Int.J.Curr.Microbiol.App.Sci (2019) 8(3): 2293-2310

EXCELLENT
PUBLISHERS

Review Article

International Journal of Current Microbiology and Applied Sciences

ISSN: 2319-7706 Volume 8 Number 03 (2019)
Journal homepage: http://www.ijcmas.com

:;?.
i

https://doi.org/10.20546/ijcmas.2019.803.273

Strategies to Minimize the Impact of Antibiotic Resistance

in Livestock Production System

Ankaj Thakur®®, Atul Kumar 2, Manoj Sharma®, Rohit Kumar” and Brij Vanita®

'Department of Livestock Farm Complex, “Department of Vety Public Health &
Epidemiology, *Department of VAHEE, *Department of Veterinary Anatomy, CSKHPKYV,

Palampur, India
*LPM, ICAR-NDRI, Karnal, Haryana, India

*Corresponding author

Keywords

Livestock
production system,
Antibiotic
resistance

Article Info

Accepted:

20 February 2019
Available Online:
10 March 2019

ABSTRACT

Antibiotics play an indispensable role in animal health, welfare and production
management. They find their place is as sub-therapeutic, prophylactic, metaphylactic and
therapeutic agents for use in livestock sector. However, the possibility for transfer of
antibiotics resistance genes among livestock through food chain and environment is
probably a direct threat to public health. This review focuses on the prudential use of
antibiotics and advocating various practices which can potentially minimize the usage of
antibiotics in livestock production system. Adopting good husbandry practices (GHP),
organic livestock production, manure management practices, regular testing of antibiotic
residues in food of animal origins, using alternative to antibiotic growth promoters (AGP)
are among the promising practices to minimize the need of antibiotics. This will eventually
help in reducing contribution of livestock sector towards emergence of antibiotic
resistance. Prophylactic alternatives (vaccines, immune modulators, phage therapy),
therapeutic alternatives (selective dry cow therapy, supplementation of vitamins and
minerals, ozone therapy, ethno veterinary practices, rare earth elements) and implementing
good veterinary practices (GVP) can also support mankind’s effort in combating antibiotic
resistance. Finally, increasing consumer awareness and strengthening the regulatory
control of antibiotic usage will definitely prove fruitful in containment of emerging
problems associated with antibiotic resistance.

Introduction

Antibiotics are the most commonly used and
abused antimicrobial agents all around the
world. Livestock production system is one of
the largest consumers of antibiotics (Pruden et
al., 2013). In livestock production, antibiotics

are mainly used for disease treatment, disease
prevention and growth promotion (Paige et
al., 1997; Kumar et al., 2018). India was
among the top five countries, using 3% of the
global share of antibiotics in animal-food
production (Boeckel, 2015). Antibiotics are
widely used in India, which could be
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attributed to poor biosecurity practices
leading, to high incidence of infectious
diseases and partly due to indiscriminate use
of such drugs by unskilled non-professionals
(Okele et al., 1999). Increased demand for
animal protein and resulting intensification of
food animal production is further responsible
for greater use of antibiotics in livestock
production system.

Indiscriminate use of antibiotics in food
producing animals have led to emergence and
dissemination of antibiotic resistance bacteria
via food chain, direct contact and direct and
indirect contact with waste or other
transmission routes (WHO, 2014; O’Neill,
2015). Regular use of antibiotics has serious
consequences on human beings since residue
of antibiotics may accumulate in food of
animal origin such as milk, meat and eggs for
considerable period of time. As per World
Health Organization, antibiotic resistance
refers specifically to resistance to the
antibiotics that occurs in common bacteria
that cause infections while antimicrobial
resistance is a broader term, encompassing
resistance to drugs to treat infections caused
by other microbes as well, such as parasites
(e.g. malaria), viruses (e.g. tuberculosis and
HIV) and fungi (e.g. Candida). AMR is a
product of natural selection in bacteria, their
survival abilities. Genetic variation in
microbes may carry mutations which render
antibiotics ineffective. Methicillin-resistant
Staphylococcus aureus (MRSA) has been
found in 12 percent of animal products—beef,
veal, lamb, pork, and a variety of fowl—in
Denmark, and in dairy products in Italy (De
Boer et al., 2009; Normanno et al., 2007). In
India, 100 percent resistance to sulfadiazine
was detected in Pasteurella multocida isolates
in chickens and other fowl, and resistance to
amikacin, carbenicillin, erythromycin, and
penicillin was also widespread (Shivachandra
et al., 2004). Resistance has also been
reported in Staphylococcus and other bacteria

in poultry litter. According to one study
conducted by Dhanarani et al., (2009), 75
percent of isolates of bacteria from poultry
litter samples were resistant to streptomycin,
and more than 50 percent were resistant to
erythromycin, tobramycin, and ampicillin
(Dhanarani et al., 2009).

In developing countries like India, where the
optimal biosecurity is not maintained in
animal farms, antibacterial drugs remain the
mainstay for the treatment of ensuing
bacterial  infections.  Prophylactic  or
metaphylactic use of antibiotics can be a
substantial aid in the control and prevention
of livestock diseases. However, this use of
antibiotics should never be intended to
replace the need for good management
practices, given that the use of antibiotics will
eventually lead to emergence of resistance.
For prudent use of antibiotics, principle
guidelines need to be created to prevent
abusive use of antimicrobials, primarily to
curb or mitigate the imminent risk of breeding
resistant microorganisms. This review focuses
on the prudential use of antibiotics and
promoting various practices which minimize
the use of antibiotics for reducing the
contribution of livestock sector towards
emergence of antibiotic resistance in livestock
production system and finally to safeguard the
human health.

Dissemination of antibiotic resistance

Rapid emergence and dissemination of
resistant bacteria and genes among humans,
animal and the environment has led the
antibiotic resistance being recognized as ‘One
Health’ challenge (Robinson et al., 2016).
Indiscriminate use of antibiotics in livestock
production system will affect human health in
two ways, firstly by causally linked contact
with antibiotic resistant organism and
secondly by contact with resistant organisms
that have entered the ecosystem (water, soil)
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as a result of antibiotic misuse in food
animals. Antimicrobial resistant bacteria may
be transferred from livestock to humans,
through animal to human contact, through
environment and most importantly through
contaminated food products (CAC, 1998).
Antibiotic resistance can be transferred
among bacteria that infect livestock and
humans through three forms of horizontal
gene transfer (Transformation, Transduction
and Conjugation). Commensal bacteria found
in livestock are frequently present in fresh
meat products and may serve as reservoirs for
resistant genes that could potentially be
transferred to humans (Mena et al., 2008;
Diarrassouba et al., 2007). Due to normal
genetic variation in bacterial populations;
individual organisms may carry mutations
that render antibiotics ineffective, conveying
a survival advantage to the mutated strain.
Pathogenic resistant organisms propagated in
these livestock are poised to enter the food
supply and could be widely disseminated in
food products (Garofalo et al., 2007;
Ramchandani et al., 2005). Identical strains of
antibiotic-resistant bacteria have been found
in farm animals and farm workers (Zhang et
al., 2010). Staphylococcus aureus (including
methicillin-resistant Staphylococcus aureus)
and Clostridium difficile found in livestock
and can later be found in food products and
environments shared with humans (WHO,
2014).

Public health crisis of antibiotic resistance

Exposure of antibiotics has negative effect on
human health and environment (Saad, 2016).
The possibility for transfer of antibiotics
resistance genes among livestock is a
potential threat to the public health. Two f
lactam antibiotics (penicillin and
cephalosporin) can cause cutaneous eruptions,
dermatitis, gastro-intestinal symptoms and
anaphylaxis at very low doses (Paige et al.,
1997). Heat processing of milk does not

eliminate or degrade antibiotic residues
contained in milk (De Oliveira et al., 2012).
Some antibiotics have side effects on
consumers and therefore consumption of milk
containing antibiotic residues can cause some
complications among milk  consumers.
Examples of such complications are allergies
such as urticaria, dermatitis, asthma and
rhinitis (Nero et al., 2007). This represents a
potential risk to consumers of milk containing
antibiotic residues (Movassagh and Karami,
2010). Soil, surface and ground water can also
have transformed antibiotic residues which
travel via many routes such as sub-surface
flow, drain flow or leaching (Kim et al., 2011,
Botelho et al.,, 2015). This can lead to
accumulation of antibiotics in the edible plant
and can pose risk to crop, soil and water
ecosystem (Ahmed at al., 2015; Costanzo et
al., 2005; Jalal et al., 2012). On the other
hand, pharmaceutical companies are also
focusing  their  major research  and
development activities towards managing
lifestyle related problems (diabetes, heart
disease) as it fetch them more profit, but not
on making of new generation antibiotics
which are important for lethal infections.
Without antibiotics, surgeries, chemotherapy,
autoimmune disease treatment might not be
possible because risk of getting infection will
be too high. Therefore, there is a growing
awareness of public health concern associated
with the wuse of antibiotics in animal
husbandry and antibiotic resistance s
emerging as a potential threat in coming time.

Alternative strategies to reduce antibiotic
resistance in livestock farming

The following strategies can be used to reduce
the antibiotic resistance in livestock farming

Adopting good husbandry practices (GHP)

Most important factor in reducing antibiotic
use is knowledgeable animal husbandry
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practices (Van de Weerd et al., 2009).
Antibiotics should not be used as a substitute
for the good managemental practices
(Wierup, 2001) e.g. Good management
practices and colostrum feeding is useful in
preventing scours in calves. Major factors
responsible for developing antimicrobial
resistance in farm environment isolates are
excessive usage of antibiotics, over-crowding
and poor sanitation (Forsberg et al., 2012).
Good animal husbandry practices at farm
comprise of safe animal feed, animal health
and welfare, and healthy living conditions.
Management  practices viz.  improving
hygiene, proper stocking density, minimizing
stress, biosecurity, water and feed quality,
identification and record keeping etc. will
help in disease control and minimizing the use
of antibiotics as growth promoters. Animal
health status should also be assessed with
regard to any infectious agent that they could
be harboring at the primary stage of
production.

Adopting organic livestock farming as
alternative production system

The intensive livestock production methods
are mainly blamed for the increased problem
of antibiotic resistance in human health and
shift towards this system will increase
antimicrobial consumption in animals up to
one third between 2010 and 2030 (Maron et
al., 2013; Silbergeld et al., 2008). Sapkota et
al., (2011) have observed that following a
conversion to organic feed, multidrug
resistance rates of Enterococcus faecium
decline from 84% to 17%. Conventional
production system has higher concentration of
the AMR levels when compared to the
organic (Mazurek et al., 2013; Cui et al.,
2005; Holtcamp, 2011). However, Gebreyes
et al., (2005) reported higher prevalence of
Campylobacter species in the outdoor flocks
when compared to the indoor due to
horizontal transmission via the open

environment where the pigs have unrestricted
access to the soil and water.

Organic Dairy farming means raising animals
on organic feed (i.e. pastures cultivated
without the use of fertilizers or pesticides),
have access to pasture or outside, along with
the restricted usage of antibiotics and
hormones (Oruganti, 2011). In organic
farming mainly local, native and pure breeds
are used which are more adapted to the
prevailing conditions and show robustness
against many endemic infectious diseases.
Moreover the organic management system is
based on preventive herd health management
and use of alternative medicine. This will
indirectly reduce the usage of antibiotics in
livestock production system. The withdrawal
periods before milking and slaughter is
usually kept longer. This will alleviate the
selection pressure that drives the proliferation
of antibiotic resistance bacteria. Therefore,
the organic farming with better biosecurity
and high herd health and indoor feeding
should be encouraged by providing the
incentives to the farmers and by developing
marketing channels for organic livestock
products.

Manure management practices

A high proportion of antibiotics are excreted
by the livestock in form of urine or feces and
its application on land will further alter the
environment microbial ecosystem (Levy,
1992; Kumar et al., 2005; Giger et al., 2003).
Between 30% and 90% of antibiotics fed to
animals are excreted in animal feces and
urine, as most of the antibiotics are water
soluble (Heberer, 2002; Sarmah et al., 2006;
Thiele-bruhn 2003). Composting helps in
eliminating on an average 50-70% of some
antibiotics (Sharma et al., 2009; Storteboom
et al., 2007; Wang et al., 2012). Long-term
manure storage offers benefits in terms of
containment and can result in reduced
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prevalence of tetracycline residues and
tetracycline resistant bacteria (CheeSanford et
al., 2009). Watering, aeration and turning of
compost offered some advantage to accelerate
antibiotic  delay of  chlortetracycline,
monensin and tylosin, yet even basic
stockpiling of manure resulted in significant
antibiotic degradation (Storteboom et al.,
2007).

Regular testing of antibiotic residues

Regular testing for the antibiotic residues
should be done for the products of animal
origin e.g. testing loads of milk for
antimicrobial residues ensure that milk
containing residue does not inadvertently
enter the food supply (Wary and Gnanou,
2000). Analytical method in antibiotic
residues are generally divided into two types
— screening (inexpensive, rapid but do not
provide unequivocal identification) and
confirmatory methods (expensive, consuming
and highly selective in order to provide
unequivocal identification). These are Charm
inhibition assay, Delvotest, assay, biosensors,
liquid chromatography, gas chromatography,
thin layer chromatography, high performance
liquid chromatography and mass spectrometry
(Kumar et al., 2018). Traditional screening
assays are based on the growth inhibition of
microorganism (e.g. Bacillus
Stearothermophilus) by antibiotic residues
present in the test sample. The combination of
bio-based screening method and an
instrumental confirmatory method hold very
strong in residue analysis.

Using alternatives to antibiotic growth
promoters (AGP)

Antibiotic growth promoters (AGP) are the
chemical substances which are added to
livestock food primarily to control diseases
and more recently to promote growth and
improve feed conversion (Peric et al., 2009;

Eseceli et al., 2010). They primarily destroy
or inhibit bacteria and are usually
administered at low, sub therapeutic doses as
a feed supplement. The AGP also inhibit
endemic subclinical infection by controlling
growth and proliferation of microorganisms in
the host species, thus preventing diseases
(Oguttu et al., 2007). However, the efficacy
of the antibiotics for growth promotion is
diminishing when compared to the past
(Laxminarayan, 2015). Issue of development
of antimicrobial resistance and transference of
antibiotic resistance genes from animal to
human microbiota, resulted in withdraw
approval for use of antibiotics as growth
promoters in the European Union since 2006.
There is a need to look for viable alternatives
that could enhance the natural defense
mechanisms of animals and reduce the
massive use of antibiotics. Use of alternative
AGP (Table 1) such as probiotics, prebiotic
and symbiotic as a growth promoter is safe
and don’t have negative impact on the natural
environments (Markowiak and Slizewska,
2018).

Prophylactic alternatives for livestock
production

Vaccines

Vaccination is one of the most cost effective
methods for disease prevention as it prevent
bacterial infections directly and reduce the
need for antibiotics. Indirectly vaccines also
provide herd immunity, which extends the
protection to the unvaccinated livestock. In
one study on 64 farms in 9 European
countries, the majority of pig operations
experienced cost reductions for antibiotic
treatment after L. intracellular vaccination
(Adam, 2009). Vaccination for porcine
circovirus type 2 in Australian pig herds leads
to significant decline in total antimicrobial
drug use, as the pigs had less
immunosuppression and secondary bacterial
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infections (Raith et al., 2016). Vaccines can
be a good candidate for replacement of
growth promoting antibiotic especially during
the post-weaning period in which maximum
production losses occurs. Cost and ease of
vaccine usage will further improve the
acceptability of this alternative for antibiotics.
In developing nations like India, more focus
should be given to spreading the knowledge
of vaccine usage for the livestock, increase
vaccine coverage and development of newer
effective vaccines for the endemic diseases.

Phage therapy

In phage therapy, mechanism of lytic phase
(physical breakdown of bacteria for escape of
progeny virus) is used to kill the pathogenic
bacteria. These are more specific to the target
bacteria than antibiotic therapy and hence can
be a potential therapeutic agent. Phage
cocktail comprised of group of virus can be
used as an effective tool for combating the
antibiotic resistance. Moreover these have
less side-effect on the eukaryotic cells. In an
attempt to reduce shedding of S. enteritidis in
the poultry, Phage PSE has been successfully
used as an alternative to the antibiotics
(Ahmadi et al., 2016).

Immune modulators

Immune modulators (e.g. synthetic CpG-
containing oligodeoxynucleotides,
Antimicrobial peptides etc.) elicit passive
immune response by transfer of antibodies. In
contrast to wvaccines, immune modulators
stimulate immune system in a way that is less
dependent on the pathogen causing infection,
which makes them effective for a broad range
of pathogens (Koo et al., 2006). Synthetic
CpG-containing oligodeoxynucleotides (CpG-
ODN)/Bacterial DNA have shown
immunoprotective effect against extracellular
bacterial infection in poultry (Weiner et al.,
1997). CpG ODN:s fortify the immune system
to mount a quick innate immune response and

advances the T helper 1 protective immunity
(He et al., 2006). AMPs (Antimicrobial
peptides) particularly the bacteriocins have a
broad-spectrum activity against
microorganisms and thus can provide a non-
specific defense against the infections. These
work by directly attacking microbes,
maintenance of normal gut homeostasis and
modulation of host inflammatory responses
(Wang et al., 2016).

Therapeutic alternatives for livestock
Selective dry cow therapy

Globally, mastitis treatment is the main
reason for antibiotics usage in dairy
production systems. Though, the modern
commercial dairy farming increased the milk
production, it also increased the incidence of
mastitis in dairy animals. 16% of all lactating
dairy cows in the U.S. receive antibiotic
therapy for clinical mastitis each year, but
nearly all dairy cows receive intramammary
infusions of prophylactic doses of antibiotics
following each lactation to prevent and
control ~ future  mastitis. The major
antimicrobial agents used for this purpose are
penicillins, cephalosporins and betalactam
drugs (USDA 2008). In blanket dry cow
therapy (DCT) all the quarters of cows are
treated while in selective DCT infected cows
are treated with antibiotic along with teat
sealant and uninfected cows are treated with
teat sealant only. Cattle having low risk of
mastitis (1% or 2" lactation cattle with low
somatic count) are not treated, and cattle at
low risk of successful treatment with dry-cow
therapy (older cattle with high somatic count)
are recommended for culling. Compared to
blanket antibiotic DCT, group of cows
receiving selective DCT (on basis of Somatic
cell count and aerobic bacterial count) had a
reduction in usage of antibiotics but showed
no significant difference regarding new intra-
mammary infections (Tho seeth et al., 2017).
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Supplementation of minerals and vitamins

Supplemental Selenium and Vitamin E during
the peripartum period improves the immune
function of the dairy cattle. Selenium and
Vitamin E improves overall neutrophil
function, enhance the ability to kill E. coli and
S. aureus and improve the neutrophil
chemotaxis (Hogan et al., 1990; Politis et al.,
1996; Politis et al, 1995). Dietary
supplementation of Cu (180 mg/day) +Zn
(300 mg/day) +Vitamin E (500 IU/day) +
selenium (6 mg/day) + Vitamin A (53000
IU/day) + beta carotene (300 mg/day) during
last 2 month of gestation is beneficial for
control of sub-clinical mastitis in dairy cattle
(Sahu and Maiti, 2014). Supplementation of
2500 ppm Zinc reduced the incidence of non-
specific diarrhea in weaning piglets (Poulsen
1995)

Ozone therapy

Ozone (O3) is an unstable polymerized
oxygen which is created by the passage of air
or oxygen over high energy electrodes within
an ozone generator system or by ultraviolet
light (Shinozuka et al., 2008). Ozone disrupts
cell membrane of microbes and kills viruses
by diffusing through the protein coat of
nucleic acid. Ozone foam has a potential to
alleviate metritis, mastitis and endometritis
(Duricic et al., 2014). Ozone therapy was
found to be more responsive in uterine
infection than use of gentamicin in crossbred
dairy cattle (Durrani et al., 2017). In an in
vitro study done by Fontes et al., (2012) on
potentially pathologic bacterial strains with
known resistance to known antimicrobial
agents, a single topical application by
nebulization of a low ozone dose was found
to completely inhibit the growth of all
potentially pathogenic antimicrobial resistant
bacterial strains. Therefore, 0zone may prove
to be a useful alternative to antibiotics with
better results in inhibiting the growth of
antimicrobial resistant bacterial strains.

Ethno veterinary practices

Ethno veterinary practices concern to animal
healthcare is as old as the domestication of
various livestock species. Ethno-veterinary
practices (EVP) include herbal medicine as
well other locally adapted practices in animal
health care. EVPs can be advocated in
primary health care of livestock, this practice
will minimizes the possibility of antibiotic
residues in  the livestock  products
(Ranganathan, 2017). In Cattle suffering from
FMD, paste prepared from the leaves of
Nicotiana tabacum (tobacco), decoction of
the fruit Terminalia chebula or Harida or tar-
like oil extracted from the pericarp of the fruit
Semecarpus anacardium can be applied on
hoofs (Chakraborty and Pal, 2012). Seeds of
Cucurbita maxima were also found to have
immunomodulatory effects in rabbits when
used @ 1000 mg/kg orally for 10 days
(Ranganathan and Selvasubramanian, 2015)

Rare earth elements

Rare earth elements (REE) include the
elements scandium, yttrium, lanthanum and
the 14 chemical elements following
lanthanum called lanthanides (Foerster et al.,
2008). REE had a high anti-oxidative effect
and therefore protect dietary fatty acids from
oxidization and increased uptake of nutrients.
In diet, these significantly improve body
weight and feed conversion (Redling, 2006).
Rare earth mineral and yeast (Saccharomyces
cerevisiae) feeding in pigs had equal
performance when compared with ZnO and
antibiotic supplementation, wherein the effect
of mineral-yeast combination was mediated
through improvement in nutrient digestibility
(Han et al., 2010).

Implementing good veterinary practices
(GVP)

Antibiotic should be prescribed by the
veterinarian only after proper disease
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diagnosis and appropriate antibiotic should be
chosen after testing sensitivity (De Briyne et
al., 2013). Isolation of the animal from the
herd and their individual treatment is required
to be followed in every farm premises. Based
on sensitivity testing, narrow spectrum drug
should be the first choice for treatment. Broad
spectrum antibiotic should only be chosen
when narrow spectrum antibiotic exhibit
insensitivity (EU, 2015). Metaphylactic
treatment in herd or flock should only be
prescribed on the basis of clinical findings
about the progress of disease (Trevisi et al.,
2014). It is also important to administer the
antibiotics as per instructions of the prescriber
and manufacturer of the drug (Stanton et al.,
2010)

Following  recommended  Withdrawal
period and Maximum residue limits
(MRLs)

For prevention and control of antimicrobial
residues, veterinarians and producers should
stick to the prescribed withdrawal periods of
antimicrobial agents and test presence of
residues when necessary. Withdrawal period
is the time between the last doses given to the
animal and the time when the level of
residues in the tissues (muscle, liver, kidney,
skin and fat) and products (milk, eggs, honey)
is lower or equal to the maximum residual
limits (MRLS).

Until the withdrawal period has elapsed, the
animal or its products must not be used for
human consumption (Jackson 1980). The
minimum withholding period for milk and
egg is 7 days and for meat is 28 days after
treatment with antibiotics (Gupta, 2012).The
maximum residue level (MRLs) is the
maximum concentration of residue resulting
from the use of a veterinary medicinal product
that may be legally permitted or recognized as
acceptable in or on a food, allocated to
individual food commodities The MRLs are

fixed on the basis of relevant toxicological
data (EEC, 1990).

Strengthening the regulatory control for
antibiotic usage in livestock

Internationally, from 2006, European Union
has banned antibiotic use in growth
promotion while it is illegal in the US from
2017. FAO and WHO has developed the
Codex Alimentarius which specifies a series
of recommendations to ‘ensure safety and
quality in international food trade. In 2015,
the MRLs for veterinary drugs including
antibiotics in foods were updated by Codex
Alimentarius Commission. Also, The World
Organization for Animal Health (OIE) has
three major texts that deal with antibiotic
resistance: the Terrestrial Animal Health
Code, the Aquatic Animals Health Code and
the Manual of Diagnostic Tests and Vaccines
for Terrestrial Animals (OIE 2015b; OIE
2015a; OIE 2008).

In India, as per the Food Safety and Standards
Act, 2006, no article of food shall contain
pesticides, veterinary drugs, antibiotic
residues, and microbiological counts in excess
of such tolerance limits as may be specified
by regulations (Government of India, 2006).
In India, AMR related policies were initiated
in 2011 by publishing the National Policy on
containment of AMR.

The Food  Safety and  Standards
(Contaminants, Toxin and  Residues)
Regulation came in to force on 5" Aug, 2011
and deals with the compliance of various
contaminants, Toxins and Residues Standards
prescribed in food. This regulation has
provided tolerance limit for antibiotics and
also the list of prohibited pharmacologically
active substances in fish and fishery products.
There are two laws in India for regulating
antibiotic use in livestock.
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Table.1 Promising alternatives to antibiotics for growth promotion

Examples

Gram positive bacteria:
Bacillus, Enterococcus
Lactobacillus,
Pediococcus,

Streptococcus  (usually
present in amount of
10"-10° and 10°-10'
CFU/q)

Fungi and yeast strain-
Saccharomyces
cerevisiae and

Kluyveromyces species

Fructo-
oligosaccharides
(FOS), oligofructose,
trans-galacto-
oligosaccharides
(TOS),
oligosaccharides

gluco-

Combination of
Bifidobacterium or
Lactobacillus  genus
bacteria with FOS

Essential oil or tannins
Substances  deriving
from medicinal plants
or spices

Mode of action

‘Live microbial feed
supplements’, which affects
the  host animal by
improving its intestinal
microbial balance (Fuller,
1989)

Non-digestible food
components/ingredients

which have positive effect
on host in their selective
growth and/or activation of
certain number of bacterial
strains present in intestines

(Peric et al., 2009)

Combination of nutritional
supplement containing both
probiotic and probiotic is
called symbiotic. Growth of
the co-administered
probiotic or other useful
microbes may be promoted
by the prebiotic present in
the symbiotic product

PFA  (Phytogenic  feed
additives) augment nutrient
utilization in the

gastrointestinal tract (GIT)
by enhancing production of
digestive  secretions and
enzymatic activity

2301

Effect of AGP on performance

In young calves, it has been observed
that by incorporating live yeasts into
the grain, there is marked reduction in
number of days with diarrhea

Two different probiotic preparations,
containing six Lactobacillus spp. of
bovine and human origin, were
successful in reducing the overall
mortality, incidence of diarrhea and
fecal coliforms counts in veal calves

Growth performance of weaning
piglets is improved by feeding Probitic
strains of Bifidobacterium animalis
subsp. Lactis Ra 18 at 10" CFU per
pig per day

Oligosaccharides (chitosan and
galacto-manannan-oligosaccharides)
improve growth and feed efficiency by
increasing growth hormone and
insulin-like growth factor-1 levels, in
the early-weaned piglets

Although, the use of prebiotics in
ruminants has been unsuccessful due
to their ability to degrade most
prebiotics in  rumen. However,
enhancements in  rumen-protective
technologies may allow these
compounds to be used in feedlot and
dairy cattle

When a combination of probiotic and
prebiotic added to the milk, a better
improvement in average daily gain and
more decrease in fecal E. coli has also
been reported in female calves

Phytogene additives have positive
effect on production and health of
animals. Phytochemicals have efficacy
for the prevention of diseases in cattle
such as diarrhea and to improve
digestive health

Reference

Galvao et al.,
2005

Timmerman et
al., 2005

Modesto et al.,
2009

Callaway et
al., 2008

Roodpshti and
Dabri, 2012

Ghosh et al.,,
2013; Vakili et
al., 2013

Murugesan et
al., 2015
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Organic acid | Citric acid, Acetic acid

In feed-
Enzymes

Xylanases and beta-
glucanases

(Windisch et al., 2007).
PFA, like AGP, may also
reduce mucosal thickness,
thus contributing to the
diffusion of nutrients to the
apical surface of epithelial
cells and increased
absorption and feed
efficiency (Yang et al,
2015)

Organic acid reduce pH of
intestinal tract which favors

PFA showed comparable result to
AGP for improving the body weight
gain and lowered the feed conversion
ratio (FCR)

Formic acid, acetic and propionic acid
have the potential to reduce the

Griggs and
Jacob, 2005

growth of favorable = Salmonella  and Campylobacter
microbes which in turn = colonization in the gut of poultry
suppress pathogenic Upadhaya et
microbes Acidifiers also improve growth @ al., 2014
performance and immunity in
livestock. Acidification of the diet
with protected organic acid blends
positively affected the ADG and
reduced pathogenic bacterial load in
finishing pigs
In-feed enzymes promote | In feed enzymes are mostly added in | Kiarie et al.,
the digestion of feed | the poultry as they have limited ability | 2013
components that are poorly | to digest NSPN (Non starch
digested or undigested. | polysaccharides), due to lack of

They are mainly added to
the wheat and barley based

enzymes. Also, help in preventing
certain diseases such as necrotic

diets.

First regulation is regarding the withdrawal
period of medicines that are used in treatment
of animals. This regulation states that
withdrawal period should be mentioned in the
labeling of medicines as per Ministry of
Health and Family Welfare (2012). In case
there is no defined withdrawal period, the
period should be 28 days in meat and poultry
products. Second regulation is regarding
requirement of prescription for use of some
drugs those falls under the category of
Schedule-H drugs as per Ministry of Health
and Family Welfare (2006). This category
contains a list of 536 drugs as per the
Amendment of the Drugs and Cosmetics
Rules (2006). These drugs, which include
antibiotics, require by law a prescription for
their use as per Ministry of Health and Family

enteritis

In swine, these show inconsistent
results as to high level of acidity may
inactivate in-feed enzymes

Welfare (2006). In 2017, which was again
amended under Food Safety and Standards
(Contaminants, Toxins and Residues)
Regulations, 2011. According to which, the
maximum permissible limits have been
specified for the presence of antibiotics and
other drugs in meat and meat products
including chicken. Finally in 2017, National
action Plan banned the antibiotics as growth
promoters in India. However, still this plan is
not linked to any regulatory action.

Challenges

There are no laws specifically governing the
use of antibiotics in cattle, chicken, and pigs
reared for domestic consumption in India.
Provision for monitoring antibiotic residues is
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only available for exports under the Residual
Monitoring Plan of the Export Inspection
Council. Due to extra-label use of veterinary
drugs or negligence in obeying withdrawal
periods, much higher residues level appears in
edible animal products. There is no
monitoring mechanism that ensures that
veterinary prescriptions are in line with
judicious use of antibiotics and are updated
based on latest trends in resistance in
antibiotics. Relatively little attention has been
paid to know the degree and relative impact
of antibiotics use in farm animals to the
overall problem of antibiotic resistance and
public health. Moreover, many of these
antibiotics are identical to or closely resemble
drugs used in human medicine. Therefore,
identifying key areas in which action needed
is urgently required to minimize and contain
antibiotic resistance.
Raising  consumer  awareness  and
responsibility

Consumer’s awareness will surely act as an
important drive change against AMR.
Nowadays, the consumers are also taking
interest in how the livestock products they
consume reach their plate and they are
becoming aware of the antimicrobial
resistance (Brookes-Howell et al., 2012). The
farmers should also believe in producing
livestock products with highest standards. The
awareness among the society through Public
health campaigns can lead to growth of more
antibiotic free products in the market.
Considerable  proportion of  consumers
incorrectly thinks that antibiotics are effective
against the viral infections (Cals et al., 2007).
All the diseases cannot be cured but the
antibiotics usage as some are caused by
bacteria and some are also caused by
virus/other infectious agent. It is the duty of
the animal owner and practitioner to realize
the fact that indiscriminate use of antibiotics
can lead to antimicrobial resistance. Treating

the diseases which generally show good
response to antibiotics will further become
difficult due to the development of AMR.
Therefore, more focus should be given on
proper and timely diagnosis of disease and
then using the antibiotics with correct dosage.

In conclusion, antibiotics used in animals can
pass to humans through complex food chains
and can significantly contribute to
development of antibiotic resistance. Healthy
herd management, adoption of organic
livestock production and adequate
composting processes for livestock manure is
an effective strategy to minimize the
discharge of antibiotic residue into the
environment. Use of alternatives for antibiotic
growth promoter can minimize the antibiotic
usage to improve gut health status of livestock
through increased immunity. Ethno-veterinary
medicines, prophylactic alternatives,
therapeutic alternatives and strict quality
control measures can also help in reducing
antibiotic residues in livestock products. The
correct identification of the causative agent of
the disease, strict adherence to antibiotic label
recommendations, strengthening regulatory
control for antibiotics usage and raising
consumer awareness will eventually help in
combating emerging problems associated
with antibiotic resistance.
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