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Abstract
Aflatoxins are bioactive fungi or specialized metabolite or acutely toxic or cancer-causing substances and substances that alter

DNA that are derived from polyketides produced by certain fungi that cause severe contamination in agricultural crops. Fungi are

primarily responsible for producing aflatoxins in white rice in the presence of high moisture. Mostly, the rice samples were contaminated with aflatoxins due to unsuitable storage conditions. Furthermore, the food and feed contamination with mycotoxins is a

major issue for food safety and for human health. The toxic effects of aflatoxin can cause chronic disease, poor productivity, severe
life-threatening toxicity and damage to the immune system. A total of 70 samples of rice were collected from the Capital and different

selected divisions of Central, North and South Punjab, Pakistan. The rice is harvested with 18 to 24 percent natural water content

and the paddy moisture for storage is dried at 12 to 14 percent. In this study, in Central Punjab (Lahore), the moisture content of
10 samples of rice was 13.47%, in Gujranwala 11 samples were 13.50% and in Sahiwal it was 12.50% respectively. In addition, the
thin layer chromatography (TLC) method was used to detect aflatoxin in rice. Aflatoxins B1, B2, G1, G2 were detected in 32 samples

(45.7%). The maximum B2 aflatoxin (32%) was detected in the central Punjab samples. Similarly, B1 (7.5%) and G1 (7.5%) aflatoxins

were also detected in the samples of central Punjab. Moreover, 20 samples were collected from south Punjab in which 5 samples were

infected with B2 aflatoxin (25%) and 2 samples were detected with G1 aflatoxin (10%) and B1 (5%). Aflatoxin G2 was not detected in
all samples. The result was showed that aflatoxin has been assessed more in samples that contain high moisture contents.
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Introduction
Food security is usually safe and nutritive food for all people, at

all times, have physical, social, and economic access to sufficient

that meets their food preferences and dietary needs for an active
and healthy life. Food safety is a necessary part of food security [1].
Today safety and quality of food and food products are needed be-

cause of a number of health problems creating. Globally, mycotoxin

contamination is the major cause of food insecurity [2]. Aflatoxins
are basically grown on stable food at the time of storage. Different

diseases such as cancer, malaise, impaired immune function occur
due to the consumption of aflatoxin contaminated foods [3].
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Oryza sativa or Oryza glaberrima is botanically called Asia rice

stan. In the collection of rice samples from local markets, following

pecially in many countries of Asia and Africa, rice is a vital food

and made composite sample of 1 kg. All samples were free of insect

and Africa rice respectively. The seed of Rice is the grass species
which considered a staple food in a large part of the world [4]. Es-

for populations [5]. The rice is composed of moisture, protein, fat,
carbohydrates and minerals. The protein, carbohydrate and fat are

present in rice in the form of amino acids, starch and fatty acids respectively. The minerals like Ca, Zn, Fe, Na, K are present in rice [6].
Due to adequate level of nutrients, rice is well for human health,
it’s also aids in improved and regulate body function [7].

Plant base food are affected by climate changes. The role of cli-

mate in agricultural productivity is creditable [8]. The rice production is influence due to climate which is major problem like food
security [9]. Asia is produced and consumed about 90% of the

world’s rice [10]. According to staple food crops, in Pakistan the
level of rice is 2nd after wheat. The rice played an important role in

improve economy and it is considered vital export crop. Pakistani

rice is high quality that exported to several countries such as Saudi
Arabia, and Afghanistan, United Arab Emirates and Iran [11].

The toxic family called aflatoxins is the secondary metabolites

produced from Aspergillus species (mainly A. flavus and A. para-

siticus) that can contaminate agricultural crops like wheat, rice,

maize and groundnuts [12]. Cereals’ exposure to aflatoxins is a

public health concern due to their carcinogenic, acute and chronic
effects [13]. In developing countries, where the climates remain
hot and humid, and where food storage conditions are poor and

lack of regulatory limits enforcement. at that place chances of af-

latoxins are increased [14]. AFB1, AFB2, AFG1 and AFG2 are the
major types of aflatoxins, its produce hepatocarcinogen effects on
humans at any stage of life [15].

This study was conducted on rice grain collected from different

markets. The moisture content of rice was evaluated that may be
associated with aflatoxins contamination. The TLC technique was
used for the determination of aflatoxins in rice grains.

Materials and Methods

Sample collection and sampling technique
Moisture content and quantification of aflatoxins like B1, B2, G1,

and G2 in this study was performed for rice grain collected from local markets in different selected areas of Punjab and capital. A total

of 70 rice grains sample was collected from Capital and from dif-

ferent selected divisions of Central, North and South Punjab, Paki-

random sampling method three different bags of same variety were
selected. From each bag sample was drawn from different locations
infestation and with no chemical preservative treatment applied

for storage. These collected samples were packed in plastic bags

and stored at ambient temperature which prevents them from fur-

ther contamination.

Moisture content analysis
The moisture content of the rice grains was calculated as per-

centage moisture of the stored rice grains [16]. Samples of ground
rice grain (5 g) were placed in hot air oven and temperature was set

at 105 ± 5 ºC according to AACC Method No. 44-01. After 24 hours’
hot air oven showed result as per following relationship.
Moisture (%) =

Wt. of dried sample (g) x 100
Wt. of original sample (g)

Determination of aflatoxin by thin layer chromatography
Aflatoxins were determined in present study according to Sher-

ma and Fried, [17]. In the present study used chemicals were of
analytical grade and purchased from different well-known companies. These chemicals include acetonitrile, chloroform commercial grade, chloroform analytical grade was purchased from Merck

(Darmstadt, Germany), distill Water, anhydrous diethyl ether, ace-

tone extra pure, and sulfuric acid was acquired from Sigma-Aldrich

(St Lois-MO, USA). Mixture of aflatoxins standard [AFB1 (2.03µg/
ml), AFB2 (0.503 µg/ml), AFG1 (2.02 µg/ml) and AFG2 (0.504 µg/

mL)] were purchased from Romer Labs Inc. Singapore. These solutions of standards were stored in refrigerator at -4 ºC and also

wrapped in an aluminum foil to prevent them from sunlight because UV light causes gradual breakdown of AFs. Graduated cylin-

der 100mL, funnels 100mm top diameter, conical flasks 250 mL,

beakers 500 mL, whatman No. 4 filter paper, TLC tank, pre-coated
silica gel plates of TLC on aluminum sheets with a layer thickness of

0.25mm, 20x20cm (E. Merck, Darmstadt, Germany), Micro syringe
25 µL (Hamilton, USA) and UV lamp were used in this research.
Samples were crushed to small particles of size less than 2 mm by
using Romer series II milling machine (Romer LABS Inc. USA).
Extraction and purification of AFs from rice grains
Chloroform extraction
From each of the ground rice grain, sample (50 g) was added

separately in 500 mL conical flasks. Distilled water (25 mL) add-
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ed into conical flask. The flasks were shaken manually to moist
the sample properly and for proper dispersion of water. Chloro-

form (commercial grade) was added after proper moistening of
sample and made total volume up to 250mL. Then, aluminum foil

was placed on conical flasks and shaken vigorously on wrist ac-

tion shaker for 30 minutes at 25-30 rpm. The mixture was filtered

through Whatman no 4 filter paper in a beaker and filtrate (50 mL)
was taken while residue was discarded.
Concentration of sample extract

The extract of rice samples was dried on hot plate in fume

hood at 100 ºC until all chloroform evaporated and only sample
remained. The concentrated sample was sealed with aluminum

foil and kept in cool place for the prevention of re-absorption of
moisture.

Spotting of the TLC aluminum plate
Analytical grade chloroform (0.5mL) were added and dissolved

in each concentrated extract and vortexed properly. Plates were
cut into required size (10Cm×10Cm) on cutter and base line about

1.5cm from lower side was drawn with help of scale and lead pencil. Various volumes of the samples extract 10, 15 and 25μL were

spotted on the base line of the plate for all the samples while plac-

ing TLC plate on hot plate. The spotting was done using 25μL microsyringe.

Plates development and viewing
In first mobile phase anhydrous diethyl ether was added in TLC

tank. The plates were placed vertically along the wall side in tank

containing anhydrous diethyl ether. The plates were placed with

the upper edge leaning against the back side of the tank. Then cov-

er was closed and plates were allowed to develop until complete

development of spots. It took 25 to 30 min for the solvent to reach
the stop line (10 Cm) from the base line. The plates after develop-

ment were removed carefully and allowed to dry on hot plate for
few seconds.

In second mobile phase, in 2 TLC tank chloroform analytical
nd

grade (45 mL) and acetone extra pure (5 mL) was added and plates
were placed and allowed to develop until solvents reached on stop

line. It also took 25 to 30 minutes. Removed the plates carefully
and dried on hot plate before further investigation.
Interpretation of TLC plates

Observed under a long wavelength UV lamp at 365 nm (λ=

365nm) in dark room specially designed for aflatoxin detection to
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prevent photo-degradation of aflatoxin. This process was repeated
for all the samples.

Quantification of aflatoxins
Formula for estimation of quantity of Aflatoxins
Concentration of AFB1:

AFB1 µg/ Kg (ppb) = S x Y x V

		

ZxW

S = Volume of standard matched with sample concentration to give
fluorescence
Y = Concentration of standard

V = Volume of the Sample used

Z = Volume of Sample required to give fluorescence
W = Effective weight of Sample taken

Same procedure to calculate concentrations were followed or

the AFB2, AFG1 and AFG2 spots.

The concentrations of total aflatoxins were calculated by using

underlying equation.

Total AFs (TAFs) = Concentration of AFB1+AFB2+AFG1+AFG2

Statistical analysis

Data was statistically analyzed by using SPSS (One-way ANOVA)

[18].

Results and Discussion
Moisture contents
The pure water content is naturally present in foods called mois-

ture or water activity or natural water content or natural moisture

content. The moisture content of rice is extremely important due
to the management and marketing of paddy and rice. It affects the
physical properties of a substance and acts primarily on quality

control in most food products. It is the most important component

in food products that affects the food stability, food quality and food
shelf life. Temperature is one of the most important factors affecting the value of present water during the measurement of moisture
content [19]. The rice is harvested with 18 to 24 percent natural

water content and the paddy moisture for storage is dried at 12
to 14 percent. In this study, in Central Punjab (Lahore), the mois-

ture content of 10 samples of rice was 13.47%, in Gujranwala 11
samples were 13.50% and in Sahiwal it was 12.50% respectively.
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Furthermore, in the South Punjab samples, the value of moisture

Aflatoxins assessment

tively as shown in the table 1. According to Zheng., et al. [20] differ-

from a solution or a product or an ingredient. Fungi are primarily

of 8 samples of Bahawalpur was measured 8 12.85%. In addition,

TLC is an innovative technique used for the separation of com-

Rawalpindi’s 5 samples of moisture content were 12.67% respec-

pounds or non-volatile compounds or a mixture of compounds

on the quality of rice and moisture content. The moisture content

moisture. Mostly, the rice samples were contaminated with afla-

ent drying temperatures were used to test the effect of treatment

of rice was directly affected on the quality of rice. The results indi-

cated that the value of moisture content has been reduced to 15%
and the quality of rice also reduced. In addition, the moisture content of two different types of rice was measured using the oven

method. The moisture content of Junjuangan rice was 10 to 27%.
Similarly, the moisture in Mundam was 14 to 27%. The moisture
content of the Junjuangan sample was higher than that of the Mun-

responsible for producing aflatoxins in rice in the presence of high

toxins due to unsuitable storage conditions. The standard of afla-

toxin in food according to the recommendations of the Codex, some

countries apply different limits for aflatoxin B1 in food which does
not exceed 9 μg/kg [26]. In this study, the TLC method was used to

detect aflatoxin in white rice. Aflatoxins B1, B2, G1, G2 were detected
in 32 samples (45.7%) as shown in the table 2. The maximum B2 af-

latoxin (32%) was detected in the central Punjab samples. Similar-

dam sample [21]. The average of moisture content was measured

ly, B1 (7.5%) and G1 (7.5%) aflatoxins were also detected in the sam-

by Muhammad., et al. [23] on physicochemical analysis of white

(25%) and 2 samples were detected with G1 aflatoxin (10%) and B1

using the standard oven method. The moisture contents during the

storage were reduced from 22.8% to 16.3% [22]. Another study

and brown rice types. Moisture content was estimated range from

6.84% to 9.08% in ten different types of rice. In the study of Mohd.,

et al. [24] to determine changes in lipid profile, rabbits were given
different doses of processed rice. White rice, brown rice, and ger-

ples of central Punjab. Moreover, 20 samples were collected from
south Punjab in which 5 samples were infected with B2 aflatoxin

(5%). From north Punjab, 10 samples were collected from different
divisions of which 3 samples were also infected with B2 aflatoxin

(30%) and G1 (20%). In the all samples, G2 aflatoxin was not detected. Nisa., et al. [27] research work used the TLC method to detect

minated brown rice were used in the experimental diet. Raw mate-

aflatoxins in different types of rice samples. B1 Aflatoxin (13.31%)

germinated brown rice. Chemical analysis of Nigerian rice carried

The results showed that aflatoxin B1 was present in 40% of white

rial chemical analysis show that the moisture content of white rice
was 7.73% which is significantly lower than that of brown rice, and

out by Oko., et al. [25] indicate that the presence of moisture contents was 7.68%.
Division

Central Punjab
Lahore

Total Samples

Moisture ± SD

10

13.47 ± 0.12

Gujranwala

11

Sahiwal

6

Sargodha

Faisalabad

South Punjab
Multan

Bahawalpur

Dera Ghazi Khan

North Punjab
Islamabad

Rawalpindi

5

8

7

8

5

5

5

13.50 ± 0.07

significantly presented in the white rice. High performance liquid

chromatography can be used to detect the aflatoxins B1, B2, G1, G2.
rice [28]. Aflatoxins were detected from white rice using the dif-

ferent analytical methods such as enzyme-linked immunosorbent

assay and HPLC. The results show that the B1 aflatoxin range was
between 17-90%, which was higher than the European commis-

sion standard values [29]. A study carried out by Mukhtar., et al.

[30], 56% of rice was contaminated by aflatoxins B1 and white rice

also contained 33% of B2 aflatoxin. Similarly, white rice was collect-

12.91 ± 0.15

ed from different cities of Pakistan to detect aflatoxin using HPLC

12.75 ± 0.19

conditions for fungi. Furthermore, 18.46% of aflatoxins B2, G1, G2

12.98 ± 0.09

12.50 ± 0.04

12.85 ± 0.50

10.45 ± 0.31

12.79 ± 0.71

method. Final results show that 42% samples of white rice were

contaminated with aflatoxin B1. In a study by Sultana., et al. [31]
B1 aflatoxins 76.58% was present in white rice due to preferable

were also detected. The previous study conducted on wheat flour in
which all samples were free from aflatoxins because the moisture
level of flour remained below the standard [32].

12.67 ± 0.84

Table 1: Moisture Contents of Different Division of Punjab.
Citation: Waseem Khalid., et al. “Estimation of Aflatoxins (B1, B2, G1 and G2) in Rice Grain Collected from Different Division of Punjab Pakistan". Acta
Scientific Microbiology 4.1 (2021): 90-95.

Estimation of Aflatoxins (B1, B2, G1 and G2) in Rice Grain Collected from Different Division of Punjab Pakistan

4.

Central Punjab
Aflatoxins
Division

Total Samples

B1

B2

G1

G2

Lahore

10

1

3

1

0

Faisalabad

8

0

2

1

0

6.

Gujranwala
Sargodha
Sahiwal

11

2

5

6

0

0

4

2

1

1

0

0

South Punjab

0

0

0

Division

Total
Samples

B1

B2

G1

G2

7.

Multan

7

0

2

1

0

8.

9.

Bahawalpur

Dera Ghazi Khan

Aflatoxins

8

5

1

0

Aflatoxins

3

0

1

0

North Punjab

0

0

Division

Total
Samples

B1

B2

G1

G2

Islamabad

5

1

2

1

0

Rawalpindi

5

0

1

1

0

Table 2: Aflatoxins (B1, B2, G1 and G2) Assessment of Different

Conclusion

Division.

The current survey concluded that Pakistani rice is not free

from aflatoxins. The results showed that these aflatoxins contami-

nation in rice is due to high moisture contents. The high moisture
level of rice is due to poor storage conditions and the climate effect.
Central Punjab samples were contained high aflatoxins contamina-

tion because their moisture level recorded as high. Furthermore,

for the determination of aflatoxins in rice, an advanced technique
like HPLC is required.
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