


Physiochemical Properties of Gari Supplemented with Orange-Fleshed Sweet Potato


Abstract: Gari was prepared using casava blended with orange-fleshed sweet potato. The cassava and orange-fleshed sweet potato tubers were peeled, washed, grated, dewatered, fermented and roasted. The product was assessed for its proximate properties, functional, vitamins, minerals and sensory properties using standard methods by AOAC. Five samples were formulated thus: A = 100% Cassava, B = 80% Cassava + 20% OFSP, C = 70% Cassava + 30% OFSP, D = 60% Cassava + 40% OFSP, E = 50% Cassava + 50% OFSP. The results of the analysis indicated an increase in crude protein, crude fibre and carbohydrate as the concentration (%) of the OFSP increases. Similar result was obtained for pH, bulk density, water absorption capacity and swelling index. Sample C had the overall acceptability with a value of 7.93±0.02 while sample E had the lowest value of acceptability (6.83±0.01) from the sensory evaluation. High content of vitamin A and C were also recorded (1328.53) and (23.08±0.06) respectively. the result also revealed reasonable amount of Ca, K and Zn with highest values of 2320.34±0.05, 528.51±0.00 and 100.50±0.02 respectively. 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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INTRODUCTION 
Cassava (Manihot esculenta crantz) provides energy as a dominant staple food crop of great importance for the nutrition of over 500 million people in the tropical world most especially in Africa as well as many developing countries. Irtwange and Achimba (2009) viewed that cassava appears to be the major staple food that matches the population growth in Nigeria. It is an important raw material for the non-food industries as well. The low amylase, high amyl pectin content of the cassava starch gives it necessary viscosity for high quality adhesive and for use in paper and textile industries.
Root and tuber crops such as yam, cassava, cocoyam and potato provide food and income to many households in Nigeria. They are second only in importance to cereals as a global source of carbohydrates. They are rich sources of carbohydrates, crude fibre and energy as well as some minerals and essential vitamins (Oladipo et al., 2017).
Orange-Fleshed Sweet potato (OFSP) is an improved breed of sweet potato cultivated in tropical and semi-tropical regions of 146 the world for food and source of income especially among the rural dwellers. Orange flesh sweet potato has been reported to increase children's levels of vitamin A and serum retinol concentration (Ajanaku et al., 2013) and has been used to fight global vitamin A deficiency.
In Nigeria, sweet potato is eaten mostly as a snack, fried, cooked, used in pounded yam, and as a sweetener in beverage production. Despite the nutritional and economic benefits of OFSP, it remains under-used in Nigeria because of its bulkiness and steady deterioration (Olubunmi et al., 2017). Hence, there is the need for conversion into other value-added forms that are less prone to deterioration.
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 (Iornyor, et al., 2026). Gari is one of the most widely and frequently consumed food staples in many parts of Africa, Nigeria inclusive. Gari is a fermented, partly gelatinized, creamy-white grits traditionally made from cassava (Manihot esculenta Crantz) roots Richard, et al., 2021. Its affordability, shelf stability, and ability to quench hunger have gained its great patronage in West Africa, especially among the poor in society. Additionally, the convenience and the ready-to-use nature of this product have further broadened its market by attracting students at all levels and the busy in society (Atume, et al., 2018). 
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.
MATERIALS AND METHODS
Sources of raw materials
Fresh orange-fleshed sweet potatoes tubers were collected from Wadata market in Makurdi Local Government Area of Benue State, while fresh cassava tubers were also collected from Wannune market, in Tarka Local Government Area, Benue State. The raw materials were transported to the food processing laboratory of the Benue State University Makurdi for preparation, production and analysis.
Preparation of Gari from Fresh Cassava and OFSP Roots
Cassava and orange-fleshed sweet potato tubers were peeled using a knife. The cassava and orange fleshed sweet potato were deep into water after peeling and washed to remove dirt and sand particles that come in contact with the tubers as a result of handling. The tubers were allowed to dry out water to avoid slippery handling during   grating to avoid accidents that may lead to cuts or injuries. 
The tubers were then grated into fine particles to reduce the sizes making it ready for garification. The grated fine particles of tubers were then packed into sacks and allow to dewater. The grated fine particles of the tubers were fermented in the sacks for at least two to three days and stick was twisted round for dewatering; the fermentation is done so that the gari can come out with a sour taste and these enables the swelling index of the gari. 
The grated fermented flour was sieved with the aid of a local sieve made from palm fronts. The fine sieved flour was fried/roasted without oil on fire until it becomes crispy in nature and ready 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: formulation of gari from cassava and 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

Physicochemical Properties of Cassava OFSP Composited Gari
Proximate Analysis
The proximate analysis was done according to the methods of AOAC (2009) methods. The samples were analyzed in triplicates for crude protein, crude fiber, moisture, carbohydrate, pH, Vitamin A and C and ash contents. The average values of the three measurements were obtained.
Functional Properties
Functional properties were carried out to determine the behavioral and physical characteristics of the supplemented gari. The parameters determined include: Water absorption capacity, bulk density and swelling index.
Sensory Evaluation
Sensory evaluation was performed on each of the formulation to evaluate their organoleptics qualities. A sensory panelist of 9 persons from Federal Polytechnic Wannune was adopted.  
The formulations were assessed in terms of color, taste, aroma and general acceptability using a nine (9) point hedonic scale as shown below:
Like extremely; Like very much; Like moderately; Like slightly; Neither like nor dislike; Dislike slightly; Dislike moderately; Dislike very much; Dislike extremely.
Samples were presented to each panelist in a clean saucer with coded names placed below each saucer used to serve the panelist.
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).
[bookmark: _GoBack]RERSULT AND DISCUSSION
Results obtained from Table 2 shows that OFSP has a significant effect (p<0.05) on the proximate values of the gari-OFSP product. As percentage quantity of OFSP increases, there were significant p>0.5 increase in crude protein, crude fibre, and carbohydrate.
Table 3 showed the functional properties of gari supplemented with OFSP. There was a significant difference (p<0.05), on the pH, bulk density, water absorption capacity and the swelling index, as blends percentages increases. 
Results of the sensory evaluation shown on Table 4, revealed that OFSP has significant effect (p<0.05) on the sensory attributes on cassava-OFSP gari sample. 
Similarly, table 5 and 6 for vitamins and minerals respectively showed a significant effect of the addition of OFSP on cassava for the formulation of gari.



Table 2: Proximate composition of cassava gari supplemented with OFSP flour 
	
Sample ID
	                                   Proximate Parameters

	
	Crude protein 
	Crude fibre 
	Moisture cont.
	Carbohydrate 
	Ash content 

	A
	1.54±0.01a
	1.83±0.01a
	12.45±0.50e
	80.24±0.05a
	0.64±0.12a

	B
	1.86±0.01a
	2.42±0.01b
	11.62±0.21d
	82.26±0.05b
	0.52±0.14b

	C
	1.98±0.03b
	2.68±0.01c
	10.64±0.12c
	85.19±0.06b
	0.51±0.07b

	D
	2.10±0.05c
	2.73±0.04ab
	9.63±0.11b
	86.27±0.12c
	0.40±0.10c

	E
	2.23±0.06d
	2.95±0.01a
	6.79±0.32a
	86.83±0.25d
	0.36±0.11c

	        LSD
	0.04
	0.06
	0.76
	0.79
	0.26


Values with the same superscripts within the same column 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, LSD: Lower significant difference
Table 3: Functional properties of cassava gari supplemented with OFSP flour
	 
Sample ID
	                                   Functional Parameters

	
	pH
	Bulk Density
	Water Abs. Capacity
	Swelling Index

	A
	4.00±0.01a
	0.48±0.01a
	64.52±0.11b
	22.00±0.00a

	B
	4.27±0.00c
	0.55±0.13b
	67.20±0.00a
	25.00±0.00b

	C
	5.46±0.00b
	0.62±0.00c
	76.57±0.16b
	26.00±0.00c

	D
	5.87±0.01ab
	0.74±0.13d
	79.50±0.50c
	26.00±0.00d

	E
	6.52±0.02a
	0.83±0.00bc
	88.32±0.18d
	28.00±0.13e

	LSD
	0.04
	0.03
	0.33
	0.14


Values with the same superscripts within the same column 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, LSD: Lower significant difference







Table 4: Sensory evaluation of cassava gari supplemented with OFSP flour 
	
Sample ID
	                            Sensory Properties 

	
	Flavour  
	Taste 
	Colour 
	Overall Acceptability

	A
	7.82±0.01a
	6.52±0.01a
	7.42±0.01a
	7.66±0.01a

	B
	7.88±0.04b
	6.85±0.01b
	7.51±0.01b
	7.72±0.01b

	C
	8.25±0.00c
	6.98±0.01c
	7.98±0.03c
	7.93±0.02c

	D
	7.32±0.01d
	7.83±0.02d
	7.63±0.02d
	7.26±0.01d

	E
	7.06±0.01e
	7.21±0.00e
	7.53±0.02b
	6.83±0.01e

	LSD
	0.03
	0.02
	0.07
	0.03


Values with the same superscripts within the same column 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, LSD: Lower significant difference


Table 5: Vitamin content of cassava gari supplemented with OFSP flour 
	
Sample ID
	            Vitamins

	
	        A
	       C

	A
	220.00±0.67a
	7.88±0.05a

	B
	1224.25±0.82b
	20.07±0.08b

	C
	1238.82±0.72c
	20.35±0.01c

	D
	1328.52±0.05d
	22.50±0.03d

	E
	1328.53±0.33e
	23.08±0.06e

	LSD
	1.32
	0.13


Values with the same superscripts within the same column 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, LSD: Lower significant difference



Table 6: Mineral content of cassava gari supplemented with OFSP flour 
	
Sample ID
	                                       Mineral

	
	Ca
	K
	Zn

	A
	1517.52±0.05a
	522.82±0.03a
	83.72±0.01a

	B
	2576.23±0.04b
	520.73±0.05b
	98.87±0.01b

	C
	2153.05±0.03c
	538.31±0.01c
	100.50±0.02c

	D
	2103.05±0.05d
	587.84±0.04d
	80.96±0.03d

	E
	2320.34±0.05e
	528.51±0.00e
	85.25±0.02e

	LSD
	0.08
	0.09
	0.06


Values with the same superscripts within the same column 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, LSD: Lower significant difference

Discussion 
Proximate composition
The proximate parameters analyzed showed no significant differences (p > 0.05) as indicated in Table 2. The results show a decrease in moisture content from sample A to E with values of 12.45±0.50, 11.62±0.21, 10.64±0.12, 9.63±0.11 and 6.79±0.32 respectively. The decrease is attributed to the fact that cassava contains more moisture than OFSP. Similar results were also obtained by Iornyor et al, 2026.The moisture content of all samples fall within the maximum reference level, 12% for gari (CAC, 1992), an important indicator for good shelf life.
The crude protein content of the evaluated cassava-OFSP gari ranged between 1.54 to 2.23 between sample A-E. The value for sample A was recorded as 1.54±0.01 while B, C, D and E were recorded as 1.86±0.01, 1.98±0.03, 2.10±0.05 and 2.23±0.06 respectively. The crude protein content of the cassava-OFSP composite gari was significantly (p < 0.01) higher than the 100% cassava gari. The crude protein was observed to increase with increase in the levels of OFSP with 50 % OFSP having a value of 2.23±0.06. similar results were also obtained by Kanu et al., 2018 who reported on the proximate properties of improved OFSP breed in Umudike.
Similar result was also obtained for crude fibre with an increase as the quantity (%) of OFSP increases. The results show sample A to contain 1.83±0.01 (Table 2) and B to contain 2.42±0.01 while C, D, and E contain 2.68±0.01, 2.73±0.04 and 2.95±0.01 respectively. This implies that OFSP contains more fibre as compared to cassava (A). This result conforms with that of Sanoussi, et al., 2016, who observed a significant increase in crude fibre content with an increased level of OFSP. 
The result for total carbohydrate content is presented in table 2 with the highest value observed in sample E (86.83±0.25) (50 % cassava and 50 % OFSP) and the lowest found in A (80.24±0.04) (100 % cassava). Samples B, C and D recorded values of carbohydrate as 82.26±0.05, 85.19±0.06 and 86.27±0.12 respectively. The carbohydrate content in all the samples increased with increase percentage of OFSP.
The ash content is the representative of the mineral contents of a food material. Present study revealed the ash content to range between 0.64±0.12-0.36±0.11 (table 2). A decrease in ash content was observed as the levels of OFSP increases with values for A, B, C D and E recorded as 0.64 %, 0.52 %, 0.51 %, 0.40 % and 0.36 % respectively.  The ash content recorded in sample A, could be attributed to the nature of the soil upon which the cassava used for present study was cultivated.
Functional properties 
Sample A with 100 % cassava gari had a significantly (p = 0.04) lower pH compared to the blend with the highest level of OFSP (50 % cassava: 50% OFSP) as presented in table 3. The pH values were observed to increased slightly with the levels of OFSP. The values recorded for A-E as 4.00±0.01, 4.27±0.00, 5.46±0.00, 5.87±0.01 and 6.52±0.02 respectively. The slight increase could be attributed to declined carbohydrate availability and thus decreased level of fermentable substrates (Agbara, et al., 2018). The pH of all samples was generally low due of the fermentation process. The pH of gari is a function of fermentation and an indicator of its storage life, thus, the lower the pH, the better the storage life as it inhibits microbial activity. 
Results revealed a significant effect (p<0.05) on the bulk density as the content of the OFSP increases (table 3).
Water absorption property indicates of a product ability to interact with water under water limiting conditions such as making of dough and paste. 
The bulk density ranged from 0.48 to 0.82 mg/g (table 3) and a significant difference was observed among all the samples with sample E having the highest value (0.83±0.00) and sample A with the lowest value (0.48±0.01). Bulk density increases with increase in the value of OFSP as sample B recorded 0.55±0.13, while C and D recorded 0.62±0.00 and 0.74±0.13 respectively. The bulk density observed in this study is lower than the 0.92 to 1.27 range recorded by Kanu et al., 2018.
The water absorption capacity (WAC) of the samples was found to be 64.52, 67.20, 76.57, 79.50 and 88.23 mg/g for samples A, B C D and E respectively (Figure 2). This implies that sample A (64.52±0.11) has the ability to absorb more water during processing into dough than every other samples. The ability to absorb water is an important property of used in food preparations. 
Similar result was also obtained for swelling index as it increases with increase in the value of OFSP (Table 3). Sample A recorded a swelling index of 22.00±0.00 mg/g while B, C D and E recorded 25.00 mg/l, 26.00 mg/g, 26.00 mg/g and 28.00 mg/g respectively. similar trend was also observed by Iornyor, et al., 2026 while Muchoki and Imungi (2017), explained that the more the water is absorbed by the product, the more it swells.
Sensory Evaluation
The sensory attributes of the product as presented in Table 4 did not depart greatly from the pattern observed for raw gari from 100 cassava. Sample A (raw cassava) recorded 7.82±0.01 for flavour with similar values recorded for sample B, D and E as 7.88±0.04, 7.32±0.01 and 7.06±0.01 respectively. a higher value for flavour was recorded for sample C (8.25±0.00) which implies more acceptability. Sample E and D are composed of large amount of OFSP with the least preference scores of 7.06±0.01 and 7.32±0.01 respectively. OFSP is known to have a slightly mouth tightening effect which does not linger for long and could attribute to the low flavour scores of sample E and D. The values for taste were observed to increase slightly with increase in the amount of OFSP added. Sample A recorded 6.52±0.01, while B, C, D and E recorded 6.85±0.01, 6.98±0.01, 7.83±0.02 and 7.21±0.00 respectively. There was a significant difference in taste scores at 5% probability level. The increase in the values foe taste could be attributed to the fact that OFSP contains high concentrations monosaccharide sugars which tend be sweet and when incorporation in a cassava-based food must have resulted into sweetness that improved the taste of the gari products. Colour is one of the important qualities that influence consumers’ food choices. Yellow hued gari seems to be priced higher because it is believed to have added health-promoting nutrients from red palm oil. In the present study, an increase in the amount of OFSP increases the value for colour as presented in table 4. Sample A recorded 7.42 while B recorded 7.51. Sample C recorded the highest value for colour (7.98) while sample D and E recorded 7.63 and 7.53 respectively. The relatively higher values of colour recorded for sample C and D could be attributed to the presence of health-promoting bioactive compounds including β-carotene.
On the overall acceptability, sample C had the highest mean score in overall acceptability (7.93±0.02) of the blend gari samples. The result was expected as it was the most preferred product in terms of colour (7.98±0.03) and flavour (8.25±0.00). in a related way, sample E was the least preferred product in overall acceptability with value (6.83±0.01) table 4. The result conforms with the fact that 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.
Vitamin contents
The result of the analysis indicated high content of Vitamins as the concentration of vitamins increases with increase in the content of the OFSP. Sample A (100%) cassava had 220.00 mg/100g (Table 5) of Vitamin A, while sample B-D showed a rapid increase in the concentration of vitamins as OFSP is blended with the cassava. Sample B recorded 1224.25 mg/100g, while C, D and E recorded 1238.82 mg/100g, 1328.53 mg/100g and 1328.53 mg/100grespectively. Vitamin A is needed in the body for the maintenance and sight protection. OFSP has been reported to be among the crops with leading vitamin A content Islam et al 2016. Similar results were also reported by Muchoki et al., 2017. A similar trend was also observed for Vitamin C which increases with increase in the proportion of the OFSP. Values for vitamin C were recorded in sample A as 7.88 mg/100g, while sample B, C D and E recorded a slight increase of 20.0 mg/100g, 20.35 mg/100g, 22.50 mg/100g and 23.08 mg/100g respectively. Vitamin C content in all the samples met the prescribed limit of 20 mg/day set by FAO.
Mineral content
Table 6 presents the mineral content of gari produced from cassava and OFSP. Calcium, potassium and zinc were analyzed as they are the predominant minerals in cassava and their relevance in the human body. Sample A was observed to contain 1517.52 mg/100g of Ca while sample B, C D and E recorded 2576.23 mg/100g, 2153.05 mg/100g, 2103.05 mg/100g and 2320.34 mg/100g of Ca respectively. The high amount of Ca recorded in the samples could be attributed to the soil where the cassava was cultivated to contain high amount of Ca. Calcium is required in the body to increase the permeability of cell membrane, transmission of nerve impulses and the development of healthy and strong teeth and bones FAO, 2006. The result also revealed that the product contains 522.82 mg/100g, 520.73 mg/100g, 538.31 mg/100g, 587.84 mg/100g and 528.51 mg/100g of potassium in samples A, B, C, D and E respectively. The amount of K was observed to increase with increase in the amount of OFSP in the blend indicating higher concentration of potassium in OFSP compared to cassava. Similar results were also reported by Mohammed et al., 2016. The present study recorded high concentration of zinc in the product. Sample A was observed to contain 83.72 mg/100g while B, C D and E contained 98.87 mg/100g, 100.50 mg/100g, 80.96 mg/100g and 85.25 mg/100g respectively. Lower concentration (63.00 mg/100g) was reported by Sanoussi, et al., 2016.
Conclusion 
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. The results of this study revealed high level of acceptability in all blends and a better mineral and vitamin composition. Further study should be done on the production of gari with 100% OFSP.
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