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Determination Zinc and Manganese in Local Rice and Evaluation of Their Dietary 

Intake 

 

KONG SOON HONG 

 

ABSTRACT 

 

 

A total of 28 types of rice samples that consisting of different brown rice and white rice 

samples were purchased from Kuching local market and collected from Nuclear Agency 

Malaysia, Selangor in order to analyze for manganese and zinc. Analysis and 

determination of zinc and manganese as focused were performed by using Atomic 

Absorption Spectrometry (AAS). Throughout the process, different concentration of 

manganese from different rice samples was ranged from 0.52 mg/kg to 1.52 mg/kg while 

the concentration of zinc was recorded at 0.58 mg/kg to 2.16 mg/kg. The results depicted 

Sarawak rice contained substantially higher manganese concentration than Selangor rice 

while have lower content of zinc when compare with Selangor rice. The dietary intake of 

manganese and zinc among Malaysian were estimated at 0.86 mg/day and 1.38 mg/day, 

respectively. It was concluded that, for both dietary intake of manganese and zinc among 

Malaysian were fall within the range of acceptable value of consumption for many 

countries and the Recommended Nutritional Intake (RNI) suggested by Ministry of Health, 

Malaysia as well as Dietary Reference Intake (DRIs) proposed by Institute of Medicine 

National Academics of Sciences.   

Keywords: White Rice, Brown Rice, Manganese, Zinc. 

 

ABSTRAK 

 

Sebanyak 28 jenis beras yang terdiri daripada pelbagai jenis beras perang dan beras putih 

telah dibeli dari pasar tani Kuching dan dikumpulkan dari Agensi Nuklear Malaysia, 

Selangor untuk menganalisiskan kepekatan manga dan zink. Analisis dan penentuan 

terhadap zink dan mangan telah dilakukan dengan Atomic Absorption Spectrometry (AAS). 

Sepanjang analisis tersebut, kepekatan manga daripada pelbagai jenis beras telah 

direkodkan pada 0.52 mg/kg hingga 1.52 mg/kg manakala kepekatan zink direkodkan pada 

0.58 mg/kg hingga 2.16 mg/kg. Hasilan kajian tersebut menunjukkan beras dari Sarawak 

mengandungi kepekatan manga yang lebih tinggi apabila berbanding dengan beras 

Selangor manakala kepekatan zink dalam beras Sarawak lebih rendah semasa berbanding 

dengan tahap zink dalam beras Selangor. Pengambilan manga dan zink dalam diet rakyat 

Malaysia dianggarkan pada 0.86 mg/hari and 1.38 mg/hari. Kesimpulannya, kedua-dua 

pengambilan manga dan zink di kalangan rakyat malaysia termasuk dalam nilai  

pengambilan yang diterima oleh banyak negara lain dan Recommended Nutritional Intake 

(RNI) yang dicadangkan oleh Kementerian Kesihatan Malaysia malahan Dietary 

Reference Intake (DRIs) yang dilontarkan oleh Institute of Medicine National Academics 

of Sciences.   

 

Kata Kunci: Beras Putih, Bersa Perang, Manga, Zink. 
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1.0 Introduction 

Rice belongs to the Graminea family, of genus Oryza sativa, which can be divided into 

three subspecies; Japonica, Indica and Javanica (Sergio, 2010).  Rice consist various kinds 

of trace elements that include Ca, Cr, Mn, Mo, P, K, Se, Na, S and Zn. Among these trace 

elements, the study will only focus on Mn and Zn as ubiquity and abnormal deficient of 

these two elements has been listed as fifth leading causes of diseases in low income 

countries (Antoine et al., 2012). 

Mn and Zn are the important micronutrient needed by the human body that can only obtain 

from the daily diet. In addition, there are various types of diseases suffered by human 

population which associated with lack or excess in Mn and Zn intake such as mortality, 

morbidity, retarded growth as well as pregnancy complications (Sperotto, 2012). 

Mn is one of the crucial enzymes activator and metalloenzymes (Antoine et al., 2012) 

whereas Zn functions as a cofactor for abundant enzymes in the human body (Frisbie et al., 

2009). Thus, concentration of Mn and Zn from rice should be first determined as to 

diminish possible sickness that may happen as the result of insufficient or excessive in both 

trace elements.  

Based on Fang et al. (2014), there are needs to carry out more research to determine the 

trace elements concentration in rice as to update database in developing countries. In 

developing countries like Malaysia, accurate data relating Mn and Zn concentration in rice 

are not complete and unsatisfied (Salama and Radwan, 2005). The average consumption of 

rice per capita among Malaysian is estimated around 259.73 g/day based on Malaysia 

domestic consumption per capita in 2012/13 which is 94.8 kg/year (USDA Foreign 

Agricultural Service, 2013).Therefore, the importance of the analysis came about as the 

majority of Malaysians place rice as a staple food. 



 

This study examined the concentration of Mn and Zn in Sarawak and Selangor grown rice. 

In addition, the analysis of the elemental composition of Mn and Zn in local rice was 

allowed preliminary evaluation of their dietary intake in Malaysian’s diet.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

2.0 Literature Review   

2.1 Manganese and Zinc 

In the past, fewer studies were focused on the concentration of trace elements in the diet. 

This is because trace elements do not depict clear defects or diseases thus result in less 

attention from the public. As the Expert Consultation addressed the problems associated 

with excess or deficient in trace elements, more studies were investigated (Weisell, n.d.). 

Unfortunately, only some fundamental elements like I and Se had been examined as stated 

in Weisell’s study (n.d.). In facts, there are various kinds of trace elements exist in human 

diet such as Br, Ca, Cr, Mn, Zn and etc. Until today, there is still lacking of complete 

nutritional data on these new discover trace elements especially in developing countries 

like Malaysia (Jiang et al., 2008). For instance, Mn nutrition information is poorly 

understood and being discussed by men (Weisell, n.d.).  

Among various trace elements, considerable interest of this study will only focus on the 

Mn and Zn contents in rice sample. For Mn, it as a new discovers essential trace elements 

in the human diet is responsible to activates several enzymes likes hydrolases kinase, 

decarboxylases and transferases (World Health Organization, 1996). Although, many of 

these activities can carried out by other trace elements likes Mg but a deficiency of Mn will 

bring a lot of significance to our body (Rahman et al., 2014). For instance, impaired 

skeletal growth, disturb in regenerates function, ataxia of babies, lipid irregularity and 

different carbohydrates metabolism rate are some of sickness cause of Mn deficiency 

(World Health Organization,1996).  

In the academic field, Mn has been studied in different animal species but so far 

inadequacy in human. One of the study carried out by Doisy (1972)  had concluded that a 

responded who consumed semi purified formula diet that was low in Mn, around 0.15 



 

mg/day will undergo weight lost as well as slow grow rate of nail and hair (as cited in 

World Health Organization,1996). In addition, Mn as new trace element in the diet not 

only essential to human but also being considered as least toxic element. There still lack of 

investigations on Mn especially in rice presently which cause poor understandings on this 

element nutritional detail.  

In the other hand, Zn is essentials to all life especially in human (Frisbie et al., 2009). As 

we know, Zn plays an important role as a stabilizer for a number of enzymes. Zn is crucial 

to maintain the molecular structure of membranes as well as energy and protein synthesis 

(Onianwa et al., 2001). In addition, Zn also takes part in carbohydrates, lipids and nucleic 

acid synthesis as well as degradation (World Health Organization, 1996). Recent studies 

found out that Zn also involved in polynucleotide transcription, translation and genetic 

expression (World Health Organization, 1996).  

When low in Zn intake or Zn deficiency, related symptoms are always less obvious which 

probably overlooked by the public. Hambidge (1972) asserted that Zn deficiency will 

result in different sickness like slow down sexual and skeletal growth as well as depressed 

appetite (as cited in World Health Organization, 1996). Besides that, Zn deficiency also 

causes hyponadism, dermatitis and growth of acral dermatitis (Onianwa et al., 2001).  

In contrast with Zn deficiency, when highly exposed to Zn will also lead toxicity in the 

human body. For example, Fairweather-Tait (1988) had proclaimed toxicity of Zn not only 

caused nausea, vomiting, fever but also lethargy in human (as cited in Onianwa et al., 

2001). Moreover, Zn toxicity also affects the metabolism of other trace elements. For 

example, high concentration of Zn will influence Cu utilization and serum lipid patterns. 

Toxicity of Zn always happens subsequently after long term intake of high Zn 

concentration (World Health Organization, 1996).  



 

Similar with Mn, Zn concentration had been studied through many animal experiments 

which draw a conclusion that different Zn concentration will affects reproduction ability 

and food nutrients as well as Vitamin A intake (World Health Organization, 1996).  

Although, there were numbers of studies observed Zn deficiency impact but insufficient 

literature that emphasize on human (Rahman et al., 2009). WHO (1996) had suggested 

future research on zinc concentration in human diet should be performed especially in rural 

areas of developing countries as to provide a better nutrition information for children 

maturation development. 

2.1.1 Mn and Zn content in rice from other countries 

Few literatures had reviewed on the concentration of Mn and Zn from rice that originates 

from different part of the world. In Australia, Rahman et al. (2014) had studied the Mn and 

Zn content from Australia, Thailand, Italy, Pakistan, India, Vietnam and also Bangladesh 

grown rice. Rahman et al. reported Mn content in Australian grown rice was higher 

compared to imported rice from Thailand, Italy, Pakistan, India and also Vietnam but 

lower than Bangladesh. However, the Zn concentration in Australian rice is comparable 

with other countries but lower than Bangladesh and India. Among the Australian rice, the 

concentration of Mn was highest in organic brown rice > brown rice > white rice > sushi 

rice while Zn concentration were similar like Mn with only brown rice and organic rice 

swapped positions. In addition, they found out the trace element in brown rice are higher 

compared to the white ones, both locally grown and imported. These results indicate the 

content of trace elements in rice different extensively by their origin and variety.  

According Antoine et al. (2012), in Jamaican, the Mn concentration in white rice was 

reported from 5.02 to 17.1 mg/kg which have 10.5 mg/kg as the mean while brown rice 

was 5.19 to 43.5 mg/kg and mean reported at 26.5 mg/kg. In other hand, Zn concentration 



 

in white rice and brown rice were ranged from 12.6 to 19 mg/kg with a mean 15.6 mg/kg 

and 16.7 to 24.5 mg/kg with a mean 20.2 mg/kg respectively. As a conclusion, the rice did 

not contribute significant mineral nutrition but possible in encouraging uptake of toxic 

element. There is an urgency to study on elemental composition of rice as it is not only 

concern for public health but also ensure the reliance of Jamaican rice.  

In Asia, an analysis of As, Br, Cl, K, Mn, Na and Zn were studied by using white rice 

sample from 7 Asian countries that included Malaysia, Korea, Thailand, Indonesia, China, 

Japan and Philippines (Moon et al., 2012). From their study, average consumption of rice 

among 7 countries was 300 g/day and the mean concentration for Mn and Zn were 8.46 

and 17.2 mg/kg respectively. The results depicted the rice samples in all participant 

countries were free from serious pollution of heavy metals. In a nutshell, the data obtained 

from this study can ascertain Asia food especially contamination effectively as well as 

appraise the nutritional status of Asia residents.  

In Malaysia, Norhaizan and Nor Faizadatul (2009) had examined phytate, Fe, Zn and Ca 

contents as well as their molar ratio in the local rice sample. They found out the Zn content 

in different brands of Malaysia rice ranged from 0.80 ± 0.01 to 1.64 ± 0.02 mg/kg. In 

addition, Norhaizan and Nor Faizadatul concluded cooked products have a lower 

concentration of phytate as well as minerals when compared with raw samples. They 

assumed it as a result of different cooking methods. They concluded that although high 

nutrient content had been analysed in rice but the present of phytate may reduce the 

availability of micronutrient to consumers.  



 

The concentration of Mn and Zn in rice from difference countries are given in Table 1. The Mn levels ranged widely from 5.4 mg/kg in rice to a 

relatively high that is 26.5 mg/kg while the Zn concentration ranged within 4.193 mg/kg to 17000±400 mg/kg. 

Table 1: Mean concentration (mg/kg) of Mn and Zn in previous studies. 

Study Area of Study Mn (mg/kg) Zn (mg/kg) 

Rahman et al. (2014) 

 

Australia, Bangladesh, China, Egypt, India, Italy, Japan, Pakistan,  

Thailand, United States, Vietnam 

5.4-8.0 10.9-24.5 

Rowell et al. (2014) Doha, Qatar _ 2.79-29.9 

Antoine et al. (2012) Jamaica White rice = 10.5 

Brown rice = 26.5 

White rice = 15.6 

Brown rice = 20.2 

Moon et al. (2012) Malaysia, Korea, Thailand, Indonesia, China, Japan and 

Philippines 

8.46 17.2 

Salaman and Radwan 

(2005) 

Alexandria city, Egyptian market _ 4.193±0.70 

Norhaizan and Nor 

Faizadatul (2009) 

Malaysia _ 8100±100 -17000±400 



 

2.2 Other trace elements in rice  

Although most of trace element is essential but excessive amounts in body will lead to 

serious health problems (Onianwa et al, 2012). A research had been carried out by Sommella 

et al. (2013) in Italy to analyse the total arsenic content (Ast) and particular inorganic arsenic 

content (Asi,) in different Italy rice species that obtained from different origins. They found 

out that Ast concentration in different rice samples and different area of production was 

ranged from 0.18 mg/kg to 0.28 mg/kg and 0.11 mg/kg to 0.28 mg/kg, respectively. On the 

other hand, Asi have a means from 0.08 mg/kg to 0.11 mg/kg by type of rice and 0.10 mg/kg 

to 0.60 mg/kg by area. Thus, geography is one of the aspects influencing the concentration of 

arsenic (Sommella et al., 2013). 

Gunduz and Akman (2013) had performed a study on the concentration of Pb in Turkey rice. 

The certified Pb value in rice flours was uncertainty while still in acceptable range that is 

between 0.009 to 0.162 mg/kg. They also concluded that Pb does not distribute homogeneous 

as rice samples that taken from same packages showed different concentrations. In addition, 

they suggested digestion technique will perform better when dealing with trace elements 

concentration in a rice sample as compare with solid sampling. 

2.3 Recommended nutritional intake (RNI) in rice 

An assessment of potential health risk caused by As exposure and contribution of Zn and Se 

on recommended nutritional intake (RNI) in Qatar rice were studied by Rowell et al. (2014). 

The mean concentrations for As, Zn and Se in rice samples were 9.62 ± 0.54 mg/kg, 1.25 ± 

0.54 mg/kg and 10.3 ± 0.11 mg/kg, respectively. From their calculations, As value from 

Qatar rice does not contribute in risk quotient while Se and Zn supply up to 100 % and 50 % 

in RNI. They also predicted continuously consume rice-based food will place children at high 

risk of arsenic but more information is required to clarify.  



 

2.3.1 Recommended intake of Mn and Zn  

In order to assess the possible disease that associated with the excessive or inadequate intake 

of Mn and Zn, there is need to compare the estimated daily intake of Mn and Zn obtained 

from the study with the Recommended Nutritional Intake (RNI) set by Ministry of Health 

Malaysia and the Dietary Reference Intakes (DRIs) proposed by the Institute of Medicine 

National Academics of Sciences. As stated in table 2, Mn was not included by the Ministry of 

Health Malaysia in the past as less studies being focused on this particular trace element. In 

addition, Ministry of Health Malaysia only emphasized the recommendation intake value of 

Zn in Malaysian’s diet as the deficiency and toxicity of Zn had been well emphasized by the 

many part of the world. Moreover, all the recommendation values in Malaysia RNI value for 

Zn was estimated based on the recommendation by FAO/WHO (2002) which assumed the 

Malaysian Diet contains only moderate levels of Zn bioavailability (as cited in Ministry of 

Health Malaysia., 2005). Similar with RNI Malaysia, DRIs (as tabulated in table 3) that 

suggested by Institute of Medicine National Academics of Sciences also showed the 

permissible level of intake of Mn and Zn from daily diet in order to meet the daily body 

requirements based on the particular stage of life and gender group.  

Table 2: Malaysia RNI for Zn at different age groups (Ministry of Health Malaysia, 2005) 

Age Group  Amount of Zn (mg/day) 

RNI for children 

1-3 years 

4-6 years 

7-9 years 

 

4.1 

5.1 

5.8 

RNI for Adolescent 

Boys 10-18 years 

 

9.0 



 

Girls 10-18 years 7.5 

RNI for Adult 

Men 19-65 years 

Women 19-65 years 

 

6.7 

4.9 

RNI for Elderly 

Men > 65 years 

Women >65 years 

 

6.2 

 

4.3 

RNI for Pregnancy 

1 trimester 

2 trimester 

3 trimester 

 

5.5 

7.0 

10.0 

 

Table 3: Dietary Reference Intakes (DRIs): Recommended Intakes for Individuals, Elements Food 

and Nutrition Board (Institute of Medicine National Academics of Sciences, 2001) 

Life stage group Mn (mg/day) Zn (mg/day) 

Infant 

0-6 month 

7-12month 

 

0.003 

0.6 

 

2 

3 

Children 

1-3y 

4-8y 

 

1.2 

1.5 

 

3 

5 

Males 

9-13y 

14-18y 

19-70y 

 

1.9 

2.2 

2.3 

 

8 

11 

11 



 

Females 

9-13y 

14-18y 

19-70y 

 

1.6 

1.6 

1.8 

 

8 

9 

8 

Pregnancy 

14-18y 

19-30y 

31-50y 

 

2 

2 

2 

 

12 

11 

11 

Lactation 

14-18y 

19-30y  

31-50y 

 

2.6 

2.6 

2.6 

 

13 

12 

12 

 

2.4 Metal contamination in rice 

Metal contamination issues in rice also been reported in few literatures. Singh and Agrawal 

(2010) reported if amendment in the rates of sewage sludge higher than 4.5 kg/m
2
 not only 

increased the crop production but also result in food chain contamination which lead Ni, Cd 

and Pb content exceed the permissible limit of Sewage Sludge Amendment (SSA). This 

accumulation may cause serious dietary hazard to consumers. Thus, the study suggested 

effluent from small scale industries should treat properly before dispose into sewage system 

in order to minimize the rice contamination.  

As Cd contamination will result in a serious health sickness that included chronic 

abnormalities as adopted from Rafiq et al. (2014). They had used 7 different textured soils to 

establish environmental quality standards in order to examine human dietary toxicity, total 

Cd content and bioavailability portion of Cd in soil. From their study, accumulation of 



 

cadmium in rice was depending on soil type. The study emphasized by proper soil type 

selection for food crop play important role in the prevention toxicity of cadmium in our daily 

diet.  

Shraim (2014) had collected 84 rice samples from Almadinah Almunawarah and Brisbane, 

Australia as to analysis the contamination of toxic elements in rice. The mean concentrations 

obtained (mg/kg) were 0.136 for As, 0.017 for Cd, 0.029 for Pb, 0.064 for Ni, 151 for Mg, 

4.28 for Mn, 7.07 for Fe, 6.19 for Zn, 1.28 for Cu,  0.202 for Se, 0.057 for Cr and  0.012 for 

Co. Among all the rice samples, the content of arsenic in American rice was the highest that 

is 0.257 mg/kg followed by Thailand (0.2 mg/kg), Pakistan (0.147 mg/kg), India (0.103 

mg/kg) and last Egyptian (0.097 mg/kg). This study showed that difference place of origin 

result in the large gap of trace element content. The study emphasized continuous monitoring 

on the level of toxicologically in rice is necessary.  

In Malaysia, metal contamination in rice also studied by Omar et al. (2013). They had applied 

in vitro digestion method to determine the bioavailability of heavy metal in local rice samples. 

They concluded that in vitro digestion technique that applied in rice analysis may differ from 

method that used on other type material studies. In the same manner, in vitro digestion 

technique that introduced by Versant et al. (2004) or known as RIVM in vitro digestion 

performs best in the determination of bioavailability of heavy metal as it functions similar 

with human body physiology. The importance of health risk assessment in rice also highlight 

by Omar et al. as to encourage continuous study of heavy metals that may be exist in rice.   

2.5 Analytical methods of determination of metal  

There were also several journals reviewed on the application of AAS on heavy metal content 

determination in rice; inorganic As (Jiang et al., 2008), Fe, Zn and Ca (Norhaizan and Nor 

Faizadatul, 2009), Cd (Oliver et al., 1994), Cu and Zn (Onianwa et al., 2001), HgT and MeHg 



 

(Rothenberg et al., 2011), Cd, Cu, Pb and Zn (Salaman and Radwan, 2005), Cr, Cd, Pb and 

Ni (Zeng, 2008). Based on the previous studies, there is a high possibility that chemical 

interference of some sort will occur during the AAS analysis.  

Table 4: Different digestion method and sample treatment used in AAS  

Method Journal Digestion Method Sample Treatment 

AAS Jiang et al. (2008) HNO3 : HClO4 (4:1) Air dry 

AAS Norhaizan and Nor 

Faizadatul (2009) 

Concentrated HNO3 Muffle furnace at 550ºC 

for 4 hours 

AAS Oliver et al. (1994) 8ml of concentrated HNO3 Oven-dried 

AAS  Onianwa et al. (2001) 1M HNO3 Muffle furnace at 550ºC 

for 2 hours 

AAS Rothenberg et al. 

(2011) 

C2H5OH Air dry 

AAS Salaman and Radwan 

(2005) 

3ml of HNO3 Oven-dried at 105ºC for 

24 hours 

AAS Zeng et al. (2008) 50 ml of 1M HCl Dried at 25ºC for 24 

hours 

 

2.6 Dietary intake of trace element 

Estimation of trace elements dietary is a process perceives the concentration of trace element 

intake by specific population. This is important to expertise the status of adequacy, deficiency 

as well as the toxicity of trace elements that may happen in specific communities (Antoine et 

al., 2014). In addition, daily dietary intake also provides a nutritional guideline to a nation.  



 

In facts, there were only a few studies focused on the importance of dietary intake of trace 

elements in other countries. In Ibadan city, Onianwa et al. (2012) had carried a study on the 

concentration of Cu and Zn in various types of food as well as figure out the dietary intake of 

both trace elements. The samples in this study included leafy vegetable, tubers, fruits, meat, 

legumes, fish, spices, cereal dairy products, sweeteners, fats, oils, confectioneries and canned 

foods and also alcoholic beverages. The concentrations of Cu and Zn in different foods that 

obtained in Ibadan market were ranged within 0.06 and 13.3 mg/kg and 0.06 to 56.9 mg/kg, 

respectively. Among different food types, legumes supplied the highest level of Cu (8.33 

mg/kg) and Zn (2912 mg/kg). Onianwa et al. (2012) concluded that consumption of Cu and 

Zn were highly affected by group’s incomes. Based on the study, highest intakes of Cu and 

Zn fall on highest income group’s diet. The dietary intakes estimation of Ibadan adult 

population was approximately 2.64 mg Cu/day and 15.8 mg Zn/day. When compared with 

other countries, the concentration of both traces elements in an Ibadan’s diet still within the 

accepted range of the recommended allowance.  

In France, Arnich et al. (2012) had assessed a 2
nd

 French total diet study as to determine the 

dietary exposure among the French population. This is crucial as to enhance the robust 

toxicological data as well as risk assessment of food in France. From their results, the mean 

adult exposure to Al, Ast, Asi, Cd, Ni, Pb, Sb, Co, Hg were 40.5, 0.78, 0.24 - 0.28, 0.37, 2.33, 

0.2, 0.03 - 0.04, 0.18, 0.023 - 0.199 µg/kg bw/day and MeHg with 0.12 - 0.13 µg/kg bw/week, 

respectively. In conclusion, the study clarifies the importance to obtain trace elements dietary 

in order to know their exposure levels better which help to implant more effective health risk 

assessment in French.  

Avegliano et al. (2011) had examined Total Diet Study (TDS) based on 30 food groups that 

obtained from Sao Paula State, Brazil. Market basket in this study was established by elected 

food that exceed intake of 2g/person/day among total 5440 foods samples, that is around 7.2 % 


