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Abstract | Mycotoxins are secondary metabolites produced by fungi results in contamination of food, cause diseases
so has major impact on animals and human health. While aflatoxins are type of poisonous mycotoxins produced by
Aspergillus species. Present study was conducted to see levels of aflatoxins that are present in poultry feed. A total of
50 feed samples from layer and broiler farms were collected from five different cities of Punjab such as Lahore, Sialkot,
Gujranwala, Sheikhupura and Kasur. Ten samples were collected from each city. Upon quantification by Thin Liquid
Chromatography (TLC) method the contamination was detected in 24 samples out of which 11 (22%) were contam-
inated beyond the permissible range and 13 (26%) were contaminated within the permissible range. Positive samples
were run for the assessment of all different types of aflatoxins such as B1, B2, G1 and G2. However, only aflatoxin B1
was detected in the positive samples. The highest percentage of contaminated samples were collected from Kasur city
and broiler feed samples were found more contaminated (p<0.05) as compared to layer feed samples when statistically
analyzed by independent sample T test. Different detoxification methods such as physical and chemical methods were
also compared. The most effective physical method of detoxification was noticed heating upto 250 °C for 10 minutes
as it reduce aflatoxin concentration up to 58%. While, in the chemical methods the Hydrochloric acid was a highly
effective chemical for detoxification as it reduced aflatoxin level up to 58.4% only with its 0.5 % concentration. Other
chemicals were also effective but they were required in higher concentrations to show their efficacy which can affect
the nutritive value of the feed samples. It was concluded by the study that broiler feed samples collected from Kasur
were more contaminated that may be due to poor storage conditions of feed. It is recommended that improvement in
storage conditions and regular monitoring is required by feed authorities so that contamination of aflatoxins can be
reduced.
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INTRODUCTION

he poultry sector in Pakistan is flourished as a big in-
dustry that is sharing almost 26.8%, 5.76% and 1.26%
respectively to total meat production, agricultural sector
and overall Gross Domestic Production (GOP, 2014). The
poultry feed of birds is by and large composed of a variety

of feed elements along with cereal grains, soybean meal,

animal derivative food, fats, and vitamin and mineral pre-
mixes (Anjum et al., 2014). Most of the feed ingredients
found in typical poultry rations can be contaminated by
harmful mycotoxins that are consumed by birds and results
in serious consequences. The mycotoxins are produced by
fungus in feed and potentially carcinogenic compounds
that prove harmful in humans and animals when they are

exposed to them (Van Egmond et al., 2007). These my-
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cotoxins are favorably produced at a temperature of 12-
40°C and require 3-18% moisture (Duncan and Hagler,
2008) and divided into six categories: aflatoxins, patulin,
ochratoxins, zearalenone, trichothecenes, and ergot alka-
loids (Jestoi, 2008). Certain mycotoxins can cause human
and animal death (Gunterus et al., 2007). In all these six
categories only ochratoxins and aflatoxins are considered
to be the most important in the poultry industry (Perrone

et al., 2007; Abidin et al., 2011).

Aflatoxins are metabolites produced through some fungal
strains of the genus Aspergillus such as 4. flavus and 4.
parasiticus. More than 18 aflatoxins from various fungal
species have been identified, aflatoxin B1, B2, G1, and G2
are considered as major contaminant of agricultural com-
modities. These aflatoxins have the ability to pose a great-
er risk to poultry by impairing weight gain, feed intake,
feed conversion efficacy, and egg production (Ortatatli et
al., 2005; Shareef et al., 2008). Poultry feeds are primar-
ily composed of energy and protein rich feedstuffs such
as corn, rice and peanuts, cottonseed, etc. which are the
most susceptible ingredients for the growth of 4. flavus.
'This particular strain is generally liable for aflatoxin B1 and
aflatoxin B2 production, whereas 4. parasiticus produces

aflatoxin B1, B2, G1 and G2 (Agag, 2004).

Among these, aflatoxin B1 (AFB1) is of great concern due
to its carcinogenic, mutagenic, teratogenic (Zinedine et al.,
2007; Shi et al., 2009), immunosuppressive (Sahoo and
Mukherjee, 2001; Al-Hammadi et al., 2014) and growth
inhibitory effects (Khan et al., 2010) particularly in hu-
mans (Owino et al., 2007). AFB1 is usually the major afla-
toxin produced by toxigenic strains (Qazi and Fyyaz, 2006)
and categorized as class I carcinogen for humans by Inter-
national Agency for Research on Cancer.

'The aflatoxins are very important for commercial poultry as
they not only reduce the production performance of birds
but also be responsible for the lower growth rates, and feed
efficiency losses (Howorth et al., 1976; Fandohan et al.,
2005). Anorexia with a slowed development rate, poor feed
utilization, decreased egg production, and increased mor-
tality are all symptoms of aflatoxicosis in poultry. It is also
reason for lowered immunological function, hepatotoxico-
sis, bleeding, teratogenesis, carcinogenesis, and mutagene-

sis (Oguz, 2012).

Detoxification of aflatoxins in foods and animal feeds is in
practice although the detoxified product only be suitable
for animal feed purposes and not for human consump-
tion (Gunterus et al., 2007). Recently various physical and
chemical methods are in practice to degrade aflatoxins

(Neal et al., 2001; Kabak et al., 2006). The detoxification of
aflatoxin B1 may be affected by alkali solutions according

to their concentration but it is degraded greatly by acid
addition (WenLi et al., 2008). Absorption of aflatoxins
from feed may be successfully completed with the aid of
substances like bentonite, zeolite, hydrated calcium sodium
aluminosilicate, kaolin, and so forth. These materials dis-
play poor efficacy when contamination is on large scale and
additionally soak up nutrients and different vitamins from
feed which results in a poor feed conversion ratio (Piva et

al., 2000).

In the world, Pakistan is recognized as 11" largest coun-
try in the poultry production. So, there is a need to up-
date the knowledge about aflatoxins from poultry farms
on regular basis. There is also need to report data on levels
of aflatoxins in poultry feed from Lahore and some other
major cities to compare spatio-temporal differences, their
managerial practices and to find best storage practices. This
study endorsed need of a synergistic approach to support
poultry farmers and highlight the contamination levels in
teed for regulatory bodies to initiate strategic policies as
control measures. The present research work was designed
to detect levels of aflatoxins in the poultry feed samples
collected from different cities of Punjab (Lahore, Sialkot,
Gujranwala, Sheikhupura and Kasur), Pakistan using the
TLC method. The detected levels will also be compared
with European standards and detoxification of aflatoxin’s
contaminated samples were also carried out by using dif-
ferent physical and chemical methods. This will facilitate
by finding the best detoxification practices which can be
used to eradicate misuse of poultry feed and to improve
storage conditions.

MATERIALS AND METHODS

COLLECTION OF SAMPLES AND STUDYING SITE

Fifty poultry feed samples ten from layer and forty broil-
er poultry farms were collected in the period of July 2020
to March 2021 from five cities of Punjab such as Lahore,
Sialkot, Gujranwala, Sheikhupura and Kasur. All the sam-
ples that were collected from different cities were prop-
erly labelled as Lahore (Al to A10), Sialkot (B1 to B10),
Gujranwala (C1 to C10), Sheikhupura (D1 to D10) and
Kasur (E1 to E10). The study was conducted in Food and
Biotechnology Research Centre of Pakistan Council of
Scientific and Industrial Research Laboratories Complex,

Lahore.

TEMPERATURE AND HUMIDITY
Abiotic factors such as temperature and humidity were
also recorded during collection of samples.

PREPARATION
QUANTIFICATION
100 gm of the samples were ground through Romer grind-

OF SAMPLES FOR AFLATOXIN
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ing mill then 50 gm of test portion was taken from this
mixture into 500 mL conical flask and 25 mL of water and
225 mL chloroform were added. After shaking for 30 min
on a wrist action shaker, the sample was filtered through
filter paper. The filtrate was collected in a beaker which was
then subjected to evaporation on heavy-duty hot plate. All
the samples were prepared according to methods of Begum
et al. (1985). All the samples were run in triplicates along
with standard solutions to assure the quality of the method.

PROCESSING OF SAMPLES ON TLC PLATE

Spotting was done with spots of different dilutions such as
5,10, 15, 20 and 25 pL on TLC plate at a distance of 1.5
cm from the base. The standard spots were also made by
following the methods of Begum et al. (1985), Romer and
Campbell (1976). The plate was removed, dried and finally
subjected to a UV light scanner of 365nm for the presence
or absence of aflatoxins (B1, B2, G1, and G2). Later
on quantification was also carried out and sample spot
fluorescence intensities were compared with the standard
spot fluorescence intensities and the concentrations of
aflatoxins were calculated by the formula used by Saced et

al. (2020).

DETOXIFICATION BY PHYSICAL AND CHEMICAL
METHODS

Detoxification of contaminated and aflatoxin positive
samples were carried out by physical (Heating and
boiling) and chemical methods as proceeded by Zahra et
al. (2012). Heating and boiling with varying temperatures
and time was applied to five most contaminated samples
from each city. Molar solutions of different chemicals
(hydrochloric acid, citric acid, sodium Bisulphate, calcium
hydroxide, sodium hypochlorite, sodium chloride, acetone,
ethanol, and ammonia) were also prepared and used for
the detoxification of highly contaminated samples. Later,
on quantification of a detoxified sample of aflatoxins was
carried by TLC estimation through UV light scanner
and calculation was made by using formula of Saced et al.

(2020).

STATISTICAL ANALYSIS
Statistical analysis was performed by independent and
paired sample T-test in IBM SPSS Statistics 21.

RESULTS

Out of 50 samples collected from different cities 24 (48%)
samples were found contaminated and of which 13 (26%)
were contaminated within the permissible range and 11
(22%) were contaminated beyond the permissible range.
The samples beyond the permissible range were totally
unfit for consumption and have high aflatoxin levels ranged

from 12.08 to 16.65 pg/kg and can cause serious health

problems (Table 1). The samples within the permissible
range can be used for birds as they were under the tolerant
range. The tolerant range limit of aflatoxins in poultry feed
is noticed as 10 pg/kg according to EU (2010). The AFB1
was detected in 24 samples because it is the most potent
strain of aflatoxins. Whereas B2, G1 and G2 were not
detected in any sample.

Total 10 samples from each city were collected and
highest percentage of contamination recorded in Kasur
city which was 60%. The minimum concentration of
aflatoxins detected was 3.43 pg/kg from Sialkot whereas
the maximum concentration was 16.65 pg/kg was from

Gujranwala city (Table 1).

Based on varying poultry houses aflatoxin analysis was also
carried out in layer houses feed. Out of 50 feed samples
only 10 feed samples were from laying houses and 40 were
from broiler feed samples. It was noticed laying hen feed
samples were less contaminated than broiler feed samples.
In layer houses only 4 samples out of 10 were contaminated
and 6 were uncontaminated. Out of 4 only 1 sample was
beyond the permissible range and 3 were within permissible
range (Table 2). In 40 broiler feed samples 10 samples
were within the permissible range and 10 were beyond
permissible range. The uncontaminated samples were 20.
'The percentage of each contaminated and uncontaminated
samples was 50% and details of broiler feed samples were
shown in Table 3. The contamination percentage of broiler
teed was 50% and in laying hen feed samples was 40%.
Independent sample T test was used to compare aflatoxin
levels in layer and broiler houses and significantly higher
contamination was recorded for broiler houses as compared
to layer houses at < 0.05 p value.

Heating and boiling were two physical methods which
presently used for the detoxification of five highly
contaminated samples. Three selected samples were heated
at different temperatures and for varying period time.
The highest reduction percentage was noticed as 58% at
250°C for 10 minutes. In case of boiling highest reduction
percentage (51.5%) was recorded for a sample that boiled
at 20 minutes (Table 4). Different chemicals with different
concentrations were also applied in the present study such
as hydrochloric acid, citric acid, sodium bisulphate, calcium
hydroxide, sodium hypochlorite, sodium chloride, acetone,
ethanol, and ammonia.

Test solutions were also run with similar concentrations
but most of the chemicals did not showed any results
at their low concentrations as compared to HCl which
showed 58.4% reduction with 0.5% solution while sodium
bisulphate showed only 16% reduction at its 1% solution
(Table 5). Chemicals like calcium hydroxide and ammonia
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Table 1: Levels of aflatoxins detected in feed samples collected from different cities

Aflatoxins  Cities Total No.of No. of Contaminated Contamination Max Min  *EU permissible
samples Samples detected % pg/g pg/kg limitin pg/g

Lahore 10 5 50% 12.08  4.25

Total B1  Sialkot 10 5 50% 1512 3.43

AF Gujranwala 10 4 40% 16.65  3.84
Sheikhupura 10 4 40% 14.47  3.87 10
Kasur 10 6 60% 1471 3.89

Total 50 24 48% 16.65  3.43

*EU permissible limit in pg/g (EU 2010): Aflatoxin: AF

Table 2: Number of layer hen feed samples contaminated by aflatoxins

Cities No. oflayer No. of contaminated Contaminated samples Contaminated samples
feed samples samples Within permissible range  Beyond permissible Range
Lahore 3 1 1 0
Sialkot 2 1 0 1
Gujranwala 1 1 1 0
Sheikhupura 2 1 1 0
Kasur 2 0 0 0
Total 10 4 3 1

Table 3: Number of broiler feed samples contaminated by aflatoxins

Cities No. of broiler Total No. of contaminated = Contaminated samples ~ Contaminated samples
feed samples  samples Within permissible range Beyond permissible Range

Lahore 7 4 1 3

Sialkot 8 4 2 2

Gujranwala 9 3 1 2

Sheikhupura 8 4 3 1

Kasur 8 5 3 2

Total 40 20 10 10

Table 4: Detoxification by physical methods

Sr. Cities Sample  Physical method Initial Conc. Final Conc. Reduction
No. ID peg'kg pg'kg Y%age
before detoxification  after detoxification

1 Lahore A6 Heat at 120°C, 10 min 12.08 6.04 50%

2 Sialkot B9 Heat up to 200°C, 10 min  15.12 8.57 43%

3 Gujranwala C7 Heat up to 250°C, 10 min  16.65 6.98 58%

4 Sheikhupura D6 Boiling for 10 min 14.47 7.98 44.8%

5 Kasur E3 Boiling for 20 min 14.71 7.12 51.5%

Table 5: Detoxification by chemical methods

Cities Sample  Initial conc. pg/kg Chemical Final conc. pg/kg Reduction %
before detoxification ~ Solutions after detoxification

0.1% HC1 7.45 38.3%
Lahore A6 12.08 2% NaHSO, 8.64 28.4%

2% NaClO 4.83 60%

0.3% HCl 8.02 46.95%
Sialkot B9 15.12 3% NaHSO, 952 37%

0.1% NaCl 2.26 15%
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0.5% HCl 6.91 58.4%
Gujranwala C7 16.65 1% NaHSO, 13.9 16%
99% Acetone 7.24 56.5%
10% Citric acid 8.10 44%
Sheikhupura D6 14.47 5% Ca(OH), 6.21 57%
96% Ethanol 6.1 57%
30% Citric acid 6.72 54.3%
Kasur E3 14.71 50% Ca(OH),  5.72 61.1%
5% Ammonia 4.95 66.3%

showed a reduction in aflatoxins at their 5% solution.
Hydrochloric acid was highly appreciated for its detoxifying
abilities. It showed a remarkable reduction percentage at
its lower concentrations like 0.1, 0.3 and 0.5% (Table 5).
'The higher the concentration of chemicals the more risk to
lower of nutritive value of the feed. Therefore the chemicals
which showed remarkable reduction percentage at their
low concentrations were comparatively considered more
tavorable for the detoxification. Physical and chemical
degradation were also analyzed statistically by paired
sample T test and significant differences were noticed in
initial and final detoxification levels of the aflatoxins at

<0.05 p value.

Abiotic factors such as temperature and humidity were
also noticed during collection of samples. Temperature
ranging from 35-39, 28-30, 15-21, 7-11, 11-13 and 18-
20 °C while relative humidity 56-70, 52-67, 55-76, 88-
100, 83-100 and 54-76 percent was recorded during July,
September, November, December, January and February
respectively. A higher levels of aflatoxins was recorded
in samples collected in month of July and September as
compared to other months (data not shown).

DISCUSSION

In the present study total of 50 feed samples collected
from both broiler and layer houses were studied and the
percentage of contaminated samples were recorded as
48% while, 22% of the samples have aflatoxins beyond the
permissible range. However, a study conducted in Croatia
showed 38.1% total contaminated samples, and 28.8%
of the samples containing aflatoxin in levels higher than
the maximal permitted levels (Pleadin et al., 2012). The
maximum value of the aflatoxins detected in our study
which was 16.65 pg/kg found very low as compared to
2,072 pg/kg that mentioned by Pleadin et al. (2012). So,
it was noticed the detected levels of aflatoxins in different
cities of Punjab were lower than the study conducted in
Croatia, Europe. Similarly, Becha and Devi (2013), did a
study in Kerala and 709 poultry feed samples were collected
for the detection of aflatoxin levels which was ranged from

1 to 400 ppb and found higher than our reported levels

of aflatoxins. In 1991 the Hegazy et al. collected 1,175
poultry feed samples from different farms for the detection
of aflatoxin. In all studied samples 30.7% proved positive
for aflatoxin with a concentration ranging from 1 to 2,000
ppb. Although, in the present study the 48% samples were
positive ranging from 3.43 pg/kg to 16.65 pg/kg which

was lower than mentioned study.

A comparative study between layer and broiler feed was
performed by Raphael et al. (2013) in Cameroon. Almost
93.3% broiler and 83.0% layer feeds samples were positive
while in our existing study 50% and 40% were recorded
for the broiler and layer feed samples. The reported
maximum concentrations 52 pg/kg for broiler feed and
23 pg/kg for layer feed also found higher as compared to
our existing findings. The highest aflatoxin contents were
reported as 16.8 pg/kg from Western High Plateau and
in Rainforest agro-ecological zones in broiler feed samples
was comparable to our present study (Kana et al., 2013).
Poor growth rate and reduced egg production can be result
of aflatoxins in layer houses.

A total commercial broiler feed (n=96) samples collected
from different broiler farms for the period June 2009 to
May 2010 from south west Pakistan and analyzed for
aflatoxin B1 (AfB1) by using thin layer chromatography
with a detection limit of 3pg/kg. Analysis revealed
that 91.66% samples of feed were positive. The levels of
aflatoxins were ranged between 10 to 166pg/kg with
average of 47.64+2.55ng/kg. The findings showed the
concentration levels of AFB1 were less in existing study as

compared to findings of Rashid et al. (2012).

In another study analysis of 487 poultry samples collected
from various parts of the Pakistan for detection of
Aflatoxin B1 (AFB1) was carried out. The average and
maximum levels of 23.75 and 78 pg/kg were reported
respectively, However, maximum level of AFB1 was higher
(78ug/kg) in poultry feed samples. While in the existing
study total 50 samples of poultry feed were studied with
the 48 percentage of contamination with the highest level
of 16.65 pg/kg. The average contamination level recorded
was 4.16+5.36 pg/Kg that was very low as compared to
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findings of Anjum et al. (2012).

In the present study, 0.5% hydrochloric acid was record-
ed as the best detoxifying agent along with heating up to
250°C at 10 minutes and boiling for 20 minutes. Even
though, it is well known that the chemicals are good de-
toxifying agents but they reduce the nutritive value of feed
item. A number of literature studies reported on physical
and chemical approaches (washing, solvent extraction, heat
treatment, extrusion, radiation, acid/base treatment, oxida-
tion, and binding) that are in practice for eliminating or
deactivating aflatoxins (Phillips et al., 1990; Samarajecwa
et al., 1990; Basappa et al., 1996; Fandohan et al., 2005;
Jubeen et al., 2020; Nazhand et al., 2020). However, most
physical and chemical treatments have drawbacks such as
reduced nutritional and sensory quality in processed foods,
formation of hazardous chemicals during treatment, low
efficiency, and high cost, which have limited their use
(Mendez-Albores et al., 2005; Gowda et al., 2007; Burov
and Trusov, 2010; Yazdanpanah et al., 2005).

Detoxification of aflatoxins by physical, chemicals, mi-
crobes and enzymes is normal practice that has been in
practice from many years (Kumar et al., 2017; Lalah et al.,
2019; Guan et al., 2021). Chemical additives such as cit-
ric, lactic, tartaric, and hydrochloric acids have also been
a popular choice for the storage of food. However, other
acids like succinic, acetic, ascorbic, and formic acid are only
marginally efficient. These methods entail soaking infected
items in acidic solutions for a specified period of time. High
AFB1 degradation can be noticed in 24 hours or less, even
when carried out at room temperature (Lee et al., 2015;
Rushing and Selim, 2016; Safara et al., 2010). Similarly
in my research it was observed that chemicals like calcium
hydroxide and ammonia showed reduction in aflatoxins at
their 5% solution. However, Allameh et al. (2005) reported
efficacy of aqueous ammonia against maize aflatoxins even
at 1 % v/w. Most of the chemicals do not show results at
their low concentrations as compared to HCl like sodium
bisulphate which shows only 16% reduction percentage at
its 1% solution. The hydrochloric acid is highly appreciated
for its detoxifying abilities. It showed remarkable reduc-
tion percentage at its lower concentrations like 0.1, 0.3 and
0.5%. The maximum reduction percentage was shown at

0.5% solution of HCI which was recorded as 58.4%.

Another study on detoxification was performed by Khan
and Zahoor (2014) to detoxify aflatoxin B1 in poultry feed
by using a novel adsorbent that was prepared from bagasse
a natural method. It was fed to different groups of poultry
birds along with aflatoxin B1 and found very effective. The
study supported that natural methods are better than both
physical and chemical methods.

Wacoo et al. (2014) did a study to compare different meth-
ods such as thin-layer chromatography (TLC), high-per-
formance liquid chromatography (HPLC), mass spectros-
copy, enzyme-linked immune-sorbent assay (ELISA), and
electrochemical immunesensor, for the detection of aflatox-
ins in foods. All the methods have limitations in aflatoxins
analysis. In present study the TLC method was selected
because it is simple to carry out also it is not much expen-
sive. Soblev (2007) had stated that most of work that is go-
ing in recent years on separation, detection, and quantifi-
cation of aflatoxins is going with the two techniques, TLC
and HPLC and both of the techniques showed potential
in detection of aflatoxin levels. Abiotic factors affects the
levels of aflatoxins and more contaminated samples were
recorded in months of July and September (temperature
15-39°C) as compared to other months. However, a num-
ber of studies were in line with our results and also re-
ported highest contamination with aflatoxins at 28°C and
above temperatures particularly in tropical regions such as
Asia and Africa (Boutrif, 1998; Abrar et al., 2013; Villers,
2014). According to Chiewchan et al. (2015) a maximum
levels of aflatoxins were recorded at 12-40°C.

The feed samples were from five different cities and it has
been seen the Kasur city was the most affected with the
aflatoxin contamination, as the contamination rate was re-
corded as 60%. It might be due to poor storage conditions.

CONCLUSION

It was finally concluded that the contamination percent-
ages of aflatoxins in broiler and layer feed samples were
different and the detected amount was not much high. The
teed samples from different cities showed different concen-
trations of aflatoxins and highest contamination percent-
age was detected in Kasur as compared to other cities. This
study provide updated knowledge regarding to aflatoxins
contamination. The study will provide good contribution
to stakeholders such as poultry farmers and feed author-
ities so that they can prove regulations to provide good
quality feed to poultry farms. This research also emphasizes
on good storage conditions in poultry farms so that quality
of feed can be improved.
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