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ABSTRACT

This review aims to highlight the effects of ochratoxin A (OTA) in the feed of meat-producing animals.
The accumulation of OTA in feed and its distribution in various farm animals were compared and
evaluated. Primarily, the oral administration of OTA-contaminated feed and the predisposition in an
animal's vital organ were critically examined in this work. The collated reports show that OTA directly
associated with endemic nephropathy and its high concentration leads to degeneration of liver cells, and
necrosis of intestinal and lymphoid tissues. At present, limited reports are available in the recent liter-
ature on the problems and consequences of OTA in feed. Therefore, this review focused on the OTA
carryover from feed to farm animals and the interaction of its secondary metabolites on their
biochemical parameters. Hence, this report provides greater insights into animal health related to OTA
residues in meat and meat products. This article also explores mitigation strategies that can be used to
prevent the carryover effects of OTA in livestock feeds and the effects in the food chain.
© 2021, Chinese Association of Animal Science and Veterinary Medicine. Production and hosting
by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

harvesting and post-harvesting stages (Bernhoft et al.,, 2012). In
animals, mycotoxicosis is associated with feed related, non-

Due to climate change and unpredicted rainfall, the frequency
and level of fungal contamination in feedstuffs may expand. In
general, wet seasons may postpone the grain development, which
results in more formation of mycotoxin, particularly in maize.
Similarly, Fusarium toxins mainly occur during the period of
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infectious, non-transferable, non-irresistible, and non-detectable
growth specific mechanisms (Pappas et al., 2016). Disorders that
are initiated by mycotoxin cascade various infections in farm ani-
mals, characterizing the complexity of the infection mechanism.
The occurrence of mycotoxins in feed relies upon a few factors such
as climatic conditions, multisets of microbes in specific crops, and
storing practices. The feed blend, degree of feed components, feed
handling procedures, and storage practices (Egbontan et al., 2017)
are significant factors associated with the production of multiple
mycotoxins. It was reported that mycotoxin contamination in feed
reduced the productivity and immune suppression in livestock
(Grenier and Oswald, 2011). Amongst the common mycotoxins
such as aflatoxin (AF), deoxynivalenol (DON), ochratoxin A (OTA),
zearalenone (ZEN) and fumonisins (FUM), OTA represents a crucial
issue in the feed of livestock animals that causes adverse effects to a
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human following consumption (Denli and Perez, 2010). Neverthe-
less, there are no recent, detailed reports on OTA contamination in
feed and its impact on meat-producing animals. Therefore, this
review article discusses all the significant interactions of OTA from
feed to farm animals. Accumulation of OTA in various organs and its
concentration in specific meat products were compared and eval-
uated. The main aim is to mitigate OTA contamination in feed, and
uncover intervention strategies to prevent carryover of OTA from
animals to humans.

2. Production of OTA in feed

OTA is produced primarily by fungal species Aspergillus ochra-
ceus, Penicillium viridicatum and Penicillium cyclopium (FAO, 2004),
this raising significant public concern across the globe. A. ochraceus
is a filamentous fungus with biseriate conidiophores characteris-
tics. It was found to occupy a variety of environmental functions
including soil and agricultural commodities such as cereal grains,
peanuts, cottonseed and fruits (D'Mello, 2001). OTA delivered by
A. ochraceus is consistent under acidic conditions that endure at
ordinary cooking temperatures, which could be diffused in the
animals' food chain. Further, OTA was considered as one of the
active carcinogenic agents (Nazieh and Khalaileh, 2018). Never-
theless, OTA impairs animal productivity which might remains in
the meat and meat products. The fungal species readily colonizes
into feeds and forages during post-harvest transportation and in
storage time. Likewise, rodents, birds and insects may facilitate
contamination by causing visible lesions on plants, that provide
entry into the plant for fungal spores (Abdel-Wahhab and Kholif,
2008). All these activities are facilitated by physicochemical pa-
rameters including water activity (ay), temperature, presence of
oxygen, nature of the substrate and pH conditions. These are the
key determinants to proliferate and produce OTA (D'Mello, 2001).
However, OTA-contaminated feed has a greater economic impact
on monogastric animals (poultry and pig) than ruminant animals
(cattle, sheep, and goats). It has been reported that ruminant ani-
mals are more resistant to OTA toxicity than monogastric animals
(Denli and Perez, 2010). OTA has shown nephrotoxic, hepatotoxic,
and teratogenic actions in animal species as well as in humans. A
recent survey on 74,821 feed samples collected from 100 countries
detected that OTA occurred in 15% of the samples (Gruber-
Dorninger et al., 2019). These researchers identified that climate
change is the crucial factor for all mycotoxin formation in South-
Asia, Sub-Saharan Africa, and Southeast Asia. Other factors like
inconsistent rainfall and temperature are also associated with high
OTA formation in feed (Gruber-Dorninger et al., 2019).

3. Contamination of OTA in the feed of meat-producing
animals

3.1. Contamination of OTA in poultry feed and distribution in
poultry

Poultry feed ingredients are comprised of the following
composition: 1) a blend of cereals with maize as the primary energy
source, 2) animal-derived proteins including fish, meat, and bone
meal, and 3) plant-derived proteins from soybean and peanuts.
Maize is the prevalent grain utilized in poultry, and can be
contaminated by mycotoxins from Aspergillus spp., Fusarium spp.
and Penicillium spp. during handling and storage. Feed ingredients
such as maize, peanut cake, wheat, and other cereals tested in
Nigeria were reported to contain OTA at 10 pg/kg. In contrast, the
concentration of other mycotoxins was found to be < 647 ug/kg
with a mean of 114 pg/kg among 20% of samples (Akinmusire et al.,
2019). Thus, mycotoxin contamination in feed varies depending on
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the regions. However, maize grains collected from farmers and
traditional markets in the Kupang region of Indonesia were found
to contain OTA at 20.38 and 20.39 pg/kg DM, respectively (Nalle
et al,, 2019). The upper limit OTA set by the European Commis-
sion (EC, 2006) for poultry feed was 0.1 mg/kg. The upper limit for
OTA in poultry feed is 0.1 mg/kg, which was set by the European
Commission (EC, 2006), and the transformation from feed to
various parts of the poultry body varies. For instance, OTA a
decrease in thymus to serum albumins and globulin (alpha-, beta-
and gamma-globulin) was found. Although these parameters were
identified in the bird's hematology, OTA was not detected in liver
and renal cells (Pozzo et al., 2013).

Further, the occurrence of OTA in chicken meat and eggs showed
contamination of 41% and 35%, respectively. The liver of layer
chickens contained OTA at 2.41 pg/kg, but no trace of OTA was
detected in the wings, legs, and chest of domestic chickens (Nazieh
and Khalaileh, 2018). Nevertheless, the poultry feed contained
Aspergillus flavus and Penicillium citrinum spp., which was observed
at approximately 46% of OTA, and found to be high concentration
compared to other studies (Rosa et al., 2009). Further, laboratory-
based experiments showed significant changes in chicks fed with
OTA. For example, contaminated chick feed (200 pg/kg of OTA) that
was given for 35 d manifested in degeneration of epithelial cells on
proximal convoluted tubules with cytoplasmic swelling in the
kidney region. Similarly, the liver region exhibited adverse necrosis
and hepatic haemorrhages (Mujahid et al., 2019). A greater accu-
mulation of OTA was detected in the kidney (1.14 pg/kg) and heart
(0.073 pg/kg) of broiler chicks (Arbreaker breed) (Mujahid et al.,
2019). Another experiment showed similar outcomes on fertile
eggs that were injected with OTA in ovo (12.5 ng/egg). After 19 d of
incubation, the blood and organ samples exhibited a high degree of
thyroid hormone, and liver tissue showed megalocytosis and
degeneration of liver cells in OTA injected chicks. These results
confirmed that OTA exposure during the embryonic stage would
lead to extensive oxidative damage and organ damage (Elsayed
et al,, 2019). The schematic representation of OTA carryover from
feed to various parts of chicken is given in Fig. 1.

3.2. Contamination of OTA in pig feed and distribution

The most frequently observed mycotoxin metabolites in pig feed
were DON, ZEA, and OTA. The toxicokinetics study showed that OTA
was detected to a greater degree in urine samples of swine, but that
it varies in every species (Schelstraete et al., 2020). In Costa Rica, 19
out of 57 feed samples were detected with multi-mycotoxins, and
this feed sample exposed more than 50 ug/kg of OTA in pigs and
sows (Persi et al., 2014; Leiva et al., 2019). In northwest Italy, 0.22 to
38.4 ng/kg OTA was observed from 15 different swine farms with
moisture of >120 pg/kg in every feed samples. However, this
amount was lower than the standard set by the European Com-
mission for swine feed of 50 ug/kg of OTA (Pozzo et al., 2010).
According to Malagutti et al. (2005), swine fed containing OTA
(25 pg/kg) resulted in a high concentration of OTA in the final meat
product. Safety limit standards set by the Italian Ministry of Health
for OTA were 1 pg/kg in pork meat.

One study reported that the presence of OTA was >3.65 pg/kg in
liver samples (67%) of swine from various meat production units in
France (Milicevic et al., 2009). Similarly, a study undertaken over
3 consecutive years in Poland reported a level of OTA in the range of
0.2 to 5.0 pg/kg in 430 meat samples, mainly from pig kidneys,
poultry livers and fish muscle. Among them, 94 samples were
contaminated with a maximum concentration of 10 pg/kg of OTA
(Pietruszka et al., 2017). Vojvodina, Serbia had an average of 1.36 to
3.97 ug/kg of OTA in 14.74% of the pig kidney samples (Horvatovic
et al,, 2019). These levels of OTA in pig meat were higher than the
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Fig. 1. Schematic representation of ochratoxin A (OTA) carryover from feed to various parts of the chicken.

maximum limit set by various European Union (EU) countries. For
instance, Denmark and Estonia have set the limit of <10.0 pg/kg in
pig kidney and liver (Hort et al., 2018), while Slovakia has set a limit
of 5 pg/kg for meat, and pork meat from Italy should be < 1 pg/kg
(Duarte et al., 2010). Further, when the dietary concentration of
OTA increased, it leads to endemic swine nephropathy and
degeneration of liver cells and necrosis in intestinal and lymphoid
tissues (Santos Pereira et al., 2019). A similar outcome was reported
by Persi et al. (2014). When pigs were orally dosed with 300 pg/kg
of OTA for 30 d, elevated OTA accumulated in kidney, lungs and
adipose tissues. A minimum concentration of OTA was
detected in their final products such as black pudding frankfurters
(14.02 pg/kg), liver sausage (13.77 pg/kg) and paté (9.33 ug/kg).

3.3. Contamination of OTA in dairy cattle feed

Cattle feed is the most vulnerable to substrates for mould
growth, whereas commercial feeds are usually contaminated with
OTA (25%) followed by green gram feed. A. flavus growth was
commonly observed in legume blends and other cereal blended
feeds which became a growth substrate for Penicillium sp. and
Fusarium as well (Bhagya et al., 2019). Data published on contam-
ination of mycotoxin in natural feed showed 24.8 ng/kg of OTA in
various regions of Saudi Arabia (Al-Jaal et al., 2019). Nevertheless,
37.5% silage samples had 0.1 to 169 ng/g OTA in Pakistan, which is
higher than the standard set by the European Commission pro-
posed for OTA (Sultana et al., 2013). In contrast with formula feed,
approximately 77.8% silage samples were recorded with the pres-
ence of OTA in dairy feed (Zhang et al., 2019).

3.4. Distribution of OTA in milk from farm animals

Mycotoxin has been suggested to have an estrogenic effect
because of its binding action on estrogen receptors. This could
cause disruptive action on reproductive glands or mammary glands
and could also be transferred in the milk of mammals. According to
Zhang et al. (2019), the OTA and alpha ochratoxin (OTa) were
distinguishable in urine samples of dairy cows ranging between

58

1.8 ng/mL and 324.6 ng/mL, respectively. Further, OTA was detected
in milk, plasma, and various other tissues of dairy cows. Similarly,
OTA levels in 120 raw milk samples tested in Egypt-based dairy
animals (cow, buffalo, sheep, and goat) did not meet the standard
limit. Comparable results were found in fresh milk samples in
Germany (Turkoglu and Keyvan, 2019). Moreover, the extensive
levels of OTA and OTa that were recorded in the milk were due to
the high exposure of OTA (13.3 mg/kg body weight) in dairy feed.
Kamal et al. (2019) stated that OTA gets degraded into less toxic OTa.
under rumen microbiota, and is finally excreted in urine. However,
processing temperatures also decrease OTA in milk. For example,
Turkey-based research on raw milk, pasteurized and ultra-high
temperature (UHT) milk samples contained OTA of 137 + 57 ng/L,
135 + 8 ng/L, and 85 + 4 ng/L, respectively (Gross et al., 2019).
However, donkey milk samples showed the absence of OTA, even
though the feed samples were contaminated with <4 ug/kg of OTA
(Boudra et al., 2013). A minimal transfer of OTA from feed to sheep
milk was also noticed. A. ochraceus contaminated feed (237.3 pg/kg)
provided to dairy sheep had 3.5 pg/L of OTA in milk (Ogunade et al.,
2018).

In contrast, cow milk samples in Norway based milk samples
showed a greater accumulation of OTA. 11 ng/L OTA in 6 out of 40
samples of conventional milk resulted in 15 ng/L in fresh milk
being observed (Ferrufino-Guardia et al., 2000). Further, oral
administration of naturally contaminated feed (15.6 ug/kg of
OTA) for rabbits exhibited a greater OTA accumulation in blood
plasma and milk. This result confirmed that contaminated feed
fed during lactation could easily carryover into the milk
(Hashimoto et al., 2016). Similarly, OTA at various dosages given
to lactating cows did not show variation in the milk yield, but
0.2 pg/kg of OTA detected in the plasma of dairy cows (Akkaya
and Bal, 2013).

3.5. Contamination of OTA in beef cattle feed

Beef cattle feed samples at Marmara and Mediterranean, Turkey,
contained multiple mycotoxins with the highest concentration of
total mycotoxin (5.23 pg/kg) and OTA of 1.68 pg/kg (Rezaei et al,,
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2015). All these feed samples had a moisture content of 2.6% to 3.0%
(Rezaei et al., 2015). Still, these values were considered to be low
across various regions of Turkey compared to 250 pg/kg of OTA
limit set by European Food Safety Authority and the Turkish Min-
istry of Agriculture (Ekici et al., 2016). A similar study conducted in
at Markazi Province, Iran gave greater insights on fungal contami-
nation, with dairy cattle feed that contained 16,436.75 + 6.32 CFU/g
of the fungal colony and beef cattle feed possessing
291,839.6 + 5.91 CFU/g (Rezaei et al., 2015). However, Ekici et al.
(2016), reported that the presence of OTA in ruminant feed mix
varied depending upon the season. For example, in Turkey, the
highest concentration of OTA (57.69 pg/kg) and other mycotoxins
(total AF, 13.57 pg/kg; AFB1, 8.54 ug/kg) was recorded during
winter, followed by autumn, summer, and spring seasons (Ekici
et al., 2016). Both toxigenic fungal species and mycotoxin con-
taminations corresponded in the crude material with the presence
of Aspergillus sp. (OTA) (Juan et al., 2019).

3.6. Distribution of OTA in beef meat products

OTA was found at a high concentration ranging between 77%
and 68% in the blood- and liver-sausages from the commercial
market in Germany (Scheuer and Gareis, 2002). A comparison was
made with Italian samples, which observed with 45% of OTA
residues in sausages (lacumin et al., 2009). The majority of beef
luncheon (40 samples) from Qena city of Egypt, had 4.1 to 7.1 ppm
of OTA with the presence of Aspergillus tubingensis and Aspergillus
niger between 4.6 and 8.2 ppm (Hussein and Gherbawy, 2019).
Bahobail (2016) confirmed that A. niger isolated from various or-
igins could produce more OTA compared to other fungal species.
Nevertheless, OTA contamination in any meat products could
develop either from OTA-delivering fungi on the external surface
of meat items (Iacumin et al., 2009) or fungal species from non-
meat substances in the form of grains and spices (Sultana et al.,
2013). As per the Food and Agriculture Organization (FAO,
2004), it is suggested that the tolerable limit for OTA be
extended to <5 ng/kg.

3.7. Distribution of OTA in rabbit meat

Feed samples were tested for contamination over a period of 8
months in Cérdoba province, of Argentina. Whereby, 12% of rabbit
feeds were found to contain OTA ranging between 15 and 25 ng/g.
These feeds mainly contaminated with toxigenic fungi species
including Aspergillus candidus, A. flavus, Aspergillus terreus, Asper-
gillus parasiticus, Penicillium implicatum, Penicillium minioluteum,
Penicillium crustosum and Penicillium citrionigrum (Scheuer and
Gareis, 2002). Although contaminated feed had adverse effects, a
combination of bioactive compounds suppressed ill-effects in rab-
bits. For instance, a contaminated diet (19 pg/kg of OTA) + 0.4 mg/
kg Bacillus subtilis and Bacillus licheniformis blended with 0.1% of
manna oligosaccharides (MOS) in the rabbit feed showed positive
changes and normal histology of liver and kidney cells. This con-
trasts with feed containing B. subtilis and B. licheniformis, which
showed degeneration in the kidney with slight modification in
mononuclear inflammatory cell (Magnoli et al., 2005). Therefore,
inclusion of Bacillus in the diet showed that positive effects on
hinders the development of OTA. Similarly, MOS inhibits the
secretion pathway of phenylalanine-t-RNA which diminishes the
production of OTA (Salama et al., 2019). Moreover, Mourao et al.
(2006) reported that MOS at 1 g/kg in the rabbit diet improved
cecal volatile fatty acid concentration for healthy intestinal
morphology.
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3.8. Contamination of OTA in fish feed

Fish feeds were detected with various toxigenic fungi including
Aspergillus sp. (86.6%), Penicillium sp. (23.3%), Fusariam sp. (6.6%),
Mucor sp. (10%) and Rhizopus sp. (3.3%) (Parussolo et al., 2019).
Among them, Aspergillus sp. and Penicillium sp. were the most
predominant fungi found in fish feed at farms. However, Penicillium
and Fusarium were commonly observed in Brazil fish farms instead
of Aspergillus sp. (Barbosa et al., 2013). Almost 10 - 25% of fish feed
displayed the presence of A. niger which was found to produce less
OTA (Cardoso, 2011). According to Kholife et al. (2019), 66.67% of
feed samples had a high admissible limit of OTA (5 ug/kg) compared
to AFB1. However, none of these feed samples detected with
A. ochraceus on culture. Comparable values were observed in
rainbow trout feed samples of Argentina, which exhibited high OTA
of 5.26 pg/kg. While fish feed samples from Egypt, Brazil, Portugal,
Kenya and Mexico reported an absence of OTA, other mycotoxins
were found in samples from these countries (Marijani et al., 2019).
Supamattaya et al. (2005) reported that 1,000 pg/kg of OTA
administered orally to black tiger shrimp had traces of OTA with no
toxicological lesions being found in shrimps.

3.9. Distribution of OTA in meat products

Modern meat products consist of meat and non-meat in-
gredients in their product formulation, with OTA liable to accu-
mulate from both sources. Sausage, semi-dry sausage, and dry-
meat products from Croatian meat products showed a presence
of OTA in 99% of samples (14 out of 15 samples) (Markov et al.,
2013). Markov et al. observed that game sausage from rabbit
meat showed 2.21 to 2.37 pg/kg of OTA, but minimum OTA was
recorded in Roe deer meat (0.05 to 1.37 pg/kg). Semi-dry sausages
showed a higher concentration of OTA in Slavonian sausage (2.03 to
2.31 pg/kg) than Kranjska sausage (0.05 to 3.28 pg/kg) (Markov
et al., 2013). Almost 64% of commercial sausage samples were
contaminated with OTA (7.83 pg/kg). However, conversion of OTA
from feed (15.6 pg/kg) to meat were more likely to be recorded in
the liver (12.7% in rabbit liver) than in the mammary glands
(8.8%) and muscle (3.1%) (Ferrufino-Guardia et al., 2000). OTA
(5 to 100 pg/kg) dosed orally in cows had no residual accumulation
of OTA in the liver, the kidney, muscles and jejunoileal of the cow
(Hashimoto et al., 2016). According to Karmi (2019), 72% to 96% of
OTA derived from the meat of Basterma, Burger, luncheon, minced
meat, and kofta. While, the maximum concentration of OTA was
2.5 pg/kg in Basterma meat, and the minimum concentration was
1.03 pg/kg in minced meat. They identified a method to reduce OTA
residue in burger samples using various probiotics strains. For
instance, Saccharomyces serevisiae (3%) reduces 71.1% of OTA
(0.43 ug/kg) and Lactobacillus acidophilus (3%) reduces 61% of OTA
(0.57 pg/kg). In Egypt, the beef luncheon and burger patties had
100% of OTA from 50 meat products (Scudamore, 2005). Fig. 2
shows the growth rate and occurrence of OTA by Aspergillus west-
erdijkiae on salami sausage wrapped up with collagen kept in the
chamber at 20 °C for 35 d.

4. Mitigation strategy for prevention of OTA
4.1. Cropping system

OTA crossovers mainly result from poor agriculture practices
and meat products formulation, which allow the growth of toxi-
genic fungi in crops. Penicillium verrucosum growth was pre-
dominant in the cool-temperate areas, whereas A. ochraceus
found during hot atmospheres (Bernhoft et al., 2012). Good
agronomic practices, cropping techniques, foliar fungicide



A.R. Ganesan, B. Balasubramanian, S. Park et al.

0d 7d

14d

Animal Nutrition 7 (2021) 56—63

21d 28d 35d

Fig. 2. Growth of ochratoxin A (OTA) by Aspergillus westerdijkiae on the surface of Italian Salami sausage (Parussolo et al., 2019).

applications and tillage practices can control the formation of
Fusarium Head Blight. Though these are universal accessible, they
did not show promising results in field trials (Igbal et al., 2016).
Rotation of cropping might lessen Fusarium attacks and myco-
toxin production (Fig. 3).

4.2. Feed decontamination method

Bhatti et al. (2019) reported that the inclusion of 0.5 to 2.0 g/kg
of Trichosporon mycotoxinivorans (TR) in contaminated feed (OTA,
0.15 to 1.0 mg/kg feed) effectively suppressed the immunotoxicity
of OTA but feed contained TR alone had no response on the growth
of broiler chicks. Ducks exposed to 16% of mouldy corn (OTA at
2 mg/kg) with curcumin at 400 mg/kg given for 21 d showed
promising changes in body weight, with average daily feed intake
and average daily gain equivalent to normal ducks (Ruan et al.,
2019). On the other side, antioxidant biomarkers (glutathione
peroxidase, and superoxide dismutase) were increased, while
interleukin-10 and tumour necrosis factor-o. were decreased.

Therefore, curcumin is a potent antioxidant and demonstrates an
anti-inflammatory function to suppress the adverse effects of OTA
in duck feed.

The addition of clay in the feed mixture displayed an effective
action against OTA. Khatoon et al. (2018) identified a positive re-
action on broiler chicks when they were fed contaminated feed
containing bentonite clay (5 to 20 g/kg) in OTA (0.15 to 1.0 mg/kg).
This exhibited no harmful effects such as immunosuppression,
lymph proliferative responses to mitogen, or phagocytic action.
Rajendran et al. (2020), reported that H-f zeolite (1 kg/t of feed) as a
toxin binder against OTA in poultry displayed better action. Some
antifungal strains from Solanum indicum L. (green berries), sup-
pressed major OTA producers like A. niger, Aspergillus carbonarius
and A. ochraceus, with 8% of green berry extract (antifungal frac-
tion) inhibiting all Aspergillus strains growth in the feed. Similarly, a
natural fungicide action was observed from flower buds and
essential oil of S. aromaticum (5 g of extract/kg), which inhibited the
proliferation of A. flavus and A. parasiticus on rice seeds (Goncalves
et al.,, 2019).

Soil remediation

‘-rr""

Crop rotation

Antifungal plant
extract

Mitigation
strategy

Essential oil

A

Storage

Probiotics

Fig. 3. Schematic representation of mitigation strategy for prevention of ochratoxin A (OTA) in feed.
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4.3. Efficacy of OTA binders in livestock

Feed additives supplementation on OTA-contaminated feed re-
duces OTA adsorption in the GIT, which decreases the ill effect of
OTA in animal health. Aoudia et al. (2009) reported a reduced OTA
concentration in plasma, kidney and liver by including 1% of
micronized wheat fibres in OTA (118 pg/kg) contaminated feed.
Stoev et al. (2002) added artichoke, and Curcuma longa powder in
broiler feed, which had an effective reduction of OTA in feed and
muscle meat. Similarly, Santin et al. (2002) identified that 0.25% of
aluminosilicate in OTA (2 mg/kg) contaminated feed did not alter
the macroscopic and microscopic structure of broiler muscle tissue.
According to Raju and Devegowda (2000), the contaminated diet
(OTA, 2 mg/kg) supplied with esterified-glucomannan (1 g/kg)
showed increased body weight gain. It decreased liver weight,
adrenals and GGT activity in broilers. Besides, bentonite added in
OTA (0.1 mg/kg) contaminated feed, had maintained regular
chicken performance under mycotoxicosis (Pappas et al., 2016).
Also, bentonite clay (20 g/kg) supplementation in OTA polluted
feed, positively influenced the immune system in the broiler
(Khatoon et al., 2018). Further, OTA (0.3 and 1 mg/kg of feed)
contaminated diet mixed with toxin binder did not observe with
OTA in eggs (Krogh et al, 1976). However, later research
(Juszkiewicz et al., 1982) reported the presence of OTA in the eggs of
layer hens fed with OTA (10 mg/kg of body weight). Similarly,
Saccharomyces cerevisiae (0.4 g/kg feed) reduced the effects of OTA
in sheep (Blank and Wolffram, 2009). However, in recent times
more innovative approaches have been explored for the mitigation
of OTA effects in feed. To conclude, our reports focused on reducing
the economic loss suffered by agriculturalists and rectifying the
hazards to farm animals.

5. Climate change as an impact on feed and livestock

Drought conditions during flowering and development stages of
maize (July—August), could proliferate mycotoxins growth (Hove
et al,, 2016). Many reports revealed that long-term drought and
elevation of temperatures during the developing season confined
the growth of A. Flavus and inhibited the regular fertilization in
maize plants (Alberts et al., 2019). Increased heat stress might
decrease milk production in cows and buffalos and reverse action
found in the winter season. As per the available data on mycotoxin,
it was noticed that hazard levels were raised in numerous places
around the world. There has been an almost 62% to 80% increase in
the Middle East and Asian regions respectively. Further, 66% of
contaminated feed samples possess multiple-mycotoxin or specific
mycotoxin strains. This deposition varies due to climate, seasonal
and weather change (Abbas, 2019).

6. Conclusion and future perspective

Biocontrol, physical and chemical methods of decontamination
in feed against mycotoxins are practiced globally. Still, OTA could be
an alarming health concern in farm animals. The discussed meth-
odologies are effectively reducing OTA in feed and feed supple-
ments of livestock. However, the contaminated feeds carryover
from feed to meat-producing animals was identified from the
available database. Some techniques such as feed additives, natural
fungicides, clay materials, and phytochemicals showed potent ac-
tion against OTA as well as lessening the adverse effects in live-
stock. Therefore, the addition of antifungal natural extracts,
essential oils and probiotics could prove efficient in preventing the
formation of toxigenic fungi species in feed. However, a holistic
approach should be implemented in agricultural practices that
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would prevent OTA formation at the farm to break the chain of
causation.
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