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Abstract
The study was conducted to investigate poultry feed contamination with aflatoxin, its effects on naturally exposed

chicken and the role of local management practices in the overall scenario. During the investigation, different chicken
farms in the Aizawl district of Mizoram state were surveyed and monitored for management practices, the occurrence of
disease and mortality. The feed samples collected from affected farms were tested for the presence of total aflatoxin using
commercially available competitive ELISA kits. The dead birds from affected farms were subjected to necropsy. Liver and
kidneys from the dead birds of affected farms were processed for histopathological studies. Nine farms were found
affected by aflatoxicosis. In this study, the mean levels of 11.254 ppb and the median level of 9.736 ppb of aflatoxin were
found among the affected farms. Birds of the affected flocks revealed signs of illness like ruffled feathers, depression,
dullness, huddling, poor growth, anorexia, respiratory distress and diarrhoea. Necropsy revealed pathological lesions in
visceral and lymphoid organs. Histopathological analysis of liver and kidney revealed varying degrees of inflammatory,
degenerative and necrotic lesions. It was also found that all affected farms were following poor management practices. A
perusal of available literature did not reveal any studies on the presence of aflatoxin in poultry feed and mycotoxicosis in
Aizawl, Mizoram.
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INTRODUCTION
Mizoram population is primarily non-

vegetarian, and meats like pork and chicken
are important parts of their diet. The poultry
industry in the region is developing and
faces numerous challenges. Low-grade
mycotoxicosis leads to production losses and
makes chicken susceptible to numerous other
diseases, which increase mortality on a farm in
the long run. Aspergillus, Fusarium, Alternaria,
Claviceps and Penicillium genus of fungi are
ubiquitous in nature and, under ideal conditions,
often infect economically important crops

during storage, shipment and processing
(Tamilmani et al. ,  2020). Aflatoxins are
produced by toxigenic strains of the fungi
Aspergillus flavus and A. parasiticus in
feed grains (Aneesh et al. ,  2021). The
toxicopathological range of aflatoxins is
categorized as acute toxicity, chronic toxicity,
carcinogenicity, teratogenicity and immuno-
toxicity (Huff et al., 1984). Hepatocytes are the
main site for bio-activation, and consequently
liver is the major target site of toxicity. Kidneys
are other important organs affected by aflatoxin.
The gross changes seen in these organs occur
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due to degeneration, necrosis and inflammatory
reaction at tissue level (Huff et al., 1984; Dafalla
et al., 1987; Ledoux et al., 1999). The toxins
also cause pathological alteration in other body
systems, such as lymphoid tissues (Dafalla et
al. ,  1987). Aflatoxins are encountered so
frequently in feedstuffs that in recent times some
innovations are being tried to reduce their
activity in feed using diatomaceous earth
(Lakkawar et al. , 2016), plants like Aegle
marmelos and Andrographis paniculata
(Aneesh et al., 2021) and lactic acid bacteria
fermentation (Seyedjafarri , 2021).  The
occurrence of aflatoxicosis in poultry birds had
been reported for a very long time in India.
Aflatoxicosis was first reported in India in the
year 1966 from the Mysore district of Karnataka
state, where 2219 chicks died in one week
(Reddy and Raghavender, 2007). Acharya et
al. (1984) found aflatoxin in rice samples from
Odisha. In the year 1986, an episode of
aflatoxicosis had occurred in ducklings due to
ingestion of contaminated feed in Tripura (Roy
et al., 1989). In Assam, Bihar and Tripura, the
median value of 15 µg/ kg of aflatoxin B1 were
reported in parboiled rice (Subhash et al. ,
2012). Recently, Parvathi et al. (2017) surveyed
and reported contamination of various poultry
ration and feed ingredients with mycotoxins,
including aflatoxin, in Warangal, Andhra
Pradesh. A perusal of available literature did
not reveal any studies on the presence of
aflatoxin in poultry feed and its effects on
chicken in Aizawl, Mizoram. Consequently, the
study was designed to investigate poultry feed
contamination with aflatoxin, its effects on
naturally exposed chicken and the role of local
management practices in the overall scenario.

MATERIALS AND METHODS
Sampling: A total of 73 chicken farms were
investigated from May 2018 to May 2019 during
the study period. The farms were regularly
visited and monitored for episodes of disease and
mortality during the period. The ongoing
management practices on the farm were studied
and recorded whenever any farm revealed
noticeable mortality, as shown in Table 1.

Feed samples from the affected farms were
collected for ELISA based estimation of
aflatoxin.

Pathology: Clinical signs shown by the affected
birds were recorded. The dead birds which were
not showing advanced putrefactive changes
were collected in chilled containers and
immediately transported to the laboratory for a
necropsy to observe the gross lesion of various
organs especially the liver and kidneys. The
necropsy examination was performed
immediately on receipt of the bird carcasses.

All the collected dead birds were subjected
to necropsy examination at the Department of
Veterinary Pathology of College of Veterinary
Sciences and Animal Husbandry, Central
Agricultural University, Selesih, Aizawl. The
standard procedure of necropsy examination
followed included external examination
followed by an internal examination of the
carcass. The internal examination included an
investigation of all the visceral organs for
pathological lesions. All changes and lesions
were carefully recorded and photographed.

Representative tissue samples from the parts
of the liver and kidney which were showing
gross lesions were collected in 10% neutral
buffered formalin (NBF) for fixation and further
histopathological analysis. Formalin-fixed tissue
pieces were processed for routine histopathology
by paraffin embedding and hematoxylin & eosin
(H&E) staining (Bancroft and Gamble, 2008).
The observations were recorded and photographs
were taken whenever necessary.

ELISA-based estimation of aflatoxin: Total
aflatoxin in feed samples was estimated using a
commercially available competitive ELISA kit
(Tecna Srl, Italy; Catalogue code- MA210/
MA211). First, the methanolic extract was
prepared from finely ground samples as
recommended in the kit. The grinding of samples
was performed with the help of an automated
feed grinder at the department of Animal
Nutrition of the institute. The ELISA procedure
was performed at the Department of Physiology
and Biochemistry of the institute. It was
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conducted according to the manufacturer’s
protocol in a plastic microwell plate that had been
coated with anti-aflatoxins antibody. The mixing
of reagents was done in the premixing wells
provided in the kit. The enzyme labelled
aflatoxin, the standard solutions, and samples
were mixed in it using micro-pipettes fitted with
disposable tips. Then the mixtures were
transferred into the respective wells of the anti-
aflatoxin-microtiter plate. Incubation was
allowed so that free aflatoxins in the standard
solutions or test samples could compete with
enzyme-labelled aflatoxin for the anti-aflatoxins
antibody binding sites on the solid phase. After
the incubation, a wash was performed to remove
any unbound enzyme conjugate and aflatoxin
molecule. Then, the bound enzyme activity was
determined by adding a fixed amount of a
proprietary chromogenic substrate provided with
the kit. The enzyme converted the colourless
chromogen into a blue product. The addition of
the stop reagent led to a colour change from blue
to yellow. Now the absorbance was immediately
measured with a microplate reader at 450 nm.
Standard curve from the readings of standard
aflatoxin solutions was obtained using a
Microsoft Excel spreadsheet downloaded from
the company website www.tecnalab.com. The
concentrations of samples were obtained by
feeding the readings in the same excel sheet after
the generation of a standard curve.

RESULTS
Management practices on affected farms:

The details of the results of the investigation
on management practices on studied farms are
given in Table 2. All farms fed commercially
available broiler mash purchased from local
vendors. None of the farms performed
vaccination in the reared birds. However, the
chicks had received vaccines only at  the
hatchery (IB, MD and ND) as per the available
information. Only two farms were having
concrete structures (C/DINGPUI/19/37 & C/SIP/
19/15), and the rest others were constructed
with bamboo and wood. Among the studied
farms, only one farm (C/SIP/19/15) was using
municipal water supply apart from rainwater and

hill stream harvested water. Rest all farms used
stored hill stream water in the dry season, and
while monsoons the rainwater harvested through
the roof side harvesting system. All farms except
two (C/SIP/19/15; C/DINGPUI/19/37), which
were of concrete construction, had very poor
ventilation and no provision for sunlight entry
in the shed. The use of bamboo and wood was
the most common construction material. Three
farms had revealed remarkable odour of
ammonia, and one had a strong putrid odour.
Most farms had slated bamboo floors, but still,
an ammonia smell was observed. Farm
C/LUNG/19/13 had pig and poultry shed very
close to each other, which is not good with
regards to prevention of genetic shift and drift
of influenza virus. In farm C/DINGPUI/19/37
the litter material was changed every 2-3 days.
The farmer performed it to prevent diseases.
The practice is not good for farm economics.
Most farms had a problem of poor ventilation,
biosecurity and overall poor hygienic practices.

ELISA: Feed samples from a total of 9 farms
(12.32%) tested positive for the presence of total
aflatoxin. The results of ELISA estimation of
aflatoxin positive samples are given in Table 1.
In the present study, the mean of aflatoxin levels
observed was 11.254 ppb, and the median was
9.736 ppb. The mortality estimate of studied
farms was variable, with a minimum of 3.22%
(C/LUNG/18/29) to a maximum of 42.85%
(C/SIP/18/18). The most affected age group was
20-30 days with 5 farms (55.55%) (C/DUR/18/
19, C/SIP/18/18, C/DINGPUI/19/37, C/SEL/19/
38, 40 and C/SIP/19/15) out of 9 falls in the range.

Clinical signs: The details of clinical signs
observed on studied farms are given in Table
3. All affected flocks (100%) revealed signs of
illness like ruffled feathers, depression and
dullness to varying degrees. Huddling of chicks
was noticed in three (33.33%) farms (C/SIP/18/
18, C/LUNG/19/29 and C/LUNG/19/36). Four
(44.44%) farms revealed remarkably poor
growth according to the age of birds (C/SIP/
18/18, C/DUR/18/19, C/SEL/19/33 and
C/LUNG/19/36). However, anorexia was
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noticeable in only two (22.22%) farms
(C/LUNG/19/13 and C/LUNG/19/29). Two
(22.22%) farms revealed respiratory problems
and dyspnea (C/SIP/19/15 and C/SEL/19/38,
40). Diarrhoea was seen in one (11.11%) farm
(C/SIP/19/15), while another one (11.11%) farm
revealed remarkable pasting of vent among the
affected birds (C/DINGPUI/19/37).

Necropsy finding: The details of necropsy
findings in dead birds from studied farms are
given in Table 3. All nine farms (100%)
revealed hepatic lesions with necrosis (Fig. 1)
and extremely friable liver easily rupturing
(Fig. 2) in one farm (C/DUR/18/19), the pale
liver in two farms (C/SIP/18/18 and C/LUNG/
19/13) and congestion in five farms (C/LUNG/
19/29, C/SIP/19/15, C/SEL/19/33, C/LUNG/19/
36, C/DINGPUI/19/37 and C/SEL/19/38,40).
All nine farms (100%) revealed kidney lesions,
with two farms showing pale kidneys (Fig. 3)
with urate retained (C/SIP/18/18 and C/DUR/
18/19) and the remaining all revealed
congestion. Five farms (55.55%) revealed
enteritis in dead birds (C/LUNG/19/29, C/SEL/
19/33, C/LUNG/19/36, C/DINGPUI/19/37 and
C/SEL/19/38, 40). Emaciation was observed in
five (55.55%) farms (C/SIP/18/18, C/DUR/18/
19, C/LUNG/19/29, C/LUNG/19/13 and C/SIP/
19/15). In five farms (55.55%), varying degrees
of pathological lesions were observed in the
spleen like congestion (C/SIP/18/18&C/SEL/
19/38, 40), paleness with flaccid structure
(C/DUR/18/19) and congestion with swelling
(C/SEL/19/33& C/LUNG/19/36). Three farms
(33.33%) revealed gross lesions in the thymus,
with one farm having birds with swollen and
haemorrhagic thymus (C/LUNG/19/29) and
two with congestion (C/SIP/19/15 and C/SEL/
19/38, 40). Three farms (33.33%) revealed
gross pathological changes in bursa, with bursal
swelling in birds of two farms (C/LUNG/19/29
and C/SEL/19/38, 40) and pale flaccid bursa in
one farm (C/LUNG/19/36). Two farms (22.22%)
revealed ascites and hydropericardium (C/SEL/
19/33 and C/DINGPUI/19/37), while one farm
(11.11%) had only hydropericardium (Fig. 1)
(C/SIP/19/15).

Histopathology of liver: The details of
histopathological lesions in livers of studied cases
are given in Table 4. Blood vessel congestion in
the liver was shown by all 9 cases (100%) while
sinusoidal congestion was shown by 8 cases
(88.89%) except (C/SEL/19/38,40). All cases
revealed variable degenerative changes in
hepatocytes where fatty change was shown by
5 cases (55.55%) (C/LUNG/19/29, C/LUNG/19/
13, C/SIP/19/15, C/LUNG/19/36 and C/
DINGPUI/19/37), cellular swelling by 1 case
(11.11%) (C/SEL/19/33), necrosis in 2 cases (Fig.
4) (22.22%) (C/DINGPUI/19/37 and C/SEL/19/
38, 40) and individualization of hepatocytes (Fig.
4 and 5) in 1 case (11.11%) (C/SIP/18/18)

Histopathology of kidneys: The details of
histopathological lesions in kidneys of studied
cases are given in Table 4. Tubular epithelial
necrosis (Fig. 6) was shown by all 9 cases
(100%), while blood vessel congestion was
shown by 8 cases (Fig. 6) (88.89%) except
(C/SEL/19/38,40). Degenerative changes in
glomeruli in was seen in 5 cases (Fig. 6)
(55.55%) (C/SIP/18/18, C/SEL/19/33, C/LUNG/
19/36, C/DINGPUI/19/37 and C/SEL/19/38, 40)

DISCUSSION
The present investigation was conducted in

rural parts of Aizawl district of Mizoram. The
farms targeted were small units with flock sizes
varying from as low as 14 birds to 225 birds
(Table 1). Most of the farms were maintained
in the residence of the farmers. They rear
commercial broiler chicks (Cobb strains)
available from hatcheries from the
neighbouring state of Assam. A peculiar
practice in the region is that birds are reared for
many months, frequently even more than six
months. Very few farmers performed
vaccination of birds, and in the present study,
none of the flocks was vaccinated on-farm and
had only received hatchery vaccination. The
birds were fed commercially available
formulated poultry ration sold by local vendors.
The farmers did not keep systematic records
and managed the farms according to rough
estimates or by any remarkable events of
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mortality. Low-grade sporadic mortality is
generally neglected by farmers. Changes in
feed and water consumption were generally not
noticed by farmers, sometimes even during
outbreaks. Only those farms were investigated
for the presence of mycotoxins in feed where
farmers reported mortality and flock were
clinically sick.

Feed samples from a total of 9 farms were
found positive for the presence of aflatoxin. In
the present study, the mean of aflatoxin levels
observed was 11.254 ppb, and the median was
9.736 ppb. Guerre (2016) reviewed that the
maximum permissible level of aflatoxin B1 for
mature poultry birds in complete feed is 20 ppb.
For immature birds, this level is even lower.
All birds in the presented study were immature
broiler chicken. Dutta and Das (2001) reported
AFB1 contamination in animal feed samples
found positive for the presence of aflatoxigenic
fungi in north India at an average level of
412±154 ppb as estimated by ELISA and TLC.
This is very high as compared to the present
study since those feed samples were found
positive for fungal growth. Thirumala-Devi
et al. (2002) reported that 38% of studied
poultry feed and ingredients from different
places in India had aflatoxin contamination at
an average level of 10 g/kg (equivalent to
10 ppb) as estimated by Indirect Competitive
ELISA, which is comparable to our findings.
Another comparable report was from
Vijayasamundeeswari et al. (2009), where they
found the prevalence of aflatoxin B1
contamination in 30 out of 53 poultry feed
samples from Tamil Nadu at levels ranging from
0.7 to 31.6 ppb as estimated by ELISA. Further,
Kannan et al., (2014) found that aflatoxin B1
contamination of 51 poultry feed samples in
Tamil Nadu, were at levels ranging from 0 to
160.7 ppb as estimated by HPLC. They also
found that the levels of AFB1 in 29% of the
samples exceeded 20 ppb.

None of the farms performed vaccination
on their chicks. The chicks had received
vaccines only at the hatchery. This makes birds
susceptible to infectious diseases. Only two
farms had proper concrete structures, and the

rest others were constructed with temporary
bamboo and wood structures which do not
provide for proper housing requirements for the
broiler birds. Bamboo farms had very poor
ventilation, which increases the susceptibility
of birds to various diseases, including ascites
syndrome. The accumulation of ammonia and
other gases from the putrefaction of organic
matter and excreta on-farm further elevates the
stress on birds. All farms used rainwater and
hill stream harvested water at some of the other
points of the year. A farm had multiple age
groups on the same shed, which makes younger
birds easily exposed to pathogens harboured
by older age group birds. Another farm had pig
and poultry shed very close to each other, which
is a disastrous practice with regards to
prevention of genetic shift and drift of avian
and porcine influenza virus. Most farms had
problems of poor ventilation, biosecurity and
overall poor hygienic practices. It can be
concluded that most farms were grossly
mismanaged, which made birds susceptible to
diseases.

Gholami-Ahangaran et al. (2016) reported
severe congestion, degeneration, and necrosis
in the liver and kidney in chickens that received
aflatoxin. Mughal et al.  (2017) reported
hydropic degeneration, fatty vacuolar
degeneration and proliferation of bile duct in
hepatocytes of chicken intoxicated with
aflatoxin B1. They also found an imbalance
between the reactive oxygen species (ROS) and
antioxidant defense systems. Further they also
reported that there is increased apoptosis as
apoptotic receptors (FAS, TNFR1) are
upregulated and antiapoptotic proteins (XIAP,
BCL-2) are downregulated. Slizewska et al.
(2019) reported vacuolar degeneration, biliary
hyperplasia and nodular cirrhosis in the liver
of broiler chickens fed with aflatoxin B1.
Kidneys revealed enlargement of glomeruli in
affected chicken. They found that probiotic
supplementation in the diet reduces the changes
in liver and kidneys of aflatoxin B1 fed birds.
Ates and Ortatatl i (2021) reported
histopathological lesions of hydropic
degenerations, fatty change, periportal
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infiltration of inflammatory cells, hepatocytes
arranged in acinar pattern and proliferation of
biliary ducts in broiler chicken. They also found
that there was a significant increase in nuclear
receptors of AhR, PXR and CAR. Further, there
was also increased enzyme activity of CYP1A1
and CYP2A6. These are responsible for the
bioactivation of aflatoxin in the liver. They
reported the protective effects of Nigella sativa
seeds and its active ingredient thymoquinone
on the liver. All affected flocks revealed some
of the other signs of illness with the varying
presence of anorexia, diarrhoea, respiratory
distress and weight loss. It was clear that the
birds were clinically sick. Similar findings had
been earlier reported by other workers (Dafalla
et al., 1987; Fink-Gremmels, 1998; Bedre et
al., 2010; Khan et al., 2010). The necropsy
findings seen in the present study were also
reported by other workers l ike enlarged
congested liver (Dafalla et al., 1987; Bedre et
al. , 2010; Khan et al. , 2010), presence of
necrotic foci on the liver (Dafalla et al., 1987;
Hashem and Mohamed, 2009; Bedre et al.,
2010), swollen and congested kidneys (Dafalla
et al.,  1987; Fernandez et al.,  1995; Khan
et al., 2010) and congested spleen (Dafalla
et al., 1987; Bedre et al., 2010). The common
histopathological changes observed in the liver-
like presence of blood vessel congestion and
sinusoidal congestion (Bedre et al., 2010; Khan
et al., 2010; Gholami-Ahangaran et al., 2016;

Mughal et al., 2017; Slizewska et al., 2019;
Ates and Ortatatli, 2021), individualization of
hepatocytes and vacuolated cytoplasm had
been reported by other workers (Singh et. al.,
1994; Bedre et al.,  2010). In kidneys, the
changes like extreme blood vessel congestion,
glomerular hypercellularity and mesangium
thickneing and tubular necrosis had been found
earlier (Bedre et al., 2010; Khan et al., 2010;
Slizewska et al., 2019). The histopathological
lesions in the liver and kidneys are consistent
with aflatoxicosis lesions. This indicates that,
at the observed levels of concentration,
aflatoxin can exert toxic effects on the liver and
kidneys of broiler chicks.

The presented study confirms the presence
of aflatoxin in poultry feeds used in the Aizawl
region. The affected farms revealed mortality and
pathological findings associated with
aflatoxicosis. The management practices on
affected farms were faulty and contributed to the
aggravation of pathology of mycotoxicosis in
affected birds.

Conflict of interest: Authors have no conflict
of interest in this study.

ACKNOWLEDGEMENTS
The authors are thankful to the vice-chancellor

Central Agricultural University, Imphal and the
Dean, CVSc & AH, CAU, for providing facilities
for conducting the above-mentioned study.

REFERENCES
Acharya PB, Mohanty CR and Gangopadhyay S, 1984.

Production of aflatoxin B1 in rice and rice
products. Indian Phytopathol, 37(4): 611-16

Aneesh A, George AJ, Krishna BD, Abraham MJ and
Kariyil BJ, 2021. Hepatoprotective and
nephroprotective effect of Aegle marmelos and
Andrographis paniculata in aflatoxicosis of
broiler chicken. Indian J Anim Res, 55(3): 347-
352, doi: 10.18805/ijar.B-3961   

Ates MB and Ortatatli M, 2021. Phase-1 bioactivation
mechanisms of aflatoxin through AhR, CAR and
PXR nuclear receptors and the interactions with
Nigella sativa seeds and thymoquinone in broilers.
Ecotoxicol  Environ Safety, 208 : 111774, doi:
10.1016/j.ecoenv.2020.111774

Bancroft JD and Gamble D, 2008. Theory and Practice
of Histological Techniques, 6th edn., Churchill
Livingstone, UK, pp 83-134

Bedre DK, Kulkarni GB, Gangane GR, Mote CS and
Dhaygude VS, 2010. Efficacy of ‘Toxiroak’ (herbal
preparation) on gross and histopathological
observations in mycotoxicosis in broilers. Indian
J Vet Pathol, 34(2): 141-144

Dafalla R, Yagi A and Adam SE, 1987. Experimental
aflatoxicosis in hybro-type chicks; sequential
changes in growth and serum constituents and
histopathological changes.Vet Hum Toxicol,
29(3): 222-226

Dutta TK and Das P, 2001. Isolation of aflatoxigenic
strains of Aspergillus and detection of aflatoxin

Indian Journal of Animal Health, December, 2021240



B1 from feeds in India, Mycopathologia, 151(1): 29-
33, doi: 10.1023/A:1010960402254

Fernandez A, Verde MT, Gomer J, Gsacon M and Ramos
JJ, 1995. Changes in prothrombin time,
haematology, and serum proteins during
experimental aflatoxicosis in hens and broilers
chicken. Res Vet Sci, 58(2): 119-122, doi:
10.1016/0034-5288(95)90063-2

Fink-Gremmels J, 1998. Mycotoxins: Mechanism of
actions at the molecular level. In Miraglia M, van
Egmond H, Brera C and Gilberts J (eds)
Mycotoxins and Phycotoxins-developments in
Chemistry, Toxicology and Food Safety, 1st edn.,
Fort Collins: AlakenInc, pp 86-102

Gholami-Ahangaran M, Rangsaz N and Shahrzad A,
2016. Evaluation of turmeric (Curcuma longa)
effect on biochemical and pathological parameters
of liver and kidney in chicken aflatoxicosis.
Pharmaceutical Biol, 54(5): 780-787, doi:
10.3109/13880209.2015.1080731

Guerre P, 2016. Worldwide mycotoxins exposure in
pig and poultry feed formulations. Toxins, 8(12):
350, doi: 10.3390/toxins8120350

Hashem MA and Mohamed MH, 2009. Haemato-
biochemical and pathological studies on
aflatoxicosis and treatment in broiler chicks in
Egypt. Vet Ital, 45(2): 323- 337

Huff WE, Doerr JA, Wabeck CJ, Chaloupka GW, May
JD et al., 1984. The individual and combined
effects of aflatoxin and ochratoxin A on various
processing parameters of broiler chickens. Poult
Sci, 63(11): 2153-2161, doi: 10.3382/ps.0632153

Kannan K, Supriya, S, Adhithya R and Velazhahan R,
2014.  Aspergillus flavus and aflatoxin
contamination of poultry feeds in Tamil Nadu,
India. Int J Agri Environ Biotechnol, 7(2): 361,
doi: 10.5958/2230-732X.2014.00256.3

Khan WA, Khan MZ, Khan A and Hussain I, 2010.
Pathological effects of aflatoxin and their
amelioration by vitamin E in White Leghorn
layers. Pak Vet J, 30(3): 155-162

Lakkawar AW, Sathyanarayana ML, Narayanaswamy
HD, Sugunarao, Yathiraj S et al., 2016. Efficacy of
diatomaceous earth in amelioration of aflatoxin
induced toxicity in broiler chicken. Indian J Anim
Res, 50(4): 529-536, doi: 10.18805/ijar.10974

Ledoux DR, Rottinghaus GE, Bermudez AJ and
Alonso-Debolt M, 1999. Efficacy of hydrated
sodium calcium aluminosilicate to ameliorate the
toxic effects of aflatoxin in broiler chicks. Poult

Sci, 78(2): 204-210, doi: 10.1093/ps/78.2.204
Mughal MJ, Peng X, Zhou Y and Fang J, 2017.

Aflatoxin B1 invokes apoptosis via death receptor
pathway in hepatocytes. Oncotarget, 8(5): 8239-
8249, doi: 10.18632/oncotarget.14158

Parvathi D, Rajender RA and Krishna RV, 2017.
Incidence of mycotoxins in poultry feeds and feed
ingredients used in Warangal (TS), India. Int J Life
Sci, 5(3): 399-404

Reddy BN and Raghavender RC, 2007. Outbreaks of
aflatoxicosis in India. African J Food Agri Nutr
Dev, 7(5): 1-15

Roy AKB, Ghosh SS, Nanda SK, Mukit A, Choudhury
GB et al., 1989. Aflatoxicosis in ducklings in north-
eastern hill region (Tripura). Indian Vet Med J,
13: 210-212

Seyedjafarri S, 2021. Detoxification of aflatoxin M1
in milk by lactic acid bacteria. Asian J Dairy Food
Res, 40(1): 30-34, doi: 10.18805/ajdfr.DR-193   

Singh H, Sandhu BS and Balwant S, 1994. Prevalence
and pathology of mycotoxicosis in poultry. Indian
J Poult Sci, 29: 101-103

Slizewska K, Cukrowska B, Smulikowska S and
Cielecka-Kuszyk J, 2019. The effect of probiotic
supplementation on performance and the
histopathological changes in liver and kidneys in
broiler chickens fed diets with aflatoxin B1.
Toxins, 11(2): 112, doi: 10.3390/toxins11020112

Subhash M, Manab D, Pratim MS, Minakshi B, Md IG
et al., 2012. High content of aflatoxin in the
indigenous foods as possible risk factor for liver
cancer: An experience from Assam, India. J Environ
Res Dev, 7(2a): 839-843

Tamilmani T, Biswas A and Mandal A, 2020.
Performance, immune response and blood
biochemical traits of broiler chickens fed graded
levels of dietary aflatoxin and ochratoxin
combination. Indian J Anim Res, 55(6): 704-709,
doi: 10.18805/IJAR.B-4003   

Thirumala-Devi K, Mayo MA, Reddy G and Reddy
DVR, 2002. Occurrence of aflatoxin and ochratoxin
A in Indian poultry feeds. J Food Prot, 65(8): 1338-
13340, doi: 10.4315/0362-028X-65.8.1338

Vijayasamundeeswari A, Mohankumar M,
Karthikeyan M, Vijayanandraj S, Paranidharan V
et al . ,  2009. Prevalence of aflatoxin B1
contamination in pre-and post-harvest maize
kernels, food products, poultry and livestock feeds
in Tamil Nadu, India. J Plant Prot Res, 49(2): 221-
224, doi: 10.2478/v10045-009-0033-1

Aflatoxin in chicken feed, farming practices and its pathology in Aizawl

Received – 06.07.2021, Accepted – 01.10.2021, Published – 01.12.2021
Section editor: Prof. S. N. Joardar, Section Editor

241


