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Abstract

Major challenges of meat safety comprise the need to control existing and emerging pathogenic microorganisms or
antibiotic resistance, additives and chemical residues and traceability issues. Technological advances in processing should
focus on providing continuous supply of safe and wholesome food for consumers. Stakeholders like food producers,
distributors, handlers bear prime responsibilities and it is also equally important for the consumers to be health conscious.
Prevention of food borne illnesses involves rapid and accurate detection of pathogens both at laboratory and field. Rapid
and sensitive diagnostics and technology such as Polymerase Chain Reaction and Nuclear Magnetic Resonance detects
multiple target microbial pathogens’ DNA or proteins. Prevention and control of zoonotic diseases by the animal health
and regulatory public health agencies, establishment of food safety objectives with implementation of hazard analysis and
critical control points in the processing chain, food handler training and consumer education are equally important issues
on food safety. Government must take steps to implement food laws to guard people and their health. There should have
collaboration within different stakeholders for benefits of present and future generation.
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Highlights:

® A safe, nutritious, equitable and profitable food system is required to obtain food security.

® Animal-source foods are the best sources of high-quality nutrient-rich food to meet the global
food security.

® Traceability, animal health, hygienic slaughter and processing, storage and distribution of animal/
aquatic source foods are measures to achieve food safety.

® Personal and processing hygiene are required to achieve microbial, chemical and environmental
safety

® A close collaboration of all the stakeholders is necessary to achieve global food safety.

Introduction increased population growth, urbanization and

Food is indispensible for life on earth. Food
animals includes pigs, cattle, buffaloes, sheep,
goats, and poultry, and in aquaculture, fish,
crustaceans, and mollusks. Camels, horses,
rabbits, guinea pigs, and bees are regionally kept
for production of food. Animals reared for food
production are important sources of food
yielding meat, milk, and eggs. Animal-source
foods are the best available sources of high-
quality nutrient-rich food, particularly for
children aged 6-23 months (WHO, 2014). The
global food security are driven by forces like

industrialization; availability of cultivable lands
and water resources; climatic changes; animal
human interface and food availability,
accessibility and loss. Food-producing animals
are the major reservoirs of food-borne pathogens
(Heredia and Garcia, 2018) leading to food borne
illnesses. Food is often exposed to varied
contaminants of chemical and microbial origin,
subjected to personal and environmental
hygiene. There is a record of food borne
pathogens related outbreaks during 1980 to 2016
were mainly of Staphylococcus aureus, Vibrio sp.,
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Salmonella sp., E. coli, Yersinia enteroclitica and
Norwalk-like virus in India. Aggregate analysis
of Integrated Disease Surveillance Programme
data shows food-borne outbreaks together with
acute diarrhoeal diseases constitute nearly half
of all reported outbreaks under IDSP for the
period 2011-2016 (CD Alert, 2017). In recent
years, such foodborne disease outbreaks have
brought meat safety and associated issues at the
forefront of societal concerns. Food safety is
important to protect the nation from disease and
economic burden. Safe food saves life of individual
as well as the whole population. The challenge in
food safety gains importance due increase in the
rate of risk for infection during livestock
management and risk of contamination during
product processing and distribution; and increased
consumer awareness on hygiene, health and safety.
The objective of this paper is to emphasize the
importance of animal source foods, provide insight
information on the major current and future meat
safety challenges and measures to achieve food
safety from farm to fork.

Global food security

The demand of animal proteins is going to
be double by 2050 with increment of world
population. It is estimated that by 2050, the
human population would be 9-10 billion. FAO
has also calculated that there will be huge
increment of meat, fish and egg consumption
during this period and it is about 73%. Besides
there will be enhancement of global demand
of cattle meat by 95% (Ranganathan et al.,
2016). Livestock and animal/aquatic source
foods (ASF) are vital to food security and
sustainability, improving livelihoods, income
growth, gender equality, nutrition and health
(Adesogan et al., 2019). With rising income,
the diet pattern is likely to change where urban
populations typically consume higher levels of
animal products especially processed meat
products (Kearney, 2010). Developments in
food safety will influence the food sector to
achieve the food security but overcoming of
these challenges is not only the role of large
food sector as it is much greater for developing

economies and all the players are critical in the
global food supply (King et al., 2017). Thus,
efforts to achieve sustainable development
must include a more nuanced understanding
of livestock and consider their important
implications on the lives of the poor.

Animal source foods and its impact on
human health

Animal-source foods (ASF) supply multiple
bioavailable nutrients that are lacking in the
cereal-based diets. ASF yields greater quantities
of higher quality protein and more bioavailable
vitamin A, vitamin D3, iron, iodine, zinc,
calcium, folic acid and essential fatty acids
compared to other foods. Absorption of iron is
greater on consumption of ASF which also
increases the absorption of iron from other food
sources due to the presence of an iron factor
(Navas Carretero et al., 2008). In addition, ASF
serves to be the only natural source of vitamin
B ,, the deficiency of which is associated with
anaemia, developmental disorders, lower motor
development and poorer cognitive function
(Stabler and Allen, 2004). ASF is considered
to be vital to meet the global target of the WHO
comprehensive implementation plan on
maternal, infant, and young child nutrition,
which calls for a 40% reduction in the number
of stunted children below 5 yrs by the year 2025
(WHO, 2014). Sustainability must consider
nutritionally vulnerable populations, women,
and children, and the impact of its low
consumption on their lives.

Sustainable development goals: United Nations
designed seventeen ambitious sustainable
development goals (SDGs) to transform the
world food sustainable by 2030 (Smith, 2017).
Livestock is one of the major tools for
sustainable development of poor people all over
the word and it provides protein and often more
important than crop production (Mottet et al.,
2017). With urbanization and increase in
education levels, global demand for ASF is
expected to increase in future (Zhang et al.,
2017) by 70% by 2050 (FAO, 2019). Increase
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in ASF consumption is frequently associated with
potential risk of acute and chronic diseases.
Another risk involves antimicrobial-resistant
pathogens which are commonly found in
animals, agro-food environments and animal
food products (Schwarz et al., 2018) and hence
poses risk to animal and human health. These
risks highlight the need for improved
management practices mitigate disease risks from
livestock and their products. Thus, while efforts
are made to increase consumption of ASF among
the poorest, it becomes equally important to focus
on the moderation in ASF consumption and
adherence to recommended daily intakes
(USHHS and USDA, 2015).

Food safety

Consumers demand quality and safety of
food for the value of money paid. Billions of
people are at risk, millions of people become
sick, thousands of people die due to consumption
of unsafe foods contaminated with pathogens,
microbial and chemical contaminants or
antibiotic residues (Fung et al., 2018). Children
are the most at risk of associated death and

Contamination of raw foods at
the source with Salmonella,

serious lifelong health complications from food
borne diseases. This could be due to their lack
of cognitive ability to understand the food safety
risk and their immunity status that makes them
succumb to infection even at a low dose (Fung
et al., 2018). Foot prints of animal food
contaminated with industrial pollutants have also
been documented in the past and the marking
incident is the Minamata disease due to methyl
mercury poisoning through fishes and shell
fishes in 1956 and 1965 in Japan leading to
cerebellar ataxia, sensory, visual, hearing and
speech disturbance (Shimohata et al., 2015).
Major challenges in food safety include
microbial, chemical and environmental safety
which could be achieved through personal and
processing hygiene.

Challenges of food safety

Food products may become contaminated
at different stages along the food chain
(Hemalata and Virupakshaiah, 2016) which
could be during production, processing,
distribution, preparation, and/or final
consumption (Fig. 1). Different animal products

Infected persons (e.g. nasal

Campylobacter, Clostridium
perfringens, Yersinia
enterocolitica, Listerig
monocytogenes, Staphylococcus
aureus or other pathogens .

Contaminated foods thatare not
subsequently heat processed or
insufficiently heat processed.

Storage of high-acid foods in
containers or conveyed through
pipelines that contained toxic
metals (antimony, copper,
cadmium, lead, zinc), causing
leaking or migration of the toxic
substanceinto thefood.

Food became contaminated
during storage, e.g. through
exposure to leaking or
overflowing sewage

Foods obtained from unsafe
sources (shellfish, raw milk, raw
eggs etc.).

Workers hands, cleaning cloths
or equipment spread the
‘contaminants from raw foods of
animal origin to cooked foods or
to foods that were not subjected
to further heat treatment.

Poisonous substances such as
pesticides reached foods as a
result of carelessness, accidents
or improper storage or because
they had been mistaken as food
ingredients.

Contaminants penetrated cans or
packages through seam defects
or breaks.

carriers of Staphylococcus,
persons in the incubatory phase
of hepatitis A, persons being
intestinal carriers of Shigella)

Improperly cleaned equipment
(slicers, grinders, cutting boards,
knives, storage containers)

Substances were added to foods
in excess of culinary needs (e.g.
monosodium glutamate) or
processing needs (e.g. sodium
nitrite).

Food was contaminated by non
potable water or sewage.

Fig. 1. Sources of contamination in the food supply chain
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considered to be high risk from the point of
view of pathogen, toxins, contaminants,
adulterants etc owing to its nutritional content,
possible processing hazards and other
conducing environment that inherently possess
within the animal products (Haileselassie et al.,
2013; Abebe et al., 2014; Aklilu et al., 2015).
Major challenges of food safety are microbial,
chemical and environmental in origin.

Microbial safety: Micro organisms in ASF are
the potential source of meat borne illness. Of
the sources, bacteria are most common
causative leading to food spoilage and its
consequences ranges from gastroenteritis,
hepatic, renal and neurologic syndromes and
even death in humans. A total of 2,688 food-
borne (Bisht et al., 2021) outbreaks were
reported in India between 2009 and 2018.

During this ten-year period, 153,745 food borne
illnesses, and 572 deaths were reported to
Integrated Disease Surveillance Programme
(IDSP) with the majority of deaths in 2012
accounting for 19% of all reported deaths. Food
products of animal origin are considered as major
vehicles of food-borne infections (Table 1). Of
the outbreaks reported, animal source foods
have attributed to be a minimal causative of food
borne illness (16% dairy; 5% fish and shell fish
and 9% poultry and meat) and chemically
contaminated food caused maximal (70%)
deaths (Fig. 2). Animal health pandemics cause
tremendous economic losses to local, domestic
or international markets. Animal health
pandemics has been reported due to causatives
like avian influenza (AI) and foot and mouth
disease (FMD) viruses (Grubman and Baxt,
2004; Whitley and Monto, 2006), of which

Table 1. Animal/Marine source foods as vehicle for food borne outbreak in India

Animal/Marine Food products No. of
source foods outbreaks
Fish and Shell fish Raw fish, Fish curry, Boiled crabs 25
Dairy Milk and its products, Curd, Butter, Milk, Kulfi, Ice Cream 65

Meat-Poultry and Egg Chicken curry, Pulav (beef), Chicken biriyani, Toddy (pork), 58
Chicken and mutton curry, Egg curry, Boiled eggs

Reference: https://idsp.nic.in/ (2009-2018)

= Fish and Shellfish
Dairy
! Meat-poultry and Egg
& Grains and Beans
B 5weets
B Fruits and Vegetables

® Chemical in food

Source: Data for the period from 2009-2018 collected from IDSP website: https://idsp.nic.in/
Adapted from Bisht et al., 2021

Fig. 2. Percentage distribution of small and large outbreaks associated with different food

categories during 2009-2018 in India
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H5N1, a high pathogenic strain of Avian
Influenza has been identified to cause major
death in poultry (Thomas and Noppenberger,
2007). Even though the H5N1 virus may be
present in poultry blood and meat, it is not of
concern to meat safety because it is inactivated
by proper (=70°C) cooking, and because the
oral route of transmission is less important than
the non-food borne route (Doyle and Erickson,
2006; Swayne, 2006). Other potentially
important pathogens may be Mycobacterium
avium sub sp. Para tuberculosis, Escherichia
albertii and Clostridium difficile (Oliver et al.,
2005).

A variety of contagious bacterial diseases
cause suffering and illnesses in animals and
brings about economic losses in food
production (Duff and Galyean, 2007; Hogeveen
et al., 2011; Page and Gautier, 2012; Vaarten,
2012). Respiratory and enteric diseases are
among the most important illness in several
species, and mastitis is common among milch
animals (Page and Gautier, 2012). Bacterial
diseases are important also in aquaculture
where fish and shrimps are raised in large
numbers in close proximity (Oliva, 2012).
Pathogenic and spoilage microorganisms as well
as antibiotic resistant bacteria and antibiotic
resistant genes can gain entry into the food

chain at both pre and post harvest stages
(Fig. 3). Regardless of the source and route of
contamination, micro organisms on entry into
the food, have the potential to proliferate to high
levels during transportation, storage and
handling, particularly under temperature abuse
conditions.

Anti-microbial resistance has become a
concern of global public health threat owing to
the presence of drug residues in the edible
tissues of the treated animal as well as an
environment pollution (Capita and Alonso-
Calleja, 2013; He et al., 2020). Bacterial
pathogens of animal and human origin are
becoming increasingly resistant to frequently
used antimicrobials, including cephalosporins,
aminoglycosides and fluoroquinolones. Anti
microbial resistant pathogens of human health
significance are listed in Table 2. The food
safety author of Europe has remarked that
bacteria often used for feed preparation might
induce risk to animal and human health because
it may carry acquired genes of resistance
(EFSA, 2007). The extra-chromosomal genes
impart resistance to an entire antimicrobial class.
A number of these resistance genes have been
associated with large, transferable, extra
chromosomal DNA elements, called plasmids.
Other DNA mobile elements, such as

Sources of Contamination

Pre Harvest Sources

Post Harvest

Water Sources-Sea,
River, Lake, Pond, Tank Contact Surfaces-
Water quality-Salinity, Fishing nets,

Deheading machine,
Drains, floor, walls
Handler- Apron, boots,
Self hygiene.
Treatments- Chemical,
Physical, Biological

0,;, NH, Microbial load
and diversity

Environment

Change in Season,
Rainfall, Human/
AnimalManure

Husbandry

Rearing stock density,
Bacterlal Infection,

Processing

Handling

Practices at
restaurant/consumer
level- Cooking,
Storage, Thawing,

Reheating

Packaging

Method of Packaging-
MAP, VP, AP

Temperature Abuse
Time duration of
storage

Fig 3. Sources of entry of micro-organisms, antibiotic resistant bacteria and antibiotic resistant

genes into fish and fish products
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Table 2. Antimicrobial resistant pathogens of human health significance

Microbe Antimicrobial resistance
Enterobacteriaceae Aminoglycoside, B-lactams, fluoroquinolone, chloramphenicol,
trimethoprim
Enterococcus Aminoglycoside, B-lactam, erythromycin, glycopeptide

Haemophilus influenza

B-lactams, tetracycline, chloramphenicol, trimethoprim

Mycobacterium tuberculosis Aminoglycoside, ethambutol, isoniazid, rifampim

Neisseria gonorrhoeae

B-lactam, tetracycline, fluoroquinolone

Pseudomonas aeruginosa
fluoroquinolone

Aminoglycoside, B-lactams, tetracycline, sulfonamide,

Shigella dysenteriae

Ampicillin, chloramphenicol, tetracycline, trimethoprim-sulfonamide

Staphylococcus aureus

B-lactam, tetracycline

Chloramphenicol, macrolide, trimethoprim, fluoroquinolone,

Streptococcus pneumoniae Aminoglycoside, chloramphenicol, macrolide, penicillin

Source: McDermott et al., 2002

transposons and integrons may account for the
rapid dissemination of resistance genes among
different bacteria (McDermott et al., 2002).

Throughout the world, use of antimicrobial
agents in animal husbandry and aquaculture has
increased to an extent of 63,151 tons in 2010,
and estimated to increase by 67% in 2030 in
developed and developing country particularly
(Van Boeckel et al., 2015). Therefore,
throughout the globe, antibiotic resistance
bacteria become a challenge for the food
industry as a whole (Capita and Alonso-Calleja,
2013; Preena et al., 2020). The residual effect
of antibiotics to public health is becoming an
increasing concern; therefore, scientists should
be concerned for its prudent and judicious use,
which has been reviewed by Okocha et al.
(2018).

Increasing food handlers’ knowledge and
awareness of food safety practices is essential
to make handling safer and improve the safety
of animal/aquatic source products. Many novel
intervention strategies have been proposed and
tested for the control of different
microorganisms on fish and fish products
(Sheng and Wang, 2020). Most of the novel
processing methods is non thermal, to retain
the nutrition value and sensory attributes of fish.
Olatunde and Benjakul (2018) reviewed the non

thermal processes including physical
processing technologies such as pulsed electric
field, high hydrostatic pressure, cold plasma,
ultraviolet and irradiation and chemical
pretreatments such as acidic electrolyte water
and ozone washing. A combination of different
interventions (also known as hurdle technology)
has been widely studied to achieve a better
preservation and to ensure fish and fish
products safety. Chen et al. (2020) reported that
a combination of 6% salt and vacuum packaging
extended the shelf life of Russian sturgeon
during storage at 4°C by delaying the growth
of Pseudomonas. Sorensen er al. (2020)
examined the combination of super-chilling
and MAP on the microbial quality of Atlantic
cod and reported extension of 32 days storage
life on superchilling at -1.7°C and MAP storage
with 40% CO, and 60% N, compared to the
regular air storage on ice for 15 days.
Decontamination methods thus proposed and
applied to get rid of situation of microbial load
in fish and fish products through various
methods of interventions like physical,
biological and chemicals (Sternisa et al., 2016;
da Cunha et al., 2018; Ringo et al., 2018;
Kuebutornye et al., 2020; Kumar et al., 2020).
Advancements in these areas, includes
photodynamic inactivation of bacteria and the
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identification of new natural antimicrobials
which warrant further investigation to ensure
fish and fish product safety.

Chemical safety: Chemical additives, such as
artificial colorants, synthetic preservatives,
heavy metals and pesticide residues have been
reported in animal source foods. Inadequate
hygiene, industrial proximity and leaching from
processing utensils have been the source of
heavy metal and pesticide contamination.
Improper processing/cooking methods have
become the potential source of carcinogenic
compounds like heterocyclic amines and
polycyclic hydrocarbons in processed meats.

Environmental safety: Improper sanitary
conditions during processing and unhygienic
conditions during transportation and
distribution lead to contamination of food.
Improper storage and disposal and inadequate
recycling of by-products lead to waste
accumulation, attracting pests and insects
leading to environmental pollution. Handling
of manure of animals, as well as the direct
animal-to-human transmission of pathogens
through environment, water and food
contamination, will have to be taken seriously
under consideration by food producers, public
health regulators and consumers.

Food borne illnesses/intoxications from
animal and aquatic sources

Globalization of trade has made the food
to become a major pathway for human
exposure to pathogenic microbial, to enter at
many points along the value chain, causing
food borne illness.

The reasons for foodborne illness have been
categorized as poor handling with in-sanitation
practices often due to lack of education of the
food handlers in developing countries and it
became one of the major food borne diseases
(Ayana et al., 2015; Abunna et al., 2016). This
has been supported with the observation of
WHO where they have categorized that 30%
population suffers from food-borne diseases in

developing countries and up to 2 million deaths
were estimated per year (Abunna et al., 2016).
Often such diseases are of zoonotic in nature,
transmitted through different means of contacts
(Chlebicz and Slizewska, 2018). Kadariya
et al. (2014) has remarked that such diseases
often becoming infectious and toxic in nature
where food or water is the chief vehicle for the
transmission. In another study Dhama et al.
(2013) and Addis and Sisay (2015) had
categorized all these diseases under three
groups of foodborne illness.

Food-borne pathogens including bacteria,
viruses, fungi and parasites (Zhao et al., 2014)
are the primary cause of food spoilage and food
borne diseases (Hemalata and Virupakshaiah,
2016). Food-borne microbes affects food safety
and cause human infections after consumption
of the animal products contaminated with
microorganisms or their toxins (Heredia and
Garcia, 2018). Common food borne hazards,
and the associated morbidity, mortality and
health burden are summarized in Table 3.
Nowadays, the awareness has been growing on
the public health impact of zoonotic food-borne
pathogens transmitted from animal-originated
food (Bantawa e al., 2018). Abebe et al. (2020)
reviewed the common bacterial food borne
pathogens of zoonotic importance in Ethiopia.
Although 31 pathogens have been identified
as causatives of food-borne diseases (Zhao et
al., 2014), bacterial pathogens including
Staphylococcus aureus, Salmonella species,
Campylobacter species, Listeria monocytogenes
and Escherichia coli are the common causes
of food-borne diseases and death in the world
(Zhao et al., 2014; Hemalata and
Virupakshaiya, 2016; Assefa and Bihon, 2018;
Bantawa er al., 2018; Elmonir et al., 2018).

Different means of emerging pathogens by
developing changes of the character of the
pathogens with association of new food
vehicles, multidrug resistant pathogens are
becoming more concerned to human health with
different unknown immerging problem than
susceptible bacteria (Akbar and Kumar-Anal,
2011; Hemalata and Virupakshaiya, 2016;
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Table 3. Common food borne hazards and its morbidity, mortality and disability burden

Hazard Infectious/toxic agent Incidence of Death due to  Total disability
foodborne illness foodborne illness adjusted life
years

Bacteria Salmonella, Vibrio, E. coli, 359,747,420 272,554 20,188,792
Shigella, Listeria, Brucella,
Campylobacter

Virus Noro virus, Hepatitis A 138,513,782 120,814 3,849,845

Protozoa Entamoeba, Giardia, 77,462,734 6, 242 1,311,435
Cryptococcus, Toxoplasma

Worms Cestodes, Nematodes, 26,063,664 90, 261 11,599,735
Trematodes, Helminths

Chemicals Aflatoxins, Cyanogen, 217,632 19,712 908,356

Dioxin, Heavy metals

Source: Compiled from WHO (2015)

Tsepo et al., 2016). Commonly encountered
microbial pathogens and toxins include the
following categories.

Bacteria: Bacterial pathogens of concern that
need to be controlled in fresh meat include
Salmonella, Campylobacter, Entero-
haemorrhagic E. coli including serotype
0O157:H7, as well as other enteric pathogens.
Fever, headache, nausea, vomiting, abdominal
pain and diarrhea are the symptoms associated
with enteric pathogens. Sources of Salmo-
nellosis include eggs, poultry and other
products of animal origin. Listeria mono-
cytogenes is also considered important in ready-
to-eat meat, poultry products and unpasteurized
dairy products due to its ubiquitous presence
and potential contaminants during processing
even its ability to growth under refrigerated
condition (Tompkin, 2002; FDA/FSIS, 2003).
Listeria infection increases the risk of
spontaneous abortions and stillbirths.

Virus: Norovirus infections are characterized
by nausea, explosive vomiting, watery diarrhea
and abdominal pain. Hepatitis A virus spreads
typically through raw or undercooked seafood
or contaminated raw produce and through
infected food handlers.

Protozoa: Cryptosporidium, Entamoeba

histolytica or Giardia, enter the food chain via
water or soil and can contaminate fresh produce
and cause gastro-intestinal disturbances.

Worms: Improper processing and sanitation,
inadequate storage and hygiene, invites the
worms of cestodes, nematodes, trematodes and
helminthes, which though not as fatal as
bacteria and virus, accounts for food borne
disability burden. Fish-borne trematodes are
transmitted only through food. Echinococcus
spp. may infect people through food or direct
contact with animals.

Chemicals: Chemical contaminants include
naturally occurring toxins like mycotoxins,
marine biotoxins and cyanogenic glycosides;
chemical residues of pesticide/wormicide;
environmental pollutants like heavy metals,
dioxins and polychlorinated biphenyls (PCBs)
from improper disposal of industrial waste and
carcinogenic compounds like heterocyclic
amines, polycyclic hydrocarbons from
improper cooking methods. Environmental
pollutants gains access through air, water and
soil and accumulate in animal food chains.
Dioxins are highly toxic and can cause
reproductive and developmental problems,
damage the immune system, interfere with
hormones and cause cancer. Finally, heavy
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metals such as lead, cadmium and mercury can
cause neurological and kidney damage.

Measures of food safety from farm to fork

Animal and food traceability: Animal
traceability as well as food product recalls are
major issues of worldwide interest and may have
major food safety implications (Felmer, 2006).
The spread of BSE across the world has created
the necessity of animal identification and
traceability. Selection of precision requirements
and appropriate technology; maintenance of
confidentiality and payment of costs are the
major issues to be considered in the process of
establishment of animal identification and
tracking systems. It should include premises
number and animal identification number, and
also cover the feed, livestock and meat (Sofos,
2008). Advanced biotechnological tools are used
for meat speciation and authentication, including
genetic engineering, polymerase chain reaction
(PCR), random amplified polymorphic DNA
(RAPD), amplified fragment length
polymorphism (AFLP), rDNA technology,
matrix associated laser desorption ionization-
time of flight mass spectroscopy (MALDI-TOF
MS) etc. (Naveena et al., 2017). RFID
technologies can be utilized in food supply
chains to detect package opening or tampering
(Wang et al., 2020), facilitate continuous
traceability (Badia-Melis et al., 2018; Fan et al.,
2019), and ensure safety of food product,
particularly for perishable foods (Wang et al.,
2019d; Soltani Firouz et al., 2021). Flexible
RFID tag has been applied in the packaging of
cured ham (Lopez-Gémez et al., 2014).

Animal health and production: Stress in animal
affects meat quality and possibly lead to more
contamination and cross-contamination with
pathogens on account of higher pathogen
shedding. Humane handling of food animals
pre slaughter is very crucial to prevent stress
and should receive increased attention
worldwide (Grandin, 2006). Good animal
husbandry practices make the meat and dairy
products safer or of better quality.

New challenges like global climatic change,
antibiotic resistance microbes/genes urgently
call for innovative and efficient solutions, and
microbiome therapy is certainly a promising
approach. One of the most important strengths
of microbiome manipulation is protection of
animal populations by the use (or replacement)
of natural microbial communities, with minimal
secondary impact as is associated with the use
of antibiotics. Host associated microbiome
protect the host against pathogens and toxic
compounds and contributes to their nutrition,
growth, development. Studies on microbiome
and their omics points to overall contributions
of the microbiomes to their hosts and targeting
these processes can improve animal fitness and
health. Customized combinations of microbial-
based therapies help to promote animal health
and contribute to the sustainable husbandry
(Peixoto et al., 2021).

In India, probiotics are currently used as
food additives, dietary supplements and in
animal feed (FAO, 2010). The beneficial role
of microbiome in food production is to improve
the production and yield of meat in cattle (Huws
et al., 2018; Sun et al., 2020). Understanding
the science of rumen microbiome is of utmost
importance because of its relation to animal,
human and environment through its direct
influence on the nutrition and health of animals,
the products and by-products they provide, and
the production of greenhouse gases. The direct
impact of rumen microbiome on the quality and
yield of meat and dairy products and the indirect
impact on human health and development are
reviewed recently (Huws et al., 2018). de
Frietas et al. (2020) and Sun et al. (2020)
applied metabolomics, metagenomics, and
transcriptomics to evaluate the effect of rumen
microbiome on milk production and weight gain
respectively. These studies indicate the potential
of probiotics to improve meat production and
yields in cattle. Microbiome studies of pigs have
focused primarily on the organisms present in
the gut tract and how they relate to pig health
and production. The faecal microbiome
composition of pigs are influenced by sex, age,
genetics, and management (Wang et al., 2019a;
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Wang et al., 2019b; Maltecca et al., 2020; Quan
et al., 2020). Other studies have also associated
the resistome in the healthy pig gut with its
microbial composition (Joyce et al., 2019) and
also indicated it to be highly shared by the pig,
human, and mouse resistomes (Wang et al.,
2019c), representing a risk of horizontal
transfer of resistance genes. Antibiotics that are
used routinely in the poultry industry to inhibit
pathogens and increase growth yield have
proven to have long-term impacts on the
poultry microbiome. Elokil et al. (2020) have
demonstrated persistent significant changes in
gut microbes following exposure to
enrofloxacin and diclazuril which also induce
or repress certain microbial pathways.

Microbiome research in fishes involves
cataloging the symbionts and pests that cause
disease in fish stocks and studies related to
market quality and growth. de Bruijn et al.
(2018) reviewed the research undertaken to
mitigate diseases in fish aquaculture by a more
sustainable method, using the introduction of
beneficial bacteria, rather than by antibiotics.
Talwar et al. (2018) discussed the fish gut
microbiome and proposed that research focus
on functional microbiomics to improve yields
in fish aquaculture. A recent review by Yeh
(2020) explored the use of probiotics in food
oysters to improve marketability by reducing
disease in oysters, increasing yields, reducing
bacterial contaminants that would affect
humans, and increasing shelf life.

Slaughter of food animals: Intervention during
slaughter of food animals includes carcass
decontamination for reduction of pathogens.
Control of contamination at slaughter includes
cleaning of animals and removal of hair before
hide removal and the interventions after hide
removal includes removal of visible soiled
spots in carcass by knife-trimming or steam-
vacuuming and washing/ spraying/ rinsing of
carcasses with cold/warm/hot water or chemical
solutions or pressurized steam, followed by
chilling of carcasses. These controls may be
applied as multiple or combined, sequential or
simultaneous interventions (Sofos and Smith,

1998). Sequential application involves cleaning
of animal hide, followed or preceded by
dehairing by physical/chemical means, hide
removal, washing of carcass before evisceration
and after attaining “zero tolerance’’ for visible
soil, decontamination, and final carcass
chilling. Certain interventions like application
of steam and vacuum and warm acid solutions
are applied as combined simultaneous
treatments (Sofos, 2005).

Processing of animal source foods:
Application of biotechnology during processing
involves careful monitoring of the production
process and cleaning and sanitation to control
microbial contamination in the final product
(Ochoa et al., 2005). Different processing
techniques like physical, physiochemical and
biological methods are considered to control
pathogens and are called as antimicrobial
intervention or control (ILSI, 2005;
Koutsoumanis et al., 2006). Physical hurdles
include thermal (low and high temperature) or
non thermal (e.g., irradiation, high pressure)
processes, and packaging treatments (e.g.,
modified atmospheres, active, intelligent
packaging systems). Physicochemical
interventions include reducing pH by applying
antimicrobials, reducing water activity by
drying, modifying the oxidation/reduction
potential (Eh) through packaging. Irradiation,
high hydrostatic pressure, electroporation with
pulsed electric fields, ultrasonic waves,
oscillating magnetic fields, cell lysis with
bacteriophages or enzymes, active packaging
with antimicrobials and various combinations
of such processes (e.g., manothermosonication;
irradiation and heat; pressure and heat) are
novel processing and preservation technologies
applied in meat and meat products. Biological
interventions include application of microbial
competitors including lactic acid bacteria or
their antimicrobial products including
bacteriocins such as nisin.

Biotechnological advances in food
processing involve the development of tailor
made micro organisms for specific use in
manufacturing and service industries
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(Okechukwu et al., 2019). Use of commercially
available starter cultures has led to the
production of fermented fish sauces in Asia
(Graham, 1994), Nham, meat from fermented
pork (FAO, 2010). Advances in marketing have
improved the availability and accessibility of
packaged fermented products such as kimchi,
miso and tempeh through the supermarkets
across Asia (FAO, 2010). Dairy industry in
New Zealand has benefited the fruit of
biotechnology tools, increasing the amount of
the protein casein in milk by 13 percent, which
is essential to cheese making (Betsch, 1998).

Storage and distribution of animal source
foods: After processing, it is crucial to ensure
proper storage, handling and distribution to
prevent cross-contamination or microbial
growth during the latter part of the supply chain.
Uninterrupted cold chain during food supply
ensures safety as well as reduces food waste.
Detection of pathogenic micro organisms
through application of sensors and indicators
is crucial to the food industry (Chowdhury and
Morey, 2020). The applications of responsive
packaging in animal and aquatic foods are listed
in Table 4. Informative responsive packaging
(Intelligent packaging) serves to be a novel
technology in providing real time monitoring,
extensive communication and warning on the
status of food quality through visual signals
(Yousefi et al., 2019), and assures safety by
reducing the risk of food borne diseases (Zhang
et al., 2021). This novel technology serves as
an anti-counterfeiting tool to improve brand
mark and market recognition (Mohammadian
et al., 2020). Utilisation of nanozyme based
biosensors helped in assuring food quality and
safety by detection of food contaminants like
pathogens and toxins (Zhang et al., 2019) and
evaluation of toxicity (Ye et al., 2019). Time-
temperature indicators (TTI) were developed to
record the temperature fluctuations during
storage of the food product (Lee et al., 2015).
Critical temperature monitoring indicator
devices are most suitable for monitoring the
quality of foods delivered through the cold
chain, such as chilled meat, frozen seafood, and

dairy products (Dodero et al., 2021). Enzymatic
TTIs, diffusion-based TTIs, and microbial TTIs
are widely used in the food industry. Enzymatic
TTI response depends on the reaction catalyzed
by an enzyme at a certain temperature range
(Pandian et al., 2020). Diffusion-based TTIs
depends on the diffusion of ink with changes
in temperature (Soltani Firouz et al., 2021).

Nevertheless, risk is involved in the
application of both types of responsive
packaging, specifically in the informative
responsive packaging, where false positive or
false negative results are likely to be happened
leading to food wastage or consumption of
spoiled food (Soltani Firouz et al., 2021). There
is also likely chance of wrong corrective
response to a false stimuli resulting in excess
release of active agents or premature loss of
packaging functions, leading to migration of
unwanted substances from packaging materials
which may change the sensory properties of
packaged foods or be a threat to consumers’
health (Mohammadian er al., 2020).
Furthermore, the commercialization of
responsive packaging ran into a brick wall,
partly due to the lack of specific legislation and
uneven consumer acceptance. Thus, more
research should be pursued to address these
concerns.

Education of food handlers and consumers:
Lack of adequate knowledge about food safety
during purchase, storage, cooking and handling
has led to outbreaks of foodborne illness
(McMeekin et al., 1997) which could be avoided
by taking intensive efforts to educate food-
handlers and consumers in food safety
principles. It is necessary to teach consumers the
basics of proper washing/thawing of fresh/frozen
animal/aquatic source foods, proper and effective
cooking and reheating, adequate separation of
uncooked and ready-to-eat foods, and washing
of hands, cutting boards, knives, etc. At-risk
individuals should be instructed to avoid risky
foods and raw or unpasteurized foods.

Testing of livestock and marine products:
Rapid and accurate detection of food borne
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Table 4. Responsive packaging application in animal and aquatic source foods

Research Animal/Aquatic

source food

Reference

Informative (intelligent) responsive packaging

Time-temperature Indicators

TTI based on the release of free fatty acids due to
lipid oxidation during temperature abuse in frozen
chicken meat is developed

Frozen chicken meat

Jaiswal et al., 2020

TTI for chilled foods based on glucose oxidase-
redox reaction is developed

Frozen pork

Mijanur Rahman
et al., 2018

Gas Sensor

Colorimetric sensor array technology is used as an  Chicken meat
excellent odor-image-based tool for quick and

reliable evaluation of food quality and safety of meat

Chen et al., 2017

Freshness Indicators

Methylcellulose/chitosan nanofiber composite films Meat and Seafood
incorporated with barberry anthocyanins to monitor
the freshness of meat and seafood

Alizadeh-Sani
et al., 2021

An anthocyanin-agarose film indicating
the freshness of dairy products

Dairy products

Weston et al., 2020

Intelligent pH-sensitive indicator fabricated by
bacterial cellulose film with the incorporation
of anthocyanin for monitoring the freshness
of packaged shrimp

Shrimp

Mohammadalinejhad
et al., 2020

A colorimetric H,S sensor based on gellan gum
hydrogel with silver nanoparticles (AgNPs) to
monitor meat spoilage in real time

Meat spoilage

Zhai et al., 2019

Cellulose-based ratiometric fluorescent material with Seafood
sensitive amine-response employed as real-time and
effective indicator for seafood freshness

Jia et al., 2019

Red, green, and blue (RGB) digital images of the Chicken breast
three-layered indicator captured by smartphone

for judging the freshness of chicken breast

Lee et al., 2019

Corrective responsive packaging

The design of consumer-controlled pH-triggered Salmon fish
release of lysozyme from zein composite films is
applied for the preservation of packed

smoked salmon

Boyaci and
Yemenicioglu, 2018

Bacterial protease (secreted from Bacillus cereus)- Beef
triggered release of cinnamon essential oil to
extend the shelf life of beef

Lin et al., 2017

pathogens is essential criterion in health
surveillance programmes to detect the source
of pathogen and enact control interventions

through HACCP programs in food chain to
assure food safety and control food borne
infections. Detection methods of microbials
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have made advances from culture based to rapid
and more sensitive antigen based and DNA
based diagnostics. Food poisoning causing
harmful bacteria such as Listeria and
Clostridium botulinum are detected using
monoclonal antibody tests, polymerase chain
reaction (PCR) methods, and DNA probes
(BREI, 2006). Wide arrays of biosensors have
been developed by commercial companies to
detect allergens, toxins and pathogens (Mustafa
and Andreescu, 2018). A microfluidic biosensor
based on impedence has enabled rapid and
sensitive detection of Salmonella in turkey (Liu
et al., 2019). Jin et al. (2020) designed a rapid,
nondestructive biosensor to monitor Salmonella
in milk. Advances in proteomics and genomics
technologies thus have proved to detect the
food contaminants and their toxins with more
sensitivity and specificity (Pal et al., 2017).
These advanced molecular tests are used mainly
in the sophisticated laboratories and not readily
available at field level for clinical practitioners.
Simple instruments can be utilized at field level
to detect microbial pathogens and contaminants
but it requires higher sample measurement
volume to achieve specificity and accuracy of
near 100%. Detection of biomarkers will help
to save time and overhead expenses, but still
the Point of Need Test (PONT) devices for
pathogen detection does not exist for many of
the pathogens of interest in animal farming and
aquaculture.

Commonly utilized rapid polymerase chain
reaction (PCR) based technology is real-time PCR
(gPCR), which detects microbial upon cell
enrichment, DNA amplification within 3.5 hrs
but this system is unable to detect multiple bio
markers. Nuclear Magnetic Resonance (NMR)-
nanotechnology platform detects multiple target
microbials by hybridizing to DNA or protein of
the pathogens and simultaneously runs assays
using biomarkers like nucleic acid and antibodies
(Yang et al., 2017). Detection of multiple
biomarkers for a single microbial in same
detection device, provides both specificity and
accuracy and hence, could be used as a screening
and as well as a confirming tool. It is more
sensitive than other systems due to standard
amplification process plus signal amplification
through nanoparticles. The polymerase chain
reaction is applied to amplified DNA and the
antibody ligands method can be applied for
protein structure amplification. Further
specificity could be achieved by multiplexing
with large sample volume to analyse multiple
biomarkers. Comparison of two molecular
techniques for Salmonella is provided (Table 5)
to understand their benefits.

Regulations and food safety programmes
The global harmonization of laws and
regulations; and implementation of prerequisite
programmes of food safety like good
manufacturing/storage/packaging practices are

Table 5. Comparison of two molecular techniques for detection of Salmonella

Non-culture based

NMR Nanotech PCR

microbial detection (microbes, nucleic acids, proteins) (Salmonella)
Detection method PCR-NMR Isothermal PCR
Sample-to-answer time <lh 10-26 h
Sample type Food, tissue, water, soil, feces Fish tissue
Sample size 1-325 g (food); 0.1g (Shrimp tissue) 25-325 ¢

Limits of detection

10° colony forming unit (CFU)/mL post

10*CFU/mL post

(LOD) enrichment; 1-10 CFU/analytical unit enrichment; 1
CFU/analytical unit

Sensitivity >98% 98.7%

Specificity Near 100% 98.3%

Source: Ferguson et al., 2017 and Yang et al., 2018

Adapted from Fung et al., 2018 (Commercial testing brand names not mentioned)
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key features to achieve the microbial safety in
animal and aquatic food sources. Food Safety
Standards Authority of India does regular
monitoring and surveillance to assure safety of
food products. Periodical monitoring of food
assures 95% detection of microbial or chemical
contaminants. Food safety inspector has
responsibility to inspect foods during any time
of the food supply chain which includes
processing, packaging, storage and distribution.
Food surveillance helps to investigate and control
the movement of potentially contaminated
products along and across the nations. In India,
programs such as the Food Safety Management
Systems (FSMS) ensure safety of current and
future food supply. The Pathogen Reduction/
Hazard Analysis and Critical Control Points
system must be implemented in any of the food
processing unit, so that food safety risks are
addressed more adequately.

Conclusion

Food safety and nutrition are closely
associated as unsafe food leads to malnutrition
and outbreaks of food-borne disease remains
to be a public health concern. Detection of
microbes alone should not be relied as the only
means to assure product safety (ICMSF, 2002).
Efforts should be taken to produce healthy
animals and avoid antibiotic usage to reduce
the incidence of infectious diseases (Bengtsson
and Greko, 2014) and ensure safety of animal
and aquaculture products free of antibiotic
residues. Use of probiotics, phage therapy, and
essential oils are better alternatives to antibiotics
in control of antimicrobial residues in food.
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