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Preface

Since ancient times, human society has been closely related to the ability
to acquire enough food, so that not only the basic needs of survival were
met, but also the preservation of food place allowed humans to be able to
devote time to the arts, crafts, and sciences.

The development of one of the oldest activities of human beings,
agriculture, is closely linked to the ability to preserve food, first by tech-
niques developed over the centuries by trial-and-error observation, and
more recently by the increasing application of science and engineering.
The basis of these advances is our knowledge of food microbiology. Long
before, Antoine van Leeuwenhoek described his living animalcules, many
of the conditions that controlled microbial deterioration had been empiri-
cally identified. However, it was the emergence of microbiology science
that promoted the preservation of food from an art to a science, allowing
food to be processed, distributed, and marketed with a high degree of
confidence in terms of product quality and safety. Thus, food microbiology
has been an important part of the discipline since its early days.

The scope of food microbiology is highly inclusive, as it interacts
with all subdisciplines of microbiology (e.g., public health microbiology,
microbial genetics, fermentation technologies, microbial physiology, and
biochemistry). In addition, food microbiologists have been at the forefront
of many microbiological concepts and advances. For example, the devel-
opment of biofilms and the ability to detect low numbers of metabolically
stressed microbes from highly complex matrices are two areas where
food microbiologists are providing critical insights into the behavior
of microbiological systems. In addition, new research topics have been
raised as a result of the unique challenge given to food microbiologists,
such as predictive microbiology, probiotics, microbial risk assessments,
and natural antimicrobials.

This book has been prepared to provide up-to-date and detailed scien-
tific information on food microbiology. The book is organized into 15
chapters, five of which focus on the two fundamental aspects of the matter,
food, and microorganisms. Each section consists of detailed information,
from the generalities to the particular aspects of each topic of relevance
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to be addressed, including basic microbiology, safety, food, pathogenic
microorganisms, food conservation, sanitization, hygiene procedures, etc.
The microbial diversity found in food is described from the classifica-
tion by kingdoms and the main groups of microorganisms present in them.
Although the main issue is about microbial food pathogens, the book
also covers another important aspect of food microbiology, such as food
systems and measures to prevent and control food, foodborne diseases,
etc. Uncontrolled and unwanted microbial growth destroys large quantities
of food age, causing significant losses both economically and relative to
nutrient content. In addition, the consumption of foods contaminated with
particular microorganisms or microbial products can also cause serious
illnesses, such as food-mediated infections and food poisoning. Every
minute, there are about 50,000 cases of gastrointestinal diseases, and
many individuals, especially children, die from these infections. The most
important preventive measures are for the development and continuous
implementation of effective interventions to improve overall food safety.

—FEditors



CHAPTER 1

Classification of Microorganisms and
Food Microbiology Generalities

ALFREDO IVANOE GARCIA-GALINDO,! LEONARDO SEPULVEDA,? and
CRISTOBAL NOE AGUILAR?

ICenter for Interdisciplinary Studies and Research,
Autonomous University of Coahuila, Saltillo, México

ZBioprocesses and Bioproducts Research Group, Food Research
Department, Autonomous University of Coahuila, Saltillo, México,
E-mail: cristobal.aguilar@uadec.edu.mx (C. N. Aguilar)

ABSTRACT

Each life form is part of one of the five known kingdoms: Plantae,
Animalia, Protista, Fungi, and Monera. The structural unit of life is the cell,
in which genetic information is replicated and stored, cellular components
are synthesized, and energy is generated, also there are cells which have
mechanisms for movement. Plants and animals are multicellular beings.
Plants have cell walls composed of cellulose, hemicellulose, pectin, and
lignin, while animal cells have no cell wall. In plants, the energy process
known as photosynthesis is carried out, while animals must ingest and
digest food. To perform each specific function, the cellular material of each
plant and animal is differentiated into tissues, organs, and systems. All
members of the protist kingdom are unicellular forms, which perform the
functions with no specialization, however, some members of this kingdom
form well-developed aggregates (colonies) that reassemble multicellular
structures. The fungal kingdom is formed by unicellular (yeast) and multi-
cellular structures or filamentous masses (filamentous fungi). Unicellular
life forms belong to the Monera kingdom, such as bacteria and blue green
algae [1].
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These five kingdoms can be divided into two groups: eukaryotes
(protists, fungi, animals, and plants) and prokaryotes (Monera). The two
groups differ by the nucleus. In eukaryotic cells, the nucleus is a discrete
body surrounded by a membrane. The nucleus is divided according to the
classic Mendelian description. Each cell has vacuoles, Golgi apparatus,
and mitochondria. Some plant cells and protists also have plastids [2].
Prokaryotic cells do not contain defined structures of the organelles, their
nucleus is diffuse, sectioned, and has no membrane. During the cell divi-
sion, the nucleus separates into two parts, each capable of generating a
new cell. Within prokaryotes, the organisms of greatest interest to the food
microbiologist are bacteria, while eukaryotes are fungi [3].

1.1 FUNGI

Multicellular fungi are known as filamentous fungi, while unicellular
fungi as yeasts. However, there are dimorphic microorganisms capable of
growing as unicellular or multicellular, and their growth strongly depends
on the conditions and culture time. Many fungi grow by accommodating
their cells one after the other, forming filaments or hyphae, which branch
out and together form the mycelium. Some fungi can gather their hyphae
so much that they form firm structures called fruiting bodies, like mush-
rooms. Some fungi have divisions between each cell, while others do not,
the former are known as septate, while the latter are known as non-septate
[4].

Fungi differed by their ways of reproduction. All fungi, except those
belonging to the Mycelia Sterila class, can produce spores asexually by
simple cell division without nucleus fusion. Members of the Phycomy-
cetes, Basidiomycetes, and Ascomycetes classes also reproduce sexually
by fusion of two similar or non-similar cells, but asexual spores occur
more than sexual. Because it is extremely difficult to induce forms of
sexual or perfect reproduction, they are considered within a class called
Fungi imperfecti or deuteromycetes [5].

1.1.1 PHYCOMYCETES

This class of fungi is divided into three subclasses: Archimycetes, Oomy-
cetes, and Zygomycetes. Members of the Archimycetes subclass are
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primitive aquatic fungi, which are not of considerable relevance to food
microbiologists. The members of the Oomycetes subclass are also consid-
ered primitive aquatic fungi; however, these can be isolated from soil
and some fruits where they can rot. The most important members of this
subclass are the genera: Pythium, Saprolegnia, Phytophthora, and Plasmo-
para. A large part of the fungi of interest in food microbiology belong to
the Zygomycetes subclass and the genera Mucor, Rhizopus, Mortierella,
Thamnidium, Choanephora, Cunninghamella, and Syncephalastrum,
capable of growing in fruits, vegetables, meats, bread, and cereals [6].

1.1.2 BASIDIOMYCETES

Some members of the basidiomycetes class are of great importance in the
food area, since they form fruiting bodies that are generally edible, such
is the case of Ustilaginales, Tremalla, and Urocystales. Examples of them
are fungi commonly known as mushrooms and huitlacoches [7].

1.1.3 ASCOMYCETES

The class with the highest number of members is the Ascomycetes,
comprising yeasts to filamentous fungi capable of forming fruiting bodies.
Ascomycetes do not have much importance for the microbial in food [8].

1.1.4 FUNGI IMPERFECTI

The members of the fungi imperfecti class are a special group of fungi for
food microbiologists, many of them produce primary or secondary metab-
olites of industrial interest, and because many of them are pathogenic to
humans through food consumption. The genera Aspergillus, Penicillium,
Fusarium, Talaromyces, and Gibberella belong to this class [9].

1.1.5 MYCELIA STERILIA

The members of this class live in soils, generally of rice. They are not
important for food microbiologists, but it is important to note that some
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members of the class Fungi imperfecti such as Fusarium and Helmintho-
sporium, when losing their ability to produce conidiospores, erroneously
they are placed within the Mycelia Sterila class [10].

1.2 CHARACTERISTICS OF FILAMENTOUS FUNGI

Filamentous fungi grow best on solid surfaces, the granular form of soil
causes fungi to grow with a very branched filament. On food, filamentous
fungi grow invasively without allowing other microorganisms to grow.
The filamentous fungi associated with food are: Aspergillus, Penicil-
lium, Rhizopus, Mucor, Absidia, Aurebasidium, Epiccocum, Alternaria,
Helminthosporium, Monilia, Botrytis, Scopulariopsis, Cephalosporium,
and Fusarium. Each of these fungi grows on defined types of food and
under specific conditions [11].

1.3 YEAST

True yeasts are single-celled organisms belonging to the Ascomycetes
and Fungi imperfecti classes. They have spherical, ellipsoidal, or elon-
gated forms. Some produce a pseudomycelium and usually reproduce by
budding. Yeasts are the simplest eukaryotic microorganisms, and much
of their metabolism has been studied. Yeasts are widely used in the food
industry, mainly in the production of bread and beer, and in the production
of organic acids, enzymes, ethyl alcohol, ketone, and biomass. The most
important genera are Saccharomyces, Torulopsis, and Candida [12].

1.4 BACTERIA

The Monera kingdom comprise Bacteria and Cyanobacteria, which are
prokaryotes. Their cells have a three-dimensionally linked peptidoglycan
cell wall, which produced very compact rigid structures. The amount of
peptidoglycan and lipopolysaccharide material is used to taxonomically
classify bacteria. Bacteria have a membrane, and, in some cases, they have
a capsule structure. All bacteria associated with food are heterotrophic,
they hydrolyze carbohydrates, proteins, lipids, and other food ingredients
[13].
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1.5 MICROORGANISMS AS FOOD PRODUCERS

Since the most remote historical times, microorganisms have been used
to produce food. Microbial processes give rise to alterations in them that
give them more resistance to deterioration or more desirable organoleptic
characteristics like taste and texture. A lot of food manufacturing processes
involving microorganisms are based on fermentation processes, mainly
lactic fermentation of starting materials. This fermentation is usually
carried out by lactic bacteria [14]. As a result, the pH decreases reducing
the survival of undesirable bacterial species (mainly enteric bacteria),
organic acids of short chain accumulate in the food that, in addition to
their antibacterial effect, confer a pleasant taste, and, in certain cases,
antibacterial compounds accumulate reducing the microbial food load by
increasing its half-life or prevent the germination of spores of possible
Gram-positive bacteria that cause food poisoning.

1.6 MICROORGANISMS AS FOOD SPOILAGE AGENTS

Impaired food is food damaged by microbial, chemical, or physical agents
that made them unacceptable for human consumption. Food deterioration
can cause important economic losses, approximately 20% of the fruits and
vegetables collected are lost because of microbial deterioration caused by
any of the 250 market diseases. The causative agents of deterioration can be
bacteria, molds, and yeasts; being bacteria and molds the most important.
Of all the microorganisms present in food, only some are able to multiply
on the food, so being selected over time so that the initial heterogeneous
population present in the food, is being reduced to more homogeneous
populations and finally to an only type of microorganisms that manage to
colonize all the food displacing others [15]. Therefore, during the dete-
rioration process, a predominant population or type of microorganisms is
selected so that the initial variety indicates little deterioration and reflects
the initial populations.

There are several factors that determine the resistance to colonize food
and these factors are:

1. Intrinsic Factors: They are the derivatives of the food compo-
sition: water activity (aw), pH, redox potential, nutrients, food
structure, and antimicrobial agents present.
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2. Technological Treatments: Factors that modify the initial flora
because of food processing.

3. Extrinsic Factors: These derived from the physical conditions of
the environment in which the food is stored.

4. Implicit Factors: The relationships established between microor-
ganisms because of factors above [16].

Food can be attacked by a variety of microorganisms. Thus, each food
type is damaged by the action of a specific type of microorganism, estab-
lishing a specific association between the altering microorganism and the
altered product, for example, meat is the most easily deteriorated food due
to favorable conditions for the growth of microorganisms derived from the
aforementioned factors.

1.7 MICROORGANISMS AS FOODBORNE PATHOGENS

Certain pathogenic microorganisms are potentially transmissible through
food. In these cases, the pathologies are usually gastrointestinal, although
they can lead to more widespread symptoms in the body and even septi-
cemia. The food pathologies can appear as isolated cases when a bad food
processing has occurred, but they are usually associated with epidemic
outbreaks more or less widespread in the territory; for example, the number
of epidemic outbreaks associated with food in the last years throughout the
national territory has oscillated between 900 and 1,000 outbreaks per year.
The pathologies associated with food transmission are food infections
caused by the ingestion of microorganisms or food poisoning produced
as a result of ingestion of bacterial toxins produced by microorganisms
present in the food. In certain cases, food allergies caused by the presence
of microorganisms can occur [17].

In any case, for a toxin-infection to occur, the microorganism must
produce:

e  Enough number to colonize the intestine;
e Enough number to poison the intestine;
e Significant amounts of toxins.

Pathogenic microorganisms that produce food infections include
bacteria, protozoa, and viruses, and food poisoning is caused by bacteria
and fungi (molds). Bacteria to cause an infection, besides the above
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conditions it is necessary that the microorganism has a growth temperature
range compatible with the body temperature of higher organisms (40°C).
This is the reason that plant pathogens are not animal pathogens and
that most psychrophiles and psychotrophs are not of great relevance in
pathology [18]. A virus will be pathogenic only in the case that animal
cells present the necessary receptors so that the virus can adsorb to them.
Therefore, there is kingdom specificity between animal, plant, and bacte-
rial viruses without cross-infection between kingdoms [19]. The origin
of the pathogenic microorganism is classified in endogenous microorgan-
isms present inside the food, and exogenous microorganisms deposited on
the food surface. The former usually associated with animal foods since
animal pathogens can be human, while plant pathogens cannot because
differences between both types of microorganisms.

Finally, due to the importance of food poisoning in public health, the work
of a food microbiologist is directed, in many cases, to the control and avoid the
consumption of products made in poor conditions and, therefore, potentially
dangerous. For this, a microbiological analysis must consider [20]:

Sources of food contamination;

Pathways of pathogen infection;

The pathogens resistance to adverse conditions;

The pathogen’s growth needs;

Minimize contamination and growth of microorganisms;
Detection and isolation techniques;

Sampling method proportional to the risk.

All the above requires the legal regulation of the microbiological
characteristics of each food, which includes the definition of each food or
food product and regulations on the tolerance of the number of permissible
microorganisms (the so-called reference values).
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ABSTRACT

Over 4,000 infections associated with the laboratory practices have been
reported in this century [1, 2]. Probably more have not been reported. Most
of the victims work in research laboratories with microorganisms whose
pathogenic potential was unknown at that time and/or used techniques that
are currently dangerous. As a result of last 25 years of scientific research,
the causes of these infections have been discovered and methods have
been developed to prevent them, today, it is not necessary for those who
work in microbiology laboratories (with certain exceptions that fall outside
the objective of this book) to feel in danger of becoming infected with
microorganisms when they work under safety standards and consider:

e The potential risks of the microorganisms in question;

e The pathways by which these germs can penetrate the body and
cause infections;

e The correct methods of containment of these germs so that they do
not exceed these routes.

2.1 RISK-BASED CLASSIFICATION OF MICROORGANISMS

Microorganisms based on their ability to produce infections, some are harm-
less; others may be responsible for diseases with mild symptoms; some others
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can cause serious illnesses; and a small number of them have the capacity to
infuse themselves in the community and cause a serious epidemic disease.
Experience and research in infections acquired in the laboratory have allowed
researchers to classify microorganisms and viruses into three or four groups.
Three different systems [3—5] have been published and presented in Tables
2.1 and 2.2, the most recent of them, the Security Measures of the Microbi-
ology Program of the World Health Organization (Table 2.3) [5, 6] is the best
and the one that is adopted to this book. This classification uses four Risk
Groups (I-IV) in increasing order of danger for those who work in the labora-
tory and for the community. The Risk Group numbers also indicate the levels
of containment, that is, the precautions and techniques necessary to prevent
infections. The World Health Organization did not publish relationships of
microorganisms within each of the Risk Groups. Member states were urged
to prepare their own relationships, since the germs that may present a high
risk in one country may be of little or no risk in another; also, it is not neces-
sary to take extreme and costly precautions against a germ in the laboratory
if personnel are exposed to it outside. Some relations have been proposed,
for example, in the United Kingdom [4] and the US [3, 7], but there is still
no general agreement within these countries and between them. Tables 2.1
and 2.2 have classified the germs mentioned in this book within groups I, 11,
and III, regarding existing lists [4, 7], after requesting the advice of British,
American, and European microbiologists who are currently working with
germs and after considering the data of the infections that have caused [1,
2]. Group IV is not referred to in this book because it contains only viruses.

2.2 WHO RISK GROUP SYSTEM

2.2.1 RISK GROUP I (LOW INDIVIDUAL AND COMMUNITY RISK)

A microorganism that is unlikely to produce human disease or animal
disease or that has veterinary importance.

2.2.2 RISK GROUP Il (MODERATE INDIVIDUAL RISK, LIMITED

COMMUNITY RISK)

A pathogen that can cause human or animal disease but is unlikely to
be a serious risk to laboratory personnel, the community, livestock, or
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the environment. Laboratory exposures can cause serious infection, but
effective treatment and preventive measures are possible, and the risk of
diffusion is limited.

2.2.3 RISK GROUP III (HIGH INDIVIDUAL RISK, LOW COMMUNITY
RISK)

A pathogen that generally causes serious human disease, but that does not
usually spread from one infected individual to another.

2.2.4 RISK GROUP IV (HIGH INDIVIDUAL AND COMMUNITY RISK)

A pathogen that generally causes serious human or animal disease and
can be easily transmitted from one individual to another, directly or
indirectly.

Some relationships have been proposed, for example, in United
Kingdom [4] and in the US [3, 7], but there is not yet a general agreement
within these countries and between them. In Tables 2.1 and 2.2 the germs
mentioned in this book have been classified into groups I, II, and III, with
reference to existing lists [4, 7], after requesting the advice of British,
American, and European microbiologists who are currently working with
germs and after considering the data of the infections they have caused [1,
2]. There is no reference in this book to group IV because it contains only
viruses.

2.3 INFECTION PATHWAYS

Microorganisms can penetrate the body through the mouth (inges-
tion), the lungs (inhalation), the skin (injection) and eyes. They can be
ingested when pipetting with the mouth and can also penetrate by the
fingers and contaminated items on laboratory tables, for example, ciga-
rettes, food, pencils, etc. Such environmental contamination may result
from spills and splashes that are not discovered or that are improperly
disinfected.
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TABLE 2.1 Risk Groups of Fungi and Yeasts Mentioned in This Book

Organism Risk Group Organism Risk Group
Acremenium I Kloeckera I
Alternaria I Madurella 11
Aspergillus I? Microsporon I
Blastomyces I Neurospora 1
Botrytis I Paecilomyces I
Candida I Paracoccidioides 11
Cladosporium I braziliensis I
Coccidioides immitis 1 Penicillium I
Cryptococcus neoformans I Phialophora I
Debaromyces I Pichia I
Endomyces I Pullularia |
Epidermophyton I Rhodotorula I
Fonseceae I Saccharomyces I
Geotrichum I Scopulariopsis I
Gliocladium I Sporobolomyces I
Hansenula I Sporothrix I
Helminthosporium 1 Torulopsis I
Histoplasma capsulatum 111 Trichoderma i
Trichophyton

A safety cabinet is used for experiments that generate spores. They can be allergens.

Inhalation of infected airborne particles (aerosols), which are released
during many common laboratory manipulations, have probably caused the
greatest number of laboratory-related diseases [1, 2].

Injection may result from accidental wounds with hypodermic needles,
Pasteur pipettes or infected broken glassware. Germs can also penetrate the
body through cuts and abrasions of the skin, some of them small enough to
go unnoticed by the researcher himself. Splashes of infected fluids in the
eyes have caused many infections, some fatal.

The infection pathways in the laboratory are not necessarily the same
as naturally acquired infections. In addition, the infective dose may be
much higher and, therefore, the symptoms may be different.
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TABLE 2.2 Bacterial Risk Groups
Organism Risk Organism Risk
Group Group
Acetobacter I Microbacterium I
Achromobacter 1 Micrococcus I
Acinetobacter 1 Moraxella I
Actinobacillus I Mpycobacterium I
Actinomyces bovis 1I africanum 1
eriksonii II avium 1
israelii I bovis I
naeslundii chelonei 1I
other ssp. 1 Sfortuitum I
Aerococcus 1 intracellulare 1
Aeromonas 1 kansasii 111
Alcalescens I leprae II
Alkaligenes 1 marinum I
Arizona 1 malmoense I
Bacillus anthracis 11 scrofulaceum I1I
Bacteroides 1 simiae 1
other spp. 1 szulgai 1
Bifidobacterium I tuberculosis I
Bordetella 1I ulcerans 1I
Borrelia 1I xenopi 11
Branhamella 1 other spp. I
Brevibacterium 1 Neisseria Gonorrhea II
Brochothrix I meningitides II
Brucella I other spp. I
Campylobacter 1 Nocardia II
Chromobacterium I Pasteurella II
Citrobacterium 1 Pediococcus I
Clostridium botulinum I Photobacterium I
difficile Il  Photobacterium I
fallax 1I Plesiomonas I
novyi 1I Propionibacterium I
perfringens 1I Proteus I
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TABLE 2.2 (Continued)

Organism Risk Organism Risk
Group Group
septicum 1I Providence I
sordelli 1I Pseudomonas mallei 1
tetani 1I pseudomallei 1
other ssp. I other ssp. I
Corynebacterium  diphtheriae 1 Salmonella paratyphi A UG
equi 1 typhi 1
pyogenes I other 11
serotypes
renale 1 Serratia Iy
ulcerans 11 Shigella 1I
other ssp. I Staphylococcus aureus II
Edwardsiella 1 other ssp. I
Eikenella 1 Streptobacillus II
Enterobacter I Streptococcus pathogens
Erwinia 1 humans and II
animals
Erysipelothrix 111 milk spp. I
Escherichia 1 Streptomyces madurae I
Flavobacterium meningo- 1 pelleteri 1I
septicum
septicum I somaliensis II
other ssp. 1 Treponema I
Francisella HI  Veillonella I
Fusobacterium I Vibrio cholera 11
Gardnerella 1 parahaemo- I
Iyticus
Gemella 1 other spp. I
Gluconobacter I Yersinia pestis I
Klebsiella 1 other spp. I
Lactobacillus 1
Legionella 1I

Leptospira II
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TABLE 2.2 (Continued)

Organism Risk Organism Risk
Group Group

Leuconostoc I

Listeria 1I

aRequires a safety laboratory but not a safety cabinet; airborne infections are unlikely.
®A safety booth is used for aerosol experiments.

2.4 AEROSOLS: AIRBORNE INFECTED PARTICLES

It is likely that these particles are released and inhaled or contaminate
hands and benches, during the following operations: work with handles
and syringes, pipetting, centrifugation, crushing, and homogenization,
pouring, opening of tubes and culture plates.

2.5 PREVENTION OF INFECTIONS ACQUIRED IN THE
LABORATORY: A PRACTICAL CODE

The contention principles involve the creation of:

1. Primary Barriers: These around microorganisms to prevent their
dispersion in the laboratory;

2. Secondary Barriers: These around the operator to act as a safety
net if the primary barriers are broken;

3. Tertiary Barriers: These prevent the community from reaching
any germ that is not contained by the primary and secondary
barriers.

This practical code is based mainly on the needs and recommendations
set forth in other publications [2—4, 7-9].

2.5.1 PRIMARY BARRIERS
They are the techniques and equipment designed for the containment of

microorganisms and to prevent them from accessing the operator directly
and spreading them as aerosols:
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Pipetting with the mouth must be prohibited in all cases. It is
necessary to provide mechanical devices for pipetting.

No objects should be brought to the mouth. Glass pieces for rubber
tubes attached to pipettes, pens, pencils, labels, smoking utensils,
fingers, food, and drink must be included among them.

The use of hypodermic needles should be restricted. Cannulas are
safer.

Pointed glass Pasteur pipettes should be replaced by soft plastic
ones.

Cracked and chipped glass material must be replaced.

Centrifuge tubes should be filled only up to 2 cm from the edge.
All Risk Group III products must be centrifuged in tightly closed
centrifuge tubes.

Bacteriological inoculating loops must be fully closed, with a
diameter not exceeding 3 mm and with a stem no larger than 5 cm
and must be held in metal [2] handles, not glass.

Homogenizers should be inspected regularly to discover defects
that may disperse aerosols. Only maximum safety models should
be used [2]. Griffith glass tubes and tissue homogenizers should
be held with a wadding pad and hand protected by a glove when
working.

All the products of Risk Group III must be processed in a Safety
Laboratory and in a Microbiological Safety Booth unless stated in
Table 2.1.

A provision of disinfectant must be available at each work point.
Benches and work surfaces must be disinfected regularly and after
spillage of contaminated material.

At each workstation there must be waste containers for small
objects and reusable pipettes. They must be emptied, decontami-
nated, and filled with freshly prepared disinfectant daily.
Disposable containers or bags held within containers must be
placed in the vicinity of each workstation. Autoclave should be
removed and sterilized daily.

Broken culture vessels, for example, after an accident, should be
covered with a cloth. A suitable disinfectant must be spilled on
the cloth and left there for 30 minutes. The remains should be
removed in a suitable container (tray or dustpan) and sterilized in
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the autoclave. Work with gloves and collect the remains with hard
cardboard.

Infectious material that must be sent by mail or by air must be
packaged in accordance with government, postal or airline regula-
tions, which can be obtained from those authorities. In other places
full instructions are also given [2, 4, 6, 8].

Sample containers must be strong and airtight.

2.5.2 SECONDARY BARRIERS

These measures are aimed at protecting personnel if primary barriers fail.
However, they should be observed as strictly as the previous ones:

Lab suits and coats should always be worn and fastened. They
should be kept separate from street dresses and other clothes.
Protective laboratory clothing should be removed when personnel
leave the laboratory and not wear it in other areas.

Hands should be washed after handling infectious material and
always before leaving the laboratory.

Visible cuts, scrapes, and abrasions on exposed parts of the body
of the personnel should be coated with waterproof dressings.
There should be medical supervision in laboratories where patho-
genic germs are handled.

Any illness should be reported to the doctor or occupational health
supervisors. It can be related to the laboratory. Pregnancy must
also be manifested. It is inadvisable to work with certain germs
during it.

Any staff member receiving steroids or other immunosuppressive
medications should tell the medical supervisor.

When possible and achievable, staff should be vaccinated against
probable infections [2, 4].

In laboratories working with tuberculosis, personnel must have
received BCG vaccine or have shown a positive skin reaction
before starting work. Subsequently they must take X-ray exams
annually [2, 4].
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2.5.3 TERTIARY BARRIERS

They are designed to offer additional protection to personnel and to
prevent the dissemination of the microorganisms under investigation in
the laboratory. They comprise architectural and engineering design and
the reader of this book should consult other publications [2, 6, 10]. The
WHO risk group system requires three levels of laboratory design, which
are summarized in subsections.

2.5.3.1 BASIC LABORATORY

It is designed to work with germs from Risk Groups I and II, it must
have plenty space. The walls, ceilings, and floors must be smooth,
non-absorbent, easy to clean and disinfect, and must be resistant to
chemical agents. Also, the floors must be slip proof, the lighting and
heating must be adequate. Basins other than laboratory batteries are
essential.

The upper part of the benches should be wide, at the correct height to
work comfortably in a sitting position, smooth, easy to clean and disinfect
and resistant to the chemical agents that will probably be used. They must
have adequate storage possibilities. Access must be limited to authorized
persons.

2.5.3.2 SAFETY LABORATORY

It is designed to work with germs from Risk Group III. They must have
incorporated all the requirements indicated for the Basic Laboratory
and must be physically separated from other rooms, without commu-
nication (for example, pipes, suspended ceilings) with other areas,
apart from the door, which must be locked and transferable grilles for
ventilation. Ventilation must be in one direction, achieved by a lower
pressure than in the other rooms and adjacent areas. The air must be
removed to the atmosphere (total discharge, without recirculation to
other parts of the building) with an extraction system coupled to the
microbiological safety cabin so that during working hours the air is
continuously extracted and the airborne particles cannot move from one
side of the building to the other. Replacement air penetrates through the
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transferable grilles. Access must be strictly regulated. The international
biohazard warning sign must be posted on the door, with the appropriate
expression (Figure 2.1).

FIGURE 2.1 International biological risk symbol.

2.5.3.3 MAXIMUM SECURITY LABORATORY

It is required to work with Risk Group IV products and is beyond the
scope of this book. Its construction and use generally require licensing and
supervision of the authorities.

2.6 EDUCATION IN SAFETY WORK

Education must be part of the general training that all microbiological
laboratory personnel should receive and should be included in Good
Laboratory Practices. In general, the methods that protect microbial
growth from contamination also protect against infection, although this
should not be taken for granted. Personnel protection can only be obtained
through good training and careful work. Programs for safety training in
microbiology have been published.
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TABLE 2.3 Summary of the Risk-based Classification of Microorganisms for Laboratory
Personnel and for the Community

Low Risk High Risk
USPHS (1974)  Class 1 Class 2 Class 3 Class 4
None or Ordinary Special for a High, for a
minimum potential person person and the
community
United Kingdom — Category C Category B Class A
(1978)° No special Special for a High, for a
potential person person and the
community
WHO (1979) Risk group I Risk Group Risk Group III ~ Risk Group IV
individual, low Il individual, individual, high Individual, high
community, moderate community, low community,
low community, high
limited
Appropriate Basic Basic Security® Maximum
laboratory security®
“DHSS (1978).

"Refers to precautions, equipment, and laboratory design.
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3.1 INTRODUCTION

The food sector has always suffered great losses due to the sensitivity
and instability of its products, which will depend on their composition
and nature, their main threat being microorganisms [1]. All foods have
an endogenous microflora, extremely variable, concentrated mainly in
the superficies, and in some internal tissues, they eventually have viable
microbial forms, whose development depends on the Intrinsic Factors
[2]. Besides the endogenous or food-based microflora, they are subject
to contamination by different microorganisms because of the stages they
undergo during their processing, handling, contact with equipment, uten-
sils, or due to the environmental conditions under which they are processed
[3]. These are known as extensive factors. The predominant species or
groups of microorganisms in food depend strongly on the characteristics
inherent to those foods (intrinsic factors), and on the unit operations to
which they undergo during their transformation or conservation (extrinsic
factors) [4].

Bacteria and yeasts are the most important microorganisms as potential
agents of deterioration or as possible pathogens for man. In most cases,
bacteria are the predominant microorganisms in food, mainly because [5].
They have a very short generation time, they can use various substrates,
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present a wide variety of behaviors (various genres) in response to environ-
mental conditions [6]. The knowledge of the intrinsic or extrinsic factors
that favor or inhibit the multiplication of microorganisms is essential to
understand the basic principles that govern both the alteration and food
conservation [4].

3.2 MICROBIAL DEVELOPMENT INTRINSIC FACTORS
3.2.1 WATER ACTIVITY (AW)

Metabolism and the growth of the microorganisms require the presence
of water in an available form, and Aw is an index of its availability for
use in chemical reactions and microbial growth. Aw is by definition, the
ratio between the vapor pressure of a solution over the vapor pressure of
pure water, or it can also be estimated as the number of moles of the solute
between the sum of the number of moles of the solute plus the number of
moles of the solvent [5]. So, it is easily predictable that if solutes are added
to a pure solvent, there will be a reduction in the vapor pressure of the
solution and as a consequence the value of Aw will decrease, with 1 being
the value of Aw for pure water, for what the Aw values are within a range
of 0 to 1 [7]. For example, a medium with 0.88% NacCl, 8.52% sucrose and
4.45% glucose has a value of Aw = 0.995, while a medium with 18.18%
NacCl, 68.60% sucrose and 58.45% glucose has a value Aw = 0.86.

Eqn. (1), presents the equation that defines Aw in terms of vapor pressure
and the molar relationship between solute and solvent.

AW:£: e (1)
R, n+n,

where; P is the vapor pressure of the solution; Po is the vapor pressure of
the pure solvent; n, is the number moles of solute; and n, is the number of
moles of solvent [8].

The factors in food capable of reducing water vapor pressure and
consequently Aw are: Adsorption of water molecules on the surface,
Capillary forces, Formation of solutions with different solutes, Forma-
tion of hydrophilic colloids, Presence of crystallization or hydration
water. For example, glycerol is an Aw depressant and is generally used
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in culture media to inhibit the growth of microorganisms very sensitive
to Aw changes, such as bacteria, since most of them do not grow at lower
values of 0.91. Table 3.1 presents the minimum Aw values that allow the
multiplication of microorganisms that alter food [7, 9].

TABLE 3.1 Aw Values Necessary for Microbial Growth

Microorganism Group Aw Minimum Value
Most bacteria 0.91
Most yeast 0.88
Most fungi 0.80
Halophilic bacteria 0.75
Xerophilous fungi 0.65
Osmophilic yeast 0.60

The Aw values in which the different types of microorganisms can
subsist and reproduce means that foods that due to their composition
and nature are between these Aw levels make them susceptible to attack
by these pathogens, in this chapter are foods, which makes them more
susceptible to different microorganisms according to the values of water
activity (WA) they possess, for which five groups are classified in this
chapter according to the range of Aw value they possess, as observed in
Table 3.2.

TABLE 3.2 The Main Food Groups and Their Aw Values

Food Groups Aw Values
Fresh meat and fish, fresh fruits and vegetables, milk, and most 0.98 and above
drinks, canned vegetables in brine, canned fruits with low sugar

concentration

Tomato paste, cheese subjected to industrial treatment, cured, and 0.93 to 0.98

canned meats, sausages, fermented (not dehydrated), and canned
fruits with high sugar concentration.

Dry and fermented sausages, cheddar cheeses and condensed milk 0.85 to 0.93

Dried fruits, flour, cereals, compotes, and jellies, nuts, and interme- 0.80 to 0.85
diate moisture foods.

Chocolate, pastry, honey, biscuits, snacks, English potatoes, eggs 0.60 to 0.85
with vegetables, powdered milk, and cookies.
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3.2.2 HYDROGEN POTENTIAL (PH)

The pH of a system is obtained through the relationship pH = —log [H'].
When the concentration of hydrogen ions is higher in the system, the lower
its pH value will be. Depending on the pH values of the food, these can be
classified as [10]:

1. Low Acid Foods (pH> 4.5): Under these conditions, there is a
predominance of microbial growth, which can occur in better
generation times, so they may be susceptible to attack by patho-
genic, sporogenic, aerobic, anaerobic, mesophilic, and thermo-
philic microorganisms [11].

2. Acidic Foods (pH between 4.5 and 4.0): Under these conditions,
microbial growth is restricted to oxidative or fermentative yeasts
and filamentous fungi. Sporogenic and non-sporogenic bacteria
can also develop [12].

3. Very Acidic Foods (pH <4.0): In these foods grow exclusively
yeasts and fungi, acetic bacteria, and Zymomonas that develop at
pH’s close to 3.7 [13].

It is important to note that acids can exert an inhibitory or lethal effect
on microbial cells, due to the high concentration of hydrogen ions or by
the same toxicity of undissociated acids, also, the external pH conditions
in the culture medium seriously affect the intracellular pH values [14].
Acidification inside the cell can occur by migration from hydronium
ions of the external environment, by the dissociation of molecules that
penetrate through the membrane and form acids, which interfere with
the same permeability, seriously affecting nutrient transport systems
and oxidative phosphorylation, inhibiting the transport of electrons and
causing acidification inside the cell, and also because some acids when
dissociated release anions that can be metabolized generating intermedi-
ates with inhibitory activity [15, 16].

3.2.3 OXIDE-REDUCTION POTENTIAL, REDOX (EH)
Redox potential is an intrinsic factor highly dependent on the extrinsic

factors of microbial development, facilitating food alteration or the
susceptibility to chemical modifications caused by microorganisms.
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These alterations at the end of the day are summarized in how easy
electrons are donated or accepted between the different chemical
compounds present in the systems (food) in question. It is important
to remember that the release or loss of electrons is considered as the
oxidation process, while the reception of electrons is known as reduc-
tion [17, 18].

The relationship between both processes, oxidation, and reduction, is
established through the Nernst equation (Eh):

Eh = Eo + 0.06/n log (ox)/(red) 2)

where; Eh is the redox potential (mV); Eo is the standard potential (pH =
0); n is the number of electrons involved in the process; (ox)/(red) is the
concentration in the oxidized and reduced states.

The lower the value of Eh, the greater the ability to transfer elec-
trons. The redox potential is determined with potentiometers. Aerobic
microorganisms have Eh growth values of +350 to +500 mV, anaerobes
grow at Eh values between +30 to —250 mV, but preferably at values
of +150 mV. Finally, optional anaerobes grow in Eh ranges from + 100
to +350 mV.

The presence of molecular oxygen for anaerobes is more lethal than for
the rest of the groups, since this compound makes the redox potential posi-
tive being the last electron acceptor compound. This behavior is explained
by the fact that microorganisms are unable to express the catalase activity
that breaks down the hydrogen peroxide, the accumulating in the cell and
creating a toxic environment [19].

3.3 MICROBIAL DEVELOPMENT EXTRINSIC FACTORS
3.3.1 TEMPERATURE

Temperature is extremely important since it intervenes with the metabo-
lism of the cell, microbial growth occurs in a wide range of temperatures,
ranging from —8 to 90°C. The temperature has a very strong influence on:
Lag phase duration, Growth speed, The final number of cells in a popula-
tion, Chemical, and enzymatic composition of the cell [20]. Depending on
the optimal temperature and the growth of the microorganisms, these can
be grouped as in Table 3.3.
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TABLE 3.3 Types of Microorganisms According to Their Optimal Temperature

Microorganisms Temperature (°C)
Thermophiles 55-75
Mesophiles 3045
Psychrotrophiles 25-30
Psychrophiles 12-15

The environment characterizes the classification according to their
optimal development temperature and particular characteristics of
microorganisms, for example, Psychrotrophiles are extremely important
as agents that alter food, especially those that belong to the genera of
Pseudomonas, Actinobacter, Vibrio, Lactobacillus, and Bacillus. Most of
the thermophilic bacteria of food importance are included in the genera
Bacillus and Clostridium, but few species of these genera are considered
thermophilic. Among mesophiles stand out the pathogenic bacteria and
detractors of food quality, some fungi, and yeasts. Among the strict
psychrophiles are marine microorganisms and those that grow in environ-
ments whose temperature remains constantly reduced.

3.3.2 RELATIVE HUMIDITY OF THE ENVIRONMENT-RH

Perishability is directly associated with food, due to the close relationship
between RH and Aw, given by the relationship:

% RH =Aw x 100

For a better or adequate packaging of food products and in order to
guarantee or control microbial development, lengthening the shelf life of
them, the Aw/RH must be considered [21].

3.3.3 GASEOUS COMPOSITION OF THE ENVIRONMENT

The uses of controlled atmospheres can modify the processes of food
spoilage by accelerating or delaying it, for example, the presence of
oxygen slows the spoilage of food by anaerobic microorganisms. Carbon
dioxide is the gas most used to slow down the deterioration of food (fruits
and meat products). Most yeasts, bacteria, and fungi are inhibited but not
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destroyed in atmospheres containing between 5 and 50% CO,. This gas
is very effective against psychrotrophilic microorganisms, Gram negative
bacteria, fungi, and oxidative yeasts. On those who tolerate its presence,
it doubles the time of its multiplication. Gram positive bacteria, mainly
lactic ones, are resistant to high concentrations of CO, [22, 23].

3.4 CHEMICAL MODIFICATIONS CAUSED BY MICROORGANISMS
3.4.1 MODIFICATIONS OF NITROGEN COMPOUNDS

Most of the nitrogen contained in food is part of the proteins, which can
be used as sources of nitrogen by microorganisms given their ability to
produce proteases, or by the same action of endogenous proteases that lead
proteins to peptides and amino acids. Some peptides formed in aerobiosis
have a bitter taste but not unpleasant, which modifies the food taste and
is an index to establish the alteration of them. If peptides and amino acids
are formed in anaerobiosis, they impart unpleasant and rotten flavors and
odors to food, because most of them have sulfur compounds, such as
methyl, and ethyl mercaptan, amines, hydrogen sulfides, and ammonia
[24, 25]. During microbial growth, microorganisms can use different ways
of using amino acids, such as Table 3.4.

TABLE 3.4 Use of Amino Acids by Microorganisms

Chemical Reaction Products

Oxidative deamination Keto acids + NH,

Hydrolytic deamination Hydroxy acid + NH,
Reductive deamination Saturated fatty acid + NH,
Denaturalization o deamination Non-saturated fatty acid + NH,
Oxidation-reduction Keto acid + fatty acid + NH,
Decarboxylation Amide + CO,

Hydrolytic deamination + Decarboxylation Primary alcohol + NH, + CO,
Reductive deamination + Decarboxylation Hydrocarbon + NH, + CO,

Oxidative deamination + Decarboxylation Fatty acid + NH, + CO,




32 Quantitative Methods and Analytical Techniques in Food Microbiology

3.4.2 CARBOHYDRATE MODIFICATIONS

Carbohydrates are the substrates preferred by microorganisms and are one
of the most abundant compounds in food. Poly, oligo, and disaccharides
must be enzymatically hydrolyzed to simpler compounds, monosaccha-
rides [26].

Glucose is one of the substrates of easier microbial assimilation when
used under Aerobiosis, oxidizes to carbon dioxide and water or Anaero-
biosis, it is incompletely oxidized to different compounds that can be
formed depending on the fermentation pathway for example:

1. Alcoholic Fermentation: Yeasts produce alcohol and CO,,.

2. Lactic Fermentation: Homofermentative lactic bacteria gener-
ates only lactic acid.

3. Mixed Lactic Fermentation: Heterofermentative lactic bacteria
produce lactic acid, acetic acid, ethanol, glycerol, and water.

4. Coniform Fermentation: Coniform bacteria produce lactic,
acetic, formic acid, ethanol, acetoin, butanediol, hydrogen, and
carbon dioxide.

5. Propionic Fermentation: Propionic bacteria produce propionic,
succinic, and acetic acid besides carbon dioxide.

6. Butyric-Butyl-Iso-Propyl Fermentation: Anaerobic bacteria
produce butyric acid, acetic acid, hydrogen, acetone, butylene
glycol, butanol, 2-propanol, and carbon dioxide.

Additionally, it is important to note that some microorganisms can use
carbohydrates to form a variety of compounds that include higher fatty
acids, organic acids, aldehydes, ketones, and esters [27, 28].

3.5 IMPORTANT MICROORGANISMS IN FOOD MICROBIOLOGY

In food microbiology, microorganisms are normally classified into three
groups: indicator microorganisms that correspond to those bacteria, fungi
or yeasts that cause damage in the different stages of the production chains
starting with the cultivation, processing, transport, and storage, being
responsible for large losses for the food sector, pathogenic microorganisms
agents that cause diseases in humans such as poisonings and infections
that cause hospitalizations, and the initiators used for the manufacture of
products of industrial interest such as food or food additives [4, 29].
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3.5.1 PATHOGENIC MICROORGANISMS

Zoonotic diseases constitute a group of animal diseases that are transmitted
to man by direct contagion with the sick animal, through somebody fluid,
or the presence of an intermediary such as mosquitoes or other insects.
They can also be contracted by consumption of foods of animal origin
that do not have the corresponding sanitary controls, or by consumption of
poorly washed raw fruits and vegetables. However, microbial agents such
as parasites, viruses, or bacteria can also cause them [30]. Table 3.5 shows
some examples.

TABLE 3.5 Zoonotic Diseases

Zoonotic Diseases Causative Agent

Anthrax Bacillus anthracis
Tuberculosis Mycobacterium tuberculosis
Listeriosis Listeria monocytogenes
Brucellosis Brucella abortus, B. melitensis
Tuleramia Francisella tulharensis

Query fever Coxiella burnetti

For its part, food poisoning is produced by the ingestion of a micro-
bial product called toxin that the bacteria produce under stress, the main
examples are Staphylococcal poisoning caused by Staphylococcus aureus,
a common bacterium in the environment and surfaces, and Botulism
produced by the causative agent Clostridium botulinum related to pack-
aged foods [31].

Food infections are the most common and recurrent associated with
poor eating practices, as well as poor hygiene habits, they can range from
a simple stomachache to more complicated diseases that can lead to death.
the main agents and diseases they cause are Enterobacteria: Shigella
(shigellosis); Salmonella (salmonellosis, typhoid fever, paratyphoid
fever); Yersinia enterocolitica (yersiniosis); Escherichia coli. Bacteria
of importance in public health: Campylobacter; Vibrio cholerae; Vibrio
parahaemolyticus. Gram-positive sporulated pathogenic bacteria: Clos-
tridium perfringes; Bacillus cereus (gastroenteritis), etc. [32].

Finally, as less common but no less important are the mycotoxins that
can contaminate the food chain because of the infection of agricultural
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products intended for human consumption or domestic animals. The
complication with these is their resistance to decomposition and
destruction during digestion, which is why they remain in the food
chain and in dairy products. They even resist cooking and freezing.
The most common toxins in agricultural products are produced by
species of the genera Aspergillus, Penicillium, and Fusarium, among
others [11].

3.5.2 MICROORGANISMS USED IN THE PRODUCTION OF FOOD,
ADDITIVES, AND ENZYMES

At present in different industries in addition to food, such as cosmetics,
textiles, pharmaceuticals, paper, among others, one of its main allies for
its productions is the implementation of biotechnology using microor-
ganisms, since for years they have proven to be an important source of
production of different compounds, as a result of the enormous metabolic
machinery they possess, humanity has learned to manipulate and make the
most of it, some of the examples are [33—35]: ethanol production yeasts;
organic acid production: vinegar production acetic bacteria — Acetobacter;
lactic acid production — lactic bacteria; propionic acid production — Propi-
onic bacteria; citric acid production; gluconic acid production; fumaric
acid production; gibberellin acid production [13, 36], unicellular protein
production, enzyme production as lipases, cellulases, tanases, proteases,
amylases, among others, they are of utmost importance in processes such
as clarification of juices, elaboration of cleaning products, paper produc-
tion, as well as the formation of various drugs [37-39].

One of the main and with which the biotechnological revolution began
is for the production of antibiotics such as penicillin, one of the most
important events for the history of medicine and the whole of humanity
since the discovery of a substance, a metabolite that produced a fungus
came to revolutionize the treatment of infections [28]. And of course, and
we cannot exclude the use of microorganisms in food technology, trans-
forming, and creating food from ancient times with the production of wine
and bread, through conventional ones, cheeses, yogurt, beer, vinegars,
etc., even in the present with the new trends in the production of functional
fermented foods [40].
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4.1 INTRODUCTION

The main objective of food preservation has been on controlling microbial
populations, with a specific emphasis on pathogenic microorganisms.
Food preservation implies inhibiting the growth of microorganisms
[1]. Hostile environments for microorganisms are an adequate food
preservation strategy The application of heat treatments, reduction of
storage temperatures, application of good manufacturing practices and
the addition of additives define the food shelf-life and safety [2]. The
most important hurdles are water activity (a ), temperature (high or low),
acidity (pH), dehydration, preservatives, and non-thermal technologies
(non-conventional).

4.2 FOOD GROUPS
4.2.1 VEGETABLES
Cereals, sugar, fungi (grown as food), fruits, and vegetables are suscep-

tible to microbial and physical-chemical deterioration after harvest.
This generates the need to use preservation techniques. The postharvest
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preservation foods as of fruits and vegetables is a challenge owing to their
highly perishable nature [3].

4.2.2 ANIMALS

Foods like meat and meat products, birds, and eggs, fish (and other marine
foods), and milk and derivatives are easily altered by microorganisms
unless they undergo some conservation treatment. Most of these foods
must be refrigerated or even frozen immediately after harvesting, in order
to inhibit microbial growth and loss of quality [1].

4.3 PRINCIPLES OF FOOD PRESERVATION

4.3.1 PREVENTION OR DELAY (SHELF LIFE) OF THE BACTERIAL
COMPOSITION

The keeping food without germs (asepsis), the elimination existing germs
(filtration), then placing an obstacle to microbial growth (low tempera-
tures, dehydration, anaerobic conditions, chemical preservatives) and the
destroying microorganisms are important forms to prevent spoilage in
food caused by bacteria.

4.3.2 PREVENTION OR DELAY OF FOOD BREAKDOWN

The destroying or inactivating their enzymes (scalding) and preventing or
delaying chemical reactions (avoiding oxidation with the use of antioxi-
dants) are some ways to prevent spoilage of food.

4.3.3 PREVENTING INJURIES CAUSED BY INSECTS, HIGHER
ANIMALS, AND MECHANICAL CAUSES

To protect food against damage by microorganisms a maximum of the
latency phase (a-b) and positive acceleration (b-c) of the growth curve must
be prolonged (Figure 4.1). This is possible by ensuring that the smallest
possible number of microorganisms reach the food the smaller the number
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of microorganisms, the greater the latency phase. Also, contamination by
germs of no active growth (in logarithmic phase), present in containers,
machinery, and utensils should be avoided.

Finally, unfavorable environmental conditions for food germs
(humidity, temperature, WA, pH, or redox potential), or the presence of
microbial inhibitors must be ensured in food (preservatives). The higher
the number of unfavorable conditions, the longer it will take to start growth

[].

Exponential | Stationary Death
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FIGURE 4.1 Growth curve of a bacterial population.
Note: where; a-b: latency; b-c: positive acceleration; c-d: logarithmic phase; d-e: negative
acceleration; e-f: stationary phase; f-g: accelerated destruction; g-h: decline.

4.4 FOOD CONSERVATION METHODS

Preservation methods may be physical (low temperatures: refrigeration,
freezing, high temperatures: pasteurization, sterilization, elimination
of water: concentration, drying, freeze-drying, removal of air: vacuum
packaging, packaging with CO, or N,) or chemical like the use of food
additives [4].
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4.4.1 ASEPSIS

Asepsis is defined as freedom from pathogenic microorganisms’ insuf-
ficient dose to cause an infection [5]. It is a way to prevent microorgan-
isms from reaching the food. Applied mainly to raw foods. The type of
microorganism (if it is pathogenic) and the number (size of the danger
and the loading treatment) must be identified to know the potential
risk.

4.4.2 ELIMINATION OF MICROORGANISMS

Microorganisms can be eliminated by filtration (impenetrable for bacteria),
centrifugation, washing, and expulsion.

4.4.3 MAINTAIN ANAEROBIC CONDITIONS

Pathogenic microorganisms can be controlled by using vacuum closed
containers, (for example, canned food). These microorganisms do not
develop in the absence of oxygen, the same applies to temperature.

4.5 CONSERVATION USING HIGH TEMPERATURES

The destruction of microorganisms by heat is due to the coagulation of
their proteins and especially to the inactivation of the enzymes necessary
for their metabolism. Thermal sterilization technologies have been widely
employed in the food industry since they are well developed and require
low investment cost [6]. The heat treatment to choose to destroy vegeta-
tive cells and spores depend:

e Of other conservation methods to be used (to liven up or accentuate
the applied temperature);

e The effects of heat on the food (should not destroy all its protein
content, weaken the food).
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4.5.1 HEAT RESISTANCE OF MICROORGANISMS AND THEIR
SPORES

Heat resistance of microorganisms is usually expressed as a time of thermal
destruction, which is the time necessary to destroy at a given temperature,
a certain number of organisms under specific conditions. Figure 4.2 shows
the resistance of microorganisms to heat treatment, is observed that some
cells have low resistance (A-B), others have medium resistance (B-C),
and other groups have high resistance (C-D), which are probably spores.
Treatment must reach the entire population.

A B C D

FIGURE 4.2 Cell resistance to heat treatment.

The factors that affect bacterial inactivation are:

1. Temperature-Time Relationship: The higher the temperature the
less the destruction time.

2. The Concentration of Spores (Cells): The higher the number
of spores, the more intense the heat treatment to destroy
microorganisms.
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3. Preconditions for Bacteria and Spores: The growth conditions
of the bacteria and the production of spores, therefore as a subse-
quent treatment, will influence their resistance to heat:

i. Incubation Temperature: Growth at optimal temperatures
increases their resistance.

ii. Age: Young bacteria are less resistant than mature bacteria.

iii. Desiccation: Dissected spores are more difficult to destroy.

4. Composition of the substrate in which bacteria and spores are
heated.

i. Humidity: Moist heat is more potent to destroy (15-30
minutes at 121°C) than dry heat (3—4 hours at 160—180°C).

ii. pH: They are more resistant to neutral pH; this resistance
falls when the pH (acid) is lowered than when it rises
(basic).

iii. Other Constituents of the Substrate: NaCl in low concen-
trations have a protective effect on certain spores.

4.5.2 HEAT RESISTANCE OF YEASTS AND THEIR SPORES

Spores are the most resistant form of microbial cells and are well-equipped
vehicles for colonization of food [7, 8]. The resistance to heat varies
according to the different species and strains. In general, the spores are
destroyed with barely 5-10°C or more of the temperature that would be
needed to destroy vegetative forms. Ascospores are destroyed at 10-15
min/60°C [7, 8]; none resist brief heating at 100°C. Meanwhile vegetative
forms are destroyed at 50-58°C/10—15 min.

4.5.3 THERMO RESISTANCE OF MOLDS AND THEIR SPORES

Spores are relatively stress-resistant structures but show a large
variation in their ability to survive adverse conditions. Most spores are
destroyed at 60°C/10—15 min. Asexual spores are more resistant than
mycelia; 5-10°C or more is needed to destroy them. Fungal spores are
quite resistant to dry heat; 120°C for 30 min is not enough to destroy
them.
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4.5.4 RESISTANCE TO BACTERIA AND THEIR SPORES

Some pathogens are easily destroyed, others need temperatures of
80—90°C for several minutes. Coccus is generally more resistant than
bacilli. The higher the optimum temperature and maximum growth,
the higher the heat resistance. Bacteria that have a capsule or form
granules are more difficult to destroy, also because of their high lipid
content.

4.5.5 THERMO ENZYME RESISTANCE

Most of the enzymes in food or microorganisms are destroyed at 79.4°C.

14.6 HEAT PENETRATION

The penetration of heat in food can be done by conduction (from molecule
to molecule), convection (by the movement of liquids or gases), or radia-
tion (energy emitted by molecules). The factors that determine the time
required to raise the temperature of the center of the container to steriliza-
tion temperature are the following:

1. Packaging Material: Heating is slower in jars than in cans.

2. Size and Shape of the Container: The volume of the container
should be considered.

3. Initial Food Temperature: Microorganisms must be longer
in a lethal temperature from the beginning; however, it will not
decrease the destruction time.

4. The Temperature of the Autoclave: This is necessary to reach
the lethal temperature of the microorganisms.

5. Consistency of can Contents, Shape, and Size of Food Portions:
Larger pieces are more quickly cooked than smaller ones.

6. Rotation and Agitation: Accelerate the heat penetration into the
food and completely into the fluid.

7. Artificial rapid cooling is recommended because it is easily adjust-
able. Cooling too slowly can lead to overcooking of the food and
allow the growth of thermophilic germs.
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4.6.1 THERMAL DEATH RATE

To determine the heat treatment, one of these three methods is used:

e Graphical method;
e Mathematical formula; and
e Nomogram method.

The basic aspects of the mathematical formulas are presented below,
for more details the book of Albert and Barbosa-Canovas can be consulted.
The death rate for any microorganism in a determined medium and
thermally treated at certain fixed temperature follows first-order kinetics.
Thus, if N is the number of microorganisms, its variation with time is
expressed according to Eqn. (1):

a
dt

This equation can be integrated, yielding:

=—kN )

N = N,exp(—kt) 2

where; N is the number of microorganisms present at a time t; and k is the
death rate constant. The value of the rate constant depends on the type of
microorganism, the medium, and the temperature [9].

Decimal reduction time (D) is the treatment time required to reduce the
number of microorganisms to the tenth (10) part = D_.

2.303 N
D, = X lOglo[VOj 3)

and since N = 0.1 N, the decimal reduction time is expressed as a function
of the rate constant of thermal death as:

2.303
DT ZT (4)

and treatment time is expressed according to Eqn. (5):

t=D,log,, {NﬁJ ®)

0
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4.7 THERMAL TREATMENTS EMPLOYED IN FOOD PROCESSING

The temperature and the time of the treatment of food will depend on the
effect of the heat that exerts on the food and on other methods of conserva-
tion that will be used together. Some foods can be heated to a certain limit.
The greater the heat treatment, the greater the number of germs destroyed
until it reaches the temperature that causes the sterility of the product.
The treatment must at least destroy those microorganisms with potential
danger. In canned foods, all microorganisms that may alter the food during
the last stages of manufacture must be destroyed. The different degrees
of cooking used in food are classified as pasteurization, cooking around
100°C and cooking above 100°C.

4.7.1 PASTEURIZATION

Pasteurization is a heat treatment that destroys the microorganisms present
in a food (generally liquid), this process is carried out at temperatures
below 100°C. The cooking is employing steam, hot water, dry heat, or
electric currents. Always cooled quickly after heating. Pasteurization is
used when:

e Higher heat treatments would damage the qualities of the product
(e.g., milk);

e One of the objectives is the destruction of pathogenic germs (e.g.,
milk);

e The most important alteration agents are not heat resistant (e.g., the
yeasts of fruit juices);

e Surviving microorganisms are controlled with other additional
methods (commercial milk cooling).

Other storage methods such as refrigeration (e.g., milk), packaging,
and the addition of additives are used as a complement to pasteurization.

Pasteurization times and temperatures depend on the method used in
the product to be treated:

e High temperature, short time: 71.1°C 15 sec;
e Short temperature, long time: 62.8°C/30 min.
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4.7.2 HEATING AT APPROXIMATELY 100°C

Heating to temperatures close to 100° C is enough to destroy all microor-
ganisms, except bacterial spores. This temperature is common in home-
made preserves.

4.7.3 HEATING ABOVE 100°C

Temperatures above 100°C, are reached in steam autoclaves under pres-
sure. Autoclave temperatures increase with increasing vapor pressures. The
acronym UTH (ultra-high temperature) means that the food (usual milk)
was heated to a temperature between 135 and 150°C (for 1-10 s) [10] by
heat injection followed by the instantaneous evaporation, condensation,
and fast cooling. Maintaining for enough time, this treatment capable of
sterilizing the foods. These will have a long shelf life (6—9 months) without
refrigeration [10, 11]. UHT treatment eliminates pathogenic bacteria and
deactivates enzymes [10].

4.7.4 CONSERVATION USING LOW TEMPERATURES

The lower the temperature the slower the chemical reactions, enzymatic
reactions, or microbial growth. A sufficiently low temperature will inhibit
the growth of all microorganisms.

4.7.5 GROWTH OF MICROORGANISMS AT LOW TEMPERATURE

Freezing prevents the prolongation of most microorganisms. Refrigeration
slows their growth rate. Temperatures of 5 or 6°C delay the multiplication
of microorganisms producing food poisoning, except for Clostridium botu-
linum type E [12]. Microorganisms have been found growing up to —17°C.

4.7.6 TEMPERATURES USED IN STORAGE AT LOW
TEMPERATURES

Low-temperature preservation is the most adopted method [13]. Low-
temperature storage inhibits respiratory rate, spoilage reactions, and the
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growth of pathogenic microorganisms [3]. The most commercial storage
units are below —18C.

4.7.7 REFRIGERATION

Consumers prefer refrigerated foods for freshness, low processing damage,
and convenience when cooking [13]. Refrigeration is the main method of
preserving food or as a temporary system until another form of conserva-
tion is applied. Cooling temperature, relative humidity, air velocity, and
composition of the local atmosphere and possible use of UV radiation
should be considered.

4.7.7.1 TEMPERATURE

The freezing temperature must be selected according to food class, time,
and storage conditions. Some foods have optimal storage temperatures
above freezing, for example, a banana should not be stored in the refrig-
erator, as it has a better storage temperature between 13.3—16.7°C; as for
potatoes, they are better stored at 10-12.8°C.

4.7.7.2 RELATIVE HUMIDITY

Low humidity causes water loss and the wrinkling of food surfaces. If
humidity is lower than the relative humidity of equilibrium, there is a water
loss from the food to the exterior, leading to dehydration of the product
[14]. High relative humidity favors the development of microorganisms
causing alterations.

4.7.7.3 VENTILATION OR AIRSPEED CONTROL

Maintain a uniform relative humidity is important to eliminate odors and
maintain food quality.
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4.7.7.4 COMPOSITION OF THE STORAGE ATMOSPHERE

The amount of proportion of the gases in the atmosphere greatly influ-
ences. In the presence of optimal concentrations of CO, or O,, the food
remains unchanged for longer. Furthermore, higher relative humidity can
be maintained, without jeopardizing the conservation and qualities of the
food. This also favors the use of a storage temperature higher than the
cooling temperature can be used.

4.8 IRRADIATION

The combination of UV irradiation with refrigeration helps to preserve
several foods, allowing the use of humidity and higher temperatures than
can be used in refrigeration. Some cheese and meat storage rooms are
installing UV lamps.

4.9 FREEZING

Many microorganisms cannot grow in freezing [14]. Also, when food
is frozen, part of the water is transformed into ice, thus decreasing the
food’s water activity (a ). Many microorganisms cannot develop in low
WA conditions [14].

4.9.1 ADVANTAGES THAT FAST FREEZING PRESENTS OVER SLOW
FREEZING

Rapid freezing forms smaller ice crystals the mechanical so the destruction
of food cells is scarce. Also, with a higher freezing speed, there is greater
microbial and enzymatic inhibition. Fast freezing slows the chemical and
enzymatic reactions of food by stopping microbial growth, the same effect
produces intense or slow freezing.

4.10 DEHYDRATION

Drying is an excellent method of food preservation [15]. Fresh foods are
very perishable because of their high moisture content. In food materials,
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water exists in two ways: both free water (intercellular spaces) and bound
water (intracellular space). Free water is the solvent for microbial growth
[15, 16]. Some examples are hot air drying, sun drying, vacuum drying,
freezing drying [15, 16]. The factors that control dehydration are tempera-
ture, humidity, air velocity, and dehydration time. Dehydrated foods
should be packed immediately after dehydration in suitable packaging.
New research is being developed to develop new drying methods (more
efficient and with less damage to food). Microwave drying [18], infrared
(IR) drying, vacuum impregnation, ultrasound (US) assisted, lyophiliza-
tion process [19], and osmotic dehydration are some of the new foods
drying technologies [16].

4.11 NON-THERMAL (NON-CONVENTIONAL) PRESERVATION
TECHNOLOGIES

The development of innovative non-thermal food processing technolo-
gies has received attention due to the increasing consumer demand for
safe foods of high nutritional and functional quality [20]. In non-thermal
preservation technologies, the temperature is not the main factor of the
preservation of food (microorganisms and enzymes) [20, 21]. Some of
the most promising emerging non-thermal technologies to extend food
shelf life are pulsed electric fields (PEF), ultraviolet (UV) irradiation,
high-pressure homogenization, high-pressure processing, IR heating,
microwave heating, pulsed light (PL), ozone processing, and cold plasma
(CP) [22]. Currently, non-thermal emerging technologies have been
widely developed in rich countries. However, in America and Africa very
few countries are investigating these technologies [20].

4.12 CONSERVATION BY ADDITIVES

4.12.1 FOOD ADDITIVES

A food additive is defined by Codex Alimentarius Commission’s (which is
recognized as the international standard) as “any compound not typically

consumed as a food by itself and not normally used as an ingredient in the
food but is intentionally added in the manufacture, processing, treatment,
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preparation, packing, transport, and holding of the food, to perform a tech-
nological function” [23]. The term does not include contaminants added to
food for preserving or enhancing the nutritional potential [23].

4.12.2 ANTIMICROBIAL CONSERVATIVES

The antimicrobial conservatives increase the shelf life of the foodstuffs.
However, the concentrations must be regulated so as not to affect the
organoleptic properties of the food [24]. In general, antimicrobial conser-
vatives must have a broad spectrum of antimicrobial activity, must not be
toxic to humans and animals, should not affect the original taste of the
food.

4.12.3 NATURAL FOOD ADDITIVES

Currently, there is a trend towards the use of natural additives, these
are accepted by consumers for their perception as safer and healthier.
Compounds derived from the secondary metabolism of most plants as
polyphenols are recognized for having important biological properties
such as antioxidant and antimicrobial activity [25]. Although consumers
are leaning toward natural additives, this offer is still quite limited [26].

4.12.4 ADDITIONAL FOOD PRESERVATIVES

Additives not recognized in some regulations: Natural organic acids
(lactic, malic, citric) and their derivatives; vinegar (acetic acid is a natural
acid, more effective against yeasts and bacteria than against molds), NaCl,
special sugars, their oils, CO,, nitrous, and nitrates. These have been
traditionally used for the preservation of meat products because of the
effective antimicrobial action of nitrite against Clostridium botulinum
[27]. The nitrates added to sausages and canned meats as antimicrobials
can cause headaches [28]. However, the reduction of nitrates to nitrites
(by nitrate-reductase in the bacterial flora) may cause acute toxic effects
and the formation of carcinogenic substances due to the reactions between
nitrogen oxide and amines [29].
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Generally recognized as safe (GRAS): Propionic acid (affects the

permeability of the membrane, used to prevent mold growth and forma-
tion of filamentous elements), caprylic acid, sorbic acid, and sorbates
(inhibit yeasts and molds, lower against bacteria), K, Na, Ca, benzoic acid,
benzoate, and other derivatives of benzoic acid (methyl and propyl esters
of p-hydroxybenzoic acid). Essential oils [30].
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ABSTRACT

This chapter talks about the importance of pathogenic microorganisms
that affect food and that can cause disease in humans. General aspects
of some pathogenic bacteria in food such as Clostridium botulinum,
Staphylococcus aureus, Salmonella, Clostridium perfringens, Escherichia
coli, and other indicators of fecal matter are mentioned. In addition, some
non-bacterial pathogens are mentioned, such as some important viruses
in the food area, fungi that can produce toxic secondary metabolites and
parasites. Additionally, it talks about the importance of some microorgan-
isms such as Pseudomonas related to the refrigeration and/or freezing
process that some foods need.

5.1 INTRODUCTION

Food safety is a big problem for the human being, especially bacteria cause
foodborne diseases. Since the beginning of mankind, foodborne diseases
have been one of the leading causes of morbidity. More than 250 known


mailto:ctorresleon@uadec.edu.mx

58 Quantitative Methods and Analytical Techniques in Food Microbiology

and many unknown diseases are transmitted to humans mainly through
the consumption of food contaminated with bacteria, fungi, parasites, or
viruses.

5.2 HUMAN DISEASES TRANSMITTED BY FOOD AND WATER

Food and water may be the main vectors for the dissemination of infec-
tious diseases [1]. Food contaminated by microorganisms or harmful
substances causes infections, such as food poisoning and infections.
Diseases caused by food or contaminated food constitute the most
important vehicle of the pathogenic agent-oral pathway of penetration
of the pathogen into the human organism. Foodborne illnesses can be
divided into two broad categories: poisoning and infections (Figure
5.1).
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FIGURE 5.1 Poisoning and infections transmitted by food.

Different types of microorganisms can cause foodborne diseases, such
as bacteria, viruses, parasites, protozoa, and fungi [1]. Food poisoning is
caused by the consumption of foods containing the microorganisms or
their toxins.
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5.3 BACTERIAL FOOD POISONING

Around 66% of foodborne illness globally originates from pathogenic
bacteria [2]. A disease caused by the presence of a bacterial toxin formed
in the food. The disease symptoms are nausea, vomiting, abdominal pain,
diarrhea, and fever [1]. Table 5.1 shows the main intoxications and infec-
tions caused by bacteria.

TABLE 5.1 Intoxications and Infections of Bacterial Origin

Intoxications Infections

Staphylococcal: enterotoxin caused by Salmonellosis: Salmonella endotoxin
Staphylococcus aureus

Botulism: neurotoxin produced by Disease caused by Clostridium perfringens:
Clostridium botulinum enterotoxin released during sporulation

- Bacillus cereus gastroenteritis: exoen-
terotoxin released during its lysis in the
intestinal tract

- Enteropathogenic Escherichia coli infection:
several serotypes, some invasive and other
enterotoxigenic

— Other Yersinia, Shigelose, Vibrio
parahaemolyticus

5.3.1 BOTULISM

One of the most serious diseases, caused by the ingestion of foods that
contain a neurotoxin produced by Clostridium botulinum. Spores may find
their way into foods via the environment [3]:

1. Physiological Characteristics: C. botulinum is an anaerobic,
gram-positive, spore-forming bacillus that has an optimal temper-
ature range of 30 to 37° C and a pH of 4.5 to 8.0. C. botulinum
comprises four distinct groups of bacteria [4]. Groups I and II
are associated with human botulism; Group III with botulism in
animals, while Group IV has not been strongly associated with
botulism [4]. There are seven confirmed botulinum neurotoxins
(types A—G). The neurotoxins A, B, or E4 is most associated to
foodborne botulism [4].
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Habitat: The main habitats of C. botulinum are the animal intes-

tinal tract, Food (fish, mice), and sediments of oceans and lakes.

Dissemination: The main form of dissemination is by asymptom-

atic carrier animals.

Foods Involved: C. botulinum spores exist widely in the envi-

ronment and can contaminate food raw materials [5]. In general

foods of low and medium acidity (not acidic), both home-canned

and commercially processed vegetables are common sources of

foodborne botulism, vacuum-packed food [5].

Development and Production of Toxin: It depends on the growth

capacity of C. botulinum cells and food autolysis. Ideal water

content to produce the toxin: 40% (30% inhibit production); 8%

NaCl inhibits.

Bacterial Growth: pH below 4.5 prevents toxin formation.

Toxin: It is a protein with neurotoxin characteristics. It is absorbed

by the small intestine and paralyzes the muscles. The inactivation

of spores is achieved at 80°C/5—6 min, 90°C/15 min or 80°C/800

MPa [6]. Neurotoxins A, B, E, F, cause human diseases; neuro-

toxins C, D, diseases in animals (chickens, ducks, horses); lethal

dose: 1 to 2 mg/kg.

The Thermal Resistance of the Spores: The spores have high

resistance. General heat treatment applied 100°C/360 min,

105°C/120 min, 110°C/36 min, 115°C/12 min, 120°C/4 min

(depending on the food).

Symptoms:

i.  Before the development of neurological symptoms,

gastrointestinal disturbances (nausea, vomiting, diarrhea, and

stomachache);

i1.  Visual disturbances;

iii.  Paralysis of facial muscles, head, and pharynx;

iv.  Respiratory paralysis;

v.  High mortality rate.

Incubation Period: The incubation period is 12 to 48 hours.

Duration of the Disease or Toxicological Process: Lasts 3 to 6

days and recovery may take a few months.

Control:

i.  Adequate heat treatment of food, ensuring total spore
destruction;
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ii. Use of chemical and physical methods (Aw reduction, acidifica-
tion) that inhibit the development of the bacteria.

5.3.2 STAPHYLOCOCCAL POISONING

Disease caused by the ingestion of enterotoxin formed when certain strains
of Staphylococcus aureus grow in food. The toxin was called enterotoxin
because it causes gastroenteritis and inflammation of the gastric and
intestinal mucous membranes. S. aureus is considered as a major cause of
foodborne illnesses worldwide [7].

1. Physiological Characteristics: S. aureus is a typical representa-
tive of Gram-positive and facultative (anaerobes or aerobics)
bacterium. This pathogen has catalase and coagulase positive [8].
The most important growth characteristics are:

i.  Optimum Temperature: 35-37°C (10-45°C);

ii. pH:7.0to7.5(4.2109.3);

iii. High Salt Tolerance: Tolerate media with 10 to 20% NacCl,;
iv.  Water Activity (Aw): 0.99 to 0.86.

2. Habitat: In humans, the preferred colonization sites are the ante-
rior part of the nostrils and the surfaces of the hands [9, 10]. In
warm-blooded animals, S. aureus is found in the nasal mucosa,
throat, and hair.

3. Dissemination: Food, animal, and biofilms serve as a virulence
factor [11].

4. Food Involved: S. aureus can be found in various foods such
as frozen birds, salads, raw meat, cakes, sweets with cream, and
raw milk [11]. Recently, research has reported the presence of
S. aureus in sushi and pork products [12].

5. Infective Dose: Pathogenic enterotoxins are usually produced
when more than 10° CFU/g [8]; under these conditions, enough
amounts of enterotoxins will be produced and released into the
food causing poisoning when ingested.

6. Enterotoxin: S. aureus secretes multiple toxic proteins [8].
Designated, A, B, C1, C2, D, and E, based on their reactions with
heat-resistant specific antibodies.

7. Enterotoxin Dose: 0.015 to 0.357 mg/kg body weight.
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Incubation Period: The incubation period is 1 to 6 h.
Symptoms:

i.  Nausea;

ii.  Vomiting;

iii. Diarrhea;

iv. Abdominal pain;

v. Some cases, intense salivation, sweating, and dehydration.

10. Duration: 24 hours, rarely fatal.

5.4 BACTERIAL FOOD INFECTION

5.4.1 SALMONELLOSIS

Salmonella is one of the main foodborne pathogens that affect humans and
animals [13]. This pathogen can persist throughout the food supply chain
thanks to their ability to form biofilms. Biofilms are communities of one or
more species of bacterial cells locked in a self-produced polymeric matrix
attached to a surface [14].

1.

Physiological characteristics:

Gram-pods;

Facultative anaerobes;

Optimum temperature: 35 to 37°C (5 to 45°C);

Optimum pH: 6.5 to 7.5 (4.5 to0 9.0);

Thermal resistance: low, 60°C/5 min;

Most known species: S. typhi and S. paratyphi A, B, C.
Dissemination: Food products as eggs are the principal source
of Salmonella infections in humans. Other possible sources of
Salmonella are bakery products, pork, milk products, beef, and
various salads [14].

Symptoms: Food infection caused by Salmonellae is manifested
by hyperacute gastroenteritis with abdominal pain, nausea,
vomiting, mucous diarrhea (occasionally with blood), fever (38 to
39°C), and headache [1].

Incubation Period: The incubation period for Salmonella is 1 to
168 h (6 to 48 h).

Duration: The duration of the disease is 2 to 5 days.

Infective Dose: The effective dose of infection is 10° to 10° CFU/g.
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5.4.2 CLOSTRIDIUM PERFRINGENS GASTROENTERITIS

C. perfringens is one of the most common pathogens [17]. This pathogen
is a gram-positive, fermentative, non-motile, spore-forming, anaerobic
rod-shaped bacillus [18]. The optimal growing conditions are temperature
from 37 to 47°C and a pH from 5.5 to 8.0. The types C. perfringens are A,
B, C, D, and E according to their ability to synthesize toxins.

1. Habitat: C. perfringens is commonly found in water, soil, and the
intestinal tract of healthy animals [17, 18].

2. Food Involved: C. perfringens can contaminate, meat products
(beef, chicken, and pork), seasonings, cakes, salty food, and fresh
cheeses [15, 16].

3. Infective Dose: Large populations of C. perfringens cells (>6.0
log CFU, 10° vegetative cells per g) need to be ingested to cause
foodborne illness [19, 20].

4. Enterotoxin: C. perfringens can produce up to 17 virulent toxins,
which can cause infections [15]. Toxin can be inactivated at 60°C
for 10 min.

5. Symptoms: The symptoms include diarrhea and severe abdominal
pain, a large amount of gases, vomiting, and fevers, while nausea
is less common [19].

6. Incubation Period: The incubation period is 8 to 24 h.

7. Duration of the Disease: The duration of the disease is 24 hours,
usually of low severity.

5.4.3 ENTEROPATHOGENIC ESCHERICHIA COLI INFECTION

The bacterium E. coli inhabiting the intestine of warm-blooded animals.
These bacteria coexist with other microorganisms assembling the
commensal gut microbiota. However, some E. coli variants are pathogenic
and can cause serious illness [21].

1. Physiological Characteristics: E. coli is a widely distributed
gram-negative bacterium and is the most numerous facultative
anaerobe [21]. E. coli ferment lactose with gas formation at 35°C.
Optimal growing conditions are temperature 35 to 37°C and pH
6.5t07.5.
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2. Classification:

1.  E. coli classic enteropathogenic;
ii.  E. coli enterotoxigenic;

ii. E. coli enteroinvasive;

iv.  E. coli enterohemorrhagic.

3. Habitat: E. coli habitant of the intestinal tract of humans and
animals [22]. E. coli is one of the most common bacteria on farms.

4. Dissemination: Fecal material and through several vehicles
can contaminate water and food. Toxigenic type, invasive type
producing toxins, the infectious process of intestinal mucous
membranes. Cattle are a major reservoir and source of E. coli and
beef or beef products are commonly identified as a major source
of E. coli disease in humans [23].

5. Infection Dose: The infection dose is 10° to 108 CFU/g.

Incubation Period: The incubation period is 6 to 36 h.

7. Duration of Symptoms: Mild watery or severe bloody diarrhea
and complication such as hemolytic uremic syndrome, fevers,
nausea, vomiting, and abdominal pains [23]. The duration of the
disease is 1 to 3—4 days.

8. Others: Infection with Vibrio parahemolyticus, gastroenteritis due
to Bacillus cereus, shigellosis due to Shigella spp., yersiniosis, due
to Yersinia spp.

&

5.5 COLIFORM BACTERIA

Coliform bacteria are a heterogeneous group that habits the intestinal tract
of both humans and animals [24]. There is little evidence to indicate that
these coliform bacteria belong to a single taxonomic genus. The lack of
certainty regarding its taxonomic affiliation and the imprecise correlation
between the recommended methods for the detection of coliforms have
generated problems. The first is that Escherichia coli is accepted as a coli-
form bacterium, the species contains variants that do not produce lactose
gas or do so after 48 hours, so they are not identified by this technique.
Second, the ability to ferment lactose is frequently associated with genes
located in plasmids. These extrachromosomal characteristics are easily
transferred between other Gram-negative bacteria unrelated to coliforms,
which can, consequently, be recovered at the initial stage of the analysis.
However, in practice, the technique has proven its effectiveness.
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Enteric diseases caused by coliform bacteria are transmitted almost
exclusively by fecal contamination of water and food. Transmission
through contaminated water is one of the most serious sources of infection
responsible for major epidemics of serious enteric diseases like typhoid
fever and cholera. To evaluate the presence of pathogenic organisms in
the water, the presence or absence of an organism and the population that
is present in the water is determined, if pathogenic organisms are present,
they indicate a contamination [25]. That organism is called an indicator.

This indicator must have the following characteristics:

Apply to all types of water;

Have a larger population in the environment than pathogens;
Do not grow in water;

Survive less than possible pathogenic organisms;

Be detected through a simple and cheap methodology.

Unfortunately, there is no ideal indicator of sanitary water quality, but
there are some organizations that approximate the requirements. To enable
the comparison of data obtained in different locations and laboratories, the
methodology must be standardized in the detection and the confirmation.
All material used must be previously sterilized and sampling should be
done in aseptic conditions. Transportation must be fast, and samples kept
in ice baths. For chlorinated water samples, chlorine should be neutralized
immediately after the sampling, with 100 mg/ml of sterile sodium
thiosulfate solution.

5.5.1 INDICATORS OF FECAL POPULATION

The most used fecal population indicator is the coliform group.
They are typical fecal microflora organisms.

Escherichia coli is of fecal origin only.

The detection of coliform bacteria has been carried out in water
since the end of the 19% century.

e The methodology of detection employs a selective medium (violet
red bile agar) with Gram + inhibitors. The samples are mixed and
incubated for 24 to 48 h. Then, colonies presumed to be positive are
selected and inoculated into brilliant green lactose bile (24 h.). Gas
evolution indicates that the food is coliform-positive [25].
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e The incubation temperature is high, 35-37°C, for total coliforms,
and 44.5 + 0.2°C for fecal coliforms, they aim to prevent the growth
of non-fecal bacteria more adapted to lower temperatures environ-
ment. For this reason, the analysis of fecal coliforms becomes
more selective for Escherichia coli, and more specific to confirm
contamination of fecal origin.

e The methodology may be used in bacteriological water examina-
tions, for water measurement, for coliform group measurement,
and should include two procedures: a multi-tube technique and a
filter membrane technique.

The culture method needs 2 to 3 days to obtain the results. New research
is being done to find methods of less time [25].

5.5.2 OTHER INDICATORS

No indicator is perfect and those intended to determine fecal contamina-
tion certainly do not function properly as population indicators of other
origins. Coliforms and other fecal indicators can be supplemented with
additional indicators that compensate for the inefficiency of the diversified
population. Several groups of microorganisms have been shown suitable
for that purpose: heterotrophic bacteria; yeasts; Pseudomonas aeruginosa,
Staphylococcus aureus; viruses.

5.6 FOOD INTOXICATIONS AND FOOD INFECTIONS OF NON-
BACTERIAL NATURE

5.6.1 VIRUS-TRANSMITTED DISEASES

Foodborne virus outbreaks carry both heavy public health. Food linked to
outbreaks were leafy greens, soft berry fruits, fresh fruit, and shellfish [26,
27]. The symptoms include nausea, vomiting, and abdominal pain [26,
27]. Transfer of the coronavirus causing COVID-19 by food is low. There-
fore, this virus is not considered a foodborne virus [27]. Gastroenteritis or
hepatitis caused by human norovirus (NoV) and hepatitis A virus (HAV) is
the main foodborne viral disease in humans. However, other viral agents
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have been implicated in food- and/or water-borne transmission of illness.
Table 5.2 shows the main food-borne viral diseases.

TABLE 5.2 Virus-Transmitted Diseases

Disease Agent Food Another Incubation Prevention
Form of and
Transmission Symptoms

Poliomyelitis Poliovirus types Milk and Carrier 5-35 days; Personal
L 11, I other disease, fever, hygiene,
prepared contaminated vomiting, proper food
drinks water muscle storage
pain
Infectious Infectious Milk, Carrier 10-50 Seafood
hepatitis hepatitis virus  seafood, disease, days; loss  cooking
sweet potato contaminated of appetite
salad water
Acute Coxsackievirus Possibly for Carrier 27-60 Personal
non-bacterial food disease, hours; hygiene,
gastroenteritis contaminated fever, proper food
water vomiting,  storage
and
diarrhea

5.6.2 FUNGAL-TRANSMITTED DISEASES
5.6.2.1 MYCOTOXICOSIS

Mycotoxins are secondary metabolites produced by fungi that cause
adverse, toxic, and pathological (carcinogenic) effects on humans and
animals [28]. Mycotoxins can be hidden inside the fungal spores, in their
mycelia and they will be released in food contaminated by these micro-
organisms. Mycotoxins occur mainly in cereals and oilseeds (rice, millet,
wheat, barley, peanuts, cotton). US legislation applies a tolerance for
aflatoxins in foods or cereals intended from 20 pg/Kg to 200 pug/Kg stipu-
lated more by an economic concern than by public health. The maximum
allowable concentration of aflatoxin (AFB1) in human food is 2 pg/kg
[29]. Table 5.3 presents the main mycotoxins that affect food, this table
also shows the main mycotoxin-producing fungi.
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TABLE 5.3 Important Mycotoxins in Food

Mycotoxin Fungi That Produce Food Affected Animals
Them
Aflatoxin Aspergillus flavus, Millet, cotton, oats, Cat, salmon, pheasant,
A. parasiticus; cocoa, rice, S0y, rabbit, puppy, dog, rat,
Penicillium wheat, cassava, sheep, trout
potato
Patulin Penicillium and Apple juice, Rat, rabbit, shrimp
Aspergillus watermelon
Ochratoxin A Penicillium and Millet, wheat, Rats, ducks
Aspergillus barley, chicken egg,
cocoa
Luteoesquirina  Penicillium Rice flour Rat, trout
islandicum
Sterigmatocystin Penicillium Wheat, oats Rat
islandicum
Penicillic acid ~ Penicillium Tobacco Rat
islandicum
Toxic aleukia Cladosporium, Cereal grains Human, rat

Penicillium, Fusarium,
Mucor;, Alternaria

Roquefortine Penicillium roquefort Cheese Rat

5.6.3 DISEASES TRANSMITTED BY PARASITES

Parasitic protozoa and helminths can cause disease with high morbidity
in humans and animals [30]. In foods of non-animal origin, conventional
pasteurization (72°C; 15 s) inactivates parasites (although some parasites
are more heat resistant). Freezing at —20°C for 2 days inactivates most, but
not all, parasites, and some are highly resistant to freezing [31]. Cooking
at core temperature 60—75°C for 15-30 min inactivates parasites in most
food of animal origin. Freezing at —21°C for 1-7 days generally inacti-
vates parasites this parasite but cannot be relied upon in-home situations
[32]. Table 5.4 shows the main diseases transmitted by parasites and the
foods involved.
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TABLE 5.4 Diseases Transmitted by Parasites
Causal Agent Food Incubation Symptoms Prevention
Anisakis spp. Raw or under- Several days  Irritation of the ~ Cook
cooked fish pharynx and the fish
digestive tract completely
Entamoeba Water contami-  From several  Diarrhea of Water supply
hystolitica nated with days to 4 different severity protection
wastewater; wet weeks
food contami-
nated with
human feces
Taenia saginata  Raw or under- Several weeks Abdominal Cook beef
cooked beef pain, undefined  completely
discomfort
Diphyllobothrium Raw or under- 3to 6 weeks  Generally, Cook fully
cooked fish anemia in or fish
massive
infestations
Taenia Raw or under- Several weeks Digestive Cook
cooked pork disorder, severe  the pork
discomfort completely
Trichinella Pork or raw pork Nine days Nausea, Cook
products, whale vomiting, the pork
meat, seal diarrhea, fever,  completely;
fatigue freeze
the meat
(-15°C/30
days)

5.7 PSYCHOTROPHS ASSOCIATED WITH THE DETERIORATION

OF REFRIGERATED AND FROZEN FOODS

Psychrotrophs are cold-tolerant bacteria or archaea that can grow in
temperatures of 0°C, but their optimum is around mesophiles: 20-30°C.
The main Pathogenic psychotrophs are Clostridium botulinum (type E,
B, F), Listeria monocytogenes, Vibrium cholerae, Yersinia enterocolitica,
Enteropathogenic Escherichia coli, Aeromonas hydrophila, Pseudomonas
aeruginosa and P. cocovenenans.
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5.7.1 PSEUDOMONAS

The genus Pseudomonas is capable of contaminating and spoiling protein-
rich foods. This genus includes Gram-negative, non-fermentative, aerobic,
catalase, and oxidase-positive, mesophilic, psychrotolerant, and non-
spore-forming rods [33]. Generally, Pseudomonas produce water-soluble
pigments, which can present fluorescence with ultraviolet (UV) light, for
example, pyocyanin phenazine dye (Phenazines-deep green-bluish color).
There are unpigmented lineages. Some species of Pseudomonas are impor-
tant agents of diseases in plants and humans: P. maltophilia, P. syringae, P.
aeruginosa, P. cepacia, P. cocovenenans. The most notable physiological
property of these bacteria can use different organic compounds as carbon
and energy sources. Among those compounds are alcohols, acids, amino
acids, carbohydrates, and cyclic compounds. This extraordinary metabolic
versatility demands a tremendous battery of special enzymes, inductive
enzymes. Some species have optimal growth temperatures between 20 to
25°C (they are psychrophilic), and at 55°C, they are destroyed.

Pseudomonas generally metabolize hexoses (carbohydrates) through
the Entner-Doudoroff pathway, which is well spread among bacteria,
mainly Gram-negative bacteria, and rarely exists among anaerobes. This
pathway is of great importance when the bacteria are growing in a medium
rich in gluconate.

The aerobic degradation of the substrates generates CO,, as the main or
single product, through the Krebs cycle (tricarboxylic acid cycle). For the
oxidation of innumerable substrates, the presence of innumerable special
metabolic pathways, which converge for the Krebs cycle, is verified. Beta-
ketoadipate pathway: Serves for the degradation of aromatic compounds
and dicarboxylic acids, which are converted to acetyl CoA and succinate
(intermediate of the Krebs cycle). Some of the substances used through
this route are benzoate, p-hydroxybenzoate, toluene, phenol, naphthalene,
catechol, and others.

5.7.2 IMPORTANT SPECIES IN FOOD SPOILAGE

Pseudomonas are found in a wide range of niches as soil, water, plants,
animal tissues, and foods [34]. Pseudomonas species are predominant in
fish due to their characteristics [33]:
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e Psychrophiles, multiply at a cooling temperature;

e They can attack various substances in fish to produce odor-asso-
ciated compounds (methyl mercaptans, dimethyl sulfide, dimethyl
sulfate, dimethylamine, 3-methyl butanol);

¢ In the beginning, fresh fish has a flora, with a characteristic texture,
with a predominance of Flavobacteria;

e During refrigeration, Pseudomonas grows easily. Approximately
9-10 days of storage, 60 to 90% of the population is Pseudomonas;

e In fresh fish P. fragi is in low percentage, but, with 12 to 15 days of
storage, this species is responsible for 20-50% of the total contami-
nating flora.

Pseudomonas is one of the predominant genera in poultry, next to
Flavobacterium and Micrococcus. After cooling, 90 to 95% of the micro-
flora is from Pseudomonas. The range population of 108 cells/g has a bad
smell.

Pseudomonas also affects foods such as milk since many enzymes
(such as proteases) are resistant to heat and in UHT processes, proteases
can cause coagulation and instability phenomena. Proteolysis of milk with
refrigeration is initiated by Pseudomonas [33]. P. fragi, which produces
a thermostable lipase that supports pasteurization when presented in raw
milk. Pseudomonas and Flavobacterium cause silty and greening by fluo-
rescent pigments and white dots. In meats at 10°C, Pseudomonas predomi-
nate. In dehydrated meats, P. fluorescence can also cause deterioration and
release gas by denitrification. P. syringae causes the appearance of dark
brown pigment in tomatoes, affecting its appearance and P. fluorescens
and P. ovalis, produce fluorescent pigments in eggs. These are part of the
flora causing the deterioration of the eggs.
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ABSTRACT

Currently, the use of microorganisms to produce some secondary
metabolite that has a high added value in the market and that addition-
ally presents some biological activity has increased. This chapter talks
about the use of enzymes produced by microorganisms and some
biotechnological applications. The importance of microbial strains for
fermentation processes applied in the food industry. In addition, the
importance of the biomass of filamentous fungi, yeasts and bacteria is
explained. General aspects are mentioned about the use of microorgan-
isms to produce bioinsecticides. The importance of the production of
antigens, antibiotics, ethanol, and other organic acids that are widely
used in the food area are described. There is talk of the importance of
some microorganisms to produce enzymes that are used in the food area.
Finally, some general aspects are mentioned about the importance of
bioconversion or biotransformation and the interest of the food industry
to use these bioprocesses.
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6.1 FOODS AND ENZYMES PRODUCED BY MICROORGANISMS

Microorganisms have been used in different processes and in different
ways. Many substances of considerable economic value are products of
microbial metabolism, from the industrial production of important mate-
rials including fine chemicals (pharmaceuticals) and those produced in
large quantities that will be used as raw material [1].

6.2 BIOTECHNOLOGICAL APPLICATIONS OF MICROORGANISMS
[1-3]

Unicellular protein production;

Insecticide production;

Production of vaccines;

Production of antibiotics;

Ethanol production;

Production of organic acids: Acetic acid (vinegar), propionic acid,
citric acid and gluconic acid;

Amino acid production: lysine, glutamic acid;

Enzyme production;

Solvent production;

Polysaccharide production;

Lipid production;

Food production by lactic fermentation: acetoin, cheese, and yogurt.

6.3 PRODUCTION OF STRAINS FOR FOOD FERMENTATIONS

Microorganisms can be added for food fermentations as pure cultures or
as a mixture of cultures. Or even if none is added, some foods to ferment,
already contain the desired microorganisms in enough quantities (Table
6.1) [4].

In general, the principles of maintenance and preparation of crops are:

1. Selection: They can be well characterized culture (from other
laboratories) or selected after testing numerous species that must
have stability, yield, and speeds at which they occur, should not
present many variations.



Microbial Products of Importance in the Food Industry 77

2. Maintenance of a Culture’s Activities: Once a satisfactory
culture has been obtained, it must be kept pure and active, it can
be through periodic transfers. Reserve cultures may be through
lyophilization or freezing in liquid nitrogen.

3. Preparation of cultures.

4. Activity of a Culture: It is judged by the speed of its growth and
production of substances.

TABLE 6.1 Microbial Production of Food Ingredients [4-8]

Ingredients Function Organism

D-arabitol Sugar Candida diddensis

Beta carotene Pigment Blakeslea trispora

Citric acid Acidulant Aspergillus niger

Diacetyl Flavoring (butter) Leuconostoc cremosis

Fatty acid esters Fruit fragrances Pseudomonas spp.
Decalactone Fragrances Sporobolomyces odorus
Geraniol Rose fragrances Kluyveromyces lactis
Glutamic acid Flavor stimulant Corinebacterium glutamicum
Lactic acid Acidulant Estreptococos and Bacillus
Lysine Amino acid Corinebacterium glutamicum
Mannitol Sugar Torolopsis mannitofaciens
Nisin Antimicrobial Streptococcus lactis
6-pentyl-alpha-pyrone Coconut fragrances Trichoderma viridae
L-phenylalanine Precursor de aspartame  Bacillus polymyxa

Proline Amino acids Serratia marcerscens
Thermostable polysaccharides Thickener Agrobacterium radiobacter
Vitamin B12 Vitamin Propionibacterium

Xanthan gum Thickener Xanthomonas campestri

6.4 MICROBIAL BIOMASS PRODUCTION/UNICELLULAR
PROTEINS

Unicellular protein is that from microorganisms. Filamentous fungi,
yeasts, bacteria, and algae are sources of unicellular proteins. Yeasts have
been used more frequently, however this production depends on the type
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of substrate used, availability of the raw material, speed, and multiplica-
tion of the organism, toxicity, digestibility, and nutritional value of the
final product [9].

6.4.1

FUNGAL BIOMASS [9-11]

Filamentous fungi forming edible mushrooms:

o For example, Agaricus campestris, Lentinus spp.; different
lignocellulosic substrates are used to grow them (cane bagasse,
rice straw, coffee pulp, cassava leaf);

o Extract obtained from Lentinus spp., inhibition, or develop-
ment of tumors in rats in research conducted at the University
of Hong Kong;

o Studies are currently being carried out on microbial protein for
animal and human consumption, from agricultural waste used
for fungal growth.

Microprotein or fungal protein:

o Itis produced from the genus Fusarium, it is being studied as
a meat substitute, it is considered a high-quality protein.

Food yeast:

o Yeast is a source of B-complex proteins and minerals. In the
dry state, it contains about 50% good quality protein.

6.4.2 UNICELLULAR PROTEIN PRODUCTION PROCESS

Abundant, low-cost, carbohydrate, industrial distillation waste,
food processing, milk sera, lignocellulosic cane bagasse waste, old
papers, are preferably used.

It consists primarily of the transformation of carbohydrates from
raw material into cellular matter, with supplementation of ammo-
nium salts and phosphorus.

Obtaining unicellular protein from yeast, the conversion of raw
material into protein is conducted in fermenters that are equipped
with agitation and aeration devices, trying to provide oxygen that is
essential for the development of microorganisms.

Once the conversion phase is finished, the recovery process is
followed, which consists in separating the cell mass from the other
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unwanted components from the culture medium, which is achieved
by centrifugation, washing, filtering, and drying processes [9, 10].

6.5 PRODUCTION OF MICROBIAL INSECTICIDES-BIOLOGICAL
CONTROL

The effects of pesticides on the environment have intensified efforts to
use microorganisms as biological agents, rather than harmful chemicals
for pest control. Microbial insecticides differ regarding the pathogenic
characteristic that some microorganisms have for some insects. In each
application the microorganisms need to be dispersed in the environment.
Some specific requirements need to be filled before being used by
microorganisms as microbial insecticides:

e FEase for large-scale production;

o The viability of the microorganism needs to be maintained,

e Organisms should not present toxicity or pathogenicity to animals
and plants;

e The organism needs to be less expensive than chemical agents.

Bacteria, viruses, fungi, and protozoa can be used as insecticides.
Some of them are produced commercially in large-scale fermentations or
as insect hosts [10, 11].

There are about 400 species of fungi attacking insects and mites,
which motivates studies based on the use of these fungi as fungicides and
mycoherbicides.

The fungus Metarhizium anisophae is a natural enemy of the cicada
leaf and can parasitize approximately 200 different host insects, and it
has the possibility of being used as the sole biological agent controlling
different pests.

More than 650 viruses have been characterized as plant pathogens and
have demonstrated possibilities for their use as biological insecticides.

Three bacteria, Bacillus popiliae, B. mortal, B. thuringensis are
commercially produced. B. popiliae is obtained directly from infected
larvae, and the other bacteria are grown in submerged fermentation (SMF)
processes. B. thuringensis is the most widely used bacteria and is grown
in a medium that contains starch, corn syrup, casein, yeast extract and
sucrose. After approximately 30 hours of fermentation, sporulation occurs
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accompanied by the formation of extracellular and intracellular proteins.
B. thuringensis produces an intracellular protein crystal that has high
toxicity, specific for larvae of certain lepidoptera insects, but is toxic to
vertebrate animals and plants, after the crystal is ingested by the insect it is
dissolved in the alkaline pH of the intestine, inhibiting ion transport, and
thereby causing insect death [10-13].

6.6 PRODUCTION OF BACTERIAL VACCINES
6.6.1 IMMUNIZING ANTIGENS

An extensive culture of microorganisms for vaccine use can be viewed
as an industrial process other than a fermentation process. Vaccines or
antigenic substances of a protein nature previously prepared and presented
by the microorganism itself or by products of its metabolism. All vaccines
work by stimulating the organism to produce antibodies, substances
that help the body defend against damage causing the development of
immunity or a specific resistance. There are numerous damages caused by
bacteria for which vaccines have been prepared: tuberculosis (Mycobacte-
rium tuberculosis or Koch bacillus), meningococcal meningitis (Neisseria
menigitidis), tetanus (Clostridium tetanium), among others [ 14, 15].

6.6.2 ANTIBIOTICS PRODUCTION

Antibiotics are a product of secondary metabolism that inhibits the growth
process of other organisms, when used at low concentrations.

Penicillin was the first antibiotic to be produced industrially, currently
approximately 6,000 known substances a minimum of 91 are commercially
produced by fermentation. Another 46 semi-synthetic antibiotics have
clinical applications. Chloramphenicol and pyrrole nitrin were originally
discovered as microbial compounds and are now chemically produced in
laboratories.

Microbial groups producing antibiotics:

e Antibiotics produced by fungi and bacteria.
e Fungi; only antibiotics produced by Ascomycetes (fungi) and
imperfect fungi are of practical importance. Only 10 of the known
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fungal antibiotics are commercially produced and only penicillin,
Cephalosporin C, griseofulvin, and fusidic acid are clinically
important.

e Bacteria; there are some important taxonomic groups that produce
antibiotics. A wide variety of antibiotic structures and numbers has
been found in actinomycetes especially in the Streptomyces genus.

e Another important group of substances are peptide antibiotics
produced by the bacterium of the Bacillus genus.

The main phases of commercial production of penicillin (P. chrys-
ogenum) are:

Inoculum preparation;

Preparation and sterilization of the medium;
Inoculation of the non-fermenting medium;
Sterile forced aeration during incubation;
Removal of the mycelium after fermentation;
Extraction and purification of penicillin.

The production of most antibiotics generally follows the same proce-
dure. The main differences are related to the microorganism, the composi-
tion of the medium or the method of extraction. Some manufacturers use
the same fermentation equipment to produce several different antibiotics
[16, 17].

6.6.3 ETHANOL PRODUCTION

After water, alcohol is the most common solvent, in addition to representing
the most widely used raw material in the laboratory and in the chemical
industry. The biosynthesis of ethanol in selected strains of Saccharomyces
cerevisae, perform alcoholic fermentation, from a fermentative carbohy-
drate. It is very important that a yeast culture has a vigorous growth and a
high tolerance to ethanol, thus fermenting with a great final yield [18, 19].

Ethanol is inhibitor at high concentrations and yeast tolerance is a
critical point for high production of this primary metabolite. Ethanol toler-
ance varies considerably according to the yeast’s strain. Growth generally
ceases when production reaches 5% ethanol (v/v), and the production rate
is reduced to zero, a concentration of 6 to 10% ethanol (v/v).
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The biochemical transformation performed by S. cerevisae is as
follows:

Glucose — Yeast enzyme — 2 ethanol + 2 CO,

Ethanol can be produced from any fermented yeast carbohydrate: sucrose,
fruit sugar, corn, molasses, beets, potatoes, malt, barley, oats, rye, rice,
sorghum. It is necessary to hydrolyze complex carbohydrates into simple
sugars, with the use of barley or fungal enzymes or by the heat treatment
of acidified material. Cellulosic material, such as wood and paper pulp
manufacturing waste can be used. Because of the large amount of cellulosic
material residues available, direct fermentation of the materials when
hydrolyzed by cellulolytic enzymes can be of great economic importance
[18, 19].

Mixed cultures of Clostridium thermocellum and C. thermosac-
charolyticum can be used. Hemicelluloses and celluloses are hydrolyzed
into monosaccharides (hexoses and pentoses) by these bacteria and the
monosaccharides are fermented directly to ethanol.

Ethanol production is initiated aerobically to produce the maximum
biomass. In general, the process involves the following stages:

Substrate preparation;
Inoculum preparation;
Fermentation;
Distillation.

6.6.4 ORGANIC ACID PRODUCTION
6.6.4.1 ACETIC ACID PRODUCTION

In the food industry the group of acetic bacteria is of great importance in
the manufacture of vinegars (alcohol, acetic acid) [21].
Group of acetic bacteria:

e Family Pseudomonadaceae, Gram negative, aerobic, mobile
bacilli have a polar flagellum.

e They form acid by incomplete oxidation of sugars and alcohols
(1), they form acetaldehyde by oxidation (2), acetaldehyde is



Microbial Products of Importance in the Food Industry 83

converted to acetic acid, 75% of acetaldehyde is converted into
acetic acid and the remaining 25% in ethanol.

e They are reasonably tolerant of acidic conditions. They support a
pH lower than 4 (optimal pH around 5 to 6).

e They cover the surface of plants, flowers, and fruits. Secondary
flora of decomposing plant matter. They are quite nutritionally
demanding.

e Main differences that distinguish them from the genus
Pseudomonas:

o Tolerate more acidic pH;

o They have less proteolytic activity;

o They have limited mobility and are not pigmented (except for
Gluconobacter oxydans that produces a brown pigment).

Acetic bacteria can be divided into two main genera:

1. Gluconobacter (Oxidize Glucose to Gluconic Acid): G. oxydans
presents polar flagella (3 to 8); they are considered sub-oxidative.

2. Acetobacter: 4. aceti, A. pasteurianus, A. peroxidans: they are the
most commercially used to produce vinegar.

They are undesirable contaminants in winemaking. Along with yeasts
and lactic bacteria, acetic bacteria have been frequently cited as harmful
in the beverage industry. The type of damage they produce includes
unpleasant flavors, silty growth, and gas formation.

6.6.4.2 GENERALITIES ABOUT VINEGAR PRODUCTION

e Vinegar production involves two types of biochemical alterations:
o Alcoholic fermentation of a carbohydrate; and
o Ogxidation of alcohol to acetic acid.

e There are various types of vinegars produced depending on the
type of material used in alcoholic fermentation (fruit sugars,
hydrolyzed starchy syrups).

e Yeast fermentation is needed for alcohol production. The alcoholic
concentration is adjusted between 10 to 13% and the bacteria are
then exposed to acetic acid (an aerobic process) that will oxidize
the alcoholic solution to the vinegar in the desired concentration.
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With the increase in the production of beverages bottled in plastic, non-
fermentative acetic bacteria have become more important. Several reasons
contribute to this among them the resistance of Gluconobacter to sanitizers
commonly used in the beverage bottling industry, its ability to grow in the
presence of ascorbic and benzoic acid, and the high levels that characterize
beverages in plastic containers.

6.6.4.3 PRODUCTION OF CITRIC ACID

The accumulation of citric acid by some fungi was discovered in 1893
when Wehmer discovered that Citromyces (known today as Penicillum
spp.) and Mucor possessed the ability to accumulate this acid during its
cultivation [22].

Currently, industrial fermentation for citrate production is carried out
using a single species of fungus: Aspergillus niger. The oxidative yeast
Saccharomycopsis (Candida) has presented interesting characteristics
being considered potentially important.

6.6.4.3.1 Citrate Use

e About 70% of the production is used by the food and beverage industry,
12% by the pharmaceutical industry and 18% by other industries.

e In the food industry, it is used on a large scale as an acidulant to
present a pleasant taste, very low toxicity, and high solubility. This
acid has the capacity of work with heavy metals such as iron and
copper. This property has led to a growing use as an oil and fat
stabilizer to reduce its oxidation catalyzed by these metals. Also,
that property together with its low degree of corrosivity to certain
metals, has allowed its use in the cleaning of boilers and special
installations.

e In the pharmaceutical industry, citric acid is used as a stabilizer for
ascorbic acid due to its chelating action. In effervescent antacids
and analgesics, citric acid is used together with carbonates and
bicarbonates to generate CO,.

o C(itrate salts, such as trisodium citrate and tripotassium citrate are
used in medicine to prevent blood clotting and in the food industry
as an emulsifier to produce cheese.
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e Citric acid esters such as triethyl, tributyl, and acetyl dibutyl are
used as non-toxic plasticizers in plastic food packaging films.

Biochemistry of the production of citric acid: Essentially glucose is trans-
formed into pyruvate by the glycolytic pathway. Pyruvate is transformed
into acetyl CoA, which will enter the Krebs cycle for citrate formation.

Source of carbohydrate to produce citric acid: The presence of an
easily metabolizable carbohydrate is essential for a production of citric
acid. Maltose, sucrose, mannose, glucose, and fructose are the most appro-
priate sugars for acid production. In practice, citric acid is produced from
purified carbohydrate (sucrose) or from a source of crude carbohydrate,
like sugar cane molasses, beet molasses, crude sucrose, cane broth, starch
hydrolysate.

The presence of metals as contaminants of raw materials is the main
problem in citrus fermentation. Some products contain inhibitors and/or
growth promoters, most of them little known or analyzed. Some tech-
niques are used to remove or neutralize inhibition by these contaminants:
the addition of potassium ferrocyanide and methanol is quite common in
practice.

6.6.4.4 LACTIC ACID PRODUCTION

To produce lactic acid, homolactic bacteria of the genus Lactobacillus
and Streptococcus are used. The species chosen depends on the available
carbohydrate and the temperature used [23, 24]:

e L. delbrueckii, L. bulgaricus: temperature between 40 to 50°C;
e L. caseiand S. lactis: temperature around 30°C;
e L. pentosis, L. leshmanii: temperature above 30°C.

6.6.4.4.1 Main Characteristics of Lactic Bacteria

They are Gram (+) bacteria, microaerophilic, non-sporulated, usually do
not have motility, are catalase negative, have small and unpigmented colo-
nies. Nutritionally they are very demanding. They have limited biosynthetic
ability and need amino acids, vitamins, purines, and pyrimidines. They
need for their growth in the laboratory: peptones and protein hydrolysates,
yeast extracts and nucleotides. They are acidophilic bacteria: they tolerate
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low pH values. Tolerate a pH: Bacilli: do not grow at a pH greater than

6.0; optimum pH for growth is 4.5; coccus: neutral pH. When they grow

in the presence of O,, oxidizing toxic substances of the metabolism are

produced: peroxides (H,0,), superoxide (O?), and hydroxyl radical (OH-).
Habitat of Bacilli and homofermentative coccus:

The main one is the body of warm-blooded animals.

Animal: Normal flora of skin and mucous membranes: oropharynx,
gastrointestinal tract, and genitourinary tract (Associated with
pathogens, exclusively strains of the genus Streptococcus).
Vegetable: They live in association with vegetables and grow
remnants of nutrients removed from the vegetable.

Milk: Access through animal skin and mucous membranes (fodder,
vegetables), pathogenic strains (Streptococcus agalactia).

Lactic bacteria can be divided into two biochemical subgroups
according to the products formed from glucose:

1.

Homofermentative Bacteria: They are very important in the
production of lactic acid. The first steps of the lactic fermentation
metabolic pathway are the same as those of alcoholic fermenta-
tion, or more specifically of the Embden-Meyerhof pathway or
glycolytic pathway. An important intermediate for the formation
of lactic acid is pyruvic acid. At the end of the glycolytic pathway,
pyruvic acid, under the action of the enzyme lactate dehydrogenase
gives rise to lactic acid.

Heterofermentative Bacteria: The fermentation of glucose by
these bacteria results in several products. As soon as homofermen-
tative bacteria degrade glucose through the glycolytic pathway,
heterofermentatives degrade glucose through the oxidative
pathway of pentoses phosphate. The most important intermediary
components of the heterofermentative pathway are pyruvic acid
and acetaldehyde. The liquid yield in ATP: 2 moles/mol of glucose
by the homofermentative route and just 1 mol/mol of glucose by
the heterofermentative route.

6.6.4.4.2 Process for Obtaining Lactic Acid

Lactic acid is obtained from various raw materials, waste by-products from
the food industry, such as cheese whey, molasses, corn glucose. Waste
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of high BOD (biochemical oxygen demand) is also used, such as those
of the pulp and paper industry, agglomerates containing sugar polymers.
The substrates used are mainly glucose, lactose, and sucrose. For example,
corn, potato, and cassava starchy substrates can be used, since they are
pre-hydrolyzed enzymatically. The concentration of sugars in the sample
is adjusted between 5-20% according to the microorganism, the raw mate-
rial and the process used:

1.

3.

pH: To promote a high yield should be approximately neutral or
slightly acidic. It is important to maintain a constant pH, because
as acidity increases an inhibition of fermentation occurs.
Fermentation Time: Fermentation is completed between 1 to 7
days (5-7 days).

Yield: Approximately 85-90% in relation to the sugar consumed
(fermented). The acid formed is a racemic mixture.

6.6.4.4.3 Use of Lactic Acid

It is used in food, fermentations, pharmaceuticals, cosmetics, and in
the chemical industry.

In food, it is used as an acidulant in confectionery products, in the
manufacture of extracts, essences, fruit sugar, refrigerants, and
others. It is also used as a curator of meat, vegetables, and fish.

In the textile industry it is used as a mordant for printing. It is also
used in the preparation of leather. In the manufacture of plastic,
transparent lactic acid of superior quality is used.

Lactates are used in the pharmaceutical, cosmetic, and food industries.
Esters are used mainly in the manufacture of dyes and varnishes,
plasticizers, and as solvents.

6.6.4.4.4 Lactic Fermentation

Bacteria used in the industry are anaerobes and microaerophiles, to
produce acetic, lactic, gluconic, propionic, and other acids and to produce
foods such as cheeses, vinegars, milks, fermented, and others.

Fungi are also used in the production of acids by fermentation. The
main acids are citric, gluconic, fumaric, lactic, gallic, fatty acids and others.
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The bacteria involved in the processes for obtaining acids are mainly
from the genus Acetobacter and Lactobacillus. Bacteria can form innumer-
able different acids. Therefore, some of the bacteria that produce lactic acid,
acetic acid and propionic acid are of a great economic interest. Acids are
derived from anaerobic degradation of glycerol by incomplete oxidation.

6.6.4.4.5 Importance of Lactic Bacteria in the Food Industry

1.
2.

Obtaining Fermented Vegetables: Acetones, fodder for cattle.
Genus Leuconostoc: Production of flavor in dairy products:
yogurt, acidified milks, cheeses, and butter. Leuconostoc, S.
lactics, S. diacetilactis and L. cremoris: they are used as sources of
flavorings in the dairy industry and are responsible for the different
characteristics of butter, cheese, and yogurt (diacetyl production).
Cured Meats: Salamis and other sausages.

Biopolymers: Thickeners; plasma expander (plasma to replenish
the volume in large hemorrhages).

Flavors: Production of diacetyl/ketone from citrate in milk 1 g/L.

6.6.4.4.6 Negative Aspects of the Presence of Lactic Acid Bacteria
(LAB) in the Industry

Production of acidity and undesirable aromas (diacetyl) in wines,
sugars, beers, and other distilled beverages, for example, Pedio-
coccus perniciosus and P. damnosus found in beer.

Deterioration of meat products, vegetables, and fruits.

The synthesis of biopolymers by Leuconostoc mesenteroides,
consumes sucrose in the sugar industry reducing the yield and
causing the blocking of filters, pumps, and pipes.

6.6.4.5 PRODUCTION OF PROPIONIC ACID [25]

Microorganism: Propionibacterium.

Raw Materials: Carbon source: lactose, sucrose, and glucose;
Nitrogen source: myosin and peptone. Thiamine and riboflavin
stimulate the growth of propionic bacteria.
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3. Process:

Glucose — glycolysis — pyruvic acid — succinic acid decarboxyl-
ation — Propionic acid

6.6.4.6 PRODUCTION OF GLUCONIC ACID

Many microorganisms can synthesize amino acids from inorganic nitrogen
compounds and the amount of synthesis of some amino acids can exceed
the cellular needs for protein synthesis resulting in their excretion into the
environment [26].

Some microorganisms can produce enough amounts of amino acids
(lysine, glutamic acid, and tryptophan) to justify their commercial use.
Many species of microorganisms, especially bacteria and fungi, can
produce large amounts of glutamic acid.

The species of the genera Micrococcus, Arthrobacter, and Brevibacte-
rium are used in the industrial production of glutamic acid (they produce a
minimum of 30 g of amino acid/L of medium). The production and excre-
tion of glutamic acid depends on cell permeability and the increase in cell
permeability can be obtained by:

Biotin deficiency;

Addition of saturated fatty acids or fatty acid derivatives;
Addition of oleic acid;

Glycerol deficiency for glycerol;

Adding penicillin in the logarithmic phase of growth.

All strains producing glutamic acid need biotin, an essential coenzyme
in the synthesis of fatty acids. Biotin more than 5 mg/L, increases the
synthesis of oleic acid and results in a membrane with high phospholipid
content, causing cells unable to excrete the glutamic acid formed (25-35
mg of glutamic acid/mg of dry mass) and accumulated intracellularly.

The culture medium to produce glutamic acid generally contains a
carbohydrate, peptone, inorganic salts, and biotin in a suitable concen-
tration. Alpha-ketoglutaric acid, intermediate of the Krebs cycle and/or
precursor of glutamic acid. The conversion of alpha-ketoglutaric acid to
glutamic acid is carried out by the action of glutamic dehydrogenase.

One of the main uses of glutamic acid is as a flavoring agent and
flavoring agent, in the form of sodium glutamate (Table 6.2).
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TABLE 6.2 Enzyme Production from Microorganism [27]

Enzymes Origen Industry Application
Amylase Asperdillus niger, A. oryzae, Bakery Flour supplement,
Bacillus subtilis, Rhizophus dough preparation,
spp., Mucor rouxii pre-cooked food,
syrup making
Cellulose Aspergillus niger, Beer Preparation of
Trichoderma viridae coffee concentrates,
sugar clarification
Dextran sucrose  Leuconostoc mens. Food Dextran for various
uses
Glucose Aspergillus niger Food Removal of glucose
oxidase from egg solids
Invertase Saccharomyces cerevisiae Food Artificial honey
Lactose Saccharomyces fragilis Dairy Lactose hydrolysis
Lipase Aspergillus niger, Rhizopus ~ Dairy Cheese flavor
spp., Mucor spp.
Pectinase Aspergillus niger, Food Wine and fruit sugar
Rhizophus spp., Penicillium clarification
Protease Aspergillus oryzae, Bacillus  Beer, Prevents beer from
subtilis bakery, food clouding on cooling,
meat tenderizer
Enzymes like Mucor Food Cheese curd for

renin

cheese making

6.7 BIOCONVERSIONS OR BIOTRANSFORMATION

They are processes in which microorganisms convert a compound to
structurally related products. They comprise only one or few enzymatic
reactions (unlike fermentative processes that have several reaction
sequences) [28]:

e They are used commercially when conventional chemical reac-
tions are very expensive or difficult. For example, stereoselective
transformations, with just one group of a molecule, with several
identical functional groups need to be modified.

e Bioconversion, involves the growth of the organism in large
fermenters, followed by the addition at an appropriate time of a
chemical compound to be converted.
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6.7.1

6.7.2

The bioconversion process is mostly applied in the production of
hormones, steroids.

STEROID BIOCONVERSION-CORTISONE SYNTHESIS

Corticosteroids (cortisone) and ACTH are used with good effect in
the treatment of rheumatoid arthritis.

Steroids are important hormones in animals, they regulate various
metabolic processes. They can be obtained from plants and animals.
Many microorganisms can transform steroids; however, fungi are
the most important.

Some steroids are used in human medicine: Progesterone is activated
during pregnancy; some steroids are used as sedatives in antitumor
therapy, cortisone is anti-inflammatory, rheumatoid arthritis, skin
damage and allergies.

The transformation of steroids requires the growth of a micro-
organism capable of effecting the desired modification, in an
appropriate medium and under controlled conditions. After growth
has occurred, the steroid is added to the culture and the chemical
transformation is carried out during a subsequent incubation. A
mass of microbial development is removed, then the transformed
steroid is removed.

FUNGAL STEROID TRANSFORMATION [29]

Reduction of double ligatures in positions 4,5 and 16,17 and reduc-
tion of ketone groups, for example, Epicoccum oryzae.

Steroid dehydrogenation at position 1,2, for example Fusarium
solani.

Hydroxylation: It is the most important transformation. In posi-
tions 11 and 17 it is quite productive. Hydroxylation in more than
one position. Progesterone in positions 6 and 11 by Rhizopus
arrhizus.

Epoxidation: Curvularia lunata. Growth in a minimum medium,
reduces problems with product extraction. At the end of growth,
the steroid is added and dissolved in small amounts of solvent
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(0.5-2 g/L). After 2040 hours, the extraction is performed with
chloroform solvent.

Examples of bioconversions carried out by microorganisms [28, 29]:

e Synthesis of vitamin C (4Acetobacter suboxydans, A. xylinum);

e Transformation of semi-synthetically produced antibiotics, for
example, enzyme penicillin acylase (fungal) used in the production
of penicillin. Isomerization of glucose to produce fructose (enzyme
glucose isomerase);

e Transformation of soil-polluting pesticides and effluents, related
genera: Arthrobacter, Phanerochaete chrysoporium, Pseudomonas
cepacia, P. aeruginosa, among others.

6.8 INDUSTRIAL INTEREST

Fungi influence the life of humans by participating in desirable and
harmful processes. Fungi are widely found in all ecosystems and habitats.
They can be parasites, symbionts, being mostly saprophytes. They grow
where there is organic matter available, whether alive or dead, usually
where there is heat and humidity. Water, soil, logs, leaves, fruits, seeds,
excrement, insects, fresh, and processed foods, and innumerable human-
made products constitute substrates for the development of men.

6.8.1 FUNGI IN BIOTECHNOLOGY [4-6, 31]

Many species of fungi have been studied and used to produce substances
of industrial or medical interest. Ethanol, citric acid, gluconic acid, amino
acids, vitamins, nucleotides, and polysaccharides are examples of primary
metabolites produced by fungi in that antibiotics are important secondary
metabolites.

Beyond the application of fermentation, new biotechnological aspects
have been explored, including environmental ones, that is, fungi can act
as beneficial agents for the improvement of the environment: treatment
of liquid waste and bioremediation of contaminated soils, mineralogy,
and biohydrometallurgy, biomass production, including edible proteins,
fuel technologies, particularly coal solubilization; Biological control
employment.
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6.8.2 YEASTS

Yeasts are fungi like filaments, but they differ from them by being single-
celled. Because they are simpler cells they grow and reproduce faster than
filamentous fungi. A typical yeast consists of oval cells that commonly
asexually multiply by budding. Most yeasts do not live in the soil are
better suited to environments with high concentrations of sugars, such as
flower nectar and fruit surface.

Fermentative yeasts have been explored by man for thousands of
years, in the production of beer and wine and in the fermentation of bread,
however, only in the 19® century has the biological nature of the agents
responsible for these processes The main agent of alcoholic fermentation,
Saccharomyces cerevisiae, is an ascomycete yeast [31].

6.8.2.1 YEASTS OF INDUSTRIAL INTEREST

Saccharomyces cerevisiae, S. calrsbergensis are used in baking, beer,
wines; S. fragilis, S. lactis ferment lactose (waste treatment); S. roufii, S.
mellis are osmophilic, dried fruits, syrups, jellies; S. baillie, in the fermen-
tation of sugars (citrus).

Osmotic Torulopsis-condensed milk, Candida produces large amounts
of protein, attacks milk and its derivatives; Rodutorulla-belongs to dete-
riorating meats (red or yellow) Picchia, Hansenula, Debarymocyces,
Thrichosporum, in deterioration and as a film production, oxidizes acetic
acid and alters the taste, Debaryomyces-meat, cheese, and sausages [31].

KEYWORDS
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ABSTRACT

In the last century, hygiene, inspection and control of food have taken
an alternative direction since previously it focused on general aspects of
microorganisms that cause problems to human health, as well as aspects
that would guarantee the contents of food and avoid fraud. Currently,
advances in chemistry, microbiology and other areas have allowed
important advances, however they have been added to the advances in
pathological alterations, some toxicities, and compromised aspects of food
safety. For this reason, hygiene, inspection, and sanitary control have had
to undergo constant updates, responding to the constants in the diet that
can lead to risks to control and that avoid the assurance of the food, in
addition to find mechanisms that verify the safety, the value of the products
and with it the security in the value nutritious. In this chapter on hygiene,
control, and inspection in food approach these aspects.

7.1 INTRODUCTION

Food poisoning are a health problem in the U.S., whit a total of 48 million
sick people, 128,000 cases that need hospital care, and 3,000 deaths each
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year [1]
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. That is why is important to talk about hygiene and cleaning, here

some definitions about it:

Hygiene: Cleaning and sanitation.

Cleaning: Removal of organic and mineral residues adhered to
surfaces, consisting mainly of proteins, fats, and mineral salts.
Health: Elimination of pathogenic microorganisms and reduction
of the number of saprophytes. Cleaning: reduces the microbial
load of surfaces but not to a satisfactory level.

7.2 'WASTE REMOVAL

Food employees at delis, bakeries, and snack bars are responsible for the
sanitation their work areas, but there are a lot of problems related with that
task, one of them is related to the correct use of sanitizers that in some
cases are used incorrectly as cleaners [2], then is important to know about
the use of different solvents directly related with the kind of food waste, in

Table 7

.1 there are summarized some solvents or solutions that should be

used for waste removal.

TABLE 7.1 Waste Characteristics

Residue Solubility Reaction  Heat Modifications

Carbohydrates Soluble in water Easy Caramelization

Fat Insoluble in water Hard Polymerization
Soluble in alkali
Soluble by surfactants

Proteins Insoluble in water Hard Denaturalization
Soluble in alkali

Monovalent mineral salts ~ Soluble in water Hard Difficult removal
Soluble in acids

Polyvalent mineral salts ~ Insoluble in water Hard Difficult removal
Soluble in acids

1. Organic Waste: The main ones are fats and proteins. To remove

them, specific chemical transformations:

i. For Fats: Saponification (soap formation-water soluble) and/
or emulsification (polarization change, making it soluble).

ii. For Proteins: Solubilization.
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2. Mineral Waste: Complex agents are used for removal and acid
solutions are applied.

7.3 WATER QUALITY

By its own physicochemical characteristics and polarity, water can be
considered as universal solvent, even more, water is the biological solvent
selected by nature, that forces us to use water into the food processes,
but water does not come alone, there are a lot of compounds dissolved in
water, some of them represents benefits for the health but if certain levels
are exceeded, water can be harmful [3]. Here we refer some aspects about
water quality.

1. Physical Aspects: The presence of ferric ions can stain materials
and affect industrial processes.

i. Turbidity: Suspension of materials of any nature such as lama

and sand.

ii. Flavors and Odors: Presence of sulfuric acid, methane, CO,,
organic materials, and mineral substances, such as unwanted
salts.

2. Chemical Aspects:

1. Hardness: A combination of food residues, detergent resi-
dues and hard water salts may occur, forming “stones” on the
surface of the equipment, where microorganisms can develop
(Table 7.2):

TABLE 7.2 Hardness: Presence of Calcium and Magnesium Salts Leached by Water

Hardness Quality of CaCO, (mg/L)
Soft water 50

Moderately hard water 50-150

Hard water 150-300

Very hard water Greater than 300

2. Acidity and Alkalinity: Total acidity represents the concentration
of free CO,, mineral, and organic acids, and salts of strong acids,
they are corrosive to equipment.

Alkalinity represents the concentration of carbonates, bicarbon-
ates, CaOH, Mg(OH), Fe(OH), Mn(OH).
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Silica: The presence of SiO, is hard to remove. Normal level is
about 5-50 mg/L.

Gases: CO, and O, are corrosive.

Iron and Magnesium: They cause the formation of deposits and
scabs, color the products (Table 7.3).

TABLE 7.3 Normal Parameters for Drinking Water

Parameter Concentration Parameter Concentration
Turbidity 5 mg/L (max) Fluorates 1 mg/L

Odor None Silicates Absent

Color 20 (PT/L-Hazen)  Sulfates 250 mg/L

pH 6.5-8.5 Total solids 1,000 mg/L
Total hardness 200 mg/L Copper 3 mg/L

Total acidity 5-20 mg/L Lead 0.1 mg/L

Total alkalinity 10-50 mg/L Iron 0.3 mg/L
Caustic alkalinity Absent Magnesium 0.1 mg/L
Oxygen consumed 2 mg/L Zinc 5 mg/L
Nitrites Absent Phenol 0.001 mg/L
Chlorates 200 mg/L Aerobic pollutants 100 UFC/100 ml
Residual bleach 0.2 mg/L Mesophiles -

Total Coliforms (NMP)  Absent in 100 ml

7.4 MAIN TYPES OF SURFACES USED IN THE FOOD INDUSTRY

Food contact surfaces can play an important role in microbial contamina-
tion, surfaces like tables, cutting bords, knives, processing machinery and
containers can act as vehicles of pathogens, those surfaces can be made in
different materials [4, 21]. Here some kinds of surfaces and its own way
to be sanitized or cleaned:

1. Wood and Rubber: Hard to sanitize.

NN AW

. Steel, Carbon: Use neutral detergent.
Tin: It should not encounter food.
Concrete: Damaged by acidic foods and cleaning agents.
Ink: Some are suitable in the food industry.
Stainless Steel: Corrosion resistant, easy to clean, it is expensive.
Glass: Water and detergent.
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7.5 TYPES AND LEVELS OF MICROBIOLOGICAL
CONTAMINATION

Around 200 diseases can be linked to man by food consumption and food-
borne diseases are growing around the world, World Health Organization
considers that 1 in 10 people suffered a disease related to food consump-
tion in 2010 [5]. The etiological agents can be bacteria, fungi, viruses,
parasites, chemical agents and toxic substances of animal and plant origin.

Bacteria are responsible for 70% and 90% of cases, 50% occur in
community services (restaurants), 5% in industrialized food, 15% in resi-
dences, in home food production, 30% is of unknown origin.

7.6 'WATER BACTERIOLOGY

Drinking water and water used for industrial purposes, may or may not
come from the same origin. They must comply [6] with Public Health
regulations (it should not contain coliform bacteria in an amount that
contaminates wastewater). In the case of water for industrial use, it must
obey more requirements depending on the food produced. Sometimes
certain waters that are considered potable are not suitable for use in certain
foods:

e In the manufacture of butter and cottage cheese, water containing
psychrophilic microorganisms such as Pseudomonas and Alcalig-
enes is inadequate due to their capacity for lipolytic activity, which
can cause oxidation of the products.

e Hard water should not be used in the manufacture of beer, or in
leguminous sausages, as it causes abnormal odors (those respon-
sible are iron and magnesium).

e  Water supply: they cause problems in the industries and mucous
growth of iron bacteria.

Waste from food factories ordinarily contains a wide variety of organic
products, some easily oxidizable and others complex and difficult to
decompose. The concentration of waste or “cloacal water” that contains
organic matter, is expressed in terms of BOD (biochemical oxygen
demand). The amount of O, used by aerobic microorganisms and reducing
compounds in the stabilization of decomposing matter for a certain time at
a certain temperature. Normally a period of 5 days at 20°C is used and the
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result is expressed in BOD of 5 days: ppm BOD of 5 days per gallons of
waste X 8.34/1,000 = pounds of BOD. When there are residues in the water
with high concentrations of BOD, or any high organic matter, quickly they
are consumed of 7-8 ppm of O, (normal water) for example, residues of
the dairy industry, around BOD of 500-2,000 ppm.

7.7 TYPES OF TREATMENT
7.7.1 CHEMICAL TREATMENT

Chemical substances are added for the water sanitation [7], in order to
eliminate contaminants by sedimentation or flocculation and to sediment
along with a large part of the suspended colloidal materials, including
bacteria. Soluble salts of aluminum and iron are the most used.

7.7.2 BIOLOGICAL TREATMENT AND WASTE DISPOSAL

Biological treatments can be applied for the cleaning water [8, 9]:

e Dilution of wastewater with running water;

e Irrigation. When wastewater extends over a considerable area of
open textured soil;

e Artificial lakes with or without other treatments;

o Filtration with prepared rock filters;

e Activated waste: Inoculate the expulsion waters with waste from a
previous batch by actively airing in suitable tanks;

e Anaerobic tanks: Sedimentation, hydrolysis, putrefaction, and
fermentation, followed by aerobic treatment.

7.8 TYPES OF WASTE FROM THE FOOD INDUSTRY

Food industry can generate important environmental impact [10, 11] due
to the residues generated during food processing:

1. Dairy Industry: High protein content, large amount of lactose
and many microorganisms; under anaerobic conditions they are
acidified, and their treatment is very difficult (500-2,000 BOD).
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Fruit Canning Factory: Acid wastes (200-2,100 BOD).

3. Manufacture of Malt, Beer, Distillates, Canned Corn, and
By-Products: Rich in carbohydrates and susceptible to acidifica-
tion under anaerobic conditions (420—-1,200 BOD).

4. Protein-Rich Wastes: They can decompose under anaerobic
conditions (380—4,700 BOD).

5. Paper Mill: The water contains sulfites that hinder its decomposi-

tion by microorganisms.

7.9 MICROBIOLOGY OF FOOD PRODUCTS

Minimizing microbial contamination [12, 13] and preserving product
quality requires an examination of:

Raw materials used;

Cleaning procedures;

Hygiene and sanitation of equipment;

Control of the conservation mechanism;
Supervision of packaging and storage processes.

The correct manufacturing practices (GMPs) are specified by three
international organizations:

e Department of Health Education and Welfare;
e Public Health Service;
e Food and Drug Administration (FDA).

They are found in the Federal Regularization Code, title 21, code 128.1
to 128.10.

There are sections dependent on the United Nations that deal with
international food trade such as:

1. FAO: Food production through the most appropriate systems, in
relation to the production, processing, conservation, and distribu-
tion itself.

2. WHO: More associated with consumer health and with obtaining
food with the necessary sanitary quality.

3. UNICEF.
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7.10 MICROBIOLOGICAL CRITERIA THAT FOOD MUST MEET

The fundamental objective pursued in establishing the bacteriological
parameters of food and ensuring [14—16]:

e Its acceptability regarding public health (which determines infec-
tious diseases and food poisoning);

o That the food is of a satisfactory quality (good quality raw material
that will not be damaged throughout the process);

e That it has a pleasant appearance (free of dirt due to fecal matter,
mycelia, parasites, etc.;

o That the conservation capacity is normal for the food in question.

7.10.1 DEFINITIONS OF MICROBIOLOGICAL CRITERIA

According to the criteria responsible for the qualities of food, patterns,
limits, and specifications are distinguished:

1. Microbiological Pattern: The official administrative regulation
establishes the maximum number of microorganisms, determined
by officially stipulated methods.

2. Recommended Microbiological Limit: The maximum toler-
able limit of microorganisms, determined by stipulated methods
suggested as acceptable for a given food.

3. Microbiological Specification: The maximum tolerable limit of
microorganisms, determined by stipulated methods of internal use
in a way to control the quality of your product.

7.11 GENERAL MICROBIOLOGICAL METHODS

Depending on the food sample, one or more methods can be chosen that
can evaluate the microbiological quality of the food, that is, perform the
general microbiological analysis, or the specific pathogen search. It is
important to mention that in the general analysis you can include direct
microscopic count, plate count or determination of the most probable
number.
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7.11.1 GROUPS OR SPECIES OF IMPORTANT MICROORGANISMS
IN THE EVALUATION OF FOOD MICROBIOLOGICAL QUALITY

Its objective is to obtain information on the quality of the hygienic-sanitary
and public health aspects, as well as the probable shelf life of the food.
They are grouped according to the ICMSF:

e (g.a) Microorganisms that are not a direct health risk. They cause
food spoilage or reduce their half-life. They are not pathogenic and
offer general information.

e (g.b) Microorganisms that have a low and indirect rise to health.
They are indicator microorganisms that provide information on
hygienic-sanitary conditions in the processing and adaptation of
preservation techniques.

e (g.c) Microorganisms that present a direct risk, moderate, and with
limited diffusion, are potentially pathogenic bacteria, responsible
for food poisoning and infections.

e (g.d) Microorganisms that present a direct, moderate risk with
potentially widespread diffusion, are potentially pathogenic
bacteria; pathological processes occur as when they are ingested
in smaller doses, being able to be easily diffused by food, from a
contaminant. The microorganisms must be absent in a 25-gr serving
of food.

e (g.e) Microorganisms that present a direct and serious risk, are
highly pathogenic, whose presence is absolutely prohibit in food
for human consumption.

7.12 RISK ANALYSIS AND CONTROL OF CRITICAL POINTS: HACCP

The preventive system of control and microbiological risks, through careful
analysis of the ingredients, products, and processes for determining the
components or areas that must be maintained under strict control to ensure
that the final product has the microbiological specifications established
for it.

HACCEP allows to identify the critical stages to ensure the product and
where to concentrate technical resources to ensure that critical operations
are under control [ 17—19]. The comprehensive method applies to all phases
of the food production and consumption cycle and should consider the raw
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material, ingredients, process stages and potential consumer abuse. The
objective is to contribute to food security so that a safe and contamination-
free food is obtained. The contamination can be of pathogenic, toxic,
chemical waste and foreign materials origin.

The main indicators are:

Escherichia coli,
Staphylococcus aureus;
Total count;

Total coliforms;
Bacillus cereus;
Salmonella;

Clostridium perfringens;
Fungi and yeasts.

System Structure: The System Is Composed of Five Elements

1.

Identification and Analysis of Risk Factors and Potential
Hazards: It shows the presence of risks at all stages of the process.
The food cycle is analyzed by locating the sources of potential
risk and the specific moment of contamination, determining the
chances of survival of microorganisms and their permanence and
diffusion.

Determination of the Critical Control Points: It requires
knowing the process, establishing its flow chart through a clear
and simple description, covering all the manufacturing stages. The
flow chart must contain information like raw materials, process
stages, packing stages, process conditions (time, temperature), pH,
AA, biological, chemical, and physical contamination, inactiva-
tion of essential nutrients, formation of undesirable substances.
Selection of Criteria for Control: Specify these criteria and deter-
mine critical limits. The criteria are the specifications and physical,
chemical, and biological characteristics that must be achieved in
the process to guarantee food quality. The most common micro-
biological criteria are total contamination of mesophiles, total, and
fecal coliforms, filamentous fungi and yeasts, detection of Salmo-
nella. Their limits must be set based on guidelines and patterns
of legislation, literature, practical experience, prior data collection
and internal standards of each company.
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4. Monitoring of Critical Points and Decision Making when the
Results Indicate that the Proposed Microbiological Parameters
are being Achieved: At the end of the monitoring, it must include
the process stages, the danger involved, the preventive control
measure, the variability involved, the critical limit, the variability,
corrective measures, and the registration number of the form.

5. Verification that the System is Working as Planned: Estab-
lishing corrective actions, setting up an audit registration system.
The system is in operation is verified, if the critical control points
are appropriate or not, if the monitoring is being practiced.

KEYWORDS

Alcaligenes

biochemical oxygen demand
critical control points

Food and Drug Administration
microorganisms

Pseudomonas
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ABSTRACT

Assessment of microbial diversity associated with a fermented food is
paramount for both producers and consumers. However, it is generally
difficult to cultivate most bacteria or stressed cells in food using classical
microbiology techniques. This has led to the introduction of molecular
methods in recent years that allow rapid identification of microorganisms
from pure cultures of the fermented food or drink without need of isolation
or enhanced differential growth. These methods allow to obtain the finger-
print of a microbial community based on the DNA/RNA total of a commu-
nity. Among these techniques, the polymerase chain reaction (PCR) is an
essential tool as rapid, sensitive, inexpensive and reproducible. Using the
16S, 18S and 23S RNAr gene and molecular markers as AFLP, RFLP and
RAPD it has been possible to identify bacteria, yeasts and fungi in food
and starter cultures. It has been also possible to monitor starter cultures at
any stage of the fermentation process, the selection of mutants and starter
cultures with genetically engineered strains with greater capacities than
those found in nature and the detection and identification of microbial
pathogens, ensuring quality microbiological food.
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8.1 INTRODUCTION

Microorganisms play a very important role in human life since they are
not only pathogenic to animals, plants or humans, but many of them are
beneficial since they can be used to control other harmful microorgan-
isms, insects, animals or plants, for humans or their economy, they can
also help improve the living standards of human beings as in the case of
the prebiotics and bacteria used in yogurt, they can also be used for the
production of food for humans or animals, such as case of edible mush-
rooms (Mushrooms, Pleurotus, Huitlacoche, etc.), or in the fermentation of
foods such as cheese, wine, bread, etc. They can be used for environmental
rehabilitation (hydrocarbon-degrading bacteria, wastewater treatments,
etc.). In addition, microorganisms can be used to produce metabolites of
economic importance (antibiotics, pigments, amino acids, hormones, etc.),
also, microorganisms help in the proper development of crops (Nitrogen-
fixing bacteria, mycorrhizae).

In epidemiology, the identification not only of the microorganism in
question is very important, but often identification strains help to determine
the cause of an infectious outbreak, detect the cross-transmission of patho-
gens, determine the source of infection, recognize strains particularly viru-
lent organisms, and monitor vaccination programs [14]. In the clinical area
and in agriculture, the basis for an effective treatment and cure of a patient,
animal or plant is the rapid diagnosis of the disease and its causal agent
[19]. This is especially important when trying to diagnose slow-growing or
difficult-to-treat microorganisms such as Chlamydia, mycobacteria, myco-
plasmas, Herpes viruses, and enteroviruses [13]. In ecological research, a
rapid and correct identification of microorganisms helps to quantify organ-
isms and to characterize their activity in different habitats [8]. The objective
of this chapter is to emphasize the importance of molecular techniques in
the identification of microorganisms, describe some of the most widely used
molecular techniques, as well as some techniques with the greatest potential
for the molecular diagnosis of microorganisms in the near future and relate
the above to some achievements in our laboratory.

8.2 METHODS OF IDENTIFICATION OF MICROORGANISMS

Given the great importance of microorganisms for humans, a series of
methodologies have been developed to differentiate one microorganism
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from another, which have traditionally been based on the observation
of the symptoms that the hosts present, on the macro or microscopic
observation of the microorganism or on the reproductive structures of the
microorganisms, of the development of the pathogen in a specific culture
medium, of the staining produced by applying some dyes on the infected
tissue, or on the pathogen and the reaction of an antibody to the presence
of a pathogen.

The identification of a microorganism (pathogen) based on the
symptoms presents several disadvantages, for example, the symptoms
are different and numerous; they depend on the host of the pathogen, and
even on the factors of the environment in which the pathological process
develops. The identification of pathogens based only on symptoms can
give rise to serious errors in the diagnosis of a disease, since two different
pathogens can produce the same symptoms in the same host, the same
pathogen can produce different symptoms in different hosts and even the
symptoms can vary depending on the environment where the pathological
process develops.

Detection of a microorganism based on macro or microscopic obser-
vation is more efficient than identification based only on symptoms.
Observation at the macro or microscopic level is a simple procedure, it is
a direct detection of pathogens and can differentiate organisms morpho-
logically. It has the following disadvantages: it is a slow, laborious, and
tedious procedure since the microorganism has to be isolated, which is
not possible in all cases and it must be grown in a culture medium until it
reaches a size or stage of adequate growth for identification. Identification
in the microscope is only possible in very specific cases. It is of low sensi-
tivity, it requires very specialized equipment for the identification at the
microscopic level of some microorganisms (viruses, mycoplasmas, viroid,
prions). The structure of a microorganism can change due to the influence
of the environment, and it takes a lot of experience to differentiate one
species from another at a microscopic level.

The identification of pathogens by staining or the development of the
pathogen in a specific culture medium, can detect a wide range of vari-
ants, does not require very sophisticated equipment, and are easy tests
to perform. However, it has the disadvantages that the time to identify a
microorganism can be very long (in some cases up to 25 days), in addition
a large number of tests are required to be sure of the identification of the
pathogen (a single test is not sufficient in most cases). Because different
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tests are used, many reagents are needed, which increases the cost of the
test significantly. Other procedures, such as in vitro culture and inoculation
in mice, are expensive techniques and pathogens can present differences in
infeasibility depending on the host.

The use of antibodies for the identification of microorganisms has been
used because it is a simple and fast technique. It can be automated, and
it can be used to work with several samples at the same time. However,
detection cannot be accurate when there are minimal amounts of the
microorganism; in the case of pathogens, it does not distinguish between
active and latent infections. In addition, antibodies, and antigens for many
microorganisms are lacking, in some cases the detection is not precise
due to the null specificity of some antibodies, other disadvantages are that
the antibodies have a high cost or in some cases they can offer false posi-
tives, such as in the first generation of tests for HIV detection, which were
based on pure viral antigen preparations derived from the virus culture,
and false positives were obtained, due to the presence of residual cellular
antigens which were incorporated into the viral particle during ripening
[19]. Molecular techniques are based on the analysis of the nucleic acids
extracted from the microorganisms either directly or from a sample
containing the microorganism in question.

8.3 ADVANTAGES AND DISADVANTAGES OF MOLECULAR
METHODS

Molecular techniques for the identification of microorganisms are
currently booming due to their specificity (they can detect only the target
molecule or microorganism), sensitivity (they are capable of detecting the
presence of a single microorganism), they are fast (less than 24 hours),
and are capable of automation (they allow a diagnosis in less time and
reduce costs). The use of molecular techniques has allowed the identifica-
tion of new microorganisms, which had not been possible to cultivate and
identify by traditional techniques [8]. Furthermore, they allow the study
of microbial populations without isolating, therefore, the biases that can
arise with the cultivation of microorganisms are avoided [3]. Likewise,
these techniques allow the detection of highly pathogenic microorgan-
isms, which can be identified dead, thus avoiding the risks of infection
of the analyst [9]. Molecular techniques have proven to be very useful in
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clinical situations where conventional methods are very insensitive (e.g.,
during the asymptomatic stage of HIV infections), very slow (mycobacte-
rial culture) or very complicated to be used on a large scale (e.g., viral
isolation). Another important application is in monitoring the emergence
of genome mutations, e.g., selection of resistant variants during antiviral/
antibiotic therapy [19].

Some of the disadvantages associated with molecular techniques
are: (i) do not distinguish between living and dead organisms, although
sometimes this is not exactly a disadvantage in the case of Staphylococcus
aureus, the bacteria dies at temperatures that do not degrade the toxin, thus
detecting dead bacteria is indicative of the presence of toxins in the sample;
(i1) knowledge of specific sequences must be available for each pathogen;
(ii1) trained personnel are required to carry out the identification tests; (iv)
sophisticated equipment is required which increases the initial investment;
and (v) procedures with multiple stages which increases the possibility of
errors, in addition to the possibility of obtaining false positives and false
negatives. As the use of these molecular techniques increases, costs will
tend to decrease, on the other hand, the problem of false positives and false
negatives can be solved by including a positive control and a negative
control in each analysis [1].

8.4 MOLECULAR DETECTION OF MICROORGANISMS

A wide variety of molecular techniques have been proposed for the detec-
tion of microorganisms. Describing each of the proposed techniques is
beyond the scope of this book. Most of the molecular techniques are based
on hybridization of nucleic acids or polymerase chain reaction (PCR). One
of the simplest molecular techniques to identify bacteria consists in deter-
mining the percentage of guanine and cytosine present in the bacterial
DNA, in this case the extraction of DNA from a pure colony is carried out
and the percentage of guanine and cytosine is determined by spectrom-
etry, for example, it has been determined that the genus Pantoea has a
percentage of guanine and cytosine that goes from 50 to 58% and bacteria
of the genus Pseudomona has a percentage of guanine and cytosine that
goes from 58 to 70%. However, this technique has the disadvantage of not
being able to identify species, bacteria could only be identified at the genus
level, in addition, some genres of bacteria have very similar percentages
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of guanine and cytosine, therefore the possibilities of obtaining false posi-
tives (identifying an organism present when in fact it is absent) increase.

8.5 TECHNIQUES BASED ON DNA HYBRIDIZATION

These techniques were developed from the knowledge that two single
nucleic acid chains having complementary sequences to each other can
join or hybridize to form a double chain. The single strands can be of DNA
or RNA, or one of DNA and the other of RNA.

8.5.1 RESTRICTION FRAGMENT LENGTH POLYMORPHISM (RFLP)

This technique is based on hybridization and consists of extracting DNA
from a pure culture of a microorganism or from an infected sample by
digesting the DNA with restriction enzymes (enzymes that cut DNA
at specific sites). These DNA fragments are subsequently separated by
electrophoresis in an agarose gel. DNA is negatively charged, if placed
in an electric field close to the negative pole it would migrate towards the
positive pole through the gel or matrix, the friction between the matrix
and the fragment causes small fragments to migrate faster than large
fragments, subsequently the DNA separated in the gel is transferred to a
solid support, usually nylon or nitrocellulose membranes, and then all the
DNA on the membrane is hybridized with a specific DNA probe (fragment
single-stranded DNA (150 to 300 nucleotides) of the microorganism that
we want to identify. The probe will join the DNA fragment that has its
complement. For the detection, the probe must be labeled radioactively
(P*?) or non-radioactively (digoxigenin). The probe can be isolated from
the nuclear genome, the mitochondrial genome, or DNA that codes for
proteins (cDNA). This methodology is very specific; however, it is not
very fast and it is not very sensitive since it requires 10° to 10° copies of
the target molecule or sequence to give a reliable result, in addition to
using radioactivity, which if not properly used and under special labora-
tory conditions, there may be health risks for the analyst, contamination of
the facilities or the environment.

A variant of RFLP’s has been designed for the detection of Listeria.
This consists of fixing a complementary DNA probe to a region of the
bacterial ribosomal RNA in a microtube. The complete RNA of the
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sample is extracted and placed in the microtube with the probe, which
will bind to the ribosomal RNA, then another complementary DNA probe
is added to another region of the ribosomal RNA which is marked with
fluorescence, then the presence of the microorganism by an antibody with
anti-fluorescence [6].

8.5.2 SQUASH BLOT TRANSFER

In this technique, the sample to be analyzed is crushed against a solid
support, creating a fingerprint, the sample is fixed using alcohol or exposing
it to UV. It hybridizes with the specific probe for the microorganism in
question, it has the advantage of being a quick technique that can be used
in the field or outside the laboratory. However, it is a dirty technique which
sometimes does not allow distinguishing a nucleic acid hybridization with
which the probabilities of obtaining false negatives (diagnosing the micro-
organism as absent when in fact it is present) increased. Another technique
is squash blot-like dot blot and RFLP-like Northern blot. However, what
is separated is RNA and hybridizes with DNA probes and has advantages
and disadvantages like RFLPs.

8.5.3 DOUBLE STRANDED RNA

This technique is mainly used to detect cells infected with a virus that has
RNA (retroviruses) as its genetic material. Since the RNA in a cell is single-
stranded and the presence of double-stranded RNA implies replication of
the virus within the cell, it is a relatively simple technique since it includes
few steps such as extraction and purification of the double strand RNA
and its separation in polyacrylamide gels, however, has the disadvantage
of identifying only cells infected with retroviruses without being able to
specify the taxonomy of the virus, therefore it is a very limited technique.

8.5.4 PCR-BASED TECHNIQUES

Polymerase chain reaction (PCR) or in vitro enzymatic amplification of
a specific DNA segment of the target microorganism. This is the most
used technique for the detection of microorganisms, it is mainly based
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on making millions of copies of a specific DNA segment of a microor-
ganism. In this technique, the double strand of DNA is separated into two
single strands, subjecting it to higher temperatures at 92°C then two small
complementary DNA segments hybridize or align one to one strand and
the other to the other. These small segments are called primers, which
must be designed in such a way that they only hybridize with the DNA of
the desired microorganism and their size generally ranges from 18 to 25
bases. Once the primers are attached to the complementary chains, a DNA
polymerase is added to the reaction, which will form the new chain, taking
as its base the single chain and one of the ends of the initiator (3”). After
this first cycle, if we started with a single double chain of DNA, we would
have two double chains. This amplification increases geometrically as
the number of cycles is repeated, so after two cycles we would have four
double DNA chains, and after three, eight, and, after 30 cycles we would
have a large amount of amplified DNA to be visualized with the naked
eye. The advantages of PCR over other detection techniques have been
reported on several occasions. Detection of C. trachomatis by PCR turned
out to be more accurate, with a sensitivity of 90-100% and specificity
greater than 97% than detection by ELISA [13]. Likewise, PCR has helped
to identify infectious microorganisms related to diseases previously iden-
tified with a non-infectious origin.

The PCR technique has been used to identify viruses, fungal bacteria,
phytoplasmas, nematodes, etc., an example is the method developed by
Ayala et al. [1] for the identification of the bacterium Clavibacter michi-
ganensis subsp. nebraskensis, which is the cause of the disease known
as corn bacterial wilt, in this case, specific primers were designed for a
segment between the 16S and 23S rRNA genes, which were compared
with the DNA sequences reported in the gene banks to verify that they
would only align to a sequence of Clavibacter michiganensis subsp.
nebraskensis. The precision and reproducibility of PCR assays depend on
the experience of the analyst. The specificity of the test may be affected
by contamination of the sample during sample processing, if the initiators
are not specific, or if the PCR conditions are not optimal, allowing non-
specific products to be amplified [13], the above can guide the detection
of false negatives, in the same way the contamination of the sample with
inhibitors (humic acids, polyphenols, carbohydrates, ethanol, etc.), of the
polymerase enzyme can also cause false negatives. However, this can be
solved by always incorporating positive controls. Contamination of the



Molecular Methods for Microorganism Detection 119

sample with other DNA or RNA can lead to detection of false positives,
this is solved by always adding a negative control [1]. The identification of
microorganisms directly from food using PCR presents some challenges
such as the low sensitivity caused by the inhibition due to the food matrix,
this can be partially restored with an enrichment stage, but the time for
diagnosis is lengthened [7]. Even with these disadvantages, the flexibility,
automation, speed, and reliability of PCR-based molecular techniques are
the most widely accepted molecular techniques today for the detection of
microorganisms in general.

8.5.5 RT-PCR

Amplification of a segment of DNA previously formed from RNA. This
is one of the most used techniques to identify microorganisms whose
genetic material is RNA (retroviruses and viroids). In this case, RNA
is first extracted from the microorganism in question or from a sample
presumably infected by one of these microorganisms, then the RNA is
subjected to a temperature generally of 80°C to linearize RNA since it is
generally a single strand and tends to form secondary and tertiary struc-
tures. Subsequently, a complementary initiator is added, and it is placed
at a temperature between 37 and 40°C so that the initiator is aligned with
the complementary chain, then the reaction is placed at 4°C, thus stopping
it. Then an enzyme called reverse transcriptase is placed which is going to
take charge of forming DNA taking the single-stranded RNA as a template
and one end (3’) of the primer when the DNA has already been formed,
the PCR reaction is carried out, this technique can be performed in a single
step if all the reagents are added in the same tube and the specific tempera-
tures are programed for each stage. An example of a microorganism that
can be easily identified using this technique is the Citrus tristeza virus.
Another advantage of this technique in the detection of microorganisms is
that it allows the identification of active infections [13].

8.5.6 NESTED PCR

Enzymatic amplification of an internal DNA segment from a previously
amplified DNA segment. Nested PCR is a technique that is mainly used
when a microorganism is found in very low quantities or when you want to
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identify if microorganisms from a certain group exist in a sample and then
determine which species of microorganisms are present. This technique
consists of amplifying a large segment of DNA (700-2,000 bp) with the
PCR technique with a pair of primers and subsequently amplifying with
another pair of primers an internal segment of the first amplified frag-
ment, that is, this technique is a double PCR, and therefore it is estimated
that it is 1,000 times more efficient than a simple PCR. Nested PCR has
been used successfully for the identification of samples suspected of being
infected with phytoplasmas, and if the sample is positive for the presence
of phytoplasmas. It is amplified a second time to determine the specific
type of phytoplasmas present in the sample. An example of the use of this
technique is the detection of the phytoplasma producing lethal yellowing
of coconut trees.

8.5.7 RAPDS OR RANDOM AMPLIFIED DNA POLYMORPHISM

In this case a single initiator PCR reaction is carried out which is 8 to 12
bases in size with arbitrary sequence. In the primer alignment step, low
temperatures of 37 to 40°C are used to ensure that the primer binds to
different regions of the genome of the microorganism to be identified. In
this case, the identification is made only from pure cultures of the micro-
organism and with a single PCR reaction, several segments are amplified
at the same time (Figure 8.1). It has the advantage that prior knowledge
of the microorganism is not required to identify it, this technique as a
commercial identification method is not widely used due to reproduc-
ibility problems, however, it is very useful when it is required to determine
differences between two microorganisms highly related, being able to
detect these differences even at between strains. Padilla [15] using RAPDs
managed to identify DNA differences between three strains of Aspergillus
niger tannin degrading. Another advantage of RAPDs is in the case where
it is possible to identify an amplified DNA fragment found in a strain, this
can be sequenced and initiators specific for that strain can be designed
from that sequence. The same applies to the design of specific initiators
at the species or genus level, this technique is known as SCAR (sequence
characterized by amplified region) (Figure 8.2). In addition to the disad-
vantage of poor reproducibility, the presence of a RAPD band does not
allow to distinguish between the homozygous and heterozygous states [2].
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A technique like RAPDs is known as DNA amplification fingerprinting
(DAF), in this technique 5-10 base primers are used to amplify DNA at
random genomic, the amplified bands are separated on polyacrylamide

gels. This technique has been used for the study of Salmonella enterica
strains [2].
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FIGURE 8.1 Random amplified DNA polymorphism.
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FIGURE 8.2 Sequence characterized by amplified region.

8.5.8 IMMUNO-PCR

Binding of a microorganism to a solid support using an antibody and
subsequent DNA amplification by PCR. It is a technique that combines
the advantages of immunological techniques (ELISA) and molecular
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techniques (PCR) so that the combined advantages diminish or eliminate
the disadvantages of both techniques. Rocha [22] found that ELISA is
inefficient to detect very low levels of the target molecule or microor-
ganism present in the sample to be analyzed, while PCR is inhibited by
some components of the sample (phenolic compounds, polysaccharides).
These characteristics are combined when it is desired to detect microor-
ganisms directly from plant organs (seeds, tubers, etc.). Rocha in 2003
[22] managed to design an immuno-PCR technique for the detection of
Pantoea stewartii, directly from the corn seed. In this case, a primary
antibody was fixed to a microtube, the excess antibody was washed and
the ground seed sample, which was known to be infected with Pantoea
stewartii, was placed and subsequently left to incubate (1 h) for antigen
binding. The antibody was washed to remove the sample and in the tube
with the antigen and the antibody the PCR was performed (Figure 8.3).
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FIGURE 8.3 Immuno-PCR technique steps.

8.5.9 IMMUNOMAGNETIC PCR

Like the previous one, in this case the support is a magnetic sphere, which
is removed from the sample with a magnet and then the PCR is performed.
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In this technique, a primary antibody is attached to metal beads which
are placed inside the sample to be analyzed, it is allowed to incubate for
antigen-antibody binding, these metal beads are subsequently extracted with
a magnet, washed, and placed in a tube in which PCR is performed. This
technique has been used for the detection of Listeria monocytogenes in food.

8.5.10 PCR-MULTIPLE

One of the problems with the PCR techniques discussed above is that they
only allow the identification of a single pathogen at a time. In order to solve
this problem, the technique known as multiple-PCR has been designed,
allowing the detection of different molecules or target microorganisms in
a single reaction. In this technique, a pair of initiators are incorporated
into the reaction for each one of the molecules or microorganisms to be
detected, which allows to save time and cost for the detection of different
microorganisms simultaneously. This technique presents challenges such
as designing all the initiators to add to the reaction with a similar alignment
temperature, they must not present homology between them, in addition
to amplifying fragments of different lengths. The sensitivity of a multiple
PCR is on the order of 10* cells or 2.9 pg of target DNA. However, this
sensitivity can be affected by the inefficient design of the initiators [23].
This technique has been used for the detection of different Listeria species
in the same sample, as well as for detecting different microorganisms at
the same time, such as Sa/monella, Campylobacter, Shigella, and E. coli
[2]. Multiple PCR has also been used to detect different genes from the
same organism in a sample. Infected cells do not retain all the genes of
the human papilloma virus, therefore using multiple PCR the presence of
several viral genes was identified at the same time, which confirmed the
causal agent [10]. This technique is also used to identify which antibiotic
resistance genes have a certain bacterial strain [16].

8.6 IDENTIFICATION OF HIGHLY SEPARATED
MICROORGANISMS

In some occasions, the analyst has to identify a special strain of a micro-
organism since this presents outstanding characteristics to produce an
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enzyme or adaptation to a certain condition, or when it is required to
preserve the identity of a particular strain, which would help determine
if it was contaminated, also when establishing genetic relationships
(phylogenetics) between different strains of a species, different species of
a genus, different genera of the same family or between different families
of microorganisms. All these cases occur when a strain with a previously
unreported characteristic is identified, therefore molecular techniques
allow control over the production and dissemination of this strain. Some of
the molecular techniques that help to identify highly related microorgan-
isms in addition to those previously discussed are: Rep-PCR, PCR-RFLP,
AFLPs, among others.

8.6.1 REP-PCR

This technique is based on the simultaneous amplification of different
regions with repeated sequences, it has been used preferably in bacteria,
amplifying the BOX, ERIC, and Rep regions. In this case, several frag-
ments of different sizes are obtained which are simultaneously amplified,
which allows us to distinguish two highly related microorganisms when
comparing the amplification patterns of these microorganisms. It has been
proposed that the Rep-PCR technique can be used to elucidate the genetic
bases of phenotypic variability between different species, since reproduc-
ible banding patterns of similar complexity are produced and allow the
differentiation of strains at the subspecies level [9]. This technique has
been used for the identification of different species of Xanthomonas and
Francisella.

8.6.2 PCR-RFLP

This technique amplifies by PCR a specific segment of a microorganism
and subsequently digest the amplified DNA with restriction enzymes, this
allows to determine differences between the patterns of amplified bands
or between the patterns of the fragments resulting from DNA digestion.
There are different variants of this technique depending on the specific
fragment amplified and digested. Between the most commonly amplified
and subsequently digested segments are the ribosomal genes (16S in the
case of prokaryotes and 18S in the case of eukaryotes), the spaces between



Molecular Methods for Microorganism Detection 125

the set of ribosomal genes (IGS intergenic spacer) (Figure 8.4) and the
internal transcribed spacer (ITS) (Figure 8.5) of the ribosomal gene set.
The 16S ribosomal gene is highly conserved but with enough variability
to make distinctions between genera and species [8]. Initiators have been
developed from the 16S ribosomal gene sequence within a very wide
range (universal), from the domain level (bacteria, archaea, or eukaryotes),
groups (methanogenic bacteria, sulfate-reducing bacteria, lactic bacteria,
etc.), to individual genres (Escherichia) [8]. However, when the resolu-
tion of the analysis based on the 16S rRNA gene is too small to make
inferences about the relationship of highly related microorganisms, the
use of the gyrB gene has been proposed, which encodes the B subunit of
the DNA gyrase polypeptide. It has been estimated that this gene evolves
faster than the 16S rRNA gene while still maintaining a high correlation
with the total genome homology analyzed by total DNA-DNA hybridiza-
tion and microarrays [23]. Methodologies have been established for the
rapid identification based on PCR-RFLP of four highly related species of
Carnobacterium which are important in the food industry [2]. Amplifica-
tion of the IGS segments and their subsequent digestion with the Hind
IIT enzyme allowed different strains of Penicillum purpurogenum to be
identified [5]. Amplification of the ITS segments and their subsequent
digestion with the Xho I enzyme allowed the identification of different
highly related strains from Aspergillus niger [15].
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FIGURE 8.4 Location of IGS in DNA.
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FIGURE 8.5 Location of ITS in DNA.
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8.6.3 AMPLIFIED FRAGMENT LENGTH POLYMORPHISMS (AFLPS)

This technique is based on the amplification of a subset of DNA frag-
ments generated by digestion with restriction enzymes. The DNA of the
microorganisms is isolated, purified, and digested with the restriction
enzymes Eco RI and Msel. The restriction fragments are then ligated to
adapters which contain restriction sites at each end of the fragment and
a sequence homologous to the primer mating site. The primers used for
amplification contain DNA sequences homologous to the adapters and
contain from one to two selective bases to the 3’ ends of the fragments.
Thus, selective nucleotides allow the amplification of only a subgroup of
the cut fragments. AFLPs have been shown to be reproducible, and a good
way to differentiate highly related strains of microorganisms. Commercial
detection is restricted by the high cost of the sequencer used to visualize
the amplified fragments [14]. Restrepo et al. [21] evaluated the efficiency
of the AFLPs technique to detect genetic variation between different
Xanthomonas axonopodis strains.

8.6.4 DENATURING GRADIENT GEL ELECTROPHORESIS (DGGE)

This technique can separate highly related sequences due to their
different mobility in denaturing gradients [12]. In this technique, some
of the genes that code for ribosomal RNA are commonly amplified
(16S rDNA, 18S rDNA). The denaturing environment is created by
maintaining a uniform temperature (50-60°C) and a linear gradient
with urea and formamide. Increasing a denaturing concentration
separates the double strands of DNA into different domains. When a
domain reaches its denaturation temperature at a position on the gel, the
helix partially denatures, and the migration of the molecule practically
stops. Variations in the sequence of the domains cause their denatur-
ation temperatures to be different; therefore, they migrate to different
positions within the denaturing gradient, effectively separating the
domains [8]. In 1997, Kowalchuk et al. [12] amplified the 18S rRNA
gene from 20 fungal species and subjected the amplified products to
DGGE, they also sequenced the separated bands with DGGE, with this
it was possible to identify some fungal strains.
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8.6.5 TEMPERATURE GRADIENT GEL ELECTROPHORESIS (TGGE)

Similar to DGGE, in this case the gradient is created by gradually increasing
the temperature during electrophoresis. The denaturing environment is
formed by a constant concentration of urea in the gel, combined with the
temporal temperature gradient [8]. This technique can be used to study the
diversity of species in a community of microorganisms and thus compare
the diversity of species between communities. This comparison is based
on the fact that the number, the precise position, and the intensity of the
bands reflect the number and abundance of the dominant types of rDNA in
a sample and thus two communities of microorganisms can be compared

[4].

8.7 FUTURE OF THE DETECTION OF MICROORGANISMS

Currently there are very promising techniques that in the coming years
will undoubtedly play an important role in the detection and quantifica-
tion of a microorganism in a sample, the most promising are discussed in
subsections.

8.7.1 REAL-TIME PCR (RT-PCR)

In this technique, in addition to the traditional components of a normal
PCR, a DNA probe is added with a quencher at the end and at the other
end a beacon, this probe is complementary to the DNA that you want to
amplify, therefore it will align with all the DNA complement chains, when
the DNA polymerase amplifies the fragments release this probe from the
DNA to which it is attached, when released, fluorescence is emitted and
can be detected, so the more DNA is amplified the more light will be
emitted and the number of amplified DNA fragments can be estimated.
With this technique we can quantify the number of DNA molecules of
the microorganism present in a sample. This technique has been used to
quantitatively measure viral load in order to monitor the response to a
therapy by patients with HIV, cytomegalovirus, or Hepatitis C virus infec-
tions [13]. The quantification of a certain microorganism in a sample is
of prognostic importance, helps to predict the progress of a disease, and
is used to assist in the decision of medical treatment. Furthermore, the
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real-time PCR (RT-PCR) technique is adapted for the evaluation of many
samples at the same time, allowing a fast, reliable, efficient, and cheap
laboratory diagnosis [11].

8.7.2 MICROARRAYS OR MICROCHIPS

This technique uses the complementarity of the nitrogenous bases of the
DNA and consists of an ordered arrangement of hundreds or thousands
of DNA sequences (oligonucleotides, cDNA, etc.), deposited on a solid
surface (1.2x1.2 cm.). The solid supports are pieces of silicon or glass. For
the detection of microorganisms, an array (chip) can be constructed with
DNA from different microorganisms, then a sample containing DNA from
one or more microorganisms can be deposited and hybridized on the array
and any unhybridized DNA can be removed by washing. The array is then
analyzed and scanned to determine with which specific DNA the sample’s
DNA was hybridized and to identify the microorganism(s) present in the
sample. This technique, the reagents used and the image digitizer used to
scan the microarrays are very expensive [18].

8.7.3 SEQUENCING

Determining the order or sequence of bases through a segment of DNA
is one of the central techniques of molecular biology. There are two tech-
niques for sequencing; one based on an enzymatic method and the other on
a chemical method. The requirements that a sequence must have in order
to be used in the identification of microorganisms are 1) the sequence must
be conserved between a relatively large number of organisms, 2) its change
rate must be constant over long periods and between different organisms
and it must allow inference of the evolutionary distance between a wide
range of life forms; the sequence must not be subject to wide discrepant
degrees of evolutionary pressure, 3) the sequence must not have been
shared between different organisms by horizontal transmission. Finally,
the sequence must be feasible, if it is amplified and detected in various
ways [20]. Sequences that meet the above requirements are the regions
encoding the small 16S ribosomal units in prokaryotes and 18S in eukary-
otes. Vinayagamoorthy et al. in 2003 [24] reported a nucleotide sequence-
based method that can simultaneously generate known short nucleotide
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sequences from a few segments of the same genome or from different
genomes. Sequencing is one of the methods with the most future since
it only amplifies by PCR the 16S or 18S ribosomal gene, to separate the
amplified bands, to sequence or to order the found bands, later to compare
these sequences with the sequences deposited in the gene banks and being
able to identify the microorganism(s) present in a sample.
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ABSTRACT

The new molecular methods for the detection of pathogens in the food area
have had a great growth, these methods are faster, cheaper, and more effi-
cient. This chapter talks about the great impact that molecular techniques
have for the detection of pathogens such as the PCR test and some of its
variants. In addition, the importance of the use of peptide nucleic acids
is mentioned. Finally, we talk about surface plasmon resonance, which
is based on biosensors capable of performing a biospecific interaction
analysis. These molecular techniques will facilitate the identification of
pathogenic microorganisms that are a real problem.

9.1 INTRODUCTION

In recent years, microorganisms have generated great interest in safety,
increasing appearance, and spread of virulent bacterial lines and resistance
mechanisms against all available antibiotics [1].

The introduction of molecular biology methods in microbiology labo-
ratories helps to obtain sensitive and specific diagnoses in the shortest
possible time. These methods are not a substitute for, but a complement
to traditional microbiological methods. An integrated analysis is leading
to more reliable and effective results. Among all the molecular techniques
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used, the polymerase chain reaction (PCR) has a great diagnostic value,
allowing the detection of etiological agents, and their virulence and resis-
tance genotypes, with great sensitivity and speed [15].

9.2 POLYMERASE CHAIN REACTION (PCR)

This technique is an enzymatic method that allows to copy a specific area
of a genome, being able to obtain up to 100,000 copies of it in a test tube.
PCR makes use of the enzyme DNA polymerase that is capable of copying
DNA molecules. The technique requires that the nucleotide sequence of a
region of the desired gene is known, since for PCR to work, it is necessary
to have oligonucleotides or short primers (very small pieces of DNA),
complementary to the sequences present in the gene or genes of interest
from which the DNA polymerase will incorporate complementary nucleo-
tides to the chain that it copies. Similarly, it is necessary that nucleotides in
equimolar quantities are present in the test tube (http://www.bio.davidson.
edu). This copying process is possible thanks to the use of equipment
called thermocycles, which allows the programming of successive cycles
with controlled time/temperature gradients. The rationale for PCR can be
summarized in the following stages:

e Denaturation of DNA;
e Annealing of initiators;
e Polymerization of complementary chains.

PCR-based methods are frequently used to amplify DNA fragments
that are separated by conventional electrophoresis [5]. This technique
can sometimes give ambiguous interpretations due to the low specificity
of the initiators or contaminations, which produce false positives. Tech-
niques such as nested PCR, real-time (quantitative) PCR, and biosensor
technology are efficient in increasing the specificity of microorganism
analyzes [10].

9.2.1 MULTIPLE PCR
Many of the PCR products for microorganism detection involve reac-

tions that amplify a single target sequence. Multiple PCR is a variation
of the conventional technique where two or more target sequences are
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simultaneously amplified in the same reaction. This method has great reli-
ability, flexibility, and cost reduction [13].

In the case of multiple PCR, the objective is to simultaneously
amplify different specific sequences in a single tube, which necessarily
implies that the mixed reagents and the program used are sufficient and
adequate to allow the detection of each segment and not inhibit others.
To this end, some parameters, such as the concentration of magnesium
and initiators, and the type and amount of DNA polymerase, can be
adjusted experimentally. For others, a previous exhaustive design must
be carried out [15].

In the case of the initiators and the temperature program used, it is
necessary to consider several premises: a) choose or design oligonucle-
otides that do not interact with each other, that is, that do not form oligo-
mers; b) having similar annealing temperatures; ¢) that each pair amplify
a single target sequence, and d) that they generate amplified products
of different sizes, which allow them to be separated and differentiated
after amplification [15]. An ideal multiple system is one that is capable
of detecting target sequences, capable of identifying specific lines and
simplify the process of detection and identification of microorganisms
[13].

Recent studies have described the use of multiple PCR as a rapid
and convenient assay for the detection of microorganisms. However,
some modifications have been made to this methodology in order to
obtain a more specific reaction. In 2004, James et al. [13] designed a
multiple PCR protocol for the detection of the nine transgenic cultures
and combinations of primers were used that allowed the identification
of specific lines. In one of the identification systems, simultancous
amplification profiling, instead of specific target detection, was used for
the identification of four genetically modified (GM) maize lines. Non-
specific amplification was used as a reliable tool for the identification
of a GM maize line. The cryl A 4-3° primer (antisense) recognizes two
sites in the template DNA extracted from transgenic maize event 176
resulting in the amplification of products of 152 bp (expected) and 485
bp (not expected). The last fragment was sequenced and confirmed to be
the crylA (b) gene. Simultaneous amplification can identify specific GM
lines, as well as the identification of new GM lines containing similar
transgenes.
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9.2.2 REAL-TIME PCR (RT-PCR)

The use of real-time PCR (RT-PCR) is a practical and fast system as a
quantitative method for the detection of microorganisms [2, 12]. This
PCR technique has made it possible to quantify the initial amount of
nucleic acids during the PCR reaction without the need for subsequent
analysis [14]. Furthermore, with fluorescence detection, the amount of
DNA synthesized at each moment can be measured during amplification,
since the fluorescence emission produced in the reaction is proportional to
the amount of DNA formed. This allows the kinetics of the amplification
reaction to be known and recorded. The fluorescence detection systems
used in RT-PCR can be of two types: intercalating agents and specific
fluorochrome-labeled probes [1].

Intercalating agents are fluorochromes that markedly increase fluores-
cence emission when bound to double-stranded DNA. The most widely
used in RT-PCR is SYBR Green 1. Specific probes labeled with fluoro-
chromes are probes labeled with two types of fluorochromes, a donor and
an acceptor. The process is based on fluorescent resonance energy transfer
(FRET) between the two molecules. The most widely used are hydrolysis
probes, also called TagMan probes, molecular beacon probes and FRET
probes [1]. Using this method, a target gene can be quantified by preparing
a standard curve for known amounts of the gene and by extrapolating the
regression line [2].

The combined use of the different PCR methods allows a more efficient
analysis, a clear example is the work of Rudi et al. [16] where they designed
a multiple PCR based assay for DNA quantification. This method is based
on two stages of PCR, in the first cycles the bipartite initiators contained in
the 5’ termination, a universal sequence and a 3’ region specific sequence
for each of the GM events are analyzed. Unused initiators are then demoted
with a specific exonuclease for single-stranded DNA. The second stage of
PCR is performed containing only complementary primers to the universal
sequence of the 5’ region. Initiator removal is essential for quantitative
PCR (gqPCR). The oligonucleotides hybridize to internal fragments of
the PCR products are then labeled for specific sequences. Hybridization
of the labeled oligonucleotides to their complementary sequences in a
DNA array allows multiple detection. Where quantitative information is
obtained in a range of 0.1-2% for the different GM analyzed. In this work
17 different food and seed samples were examined using a 20-plex system
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for the simultaneous detection of seven different GM maize lines (Bt176,
Bt11, Mon810, T25, GA21, CBH351 and DBT418).

To increase the sensitivity of RT-PCR, the methodology has been
modified, for example, in 2003, Zhang et al. [17] designed a new method
of RT-PCR using a probe attached to a universal quench. In the design,
the universal quenching sequence is approximately 20 bp in size and can
hybridize the probe for this quenching, the quenching is attached to the 5’
region of a common primer that is specific to the sequence to be amplified.
The universal tempering probe is marked with a fluorescent reporter at
its 5° termination and with a quencher at its 3’ end. During the coupling
phase the universal probe joins the 5’ end of the universal PCR quenching-
initiator and the 3’ termination joins the sequence which will be extended.
Due to the 5° exonuclease activity of DNA polymerase, the hybridized
universal probe is hydrolyzed, promoting the separation of the reporter
and the quencher and the generation of a fluorescent signal. In this case
the same group of universal sequences and universal probes can be used
for different primers.

9.2.3 USE OF CAPILLARY ELECTROPHORESIS (CE) WITH LASER-
INDUCED FLUORESCENCE DETECTION

Many of the proposed analytical methods for identifying microorganisms
are based on PCR because of the sensitivity, specificity, and applicability
of the analysis. The standard procedure consists of separating the PCR
products by electrophoresis gels, stained with ethidium bromide, recording
the image using an image digitizer, and quantifying the DNA fragments
with specialized software. However, these procedures are not very repro-
ducible and precise, they require large amounts of sample and are time
consuming. In summary, the limited resolution of the electrophoresis gels
imposes restrictions on the design of internal standards [5].

The joint use of PCR and capillary electrophoresis (CE) gels seems
to be a good alternative for the identification of microorganisms based
on DNA analysis. In combination with competitive PCR, CE analysis
enables precise detection and amplification of various sequences, as an
alternative to RT-PCR. However, UV detection in CE has poor sensitivity
and generally cannot be applied to samples with concentrations below 10
M. The use of induced laser fluorescence in CE dramatically increases the
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detection limit and dynamic linear range compared to that obtained with
UV [6]. This technique involves a high level of automation, uses minimal
amounts of samples and reagents, is capable of producing PCR product
separations with great efficiency, and it has been proven that it is a good
alternative to obtain precise and sensitive results in the quantification of
the DNA fragments amplified by PCR [5].

In 2002, Garcia-Caifias et al. [5] using CE gels, detected the presence
of transgenic corn in flour. The method is based on the extraction and
amplification by PCR of specific fragments of transgenic maize and the
subsequent analysis by CE gels with UV detection and induced laser fluo-
rescence. A comparison was made between the two protocols for detecting
DNA based on ultraviolet (UV) absorption and by induced laser fluores-
cence. Obtaining a more sensitive result with the induced laser detector, in
a sample of corn flour, contamination was shown that was not detected by
UV, which would generate a false positive.

In 2002, Garcia-Caiias et al. [5] compared four different fluorescent
intercalating agents for the detection of transgenic corn in flours by CE
gels with induced laser fluorescence. The fluorescent intercalating agents
compared were: YOPRP-1, SYBR-GREEN-1, ethidium bromide and
EnhanCE. SYBR-GREEN-I and YOPRO-1 were shown to give better
detection limits than EnhanCE and ethidium bromide. The separation
with YOPRO-1 was faster than using SYBR-green-1. YOPRO-1 separa-
tions were also more efficient than SYBR-green-1. The cost per analysis
and the durability of the buffer is worse with SYBR-green-I than with
YOPRO-1. For this reason, YOPRO-1 was selected as the fluorescent
intercalating agent, where up to 0.01% of transgenic corn was detected
in the flour.

To reduce analysis costs, methodologies have been combined, Garcia-
Cadas et al. in 2004 [7], designed a method for the simultaneous detec-
tion of five transgenic maize using multiple PCR, followed by CE with
laser-induced fluorescence. In this method, a hexaplex PCR protocol was
used for the amplification of five varieties of transgenic corn (Btl1, T25,
MONS810, GA21, and Bt176), and the use of electrophoresis gels from
laser-induced fluorescence was shown to be very useful and informative
for the optimization of multiple PCR parameters such as extension time,
concentration of the PCR buffer and primers. This method is very sensi-
tive and also solves false positive problems.
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9.2.4 MICROARRAYS

Microarray technology can increase the analysis speed of PCR products.
DNA microarrays are an analytical system that allows the simultaneous
detection of many nucleic acid sequences in a sample. Each DNA sequence
is represented by a covalent bond from an oligonucleotide probe on the
modified surface of a piece of glass. The probes in the array are hybridized
with the fluorescent marker for PCR products. The analysis of the scanner
reveals the presence of the labeled material containing the complementary
sequences of those marked in the microarray [10].

9.3 PEPTIDE NUCLEIC ACIDS (PNAS)

Peptide nucleic acids (PNAs) are analogs of oligonucleotides where sugar-
phosphate has been replaced by the pseudo peptic chain of the N-aminoeth-
ylglycine monomer [10]. Unlike nucleic acids, PNAs do not contain pentose
or phosphate groups. The main advantage of these biometric molecules
compared to their natural analogs is their great affinity to establish links with
DNA chains. The lack of electrostatic repulsion between them makes these
bonds stronger than those between two strands of DNA [11].

In 2004, Germini et al. [9] reported the combination of microarray
technology with PNAs for the detection of GM soybeans. Different
PNAs were designed, synthesized, and covalently linked to the functional
surfaces to construct a microarray and to identify the constitutive gene for
lectin and the region of the gene corresponding to the Roundup Ready GM
soybean. The effect of the PNA length on signal intensity and specificity
was evaluated as well as the detection conditions of both single and double
chain PCR products. The best results were obtained with the single chain
PCR products and with long PNAs. The advantages of this method over
other technologies are: 1) PNAs are more efficient and form more stable
hybrids than oligonucleotides, 2) PNAs are a highly specific sequence, and
3) microarrays allow simultaneous molecular analysis of many sequences.

9.4 SURFACE PLASMON RESONANCE (SPR)

This method is based on biosensors capable of performing a biospecific
interaction analysis (BIA) for monitoring a variety of molecular reactions
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in real time. It is an optical technique that detects and quantifies changes in
the refractive index near a surface of the sensor chip in which the ligands
are immobilized, allowing the detection of biomolecules (analytes) inter-
acting with the ligand. If the ligand is single-stranded biotin-labeled DNA,
SPR technology can easily monitor DNA-DNA hybridization in real time
[4].

Surface plasmon resonance is an optical phenomenon that occurs when
polarized light is directed from a layer with a higher index of refraction
(a prism) towards a layer with a lower index of refraction, which in this
case is a metallic layer of gold or silver, which is located between the
prism and the sample. The light that hits the interface between the metal
and the prism causes the excitation of a surface plasmid for a certain angle
of incidence of light, which strongly depends on the refractive index of
the medium adjacent to the metal sheet, so the variations that occur in it
will be detected as changes in the angle that will be proportional to the
concentration. It can also be used with labeled fluorescent molecules. This
has the advantage of an improvement in relative sensitivity due to internal
total fluorescence reflection. The instrumentation that requires this type
of analysis is a sensor, an SPR detector, software for the control and treat-
ment of data, and a system to introduce the reagents and analytes on the
sensor surface [11].

In 2002, Feriotto et al. [3] demonstrated that the BIA using surface
plasmon resonance and biosensor technologies is an easy, fast, and
automatic proposal for the detection of genetically modified organisms
(GMOs). The first proposal (Figure 9.1(A)) is based on the immobilization
of the single-chain synthetic oligonucleotide target in the sensor chip and
the injection of the specific DNA sample different in length. This format is
of great importance for the study of relationships between probe lengths,
the efficiency of the hybridization of the target DNA and the stability of
the generated molecular hybrids. The second, third, and fourth formats are
relevant for diagnostic purposes and are based on PCR by amplifying the
sequences of the genes that want to be identified. In Figure 9.1(B), PCR is
performed using a biotin-labeled primer immobilized on a sensor chip and
analyzed by injection of a compatible oligonucleotide. In Figure 9.1(C)
the probes are immobilized on the sensor chip and the asymmetric PCR
product to be analyzed is injected. In Figure 9.1(D) the samples generated
by PCR are immobilized on the sensor chip and the asymmetric products
to be analyzed are injected. In this technology, the fact that radioactive
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markers are not needed is very important, the procedure is carried out
in real time, and small amounts of the ligand and analyte are required to
obtain results.

A B
DNA 4 . DNA
sample Oligonucleotide sample Target of the

\_. Z target \ PCR product

Chip
superficies

Injected PCR Injected PCR
product C product

DNA Samples of PCR
sample products
7 Chip
superficies

FIGURE 9.1 Experimental strategies and formats for the detection of GMOs using
BIA-based SPR and chip sensors that transport oligonucleotides or PCR products from
lectin or roundup ready.

For 2003, Feriotto et al. [4] designed and performed an SPR protocol
based on a BIA not only quantitative but also multiple determination of
GMGOs. The protocol is based on the immobilization of the multiple PCR
products in a simple streptavidin-coated cell flow sensor chip and the
injection of specific probes. Zein biotin-labeled and Bt-176 products were
immobilized on the SA sensor chip taking advantage of the streptavidin-
biotin interaction. The approach is based on the immobilization of the
same cell flow of two targets of PCR products obtained by multiple PCR
using biotin-labeled primers and the following analysis by consecutive
injection of a compatible nucleotide probe. To produce the double stranded
sequences of the target gene, multiple PCR had to be carried out using
standard genomic DNA with an excess of Bt-R and ZM-r primers with their
respective biot-Bt-F and biot-ZM-F marked with biotin. This was done to
minimize the presence of biotin labeling of unincorporated initiators in
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the PCR mixture. The zein and Bt-176 multiple PCR end products were
purified with Microcon-30. Agarose gel analysis and direct sequencing of
the PCR products confirmed the specificity of the PCR reaction. Results
were compared with Southern blot and qPCR using an ABI Prism 7700.
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ABSTRACT

The growing food demand due to the increase and demand of society it
has given a fundamental approach to the composition of animal diets,
which must be prepared according to the requirements that the animal
needs and its purpose (high production of sub-products or weight gain
for meat production). Therefore, the study of the conditioning of raw
materials with vegetable origin and the production of additives to promote
and improve the use of allowances sold in the market has increased. In
vegetable product, mainly cereals and grains, which are the raw materials
for these diets, are contained in various proportions; factors involved in
the use of nutrients in the gastrointestinal tract, mainly in non-ruminants.
One, perhaps the most abundant is the phytic acid which forms complexes
of high molecular weight with various nutrients and inhibits some
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digestive enzymes (mostly amylases cells) causing malabsorption of
nutrients and a deficit in digestion. In order to improve the hydrolysis of
this compound and the use of nutrients, it has been found that the addition
of exogenous phytase (myo-inositol hexaphosphate phosphohydrolases)
mainly from fungal organisms represents a significant efficacy in animal
feed. These enzymes belong to the family of histidine acid phosphatases,
heterogeneous group of proteins, which carry out hydrolysis reactions
in the phosphoester bonds of phytic acid molecule. Recently, due to
increasing tendency biotechnology and environmental impact are sought
various bioprocess, which carry the production of said enzyme, which is
promising to date. The purpose of writing this, is to show the importance
of phytase in improving animal nutrition. The main sources of obtaining,
and catalytic function level. To encourage the use of efficient, economic,
and sustainable methods. As are the biotechnological methods. For the
improvement of some specific sectors.

10.1 INTRODUCTION

The raw material of vegetable origin, mainly legume seeds and cereal
grains, has phytic acid, which is one of the main anti-nutritional factors that
affect the metabolism of ruminants [1]. This compound is an organic acid
comprising a molecule of myoinositol and six molecules of phosphate. It
has the ability to form highly stable ionic bonds with minerals causing the
formation of insoluble chelates that cannot be absorbed by the organism
[2]. This compound is used in various metabolic processes of the plant
cell, such as the synthesis of cell wall polysaccharides and other tissues
and organs in various plants (pollen, roots, and tubers). It is considered the
main source of phosphorus in seeds, serving as storage and retrieval func-
tions of phosphorous during the germination and development of the plant
[3-5]. Current diets on the market are mainly prepared from raw materials
containing significant amounts of this compound (from 1% to 6%) [6-8].
To try to remedy this problem, methods are sought to reduce the adverse
effects of this compound or eliminate it altogether. Therefore, research
around biotechnology is a high impact capo in the agribusiness sector. An
alternative, perhaps the most efficient so far and that has proven to keep
the properties of the food, is the use of enzyme phytase hydrolase type
which is approved by the Food and Drug Administration (FDA) United
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States of America, for use as a functional additive in feed for poultry and
swine [9, 10]. These enzymes act hydrolyzing the phytic acid to inositol
phosphate derivatives, which have a smaller number of phosphate and
even free inositol, which have a lower ability to bind minerals [11]. This
enzyme is naturally present in the digestive tract of certain animals, plants,
and produced by microorganisms such as bacteria, yeasts, and filamentous
fungi largely of which some are shown in Table 10.1 [12].

TABLE 10.1 Producing Microorganism, Method, and Substrate

Microorganism Production  Substrate References
Technique
Bacteria
B. subtilis SmF - [13-15]
Escherichia coli SmF Complex medium [16]
E. coli - - [17]
Lactobacillus amylovorus SmF Glucose [18]
Pseudomonas sp. - - [19]
Prevotella ruminicola - - [20]
Selenomonas ruminantium - - [21]
Yeasts
Schwanniomyces castellii SmF Wheat bran, cotton our [22]
S. occidentalis - - [23]
Fungi
Aspergillus sp. SmF Complex medium [24]
A. ficuum SSF Canola meal [25]
A. niger SmF Maize starch [3]
A. niger SmF/SSF Complex/wheat bran [26]
A. oryzae - - [27]

Producing microorganisms include the filamentous fungus of the genus
Aspergillus because diver’s studies confirmed they produce the phytase
enzyme more active and top characteristics of both pH and temperature
which results in stability of extracellular phytase. Which puts the microor-
ganisms of the genus Aspergillus as the most used in industrial production
of this enzyme [28—30]. Between phytase producing microorganisms the
filamentous fungus genus Aspergillus, which produces the most active
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and stable enzyme pH and temperature. Therefore, microorganisms
of the genus Aspergillus the most used in industrial production of this
enzyme [30, 31]. Enzymes are among the products of interest obtained
from microbial sources. The solid-state fermentation (SSF) in a process
potential enzyme interest production [32]. Currently a lot of companies
have developed processes to produce phytase, bacterial, and fungal. Table
10.2 shows the main level to world and products they offer.

As described previously many microorganisms including filamentous
fungi can produce the phytase. These possess the ability to grow almost
any on surface plant residues and almost any type of material organic
with some moisture, particularly those with a relatively low water activity
(WA) therefore is the method most used today for the production of this
metabolite [33, 34].

TABLE 10.2 Main Phytase Production Companies and Their Products

Company Product

Adisseo France S.A.S Rovabio®: Enzyme preparation that improves the digestibility
of certain raw animal level subjects, birds, and pigs.

AB Vista Quantum® from AB Vista: Phytase enzyme preparation, for
the benefit of monogastric animals. It is effective and Presis for
controlled liberacipin in the intestinal tract. Operates over wide
ranges of pH, including the upper gastrointestinal tract, is stable
and thermotolerant.

BASF SE Natuphos®: Contains at least 5,000 units of phytase (FTU) per
gram, guaranteed.

Advanced Enzymes = SEBFeed Phy 5: Thermostable phytase granulate. Guaranteed
Technologies Limited to reduce phosphorus in poultry and swine.

Royal Dsm N.V. RONOZYME® Phytases: Combination of protease and
phytase to improve animal digestion.

BIOMIN Holding Biomin® Phytase: It is the third generation of phytase. It has
GmbH high efficacy in improving the bioavailability of phosphorus and
other nutrients in feed.

10.2 PHOSPHORUS CONTENT IN RAW MATERIALS FOR CATTLE
FEED

The organic phosphorus in plant represents the largest fraction forming
phytic acid, which is the most abundant phosphoglucose. By contrast in
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animals’ products, the predominantly is inorganic phosphorus as ortho-
phosphates [35].

In the classification of phosphorus metabolism, phytic acid is an
important factor antinutritional. An organic acid comprising six phosphate
molecules, and an inositol [36]. According to studies, the digestibility of
inorganic and organic phosphorus is similar and near to 100% (80—-100).
Digestibility of phytate phosphorus in no-ruminant organisms is null so it
is impossible to use [37].

Something very important is the variation of phosphorus content in
the raw materials. From a homogeneous view, forage grasses have higher
amounts than legumes, and seeds (cereal grains, legumes, and oilseeds)
more forages [38].

The level of P varies not only between gender also within species. In
raw materials of plant, origin depends on the P content of the soil, cultivar,
ripeness, growing conditions and weather, among others [39, 40]. On the
other hand, the level of phosphorus in mineral supplements depends on
multiple factors such as the source material, manufacturing process and
the degree of hydration of the material in question [41].

The amount of P in the raw materials is divided in inorganic mainly
orthophosphate highlighting, and organic, forming important molecules
as adenosine triphosphate (ATP), nucleic acids, phospholipids, phospho-
proteins, and phosphoglucose. Which form the more minimal structure of
the raw material a cellular level [35, 42]. Those organisms that degrade
fully or partially organic P in tract gastrointestinal, promote PO, release.
Which is the only way the organism can use the full P [42, 43]. In the
vegetal ingredients forming the market diets, the organic P represents the
mayoritarira fraction in form of phytic acid which comprises up to 80%
of total [38, 44]. It is estimated that 60—80% of the total P content in the
grains and byproducts forming the phytic acid and its salts, having greater
affinity for metals like Ca**, K* and Mg™ [35, 38, 43, 44].

Due to this deficiency in the vegetal material, supplement the diets
marketed with P. In order to increase the use of P on the organism and
its bioavailability. Are used for this orthophosphate, Na*, Ca™, K, NH,"
and combinations which provide a small amount of P, however mow still
insufficient and in some cases may significantly raise the cost [42, 45, 46].

To ensure a good amount of P in diet and know the amount that the
raw material contains in their two fractions is most importantly a precise
analytical determination. This is achieved through various methodologies
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mainly those attached to the normativity of the AOAC [88], detailing
methods include detection of both fractions of P [36, 38, 42]. Important
information to decide the amount of P to supplement in dietary, because
in some cases 70% of P detected is phytic acid [44]. Table 10.3 shows
disproportionately more plant materials used to develop animal feed in
which the above is appreciated.

TABLE 10.3 Phosphorus Content in Some Raw Materials (g/Kg MS) [47]

Source Materials Total Phytate Inorganic Nonphytate Available
Comn 3.0 2.0 1.2 1.0 0.9
Oat 3.6 1.9 1.2 1.7 1.1
Triticale 4.4 3.0 1.5 1.4 1.3
Grain 3.9 2.2 1.1 1.7 1.2
Barley 43 22 1.1 1.7 1.2

This type of data is important to assign a precise value of available P
content. Of great value in diets for non-ruminants, where should be consid-
ered the nature of the P present in raw material, both total phosphorus and
phytic phosphorus [45].

10.3 PHYTIC ACID AND PHYTATES IN FEED MATERIALS OF
PLANT ORIGIN

Phytates (complex formed by binding of inositol hexaphosphate mainly
to metals) are the most abundant source of P storage in seeds and plant
material [48]. Preferentially accumulate in the seed, its content in stems
and leaves is low. The location varies by type of grain, wheat, and rye
between 80 and 90% are located in the aleurone and pericarp, maize, and
sorghum accumulate in the germ [43, 44]. In legumes has been identi-
fied concentrate in cotyledons, and distribution oleaginous in tends to
be diffused throughout the seed associated to globular bodies with high
protein [42, 49].

This complex identified initially as a source of P during germination;
however, other studies confirm that this is extremely important in the
seed for the prevention of oxidative stress and preventing the death of the
embryo [50]. Its function is directly related to the ability of phytic acid to
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chelate minerals such as Fe*™*, Ca™ and Zn"*, this reduces the formation of
oxidative compounds that may be created during germination [51].

Phytates present in various raw materials have certain distinctive char-
acteristics such as pH, stability, and even the location of the compound in
the material. These characteristics influence the solubility and therefore the
hydrolysis, which is closely related to the release of P [49, 52]. Important
fact to pretreat the raw materials to achieve decrease the amount of this
compound [53]. The industrials main treatments to reduce the presence
of phytic acid are chemical methods, such as alkaline and physical treat-
ment such as heating and extrusion. However, these types of treatments
have shown greatly affect the quality of food and their nutritional value
[39, 54]. A new option is the enzymatic treatment of the raw materials
and the incorporation therein of an enzyme capable of reducing levels of
this compound. These favors increasing the bioavailability of P and other
nutrients, without altering the nutritional characteristics [37, 45, 55, 56].

Phytic acid and the complex derived phytate are important as a source
of potential nutritionally P [35, 37]. In ruminants a fermentative process
originates at the gastrointestinal level, whereby the phytate is degraded by
bacteria in the rumen flora, and results in the release of P for subsequent
absorption by the animal [37, 57]. For this reason, various studies classi-
fied the as source phytate of non-digestible phosphorus for no ruminants’
organisms [35, 58].

At level of gastrointestinal tract in ruminants, the P present as part of
phytate has low availability. Because the organism consumes, primarily
poultry and pigs lack the enzyme necessary to degrade the compound or
at least in significant amounts which promote degradation, and the subse-
quent use of the P [36, 37, 58]. So, a lot of phytic acid appears in the feces
of the animal, which is of great prejudice, as decrease the quality of diets
and rises problems of environmental pollution [42, 58].

The stability of phytic acid is due to capacity of forming high strength
bonds with metals, and even high molecular weight compounds, such
reactions originate at the level of intestinal tract [7, 51].

Another feature of phytic acid, can form insoluble complexes with
proteins and starch [59]. The liaison formed by this compound are ionic
and are regulated by the pH of the medium [58, 59]. At low pH, phytic
acid binds with basic residues such as lysine, arginine, or histidine to
form highly stable insoluble complexes [37, 60]. The complexes formed
change the structure of the protein, reducing its solubility, digestibility,
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and functionality [40, 61]. These complexes decrease digestibility of
nutrients to the which it is attached, also derive an endogenous response
by the animal [58, 62]. The combination mechanisms cause in drastic
anti-nutritional effects which are directly associated with the interaction
capabilities of phytic acid [37, 63]. One of these mechanisms, maybe the
more harmful in animal nutrition is the ability of phytic acid to inhibit
enzymes crucial in the digestive processes, such as a-amylase, protease,
trypsin, pepsin, and lipase, inhibitions by interactions still unknown [64].

The advantage of the study of this compound is that it can get to know
more specific location, their mechanisms of action, the role within the
organization and how they interact under various conditions [44, 49]. This
opens an opportunity to improve animal performance, beyond seeing only
the phytate as a phosphorus source [37].

10.4 PHYTASE AS AN OPTION FOR DECREASING PHYTIC ACID
CONTENT IN PLANT MATERIALS

Phytases are part of the sub-family of enzymes acid phosphatase, of the
hydrolase type. These act by breaking bonds phosphomonoester, forming
myoinositol hexaphosphate and inorganic phosphorus compounds. That
have less or no effect antinutricional and chelator [3, 65]. Natural sources
of phytases are highly varied, some plants (cereals, legumes, tubers, etc.),
The intestine of certain non-ruminants, certain of the microflora microor-
ganisms the ruminant animals and other organisms included Aspergillus,
Bacillus, Pseudomonas, yeasts, etc. [65—67].

The hydrolysis of phytate by action of phytase, improvement the
absorption and retention of P, Ca™, Mg"™, Zn™, Cu*, Fe™" and amino
acids, especially in deficient diets [47, 59, 68]. This has shown reduced
by up to 50% of the pollution problem, if used foods supplemented are
phytase. In ruminant dung and partially in animals such as rabbits, the
phytase production by microorganisms in the rumen and cecum is abun-
dant so the use of phytic acid is not a problem [64]. However, the problem
lies specifically in non-ruminants lacking this enzyme, so the interest in
producing industrially phytases is high. Therefore, phytases of microbial
origin have received increased attention by the high potential, in the animal
feed industry.
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This has led to the development of various biotechnological processes
for the production of phytase industrially, mainly from fungal strains
among which Aspergillus species excels, microorganisms known for its
extensive enzymatic machinery [29, 30, 59, 69]. The phytases of fungal
origin have two main advantages over those of bacterial origin: the
optimum pH of phytase activity of fungal origin is between 2.5 and 5.5,
values similar to those held by the gastrointestinal tract of non-ruminants,
unlike bacterial phytases, having optimum pH of activity near neutral [3,
45, 70]. Besides, the recovery process of the fungal phytase is carried out
more easily because they are in their most extracellular unlike the bacte-
rial, which are intracellular, except those of the genus Bacillus.

This makes the purification processes phytases of fungal origin are
economically more viable [71, 72]. The microorganisms able to grow on
this condition are mainly fungus. Which have proven to be good producers,
even in to industrial scale processes as well as being less susceptible to
contamination and abrupt physicochemical changes in the system [72—74].

10.5 PHYTASE PRODUCTION FOR USE AS A FOOD ADDITIVE

Since phytic acid is one of the main sources of phosphorus storage and
some amounts of carbon, is a potential reserve for plants in which is
located [8, 44, 52]. To promote the dephosphorylation of this compound,
increase the bioavailability of the nutrients that are attached to it and take
use of its basic structural composition, as mentioned previously the most
viable is the use of phytase enzyme [32, 74, 75].

Generally, the main advantage of the phytases produced from fungi is
that they are extracellular, unlike those produced by bacteria, which are
intracellular except for the ones produced by Bacillus subtilis and Entero-
bacter [72, 76]. However, the production of phytase depends mainly on
the characteristics that want to be promoted in the enzyme, based on the
source of purity and foremost you want to produce [27, 77].

10.5.1 PLANT PHYTASES

In the case of the production of phytase in plants have been identified and
studied mainly in rice, wheat, corn, soy, and rye [43, 78]. Studies done
on these materials have shown that both phytic acid and phytase are key
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in germination; because of the degradation of this compound the plant
receives an extra contribution of phosphorus. During development of the
plant, the phytase activity is increased up to 10 times more [7, 49].

10.5.2 BACTERIAL PHYTASES

Moreover, in production of phytases bacterial, have identified various
microorganisms responsible, mainly B. subtilis, E. coli, Pseudomonas,
and Klebsiella [27, 57, 79]. In this type of microorganism, expression of
this protein has the function of phytate degradation, as auxiliary source of
nutrients [27, 89]. These strains usually tend to be isolated in soil near high
in organic matter.

10.5.3 FUNGAL PHYTASES

Due to the ability of fungi to metabolize a large number of raw materials.
Has greatly increased interest in the isolation and identification of novel
strains producing this enzyme, mainly including species of Aspergillus,
Mucor, Penicillium, and Rhizopus, microorganisms that have been tested
for production showing good result [27, 32, 63]. A unique feature, is that all
producing fungus of the enzyme, expressed a type of phytase extracellular
highly active and stable [3, 30]. Of these microorganisms, 4. niger was
identified as the active most producer of fungal phytase, being overcome
with minimal difference by A. ficuum. Both produce an enzyme exhib-
iting the highest rate of activity at pH 2.5, 5.0, and 6.0, and an optimum
temperature of 63°C, the latter being susceptible to change depending on
the microorganism which produces it [56, 90].

10.5.4 BIOTECHNOLOGY PHYTASES (PRODUCTION AND USE)

Over time, the use of fungi for the production filamentous enzyme has
increased rapidly and phytases are no exception. The industrial production
level of this enzyme has been achieved by use of fungal microorganisms,
fermentation cultures mainly in solid state and less frequently in liquid
fermentation [29, 50, 74]. The solid fermentation is a process in which
the low moisture content (40 to 80%) plays an important role, at the
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cellular level as to level physicochemical [28]. To develop such processes
have been analyzed mainly vegetable substrates, which meet minimum
nutritional characteristics and preferably contain high amounts of phytate,
which promotes the synthesis of the enzyme of interest. The substrates that
have shown to these features are wheat bran, soybean meal, corn meal and
canolameal [35, 55, 75]. In published studies using the raw materials listed,
in solid fermentation processes, the production of this enzyme shown to
be highly favorable. Due to the features provided by these substrates such
as support and encouragement of the physicochemical processes, transfer
of heat, oxygen, and nutrients [26, 29, 76]. An advantage of fungal micro-
organisms used for the production of phytases, filamentous metabolism is
that this is not affected by the amounts of anions formed in the middle, as
in the case of yeast as Schwanniomyces castellii, microorganism phytase
producing highly active susceptible to be affected by the above [65, 80].
Therefore, special interest in producing this type of enzymes, ensuring
always maintain its stability and activity until time of use is provided.

Due to favorable characteristics that phytase possessed and its practical
applications as an additive in diets of no ruminant this enzyme has taken
a position of great interest for biotechnological applications for the reduc-
tion of phytate content in fodder and commercial foods [77]. Phytases used
as an additive must prove that they are effective in releasing phosphate
from phytic acid and must demonstrate their effectiveness at the level of
digestive tract both to withstand the conditions of pH and temperature, to
perform this action [7, 81, 82].

As the enzyme is used in this process must show their strength charac-
teristics of heat inactivation of both food processing and of storage, finally
something that is very important is the cost benefit for the use of this
additive, which must be economically feasible for both the producer and
the consumer [28, 37, 68, 72].

From the features above mentioned the thermo stability is essential, this
due to use post-production which is precisely the field application, since
its main use is as granules, this method is often performed at temperatures
between 65 and 95°C [83, 84]. Therefore, the production of this enzyme is
not the main challenge, this occurs in both the recovery and the formula-
tion for which is mainly used as the chemical to coating phytase, process
that favors the thermal stability of the enzyme, being candidates for food
supplements [40, 65]. Therefore, it has been discarded that phytases
from other sources such as plant are useful in these processes, due to be
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inactivated susceptibility to the slightest changes in temperature and pH
[71].

Because of this and according to demands of the market to favor the
demands of feed search of microorganisms and substrates suitable for the
production of phytase is an important point in biotechnological applica-
tions aimed at agribusiness [37].

Besides this the current biotechnological process with the support
from other sciences such as genetic engineering and proteomics seek the
isolation, for production or otherwise making the perfect biotech phytase,
making it have thermal stability, it has tolerance to storage, transport long
term, and stability under environmental variation [12, 29, 45, 56].

The submerged fermentation (SMF) has been used as the main potion
in production technology. Recently SSF has positioned itself to the produc-
tion of primary and secondary metabolites [31, 32, 69].

Several authors have discussed the potential SSF, highlighting the
benefits brought for a lot of areas of work. Examples include bioreme-
diation and biodegradation of hazardous compounds, detoxification of
chemical residues, biotransformation, and nutritional enhancement of
crops and the production of biologically active secondary metabolites,
including antibiotics, alkaloids, growth of the plant enzymes, organic
acids, bio-pesticides, etc. [25, 85, 86]. Until a few years ago the SSF, were
a subject of limited investigation as it considered as “low-tech systems.”
Which in recent years was discarded because it seems to be promising for
the production of value added, generating products ‘low cost’ high volume
[12, 56].

The vast production of agro-industrial waste due to the increase of the
world population, is a latent advantage in this type of process [32, 87].

And there is no exception to produce phytase, by the culture condi-
tions, the nature of the substrate and availability of nutrients in sayings of
substrate are favorable for production factors [2, 87].

10.6 CONCLUSION

Therefore, been given importance in the use SSF with filamentous fungi
for the production of commercially important metabolites. Moreover, its
benefits lie in its simplicity in terms of equipment and control less expen-
sive process, adding that often results in higher yields compared to SMF.
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The wide application panorama and overall benefit of the biotechno-
logical enzyme derived from environmental, farming, and crop production
areas sets the ground floor for the evolution and improvement of the before
mentioned areas in the use of this enzyme. Moreover, without dough
something that needs to be considered in the use of this enzyme is that
without the proper study of the production cycle to ensure an accessible
price to all processes that imply the use of phytases base products.

The main features to win, coupled with the cost, is the thermal stability
and the very stability of the enzyme and/or enzyme preparation used as a
food additive. As this industry is the major stakeholder for the particular
use of the enzyme; Therefore, to improve the bioavailability of minerals
and nutrients by reducing the phytate content of a given food, and secondly
to produce functional food.

All this provides a point each day of study for biotechnological
processes and boost them, which is of significant importance for the
improvement of the livestock field coupled with the added value given to
agribusiness residues that are the main supports used for the production of
this enzyme.
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ABSTRACT

Polyphenols are secondary metabolites distributed in the kingdom Plantae,
as part of the bark, leaves, stems, flowers, and fruits; these polyphenols
have been currently classified according to their structural characteristics
into flavonoids, condensed tannins, phlorotannins, hydroxystilbenes, and
hydrolyzed tannins [1]. Within the latter group are the ellagitannins which
are esters od hexahydroxydiphenic acid (HHDP) usually linked to glucose,
so when the esters link is hydrolyzed by enzymes or acid-basic methods,
the HHDP group is released and undergoes molecular arrangement to
create ellagic acid [2].
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Ellagic acid is a hydrolysable polyphenol derived from the biotransfor-
mation of some biocompounds, like ellagitannase and corilagine present
in fruits like rambutan, pomegranate, red fruits, and nuts. The bioactive
compound has been used in several industries like pharmaceutical,
cosmetics, and food industries for the benefits that provide to human
health. This molecule has antioxidant, antiviral, antitumoral, and antican-
cerogenic activities.

The biotechnological production of ellagic acid is a feasible alternative
like getting it from microbiological sources, in which the fungus strains
have demonstrated that are the best to biotransform the compounds of the
sources to get ellagic acid. In order to obtain ellagic acid, the extraction
assisted from solid-state fermentation (SSF) has been an interesting way
to obtain this molecule. This technology is practical, innovative, and inex-
pensive so it can be implemented in developing countries.

This chapter is focus in the rambutan fruit as source of ellagitan-
nins, mainly, ellagic acid that rambutan fruit can provide and purpose
the biotechnological extraction method to obtain this biocompound for
the advantages that this bioprocess has above conventional methods and
emergent technologies. This chapter pretends to establish a new perspec-
tive in the food industry.

11.1 INTRODUCTION

Natural polyphenols have an essential group, the tannins, which are divided
into condensed tannins and hydrolysable tannins [3]. Hydrolyzable tannins
have two subclasses: the ellagitannins and the gallotannins [4].

The ellagitannins are polyphenolic compounds which are character-
ized by the presence of units of gallotannins and hexahydroxydiphenoyl
(HHDP) so called biarylic dehydrodigalloyl [4], which are esters with a
molecular weight of 300 to 20,000 Da. Ellagitannins are mostly water-
soluble, they act like weak acids and they can be found in plants where
they are among the most abundant groups of polyphenolic compounds
of their secondary, they accumulate in vacuoles of the cells and act as
protection of the plant in a stress situation, in addition to helping in some
functions of survival and adaptation of the plants to several environments

[5].
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The ellagitannins are composed of units of gallic acid attached to a
central sugar core, which is glucose and contains units of gallic acid linked
to each other by steric bonds of C-C baryl and diaryl ether CO, resulting
from the oxidative coupling of the phenolic compounds intra and inter
molecular [6].

The HDDP group that is the monomeric unit of the ellagitannins,
due to the oxidation process mentioned above and it is bound to polyols
by ester bonds [7]. When hydrolysis of ellagitannins occurs, the HDDP
groups separate from the glycosidic nucleus, and since these compounds
are not stable, they are lactonized quickly leading to the formation of a
dilactone, ellagic acid [8]. In Figure 11.1, is shown the synthesis of ella-
gitannins proposed by Chen and Hagerman [9]; and Chavez et al. [10],
where the molecule of geraniin is lactonized and lose its HDDP group and
the glucose group to create the ellagic acid.

HHDP —
Lactonization

-
© Hidrolysis
HO-
0 0
GO.
HO OH 0G
'0G

Tellimagradin I

Ellagic acid

FIGURE 11.1 Synthesis of ellagitannins.

11.2 ELLAGICACID

Ellagic acid is a dilactone and potent bioactive compound; it is a poly-
phenol that can be found in pomegranate, rambutan, grapes, walnut, and
berries. It is widely used in several industries such as food in which is
consumed in jams, fruit juices and other beverages [11], pharmaceutical
industry in which some studies have demonstrated that this ellagitannin
has antiepileptic activity in mice, this is probably through the increase
of GABAering transmission in brain [12], also the ellagic acid with the
inhibition of aldorecutase activity, has a therapeutic promise to treat or
prevent complications of diabetes by this ellagitannin present in many
dietary sources, and cosmetics. Ellagic acid is an important molecule due
to its biological activities, as antimicrobial, antiproliferative, antitumoral,
and antiviral, promotes good in human’s health (Figure 11.2) [13].
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o)

FIGURE 11.2 Chemical structure of ellagic acid.

Most of the ellagic acid produce by conventional methods is produced
by acid hydrolysis and solvent extraction, which can be polluting with the
environment, and also, these techniques can be harmful in the recovery
and purification of this compound, also, the cost is increased. Recently
by exploiting agro-industrial wastes using fungal strains and fermentation
processes, the ellagic acid production has been carried out [14].

Sepulveda et al. [ 15] separated ellagic acid from pomegranate produced
by a SSF process using Aspergillus niger GHI purifying it by molecular-
size exclusion chromatography and subsequent identification using HPL/
ESI/MS; being able to separate the ellagic acid. In pomegranate the main
polyphenol compounds were punicalin, punicalagin, and ellagic acid which
demonstrated that is a good alternative to use this bioprocess for purifica-
tion and separation of ellagic acid, which has already been mention, can be
applied in food science or in the pharmaceutical industry.

Likewise, another research study describes the accumulation of
ellagic acid by a SSF using A. niger GH1 and powdered pomegranate
peel as support [2]; authors evaluated several culture conditions, such as
temperature, initial humidity, inoculum levels, and concentrations of salts,
being the temperature, the concentration of salts of potassium chloride
and magnesium sulfate, the significant parameters in the accumulation of
ellagic acid.
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11.3 SOURCES OF ELLAGITANNINS

Ellagitannins can be found in several variety of plants (Table 11.1), such
as oaks or chestnuts and some fruits like pomegranate, rambutan, grapes,
walnut, and red fruits, like blueberries and raspberries, mainly through the
quantification of the ellagic acid present [16].

TABLE 11.1 Sources of Ellagitannins

Source Ellagitannins References

Pomegranate Punicalin, punicalagin [17, 18]

Raspberry Penduculagine, sanguine, Galloylbis-HHDP [19]
glucose isomer

Wine (oak) Vascalagine [20]

Rambutan Geranine, corilagine, ellagic acid [21]

Blackberry Penduculagine, castalagine/vascalagine, [22]
lambertianine

Nuts Ellagic acid [23]

11.4 RAMBUTAN

Rambutan is a tropical fruit, belongs to Sapindaceae family original from
the southeast region of the Asian continent, mainly from the countries of
Malaysia, Indonesia, and Thailand [24]. It is defined as an exotic fruit that
began to be cultivated in Central America where the agroclimatic condi-
tions are similar to the conditions of origin.

The name of the rambutan derives from the Malay Word “rambut”
which means hair, this to the fact that the pericarp of the fruit is covered
with a kind of soft spines that resemble hair [25]. The rambutan tree is
medium size and its normally 12-20 meters tall, its leaves are perennial,
10 to 30 cm long with a color that ranges from light to dark green, the
leaves are made up of 3 to 11 leaflets, 5 to 15 cm long and 3 to 10 cm long
[26, 27].

Rambutan fruit is a drupe that measures around 2 to 3 cm and is made
up of peel, pulp, and seed, the shell is between 3 and 4 cm thick and
has a range of colors that can vary from yellow, red, brown, and orange;
rambutan is characterized by the presence of soft spines around the entire
fruit (Figure 11.3) [28].
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FIGURE 11.3 Rambutan: Peel, pulp, and seed.

The pulp covers the seed which has an almond-like shape and is
approximately 2 cm wide and 3 cm long. In general, the fruit has a sweet
flavor, but sometimes it can be a little acidic; the harvest of the fruit is
carried out once it has reached its ripening, which is distinguished by the
color range in the fruit [28].

The pulp of the fruit is normally consumed fresh. Industrially, it is used
in several products, such as juices, jellies, or jams [29]. The pulpis the
only edible part of the fruit, so the peel and seed are considered residues,
which can be used for the development of alternatives for use and recovery
due to a several compounds present in them, and evaluate their possible
biological properties [30].

Solis-Fuentes et al. [31] reported that rambutan fruit has pulp, seed,
and peel, with a weight average formed by all of its parts which consisted
in the ones that already been mentioned, and the percentages by weight of
each part of the fruit is represented in Table 11.2.

TABLE 11.2 Percentage and Weight of Constituent Portions in Rambutan Fruit

Fruit Part Proportion (%) Weight (g)
Whole fruit 100 27.4 (£2.2)
Seed 9.5 (£0.7) 2.53 (+0.22)
Pulp 44.8 (£2.5) 11.7 (£0.6)
Peel 45.7 (£3.2) 13.2 (+1.8)

Embryo 6.1 (£0.6) 1.60 (£0.21)




Advances in the Biotechnological Process for Obtaining Ellagic Acid 171

11.4.1 SEED

For the rambutan seed, several researches have been carried out on the
physicochemical properties, in which the seed has a weight of approxi-
mately 6.1% of the fruit. In a proximal analysis determined by Serida et
al. [32], the data obtained were that the seed possess 12.4% of protein,
48% of carbohydrates, 2.26% ashes and 3.31% of moisture; also, the main
fatty acids evaluated of the rambutan seed were 40.45% of oleic acid and
36.36% of arachidonic acid.

Mahmood et al. [27] reported that abundant fat content above 14-41%
with oleic acid, renders the seed a novel source of vegetable fat; the
authors considered the possibilities of using seed fat in chocolate (30
wt.% substitute) and personal care products are also on the focus. Authors
also mentioned the nanostructured seed fat is reported for encapsulation
off soluble vitamins (like vitamin E) and additionally, the seed contains
most of the essential and non-essential amino acid that are concentrated as
protein concentrate.

Due to their high content of nutritional compounds such as proteins,
oil, and carbohydrates among others, rambutan seeds can be used in food
industry for several applications.

11.4.2 PULP

According to Fraire [33], the pulp of the rambutan is consumed fresh,
due to it is the only edible part of the fruit and water is the largest
component. Fila et al. [34] determined the physicochemical analysis of
rambutan pulp (based on (g/100 g) in which the proximal composition
of fresh rambutan was: moisture (78.46 g), protein (0.66 g), crude fiber
(0.38 g), amino acids (19.66 g), carbohydrates (0.24 g), and ash (0.60
g). Compared to the rambutan seed, the fat content in the pulp is lower
[35].

Vargas [36] reported a study with the micro and macronutrients of
rambutan pulp in which nitrogen was the most abundant macronutrient in
the fruit while sulfur was the least, the values of the nutrients reported are
shown in Table 11.3.
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TABLE 11.3 Content of Minerals in Rambutan Pulp

Minerals in Rambutan Pulp (mg) in Dry Base

Macronutrients S Mg P Ca K N
4-6 9-13 11-13 22-31 63-81 77-87
Micronutrients Cu Zn B Fe Mn

0.08-0.10 0.09-0.11 0.12-0.16 0.16-0.23 0.26-0.38

11.4.3 PEEL

The rambutan peel is one of the main constituents of the fruit, which can
reach up to 43-57% of total weight depending on the type of crop and its
maturation. Mahmood et al. [27] determined the proximal composition of
rambutan peel (based on (g/100 g) in which the physicochemical analysis
of rambutan peel: moisture (72.05), lipids (0.23), carbohydrates (23.78),
protein (2.04), fiber (0.7) and ashes (1.2).

Also, Hernandez et al. [37] determined and reported the mineral content
of dry rambutan peel in mg/L with the following results: Mn (0.14), Cu
(0.070), Na (0.04), Fe (0.29), Zn (0.080), Mg (0.15) and Ca (0.51); also
exhibits a chemical composition of fiber as cellulose with a reported value
of 24.28 + 2.30 (% w/w), hemicellulose with a reported content of 11.62
+ 2.31 (% w/w) and lignin with a reported value of 35.34 + 2.05 (% w/w)
[38].

In Table 11.4, we can see the values of the proximal analysis of the
seed, pulp, and peel of rambutan fruit. In the physicochemical analysis of
fiber, it can be compared that the peel has a higher value over the pulp, the
authors did not report realizing the fiber analysis of the seed, but instead,
they reported the fatty acids that the seed possess (like oleic acid). Also, it
can be compared the moisture of each part of the fruit, being the pulp with
the highest value.

TABLE 11.4 Physicochemical Analysis of Rambutan Fruit

Compound Seed (%) Pulp (g/100 g) Peel (g/100 g)
[32] [34] [29]

Moisture 33 78.4 72.0

Lipids - 19.6 0.2

Carbohydrates 48.0 0.2 23.7



Advances in the Biotechnological Process for Obtaining Ellagic Acid 173

TABLE 11.4 (Continued)

Compound Seed (%) Pulp (g/100 g) Peel (g/100 g)
[32] [34] [29]
Protein 12.4 0.6 2.0
Fiber - 0.3 0.7
Ashes 2.2 0.6 1.2
Oleic acid 40.4 - -
Arachidonic acid 36.3 - -

Rambutan peel has a high content of phenolic compounds that have
been reported by Okonogi et al. [39]; and Palanisamy et al. [40], in their
researches they also reported it has a high antioxidant activity, also, the
rambutan peel has been reported that it is a potential source of antioxidants
to be implemented in pharmaceuticals, cosmetics, and food products due
to its nontoxic capacity for normal cells and antioxidant activity content.
The peel is an interesting source of bioactive compounds compared to
rambutan seed or pulp extracts, the amount of antioxidants compounds is
greater in which it contains a greater amount of antioxidants compounds,
which are mainly polyphenolic compounds in which hydrolyzed
compounds are the greater amount, known for their several biological
activities which includes corylagine, ellagic acid and geraniin, these are a
group of ellagitannins that are present in rambutan peel, also, geraniin is
the major compound present [41].

According to Skerget et al. [42], one factor that must be considered to
known the polyphenol content in rambutan peel is the cultivation and fruit
stage development. However, some factors have been studied to obtains
these compounds such as extraction technique, type of solvent, tempera-
ture, particle, size, pH, and solvent-to-solid ratio, which contribute to the
efficacy of polyphenol extraction [43].

Due to the presence of these compounds and their importance derived
from the attributed biological activities, the interest in taking advantage
of agro-industrial waste, such as rambutan peel, has increased. It has
been reported that rambutan peel extracts due to the presence of phenolic
acid compounds and ellagitannins, have a high antioxidant activity due
[21].
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Palanisamy et al. [40] evaluated the antioxidant activity of an etha-
nolysis extract of rambutan peels compared to grape extract and vitamin
C, the result of this research showed the extract of leaves and rind of
rambutan fruit displayed the highest capacity to inhibit the radical HHDP
with the ethanolic rind extracts having the highest 1/IC, value compared
to a grape extract and vitamin C.

The antimicrobial activity has been reported for extracts of rambutan
peel. Sektar et al. [68] showed that bacteria Gram (+) had been sensi-
tive to the actions of the methanolic compounds of rambutan peel. In
another research, inhibitory effect of the growth of microorganisms
(pathogenic bacteria like Staphylococcus epidermidis, Enterococcus
faecalis, and Staphylococcus aureus) was observed using extracts of
rambutan [69].

Several anticancer studies have shown the antiproliferative activity
of the extracts of rambutan peel against MDA-MB-231 and MG-63
cell lines for breast cancer with IC, values of 5.42 £1.67 u/mL, HeLa
cell lines for cervical cancer and MG-63 osteosarcoma cancer cell lines
[70].

Another study demonstrated the anti-inflammatory and analgesic
activity of methanol extract from rambutan seeds has. The biological
activities (anti-inflammatory and analgesic) of 58.86% and 51.27%
respectively were exhibited from the extract [71]. Also, studies
performed by Ahmad et al. [44] with rambutan peel in which were
observed antiviral activity by inhibiting the mechanism of viral choring
against the type 2 dengue virus (DENV-2), with an IC of 1.75 uM,
besides, the studies demonstrated that the compound inhibits viral
binding by binding to the E-DIII protein and interfering with the initial
cell-virus interaction.

11.5 EXTRACTION OF ELLAGITANNINS

The ellagitannins have been extracted mainly by conventional methods
and recently the use of new technologies has taken a boom. In conventional
methods, organic solvents are used such as methanol, used water, acetone,
ethanol, and ethyl acetate in order of use [45]. Hernandez et al. [37]; and
Thitilertdecha et al. [21] reported that ellagitannins can be obtained by a
methanolic or ethanolic respectively.
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In order to guarantee the extraction efficiency of ellagitannins on the
extraction process, a sample pretreatment before the extraction may be
needed, also, the sample pretreatment depends to the moisture content and
the complexity of the sample matrix, which, depending on the case, may
decrease the extraction of the analyte from inside the cell, if the sample
gets dried [46]. Due to the water content, in some cases, the stability of the
sample could decrease because of enzymatic reactions that can happen due
to the presence of water [47].

The use of new technologies is looking to reduce the use of contami-
nant solvents and getting better results in the extractions of these compo-
nents. Some of the latest technologies are pressurized liquid extraction,
ultrasound (US)-assisted extraction, simultaneous distillation, pressurized
extraction with hot water, microwave-assisted extraction, and supercritical
fluids extraction [45].

11.6 EMERGENT EXTRACTION TECHNOLOGIES

Through the years, new technologies have emerged as alternatives to
standard extractions, with more significant advantages, because they are
automated, with higher reproducibility and selectivity and they are faster
than conventional methods. Furthermore, the solvents used in these tech-
nologies are less polluting and more sustainable than the solutions used in
traditional technologies [48].

These techniques include simultaneous distillation dual, pressurized
liquid extraction, US-assisted extraction, pressurized extraction with
hot water, microwave-assisted extraction, and supercritical fluid extrac-
tion [72]. However, one of the disadvantages of these techniques is the
complexity and difficulty to be implemented in developing countries, as
well as the use of high temperatures which can damage the compounds.
Currently, the use of other sustainable techniques for tannin extraction has
been requested, so the bioprocess being one of them. Among the biopro-
cess used for these purposes, SSF stands out.

11.7 SOLID-STATE FERMENTATION (SSF)

According to Cannel and Moo-Young [49], SSF is defined as “the fermen-
tative process in which microorganisms grow in solid materials without
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the presence of free liquid.” This may be possible because of the moisture
necessary for the growth of the microorganisms in the substrate.

Two types of SSFs have been distinguished; in the first one, the micro-
organism grows in the natural material (like agro-industrial waste), and in
the second, the substrate where the microorganism grows is inert, but this
is impregnated with liquid culture medium to promote the growth [50].

Since it requires less capital, small equipment, and lower operating
cost, developing this biotechnological process seems easy to implement,
in addition to having environmental advantages, since it allows the use of
agro-industrial waste as a substrate [51]. Also, we must consider the disad-
vantages that this process has, like the microorganism used, which has to
be one that grows at low water content (like filamentous fungus) because
one of the factors of SSF is the low levels of water that this process has,
the reactors used (like Petri dish in the laboratory) and to scale it to be
used in industrial range and the time used in developing this bioprocess for
obtaining the compound in interest.

The influence of inert supports of the production of ellagic acid has not
been studied at all, therefore, the study was carried out by this method with
the Aspergillus niger GH1 strain using three inert supports of polyurethane
foam, nylon fiber and perlite using as carbon source partially purified
pomegranate peel ellagitannins [52]. The authors obtained a high yield in
the production of ellagic acid in a shorter period compared to emergent tech-
niques of extraction of phenolic compounds [53] providing an alternative to
produce ellagic acid at a lower cost and reducing environmental pollution
generated by the use of chemical solvents in conventional extraction ways.

Due to these circumstances, ellagic acid production has been carried
out by exploring fungal strains and fermentation processes using agro-
industrial wastes. Buenrostro et al. [13] reported with ellagitannase
as biocatalyst, which was attached to polyurethane foam, a continuous
system for ellagic acid production SSF.

11.8 FACTORS INFLUENCING SOLID-STATE FERMENTATION
(SSF)
11.8.1 MICROORGANISM

The most used microorganisms to perform in SSF are generally fungi,
bacteria, and yeast, however, filamentous fungi are more suitable because
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they can tolerate lower water activity (WA) and can grow quickly on the
substrate, besides, they help to get the products of interest because they
produce a higher amount of enzymes [54].

11.8.2 SUBSTRATE

Agricultural and forest residues are the most commonly used substrate to
perform a SSF due to great abundance and non-specific use, which repre-
sent a high source of contamination. Some examples of agriculture’s resi-
dues reported in SSF processes are bagasse from sugarcane and cassava,
as well as residues from some cereals, such as wheat, rice, and oats [55].

The husk of several fruits, coffee pulp, and other residues from different
fruits and plants have also been used. All these substrates have a high
content of molecules, such as, pectins, starch, hemicellulose, cellulose,
lignin, etc., which is used by microorganisms’ growth. The substrates
usually contain all the sources necessary for the microorganism to grow.
However, in several cases, it is necessary required to add some macro
and micronutrients, such as phosphorus, sulfur, calcium, magnesium, iron,
zinc, cobalt, and iodine, this is for optimal growth [55].

11.8.3 INOCULUM TYPE

The inoculum used is of importance to the efficiency of a SSF; usually,
the medium is inoculated with spores instead of using vegetable cells, this
because the spores carry out the same reactions as the fungus mycelium,
besides, their isolation and the preparation of the inoculum is easier and
can be store for later use [50]. However, some of the disadvantages they
present are that their growth requires more time, the germination and
growth conditions can vary according to the substrate and, finally, a higher
amount of inoculum is needed.

11.8.4 MOISTURE AND WATER ACTIVITY (WA)

For a SSF to be carried out in the best way, it is important to take into
account the humidity of the medium. Fungi are microorganisms that
require an environment with adequate moisture for their growth. Low and
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high levels of moisture can cause an inappropriate absorption of nutrients.
Therefore, affects the stability of enzymes and it hinders the growth of
microorganisms [56].

SSF process uses humidity values between 30% and 85% in general,
but it must generally be between 20% and 70% for fungal strains [57].
The water that the microorganisms require for their metabolism in a SSF
is determined as the WA present in the substrate. WA can be defined as the
available water that can react with the substrate. This largely depends on
the ability of the substrate to bind water molecules.

The WA of the substrate decreases during the fermentation due to its
dehydration or the accumulate of solutes in the substrate, and low WA, as
well as moisture, affects growth, which leads to less biomass production
[54]. WA and humidity are closely related so that if there a change in one
of them, it will have a great impact on the other [58].

11.8.5 PH

The pH is another essential factor to consider in a SSF; changes in pH
values according to the process carried out and its greatly influenced by the
production of organic acids during fermentation, which causes decrease;
on the contrary, the assimilation of organic acids presents and the alkaliza-
tion of urea present can increase the pH.

Filamentous fungi are microorganisms that tolerate a wide pH range
since they can see grow between values of 2 to 9, but their optimal pH is
in the field of 3.8 to 6 [58].

The pH is an important factor to be considered during process
fermentation, due to microorganisms’ ability to grow at a low pH
can significantly prevent contamination with other microorganisms.
However, the control of pH in a SSF is hard, because the system is
heterogeneous and because they are not equipment to measure the pH
in stable systems. In order to control this situation, a buffer solution
can be added, that does not interfere with the biological processes of
the fermentation, or the substrate can be formulated from the beginning
when considering the components and their ability to act as a buffer
[59].
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11.8.6 TEMPERATURE

The most important physical factor for the development of a SSF is the
temperature: due to the enzymes and specific metabolites produced that are
highly sensitive to temperature. The filamentous fungi stand temperatures
range between 25 to 55°C, and the optimal temperature differs depending
on the product of interest to be produced; therefore, they are the most
efficient microorganisms to perform a SSF [60].

Temperature is a difficult factor to control since solid materials do
not have adequate thermal conductivity; therefore, the devices normally
used to conduct heat or energy do not work correctly on these substrates.
Therefore, what is normally done to control the temperature to a certain
extent is through the elimination of heat, mainly by aeration or evaporative
cooling [61].

11.9 BIOTECHNOLOGICAL PRODUCTION OF ELLAGIC ACID

Organic solvents like methanol, acetone, ethyl acetate and hexane, are
commonly used in conventional extraction techniques to recover phenolic
compounds from plants. However, the environmental pollution toxicology
is associated with the use of these solvents, that’s why emergent tech-
nologies of extraction of bioactive compounds have improved the yield
extraction and one of them is the biotechnological extraction. The use
of bioprocesses such as enzymatic processes of extraction of bioactive
compounds from agro-industrial products and fermentation have been
reported by some authors [2].

There are several derivates of ellagic acid existing in plants, formed
through metoxylation, glycosylation, and methylation of its hydroxyl
groups [11]. Although under different reactions conditions, as microbial,
enzymatic, or chemical conditions, ellagitannins change to free ellagi-
tannin and their derivates changing reactivity, solubility, and mobility
of these derivates and, a consequence of these reactions, its biological
capacity depending on its structure.

Enzymes for ellagic acid production have been used but in SSF
has been poorly evaluated, the action of one or more enzymes to
ellagitannins biodegradation into ellagic acid have been reported by
some research groups; due to this research Ascacio-Valdés et al. [2]



180 Quantitative Methods and Analytical Techniques in Food Microbiology

evaluated the activities of the enzymes on releasing ellagic acid from
ellagitannins of pomegranate, reporting that only ellagitannase or
ellagitannin acyl hydrolase was associated with the accumulation of
ellagic acid in SSF.

Just as the use of enzymes in the production of ellagic acid, microbial
hydrolysis has also been poorly evaluated in SSF. Ascacio-Valdés et
al. [62] reported that in SSF, A. niger GHI was able to grow and also
produce ellagitannase enzyme. The ester bonds among HHDP group and
glycosides are degraded by ellagitannase which has a high specificity,
allowing the ellagic acid accumulation in the model that the authors
proposed.

The process of SSF consists that in the absence of water, the microbial
growth and formation on surface and inside of a porous solid matrix [63],
where simulating natural growth conditions, the substrate must contain
enough moisture to allow the microorganism growth and metabolism
[64]. Also, the critical limitation point is the water availability in SSF,
which can interfere in the growth and metabolism of the microorganism;
this availability water responds to WA which determines the equilibrium
between the gaseous atmosphere with the substrate.

In research reported by Buenrostro et al. [13] the ellagitannase produc-
tion of pomegranate was performed in several sterile columns considered
bioreactors packed with a homogeneous mixture containing corn cobs,
coconut husk, sugarcane bagasse and candelilla stalks. The results of this
research settle that all the tested agro-industrial products have a good
potential to be used as support in SSF process.

In Table 11.5, can be compared the values obtained of ellagic acid of
some research with SSF extraction method.

TABLE 11.5 FEllagic Acid Obtained with a Solid-State Fermentation Extraction Method

Substrate Portion References
Pomegranate peel 21 mg/g [65]
Pomegranate 42.02mg/g [2]
Inert material (PUF) 231.22 mg/g [13]
Tea waste 42.35 ng/g [66]

Pomegranate peel 132 mg/g [15]
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In Table 11.6 can be compared the values of ellagic acid with different
methods of extraction, among that in some studies (like conventional
with the use of harmful solvents), the value of ellagic acid is higher than
biotechnological extraction method, however, must be remembered that
the disadvantages of conventional methods are that the use of them is
harmful to the environment.

TABLE 11.6 FEllagic Acid Values of Different Extraction Methods

Substrate Extraction Method Portion References
Strawberries Sulfuric acid/pyridine 226 +£5.40 mg/100 g [67]
Blackberries Sulfuric acid/pyridine 82.71 £ 6.56 mg/100 g [67]
Pomegranate peel Solid-state fermentation 21 mg/g [65]
Pomegranate Solid-state fermentation ~ 42.02mg/g [2]

Inert material (PUF) Solid-state fermentation  231.22 mg/g [13]

Compared with chemical methods in ellagic acid production, this
research shows that the development of a bioprocess for ellagitannase
production could offer economic and environmental advantages.

11.10 CONCLUSION

The ellagitannins biotransformation results in a bioactive compound of a
high biological relevance such as the ellagic acid; however, this is a process
that has been poorly explored. Several studies have been realized about
the extraction of this compound by conventional technologies or even by
emergent technologies such a microwave. However, it has been reported
that traditional extraction methods have operational disadvantages as for
recovery performances of these phenolic compounds, the environmental
pollution, and the use of dangerous solvents.

So, with this explanation, the SSF of ellagic acid has come up as an
alternative for this bioactive compound extraction. In rambutan peel, in
particular, the current information regarding using bioprocesses for the
extraction of compounds is scarce compared to the reference information
used by emergent technologies as US.

It is necessary to evaluate new extraction sources of these phenolic
compounds and used them to provide the development of new scientific
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knowledge using the natural resources of our country; to obtain unique
and different results, it must search new ways to obtain ellagitannins for a
bigger picture in the studies that in a future could be compared, confirmed,
and get to get a discussion with the current information.
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ABSTRACT

The most crucial challenge to preserving foodstuffs is microbiological
stability since it determines the food safety and shelf life of products.
Since ancient times, many methods have been used to stop or slow down
food spoilage and consequently minimize any chance of foodborne illness,
and these methods have evolved over time. This evolution has accelerated
a lot in recent years due to consumer demands, which depend on changes
in lifestyle, consumption habits, chronic diseases in the modern popula-
tion, and the green and efficient methods demanded by the industry. Today
consumers demand high nutritional value, functional properties, health
benefits and fresh-like appearance, in addition to the strictly necessary food
safety; thus, new technologies seek to meet these needs. In this chapter,
the main conventional physical and chemical methods are discussed to
introduce the novel thermal and non-thermal technologies used in food
preservation, such a microwave, radiofrequency, infrared, ohmic heating,
high-pressure processing, ultrasound, pulsed electric fields, pulsed light &
UV, ionizing radiation and cold plasma.

12.1 INTRODUCTION

The main objective of the food preservation is to get innocuous products
with a long shelf-life, it means to handle food in such a way as to stop or
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slow down spoilage and consequently minimize any chance of foodborne
illness and in turn maintaining the optimum nutritional value, flavor, and
texture. Microbiological stability is the main limitation of quality and
determines the shelf life of fresh cut products. However, ripening, and food
processing also lead to cell damage, changes in the physical structures and
the release of nutrients and thus causing the optimal conditions for the
development of microorganisms and physical, chemical, biological, and
biochemical changes that alter the quality of food. However, the “food
preservation” concept has gradually changed throughout years. Nowadays,
the term preservation is not only associated to methods to ensure the food
safety but also characteristics such as nutritive, functional, health-benefits,
and fresh-like appearance are coveted. This modification of the concept
has been largely influenced by changes in the lifestyle, consumption
habits and presence of diseases in the modern population as well as the
industry demand for green and efficient methods. Therefore, the initial
and conventional methods used to ensure the food innocuity begin to be
revaluated, replaced, or even fashioned to novel technologies with the
main objective of produce safe, healthy, and attractive food products. So,
in this chapter the principal conventional and emerging technologies used
in food preservation will be discussed.

12.2 CONVENTIONAL METHODS

Based on the kind of processing, the conventional method for food preser-
vation can be classified such as chemicals and physicals. Into the chemical
processes, the application of chemical substances to perform washing,
dipping or conservative additives, while physical methods imply the use
of thermal and cooling methods and reduction of water activity (WA).

12.3 CHEMICAL METHODS

Among conventional methods, the use of chemical compounds or additives
to perform conservation treatments such as washing, immersion (dipping)
and gaseous stand out. These chemical substances can be found in nature
or synthesized in a laboratory and can be classified such as antimicrobials,
antioxidants, or root inhibitors. So, chemical compounds can be applied
in a wide number of methods such as washing, dipping, gas, etc. Usually,
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the washing treatments are used not only to remove residues and possible
contaminants added during harvest but also to eliminate microbes and
tissue fluids released during the food processing. Moreover, washing
with antimicrobial and antioxidant agents are commonly used to improve
the quality of the fresh-cut products. Hypochlorite and potassium meta
bisulfate are the most used chemicals to maintain the fresh-like quality
of fresh products [1]. In addition, washing treatments with antimicrobial
agents such as can be used to reduce microbial counts and maintain physi-
cochemical characteristics during storage of fresh-cut products [2].

Similar to washing treatments, the dipping method is another popular
technique used to preserve fresh commodities, reducing the microbial
growth, and avoiding the physiochemical degradation of those foods.
Hydrogen peroxide immersion treatments have shown a positive effect
in the reduction of microbial counts; however, it has a negative effect on
the antioxidant capacity and the content of bioactive compounds in fresh
cut tomatoes [3]. Some studies propose the use of immersion washes with
agents such as citric acid, chlorine dioxide, ozone, and peroxy-acetic acid
to induce a reduction of the microbial loads. The application of edible
films is also effective in the conservation of FFCs [4]. The ability of these
treatments to maintain the quality of FFCs is attributed to the formation
of a semipermeable film in the product, altering the permeability of
water, oxygen, and carbon dioxide, reducing respiration, and delaying the
senescence of the fruit [5]. Also, the chemical volatile compounds have
shown excellent results in the preservation of food quality, reducing the
metabolic respiration, and thus delaying the chemical changes involved in
food ripening. The use of 1-methyl-cyclopropane (1-MCP) can retain the
physicochemical characteristics of fresh tomato cut during storage at 5°C
[6]. The use of volatile compounds such as jasmonate and ethanol reduces
the microbial load and maintains the content of bioactive compounds
during the refrigerated storage (5°C) of the cut products [7].

12.4 PHYSICAL METHODS
12.4.1 THERMAL PROCESSING

The thermal processing methods have been considered the most common
way of preserving food for more than 150 years, since the great majority
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of pathogenic microorganisms are killed at high temperatures. In those
processes, the food is placed into a unit where is heated to a certain
temperature for a certain time and thus, the microorganism and/or
enzymatic inactivation is promoted. The principal conventional thermal
methods used to ensure innocuity and preserve the food commodities
are pasteurization, sterilization, hot air drying and ultrahigh temperature
which are applied to induce changes that improve food quality by different
food production operations. Both, temperature, and time, are principal
study parameters influencing the effectiveness of thermal methods.
Therefore, design of thermal processing is based on the inactivation of the
most thermal-resistant undesirable microorganism or enzyme in the food
product, and thus ensuring the safety and quality of the processed food.

The main thermal processes used for food preservation are commonly
described as commercial sterilization and pasteurization. The objective of
the commercial sterilization is to ensure the food stability under ambient
conditions from months up to years and where no spores and vegeta-
tive cells that can grow under that storage conditions. Thereby, the final
shelf-life of the sterilized food products are not only determined by the
microbial presence but also by the physicochemical and/or sensorial char-
acteristics. On the other hand, pasteurization is a milder thermal process,
where pathogenic microorganisms, notably vegetative cells, yeasts, and
mold are inactivated. However, to guarantee the food stability and safety,
pasteurization needs to be used with a complementary physical method
or chemical preservatives. Pasteurization is carried out at temperatures
between 65° and 100°C for a specific time and is usually applied in a wide
variety of beverages. Pasteurized food products have a shelf life from a
few days (e.g., pasteurized milk and product with high aw) to months or
years (e.g., juices, and products with low aw).

12.4.2 COOLING-FREEZING

The temperature is a physical measure that relates the internal energy of the
system, which is directly proportional to their level of molecular agitation
and vibration. At lower temperatures, the energy level is smaller, as will
be slower the reactions involving them [8]. The above principle is applied
to food preservation by cooling at temperatures between 4 and 8°C, where
the water in food products keep in liquid state and the physicochemical,



Novel Methods of Food Preservation 193

microbiological, and biochemical reactions responsible for food spoilage
occur but very slowly. The cooling/freezing process is used in the food
industry for ensuring the shelf-life extension of products with minimal
changes in sensory and nutritional attributes. However, it is important to
remark that this process does not result in microbial inactivation, because
cooling only reduce the microbial growth rate, depending of the nature
of the microorganism either thermophiles, mesophilic, psychrophilic, or
psychotropic, since each microorganism has a minimum temperature of
development, and below this temperature it remains in a latent state.

Freezing is a more extreme process where the temperature reach values
below 0°C for long-term preservation of food products. During freezing,
the latent heat is removed by lowering the temperature of the food and
boosting the ice crystals formation, reducing the WA and therefore the
growth of microorganisms and enzymatic reactions [9]. In fact, chilled or
refrigerated foods have a medium shelf-life of days or weeks, while the
shelf-life of frozen foods can achieve long shelf-life periods of several
months.

In regard to safety in frozen products, it supposed that microorgan-
isms enter into latency state, and in some cases inactivated due to the low
temperatures, however, in cases when the reduction of microbial load is
required, additional method of preservation as pasteurization should be
used for safety assurance in consumption. It is considered that frozen foods
are preferred by consumers since it ensure better organoleptic properties,
nutritional value, and above all freshness than dried products, concentra-
tion, and pasteurization. Within the main applications of this method is for
preserve most fresh vegetables, fruits, meats, fish, breads, and cakes.

12.4.3 WATER ACTIVITY (WA) REDUCTION

The water activity (a ) concept has been very useful in food preservation
since it has served as the basis for the design of different preservation
processes and the creation of new food products. WA is a measure of the
amount of water available in the food and it is defined as the ratio between
the vapor pressure of water exerted by the food and the vapor pressure of
pure water at the same temperature (FAO: Food and Agriculture Orga-
nization). This parameter varies between 0 and 1, the higher the value
of a_ the food is more unstable by spoilage reactions. There are critical
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a, values that correspond to maximum and minimum values for both
physical and chemical reactions, values between 0.2 and 0.3 represents the
region of optimum moisture content in which dehydrated food products
have the maximum shelf life. Above this value, chemical reactions that
need an aqueous phase begin, and at lower values, the rate of lipid oxida-
tion increases, compromising the shelf life of food products. At values of
a_ between 0.35 and 0.45 physical changes such as loss of crunchiness,
adhesiveness of powdered products and hardening of sweets begin. Within
the methods focus on a  reduction are concentration and drying processes.
In the concentration process, the amount of water removed from the food
is relatively small. As a result, the final a_ still allows microbial growth
and an additional preservation method is needed as thermal pasteuriza-
tion processes. The osmotic dehydration is the most widely used process
for the concentration of solids, while the concentration by boiling, use
of membrane technology and vacuum concentration are the most used
for liquid products [8]. As a matter of fact, drying is one of the oldest
methods of preserving food and can be specified as a simultaneous heat
and mass transfer operation in which the WA of a foodstuff is decreased by
the removal of water by evaporation into an unsaturated gas stream. The
resulting a , therefore, makes the product stable, allowing its conservation
for a long period. Drying using hot air in convective ovens or spray drying
for powders and freeze-drying are the commonly used methods for drying
food.

12.5 INNOVATIVE AND EMERGING METHODS

Until recently food commodities were processed by conventional
chemical (washing, dipping, additives) and physical techniques (thermal,
drying, freezing, and cooling) to increase shelf life. However, not only the
degradation and loss of the sensory and physiochemical attributes such as
color, flavor, and texture but also the nutrients and bioactive compounds
contents in food are highly affected by those treatments.

The growing consumers interest for fresh-like, safe, and convenient
food products have prompted to the researchers to innovate and develop
processing methods capable to preserve the nutritional compounds for
longer periods. In this context, non-conventional, energy efficient and
innovative processes to ensure the safety, quality, and maintenance of
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health-related compounds into food matrixes have been studied and evalu-
ated during last years. Those emerging technologies, have been classified
into two groups: (1) thermal such as microwaves (MW), radiofrequency
(RF), infrared (IR) and ohmic heating (OH); and (2) nonthermal such
as high-pressure processing (HPP), ultrasounds (US), pulsed electric
fields (PEF), pulsed light (PL) and UV processing (PL and UV), ionizing
radiation (IOR) and cold plasma (CP). Emerging thermal technologies has
exhibit great results on the microbial inactivation while the nonthermal
methods have shown better quality parameters in the products such a
higher content of bioactive compounds and better sensory attributes in
different food systems. However, the effectiveness of those processes to
inactivate microorganism or enzymes and to maintain the quality of food
products is conditioned and depends on intrinsic and extrinsic factors.
The action mechanisms and effectiveness of the innovative and emerging
methods are discussed in this section.

12.5.1 THERMAL METHODS

Based on the premise that the high temperature short time (HTST)
process is ideal for producing safe food while maintaining food quality.
The novel thermal processes such as RF, MW, IR and OH, focus on
achieving a fast heating, either by volumetric or electrical heating.
Compared to the conventional process, where heat is transferred slowly
by convection, conduction, or radiation from outside to inside the food,
causing it to overheat, the novel thermal technologies achieve the desir-
able process temperature in less time. Microwave (MW) and RF heating
are also called dielectric heating and provide volumetric heating, where
the heat is generated inside the material via absorption of electromag-
netic energy from the applied field. In the case of OH technology, the
electrical resistance of foods is used to directly convert the electricity
into heat. Both, dielectric, and OH are direct methods in which heat is
generated within the product, whereas IR heating is an indirect method
and the energy is applied to the surface of a food by radiation and then,
converted to heat [10]. The efficacy and mechanisms of action of thermal
methods are discussed along this section.
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12.5.2 MICROWAVE HEATING (MW)

Microwave heating is also known as dielectric heating and has been the
most popular emerging technology in food processing for domestic and
industrial uses due to its advantages of high heating rates, short processing
time, ease of operation, and lower maintenance requirements [11]. Jiao
et al. [12] stated that MW are electromagnetic waves propagate in free
space at the speed of light, with a frequency range from 300 MHz to 300
GHz but for industrial, scientific, and medical (ISM) applications only
the frequencies of 915 MHz and 2,450 MHz are permitted. Moreover,
dipole rotation and ionic conductivity are predominant mechanisms for
dielectric heating, the first one as a cause of friction among surrounding
water molecules, while ionic conduction as a corresponding motion of
dissociative ions of food as salts. Both mechanisms are dependent on
temperature and frequency of the field as well as the moisture content and
salt concentration in foodstuff.

Microwave heating is usually applied for drying, pasteurization,
sterilization, thawing, tempering, precooking, baking of food materials,
etc., and other food production operations. However, its main use is still
a domestic application for the reheating of prepared foods at home. The
mechanism of microorganism inactivation is by thermal effect, although
other additional non-thermal effects have been reported, they have not
been adequately clarified. From the point of view of food safety, the main
problem of MW refers to the poor distribution of heat or non-uniform
temperature, especially in solid products, adversely affecting both food
quality and safety [11, 13]. This non-uniform heating pattern is also due
to the low penetration depth of MW, so the effectiveness of the process
depends on the size, shape, and nature (liquids/solids) of the food. For
liquid food MW heating has demonstrated great ability for the destruction
and/or inactivation of pathogenic/spoilage microorganisms and enzymes,
thus, the fresh like characteristics of products are preserved, especially
in a continuous fluid system [13]. For solid and semisolid foods, MW
also is an effective means for developing short-time in-food package
sterilization and pasteurization processes [14]. Due to higher heating rate
and consequently shorter processing time, MW pasteurized products have
better sensory and nutritional quality compared to those conventional
pasteurized products.
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12.5.3 RADIOFREQUENCY (RF)

Radiofrequency (RF) heating is a technology quite similar to MW tech-
nology and has been used since 1940 to cook various processed meat
products, to heat bread, to dehydrate and blanch vegetables, etc. [15]. The
frequency range of RF is lower but a longer wavelength than MWs and
cover from 3 KHz to 300, however for ISM applications only the frequen-
cies of 13.56, 27.12 and 40.68 MHz are permitted. The wavelength at RF
frequencies ranges from 22 to 360 times as long as that of the 2 commonly
used in microwave frequencies, which allows RF energy to penetrate
dielectric materials as food products, more deeply than MW energy, thus
a uniform electric field distribution results, for this reason RF is of greater
industrial interest [12]. Despite these advantages over MW, currently
the application of RF for food heating is used less frequently than MW
heating. Besides, RF heating, also has been proposed for the treatment
of seeds and product disinfestation or disinfection like bulk material with
relatively larger dimensions [16]. Some researchers have been studied this
technology to produce ready-to-eat packaged food products either pasteur-
ized or sterilized such as egg and shellfish that are heat sensitive products
with high nutritional value. Within the main problems implicated in this
technology are the estimated high operational cost of using RF and tech-
nical problems, such as dielectric breakdown and thermal runaway heating,
which can be damaging both the product and the package [17]. Added to
the previous ones, there is also, the non-uniformity in heat distribution
that could affect the food safety, thus specific studies for each product and
presentation are needed to produce safe and shelf-stable foods.

12.5.4 INFRARED HEATING (IR)

IR heating is a third technology along with MW and RF based on the
electromagnetic waves, but this technology operates at frequencies higher
than 300 GHz or wavelength range from 0.7 to 1,000 mm. IR radiation
may be divided into three general regions: near IR radiation (NIR) ranging
from 0.7 to 1.4 mm, medium IR radiation (MIR) ranging from 1.4 to 3
mm, and far IR radiation (FIR) ranging from 3 to 1,000 mm [18]. Most of
the food components absorb radiative energy at FIR region, so it is used
for food processing. The main advantages of IR technology are uniform
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heating, high heat transfer rate, reduced processing time and low energy
consumption, as well as increasing quality and safety of the product, with
a versatile, simple, and compact equipment [19]. IR technology was first
industrially used in the 1930s, however the development of applications
in food processing and agricultural products has gone slowly since then.
Within the international applications of IRH for food processing are
blanching, drying, peeling, baking, and roasting. Apart from this applica-
tion of surface heating of foods, IR radiation could conveniently be used
for decontamination and disinfection of food and food-contact surfaces
since its effectiveness against pathogenic bacteria has been demonstrated
[20]. The mechanism of microorganism inactivation, beside the thermal
effect, could be damaging DNA, RNA, and proteins in microbial cells
as occur in UV radiation [18]. The efficacy of these microbial inactiva-
tion depends of several operational factors as IR power intensity, food
temperature, peak wavelength, and bandwidth of IR heating source; and
also depends of the types and physiological phase of microorganisms, and
size and type of food materials [21].

12.5.5 OHMIC HEATING (OH)

In the ohmic heating (OH) is well known, the food acts as an electrical
resistor and is located between two electrodes, while alternating electric
current pass through the circuit. In this case, the electrical resistance
causes heat to be generated throughout the food matrix in a uniform and
volumetric fashion. OH, is based on the Joule effect, which principle is
the dissipation of electrical energy in the form of heat using an electrical
conductor, so that electric conductivity of foods is the critical parameter
[22] and the needed frequency varies from a few Hz to dozens of kHz,
even though, the general electrical system uses frequencies between 50 to
60 Hz. The concept of OH technology is not new and dates to 1897, also
known as Joule heating and resistive heating, electro-heating, and electro-
conductive heating. Compared to the technologies described above, OH
has advantages in heating uniformity, higher temperature in particles than
in liquid, reduced fouling, lower cost, and energy efficiency [22—24]. The
principal mechanism of microbial inactivation in OH is thermal damage,
however, it also may present non-thermal cellular damage attributed to
the electric field, which causes the formation of pores in the membrane,
increasing permeability, this phenomenon is known as electroporation. A
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number of studies have been performed to measure the effect of electricity
on microorganisms and enzymes in cell suspensions or in food directly
under a variety of conditions and most of these are attributed to the inacti-
vation of microorganisms to the thermal effect. With this method, shorter
heating times are achieved compared to conventional ones, and in turn
avoid the hot surfaces, reducing gradients of temperature. The process
parameters such as frequency, the geometry of the cabinet and the material
of the electrode are important factors to considered [25]. Among the main
applications of OH are blanching, evaporation, thawing, sterilization,
pasteurization, pretreatment on mass-transfer operations as extraction and
dehydration. This technology has great potential to be used in the process
of high-quality products and can be commercially adapted for the aseptic
processing of particulate fluid foods.

12.5.6 NONTHERMAL METHODS

In last years, the nonthermal technologies (NTT) have arisen among the
emerging procedures to produce safety, fresh-like, convenient, healthy,
and high levels of bioactive compounds food commodities. Some of those
procedures such as HPP, US, PEF, PL-UV, IOR, and CP have shown high
capacity to reduce the microbial counts, inactivate enzymes and main-
taining the quality on different food commodities compared to conven-
tional and emerging thermal methods. Moreover, the NTT are presented
as highly energy-efficient methods and in consequence, they have gained
industrial interest as potential options for the replacement of non-efficient
conventional and emerging thermal processing systems used in industry.
In addition, NTT can be applied as unique preservative method or also
as a combination of different technologies, also called hurdle technology
HT. Most of the previously mentioned technologies star to be used and
commercialized around the world, being more noticeable their implemen-
tation into industries of the first world countries [26]. The efficacy and
mechanisms of action of NTT are discussed along this section.

12.5.7 HIGH PRESSURE PROCESSING (HPP)

High pressure processing (HPP) is a recognized and proved method
used to extend the shelf-life and to improve the sensory attributes and
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nutritional aspects, of different solid and liquid food from different origin.
In fact, results of microbial inactivation observed in beverages is similar
to those achieved by conventional pasteurization. Therefore, high pres-
sure has emerged as a successful method to reduce the microbial counts
and thus ensuring the food safety in high moisture liquid or solid foods
but never in porous or dried foods. HPP is based in the application of
high pressures (100—800 MPa) at low temperature (< 45°C). During HPP
processing, the pressure is uniformly diffused through isostatic principle
from a medium pressure transfer, usually water, to the food products [27].
The effect of HPP is not altered by extrinsic variables such as packaging
form and volume of the food [28]. However, the HPP processing vari-
ables such as pressure, temperature, and time of treatment as well as the
chemical composition and intrinsic parameters of the food can impact in
the antimicrobial effect of HPP [29].

As a matter of fact, HPP not only is able to inactivate microorgan-
isms but also the effectiveness to liberate and enhance the amounts of
bioactive compounds in fresh fruits has been widely reported in last years
[30]. Conversely, some authors have stated that decompartmentalization
of cells triggered by HPP results in the liberation of intracellular enzymes
such polyphenol oxidase (PPO), which is capable to interact and destroy
the phenolic compounds and thus impacting negatively in the antioxidant
potential [31, 32]. However, Patras et al. [33] revealed that the content
of phenolic compounds, and in turn the antioxidant capacity, is directly
related to the residual activity of the PPO after HPP and low pressures and
in turn retaining the antioxidant capacity under longer periods of storage.

On the other hand, recent studies [34, 35] point out that HPP provoke
decreases of the dielectric constant as well as the deprotonation of
charged groups and disruption of bridges and bounds in the cell walls,
lead to reduction of bipolar nature of media and increments of perme-
ability, respectively, and thus allowing higher levels in the concentration
of phenolic compounds and antioxidant capacity.

12.5.8 ULTRASOUND (US)

In last decades, ultrasound (US) has emerged as a promising alternative
for processing in food industry, food research and food analyze. The
commercial best-known use of this technology is as a mild treatment to
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preserve drinks and beverages. In the cavitation phenomena, the sonica-
tion prompts the growing and collapse of bubbles that cause turbulence,
variation of pressure, shear strength and consequently the cell rupture [36].
Jermann et al. [37] stated that US treatments of high intensity (frequencies
below 100 kHz wit energies above 10 W/cm?) are applied for emulsifica-
tion, homogenization, extraction, crystallization, dewatering, degassing,
and defoaming of biological matrices.

Barba et al. [27] attributed the effects of US to processing variables
such as frequency, power intensity and treatment time, but also the
intrinsic characteristics of the food such as moisture, density, thickness,
as well extrinsic such as the type of radiation, presence of oxygen and
absorption capacity has been linked to the its effectiveness [38]. Cavita-
tion mechanism performed by sonication has shown good results in the
inactivation of pathogens/spoilage microorganisms in model systems
and real foods, however, the antimicrobial effectiveness of US is greatly
increased when combined with temperature (thermosonication), pressure
(manosonication) or both (manothermosonication) methods [39]. On the
other hand, Hernandez-Hernandez et al. [26] reported that US processing
can also alter the quality of the food commodities, increasing the degrada-
tion of bioactive compounds as well as affecting the texture, flavor, color,
and nutritional value of those products.

12.5.9 PULSED ELECTRIC FIELDS (PEF)

Pulsed electric fields (PEF) is another alternative processing which have
shown favorable results over the microbial and enzymatic inactivation
and thus extending the shelf life and preserving the organoleptic attributes
in different food matrixes, mostly liquid products [40]. PEF treatments
implicates the application of high-voltage pulses >0.1 kV/cm for short
periods (ms or us) to a product located or flowing between two electrodes.
In liquids matrixes, PEF can be applied in batch fashion where a small
portion of the sample is treated as a unit or well in continuous mode using
a pump, which are highly implemented in food processing lines [41]. The
effectiveness of PEF treatments is related to processing parameters such
as temperature, pulse frequency, width, electric filed strength, polarity,
and treatment as well as physicochemical parameters of the media and the
microorganism characteristics [42].
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Application of PEF treatments leads to the electroporation of the cell
membranes, creating aqueous pathways (electropores) that increase the
permeability of cell membranes to ions and other molecules [43]. In fact,
the electroporation is the principal mechanisms involved in the microbial
death. Moreover, interesting data regarding the enzyme inactivation and
other food processing-related effects associated to the PEF treatments
have been previously reported [44]. According to Elez-Martinez et al.
[45], PEF are capable to provoke alterations of the three-dimensional
molecular structure of the enzymes, avoiding the fit with active site and
preventing the conversion into products and thus, resulting in a reduction
of the enzymatic activity. Regarding the effect of PEF on the bioactive
compounds, several studies [46, 47] have evidenced the high retention of
those compounds after PEF treatments, leading to foods with high nutri-
tional values. However, the antioxidant capacity can be affected in some
cases. Again, the treatment intensity, the food physicochemical attributes
and the bioactive compound structure, are determining the retention level
of the bioactive compounds and the antioxidant capacity.

12.5.10 PULSED LIGHT AND UV

Among light treatments, pulsed light (PL) and ultraviolet (UV) are the
two main treatments evaluated in food commodities. The PL processing
involve the application a wide range of wavelengths (100-1,200 nm)
composed by UV, visible (Vis) and IR lights with the aim of ensure the
sanitation of superficies and food commodities. In this case, samples are
exposed to pulses of light of high fluency (0.01-50 J cm?) for short periods
(from microseconds to tenths of seconds). In the UV treatments cases,
samples are subjected to wavelengths exists between X-ray (180 nm) and
the VL (400 nm) regions and longer periods (seconds to minutes) than
those in PL [48]. Light treatments are generally produced by xenon gas
lamps and recently the use of light-emitting diodes (LED) is under study.

The efficacy of PL and UV treatments to inhibit the microbial growth
is related to three mechanisms: (1) photochemical effect, largely attributed
to the clonogenic death caused by UV radiation but also to damage in
the cell wall membranes due to Vis-IR spectrum [49]; (2) photothermal
effect refers to the absorption of radiation and increment of the internal
temperature up to microbicidal levels [50]; and lastly (3) the photophysical
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effect have been related to structural changes, deformation of the cell
membranes and disruption of the nucleic acids [51]. However, the effect of
light treatments is related to (1) processing factors such as fluence, spectral
distribution, distance between sample and lamps and number of pulses; (2)
physicochemical characteristics of sample such as topography, thickness,
transparency, color, and chemical composition [52, 53] and (3) factors
linked to the microorganism like type (membrane and cell wall composi-
tion and resistance to temperature, pH, and light), density, and production
of microbial secondary metabolites [54]. The effects of light treatments
over the bioactive compounds on food commodities can be diverse. Light
treatments are capable to cause the stress in plant tissues and stimulate the
production, synthesis, and liberation of secondary metabolites with poten-
tial antimicrobial and antioxidant activity [55]. In general, PL, and UV
treatments have shown a great efficacy as a decontamination method, but
only few works have been developed to investigate the potential of light
treatments as a postharvest treatment to improve the nutritional quality
and content of antioxidant and bioactive substances [56].

12.5.11 IONIZING RADIATION (IOR)

The first emerging method applied to replace the canning method and
achieve higher safety and healthy characteristics foods was the IOR [57].
Safety of radiation treatments have been largely documented; however,
consumers still considering to radiation as controversial and a non-safe
method [58]. This preserving method has exhibit great efficacy to inacti-
vate microorganisms and spores in foods using the three principal radia-
tion sources that are electron beam (e-beam), X-ray, and gamma-ray. For
The Codex Alimentarius Commission, the application of radiation treat-
ments in food commodities is restricted to the use of radionuclides such
as 60Co and 137Cs for gamma radiation, and application of maximum
energy of 10 MeV and % MeV for generation of e-beam and X-ray,
respectively [59—61]. IOR treatments can be applied by direct or indirect
methods; in the first one, ionizing particles cause damage in the bacterial
DNA and thus avoiding the cells division and replication, while in the
second case, the production of oxidizing agents and active molecules such
as hydroxyl and hydrogen radicals and hydrated electrons triggered by
the interaction between radiation and water molecules, leads to cellular
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lysis [62]. Nevertheless, effectiveness of IOR is not only affected by the
kind of radiation or the application method, but also by the temperature,
pH, moisture content, presence or absence of oxygen, the absorbed dose,
chemical composition and density and thickness of food [63].

Nowadays, the IOR treatments for commercial food are restricted to
the use of doses lower than 10 kGy and 44 kGy to food packages. As a
matter of fact, IOR is applied to replace the use of hydrogen peroxide in
the sterilizing of packaging materials; however, the authorized doses for
food processing are not enough to microbial inactivation so the capacity
of IOR to sensitizing spores before others preserving method, still under
evaluation. Recent information regarding the effects of radiation over the
bioactive compounds and antioxidant capacity of food commodities have
demonstrated that IOR is capable to cause conformational and chemical
changes in the molecules and thus leading to the formation of molecules
with higher stronger antioxidant capacity [64, 65].

12.5.12 COLD PLASMA (CP)

Currently, cold plasma (CP) is an emerging technology applied for ster-
ilization, inactivation of enzymes and functionalization of food but also
to altering of physical properties for etching or deposit of thin films in
different materials. In fact, because the great potential as sterilization
method, CP is the most promising technology for food preservation. In the
CP treatments, electromagnetic fields are applied to an inert gas such as
He, O,, N, or atmospheric air, to generate a quasi-neutral ionized gas cloud
containing reactive molecular species such as electrons, ions, UV photons,
atomic species and charged particles. Therefore, CP is capable to degrade
proteins, lipids, cellular DNA, but also allows the accumulation of intra-
cellular charged particles which can cause apoptosis, electrostatic disrup-
tion, and electroporation of the cells [66—68]. The mechanisms involved
in the microbial inactivation by CP are three: (1) chemical interaction
between cells and reactive species and charged particles; (2) damage of the
membranes and components of the cell wall caused by the UV-radiation
(etching), and (3) injure and breakdown of the DNA chains provoked by
UV-radiation. Consequently, CP has shown great results in the inactivation
of pathogenic/spoilage bacteria, spores, and viruses in food commodities
[69—71]. However, the effectiveness of CP to reduce the microbial depends
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of different processing variables such as feed gas composition, voltage,
time of treatment and humidity. On the other hand, Misra et al. [72] attrib-
uted the enzymes inactivation to the stability and complexity of enzymes,
their sensibility to frees radicals but also by CP processing variables such
as inflow of discharging power and mass transfer among liquefied plasma
phases. Despite the promising results on the enzymatic inactivation and
food sanitation, the effects of CP treatments over the bioactive compounds
and antioxidant capacity still under study.

12.5.13 PACKAGING

The preservation methods are indispensable to guarantee the safety as
well as the quality attributes; however, packaging techniques are also
indispensable to enhance and maximize the preservative function during
the storage of commodities. The effectiveness of preservative techniques
during storage is greatly depends of the optimization of some factors such
as oxygen content, moisture, and WA, light presence, temperature, and
microbial contaminants [73]. Currently, the term “packaging” of food
products refers to passive (conventional) active (novel) and innovative
(intelligent) methods.

Passive packaging (PP) includes the all the traditional ways of pack-
aging such as canning, bagging, boxed, and glass packed. The PP is the most
conventional preserving method in which, the packages act as physical
barrier to protect the food products from external factors [74]. That kind
of packages not only are well known by producers and consumers, but
also provide convenience, protection, and product information. However,
consumers, and industries demand have prompted the development of
functional, innovative, and efficient methods to ensure the food quality
for longer periods.

Active packaging (AP) refers to the incorporation of certain additives
or “active compounds” into packaging material or within the container
systems and are capable to release or absorb substances from the food
or surrounding environment to preserve the safe and quality and enhance
the shelf life of food commodities. Therefore, AP includes the use of
antimicrobials, antioxidants, and biochemical substances that inhibit the
deterioration preserving the organoleptic, nutritional, and antioxidant
characteristics of food products [75, 76]. On the other hand, the chemical
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composition of packaging material and the affinity to interact with active
compounds also plays an important role in the effectiveness of the AP.
In last years, the evaluation of films based on biopolymers seems to be
an alternative to replace the conventional non-biodegradable and fossil-
derived materials. Active compounds can be added in the packaging
material and also as additives (chemical treatments) in the food matrix and
inside the packaging space, in liquid and gaseous fashion, respectively
[77]. The use of absorbent or releaser pads to control the moisture, flavor
or odor inside the packages and the application of nano-systems to encap-
sulate active compounds to be integrated in packaging materials or as
additives in foods has gained importance [78]. Currently, the modification
and control of the carbon dioxide, oxygen or to supplement the interior
atmosphere with chemical compounds of inside the packaging through AP
is the most used method in food industry [79].

Intelligent packaging is a system capable of carrying out functions
such as detecting, sensing, recording, tracing, communicating, and
applying scientific logic to facilitate the decision to extend shelf life,
safety, improve quality, and provide information about products [80]. IP
also contributes to identify processes that affect the final food quality. The
intelligent packaging uses different tools such as biosensors, gas sensors,
printed electronics, chemical sensors, electronic nose, RF, etc., to detect,
record, and transmit information pertaining to biological reactions, micro-
bial growth, pH, internal temperature, formation of volatile compounds
and headspace composition. Signals generated by sensors are converted
into quantifiable electronic response which is used to identify and improve
processes and thus optimize the preservation method applied.

12.6 FINAL REMARKS

Food preservations involve the use of different technologies capable to
maintain acceptable quality food commodities. The development of new
methods responds to the increasing demand of consumers for healthy,
nutritive, innocuous fresh-like and functional food products. Effectiveness
of thermal and chemical conventional methods to reduce the microbial
growth have been strongly documented. However, thermal processing
causes the degradation of bioactive and nutritive compounds, while recent
studies reveal that chemical compounds (additives) can cause adverse
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effects on the nutritional and sensory quality of the food products and/or
produce toxic compounds. This fact has prompted the study of different
emerging technologies to food processing and preservation. The innova-
tive and emerging methods here described not only are useful to achieve
safe and high-quality foods by enhancement of bioactive and nutritive
compounds, but also are environmentally friendly and effective to opti-
mization of food processes. Additionally, packaging processing plays and
important role the stability of the food quality. Active and intelligent pack-
aging has replaced the use of passive methods in order enhance the quality,
functionality, and shelf-life of food. Finally, evaluation of nano-systems,
sensors, and development of new biodegradable packaging materials is
necessary to avoid the food degradation.
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ABSTRACT

Using as a referent that essential quantities of wastes are generated
in the food industry, novel approaches are needed, mainly directed to
develop new management alternatives and treatments that allow their
biotransformation into valuable products where biotechnology result in
an important tool to achieve this goal. Citric wastes represent an essen-
tial and underutilized by-product derived from food industry; where
orange gain attention in countries as Mexico, due to their vast popularity,
remarkable flavor, and high Vitamin C content, the productive chain
result in waste with high peels volume and fibers, and they could be
exploited using fermentative process. The fermentative process employs
a set of living organisms to generate a novel product or derived products.
Since ancient times, the microorganism has been exploited by a human,
nevertheless their intensification and novel approaches development is
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demanded. This chapter aims to explore the orange waste in Mexico and
its prospective use as a substrate in the fermentative process for single-
cell protein production.

13.1 INTRODUCTION

The presence of highly variable regions, climates, and lands are some
factors that make Mexico a country with vast natural wealth and therefore
allow the production of different fruits and vegetable species, both for
national and international supply.

The primary agriculture production in Mexico during 2017 is repre-
sented by fruits [97] and ranks the position number five, behind the former
producer leaders: China, Brazil, United States, and India [1].

Citrus fruits constitute one of the most relevant Mexican fruit crops
related to the employed area for its cultivars and parallel to the jobs gener-
ated from activities linked to production, industrialization, and marketing
at the national or international level. This activity is carried out in regions
with tropical and sub-tropical climates with major domestic production is
placed in five states: Veracruz, San Luis Potosi, Tamaulipas, and Nuevo
Leon [1].

The most common citrus fruits are represented by orange (Citrus
sinensis), mandarin (Citrus reticulata), lemon (Citrus limon), grapefruit
(Citrus paradisi) and lime (Citrus aurantifolia), usually characterized
by spectacular flavor and apport to human nutrition with components as
Vitamin C [2].

Citrus fruits despite to be a flavory and important ingredient source
during human feeding, the quantities of fresh fruit consumed are scarce,
and high amounts are processed; where only the near to 50% on fruit
weight is util during processing techniques [2] and as a consequence,
these activities, generate a critical source of by-products with environ-
mental or health implications when are not treated or exploited in correct
ways.

The chapter encompass the evaluation of potential and possible route to
follow for citrus wastes employment as a raw material in biotechnological
fields for single-cell protein production, where first analyze the citrus
components, the treatments needed for their employment, the biotechno-
logical tool, and their most evident influence parameters.



Strategies During Citrus Waste Utilization 215

13.2 CITRUS FRUITS COMPOSITION

The entire citrus composition possesses molecules with exciting prop-
erties; these compounds are distributed in different structures. The main
structures are displayed in Figure 13.1. The analysis of compounds
that could be found in citrus fruits is vital because we can focus the
extraction or enhancement strategies or anticipate the compounds
which possible hinder or promote the citrus by-products employment
in certain areas.

Different authors explore the main components in citrus fruits, for
example, the epicarp represents the external portion in husk also known
as flavedo, in this part carotenoids are concentrated, and also we can find
oleaginous glands loaded with essential oils from each citrus specie [3, 4],
one the other hand, the mesocarp is located directly under epicarp and also
named albedo (Figure 13.1), this is a fluffy coat with variable thickness
depending on different citrus fruits with a particular cellular conforma-
tion with cellulose and hemicellulose substances, the mesocarp covers the
edible portion in fruits, and both (flavedo and albedo), conforms pericarp
commonly named crust or fruit peel; the endocarp is the name given to the
edible part in citrus fruits and is structured by vesicles where the juice is
extracted [4, 5].

Epicarp/
Flavedo \
Mesocarp/ '
Albedo Columella
Endocarp Septum

Seeds

FIGURE 13.1 Classical citrus fruit structure.

Critics are generally directed to juice production, generating a waste
principally constituted by seeds, endocarps, and mesocarps, identified as
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lignocellulosic materials. The fundamental fibers constituents present in
citrus are described in subsections.

13.2.1 CELLULOSE

Over the time, cellulose represents one of most relevant carbohydrates,
recognized as a most abundant and renewable resource in nature at world-
wide level, and one of most abundant compound in cell wall and close
correlated to other components as hemicellulose, lignin, and pectin and
additionally Cellulose is recognized as a group of linear polysaccharides
chains with more than 2000 D-(+) glucose unit, with B-1,4-glucosidic
linkage, these chains interact with each other by hydrogen bonds resulting
in microfibers with highly ordered regions conferring characteristics as
insolubility, rigidity, and resistance to chemical or enzymatic substances,
however when the hydrolysis is carried out characteristic dimers as cello-
dextrin or cellobiose and monosaccharides as glucose was obtained [6].

13.2.2 HEMICELLULOSE

The hemicellulose is a ramified polysaccharide and is considered as a
second natural polymer after cellulose utilized for renewable energy
[7-9], the hemicellulose content cellulose microfibers; also, is considered
a heteropolymer conformed by a pentose (D-xylose and L-arabinose) and
hexoses (D-mannose and D-galactose) [10]. This structure contents near
200 monosaccharide units joined by p-1-4 and -1, glucoside, amorphous,
and highly branched, making it a highly soluble compound during thermo-
chemical procedures [11], the classical thermal hemicellulose solubiliza-
tion is raised at 150 *C under neutral conditions and at 120°C under acid
conditions [12].

13.2.3 PECTIN

Pectin, as hemicellulose, constitute a heterogeneous polymer composed
by galacturonic acid methyilic ester, joined by a-1,4 linkage between
galacturonic acid and neutral sugars as rhamnose, galactose, and arabinose
[13].
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13.2.4 LIGNIN

Lignin is a tridimensional polymer composed of phenylpropanoids
(p-hidroxyfenil, guiacyl, and syringil) joined by ester and carbon-carbon
bonds [14], also has been reported cinnamic acid units (p-coumaric,
ferulic, and sinapic). A few in a carbohydrate-lignin bridge system [15],
in natural fruit structure, the lignin content helps to protect the cellulose
from microbial attack, confers impermeability and maintains the cellulosic
fiber adhered [16].

The lignin is a hydrophobic compound, a characteristic frequent in
aromatic compounds, for this reason, it cannot be dissolved into aqueous
media, unless polar substituents will be added trough chemical reactions
with the function to stabilize the lignin into water [16].

The lignin contents represent a challenge during citrus biomass
conversion into added-value products, especially when living organism
intervenes.

Chiramonti et al. [16] argues that is necessary remove lignin to preserve
polysaccharides as hemicellulose and cellulose due to that the formerly
mentioned structures, represent the main source of reducing sugars and
as a consequence, the degradation and conversion of vegetal tissue to
fermentable sugar major indicative; is essential to mention that each citrus
fruit is different and due to, their lignin contents fluctuate, e.g., lemons
wastes possess low lignin percentages making it suitable as raw material
during bio-conversion process as bioethanol production [17].

13.2.5 ARABINOGALACTAN (ARGA)

Arabinogalactan (ArGa) are widely represented in the vegetal kingdom,
below we describe different classifications:

» Type I: Present a main chain with B-D-galactopyranose with
B-(1-4) linkage 18, substituted with a-L-Arabinofuranosyl (L-Araf)
short chains, generally in the third position by (1-5) linkage. The
a-L-Araf units could be until 20-40% of total monosaccharides in
the molecule the ArGa’s type is generally associated with citrus
and apple pectin [19].

» Type II: Know as 3,6-Arabinogalactan, possess a main chain
formed by D-galactopyranose with B-(1-3) linkage 20, substituted
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in the sixth position by mono- and oligo-saccharides chains inte-
grated by arabinose and galactose, they are more frequent than the
ArGa Type 1, generally associated with proteins (ArGaP), joined
by covalent linkages to peptides mostly composed by hydroxypro-
line [21-23].

13.2.6 XYLAN

Xylan possesses importance due to the structural resistance in the cell
wall that provided by covalent and no-covalent bonds generation between
xylan and other cell wall components [24]. Xylan is a no-cellulosic
structural polysaccharide with elevated abundance in angiosperms, repre-
senting to 20-30% in dry weight, and composed by D-xylopyranose units
with B-(1-4) linkage with shorth branching; the branching could contain
glucuronic acid or arabinose units or even oligosaccharide integrated by
xylose, arabinose, galactose or glucose [25], the frequency and branching
depend on xylan source [26—28], has been reported non-branched xylan
composed exclusively by xylose units in some algae, in this case with the
presence of $-(1-4) and B-(1-3) linkage, and with structural and as reserve
element as possible biological finalities [29].

The aforementioned group of molecules are present in the citrus waste,
the analysis of their normal distribution, presence, and functionality
supplies a guideline for their exploitation, nevertheless for biotechnolog-
ical approach in occasions is necessary a set of strategies as pretreatments
for making feasible the living organisms utilize the molecules present in
citrus or other agro-wastes, the pretreatment strategies are discussed in
further sections.

13.3 PRETREATMENTS

The pretreatment strategies are an indispensable step during citrus waste
processing, where their natural composition needs some modifications
making possible to obtain a fermentable sugars rich material, in fact, in
nature cellulose degradation is highly crucial in the carbon cycle and is
carried out by soil microorganism as fungi or bacteria, that employs their
enzymatic tools to break the polymeric components and generate diverse
carbohydrates which could be used as energy source [30, 31], this natural
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process exemplifies one strategy which can be escalated for citrus residues
achievement, nevertheless below evaluate other intends of action that
could be employed, modified or combined.

13.3.1 CHEMICAL HYDROLYSIS

The chemical hydrolysis is commonly carried out using acids, employing
concentrated sulfuric or hydrochloric acid, with disadvantages as their
toxicity and corrosivity; also requires corrosive resistant material-reactors,
generating an expensive process, even for making the project economic-
viable is necessary to recover the acids from reaction media [32].

13.3.2 PHYSICOCHEMICAL PRETREATMENT

The physicochemical treatment includes technology that allows the ligno-
cellulosic material disintegration combining different approaches, here
we can find the steam explosion or radiation methods employing ultra-
sound (US) or microwaves (MWs), this substitutes the classic chemical
substances integration to the system for another kind of energetical forces,
nevertheless demand a set of specialized technology [33].

13.3.3 ENZYMATIC HYDROLYSIS

The enzymes are protein catalyzers generated by a living organism, which
main purpose is to accelerate highly specific reactions, during the organ-
ism’s development [34], industrial enzymes are used to propitiate the
usage of a new class of raw materials or to alter the physical properties for
most efficiently proceeding, generating an increase in solubility, lowering
their viscosity, changing color, odor, texture, flavor, or useful life among
other features [35, 36].

During enzymatic hydrolysis, the cellulases break the chains from the
cellulose and hemicellulose. In this rupture, the cellulose breaks down
into glucose, and the hemicellulose breaks down into monosaccharides
such as xylose, arabinose, galactose, and mannose, among others. This
type of enzymatic treatment has the advantage of not presenting corrosive
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effects, is a highly specific procedure and carried out under soft reaction
conditions.

The most common process consists on mix the enzyme dissolution with
the lignocellulosic substrate, controlling parameters like pH, temperature,
and homogeneity during the process, but also considering the type of
substrate when this kind of factor are determined the optimization could
be executed [32].

How above was mentioned the vegetal lignocellulosic polymers
degradation in nature is determinant in the carbon cycle, ensuring the
return of nutrient to soil assisting the environment sustainability [37],
which extensively depends on lignocellulosic enzymes produced by
different organisms including superior organisms and microorganisms
like fungi and bacteria which normally secrete an enzyme group with the
primary purpose to degradation the vegetal membranes [7]. The enzymes
that are generally used for lignocellulosic degradation are discussed in
subsections.

13.3.3.1 CELLULASES

Cellulase enzymes are produced by a variety of fungi and bacteria with
aerobic, anaerobic, mesophilic, and thermophile characters; however just
a few of them possess the capacity to excrete these enzymes to the media
[38], the cellulolytic system act generally in a pH value between 46, they
are thermostable and could act even up 60°C [39].

The cellulolytic systems derived from microorganisms possess the
particularity to present synergism as plan of action to disrupt lignocel-
lulose wastes where enzymes are implicated, this action are described in
further sections.

13.3.3.2 ENDO-1-4-B-GLUCANASES OR 1,4-B-GLUCAN-HYDROLASE
(EC3.2.1.4)

The endoglucanases break in an aleatory form the cellulose chains with
B-(1-4) linkage, and generate oligosaccharides with variable extension and
new reducing extreme, acting in the amorphous zone in the molecule and
performing a decrease in polymerization grade with glucose, cellobiose,
and cello triose as products [40].
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13.3.3.3 EXO-B-GLUCANASES OR 1,4-B-GLUCAN CELLOBIO-
HYDROLASES (EC 3.2.1.91)

The exo-glucanases or cellobiohydrolases act in a cellulose extreme
releasing glucose and cellobiose (glucose disaccharides), classified in
cellobiohydrolases I (CBHI) working in reducing extreme and cellobiohy-
drolases II (CBHII), acting in not-reducing extreme [40].

13.3.3.4 B-GLUCOSIDASES OR CELLOBIOSES (EC 3.2.1.21)

The PB-glucosidase hydrolyze cellobiose and short-chain products as
cellodextrines into glucose monomers [40]. The enzymatic method is
environmentally friendly and increases the lignocellulosic material acces-
sibility without generation of high toxicity wastes, anyhow the industrial
process remains limited due to the high time demanded [41], in addition
to this, is necessary contemplate a group of factors with strong influence
over the process efficiency, as substrate physical characteristics, substrate
composition, polymerization grade in biomass and multienzyme complex

synergy [42].

13.3.3.5 LIGNINOLYTIC ENZYMES

The lignin degradative enzymes are named ligninase. They are oxidative
unspecific acting through a non-specific mediator in contrast to the hydrolytic
proteins as cellulases or hemicellulose [43]. The main ligninolytic enzymes
are the manganese peroxidase (MnP) and the lignin-peroxidase (LiP) that
catalyze a variety of oxidative reactions H O, dependents and the laccases
that oxidize phenolic compounds reducing molecular oxygen to water [43].
During lignin degradation, also participates, an extracellular hydrogen
peroxide generator enzyme as glyoxal oxidase or glucose oxidase, which
product is essential for peroxidase activities [37]. The MnP and Laccases
could oxide the phenolic structure in lignin while MnP could degrade the
lignin in an effective way due to their significant reduction potential and
eventually their CO, release [44], in other hand the LiP efficiently oxidize the
non-phenolic structure in lignin when is compared with the other enzymes
[45], if well the laccase is not the most specific enzyme during lignin
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breakdown, this enzyme collaborate as important effector along additional
mediators, also has been reported that the pH action range for exploit their
maximum potential varies between each enzyme where pH near to 4.5 for
LiP, from 4.5 to 5.0 for MnP and from 3.0 to 5.7 for laccase explains the
lignin degradation phenomena complexity [45], recently other ligninolytic
enzymes has been discovered, as versatile peroxidase from white decaying
Basidiomycetes, this enzyme combines the characteristics from MnP and LiP
related to substrate specificity oxidizing ability against phenols, hydroqui-
none or dyes with variable redox potential [43, 46] also has been reported
some MnP, LiP, and Laccases produced extracellular by fungi [43, 47].

13.3.3.6 HEMICELLULOSE AND XYLAN DEGRADATIVE ENZYMES

As hemicellulose and cellulose possess a very related structure, the
enzymes which could be implicated in this kind of polysaccharide
hydrolysis are very similar [7, 8] when hemicellulose is degraded until
monomeric carbohydrates and acetic acid, and as a consequence xylan is
obtained in significant proportions, therefore, the presence of xylanolytic
enzymes is necessary [8].

Xylanase is typically extracellular enzymes and regularly act in two
different approaches: first, breaking the B-1,4 linkage in D-xylopyranose
that form the glycosidic link with hemicellulose polymer and second
degrading the branch joint, triggering a special re-arrangement enabling
the enzyme-substrate complex interaction [8, 11].

Has been reported fungi, bacteria, plant, and insects as xylanase producers
[11, 48], the filamentous fungi represent one of most studied xylanolytic
enzymes producers [48], in accordance to CAZy database (http://www.cazy.
org/fam/acc_ GH.html) exist to leading xylanase group with different action
approach the GH10 xylanase family with a flexible specificity to xylan
degradation but could degrade some substitutes and the GH11 xylanase
family which is highly specific to xylan acting only over this substrate [11].

13.3.4 SUBPRODUCTS IN LIGNOCELLULOSIC BIOMASS
HYDROLYSIS

How was explained before, and Figure 13.2 displays, after lignocellu-
losic residues breakdown the main product formed are: glucose, xylose,
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galactose, and phenolic compounds, however from monomers produced,
some of them could suffer a decomposition during the treatment, as
5-hydroxy methyl furfural (HMF) derived from hexoses and furfural from
pentose, but also could generate levulinic acid, formic acid or acetic acid
[49], also has been reported that this kind of compounds could be affecting
the microorganism performance presenting a slow growth in some strains
or low biomass generation, also has been reported that some yeast could
metabolize the furfural compounds, in the other hand the acids could affect
intracellular pH in microorganism making harder that the organism could
exert their biochemical tool efficiently [50].

Lignocellulose

Lignin * Cellulose

Hemicellulose

“ N I| Glucose I
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H
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furfural

Formic acid Levulinic

FIGURE 13.2 General single-cell protein production diagram.

13.4 FERMENTATIVE PROCEDURES

Other biotechnological tools that could be executed during lignocellulosic
wastes exploitation correspond to fermentative procedures; an instrument
that has been utilized since ancient times, that propose the use of different
living organisms for materials transformation or valuable products produc-
tion, nevertheless their finality has been adjusted to human demands in
diverse concerning topics as food, chemical, and pharmaceuticals fields.
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The fermentative procedure uses a wide range of microorganisms like
algae, bacteria, yeast or filamentous fungi [51] and is generally classi-
fied in two different types: solid-state fermentation (SSF) or submerged
fermentation (SMF) also known as liquid fermentation (SmF) [52], the
main difference in both procedures is related to the water quantities
involved in each process; the SSF is developed in a substrate with only
the moist enough to support the microorganism growth [53-55], while
the SMF involves a microorganism that growths in a fully aqueous media
[56, 57].

For SSF, two kinds of cultures have been recognized, those where
the not-water soluble solid material properly moisten act as nutrients
source and support for microorganism development versus those, where
the substrate is fortified with nutrients for the improvement of the crucial
metabolite generation [58, 59], this kind of fermentation process has been
reported as a suitable choice for microbiologic products obtention during
mushroom production, novel animal feeding development or enzyme
production, among others, where is important to highlight the possibility
to incorporate agro-industrial residues in these procedures [52], otherwise
while SmF is employed insignificant proportion for bacteria and yeast
[60], also has been developed for a significant fungi variety, offering the
production of enormous biomass volumes in less time [61].

The class of fermentation utilized in the process depends on the result
demanded, but in Table 13.1 are described some advantages and disadvan-
tages in general for both methods.

TABLE 13.1 Comparative Scheme between SSF and SmF

Solid State Fermentation Submerged Fermentation

Advantages

e Culture media simplicity e Media could be designed

e Less spatial demand in bioreactors e Easier parameter control

e Less water utilization and effluents e Major nutrients availability
generation e Simple instrumentation utilized

Higher yields during analysis

Reduced contamination risks Easier metabolic heat dissipation
Lower sterilization requirements Lower variability

Similar nature-environment development Easier microbial biomass separation
(fungi) Great scaling probability
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TABLE 13.1 (Continued)

Solid State Fermentation Submerged Fermentation

Disadvantages

Elaborated downstream process
High liquid waste generated

Substrate’s pretreatment claim
Parameters with high control difficulty
e Complex analytic methods for analyze High energy consumer
and control the procedure Difficult usage in Filamentous
High inoculum volume requirement fungi
Poor agitation Costly ingredients
e Lack bioreactor designs and engineering Contamination problems
process in large scale

Source: [54, 55, 57, 58, 60, 75, 98-100].

13.4.1 CONDITIONAL VARIABLES DURING FERMENTATION

If well, both processes possess equal importance, each procedure is
adjusted to a user and expected results needs. However, we can talk about
a group of general parameters involved in the fermentation control.

13.4.1.1 MOISTURE

Without a doubt the moisture during SSF is a crucial factor and is directly
related to WA, influencing growth and metabolic activity in microorgan-
isms which is extensively documented [62—67], this parameter is a deci-
sive choice due to that determine the class of microorganism available to
growth in a substrate which is in function to the type of support and their
physic-chemical characteristics.

The microscopical fungi represent the ideal organisms for growth in
SSF despite to their WA requirements, also is essential to mention that
the criteria for metabolite production are superior that the needed for
growth, remarking the importance in this parameter control [63, 68, 69],
in the other hand an excess in the Aw value could promote low porosity
in a substrate and as a consequence in oxygen diffusion allowing bacterial
contamination or aerial mycelia formation [70], while smaller water in
the system could advocate phenomena as sporulation; and generally the
system present water losses due to the microorganism metabolic activity
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[69], for this reason, is recommended the frequent humidifiers usage or
sterile water [59].

13.4.1.2 TEMPERATURE

The temperature constitutes an environmental factor that contributes rele-
vantly in microbial growth and products formation [71], also generate influ-
ence in cellular metabolism, potential, and stability in cellular components
as proteins (enzymes) where we can mention reaction velocity, molecular
interactions and other physicochemical properties [72, 73], the incubation
temperatures is guided by the optima growth temperature, tough this not
guarantee alternative metabolites generation [74] during SSF is expected
an increase in system temperature along the process, especially in intern
substrate zone affecting directly in growth, germination, and sporulation,
making significative in bioreactor design include mechanisms that allow
the heat dissipation as control jackets or staying in controlled temperature
room [69].

13.4.1.3 AERATION AND AGITATION

Trough aeration and agitation in fermentative process we are trying
to enhance the mass transfer process at inter- and intra-particle
levels, during interparticular procedure the most crucial mass transfer
phenomena is the gas diffusion, specially oxygen (aerobic process) and
during SSF depends on porosity proportion in solid material and the
aeration, the cavity proportion is given by particle geometry, moister
content and substrate chemical nature that need to be represent by
about of 30% of total fermentation volume [75] is especially essential
increase the oxygen transfer and CO, elimination by aeration in intersti-
tial [75], for SmF the agitation provides this benefits and also promote
de distribution and interaction between cells and media components
[76, 77], for this reason they could affect in metabolism [78], where
the poor agitation rates could provoke gradients that could be relevant
in growth and metabolite production or even when is exceeded in the
case of fungal fermentation could cause fungal structure damage or
morphologic changes [51, 79].
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13414 PH

During microbial process the pH media is considered one of most valuable
factor that could reverberate in cellular development and also in prod-
ucts formation, the pH value could influence and change the metabolic
fluxes, if well, the environmental demands changes between strains [80],
the microorganism could growth in a wide pH range adapting their genic
expression [81], avoiding high intracellular pH variations with the finality
to maintain fundamental process as DNA transcription, protein synthesis
and enzymatic activities [82], nevertheless this process demands high
energetic maintenance and as consequence generate influence in metabo-
lite production or biomass generation [80], the medium pH affects strongly
enzymatic procedures and transport across membranes thus an optimum
valor could promote a high metabolic efficiency [71, 83], al pH could
affect fungal morphology for this reason is essential to ensure strategies
for control them obtaining a highly efficient productivity [84], the SmF
demand a very efficient pH control while SSF is more flexible due to the
tampon capacity in substrates [85] however occasionally is needed the use
of buffered solution for moisture the material support towards that avoid
the pH changes in localized area, this strategy result adequate in cultures
where the nitrogen source is added as ammonium salts due to the severe
pH changes that provoke [85].

13.5 SINGLE CELL PROTEIN (SCP) PRODUCTION

Protein intake during human nutrition represent a key ingredient, due to
that after their consume provide essential elements necessary to energy
intake and construct crucial molecules related to a proper body function
86, in accordance to WHO the daily protein intake for adult women and
man is 0.83 g/Kg and is adjusted to different ages and health issues [87],
nevertheless owing to the fast population growth and their future projec-
tions the food insurance is on risk, further the obtention by traditional
sources implies in occasions high environmental demands or low quality
products, being a priority to achieve a set of strategies that could generate
novel food sources, where one strategy that could be employed for grant
this macronutrient is the microbial derived proteins production [88], in
general, the microbial biomass represents a source of a wide relevant
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products due to their fundamental composition: carbohydrates, lipids,
proteins, nucleic acids, vitamin, among others [89] the microbial protein
also named single cell protein (SCP) could be generated from different
microorganism as algae, bacteria or fungi (filamentous and yeast) [90],
the microbial biomass derived from yeasts is considered as an alterna-
tive protein source with capability to satisfy the worldwide food demand,
during an actual scene with low agriculture production and additional to
tendency to population growth, giving a potential alternative for ensure the
food security and human nutrition which constitute the mains concerning
in food industries and scientific community [91], around world, unicellular
protein is used as an important protein concentrate for animal feed, soil
additive and flavoring for human consume [92], the unicellular protein
obtention involve numerous biochemical process variety, where diverse
organism could be exploited [93] represented roughly in Figure 13.3,
these representation remark that during this biotechnological procedure is
demanded a carbon source where different lignocellulosic materials could
be employed, including citrus waste, materials that normally are nitrogen
and mineral deficient expecting a supplementation [94, 95].

C(H20) + H20 + NHa + Minerals » CHNO +CO2+ H20 +A\E

Carbon Nitrogen P K, S, Na, Biomass Energy
source source Ca, Fe reaction

FIGURE 13.3 Biomass formation from different carbon source.

For SCP production the biotechnology exploits the fermentative
procedures, generating advantages as generating protein in a short time
and small space, nevertheless, the scientific community is struggling a set
of parameters that need to be controlled for enhancing the productivity and
quality especially in carbon and nitrogen source in addition to the above
classic fermentative parameters mentioned [96].

13.6 CONCLUSIONS

The lignocellulosic biomass conversion is realized in different steps,
including pretreatment allowing the natural structures rupture, the total
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or partial solubilization of lignin and hemicellulose and the cellulose
crystallinity reduction after that the second stage involve the enzymatic
hydrolysis endorsing the saccharification in media for arising with the third
stage the fermentative process for obtaining different valuable products,
each lignocellulosic material as citrus fruits wastes demand a personalized
strategy for exploiting them for the extraordinary structural composition.
The implementation of single-cell protein production explores one crucial
issue.
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ABSTRACT

Plant food byproducts (PFBs) from food processing industries have
been over produced and mismanaged worldwide causing some concerns
related with food losses, economics, and environmental issues. These
byproducts include diverse vegetable tissues among peels, stems, leaves,
kernels, and pomace, which have been accepted as innovative, low-
cost, and natural sources of bioactive molecules, such as polyphenols,
proteins, polysaccharides, and dietary fiber (DF) with functional proper-
ties. Thus, based on these value-added characteristics some biotechno-
logical studies have highlighted the importance to re-use and re-cycle
the PFBs for the development of novel functional ingredients and foods.
Nowadays, functional ingredients are well-recognized by their positive
effect exhibited on human health due to the high content of DF and
polyphenols, which have been shown positive modulation on human
intestinal microbiota mainly promoting specific bacteria groups such
as Firmicutes, Lactobacillus, and Bifidobacterium, usually associated
with the prevention of several diseases. Hence, this chapter describes
relevant information regarding the employment of PFBs as functional
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ingredients and their principal interactions for a positive modulation of
gut microbiota.

14.1 INTRODUCTION

Nowadays, the food byproducts production is assessed to be around 1.3
billion tons annually, such huge production is primarily generated by the
food producers and processing industries with an estimated economic
cost of 990 billion dollars. In Europe, around 96 million metric tons of
vegetables were produced, corresponding to 8.5% of the global production
and circa 30% of such vegetables have been rejected as byproducts and
poorly managed [1, 2]. Thus, there exist social, economic, and environ-
mental concerns to improve profitable and valorization of these vegetable
byproducts. On the other hand, the increasing claim of natural, safe, and
clean label food products, with beneficial and health-promoting charac-
teristics, has contributed to diverse research studies for the development
of novel functional food ingredients through integral valorization of some
PFBs within the framework of circular economy and environmental pollu-
tion prevention [3, 4]. Furthermore, the PFBs have been well-categorized
as rich sources of different high value-added compounds, such as dietary
fiber (DF) and bioactive compounds. In turns, DF is divided in insoluble
dietary fiber (IDF), which includes cellulose, hemicellulose, and lignin,
and soluble dietary fiber (SDF), which includes non-starch polysac-
charides, pB-glucans, gums, pectin, oligosaccharides, or inulin. The SDF
has shown several technological and functional properties such as water-
holding, swelling capacity, gel formation and increasing viscosity [5].
Additionally, bioactive compounds such as polyphenols are classified into
diverse groups, such as tannins, lignans, flavonoids, and phenolic acids,
which have been extensively reported as beneficial natural molecules for
human health and wellbeing [6]. The combination between DF and poly-
phenols has been shown an important role to modulate the composition
and metabolic functions of the microbial communities from human gut
microbiota, helping to prevent or reduce the risk of certain chronic illnesses
like cancers, diabetes, cardiovascular, and inflammatory disorders [7, 8].
Hence, the DFs associated with polyphenols create a multifunctional
product (combining both biological effects), enhancing the bioactive
and functional properties. Hence, by virtue of these functional/beneficial
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properties, and based on their richness in DF and polyphenols, the PFBs
could be used as functional ingredients to develop new food products. The
specific aims of this chapter are to gather and increase research interest
in the valorization of the PFBs, describing their positive contribution on
gut microbiota and consequently on health. This will further encourage
novelty in the design and development of functional products that can
solve problems related to food losses, waste, and pollution, focusing on
their potential applications in the modern food industries.

14.2 GUT MICROBIOTA AND ROLE ON HEALTH

The gut microbiota is the surviving microbial population present in the
colon, such population is varied and ample (10 cells) and comprises of
different microorganism as bacteria, archaea, and eukaryotes that play an
important role with the host. Firmicutes and Bacteroidetes are the major
bacteria found in the human gut and in a minor amount are the Proteo-
bacteria and Actinobacteria. Together, all these strains constitute 93-98%
of gut microbiota [9]. Bifidobacterium, Lactobacillus, Bacteroides, Clos-
tridium, Escherichia, Streptococcus, and Ruminococcus are the most usual
bacteria living in the gut. These bacteria are vital for the health and well-
being of their host, having a helpful function in the reduction of disease or
in the maintenance of the immunological activity, energy consumption and
even in the brain activity. A healthy and strong structure of gut microbiota
can build a physical barrier against infections, whereas disturbance in the
balance of gut ecology (dysbiosis) causes higher susceptibility to patho-
gens. Diverse reports have discussed the relationship between dysbiosis
and disease development, involving obesity, inflammatory bowel disease
(IBD) and cancer [10]. Obesity and type II diabetes are diseases states
associated with gut microbiota composition and composition changes. In
addition, dysbiosis is also linked with anxiety and depression due to the
consumption of probiotics produces anxiolytic- and antidepressant-like
activity in animal reports. On the other hand, food has a fundamental
role in influencing the composition and the activity of the heterogeneous
microbial population in the gut, providing nutrients such as carbohydrates,
proteins, and fats, as well as, is essential for the obtainment of energy from
food and even the conservation of the immune system. A rich diet of fibers
that may promote gut microbiota modulation and increased short chain
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fatty acids (SCFA) concentrations generated by microbiota are generally
considered to provide gastrointestinal health benefits. An increasing of
SCFA production within gut microbiota reduces luminal pH, which help
to prevent colonization and infections from pathogenic bacteria [11].

14.3 MODULATION OF GUT MICROBIOTA

Currently, the gut microbiota is considered a metabolic organ that can
modulate nutrient absorption and interact with the immune system.
Recent studies indicated that the valuation of the well-being includes the
conservation and modulation of the gut microbiota, which is altered in its
composition and function by diet. Diet is one of the most relevant factors
that can modulate the gut microbiota, having a large range of effects on the
host. Additionally, diet has been recognized as fundamental contributor to
the composition and role of the human gastrointestinal microbiota. There
are remarkable scientific data showing the changes in the abundance of
gut microbes through consumption of DFs and prebiotics, some of such
microbes are able to produce SCFA, which are linked to a range of health
benefits [11]. Moreover, food diet containing many of different types
of plants have been linked to greater gut bacteria diversity and some
evaluations of certain fruits, vegetables, nuts, and seeds have significative
impact in the gut microbiota and human health. This impact is derived
from their content of fibers that have varied physicochemical properties,
including solubility and fermentability, which influence bacterial fermen-
tation profiles in the gastrointestinal tract. Soluble fibers, such as inulin,
resistant maltodextrins, starch, and polydextrose are quickly fermented
by gastrointestinal microbiota. Microbes from the human gut possess a
range of carbohydrate-bindings modules and an extensive set of enzymes,
commonly glycoside hydrolases, glycosyltransferases, polysaccharides
lyases and carbohydrate esterases, enzymes that promote the hydrolysis
of wide variety of food-based plants that contain fiber like fructans,
pectins, B-glucans and arabinoxylans and resistant starches. These fibers
are composed by a wide range of monosaccharides units linked by a- and
[-bonds configuration, which may be more supportive of a varied micro-
bial community than a diet that has less diverse substrates (refined diet)
[12].
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14.3.1 PREBIOTICS

Prebiotic compounds have been recognized for their ability to effect host
microbiota to promote benefits in the host, for example, fructans (fructool-
igosaccharides (FOS) and inulin) and galactans (galactooligosaccharides
(GOSY)), acting through enrichment of Lactobacillus and Bifidobacterium
spp. [13]. However, due to the developments and tools for microbiota
studies, now the prebiotic concept has extended, such developments have
improved the knowledge of the composition of the microbiota and enabled
the identification of additional substances prompting colonization, as well
as, by the comprehension that a wide array of beneficial microorganisms
are disturbed by prebiotics and also, they could be effective at extraintes-
tinal places directly or indirectly [14]. Currently, prebiotics are defined as
a substrate (non-digestible ingredient) that is selectively employed by host
microorganisms deliberating health benefits. On the other hand, various
soluble fermentable fibers and other kind of DFs can be prebiotics because
they are selectively employed by the host microbiota and promote health
[15].

14.3.2 DIETARY FIBERS (DFS)

Dietary fiber (DF) can be classified in two groups such as water-
soluble (pectin) and water-insoluble (cellulose and lignin). Soluble
fiber has some favorable physiological functions, among the increment
of the viscosity of food digesta, changing the rate of nutrient release
and absorption in gastrointestinal tract and lowers blood cholesterol
concentration. IDF has less physiological effects in the upper gastroin-
testinal tract and is fermented in less extent by the colonic microflora.
However, insoluble DF plays a key role in intestinal regulation through
mechanical peristalsis [1]. The degree of polymerization and the solu-
bility of complex carbohydrates influences the site of fermentation
during the transit in the human gastrointestinal tract. Soluble fiber,
such as FOS and pectin are hydrolyzed by bacteria nearly in the gastro-
intestinal tract (the ileum and ascending colon), while cellulose (fibers
less soluble), can be moderately fermented in the distal colon where
the passage time is slower, and bacteria densities are higher. Therefore,
fibers behave as substrates that are differentially metabolized by the
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gut microbes, generating SCFA. Polydextrose and soluble fiber, which
are constituted by glucose monomers linked by a— and B-(1,2), a- and
B-(1,3), a- and B-(1,4), and a— and B-(1-6)-bonds, can be used as
substrate of certain gut microbes. Inulin-type fibers, which principally
consist in a linear fructosyl polymer linked by B-(1,2) bonds attached
to a terminal glucosyl residue by an a-(1,2) bonds provide selective
stimulation for bifidobacterial [11].

14.3.3 SHORT CHAINS FATTY ACIDS (SCFA)

Microbial hydrolysis of complex polysaccharides to monosaccharides
includes different biochemical routes and is carried out by the enzymatic
production and activity. For example, Acetate, propionate, butyrate,
and gas (H, and CO,) are the main bacteria fermentative end SCFA
products from the complex carbohydrates [16]. The production of SCFA
indicate a fermentative process by the colon bacteria. The alteration of
the SCFA concentration is manifested during the length of the gastro-
intestinal tract, with the highest concentration near to the colon, which
is the zone of the gastrointestinal tract with the biggest concentration
of microbes and the lessening concentrations in the distal colon [17].
In turn, Faecalibacterium prausnitzii (butyrate-producing bacteria) and
Akkermansia muciniphila (a mucin degrading bacterium) have both been
linked with helpful health outcomes, including reduction of inflamma-
tion and enhanced gut barrier role [18]. Butyrate is the key energy source
of colonocytes and enterocytes. Propionate can be employed through
conversion into glucose by intestinal gluconeogenesis or diffuse into
the portal vein to be consumed as substrate for hepatic gluconeogenesis
[19]. The SCFA are absorbed in the gut or used by the microbial popula-
tion. However, a small concentration of SCFA, especially propionate
and acetate, are found in peripheral circulation. Regarding acetate, the
most prominent SCFA has been shown to cross the blood-brain barrier.
Furthermore, despite acetate be an essential co-factor/metabolite for the
growth of bacteria, it provides the capacity of bifidobacteria to inhibit
enteropathogens and reduce the appetite of the host through the interac-
tion with the central nervous system [20].
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14.3.4 POLYPHENOLS

High percentage of polyphenols (95%) cannot be absorbed in the small
intestine, they are metabolized in the colon by the residing bacteria,
leading to the production of metabolites, which together with polyphenols
can modulate the bacterial population in the gut. This phenomenon is
attributed to their complex structure and high molecular weights of poly-
phenols. Biotransformation of polyphenols in the gut has been shown to
be carried out by intestinal bacteria, for example gut bacteria deconjugate
anthocyanins by cleaving their glycosidic bonds to form lower molecular
weights compounds, and also some reports demonstrated the catabolism
of quercetin, rutin, chlorogenic acid and caffeic acid to generate smaller
phenolic acids by gut microbiota [8]. Moreover, polyphenols can alter
the composition of microbial bacteria in the gut, due to their ability to
inhibit growth of specific bacteria, especially pathogenic, such as E.
coli, S. aureus and C. albicans [21]. In addition to act as antimicrobial
agent against pathogens, polyphenols are also suggested to present their
protective effect as prebiotics because of their inhibitory effect against
pathogens, while beneficial bacteria are stimulated and are not affected
by polyphenols. For example, epicatechin, and catechin not only inhibited
foodborne pathogens, but also increased the count of probiotics like Lacto-
bacillus, Bifidobacterium spp. and Eubacterium rectale-C. coccoides [16].

14.4 FUNCTIONAL INGREDIENTS FROM PLANT FOOD
BYPRODUCTS (PFBS)

The PFBs are rich in fibers and polyphenols that have been contributing
to bowel increasing health, weigh management, lower blood cholesterol
levels and improve control of glycemic and insulin responses. Due to
the composition and beneficial characteristics of PFBs, they have been
employed for the development of functional ingredients [22]. Nowadays,
functional foods are described as food ingredients that have diverse health
benefits, preventing or reducing the risk of several illness, such as cancers,
cardiovascular, and inflammatory disorders, and diabetes [23]. These
natural materials could be used directly as a source of DF or as feedstock to
obtain some oligosaccharides. These natural polymers have been used for
the modulation of intestinal microbiota, such as Bifidobacterium, which
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have been associated to prevent colon, stomach, prostate, and breast cancer
[6]. For example, corncobs byproducts were employed to produce xylo-
oligosaccharides, non-digestible food ingredients with prebiotic effect,
such ingredients were selectively used for Bifidobacterium and Lactoba-
cillus, improving their growth due to their ability to produce hydrolytic
enzymes (xylanase and B-xylosidase). Therefore, such bacteria help in
the digestion of non-digestible oligosaccharides in the gut region, which
are normally not digested in the upper gastrointestinal tract and produce
SCFA resulting in the reduction of pH in the environment. The decrease
in the pH has been well-documented that creates an acidic environment,
which in turn decrease the number of pathogenic bacteria and permits the
normal microflora to survive in the human intestine maintaining one’s
health [24]. On the other hand, polyphenols have been demonstrated to
modulate gut microbiota, as well as, exhibited good inhibition properties
against digestive enzymes (such as lipase, glucosidase, and amylase),
minimizing hyperglycemia which is strongly associated with diabetes
and obesity disorders [16, 25]. By virtue of these functional properties on
human health and on the basis of their richness in fibers and polyphenols,
PFBs could be used as functional ingredients to develop novel food prod-
ucts such as cookies, fiber bars or cereals, contributing to the increasing
demand of healthy foods.

14.5 STABILITY THROUGHOUT GASTROINTESTINAL TRACT

Consumption of food rich in polyphenols does not guarantee their
bioavailability during the digestive tract, thus their biological effect is not
exerted. These compounds vary in their composition and have different
stability behaviors due to their availability within the food matrix as well
as when are subjected to the gastrointestinal tract environments. Diverse
of these compounds have low bioavailability and are weakly absorbed due
to their large molecular weight and low lipid solubility, thus they cannot
be absorbed by passive diffusion [26]. The adsorption in the gut in many
of the times varies depending on food composition, processing conditions
or presence of other compounds [28]. However, there are some specific
factors that could affect the adsorption of the molecules in the gut such
as food structure and molecular weight of the compounds and chemical
interactions. For example, polyphenols extracts showed bioavailability



Impact of Functional Ingredients from Plant Food Byproducts 245

loss when were exposed to in vitro simulation digestion after mouth
process, decreasing their antioxidant power when reach to the stomach
and therefore, minimizing their health promotion activity in the gut. This
effect could be explained by the strong affinity of phenolic compounds with
proteins, which usually are present in human saliva, forming non-covalent
and covalent linkages [29]. In addition, bioavailability is expressed as
the amount of a nutrient that is digested, absorbed, and utilized in normal
metabolism and bioaccessibility is a term used to describe the amount of
an ingested nutrient that is available for absorption in the gut after diges-
tion [30]. On the other hand, it has been reported that polyphenols can be
released from food matrix in the upper area of gastrointestinal tract by
direct solubilization in the intestinal liquids at physiological conditions
(37°C, pH 1-7.5) and by the hydrolysis of digestive enzymes. Humans’
enzymes are capable to hydrolyze only a scarce glycosidic bonds present
in carbohydrates, including starch polysaccharides, by the action of
pancreatic and amylase, and the disaccharides sucrose and lactose by
disaccharidases, sucrase, and lactase [31]. Therefore, phenolic compounds
embedded within DF could arrive at the colon and exert their biological
functions, contributing to the intestinal health. Furthermore, many research
groups have been focused on the formulation of food ingredients from
PFBs, investigating the effect and stability of their functionality through in
vitro simulators, which include controlled incubations in real or simulated
gastric juices as well as gastrointestinal models that simulate the environ-
ment in the gastrointestinal transit, which can help in the understanding of
the changes of an acidic environment (pH 2.0-2.5) in contact with pepsin,
followed by the exposition to bile salts (0.3%, w/v, at pH 5) for different
time periods and then observe the final products that could reach to the gut
and exert their beneficial properties [32].

14.6 IMPACT OF PLANT FOOD BYPRODUCTS (PFBS) ON GUT
MICROBIOTA

Currently, diverse experts in gut microbiota are expanded beyond foods
and prebiotics to the dietary patterns, eating habits and food formulation
methods, in addition to the development of functional ingredients from
PFBs that could have positive impacts on gut microbiota. In this context,
DFs and polyphenols have been studied for the formulation of certain
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food ingredients, owning to their functional and bioactive properties as
well as by their effect on the bioavailability of bioactive compounds,
since polyphenols are usually associated with non-starch polysaccharides,
which during the upper intestine digestion of foods, a partial portion of
bioactive compounds pass to the blood system, whereas the remaining
part reaches the colon and is fermented by the gut microbiota [33].
Furthermore, researchers have reported the prebiotic and bifidogenic
positive effects exhibited by arabinoxylo-oligosaccharides (AXOS) from
wheat bran through in vitro fermentation with human fecal microbiota
where they showed stimulatory effect upon bifidobacterial population at
the same order compared with pure FOS standard. Additionally, SCFA
(acetate>propionate>butyrate) and lactate were produced at higher amounts
than the controls. Remarkable information about the acetate-to-propionate
ratios in gut have been proposed as a positive indicator of a hypolipidemic
affect resulting from an inhibited biosynthesis of cholesterol and fatty
acids in liver, which decrease blood lipid level [34]. Others have utilized
pomegranate peel flour to evaluate the effect on polyphenols during in
vitro gastrointestinal tract simulation and its ability to be fermented by
colonic bacteria. The results showed 35.90 and 64% of bioaccessibility
for phenolic and flavonoid compounds, respectively, which demonstrate
the stability of these compounds, and their capacity to exert their health-
related benefits, including potential cardiovascular benefits. On the other
hand, pomegranate flour after digestion shown to be a suitable substrate for
intestinal bacteria, producing beneficial SCFA, which modulate different
processes including cell proliferation and differentiation, hormone secre-
tion and activation of immune/inflammatory reactions [35]. In a recent
study, functional flours (rich in DF and polyphenols) were developed from
pineapple stems and peels where through the gastrointestinal tract simula-
tion, a high phenolic content, comprised mainly by chlorogenic, caffeic,
coumaric, and ferulic acids, was released from the pineapple flours. The
antioxidant activity was conserved after digestion, which could suggest an
antioxidant ecosystem within human gut. Also, after digestion, oligosac-
charides (<1,000 Da) were detected, which were produced from the hydro-
lysis of the complex polysaccharides present in the pineapple matrix by
the enzymatic activity. On the other hand, through fecal fermentation, the
digested pineapple flours promoted the evolution of beneficial gut strains
and caused the production of organic acids specially, acetic, propionic, and
butyric acids. Peel flour exhibited a positive effect on Lactobacillus spp.



Impact of Functional Ingredients from Plant Food Byproducts 247

and Bifidobacterium spp., while for Firmicutes showed a negative effect.
Moreover, stem flour demonstrated progressive effect on Lactobacillus
spp., Bifidobacterium spp., Firmicutes, and Bacteroidetes (ca. 30% after
48 h) than peel flour and the positive control (FOS) [36].

14.6.1 IN VITRO FERMENTABILITY ASSESSMENT

Fecal fermentation is a laboratory level technique, which employs human
or mice feces in anaerobic conditions to evaluate the modulation of resident
microbes, but especially the stimulation of prebiotic effect of the target
sample. Such technique begins, collecting the fresh samples (fecal feces) in
sterile and anaerobic environments from healthy donors (at least 5 donors),
who were free of any known metabolic and gastrointestinal diseases, zero
ingestion of probiotic or prebiotic supplements or any antibiotics during
the latest 3 months prior of fecal donation. Fecal inoculum is prepared in
a reduced physiological salt solution (Table 14.1) at final concentration
of 100 g feces/L at pH 6.8 [37]. Fermentation medium is composed by
nutrients, which helps microorganisms’ growth, adjusted at pH 6.8 [34].
The fermentation assessment is performed by mixing the target sample
(2% w/v) and inoculum (2% v/v) in the medium at 37°C inside of an
anaerobic chamber (5% H,, 10% CO, and 85% N,) and compared against
positive (FOS) and negative (without sample) control, both prepared as
described for the target sample. Additionally, for a better understanding of
the microorganism’s evolution and metabolic activities modulation during
fermentation process, a sampling should be analyzed at different periods
of time (e.g., 0, 12, 24, and 48 h). Cells are harvested from fermentation
samples by centrifugation, the solid particles are stored at —20°C for their
genomic DNA extraction and study, while the supernatants are prepared
for analysis of pH, carbohydrates, organic acids, and phenolic content.

TABLE 14.1 Chemical Composition of Fecal and Fermentation Medium for /n Vitro
Fermentation Assay

Concentration

1. Fecal inoculum g/L % (v/v)

Reduced physiological salt solution 0.5 -
(RPS: cysteine-HCI)

NaCl 8.5 -
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TABLE 14.1 (Continued)

Concentration

2. Fermentation medium - -
Trypticase soya broth (TSB) without 5 -
dextrose

Bactopeptone 5 -
Yeast nitrogen based 5 -
Cysteine-HCl 0.5 -
Trace mineral solution - 1
Solution A - 1
*NH,CI 100 -
*MgClL,*6H,0 10 -
*CaCl,»2H,0 10 -
Solution B - 0.2
**K,HPO,*3H,0 200 -
***Resazurin - 0.2

Note: The concentrations given were calculated for 1 L of distillate-sterile water.
*Reagents for solution A;

**Regents for solution B;

***Reagent is used from a solution of 0.5 g/L.

14.6.2 GUT MICROBIOME MODULATION

The alteration of food lifestyles has been shown modulation of the gut
microbiome composition, which in turn can improve health or even disease
avoidance. The gut microbiome covers the totally of microorganism
living the gastrointestinal tract, which is mainly composed by bacteria
with an estimated value of 100 trillion cells. The bacterial societies vary
in structure along the digestive tract and adapt through life, according to
lifestyle and nourishment of the host. Some reports have exhibited that the
gut microbiome matches our human genome with about 100 times more
DNA, which provide considerably to our physiology and metabolism and
its composition variations with age, diet, among other factors. Most of
these genes are involved in energy fabrication and metabolism, confer-
ring humans the capacity to live on widely diverse diets [19]. Nowadays,
several analyzes of fingerprinting have been developed for exploring the
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gut microbiota, which include temperature gradient gel electrophoresis
(TGGE), denaturing gradient gel electrophoresis (DGGE), terminal restric-
tion fragment length polymorphism (T-RFLP), quantitative PCR (qPCR)
and fluorescence in situ hybridization (FISH), or plasmid-clone capillary
Sanger sequencing. These methods are semiquantitative and bring a quickly
outline of the microbiota but generally do not offer complete taxonomic
data. Microarrays with analyzes corresponding to 16S rRNA sequences
are high-throughput tools for describing abundance and diversity. Direct
sequencing of 16S rRNA genes has been progressively employed for
measuring microbial diversity and abundance in the human gut due to its
low costs of sequencing, methods for data analysis, new bioinformatics
algorithms and better databases with sequence of known taxonomy [38].
New invention on sequencing tools have allowed the identification of many
cultivable and non-cultivable microorganism, such is the case of Illumina
MiSeq, a high-performance molecular technology with better use for
colonic microbiota identification, based on sequencing information from
high resolution and strength. A recent study, employing mango peel and
pulp to evaluate microbiota changes during colonic fermentation, showed
that through sequencing on the Illumina MiSeq platform for 16 rRNA
gene analysis was able to identify and quantify diverse microorganism
genera, such as Bifidobacterium, Buttiauxella, Faecalibacterium, Rose-
buria, Eubacterium, Fusicatenibacter, Holdemanella, Catenibacterium,
Phascolarctobacterium, Collinsella, Prevotella, and Bacteroides [14].

14.6.3 OTHER SIDE IMPACTS BY GUT MODULATION

Some research reports have remarked the impact of gut microbiota not
only in the development of allergenic and intestinal diseases, but also
in the modulation of depression, anxiety, and autoimmune syndromes.
Nevertheless, an emerging field regarding gut microbiota has been rising,
which will lead to a novel route of personalized medicine [39].

In 2010, the pharmacomicrobiomics designation was first presented
and is define as the effect produced upon gut microorganism by a deter-
mined stimulus, in this case, a determined drug. Moreover, such term
examines the effect of drugs variations within the human gut microbiome,
how the gut microorganisms and their production of hydrolytic enzymes
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can modify the bioavailability, clinical efficacy and toxicity of some drugs
and their mechanisms.

The studies on this field, have been mainly on predicting the effect of
some treatments, primary in medicines applied to the treatment of cancer,
but also, have been widely studied to promote human autoimmunity,
which can potentially lead to application of pharmacomicrobiomics in
precision medicine [40]. The application of pharmacomicrobiomics in
human treatments would allow to have a diverse diagnostic perspective,
since the patients would be tested for microbial species, genes, transcripts,
and/or proteins that affect drug metabolism, small-molecule transport or
immunoprotective responses, which will lead to a best development of
therapeutic action on the basis of pretreatment gut microbial characteristics
[41]. Several phases should be done before a complete implementation/
application, since there still exist a lack in the scientific knowledge on this
matter, especially given the broad inferences of multiple sicknesses areas,
multiple drugs, and conventional therapeutics [42].

14.7 CONCLUSIONS

Diet is a fundamental factor in influencing the abundances of human gut
microbes and their production of metabolites, which can exert human
health benefits. Therefore, the results obtained from the employment
of PFBs as potential functional ingredients rich in DF and polyphenols
have been shown a positive modulation on gut microbiota, especially on
Bifidobacterium and Lactobacillus bacteria, which can generate health
beneficial SCFA. Besides, the use of PFBs could help to reduce the cost
and the environmental concerns associated with their disposal and poor
management since these byproducts could be reincorporated to the food
industrial chains focused on the development of functional foods that
promotes health benefits.
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ABSTRACT

The clinical and food testing microbiological laboratories required very
rapid and careful methods for microbial identification and antibiotic sensi-
tivity testing of microorganisms on regular basis. The VITEK II compact
system is employed to identify microorganisms particularly bacteria,
yeast, and molds automatically. The catalogs to identify VITEK system
products are built using sets of numerous well-described bacterial and
yeast strains estimated under several culture conditions. The technique
of applied advanced colorimetry cards estimates the biochemical tests
used in distinct microbial identification cards. VITEK II system database
yields the identifications and classification of microorganisms through
comparing the results to recognized microbial species-specific responses.
in. VITEK 1II system has been successfully used to identify and classify
numerous strains of bacteria including probiotics as well as pathogenic
types in addition to yeasts and it had shown great accuracy in context to
biochemical tests and genomic methods. The process of determining and
classify the species of microorganisms is a stressful process and requires a
long time. As compared to currently available methods, due to more rapid
and accurate testing VITEK II can be considered as a very useful tool in
clinical diagnostics where otherwise routine identification and testing of
pathogenic strains is very risky and laborious task.

15.1 INTRODUCTION

Automation is growing at an early stage in microbiology laboratories
than the automation rate in other laboratories, such as the hematological,
clinical, and immunological laboratories [1-3]. In recent years, a range of
automated methods has been developed for microorganisms’ identification
and antimicrobial sensitivity testing [4], which are based on automated
interpreting scores of biochemical tests or on microdilution plates after 12
hours of incubation and photometric definition of microorganism growth.
Development in modern technologies that can easily detect and classify
bacteria and check antimicrobials now has both clinical and fiscal advan-
tages [5—7]. Bacteria and yeasts are detected and studied for antimicrobial
susceptibility in most general microbiology laboratories in the USA
with automated systems. Utilization and price efficiency make them the
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preferred methods. The reference methods of culture broth microdilution
and disk spreading assays are also used over the more laboratory general
and clinical and laboratory requirements [8—10].

In 1970s, the VITEK device was introduced as an automated tool to
identify the microorganisms and antimicrobial sensitivity. This system has
been now a system called VITEK II which automatically proceeds with all
the steps needed for identification of microorganisms and to check anti-
microbial microorganisms after addition of the first inoculum [11]. The
VITEK 1II is an automatic, growth-based microbiology method. In three
designs (VITEK II compact, VITEK II and VITEK II XL), the system is
obtained that differs in increasing sample numbers and in the automation
process (Figure 15.1). These three devices have the same number of colo-
rimetric reagent cards that are automatically incubated and clarified [12].
This device allows kinetic testing with a 15 min description of each test.
The optical system allows the registration of turbidity, fluorescence, and
colorimetric measurements with several channel colorimeter and Photom-
eter readings. The VITEK method could provide reliable identification
and antimicrobial sensitivity results with pure bacteria and yeast cultures,
according to prior researchers [13, 14].

The goal of this chapter is to address trends in the ‘VITEK II system’
as an analytical methodology which include basic concepts, working
principles, their different types and colorimetric reagent cards that is used
to identify and classify bacteria and yeasts.

«L
FIGURE 15.1 The VITEK II compact system [11, 15].
15.2 VITEKII: AN OVERVIEW

The main focus of this program is on the microbiological testing used
in culture media, and microbiological laboratories for small to medium
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volumes of microbial production. The system has also provided an alterna-
tive for antimicrobial sensitivity testing by automated dilution and pipetting
[16]. The colorimetric reagent cards of VITEK II system have four types
based on microbes (Figure 15.2). Colorimetric reagent cards are inoculated
by implanted vacuum machines with microbial isolate suspensions [17]. A
microbial isolate suspension sample tube is transferred to the appropriate
tablet (cassette) and the ID card is positioned in the adjacent region while
the transfer pipe is inserted in the corresponding suspension tube. Up to
10-15 tests depend on the form of VITEK II device can be understood by
the special tablet (cassette). The suspension of isolated microorganism is
forced during the transfer pipeline to a micro tube to fill all the test wells
after the vacuum cycle is used and air is re-inserted [18, 19].
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FIGURE 15.2 The VITEK II system. (A) Different four types of VITEK II system; and
(B) the colorimetric reagent cards of VITEK II system [11, 15, 20].
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A tool cuts the carrier tube and stamps the card before the carousel
incubator is loaded into the VITEK II system to inoculate colorimetrical
reagent cards [21]. The incubator carousel will hold between 30 and 60
cards. For the optic tool in the response readings, all colorimetric reagent
type of card is incubated at 34.5-36 and 5C for 15 minutes. During the full
incubation time, the data are taken at 15 minutes (Figure 15.3) [22, 23].
With the VITEK II compact, response period is decreased up to 22 hours
for all bacteria species than the classic biochemical tests while the safety
of biodata is maintained with overall acquiescence features [24, 25].

FIGURE 15.3 VITEK II compact cassette equipped with (A) 15 colorimetric reagent
cards; (B) microbial suspension tubes; and (C) scanner device for enter results [11, 15].

15.2.1 WORKING PRINCIPLE AND RESULTS

The catalogs to identify VITEK system products are built using sets of
well-described bacterial and yeast strains estimated under several culture
conditions. These strains are isolated from several clinical, food, soil, and
industrial samples as well as from microbial culture collection centers
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such as American type culture collection (ATCC) and cultural collections
laboratory in universities [26—28]. After scanner process of colorimetric
reagent cards, test response results show as + or —. Sometime the reac-
tions results appear in parentheses as (+) or (-) that are indicator of weak
responses. The results are matched with databases of the VITEK system
as well as Bergey’s Manual of Systematic Bacteriology as a certified
reference [29-31]. After comparing the results of bio-pattern with VITEK
system data, there is completion of numeral probability computation for
all taxon. Several qualitative recognition scales are distributed based on
the estimation of numerical probability computation [32, 33]. The various
scales and related input are shown in Table 15.1. While studying the bio-
pattern sample for an anonymous organism (e.g., bacteria, yeasts, etc.), the
results are all fully negative or may depend on (i) negative testing and (ii)
negative tests with false responses. The identification score will be “Non
interactive bio-pattern.” Viability and numbers of organisms is importance
to get best identification of testing organisms [33, 34].

TABLE 15.1 The Levels of Microorganism’s Identification [20]

Levels Options Probability percentage Notes
Excellent 1 (One) 96.00-99.00% -
Very good 1 (One) 93.00-95.00% -

Good 1 (One) 89.00-92.00% —

Accept 1 (One) 85.00-88.00% -

Minimum 2-3 Summation/aggregate of choices  2-3 species show

identifies (Two-three) = 100 after a single percent the same bio-pattern
likelihood resolution represents separate by additional
the number of the option experimentations

Unidentified 0 (Zero) - Either more three

microbial species show the same

bio-pattern

15.3 APPLICATION IN IDENTIFICATION AND CLASSIFICATION
15.3.1 BACTERIA

Bacteria are classified and specified to differentiate between isolates to
collect them from microbiologists and other scholars [4, 35]. Classification



Trends, Analytical Approaches, and Applications of the VITEK System 261

science seeks to characterize the variety of bacterial species using nomen-
clature and collecting them based on likes [36, 37]. Bacterial species can be
classified on the base of cell structure, cellular metabolism, or on variances
in bacterial cell components such as DNA, proteins, fatty acids, phospho-
lipids pigments, antigens, and quinones. Several methods have been used
to classify bacterial species such as biochemical tests and genetic methods
[38, 39]. In past studies, E. coli O157:H7 bacterium was identified using
selective media such as Sorbitol MacConkey agar and using biochemical
tests. About 25% of isolates was matched with E. coli O157:H7 [40] while
36 isolates were identified to be Aeromonas hydrophila bacteria depending
on morphological and microscopic methods. Around 10 biochemical tests
and Aero gene detection were performed by PCR technique [41]. Vibrio
spp. was detected in Iraqi White soft cheese product, eight species of Vibrio
bacteria was obtained and identified by selective media, microscopic, and
biochemical tests [42].

VITEK II system was used to identify several species of bacteria like
lactic acid bacteria (LAB), probiotics, and pathogens. This technique is
characterized by fast work completion and accurate results [43]. With
Rapid ID 32A System, VITEK II system and MALDI-TOF, the entire
50 Clostridium difficile isolates were certainly listed. The findings were
observed right in 0, 2, and 17 isolates of VITEK II system, Rapid ID 32A
and MALDI-TOF for 18 non-Cl. difficile isolates, respectively [44]. The
past study assessed the new VITEK Il system identification cards which use
colorimetric reactive to detect Gram-positive and Gram-negative bacteria
(GP and GN cards, respectively) compared to fluorimetric cards (ID-GPC
and ID-GNB) [45]. The research included all 580 bacterial isolates and
strains of 116 taxa. 249 gram-positive bacteria examined with two cards
(ID-GPC and GP), 218 and 235 bacterial isolate and strains were correctly
identified, respectively. Around 331 Gram-negative bacteria examined
with two cards viz. ID-GNB and GN, 295 and 321 bacterial strains were
correctly identified, respectively [45].

15.3.1.1 LACTIC ACID BACTERIA (LAB)

Lactic acid bacteria (LAB) are gram-positive and non-sporic bacteria
except some bacteria (Sporolactobacillus, cocci, coccobacillus, or bacilli)
which have below 53 mol% G+C DNA base content. Usually, they are
non-respiratory and do not contain a catalase enzyme [46, 47]. The glucose
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is fermented by them into lactic acid, CO,, acetate, aroma, and ethanol.
LAB grows anaerobically but unlike other anaerobes, is “aerotolerant
anaerobic” and can grow in the presence of O,. While they do not have
catalase, they do have superoxide dismutase and other possible approaches
of detoxifying radicals in peroxidase enzymes [47, 48].

The term “Lactic acid bacteria”-LAB is particularly used to denote
the bacteria of order Lactobacillales which involves Lactobacillus,
Pediococcus, Leuconostoc, Lactococcus, and Streptococcus besides
Carnobacterium, Aerococcus, Enterococcus, Sporolactobacillus, Oeno-
coccus, Tetragenococcus, Vagococcus, and Weisella. However, several
genera of bacteria produce lactic acid as a major or minor end-product of
carbohydrates fermentation [47, 49]. The VITEK II Compact System also
identified the clinical isolates of gram-positive bacilli and Enterococcus
faecalis and E. faecium [50]. The results accuracy of VITEK II Compact
system was 66% to identify the Enterococcus spp. compared to E. faecalis
and E. faecium as depicted in Table 15.2 [51]. These scores are like to
those achieved in a previous study in which VITEK II showed 87% total
accuracy for the identification of Enterococcus spp. [52].

TABLE 15.2 Identification of Bacterial Isolates by VITEK II Compact System [51]

Bacterial Isolates Number of Isolates Tested Percentage

(A) Enterococcus spp.

E. avium 5 80%
E. casseliflavus 6 83.3%
E. durans 1 0%
E. faecalis 24 100%
E. faecium 23 100%
E. gallinarum 8 50%
E. raffinosus 6 0%
(B) Streptococcus spp.

S. anginosus 4 25%
S. bovis 11 45.4%
S. mitis 3 66.66%
S. morbillorum 1 0%
S. mutans 1 0%
S. sanguis 6 50%

Source: Reprinted with permission from Ref. [51]. © 2002 Springer Nature.
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The VITEK II Compact system with automated GP card was employed
for the identification of LAB isolated from sucuk samples-dried and
fermented sausage in Turkey. A full of 129 LAB isolates were specified
among which Lb. plantarum dominated (45.7%) followed by 10.9% of
Lb. curvatus and 9.3% of Lb. fermentum. P. pentosaceus and P. acidi-
lactici isolates were specified from genus Pediococcus [53]. Weissella
genus is one such genera of LAB possessing microbes with features like
Lactobacillus. Several methods have been used to classify these bacteria,
including VITEK II Compact system and 19 species have been identified.
From those, Weissella confusa, W. viridescens and W. cibaria are the single
isolated species from human’s origin, while other species were isolated
from raw milk, fermented cereals, and vegetables sources [54]. In the past
research, the automatic VITEK II system with GP67 cards identified the
Enterococcus genus which was also used to re-identify the Lactococcous
garvieae (>99% likelihood) for the additional speciation [55]. The micro-
organisms of kefir samples were classified and then recognized using
VITEK II Compact automated ID/AST card and API System. Further,
all kefir samples contain Kocuria spp. when incubated at 4C, however,
the incubation at 20°C, 25°C and 30°C did not show any traces. Some
other microorganisms like Leuconostoc spp. and Micrococcus spp. were
detected in whole kefir groups [56]. The identification of E. faecalis Y17
and Pediococcus pentosaceus G11 by using VITEK II compact system.
They have antibacterial activity against A. hydrophila, Vibrio alginolyticus,
V. parahaemolyticus, Staphylococcus aureus, and Streptococcus spp. [57].

15.3.1.2 PROBIOTIC BACTERIA

Probiotic bacteria are commonly known as “live microorganisms,” which
while ingested or locally utilized in appropriate numbers showed the health
benefits for the host as human or animals [35]. The main probiotic bacteria
applied in dairy products have been strains of Lactobacillus acidophilus
and Bifidobacterium spp., which are orderly added to fermented dairy
products like yogurt because of their increased functional advantages to
gastrointestinal system health of human and animals [58, 59, 74].

The special cards were used to diagnose Bifidobacterium species and
diagnostic card for anaerobic bacteria is known as ANC Card [60]. The
record of ANC card includes 63 genera of anaerobes and Corynebacteria
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among which 20 genera are registered in ANC database of VITEK II
system: Actinomyces, Arcanobacterium, Bacteroides, Bifidobacterium,
Clostridium, Collinsella, Corynebacterium, Eggerthella, Eubacterium,
Finegoldia, Fusobacterium, Lactobacillus, Microbacterium, Parvimonas,
Peptoniphilus, Peptostreptococcus, Prevotella, Propionibacterium, Staph-
ylococcus, and Veillonella [61]. Bifidobacterium isolates were obtained
from several sources including Human milk and feces of children aged
7-43 days using the selective media MRS NLLP. Confirmatory diagnosis
for 8 bacterial isolates using VITEK II compact system stressed the origin
of four of them to bacteria Bifidobacterium bifidum [62].

15.3.1.3 PATHOGENIC BACTERIA

Pathogenic bacteria are those microorganisms which can cause diseases
after entry into human and animals’ body [4]. They can spread through
food, water, soil, air, and during body contact. Generally, bacteria are
harmless and helpful but some species are pathogenic [3]. In previous
study, the new VITEK II compact system (bioMérieux, France) equipped
with automatic GNB card identified the rod, and Gram-negative bacteria.
All 845 pathogenic strains were examined, showing 70 specific taxa
relations to the family Enterobacteriaceae or no enteric bacilli, whereas
at species level, 716 bacterial strains, with an additional 32 strains were
identified from several manual tests such as oxidase, hemolysis, motility,
indole reactions, and pigmentation. Only 7 strains were mis-identified and
10 were not identified [63].

The compact system of VITEK II with automated GPC and GNB
identification cards, which uses the fluorescent read process, required up
to 3 h for identification of 52 Gram-positive strains and 98 Gram-negative
strains. The system covering an extended database of 115 Gram-positive
and 135 Gram-negative taxa with a new designed GP card for Gram-posi-
tive and GN card for Gram-negative formats as per colorimetric detection
[11]. The VITEK II system GN card estimated 562 bacterial isolates of
common as well as rarely found species having Gram-negative and rod-
shaped bacteria in addition to 154 non-fermenting glucose isolates. API
20 E and API 20 NE kits were used to identify bacterial strains. VITEK
II program GN card accurately recognized 96.8% of isolates with a minor
discrimination of 6.4%. Misidentifications showed at 3.0% but no Identi-
fication showed at 0.2% [64].
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Total 273 isolates were obtained from models of various clinical
samples (urine, stool, blood, and sputum) and swabs from the vagina,
wounds, ear, and crag. Among these isolates, 30 isolates of Klebsiella
genus were found from the results of VITEK II compact system. Kleb-
siella have been past diagnosed by using API 20E kit as K. prneumoniae
(90%) and K. oxytoca (10%) when the results of genetic methods reported
80% of isolates belonged to the specie of K. pneumoniae and 20% of K.
oxytoca [65].

15.3.2 YEASTS

Being a member of Fungus kingdom, yeasts are eukaryotic microorgan-
isms with monocular cells. The initial yeast was found hundreds of millions
of years ago, and at minimum 1,500 species are recognized at percent
time [66]. They are estimated to 1% of all described species of the fungus
kingdom. Diagnosis and classification of yeasts is made by well-known
diagnostic methods such as biochemical tests and genetic method [67, 68].
Saccharomyces contains several species of yeasts which are considered
very significant in food production. It is famous as the baker’s yeast or
brewer’s yeast. They are monocular and saprotrophic fungi. One example
is Saccharomyces cerevisiae, which is applied in producing wine, bread,
beer, baker products and for human and animal health [69, 70]. YST card
is applied to identify 15 yeast species and yeast-like microbes using the
automatic VITEK II compact system [13]. The list of supposed species is
shown in Table 15.3.

TABLE 15.3 Identification of 185 Yeast Isolates Using VITEK I Compact System [13]

Yeast Isolates Number of Isolates Number of Number of
Identification Non-Identification

Candida albicans 48 48 0

C. dubliniensis 22 22 0

C. glabrata 23 23 23

C. guilliermondii 1
C. inconspicua 2
C. kefyr 1 1 0
C. krusei 10 10 0



266 Quantitative Methods and Analytical Techniques in Food Microbiology

TABLE 15.3 (Continued)

Yeast Isolates Number of Isolates Number of Number of
Identification Non-Identification

C. lipolytica 2 1 1

C. lusitaniae 7 6 1

C. parapsilosis 22 21 1

C. pelliculosa 2 2 0

C. rugosa 7 5 2

C. tropicalis 10 10 0

C. zeylanoides 2 1

Cryptococcus 5 4 1

neoformans

Geotrichum candidum 2 0

Malassezia furfur 1

Rhodotorula glutinis 1 0

Saccharomyces 10 10 0

cerevisiae

Trichosporon spp. 1 1

Trichosporon 2 2 0

mucoides

The identification of yeast was performed using recent colorimetric
cards (YST), mainly the fluorometric cards (ID-YST) of yeast and
both these cards perfectly identified the 19 species of 172, 161 and 144
isolates of yeast [71]. The potential of VITEK II compact system was
determined by identifying the antifungal sensitivity of 32 yeast clinical
isolates considering the reference of Clinical and Laboratory Standards
Institute and European Committee on Antimicrobial Susceptibility
Testing reference standards. These strains were correctly identified
(100% accuracy) using the VITEK II compact system [72]. Using
VITEK II compact system for isolates, two commercial strains were
identified, where probability percentage was 90-94% of Saccharomyces
cerevisiae. Since there is no database in VITEK II compact system, it
may include Saccharomyces boulardii because the biochemical tests did
not supply enough guide to distinguish between S. boulardii isolate and
S. cerevisiae isolate [73].
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15.4 CONCLUDING REMARKS

The VITEK II compact is an automated identification and classification
method for microorganisms like bacteria and fungi. Outcomes of the
published studies suggest that VITEK II produces very rapid, accurate,
and reproducible scores. VITEK II compact demonstrates state-of-the-art
phenotypic identification technology with its colorimetric reagent card,
hardware, and software. It is successfully used to identify and classify
numerous types of bacteria and yeast strains with compared to accuracy
of various biochemical tests and genomic tools. Very limited research had
been performed using this new system and hence demands further well-
structured and planned investigations in future. Furthermore, database build
up is also extremely required for comparison with other well-established
methods and technologies particularly from microbiological perspective.
However, it can be concluded that at clinical level the use of such novel
strategy will reduce time than other diagnostic methods currently used in
laboratories to identify pathogenic or virulent strains.
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