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ABSTRACT

The aim of the study was to monitor variations ffch granules in two varieties of yam tuber parts
during post-harvest storage. The morphological @rigs of yam part starches isolated from two cats
("Kangba" and "Krenglé") belonging ioscorea cayenensis-rotundatamplex species were evaluated. The
shapes of starch granules from yam tuber partadi eultivar were similar and these shapes wereanse
from one cultivar to another. They appeared polyaledvo-triangular, oval and some oblong. As foe t
granules’ size, it appeared significantQR05) and ranging from 5.8 um to 61.8 um in thepnal tuber parts
and 5.4 um to 53.8 um in distal tuber parts dutiregpost-harvest storage. The proximal tuber gaatsthe
highest size of granules (9 = 26.8-36.6 um). Moeepthe different tuber parts of "Kangba" cultiyaesented

the highest size of starch granules (& = 27.5-Aén}.
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INTRODUCTION

The roots and tubers used as staple
food mainly in Africa are grown in many parts
of the world such as Asia, Latin American and
the Caribbean (Charles et al., 2008). They
contain 70-80% water, 16-24% starch and
trace quantities (<4%) of proteins and lipids
(Hoover, 2001). The roots and tubers namely
potato, cassava, sweet potato, taro and yam
(Dioscorea spp constitute an important
potential starch reserve (Drogba and Amani,
2007). Among them, the Dioscorea
cayenensis-rotundata complex species
("Kangba" and "Krengle" cultivars) is one of
the most cultivated and consumed yams in the

centre of Cobte d'lvoire (Doumbia et .al
2006). Being the main caloric sources for
people in many countries, starch is in high
demand. It is also an excellent ingredient in
food and non food industries (such as paper,
plastic, adhesive, textile and pharmaceutical
industries) (Wickramasinghe et al., 2009). The
morphological characteristics of yam starch
were determined on the whole yam tubers.
However, no study has so far been carried out
on morphological characteristics of the native
starches of the yam tuber parts (proximal,
median and distal) and during the post-harvest
storage. Thus, intensive research and product
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development is needed to exploit tuber and
root starches (Hoover, 2001).

This work was intended to evaluate the
effect of storage time on starch granule shape
and size from different parts of yam, in order
to provide suggestions to improve the use of
these starches in the food industry.

MATERIALS AND METHODS
Raw materials

Yam (Dioscorea cayenensis-rotundata
complex species) was harvested in the fields
of villages named Douibo, Bomizambo and
Koubi in Tiébissou (centre of Céte d’lvoire).
The most cultivated and consumed cultivars
("Kangba" and "Krengle") were selected for
this study. Tubers of 44.07 + 4.46 cm long
were stored for six months in a well-ventilated
store in which the temperature and the relative
humidity rate were 26.56 + 3 °C and 82 + 5%
respectively.

Starch isolation

Yam starches were extracted according
to the procedure described by Amani et al
(2002). Four yam tubers of each cultivar were
randomly picked every two (2) months of
storage during six (6) months. These tubers
were cut up into three equal parts to obtain
three groups composed of proximal parts
(head of tuber), median parts and distal parts
(tail of tuber). One kilogram (1 kg) from each
group was weighed, washed and peeled. After
peeling, they were cut up into small slices
(4x4 cm) with stainless steel knife and steeped
in distilled water containing 0.1% (w/v)
sodium metabisulphite. The slices were
ground in a grinder (Moulinex, Lyon-France)
and the paste recovered in 4% (w/v) sodium
chloride solution to separate proteins from the
starch during 24 h at 25 £ 1 °C. The slurry
was sieved successively through 750 pum, 150
pum and 100um sieves. Then, the starches
were alternatively decanted and washed at
least four times with distilled water. The
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starch suspensions were oven-dried at 45 °C
for 48 h [Mettenter (MMM) Venticell (Brno-
Czech republic)]. The dry products were
ground, quantified and then stored for
analyses.

Light microscopy

Light microscopy was employed to
characterise native starches with respect to
appearance, shape and size of granules
(Sangeetha and Rai, 2006).

The shape of the native starch granules
was observed under the optical microscope
(CETI, Kontich-antwerp-Belgium) fitted with
camera (Sony, Tokyo-Japan). It was
connected to a computer and a screen (JVC-
Paris-France). The shape of native starch
granules was defined by the coloration of
starch granules with lugols (0.2 g iodine in 2%
Kl solution). The size of the native starch
granules in suspension was measured on a
microscopic scale with Kappa Software.

Frequency distributions of the average
diameter of starch granules

The distributions of the average
diameter of starch granules were obtained
with a total of 500 granules (Drogba and
Amani, 2007). They were made according to
the rule of Sturge (Scherrer, 1984) and
translated through the histograms.

Statistical analysis

The average values and standard
deviations of starch granule size were
reported. Analysis of variance (ANOVA) was
performed as part of the data analyses with
STATISTICA 7 software (Statsoft Inc, Tulsa-
USA Headquarters) and XLSTAT-Pro 7.5.2
software (Addinsoft Sarl, Paris-France). The
significant differences were defined at 0.05
level using the Duncan’s test. The use of
Sturge’s rule enabled to determine the classes
and associated amplitudes.
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RESULTS
Morphological characteristics
The granular morphological

characteristics of the native starch granules
from different tuber parts of "Kangba" and
"Krenglé" cultivars during the post-harvest
storage are shown in Figures 1 and 2
respectively, and the physical characteristics
in Table 1. This study showed the
morphological variability of native starch
granules from proximal, median and distal
part for each cultivar. However, the starch
granule shapes did not vary during the post-
harvest storage up to 6 months. They appeared
polyhedral, ovo-triangular, oval and some
oblong. The analysis of variance revealed that
the main effects and their interaction appeared
significant at 0.05 level. There was significant
variation at 0.05 level between the starch
granule size from the different tuber parts of
each cultivar and also between the starch
granule size from two cultivars during the
post-harvest storage. Indeed, the average
diameters for the starch granules from
"Kangba" cultivar varied from 36.3 um to
32.1 pm, 34.0 pm to 30.9 um and 30.7 pm to
27.5 um for proximal, median and distal parts
respectively (Table 1). As far as the "Krenglé"
cultivar is concerned, the size of starch
granules ranged from 36.6 pm to 26.8 pm;
34.8 um to 26.5 um and 27.5 pm to 25.5 um
for proximal, median and distal parts
respectively.

Granule size distributions

The starch granule size from different
tuber parts is obtained by calculating the
average diameter between the lengths of the
long axis and the short axis of the granule
according to Drogba and Amani (2007).
Indeed, the distributions of the starch granule
size from the different tuber parts of "Kangba"
and "Krengle" cultivars are shown in Figures
3-10. The intervals of size distribution, the
mode of starch granule size distribution and
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the average diameter are summarised in Table
1. The distribution of native starch granules
from studied yam tuber parts was asymmetric
and variable (Figures 3-10). In fact, the starch
from yam tuber proximal part had the greatest
interval of distribution and the yam tuber
distal part had the smallest interval of
distribution (Figures 3-10). Besides, the
starches of "Krenglé" cultivar presented the
smallest interval of distribution which ranged
from 5.8 um to 58 um. Concerning the mode,
the starches of yam tuber proximal parts had
the largest mode and those of the yam tuber
distal part had the smallest mode which
ranged from 26.6 um to 37.8 um and 24.4 um
to 31.9 um respectively during the post-
harvest storage. Otherwise, for facilitating the
comparison of frequency distribution of starch
granules during the post-harvest storage, we
used the box plots (Figure 11) (Cleveland,
1993). It provides an excellent visual
summary of many important aspects of a
distribution and summarises the five following
statistical measures: minimum, maximum,
first quartile, median and third quartile. The
first quartile representing the lower edge of
the rectangular box is the smallest average
diameter so that 25% of the average diameters
of starch granules are below it. The third
quartile defining the upper edge of the
rectangular box is the smallest average
diameter so that 75% of the average diameters
of starch granules are below it. As for the
median, it is represented by the small square
in the center of the rectangular box. The third
quartile that was more representative
decreased during the post-harvest storage. The
highest values observed were those of the
beginning storage (month 0) for all tuber parts
and the smallest values were those of the end
of storage (month 6). The highest values of
third quartile were shown in the proximal
parts of the different cultivars and the smallest
values in the distal parts.
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(PP 0! (MP 0) (DP 0)

(DP 6

Figure 1. Light microscopy of the native starch granule$kKdngba" cultivar tuber part from
month 0 to month 6 (x400)PP: proximal part; MP: median part; DP: distal par, 4 and6: storage time (months)
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Figure 2: Light microscopy of the native starch granuleSkafenglé" cultivar tuber part from
month 0 to month 6 (x400)PP: proximal part; MP: median part; DP: distal parg, 4 and6: storage time (months).

DISCUSSION

The effects of storage time on the
starch granule size have rarely been examined,
although several previous studies have
focused on starch granules of yam whole
tubers. The starch granule shapes observed in
the proximal, median and distal parts were
similar during the storage time. These shapes
agreed with those recorded by several other
authors, (Delpeuch et.all978; Gallant et al
1982; Tréche, 1989; Hoover, 2001; Moorty,
2002; Lindeboom et al., 2004). These authors
reported the ovotriangular, oblong, oval,
polyhedral and ellipsoid shapes in the whole
tubers of Dioscorea cayenensis-rotundata
complex. Indeed, the  morphological
characters of the native starch granule of the
yam tubers could be attributed to the several
factors of genetic nature (Dégras, 1986).
Contrary to the shape, the average diameter
size of the starch granules varied significantly
(P<0.05) from one tuber part to another, with
the highest values in the proximal parts and
the lowest values in the distal parts whatever
the variety was. The range values of the
average diameter size for the yam different
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tuber parts were similar to those of Hoover
(2001), who reported the average diameters of
starch granules ranging from 10 um to 70 um
for Dioscorea cayenensis-rotundatamplex.
These values were also similar to those of
Tetchi et al (2007) who reported 32 um as the
average diameter of "Kponan" cultivar
(Dioscorea cayenensis-rotundataomplex).
However, all the results were slightly higher
than the reports of De Vizcarrondo et al
(2004) which indicated the average diameter
size of starch granules varying from 21.8 um
to 35.0 um for Dioscorea bulbifera
Compared to other roots and tuber starches,
the obtained results were also higher than
those reported byAmani et al. (2004) who
found that the average diameter size of starch
granules were ranging from 6.4 pm to 38.5
um for Zingiber officinale roscoe The
variation in size and shape of starch granules
may be due to the biological origin (Svegmark
and Hermansson, 1993). The morphology of
starch granules depends on biochemistry of
the chloroplast or amyloplast, as well as
physiology of the plant (Badenhuizen, 1969).
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The heterogeneity of the starch granule size in
the yam tuber with largest average diameter in
the proximal parts may be due to the age of
the different parts. Indeed, the proximal part
formerly formed would possess more aged
and evolved tissues. The distal parts would
present slight aged and evolved tissues and
this would be explained by the presence of
more small starch granule size in the distal
part (Dégras, 1994). The analysis of variance
revealed significant differences <@.05)
between the average diameters of the starch
granules of the month 0 and those of the
month 6. The differences of the average size
recorded from the month 2 to the month 4
were not significant at 0.05 level. The size of
the starch granules would be a deciding
parameter in the substantial interpretation of
the starch properties (Deang and Del Rosario,
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1999). Otherwise, the box plot generally
permitted to confirm the symmetrical
unimodality of the frequency distributions of
the average diameter size of different tuber
part starches during the post-harvest storage.
This would indicate that the distribution
function of the starch granules of proximal,
median and distal parts follows the normal
law. These results are similar to those reported
by Tréche (1989) and Drogba and Amani
(2007) who showed the unimodality of yam
tuber starch granule distribution. The box plot
diagrams revealed that the starch granule size
of yam’s different tuber parts decreased
during the post-harvest storage. It was shown
by the variation of the third quartile during the
post-harvest storage. The third quartile was
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Table 1Physical characteristics of starch granules froffeidint parts of some yams tubers during post-lsirsterage.

Storage time

Month 0 Month 2
Granules Interval . Mode Ayerage Granules Interval . Mode Ayerage
Cultivars tuber Shape granules size (um) diameter Shape granules size (um) diameter
Parts (um) (um) (m) (m)
Polyhedral Polyedral
PP Ovotriangular 7.9-56.1 34.4 36.3+7.9 Ovotriangular 7.4 -53.2 32.6 34.4+76
Oval Oval
Kangba PM idem 13.6 -53.1 31.4 34.0+6.7 idem 8.8-524 .832 328+7.8
PD idem 4.7-54.6 27.1 30771 idem 7.5-51.9 931. 30,4+88
PP idem 8.7-57.9 35.8 36.6x7.0 idem 13.5-485 329 30.0+54
PM idem 13.8-53.2 35.5 348+6.2 idem 12.1-46.4 752 28.6+55
Krenglé PD idem 9.7-424 27.7 275+58 idem 5.8-435 6 26. 26.7+6.4
Month 4 Month 6
tuber Granules Interval . Mode Average Granules Interval . Mode A_verage
Cultivars Parts Shape granules size (um) diameter Shape granules size (um) diameter
(um) (um (m) (Hm
Polyhedral Polyhedral
PP Ovotriangular 8.1-59.9 36.6 33.1+£8.1 Ovotriangular 85-61.8 37.8 32.1+87
Oval Oval
Kangba PM idem 9.1-51.6 325 324+6.5 idem 8.8 -53.8 533. 309+6.9
PD idem 5.7-48.1 29.1 29.4+6.7 idem 54-47.7 424, 27.5+6.6
PP idem 8.5-43.8 27.9 27.3+5.6 idem 5.8-435 6 26. 26.8+6.5
PM idem 5.7-444 27.0 27.0+5.8 idem 10.5-46.1 626 26.5+5.7
Krengle PD idem 6.9 - 50.0 26.4 26.6+5.4 idem 9.4-410 826. 255+54

PP : proximal part ; MPedian part ; DP : distal partQ, 2, 4and6 : Storage time
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higher in proximal part than other parts

(median, distal) whatever the cultivar and
storage time were, whereas it was smaller in
tuber distal part. Indeed, 75% of the starch
granule size from "Kangba" and "Krengle"

cultivars proximal parts were lower to 41.6

pm and 41.3 um respectively at the beginning
of storage (month 0) and then lower to 38.4
pm and 31.5 pm respectively at the end of
storage (month 6). This study revealed the

existence of more and more small sized
granules during the storage and this would be
sustained by the increasing amylasic
hydrolysis reported by Diopoh and Kamenan
(1981) during the post-harvest storage.

Conclusion

The survey of the physical aspect of
starch granules showed that the starch
granules of the yam’s different tuber parts
from Dioscorea cayenensis rotundata
complex did not present a morphological
variability but rather the differences in
distribution. The shapes in the tuber different
parts were similar. The proximal part of the
yam tuber had the highest size of starch
granules and the smallest one in distal part,
whatever the cultivar was. They all decreased
during the post-harvest storage. Storage
influences the starch granule size. Indeed,
factors as cultivar, storage time and tuber part
considerably influence the starch granules. It
would be important to take into account these
parameters when using the starch.
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