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Aflatoxin Detoxification in Rice using Citric Acid
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Abstract

Background: Aflatoxins cause health hazards to human and animals and has also economical problems. Therefore, the de-
toxification effect of citric acid was investigated in rice as the main food of Iranian people.

Methods: Initially 275 samples of rice were examined for aflatoxins by HPLC. The aflatoxins contaminated samples were
later treated by aqueous citric acid and detoxification of aflatoxins were quantified using HPLC.

Results: Among the 275 samples analyzed, aflatoxin B, and aflatoxin B, were detected in 211(76.72% of total) samples.
Aflatoxin B; was detected in 203(73.82% of total) samples with a mean and standard deviation of 2.3+10.21ppb. Aflatoxin
B, together with aflatoxin B; were detected in only 8(2.91% of total) samples with a mean and standard deviation of
1.38+2.7ppb of aflatoxin B, and 2.99+1.56 of aflatoxin B, respectively. Aflatoxin B, level in 5 samples (1.82%) was above
the maximum tolerated level of aflatoxin B, in Iran (5ppb). However considering the Iranian maximum tolerated level for
aflatoxins in rice (30ppb), only 3(1.09%) samples were above the 30ppb and also in regard to the European maximum toler-
ated level for aflatoxins in rice (4ppb), only 9(3.27%) samples were considered as higher than 4ppb.

Conclusion: The HPLC assay showed that although aflatoxins with a concentration of <30 and <4 ppb in the rice samples
were completely degraded, but 97.22% degradation occurred in rice contaminated with >30 and >4ppb when treated with

IN citric acid. These results revealed the efficacy of 1N citric acid in reducing aflatoxins levels in rice.
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Introduction

Aflatoxins (AFT), belong to the secondary me-
tabolites produced mainly by Aspergillus flavus
(1), A. parasiticus, A. nomius and A. tamarii on
a wide spectrum of foods (2-3). This toxic sub-
stance, with four out of 20 different types which
are much known and studied; including B, Bo,
G; and G; could lead to some health problems
such as acute and chronic poisoning among ani-
mals and human beings; acute hepatic destruc-
tion, cirrhosis and some malignancies as well as
immunodeficiency causing recurrent infections (1,
4-6). This has been disclosed that AFT contami-
nates about a quarter of foods and causes very
prominent economic loss annually (4,6). Conse-
quently, many of committees and institutes have
defined standards for acceptable amounts of the

mentioned mycotoxin in foods because of its be-
ing harmful. For instance, a European committee
named “Codex” has defined an acceptable maxi-
mum of 4 ppb of AFT in rice. This acceptable
amount for aflatoxin B; (AFB;) is 5-10 ppb in
feedstuffs and 4 ppb in foodstuffs. The allowed
amount which has already been defined in Iran is
30 ppb for AFT and 5 ppb for AFB; in rice (7).

Many studies have been performed in order to con-
trol the contamination of human and animal foods
through physical, chemical and biological methods.
They convert the toxin into less harmful materials
with less mutagenic effects (8). These chemicals
mainly include acids (9-10); bases (11-15); oxidizing
agents (7, 16,17); bisulfites (18-22) and gases (5, 6).

This study was carried out to detect the aflatoxin
contamination rate among different rice samples in
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the market of Tehran Iran in addition to evaluate
the decontaminative potential of aqueous citric acid
(CA) on the contaminated samples. Rice, as the
common foodstufts over the world, especially in
our country, Iran, was selected as a very effec-
tive field to study on.

Materials and Methods

This study was conducted over the 19 mo from
1- Mar -2008 to 1-Nov-2009 in Mycology La-
boratory, School of Public Health, Tehran Uni-
versity of Medical Sciences, and Scientific and
Research Laboratory of Farogh, Tehran, Iran.
The sample size of 275 was calculated by con-
sidering a 95% confidence interval and 0.06 study
accuracy based on the previous similar perform-
ances (23 and unpublished data).

This investigation was done on totally 275 im-
ported rice samples (5kg each) that were ran-
domly purchased and collected from the mar-
kets in Tehran, Iran according to method of the
Iranian national standards of to assess aflatoxin
existence rate and affect of CA treatment on the
contaminated ones. Rice samples were stored in
zip-locked plastic bags at 4° C until being sampling
for aflatoxin analysis in agricultural products (24).

Sample preparation

For minimizing the sub-sampling error in AFT
analysis, all the samples were ground with miller,
thoroughly mixed and collected in a plastic bag.
Finally, 50g of test portion from the ground sam-
ples was taken for analysis by high performance
liquid chromatography (HPLC) method.

Extraction and clean up

Samples were analyzed using HPLC method (the
AOAC official method 999.07 as the same as
ISIRI 6872, national standard, 2004) (25) with
some minor modifications. The test portion, re-
garding HPLC analysis, was extracted using 200
ml of methanol/water (80ml/20ml). After filtering,
the extract was diluted by water before being
filtered through a glass microfiber filter.
Aflatest immune-affinity columns (IACs) were
used to clean up the samples. Initially, 10 ml of

phosphate buffer saline (PBS) passed through the
IAC. Then, 75 ml of the filtrate passed through the
IAC at a flow rate of ca.l drop per second. The
column was washed with 15 ml water and dried
by applying little vacuum. Finally AFT was eluted
using methanol through two following steps; 0.5
ml methanol was applied on the column and was
allowed to pass by gravity, 1 ml additional metha-
nol was poured on the column after a minute and
eluate was later collected. The eluate was finally
diluted by water before being analyzed by HPLC.

HPLC procedure

Reverse-phase HPLC was mainly applied to quan-
titate AFT along with fluorescence detector fol-
lowed by post column derivatization (PCD) in-
volving bromination using a water HPLC system
(pump 1525; fluorescence detector 2475; analyti-
cal column Nova-pack-C18 250x4.6 mm: 4 um).

We used Kobra cell and adding bromide to the
mobile phase to achieve PCD. 100 pl of diluted
AF eluate was then injected into HPLC. Mobile
phase included water, methanol, acetonitrile mix-
ture with the 600:300:200 (V/V/V) ratio in addition
to 350 pl of nitric acid 4 mol/l and 120 mg potas-
sium bromide with a 1 ml/min flow rate (23).

The fluorescence detector was operated at wave-
lengths of 365 nm and 435 nm as excitation and
emission, respectively. A five-point calibration curve
was drawn daily for different types of AFT in-
cluding AFB;, AFB,, AFG; and AFG, (Sigma,
USA) to compare and find linear correlation in rice
samples. The LOD for AFB,, AFB,, AFG,, AFG,
and AFT were 0.1 ppb, 0.08 ppb, 0.15 ppb, 0.07
ppb and 0.4 ppb, respectively.

Acidification of the rice samples carried out after
analyzing the rate of the contamination among them
(1) is as follows:

Three 500g subsamples were picked up from each
of ground rice samples with aflatoxin total level 1
(containing < 30 ppb and < 4 ppb) and aflatoxin
total level 2 (AFT > 30 ppb and > 4 ppb) and were
treated with 1N aqueous CA for 15 min (3 ml/g
of contaminated rice) before being filtered through a
micro-fiber filter to get rid of excess water and
dried in a vacuum oven at 40 °C for 48 h.
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The treated samples were stored in labeled clean
plastic bags at 4 °C for further analysis and evalua-
tion of the effects of acidification later is being
done. We analyzed and rechecked the contami-
nation rate of the CA treated samples after 48 h
by HPLC to evaluate the efficacy of rice detoxi-
fication with CA. All tests were carried out at
least two times for each sample.

Statistic analysis

The data were analyzed by pair #-test to compare
the contamination rate before and after acidifi-
cation of the rice samples. A significance value
of (o= 0.05) was used to distinguish significant
differences between treatments. Student t-test was
assessed for comparison of mean values for AFT
and AFB; with Iranian and EU standards. Sta-
tistical significance was assured at P< 0.05.

Safety

All handling of toxic compounds were done in
the fume hood with protective wears. The glass-
wares were washed with hypochlorite and dilute
acid before re-using and waste materials treated
with hypochlorite before disposal.

Results

Out of total 275 rice samples were analyzed, afla-
toxin B; and/or B, were detected in 211 (76.72%)
among which 203 (73.82%) had only AFB,; with
the mean and standard deviation of 2.3+10.21 ppb
while other 8 (2.91%) were contaminated with
AFB; and AFB; of 1.38+2.7 ppb and 2.99+1.56
ppb respectively. AFG; and AFG; were not de-
tected in tested rice samples. None of the aflatox-
ins were found in 64 (23.27%) samples.
Regarding the Iranian and European standards for
Maximum Tolerated Levels (MTL) (26), we ad-
justed two levels of AFT to level 1 which was for
AFT concentration < 30 ppb, < 4 ppb and level 2
with > 30 ppb, > 4 ppb.

AFB, level of 5 samples (1.82%) were higher than
the mentioned MTL of 5 ppb, while 3 of those
samples (1.09%) had AFB; level higher than 30
ppb. The results of HPLC assay before and after
treatment of rice samples with IN CA are sum-
marized in Table 1.

Tablel: Aflatoxin contents of rice samples before and after treatment with aqueous citric acid regarding to the MTL levels
of Iranian (30 ppb) and EU (4 ppb) standards for AFT

Aflatoxin fluorescence strength®

Particulars Detoxification rate (%) "
No. of Samples Total (ppb) Post-reaction (ppb)

Aflatoxin level 1 (<30) 208 1.13+1.16 ND°¢ 100

Aflatoxin level 1 (<4) 202 0.99 +0.76 ND¢ 100

Aflatoxin level 2 (230) 3 86.33+£5.73 2.85+0.28 97.22

Aflatoxin level 2 (>4) 9 32.76 + 38.05 2.85+0.28 97.22

a: Mean =+ Standard deviation, b: Measured as loss of fluorescence, c: Not detected

Discussion

Comprehensive contamination control and treat-
ment of agricultural foods would be vital to the
human and domestic animals’ health. Teratogenic
and hepatotoxic effects of aflatoxin are important,
especially on the mentioned animals because of
their inevitable roles in the lives of the human
beings. Several studies have been carried out to
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assess the rate of contamination with AFT among
many products as well as the performance of con-
trol methods to remove this dangerous alloy, one
of which was performed by Mazaheri between
2006 to 2007 (23) that was similar to the present
study. She enrolled 71 rice samples in her study
and detected AFT (B, B>, G| and G5) contamination
in 59 cases. Through the mentioned study she re-
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ported the most rate of contamination for AFB;,
followed by the equal rates for the others which
are in agreement with our study except for
AFG; and AFG, which have not been detected
in our samples. One probable reason for this dif-
ference seems to be the origin of rice samples.
In spite of worldwide investigations about afla-
toxin contamination and aflatoxin detoxification
of other grains such as maize and wheat, little
was known about rice as a main food of Iranian
particularly in Iran. Therefore specific attempts
have been made to find a way against aflatoxin
as an important health hazard.

CA(2-hydroxy-1, 2, 3,-propanetricarboxylic acid)
is a major commodity chemical manufactured by
industrial fungal fermentation after ethanol. Among
many uses of CA, about 70% is used in the food
industry and 10% in cosmetics and pharmaceu-
ticals. The remainder is employed for diverse in-
dustrial purposes, including and increasing use
in liquid wash products. Due to its low toxicity
and medical properties it is considered as a health
drink. CA and other organic acids are used ex-
tensively to adjust the acid flavor of soft drinks,
fruit and vegetable juices and candies. Being a
natural ingredient in many fruits and juices, citric
acid effectively brings out flavors and blends well
with flavor systems. This important food addi-
tive also serves as an antimicrobial preservative,
retarding the growth of spoilage organisms (27).

A research was carried out on maize in order to
evaluate the detoxifying effects of chemicals (1).
Like the present study they used 1N aqueous
CA and got success rates of 100% and 97.22%
in case of AL; and AL,, respectively. These rates
of success were completely similar to our find-
ings apart from our a bit non-significant better
result in case of AL, (post-reaction AFT equal
to 2.85+0.28 ppb in our study vs. 3 ppb (1).
Through another trial (8), 1N aqueous CA was
affected on duckling feed contaminated with 110
ppb AFB,;. The authors succeeded in 86% and
showed a great reduction in mutagenic activity by
Ames test on Salmonella TA100 strains (28).
They also compared the effect of citric acid with
lactic acid on sorghum in another work and showed

higher detoxification rate for the former against AFT
(29).

It seems that CA might acts on AFT as lactic acid
(10) which other detoxification ways also have been
tried by many investigators (10). For instance,
Jun-Ho Hwang et al. studied on Korean and US
wheat and found that AFB; was better removed
during heating than washing (30). In addition, wet
wheat was decontaminated more than dried one
during heating. Furthermore, McKenzie et al. ob-
tained acceptable results with application of 20%
ozone in AFT degradation (17).

Sodium hypochlorite is another chemical substance
was used with commercial bleaches (31). The re-
sults showed a complete destruction of AFT in a
very short time with high concentrations of 5-6%
or 0.67 M to 0.81 M of NaOCl.

After a great deal of study, (29), the authors called
aqueous citric acid a vital chemical in AFT
detoxification, especially under appropriate extrusion
conditions. They reclaimed that the mentioned che-
mical was effective against AFT without affecting
the physicochemical functions and textural prop-
erties of the extrudates.

In conclusion, as agricultural products such as
cereals make up the main part of pets’ and other
domestic animals’ foods (32-34) and regarding 88%
AFB; and 66.6% AFB, contamination rates in
corn products in northern Iran based on Yazdan-
panah’s report (32), it would be a note worthy to
prevent comprehensively any AFT contamination
among them and treat the alloyed ones. More
studies could also be done to offer a way of che-
mical control for the products at risk of contamina-
tion in the future.

Ethical Consideration

All Ethical issues (such as informed consent, con-
flict of interest, plagiarism, misconduct, co-author-
ship, double submission, etc) have been consid-
ered carefully.

Acknowledgements

The study was supported by Faculty of Specialized
Veterinary Sciences, Science and Research Branch,
Islamic Azad University, Tehran, Iran.

27



Iranian J Publ Health, Vol. 39, No.2, 2010, pp.24-29

References

1. Méndez-Albores A, Ara’'mbula-Villa G, Loa-
rca-Pin MGF, Castan"o-Tostado E, Mo-
reno-Marti'nez E (2005). Safety and effi-
cacy evaluation of aqueous citric acid to
degrade B-aflatoxins in maize. Food Chem
Toxicol, 43: 233-38.

2. Diener UL, Davis ND (1966). Aflatoxin pro-
duction by isolates of Aspergillus flavus.
Phytopathol, 56: 1390-93.

3. Bullerman LB, Hartman PA, Ayres JC
(1969). Aflatoxin production in meats. I.
Stored meats. Appl Microbiol, 18: 714-17.

4. Pai MR, Bai NJ and Venkitasubramanian
TA (1975). Production of Aflatoxin M in
a Liquid Medium. Appl Microbiol, 29:
850-51.

5. Brekke OL, Stringfellow AC, Peplinski AJ
(1978). Aflatoxin inactivation in corn by
ammonia gas: laboratory trials. J Agric
Food Chem, 26: 1383-89.

6. Samarajeewa U, Sen AC, Fernando SY,
Ahmed EM, Wei CI (1991). Inactivation
of aflatoxin B; in corn meal, copra meal and
peanuts by chlorine gas treatment. Food
Chem Toxicol, 29: 41-47.

7. Cater CM, Choon Rhee K, Hagenmaier RD,
Mattil KF (1974). Aqueous extraction an
alternative oilseed milling process. J Am
Oil Chem Soc, 51: 137-141.

8. Méndez-Albores A, Del Rio-Garcia JC,
Moreno-Martinez E (2007). Decontami-
nation of aflatoxin duckling feed with aque-
ous citric acid treatment. Animal Feed Sci
Technol, 135: 249-62.

9. Reiss J (1976). Prevention of the formation of
mycotoxins in whole wheat bread by citric
acid and lactic acid (Mycotoxins in food-
stuffs. IX) Ix. Cell Mol Life Sci, 32: 168-69.

10. Shuklaa RS, Verma RJ, Mehta DN (2002).
Kinetic mechanistic investigations on reduc-
tions of aflatoxins by lactic acid. Bioorganic
& medical chemistry letters, 12: 2737-41.

11. Dollear FG, Mann GE, Codifer LP, Gardner
HK, Koltun SP, Vix HLE (1968). Elimina-

28

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

tion of aflatoxins from peanut meal. J Am
Oil Chem Soc, 45: 862-65.

Mann GE, Codifer LP, Garner HK, Koltun
SP, Dollear FG (1970). Chemical inactiva-
tion of aflatoxins in peanut and cottonseed
meals. J Am Oil Chem Soc, 47: 173-76.

Park DL, Jemmali M, Frayssinet C, LaFarge-
FC, Yvon M (1981). Decontamination of
aflatoxin-contaminated peanut meal using mo-
nomethylamine: Ca(0H),.J Am Oil Chem Soc,
58: A995-A1002.

Park DL, Lee LS, Koltun SA (1984). Dis-
tribution of ammonia-related aflatoxin reaction
products in cottonseed meal. J Am Oil Chem
Soc, 61: 1071-74.

Park DL, Lee LS, Price RL, Pohland AE
(1988). Review of the decontamination of
aflatoxins by ammoniation: current status
and regulation. J Assoc Off Anal Chem, 71:
685-703.

Applebaum RS, Marth EH (1982). Inactiva-
tion of aflatoxin M; in milk using hydrogen
peroxide and hydrogen peroxide plus ribo-
flavin or lactoperoxidase. J Food Prot, 45:
557-60.

McKenzie KS, Sarr AB, Mayura K, Bailey
RH, Millar DR, Rogers TD, et al. (1997).
Oxidative degradation and detoxification of
mycotoxins using a novel source of ozone.
Food Chem Toxocol, 35: 807-20.

Doyle MP, Marth EH (1978a). Bisulfite de-
grades aflatoxin: effect of citric acid and me-
thanol and possible mechanism of. J Food
Prot, 41: 774-80.

Doyle MP, Marth EH (1978b). Bisulfite de-
grades aflatoxin: effect of temperature and
concentration of bisulfite. J Food Prot, 41:
891-96.

Moerck KE, McElfresh P, Wohlman A, Hilton
BW (1980). Aflatoxin destruction in corn us-
ing sodium bisulfit, sodium hydroxide and
aqueous ammonia. J Food Prot, 43: 571-74.

Hagler WM, Hutchins JE, Hamilton PB (1982).
Destruction of aflatoxin in corn with so-
dium bisulfate. J Food Prot, 45: 1287-91.



M Safara et al: Aflatoxin Detoxification in...

22. Hagler WM, Hutchins JE, Hamilton PB (1983).
Destruction of aflatoxin in corn with sodium
bisulfate: isolation of the major product
aflatoxin B1. J Food Prot, 46: 295-300.

23. Mazaheri M (2009). Determination of afla-
toxins in imported rice to Iran. Food Chem
Toxicol, 47: 2064-66.

24. ISIRI 2581 (Institute of Standard and Indus-
trial Research of L.R. Iran) (1998). Sam-
pling of Agricultural Product for Aflatox-
ins. National Standard No. 2581.

25. ISIRI 6872 (Institute of Standard and Indus-
trial Research of I.R. Iran) (2004). Food-
stuffs, Determination of Aflatoxins by HPLC
and Clean up by IAC. National Standard
No. 6872.

26. ISIRI 5925 (Institute of Standard and Indus-
trial Research of LR. Iran), 2002. Maxi-
mum Tolerated Limits of Mycotoxins in
Foods and Feeds. National Standard No.
5925.

27. Khachatourians GG, Arora DK (2001). Ap-
plied mycology and biotechnology, Vol.l.
Elsevier.

28. Méndez-Albores A, Martinez-Bustos F, Gay-
tan-Martinez M, Moreno-Martinez E (2008).
Effect of lactic and citric acid on the sta-
bility of B-aflatoxins in extrusion-cooked
sorghum. Let Appl Microbiol, 47: 1-7.

29. Méndez-Albores A, Veles-Medina J, Urbina-
Alvarez E, Martinez-Bustos F, Moreno-
Martinez E (2009). Effect of citric acid on
aflatoxin degradation and on functional and
textural properties of extruded sorghum.
Animal Feed Sci Technol, 150: 316-29.

30. Hwang JH, Lee KG (2006). Reduction of
aflatoxin B; contamination in wheat by
various cooking treatments. Food Chem,
98: 71-75.

31. Yang CY (1972). Comparative studies on the
detoxification of aflatoxins by sodium hy-
pochloritr and commercial bleaches. Appl
Microbiol, 24: 885-90.

32. Yazdanpanah H, Miraglia M, Romana F,
Brera C, Rasekh HR (2001). Natural occur-
rence of mycotoxins in cereals from Ma-
zandaran and Golestan provinces. Arch
Iran Med, 4: 107-14.

33. Axwell M, Abriel G, Revor T (2006). Mycotox-
ins in pet food: a review on worldwide pre-
valence and preventative strategies. J Agric
Food Chem, 54: 9623-35.

34. Kabak B, Dobson AD, Var I (2006). Strate-
gies to prevent mycotoxin contamination of
food and animal feed: a review. Crit Rev
Food Sci Nutr, 46: 593-619.

29



