


COMPARATIVE STUDIES OF THE NUTRITIONAL PROFILES OF COCOYAM (Colocasia esculenta) CORM AND THREE-LEAF YAM (Dioscorea dumetorum) TUBER.
	
[bookmark: _GoBack]ABSTRACT
Malnutrition has persisted globally, often due to little awareness of the nutritional value of staple foods. Cocoyam (Colocasia esculenta) and three-leaf yam (Dioscorea dumetorum) are widely consumed in Nigeria, with selection usually based on taste and availability rather than nutrient composition. Proximate composition and vitamin content of both species were analyzed to assess their nutritional differences using standard methods. C. esculenta recorded higher values for moisture (10.53 ± 0.02 %), ash (3.19 ± 0.03 %), crude protein (5.22 ± 0.01 %), crude fiber (1.90 ± 0.03 %), and crude fat (1.46 ± 0.02 %) compared to D. dumetorum (moisture: 9.72 ± 0.03%, ash: 2.37 ± 0.01%, crude protein: 4.27 ± 0.10%, crude fat: 1.57 ± 0.02%). D. dumetorum had higher total carbohydrate (81.43 ± 0.12 %) than C. esculenta (77.63 ± 0.10). Vitamin levels were greater in D. dumetorum - vitamin A (3.74 ± 0.03 µg/g), vitamin C (8.63 ± 0.04 mg/100 g), vitamin E (0.64 ± 0.01 mg/100 g), vitamin B1 (0.24 ± 0.01 mg/100 g), vitamin B2 (0.17 ± 0.02 mg/100 g), and vitamin B3 (2.76 ± 0.04 mg/100 g) compared to C. esculenta (vitamin A: 2.68 ± 0.01 µg/g; vitamin C: 7.41 ± 0.03 mg/100 g; vitamin E: 0.53 ± 0.00 mg/100 g; vitamin B1: 0.19 ± 0.01 mg/100 g; vitamin B2: 0.13 ± 0.02 mg/100 g; vitamin B3: 1.68 ± 0.03 mg/100 g). C. esculenta is richer in proximate nutrients, while D. dumetorum contains more vitamins. Given its lower carbohydrate content, C. esculenta is recommended for elderly individuals and diabetic patients, whereas D. dumetorum may be more suitable for younger consumers.
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INTRODUCTION
Green plants are autotrophs that synthesize carbohydrate during photosynthesis in the presence of sunlight, using water and carbon dioxide in green  pigment called chlorophyll. Thus, root tuber crops contain carbohydrates in large quantity, which are the body’s main source of energy; they help to fuel the brain, kidneys, heart, muscles and the central nervous system, (Lichtenthaler and Buschmann ,2001).
Cocoyam is an herbaceous perennial plant belonging to the family Araneae. It is grown primarily for its tubers. It is an annual tropical plant primarily grown as a root and leafy vegetable crop for its edible starchy corm (Ukwu et al.,2023). In Nigeria, the bulk of cocoyam is produced as food, either as a primary product (corm, leaves and inflorescence) or as a secondary product (flour, cake, crisp and chip). Nwabuzor, (2001) noted that cocoyam can be consumed in various forms; boiled, pounded or roasted and can also be processed in chips which have a long shelf life and provide food all year round especially during lean planting season. Its leaves are also used as vegetable for preparing soup in some parts of the world. Cocoyam is highly cultivated in Nigeria especially in the Southern region and some part of the Middle belt; with the average production figure of 5,068,00 metric tons cultivated annually  which accounts for about 37% of total world output (Abdulrahman et al.,2015).
According to Jain et al.(2023), the leaves of cocoyam are rich in protein  and are even good sources of vitamin A, adequate quantities of vitamin B, vitamin C, manganese, copper, calcium, iron and potassium. Nutritionally, cocoyam, according to Amusa et al. (2011), is superior to cassava and yam in its possession of higher protein, mineral and vitamin contents in addition to having more digestible starch. Food and Agricultural Organization (2006) stated that millions of people depend on cocoyam in Africa, Asia and Latin America, as it is the third most important source of calories  after rice and yam. 
On the other hand, three-leaf yam or bitter yam (Dioscorea dumetorum) yam occurs wildly throughout Africa, predominantly in the tropics. It has trifoliate (three) compound leaves which differentiate it from other yams having single heart-shaped leaves, and slender stem that twines anticlockwise. The stem is coarse and juicy and is usually produced in clusters. Dioscorea dumetorum tubers like tubers of other wild plants are widely used in times of food shortage (Nimenibo-Uadia , 2003). According to Iwu et al.(1990) and Corley et al. (1985), it was reportedly used by diabetic patients due to its low glycemic index.  The efficacy of the aqueous extract of Dioscorea dumetorum in reducing blood glucose, lipids and ketones in diabetic animals has been reported (Nimenibo-Uadia 2003).
The main aim and objectives of the study are to determine the proximate composition and vitamins content of both three-leaf yam and cocoyam using standard methods described by Association of Official Analytical Chemistry (A.O.A.C.,1990 ;  A.O.A.C.,2005).
Experimental methods
Materials
Cocoyam corm and three leaf yam tubers were purchased from Eke market in Afikpo North Local Government Area, Ebonyi State Nigeria, Distilled water from Chemistry laboratory Akanu Ibiam Federal Polytechnic, Sodium chloride, Boric Acid, Hydrochloric Acid, Potassium Sulfate, and Phenolphthalein, were all of Analytical grade and were purchased through Sigma Alrich Nigeria.
Sample Collection and Preparations
Fresh cornels (small, middle and large sizes) not attacked by pest and not damaged during harvesting process, were selected from the cocoyam and three-leaf yam. The samples were identified and authenticated at the Botany Section of Biology Unit of Department of Science Laboratory Technology, Akanu Ibiam Federal Polytechnic Unwana, Ebonyi State,Nigeria..
The samples were washed properly under running tap water and rewashed with distilled water. They were then cut into tiny slices, rewashed with hot water at 80 oC, and cooled to inactivate enzymes that may cause browning. The samples were dried on the laboratory bench for two (2) weeks, after which samples were ground to coarse powder before analysis.  
Determination of Proximate Composition 
Proximate composition comprising moisture content, crude protein, crude fat, and crude fiber, ash content and carbohydrate content of Colocasia esculenta and Dioscorea dumetorum were determined  using the  method  of (AOAC,2005).
Determination of Moisture Content
Moisture content of the two samples, Colocasia esculenta and Dioscorea dumetorum were determined using drying method in  an oven set at 105 ± 5 °C . Five grams of each fresh sample was accurately weighed in duplicate and placed in a pre-weighed aluminum dish and dried in an oven at 105 ± 5 °C till constant weights of dry matters were obtained. The moisture content in the sample was determined as;
Moisture =	 Wt. of fresh samples - Wt. of dried samples   x 10

                               Wt. of fresh samples

Determination of Crude Protein: The powdered cormel samples of the two plants were analyzed for crude protein content using the Kjeldahl’s method described by the Association of Official Analytical Chemists (2005), protein digestion proceeded, followed by protein distillation before titration to obtain crude protein.
Then, percentage of crude protein in the sample was calculated from the percentage nitrogen as:
Crude protein = %N x F
Where: F (conversion factor) and is equivalent to 6.25.
Determination of Crude Fibre;  Six (6) grams of each sample powder were mixed with 2.5 mL α-amylase and incubated for 10 minutes at room temperature, prior to digestion with a mixture of acetic acid, nitric acid, and trichloroacetic acid at 200 °C with stirring for 30 minutes in the determination of crude fiber. Mixture was vacuum-filtered through pre-weighed filter paper after cooling, washed with water until neutral, then with ethanol and acetone. The residue and filter paper were oven-dried at 105°C, cooled, and weighed (M1). The residue was ashed in a furnace at 550 °C, cooled, and weighed (M2). % Crude fiber was calculated as:
% Crude fiber =      (M1 – M2   x 100
		               M1	
Determination  of Crude fat:Crude fat was determined using the Soxhlet extraction apparatus. Dried flasks containing sand were weighed to constant weight. In addition, 15 g of each homogenized plant samples were placed in extraction thimbles comprising of pre-weighed filter paper. The thimbles were inserted into 250 ml extraction flasks containing 150 ml petroleum ether and tightly plugged with cotton wool. Extraction was run for 2 hours. Upon completion, samples were washed with fresh solvent, and the petroleum ether was recovered. The crude fat were collected on filter paper, evaporated to dryness, and residual solvent removed by sonication. The extraction flasks containing crude fat were oven-dried at 105°C to constant weight. Crude fat (percentage) was calculated as:
% Fat =   Wt. of flask containing the crude fat in filter paper – Wt. of flask plus filter paper
					Wt. of samples

Determination of Ash Content: To determine the ash content, crucibles were pre-heated at 550 °C for 30 minutes and were cooled in a desiccator for 1 hour, with the weight recorded as M1.  Five grams of powdered plant samples were also added and was recorded as M2. Samples were first burned over a Bunsen burner and then in a furnace at 550 °C for 5 hours. The crucibles containing the ash were cooled in a desiccator and weighed as M3. Percentage Ash content was calculated as:
%Ash =         M3 – M1   x 100
	             M2 - M1
Determination of Carbohydrate Content: The carbohydrate contents were calculated by adding the total values of moisture content, crude protein, crude fat, crude fiber and total ash contents of the two samples and subtracting it from 100%.
% Carbohydrate % =     100 – %Moisture Content % +Crude fiber + % crude protein+ % Crude fat + % Ash.
Determination of Vitamins content
The vitamin contents (vitamins A, C, E, B₁, B₂, and B₃) of the samples were determined using spectrophotometric and titration methods. Analyses were performed with a UV-visible spectrophotometer following the procedures described by Okwu and Ndu (2006) and Oteng et al. (2020).
RESULTS AND DISCUSSION
The result of proximate compositions of Colocasia esculenta and Dioscorea dumetorum is shown in Table 1
Table 1: Result of Proximate Compositions of Cocoyam and Three-leaf yam (Colocasia esculenta and Dioscorea dumetorum respectively) .
	S/N
	Proximate Compositions
	Sample A
(Colocasia esculenta)%
	Sample B
(Dioscorea dumetorum) %

	1
	Moisture Content 
	10.53 ± 0.02
	9.72 ± 0.03

	2
	Ash Content 
	3.19 ± 0.04
	2.37 ± 0.01

	3
	Crude Protein 
	5.22 ± 0.01
	4.27 ± 0.10

	4
	Crude Fibre 
	1.90 ± 0.03
	1.57 ± 0.02

	5
	Crude Fat 
	1.46 ± 0.02
	0.63 ± 0.01

	6
	Total carbohydrate contents 
	77.63 ± 0.10
	81.43 ± 0.12



Values are means of triplicate determinations ± S.D
The proximate analyses of cocoyam and three-leaf yam (Colocasia esculenta and Dioscorea dumetorum respectively) revealed differences in moisture, ash, crude protein, crude fiber, fat, and total carbohydrate contents (Table 1 ). Colocasia esculenta exhibited higher moisture (10.53 ± 0.02 %), ash (3.19 ± 0.04 %), crude protein (5.22 ± 0.01 %), crude fiber (1.90 ± 0.03 %), and fat (1.46 ± 0.02 %) compared to Dioscorea dumetorum, which recorded moisture content (9.72 ± 0.03 %), ash (2.37 ± 0.01 %), crude protein (4.27 ± 0.10 %), crude fiber (1.57 ± 0.02 %), and fat (0.63 ± 0.01 %). In contrast, the total carbohydrate content was lower in Colocasia esculenta (77.63 ± 0.10 %) than in Dioscorea dumetorum (81.43 ± 0.12 %). These results indicated that Colocasia esculenta is richer in moisture, protein, fiber, ash, and fat, whereas Dioscorea dumetorum has a higher carbohydrate content. 
This work also demonstrates that Dioscorea dumetorum with lesser moisture content might be stored for a longer time better than Dioscorea dumetorum with higher moisture content. According to Oko et al. (2015), moisture content is very important in food quality, preservation, and resistant to fungi attack. It has also been linked to many properties that affect the quality and shelf life of food and other products, including bacterial growth and texture. (Parasoglou et al., 2010).
The tubers of Colocasia esculenta and Dioscorea esculenta were also found to be high in protein contents. Colocasia esculenta having 5.22 ± 0.01 % more than Dioscorea esculenta with 4.27 ± 0.10 %.  Oko et al. (2015) reported that the intake of stable foods with low protein contents may result to several impaired biological processes in the body. The high protein contents found present  in Colocasia esculenta and Dioscorea dumetorum, show that biological processes will be encouraged from the consumption of tuber of the various plants.
Colocasia esculenta has more fibre content than Dioscorea dumetorum as shown in this work. Studies by Nimenibo-Uadia et al. (2017) have shown that increase in fibre consumption in foods reduces the increase in obesity, diabetes, cardiovascular disease, digestive disorder and some cancers. Fibre consumption is also believed to increase stool bulk and moves waste faster in the gastrointestinal tract that helps to present digestive tract problems such as constipation and diverticulosis. (Adenji et al., 2020).
The low amount of fats in the two plants makes them good candidates for healthy cardiovascular system.
The high carbohydrate contents of Colocaisa esculenta (77.63 ± 0.10 %) and Dioscorea dumetorum (81.43 ± 0.12 %) isolated in the plants tubers make them good sources of energy. (Udensi et al., 2010).
The plants Cocoyam and three leaf yam possess appreciable amounts of ash with Colocaisa esculenta having more than Dioscorea dumetorum, showing that they may some good amounts of minerals that supplement the mineral needs of humans when consumed
The results of this work agree with the findings of Mulugeta and Tebeka (2020) and Nimenibo-Uadia et al. (2017) who reported significant differences in the proximate compositions of Colocasia esculenta, and Dioscorea dumetorum. However, the proximate composition values obtained in this work differ from those previously reported. These variations may be attributed to factors such as plant age, harvest time, growing season, soil type, research methodology, and soil nutrient composition.

Vitamin content
The result of vitamins content of Colocasia esculenta and Dioscorea dumetorum is shown in table 2 below.
Table 2: Result of Vitamins Content of Cocoyam and Three-leaf yam (Colocasia esculenta and Dioscorea dumetorum respectively).
	S/N
	Vitamins Contents
	SampleA (Colocasia esculenta) mg/100g
	Sample B (Dioscorea Dumetorum) mg/100g

	1
	Vitamin A (Retinol) µg/g
	2.68 ± 0.01
	3.74 ± 0.03

	2
	Vitamin C (Ascorbic acid) 
	7.41 ± 0.03
	8.63 ± 0.04

	3
	Vitamin E (Tocopherol) 
	0.53 ± 0.00
	0.64 ± 0.01

	4
	Vitamin B1 (Thiamin) 
	0.19 ± 0.01
	0.24 ± 0.01

	5
	Vitamin B2 (Riboflavin
	0.13 ± 0.02
	0.17 ± 0.02

	6
	Vitamin B3 (Niacin) 
	1.68 ± 0.03
	2.76 ± 0.04



Values are means of triplicate determinations ± S.D

The vitamins content analyses of Colocasia esculenta and Dioscorea dumetorum as shown in Table 2, shows varied concentrations of vitamins A, C, E, B1, B2, and B3. In all cases, Colocasia esculenta contained lower amounts of vitamins compared to Dioscorea dumetorum. Vitamin A was found to be 2.68 ± 0.01 µg/g for Colocasia esculenta as against 3.74 ± 0.03 µg/g for Dioscorea dumetorum, vitamin C 7.41 ± 0.03 mg/100 g for Colocasia esculenta as against 8.63 ± 0.04 mg/100 g for Dioscorea dumetorum ; vitamin E 0.53 ± 0.00 mg/100 g for Colocasia esculenta as against 0.64 ± 0.01 mg/100 g for Dioscorea dumetorum; vitamin B₁ was  detected to be 0.19 ± 0.01 mg/100 g for Dioscorea dumetorum; against 0.24 ± 0.01 mg/100 g for Colocasia esculenta; vitamin B₂ was  0.17 ± 0.02 mg/100 g  for Dioscorea dumetorum; as against 0.13 ± 0.02 mg/100 g  for Colocasia esculenta  and vitamin B₃ 2.76 ± 0.04 mg/100 g for Dioscorea dumetorum as against  1.68 ± 0.03 mg/100 g for Colocasia esculenta These results show a clear proof and evidence that Dioscorea dumetorum is rich in vitamins compared to Colocasia esculenta.
In addition, the vitamin contents results obtained from this study is in agreement with the report of Kalu and Uchechukwu (2023) for the vitamin contents of Colocasia esculenta and vitamin contents of Dioscorea dumetorum is in line with the report of Afoakwa and Samuel (2001). Although slight differences occurred which may also be due to time of harvest, age of the plant, season of growth and soil nutrients. However, the results are valid and useful in the study area.
Vitamin C has healing powers, and helps to remove dead skin and unplug pores, making skin soft and radiant. (Cheong et al. 2011).The rich contents of the vitamins found in these tubers such as vitamin A, B1 and B2 are excellent factors for good body vitality and protect the body against diseases. (Ezeabara et al., 2018).
CONCLUSION 
This study has given an insight to the fact that Colocasia esculenta is richer in proximate composition than Dioscorea dumetorum, while Dioscorea dumetorum is richer in vitamin contents when compared to Colocasia esculenta.
In conclusion, the findings from this work encouraged the high level of consumption of Colocasia esculenta and Dioscorea dumetorum as stable foods because of their rich nutritional and medicinal value especially to the elderly. These may be considered as good sources of carbohydrates, proteins, fats, ash, fiber and vitamin contents such as vitamin A, C, E, B1, B2, and B3 showing the plants  Colocasia esculenta and Dioscorea dumetoerum have high nutritional values.

In addition, these plants are one of the most important cash crops of many developing countries and have recently been regarded as a source of foreign exchange in Nigeria. Hence, further studies should be focused on value addition of these plants.
Recommendations
From our findings on the proximate compositions and vitamins contents analyses of Colocasia esculenta and Dioscorea dumetorum on this work, the tubers are relatively rich in essential nutrients, including moisture, ash, crude protein, crude fiber, crude fat, and total carbohydrates, as well as vitamins A, C, E, and B-complex. Therefore, the tubers are recommended for elderly and patients suffering from diabetes for improved nutrition. 
Good processing techniques should however be employed to avoid reduction in nutrient availability.
In developing countries such as Nigeria, cultivation of the cash crops should be encouraged for subsistence and generation of foreign reserves. 
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