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Abstract 

ice provides not less than 21% of global 
human per capital energy and 15% of per 
protein. Rice is grown under different 

condition and production system. It can be grown 
in different environments. Rice is central to the 
live of billions of people around the world. Rice 
belongs to the genus Oryza and has two 
cultivated and 22 wild species.  It's grown all over 
the world. Rice is the only cereal crops that can 
grow for long period of time in standing water. 
The heavy metal contamination of rice during 
planting, processing, and transportation is not 
known to people. Therefore, this experiment was 
carried out to determine the levels of some 
minerals in different types of rice form different 
country (Thailand and India rice brands), 

imported to the town 
(Saki). The thirteen (13) 
samples of imported rice 
(from Thailand and India) 
obtained were grounded 
and sieved with a 0.01 
mm sieve separately and 

then digested. During 
digestion,1 gram of each 
sample was weighed in a 
50 millimeter graduated 
Pyrex digestion tube.25 
milliliter of deionized 
water was added 
followed by the addition 
of 4 millimeters of 1:1 
concentrated Nitric-
Perchloric acids (HNO3 -
HClO4) then 5 millimeters 
of concentrated 
Hydrochloric acid (HCl) 
was also added. The 
digested samples 
obtained were then 
analyzed for the presence 
of (K, Ca, Mg, Na, Ni and 
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Fe) using AAS method. The analysis revealed the 
concentration of tested minerals (potassium, 
calcium, magnesium, sodium, nickel and iron) 
within the range of 0.010±0.95 mg/kg in the 
Thailand samples while India samples showed the 
concentrations of these minerals in the range of 
0.01± 2.73 mg/kg. However the presence of 
chromium and cadmium were not detected in the 

samples. 
Notwithstanding, the 
concentration of all the 
tested minerals are 
within the permissible 
limit recommended by 
international standards.  

INTRODUCTION 

ice, a member of the family Poaceae, is one out of the three leading 

crops in the world and has a variety of uses. People have used rice 

to make snacks, desserts, main courses, alcoholic beverages and 

special foods for religious ceremonies. As a nutrition source, rice is 

abundant in carbohydrates while being low in nitrogenous matter and fat. 

For millions of people rice is ¾ of their total diet. In looking towards the 

future, scientists are working tired less on a technique to maximize year-

round production of the crop on a given plot of land in order to increase 

yields for rice eating populous. 

 

 
(Zhand et al., 2008). 
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Rice has fed more people over a longer period of time than any other crop. 

As far back as 2500 B.C according to Zhuang et al., 2009 rice has been 

documented in the history books as a source of food and for tradition as 

well. It originated in China and the surrounding areas (Vaughan et al., 2008), 

its cultivation spread throughout Sri Lanka, and India. It was then passed 

onto Greece and areas of the Mediterranean. Rice spread throughout 

Southern Europe and to some of North Africa. From Europe, rice was 

brought to the New World. From Portugal it was brought into Brazil and 

from Spain to Central and South America. (Londo et al., 2006). Rice could 

have taken to many parts of the world due to its versatility. It is able to grow 

in the desert conditions of Saudi Arabia, in the wetland deltas of Southeast 

Asia and in the flooded rice plains which we are most familiar with. Two 

species have emerged as our most popular cultivated rice. Oryza sativa and 

Oryza glaberrima, of these two species the more widely produced is Oryza 

sativa(Beaujard et al., 2011).  From an early history in the Asian areas rice has 

spread and is now grown on all continents except Antarctica. Being able to 

grow in this wide spectrum of climates is the reason rice is one of the most 

widely eaten foods of the world. 

Rice is often characterized as one of three varieties such as long grain, 

medium grain or short grain rice. These varieties refer to the length and 

shape of the grain. Long grain rice will have a longer cylindrical shape, 

whereas short grain rice will be shorter and wider. 

Cooked, enriched, white, long-grained rice is composed of 68% water, 28% 

carbohydrates, 3% protein, and negligible fat. In a 100 gram serving, it 

provides 130 calories and contains no micronutrients in significant amounts, 

with all less than 10% of the Daily Value (DV). Cooked, white, short-grained 

rice also provides 130 calories and contains moderate amounts of B 

vitamins, iron, and manganese (10–17% DV) per 100 gram amount. A detailed 

analysis of nutrient content of rice suggests that the nutrition value of rice 

varies based on a number of factors. It depends on the strain of rice, that is 

between white, brown, red, and black (or purple) varieties of rice – each 

prevalent in different parts of the world. It also depends on nutrient quality 

of the soil rice is grown in, whether and how the rice is polished or 
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processed, the manner it is enriched, and how it is prepared before 

consumption. (Juliano Bienvenido, 1993). 

Rice is the staple food of over half the world's population. It is the 

predominant dietary energy source for 17 countries in Asia and the Pacific, 

9 countries in North and South America and 8 countries in Africa. Rice 

provides 20% of the world’s dietary energy supply, while wheat supplies 19% 

and maize (corn) 5%. (“Rice is Life”, 2004) 

Heavy metals are natural constituents of the Earth's crust. Because they 

cannot be degraded or destroyed, heavy metals are persistent in all parts of 

the environment. In small amounts, they enter the human body via food, 

drinking water and air. Living organisms require varying amounts of "heavy 

metals". Iron, cobalt, copper, manganese, molybdenum, and zinc are 

required by humans. Excessive levels can be damaging to the organisms. 

Therefore, heavy metals can be described as any metallic element that has 

a relatively high density and is toxic or poisonous at low concentrations. 

Human activities affect the natural geological and biological distribution of 

heavy metals through pollution of air, water, and soil. Humans are also 

responsible for altering the chemical forms of heavy metals released to the 

environment. 

Heavy metal toxicity by allowing it to bio accumulates in plants and animals, 

bio concentrate in the food chain, or attack specific organs of the body. 

Bioaccumulation refers to an increase in the concentration of a metal in a 

biological organism over time, compared to the normal concentration in the 

environment Many metals and other chemicals accumulate in living things 

any time they are taken up and stored faster than they are broken down' 

(metabolized) or excreted. Some heavy metals such as mercury and lead are 

toxic metals that have no known vital or beneficial effect on organisms, and 

their accumulation over time in the bodies of animals can cause serious 

illness. Certain elements that are normally toxic are, for certain organisms 

or under certain conditions, may be beneficial. Examples include vanadium, 

tungsten, and even cadmium. Heavy metals are stable and persistent 

environmental contaminants since they cannot be degraded or destroyed. 

Therefore, they tend to accumulate in the soil, seawater, freshwater, and 
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sediments. In small quantities, certain heavy metals are nutritionally 

essential for a healthy life (e.g., iron, copper, manganese, and zinc). Some 

of these are referred to as the trace elements. These elements, or some 

form of them, are commonly found naturally in foodstuffs, in fruits and 

vegetables, and in commercially available multivitamin products 

Rice, especially white rice, Oryza sativa L. is the staple in the diet of various 

people in Nigeria, Japanese, Korean and the other countries (Jung, 2011). 

Rice is the main food eaten three times a day; with fish and seafood 

supplying the principal source of protein.  Many researchers have reported 

trace element concentrations, especially for As, Cd, Pb and the other 

elements in rice grains from various countries. Various studies have also 

focused on the investigation of a Dietary Reference Intake (DRI) or a 

Provisional Tolerable Weekly Intake (PTWI) value for essential and trace 

elements by consuming food, drinking water and nutrition (Jung et.al.,  

2011). It is also known that people, especially those who take rice as staple 

food for daily energy, are inevitably exposed to significant amounts of 

heavy metals including cadmium and lead via rice (Temidayo, 2012). Rice 

cropped even from non-polluted areas may be contaminated because of 

fertilizers that are used in farm, having the presence of heavy metals 

(Khaniki and Zazoli, 2011). The input of potentially harmful heavy metals by 

anthropogenic activities has created a contamination problem in soil, air and 

water. 

Processing of food for consumption is as vital and important as the food 

itself. During this processing such as milling with machine and pounding 

with wooden pestle and mortar, toxic materials or elements from the 

processing implements may be introduced into the matrix of the food 

material. These grinding plates produced from the casting method are not 

regulated by any standard procedure for defects (standard chemical 

composition) and health impacts before being introduced to the market, 

hence may pose high risk to end users. Although wearing of these plates 

into the food during the milling process is inevitable, the rate of these wear 

and the levels of contamination they introduce into our food is not known. 
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A defective plate (in chemical structure) will wear faster. The health impacts 

of using a defective grinding plate are enormous.  

 

SAMPLE COLLECTION 

Thirteen rice samples of imported brands were purchased on different 

occasions from local markets in and around the town of Saki West Local 

government, Oyo state, Nigeria. Samples were collected in freshly 

purchased into well labeled clear, clean polyethylene zip lock sampling bags 

for analysis. 

 

 Reagents 

All stock standard solutions, chemicals and reagents used in this study were 

of analytical grade unless otherwise stated. All dilutions were made with 

deionized water. Reagents used in this study include Hydrochloric acid 

(HCl), Perchloric acid (HClO4), and Nitric acid (HNO3). The 98 % HCl, 70 % 

HClO4 and 65% HNO3 concentration acids used. 

 

Sample Digestion 

All Samples were cleaned thoroughly, homogenized and digested by an 
open tube digestion procedure according to Voegborlo and Akagi (2008). In 
the digestion method, 1 gram each of the samples was weighed into a 50 
millimeter graduated Pyrex digestion tube. Added to the tube was 25 
milliliter of deionized water, 4 millimeters of 1:1 concentrated Nitric-
Perchloric acids (HNO3 -HClO4) and 5 millimeters of concentrated 
Hydrochloric acid (HCl). The mixture was swirled for about 1 minute and the 
tube with contents were then inserted into an aluminum heating block and 
placed on an electric Aluminum Hotplate set at 200˚C until clear transparent 
solutions were obtained. The final solutions were shaken thoroughly and 
filtered through  42 grade Whatman filter papers into top capped 
polyethylene bottles and kept in fridge until analysis. Digestion blanks were 
prepared during the digestion process. 
 

Determination of Metals 

The concentrations of Co, Ca, Fe, K, Na, Cd, Cr, Pb and Ni were determined 

by Atomic absorption spectroscopy (AAS) which is a spectro analytical 
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procedure for the quantitative determination of chemical elements using 

the absorption of optical radiation (light) by free atoms in the gaseous state. 

Atomic absorption spectroscopy is based on absorption of light by free 

metallic ions. In analytical chemistry the technique is used for determining 

the concentration of a particular element (the analyte) in a sample to be 

analyzed. AAS can be used to determine over 70 different elements in 

solution, or directly in solid samples via electro thermal vaporization and is 

used in pharmacology, biophysics, and archaeology and toxicology 

research.  

 

RESULTS AND DISCUSSION 

RESULTS 

Table 1.0 Concentrations of some selected macro and micro nutrients in 

some selected imported rice (Oryza sativa) from Thailand around popular 

markets in Saki, Saki west local government. 

Sam

ples 

Pb K Ca Na Ni Mn Cr Cd Fe 

TA 0.03a±

0.00 

0.09l±

0.00 

0.00e±

0.00 

0.07a±

0.00 

0.00b±

0.00 

0.01b±

0.00 

0.00±0

.000 

0.00d±

0.00 

0.09b±

0.00 

TB 0.00c±

0.00 

0.65i±

0.00 

0.02c±

0.00 

0.07a±

0.00 

0.00b±

0.00 

0.02ab

±0.00 

0.00±0

.00 

0.01c±0

.00 

0.02d±

0.00 

TC 0.01b±

0.00 

0.76g±

0.00 

0.04b±

0.00 

0.07a±

0.00 

0.00b±

0.00 

0.02ab

±0.00 

0.00±0

.00 

0.00d±

0.00 

0.02d±

0.00 

TD 0.00c±

0.00 

0.85f±

0.00 

0.01d±

0.00 

0.06b±

0.00 

0.00b±

0.00 

0.03a±

0.00 

0.00±0

.00 

0.03ab

±0.00 

0.04c±

0.00 

 

KEY 

I → Indian sample 

T→ Thailand sample 

 

DISCUSSION 

The concentration of Pb in sample TA (0.03 mg/kg) was high compared to 

sample TC (0.01 mg/kg) and not detected in samples TB and TD. The 
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concentration of K in samples ranges between 0.09-0.85 mg/kg where 

sample TD revealed the highest value (0.85 mg/kg) followed by TC which 

was (0.76 mg/kg),TB (0.65mg/kg) while TA (0.09 mg/kg) contained the 

lowest value. The Ca concentration in sample TC (0.04 mg/kg) was the 

highest value compare to sample TB and TD which were 0.01and 0.02 mg/kg 

respectively, while sample TA showed no amount of the calcium. The 

concentration of Na in samples TA, TB and TC are of the same value 

0.07mg/kg compare to sample TD (0.06 mg/kg). The concentration of Ni in 

samples TA, TB, TC and TD was not revealed in any amount. The 

concentration of Mn in sample TD (0.03mg/kg) was higher than same value 

of TB and TC (0.02 mg/kg), while Mn concentration in sample TA was 

(0.01mg/kg) and is being the lowest detected. No amount of Cr 

concentration was detected in those samples TA, TB, TC and TD. The level 

of Cd in sample TD was 0.03mg/kg and was greater compared to that of 

sample TB (0.01mg/kg) while, samples TA and TC did not reveal Cd. Fe in TA 

is 0.09 mg/kg and greater compared that of sample TD (0.04 mg/kg) and is 

very minimal in samples TB and TC of the same value (0.02 mg/kg). 

 

Table 2.0 Concentrations of some selected macro and micro nutrients in 

some selected imported rice (Oryza sativa) from India around popular 

markets in Saki, Saki west local government. 

Sam

ples 

Pb K Ca Na Ni Mn Cr Cd Fe 

IA 0.00c±

0.00 

0.57k±

0.00 

0.02c±

0.00 

0.06b±

0.00 

0.00b±

0.00 

0.03a±

0.00 

0.00±

0.00 

0.00d±

0.00 

0.03c±

0.00 

IB 0.00c±

0.00 

2.10b±

0.00 

0.50a±

0.00 

0.01c±

0.00 

0.00b±

0.00 

0.03a±

0.00 

0.00±

0.00 

0.03a±

0.00 

0.17a±

0.00 

IC 0.00c±

0.00 

1.87d±

0.00 

0.00e±

0.00 

0.06b±

0.00 

0.00b±

0.00 

0.00c±

0.00 

0.00±

0.00 

0.00d±

0.00 

0.04c±

0.00 

ID 0.00c±

0.00 

0.67h±

0.00 

0.02c±

0.00 

0.06b±

0.00 

0.00b±

0.00 

0.00c±

0.00 

0.00±

0.00 

0.02b±

0.00 

0.00e±

0.00 

IE 0.00c±

0.00 

0.60j±

0.00 

0.05a±

0.00 

0.06b±

0.00 

0.00b±

0.00 

0.00c±

0.00 

0.00±

0.00 

0.00d±

0.00 

0.00e±

0.00 
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IF 0.00c±

0.00 

1.93c±

0.00 

0.00e±

0.00 

0.08a±

0.00 

0.02a±

0.00 

0.02ab±

0.00 

0.00±

0.00 

0.01c±

0.00 

0.04c±

0.00 

IG 0.01b±

0.00 

0.96e±

0.00 

0.03c±

0.00 

0.06b±

0.00 

0.00b±

0.00 

0.02ab±

0.00 

0.00±

0.00 

0.02b±

0.00 

0.04c±

0.00 

IH 0.00c±

0.00 

0.03m±

0.00 

0.01d±

0.00 

0.08a±

0.00 

0.00b±

0.00 

0.00c±

0.00 

0.00±

0.00 

0.00d±

0.00 

0.04c±

0.00 

II 0.00c±

0.00 

2.73a±

0.00 

0.00e±

0.00 

0.06b±

0.00 

0.01a±

0.00 

0.02ab±

0.00 

0.00±

0.00 

0.04a±

0.00 

0.02d±

0.00 

I → Indian’s 

 

Pb concentration was not detected in any of the samples except in sample 

IG where the value was 0.01 mg/kg. The concentration of K in sample II was 

2.73mg/kg and was the highest compared to samples IB (2.01 mg/kg), IF 

(1.93 mg/kg), IC(1.87mg/kg), IG(0.96 mg/kg),ID(0.67 mg/kg), IE(0.60 mg/kg), 

IA(0.57 mg/kg) and least in sample IH(0.03mg/kg). The level of Ca  in sample 

IB(0.50 mg/kg) was higher  compared to its levels in other samples  IE (0.05 

mg/kg) and IG (0.03 mg/kg) where  IA  and ID were of the same amount of  

0.02mg/kg, and in trace amount in IH(0.01 mg/kg), but not detected in 

samples IC, IF and  II. The levels of concentration of Na in sample IF and IH 

were equally (0.08 mg/kg) and high compared its level in samples IA, IC, ID, 

IE, IG, II which were the same (0.06 mg/kg) and least spelt in sample IB of 

0.01 mg/kg. The Ni level in samples IF was (0.02 mg/kg) and II (0.01mg/kg) 

and did not present in other samples. The concentrations of Mn in samples 

IA, IB and IB were the same (0.03 mg/kg) and greater  value compared to 

equal amount found in samples IF, IG and II(0.02 mg/kg) while samples IC, 

ID, IE and IH showed no level of  Manganese. Cr was not detected in all the 

samples. Cd concentrations in samples II and IB were closely related of 

respective values of 0.04 and 0.03 mg/kg, the same level 0fconcentrations 

of Cadmium in samples ID and IG(0.02 mg/kg) and least in IF(0.01 mg/kg) 

while others showed no level of Cd concentration. Fe concentration in 

sample IB was (0.17 mg/kg) and greater compared to samples. The same 

concentration of Fe (0.04 mg/kg) was found in samples IC, IF, IG and IH, in 

IA(0.03 mg/kg)  and II(0.02mg/kg) and not detected in samples ID and IE. 
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The  presence  of  Cadmium  in  rice  grains  is  due  to  its similarities  to  
essential elements  such  as  Calcium  and Magnesium.  Even  in  minute  
concentration,  and under  low  conditions  of  these  elements  (Ca  and  
Mg), it  is  passively  or  actively  absorbed  by  the  root  system and  
translocated  to  other  parts  of  the  plants. However,  it  uptake  can  be  
inhibited  by  the  presence of  silicon  (Si)  in  the  plant’s  cell  wall.  
Therefore,  in  a cadmium  contaminated  soil,  silicate  fertilizers  are usually  
applied  during  rice  cultivation.  The application  of  this  fertilizer  inhibits  
the  uptake  of  the element,  and  therefore account  for  it  low  level  in  
rice grain.  Cadmium  concentrations  reported  in  all  the rice  samples  
analyzed  were  less  than  the  0.4 mg/kg threshold  limit  recommended  by  
the  Codex Alimentary Commission.  The  values  were  also  less than  the  
0.2 mg/kg  limit  recommended  by  the European  Commission.  This 
indicates low contaminations of Cd in the samples of analysis.  The levels  
also  indicated  that  the  samples  might  have been  cultivated  on  soils  rich  
in  Calcium  or Magnesium,  or  silicate  fertilizers  might  have  been used  
during  the  cultivation  periods according to Gomah, et al., 2018. There 
waslow level of contamination of Cd in the samples.  . 
The  concentrations  of  Pb  in  all  the  analyzed  rice samples  were  less  
than  0.05 mg/kg,  which  is  less  than the  0.2  mg/kg  threshold  limit  
recommended  by  the European  Commission  and  adopted  by  the  Codex 
Alimentary  Commission.  Soil  pH  and  redox potential  are  the  basic  factors  
responsible  for  the presence  of  Pb in  rice  grains.  Under  low  pH and  
redox  potential,  these  metals  are  bioavailable  in high  concentrations  to  
the  plant.  However,  their accumulation  in  the  grain  is  not  positively  
correlated to  the  amount  of  the  metals  absorbed  by  the  plant (Gomah, 
et al., 2018).  
Nickel and Chromium had the lowest concentrations in the tested samples. 
This  can  be  traceable  to  their essentiality  to  many  plants  and  animals.  
For  example, in  most  plants,  including  rice,  nickel  served  as  urease 
cofactor,  aiding  in  the  production  of  plants  nitrogen or  ammonium  ions,  
while  chromium  is  needed in  minute  concentration  for  growth  
stimulation. Under  normal  soil  condition,  rice  is  known  to  absorb and  
utilize  minute  concentrations  of  these  metals. Their uptake process is 
similar to the uptake of iron. Therefore,  in  excess  amount,  they  
suppressed  the uptake  of  iron,  leading  to  the  absorption  of  more soluble  
and  exchangeable amounts  of  the  elements  by the  plant.  However,  their  
tolerance  is  also  enhanced by  the  application  of  exogenous  silicon  
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fertilizer.  The  European  Commission    and    the  Codex Alimentary  
Commission  had  not  established  a threshold  for  nickel  and  chromium  in  
rice,  but  the Food  Safety  Authorities  of  the  Peoples’  Republic  of China  
recognized  1000  µg/kg  and  1500  µg/kg  as  a threshold  for  the  metals  in  
grains  and  other  cereals respectively.  Though  the  two  metals  recorded 
the  lowest  values  in  the  hierarchy  order  of contamination  of  the  
samples,  their  values  were  less than  their  respective  threshold  limits  
recommended by  the  Food  Safety  Authorities  of  the  Peoples’ Republic  
of  China (Gomah, et al., 2018).  
Potassium in Indian samples rice have high concentration than Thailand 
samples, this may be due to the fertilizer used in the cultivation of rice and 
environmental condition. 
 
CONCLUSION 
The results revealed that, the available imported rice in the local markets of 
Saki West Local government and its environ as at time of this research are 
generally safe for human consumption because the metals considered to be 
heavy and toxic were generally not significantly present in all the samples.  
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