Effect of Orange-Fleshed Sweet Potato Mesh Addition on the Functional, Proximate and Sensory Characteristics of Gari

Abstract:
Gari is one of the numerous products derived from cassava tubers, other products Fufu, Lafun, Starch, Tapioca, Cassava chips. The cassava and orange-fleshed sweet potato roots were peeled, washed, grated, fermented, press, fry, sieved and bagged. Standard methods of analysis such as the Official Methods of Analysis of the Association of Official Analytical Chemists (AOAC) International was used to determine the moisture (AOAC 925.10), crude protein (AOAC 960.52), ash content (923.03), crude fat (AOAC 922.06) and crude fibre AOAC (2000) as well as functional properties and sensory evaluation.The purpose of the present study is to explore the effect of different proportions of Cassava and Orange-Fleshed Sweet Potato (OFSP) on the physical, chemical and sensory properties of gari produced from cassava and OFSP tubers. The result from the chemical properties of the gari produced from cassava blended with OFSP gari showed that high level of moisture in gari with 100 % cassava (11.34) than the blends 50 % casava and 50 % OFSP. Fats, crude protein, crude fibre and carbohydrate content increase with increase in the percentage of OFSP. The value for ash content was observed to be inconsistent ranging from 0.32-0.43, but yet falls within the permissible limit. The results for bulk density, water absorption (WAC) capacity and swelling index increased with increase in the percentage of OFSP. For bulk density, 100 % casava showed 0.45 % while 50 % casava: 50 % OFSP showed 0.88 % while WAC showed values ranging from 65.54-89.31. similar result was obtained for swelling index with 100 % casava showing 21.00 and 50 % cassava; 50 % OFSP showing 27.00. The results of the sensory evaluation showed that the OFSP fortified gari samples assessed from the nine (9) point hedonic scale used showed that the blending of OFSP and cassava for gari production yielded positive results. Sample A (7.59 ± 0.01), B (7.65 ± 0.01) and D (7.25 ± 0.02) were liked moderately, sample C (8.11 ± 0.01) was liked very much while sample E (6.55 ± 0.01) was liked slightly. Consequently, cassava and orange fleshed sweet potato can be blended to produce gari of better quality to enhance healthful benefits from their high content of nutrients, vitamins, phytochemicals and antioxidants.
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1.0 INTRODUCTION
Gari is one of the most widely and frequently consumed food staples in many parts of Africa, including Nigeria. It is a fermented, partly gelatinized, creamy-white grits traditionally made from cassava (Manihot esculenta Crantz) roots (Bankole et al., 2013). 
Gari is a granular food product produced by grating cassava roots into a mash, fermenting and de-watering the mash into a wet cake, and roasting the wet material into gelatinized particles. Gari has a slightly sour taste and it could be white or cream depending on the variety of cassava used and the processing method adopted. The particle size of gari may vary from 0.6 to 1.1 mm depending on the method of production and the preferences of the targeted consumers. Gari is the most popular cassava food in many West African countries. Due to its convenience and multiplicity of use, gari is gradually gaining a foothold in the international food market. Ghana and Nigeria appear to be the principal producers, consumers, and exporters of gari. In Ghana gari exports grew by 23.2 % annually from 2001−2007. Nearly 75 % of cassava produced in Nigeria is processed into gari (Ojo and Akande, 2013).
Its affordability, shelf stability, and ability to quench hunger have gained its great patronage in West Africa, especially among the poor in society (Olanrewaju, 2016).
Gari is reported to constitute close to 70 % of all cassava products and to be the most consumed cassava product in Nigeria. According to Duah et al. (2016), younger age groups (18–39 years) consumed gari most frequently as compared to the older age groups. Gari is a major staple among households and all classes of pupils or students of which children younger than 5 years may be inclusive, particularly those from poor households (West, et al., 2018). However, the conventional cassava grits are deficient in antioxidants such as β-carotene (a provitamin A carotenoid), and other non–provitamin A carotenoids, as the widely grown white cassava is deficient in these health-promoting compounds. Again, the raw material for cassava grits, cassava, is a major source of residual cyanogenic compounds, measured as hydrogen cyanide (HCN) (Islam, et a., 2016). Not undervaluing the nutritional potential of conventional cassava grits, which is processed from cassava only, there is a need to explore other strategies such as compositing to improve its quality in terms of nutrients and antinutrients. To this effect, orange-fleshed sweet potato (OFSP) could play a dual functionality as it is rich in β-carotene with little or no residual cyanogenic compounds, hence the need for this research work. The most common micronutrient deficiencies worldwide are those of vitamin A, iron, and iodine. The concentration of carotenoids in cassava-based foods can either be increased by substituting bio fortified cassava for common unfortified cassava, or by adding a food with a very high concentration of β-carotene or vitamin A to the cassava. Orange fleshed sweet potato is extremely rich source of β carotenoids. As such it has been used to prevent vitamin A deficiency in individuals especially in children, pregnant women lactating mothers.
The orange-fleshed sweet potato (OFSP) is being promoted for consumption as a public health tool to combat vitamin A deficiency diseases in Africa. As a staple diet in many households in West Africa, “fufu” aptly lends itself to fortification with OFSP for the delivery of essential micronutrients for health improvement (Kim, et al., 2015). Ojo and Akande (2013), incorporated OFSP into cassava grits in the ratios (cassava:OFSP): 90:10,80:20, 70:30, 60:40, and 50:50 %, while West et al., 2018, incorporated OFSP into cassava in the ratios 0:10, 80:20, and 70:30 %. 

2.0	MATERIALS AND METHODS
2.1	Sources of raw materials
Fresh orange fleshed sweet potatoes tubers were collected from a local farm in Jos, Plateau State and fresh cassava tubers were obtained from local farms in Abinsi, Guma local Government. Benue State. The raw materials were transported to the food processing laboratory of the Centre for Food Technology and Research (CEFTER), Benue State University Makurdi for preparation, production and analysis.
2.2	Sample preparation
Gari preparation was carried out using conventional processing methods. The cassava and OFSP roots were separately sorted, washed, peeled using stainless steel knife, and was washed again after peeling. Cassava and orange fleshed sweet potato back will be removed from the tubers using a stainless-steel knife. The tubers are allowed to drain out water to avoid slippery handling during   grating to avoid accidents that may lead to cuts or injuries. The tubers were grated into fine particles to reduce the sizes of the tubers making it ready to garificate. The resulting mash was transferred into sacks and pressed by placing weights (heavy stones) to drain off excess water. This was left overnight, for fermentation to occur. The fermented dough was sifted with a locally fabricated raffia mat before roasting in a locally made clay pan over a source of fire at 90–115 oC for 20 min. The grated fermented flour will then be sieved to get the finest particles leaving the larger once and this process is done with the aid of a local sieve made from palm fronts. The fine sieved flour was fried without oil on fire until it becomes crispy in nature making it ready for consumption. Orange fleshed sweet potato fortified gari was packaged in small polyethene bags of 5g to prevent its contact with air and moisture to avoid the growth of mould which is not good for consumption. The process of sample preparation is shown in figure 1 below:
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Figure 1: flow chart for processing gari from cassava and orange fleshed sweet potato tubers




Table 1: Blend formulation for gari production from orange fleshed sweet potato

Samples	Cassava	Orange fleshed sweet potato
				(%) 			(%) 	
		A		100			0
		B		80			20
		C		70			30
		D		60			40
		E		50			50

2.3	Physicochemical and functional properties of gari
2.3.1	Proximate Analysis of the Samples
The Official Methods of Analysis of the Association of Official Analytical Chemists (AOAC) International was used to determine the moisture (AOAC 925.10), crude protein (AOAC 960.52), ash content (923.03), crude fat (AOAC 922.06) and crude fibre AOAC (2000).
2.3.2 Functional properties
The method prescribed by Baljeet et al (2014) was used for determining the swelling capacity, while water absorption capacity was determined by the method described by Tanumihardjo SA. 2008. Bulk density was carried out by the method described by Rodrigues, et al., (2016) with slight modification.  
2.3.3 	Sensory Evaluation
Sensory evaluation of the composite gari samples was conducted using fifty semi-trained panel members. These panelists were familiar with quality attributes of gari. The samples were coded and presented in identical containers. A nine-point hedonic scale as described by Ihekoronye and Ngoddy (1985) was used. The scale ranged from like extremely (9) to dislike extremely (1). Each sample was scored for colour, aroma, taste, flavor/mouth feel and overall acceptability.
3.3.4	Statistical Analysis
SPSS version16 statistical software package was used for the statistical analysis of all the data. Similarities and differences amongst data were subjected to analysis of variance (ANOVA). Duncan multiple range test (DMRT) was used for mean separation at 5% probability level of significance level. 










3.0	RERSULTS AND DISCUSSION 
3.1	Results
Result of the proximate composition of gari fortified with OFSP is presented in table 2. The moisture and ash contents of the gari decreased as the level of OFSP in the formulation increased. On the other hand, the fat, crude protein, crude fibre and carbohydrate content of the gari increased as more OFSP were incorporated into the formulation.
Table 3 presents the functional properties of gari produced from cassava and OFSP blends. Significant increases were recorded in the bulk density, water absorption capacity and swelling index of the gari as more OFSP was added in the formulation.
Results of the evaluation of sensory attributes of gari produced from cassava and orange fleshed sweet potato is presented in table 4. The consumers preference of the gari samples increased from sample A to C and thereafter decreased in samples D and E as more OFSP was added to the formulation.











Table 2: Proximate Composition of Gari Produced from Cassava and Orange Fleshed Sweet Potato (OFSP)
	Samples 
	Moisture 
	Fat 

	Ash 
	Crude Protein
	Crude Fibre
	CHO


	A
	11.34 ± 0.30e
	0.66 ±0.00a
	0.43 ± 0.10c
	1.45± 0.01a
	2.41 ±0.01 a	
	83.71± 0.08a

	B
	9.63 ± 0.23d
	0.84 ±0.00a
	0.44 ± 0.12c
	1.83± 0.01b
	2.49 ± 0.01b
	84.77±	0.06b



	C
	7.64 ± 0.11c
	1.17±0.01b
	0.40 ± 0.12a
	2.05± 0.06c
	2.72 ±	0.03c
	86.02±	0.08c



	D
	6.38 ±0.30b
	1.41±0.00c
	0.37 ± 0.78a
	2.16±0.03cd
	2.84 ± 0.01a	
	86.84±	0.31c



	E
	4.79 ± 0.46a
	1.69 ±0.00a
	0.32 ± 0.11b
	2.25± 0.07d
	3.11 ± 0.01ab
	

	87.74± 0.54d


	LSD
	0.78
	0.01
	0.27
	0.12
	0.05

	0.73



Values are means ± standard deviation from triplicate determinations.
Means within the same column with same superscript are not significantly different (p<0.05). 
A = 100% Cassava,
B = 80% Cassava + 20% OFSP
C = 70% Cassava + 30% OFSP 
D = 60% Cassava + 40% OFSP 
E = 50% Cassava + 50% OFSP
Table 3: Functional Properties of Gari Produced from Cassava and Orange Fleshed Sweet 	Potato (OFSP) Blends
	Samples
	Bulk Density
	WAC
	Swelling Index


	A
	0.45±0.02a
	65.52±0.12a
	21.00 ±0.00a


	B
	0.50±0.00bc
	68.20±0.00b
	24.00 ± 0.00b


	C
	0.61 ± 0.14b
	75.47 ±0.18c
	25.00 ± 0.00c


	D
	0.72 ± 0.00c
	81.50±0.50d
	25.50 ± 0.71c


	E
	0.88 ± 0.00bc
	89.31±0.18e
	27.00 ±0.00d


	LSD
	0.03
	0.32
	0.81




Values are means ± standard deviation from triplicate determinations.
Means within the same column with same superscript are not significantly different (p<0.05). 
A = 100% Cassava,
B = 80% Cassava + 20% OFSP, 
C = 70% Cassava + 30% OFSP, 
D = 60% Cassava + 40% OFSP, 
E = 50% Cassava + 50% OFSP



Table 4: Sensory Evaluation of Gari produced from Cassava and Orange Fleshed Sweet Potato (OFSP) Blends
	Samples
	Colour
	Flavour
	Taste
	Overall Acceptability

	A
	7.31±0.01a
	7.34±0.01a
	6.11±0.01a
	7.59±0.01a


	B
	7.41±0.02b
	7.73±0.04b
	6.84±0.01b
	7.65±0.01b


	C
	8.77±0.03c
	8.68±0.00c
	7.58±0.00c
	8.11±0.01c


	D
	7.64±0.03d
	6.94±0.01d
	7.27±0.01d
	7.25±0.02d


	E
	7.42±0.02b
	6.06±0.01e
	7.19±0.01e
	6.55±0.01e


	LSD
	0.06
	0.02
	0.02
	0.02



Values are means ± standard deviation from triplicate determinations.
Means within the same column with same superscript are not significantly different (p<0.05). 
A = 100% Cassava, B = 80% Cassava + 20% OFSP, C = 70% Cassava + 30% OFSP, D = 60% Cassava + 40% OFSP, E = 50% Cassava + 50% OFSP

3.2	Discussion
3.2.1	Proximate Analysis
The results for proximate composition are presented in table 2. The result shows that, the moisture content of the gari produced decreased from sample A (11.34 ± 0.30) to E (4.79 ± 0.46) as the amount of OFSP incorporated into the formulation increased. This decrease in moisture is an indication that cassava contains more moisture than OFSP and this result is in agreement with the findings of Atume, et al., 2018. The moisture reduction trend observed in this study can therefore, be attributed to high fibre content in OFSP than cassava and has lower intercellular spaces to accommodate moisture. The maximum moisture content recommended for safe storage of gari is 12%. The moisture content of all the gari samples produced in this study were within this maximum limit ‘and can be stored safely. Samples C (7.64±0.11), D (6.38±0.30) and E (4.79±0.46) with lower moisture content will have a longer shelf-life stability than samples A (11.34±0.30) and B (9.63±0.23) whose moisture content were higher and closer in value to the recommended maximum limit of 12%.
The result of fat content shows an increased from 0.66% in sample A to 0.84%, 1.17%, 1.41% and 1.69% as 20%, 30%, 40% and 50% OFSP were incorporated into the formulations of samples A, B, C, D and E respectively. This increase in the fat content of the samples as the amount of OFSP in the formulation increased is an indication that, OFSP contains more fats than cassava.
The ash content shows an irregular pattern in the samples with an increase from 0.43 % to 0.44 % recorded on 100 % cassava and 80 % cassava; 20 % OFSP respectively (table 1). A steady increase is observed across 70 % cassava; 30 % OFSP to 50 % cassava; 5- % OFSP. A low ash content of 0.43% was obtained for gari produced wholly from cassava (Sample A) which is quite low compared to the 1.79% reported by Ismaila, et al., 2018 and 1.68% reported by Mohammad et al., 2016. The low ash content of gari obtained in this study could be due to the nature of soil upon which the cassava used in this study was cultivated.
The crude protein content of the cassava OFSP composite gari was significantly (p < 0.01) higher than the 100% cassava gari. The data further showed that the crude protein increased with increasing levels of OFSP with the 80 % cassava:20 % OFSP composite gari recording almost 0.38 times higher than the 100% cassava gari. The findings corroborate previous works by Sanoussi, et al., 2016, who reported a significant increase in crude protein content with an increased inclusion level of OFSP. 
Like in fat, ash and crude protein content, the crude fibre content of gari produced in this study significantly increased as more OFSP was incorporated into the formulations. This too signifies that OFSP has more crude fibre than cassava. The findings of this study agree with those of Nascimento, et al., 2015 who in their separate research reported higher crude fibre values for OFSP than cassava when they carried out the proximate analysis of cassava, cocoyam, sweet potato, OFSP and carrot. 
The carbohydrate content of the gari produced increased with increase in OFSP content. High carbohydrate content was observed in all the samples with A, B, C, D and E containing 83.71%, 84.77%, 86.02%, 86.84% and 87.74% carbohydrates respectively.
3.2.2	Functional properties
Functional properties are governed by processing methods, particle size distribution, quality and quantity of nutrients in addition to presence of food additives. The results are presented in table 3. Results revealed that as OFSP content increased, there was a significant effect (p<0.05), on the bulk density, water absorption capacity and the swelling index. It shows that as the OFSP content increases, there is a relative increase in bulk density (0.45-0.88), water holding capacity (65.52-89.31) and swelling index (21.00-27.00) respectively. The bulk density of the samples increased with an increase in the amount of OFSP in the formulation. In table 1, it was shown that the crude fibre content of the samples increased from samples A to E and a relationship exist between the crude fibre content of a food and its bulk density. The more the crude fibre contents of a food, the higher its bulk density Nicanuru, et al., 2015. This relationship holds true in this study since the bulk density of the gari samples also increased from 0.45 mg/100g in sample A to 0.50 mg/100g, 0.61 mg/100g, 0.72 mg/100g and 0.88 mg/100g across samples B, C, D and E respectively. The absorption of water lead to swelling of the gari products and samples with more OFSP and had shown more water absorption capacity also had a greater swelling index. While sample A had a swelling index of 21.00 ml/g, sample B, D and E swelled better and recorded a swelling index of 24.00 ml/g, 25.00 ml/g and 27.00 ml/g for the respective samples. This trend in water absorption capacity and swelling index was also reported by Islam, et al., 2016. Muchoki and Imungi (2017), also explained that as more water is absorbed by a food product, the more it swells.  
3.2.5	Sensory evaluation
Results of the sensory evaluation are shown in Table 4. Result revealed that OFSP has significant effect (p<0.05) on the sensory attributes of the gari samples. Consumers demand for a food depends on its physical attributes such as Madubuike, et al., 2014. 
Sample C (8.77 ± 0.03) was the most preferred in terms of colour followed by samples D (7.64± 0.03), B (7.41 ± 0.02) and E (7.42 ± 0.02) while sample A (7.31 ± 0.01) was the least preferred. From the trend, the three most preferred products (C, D and B) contained high amounts of OFSP (30%, 40% and 50%). This increase in the colour preference of gari products with increase in the amount of OFSP incorporated into the formulation could be due to the high carotenoid content of OFSP. Muchoki and Imungi (2017), reported OFSP to be rich in carotenoids that gives it its orange-reddish coloration. Differences in taste scores among all the gari samples were significant at 5% probability level. Sample A (6.11) had the least taste score than all the other gari samples. This low taste score of sample A can be attributed to the mild glucoside content of the cassava. Glucosides have been reported to impart a sour taste on foods and beverages that is mostly undesirable by consumers Nascimento, et al., 2015. Sample had a sensory taste score 7.58 and was the most acceptable in terms of taste. The sensory score for taste dropped to 7.27 in sample D and 7.19 in sample E as more OFSP was added into the formulation. It is reported that OFSP contains a lot of monosaccharide sugars that are sweet and its incorporation in a cassava-based food must have resulted into sweetness that improved the taste of the gari products. A drop in taste preference value of samples D and E could be as a result of the product being too sweet for the panelists due to higher concentrations of OFSP (40% and 50%) in the samples. sample C had the best sensory flavor and was scored 8.68 by the panelists followed by sample B (7.73 ± 0.04) and then, sample A (7.34 ± 0.01). Sample D and E containing large amount of OFSP had the least preference scores of 6.94 and 6.06 respectively. OFSP has a slightly mouth tightening effect which however does not linger for a long time and could be the reason for the low flavor scores of sample D and E. The incorporation of OFSP in the formulation tends to decrease the panelists preference due to the fact that the gari developed gives them a tightly mouth feel after consumption.
 Sample C had the highest mean score in overall acceptability (8.11±0.01) of the formulated gari samples. This was expected as it was the most preferred product in terms of colour (8.77±0.03), taste (7.58±0.00) and flavor (8.68±0.00). Conversely, sample E was the least preferred product in overall acceptability (6.55±0.01). This too was not strange as the sample was the least preferred in all the sensory parameters that were evaluated. The overall acceptability mean score for all the samples were significantly (P>0.05) different from each other.
3.3	Conclusion 
OFSP can be blended with cassava up to 20 % incorporation to process gari. This composited sample has similar physicochemical characteristics; functional and sensorial properties compared to the 100% cassava only. Consequently, cassava and orange fleshed sweet potato can be blended to produce gari of better quality to enhance healthful benefits from their high content of nutrients, vitamins, phytochemicals and antioxidants. This will go a long way in helping to combat the challenges of vitamins deficiency and protein energy malnutrition confronting the African continent especially now that gari has become a stable food for many households. It will also generate employment opportunities to many Nigerians and culminate into economic development as the burden of importing vitamins and protein rich foods will also be reduced.
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