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Abstract
This research was carried out to monitor the occurrence of aflatoxins (B1, B2, G1, and G2)
in unpacked rice (50 samples) and cattle feed (60 samples). These samples were analyzed using TLC
& ELISA techniques. 30% rice samples showed aflatoxins (AFTs) in the range of 1-20 ppb while
10% samples showed AFTs above 20 ppb. For cattle feed, AFTs detected in the range of 1.9-20.4 ppb
in maize, 9.6-28.5 ppb in corn, 9.8-27.3 ppb in barely, 5.4-21.3 ppb in hay samples and 6.7-28.5 ppb
in silage samples. The contaminated samples were treated for detoxification. The detoxification
promised by specific natural compounds like sodium bicarbonate, citric acid, Allium sativum and black
seed oil were from 63-100%. The foods contaminated with AFTs are toxic for human health. High doses
of AFTs can be the major cause of liver diseases like cirrhosis, liver cancer and death in humans and
animals.

Keywords: aflatoxins, cattle feed, detoxification, ELISA, Pakistan, rice crops

Introduction
Rice is a widely used dominant grain after wheat
and is a staple food crop of various world populations
[1]. Rice is a vital cereal crop, which is consumed as
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essential staple foodstuff in Pakistan. Basmati rice
varieties are well known in whole world for quality,
aroma and delicious taste. Pakistan is a central rice
exporter because it is foremost cash food contributing
1.3% to the gross domestic product (GDP) [2-5].
Aflatoxin quantity would be linked with highest
tolerable aflatoxin value (4 ppb). Rice shows resistance
against the desert, humid, flood, hot, dry and cool
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conditions and has ability to grow in the alkaline,
acidic and saline soil [6, 7]. In Pakistan, the average
production is about 4.9 tons/ha, that makes the country
11th biggest rice producer in the world [8]. Various rice
varieties in Pakistan are super kernel, basmati, kainaat
and super Shaheen etc.
AFTs are common mycotoxin which affects the
crops especially staple food (wheat, rice, maize and
grains). High temperature and humidity are favorable
conditions for fungus growth [9]. International Agency
for Research on Cancer (IARC) ranked some materials
as class one carcinogen in which AFTs also involved.
Aspergillus flavus, Aspergillus parasiticus, Aspergillus
nomius and Aspergillus pseudotamarii are the fungi
that are responsible for the production of AFTs [10-12].
Different food commodities that have great chances of
contaminations from AFTs include maize, corn, barely,
silage, milk and hay etc. Mycotoxins cause the serious
complications for animal and human health. These are
contaminants of vital plant products like oil seeds, nuts,
spices, corn, rice, barley and wheat [13]. Mycotoxins
maximum levels are fixed by specific countries for
different types of food products. AFTs are significant
mycotoxins for foodstuff contaminants worldwide,
especially for the developing countries. The important
types of the AFTs are AFG1, AFG2, AFB1, AFB2,
AFM1 and AFM2. AFB1 is the vital toxic variety as
compared to other AFTs and it is the most persuasive
human carcinogen. AFB1 type is categorized into the
groups of carcinogenic compounds through the IARC
of World Health Organization (WHO) [8]. AFB1
remain stable during processing operations. These
contaminations may lead to huge economic damages
in various countries. Different countries have specific
regulations to control the mycotoxin levels in plant and
dairy products [13]. European Unions have established
the maximum tolerable limits for the AFTs in rice
products as 4 ppb for the total AFTs (G1 + G2 + B1 +
B2) and 2 ppb for AFB1 (Commission Regulation No.
1881/2006). Pakistan standard quality control authority
has made a limit of 5 ppb for the AFB1 in rice products.
Various methods can be used for the analysis of AFTs
including the high performance liquid chromatography
(HPLC), thin layer chromatography (TLC) and
ELISA [14]. ELISA is the simplest method which has
advantages as being selective, rapid, monotonous
reliable and diagnostic analysis of various samples [13].
The purpose of this research was to find out the
existence of AFTs in Pakistani rice and cattle feed and
to determine the conditions responsible and ultimately
to control AFTs production. It would be helpful to
reduce the chances of hepatocellular carcinoma,
immune super sensitivity and encephalopathy etc.

Material and Methods
Rice & cattle feed samples were collected different
regions of Punjab, Pakistan (Table 1). All types of

samples were changed into powdered form using
Molineux blender. 500 g of each sample was stored at
4-6ºC in the sealed plastic bags for analysis [15].

Thin Layer Chromatography Technique (TLC)
The dilutions were made for spotting using micro
syringe. Spot of 25 µL of test solution was applied on
TLC plate. Standard spots of 5 and 10 µL of the AFTs
(AFG1, AFG2, AFB1, and AFB2) were also spotted
on the plate as an internal standard. The plate of TLC
was placed in TLC Tank 1 (1st mobile phase) containing
the anhydrous ether until the solvent moved half way
up. After this, TLC plate was developed and it was
dried. The redevelopment of the plate was done in
similar direction but along with solution of chloroform
and acetone to a ratio of 9:1 in the TLC Tank 2.
After the exclusion of TLC plate from TLC Tank 2
(2nd mobile phase), spots were dehydrated and observed
under the UV Light for the absence or presence of AFTs
[16].

ELISA Analysis of AFB1
The quantitative examination of AFB1 in the
samples was done, based on the competitive enzyme
immunoassay via Ridascreen® Aflatoxin B1 30/15
test kit (R-Biopharma, Darmstadt, Germany). 25 mL
methanol: water (70:30) was added to the 5 g sample
and shaken robustly for 3 min. The extract was filtered
and diluted with distilled water (1:1). At the end, 50 mL
of the diluted remainders per well were used in the test.
50 mL of each prepared sample or standard solution in
duplicate, antibody solution and enzyme conjugate were
added to each micro titer well, mixed and incubated
for 30 min at 25ºC. The liquid was eliminated from the
well through tapping of wells and were washed twice
using buffer. The 100 mL of the substrate or chromogen
solution was added to each micro titer well, mixed
and incubated for 15 min at 25ºC in dark. Finally, the
100 mL of stock solution (1 N H2SO4) was added to
each micro titer well. The absorbance was measured at
450 nm.

Detoxification
Process of detoxification for the reducing type
AFB1was done on the 50 g of sample products that
are naturally contaminated. For more accurate study,
100 g of uncontaminated samples were spiked for
contamination. After that, both types of the samples
were mixed with each other to increase the homogeneity
of AFTs and were examined by TLC. Samples were
detoxified through Allium sativum treatment [17],
Nigella sativa [18] oil treatment, citric acid treatment
[19] and sodium bicarbonate treatment [20]. These
treatments were performed at 26ºC for 30 min in the
fuming hood.
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Table 1. Quantity of AF B1 present in representative rice & cattle feed samples.
Sr. #

Sampling location

Rice Types

AFs Conc. (ppb)

1

Mandibahaudin

Basmati 198

3.5

2

Bhimber AJK

Pak Basmati

4.5

3

Kotla arab ali khan

Broken white basmati

7.2

4

Jalal pur jattan

Super kernel brown

3.6

5

Gujranwala bypass

Basmati sella rice

5.7

6

Gujranwala saddar

1121 Basmati rice

2.6

7

Mandibahaudin phatak

Brown basmati rice

20.1

8

Gujrat ZI stadium

Kernel rice

14.6

9

Kharian road guliana

Super kernel

6.5

10

Sialkot cantonment

KS 282 brown

2.4

11

Lahore TNB

Super basmati

3.6

12

Lahore anarkali

Basmati rice

9.5

Cattle Feed
1

Paropi Sialkot

2

Miana Pura Sialkot

3

Head Marala Sialkot

4

Lakhan Pur Sialkot

5

Gujranwala Lohianwala

6

Gujranwala Gondlawala

7

Muslim Town Lahore

8

Tulspura Lahore

9

Fatehgarh Sialkot

10

Lakhan Pur Sialkot

Results and Discussion
AFB1 was identified in the 12 positive rice samples.
The occurrence and AFB1 levels in rice samples
are showed in Table 1. The limit values of AFB1
contaminations were from 1.5 to 20.1 ppb, and 7 rice
samples surpassed the ISIRI limit of 4 ppb for AFB1.
Aflatoxin G1, G2, B2 was not present and detected.
Various limits of the aflatoxin tolerance are set through
the EU i.e. 2 ppb for rice and in other types of processed
products. FDA allows the range 2-4 ppb in feed products
and 2 ppb for all the food used for human consumption.
The highest aflatoxin amount was detected in the one
sample of rice (20.1 ppb), that was beyond the WHO
and FDA regulations. The recommended limit by WHO
is 3 ppb for rice.
Food samples of various food commodities were
analyzed for the analysis of aflatoxins in cattle
feedstuff. Out of 60 feed samples of maize, corn and
barley, hay and silage the aflatoxin was detected in 25
samples. These contaminated samples were treated

Maize
Corn
Barely
Hey
Silages

1.9
20.4
9.6
28.5
27.3
9.8
21.3
1.9
6.7
28.5

with natural ingredients to detoxify the aflatoxins.
The presence of AFB1 was usually detected in almost
all types of feed items. Other aflatoxins including B2,
G1 and G2 were not common. The feed items were
contaminated and shown positive results for aflatoxin
detection (AFB1 1.9 ppb-28.7 ppb). 5 out of 12 sample
of maize were contaminated with aflatoxin ranging
from (1.9 ppb-20.4 ppb). The Aflatoxin contamination
level for maize set by EU (European Union) is
≥20 ppb. 3 out of 5 contaminated samples were below
the permissible limit set by EU. 7 out of 12 samples of
corn were contaminated with aflatoxin ranging from
9.6 ppb-28.5 ppb. 4 out of 7 contaminated samples
were below the permissible limit set by EU while the
3 out of 7 contaminated samples were above the
limits with aflatoxin contamination i.e. 20.9 ppb,
23.2 ppb and 28.5 ppb. Similarly, 4 samples of barley
were contaminated with aflatoxin ranging from
9.8 ppb-27.3 ppb. 3 out of 12 samples of hay and
6 out of 12 samples of silage were contaminated
with aflatoxin ranging from 1.9 ppb-21.3 ppb and
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Table 2. Aflatoxins detoxification using natural compounds.
Sample

Rice

Maize

Corn

Barely

Hey

Silages

AFs (ppb) before treatment

20.1

20.4

28.5

27.3

21.3

28.5

Treatment

AFs (ppb) after treatment

Reduction (%)

Allium sativum

2.4

88

Black Seed Oil

0

100

Citric Acid

7.43

63

Sodium Bicarbonate

4.0

80

Allium sativum

0.41

98

Black Seed Oil

0

100

Citric Acid

2.73

90

Sodium Bicarbonate

4.26

80

Allium sativum

1.42

95

Black Seed Oil

0

100

Citric Acid

5.7

80

Sodium Bicarbonate

6.27

78

Allium sativum

1.91

93

Black Seed Oil

0

100

Citric Acid

4.09

85

Sodium Bicarbonate

5.73

79

Allium sativum

0.64

97

Black Seed Oil

0

100

Citric Acid

2.77

87

Sodium Bicarbonate

3.83

82

Allium sativum

1.14

96

Black Seed Oil

0

100

Citric Acid

3.13

89

Sodium Bicarbonate

5.7

80

6.7 ppb-28.5 ppb respectively. 1 sample of hay & 3
samples of silage were above the EU.
Presence of the toxic fungus in products of food
is not beneficial for health. Therefore, its removal
and reduction become necessary for human health.
Aflatoxin detoxification was carried out through the
natural ingredients like garlic, citric acid, black seed oil
and sodium bicarbonate were used for fungus reduction
[4, 5, 21, 22]. Numerous studies describe the AFB1
contamination in the various varieties of the rice. In
the earlier study [23] from China they examined that
the incidence and concentration limit of the AFTs in
30 samples of rice were examined through the HPLC
FLD. They stated that AFB1 and AFB2 were found in
the 46.7% samples with a limit value of (0.03-2.08 ppb).
Only one rice sample was found above EU regulatory
range for AFB1. Our research results revealed that 35%
samples of rice were contaminated with AFB1.

Detoxification of Aflatoxins Using
Natural Compounds
Allium sativum Treatment
This study shows that Allium sativum extracts
have antifungal activity against A. flavus and during
detoxification, 88% to 98% AFTs reduction was
recorded (Table 2). The repressive functionality of
specific extracts of Allium sativum vegetables against
mould specie has been identified and reported by
the various authors. Previous studies reported the
extracts of nine plants that were analyzed. A. sativum
specifically inhibited the A. flavus growth (65-78%)
and production of aflatoxin AFB1 from 12.2 to 15.7%
at the 5-ppb concentration. Diallyl sulfide and Ajoene,
organosulfur compounds in the garlic hinders the
binding of DNA to aflatoxin. Garlic has different types
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of antioxidant characteristics and its uses have been
reported to help irregularities of cardiac, thrombus
formation and hyperlipidemia.

Black Seed oil Treatment
N. sativa, black seeds, are made up with different
types of
bioactive chemicals and many other
antioxidants which have great inhibitory characteristics
[24]. The contaminated samples were treated with the
black seed oil to prevent the AFB1 contamination. Oil
of black seed was extremely efficient and reduced the
contamination up to 100%. Oils of Nigella sativa was
known, for its antifungal functionality against the all
types of tested fungi. An oil of Nigella sativa was most
effective at 0.15% e.g. F. moniliforme and A. alternata
were completely inhibited at the 0.1% and 0.15%
concentrations [10, 24, 25].

Lemon juice treatment
Citric acid (C6H8O7) was used for the preservation
processes. It has specific, unique, acidic and tangy
flavors, added into various types of drinks and foods.
Juice of lemon consist of the 5% citric acid. Treatment
through the aqueous citric acid detoxified AFB1 in
the rice. In this research contaminated samples were
soaked in lemon juice for detoxification. The results
of that process showed that citric acid was 63.59% to
90% effective, against the aflatoxin B1 in the different
varieties tested. A recent research determined that citric
acid and lemon pistachio nuts, were roasted which was
degraded over the 70 % AFB1 [26, 27].

Sodium Bicarbonate Treatment
In this research, the samples contaminated with
AFTs were soaked in the NaHCO3 and washed with
distilled water thrice for decontamination of AFTs. This
results up to 80.02 % degradation of AFB1 in rice and
cattle feed. In another research [11], mycotoxins types
of aflatoxin were reduced by the 44% in samples of
corn in addition with a single rinsing step. Moreover,
contaminated samples that are soaked in 0.1 mol/L
aqueous solution of NaHCO3 for longer periods are
degraded zearalenone (ZEN) and deoxynivalenol
(DON) concentrations by 35%.

Conclusions
Commodities contaminated with AFTs consumed
regularly may cause severe harm. This study evaluated
AFB1 in rice & cattle feed from Punjab, Pakistan. In
this study, 12 out of the 50 rice samples showed AFTs
(1.5 to 20 ppb). Maize, grains, corn, silage and hay are
prone to AFTs contamination. 25 out of 60 cattle feed
samples showed AFTs presence (1.9-28.5 ppb). The food
and feed must be analyzed on daily basis to protect
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the public from AFTs contamination. However, to
minimize the AFTs production and reduction in fungal
growth, specific measures must be taken during the
processes like transport, storage, drying, harvesting and
collection process.
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