Comparative Study of the Nutritional Value of Cashew Nut from the Three Main Regions of Nigeria
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Abstract
Cashew nut samples from the three main regions of Nigeria were collected and used for analysis. The cashew nut samples were evaluated for proximate composition viz: protein, crude fibre, ash, fat and carbohydrate using standard methods. The oil was analysed for both physical and chemical parameters in line with standard procedures.
The protein content ranged between 23.42-26.39%, moisture content, 5.66-6.17%; ash, 3.03-3.18%; Oil, 40.15-42.03% and Crude Fibre, 5.60-6.12%; while carbohydrate content obtained was between 19.17-20.21%. The physico-chemical analysis of oil revealed saponification value to be between 233.19-237.00mg KOH/g oil; iodione value, 83.65-86.93mg KI/100g oil; peroxide value, 19.75-20.34meq O2/kg oil and free fatty acid 0.5046 -0.5601%, while refractive index and specific gravity ranged from 1.452 -1.463 at 200C and 0.848-0.860g/cm3 respectively. The oils have same light yellow colour.
The analytical values obtained for the samples compared favourably with standard values for edible oils and demonstrated high potentials as industrial raw materials.
Keywords:	Cashew nut, nutritional values, physico-chemical properties, 3 Main Regions of Nigeria, comparative analysis.

Introduction
Cashew tree botanically known as Anacardium occidentale belongs to the genus Anarcardium, a member of the family of Anarcardium which comprises of about 60 general and 400 species (Ohler, 1979). The cashew fruit is about five times the weight of the nut and contains about 80% juice with 10% sugar mostly invert sugar (Ohler, 1979).
Cashew tree was originally introduced from Asia into India for the purpose of checking erosion of soil (Torcasto, 1998). Major producers of the world are Brazil, India, Malawi, Tanzania and Kenya; others such as Nigeria, Malaysia Madagascar, Senegal and Guinea Bissau are minor producers (Brucker, 1989), though introduced to Nigeria by the Portuguese during the 15th and 16th Centuries, and have since flourished (Crystal, 1991; Olunloyo, 1996; Ohler, 1979). In Nigeria, it is an economic crop and has been grown in small plantations in Anambra, Imo, Kogi, Oyo, Edo, and Lagos State. It is to a lesser extent grown in Ogun, Osun, Delta, Ondo, Niger and other states (Akinwale, 1996).
The Cashew nut is attached to the end of a fleshy stalk, the receptacle of the flower, broadened and swollen, forming a false fruit. The weight of the whole fruit varied from between 3-16 g with a pericarp covered by nut consisting of three layers of protective tissue (Linchostroblu, 1994). The cashew fruits produce nuts, the kernels of which have increased considerably in economic importance over the past few decades.
The Cashew nut with a kidney shape accounts for about 22-24% of the whole fruit at processing. The kernel is made up of two developed kidney shaped cotyledon and the embryo. The quality of the kernel is defined as a set of organoleptic characteristics such as taste, colour, smell and morphological homogeneity (Linchostroblu, 1994).
The kernel of cashew nut contain approximately 5% moisture content, 20% protein, 45% fat, 26% Carbohydrate, 1.5% ash and 2.5% mineral matters such as sodium, potassium, magnesium, calcium, iron etc. (Falade, 1972). In addition to being a rich source of several essential vitamins and minerals, monounsaturated fatty acids and PUFA, and fibre, most tree nuts and peanuts provide an array of phytochemicals (such as phytosterols, phenolic acids, flavonoids, stilbenes, carotenoids etc.) that promote health and reduce the risk of chronic disease (Dreher et al., 2004; WHO, 2014; Ifesan et al., 2013). Cashew nut is a highly nutritious and concentrated form of food, providing a substantial amount of energy. The cashew nut kernel has a pleasant taste and flavour, which could be eaten raw, fried and sometimes salted or sweetened with sugar (Manay and Shadaksharaswamy, 1987) or could be dried and stored as a food for long period (Rainey and Nyquist, 1997).
These nuts are excellent source of vitamin E and magnesium. Vitamin E, an important antioxidant nutrient, has been shown to protect immune function and inhibit oxidative damage to cells (Maras et al., 2004; Munzel et al., 2010), while magnesium is required by numerous enzymes involved in nucleic acid metabolism and thereby affects multiple physiologic processes (Rude, 1998). Magnesium is found in most whole foods, but majorly lost during processing. The annual world production of cashew nut is about 250,000 tonnes and more than 50% of this production comes from South Asia and East Africa, especially India and Tanzania. Small quantities of Cashew nut are produced in West Africa, in the Mediterranean area, and in other parts of the world. With the increase in the standard of living in the developing countries, a large consumer market is developing, especially in cashew producing countries (Ohler, 1979).
Traditionally, extraction of the Kernel from the shell of the Cashew is done manually. The processing of cashew nut involves roasting which makes the shell brittle and loosens. However, soaking the nuts in water, to raise the moisture content to reduce the risk of the nut being scorched during roasting and makes it more flexible thereby reducing the crack tendency (Food Chain, 2001). Cashew nut could also be extracted through mechanical means for large scale production, using a sheller. The cashew nuts are cleaned to remove stones, leave and then conditioned in a drum before roasting. The roasted nuts are then shelled by hitting with mallet and the kernel separated from the shell, graded and packed (Linchostroblu, 1994).
Utilization of cashew in diets in suitable proportions could enhance dietary quality with respect to fat and protein. Due to the high protein content reported in cashew nuts, it could be made into flour and blended with cereals/staples in small amounts to improve the diet of consumers. As a result of the high demand for cashew nut, the present study sought to evaluate the nutritional quality of cashew nut sourced from the three main regions of Nigeria as a step towards the improved utilization of the nuts in the country.

Materials and Methods
*Materials 
The cashew nuts used for the research were sourced from three towns with one town each selected from the three main Regions of Nigeria.  Oba town in Anambra State (for Eastern Region), Ogbomoso town in Oyo State (Western Region) and Idah in Kogi State (representing Central Region).
*Removal of Cashew Kernel
The cashew nuts were cleaned by removing the attached dirt and debris. The nuts were dried for about three days at ambient temperature. The dried cashew nuts were dehulled with the aid of a manual sheller and the kernels were also removed manually with hands covered with rubber gloves. The kernels were also dried continuously for three days to remove the outer coat. The coatings were removed by winnowing to obtain the kernels.
*Proximate Analyses
The moisture, protein, carbohydrate, fat, crude fibre and ash contents of the samples were determined using standard methods (AOAC, 2005).
*Oil Analysis
(a) The oil contents of the cashew nuts sourced from the three regions were extracted using sohxlet extraction method (AOAC, 2005).
(b)	Refractive Index Determination
The refractive index of the oils was determined at 400C using sodium light and standard instrument (AOAC, 1975).
(c)	Iodine Value Determination 
0.5g of cashew nut was weighed into a glass-stoppered bottle (250mL). 10ml of carbon tetrachloride was then added to dissolve. Exactly 20ml of Wij solution was added and a stopper already moistened with potassium iodine solution was inserted. The resulting solution was mixed and allowed to stand in the dark for 30 minutes. 15ml potassium iodide solution and 100 ml water were added, mixed and then titrated with standard sodium thiosulphate solution using starch as an indicator close to the end point (titration = a ml). A blank was prepared simultaneously, omitting the oil (titration = b ml).
Iodine Value is calculated thus:
Iodine Value = (b-a) x 1.269
		Sample weight (g)

(d)	Saponification Value Determination
2.0g of the cashew nut sample was weighed into a flask. Using a pipette, 25ml of alcoholic potassium hydroxide solution was added to the flask. A reflux condenser was attached and the flask was heated to boiling point for 1 hour with constant shaking. 1ml of phenolphthalein solution was added and the solution titrated while still hot with standard hydrochloric acid (a ml). A blank (that is sample containing no oil) was made as well (b ml). The saponification value was obtained thus:
Saponification Value = 			(b-a) x 28.05
     					  Sample weight (g)

e)	Peroxide Value Determination
1g oil sample was weighed into a clean dry bottle. 1g powdered potassium iodide and 20 ml solvent mixture was added. The mixture was placed on boiling water for 60 seconds. The content was poured into a titration flask containing 20 ml potassium iodide solution. The tube was rinsed twice with 25ml of water and added to the titration. The solution was then titrated with 0.002M thiosulphate, using starch as indicator (a ml). A blank titration was also carried out (b ml).
The peroxide value of the oil was calculated thus:
Peroxide Value = 		      2 (a-b)
			Sample weight (g)	

(f)	Free Fatty Acid Content Determination
25ml diethyl ether was mixed with 25ml ethanol and 1% phenolphthalein solution was added and pasteurized with 0.1M sodium hydroxide solution. 10g of oil was dissolved in the neutralized solvent mixture. The resulting solution was titrated with 0.1M sodium hydroxide solution. The titre value obtained was noted (IUPAC, 1979). The value of the free fatty acid in the oil was calculated using the formula below:
	Free Fatty Acid = Titration (ml) x 5.61
	 			Sample weight (g)

(g)	Specific Gravity Determination
A specific gravity bottle of 50ml was taken and filled with water to the brim. A stopper was inserted and any water that comes through the capillary opening was carefully wiped off and re-weighed. The bottle was then dried and refilled with oil sample. The stopper was inserted again and any oil that comes through the capillary opening was wiped off carefully and weighed again.
The relative density of the oil was calculated using:
	Relative Density	=	A – B
					C – B
Where, A	=	Weight of Bottle + Oil
	 B	=	Weight of Relative Density Bottle
	C	=	Weight of Bottle + Water

(h)	Determination of Vitamin Contents
Two vitamins basically vitamins A and E were analysed using a combination of acid and enzyme extraction.  
(i)        Determination of Vitamin Contents
Vitamins were determined by the standard method of AOAC, 2005.
(j)	Statistical Analysis
All data were subjected to Analysis of Variance (ANOVA).

Results and Discussion
Table 1 shows the proximate composition of the cashew nut samples sourced from the three main regions in Nigeria. The protein contents ranged between 23.42 to 26.39% with Cashew nut samples from the eastern part having the highest protein content, while samples from the Western part of the country recorded the lowest value for protein. Moisture content of the samples varies from 5.66 to 6.17%. Cashew nuts from the west had the highest moisture content, while those sourced from the east recorded the lowest value of 5.61%.
Significant difference exists in the fat content of the cashew nut sourced from the west compared with those from the east and north. Mean content of all the samples was between 40.15 – 42.03%, which was nearer to 45% recorded by Falade (1972). The variation in the values could be attributed to varietal differences and climatic conditions of the regions.
Samples from the northern region had the highest value of crude fibre, while samples from the east recorded the lowest. Consumption of fibre is very important because it aids digestion and management of constipation.
The nutritional characteristics of the kernel make it highly digestible and very suitable for infant formula preparation and diet for the aged (Ogunsina, 1997). Studying the nutritional qualities of cashew nuts in Nigeria is very important because literature has it that nuts provide protein and many essential vitamins, such as A and E and are also high in Carbohydrate and Oils (Resengaten, 1984). It was also reported that its protein value equals that of soybean (84 - 90%) and higher than peanuts (66.0%) (Nagaraja, 1987). 
When the proximate composition of cashew nut was compared with that of groundnut, it was discovered they were apparently similar with the exception of iron, where cashew nut has twice the level of groundnut as well as chromium content. The oleic acid content of groundnut is much lower than that of cashew, but its linolenic acid is about thrice that of cashew nut (FAO/WHO, 1977).

Table 1:	Proximate Composition of Cashew Nut
Composition %		East			West			North
____________________________________________________________________________
Protein 			26.39a+0.02		23.42b+ 0.02		24.04b+ 0.02
Moisture Content		5.66a + 0.04		6.17a+ 0.01		5.71a+ 0.02
Fat Content			40.15b+ 0.01		42.03a+ 0.01		40.72b+ 0.02
Crude Fibre			5.60ab+ 0.04		5.82a+ 0.11		6.12a+ 0.03
Ash 				3.03a+ 0.03		3.09a+ 0.01		3.18a+ 0.02
Carbohydrate 			19.17a+ 0.02		19.47b+ 0.02		20.21a+ 0.01
(by difference)
Values are means of 4 determinations + S.D and those in the same row with different alphabet are significantly different (p<0.05).
Table 2 shows the chemical parameters of the oils extracted from the cashew nut sourced from the three regions. Saponification ranged between 233.19 and 237.00mg kOH/g oil with the oil extracted from nuts sourced from the eastern part having the highest value, though not significant from the others. The iodine value also experienced variation from 83.65-86.93KI/100g oil, peroxide value, 19.75-20.84meq/O2 kg oil, while free fatty acid have 0.5046-0.5601% of oleic acid. The values obtained are within the specification of Standard Organisation of Nigeria, SON (SON, 1998) except that of peroxide value, which by standard should not exceed 10 milli-equivalent oxygen per kilogramme oil. 
Free fatty acid (FFA) which is a measure of the extent or level of the lipase enzymes in the oil means that the higher the FFA value, the more the lipases and the more the oil go rancid and vice versa then, the lesser the extent of deterioration of the fat. As a result of this and judging by the values obtained, oil from cashew nut sourced from the western part of the country will keep better, which means that, it would have a longer shelf life than oils from the other two regions, though not significantly different.
The saponification value, iodine value, peroxide value and FFA all tend to measure the extent of unsaturation of the oil, which is an indication of oxidation and rancidity. The lower the values obtained, the less liable the oil will go rancid. However, the higher the saponification value, the less liable the oil will go rancid (Alfred and Ngoddy, 1985).
The oil extracted from cashew nuts from all the regions had the tendency of having longer shelf life due largely to the presence of anti-oxidant in the cashew nut (Tucker et al., 1999; Egwim and Oloyede, 2011). 

Table 2:	Chemical Properties of Cashew Nut Oil from the Three Regions
Parameters 						Locations
				        East 		        West			     North		
Saponification Value (mg kOH/g)   237a+0.01		   233.19a±0.02		236.79a+0.05
Iodine Value (KI/100g)		    83.65b+0.04	     84.78b + 0.03		  86.93a+0.03
Peroxide Value (meq/O2 kg)	    19.94b + 0.04	     20.84a + 0.04		  19.75b + 0.05
Fatty Acid			    0.5601a+0.02	     0.5046a + 0.02		  0.5601a + 0.01
(FFA) value (%)		
Values are means of determinations ± S.D and those in the same row with different alphabet are significantly different (p<0.05).
Table 3 gave the physical properties of the oil extracted from cashew nuts sourced from the three regions. The colour of the oil was similar, light yellow. The specific gravity of the oil ranges from 0.848-0.860g/cm3. Cashew nut oil from the western part of the country has the highest value while those of the east gave the lowest.  It was reported that the lower the specific gravity of any oil, the higher the content of its fatty acid chain (Ecky, 1954). Oil density is temperature dependent and decreases in value as temperature increases, but increase in value as the carbon chain of the fatty acid increases (Normal and Joseph, 1995). The values recorded were within acceptable norms of SON.
The refractive index ranged between 1.452 to 1.463n D20C, which was within acceptable limit. The western region has the highest value. Refractive index is related to the viscosity of the oil and is temperature dependent and is used to determine adulteration of oils, as it increases the clarity of the oil (Ma et al., 1995). 

Table 3: Physical Properties of Cashew Nut Oil (Edible Oil)
	 Location 
	
	Parameters 
	

	
	Colour 
	Specific Gravity
g/cm3
	Refractive Index
nD200c


East                               Light Yellow		   0.848a + 0.002	          1.452a + 0.002
West                              Light Yellow		   0.860a+ 0.001	          1.463a + 0.002	
North                             Light Yellow      	             0.853a + 0.001	          1.459a+ 0.001	 
Values are means of 4 determinations + S.D and those in the same column with different alphabet are significantly different (p<0.05).

Table 4 displayed the vitamin content of the samples from the three regions. The values ranged from 0.034-0.043mg/100g for Vitamin A, 0.023–0.028mg/100g for vitamin B2, 2.06–2.54mg/100g for vitamin B12 and 0.026-0.034mg/100g for vitamin B6 respectively. The values obtained correlated with the values of other reports on vitamins of cashew kernel (Alfred and Ngoddy, 1985) and within standards. Vitamins play important role in carbohydrate metabolism in combination with phosphorous as co-enzymes. Deficiency of these vitamins could lead to itching, vascularization of the corneachelosis etc. (Tucker et al., 1999; Mahadevappa et al., 2011).

Table 4:      Vitamin Content of the Cashew Nut
Vitamins			    East 			West			North
(mg/100g)
Vit. A			 	0.043a +0.03		       0.039a+0.03		0.034a+0.03
Vit. B2				0.023a +0.03		       0.028a+0.01		0.028a+0.01
Vit. B12			2.06a +0.39		        2.51a+0.61		2.24a+0.27
Vit. B6				0.026a +0.05		        0.034a+0.02		0.028a+0.01
Values are means of 4 determinations + S.D and those in the same row with different alphabet are significantly different (p<0.05).

Conclusion
Cashew nuts from the three major regions of the country, from the study, have slight differentials in their proximate composition and oil physico-chemical properties. Cashew nuts from the eastern part have higher protein content than those of the other two regions, but low in fat, ash, crude fibre, carbohydrate and moisture contents, while the cashew nut from the western part of the country has the highest fat and moisture contents but low in protein. Cashew nut from the northern part has the highest content of carbohydrate, ash and crude fibre. Appreciable quantities of vitamins and carbohydrate were found in the nuts though vary from region to region.
It should be noted that the high protein content recorded could be useful for normal body growth, regulation of body water, formation of essential body compounds (insulin, thyroxine etc.), and maintenance of body neutrality and stimulation of anti-bodies.
The commercial cultivation, processing and consumption of cashew nut could be immense benefit in infant and old age food formulation, oil production and job creation. Consumption of cashew nut could also help in reducing protein deficiency ailments. Inclusion of nuts and seeds can make a large contribution toward protection against the chronic insufficiency of magnesium intake that is widespread, most especially in third world countries. 
As a result of its reported high anti-oxidant properties and coupled with the findings of this research work, it could be said that oil produced from cashew nuts from these regions would have longer shelf life.
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