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INTRODUCTION 

Yam tubers constitute an important food crop in 

tropical countries including South America, the 

Asia and Africa. In Africa, yam, Dioscorea (spp.) 

is an important source of carbohydrate for many 

people of the sub-Sahara region, especially in the 

yam zone of West Africa (Akissoe et al., 2003). 

Babaleye (2003) reported that yam contributes 

more than 200 dietary calories per capita daily for 

more than 150 million people in West Africa and 

serves as an important source of income to the 

people. Yam as a starchy staple in West Africa is of 

higher per unit weight fresh tuber than cassava, 

cocoyam or taro (Orkwor, 1998) and hence 

generates more income in local markets than these 

other crops (Tamiru et al., 2008). Quality of the 

tuber for the production of yam-based food 

products is a major criterion for acceptance of yam 

varieties by the stakeholders: farmers, processors 

and consumers (Otegbayo et al., 2010). The food 

quality of stored yam tubers is usually preferred 

than the fresh yam tubers, hence it is usually more 

expensive than fresh yam tubers in the market. This 

is probably because of its perceived better food 

quality (especially textural quality and taste) 

compared with fresh tubers (Otegbayo et al., 2011). 

 

In Côte d’Ivoire, the most important species are 

Dioscorea cayenensis-rotundata complex and 

Dioscorea alata, (Ondo et al., 2009). These yam 

tubers are usually consumed in the forms of 

chunks, flour, fufu, and slices resulting from any of 

the processes of boiling, drying, fermentation, 

frying, milling, pounding, roasting, and steaming 

(Iwuoha, 2004). Boiling as a food processing 

techniques has been highlighted as possible means 

of reducing or totally eliminating the anti-nutrients 

and improving the nutritive values at levels that can 

be tolerated by man and his animals particularly in 

monogastric nutrition hence, this study was 

designed to investigate the effect of post-harvest 

storage and boiling time on the nutritive values of 

two yams species (Dioscorea cayenensis-rotundata 

variety "tambi″ and Dioscorea alata variety 

‘’Azaguié’’) tubers. 

 

MATERIALS AND METHODS 

 

Raw materials 

Plant material: Varieties "Azaguié" from D. alata 

and "Tambi" from D. cayenensis-rotundata 

complex species were selected in the department of 

Bondoukou, in the North-East of Côte d’Ivoire. 

Yam tubers were harvested at physiological 

maturity from fields of village named 

Kouakoukankro in December 2014. They were 

immediately transported in a heap aired store and 

stored in which the temperature and the relative 

humidity rate were 26.56 ± 3 °C and 82 ± 5% 

respectively for a period of 6 months of subsequent 

experiments. 
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Abstract: Samples of two yams species (Dioscore aalata variety ‘’Azaguié’’ 

and Dioscorea cayenensis-rotundata variety’’Tambi’’) tubers were subjected to 

different boiling times after post-harvest storage. These yams tubers species 

were kept for six (6) months after harvest in an aired storage (26.56 ± 3 ºC; 82 

± 5 % RH). Some biochemical parameters such as dry matter, crude protein, 

crude fat, total sugars and reducing sugars, starch and cellulose were analyzed 

using standard procedures and methods. Dry matters, reducing sugars and total 

sugars contents increased significantly (p ≤ 0.05) during preservation from the 

month 0 to the month 6 at different boiling times and varied from a tuber to 

another one. Starch content and cellulose content decreased and increased 

respectively with increased boiling time during preservation from the month 0 

to the month 6. 
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Sample Preparation 

Four (4) tubers of each yam cultivar were randomly 

made a pick, every two months during for up to six 

(6) months. These yams were washed with clean 

water. They peeled and cut into small slices (3x3x3 

cm thickness) using a stainless steel knife. The 

slices were rewashed with clean water in order to 

remove much mucilaginous material. After 

washing, they were divided into four lots of 500 g 

each. Three lots were boiled at 100°C for 10 min, 

15 min and 20 min in a pan containing 1 L of water 

distilled. At the end of boiling, the three lots with 

treatment and the remaining one part with no 

treatment and were dried in an oven at 45°C for 48 

hours. The dried slices were ground into powder, 

sieved with 250 μm mesh sieve and then stored in 

airtight containers for analysis AOAC (1995). 

 

Proximate Composition Analysis 

Dry matters were determined by drying in an oven 

at 105 ºC during 24 h to constant weight (AOAC, 

1990). Crude protein was calculated from nitrogen 

(Nx6.25) obtained using the Kjeldahl method by 

AOAC (1990). Crude fat was determined by 

continuous extraction in a Soxhlet apparatus for 8 h 

using hexane as solvent (AOAC, 1990). Total ash 

was determined by incinerating in a furnace at 550 

ºC (AOAC, 1990). Method described by Dubois et 

al. (1956) was used to determine total sugars while 

reducing sugars were analyzed according to the 

method of Bernfeld (1955) using 3.5 

dinitrosalycilic acids (DNS). Starch content was 

determined with the method of Dubois and al. 

(1956). Hot ethanol was used to extract starch from 

the flour sample. The digest (from the residue) was 

quantified calorimetrically for starch, using phenol-

sulphuric acid as the colour developing reagent; 

absorbance was read at 490 nm.  

 

The starch and cellulose content were determined 

according to the polarimetric method described by 

BIPEA (1976) and method described by Multon et 

al. (1991) respectively. 

 

Statistical analysis 
All analyses were performed in triplicates. Results 

were expressed by means of ± SD. Statistical 

significance was established using Analysis of 

Variance (ANOVA) models to estimate the effect 

of storage period on biochemical composition of 

different parts of yam tubers. Means were separated 

according to Duncan’s multiple range analysis (p ≤ 

0.05), with the help of the software Statistica 

(StatSoftInc, Tulsa USA Headquarters). 

 

 

RESULTS AND DISCUSSION 

Dry matter 
The dry matter content was presented figures 1 (A 

and B). Dry matter increased significantly (p ≤ 

0.05). However, it decreased during different 

boiling times 0, 10, 15 and 20 min. The highest dry 

matter at month 0 was found to be 88.70 ± 0.15 and 

89.60 ± 0.21 % for ‘’Azaguié’’ and ‘’Tambi’’ 

flours respectively. It increased signicantly (p ≤ 

0.05) during storage till 92.70 ± 0.12 % for 

"Azaguié" and 93.80 ± 0.22 % for "Tambi" at 

month 6. Dry matter was significantly (p ≤ 0.05) 

different from a tuber variety to another one during 

preservation and boiling time. Flour from "Tambi" 

yam tuber showed the highest dry matter at the end 

of storage period. Dry matter increasing was due to 

the loss of water by tubers during storage. This 

phenomenon was caused by the setting up of the 

germination process that requires a strong increase 

of the respiratory intensity and perspiration 

acceleration. High level of dry matter in of both 

"Azaguié" and "Tambi" could be explained by the 

presence of old tissues in all part of the tuber 

(Trèche, 1989).  

 

 
Fig. 1. Dry matter content in raw and boiled flour from two 

yams species tubers during the post-harvest storage. [A] 
Dioscorea alata variety ‘’Azaguié’’; [B] Dioscorea cayenensis-

rotundata variety "Tambi". 

 

Crude protein content 

The crude protein content was presented in figure 2 

(A and B). Crude protein content decreased 

significantly (p ≤ 0.05) during different cooking 

times (0-20 min) and post harvest storage (0-6 

months). The values of crude protein content 
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ranged from 8.00 ± 0.26 % dw to 6.40 ± 0.27 % dw 

and from 8.60 ± 0.39 % dw to 6.9 ± 0.3 % dw for 

the flour from raw ‘’Azaguié’’ and ‘’Tambi’’ 

tubers at month 6 respectively. The flour from the 

raw tuber had the highest crude protein content 

whereas the flour from the boiled tuber at 20 min 

had the lowest crude protein content. However, 

high differences were observed between the crude 

protein content of the flour from the boiled 

‘’Azaguié’’ and ‘’Tambi’’ tubers at 15 min and 20 

min, with respective rate ranged from 6.30 ± 0.28 

% dw to 4.00 ± 0.19 % dw and from 7.10 ± 0.19 % 

dw to 4.70 ± 0.14 % dw. Obviously flour from 

"Tambi" yam tuber showed a considerably higher 

protein content upon different cooking times and 

storage. The boiling reduced meaningfully (p ≤ 

0.05) the crude protein content of flour from yam 

tuber at different boiling times. The decreased in 

protein content on the application of heat can be 

attributed to protein forming complexes with 

tannins and therefore decreasing its availability 

(Enonfon-Akpan and Umoh, 2004).  

 
 

 
Fig. 2. Crude protein content in raw and boiled flour from two 

yams species tubers during the post-harvest storage. [A] 

Dioscorea alata variety ‘’Azaguié’’; [B] Dioscorea cayenensis-
rotundata variety "Tambi". 

 

Similar results had been be recorded by Agoreyo et 

al. (2011) for D. rotundata using various drying 

methods. Decrease in cooking time resulted also to 

progressive decrease in the protein isolate yield 

from the flour (Nzewi and Egbuonu, 2011). It 

appeared that protein content of yam tuber flour 

was higher than that reported on bananas (1.09%) 

(Mahapatra et al., 2012); white yam (5.15%) and 

sweet potato (3.64%) (Alaise and Linden, 1999). 

Thus, incorporating yam tuber flour in diet could 

contribute in amino acid balance.  

 

Crude fat content 

The crude fat content was presented in Figure 3 (A 

and B). Crude content varied little between the raw 

and cooked products, showing inconsistency in the 

changes (increase or decrease) among the two yam 

tubers studied. The values of crude fat content 

ranged from 0.299 ± 0.010 % dw and 0.237 ± 0.010 

% dw to 0.133 ± 0.010 % dw and 0.085 ± 0.010 % 

dw for the flour from ‘’Azaguié’’ and ‘’Tambi’’ 

raw and boiled tubers at 20 min respectively. It 

appeared slight differences between the crude fat 

content of flour from the two yam tubers at 

different boiling times (0 min to 15 min). However, 

the crude fat contents of flour from ‘’Azaguié’’ 

yam tubers were highest at different boiling times. 

The gotten values were in agreement with those of 

the whole tuber reported by Trèche et al. (1982) on 

D. cayenensis and D. rotundata ranging from 0.15 

to 0.30 % and from 0.20 to 0.25 %. They were 

lower if compared to 0.70 and 1.10% record by 

Amani and Kamenan (2003) for "Florido" and 

"Kponan". 

 

 

 
Fig. 3.Crude fat content in raw and boiled flour from two yams 
species tubers during the post-harvest storage. [A] Dioscorea 

alata variety ‘’Azaguié’’; [B] Dioscorea cayenensis-rotundata 
variety "Tambi". 
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Fig. 4. Total sugars content in raw and boiled flour from two 
yams species tubers during the post-harvest storage. [A] 

Dioscorea alata variety ‘’Azaguié’’; [B] Dioscorea cayenensis-

rotundata variety "Tambi". 

 

Total sugar and Reducing sugar content 

Concerning total sugars, the highest values 

obtained at month 0 were 2.90 ± 0.15 g/100g dw 

and 3.60 ± 0.09 g/100g dw respectively for flour of 

"Azaguié" and "Tambi" (Figure 4A and 4B) After 

six months, the flour from the two yam tubers still 

showed highest and significant increased amount 

with 5.60 ± 0.14 g/100g dw and 6.90 ± 0.15 g/100 

g dw for "Azaguié" and "Tambi" respectively. The 

values of flour from tubers of "Azaguié" and 

‘’Tambi’’ yam varieties during boiling was 

presented in Figure 4 (A and B). They ranged from 

02.30 ± 0.15 % dw and 2.80 ± 0.16 % dw to 5.00 ± 

0.15 % dw and 5.80 ± 0.09 % dw respectively 

during boiling. The lowest total sugar content was 

obtained with flour from raw tubers of ʺAzaguiéʺ 

yam variety, while the flour from the boiled tubers 

at 10 min had the highest total sugar content. The 

boiling time main effect appeared to be stronger. 

Indeed, the statistical analysis revealed that boiling 

reduced significantly (p ≤ 0 .05) the total sugar 

content at different times.  

Concerning Reducing sugar content, the data in 

Figure 5 (A and B) showed a significant increase of 

reducing sugars during storage. The values ranged 

from 0.71 ± 0.03 g/100g dw and 0.90 ± 0.01 g/100g 

dw to 2.01 ± 0.02 g/100g dw and 2.60 ± 0.09 

g/100g dw respectively for "Azaguié" and "Tambi". 

The values of flour from tubers of "Azaguié" and 

‘’Tambi’’ yam varieties during boiling ranged from 

0.30 ± 0.03 and 0.50 ± 0.06 % dw to 1.40 ± 0.04 

and 1.80 ± 0.03 % dw tubers at 20 min 

respectively. The flour from raw tuber had the 

lowest reducing sugar content while the highest 

value was obtained with the flour from boiled 

tubers at 10 min. Otherwise, the analysis of 

variance showed that the boiling time had 

significant effect (p ≤ 0.05) on reducing sugar 

content of flour from yam tubers. Indeed, the 

reducing sugar contents increased meaningfully (p 

≤ 0.05) until 20 min after boiling.  

 

 
 

 
Fig. 5: Reducing sugars content in raw and boiled flour from 

two yams species tubers during the post-harvest storage. [A] 
Dioscorea alata variety ‘’Azaguié’’; [B] Dioscorea cayenensis-

rotundata variety "Tambi". 

 

Total and reducing sugars increasing could be 

attributed to hydrolysis of starch by the amylolytic 

enzymes present in the tuber (Diopoh and 

Kamenan, 1981; Trèche, 1989). This was in 

accordance with the observation of Sahoré and 

Amani (2005) on of D. alata tubers. Flour from 

‘’Tambi’’ yam tubers contained the most  elevated 

rate of total and reducing sugar at different boiling 

times after six months storage.  

Starch content 

The starch content decreased as the cooking time 

increased. Values obtained indicated that starch 
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content were highest in the raw and least in 

‘’Azaguié’’ and ‘’Tambi’’ yam tubers cooked for 

20 minutes (Figures 6 A and B). The values of 

starch content ranged from 66.54 ± 0.78 % dw and 

79.02 ± 0.1 

7 % dw to 16.82 ± 0.33 % dw and 37.64 ± 0.49 % 

dw for the flour from raw and boiled tubers at 20 

min respectively. The flour from the raw tuber had 

the highest starch content whereas the flour from 

the boiled tuber at 20 min had the lowest starch 

content. The analysis of variance showed that the 

boiling had significant effect (p≤0.05) on starch 

content. It reduced meaningfully (p ≤ 0.05) the 

starch content during the boiling times.  However, 

slight differences were  observed between the 

starch content of the flour from the boiled tubers at 

10 min and 15 min, with respective rate of ( 62. 81 

± 0.09 - 64.71 ± 0.11 % dw and 73.66 ± 0.22 - 

75.47 ± 0.47 % dw) for "Azaguié"  and "Tambi" 

respectively. This reduction is may be due to the 

hydrothermal degradation and extraction of starch 

in boiling water (El Sohaimy, 2013). Indeed, 

boiling caused swelling and distortion of all starch 

granules. The starch is the most important chemical 

component in the flours. It provided the major 

source of physiological energy in human and 

monogastric diets; its occurrence in high amounts 

in these grains underscores their potential energy 

supply. Apart from its energy contribution, starch 

in most of the processed food systems is known to 

contribute to the texture, and as a result, to the 

organoleptic properties of food (Tharanathan and 

Mahadevamma, 2003). 

Based on above results, it is concluded that boiling 

had both positive and negative effect on some 

biochemical parameter (dry matter, crude protein, 

crude fat, total and reducing sugar and starch) in 

flour from tubers of "Azaguié" and ‘’Tambi’’ yam 

varieties. Indeed, the negative effect will be derived 

from the reduction of the starch and crude protein 

contents while the positive effect was as a result of 

the increase of total and reducing sugar content. 

Otherwise, analysis of variance (ANOVA) 

indicated that the boiling time main effect appeared  

not to be stronger for total and reducing sugar 

contents in flour from "Azaguié" and ‘’Tambi’’ 

yam tubers. It is important to avoid overcooking 

since from the data obtained, it has been shown that 

the longer the cooking, the higher the loss in 

nutrients. Boiling times of 10 and 15 min were 

recommended for tuber of "Azaguié" and ‘’Tambi’’ 

yam varieties.  
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