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ABSTRACT

This study was conducted in order to assess the changes in physicochemical and functional properties of starch of Dioscorea
alata L. cv “Brazo“ during the post-harvest storage. Tubers were obtained from the experimental farm of University Nangui
Abrogoua (Abidjan, Céte d’Ivoire) in West Africa. The results showed that the physicochemical properties of starches such as
lipids, proteins and ash did not vary while amylose and amylopectin decreased during the storage time. However, the functional
properties did not change significantly during the seven months of storage time. Starches showed a high degree of swelling and
solubility and less syneresis when subjected to refrigeration or freezing. The viscoamylogram diagrams of the starch pastes did
not give a viscosity peak, but had viscosities that increased during the heating and cooling cycle, suggesting thermo-stability and
high retrogradation tendency during cooling. The pasting temperature was high and ranged between 72 and 77 °C. The pasting
and cooking time were 20 and 30 min respectively.
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1. INTRODUCTION

Yams belong to the family Dioscoreaceae, the genus Dioscorea and the subclass Liliidae. Today, 600 species of yam have
been found and distributed throughout the world [1, 2]. They are widely grown in tropical and subtropical regions of the world.
Yams produce starchy edible tubers. Concerning the world production of yams, West Africa occupies the first place [3],
representing 93% of the world production [3, 4]. The genus Dioscorea contains a wide range of yam species used as food. The
most economically important grown species are D. cayenensis, D. rotundata, D alata, D. bulbifera, D. esculenta, and D.
dumentorum [5]. Named also water yam, Dioscorea alata accounts for between 55% and 60% of the yams grown in Cote d'lvoire
and are also grown both in the savanna and in forest regions [6]. Cote d'lIvoire has an annual yam production of about 5.8 million
tons [7]. However this amount of yam is far from being sufficient for the population of Céte d'lvoire whose annual consumption is
estimated at 350 kg par resident [7]. Sub-species of Dioscorea alata, mainly Florido, Brazo fuerte are also grown in Céte d'lvoire.
Dioscorea alata cv. “Brazo” produces starchy tubers and constitutes an important source of carbohydrates for many people in
Cote d’Ivoire [6]. These yams have not been processed to any significant extent commercially, but have been limited to the
preparation of local dishes such as pounded yam (yam dough), and akpessi (boiled yam). As with other tubers, there are
considerable variations in the chemical composition of yams, not only between different species, but also within a single species.
This is due to cultural and climatic factors under which yam is cultivated, its maturity stage at harvest and the method and
duration of storage [8]. Dioscorea alata cv “Brazo” belongs to the semi-perishable class of food due to its relatively high moisture
content. In absence of good storage facilities, yam tubers are prone to gradual physiological deterioration after harvesting. Some
previous studies have elucidated the properties of some underutilized yam varieties [9, 10]. However, the functional and
rheological properties of D. alata cv “Brazo” still remain unknown. In order to reduce postharvest losses of food crops, and
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expand the utilization of this yam, and consequently enhance food security in the ivorian rural area, the present study was
conducted to assess the functional and rheological behavior of starch of D. alata cv “Brazo” during the post-harvest period.

2. MATERIALS AND METHODS

2.1 Plant Material
Mature tubers of Dioscorea alata cultivar “Brazo” were collected from the experimental farm of the University Nangui
Abrogoua (Abidjan, Cote d’Ivoire). After harvest, yam tubers were immediately carried to the laboratory and stored under
prevailing tropical ambient conditions (31.25+3.00°C, 81.44+12.25% RH) for a period of 7 months.

2.2 Starch Extraction

Starch extraction was carried out according to the method described by Archange et al. [11]. Fresh tubers of Dioscorea
alata cv “Brazo” were washed, peeled, sliced and steeped in 0.1% sodium bisulphite solution to prevent browning. The slices
were ground in a Moulinex 2000 blender (France) and the paste recovered in 4% sodium chloride solution, and then sieved
successively through 500um, 250um and 100um sieves. The filtrate was allowed to settle about one hour for decantation.
Operations of ‘‘settling/decantation’” were repeated until the supernatant became clear. Sediment starch was rinsed with 70%
ethanol and the deposit obtained was spread on an aluminium foil paper and oven dried at 47°C for 48 hours. The dried starch was
ground into powder in a blender (Moulinex 2000) and passed through a 250um sieve, sealed, and stored for analysis.

2.3 Determination of Chemical Composition of Starch

Lipid content was determined by soxhlet extraction with hexane [12]. Ash was determined by measurement of residues
left after combustion in a furnace at 550 °C for 8 hours [12]. Crude protein by determination of nitrogen using a factor of 6.25.
Amylose and amylopectin content were determined following the B.I.P.E.A method [13].

2.4 Swelling Power
Starch dispersions (1%) were prepared in falcon tubes and heated in a water bath at 60, 70, 80, and 90°C for 30 min with
constant agitation to avoid sedimentation. The heated suspensions were centrifuged at 1,000g (Sorvall) for 15 min at 20°C. The
sediment was weighed and its mass related to the mass of dry starch was expressed as swelling power (w/w) [11].

2.5 Determination of Pasting Characteristics
Pasting characteristics of yam starch were determined with a Brabender visco analyzer. Four hundred and fifty (450) mL
of starch slurry (6% w/w) was added to the BRABENDER viscoamylograph. The suspension was heated from 25°C to 95°C at a
rate of 1.5°C / min. The temperature was maintained at 95°C, for 15 min before cooling to 50°C at the same rate. Corresponding
values for peak viscosity, holding strength, breakdown, final viscosity, setback, pasting time, pasting temperature and cooking
time from the pasting profile were determined.

2.6 Syneresis of Cooked Starch after Refrigeration and Freeze-Thaw

Syneresis of starch gels of native starch of D. alata cv. “Brazo” during cold and frozen storage was determined according
to the methods described by Pingault [14]. A starch suspension (8% dry basis, w/w) was prepared with 0.1% sodium benzoate to
prevent microbial spoilage during repeated refrigeration and freeze-thaw treatments. The suspension was adjusted to pH 6.5 with
0.01 M NaOH or HCI solutions and heated at 100°C for 30 min. After cooling to ambient temperature, 10 g of the paste were
transferred into polypropylene tubes and capped. Starch pastes were stored at 4°C for 4 weeks and then held at ambient
temperature for 6 h and centrifuged at 3000 xg for 10 min. The supernatant was decanted, weighed, and calculated as a percentage
from the original weight. This refrigeration cycle was repeated four times for all samples.

Also, starch pastes were stored in a freezer (—18°C) for 4 weeks and then thawed at 40°C for 2 h to determine the freeze-
thaw stability. The thawed samples were centrifuged at 3000 xg for 10 min and the residue was weighed after discarding the
supernatant. The gels were refrozen following the measurement of expelled water to repeat the cycle. All starch samples were
subjected to four freeze-thaw cycles. Cumulative values for expelled water were obtained after calculating each percentage of
expelled water from the remaining gel. Total syneresis was calculated by the addition of mean values of the expelled water from
the triplicated samples, after each refrigeration or freeze-thaw treatment.

2.7 Statisctical Analysis
All experiments were done in triplicates. Data were subjected to analysis of variance (P<0.05), and appropriate means
separation was conducted by Duncan’s multiple range test using Statistica 7.0 software (Statsoft Inc., Tulsa-USA Headquarters).
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3. RESULTS AND DISCUSSION

3.1 Chemical Composition

The chemical composition of the isolated starches of Dioscorea alata cv. "brazo" tubers at different period of the post-
harvest storage is shown in Table 1. Lipids, Proteins and Ash levels were statistically unchanged (p <0.05) during the storage
time. Ash values were 0.58 = 0.04% at harvest and 0.54 + 0.03% at 7th month of storage of time. These values are higher than
those reported by an author [15] for starches of some cultivars of cassava: Manihot esculenta (0.20 + 0.04) and C. esculanta (0.12
+ 0.02). Lipids and proteins content values were ranging from 0.45 + 0.01 % to 0.42 + 0.03 % and from 0.97 + 0.02 % to 0.81 +
0.05 % respectively. According to the literature [16], starch may contain minute quantities of lipids, proteins and ash. Amylose
and amylopectin content decreased significantly (p <0.05) during the 7 months of post-harvest conservation. Values ranged from
57.32 £ 1.2 510 37.39 + 0.81% and from 32.38 + 1.13 t0 21.12 + 0.74 % respectively. This decrease in amylose and amylopectin
levels may be attributed to the enzymatic hydrolysis of starch. Indeed, during post-harvest conservation, there is a proliferation of
amylolytic enzymes such as o and B-amylases, a-1,4, a-1,6-glucosidases, and phosporylases. These enzymes catalyze the
degradation of starch, releasing glucose, maltose and maltodextrins [17, 18, 19, and 20].

Tablel. Chemical composition of Yam starch of Dioscorea alata cv ""brazo™ during post-harvest storage

Storage time of

Starch composition (%6
tubers (month) position (%6)

Lipids Proteins Ash Amylose Amylopectin
0 0.45+0.01% 0.97 + 0.02° 0.58 + 0.04* 57.32 +1.25% 32.38+1.13%
1 0.47 +£0.02° 0.96 + 0.05° 0.57 +£0.04* 54,95 +1.20° 31.05 +1.08"
2 0.48 +0.01° 0.98 +0.03% 0.54 +0.07% 51.89 #1.13° 29.31+1.02°
3 0.49 +0.03% 0.98 + 0.04* 0.56 + 0.05% 49.85+ 1.09¢ 28.17+ 0.98°
4 0.47 +0.02° 0.95 + 0.05% 0.55 + 0.06° 47.44+ 1.03° 26.80+ 0.93°
5 0.45 +0.03% 0.97 £ 0.06% 0.56 + 0.04% 43.41+0.9' 25.65+ 0.89'
6 0.47 £ 0.04% 0.96 + 0.04% 0.55 +0.07% 40.98+ 089° 23.16 +0.81¢
7 0.42 +0.03% 0.81 +0.05% 0.54 +0.03% 37.39 +0.81" 21.12 +0.74"

Mean + standard deviation, n = 3 over which the means affected by a common letter are not significantly different (p = 0.05).

3.2 Swelling and Solubility

Swelling capacity of different starch samples with the temperature is shown in Figure 1. The swelling pattern showed that
at the temperatures lower than 75°C, granules of starch samples resisted swelling, probably due to their high initial gelatinization
temperature. From 75 to 95°C, the granules gradually swelled as temperature increased. One of the most important structural
characteristics of starch is that it passes through several different stages during gelatinization from water absorption to granule
disintegration. When starch is heated in excess water, the semi-crystalline structure is lost and water molecules associate by
hydrogen bonding to hydroxyl groups exposed on the amylose and amylopectin molecules. This association causes swelling and
increases starch granules [21, 22]. Initially, starch granules swelling is reversible, increasing their volume up 30% [23]. Water
absorption and heating of the starch dispersion breaks the hydrogen bonds responsible for granule cohesion. Water penetrates the
interior of the starch granules, hydrating linear fragment of amylopectin. This process leads to irreversible swelling, increasing the
starch granules size several fold and the paste viscosity. This result agrees with the observations of others [24], which indicate that
the swelling power of enset starch increased as temperature increased. No significant difference (p<0.05) was observed between
starch samples. At 95 °C, starches showed an average value of 12.44 + 0.43 g of water/g of starch.

Solubility behaviour of starch samples at various temperatures (50 to 95°C) is shown in Figure 2. From 50 to 75°C, the
solubility of starch granules increased slightly with values ranging from 1.9% to 4.2%. On the other hand, from 75°C to 95°C a
gradual increase in solubility was observed with values ranging between 17 and 19 % at 95°C. Like the swelling, the solubility of
the starch granules during the hydrothermal treatment also did not vary significantly (p<0.05) during the 7 months of yam storage
and followed the same trend as the swelling power. The solubility of Dioscorea alata L. cv “brazo” (17-19%) at 95°C is close to
that of starch of Dioscorea dumeterum (16.8%) [25]. Solubility of starch is an indicator of the degree of starch granules dispersion
after heating. It could refer to the amount of amylose leaching out from starch granule when swelling. Therefore, the higher the
solubility, the higher will be the amylose leaching [26, 27].
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Figure 1. Swelling capacity of starch from yam tuber Dioscorea alata cv “Brazo” during the post-harvest storage time
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Figure 2. Solubility of starch from tuber of Dioscorea alata cv “Brazo” during the post-harvest storage time.

3.3 Syneresis

The determination of syneresis from refrigerated and frozen starch gels is often used to evaluate the ability of starch to
resist the undesirable physical changes that occur during refrigeration and freezing. According to [28], the syneresis in a gel is
caused by an increase in the molecular associations between starch chains, in particular the retrogradation of amylose which
results in the expulsion of water from the structure of the gel [29]. Thus the amount of water released due to syneresis is a useful
indicator of the tendency of starch to retrograde [30]. However, in starch gel containing ingredients which can bind to water
molecules such as hydrocolloids or sugars, syneresis is reduced [31, 32, and 33]. The syneresis of starch gels from Dioscorea
alata L. cv “Brazo” at different periods of post-harvest storage during refrigeration (4°C) and freezing (-18°C) is presented in
fig.3 and 4 respectively. The post-harvest storage time had no influence on the syneresis of starch gels subjected to refrigeration
(4°C) and freezing (-18°C). Syneresis of starch gels stored in the refrigerator (4°C) did not vary significantly (p<0.05) during the
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first 14 days of storage. Stable values were obtained at an average of 5.81 + 0.83 g of water / g of starch. On the other hand, from
the 14th day, an increase in syneresis reaching a value of 12.48 + 1.44 g of water / g of starch was observed. The syneresis of
starch gels stored in the freezer did not significantly change during 21 days (p<0.05). It remained stable with an average value of
5.30 + 0.65 g of water / g of starch. From the 21st day, it increased significantly to reach on the 28th day an average value of
11.22 + 0.98 g of water / g of starch.
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Figure 3. Syneresis of starch gels from tubers of Dioscorea alata cultivar “Brazo” during refrigeration (4°C).
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Fig. 4. Syneresis of starch gels from tubers of Dioscorea alata cultivar “Brazo” during freezing (-18 °C).

3.4 Pasting Properties

Pasting behaviors of starch of Dioscorea alata cv “Brazo” at different periods of post-harvest storage as measured by
brabender viscoamylograph are shown in figure 4. The corresponding values of the pasting characteristics are presented in table 2.
According to the viscoamylogram patterns, no significant difference (p<0.05) was observed between the starches in their behavior
during heating and cooling in excess water. Any distinct peak viscosity was not observed as it is generally seen with wheat and
some other cereal, root and tuber starches [34]. But, these viscosity curves are similar to that obtained for starches of yams of
some Dioscorea species [35, 25]. The starch samples showed an increase in viscosity as the temperature reached and was
maintained at 95°C for 15 min, suggesting the stability of the starches paste and the gradual crystalline disruption [36]. Indeed,
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when starch granules are heated with sufficient water, the starch suspension swells and the viscosity of the system increases.
Starches showed a very low level of breakdown with negative values ranging between -170 and -95. Starches increased in
viscosity during cooling to 50°C. They gave a higher setback which values ranged between 440 and 535. This increasing of the
viscosity of starch pastes during the cooling cycle is due to the phenomenon of retrogradation. Starch Retrogradation is a process
which occurs when molecules comprising gelatinized starch begin to reassociate in an ordered structure. In its initial phase, two or
more starch chains may form a simple juncture point which may then develop into more extensively ordered regions. Ultimately,
under favorable conditions, a crystalline order appears [37]. Retrogadation is caused by the formation of hydrogen bonds between
hydroxyl groups and by hydrophobic interactions formed, resulting in gel at lower temperature [38, 39]. All starch samples
presented a higher final viscosity, showing a stability to stirring and cooking. The starch samples gave high pasting temperatures
(73-77°C). But these pasting temperatures were lower than that (80-86°C) reported for Dioscorea alata L [40]. The pasting time

(20 min) and cooking times (27-30 min) were higher
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Figure 5. Viscosity of starch from yam tuber Dioscorea alata cv “Brazo” during the post-harvest storage time.
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4, CONCLUSION

It appears from this study that the chemical properties of starch of Dioscorea alata L. cv “Brazo” such as proteins, lipids
and ash content did not vary significantly during post-harvest storage, but amylose and amylopectin content did decrease.
However, the functional properties remained unchanged. This suggests that the tubers of Dioscorea alata L. cv “brazo" would
retain their techno-functional properties during post-harvest storage. During this study, we also noted that the viscoamylogram
profile of starch pastes did not give a peak of viscosity but an increasing viscosity during heating and cooling cycle. The
parameters of pasting behaviors did not varied during the storage time and starch pastes appeared to be thermo-stable. They
showed a high setback after cooling, which resulted in a high retrogradation tendency. Starches also showed a high degree of
swelling and solubility and less syneresis when subjected to refrigeration or freezing.
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