shikimic acid

Terpenoids (carbon atoms: 5-40 and more).
Liposoluble molecules. Precursor: isoprene

Nitrogen-containing molecules, such as
amygdalin, nicotine, mescaline, .... Possible
presence of sulphur. Peculiar water solubility

- Terpenoids and carotenoids (tetraterpenoids)
- Polyphenols
- Chlorophylls and Chlorophyllin
- High-or low water soluble dietary fibres
- Other heterocyclic compounds
- Phytosterols
- Organosulfur compounds from garlic

Fig. 2.1 Phytochemicals can be classified in two ways depending on several factors



(b)

(a.1)

(a.2)

(a.3)
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Phenolic molecules. One or more aromatic rings show one or more
hydroxyl (-OH) groups. Their solubility in water is good. From the
biochemical viewpoint, shikimic acid is considered the precursor.
Terpenoids (carbon atoms: 5-40 and more). These complex systems
are derived from the precursor isoprene (which is repeated as the basic
unit in their structure) and are liposoluble (i.e. isoprene, thymol, taxol,
rubber, ... depending on the increasing number of carbon atoms and
the consequent number of isoprene units). From the biochemical view-
point, two pathways are correlated with terpenoids: the glyceraldehyde
phosphate—pyruvic acid pathway and the mevalonic acid pathway.
Nitrogen-containing molecules, such as cyanogenic glycosides (i.e.
amygdalin), alkaloids (i.e. ephedrine, nicotine, mescaline, ...). The
presence of sulphur cannot be excluded. These structures present simi-
larities with amino acids. In relation to bioactive alkaloids, their water
solubility is a peculiar feature

Second classification, based mainly on the structural features of each class.
Please consider that according to this classification, many species are defined
also ‘antioxidants’ (Chap. 1):

(b.1)

(b.2)

With exclusive reference to carotenoids, these structures are organic
pigments (ranging from yellow to red colours, and orange tints are
normal). The most known examples are a- and p-carotene, lycopene
(the red pigment of tomatoes), zeaxanthin (typically found in yellow
sweetcorn and saffron), lutein (a xanthophyll representative, it is a
yellow-coloured pigment commonly present on leaves of spinach and
black pepper), etc. Because of their unsaturated and complex structures,
they can act as excellent antioxidants (Chap. 1)

Polyphenols such as curcumin (typically found in turmeric), flavan-3-
ols, anthocyanidins, flavanones, flavonols, flavones, isoflavones, stil-
benes, and lignans. These compounds are generally ascribed to have
strong or good antioxidant power (Chap. 1). Consequently, these
substances—curcumin is a typical example—are apparently respon-
sible for the most part of the beneficial effects on human health
commonly associated with traditional medicines in Asia. In general,
anti-inflammatory, anti-diabetes, anti-tumoural, and neuroprotective
activity has been ascribed and often reported when speaking of
polyphenols (Coniglio et al. 2018; Haddad et al. 2020a; Lagana
et al. 2017, 2019, 2020; Singla et al. 2019). A peculiar mention
should be made in relation to stilbenes, and resveratrol (3,4°,5-
trihydroxystilbene) in particular because of their positive effects on
the cardiovascular system. These effects are generally known as the
‘French Paradox’ (Coniglio et al. 2018; Haddad et al. 2020a, b; Lagana
etal. 2017, 2019, 2020; Parisi and Dongo 2020; Singla et al. 2019). In
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(b.3)

(b4)

(b.5)

(b.6)

(b.7)

addition, a peculiar class of phenolic compounds—soy isoflavones—
are claimed to act as ‘phytoestrogens’: this word means that these
molecules show oestrogen-agonist and oestrogen-antagonist features
at the same time. More research is needed in this ambit when speaking
of anticancer properties, especially with reference to breast tumours
Chlorophylls and chlorophyllin. The first molecules, called chlorophyll
a and b, are natural liposoluble pigments, while chlorophyllin should
be considered a semi-synthetic material obtained by mixing copper
and sodium salts from chlorophyll. This mixture is water-soluble.
With reference to possible health effects on human health, in partic-
ular concerning the possible action against some tumours, it has to
be considered that these compounds may ‘block’ certain dangerous
chemicals by means of chemical complexes. However, there is little
information so far, especially in relation to the possible and concomi-
tant complexation of nutrients (with consequent decrease in nutritional
intakes)

Dietary fibres, which can be further discriminated on the basis of their
high solubility in water (i.e. psyllium, one of the most known compo-
nents of anti-constipation mixtures), or low aqueous solubility (i.e.
wheat bran, generally known as a popular breakfast product). Chem-
ically, these fibres are complex carbohydrates and lignins. Human’s
digesting enzymes cannot demolish them: for this reason and their
adsorbing properties against one of cholesterol forms and glucose,
the supplementation of certain fibres can be useful when speaking of
glycaemic control, contrasting actions against some tumours of the
human digestive apparatus, and constipation (depending on their water
solubility).

Other heterocyclic compounds such as indole-3-carbinol and isoth-
iocyanates, are generally correlated or derived from glucosinolates.
These molecules, commonly found in Brassica vegetables, are known
as possible agents able to indirectly influence the metabolism and
removal of carcinogens. Antioxidant and anti-inflammatory properties
are also ascribed to these heterocyclic structures

Sterols of vegetable origin (phytosterols). These structures, similar to
cholesterol, are known because of their capability to displace choles-
terol from micelles, with consequent positive effects on the cardio-
vascular system. On the other hand, excessive supplementation of
phytosterols could reduce carotenoids in human plasma, with possible
negative effects

Organosulfur compounds from garlic: these molecules derive from
L-cysteine (sulfoxides such as alliin, y-glutamyl-L-cysteine peptides,
etc.). In this ambit, more research is still needed because these
compounds are claimed to have antioxidant, antimicrobial, anti-
inflammatory, and anti-tumoural activity. In addition, cardiovascular
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diseases could be contrasted with the supplementation of these
molecules. However, clear evidences are not still reported so far.

This preliminary discussion is needed because of the importance of phytochem-
icals in the ambit of nutrition requirements, positive health effects, and diet coun-
selling (Chaps. 7 and 8). There are many scientific papers and literature speaking and
reporting positive effects (including ethnomedicinal, phytochemical, and ethnophar-
macological significance) of these and other compounds of vegetable origin both in
the Indian ambit only (Abat et al. 2017; Ananth et al. 2019; Babu et al. 2018; Cervera-
Mata et al. 2021; Deepa et al. 2013; Kondhare and Lade 2017; Krishnaswamy and
Raghuramulu 1998; Rao 2003; Sen et al. 2020; Sharma et al. 2019a, 2021) and on
a global scale (Dillard and German 2000; Issaoui et al. 2020a, b; Johns 1996; Johns
and Chapman 1995; Lagana et al. 2019, 2020; Lillehoj et al. 2018; Liu 2003; Ma and
Zhang 2017; Mallik et al. 2020; O’Shea et al. 2012; Oz and Kafkas 2017; Prakash
et al. 2012; Shakir and Rashid 2019; Sharma et al. 2019b). The interested reader is
invited to consult also these references because the argument is extremely vast and
variegated, and the next chapters could not be fully exhaustive in this broad ambit of
research.
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Chapter 3 ®)
Health Benefits of Non-nutrients. Dietary o
Fibre and Water

Abbreviations

NSP  Non-starch polysaccharide
H,O Water

3.1 Dietary Fibres and Water. Are They Needed in Human
Nutrition?

Nonessential nutrients can be synthesized by the human body. As a result, food
is not the only possible origin. As briefly discussed in Chap. 2, foods and bever-
ages are considered nutrient mixtures because of three essential functions for living
organisms. These edible materials are needed when speaking of sustainability of vital
processes and growth of humans and animals (with reference to the animal kingdom).
Moreover, their importance is notable because of the need for bioavailable energy. In
fact, living organisms must take energy from each possible source, and this energy
has to be promptly available. As a result, foods and beverages are needed not only
for building/repairing vital organs, tissues, and so on but also as energetic sources.

In addition, and according to current technological knowledge, the composition
of foods and beverages is generally identified with a tripartite structure composed
of lipids (fat matters), protein, and carbohydrates. However, this description is
not correct because one peculiar and absolutely needed component is absent. This
component—water—is essential because of two reasons:

(1) All living microorganisms need life for survival.

(2) Secondly, all foods and beverages are solid, semi-solid, colloidal, or liquid
aqueous solutions. Consequently, and taking into account also dried/semi-dried
foods, it has to be considered that water is needed and always present, even at
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very low concentrations (in lyophilized products, a minimal aqueous content
is still present).

In other words, foods (and beverages above all) are water-dissolved solutions.
This is a normal condition and also a pre-requisite for all edible products in human
history, also meaning that dehydration treatments may be considered as one of the
many tracts of anthropic activities and civilization in general. The simple production
of more or less dehydrated cheeses (high-durability preserved milk) in many countries
and areas, such as the well-known jameed balls in Jordan or certain high-dry matter
Italian cheeses (Barone et al. 2014; Haddad and Parisi 2020; Haddad et al. 2020a,b,
2021a, b; Parisi 2006; Parisi et al. 2004), should easily demonstrate this fact. In
addition, the addition of water to certain products has to be mentioned from two
opposite viewpoints (Hading 1995; Khan et al. 1999; Pereira et al. 2006; Poonia
et al. 2017):

(a) The regulatory perspective, with particular reference to food adulterations by
means of the addition of liquid water to foods, especially in the milk and dairy
sector.

(b) The technological perspective, with particular reference to the need for
enhanced palatability for certain products by means of the addition of fluids
(and also water).

From the economical viewpoint, water is also extremely convenient because
of its very low price compared with other raw materials. The simple sentence
‘Water is Life’ may have not only a purely biological meaning, but also an explicit
meaning when speaking of economically convenient products and reliable savings
concerning production costs for food business operators (even if water addition is
clearly mentioned). In addition, water is needed in the food industry in relation to
production purposes without a nutritional significance. As a result, water is needed. ..
as a technological and economical factor, and its nutritional importance is naturally
included (Delgado et al. 2017; Lagana et al. 2017; Mania et al. 2018; Sharma et al.
2019). However, water is also essential for life, and the same thing can be affirmed
with reference to other non-nutrients of vegetable origin (phytochemicals) briefly
discussed in Chap. 2. In the ambit of phytochemistry, the class of ‘dietary fibres’ has
been also mentioned because of:

(1) Their role as health promoters in the human diet;

(2) Their contrasting importance against certain health disorders;

(3) Their high or low water solubility;

(4)  And finally, their resistance—when observable—to human-produced digesting
enzymes.

Each of these points has to be examined with connection to the role of water in
the human diet and foods/beverages in general.
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3.2 Definition and Functional Properties of Water

as Nutrient

From the viewpoint of human nutrition, water (H,O) has six important functions
(Jéquier and Constant 2010):

ey
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(6)

H,O can be considered as a material needed for building human tissues and
organs. This affirmation should be evaluated both on a macromolecular scale
(with concern to tissues such as human skin) and a micromolecular scale, when
speaking of single cells. In fact, the intercellular space is practically a liquid
solution, and intercellular exchanges cannot be performed in other ways. In
addition, water is contained in each cell.

Secondly, the ‘obvious’ function of H,O as a solvent medium should be clear
enough. This function is observed regularly in natural foods. However, water
can also be extremely important from the biochemical viewpoint because all
reactions used for sustaining life need a reaction and solvent medium at the
same time. As a result, H,O is needed also as a partner (reactive) species for
chemical reactions. In addition, pH conditions are extremely important when
speaking of reaction yields, and water—an amphoteric molecule because it
exhibits acidic and basic features at the same time—can play a critical role.
Moreover, H,O can act as an excellent transport medium (carrier) both for
nutrient molecules and toxic catabolites (waste results from biochemical reac-
tions) at the same time. This function, generally ignored, is absolutely critical
because all vital organs and systems of the human body have to rely on the
efficient transportation of nutrients such as carbohydrates, salts, etc., on the
one side, and on the prompt elimination of toxic compounds and catabolites,
on the other side. Consequently, ready nutrition must rely on water through the
interstitial fluid (Grandjean et al. 2003), and the excretion of catabolites has
to follow the same ‘water ways’ in the organism. Dehydration phenomena are
extremely dangerous and potentially life-threatening.

Another important function of water is thermoregulation (Montain et al. 1999).
In fact, H,O can contain a good energetic amount of heat. As a result, water
can be used with the aim of reducing thermal modifications in the human
body against adverse environmental (extreme cold or warm) conditions. The
perspiration process (elimination of water solutions containing catabolites)
from skins can be very useful if the human body is forced to reduce its thermal
amount in a relatively small time temperature (Montain et al. 1999). When
sweating is elicited, evaporation of water from the skin surface is a very efficient
way to lose heat.

H,O can have a critical function in various environments of the human body
as a lubricant agent. Actually, the role of lubricant has to be assured provided
that water dissolves viscous compounds with the aim of creating a lubricating
medium where requested.

Finally, H,O is needed as a simple and little molecule able to model and
‘protect’ the cellular structures against mechanical shocks. This important
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function, often neglected, is extremely evident when speaking of pregnan-
cies and possible damages to the foetus. In this situation, an aqueous ‘wall’
can protect the new organism from shocks.

These roles can explain well the importance of H,O in the human body, and
also the need for an efficient hydration over a 24-h period, so that losses and gains
are approximately equal. For this reason, the recommended dietary intake of liquid
water (excluding foods and other beverages) should be 1.5 L per day, excluding
sedentary people (2.0-2.9 L). The amount of aqueous content in the human body
is approximately 60% and it decreases continually over time, from the infant to
adult age. In the last situation, it can be important to note that extracellular water
is approximately 33% of the total amount. As a result, approximately 450 ml/day
of H,O are lost by evaporation from the skin, while normal respiration and solid
excretion are responsible for an additional 300 and 200 ml/day of H,O elimination,
respectively (Kleiner 1999; Jéquier and Constant 2010).

3.3 Definition, Types, Structures, and Functions of Dietary
Fibres as Nutrients

In general, dietary fibres are defined (DeVries 2003) as a fraction of (edible) vegetable
organisms, which can be assimilated into a carbohydrate structure. This condition
is needed but insufficient: the other necessary condition is that these carbohydrate
matrices can resist the enzymatic digestion in the human small intestine with conse-
quent fermentative reactions in the large intestine. In other words, dietary fibres
cannot be absorbed through small intestine walls with the consequent destination
to the large intestine and subsequent fermentation. Interestingly, laxative functions
and other roles fibres can act as nutrient- and catabolite-absorbers (by means of
complexation phenomena and other approaches) depending on the fermentation with
consequent effects on intestinal pH and the production of useful by-products (from
the physiological point: cholesterol and glucose control in the blood).

As aresult, the composition of dietary fibre relies on the abundance of cellulose and
hemicellulose (with associated fibrous aspect). The importance of dietary fibres can
be discussed at least from the viewpoint of vegetable sources and/or with reference
to their chemical and technological/functional characterization, as reported often in
the scientific literature (Boers et al. 2017a, b; Boukid et al. 2019; Davis et al. 2018;
Fahim et al. 2019; Jan et al. 2017; Kalala et al. 2018; Lila et al. 2017; Madane et al.
2020; Millar et al. 2019; Priya et al. 2019; Qi and Tester 2019; Sasaki et al. 2018; Sofi
et al. 2017; Van Soest and Jones 2021; Venkidasamy et al. 2019; Vijayasteltar et al.
2017). In detail, the complete list should be more challenging, as briefly explained
here by means of a block-like classification (Buttriss and Stokes 2008; Ha et al.
2000):

First block: non-starch polysaccharides (NSP) and digestion-resistant oligosac-
charides;
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Second block: ‘analogous carbohydrates’;
Third block: lignins, (when associated with NSP and lignin complexes).

The first block concerns water-insoluble cellulose, soluble and insoluble hemicel-
lulose, and other non-digestible polysaccharides. According to the above-mentioned
definition, these (generally) water-insoluble compounds—polyglucoses, polyfruc-
toses, B-glucans, different heteropolymers, soluble mucilages, pectins (relatively
water-soluble and gel-forming complexes), and soluble gums—are fermentable.
The second block concerns water-soluble analogous carbohydrates produced by
means of physical or chemical reactions. This step occurs normally during food
processing operations, and it influences the digestion of starches. Substantially, the
main and necessary feature of ‘analogous carbohydrates’ (polydextrose; methyl
cellulose; dextrins from maize, potatoes, etc.; synthetic carbohydrates; digestion-
resistant starches) is the resistance to digestion, followed by difficult fermentation.
Finally, the third block (lignins, intrinsically linked with hemicelluloses in spite of
their non-carbohydrate nature) includes a heterogeneous group of water-insoluble
natural polymers: waxes, cutin, suberin (fatty acid derivatives with strong resis-
tance to digestion: these substances remain relatively undegraded by the microbial
population in the large intestine), saponins, tannins, etc.(Ha et al. 2000).

Anyways, and with specific relation to potential health effects on human health,
it has to be considered that dietary fibres are reported to have beneficial effects when
speaking of cardiovascular diseases, glycaemic control, and gastrointestinal func-
tionality. Actually, there is need for further studies in this ambit, because the group
of dietary fibres is extremely variegated and also correlated with a wide—too wide—
range of vegetables, from whole grains to red fruits (Mann and Cummings 2009). Itis
essential to recognize that these effects are probably linked with solubility in water. In
fact, and as briefly anticipated in Chap. 2, these complex compounds could be differ-
entiated on the basis of their high solubility in water (e.g. psyllium, one of the most
known components of anti-constipation mixtures), or low aqueous solubility (e.g.
wheat bran). On the other side, it has been reported that the soluble/insoluble differ-
entiation may not have a remarkable importance on the practical ground because all
undigestible fibers have a variable degree of resistance to digestion. With reference to
fermentation and claimed physiological effects, the above-mentioned discrimination
has not been demonstrated to have important and conclusive influences (Buttriss and
Stokes 2008). The lack of evidence is more important at present because of the wide
range of food products with claimed properties justified by the presence of dietary
fibres, and the problem of reliable food labelling is a current issue, nowadays. Another
worry depends on the removal of fibres from a number of transformed food products,
with associated effects on the human health and the possibility of digestion-related
disorders, tumours, and other diseases (the opposite situation, abundance of added
fibres, is reported to be correlated with the reduction of coronary heart diseases,
obesity, and some tumours. However, more research is still needed.

Certainly, the use of dietary fibres is well-promoted in the food industry even if the
possible health effects are not researched as the first objective. In fact, dietary fibres
actively improve and modify the textural appearance of foods and other organoleptic



22 3 Health Benefits of Non-nutrients. Dietary Fibre and Water

features because of their strong gel-forming attitude with water and also anti-sticking
and anti-clumping features. In addition, cooking yields and fat binding are reported to
be enhanced if dietary fibres are added to the food mass mixture. For these reasons,
the research should investigate the use and consequences of dietary fibres in the
industry because of their wide applications.
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Chapter 4 ®
Food Additives St

Abbreviation

Citric acid E330

4.1 Food Additives. Why?

Food additives can be defined as chemical substances deliberately added to foods
directly or indirectly in known and regulated quantities for the purposes of assisting
in the processing of foods, preservation, and improving flavor, texture, and/or appear-
ance of foods. Food additives have an important role in the production of processed
products. Food additives are unavoidable in the complex and integrated society of
urbanization to maintain distribution networks by adding preservatives. At present,
there is a great demand for convenience and ready-to-serve food products so food
additives are essential to prevent rancidity and durability performances of foods.
Additives play a key role in maintaining food qualities and characteristics that
consumers demand, keeping food safe, wholesome, and appealing from farm to
fork.

This brief introduction should be discussed not only from the technological view-
point, but also from the viewpoint of public health and food safety. On the one side,
a large portion of foods and beverages could not be realized and placed on world
markets without the use of food additives, in spite of ‘obvious’ worries by different
consumers (Ballantini 2021; Lagana et al. 2017). On the other side, their role is to
modify and preserve food and beverage quality and safety. This objective has to be
obtained by means of the improvement of the ‘designed’ food or beverage product
against several organic modifications (Lagana et al. 2017):
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(a) Eachtype of natural reaction is favoured by thermal fluctuations over time, even
if thermal preservations systems (0—4 °C-refrigeration or freezing methods) are
used.

(b) Many of the above-mentioned chemical reactions are performed or are in
synergy with microbial activity. Consequently, the chemistry of foods and
beverages is biochemistry, after all.

(c) Finally, several of the above-mentioned reactions—oxidation, colorimetric
modifications, textural changes—are easily observable by normal consumers.
As aresult, the use of several additives may not only preserve foods over time,
but also preserve external appearance at the same time.

4.2 Food Additives. Why Not?

Substantially, food additives are a strong way to obtain safe foods, and marketable
products, and also a powerful instrument when speaking of the fight against world
scarcity of foods, provided their safety and food-grade status are demonstrated
(Archer et al. 2008; Ayala-Zavala et al. 2011; Barbera 2020; Barone et al. 2014;
Bowles and Juneja 1998; Christaki et al. 2013; Deshpande and Deshpande 2017;
European Parliament and Council 2010; Fiorino et al. 2019; Issaoui et al. 2020;
Kumar et al. 2000; Lagana et al. 2019; Mania et al. 2018; Mudgil et al. 2011; Murcia
et al. 2004; Nigam and Luke 2016; Nithin et al. 2020; Palaniyappan et al. 2013;
Rather et al. 2016; Saltmarsh 2000; Satyanarayana et al. 2004; Sharma 2018; Singh
et al. 2003; Singla et al. 2019; Soni et al. 1997). On the other side, the ‘excessive’
use of these may be easily questioned and criticized in many ambits (Barlow 1990;
Matta and Gjyli 2016; Metcalfe et al. 2011; Silva and Lidon 2016). As a simple
example, the use of citric acid (E330), a simple acidity corrector, can be generally
considered a fraud agent when speaking of adulteration of ‘authentic’ lemon juices
(McDonald 2020). Anyways, one of the major concerns related to food additives is
their possible effect on food safety. A recent example is the ban of titanium dioxide as
a food additive in the European Union in early 2022 (Askew 2021). Consequently, a
little discussion concerning the use and classification of food additives in the current
food and beverage industry should be made now.

4.3 A Brief Classification of Additives for Food
and Beverage Productions

A simplified discrimination of food additives may be offered depending on their
intended/declared function. In this ambit, the following classification can be
discussed (Lagana et al. 2017):

(a) Food preservatives,
(b) Sensorial enhancers,
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(c) Technological enhancers,
(d) Sweetness enhancers.

The first group concerns the protection of the food/beverage products against
microbial activity and oxidant agents. Antimicrobials can be natural and traditional
(sodium chloride, acetic acid...) or synthetic (benzoic acid, natamycin, nitrites and
nitrates, E code from 200 to 297) compounds (Lagana et al. 2017). In relation to
antioxidants (already discussed in Chaps. 1 and 2), their additive code (E300 to E330)
concerns the general protection of food texture and other sensorial features by means
of the inhibition of oxidant reactions. These compounds (L-ascorbic acid, some
gallates, butyl hydroxyanisole, the above-mentioned citric acid, etc.) are oxidized by
the oxidant agent(s) instead of the food or beverage itself.

With reference to sensorial enhancers, on the other side, natural, natural-identical,
or synthetic dyes can be used (E 100 to E 199) depending on the need for colorimetric
enhancement of the food or beverage products (Lagana et al. 2017). In the same ambit,
flavor agents (E 620-E 640) can enhance the odor features of the product. These
compounds may be also considered part of technological enhancers (with stabilizers,
thickeners, gelling agents, humectants, etc.) because one of the most evident results is
the natural appearance of the food or beverage as perceived by the normal consumer.
Finally, sweetness enhancers have to be considered. Actually, the concern is focused
on synthetic sweeteners. On the other side, a public-health perspective could not
consider the excessive use of natural sweeteners in the food diet because of the
occurrence of diseases correlated with the consumption of carbohydrates and also fat
matter (Lagana et al. 2017). For this reason, and not only with concern to the problem
of synthetic additives as opposed to natural ones, the matter of these compounds
will be discussed in the subsequent chapters from a specific safety and prevention
viewpoint, while the chemical discussion should take into account other parameters.
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Chapter 5
Food Safety and Quality Control in Food

Industry

Abbreviations

CFIA Canadian Food Inspection Agency

CFSQP  Canadian Food Safety and Quality Program
CFDA China Food and Drug Administration

CAC Codex Alimentarius Commission

EFSA European Food Safety Authority

F&B Food and Beverage

FBO Food Business Operator

FSSAI Food Safety and Standards Authority of India
FSMS Food Safety Management System

GRAS Generally Recognized as Safe

GHP Good Hygiene Practice

GMP Good Manufacturing Practice

HACCP Hazard Analysis and Critical Control Points
ISO International Organisation for Standardization
QMS Quality Management System

TQM Total Quality Management

USFDA  United States Food and Drug Administration
WHO World Health Organization

5.1 A General Discussion Concerning Food Safety

q

Check for
updates

Around the world, an estimated 600 million—almost one in 10 people—fall ill after
eating contaminated food each year (WHO 2020). Every nation has regulations to
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protect its people against unsafe practices in food production, and the existing agen-
cies need to be equipped to change control (Khurana 2016). Good hygiene principles
need to be regulated and enforced. In India, there is a need for enforcement of stan-
dards, and proper safety management. Public awareness programmes on food safety
will increase the demand for quality and safe food in India.

Food Safety begins ‘from Farm to Fork’, with the initial production of raw mate-
rials in agricultural fields, industrial food processing, packing, transport, distribu-
tion, and final consumption. The concept of food safety is to implement food safety
and quality systems throughout the entire food chain. Quality assurance ensures a
set of standards for the products as per the specifications. Good Hygiene Practices
(GHP) and Good Manufacturing Practices (GMP) ensure food safety by improving
the hygienic conditions in the production of food, packing, storing, or distribution
(Knaflewska and Pospiech 2007). The role of the food and beverage operators, proces-
sors, and technologists is to prevent undesirable changes and to obtain desirable
changes in food.

Food safety ensures that food is possibly free from all possible contaminants and
hazards. A major challenge in the food industry is to motivate food handlers to apply
the principles of Hazard Analysis and Critical Control Points (HACCP) (Kamboj et al.
2020). Food safety is threatened by a variety of foodborne diseases (Borchers et al.
2010). Foodborne illness is a major public health problem worldwide. The supply
of safe and healthy food is crucial to preventing foodborne illness (Alemayehu et al.
2021). The types and amounts of microorganisms remaining in the food after various
processing methods also affect durability.

Numerous chemical contaminants get into the human body through food from
cultivation, processing, and cooking of foods. Pesticides, like organophosphates,
applied to food crops may affect brain development. Many other chemicals used
today are suspected carcinogens. Food contaminants also leach from the packaging
or storage containers like phthalates and bisphenol-A that can affect the central
nervous system and the male reproductive organs (Borchers et al. 2010).

It is essential to educate consumers about the relation between food and diseases
and the importance of making proper food choices for consumption. Food producers,
distributors, handlers, and vendors are completely responsible for this ambit, and food
consumers should be always aware of food-safety-related implications. Government
agencies must enforce food safety laws to safeguard public and individual health. The
intimate collaboration between all the stakeholders will ultimately ensure adequate
strategies for food safety, especially when speaking of cold-chain management.
Differences in consumer preferences on food values ensure enhanced marketing
strategies in the import and export food market (Fung et al. 2018; Gurudasani and
Sheth 2009). Thus, we can understand that food safety corresponds to the integrity
and wholesomeness at all stages of production, processing, and distribution of food,
including rules aimed at ensuring fair practices in trade and protecting consumer
interests and information, the manufacture and use of materials and articles intended
to come into contact with foods.
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5.2 Quality Control and Quality Management Systems

Quality control ensures product quality through efficient management by training
employees, creating benchmarks for product quality, and testing products to check
for statistically significant variations. A significant aspect of quality control is the
establishment of well-defined control points. Quality Management System (QMS)
is the commitment attained through Standard Operating Procedures) that imparts
consistent and compliant outcomes (Elahi 2018). GMP, HACCP, and International
Organisation for Standardization (ISO) enable food quality and safety assurance
(Rotaru et al. 2005; Shafiee and Drabu 2017).

The HACCP approach was developed to ensure the food safety of astronauts by
the Pillsbury Company for the National Aeronautics and Space Administration and
the United States Army laboratories at Natick. Today, HACCP is an internationally
accepted concept for assuring food safety through the identification and control of
biological, physical, and chemical hazards in the food and beverage sector (Slatter
2003). HACCP system is a preventive system of hazard control rather than a reactive
one. Active managerial control practices are developed to ensure that the hazards
are eliminated or minimized. HACCP enables to attain specifications and customer
expectations, ensuring food safety. In relation to food, GMP assures food safety
through vigilant measures at the source product design and process control (Frestedt
2017).

Codex Alimentarius is translated from Latin, a ‘food code’. It comprises a series
of general and specific food safety standards that have been formulated with the
objective of protecting consumer health and ensuring fair practices in the food trade.
Food must be safe to eat, of good quality, and should not carry disease-causing organ-
isms that could harm animals or plants in importing countries. Codex Alimentarius
is run by the Codex Alimentarius Commission, which is an intergovernmental body
for drafting standards, adopted by the Codex Commission.'

ISO’s food safety management standards help organizations identify and control
food safety hazards, at the same time as working together with other ISO management
standards, such as ISO 9001. There is also ISO 22000, a different standard that is
specifically applicable to all food producer systems. ISO 22000 provides a layer of
reassurance within the global food supply chain, helping products cross borders and
bringing people food that they can trust.

A hybrid approach among ISO 9001, QMS, and HACCP is necessary for
improving food safety. On the other side, the application of good manufacturing prac-
tices, HACCP, and ISO 9001:2000 separately is not a good strategy. ISO 22000—also
known as Food Safety Management System (FSMS)—is an international auditable
standard. ISO 22000 incorporates critical control point and hazard analysis systems

! The interested Reader can find more information at the following web site address: https:/www.
fao.org/fao-who-codexalimentarius/en/.

2 The interested Reader can find more information at the following web site address: https://www.
is0.0rg/is0-22000-food-safety-management.html.
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in the more improved form to produce more effective auditable FSMS, and the final
aim is to assure reliability, food quality, and food safety (Panghal et al. 2018).

Standards ensure and enhance transparency in the development of food quality and
safety procedures, thus helping to upgrade and update food safety systems to evolve
effective Total Quality Management (TQM) system. TQM is a managerial approach
for organizations focused on quality (Fayaz et al. 2020). In the future, technological
progress may provide economic and efficient tools to predict and solve food safety
issues (Khan et al. 2021).

5.3 Food Hazards in Terms of Physical, Chemical,
or Biological Contaminants

Hazard is defined as ‘a biological, chemical or physical agent in food, including
allergens, or a condition of food with the potential to cause an adverse health effect’
(CAC 1997). Unsafe food containing different pathogens and chemical dangerous
substances are estimated many major human illnesses (WHO 2020). Food safety
involves strategies and activities aimed to protect foods from biological, chemical,
physical, and allergenic hazards.

Contamination can be intentional or contamination by chemicals such as pesticide
residues, physical contaminants such as stones, metals, grits, or biological agents
(Connolly et al. 2016; Michaelidou and Hassan 2008).

Toxins produced by moulds (mycotoxins) can be fatal as they have teratogenic,
mutagenic, or carcinogenic effects. Amino acids of animal origin are broken down by
bacteria to produce toxins like histamines and other biogenic amines that can cause
foodborne illness. Environmental contaminants, metals, pesticide and drug residues,
animals, birds, and rodents can cause contamination of food.

Food and water can transmit diseases and food infections, through food intoxica-
tion. Parasites and helminths can cause foodborne illnesses. With reference to specific
microbial menaces of main importance, Listeria monocytogenes is an important food-
borne pathogen. It is a causative agent of a severe infection that primarily affects
immunocompromised people, pregnant women, and occasionally healthy people.
Intrauterine infection of the foetus resulted in a dearth or an actually ill infant with a
septic disseminated from listeriosis. Faecal pollution in food and water is the major
cause of disease outbreaks, a significant number of novel genetic markers of faecal
indicator bacteria have been identified (Zheng and Shen 2018).

A chemical hazard can cause immediate or long-term effects on consumption.
Chemical hazards are common due to accidental spillage of permitted additives or
Generally Recognized as Safe (GRAS) chemicals. GRAS may be dangerous espe-
cially if they exceed permissible levels. Usage of non-permitted additives is common
in developing countries, where enforcement is delayed or neglected.

Any extraneous object or foreign matter in a food that causes illness or injury to
a person on consumption is a physical hazard. Systems should be in place to prevent
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contamination of foods by foreign bodies such as glass, metal shards, etc., and unal-
lowed/extraneous chemicals. In manufacturing and processing, suitable detection or
screening devices should be used wherever necessary. The possible source of phys-
ical hazards may be identified by untrained operators (employees). The presence of
non-food-related parts or contaminant materials can cause injury, wounds, and infec-
tions in the throat and intestine. Hence, due importance must be given to personnel
hygiene, protective suits, gloves, footwear, head caps, facial masks, and proper use
of jewellery.

5.4 Intrinsic and Extrinsic Factors Affecting the Growth
of Microbes in Food

Improper food processing methods enable microorganisms to grow in food causing
deterioration in food quality. The degree of deterioration is based on the amount and
spreading of toxins produced by microbes during their metabolic activity. There are
microbes that bring about favourable and unfavourable changes in food. Intrinsic,
extrinsic, and implicit factors affect the growth of microbes in food. Intrinsic factors
are those related to food, i.e. nutrient content, water activity, pH value, redox poten-
tial, antimicrobial substances, and mechanical barriers to microbial invasion. On the
other side, extrinsic factors are related to the environment, i.e. storage temperature,
composition of gases and relative humidity. Finally, implicit factors concern interac-
tions between the same or different types of microbes in food (Hamad 2012; Preetha
and Narayanan 2020).

Microorganisms such as moulds, yeasts, and bacteria can grow in food and cause
spoilage. Bacterial spreading by spore-producing life forms results in the spoilage of
foods. Good examples are C. botulinum, C. perfringens, B. cereus, and B. anthracis.
Bacterial spores can survive in chemicals, alcoholic compounds and high tempera-
tures of 100-110 °C. However, spores will start reproducing in a favourable envi-
ronment. Moulds require sufficient moisture, air, and temperature to grow: they
can be found and visibly detected on various foodstuffs. Favourable conditions
include refrigerators, improperly processed foods, and dry or semi-dry foods with
very low moisture. Aspergillus (A. flavus and A. parasiticus), Rhizopus, and Penicil-
lium species are common foodborne pathogens. Yeasts also spoil the food to a great
extent and can resist conditions like alkalinity, acidity, dehydration, and very low
temperatures.

Foodborne pathogens are a real threat to human health and the economy.
Pathogenic bacteria (B. cereus, Campylobacter jejuni, C. botulinum, C. perfrin-
gens, Cronobacter sakazakii, Escherichia coli, L. monocytogenes, Salmonella spp,
Shigella spp, Staphylococcus aureus, Vibrio spp, and Yersinia enterocolitica), viruses
(Hepatitis A and Noroviruses), and parasites (Cyclospora cayetanensis, Toxoplasma
gondii, and Trichinella spiralis) play significant roles in food spoilage (Bello 2021;
Bintsis 2017; Rawath 2015).
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Food spoilage can be defined as any unacceptable sensory change in food that
leads to deterioration of quality. The rate of contamination in food is proportional to
unsanitary methods of handling them from harvesting to transportation and storage
(Bello 2021).

Food intoxication caused by S. aureus and Salmonella spp results in a high rate of
morbidity and mortality in developing countries. Consequently, adequate foodborne
disease surveillance is highly recommended (Sudershan et al. 2014).

5.5 Regulatory Agencies

International food-safety-related legislations should reflect new knowledge, and tech-
nical innovations, addressing current issues; they should also develop guidelines for
facilitating fair trade. National regulatory guidelines of each country monitor activi-
ties of food business operators, like the United States Food and Drug Administration
(USFDA), European Food Safety Authority (EFSA), China Food and Drug Admin-
istration (CFDA), and Food Safety and Standards Authority of India (FSSAI). Food
manufacturers are required to meet the given standards of quality and food safety
and need to get certified to ensure the defence mechanism against many foodborne
diseases.

USFDA—established in 1906—has created a safety assessment panel including
a team of expert chemists and toxicologists. The USFDA Food Code is a model for
safeguarding public health and ensuring food is unadulterated and honestly presented
when offered to the consumer. It represents the FDA’s best advice for a uniform
system of provisions that address the safety and protection of food offered at retail
and in food service (USFDA 2017).

EFSA—established in 2002—provides scientific advice and communicates on
existing and emerging risks associated with the food chain. EFSA issues advice on
existing and emerging food risks. Food and feed safety, nutrition, animal health and
welfare, plant protection, and plant health are the major areas of concern for EFSA.

CFDA—established in 2013—drafts laws and regulations on the safety manage-
ment of food, health food and cosmetics, policy development, and related imple-
mentation. It also ensures safety management of food, with foreign governments and
international organizations.

FSSAI has been established under the Food Safety and Standards act in 2006.
FSSATI’s main concerns include ensuring food manufacture, storage, distribution,
sale, and import with the aim of assuring the availability of safe and wholesome food
for human consumption.

Food Safety Enhancement Program (FSEP) developed by the Canadian Food
Inspection Agency (CFIA) follows the HACCP-based food safety systems in feder-
ally registered agricultural food processing establishments. The CFIA and the food
sector have developed generic models for many commodities and a mandatory
Quality Management Program for fish and seafood. Today, the Canadian approach
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to food safety is complemented by the Canadian Food Safety and Quality Program
(CFSQP) headed up under the Agricultural Policy Framework.

In Australia, Food Standards Australia-New Zealand developed food standards
that cover the entire food supply chain, from paddock to plate. Food safety regulation
in Russia involves a number of federal government bodies, each with their own area
of specialization. These include the National Body of Sanitary Control, Ministry of
Agriculture, Agency of Technical Regulation, State Trading Inspection, Ministry of
Economic Development, and State Grain Inspection. Each is involved in traceability,
safety, and hygiene for the food market in Russia.

The situation is really different in developing countries because of lacking of
technology and awareness. The main part of food producers is on a mini-, micro-,
and small-scale dimensions. The implementation of food safety legislation in these
areas needs further modifications to ensure food safety.

5.6 The Problem of Food Safety in the Industry of Foods
and Beverages. The Viewpoint of Food Business
Operators

Food safety and quality control ensure the food is safe for human consumption.
This reflection sums up the perception of food safety quite well as perceived by
the stakeholders of the entire food chain. On the other hand, it is not so easy to
put a similar concept into practice when we consider that the food chain contains
not only stakeholders producing goods and services, from primary production to
final distribution, passing through all the intermediate phases including intermediate
storage, international logistics, etc. In fact, many other stakeholders—the Official
Authorities, Country by Country; the Regulatory Bodies; the scientific Associations
that deal with regulations and re-evaluation of regulatory or voluntary standards
over time—should be considered. Finally, the role of the final consumer of the final
product and/or service should be considered with attention. The problem is here.
On the one hand, proper food supply chain management benefits both the manufac-
tures—and, more in general, the Food Business Operators (FBO)—and consumers.
On the other hand, it is necessary to ensure that reliable quality assurance and quality
control processes are implemented to supply safe food and beverage products to the
consumer. National Regulatory Guidelines in many countries monitor FBO activi-
ties, such as the United States Food and Drug Administration, the European Food
Safety Authority, the China Food and Drug Administration, and the Food Safety and
Standards Authority of India.

On these bases, the present situation of the industry of Foods and Beverages
(F&B) is as follows: FBO—including also F&B manufacturers—are required to
meet mandatory or voluntary standards of quality and food safety, and need to get
certified to ensure the defence mechanism against many foodborne diseases (Bai
et al. 2007; Bilska and Kowalski 2014; Bosona and Gebresenbet 2013; Botonaki
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et al. 2006). These arguments are debated for decades (Barbieri et al. 2014; Barone
etal. 2014; Brunazzi et al. 2014; Haddad et al. 2021a, b; Jisung and Lee 2021; Lagana
etal. 2015; Osama 2018; Urmila et al. 2017). However, what about the real perception
of quality control and effectiveness? In fact, the difference between real-time checks
and the evidence of already carried out checks should be evaluated.

The viewpoint of FBO is—or should be—considered with attention because these
players are ‘part of the game’. In fact, the main—or one of the main problems—in the
evaluation of food-oriented quality systems and also plans devoted to the production
of safe foods and beverages—also named HACCP plans because of the well-known
acronym for Hazard Analysis and Critical Control Points (HACCP)—is the correct
representation of performed controls in all the steps of a food chain if the final
recipient of these information is not an FBO. In fact, each FBO-related player has
to take into account, implement, carry on, and finally re-examine the results of its
action during food-related production processes, including also other important and
critical steps (storage, logistics, etc.). On the other side, the mass of information
stored in digitalized documents or written on paper sheets may become incompre-
hensible for the common Consumer, and—in the worst situation—for the industrial
customer or the Official Authority performing controls. Consequently, the viewpoint
of each player performing quality controls with some food safety-related importance
is to simplify operations within a reasonable period of time. Consequently, all proce-
dures and instructions in a player-oriented manual, instruction, or procedure, are—or
should tend to be—simple enough. As a result, each recording document tends to
describe controls in a simplified manner, taking into account basic descriptions of
each control without legends, and with some sort of tacit agreement between the
writer of these instructions and simple operators. This situation often causes misun-
derstandings between audited companies/directors/operators on the one side, and
auditors (private or official inspectors) on the other side. In conclusion, the develop-
ment of efficient/reliable food safety plans based on quality controls should aim at
the comprehension of results. After all, voluntary standards such as the International
Featured Standards (IFS) Food ask has different objectives, including the necessity
of providing evidence of commitment. In other terms, quality control rules have to
be:

(a) Easily applicable to operators, and
(b) Easily understandable by auditors and other interested stakeholders without
need of excessive clarifications.

5.7 The Problem of Food Safety in the Industry of Foods
and Beverages. The Viewpoint of Non-FBO Players.
Towards a Difficult ‘Translation’

On the basis of the above-discussed reflections, the comprehension of food-related
procedures, instructions, plans, manuals, and—above all—working documents of
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registration into a food-related plant or similar organization is critical. In other words,
the use of quality control-based procedures should be not excessively complicated for
operators, but the result of controls has to be necessarily understandable by non-FBO
players.

The above-mentioned reflection is not easy, especially if the writer of food safety
plans acts simply as a person able to reason only in terms of production, supply
management, logistics, and so on. One of the main mistakes in this ambit is simpli-
fied in Fig. 5.1, where a ‘simple’ record sheet shows a succession of thermal records
along a single production line. The record sheet easily shows all operations made by
operators during a specified time period. However, this succession or series of data
can be extremely readable and understandable by operators only, whereas the same
series of numbers can be absolutely incomprehensible by another person, including
also specialized auditors. The reason is simple enough: the operator reasons/is accus-
tomed to reason in terms of controls along a single line and a specified temporal period
(Fig. 5.1). On the other hand, the same operator does not include important informa-
tion in the same sheet concerning the identification of the real subject of controls:
the F&B product.

RECORD SHEET Ne 1
Date 03-02-2022 Responsible Operator
Line 52 * k Kk k Kk k Kk Kk Kk X
Hour >> | Control>> | Temperature °C
08:00 81
09:01 79
10:05 78
11:10 82
12:00 84
13:05 85
14:07 79
15:11 80
16:02 78
17:00 77
18:02 76

All product identification data are reported in Record Sheet No 2

Fig. 5.1 A simple record (electronic) sheet showing quality controls in a food industry... from the
viewpoint of FBO players. There are different thermal data recorded at different times on a single
production line. Unfortunately, the identification of food products—in terms of lot, expiration
date, name, brand, etc.—is not evident here (they are explicitly placed in a different worksheet,
as declared...). This document is highly readable and reliable for FBO players. Unfortunately,
non-FBO players do have not the ‘right interpretation key’...
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Actually, the cause of this mistake cannot be ascribed to the operator: in general,
the critical information concerning product traceability is probably written/recorded
in a different section of the same food-related record, which is composed of different
sheets or digitalized documents. After all, there is some limitation to the amount of
data that can be stored on a single sheet, including also electronic sheets.

The solution is to reason in terms of non-FBO players. In other words, all evidence
concerning food safety have a clear and often mentioned subject: the food product,
in terms of type, prize, weight, lot, expiration date, etc. Consequently, the same
information is shown in Fig. 5.1—surely real, readable, and certainly reliable when
speaking of quality-control effectiveness—should be ‘translated’ to the final recip-
ient of the information who is not aware of the mass of tacit knowledge behind
each step along the line of food production, storage, handling, and final distribu-
tion. In other terms, the same information could/should be supplied to the interested
non-FBO player in terms of the exact identification of the questioned food product.
Figure 5.2 shows a simple ‘translation’ of the same situation displayed in Fig. 5.1 with
one difference: all data are related to one simple reference only, while the remaining
data—concerning the complexity of a whole organized summary of operations along
a specified temporal period, and on the same production line—remain ‘masked’. In
fact, each non-FBO player is only interested in the food-safety management of one
product only, while the sum or all operations can be difficultly understandable. Actu-
ally, the general opinion of auditors in this ambit is not favourable if they are forced to

RECORD SHEET No 1

Date 03/02/2022 Responsible Operator

Line 5.2 EEEEEE R AR R

Lot/TBD |~ | Control: ~ E - Tem - 2rature © - =

VS Hour | 08:00 09:01 10:05 11:10 12:00

Cake # 3 279/02.02.24 81 * * . *
Pizza Mon 279/02.02.23 * 79 78 82 >
Intermediate # 5|279/01.03.22 * * - * 78

RockFood 279/02.02.24

Fig. 5.2 A simple record (electronic) sheet showing quality controls in a food industry... from
the viewpoint of non-FBO Players. Differently from Fig. 5.1, there are only several information
concerning all product. These data can be filtered for one food product only, so that the immediate
question can have immediate (and readily understandable) answers...
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RECORD SHEET No 1

Date 03/02/2022 Responsible Operator

un. 52 I E R RN
Product >> 7| Lot/TBD v] Control: \'I - - Ter ~ 2rature © ~ =
Pizza Mon | 279/02.02.23 = 79 78 | 8 -

Fig. 5.3 A simple record (electronic) sheet showing quality controls in a food industry... from the
viewpoint of non-FBO Players. This sheet derives from the record sheet of Fig. 5.2: present data
have been filtered with the aim of offering only information concerning one product only, so that
the immediate question can have immediate (and readily understandable) answers...

control a mass of apparently incoherent data. The reason for this evaluation depends
on the nature of the management of a reliable food safety plan or quality system.
It can be challenging enough when speaking of a complete industrial environment.
Consequently, the only strategy able to rapidly understand the validity or unrelia-
bility of such a system is to consider only a small dataset related to one product only.
For these reasons, the management of food safety systems needs strongly to be:

(a) Implemented in an easy way when speaking of material execution, and

(b) Translated and offered to non-FBO players in a readable/comprehensible way,
using only one interpretation key: the filtration of all available data on the basis
of a simple product identification (as shown in Fig. 5.3, derived from Fig. 5.2).

In our opinion, the next evolution of food-quality systems should aim at the easy
conceptualization and translation of operative records/results when offered to the
final listener, as shown by means of the comparison of Figs. 5.1 and 5.2. Otherwise,
the real risk of food safety systems is to create records that can be understood only
by the creator/recorder, while the remaining part of interested stakeholders—which
are the real recipients of such challenging efforts—cannot probably comprehend
similar efforts, and the analytical significance of records. The description of these
data—raw data such as time, temperature, viscosity, chemical/microbiological eval-
uations, etc.—cannot help the professional because each control has its importance
in the strict and limited ambit of the step(s) assigned in the food safety plan, and in
the geographical ambit of the peculiar industry. In other terms, a determined result
can have a low importance in one particular ambit/industry/ date, and other (very)
different weights in other ambits/companies/temporal periods.
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5.8 Conclusions

Food industry is one of the fastest-growing industries in India and around the world.
Food and beverage business operators are required to meet the given standards of
quality and food safety, and need to get certified to ensure the defence mechanism
against many foodborne diseases Enforcement of GMP, GHP, HACCP, and FSMS
ensures complete food safety.

Food safety should be a public health priority, for the food producers and suppliers,
throughout the food chain to act responsibly and provide safe food to consumers.
Though food contamination can occur at any stage of the manufacturing or distribu-
tion process. The food and beverage producers at home, industry, or street markets
are responsible for total quality management. Improperly prepared or handled food
is the cause of majority of the foodborne diseases. It is a joint responsibility of each
of us including the appellate authorities and governments to work together to enforce
laws that ensure Food Safety and Quality Control in the Food Industry.
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Chapter 6 ®)
Food Preservation Check for

Abbreviations

GRAS  Generally Regarded as Safe

6.1 Introduction

At present, the main challenges for the modern industry of foods and bever-
ages—including related economic cycles—are innovation, sustainability, and safety.
In general, it can be affirmed that innovation aims at maintaining technological
processes at the highest possible level. On the other side, food safety—normally
considered the prioritized factor of the food production and preservation industry—
should be considered as an ideal macro-container including innovation and process
sustainability. In other terms, the quality of foods and beverages may be not an
absolute value, while food safety is a mandatory and absolute requisite. Unfortu-
nately, difficulties are occurring with a notable frequency at present when speaking of
food regulatory compliance (Rahman 2020, also because food and beverage science
corresponds to a multidisciplinary approach (Leistner 2000; Prokopov and Tanchev
2007)). This chapter would give some useful advices and information concerning
modern technologies and food quality and safety.

As mentioned above, preservation systems should be part of a multidisciplinary
effort concerning growing, harvesting, processing, packaging, and distribution along
the food supply chain. Basically, each food or beverage with prolonged shelf life
and correlated technological/sensorial/microbial/chemical/safety features would be
highly desirable, even if the First Law of Food Degradation by Parisi establishes a
critical limit: there is always some type of food/beverage modifications, and there is
always a termination of desired durabilities (when defined). What about properties or
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characteristics which should/could be preserved (Rahman 2020)? Any property can
be good or bad features depending on the product, the use, and the final consumer).

In the present scenario, food preservation is one of the main technological indica-
tors in the modern science of foods and beverages, also with reference to marketing
approaches and the prompt availability of certain ‘off-season’ fruits and vegetables
(Seervi et al. 2014). Inadequate production and surplus amounts of the same food
commodity in different places and seasons should be a critical problem, especially
in pandemics times. Additionally, foods have a certain ‘index of perishability’, from
high to moderate or low decay, and this situation has to be taken into account when
speaking of preservation techniques able to save seasonal foods intact for later use
(Aluga and Kabwe 2016).

The ambit of food preservation is really important in developing Nations, and
India is a good example. Food stuffs such as vegetable materials, grains, and various
fruits have remarkable importance in the hilly terrain of Himachal Pradesh (Seervi
et al. 2014): in detail, the northern state area of Himachal Pradesh experiences huge
climatic variations, such as other countries where hot and humid tropical conditions
are alternated to cold and alpine conditions along the year. Moreover, some areas of
this state may remain isolated due to harsh weather conditions and landslides (e.g.,
Spiti Valley); as a result, food accessibility may become a critical problem (Singh
et al. 1997). Furthermore, cultivation happens only in selected months of the year
depending on the geographical location. As a result (Aluga and Kabwe 2016):

(1)  Aremarkable amount of fruits and vegetables may be available at cheap condi-
tions in certain periods of the year, whereas unavailability has to be predicted
in other months.

(2) On these bases, preservation and storage of food for later consumption is
certainly a need for interested populations.

Agriculture in Himachal Pradesh contributes nearly 45% to the net state domestic
product. It is the main source of income as well as employment in the region. About
93% of the state population depends directly upon agriculture, which provides direct
employment to 71% of its people (Economic Survey 2009-2010). As a consequence,
cultivated crops should remain usable for long periods using proper techniques for
later use. It has to be noted that a marketable supply of food products is maintained
from Himachal Pradesh to other parts of India and the world (Seervi et al. 2014).

Food preservation is the process to handle and treat a food in order to control its
spoilage by stopping the attack and growth of food borne diseases causing microbes;
in this way, chemical oxidation of lipids, also named ‘food rancidity’, should be kept
under control, also maintaining reasonably good nutritional profiles and sensorial
features (Abdulmumeen et al. 2012).

Actually, food preservation systems are apparently one of the most important
strategies able to overcome inappropriate planning in agricultural activities, in addi-
tion to the possibility of dietary variations for the general population (Rahman 2020).
By means of these techniques, it may be expected that improved nutritional, func-
tional, convenience, and sensory properties are obtained and kept reasonably constant
over time, when speaking of modern foods and beverages. Moreover, consumer
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demand for healthier, sapid, various, and more convenient foods has to be taken
into account (Rahman 2020), even in underdeveloped countries where the main dish
corresponds or is related to a specific cereal (i.e., rice or wheat).

6.2 Principles of Food Preservation

Basically, food preservation should contrast microbial spoilage, also protecting the
food/beverage from chemical alterations (Khan 2015; Mukhopadhyay et al. 2017).
Technology has obtained interesting results in recent times. In fact, in earlier days, ice
was used to preserve foods because of the well-known thermal control of microbial
spoilage. Thus, the very low temperatures became an efficient method for preventing
food spoilage. Let us now list the principles of food preservation:

(1) Removal of microorganisms or microbial inactivation. Technologies under
these names may be carried out by removing air and water (in terms of inner
moisture), lowering or increasing temperature, increasing the concentration of
salt or sugar or acid in foods (Kautkar and Raj 2019). Water removal (until
the most part of the inner moisture is eliminated) from leaves is critical when
speaking of preservation of green leafy vegetables, and microbial spoilage
is heavily inhibited in this way. This process is different from enzymatic
inactivation

(2) Enzymatic inactivation. Microbial enzymes found in foods can be inactivated
by modifying their conditions such as temperature and moisture. A useful
example is ‘blanching’ (foods are boiled in hot water for some minutes), and
the aim is to inactivate microbial enzymes by thermal augment rather than
removing water (Chemat et al. 2017)

(3) Removal of insects, worms, and rats. In other words, food storage in dry, air-
tight containers should preserve edible commodities from attacks by insects,
worms, or rats.

6.3 Food Preservation Methods

Based on the mode of action, the major food preservation techniques can be
categorized in the following ways (Fig. 6.1):

(a) Inhibition of chemical deterioration and microbial growth;

(b) Direct microbial or enzymatic inactivation (yeasts and moulds are not
‘bacteria’; however, their inhibition is obtained by means of technological
systems under the same name);

(c) Active prevention against re-contamination before and after processing (Gould
2000; Prokopov and Tanchev 2007; Rahman 2020).
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Food Preservation in Practice today...

Fig. 6.1 Modern techniques concerning food preservation

While the currently used traditional preservation procedures continue in one or
more of these three ways, great efforts have been recently observed when speaking
of qualitative amelioration of food products because of two requests: (i) reduction of
visible defects associated with food preservation (if treated products are compared
with the original food), and (ii) desire for more natural foods (Rahman 2020).

Basically, preservation starts when the harvested foods are separated from the
medium of immediate growth (plant, soil, or water) or meat from the animal after
slaughter, or milk from the normal secretion of mammalian glands (Dabasso 2020;
Rahman 2020). In other terms, food commodities have not been subjected to any
treatment apart from cleaning and size grading in the case of vegetable materials
(Rahman 2020). Postharvest technology is concerned with handling, preservation,
and storage of harvested foods, and maintaining their original integrity, freshness,
and quality, mainly by means of one or more of the following approaches (Rahman
2020):

(a) Efficient control of the environmental atmosphere;

(b) Implementation of adequate packaging/storage/transport systems;

(c) Use of physical treatments such as curing, precooling, temperature treatments,
cleaning, and waxing;

(d) Use of chemical approaches against contamination, such as disinfection,
fumigation, and dipping.

6.4 Food Preservation and Traditional Approaches

The discussion concerning traditional systems of food preservation includes many
different techniques, which are briefly summarized as follows (Kumar 2019; Rahman
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2020). The most known and used systems at present are certainly (Abdulmumeen
etal. 2012; Herndndez-Cortez et al. 2017; Radziejewska-Kubzdela et al. 2014; Tucker
and Featherstone 2021):

(a) Refrigeration (storage between 4 and 10 °C);

(b) Boiling (heating at 100 °C in water);

(c) Sugar addition (hypertonic food matrices may notably inhibit microbial
spreading);

(d) Pickling (use of vinegar or vegetable oils as liquid media for preserving
vegetables and fruits);

(e) Canning (food cooking and sterilization or pasteurization into tin cans, jars,
etc.);

(f) Fermentative processes using selected bacteria;

(g) Addition of food-grade chemicals (sugar, salt, benzoates, different preserva-
tives, etc.). Several of these substances are briefly discussed in Chap. 4. It has
to be considered that all of these allowed chemicals have been deemed ‘Gener-
ally Regarded As Safe’ (GRAS) in specified amounts that are specified (Del
Olmo et al. 2017; Hurst et al. 2018).

On the other hand, some of these and other systems have interesting peculiarities.
This chapter will briefly discuss two of these procedures in detail: curing and freezing
approaches.

6.4.1 Curing

Reduction of inner water or moisture by means of systems such as osmosis is the
main pillar when speaking of microbial inhibition via seasoning processes Moreover,
curing processes can really enhance sapidity and flavour for certain foods on the
condition that salt, sugar, nitrites, and/or nitrates are added. It has to be remembered
that sodium chloride can reduce the extent of rancidity in certain foods (Kumar 2019;
Rahman 2020).

6.4.2 Freezing

Basically, food commodities can be placed and maintained at —10 °C and lower
temperatures with the aim of enhancing shelf-life values for long periods. In this
ambit, microbial spreading is inhibited, but a counter-effect is that frozen foods
should be heated at 75 °C before consumption. Some of these food commodities
may be also stored between 0 and 10 °C in fridges for some time with the aim of
avoiding excessive water losses. The most known methods are discussed here.
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6.4.2.1 Sharp Freezing (Slow Freezing)

This technique, first used in 1861, involves freezing by the circulation of air, either
naturally or with the aid of fans. The temperature may vary from —15 to —29 °C and
freezing may take from 3 to 72 h (Desrosier and Tressler 1977). Ice crystals formed
one large macrocrystal with consequent cellular breaking. The thawed tissue cannot
regain its original water content. The first products to be sharply frozen were meat
and butter. Nowadays, freezer rooms are maintained at —23 to —29 °C or even lower
values, in contrast to the well-known temperature of —18 °C.

6.4.2.2 Quick Freezing

In this process, the food attains the temperature of maximum ice crystal formation
(0to —4 °C) in 30 min or less. Such a speed results in the formation of very small ice
crystals and hence minimum disturbance of cell structure. Most foods are quickly
frozen by one of the following three methods:

(a) By direct immersion. Since liquids are good heat conductors, foods can be
frozen rapidly by direct immersion in a liquid such as brine or sugar solution
at a low temperature. Berries in sugar-solution-packed fruit juices and concen-
trates are frozen in this manner. The refrigeration medium must be edible and
capable of remaining unfrozen at —18 °C and slightly below (Kandoran 2000;
Noomhorm and Vongsawasdi 2004)

(b) By indirect contact with refrigerant. Indirect freezing may be defined as
freezing by contact of the product with a metal surface, which is itself cooled by
freezing brine or other refrigerating media. This is an old method of freezing:
the food or package is kept in contact with the passage through the refrigerant
at —18 to —46 °C flows (Woolrich and Novak 1977)

(c) By air blast. In this method, refrigerated air at —18 to —34 °C is blown across
the material to be frozen. The advantages claimed for quick freezing over slow
freezing (sharp freezing) are: (i) smaller (size) of formed ice crystals with
consequent reduction of mechanical destruction of intact cells of the food, and
(ii) the period for ice formation is shorter, therefore, with consequently reduced
time for diffusion of soluble material and for separation of ice. Finally (iii),
more rapid preservation of microbial growth and (iv) more rapid slowing down
of enzyme action can be obtained (Desrosier and Tressler 1977).

Cryogenic Freezing

Although most foods retain their quality when quick-frozen by the above methods,
a few of them require ‘ultra-fast’ freezing. Such materials are subjected to cryo-
genic freezing, which is defined as freezing at very low temperatures (below —
60 °C) (Khadatkar et al. 2004). The refrigerant materials used at present in cryogenic
freezing are liquid nitrogen and liquid carbon dioxide. In the former case, freezing
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may be achieved by immersion in the liquid, spraying of liquid, or circulation of its
vapour over the product to be frozen.

Dehydro-Freezing and Freeze Drying

With reference to dehydro-freezing, partial dehydration is the initial part of the
process. In case of some fruits and vegetables, about 50% of the moisture is removed
by dehydration prior to freezing (Ahmed et al. 2016). This has been found to improve
the quality of the food. Dehydration does not cause deterioration and dehydro-frozen
foods are relatively more stable.

In relation to freeze drying, food is first frozen at —18 °C on trays in the lower
chamber of a freeze drier and the frozen material is dried (in a two-step process) under
a high vacuum (0.1 mm Hg) in the upper chamber. Direct sublimation of the ice takes
place without passing through the intermediate liquid stage. The product is highly
hygroscopic, excellent in taste and flavour, and can be reconstituted readily. Mango
pulp, orange juice concentrate, passion fruit juice, and guava pulp are dehydrated by
this method (Ravani and Joshi 2013).

6.5 Modern Methods for Food Preservation

6.5.1 Pasteurization

On the other side, current methods for food preservation tend to use different
approaches, even from the viewpoint of consumers willing for minimally processed
foods. Consequently, the following systems may be briefly remembered when
speaking of the modern and large-scale food industry:

(a) Freeze-drying methods (moisture is removed under vacuum substantially
involving ice sublimation);

(b) Pasteurization (different from drastic sterilization procedures);

(c)  Vacuum-packaging. Oxidation of foodstuffs is notably inhibited by removing
inner air into bags and containers. Naturally, anaerobic life forms can find here
good survival and spreading opportunities (Blumenthal 1992; Reddy et al.
2018; World Health Organization 1981);

(d) Addition of chemical preservatives (Chap. 4);

(e) Pascalization (treatment of foodstuffs under heavy physical pressure);

(f) Bio-preservation by means of fermentative processes by lactic acid bacteria
(Singh 2018).
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6.6 Conclusions

The preservation and processing of food are not as simple or straightforward as it was
in the past. It is now moving from an art to highly interdisciplinary science. A number
of new preservation techniques are being developed to satisfy current demands of
economic preservation and consumer satisfaction in nutritional and sensory aspects,
convenience, safety, absence of chemical preservatives, price, and environmental
safety (Rahman 2020). Understanding the effects on the food of each preservation
method has, therefore, become critical in all aspects. At present, correct food preser-
vation is critical (Majumdar et al. 2018). On the other side, economic factors and
social responsibility may have their importance, and new systems may be needed in
the modern industry of foods and vegetables.
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Chapter 7 ®)
Popular Indian Weight Loss Diets—Pros | @i
and Cons

Abbreviations

BMI Body mass index

low-carb  Carbohydrates-restricted

IER Intermittent energy restriction

VLCD Very low-calorie diet

7.1 Introduction to Obesity and Weight Loss

In India, the prevalence of obesity is rapidly increasing due to many factors such
as globalization, urbanization, sedentary lifestyle, and dietary patterns (Joshi and
Mohan 2018). The consequences are immense as it results in type-2 diabetes, cardio-
vascular disease, liver illness, arthritis, cancer, and many other associated complica-
tions. Diet counselling and optimum dietary modifications help in the management
of obesity. Dietary management includes restriction of calories, carbohydrates, fats,
and protein enabling weight loss in a slow and steady phase. This chapter would
highlight different diets and methods to reduce obesity. Some diet plans recommend
extreme restriction of the carbohydrate intake without any fat restriction, while others
are the reverse and place great emphasis on the restriction of fats. What about the
pros and cons of similar extreme diets?

The basis of this discussion has to be identified with the increasing incidence
of obesity, correlated effects, and research/guidelines available worldwide (Banerjee
2020; Behl and Misra 2017; Chavan 2021; Dalwai et al. 2013; Joshi and Mohan 2018;
Khandelwal et al. 1995; Maheshwar and Rao 2011; McLaughlin et al. 2001; Rabast
etal. 1979; Radhakrishnaetal. 2010; Ray et al. 2016; Saper et al. 2004; Sauvaget et al.
2008; Sharma et al. 2009; Sherwood et al. 2000; Singh and Singh 2015; Sivasankaran
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2010; Som and Mukhopadhyay 2015; Srinivasan et al. 1995; Vaidyanathan et al.
2019; Viswanathan et al. 2019). Actually, the discussion should be centred on two
different representations of weight increase in the human population worldwide,
and not only in the most industrialized countries. In detail, more than 1,900 million
adult people were estimated to show a body mass index (BMI) between 25 and
30, and more than 1,300 million people were reported to have only an overweight
condition (BMI > 25)(Jane et al. 2015). In other words, approximately 32% of the
total overweight + obesity-related people were classified ‘obese’ (BMI > 30) (Jane
et al. 2015; Sarwer and Polonsky 2016), and these adults have a remarkable death
and/or chronic disease(s)-associated risk when compared with overweigh people.

It has to be remembered that the number of chronic disorders found and correlated
with obesity includes the following diseases (Jane et al. 2015; Sarwer and Polonsky
2016):

(a) Cardiovascular syndromes,
(b) Muscular skeletal syndromes,
(c) Type-2 diabetes,

(d) Sleep apnea,

(e) Osteoarthritis,

(f)  Several tumours.

Clinically, both pathological conditions have to be considered as the accumulation
of excessive fat materials in the human body because of an energetic imbalance
between needed (and really consumed) energy and the amount of kilocalories that
are really introduced by an active subject. Actually, there is a need for more research
in the area of psychosocial treatments when speaking of obesity and associated co-
morbidities. In fact, it has been reported that a notable percentage of obese and
extremely obese people can show signs of psychiatric illnesses (Kalarchian et al.
2017; Jones-Corneille et al. 2012; Legenbauer et al. 2009; Mitchell et al. 2012;
Rosenberger et al. 2006; Sarwer and Polonsky 2016; Schneider and Mun 2005):
depression, typical eating disorders, anxiety, substance abuses, sexual and/or physical
abuse, consequences of mental health treatments, etc.

As a consequence, and because of economic impacts on public health structures,
some sort of weight-management approaches are used worldwide.

7.2 Management of Body Weight. Possible Options

The main goal of weight-management strategies is to reduce the dimensionally
measurable extension of the human body in terms of weight with adequate atten-
tion to the balance between nutrient profiles. How could this objective be obtained?
The general approach is the reduction of energy intake, and this strategy implies two
concomitant actions, as briefly displayed in Fig. 7.1 (Jane et al. 2015; Rosenberger
et al. 2006):
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Weight-loss Management implies Reduction of Energy
Intake...

The increase of energy
expenses by the huma

Fig. 7.1 Weight-loss management implies the reduction of energy intake

(a) The diminution of calories in terms of nutrient profiles (protein, carbohydrates,
lipids) and in the ambit of a well-balanced diet, and

(b) The increase of energy expenses by the human body (in other words, more
physical activity is needed).

Another option (Fig. 7.1) is the possibility of bariatric surgery treatments with the
aim of reducing dimensional capability (in terms of volume) of the stomach, with
consequent early satiety as perceived by the patient. Weight loss has been reported
with good results (Bult et al. 2008; Schneider and Mun 2005). However, this surgical
strategy has to be recommended when BMI is >40 kg/m?, and also when peculiar
conditions different from obesity are present with BMI is >40 kg/m?. In addition,
important consequences following this type of intervention may be (and should be)
expected, such as the increase of bone resorption markers, vitamin D deficiency
(with consequent supplementation of calcium and vitamin D), and the occurrence
of cholelithiasis (Chapin et al. 1996; Collazo-Clavell et al. 2004; Fujioka 2002;
Goode et al. 2004; Marceau et al. 2006; Newbury et al. 2003; Weinsier et al. 1995).
Consequently, bariatric surgery is not always recommended.

Overweight and obesity are also a matter of social, environmental, and psycholog-
ical importance. In addition, biochemical features can differ notably depending on the
person. As aresult, there is not a simple and easily manageable/understandable weight
management program (also named ‘weight loss’ program, for normal patients), but
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different types... and some of these diets may have not adequate scientific relia-
bility (with consequent poor results, and—above all—possible health consequences).
Moreover, the claimed result—in terms of weight diminution—is not easily main-
tained in many situations. Consequently, the management of obese and overweight
patients is not a simple matter, in India and worldwide.

7.3 Management of Body Weight... and Many Public
Safety Issues

In the ambit of overweight/obesity disorders, and with the exclusion of surgical
treatments, physical activity and dietary restrictions are substantially the remaining
options. Physical activity is always recommended, but it is not always compatible
with modern lifestyles worldwide with reference to adults/elderly people and espe-
cially to children (Hills et al. 2011; Janssen et al. 2004; Zabinski et al. 2003). With
exclusive reference to recommended diets, the modern situation shows the following
‘styles’ worldwide, and the situation in the Indian sub-continent is not different, as
shown in Fig. 7.2 (Last and Wilson 2006; Samaha et al. 2003; Stanton 2014; Tsai
et al. 2005):

< - - -Restriction of calories - - - >

< - - - Restriction of carbohydrates - - - >
estriction of carbohydrates Management

: of Body Weight...
< - - -Restriction of fats - - > and Many Public
Safety Issues!

< - - - Restriction of proteins - - >

Fig. 7.2 Management of body weight and many public safety issues at the same time worldwide
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(a) Calories-restricted diets, such as the ‘Atkins diet’:

(a.1) Very-low-calorie diets (VLCD), concerning the supplementation of
<800 kcal per day (time for treatment: <12 weeks);

(a.2) The intermittent energy restriction (IER), also known as intermittent
(alternate-day; periodic fasting), concerning the alternate supplemen-
tation of normal calories with short periods of severe restriction (also
fasting). Time for treatment: <12 weeks. Example: 5 days of regular
consumption and 2 days with 500 kcal per day (men) or 600 kcal per
day (women);

(a.3) No-sugar diets such as ‘Sugar Busters!’.

(b) Carbohydrates-restricted (low-carb) diets. These treatments limit the amount
of supplemented carbohydrates (<20%, and in the ketogenic diet);

(c) Fats-restricted and protein-restricted diets;

(d) Other ‘questionable’ diets.

With reference to point a, low-calorie diets are rapid treatments: there is some
reported good result when speaking of weight losses, provided that supplementa-
tion is nutritionally complete. The problem with rapid treatments is that observed
good results appear correlated with water loss (no fat) and reduction of glycogen.
Consequently, the real problem—fat excess—remains (Jane et al. 2015; Sarwer and
Polonsky 2016). On the other side, VLCD treatments may be useful in some situa-
tions provided that close medical supervision is assured (reported successes may be
obtained after 12 or more months). However, prevention of weight regain is a concrete
problem, suggesting that calories-restricted diets are not the only solution (Sumithran
and Proietto 2008). With concern to no-sugar diets such as ‘Sugar Busters!’, all kinds
of foods containing sugars are excluded while low-fat dairy products and vegetable
oil-containing products are allowed. Anyway, the complete exclusion of sugar (other
examples: ‘I Quit Sugar’, ‘Sweet Poison’, etc.) has to be considered as an extreme
and questionable choice when speaking of simple weight loss, while the reduction
or treatment of diabetes might be more evaluated (Stanton 2014).

With concern to low-carb diets, there is little evidence that weight loss is really
important if compared with other diets. On the other side, death risks can be enhanced
(augmented supplementation of protein and lipids) because of some tumours, cardio-
vascular diseases, malnutrition episodes (with low adsorption of dietary fibres,
Chap. 3), and ketoacidosis (Dashti et al. 2004, 2006; Mutungi et al. 2008). More
research is surely needed in this ambit with concern to the additional possibility that
similar diets such as the ketogenic diet may become largely available because of
the role of non-carbohydrate nutrients in the diet. Protein and saturated lipids are
a major concern, and the use of antioxidants and food additives (Chaps. 1 and 4)
against rancidity and protein demolition would be requested in this situation with
the aim of contrasting predictable effects on safety and public health. In India, the
consumption of high-carbohydrates and high-fat foods has increased the amount of
diabetes in the population (Viswanathan et al. 2019), and the use of low-carb diets
has to be considered as a strategy against diabetes mellitus. Finally, diets based on the



60 7 Popular Indian Weight Loss Diets—Pros and Cons

restriction of fats and protein have been found useful in diabetes mellitus treatments
in addition to weight loss, but there are many concerns in general.

Fat-restricted diets appear to be the ‘right’ choice when speaking of effective
weight loss. In fact, the rapid and ‘permanent’ increase of weight in humans and
animals depends on the argument of fat materials which should serve as energy
storage. Their consumption is extremely slow, and each possible weight-management
treatment should aim at the real reduction of fats, especially saturated lipids (because
of the difficult metabolization of these long chains). On the one side, the only reduc-
tion of fat materials is not useful: in fact, the proportion of slowly digestible protein
and sugars would inevitably increase with several health effects as mentioned above
(and below). On the other side, the supplementation of vegetable fats/oils can be a
key factor when speaking of cardiovascular diseases; however, vegetable oils such
as extra-virgin olive oil, remain essentially lipids. Consequently, their intake has to
be strictly limited such as in the ‘Mediterranean Diet’ model (Delgado et al. 2017;
Kris-Etherton and Krauss 2020; Issaoui et al. 2020a,b).

High-protein diets such as the Dukan diet (high-protein/low carbohydrate/low fat)
have been questioned because of the low dietary intake of certain nutrients and dietary
fibres above all. This style and other similar diets such as the South Beach Diet model
(no sugars, high protein) are based on initial severe restrictions. However, the only
initial effect (rapid weight loss) is not followed adequately: in fact, both mentioned
diets are difficultly manageable during long temporal periods.

Finally, the use of diets based on excessive water consumption (the Drinking
Man’s diet), lemon consumption (the Lemon diet), and other questionable bases
should be mentioned because of the very questionable results with concern to
rapid weight loss (actually, only water and glycogen are lost, while the fat matter
remains unattacked). These diets, similar to strategies based on excessive nutritional
deprivation of one of the basical profiles (carbohydrates, lipids, and protein), have
another common feature: the insufficient intake of dietary fibres and molecules able
to fight/contrast ageing processes in the human body, with the additional absence
of natural antioxidants (Chap. 1) able to eliminate or reduce the consequence of
abnormal fat consumption (Stanton 2014).

In conclusion, the low intake of carbohydrates limits the consumption and absorp-
tion of dietary fibres and natural antioxidants, while fat-restricted diets may obtain
long-term results when associated with adequate consumption of antioxidants, fibres,
and water. Protein-restricted diets generally cause a disproportion between nutri-
ents, with consequences similar to those for carbohydrate-restricted diets. Finally,
‘rapid diets’ (also comprehending low-carb approaches) can cause all of these prob-
lems, and the rapid promise of weight loss cannot be generally assured (similarly to
recommended behaviours...) for long-time periods by consumers/patients.
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Chapter 8
Nutrition Education and Diet Counselling |

Abbreviation

FAO Food and Agriculture Organisation of the United Nations

8.1 Nutrition Education and Diet Counselling Today

Nutrition education is an essential component in improving the dietary habits and
food choices and nutritional status of a population. The basic aim of this book has
been to give a heterogeneous and complete overview of the complexity of nutri-
tional education, mainly from the viewpoint of research chemists and technologists
in the first part of the work. However, the final objective—in the Indian subconti-
nent and worldwide—should be the education of normal consumers with reference
to available dietary models and related pros/cons (Chap. 7). Consequently, the book
has previously discussed several arguments—antioxidants and nutritional meaning
(Chap. 1), phytochemical compounds (Chap. 2), health benefits of some non-nutrients
(Chap. 3), food additives (Chap. 4), food safety and technological controls (quality
control protocols, Chap. 5), and technologies of preservation in the modern industry
(Chap. 6), with the aim of correlating all possible evidences and features of health
significance with nutritional education and diet counselling. The choice of many
papers and researches mainly carried out by Indian researchers has to be considered
here as the attempt to demonstrate that the Indian subcontinent has different chal-
lenges at present, when speaking of food-correlated disorders and lack of adequate
education, similarly to the rest of the World.
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8.2 Nutrition Education. Basic Definitions, Aims,
and Proposed Diet Counseling Approaches

Basically, ‘nutrition education’ should be considered as a possible collection of expe-
riences that can be taught and consequently learned by all possible food consumers
with the aim of ameliorating physical well-being in terms of mobility, vision, hearing,
mental ability, Consequently, ‘learners’ should be able to adopt nutrition-related
‘protocols’ which can be considered—in the advanced stages of human life above
all—as real co-medicinal therapies (Adams et al. 2006; Anonymous 2021). These
guidelines should not only promote physical activity, even if this feature is one of the
needed pillars in the ambit of human well-being. On the other side, a correct dietary
style is needed if the following aims have to be obtained (Adams et al. 2006):

(a) Correctbalance between good (affordable) nutrition diets and physical activity;

(b) Adequate awareness of nutrition choices and related consequences, above
all with concern for modern dietary models and excessive consumption of
foods/beverages rich in one class of nutrients only;

(c) And, last but not least, continuous education support to ‘learners’ (in other
terms, there should not be food consumers without adequate health advice).

Consequently, what about the possible approaches for similar arguments, taking
into account that modern life in industrialized countries does not favour active
learning concerning healthy and sustainable food nutrition (on the other side,
advertising often favours fast-food culture)?

In general, nutrition-oriented education should provide the following
tools/instruments with reference to adequate management of body weight, physical
activity day-by-day, food safety (basics), and the management of alcoholic beverages
(Anonymous 2021):

(1)  An education module concerning nutritional profiles of foods and beverages
as a four-nutrients complex mixture (protein, fat, carbohydrates, and needed
water—Chap. 3).

(2) Adequate knowledge and information concerning needed nutrients for a
healthy life (in other terms, prevention of chronic diseases such as cardio-
vascular disorders, type-2 diabetes, renal illnesses, etc.).

(3) Useful information concerning biochemical and physiological activities carried
continuously by the human body, and related influence of nutrients: digestion,
metabolism, excretion, etc. It has to be considered that these processes are
notably influenced by the intake of nutrient’s and some of the non-nutrient
profiles we have already discussed in Chap. 3.

(4) Non-nutrient factors influencing eating/nutritional lifestyles. We are explic-
itly mentioning all possible features intrinsic to the offered food/beverage
of food service which can be able to influence the eating behaviour of
normal consumers: (4.1) Enhanced colours, texture, smell... correlation with
antioxidants and food additives, Chaps. 1 and 4.
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(5) Enhanced palatability and technological features such as chewingness, melta-
bility, etc. ... correlation with food technology and quality control, Chap. 5.

(6) Increased desire for some peculiar food type if compared with other healthier
foods Correlation with marketing strategies and associated technological
approaches, Chap. 2 (phytochemicals-rich foods = enhanced and ‘claimed’
health) and Chap. 7 (psychological influence on consumer’s awareness).

(7)  Sustainability issues (good agricultural practices, selection of short-durability
products and concomitant awareness, etc.) ... Correlation with the use
and related information on food additives, preservatives, and antioxidants
(Chaps. 1, 4, and 5).

(8) Economic issues (in terms of the comparison between similar foods of different
price values) ... correlation with quality control, industrial practices, and food
preservation above all (Chaps. 5 and 6).

All of these information can be provided by means of different tools: online and
offline lectures, web presentations without a physically present teacher (recorded
webinars, etc.), cooking broadcasted presentations, academic demonstrations, on-
the-ground tasting sessions, etc. Interestingly, and in relation to the portion of elderly
people, the online or off-line demonstration by means of institutions such as the
‘Universities of the Third Age’ appear really popular, and certainly, there is a growing
interest. The problem, with these approaches and in other situations, is that the
success in terms of ameliorated quality of life and consequent well-being is not
always demonstrable (Michalczyk et al. 2020; Pracka et al. 2020). These findings
seem to suggest the need for a complete amelioration of training offers, as already
pointed out by the Food and Agriculture Organisation of the United Nations (FAO)
when speaking of lifelong healthy nutrition programs and the involvement of schools,
families, and the whole food-related community. This reflection, based on already
established and available dietary guidelines and researches in India and worldwide,
can help institutions to create good nutrition-oriented environments, which can serve
children, adults, separate food consumer categories (including hospitalized people),
and older subjects (Aggarwal et al. 2018; Anonymous 2021; Athavale et al. 2020a,
b; Avula et al. 2013; Bailey et al. 2018; Eisenberg and Burgess 2015; Hicks and
Murano 2016; Bhandari et al. 2004; Joseph et al. 2015; Kapil 2002; Pavithra et al.
2019; Rathi et al. 2017; Salis et al. 2021; Sethi et al. 2003; Shankar et al. 2017;
Sharma et al. 2020; Shekar and Latham 1992; Sivakumar et al. 2016).

In this ambit, diet counselling is extremely useful as a needed co-therapy, in
India and abroad (Gulati et al. 2017; Kapur et al. 2008; Rajpoot and Makharia
2013; Sivakumar et al. 2016; Thomas et al. 2009). The problem, especially with
claimed patients, is that the following factors—individualized diet counselling and
self-management training—are extremely difficult activities both for the healthcare
professional and the patient him/herself. In fact, while positive features (reduced
number of components in a single family; advanced age; high or medium nutri-
tion awareness and frequent relationships with the dietician) tendentially show new
perspectives of well-being, the practical use of diet-counselling advice has two
obstacles:
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(a) The difficulty to take on personalized diets, person by person, in communities,
and also in the same family, and

(b) The real challenge of finding reliable training, which can be carried out taking
into account that each patient has a personal history different from other people.

As a result, diet counselling has to be really ameliorated in India and abroad,
and the discussion cannot be carried out without the consideration of all points
and topics we have briefly discussed in this book. More research and tools for
improving nutrition education and diet counselling are surely needed nowadays
with the aim of improving counselling approaches. The need for a multidisciplinary
strategy (from chemistry to microbiology, from technology to law, economics, and
marketing science) is a real problem, but it is—it must be—the key factor for winning
the challenge for improved nutrition and health worldwide.
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