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Abstract 
Bitter yam (Dioscorea dumentorum) flour was produced and the proximate and anti-nutritional qualities were determined. The yams 
were peeled, cut, washed, divided into two portions, dried and ground into flour. The first portion was blanched for 2 minutes, 4 
minutes, 6 minutes, 8 minutes and 10 minutes using boiling water while the other portion was soaked for 48 hours to ferment it with 
change of water after 6 hours, 12 hours, 24 hours and no change of water. After the various processes of blanching and fermentation, the 
proximate composition showed that the samples had moisture in the range of 15.50% to 29.50% and crude protein in the range of 2.18% 
to 2.90%. Statistical analysis of the data was carried out using the Duncan multiple test at (P≤0.05). The proximate composition of the 
samples were both significantly (P≥0.05) different and insignificantly (P≤0.05) different from each other. The anti-nutritional constituents 
were also reduced during these processes; Alkaloids had a percentage range of 0.40% to 0.20% and Hydrogen cyanide had a percentage 
range of 0.38% to 0.29%. The anti-nutritional composition of the samples were both significantly (P≥0.05) different and insignificantly 
(P≤0.05) different from each other. It could be concluded that blanching and fermentation affected the proximate composition and also 
reduced the anti-nutrients present in the bitter yam to a minimal and this was as a result of these processes affecting the anti-nutrients by 
leaching them out. From the result, blanching for 10min had a great effect on the yam; it reduced the anti-nutrients more than the other 
blanching times while fermenting at 48 hours with constant change of water after 6 hours interval had a better effect on the anti-nutrients 
than the other fermenting periods. With this result, bitter yam can be used in different food formulations after undergoing these 
processes. 
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Introduction 
Bitter yam (Dioscorea dumentorum) is a clustered form of yam which is locally known as “ihu”. This wild species of bitter yam 
belongs to the family of “Dioscoreaceae”, to the genus “Dioscorea” and to the specie “dumentorum”. It usually grows in the tropical 
and sub-tropical regions of the world, such as Nigeria, Gabon etc. This particular specie of yam has several names which are peculiar 
to it depending on the area where it is grown. For instance, it is known as “Ikamba” in Gabon, “Amargo” in South Africa, “Ono” in 
West Africa, “Ihu” in Enugu and Delta states of Nigeria. 
 
It is a specie of yam that is highly toxic to humans and has a very bitter taste which is due to the presence of several bitter tasting anti-
nutritional components. These components can be removed by soaking or boiling in water for a certain time frame (Wilson, 1990). 
The nutritional properties of the yam occur in various proportions. These proportions in percentages includes; Carbohydrate 17%, 
Water 79%, Protein 2.78%, Fats 0.28%, Mineral salt 1-3% and Vitamins such as Foliates 6%, Niacin 3.5%, Riboflavin 2.5%, 
Thiamine 9.5%, Vitamin C 28.5%, Vitamin A 5%, Vitamin E 2% and Vitamin K 2% (Purseglove, 1992). 
 
Bitter yam has several uses which are known and beneficial to man. Some of these uses include its food used after it has been 
detoxified by soaking and cooking the yam before eating. It can peeled, detoxified and cooked like other species of yam such as Water 
yam (Dioscorea alata), Potato yam (Dioscorea esculenta), White yam (Dioscorea rotundata) etc. The flour obtained when the bitter 
yam has been dried and grounded could be used to produce several food items like snacks and alcoholic production in the same 
countries (Lyonga, 2001). The flour is also used as a source of food in areas that are susceptible to drought and famine after it has 
undergone the required procedures such as blanching and fermentation to remove anti-nutritional properties present in it. Its leaves 
and flowers are also used in periods of famine as source of food when combined with several other wild plants and during this period 
they could be used to make soup. It also serves as a very good source of energy because of its 17% Carbohydrate content and because 
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of this, it also serves as an alternative to cereal. This is why it is a second to cereals in terms of Carbohydrate content (Purseglove, 
1992). 
 
Bitter yam is used as a vegetable, but not pounded into “fufu”. Owing to its soft texture, it is favored by old people with poor teeth. 
The wild forms are regarded as famine food, and the tubers are detoxified by slicing and soaking and boiling, frequently with the 
addition of salt; the slices may be subsequently dried. It is becoming a profound yam in Cameroon. The dried tubers can be used to 
prepare flour. In the Sudan, wild detoxified tubers have been grounded into flour which has been used as a base for the preparation of 
beer. The tubers of wild varieties mixed with Bart are sometimes used for poisoning animals in parts of Africa, and cases of their use 
for criminal purposes have been recorded. This specie is sometimes deliberately planted in fields of other edible yams in other to 
discourage thieves.  
 
The problem associated with this yam specie includes its short storage time. It cannot stay longer than four (4) weeks in its natural 
state except it undergoes some preservative processes like drying which will preserve it for a longer period of time. Another problem 
associated with this yam specie is that it undergoes very difficult task to process it before becoming fit for consumption and this same 
difficult process must also be carried out before proper storage of the yam can be carried out. Another problem of this specie of yam is 
that it is going into extinction (Plumbey and Rees, 2001). The knowledge of the existence and uses of this yam is limited and this has 
resulted in less planting and cultivation of the crop. Another problem associated with this yam species is its bitter taste which makes it 
unfit for consumption except it undergoes several processes (Plumbey and Rees, 2001). Another problem is that the yam contains 
poisonous substances such as Saponin, Oxalates, Alkaloids etc. which are very harmful to humans and must be removed before 
consumption and these results in tedious processes (Lyonga, 2001). 
 
The objectives of this research work therefore are; 

 To identify the anti-nutritional components present, which may be responsible for the bitter taste of the yam. 
 To identify the procedures required to extract these anti nutritional constituents completely. 
 To verify the effects of these processes (boiling or blanching and soaking) on the nutritional constituents of this yam specie.  
 To identify the proximate composition of the flour. 

 
Justification 

 It is hoped that the identification of these processes like soaking and boiling will produce a product that could be used for 
food. This will help reduce it being endangered. 

 
Materials and Methods 
Sample Collection: Bitter yam (Dioscorea dumentorum) tubers were purchased at a main market in Enugu town, Enugu state. Several 
equipment was used in preparing the yam for flour for further analysis to be carried out on it. All equipment and chemicals were 
obtained at the Food Science and Technology (FST) Laboratory. The chemicals used were of analytical grade. 
 
Sample Preparation 
Control: Bitter yam was peeled and then washed properly; they were cut into smaller pieces and made into one batch. The bitter yam 
was neither blanched nor fermented. The batch was labeled batch A. the sample was then dried in an oven (GENLAB) at 50oC for 
48hours. The dried sample was then ground into flour and packaged in an air tight container (glass jar) until it is ready for analysis. 
 
Blanching: Bitter yams were peeled and washed thoroughly. After this, they were cut into smaller pieces. These pieces were divided 
into five (5) portions. Each batch was blanched for 2, 4, 6, 8 and 10 minutes at 1000C. Each batch was labeled B, C, D, E and F 
respectively. After the whole samples had been blanched, the samples were dried at a temperature of 50oC in an electric oven 
(GENLAB) for 48 hours. After drying, the samples were then ground into flour and packaged in air tight containers (glass jar) ready 
for analysis. 
 
Fermentation: Bitter yam was peeled and then washed thoroughly; they were cut into smaller pieces and then divided into four 
portions. The first batch was soaked in fresh water and left for 48 hours with change of water every 6 hours. The second batch was 
soaked in fresh water for 48 hours with change of water every 12 hours. The third batch was soaked in water for 48 hours with change 
of water every 24hours. The fourth batch was soaked in water for another 48 hours without any change of water. The product in each 
batch was labeled; batches G, H, I and J respectively. The samples from each batch were then dried at 500C for 48 hours in an electric 
oven (GENLAB). The dried samples were then ground into flour, packaged in air tight containers ready for analysis. 
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Tubers of Bitter yam (Dioscorea dumentorum) 

 
               RAW MATERIAL (BITTER YAM) 
 
      
                                                                              PEELING 
 
      
                                                                            
                                                                            WASHING 
                (With clean water) 
 
  
      
                                                                            CUTTING 
 
      
 
             SOAKING                                       BLANCHING 
(For 48hours; with 6hourly, 12hourly,    (This is done for 2min, 4min, 6min, 8min and 10min) 
24hourly change of water and no change of water) 
 
      

        DRYING 
             (At 1050C, using a GENLAB oven) 
 
 
         GRINDING 
            (Using an attrition mill) 
 
 
 
             BITTER YAM FLOUR 
 
Fig 1. Flow Diagram for Bitter Yam (Dioscorea dumentorum) Flour Production Using Fermentation and Blanching Method 
 
Proximate analysis: 
The proximate composition analysis was carried out according to the Method of A.O.A.C (1990) and James (1995). 
 
Determination of some anti-nutritional properties present in bitter yam (Dioscorea dumentorum) 
Determination of Saponin 
Exactly 5grams of the sample was put in 20% acetic acid ethanol and allowed to stand in a water bath at 50oC for 24hours. This was 
filtered and the extract was concentrated using a water bath to one-quarter of the original volume. Concentrated NH4OH was added 
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drop-wise to the extract until the precipitate was complete the whole solution was calculated to settle and the precipitate was collected 
by filtration and weighed. The saponin content was weighed and calculated in percentage. (Harborne, 1975). 
 
Calculation: 
% Saponin content =W3 – W1 x 100 
                          W2 

Where: W1=Weight of filter paper 
W2= Weight of sample analyzed 
W3= Weight of filter paper + residue 
 
Determination of Oxalate by Titration Method  
This was determined according to Osagie (1998). This determination involves three major steps: digestion, oxalate precipitation and 
permanganate titration. 
A. Digestion 
 2grams of sample is suspended in 190ml of distilled water in a  250ml  volumetric flask. 
 10ml of 6m HCl is added and the suspension digested at 100oc for 1hour 
 Cool and them make up to 250ml mark before filtration. 
 
B. Oxalate Precipitation 
Duplicate portions of 125ml of the filtrate are measured into beakers and four drops of methyl red indicator added. This is followed by 
the addition of NH4OH solution (drop-wise) until the test solution changes from salmon pink colour to a faint yellow colour (pH 4 - 
4.5). Each portion is then heated to 90oc, cooled and filtered to remove precipitate containing ferrous ion. The filtrate is again heated 
to 90oc and 10ml of 5% CaCl2 solution is added while being stirred constantly. After heating, it is cooled and left overnight at 250oc. 
The solution is then centrifuged at 2500rpm for 5minutes. The supernatant is decanted and then precipitate is completely dissolved in 
10ml of 20% (v/v) H2SO4 solution. 
 
C. Permanganate Titration 
At this point, the total filtration resulting from digestion of 2g of flour is made up to 300ml, aliquots of 125ml of the filtrate is heated 
until near boiling and the titrated against 0.05m standardized KMnO4 solution to a faint pink colour which persists for 30seconds. 
 
The calcium oxalate content is calculated using the formula,  
 T x (Vme) x (Df) x 105    = (mg/100g) 
  (ME) x Mf 
 
Where T is the titre of KMnO4 (ml), Vme is the volume – mass equivalent (i.e. 1ml of 0.05m KMnO4 solution is equivalent to 
0.00225g anhydrous oxalic acid). Df is the dilution factor (Vt/A) (where Vt is the total volume of titrate (300ml) and A is the aliquot 
used (125ml), ME is the molar equivalent of KMnO4 in oxalate (KMnO4 redox reaction) and Mf is the mass of sample used. 
 
Determination of Alkaloids 
5grams of the sample was weighed into a 250ml beaker and 200ml of 20% acetic acid in ethanol was added and covered and allowed 
to stand for 4hours at 25oc. This was filtered with filter paper and the filtrate was concentrated using a water bath to one quarter of the 
original volume. Concentrated ammonium hydroxide was added drop wise to the extract until the precipitate was collected and 
washed with dilute ammonium hydroxide (1% ammonia solution). Then, filter with pre-weighed filter paper. The residue on the filter 
paper is the alkaloid, which is dried in the oven at 80oc. The alkaloid content was calculated and expressed as a percentage of the 
weight of the sample and analyzed (Harborne, 1975). 
 
Calculation: 
% Weight of Alkaloid = W3 – W1 x 100 
                                W2 

Where: W1=Weight of filter paper 
W2= Weight of sample analyzed 
W3= Weight of filter paper + residue 
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Determination of Tannin by Titration 
The follins clennis titrating method as described by Pearson (1976) was used. To 20g of the crushed sample in a conical flask was 
added 100ml of petroleum ether and covered for 24hours. The sample was then filtered and allowed to stand for 15minutes allowing 
petroleum ether to evaporate. It was the re-extracted by soaking in 100ml of 10% acetic acid in ethanol for 4hours. The sample was 
then filtered and the filtrate was collected. 25ml of ammonium hydroxide were added to the filtrate to precipitate the alkaloids. The 
alkaloids were heated with electric hot plate to remove some of the ammonium hydroxide still in solution. The remaining volume was 
measured to be 33ml. Five (5) ml of this was taken and 20ml of ethanol was added to it. It was titrated with 0.1MNaOH using 
phenolphthaline as indicator until pink end point is reached. Tannin content was then calculated in percentage. 
 
(C1V1 = C2V2) molarity. 
Calculation: 
C1V1 =C2V2 
Therefore C1 = C2V2 
     V1 
% Tannin acid content =      C1 X 100 
  Weight of the sample analyzed 
 
C1 = Concentration of tannic acid 
C2 = Concentration of base = 0.1 
V1 = Volume of tannin =5ml 
V2 = Volume of base = titre 
 
Determination of Flavonoids 
Ten 10g of sample is repeatedly extracted with 100ml of 80% aqueous methanol at room temperature. The whole solution is the 
filtered through filter paper and the filtrate is later transferred into a water bath and the solution is evaporated into dryness. The sample 
is the weighed until a constant weight (Harborne, 1995). 
% Flavonoids =W3 – W1 x 100 
 W2 

Where: W1=Weight of filter paper 
W2= Weight of sample analyzed 
W3= Weight of filter paper + residue 
 
Determination of Phytate 
Phytate contents were determined using the method of Young and Greaves (1975) as adopted by Lucas and Markakes (1975). 0.2g of 
each of the differently processed corns was weighed into different 250ml conical flasks. Each sample was soaked in 100ml of 2% 
concentrated hydrogen chloride for 3hours, the samples were then filtered. 50ml of each filtrate was placed in 250ml beaker and 
100ml distilled water added to each sample. 10ml of 0.3% Ammonium thiocyanate solution was added as indicator and titrated with 
standard iron 111 chloride solution which contained 0.00195g iron per ml. The percentage phytic acid was calculated using the 
formula: 
 
Phytic acid (%) = TV x 0.00195 x 1.19 x 100 
                                              2  
Where TV= Titre Value 
 
Determination of Hydrogen Cyanide 
The cyanide contents of the bitter yam were determined by an on-farm adaptable, economical and non-laborious spectrophotometric 
method of Bradbury et al. (1988). 0.1g of each of the samples was weighed into a flat-bottom plastic bottle with screw cap lid. 0.1M 
phosphate buffer at PH(6) was added with a pipette. A yellow picrate paper attached to a plastic strip place immediately in flat bottom 
plastic bottle containing sample and buffer. The picrate papers were not allowed to touch the liquid in the bottle. The bottles were 
immediately closed with the screw capped lids. A blank for each of the samples was also prepared as above into another screw capped 
bottle. Linamarin standard stock solutions were also prepared using 10mg linamarin in 10ml 0.1m phosphate buffer at pH (6). This was 
diluted to give concentrations of 25ppm to 110ppm (i.e. 25, 50, 75, 100). This was used to standardize and calibrate the 
spectrophotometer. Linamarin paper of 50ppm concentration each were treated as samples above and put in a separate screw capped 
plastic bottles containing phosphate buffer and linamarase enzyme and the bottles were closed immediately. All the bottles containing 
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samples, blank and linamarin standard paper were allowed to stand for 16-24hours at room temperature. At the end of 16-24hours, the 
bottles were opened; plastic backing sheets of the picrate papers were removed and placed in a test tube. 5ml of distilled water was 
pipette into each of the test tubes containing the picrate paper and was allowed to stand for 30mins with occasional gentle stirring. The 
absorbance of all the solutions in the test tubes including linamarin standard solution were measured against blank on spectrinic 20 
spectrophotometer at a wave length of 510nm. The total cyanide content was calculated using the formula: 
 
Total cyanide content = 396 x Absorbance (ppm) or (mg/kg) 
 
Total cyanide content % = ppm cyanide 
                     100 
Determination of Phenols 
The quantity of phenols is determined using the spectrophotometer method. The plant sample is boiled with 50ml of ethanol for 
15mins. Five (5) ml of the boiled sample is then pipette into 50ml flask and 10ml of distilled water is added. After the addition of the 
distilled water, 2ml of Ammonium hydroxide solution and 5ml of concentrated pentanol is added to the mixture. The sample is made 
up to the mark and left for 30mins to react for color development and measured at 505nm wavelength using a spectrophotometer. 
 
Determination of Polyphenols 
The determination of the level of polyphenols in the sample (bitter yam) was carried out according to the method of Harborne (1975). 
Exactly 2g of the sample was boiled in 50ml diethyl ether for 15mins. Five milliliters (5ml) was pipetted into 50ml flask and 10ml of 
distilled water was added. Two milliliter (2ml) of ammonium hydroxide (NH4OH) solution and 15ml of concentrated ethanol was 
added. They were then made to volume and allowed to react for 30mins. The absorbance was measured at 505nm and the level of 
polyphenols was extrapolated from a standard curve prepared from O-phenanthroline. 
 
Determination of Glycosides 
To 1ml of extract was added 1ml of 2% solution of 3,5-DNS (Dinitro Salicylic acid) in methanol and 1ml of 5% aqueous NaOH. It 
was boiled for 2mins (until brick-red precipitate was observed) and the boiled sample was filtered. The weight of the filter paper was 
weighed before filtration. The filter paper dryness and weight of the filter paper with residue was noted(Osagie, 1998). 
 
The glycoside was calculated in %: 
% Glycoside = W3 – W1 x 100 
                   W2 

Where: W1= Weight of filter paper 
W2= Weight of sample analyzed 
W3= Weight of filter paper + residue 
     

Results and Discussion 
Proximate composition of bitter yam (Dioscorea dumentorum) 
Moisture Content 
The raw sample (sample A) had a moisture content of 15.50% which was also the lowest moisture content. For the blanched sample, 
sample B (2min) had moisture content of 16.00%, sample C (4min) had a moisture content of 17.50%, sample D (6min) had a 
moisture content of 18.50%, sample E (8min) had a moisture content of 21.00% and sample F (10min) had a moisture content of 
21.50%. For the fermented sample; sample G (6hourly change of water for 48hours) had moisture content of 24.50%, sample H 
(12hourly change of water for 48hours) had a moisture content of 25.00%, sample I (24hourly change of water for 48hours) had a 
moisture content of 25.50% and sample J (no change of water for 48hours) had a moisture content of 29.50%.  
 
The sample J had the highest moisture content of 29.50% which was as a result of the sample having a higher holding capacity than 
the other samples. Sample A (Control) had the lowest moisture content of 15.50%. The increase in the moisture content of the 
blanched samples was as a result of the absorption of water during the boiling period. The increase in the moisture content of the 
fermented samples was also as a result of the yam absorbing water during the soaking period and it was also as a result of the 
involvement of more bacteria species than fungi species in the sample fermentation (Sanmi and Ogbonna, 1990). The raw sample (A) 
and the blanched samples (B, C, D, E and F) had significant differences between them. The raw sample (A) and the fermented samples 
(G, H, I and J) had significant differences between them. The blanched samples (B, C, D, E and F) and the fermented samples (G, H, I 
and J) also had significant differences between them. 
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Table  1: Mean Values of the Proximate Composition of Bitter yam (Diascorea dumentorum) 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

abc Means with different superscript within the same column are significantly different (P≥0.05) 
KEY: 
A= Raw sample    F =  10 minutes blanching 
B = 2 minutes Blanching   G = 6hourly change of water for 48hours 
C = 4 minutes Blanching   H = 12hourly change of water for 48hours 
D = 6 minutes Blanching   I  = 24hourly change of water for 48hours 
E = 8 minutes Blanching   J  = No change of water for 48hours 
 
Ash Content 
The raw sample (sample A) had an ash content of 9.00%. For the blanched sample; sample B (2min) had an ash content of 7.50%, 
sample C (4min) had an ash content of 7.00%, sample D (6min) had an ash content of 6.50%, sample E (8min) had an ash content of 
5.50% and sample F (10min) had an ash content of 5.00%. For the fermented sample; sample G (6hourly change of water for 48hours) 
had an ash content of 5.50%, sample H (12hourly change of water for 48hours) had an ash content of 6.00%, sample I (24hourly 
change of water for 48hours) had an ash content of 7.50% and sample J (no change of water for 48hours) had an ash content of 8.50%.  
The raw sample (A) had the highest ash content of 9.00% which was as a result of no processing (blanching and fermentation) carried 
out on it, this means that no minerals was lost. Sample F (10min) had the lowest ash content of 5.00% which was as a result of the 
leaching out of the minerals in the water during blanching; also the heat used also affected the minerals that are not heat labile (the 
higher the temperature, the higher the loss of nutrient). Fermentation reduced the minerals present in the yam due to the minerals 
being leached out into the water; the more the change of water, the more the amount of nutrient lost. The raw sample (A) and the 
blanched samples (B, C, D, E and F) had significant differences between them. The raw sample (A) and the fermented samples (G, H, 
I and J) had significant differences (P≥0.05) between them. The blanched samples (C, D, E and F) and the fermented samples (G, H, 
and J) also had significant differences (P≥0.05) between them. Sample B (blanched) and Sample I (fermented) had insignificant 
differences (P≤0.05) between them. 
 
Crude Fat Content 
The raw sample (sample A) had a fat content of 11.50%. For the blanched sample; sample B (2min) had a fat content of 11.00%, 
sample C (4min) had a fat content of 10.00%, sample D (6min) had a fat content of 9.50%, sample E (8min) had a fat content of 
9.50% and sample F (10min) had a fat content of 8.00%. For the fermented sample; sample G (6hourly change of water for 48hours) 
had a fat content of 9.00%, sample H (12hourly change of water for 48hours) had a fat content of 9.50%, sample I (24hourly change of 
water for 48hours) had a fat content of 9.50% and sample J (no change of water for 48hours) had a fat content of 10.50%.  
The raw sample (A) had the highest fat content of 11.50% which was as a result of no processing (blanching and fermentation) carried 
out on it. Therefore there was no loss of fat. Sample F (10min) had the lowest fat content of 8.00% which was as a result of the heating 
time. The decrease in the fat content of the blanched samples was as a result of the heating temperature (2, 4, 6, 8 and 10min) used to 
blanch. The heat melts the fat in the yam and then leaches it into the water thereby reducing the level of the fat (the higher the 
temperature, the higher the loss of fat). The increase in the fat content of the fermented samples was as a result of the removal of the 
fat present in the yam. The constant change of water increased the amount of fat leaching out. The raw sample (A) and the blanched 
samples (B, C, D, E and F) had significant differences between them. The raw sample (A) and the fermented samples (G, H, I and J) 
had significant differences between them. The blanched samples (B, C, and F) and the fermented samples (G, and J) also had 

SAMPLE     MOISTURE        ASH        FAT          FIBRE        PROTEIN    CARBOHYDRATE 
A                  15.50j                                9.00a       11.50a        13.50a           2.90a  47.59g 

B                  16.00i         7.50c       11.00b        13.00b           2.66d  49.84f 
C                  17.50h         7.00d       10.00d        12.00c           2.50f  51.00d 

D                  18.50g                               6.50e        9.50e         11.00e           2.42g                52.08c 
E                   21.00f         5.50g        9.50e         9.50f             2.26i                52.24c 

F                   21.50e                    5.00h        8.00g         4.50i             2.18j                58.82a 

G                  24.50d         5.50g        9.00f         5.00h             2.34h                53.66b 

H                  25.00c         6.00f        9.50e         6.50g             2.58e                50.42e 

I                    25.50b         7.50c        9.50e         9.50f              2.74c                45.26h 
J                   29.50a         8.50b       10.50c       11.50d            2.82b                37.18i 

LSD               0.25                     0.25         0.034         0.0061           0.13             0.51 
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significant differences between them. Sample D and E (blanched) and Sample H and I (fermented) had insignificant differences 
between them. 
 
Crude Fibre Content 
The raw sample (sample A) had a fibre content of 13.50%. For the blanched sample; sample B (2min) had a fibre content of 13.00%, 
sample C (4min) had a fibre content of 12.00%, sample D (6min) had a fibre content of 11.00%, sample E (8min) had a fibre content 
of 9.50% and sample F (10min) had a fibre content of 4.50%. For the fermented sample; sample G (6hourly change of water for 
48hours) had a fibre content of 5.00%, sample H (12hourly change of water for 48hours) had a fibre content of 6.50%, sample I 
(24hourly change of water for 48hours) had a fibre content of 9.50% and sample J (no change of water for 48hours) had a fibre 
content of 11.50%. 
 
The raw sample (A) had the highest fibre content of 13.50% which was due to the yam not being processed by either blanching or 
fermentation. The fibre present was still intact which makes it higher than the rest sample. Sample F (10min) had the lowest fibre 
content of 4.50% which was as a result of the removal of the fibre into the blanching water. The higher the blanching time, the higher 
the fibre being leached out. The increase in the fibre content of the fermented samples was as a result of constant change of water. The 
raw sample (A) and the blanched samples (B, C, D, E and F) had significant differences between them. The raw sample (A) and the 
fermented samples (G, H, I and J) had significant differences between them. The blanched samples (B, C, D, and F) and the fermented 
samples (G, H, and J) also had significant differences between them. Sample E (blanched) and Sample I (fermented) had insignificant 
differences between them. 
 
Crude Protein Content 
The raw sample (sample A) had a protein content of 2.90%. For the blanched sample; sample B (2min) had a protein content of 
2.66%, sample C (4min) had a protein content of 2.50%, sample D (6min) had a protein content of 2.42%, sample E (8min) had a 
protein content of 2.26% and sample F (10min) had a protein content of 2.18%. For the fermented sample; sample G (6hourly change 
of water for 48hours) had a protein content of 2.34%, sample H (12hourly change of water for 48hours) had a protein content of 
2.58%, sample I (24hourly change of water for 48hours) had a protein content of 2.74% and sample J (no change of water for 48hours) 
had a protein content of 2.82%.  
 
The raw sample (A) had the highest protein content of 2.90% which was as a result of no processing (blanching and fermentation) 
carried out on it, which would have resulted in the denaturation of the protein present in the sample. Sample F (10min) had the lowest 
protein content of 2.18% which was as a result of the heating temperature and time. The heat used in blanching denatures the protein 
that was present in the yam. The more the heating time, the more protein being denatured. The increase in the protein content of the 
fermented samples was as a result of the increase in the enzyme production of the samples. The raw sample (A) and the blanched 
samples (B, C, D, E and F) had significant differences (P≥0.05) between them. The raw sample (A) and the fermented samples (G, H, 
I and J) had significant differences between them. The blanched samples (C, D, E and F) and the fermented samples (G, H, and J) also 
had significant differences between them. Sample B (blanched) and Sample I (fermented) also had insignificant differences (P≤0.05) 
between them. 
 
Carbohydrate Content 
The raw sample (sample A) had a carbohydrate content of 47.59%. For the blanched sample; sample B (2min) had a carbohydrate 
content of 49.84%, sample C (4min) had a carbohydrate content of 51.00%, sample D (6min) had a carbohydrate content of 52.08%, 
sample E (8min) had a carbohydrate content of 52.24% and sample F (10min) had a carbohydrate content of 58.82%. For the 
fermented sample; sample G (6hourly change of water for 48hours) had a carbohydrate content of 53.66%, sample H (12hourly 
change of water for 48hours) had a carbohydrate content of 50.42%, sample I (24hourly change of water for 48hours) had a 
carbohydrate content of 45.26% and sample J (no change of water for 48hours) had a carbohydrate content of 37.18%.  
 
The sample F had the highest carbohydrate content of 58.82% which was as a result of the low level of the other component (moisture, 
ash, fat, fibre and protein) gotten in the sample. Sample J (6hourly change of water for 48hours) had the lowest carbohydrate content 
of 37.18% which was as a result of the high level of the other component (moisture, ash, fat, fibre and protein) gotten in the sample. 
The increase in the carbohydrate content of the blanched samples was as a result of the blanching time used. The decrease in the 
carbohydrate content of the fermented samples was as a result of the increase in the fermentation process used. The raw sample (A) 
and the blanched samples (B, C, D, E and F) had significant differences between them. The raw sample (A) and the fermented samples 
(G, H, I and J) had significant differences between them. The blanched samples (B, C, D, E and F) and the fermented samples (G, H, I 
and J) also had significant differences between them. 
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Anti nutritional constituents of the bitter yam (Dioscorea dumentorum) 
Alkaloids 
The raw sample (sample A) had an alkaloid content of 0.40%. For the blanched sample; sample B (2min) had an alkaloid content of 
0.36%, sample C (4min) had an alkaloid content of 0.31%, sample D (6min) had an alkaloid content of 0.27%, sample E (8min) had 
an alkaloid content of 0.23% and sample F (10min) had an alkaloid content of 0.22%. For the fermented sample; sample G (6hourly 
change of water for 48hours) had an alkaloid content of 0.20%, sample H (12hourly change of water for 48hours) had an alkaloid 
content of 0.25%, sample I (24hourly change of water for 48hours) had an alkaloid content of 0.30% and sample J (no change of water 
for 48hours) had an alkaloid content of 0.34%.  
 
The raw sample (A) had the highest alkaloid content of 0.40%. Sample G (6hourly change of water for 48hours) had the lowest 
alkaloid content of 0.20%. This reduction was expected as soaking/fermentation and blanching helped in the removal of the soluble 
anti nutrients such as alkaloids. This result was in agreement with the report of Philips and Abbey (1989) that steeping hydrates the 
food sample and induces the leaching out of water soluble anti-nutrients. Blanching also heats the anti-nutrients present in the yam and 
destroys it. The raw sample (A) and the blanched samples (B, C, D, E and F) had significant differences (P≥0.05) between them. The 
raw sample (A) and the fermented samples (G, H, I and J) had significant differences between them. There were insignificant 
differences (P≤0.05) between some of the blanched samples while some had both significant and insignificant differences between the 
blanched samples. For the fermented samples, there were also significant and insignificant differences between the samples. 
 
Phenols 
The raw sample (sample A) had a phenol content of 0.572%. For the blanched sample; sample B (2min) had a phenol content of 
0.553%, sample C (4min) had a phenol content of 0.530%, sample D (6min) had a phenol content of 0.529%, sample E (8min) had a 
phenol content of 0.347% and sample F (10min) had a phenol content of 0.280%. For the fermented sample; sample G (6hourly 
change of water for 48hours) had a phenol content of 0.276%, sample H (12hourly change of water for 48hours) had a phenol content 
of 0.328%, sample I (24hourly change of water for 48hours) had a phenol content of 0.374% and sample J (no change of water for 
48hours) had a phenol content of 0.384%.  
 
The raw sample (A) had the highest phenol content of 0.572%. Sample G (6hourly change of water for 48hours) had the lowest phenol 
content of 0.276%. The decrease in the phenol content of the blanched samples was as a result of the phenolic content in the yam 
leaching out into the blanching water. The higher the blanching time, the higher the anti-nutrients removed. Fermentation or steeping 
induced the leaching out of water soluble anti- nutrients. The raw sample (A) and the blanched samples (B, C, D, E and F) had 
significant difference between them. The raw sample (A) and the fermented samples (G, H, I and J) had significant difference between 
them. The blanched samples (C, D, E and F) and the fermented samples (G, H, and J) also had significant differences between them. 
The fermented samples C and D had insignificant difference between them because of a slight reduction of the phenolic content of the 
samples. 
 
Polyphenols 
The raw sample (sample A) had a poly phenol content of 1.825%. For the blanched sample; sample B (2min) had a poly phenol 
content of 1.803%, sample C (4min) had a poly phenol content of 1.457%, sample D (6min) had a poly phenol content of 1.303%, 
sample E (8min) had a poly phenol content of 0.822% and sample F (10min) had a poly phenol content of 0.889%. For the fermented 
sample; sample G (6hourly change of water for 48hours) had a poly phenol content of 0.520%, sample H (12hourly change of water 
for 48hours) had a poly phenol content of 0.893%, sample I (24hourly change of water for 48hours) had a poly phenol content of 
1.389% and sample J (no change of water for 48hours) had a poly phenol content of 1.731%.  
The raw sample (A) had the highest poly phenol content of 1.825%. Sample G (6hourly change of water for 48hours) had the lowest 
poly phenol content of 0.520%. Heat reduces the anti-nutrients that are found in the yam sample. Fermentation increases the rate of 
leaching of these anti nutrients from the sample. The raw sample (A) and the blanched samples (B, C, D, E and F) had significant 
difference between them. The raw sample (A) and the fermented samples (G, H, I and J) had significant difference (P≥0.05) between 
them. The blanched samples (B, C, D, E and F) and the fermented samples (G, H, I and J) also had significant differences (P≥0.05) 
between them. 
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Table 2: Mean Values of the Anti-nutritional Composition of Bitter Yam (Dioscorea dumentorum)

abc Means with different superscript within the same column are significantly different (P≤0.05) 
KEY: 
 A= Raw sample    F =  10 minutes blanching 
 B = 2 minutes Blanching   G = 6hourly change of water for 48hours 
 C = 4 minutes Blanching   H = 12hourly change of water for 48hours 
 D = 6 minutes Blanching   I = 24hourly change of water for 48hours 
 E = 8 minutes Blanching    J = No change of water for 48hours 

SAMPLE ALKALOID PHENOLS POLYPHENOLS TANNINS SAPONINS FLAVONOIDS PHYTATES HYDROGEN 
CYANIDE 

OXALATE GLYCOSIDE 

A 0.40a 0.572a 1.825a  10.40a 6.20a 12.20a 3.39a 0.38a 0.38a 4.00a 

B 0.36b 0.553b 1.803b  10.17c 6.00a 11.70b  3.26ab 0.37a 0.36a 3.50b 

C 0.31bc 0.530c 1.457d 9.36d 5.00c 11.20d 2.97c 0.35a 0.32b 3.00c 

D 0.27cd 0.529c 1.303f 9.24e 4.00d 9.50f  2.83cd  0.34ab 0.27c 2.50d 

E 0.23de 0.347f 0.822i 8.40g 2.80ef 9.10h 2.00e 0.33b 0.24c 2.00e 

F 0.22e 0.280h 0.889h 8.40g 3.00e 8.70i 1.69f  0.30bc 0.22c 1.50f 

G 0.20e 0.276i 0.520j 8.34h 2.40g 7.20j 1.31g 0.29c 0.20c 1.00g 

H 0.25d 0.328g 0.893g 9.04f 3.20e 9.20g 1.95e 0.32b 0.27c 2.00e 

I         0.30c 0.374e 1.389e 9.06f 4.00d 9.80e 2.88c 0.35a 0.32b 2.50d 

J 0.34b 0.384d 1.731c 10.25b 5.40b 11.30c 3.32a 0.36a  0.33ab 3.50b 

LSD 0.035 0.0038 0.0036 0.036 0.34 0.033 0.12 0.032 0.030 0.036 
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Tannins 
The raw sample (sample A) had a tannin content of 10.40%. For the blanched sample; sample B (2min) had tannin content of 10.17%, 
sample C (4min) had a tannin content of 9.36%, sample D (6min) had a tannin content of 9.24%, sample E (8min) had a tannin content 
of 8.40% and sample F (10min) had a tannin content of 8.40%. For the fermented sample; sample G (6hourly change of water for 
48hours) had tannin content of 8.34%, sample H (12hourly change of water for 48hours) had a tannin content of 9.04%, sample I 
(24hourly change of water for 48hours) had a tannin content of 9.06% and sample J (no change of water for 48hours) had a tannin 
content of 10.25%.  
 
The raw sample (A) had the highest tannin content of 10.40%. Sample G (6hourly change of water for 48hours) had the lowest tannin 
content of 8.34%. Heat reduces the anti-nutrients that are found in the yam sample by destroying it; the higher the blanching time, the 
lower the level of tannin in the yam sample. Fermentation or soaking induces the leaching of water soluble anti nutrients into the water 
used for soaking. The raw sample (A) and the blanched samples (B, C, D, E and F) had significant difference between them. The raw 
sample (A) and the fermented samples (G, H, I and J) had significant difference between them. The blanched samples (B, C, D and F) 
and the fermented samples (G, H and I) also had significant differences between them. The sample E and sample J had insignificant 
difference between them because of the slight reduction of the tannin content in the sample. The fermented sample H and I had 
insignificant differences between them because of the slight reduction of the tannin content in the sample. 
 
Saponins 
The raw sample (sample A) had a saponin content of 6.20%. For the blanched sample; sample B (2min) had a saponin content of 
6.00%, sample C (4min) had a saponin content of 5.00%, sample D (6min) had a saponin content of 4.00%, sample E (8min) had a 
saponin content of 2.80% and sample F (10min) had a saponin content of 3.00%. For the fermented sample; sample G (6hourly change 
of water for 48hours) had a saponin content of 2.40%, sample H (12hourly change of water for 48hours) had a saponin content of 
3.20%, sample I usample J (no change of water for 48hours) had a saponin content of 5.40%.  
 
The raw sample (A) had the highest saponin content of 6.20%. Sample G (6hourly change of water for 48hours) had the lowest 
saponin content of 2.40%. This reduction was expected as soaking/fermentation and blanching helped in the removal of the soluble 
anti nutrients such as saponins. Fermentation/soaking induces the removal of the water soluble anti-nutrients. The higher the blanching 
time, the lower the saponin content in the yam and the change of water during fermentation helps in the removal of the saponin 
content in the yam. The raw sample (A) and the blanched samples (C, D, E and F) had significant difference between them. The raw 
sample (A) and the fermented samples (G, H, I and J) had significant difference between them. The blanched (B, C, E and F) and the 
fermented samples (G, I and J) also had significant differences between them. The raw sample (A) and the blanched sample (B) had 
insignificant difference between them as a result of slight reduction in the saponin content in the sample. Also the fermented sample I 
and J had insignificant difference between them as a result of the slight reduction in the saponin content in the sample. 
 
Flavonoids 
The raw sample (sample A) had a flavonoid content of 12.20%. For the blanched sample; sample B (2min) had a flavonoid content of 
11.70%, sample C (4min) had a flavonoid content of 11.20%, sample D (6min) had a flavonoid content of 9.50%, sample E (8min) 
had a flavonoid content of 9.10% and sample F (10min) had a flavonoid content of 8.70%. For the fermented sample; sample G 
(6hourly change of water for 48hours) had a flavonoid content of 7.20%, sample H (12hourly change of water for 48hours) had a 
flavonoid content of 9.20%, sample I (24hourly change of water for 48hours) had a flavonoid content of 9.80% and sample J (no 
change of water for 48hours) had a flavonoid content of 11.30%.  
 
The raw sample (A) had the highest flavonoid content of 12.20%. Sample G (6hourly change of water for 48hours) had the lowest 
flavonoid content of 7.20%. Heat reduces the anti-nutrients that are found in the yam sample by destroying it. Fermentation increases 
the rate of leaching of these anti nutrients from the sample. The raw sample (A) and the blanched samples (C, D, E and F) had 
significant difference between them. The raw sample (A) and the fermented samples (G, H, I and J) had significant difference between 
them. The blanched (B, C, D, E and F) and the fermented samples (G, H, I and J) also had significant differences between them.  
 
Phytates 
The raw sample (sample A) had a phytate content of 3.39%. For the blanched sample; sample B (2min) had a phytate content of 
3.26%, sample C (4min) had a phytate content of 2.97%, sample D (6min) had a phytate content of 2.83%, sample E (8min) had a 
phytate content of 2.00% and sample F (10min) had a phytate content of 1.69%. For the fermented sample; sample G (6hourly change 
of water for 48hours) had a phytate content of 1.31%, sample H (12hourly change of water for 48hours) had a phytate content of 
1.95%, sample I (24hourly change of water for 48hours) had a phytate content of 2.88% and sample J (no change of water for 
48hours) had a phytate content of 3.32%.  
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The raw sample (A) had the highest phytate content of 3.39%. Sample G (6hourly change of water for 48hours) had the lowest phytate 
content of 1.31%. The decrease in the phytate content of the blanched samples was as a result of the heat and time of blanching which 
allows the removal of anti- nutrients like phytate into the water. Fermentation increases the rate of leaching of these anti nutrients from 
the sample (the higher the change of water during fermentation, the more the removal of the anti-nutrients from the sample). The raw 
sample (A) and the blanched samples (C, D, E and F) had significant difference between them. The raw sample (A) and the fermented 
samples (H, I and J) had significant difference between them. The blanched (B, D and F) and the fermented samples (G and J) also 
had significant differences between them. The blanched sample (C and E) and the fermented sample (H and I) had insignificant 
difference between them as a result of slight reduction in the phytate content in the sample. The sample B and D had both significant 
and insignificant differences in them  
 
Hydrogen Cyanide 
The raw sample (sample A) had a hydrogen cyanide content of 0.38%. For the blanched samples; sample B (2min) had a hydrogen 
cyanide content of 0.37%, sample C (4min) had a hydrogen cyanide content of 0.35%, sample D (6min) had a hydrogen cyanide 
content of 0.34%, sample E (8min) had a hydrogen cyanide content of 0.33% and sample F (10min) had a hydrogen cyanide content 
of 0.30%. For the fermented samples; sample G (6hourly change of water for 48hours) had a hydrogen cyanide content of 0.29%, 
sample H (12hourly change of water for 48hours) had a hydrogen cyanide content of 0.32%, sample I (24hourly change of water for 
48hours) had a hydrogen cyanide content of 0.35% and sample J (no change of water for 48hours) had a hydrogen cyanide content of 
0.36%.  
 
The raw sample (A) had the highest hydrogen cyanide content of 0.38%. Sample G (6hourly change of water for 48hours) had the 
lowest hydrogen cyanide content of 0.29%. This reduction was expected as soaking/fermentation and blanching helped in the removal 
of the soluble anti nutrients such as hydrogen cyanide. This result was in agreement with the report of the steeping hydrates the food 
sample and induces the leaching out of water soluble anti-nutrients. Blanching also heats the anti-nutrients present in the yam and 
leaches it out into the blanching water. The raw sample (A) and the blanched samples (B, C, D, E and F) had both significant and 
insignificant differences between them. The raw sample (A) and the fermented samples (G, H, I and J) had both significant and 
insignificant differences between them. 
 
Oxalate 
The raw sample (sample A) had an oxalate content of 0.38%. For the blanched sample; sample B (2min) had an oxalate content of 
0.36%, sample C (4min) had an oxalate content of 0.32%, sample D (6min) had an oxalate content of 0.27%, sample E (8min) had an 
oxalate content of 0.24% and sample F (10min) had an oxalate content of 0.22%. For the fermented sample; sample G (6hourly 
change of water for 48hours) had an oxalate content of 0.20%, sample H (12hourly change of water for 48hours) had an oxalate 
content of 0.27%, sample I (24hourly change of water for 48hours) had an oxalate content of 0.32% and sample J (no change of water 
for 48hours) had an oxalate content of 0.33%.  
 
The raw sample (A) had the highest oxalate content of 0.38%. Sample G (6hourly change of water for 48hours) had the lowest oxalate 
content of 0.20%. This reduction was expected as soaking/fermentation and blanching helped in the removal of the soluble anti 
nutrients. This result was in agreement with the report of Philips and Abbey (1989) that steeping hydrates the food sample and induces 
the leaching out of water soluble anti-nutrients. Blanching also heats the anti-nutrients present in the yam and leaches it out into the 
blanching water. The raw sample (A) and the blanched samples (B, C, D, E and F) had both significant and insignificant differences 
between them. The raw sample (A) and the fermented samples (G, H, I and J) had both significant and insignificant differences 
between them. 
 
Glycoside 
The raw sample (sample A) had a glycoside content of 4.00%. For the blanched sample; sample B (2min) had a glycoside content of 
3.50%, sample C (4min) had a glycoside content of 3.00%, sample D (6min) had a glycoside content of 2.50%, sample E (8min) had a 
glycoside content of 2.00% and sample F (10min) had a glycoside content of 1.50%. For the fermented sample; sample G (6hourly 
change of water for 48hours) had a glycoside content of 1.00%, sample H (12hourly change of water for 48hours) had a glycoside 
content of 2.00%, sample I (24hourly change of water for 48hours) had a glycoside content of 2.50% and sample J (no change of 
water for 48hours) had a glycoside content of 3.50%.  
 
The raw sample (A) had the highest glycoside content of 4.00%. Sample G (6hourly change of water for 48hours) had the lowest 
glycoside content of 1.00%. Heat reduces the anti-nutrients that are found in the yam sample by destroying it. Fermentation increases 
the rate of leaching of these anti nutrients from the sample. The raw sample (A) and the blanched samples (C, D, E and F) had 
significant difference between them. The raw sample (A) and the fermented samples (G, H, I and J) had significant difference between 
them. The blanched (C and F) and the fermented samples (J) also had significant differences between them. The blanched samples (B, 
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D and E) and the fermented sample (G, H and I) had insignificant differences between as a result of slight reduction in the blanched 
and fermented sample. 
 
Conclusion 
From the results obtained, it can be deduced that fermentation had an effect on the anti-nutritional constituents of the yam, though it 
was slight, it helped to improve the nutritional value of the yam. The Blanching reduced the anti-nutritional properties with increase in 
blanching time (i.e. the higher the blanching time, the lower the anti-nutritional constituent). This reduction of the anti-nutrients 
becomes more effective when the water is changed more frequently during fermentation process. Blanching also affected the anti-
nutritional properties by reducing them significantly. 
 

Recommendation 
I recommend that the flour obtained from blanching for 10 minutes and fermentation for 48 hours with change of water at 6 hours 
interval could be used to produce several products and the yam could also be subjected to several other processing methods (such as 
boiling) to see their effect on its proximate, nutritional, anti-nutritional and functional properties so as to know which processing 
method is best. 
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