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_______________________________________________________________________________________ 

ABSTRACT---- The oil content of brown and white acha seeds was extracted and characterized using the AOAC 

procedure. Consumption of these grains by people with health-related diseases necessitated this study to authenticate 

its nutritional values. The physicochemical characterization revealed the two oils to have low oil yields of high quality. 

Biochemical profiling of the seeds showed that both oils have high concentration of polyunsaturated fatty acids, 

vitamins A and E and other minor constituents. These results indicate that brown and white acha seeds are excellent 

sources of healthy nutrients to humans. 
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1. INTRODUCTION 
Brown acha (Digitaria iburua) and white acha (Digitaria exilis) are annual cereal crops indigenous to West Africa. Acha, 

also known as Hungry rice is generally classified as millet and is cultivated for their straw and edible grains. The two 

species have continued to receive increasing attention within the last ten years [1, 2, 3, 4, 5, 6,7]. Traditionally, acha is a 

useful diet for diabetic people and for women after delivery [8]. It is rich in carbohydrate, serving as a good source of 

energy. The carbohydrate, protein and fat profile of acha can be closely compared to that of Sorghum. Acha grains also 

supply the body with good quantity of Vitamin B and minerals like calcium, iron and phosphorus. It offers good quantity 

of amino acids as nearly 10% of the cereal by weight comprises of protein. Kaduna state is located at the Northern part of 

Nigeria's high plains. The vegetation cover is Sudan Savannah type, characterized by scattered short trees, shrubs and 

grasses. Soil type is mostly loamy to sandy type. Substantial amount of clay is also found. The southern Kaduna weather 

favors the cultivation of crops such as ginger, tubers, millet, sorghum, rice, Digitaria species and many more. Despite the 

large cultivation of digitaria species in the southern part of Kaduna state, Nigeria, there is little comprehensive data on 

the two varieties [9]. There are reports in the literature on the potentials of this grain as a non-conventional cereal grain. 

The present study presents the nutritional benefits of two Digitaria species grown and commonly consumed in southern 

part of Kaduna state. 

 

 

2. EXPERIMENTAL 
2.1  Materials 

The brown and white acha seeds were purchased from Central Market, Kaduna, Nigeria. HPLC grade organic 

solvents were purchased from Fluka & Aldrich Chemicals Limited and were used without further purification. 

 

2.2  Methods 

The brown and white acha seeds were processed by removing the dirt and then dried in a shade for one week at 

25oC.The dried seeds were pulverized into powder using pestle and mortar. 600 g of each sample of brown and white 
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acha was weighed into a filter paper and carefully folded. The folded content was placed into the thimble of the soxhlet 

apparatus fitted with a condenser. 500 cm3 of hexane contained in a round bottomed flask was fitted to the apparatus. 

Extraction under reflux was carried out for 6h after which the extract was concentrated using rotatory evaporator. The oil 

was dried on a water bath at 50oC until all the residual hexane completely evaporated. The dried oil was cooled and then 

weighed to obtain the yield in grams. The process was repeated in triplicate several times until enough oil was obtained 

for the physicochemical and GC-MS analyses. 

 

2.3  Physicochemical analysis 

The physicochemical properties i.e. refractive index, specific gravity, color, iodine value, saponification value, 

acid value, free fatty acid value and peroxide value were determined using standard procedures [10]. Tocopherol and 

Vitamin A were determined using [11] and [12] methods. 

 

2.4  Preparation of the fatty acids 

The oil was converted to fatty acid methyl esters (FAME) using the potassium hydroxide/methanol method [13]. 

Briefly, 4g of the extracted oil was transferred to a round-bottomed flask containing boiling chips and 40 cm3 of 

methanol and 0.5 cm3 of potassium hydroxide solution were added to the flask. The content was refluxed until it became 

clear and was transferred into a separation funnel. 40 cm3 of distilled water was added, shaken and allowed to separate. 

20 cm3 heptane was added to extract the esters formed. Another portion of 20 cm3 heptane was added again, shaken and 

the organic layer separated. The two extracts were combined and washed with 20 cm3 portion of water and separated. 

The ester extract was dried over anhydrous sodium sulphate and evaporated to approximately 10 cm3 ready for the GC-

MS analysis.  

 

2.4.1  Analysis of the fatty acid using GC-MS 

Fatty acid methyl esters of the oils were analyzed by GC-MS using Shimadzu QP2010 Series. The following 

analytical conditions were adopted: Column; Cross-linked 5% phenyl methyl silicone (DB-WAX:30 m x 0.25 x 0.25 

µm). Carrier gas; Helium at flow rate 0.90Ml/min, injector temperature programmed was 100oC for 2min, then increased 

to 190oC at 4oC/min.  

The identification of the fatty acids was achieved by retention times when compared with authentic standards 

analyzed under the same conditions while the relative percentages of each fatty acid was determined based on peak area 

measurements.  

 

3. RESULTS AND DISCUSSION 
 Table 1 shows the physicochemical properties and percentage yields of the oil extracted from the two acha 

species. The brown acha had 3.14 % yields while the white acha had 2.67 % yields. These percentage yields are within 

the range of 2-9 % as estimated by the National Research Council, NRC [14, 15]. This yield is low when compared with 

other oil seeds such as soybean oil (14.51%), groundnut oil (10.54 %) and maize (6.63 %). 

 The saponification values for brown and white acha oils are 191.1 mgKOH/g and 170.1 mgKOH/g respectively. 

These values are within the accepted values of 150 mgKOH/g-350 mgKOH/g for oils used in soap making. This implies 

that if reasonable quantity of the oils can be obtained from the acha seeds, it will be good for soap production.   

The acid values for brown and white acha oils were found to be 3.0 mgKOH/g and 4.1 mgKOH/g respectively. 

This is an indication that the oils are stable at room temperature as such not susceptible to rancidity. A similar finding has 

been reported [16].  

The iodine values for the brown and white acha oil were found to be 98.2 gI2/100g and 88.8 gI2/100g 

respectively. This suggests that the oils are free flowing, non-drying and unsaturated. Iodine value is a measure of the 

relative degree of unsaturation in oils. The greater the iodine values the higher the susceptibility to oxidation. This result 

concurs with previous studies that suggests that prolong storage of the oils may lead to rancidity [17, 18]. 

The peroxide values for the brown and white acha oil are 8.10 meqH2O2 and 9.30 meqH2O2. These values are 

low when compared with oil seeds of Balanites aegyptica (22.50 meq/Kg), Ximenia Americana (29.40 meq/Kg) and 

Lophira lanceolate (31.20 meq/Kg). The low peroxide values are indications that the oils will be more stable to oxidative 

degradation. 

The peroxide values for the brown and white acha oil were 8.10 meqH2O2 and 9.30 meqH2O2, respectively. 

These values are low when compared with oil seeds of Balanites aegyptica (22.50meq/Kg), Ximenia Americana 

(29.40meq/Kg) and Lophira lanceolate (31.20meq/Kg) [14]. The low peroxide values are indications that the oils will be 

more stable to oxidative degradation. 

With 6.150 mg/ml and 5.071 mg/ml vitamin A content in brown and white acha seed oils, respectively, the 

seeds are an excellent source of this nutrient. Compared to other seed oils [12], this is a significant quantity of vitamin A. 

In view of this, the oils can be used as supplementary diets to improve vision, growth and development, maintenance of 

immune system as reported by other researchers [19,20]. For vitamin E, the brown acha oil had a concentration of 17.765 

IU/I, while the white acha had 12.316 IU/I of the nutrient. The two acha species appear to be a good source of vitamin E, 

providing levels within the recommended daily intake values of 5.5-17 IU/I for adults and 3-18.4 UI/I for children 
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[20,21]. Vitamin E has been reported to be a powerful antioxidant, acting as a peroxyl radical to prevent the propagation 

of free radicals in tissues [22] 

The specific gravity of the brown and white acha oils was 0.9252 and 0.9236 respectively. It has been reported 

that the specific gravity of naturally occurring fats and oils is less than 1.0 [16] This revealed the purity of the oils which 

are free from water and other impurities.  

The refractive indexes of the brown and white acha oils were 1.4923 and 1.4913 respectively. This indicates that 

the oils are comparatively pure. 

 

Table 1: Physicochemical properties of extracted acha oils 

S/N Parameter  Brown acha oil White acha oil 

1 Lipid content, % 3.14 2.67 

2 Saponification value (mgKOH/g) 191 170 

3 Acid value (mgKOH/g) 3.00 4.10 

4 Iodine value (I2/100g) 98.20 88.80 

5 Vitamin A (mg/ml) 6.1500 5.0710 

6 Vitamin E (mg/ml) 17.7650 12.3160 

7 Peroxide value (meqH2O2) 8.10 9.30 

8 Color Red Light yellow 

9 Specific gravity @ 20oC 0.9252 0.9236 

10 Refractive Index 1.4922 1.4913 

  
4. SPECTROSCOPIC ANALYSIS 

Fig. 1 is the ultraviolet-visible spectra of white acha oil showing the maximum wavelength of absorption at 272 

nm, while that of brown acha Fig 2 showed absorption bands at 251nm and 267nm respectively which indicate the 

presence of chromophores in the oil. This is usually associated with the presence of unsaturated groups having unshared 

pairs of electrons as reported [23].  
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Fig.2:  UV-VIS absorption spectrum of brown acha oil 

 

 The infrared absorption bands for the two oils showed three major similar absorption bands. At 3500cm1, O-Hstr 

for hydroxyl groups appeared. The carbonyl groups C=Ostr appeared at 1722.49cm-1 while the C-Hstr for saturated alkanes 

appeared at 2929.98cm-1. This is an indication that the oils contain long chain fatty acid containing long chain 

hydrocarbon and acidic functional groups [24]. 

Table 2 shows the percentage composition of the white and brown acha oil. The three major compounds in the 

white acha oil are 28.85% of octadec-11-enoic acid methyl ester, 24.04% of 9,12- octadecadienoic acid methyl ester and 

21.28% of pentedecanoic acid -1,4-methyl ester. Other minor constituents present were 5.84% decane, 6.49% stearic acid 

methyl ester and 1.19% arachidic acid methyl ester. For the brown acha oil, four major fatty acids were present. They are 

30.10% linoleic acid methyl ester, 20.56% oleic acid, 15.40% palmitic acid methyl ester and 18.34% Octadec-11-enoic 

acid methyl ester. Other minor constituents present in the brown acha seed oil are 7.59% palmitic acid, 4.92% stearic acid 

methyl ester, 1.59% stearic acid, 1.11% arachidic acid methyl ester and 0.39% heptacosanoic acid methyl ester.  

The above results confirm that a good percentage of the oils are made up of unsaturated fatty acids as such will 

be healthy for human consumption. Reports by other researchers have shown that the unsaturated fatty acid are effective 

in lowering total cholesterol and low-density lipoprotein (LDL) cholesterol content in blood, control of cardiovascular 

diseases and regulation of several processes in the brain [16, 25, 26]. 

 

Table 2: Percentage composition of white and brown  acha Oil 

Peak No.  Area (%) Name of compounds  Area (%) Name of compounds 

1 5.84 Decane 15.40 Palmitic acid methyl 

ester 

2 2.32 n.Decane 7.59 Palmitic acid 

3 21.28 Pentedecanoic acid - 

1,4-methyl ester 

30.10 Linoleic acid methyl 

ester 

4 24.04 9,12-Octadecanoic 

acid methyl ester 

18.34 Octadec-11-enoic 

acid methyl ester 

5 28.85 Octadec-11-enoic acid 

methyl ester 

4.92 Stearic acid methyl 

ester 

6 6.49 Stearic acid methyl 

ester 

20.56 Oleic acid 

7 1.19 Arachidic acid methyl 

ester 

1.59 Stearic acid 

8   1.11 Arachidic acid methyl 

ester 

9   0.39 Heptacosanoic acid 

methyl ester 
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5. CONCLUSION 
The fatty acids profiles of oils extracted from brown and white acha seeds had 98.61 and 84.40% proportions as 

polyunsaturated fatty acids, respectively. The physicochemical characteristics of the oils from both seeds revealed that 

they can improve the status of patients with heart related diseases, poor vision and brain disorders. 
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Appendix 1 

 

 
Fig. 3: GC profile of white acha oil 

 

 

Appendix 2 

 

 
Fig. 4: GC profile of brown acha oil 

 

 

 

  


