
Introduction

Plants are the main way of toxic elements and 
especially arsenic (As) transfer from contaminated soil 
to humans. In As-contaminated soil, plants can uptake 
more heavy metal and accumulate it in different organs 
and especially edible parts [1, 2]. This phenomenon is 
especially important for crops with high consumption 
rates, like rice [1-3].

Rice is the most important grain crop worldwide. 
It is the main source of nutrition for about 60% of the 
world’s population [2-6]. It is grown widely in Asia, 
southern Europe, the southern USA, and Africa [2-
6]. The protein component in rice is quite low (7-10%  
by weight), but it forms a major source of protein  
(50%) in developing countries [3-6]. Rice is also the 
second-highest consumption food among Iranian  
people. It is the most common crop grown in  
agricultural lands in Iran [3-6]. Therefore, it is important 
to inhibit the chemical and especially As contamination 
of rice [2-6].

Pol. J. Environ. Stud. Vol. 29, No. 1 (2020), 553-559

              Original Research             

Effects of Pre-Cooking with Acetic Acid and Citric 
Acid on Residual Arsenic Content in Rice

 
 

Roya Behrouzi1, Mohammad Hossein Marhamatizadeh2*, Shahram Shoeibi3, 
Vadood Razavilar1, Hossein Rastegar1

1Department of Food Industries, Islamic Azad University, Tehran, Iran
2Department of Food Hygiene, Faculty of Veterinary Medicine, Kazerun Branch, 

Islamic Azad University, Kazerun, Iran
3Food and Drug Control Laboratories, Food and Drug Deputy, Ministry of Health and Medical Education, Tehran, Iran

Received: 11 February 2018
Accepted: 17 April 2018

Abstract
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Arsenic is a naturally occurring element present 
in water, soils and rock. It is also a toxic element and 
both organic and inorganic As compounds have been 
used widely in agriculture and livestock management 
as insecticides, pesticides, and antibiotics. It is also 
increased in the soil due to several activities such as 
base and precious metal mining and processing, ground 
and wastewater irrigation, sewage sludge in the field and 
fertilizer application [3-6]. 

The most important types of As in rice are inorganic 
As (a class 1 non-threshold carcinogen) and dimethyl 
arsinic acid (DMA). Additionally, traces of mono methyl 
arsonic acid (MMA) have also been reported in rice  
[3-7]. Arsenic is highly toxic in its in organic form. 
Long-term exposure to As from drinking water and 
food can cause cancer and skin lesions. It has also been 
associated with cardiovascular diseases and diabetes. 
Early childhood exposure has been linked to negative 
impacts on cognitive development and increased 
mortality in young adults [3-7].

The allowed limit concentration of As in rice has 
been announced from 100 parts per billion (ppb) by the 
Food and Drug Organization (FDA) [8]. Therefore, it is 
important to decrease the content of As in rice less than 
the allowed limit concentration announced by different 
organizations. Different methods have been developed 
for decreasingthe residual As in rice [9, 10]. However, 
none of them areeconomical. Additionally, all of them 
are industrial methods. Therefore, it is important to 
develop novel methods to decrease or eliminate residual 
As in rice.

According to the high consumption rate of rice 
among Iranian people, high content of residual As in 
rice and the lack of applied methods for decreasing the 
content of As in rice, the present research was done in 
order to study the effects of acetic acid and citric acid 
on the concentration of As element in Iranian rice. 

Materials and Methods

Ethical Consideration

The current research was approved by the Ethical 
Council of Research of the Faculty of Veterinary 
Medicine, Islamic Azad University, Science and 
Research Branch, Tehran, Iran. Verification of this 
research project and the licenses related to sampling 
process were approved by Prof. Vadood Razavilar and 
Dr. Mohammd Hosein Marhamatizadeh. 

Chemicals and Solutions

Analytical reagent-grade chemicals were purchased 
from Merck Company (Merck, Darmstadt, Germany). 
Water purified in a Milli-Q system (Elga Lab water, 
Wycombe, Bucks, UK) was applied for all solutions 
and dilutions. Standard stock solution of As with a 
concentration of 1000 ug/ml was purchased from the 

Sigma Aldrich company (Sigma Aldrich, St. Louis, 
MO, USA). The working standard solutions of As 
were achieved from the intermediate standard solution 
by adding 10% (m/v) hydroxylamine hydrochloride, 
1% (m/v) KI and 0.8% (m/v) ascorbic acid and further 
diluted to 25 ml by 10% HCl.

Instrumental Condition

Digestion and mineralization of rice samples were 
done using the Speed Wave 4 microwave digestion 
system (Berghof Products + Instruments GmbH, 
Eningen, Germany) in Teflon reaction vessels, with 
a maximum pressure of 40 bar and a maximum 
temperature of 230ºC. The As detection was done 
using a Varian Spectra AA 240FS atomic absorption 
spectrometer (Varian Australia, Pty Ltd, Mulgrave, 
Victoria, Australia) equipped with a GTA-120 graphite 
furnace atomizer and deuterium lamp as a background 
corrector. Arsenic was identified by a VGA-77 hydride 
vapor generation system (Varian Australia, Pty Ltd, 
Mulgrave, Victoria, Australia) with air/acetylene flame. 
The operating parameters were as follows:wavelength 
193.7 nm, slit width 0.5 R nm, gain 66%, lamp current 
of 6.0 mA and lamp position 4. Airflow and acetylene 
flow were adjusted to 13.5 and 2.1 L/min, respectively.

Sample Preparation

From June 2017 to August 2017, rice samples were 
collected from the lands in northern Iran, which are 
famous for rice. Additionally, rice from northern Iran  
has been transported to many sites of the world. 
Therefore, it is important to check the chemical quality 
of these rice samples. Rice samples were purchased  
from rice farms in northern Iran (Sari, Iran). The 
effects of the precooking process on reducing arsenic 
contamination were estimated on naturally contaminated 
whole rice samples. In this context, 22 ground rice 
samples were evaluated for the effect of citric acid and 
acetic acid on the concentration of As. Preparation of 
rice samples was done according to traditional cooking 
in a laboratory prior to As extraction. Rice samples 
were primarily washed six times using deionized water. 
Then, rice cooking was done in two forms: Kateh and 
infusion. In the Kateh cooking method, the rice samples 
were soaked separately in citric acid 1% and acetic acid 
1% for 2 h. After soaking, rice samples were washed 
three times using deionized water. In the infusion 
cooking method, rice samples were boiled separately 
in citric acid 1% and acetic acid 1% for 20 min. After 
boiling, rice samples were washed three times using 
deionized water.

Arsenic Extraction and Analysis

Arsenic extraction was done using the method 
described by the Iranian National Standard Organization 
(No. 16722). Briefly, 2 g of rice samples were weighed 



Effects of Pre-Cooking with Acetic... 555

per beaker. Then, 2.5 ml of ashing aid solution  
(MgO 2% + MgNo3 20%) and 5 ml of nitric acid 6.5% 
were added. Samples were completely dried on a heater 
at 70ºC. Samples were placed in a furnace at 450ºC for  
6 h. Then, 5 ml nitric acid 6.5% were added to solutions 
of the previous stage and placed on the heater until dried 
completely. Then, solutions wereplaced ina furnace at 
450ºC for 90 min. In the final step, 1 ml deionized water 
was added to the solution. Then 5 ml HCl 50% and 5 ml 
KI 2.5% with 2% ascorbic acid were added to solution 
of the previous stage in order to reachthe total volume of 
10 ml. After 30 min, the achieved solution was injected 
into the atomic absorption device [11].

Quality Assurance

For estimating the reliability of the results obtained 
from As analysis, the accuracy and precision of 

the method were assessed. Recovery of the As was 
recorded by analyzing a blank rice sample spiked with 
25, 50, 100 and 200 ng/g of As (n = 3). The calibration 
curve for As was linear in the range of 25-200 ng/g  
(R2 = 0.9979). The mean recovery for arsenic was 
99.258% (RSDr = 9.9 – 19.6%). Limit of detection 
(LOD) and limit of quantification (LOQ) for As were  
6 ng/g and 25 ng/g, respectively. Both the recoveries  
and repeatability are in accordance with the criteria set 
by the Codex standard 193-1995 [12].

Results and Discussion

Table 1 represents the results of analysis of the 
concentration of arsenic (As) element in rice samples 
with different preparation operations (n = 22). The 
highest and lowest concentrations of arsenic in studied 

Real Sample
Arsenic concentration (ppb)

Primary rice 
samples

Soaking in water 
(6 times)

Soaking in acetic 
acid (2 h)

Soaking in citric 
acid (2 h)

Boiling in acetic 
acid (20 min)

Boiling in citric 
acid (20 min)

S1 340 200 90 130 180 65

S2 342 201 90 130 180 65

S3 340 200 90 135 185 70

S4 370 210 95 140 180 70

S5 345 205 90 135 180 65

S6 384 250 120 120 180 75

S7 345 200 95 140 190 65

S8 348 202 100 120 190 65

S9 370 210 95 125 190 68

S10 348 202 95 125 180 65

S11 350 205 95 125 190 65

S12 354 208 95 120 200 68

S13 348 202 96 130 180 68

S14 354 207 115 120 185 68

S15 380 245 95 125 185 75

S16 349 202 94 120 180 68

S17 350 208 95 140 180 68

S18 352 208 120 130 190 68

S19 384 253 98 140 190 75

S20 350 210 95 120 180 65

S21 345 210 115 120 200 65

S22 384 220 120 147 200 75

Mean±SD* 356.00±14.70 211.70±15.70 99.70±10.30 129.00±8.30 186.10±6.90 68.20±3.60
*Mean±Standard deviation

Table 1. Results of analysis of arsenic metal in rice samples with different preparation operations (n = 22).
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samples were 380 and 340 ppb, respectively. The 
mean concentration of As in primary rice samples was 
356.0±14.7 ppb. We found that the mean concentration 
of As in rice samples processed with soaking in acetic 
acid, soaking in citric acid, boiling in acetic acid and 
finally boiling in citric acid were 99.7±10.30, 129.0±8.30, 
186.10±6.90 and 68.20±3.60 ppb, respectively. The 
mean concentration of As in rice samples washed with 
deionized water (6 times) was 211.70±15.70 ppb.

Table 2 represents the percentage reduction of As 
in rice samples processed with different pre-cooking 
methods. We found that reduction percentage of the As 
in rice samples soaking in acetic acid, soaking in citric 
acid, boiling in acetic acid and finally boiling in citric 
acid methods were 71.90%, 63.20%, 47.70% and 80%, 
respectively. Six times washing of rice samples using 
the deionized water caused a 40.44% reduction in As 
content. 

Consumption of rice contaminated with heavy 
metals and especially As for a long period of time 
causes severe clinical diseases and syndromes, including 
cancer, chromosomal mutations, and malformation. 
Therefore, finding a convenient and easy way to reduce 
the content of residual As in highly consumed foods 
and especially rice can prevent the occurrence of such 
dangerous disorders. 

As far as we know, the present study is the first 
report of the reducing effects of citric acid and acetic 
acid on the content of residual As in Iranian rice. We 
found that using both citric acid and acetic acid caused 
considerable reducing effects on the content of As in 
rice. However, reducing the effect of citric acid was far 
more than acetic acid. We also found that boilingrice 
samples with citric acid had the highest reducing effects 
on the content of As in rice samples. As it showed, 
the mean concentration of residual As in studied rice 
samples (356.0±14.7 ppb) were higher than the allowed 
limit concentration as determined by the National 
Standard Organization of Iran (0.15 mg/kg) (Institute 
of Standards and Industrial Research of Iran (ISIRI) 
12968) [13]. Detected concentrations were also higher 
than the allowed limit concentration announced by the 
FDA (100 ppb) [8]. It was also higher than the allowed 
limit concentration determined by the Codex (150 ppb)
[12]. Therefore, using the rice samples even for a short 
period of time is a serious risk factor for the occurrence 
of the aforementioned diseases and disorders. 

Food processing such as washing, soaking,  
peeling and cooking causeda significant reduction in 
the content of food contaminants such as heavy metals, 
pesticides and mycotoxins. Soaking and boiling are two 
of the most commonly used processing methods both 

at the industrial and domestic levels. Results of the 
present investigation showed that boiling and soaking 
of rice samples with citric acid and acetic acid caused 
a considerable decrease in the content of residual As. 
We found that the mean concentration of As in rice 
samples processed with soaking in acetic acid and 
boiling in citric acid were 99.7±10.30 and 68.20±3.60 
ppb, respectively, which both were lower than the 
primary concentration of As and also the allowed limit 
concentration announced by the ISIRI, FDA and Codex 
[8, 12, 13].

Several studies have been conducted in this field.  
A previous report [14] looked at the effect of rinse 
washing, low volume (2.5:1 water:rice) and high volume 
(6:1 water:rice) cooking, and steaming on the content of 
residual As in rice. Results showed that rinse washing 
was effective at removing about 10% of the total and 
inorganic As from basmati rice, but was less effective 
for other rice types. The steaming method reduced 
total and inorganic As rice content, while it did not 
do so consistently across all rice types investigated. 
Low-volume water cooking did not remove As. High-
volume water cooking did effectively remove both total 
and inorganic As for the long-grain and basmati rice 
(parboiled was not investigated in high-volume cooking 
water experiment), by 35% and 45% for total and 
inorganic As content, respectively, compared to raw rice 
[14]. Signes et al. (2008) [14] reported that the method of 
rice cooking and also type of rice samples were effective 
on the content of residual As. They showed that cooking 
water and raw and boiled Atabrice contained 40 µg/l 
As and 185 and 315 µg/Kg As, respectively. In general, 
all cooking methods increased total As from the 
levels in raw rice; however, raw boiled rice decreased 
its total As by 12.7% when cooked by the traditional 
method, but increased by 15.9% or 23.5% when 
cooked by the intermediate or contemporary methods, 
respectively. Based on the best possible scenario (the 
traditional cooking method leading to the lowest level 
of contamination, and the Atab rice type with the lowest 
As content), total As daily intake was estimated to be 
328 mg, which was twice the tolerable daily intake of 
150 mg. A recent investigation [15] compared the effects 
of two dehusking processes of wet (soaking of rice, 
boiling and mechanical hulling) and dry (mechanical 
hulling) on the content of residual As in rice. Findings 
obtained from this report showed that hulling of paddy 
rice (373 µg/kg As) significantly decreased As content 
in rice grain (311 µg/kg As). The final As concentrations 
in boiled rice (final product of the wet process) and 
atab rice (dry process) were 332 and 290 µg/kg As. 
Thus, the dry method is recommended for dehusking 

Table 2. Comparison of the reduction percentage of arsenic in rice samples processed with different pre-cooking methods.

Mean reduction percent in 
arsenic/Treatments

Boiling in citric 
acid (20 min)

Boiling in acetic 
acid (20 min)

Soaking in citric 
acid (2h)

Soaking in acetic 
acid (2h)

Soaking in water 
(6 times)

80 47.70 63.20 71.90 40.44
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paddy rice if As-free water is not available. However, 
villagers can reduce the As content in the wet system 
by discarding the soaking water and using new water 
for light boiling. Yim et al. (2017) [16] studied the 
effect of polishing, stirring and rinsing, soaking, or 
pressure-steam cooking on total organic and inorganic 
As content in rice samples. They revealed that with 
increasing numbers of rinses and times stirred per rinse, 
the total As content significantly decreased by 27.6% in 
brown rice and 39.0% in white rice with a 10% degree 
of polishing (10 DOP%). The increase in ratio of water 
to rice from 1.5:1 to 6:1 reduced total As by 4.4 to 7.5%, 
depending on soaking time. The total As concentrations 
found in samples prepared using the optimal process 
for cooked brown rice and for white rice with 5 DOP%, 
7 DOP%, and 10 DOP% were 56.1, 49.6, 52.0, and 
42.0%, respectively, compared with those after bran 
residues were removed. As far as we know, the reported 
concentration of As in rice samples was the highest 
report of the residual As in rice samples in the world. 
Similar results were reported by Naito et al. (2015) [17], 
who reported that total and inorganic As levels in three 
white rice samples polished by removing 10% of bran 
by weight were reduced to 61-66% and 51-70% of those 
in brown rice. They showed that the As levels in the 
white rice after three washings with deionized water 
were reduced to 81-84% and 71-83% of those in raw 
rice. Other studies reported that temperature degree and 
time of cooking of foodstuffs and especially rice caused 
a decrease in the content of chemical contaminants and 
especially As [9, 18]. 

The current study was focused on the using of the 
infusion and kateh rice cooking popular methods. 
These methods are affiliated with using boiled water 
for a considerable period of time. The highest reduction 
percentage of As was shown in boiling preparation 
method in citric acid 1% (80%). However, the lowest 
decrease in the content of As was reported for rice 
rinsing with deionized water (40.44%). Therefore, 
boiling of rice samples in citric acid in both modes of 
infusion and kateh leads to an 80% reduction in the 
content of As. Signes-Pastor et al. (2017) [19] reported 
the considerable effects of pre-cooking procedures, 
including rinsing and peeling on the reduction of heavy 
metals and especially As in foodstuffs. Al-Saleh and 
Abduljabbar (2017) [20] reported that the mean level 
of As in rice grain samples was 0.202 (0.183) µg/g dry 
weight. They showed that the mean concentration of 
As in rice samples soaked in water and those rinsed 
three times with water were 0.202 and 0.183 µg/g dry 
weight, which showed the higher effects of the soaking 
procedure in water. Soaking or rinsing rice grains with 
water decreased As levels in all brands but not to safe 
levels [19, 20]. Therefore, soaking or rinsing rice grains 
only with water is not sufficient to reduce the risk of 
residual As. 

Documented data have revealed that using a 
suitable method to reduce the content of residual 
lead is dependent on the type of foodstuff, type of 

chemical contaminants and time of processing stage 
[21]. Temperature, time and method of cooking were 
introduced as gold factors for reducing the content of 
As in rice [22]. Chen et al. (2003) [23] reported the 
considerable effects of organic acids like citric acid and 
acetic acid on reducing As and other types of heavy 
metals in different types of foodstuffs. However, their 
reported method was not applied and the percentage 
of reduction was lower than our findings. High effects 
of organic acids like acetic acid and citric acid were 
reported for reducing heavy metals in different types of 
foodstuffs [24]. 

The main reason for the high effects of the citric 
acid and acetic acid on the content of residual As in rice 
is the fact that the combination of acidic pH and high 
temperature might lead to changes in the chemical forms 
of metals or dissociate them from the food proteins [25].
pH has always been one of the factors investigated in 
studies performed on heavy metal reduction in foods. 
These organic ring compounds include many organic 
acids such as lactic acid, acetic acid, citric acid, and 
ascorbic acid, which are classified as weak acids and 
have the ability to sequester or seize metal atoms such 
as As, mercury, cadmium, and lead [25]. Therefore, 
using organic acids and especially citric acid and 
acidic acid as chelating agents is effective for reducing 
the content of residual As in rice. The high presence 
of As and other types of toxic heavy metals have also 
been reported from Iran [26-29]. Xu et al. (2014) [30] 
reported that the content of residual heavy metals in 
rice in the deep solutions were safe according to the 
environmental quality standard for groundwater. They 
showed that irrigation management has a significant 
effect on the content of residual toxic heavy metals in 
rice. Tahir Amin et al. (2017) [31] reported that using 
date palm fibers and orange peel in agricultural lands 
caused a significant decrease in the content of toxic 
heavy metals, which showed the effect of management 
in the content of heavy metals in plans. Razafsha et al. 
(2016) [32] reported that using sour lemon peel caused 
a significant decrease in the content of heavy metal 
in rice. They showed that cooking rice by soaking 
rinsed rice samples by NaCl 2% and sour lemon peel 
modified by phosphoric acid 1% at least for 1 hours had 
the greatest effect (P<0.001) with regards to lowering 
lead and cadmium levels in cooked rice. Specifically, it 
preferentially reduced the cadmium content by 96.40%, 
nickel content by 67.90% and lead content by 90.11% 
from the raw rice, when combined with rinse washing 
and being soaked by salt for one-hour contact time. 
Similar findings have been reported by Naseri et al. 
(2014) [33].

Conclusion

In conclusion, we identified an easy and safe method 
based on the soaking and boiling of rice samples in 
citric acid and acetic acid for removing or reducing  
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the content of residual As in rice samples. We found  
that the mean concentration of As in Iranian rice 
samples was 356±14.7 ppb, which was higher than the 
allowed limit concentration announced by different 
health-related organizations. The mean concentration 
of As in rice samples processed with soaking in 
acetic acid, soaking in citric acid, boiling in acetic  
acid and finally boiling in citric acid were 99.7±10.30, 
129.0±8.30, 186.10±6.90 and 68.20±3.60 ppb, 
respectively. We found an 80% decrease in the 
content of As prior to treatment with citric acid. 
Additionally, reducing the effects of acetic acid were 
also considerable. Citric acid is the main organic acid in 
lemon juice and acetic acid is the main one in vinegar. 
Therefore, household soaking and boiling of rice in 
vinegar and especially lemon juice are efficient, safe, 
simple and rapid methods for decreasing the content of 
residual lead in rice.  
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