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Abstract 
Rice (Oryza sativa) is a staple food in many countries of Africa and Nigeria is the highest producer of 
rice in West Africa. This present study aimed to compare proximate and anti-nutritional composition 
of locally produced rice and imported one. Two varieties of local rice cultivated in northern part of 
Nigeria namely china, Santana and imported rice (Indian I005) and (Thailand T005) were studied for 
a range of proximate and anti-nutritional composition. The proximate analysis and anti-nutritional 
content (moisture, ash, protein, fat, crude fibre and carbohydrate; phytate, oxalate, cyanide and 
heamagglutinins) were conducted using AOAC method. Results showed significant difference at 
P<0.001 for fats, protein, fibre and carbohydrates of both local and imported rice while moisture and 
ash contents of both local and imported rice showed no significant variation at P<0.001.  Anti-
nutritional composition of both varieties of local and imported rice tested showed significant variation 
at P<0.001 (phytate, cyanogenic glycoside and heamaglutininns) with the exception of oxalate 
contents. It is concluded that local rice had some important nutrients ( protein, carborhydrates ) and 
had antinutritional composition that are within the standard acceptable limit WHO/FAO values, 
therefore consumption and exportation of locally produced rice is encouraged.       
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INTRODUCTION 
Rice (Oryza sativa) is a staple food in many countries of Africa and other part of the world 
(Otitujo et al., 2014). It is the most important staple food for about half the human race. It is  
classified as the most important food depended upon by over 50 percent of the world 
population i.e about 80 percent of their food need (Otitujo et al., 2014). Also increasingly 
important crop in Nigeria (Otitujo et al., 2014). It is relatively easy to produce and is grown 
for sale and for home consumption. In some areas there is long tradition of rice growing, but 
for many, rice has been considered as luxury food for special occasion only (Otitujo et al., 
2014). 
 
Rice (Oryza sativa) is an important cereal plant belonging to the grass family Poaceae 
(Vaughan et al., 2003). It is one of the two cultivable species of its genus, and originates from 
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Asian countries including India, Thailand and China; the other species Oryza glaberrima 
(African native rice) is mainly grown in West African countries (Linares, 2002). Nigeria is the 
highest producer of rice in West Africa (Singh et al., 1997). The varieties produced in Nigeria 
are O. glaberrima, ‘Ofada, grown in Ofada town in the South west region of the country and 
new rice (NERICA), a hybrid of the O. sativa and O. glaberrima (WARDA, 2008). These 
species are grown in upland, lowland and swampy areas popularly called ‘fadama’ in 
Nigeria. Several varieties of rice are grown in Abakaliki, in Nigeria including ‘Faro 14’, 
Mass, Faro 52, Sipi, Awilo, Canada etc (Oko & Ugwu, 2011). Though O. glaberrima is 
appreciated for its taste and culinary qualities by some citizens (Agnoun et al., 2012), its taste 
may become offensive to some; also its stony nature and tedious method of preparation 
prior to consumption making the rate of human consumption low in Nigeria.  
 
Knowledge about the nutritional status of different varieties of rice produced locally is 
important so as to compare with the imported one, as this will encourage local production 
and consumption. In addition it will improve the economic status of our local 
farmers/producers, increase exportation, compete globally with other producers and 
support the federal government policy for banning of rice importation. 
 
MATERIALS AND METHODS 

Materials 
The equipment used are centrifuge (Frontier 5706 Ohaus), water bath (SWB, Cleaver 
Scientific) weighing balance (OHAUS)  and spectrophotometer (Carry 300, Agilent), 
chemicals and reagents used are of analytical grade and purchased from Sigma Aldrich. 
 
Samples Collection and Preparation 
The samples were collected during dry season and prepared as described by Otitujo el al., 
(2019). Briefly: rice samples (two varieties of each local and imported in triplicate) were 
collected from different market location in Sabon Gari market, Kano, Kano State of Nigeria 
and put into different labeled polyethylene bags. The samples were transported to a 
laboratory in the department of Biochemistry, Nutrition and Dietetics unit, Bayero 
University Kano. The samples were washed with deionized water and allow to dry under 
shed. The sample were packed into labelled brown envelops and dried in the Gallenhkamp 
oven at a temperature of 450C for two days. After drying, the samples were pulverized into 
fine powdery form. The rice samples were sieved using 2 mm sieve to obtain very fine 
particles 
 
Proximate Analysis 
Proximate composition of the samples were determined using the AOAC methods (AOAC, 
1980). 
 
Moisture Content 
The moisture content of the all samples were measured as described by AOAC method 
(AOAC 1980). Crucibles were thoroughly washed and dried in an oven at 100°C for 30min 
and allow to cool inside desiccators. After cooling, they were weighed as W1. Then, 2.0g of 
the finely ground rice samples were put into crucibles and weighed as W2. Thereafter, the 
sample plus the crucibles were placed inside the oven and dried at 100°C for 4 hours, cooled 
and weighed at the same temperature for 30 minutes until constant were obtained as W3. 
Then, the moisture content of the rice sample was calculated. 
Moisture (%) = (W2-W3) ∕ (W2-W1) × 100 
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Where, W1= Initial weight of empty crucible, 
W2 = Weight of crucible + sample before drying 
W3 = Final weight of crucible + sample after drying. 
 
Ash Content 
Total ash of the rice samples were determined by Furnace Incineration described by AOAC 
Method (AOAC, 1980). Out of the finely ground dried samples, 2.0g was weighed into 
porcelain crucibles and incinerated at 600°C for 6 hours in an ashing muffle furnace (Model 
1184A Fisher Scientific, Houston, TX) until ash was obtained. The ash was cooled in a 
desiccator and reweighed. The ash content was obtained 
Ash (%) = (Weight of Ash/Weight of original sample) X 100 
 
Crude Fiber 
Crude fibre was determined using the method of AOAC (AOAC, 1980). Out of the rice 
sample, 2.0g was hydrolyzed in the beaker with petroleum ether after which it was boiled 
under reflux for 30 min with 200 ml of a solution containing 1.25% H2SO4   per 100 ml of 
solution. The solution was filtered through a filter paper, after filtration the samples were 
washed with boiled water until they were no longer acidic. Then, the residue was 
transferred onto a beaker and boiled for another 30min with 200ml of solution containing 
1.25 % NaOH per 100 ml. The boiled samples were washed with boiled distilled water. The 
residues were filtered through Gooch filter crucible, dried at 100°C for 2 hours in an oven, 
cooled and washed. The percentage crude fibre was calculated.  
Crude fibre (%) = (Wt. After drying) / (Wt. Of sample) X100 
 
Fats 
The Fat content was determined as described by AOAC Method (AOAC, 1980). Cleaned 
boiling flasks (250 mL) were dried in an oven at 105°C- 110°C for about 30 min and cooled in 
desiccator. Approximately 2.0g of samples were weighed accurately into labelled thimbles. 
The dried boiling flasks were weighed correspondingly and filled with about 300mL of 
petroleum ether (boiling point 40 - 60°C). The extraction thimbles were plugged tightly with 
cotton wool. After that, the Soxhlet apparatus was assembled and allowed to reflux for 6 
hours. The thimble was removed with care and petroleum ether collected from the top 
container and drained into another container for re-use. After that, the flask was dried at 105 
- 110 for 1 hour. After drying, it was cooled in desiccators and weighed. Then, % fat in the 
rice samples were calculated. 
Fat (%) = (Weight of fat/Weight of sample) X 100 
 
Determination of Protein 
The crude protein content of the rice samples was determined using the Micro Kjeldahl 
methods of AOAC (AOAC, 1980) which involved protein digestion and distillation. Protein 

Digestion: Out of the rice sample, 0.15g was weighed into a Kjeldahl flask, 0.8g tablets of 
Kjeldah Catalyst were added, 2 mL concentrated Sulphuric acid was introduced. The whole 
mixture was subjected to heating in the fume cupboard. The heating was done gently at first 
and increased with occasional shaking till the solution assumed a green colour. The 
temperature of the digestion was 420°C for about 30min. The solution was cooled and black 
particles showing at the neck of the flask were washed down with distilled water. The 
solution was re-heated gently at first until the green colour disappeared. Then, it was cooled. 
After cooling, the digest was transferred into a 250 mL volumetric flask. Protein distillation: 
Out of the digested samples, 5.0 mL was pipetted into the body of the apparatus via a small 
funnel aperture. The digest was washed down with distilled water followed by addition of 
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15ml of 40% NaOH solution. The digest in the condenser was steamed for 1 -5 minutes after 
which enough ammonium sulphate was collected. The receiving flask was removed and the 
tip of the condenser washed down into the flask after which the condensed water was 
removed. The solution in the receiving flask was treated with 0.01 m hydrochloric acid. 
Also, a blank was run through along with the sample. After titration, the % nitrogen was 
calculated using the formulae below: 

Nitrogen (%) = Vs VB  M (acid)  0.01401 X 100 
                                           Wt 

Where, Vs = Volume (ml) of acid required to titrate sample 
VB = Volume (ml) of acid required to titrate the blank 
M (acid) = Molarity of acid 
Wt = Weight of sample (g) 
Then, percentage crude protein in the rice sample was calculated from the Nitrogen as:  

Crude protein (%) = % N X F, where, F (conversion factor), is equivalent to 6.25 
 
 

Carbohydrate 
The total percentage of carbohydrate content in the rice sample was determined by the 
difference as reported by Onyeike et al. (1995). This method involved adding the total values 
of crude protein, lipid, crude fibre, moisture and ash constituents of the sample and 
subtracting it from 100. The value obtained is the percentage carbohydrate constituent of the 
sample. 
Thus: % carbohydrate = 100 (% moisture + % crude fibre + % protein + % lipid + % ash). 
 
Anti-Nutritional Analysis 
 
Determination of Oxalate by Titration Method  
This determination involves three major steps digestion, oxalate precipitation and 
permanganate titration. 
 
Digestion: Sample powder (2g) was suspended in distilled water (190 ml) contained in a 250 
ml volumetric flask , 10ml Of HCL was added and digested at 100°C for 1 hour  cooled, and 
then made up to 250ml mark with distilled water before filtration. 
 
Oxalate Precipitation (Jonsyn, 1985) 
Duplicate portion (125ml) of the filtered sample powdered digest was placed in two 
different 250 cm3beaker, followed by the addition of conc. NH4OH solution (drop wise) until 
the test solution change from its salmon pink colour to a faints yellow colour. Each portion 
was heated to 90cooled and filtered with Whatman No.1 filter paper to remove brownish 
precipitate containing ferrous ions. The golden yellow filtrate was heated to 90 and 5% 
calcium chloride solution (10 cm3) was added while being stirred constantly. The solution 
was cooled and left overnight at 5there after, the solution was centrifuged at 2500rpm for 
5mins. The supernatant was decanted and the precipitate completely dissolved in 20% v/v 
H2SO4 solution (20 cm3). 
 
Permanganate Titration 
The total filtrate resulting from the digestion and oxalate precipitation, which dissolved in 
20% v/v H2SO4 solution (20 cm3), was titrated against 0.05M KMnO4 solution to a faint pink 
colour which persisted for 30secs. The calcium oxalate content was then calculated as 
reported by Jonsyn 1985. 
 



Proximate and Anti-Nutritional Estimation of Some Local and Imported Rice (Oryza Sativa): A 
Comparative Approach 

 

M. Bashir, A. Ibrahim, Z. M. Garba, DUJOPAS 7 (2b): 67-75, 2021                                                                    71 

 

 
% Oxalate = (titre value X Vme X DF)/(ME X MF) 
Vme = Volume of acid (titrants) 
DF = Dilution factor 
ME = Molarity of acid  
MF = Mass sample 
 
Phytate 
The Phytate was determined as described by Jonsyn, 1985. 
Sample (2g) was soaked in 2% HCl (100 cm3) for 3hours and then filtered through Whatman 
No.1 filter paper. Filtrate (25 cm3) was placed in a 100 cm3 conical flask and 0.3% ammonium 
thiocyanate (5 cm3) was added as indicator. Then distilled water (53.5 cm3) was added to the 
mixture to give it proper acidity, this was titrated with a standard Fe (III) chloride solution, 
which contains 0.00195g of iron per cm3, until a brownish yellow color appeared which 
persists for 5minutes. 
 
Calculation 
Phytic acids % = Titre value X 0.00195 X 1.19 X 100/ weight of sample 
 
Heamagglutinin  
The Heamagglutininwas determined as described by Jonsyn, (1985). To 2g of each of the 
samples were added 20ml of 0.9% NaCl and suspension shaken vigorously for 1min. The 
supernatant were left to stand for 1 hour, the samples were centrifuged at 2000rpm for 
10min and the suspension filtered. The supernatants in each were collected and used as 
crude agglutination samples. Absorbance read at 420nm (Trease and Evans, 1989). 
 
Calculation  
Heamagglutinin (%) = Absorbance of sample x Concentrated of standard 
                                                  Absorbance of standard 
Glycosidic Cyanide Content  
The Glycosidic Cyanide Content was determined as described by (Jonsyn, 1985). To 1g of the 
sample was macerated with 50mL of water. It was filtered with whatman No.1 filter paper. 
One milliliter (1mL) of the filtrate was pipette in to a test tube and 4mL of alkaline picrate 
solution added to it. The solution was boiled for 5min. It was then cooled in a water bath. 
The absorbance of solution was read at 490nm. 
Cyanide (mg/100g) = Absorbance of sample X Dilution factor  
                                                   Water of sample 
 
Statistical analysis 
Results were expressed as mean± standard deviation, and statistical significance of 
differences between groups was evaluated using one way analysis of variance (ANOVA) 
using SPSS 20. Value of p< 0.001 were considered significant. 
 
RESULTS AND DISCUSSION 
The results obtained for proximate composition of imported and local rice (Oryza sativa) 
varieties investigated in this study are presented in table 1. Sufficient differences were 
recorded in the proximate composition between few varieties of rice evaluated and the 
result obtained for anti-nutritional composition between the imported and local rice were 
shown in table 2. The result of the proximate and the anti-nutritional composition observed 
among the imported and local rice are varieties from different cultivator’s local rice (China 
and Santana) and imported (I005 and T005).  
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The ash contents of imported rice found to be within the range of 1.4-1.9% as reported in 
literature (Teresa et al., 2010). But low contents of ash in local rise was observed and may be 
due to the difference in genetic architecture of rice varieties (Butt et al., 1997).  

The moisture content of both the locally produced rice and imported one has no significant 
difference. It has been shown that high moisture content aids in stabilizing the protoplasmic 
contents of the cells and as such maintains the homeostasis of the cells, although, high 
moisture contents have been implicated in food spoilage due to its growth thriving 
attributes exhibited in microorganisms 

The crude protein contents of imported rice was higher than that of local rice, however local 
rice varieties had relatively low percentage of crude protein, this could  be attributed to the 
high carbohydrate contents of the local rice, and or as a result of genetic endowment and 
climatic condition upon which the local rice are grown. Carbohydrate is the major 
components of the rice grain and it is important in obtaining significant amount of dietary 
energy. The local rice had higher percentage of carbohydrate which could be due to low 
level of protein as well as fiber content, the observed high carbohydrate contents of local rice 
varieties affirm that rice is a carbohydrate food source. 

Fat in rice is a good source of linoleic acid and other essential fatty acids, rice does not 
contain cholesterol (Eggum et al., 1982). The percentage fat contents of rice were 2.643% for 
I005, 2.103% for T005, 5.16% for CH and 22.65% for SN. There was significant difference at 
P<0.001, the local rice have higher fat percentage. The effect of excess intake of dietary fat 
has some well-established health implication especially for the overweight. The 
consumption of excess amount of saturated fat had been recognized as the most important 
dietary factor increasing the level of cholesterol which leads to obesity (Mayrhofer and 
Manfred, 1996). 

Crude fibres or roughages are non-hydrolysable polysaccharides which can be in soluble or 
insoluble state and increase faecal bulk. They form complexes with protein, sugars and 
cholesterol. When taken in excess, they help to reduce the risk of colon cancer and scrub out 
the intestines leaving a much healthier digestive system (Okezie et. al., 2017). In this study 
the crude fibre content of the locally produced rice is significantly higher than the imported 
rice. Dietary fibre functions help in maintaining bowel movement and can prevent 
diverticulosis by aiding the absorption of trace elements in the guts (Okezie et. al., 2017). 

Carbohydrate is the major components of rice grain and it is important in obtaining 
significant amount of dietary energy. The variation in values for carbohydrate among the 
varieties was statistically significant at P<0.001.The percentage carbohydrate contents were 
82.43% for I005, 78.21% for T005, 65.74% for CH and 59.13 for SN. These values correspond 
closely to that Reported by Abbey et al., 2001, Laureys, 1999 and Ebuehi and Oyewole, 2007, 
the observed high carbohydrate contents of both local and imported rice varieties affirm that 
rice is a carborhydrate food source. Generally the local rice varieties had significantly higher 
crude fibre than the imported brands.    
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Table 1: Proximate Composition of Imported and Local Rice Samples 
 Sample     Varieties     Moisture        Ash                Fat               Protein         Crude fiber              Carbohydrate 

Imported   I005       13.19±0.19ᵃ         1.553±0.03ᵃ     2.643±0.14ᵃ      11.18±0.02ᵃ       2.673±0.07ᵃ                2.43±0.59ᵃ 
                  T005      10.01±0.38ᵃ        0.783±0.12ᵃ      2.103±0.36ᵃ      6.646±0.07ᵃ       3.17±0.23ᵃ                78.21±2.1ᵃ 
Local rice   CH        8.08±0.06ᵃ          0.12±0.12ᵃ        5.16±1.00ᵃ       1.21±025ᵇ          19.71±2.59ᵇ              65.74±1.00ᵇ               
                  SN         8.40±0.10ᵃ           0.33±0.42ᵃ        922.65±0.34ᵇ    1.18±0.2SS4ᵇ       8.31±4.96ᵃ             59.13±0.34b 

 
Results are expressed as mean ± standard deviation. 
NOTE: values with the same superscripts along the same column indicate statistically significant difference at 
P<0.001  
Key:  
CH: China 
SN: Santana 
Number of samples (n): 3 

 
Table 2: Anti-Nutritional Composition of Local and Imported Rice Samples 
 

Sample Varieties    Oxalate Phytate Cyanogenic 
glycoside 

Heamagglutinin   

Imported I005 
T005 

0.047±0.02ᵃ   
 0.54±0.41ᵃ                                      

0.7±0.1ᵃ     
0.633±0.15ᵃ                                     

0.567±0.25ᵃ 
1.33±0.15ᵃ                               

1.26±0.26ᵃ 
1.263±0.33ᵃ 

Local rice           CH 
SN 

0.60±0.10ᵃ   
0.40±0.10ᵃ                                     

2.25±0.28ᵇ    
3.68±0.18ᵇ                                          

0.41±0.01ᵃᵇ    
0.40±0.01ᵃᵇ                         

0.39±0.04ᵇ 
0.84±0.09ᵃ 

Results are expressed as mean ± standard deviation.  
 
NOTE: values with the same superscripts along the same column indicate statistically significant difference at 
P<0.001  
 
Key: 
CH: China 
SN: Santana 
Number of samples (n): 3  

Anti-nutritional factors are chemical substances produced by plants that have the potential 
of affecting the availability of nutrients by interfering with metabolic processes (Okezie et. al., 
2017). The result of the anti-nutrient of the present study is shown in Table 2. From the 
result, oxalate and phytic acid were higher in locally processed rice varieties than imported 
one. It has been reported that phytate and oxalates have the ability to form chelates with di-
and trivalent metallic ions such as Cd, Mg, Zn and Fe to form poorly soluble compounds 
that are not readily absorbed from the gastrointestinal tract thus decreasing their 
bioavailability (Okezie et. al., 2017). 

Cyanide percentage of all the rice varieties tested in the study were all in range with the 
standard range values provided by FAO ≤4.10. Statistical analysis indicated that there is 
significant difference at P<0.001 when compared between the local and imported rice. 
Cyanide is a constituents of our daily diet it is from root crops of legumes and cereals.  
 
Heamagglutinin had the value range of 2.10-2.56 mg/g, the result of the statistical analysis 
is significant difference at P<0.001 compared with other rice varieties. Generally the anti-
nutrients in these rice varieties were low amount and will have low or no toxic effect on 
humans when consumed.  
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CONCLUSION 
Local rice is considered to be the best of all the different varieties used in this study, this is 
due its less anti-nutrients content and more of nutritional factors, therefore, the low anti-
nutrient contents make them less harmful to the body. However its nutritional content will 
encourage its consumption and make it more marketable both locally and internationally, 
and also make it compete with other varieties globally. 
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