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Introduction

The global food system is experiencing profound
changes in consumption patterns, especially in the
increasing demand for livestock products, leading to
worldwide growth in intensive livestock production.
In turn, there is an increasing need for adequate feed
materials which need to be wholesome and safe for

SAYVzZvH
“VIGOUDIN

VETERINARY
DRUG RESIDUES=

o
cc
o

SOURCES OF CONTAMINATION IN ANIMAL FEED

Figure 1: Sources of contamination in animal feed

the animal as well as free of undesirable or toxic sub-
stances (Figure 1) that could compromise the quality
and safety of animal-derived foods (Fink-Gremmels,
2012; Sharma et al., 2015).

Following the paradigm of One Health concept for
human and animal populations, as a joint initiative
between FAO, WHO and OIE and the objectives of an
integrated food safety control system from farm to
table, risk assessment methodologies have recently
been amended, presenting now an integrated
approach of the animal exposure and risk assess-
ment, and a quantification of human exposure from
animal-derived foods such as milk, meat and eggs,
taking into account typical consumption patterns. The
latter refers to the specific exposure of individual age
groups (such as small children) and particular
consumer preferences. These exposure data are
compared with the Health-based guidance levels to
complete the risk characterization (Dorne and Fink-
Gremmels, 2013).

Biological hazards in feed

The most common biological hazards are zoonotic
bacterial pathogens that enter the food chain via
contaminated feeds and poor hygienic conditions at
the farm level. The animal may experience clinical
disease conditions, but in many cases remain a silent
carrier of such pathogens (such as Campylobacter).
When hygienic barriers are incomplete during
slaughter and processing, the pathogen is transferred
to meat, where they can proliferate under certain
conditions. Eggs can be infected by horizontal
transmission of pathogens in layer units and milk
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may be contaminated by mastitis pathogens prior or
during the milking process. Typical examples for such
zoonotic pathogens are Campylobacter spp. in
poultry, Sa/monellaspp., E.coli 0157, Enterococc;,
and Staphylococcus spp. (Crump et al., 2002). Poor
hygienic conditions at the farm level and raw
materials used in feed manufacturing can be a source
for the introduction of salmonella into the food
chain. Feedstuffs and poultry feeds are contaminated
by Enterococciand, to a lesser extent, by £. co/j thus
leading to their introduction in the farm
environment. Silage is the most common source of
Listeria monocytogenes on a farm (Czuprynski, 2005).
In addition to bacteria, animal feeds can be
contaminated with prions, the infectious agent
associated with Bovine Spongiform Encephalopathy
(BSE). The prevalence of these prions is currently
declining world-wide. Other microbiological hazards
and a detailed global survey on food borne diseases
is presented in a recent WHO publication (Havelaar et
al., 2015).

Chemical hazards in feed

Potential contaminants in feedstuffs include residues
of persistent pesticides, brominated compounds or
other environmental contaminants such as the
polychlorinated biphenyls (PCBs), and dioxins as well
as heavy metals including mercury, lead, or cadmium
and natural toxins, such as mycotoxins. Feeds may
also contain intentionally applied veterinary drugs,
such as coccidiostats and antimicrobial growth
promotors. Considering the recent concerns about
the global emergence of antimicrobial resistance,
antimicrobial growth promotors are banned in many
regions (such as Europe) already since 2006 and
phasing out strategies have been recommended to all
countries by WHO in their recent documents on
combating antimicrobial resistance.

Pesticides

Different kinds of pesticides are commonly used in
agriculture for various purposes. Among those,
organophosphates, pyrethroids and carbamates are
comparatively rapidly degraded and consequently
found in lesser amounts in feed and food, while
persistent organochlorine pesticides (POPs) and

even banned pesticides such as dichlorodiphenyl-
trichloroethane (DDT), aldrin, dieldrin, endrin,
heptachlor, and hexachlorobenzene (HCB) may still
be present as undesirable chemical residues in
animal feed due to their low bio-degradability.
Being one of the typical endpoints of the trophic
food chain, milk is of special concern, because it is
consumed often in high amounts relative to the
body weight by children. Subsequently dairy milk
has been used as an indicator of environmentally
persistent organic micropollutants, such as
organochlorine (OC) pesticides. Due to their
lipophilic properties, pesticides are stored in fat-rich
tissues, forming undesirable residues in meat and
may be subsequently translocated and excreted
through milk fat. Organophosphate pesticides are
less lipophilic, and less persistent in animal tissues,
but may cause clinical intoxications in animals. At
the global level, the environmental burden of most
pesticides is decreasing with the exception of
dioxins, which remain of concern as important
contaminants in the food chain (Havelaar et al.,
2015, WHO Global Survey). In our recent study
(Sharma et al., 2016), levels of pesticide residues
(organochlorine, organophosphates and synthetic
pyrethroids) were found to be below the detection
limit (0.01 mg/kg) in analyzed fodder samples of
semi arid region of Rajasthan, India.

Dioxins

Dioxins are the by-products of various industrial
processes and are commonly regarded as highly
toxic environmental pollutants. The term dioxin
refers to polychlorinated dibenzo-p-dioxins (PCDDs),
polychlorinated biphenyls (PCBs) and
polychlorinated dibenzofurans (PCDFs). Livestock
can be exposed to dioxins following the deposition
of airborne dioxins onto plant and soil surfaces, and
subsequent ingestion of this contaminated
vegetation and soil. Dioxins accumulate in fatty
tissues and consumption of animal-derived
products is among the most predominant exposure
routes for humans. As a result of bio-accumulation,
these compounds have the potential to bio-magnify
in the food chain (EFSA, 2015).



Heavy metals contamination

Toxic heavy metals (cadmium, lead and mercury)
and other chemical elements (arsenic, chromium,
copper and zinc) occur naturally in the
environment, but industrial processes may increase
their concentration in distinct geographic regions,
leading to their accumulation in plants that are
consumed by animals or harvested as feed (Fink-
Gremmels, 2012). Subsequently, the ubiquitous
presence of some metal pollutants, especially
cadmium (Cd), chromium (Cr), arsenic (As), nickel
(Ni), mercury (Hg) and lead (Pb), facilitates their bio-
accumulation, leading to elevated levels in certain
animal tissues and to a potential public health
hazards. The heavy metals of major concern in the
food chain are cadmium, mercury and lead.
Cadmium specially accumulates in the liver and
kidney of animals but its carry-over to milk is very
low or negligible. Animals encounter lead from the
soil that contained the leakage of acid-batteries. An
increased exposure rate may result also from
pastures near factories producing lead wire or
pipes, as well as from effluents of metal recycling
and foundries. Likewise to cadmium, milk rarely
contains lead residues.

Mercury is one of the most highly bio-concentrated
neuro-toxicants in the environment. It is toxic to all
animal species and affects the central nerve system
after conversion into its methylated forms (Clifton,
2007). Mercury occurs in the environment in several
forms: alkyl mercury compounds tend to accumulate
in skeletal muscles and brain, whereas aryl
compounds and inorganic mercury salts accumulate
in liver and kidneys (Kan and Meijer, 2007). The
consumption of fish is by far the most significant
source of food related mercury exposure in humans,
although plants and livestock products may also
contain mercury residues.

Natural toxins

Among the natural toxins, mycotoxins have a
significant impact on human and animal health,
resulting also in economic and international trade
implications (Marroquin-Cardona et al., 2014). Most
mycotoxins are rather stable and resist common feed
processing procedures. The most prominent example

is aflatoxin B1, which is considered as one of the
strongest liver carcinogens in humans as well as in
all animal species tested. It occurs in a broad
variety of food and feed materials. Aflatoxin B1
does not accumulate in animal tissues, but gets
converted in the liver to aflatoxin M1, which is
excreted in milk. Worldwide the regulatory
authorities are aiming to protect human and
particularly infants from exposure to aflatoxin B1
and M1. Animal-derived products, such as poultry
meat and porcine kidneys and tissues are
regularly found to contain residual amounts of
ochratoxin A, which might be implicated in the
prevalence of renal diseases and even cancer in
humans. Another potentially carcinogenic
mycotoxin is fumonisin B1, the most toxic
derivative of the class of fumonisins, produced by
Fusarium species. Direct exposure to humans
particularly in regions with a traditional high
consumption of yellow corn (maize) remains of
concern, while exposure via animal-derived
products is negligible. At the global level the
increase of fusariumtoxins in food and feed
materials is of increasing concern, and cause
significant losses in animal production and impair
animal health and productivity.

Veterinary drug residues

Veterinary drug residues may be found in animal
products as a result of their use in animals
without taking into account the prescribed
withdrawal (drug withholding) times. As all
veterinary drugs have passed a pre-marketing
approval procedure excluding severe health
concerns, such as mutagenic and carcinogenic
effects, the public health risk associated with
residues remains low. Moreover, the carryover of
veterinary drugs in feed ingredients during feed
production may result in unexpected residues in
animal tissues, when the following feed batch is
used for another animal species, as for examples
demonstrated for coccidiostats. This undesirable
carryover poses as serious animal health risk.

There is some evidence to suggest that antibiotics
used in the fermentation process to control
microbiological contamination during the
processing of grains for ethanol production may



concentrate in dried distiller's grains with soluble
(DDGS) and result in an undesirable exposure of
animals.

Of recent concern is the use of antibiotic in livestock
production, which has been associated with the
prevalence of antibiotic resistance and the potential
transmission of resistant bacterial strains for animals
to humans. This concerns in particular zoonotic
pathogens such as Salmonella, Campylobacter,
Enterococciand Staphylococcus aureus which might
be present in food of animal origin (Chang et al.,
2014; Landers et al., 2012).
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Figure 2: Safe animal feed to safeguard human health

Radionuclides and nano
materials

Radionuclides including caesium-134, caesium-137,
strontium-90 and iodine-131 present in animal feed
and forages may get transferred to edible products.
Major sources are contaminated soil, water and
forage. Transfer of radioiodine to milk, radio-
strontium to bone, and radio-caesium to milk, eggs
and meat has been demonstrated (FAO/WHO, 2013).
Recently, the possibility of migration substances from
packaging material, nano-plastics which might be
present in animal feed is discussed as an emerging
risk and requires further surveillance and monitoring.
resistant bacterial strains for animals to humans.

Physical hazards

Various physical agents viz. iron nails, small pebbles,
metal fragments, screws, rivets, machine filings, glass
shards, wood splinters, stones, insulation paints,
plastic fragments, personal effects (jewellery, buttons,
nail fragments, nail varnish), hair, dust and dirt sharp
objects etc. while consumed by the livestock, can
exert a significant impact on animal health and
production depending on material, form and size.
Such agents are not transferred to the animal tissue
and thus do not directly affect the food safety.

Animal feed safety regulations

International standards, guidelines and
recommendations on food quality and safety are
being regularly issued by FAO/WHO Codex
Alimentarius Commission and also by the EU
Commission. The objective of the Codex Code of
Practice on good animal feeding (CAC/RCP 54-2004)
aims to ensure the safety of food for human
consumption (Figure 2) through adherence to good
animal feeding practice at the farm level and good
manufacturing practices (GMPs) during the
procurement, handling, storage, processing and
distribution of animal feed and feed ingredients for
food-producing animals. Codex Alimentarius
Standards are recognized in the WTO-SPS-Agreement
(Sanitary and Phytosanitary Measures) as the
benchmark for food safety.

In consideration of these guidance documents, the



following suggestions for improving feed safety can
be presented.

Some suggestions for improving
feed safety

Each country should adopt the FAO/WHO Codex
Alimentarius standards for producing safe feed,
and national guidelines should be issued in line
with these guidance documents.

Awareness and capacity building programmes
need to be implemented for feed manufacturers
and livestock farmers.

Hazard Analysis and Critical Control Points (HACCP)
protocols need to be established for the feed
industry to guarantee compliance with good
manufacturing practice.

Regular screening of feed ingredients and final
feed for various undesirable substances by
national governmental institutions should be
implemented.

Future research

Identification and prioritization of potential
hazards for animal feed in specific agro-climatic
zone.

Development of simple and rapid screening
methods for laboratories to manage large number
of samples.

Exposure assessment through the collation of large
sets of data on the occurrence of feed
contaminants at the global level.

Assessment of undetected or emerging hazards
from newer feedstuffs viz. biofuel by-products,
insects, aquatic plants and marine products, which
may be used as feed materials. The assessment
can support the increasing need for safe feed
materials.

Conclusion

Changing food habits and food pattern requires a
thorough surveillance to establish SAFE FOOD chain
from farm to fork. In the multiple steps to achieve
this, surveillance of animal feed comes as first critical
control point for delivering safe animal products.

Various factors: biological, chemical, and physical
hazards need to be evaluated regarding their impact
on animal health and productivity as well consumer
safety. Considering the enormous importance of the
issue for food safety and human health, further
initiative/mission should be initiated by international
organizations (FAO/WHO/OIE) to encourage the
creation of a database on the occurrence of
undesirable substances in animal feeds and to
simultaneously build capacities of stakeholders
involved in feed manufacturing/regulation/quality
control to control this occurrence.

Advancement in feed safety assessment can be
achieved only through multidisciplinary approaches
involving agriculture, feed processing and technology,
animal nutrition, microbiology, toxicology, veterinary
medicine and related disciplines. The United Nation's
Millennium Development Goals (MGD's) and Sustain-
able Development Goals (SDG's), both, realized the
importance of environmental sustainability and good
health and safeguarding human health through
feeding safe feed to livestock is an important step
towards fulfilling those goals and objectives and to
attain sustainable food supplies.
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