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ABSTRACT15
16

Aims: To determine the effects of cooking time on nutritional value of flours from yam
“kponan” (Dioscorea cayenensis-rotundata) tubers.
Study design: Analysis of Variance (ANOVA) was employed in this work.
Place and Duration of Study: Unité de Formation et de Recherche des Sciences et
Technologies des Aliments (UFR-STA), Université Nangui Abrogoua, Abidjan, Côte d’Ivoire,
during the period from June 2012 to July 2013.
Methodology: Yam tubers were randomly harvested at maturity (6 months after planting)
from three different farms. Yam tubers were washed, peeled, cut into pieces and cooked in
boiling water at 100°C, for periods of 0 min (FNT), 5 min (F5), 10 min (F10) and 15 min
(F15). After cooling, the samples were cut, oven dried at 45°C for 48 h, milled, sieved,
packaged and stored at 4°C. Standardized methods were adopted for proximate and
functional properties evaluation of yam “kponan” flours.
Results: Excepted the crude fat contents of flours, all the biochemical properties measured
(dry matter, total ash, organic matters, total and reducing sugars, crude protein,
carbohydrate) decreased significantly with the change in cooking time (p0.05). However,
among functional properties studied, water absorption capacity, water solubility index and
absorption capacity of some oils (palm oil, soybean oil, sunflower oil, red oil and olive oil)
showed a significant (p0.05) increase with cooking time, whereas the foam capacity and
stability of flours decreased significantly (p0.05). The flours exhibited different properties as
showed by the Principal Component Analysis (PCA) that discriminated raw yam flour (FNT)
from cooked yam flours after 5, 10 and 15 min (F5, F10 and F15, respectively).
Conclusion: The use of cooking method in yam “kponan” flours processing appeared
beneficial to improve their nutritional potentialities.
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1. INTRODUCTION22
23

Roots and tubers are widely cultivated all over the world in tropical and subtropical areas. Among24
tubers, yams (Dioscorea spp.) are major staple food crops in Africa, West Indies, South Asia, South25
and Central America [1].26
Yams are an important source of carbohydrate for many people of the sub-Sahara region, especially27
in West Africa [2,3]. Yam belongs to the genus Dioscorea of the family Dioscoreaceae which has28
about 600 species, including only 10 that are edible [4]. The most economically important species are29
Dioscorea rotundata, D. alata, D. cayenensis, D. bulbifera, D. trifida, D. opposita, D. dumentorum, D.30
japonica and D. hispida [5].31
In Côte d’Ivoire, yam plays an important role in food crop production with a production estimated at 532
million tons per year in 2001 [6]. This high production is destined for human consumption. Yam also33
has a cultural importance. Among the edible yams, Dioscorea cayenensis-rotundata, cultivar “kponan”34
is widely used for the ritual ceremony and is valued for the different traditional meals [3,7].35
Many losses are recorded during the storage of yam tubers [8]. To overcome the high perishability of36
fresh yam, a large proportion is processed before consumption [9]. The processing method of yam37
include cooking (i.e., boiling, baking, frying), drying and grinding into flour [7]. Some previous studies38
have also illustrated these different forms of yam consumption [10,11].39

40
It is well known that the cooking processes causes several changes in physical characteristics and41
chemical compositions of vegetables and affect their nutritional value [12]. Cooking methods differ in42
many areas of the country and also vary with the ethnic background of the family [13]. However, it43
seems to be important to know the influence of the duration of cooking processes.44

45
Thus the objectives of this work were to evaluate the effect of cooking time on biochemical and46
functional properties of flours from yam “kponan” (Dioscorea cayenensis-rotundata) tubers.47
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2. MATERIAL AND METHODS81
82

2.1 Materials83
84

Yam tubers “kponan” (Dioscorea cayenensis-rotundata) were randomly harvested at maturity (685
months after planting) from three different farms in Dabakala, Vallée du Bandama Region (8°15’N and86
4°25’W), North portion of Côte d’Ivoire (West Africa). They were immediately transported to the87
laboratory and stored under prevailing tropical ambient conditions (19-28°C, 60-85 % RH) for 2488
hours. All other chemicals and reagents used were of analytical grade and purchased from Sigma89
Chemical Co. (St. Louis, MO).90

91
92

2.2 Biochemical properties93
94

2.2.1 Preparation of raw and cooked yam tuber flours95
96

Yam tubers (1 kg) were washed free of dirt and peeled using a stainless steel knife. The peeled97
samples were rewashed twice with clean water and cut into pieces of about 50 g. Water was added to98
the cut pieces at the ratio of 1:1 (w/w) and cooked in a closed stainless steel vessel (IVOIRAL) on a99
hot plate at the temperature of 100°C, for periods of 0, 5, 10 and 15 min. At the end of boiling, the100
water was drained off and the hot samples were cooled for 25 min. Then, they were cut into 5101
millimeters thick slices and dried at 45°C in a ventilated oven (MEMMERT) for 48 h. The dried102
samples were ground into fine powder. Yam powder was obtained after sieving (250 µm diameter).103
Dried powdered samples were packed into airtight sealed plastic bags and stored in the refrigerator for104
later analysis.105

106
2.2.2 Proximate composition107

108
The dry matters contents of the flours were determined by drying in an oven at 105°C during 24 h to109
constant weight [14]. The total ash contents were determined by incinerating flour (2 g) in a furnace at110
550°C for 6 h, then weighing the residue after cooling to room temperature in a desiccator [14]. The111
organic matters contents were determined by the difference between the values of dry matter and total112
ash. The ethanol-soluble sugars extraction was determined as described by Martinez-Herrera et al.113
[15]. The method described by Dubois et al. [16] was used for the total sugar contents analysis. The114
reducing sugar contents were determined according to the method of Bernfeld [17] using 3.5115
dinitrosalycilic acid. The crude protein contents were calculated from nitrogen contents (N x 6.25)116
obtained using the Kjeldahl method by AOAC [14]. The crude fat contents were determined by117
continuous extraction in a Soxhlet apparatus for 8 h using hexane as solvent [14]. The carbohydrate118
contents were determined by deference that is by deducting the mean values of other parameters that119
were determined from 100.120
Therefore % carbohydrate = 100 – (% moisture + % ash + % crude protein + % crude fat).121

122
2.3 Functional properties of flours123

124
2.3.1 Water absorption capacity and water solubility index125

126
The water absorption capacity (WAC) and solubility index (WSI) of flours were evaluated according to127
Phillips et al. [18] and Anderson et al. [19] methods, respectively. Exactly 2 g of flour (M0) were mixed128
with a 50 ml of distilled water in a centrifuge tube and shaken for 30 min in a KS10 agitator. The129
mixture was kept in a water-bath (37°C) for 30 min and centrifuged (Ditton LAB centrifuge, UK) at130
5000 rpm for 15 min. The resulting sediment (M2) was weighed and then dried at 105°C to constant131
weight (M1). The WAC was then calculated as follows:132

133

 

WAC(%) =
M2 -M1
M1

´100 (1)
134
135

While the WSI was calculated using the following equation:136
137
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WSI(%) =
M0 -M1

M0
´100 (2)

138
139

2.3.2 Oil absorption capacity140
141

The oil absorption capacity (OAC) or flours was assayed according to the method of Sosulski [20].142
One (1) g of flour (M0) were mixed with a 10 ml of oil. The mixture was shaken for 30 min in a KS10143
agitator and centrifuged (Ditton LAB centrifuge, UK) at 4500 rpm for 10 min. The resulting sediment144
(M1) was weighed and the OAC was then calculated as follows:145

146

 

OAC(%) =
M1 -M0

M0
´100 (3)

147
148

2.3.3 Foam capacity and foam stability149
150

The foam capacity (FC) and stability (FS) of flours were studied by the method of Coffman and Garcia151
[21]. Three (3) g of flour were transferred into clean, dry and graduated (50 ml) cylinders. The flour152
samples were gently leveled and the volumes noted. Distilled water (30 ml) was added to each153
sample; the cylinder was swirled and allowed to stand for 120 min while the change in volume was154
recorded every one (1) hour.155

156

FC(%) =Vol. after homogenization -Vol. before homogenization
Vol. before homogenization

´100 (4)
157
158
159

FS(%) = Foam volume after time (t)
Initial foam volume

´100 (5)
160
161
162
163

2.4 Statistical analysis164
165

All the analyses reported in this study were carried out in triplicates. In each case, a mean value and166
standard deviation were calculated. Analysis of variance (ANOVA) was also performed and separation167
of the mean values was carried out using Duncan Multiple Range Test at p0.05 [22]. Pearson168
correlation coefficients (r) for relationships between various flour properties were calculated. The169
variations observed in the biochemical composition and functional properties of the flours from yam170
tubers were examined by principal component analysis (PCA) with the STATISCA Software version171
7.1.172

173
174

3. RESULTS AND DISCUSSION175
176

3.1 Principal component analysis177
178

Principal Component Analysis (PCA) was used to visualize the variation in the properties among flours179
from raw and cooked yam “kponan” (Dioscorea cayenensis-rotundata) tubers at different times. This180
analysis showed two axes (axis 1 and 2) explaining the essential variability revealed by the fifteen (15)181
biochemical and functional variables. The first and the second PCs described 88.23 and 07.78% of the182
variance respectively. Together, the first two PCs represented 96.01% of the total variability. Flours183
from yam tubers cooked during 15 min (F15) and 10 min (F10) were located at the left of the score184
plot, while flours from raw (FNT) and cooked yam tubers during 5 min (F5) had a large positive score185
in the first principal component (PC1) (Fig. 1). FNT and F15 had a large positive score, whereas F5186
had a negative score in PC2 (Fig. 1). F10 was located close to zero both in PC1 and PC2. Thereby,187
the properties of flours from yam “kponan” (D. cayenensis-rotundata) tubers would be different. The188
correlation circle provides information about correlations between the measured properties (Fig. 2).189
The properties whose curves lie close to each other on the plot were positively correlated while those190
whose curves run in opposite directions were negatively correlated.191
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Fig. 1: Sample plot of principal components 1 and 2 of flours from raw and cooked yam “kponan” (D. cayenensis-195
rotundata) tubers. FNT: Flour from raw yam (D. cayenensis-rotundata); F5: Flour from (D. cayenensis-rotundata)196
cooked in water at 100°C during 5 min; F10: Flour from (D. cayenensis-rotundata) cooked in water at 100°C197
during 10 min; F15: Flour from (D. cayenensis-rotundata) cooked in water at 100°C during 15 min198
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Fig. 2: Circle of correlation of biochemical composition and functional properties of flours from raw and cooked202
yam “kponan” (D. cayenensis-rotundata) tubers on axis 1 and 2. DM: Dry matter; TA: Total ash; TS: Total sugars;203
RS: Reducing sugars; CP: Crude protein; CF: Crude fat; TC: Total carbohydrate; OAC: Oil absorption capacity;204
OACp: OAC for palm oil; OACsu: OAC for sunflower oil; OACso: OAC for soybean oil; OACr: red oil; OACo: OAC205
for olive oil; WAC: Water absorption capacity; WSI: Water solubility index; FC: Foam capacity206
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3.2 Biochemical composition210
211

The biochemical composition of flours from raw and cooked yam “kponan” (D. cayenensis-rotundata)212
tubers was presented in Table 1. The change in cooking time led to a significant (p0.05) reduction in213
dry matters, ash, total and reducing sugars, crude protein and carbohydrate contents, whereas the214
crude fat content was not affected by the changes in cooking time. The decrease in the biochemical215
characteristic contents of flours from cooked yam may be due to the heat treatment, which caused216
loss of these parameters in yam tubers. This result is in agreement with those of Onuegbu et al. [23]217
in three-leaved yam (D. dumetorum pax) tubers.218

219
The significant decrease (p0.05) of dry matter contents of the flours from yam “kponan” (D.220
cayenensis-rotundata) tubers (93.33 to 86.07%) may be related to the decrease of some organic221
matters level, such as proteins, ash and soluble sugars (Table 1). The dry matter content would reflect222
low content of moisture that might be favourable for prolonged storage of yam flours. Moisture223
contents of flours from yam “kponan” (D. cayenensis-rotundata) were higher than those of flours from224
three varieties of yams prepared by different drying methods [24], while these values were lower than225
those of five varieties of aerial yam (D. bulbifera) (61.55 to 71.09%) [25]. Dry matter contents were226
shown to be positively correlated to the total ash (r = 0.91, p0.05), total and reducing sugars (r =227
0.87, p0.05), and crude protein (r = 1.00, p0.05) contents both by Pearson correlation (Table 2) and228
PCA analysis (Fig. 2).229

230
Ash contents of yam “kponan” (D. cayenensis-rotundata) flours were decreased significantly (p0.05)231
from 2.10 to 1.53% (Table 1). These values were comparable to values as reported in literature [8,26],232
but were lower than those of flours from five varieties of aerial yam (D. bulbifera) (2.8 to 5.57%) [25].233
Ash content gives an indication of minerals present in a particular food sample and it is very important234
in many biochemical reactions which aid physiological functioning of major metabolic processes in the235
human body [27]. Decrease in ash contents may be due to leaching of minerals in boiling water.236

237
Yams, with relatively high protein contents, are important food in many African countries [24]. The238
crude protein contents of yam “kponan” (D. cayenensis-rotundata) flours ranged from 2.63 to 4.69%239
(Table 1). These values were lower than those of yam flours from Taiwan [24] and from Ghana [25].240
However, they were higher than values reported for several cultivated tropical yam species from the241
south pacific region [28]. The high protein content of yam “kponan” (D. cayenensis-rotundata)242
indicated its nutritional superiority over other yam species. Decrease in crude protein contents of yam243
“kponan” (D. cayenensis-rotundata) flours after cooking could be explained by solubilization of soluble244
protein fractions in boiling water [29]. This result agreed with Lima et al. [30] who reported a decrease245
of the protein content in some cooked vegetables.246

247
Low fat contents (below 0.2%) obtained in yam “kponan” (D. cayenensis-rotundata) flours were similar248
to reported values for tropical yam tubers from the south pacific region [28]. However, these values249
were lower than values ranging from 0.2 to 0.3% in some yam species [8,24]. It appeared that cooking250
time had no significant effect (p0.05) on the crude fat contents of yam “kponan” (D. cayenensis-251
rotundata) flours (Table 1). Similar result was observed by Onuegbu et al. [23] in flours from three-252
leaved yam (D. dumetorum pax) tubers. This may be due to the cooking process in boiling water and253
the short cooking time.254

255
The total sugars and reducing sugars contents of yam “kponan” (D. cayenensis-rotundata) flours256
ranged from 4.41 to 6.51% and from 2.26 to 3.82%, respectively, in response to different cooking257
times. The variability of these levels may be due to the hydrolysis of polysaccharides of yam into258
simple sugars during cooking in water. The level of reducing sugars in yam “kponan” (D. cayenensis-259
rotundata) flour (3.82%) was found to be higher than those of several tropical yam flours from the260
south pacific region (0.12 to 1.03%) [28], and lower in cooked breadfruit (Artocarpus altilis) flour261
(6.86%) [31]. It has been suggested that reducing sugars in flour may cause caking and damping262
during their storage because of sugar’s hygroscopic property. Indeed, sugars may be desirable in263
bakery products like bread and cake where the tenderizing effects positively affect texture and where264
sugars serve as substrate for fermentation of the dough [32].265

266
Carbohydrate values of yam “kponan” (D. cayenensis-rotundata) flours ranged from 72.76 to 79.80%267
and show to be the most important biochemical component in the flours. These values were268
comparable to literature values of 76.80 to 87.31% [33,34], while lower range of values (11.86 to269
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25.78%) were observed by Sanful et al. [25] in ghanaian aerial yam (D. bulbifera). These results also270
agree with the work of Onyenuga [35], who reported that dry matter of most root and tuber crops is271
made up of about 60 to 90% carbohydrate. The high percentage of carbohydrates in yam flour makes272
it an energy food. Table 1 analysis also showed that carbohydrate contents of yam “kponan” flour273
decreased significantly (p0.05) with cooking time. This may have been due to the fact that274
carbohydrates may have absorbed water to bulk up via cross-linking reaction probably induced by275
heat generated by cooking [36]. This decrease may also be related to the decrease of total sugars276
and protein contents. These results were also supported by Pearson correlation and PCA analysis277
who revealed a positive correlation of carbohydrate level with protein (r = 0.98, p0.05), total and278
reducing sugars (r = 0.95, p0.05) levels.279

280
281

Table 1. Proximate composition of flours from raw and cooked yam “kponan” (D. cayenensis-282
rotundata) tubers283

Flours

Parameter FNT F5 F10 F15

Dry matter (%) 93.33±0.31a 92.61±0.60a 90.60±1.20b 86.07±0.31c

Total ash (%) 2.10±0.40c 1.82±0.63b 1.80±0.26b 1.53±0.44b

Organic matters (%) 91.23±0.40a 90.79±0.63a 88.8±0.26b 84.54±0.44c

Total sugars (%) 6.51±0.09d 5.91±0.02c 4.65±0.01b 4.41±0.02a

Reducing sugars (%) 3.82±0.24b 3,62±0.16b 2.44±0.14a 2.26±0.21a

Crude protein (%) 4.69±0.17c 4.65±0.05c 3.85±0.04b 2.63±0.01a

Crude fat (%) 0.18±0.03a 0.15±0.02a 0.16±0.03a 0.15±0.01a

Total carbohydrate (%) 79.80±0.02a 78.43±0.09a 75.79±0.05b 72.76±0.02c

The obtained values are averages ± standard deviation of triplicate determinations. On the lines of each284
parameter, the averages affected of no common letter are significantly different between them on the threshold of285
5% according to the test of Duncan.286

287

288

289
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Table 2. Pearson correlation coefficients between various biochemical composition and functional properties of flours from the raw and cooked290
yam “kponan” (D. cayenensis-rotundata) tubers291

DM: Dry matter; TA: Total ash; TS: Total sugars; RS: Reducing sugars; CP: Crude protein; CF: Crude fat; TC: Total carbohydrate; OAC: Oil absorption capacity; OACp: OAC292
for palm oil; OACsu: OAC for sunflower oil; OACso: OAC for soybean oil; OACr: red oil; OACo: OAC for olive oil; WAC: Water absorption capacity, WSI: Water solubility index,293
FC: Foam capacity.294

295

DM TA TS RS CP CF TC OACp OACsu OACso OACr OACo WAC WSI FC
DM 1.00
TA 0.91 1.00
ST 0.87 0.87 1.00
SR 0.87 0.82 0.99 1.00
CP 1.00 0.88 0.88 0.90 1.00
CF 0.58 0.86 0.63 0.52 0.51 1.00
TC 0.98 0.93 0.95 0.95 0.98 0.64 1.00
OACp -0.89 -0.93 -0.99 -0.97 -0.89 -0.72 -0.96 1.00
OACsu -0.80 -0.95 -0.93 -0.87 -0.78 -0.87 -0.89 0.96 1.00
OACso -0.87 -0.81 -0.99 -1.00 -0.90 -0.50 -0.94 0.96 0.85 1.00
OACr -0.73 -0.90 -0.92 -0.85 -0.71 -0.86 -0.84 0.94 0.99 0.83 1.00
OACo -0.76 -0.91 -0.94 -0.88 -0.75 -0.84 -0.87 0.96 0.99 0.86 1.00 1.00
WAC -0.83 -0.92 -0.98 -0.94 -0.82 -0.78 -0.92 0.99 0.98 0.92 0.98 0.99 1.00
WSI -0.99 -0.89 -0.81 -0.82 -0.99 -0.54 -0.95 0.84 0.74 0.81 0.66 0.70 0.77 1.00
FC 0.81 0.91 0.97 0.93 0.81 0.79 0.91 -0.99 -0.99 -0.92 -0.98 -0.99 -1.00 -0.75 1.00
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3.3 Functional properties296
297

3.3.1 Water absorption capacity (WAC) and water solubility index (WSI)298
299

The water absorption capacity (WAC) and solubility index (WSI) of yam “kponan” (D. cayenensis-300
rotundata) flours are presented in Fig. 3 and 4, respectively. In this study, the cooking time301
significantly (p0.05) increased the WAC and the WSI.302

303
The WAC is a functional property used in determining the suitability of utilizing a material in baked304
foods such as bread where high WAC is needed [23]. The WAC varies from 155.31% in raw yam305
“kponan” (D. cayenensis-rotundata) flour (FNT) to 351.14% in yam flour cooked during 15 min (F15)306
(Fig. 3), indicating that cooked sample has higher WAC. This behavior indicates that flour of cooked307
yam tubers has more hydrophilic constituents [37]. The range of WAC observed for the yam “kponan”308
(D. cayenensis-rotundata) flour is comparable to values described in previous works [38,39]. These309
values were lower than those of flours from yam (D. dumetorum) tubers (454%) [29], and raw and310
cooked taro (Colocasia esculenta) corms cultivated in Côte d’Ivoire (312.21-526.76%) [40].311
The ability of food materials to absorb water is sometimes attributed to its protein contents [41] and to312
the capacity of boiling to dissociate or alter the protein molecules to monomeric subunits which may313
have more water-binding sites [42]. In this study, a negative correlation of protein content with WAC (r314
= -0.82, p0.05) of flour from yam “kponan” (D. cayenensis-rotundata) tubers was observed (Table 2;315
Fig. 2). This observation deviates from the accepted theory that protein solubility is positively316
correlated with WAC. This may suggest that the proteins of yam “kponan” (D. cayenensis-rotundata)317
tubers are rigid or folded. Therefore, the observed WAC of yam “kponan” flour cannot be attributed318
only to the proteins. Indeed the results of Pearson correlation (Table 2) and PCA analysis (Fig. 2)319
revealed a positive correlation of WAC with WSI (r = 0.77, p0.05) and a negative with dry matter (r = -320
0.83, p0.05), ash and carbohydrate (r = -0.92, p0.05), total sugars (r = -0.98, p0.05), reducing321
sugars (r = -0.94, p0.05) and fat (r = -0.78, p0.05) contents.322

323

Fig. 3: Water absorption capacity (WAC) of flours from raw and cooked yam “kponan” (D. cayenensis-324
rotundata) tubers. FNT: Flour from raw yam (D. cayenensis-rotundata); F5: Flour from yam (D.325
cayenensis-rotundata) cooked in water at 100°C during 5 min; F10: Flour from yam (D. cayenensis-326
rotundata) cooked in water at 100°C during 10 min; F15: Flour from yam (D. cayenensis-rotundata)327
cooked in water at 100°C during 15 min328
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Diosady et al. [43] reported that the WSI reflects the extent of starch degradation. The WSI (37.00%)330
observed for the raw yam “kponan” (D. cayenensis-rotundata) flour (FNT) is lower compared to that of331
yam flour after cooking for 15 min (F15) (42.50%) (Fig. 4), indicating that cooking time had more332
profound effects on starch degradation. Similar observations were noted by Hsu et al. [24], when333
using yam Dioscorea spp. flours (9.26 to 15.31%). These WSI values were higher than those of yam334
flour from D. dumetorum tubers (15.0%) [29]. Pearson correlation and PCA analysis revealed no335
significant correlation in WSI with fat content (r = -0.54, p0.05) and negative with ash (r = -0.89,336
p0.05), total sugars (r = -0.81, p0.05), reducing sugars (r = -0.82, p0.05), total carbohydrate (r = -337
0.95, p0.05), dry matter and crude protein (r = -0.99, p0.05) levels. This suggests that the WSI338
cannot be attributed only to the extent of starch degradation. The biochemical properties play an339
important role in this functional property change, as we can see in this study.340

341

342

Fig. 4: Water solubility index (WSI) of flours from raw and cooked yam “kponan” (D. cayenensis-343
rotundata) tubers. FNT: Flour from raw yam (D. cayenensis-rotundata); F5: Flour from yam (D.344
cayenensis-rotundata) cooked in water at 100°C during 5 min; F10: Flour from yam (D. cayenensis-345
rotundata) cooked in water at 100°C during 10 min; F15: Flour from yam (D. cayenensis-rotundata)346
cooked in water at 100°C during 15 min347

348
349

3.3.2 Oil absorption capacity (OAC)350
351

The results of oil absorption capacities (OAC) of flours are showed in Fig. 5. Analysis of variance of352
the absorption capacity of palm oil, soybean oil, sunflower oil, red oil and olive oil for yam “kponan” (D.353
cayenensis-rotundata) flours showed a significant (p0.05) increase with cooking time. The absorption354
capacity of palm oil were observed to increase from 80.65% for the raw yam “kponan” (D. cayenensis-355
rotundata) flour (FNT) to 92.33% for yam flour after cooking for 15 min (F15). While the OAC ranged356
between 67.00 to 80.00% for sunflower oil, 61.33 to 90.00% for soybean oil, 68.67 to 82.67% for red357
oil and 67.33 to 70.00% for olive oil (Fig. 5).358
The OAC for these different oils ranging from 60 to 90% were higher than those obtained for yam D.359
dumetorum flour (15%) [29] and lower in yam D. rotundata flours (137-228%) [44]. Oil absorption is an360
important property in food formulations because fats improve the flavour and mouthfeel of foods [41].361
The variations in OAC depend on the presence of non-polar side chains, which bind the hydrocarbon362
side chain of oil. The cooking process in boiling water would cause the dissociation and denaturation363
of proteins, which unmask the non-polar residues of the protein molecules [45].364
The mechanism of oil absorption may be explained as a physical entrapment of oil related to the non-365
polar side chains of proteins. Both the protein content and the type contribute to the oil-retaining366
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properties of food materials [46]. The increase in protein also enhances the hydrophobicity and367
exposed more of the polar amino acid to the fat [47]. Thus, the decrease in protein in yam “kponan”368
flours would tend to reduce the hydrophobicity, and thereby causing a low fat binding to protein. The369
obtained results in this study confirmed this hypothesis since no significant (p0.05) variation of fat370
contents and low OAC values from yam “kponan” (D. cayenensis-rotundata) flours were obtained (Fig.371
5; Table 1).372
The OAC from different oils studied were shown to be negatively correlated to protein (-0.90  r  -373
0.71, p0.05) and fat (-0.87  r  -0.50, p0.05) contents, and positively to WAC (0.92  r  0.99,374
p0.05) and WSI (0.66  r  0.84, p0.05) levels, both by Pearson correlation and PCA analysis.375
Liquid retention is an index of the ability of proteins to absorb and retain oil/water which in turn376
influences the texture and mouth feel characteristics of foods and food products like comminuted377
meats, extenders or analogues and baked dough [48]. Any processing method that influences these378
parameters would tend to influence the oil absorption characteristics of the food system [49].379

380
381

382
383

Fig. 5: Oil absorption capacity (OAC) for palm oil, sunflower oil, soybean oil, red oil and olive oil of384
flours from raw and cooked yam “kponan” (D. cayenensis-rotundata) tubers. FNT: Flour from raw yam385
(D. cayenensis-rotundata); F5: Flour from yam (D. cayenensis-rotundata) cooked in water at 100°C386
during 5 min; F10: Flour from yam (D. cayenensis-rotundata) cooked in water at 100°C during 10 min;387
F15: Flour from yam (D. cayenensis-rotundata) cooked in water at 100°C during 15 min388

389
3.3.3 Foam capacity (FC) and foam stability (FS)390

391
Foams are used to improve texture, consistency and appearance of foods [40]. Results showed that392
foam capacity (FC) of yam “kponan” (D. cayenensis-rotundata) flours varied from 25.80% in raw yam393
(FNT) to 13.32% for yam cooked during 15 min (F15) (Fig. 6). The FC values obtained were higher394
than those reported by Amon et al. [40] (9-10%) and lower than those recorded by Njintang et al. [39]395
(18-27 ml/100 ml).396
Foam stability (FS) of yam “kponan” (D. cayenensis-rotundata) flours decreased significantly (p0.05)397
with cooking time and foam from FNT flour was more stable compared to other flours (F5, F10 and398
F15) (Fig. 7). This result may be due to collapsing and bursting of the formed air bubbles [41].399
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402
Fig. 6: Foam capacity of flours from raw and cooked yam “kponan” (D. cayenensis-rotundata) tubers.403
FNT: Flour from raw yam (D. cayenensis-rotundata); F5: Flour from yam (D. cayenensis-rotundata)404
cooked in water at 100°C during 5 min; F10: Flour from yam (D. cayenensis-rotundata) cooked in405
water at 100°C during 10 min; F15: Flour from yam (D. cayenensis-rotundata) cooked in water at406
100°C during 15 min407

408
409
410

411
Fig. 7: Foam stability of flours from raw and cooked yam “kponan” (D. cayenensis-rotundata) tubers.412
The obtained values are averages ± standard deviation of triplicate determinations. (♦) Flour from raw413
yam tubers; (■) Flour from yam tubers cooked during 5 min; (▲) Flour from yam tubers cooked during414
10 min; () Flour from yam tubers cooked during 15 min415
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The reduction of foaming properties showed in Fig. 6 and 7 was mainly related to protein418
denaturation. These results agree with the finding of Lin et al. [42] that the native protein gives higher419
foam stability than denatured one. It is well known that, for a protein to have good foaming properties,420
it has to be very soluble, because foam capacity requires rapid adsorption of protein at the air/water421
interface during whipping, penetration into the surface layer and re-organisation at the interface [40].422
This is confirmed by the results of Pearson correlation and PCA analysis, which showed that FC was423
positively correlated to the protein contents (r = 0.81, p<0.05) and negatively correlated to WAC (r = -424
1.00, p0.05), WSI (r = -0.75, p0.05) and OAC (-0.99  r  -0.92, p0.05) levels.425

426
427

4. CONCLUSION428
429

The obtained results in this study confirmed that the cooking process in boiling water has significant430
(p0.05) effect on some important components like total sugars, reducing sugars, proteins and431
carbohydrate contents of flours from yam “kponan” (D. cayenensis-rotundata) tubers, thus affecting432
their nutritional value. However, the fat contents were not affected significantly (p0.05) by the change433
in cooking time.434
Yam “kponan” flours contained substantial amounts of carbohydrate and therefore constituted an435
excellent dietary energy source, hence the reason that yams are considered to constitute an important436
staple food source in a number of developing countries. The use of these yam flours in various food437
formulations requires the use of other foods to satisfy the nutrient losses observed.438
The use of cooking process enhances significantly (p0.05) some functional properties like WAC, WSI439
and OAC of yam “kponan” flours. This is an advantage for the use of yam flours as substitutes in the440
infant foods formulation and bakery products.441

442
443
444
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