


Effect of different processing techniques on quality parameters of three-leave yam
(Dioscorea dumetorum) flour.


ABSTRACT
This study was carried out to determine the effect of processing on the nutrient and anti-nutrient composition of three leaved yam. The samples were cleaned peeled and slice into chips. The chips were shared into four equal parts, based on weight. One part was not soaked in water and served as the control (A). The fourth part was blanched in water for 5 min and drained (B).  Two parts were respectively soaked in clean water for 24 and 48 h (C and D) and drained. All the analysis were determined in triplicate using standard method. The result shows that the proximate composition ranged from 8.21-13.10% moisture, 1.16-2.57% protein, 1.03-1.78% fat, 0.89-2.96% fibre, 1.42-3.80% ash and 79.53-84.44% CHO. The mineral were between 1.33-8.10mg iron, 10.23-40.25mg magnesium, 1.10-4.00mg sodium, 100.80-140.10mg potassium and 6.34-15.21mg calcium. The result of the functional properties ranged from 3.28-7.89 WAC, 6.49-16.27 OAC, 0.74-1.02 Bulk density and 4.10-10.20 Foam capacity while the anti-nutrient content ranged from 1.04-7.89% tannins, 1.56-9.62% oxalate. 1.69-18.00% phytate, 0.21-3.24% Hydrogen cyanide and 0.06-0.84% saponin.  Conclusively, result revealed that processing improved the nutritional quality of three leaved yam thereby reducing the antinutrient.
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1. INTRODUCTION
Dioscorea dumetorum is a species of flowering plant in the yam family, Dioscorea, often known as the bitter yam, cluster yam, trifoliate yam, or three-leaved yam [1]. It is indigenous to sub-Saharan Africa and is particularly prevalent there, particularly in the tropical West African nations of Nigeria, Benin, and Ghana [2]. The tuber typically occurs in clusters and has very tough skin. D. dumetorum tubers are not difficult to maintain and yield copiously with little to no maintenance.
The three-leaved yam is referred to as "ji ona" or "ji una" in South-Eastern sections of Nigeria, where it is viewed as food for adults who likely eat it for therapeutic purposes and poor people in rural areas who are in need of sustenance. In contrast to other yams, which have single heart-shaped leaves, it features trifoliate (three branching) compound leaves and a thin stem that twines counterclockwise. The stem has spikes and hairs all around it.
 According to Ezeocha et al. [3], processed three-leaved yams with longer cooking times had higher nutritional and phytochemical contents. 
The tuber is used to treat diabetes in Nigeria. Patients with diabetes mellitus frequently consume it because they think it decreases blood glucose. According to Nimenibo-Uadia [4], the aqueous extract of D. dumetorum is effective at lowering blood sugar, lipids, and ketones in diabetic mice. In contrast, flavonoids, alkaloids, saponins, and cardiac glycosides were found to be present in three leaf yam, according to Nimenibo-Uadia and Oriakhi [5]. Tannins were lacking.
Bradbury and Holloway [6] claimed that D. dumetorum had a crude protein content of 2.5%, Nimenibo-Uadia and Oriakhi [5] found that it was 5.6%.
Studies reveal that the majority of trifoliate yam races are very poisonous, necessitating particular processing before eating. Some detoxifying techniques include submerging in running water for three to five days or burying in black soil [7]. As detoxicants, salt, tamarind pods, or desert dates are occasionally added while cooking. The tubers are first divided into thin slices in Mozambique, after which they are dried on rocks and put through a detoxification procedure [8].
This study was designed with the aim to determine the proximate, mineral, antinutritional and functional properties of this underutilized tuber flour.
2.MATERIALS AND METHODS
2.1 Source and preparation of materials:
 Bitter yam tubers were purchased from retail sellers at Edem market in Nsukka in Enugu State, Nigeria. All the equipment used including milling machine, weighing balance, thermometer, shaker and centrifuge machine, were from the laboratory of Food Science and Technology Department, Enugu State University of Science and Technology, Agbani. All the chemicals used were of analytical grades.
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Fig 1: Sample of three-leaved yam tubers (Dioscorea dumetorum)
2.2 Preparation of Bitter yam tubers flour 
The raw Bitter yam tubers flour were prepared by peeling 2 kg of Bitter yam tubers which are free from extraneous materials. The samples were cleaned with 1.5liters of potable water to remove dirty and slice into chips. The chips were shared into four equal parts, based on weight. One part was not soaked in water and served as the control. Two parts were respectively soaked in clean water for 24 and 48 h and drained. The fourth part was blanched in water for 5 min and drained. All (the four parts) were separately dried to a constant weight in a moisture extraction oven (Gallen kamp 1H-100) set at 50°C, cooled for 30 mins and milled in an attrition mill and sieved through a 500micron mesh sieve. The flour produced were packaged in an airtight plastic container, labeled and kept in a cool dry place until needed for analysis. 
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Fig 2: Schematic diagram of raw, blanched and soaked bitter yam flour.





2.3 Chemical analysis
2.3.1 Determination of Moisture Content
According to the method outlined in Association of Official Analytical Chemists [9], moisture content (%) was assessed using an oven drying method at 105 5°C. Five grams of each fresh sample were precisely weighed in triplicate, added to an aluminum dish that had already been pre-weighed, and dried in an oven set to 105 5 °C until the dry matter's constant weight was attained. The sample's moisture content was found to be:
Moisture = Weight of fresh sample – Weight of dried sample X 100          ----------1
                                               Weight of fresh sample

2.3.2 Determination of Crude Protein
The Association of Official Analytical Chemists' [9] Kjeldahl's method was used to determine the amount of crude protein in the powdered cormel samples.
Digestion of proteins. Five grams of the material were weighed in an ash-free filter paper and added to a digestion flask with a capacity of 250 ml. Then, 15 mL of 98% H2SO4 and 3 g of a tablet containing a catalytic mixture (75 g of CuSO4 and 0.7 g of K2SO4) were added to a digestion flask. In a digestion chamber, the entire combination was heated until transparent residual (clear light green) content was obtained. It was then given time to cool. The digest was transferred into a 100 mL volumetric flask after chilling, filled with distilled water at the required level (100 mL), and then distilled using distillation equipment.
Distillation of proteins. The distillation equipment was steamed for 15 minutes before to use. Following that, a 100 ml conical flask holding 20 ml of 40% boric acid and two to three drops of Tashiro's indicator was positioned underneath the distillation apparatus and its outlet tubes were inserted into the conical flask. Following the addition of 20 mL of 40% (w/v) NaOH solution and 3–4 drops of phenolphthalein, the digest was rinsed down with distilled water. After around 25 mL of distillate had been trapped, the indicator solution for the boric acid plus turned from red to light grey, indicating that all of the ammonia released had been trapped. That indicates that the condenser's digest was heated until enough ammonia gas was absorbed by the boric acid.
Titration. The solution in the receiving flask was titrated with 0.1 mM HCl to a brown color. After titration the % of nitrogen was calculated as:

Nitrogen  =  (Vs-VB) x Mmhcl x 0.014008  X 100-----------------------2
                         Weight of sample

where  = Volume (mL) of HCl required to titrate sample;  = Volume (mL) of acid required to titrate the blank;  acid = Molarity of acid;  = Weight of sample (g). Then, percentage of crude protein in the sample was calculated from the % nitrogen as:
Crude protein = N x F
where, (conversion factor) is equivalent to 6.25 [9]. A blank was run through along with the sample and triplicate analysis was conducted for samples.
 2.3.3 Determination of Crude Fiber
Alpha-amylase was added to a 50 mL tube containing six grams of powdered sample (E), and the mixture was incubated for 10 minutes at room temperature. Then, 60 mL of a solution made up of 20 g trichloroacetic acid, 100 mL of 65% nitric acid, and 700 mL of 70% acetic acid was added. Heating a 250 mL flask continuously at 500 rpm for 30 minutes at 200 °C induced digestion. After chilling on ice, the mixture was vacuum-filtered using distilled water over dry filter paper with a specified mass (MF) until the filtrate became neutral. To dissolve the organic constituents, the residue on the filter paper was washed three times with 10 mL ethanol and twice with 10 mL acetone. 
The dried residue was then placed in a pre-weighted crucible and transferred there. The residue was then dried in an oven at 105°C overnight to remove moisture. The residue and filter paper-filled crucible that had been oven-dried was chilled in a desiccator and weighted (M1). In a Bunsen burner at first, then at 550 degrees, the residue and filter paper were burned. After cooling in a desiccator and being weighted, the crucible of white and grey ash (free of carbonaceous particles) was obtained. The percentage of crude fiber was calculated using:
 Crude fibre =   (MI – Mf ) -M2 X 100 -----------------------3
                                      E

 2.3.4 Determination of Crude Fat

By using the automated Soxhlet extraction method, the crude fat in the powdered samples was identified [9]. Sand-filled dried flask was weighed to a constant weight before 15 g of homogenized materials were added to the extraction flask using filter paper with a known mass. The 250 mL dried flasks were accurately weighed and then filled with 150 mL of petroleum ether. The cotton wool plugs in the extraction thimbles were tightened and left running for two hours. As the sample continued to fill the extraction chamber, the fat was being extracted. The magnetic valve was opened when the optimal sensor was attained, and the samples were then washed with recently filled solvent (petroleum ether). The solvent was eventually collected using solvent tank collection. The extract was gently evaporated to dryness after the fat was collected in filter paper. Sonication was used to eliminate any leftover petroleum ether. The crude fat in the filter paper in the extraction flask was dried to a constant weight at 105°C. The formula: was used to determine the sample's percentage of fat.
Fat = Wt of flask containing the crude fat in filter paper - Wt of flask plus filter paper X 100 ----4
                                                                 Wt of sample

2.3.5 Determination of Total Ash Content
A crucible was desiccated for one hour after being dried at 550°C for 30 minutes. The crucible's weight (M1) was gauged. The dried crucible was filled with five grams of powdered material, and the volume of the crucible containing the sample was measured (M2). The sample was then burned using a Bunsen burner until the steam was removed, followed by 5 hours at 550°C in the oven. After a substance has been entirely burned, ash is the inorganic byproduct that is left behind. Ash-filled crucible was cooled in a desiccator before being re-weighted (M3) [9]. The percentage of ash in the cocoyam sample was estimated as follows:
Ash    =   M3- M1   X 100-----------------------5
                M2 – M1
2.3.6 Determination of Total Carbohydrate
Total carbohydrate content was calculated adding the total values of crude protein, crude fat, crude fiber and total ash contents of the sample and subtracting it from 100%.
Carbohydrate = 100- Crude protein+ Moisture + crude protein + Crude fat + Ash.
 2.3.7.Determination of Energy Value
Gross energy value (kcal/100 g) of the samples was determined by multiplying the protein content by 4, carbohydrate content by 4 and fat content by 9 [9].
     Energy value = (Crude protein X 4) + (Crude fat X 9) + (Total Carbohydrate X 4)
2.4  Determination of Mineral Content
The following elements were measured using an Atomic Absorption Spectrophotometer (Varian SAA-20 Plus) in accordance with the standard procedure of the AOAC [9]: Iron, Zinc, Copper, Magnesium, Manganese, Sodium, and Potassium. The samples were first ashed, then they were digested and absorbed. The AOAC's AAS technique was used to measure phosphorus [10]
2.5 Analysis of Antinutritional Factors
2.5.1 Determination of Phytate
The method outlined by Latta and Eskin [11] was used to determine the phytate contents in green- and purple-cocoyam. A dried sample of cocoyam flour (0.1 g) was extracted for 1 hour at room temperature with 10 mL of 2.4% HCl, and the mixture was centrifuged for 30 minutes at 3000 rpm. The phytate estimation was done using the clear supernatant. Three milliliters of the sample solution were combined with one milliliter of Wade reagent, a 0.03% solution of FeC136H2O containing 0.3% sulfosalicylic acid in water.  A UV-VIS spectrophotometer was used to detect the absorbance at 500 nm. The phytate concentration, which was measured as the difference between the absorbance of the test sample and the control sample (3 mL of water plus 1 mL of Wade reagent), was expressed as mg/100 g.
2.5.2 Determination of Tannin
The Burns method [12] was used to assess the tannin content of green and purple cocoyam. Each test tube containing the samples received 10 mL of 1% HCl in methanol along with 0.25 g of cocoyam flour, which was weighed in a screw-capped test tube. The tubes were then placed on a motorized shaker at room temperature for 24 hours. The tubes were centrifuged at 1000 rpm for 5 min after 24 hours of shaking. In order to complete the reaction, one milliliter of the clear supernatant was combined with 5 mL of vanillin-HCl reagent in a different test tube and let to stand for 20 minutes. A spectrophotometer was used to measure the absorbance at 500 nm after 20 minutes. The tannin concentration, which is given as mg/100 g, was derived from the difference between the absorbance of the control and the sample.
2.6  Statistical Analysis
Data was analyzed using analysis of variance. Duncan New multiple range test (DNMRT) was used to determine significant difference among the various samples in triplicate. Data were analyzed using the software, statistical package for social science (SPSS) version 16.00 SPSS., at the 0.05 confidence level.
3. RESULTS AND DISCUSSION
 Table 1: Effect of processing on the Proximate Composition of three leaved yam.
	
	Moisture 
	Protein 
	Fat 
	Fibre 
	Ash 
	CHO 
	pH

	A
B 
	8.21c
9.56c                  
	2.03a
2.57a                  
	1.68a
1.78a
	2.22b
2.96a
	1.42c
3.80a
	84.44a
79.53c 
	6.40a
4.45c

	C
	11.60b
	1.42b
	1.03b
	1.03c
	3.01b
	81.66b
	5.82b

	D
	13.10a
	1.16 c
	1.22c
	0.89d
	3.08b
	80.02b
	5.54b


Key: Values are mean of triplicate determination. Means with different superscript along the same column are significantly different at p<0.05. A=Raw cocoyam flour, B=Blanched cocoyam flour, C= Cocoyam soaked for24 h, D= Cocoyam soaked for 48 h.







Table 2: Effect of processing on the Mineral Composition of three leaf yam (mg/100g)
	Sample
	Fe           
	Mg 
	Na 
	K 
	Ca 
	Zn 
	P 

	A
	5.10b
	40.25a 
	3.21b
	100.80d
	10.10b
	9.20c
	10.23c

	B 
C
	8.10a
3.27c
	10.23d
16.84c
	4.00a
2.00c
	140.10a
120.10b
	15.21a
6.34d
	22.14b
10.24b
	37.10a
20.14a

	D
	1.33d
	18.10b
	1.10d
	125.38c
	8.18c
	12.11c
	15.21b


Key: Values are mean of triplicate determination. Means with different superscript along the same column are significantly different at p<0.05. A=Raw cocoyam flour, B=Blanched cocoyam flour, C= Cocoyam soaked for24 h, D= Cocoyam soaked for 48 h.
Table 3: Effect of Processing on the Functional Properties of three Leave Yam(mg/100g) 
	
	WA Capacity 
	OA Capacity
	B Density 
	S Capacity 
	Foam Capacity

	A 
B
	3.28c
4.00ab
	 6.49d 
10.03c
	0.74c
0.77c
	6.24b
8.34a
	10.20a
8.10b

	C 
	4.56b
	12.24b
	1.02a
	3.08c
	6.40c

	D 
	7.89a
	16.27a
	0.98b
	1.19d
	4.10d


Key: Values are mean of triplicate determination. Means with different superscript along the same column are significantly different at p<0.05. A=Raw cocoyam flour, B=Blanched cocoyam flour, C= Cocoyam soaked for24 h, D= Cocoyam soaked for 48 h.
Table 4: Effect Of Processing On The Anti-Nutrient Composition Of Three Leaved Yam
	
	Tannin
(mg/100g)
 
	Oxalate 
	Phytate
(%) 
	HCN
	Saponin
Mg/100g 
	Glycoside 

	A
B 
	12.74a
1.04d
	9.62a
1.56d 
	18.00a
1.69d
	3.24c
0.21d
	0.84a
0.06d
	2.61a
0.03d

	C
	3.28b
	4.11b
	6.33b
	1.72b
	0.47b
	1.21b

	D
	2.94c
	3.00c
	3.10c
	0.84c
	0.22c
	0.68c


Key: Values are mean of triplicate determination. Means with different superscript along the same column are significantly different at p<0.05. A=Raw cocoyam flour, B=Blanched cocoyam flour, C= Cocoyam soaked for24 h, D= Cocoyam soaked for 48 h.
The results show that the  protein content of the sample ranged from 1.16 to 2.57%.  The lowest result for sample D was 1.16%, and the highest value for sample B was 2.57%. These results conflict with those of Tileye and Kassalum [13] and Ikegwu et al. [14], who found that the protein content of bitter yam flour was respectively 10.01 and 8.48 percent and 6.03–9.01 percent. Between the raw sample and the blanched sample, there is no significant difference (p 0.05), but there is a significant difference between all other samples.
The sample's ash concentration varied from 1.42 to 3.80. Sample B had a value of 3.80%, while sample A had a value of only 1.42%. Because the ash content of food is a factor in determining the mineral content of foods, sample B's high ash concentration indicates that the mineral content will be higher than that of the other samples. Between the raw sample, the blanched sample, and the soaking sample, there was a statistically significant difference (p 0.05). The samples' fiber content ranged from 0.89 to 2.96%, with significant differences (p0.05) across each sample. This is consistent with the results of [15], who calculated the values (0.16 and 0.17, respectively) for water yam and sweet potato. Fiber is viewed as being crucial since it gives the bowels roughages, facilitating intestinal transit.
The samples' fat contents ranged from 1.03 to 1.78%. All of the samples significantly differed from one another. This is consistent with the findings of [16], who found that raw and soaked samples had values of 0.65 and 0.55%, respectively. Naturally, root crops are a low source of fat, particularly bitter yam. Due to its role in promoting the absorption of fat-soluble vitamins and extending the shelf life of food goods, fat is of utmost importance in diets. Foods with a high fat content can encourage rancidity, which develops an off flavor and puts a person at risk for cardiovascular illnesses. Therefore, a relatively low fat content, such as the values found for bitter yam in this study, is preferred. The outcome indicates that the carbohydrate content varied between 79.53 and 84.44%. The differences between the raw, blanched, and soaking samples are significant. Root crops are considered to be excellent providers of carbohydrates, which accounts for the samples' high carbohydrate content. Sample B, which was made from bitter yam flour that had been blanched, contained the fewest carbs, whereas Sample A, which was a raw sample, contained the most.  Carbohydrates assist in the metabolism of fat and are known to supply quick and metabolizable energy in the body. In this study, processing had significant effect on the carbohydrate content of the flour which drastically reduce the carbohydrate content of both the blanched and soaked bitter yam flour. 
The samples' moisture contents ranged from 8.21 to 13.10%, with sample A having the lowest value (8.21%), sample D having the highest (13.10%), and sample B having 11.60%. It goes without saying that the moisture content increases with increasing soaking time. The moisture level of a sample determines its capacity to be stored and used for industrial processing. Since moisture content increases microbial contamination and lowers food quality and shelf stability, the lower the moisture content of a sample, the more storable and processing-ready it is. The processed sample's moisture content values in this investigation are higher than those for the raw sample. Because foods with a high moisture content are more likely to deteriorate, the high moisture level of samples C and D is concerning. The cause may be because soaking promoted water diffusion into the tissue of the bitter yam. The outcome is consistent with the observations made by Onuegbu et al. [17], who noted 14.18% for samples cooked for 120 minutes, 14.10% for 90 minutes, and 12.41% for 0 minutes.
The magnesium concentration per 100 grams varied from 10.23 to 40.25 mg. The results showed that sample A (40.25mg/100g) had higher magnesium levels than sample B (10.23mg/100g), sample C (16.84mg/100g), and sample D (18.10mg/100g). The outcome indicated that the samples differed in a highly significant way (p 0.05). Bitter yam flour loses magnesium after blanching and soaking. This can be as a result of the nutrient in the water leaching. Asouzu et al. [18], found that cooking banana and yellow maize had a value ranged from 120.53-163.15 mg/100g. Magnesium helps alleviate migraines and headaches, relieve constipation, and strengthen [19]. The outcome demonstrated that soaking reduced the salt content. Sample A tested at (3.21 mg/100 g), whereas samples C and D tested at (2 mg and 1.10 mg/100 g, respectively, for 24 and 48 hours. The blanched sample tested at (4 mg/100 g). These numbers were lower than those reported by Asouzu et al.([18] for trifoliate yam samples that were cooked and raw, respectively, 4.20 and 1.00. The variation may result from variations in the soil types utilized to cultivate the tuber crops in various geographic locations. An electrolyte that is definitely necessary for optimum health is sodium. To maintain balanced electrolyte levels, sodium collaborates with potassium, calcium, and magnesium [20].
Consequently, the iron content of the raw sample (5.10 mg/100 g) was higher than that of the soaked samples (3.27 mg/100 g for 24 hours and 1.33 mg/100 g for 48 hours, respectively), whereas the iron content of the blanched sample increased to 8.10 mg/100 g. The results demonstrated that the iron content of the sample reduced with increased soaking time. The difference between the raw and treated samples is significant (p 0.05).
The samples' zinc concentrations ranged from 9.20 mg/100 g of raw material to 22.14 mg/100 g of blanched material. The results showed that when the soaking duration rose from 24 hours to 48 hours, the zinc content of the sample increased from the raw sample and also increased in the blanched sample. At (p 0.05), there is a significant difference between each of the three samples. The human body requires zinc for healthy growth and upkeep. It is essential for immunological function, wound healing, blood coagulation, and thyroid function and is present in many biological systems and processes [21]. The high level of zinc in the composite flour is an indication that bitter yam flour would be good for pregnant women and children suffering from diarrhea. Zinc has been suggested by the WHO as a treatment for diarrhea, especially in children, because it can reduce morbidity and mortality associated with diarrhea when administered to patients [18]. The sample contains between 10.23 and 37.10 mg of potassium. With readings of 10.23 mg for the raw sample and 37.10 mg/100g for the blanched sample, the processed sample had a greater value than the raw sample. Potassium supports healthy kidney function and blood pressure regulation. People with high blood pressure, in particular, may be interested in the three-leaved yam's high potassium content.
The analysis revealed a calcium concentration range of 15.21–6.34 mg/100 g. The raw sample had 10.10mg/100g, while the 24 hour soaked samples had the lowest value (6.34mg/100g). The greatest value was found in the blanched sample (15.21mg/100g). For raw and processed samples of trifoliate yam, Usman et al. [22] found calcium contents of 21.34 and 7.20, respectively. Strong bones and teeth are developed and maintained with the help of calcium, notably in fetuses, newborns, children, and the elderly. Additionally, calcium may be helpful in preventing rickets in youngsters as well as osteoporosis and osteomalacia in the elderly. Additionally, it is essential for the coagulation of blood because it initiates the process that turns prothrombin into thrombin.
The samples' functional characteristics were described. With sample A having the lowest value and sample D having the greatest value, the water absorption capacity ranges from 3.28 to 7.89. The amount of water that a food product is able to hold onto after filtering and applying gentle centrifugal pressure is referred to as its water absorption capacity. Higher water absorption capabilities in flour aid in preserving the freshness of bread, cakes, and sausage. Their employment as a soup thickening is favored by their higher water absorption capacity. The starch's integrity during aqueous dispersion is shown by the starch's water absorption capacity, which measures the volume the starch fills after swelling in excess water [23].
From sample A to sample D, the samples' ability to absorb oil ranged from 6.49 to 16.27. The three samples varied significantly from one another. The oil absorption capacity is lower than that of [24] who found the values for pigeon pea flour was 147.33. Oil absorption capacity, a highly desirable quality in goods like mayonnaise, displays the emulsifying ability and the amount of oil that can be picked up by a sample during frying.
The results from samples A through D ranged from 0.74 to 1.02. Increased bulk density in sample B is an indication that the sample's starch polymers have a loose structure [25]. Bulk density has an impact on how much packaging is needed, how materials are handled, and how they are used in wet processing in the food business [26]. Bulk density is a gauge of sample weight that is crucial for figuring out packaging needs, material handling, and use in the food business. According to Beuchat [25], flours with high bulk densities (>0.7 g/mL) are employed as thickeners in food items, therefore the bitter yam flours used in this study might also work well in this capacity.
The sample's foaming capacity ranges from 4.10 to 10.20. For samples that were soaked for 48 hours, sample A had the greatest value and sample D had the lowest value. Between all of the samples, there is a significant difference (p 0.05). By its ability to create a cohesive viscoelastic film through intermolecular interactions, foam capacity can be used to measure the amount of air that has been adsorbed onto the air-liquid interface during whipping or bubbling [27]. 
According to the outcome, tannin content ranges from 12.74 to 1.04. The tannin content of the sample decreased from 12.74 in sample A to 1.04 in sample B. The outcome demonstrated a considerable reduction in tannins for soaked and blanched three-leaved yams (p>0.05). This decrease in tannin concentration could be the result of tannin leaking into the water and the heat used during blanching. According [28], tannins are phenolic chemicals that precipitate protein and limit protein digestibility. From this result it is deduced that processing (blanching and soaking) reduces the tannin content of food.
The analysis revealed that the three-leaved yam samples, both raw and processed, had cyanide levels ranging from 3.24 to 0.21. Blanched sample (B) had the lowest value (0.21) while raw sample (3.24) got the highest sample (3.24). These results were less favorable than those obtained by Nwosu et al. [29], who found that the raw and soaked three-leaved yams had respective pH values of 7.18 and 5.17.  The safe limit of cyanide in food and water, according to the World Health Organization, is 10 mg/kg [30]. 
According to the table, the three-leaved yam's saponin level decreased in processed samples compared to raw samples. In terms of concentration, the raw sample had the greatest value (0.84 mg/100g), followed by the blanched sample (0.06 mg/100g), and the soaked samples (0.47 mg/100g and (0.22 mg/100g), for 24 and 48 hours, respectively. Compared to the findings of Adeola [31], which had values of 84.62 mg/100g and 28. mg/100g, this result is less significant. At safe level, saponins are healthy, friendly; they inhibit growth of cancer cells and help to lower blood cholesterol. Hence, they are useful in the treatment of cardiovascular disease and other health problems [32]. They promote energy, support the immune system, and work as organic antibiotics [32]. However, saponins have a harsh flavor and make animal feed less appetizing. Some slow down non-ruminant animals' growth and feed consumption.
4.  CONCLUSION 
The study revealed that soaking and blanching improves the nutrient and functional properties and at the same time reduce the anti-nutrient content of three-leaf yam flour. The result showed increase in the potassium, calcium, zinc and phosphorus level of the processed sample with respect to the raw sample. Blanching increased the iron and sodium content of the sample while soaking decrease the iron and sodium content. 
Blanching and soaking decrease the saponin, tannin, hydrogen cyanide, oxalate and phytate level in the tree leaf yam flour. The relatively low concentrations of anti-nutritional factors could be an added advantage in reducing the chelating of minerals such as calcium in the three leaf yam flour. Its low lipid content and high fibre content adds to its nutritional potential and increases the benefits derived on consumption. Blanching is the most efficient processing method in that it drastically reduced the anti-nutrients of the flour without much significant reduction in the nutrients.
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