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Food security assurance is a vital challenge that is still facing Africa today. Thus, numerous research 
topics have been oriented toward this agronomic aspect in order to increase food production. This is 
one of the reasons researches on crops were disregarded. This lack of scientific results led us to 
investigate the evolution of the granules size of cassava starch, according to the temperature and 
heating duration. It permitted the division of the ranges of temperature into 2 groups. The first, which 
consisted of 60, 65 and 70°C, was not able to induce starch gelatinization during the 30 min of heating; 
the second group, which consisted of 75, 80, 85 and 90°C, provoked the complete starch gelatinization 
before the end of the heating. This survey also confirmed that the small granules (diameter � 10 µm) 
made a more elevated resistance than the thickest ones. Moreover, it confirmed that during the heating, 
the starch granules swelled to reach an optimum level of absorption before reaching their solubility. 
This observation led us to propose another determination method of swelling capacity than that of the 
Leach’s method. The so-called method, not only considered the mean size of granules at the optimum 
period of absorption, but also took into account total water absorbed by granules, since it was valued 
according to their size. The application of this method produced the swelling of the granules which was 
extensively elevated than that of Leach. At 90°C for example, the proposed method induced a swelling 
(73.09 g of water/g) raised 4 times more than the Leach’s method.    
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INTRODUCTION 
 
In Africa, the worry to guarantee food security oriented 
almost all the researches towards agronomic aspect of 
starchy plants, in order to improve their productivities 
(FAO, 1998). So the  investigations  aiming  to  add  more 
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worth to the crops were forgotten. This is how studies on 
starch, the major constituent of the so called plants, 
which is very important because of its numerous implica-
tions, have been disregarded. For instance, only 12% of 
scientific publications on this derivative product concern 
the African ones, in which 5.8% is for cassava starch 
(FAO, 1998).    
In spite of this, area that concerns starch is still expe-

riencing rapid growth. It is extensively used in food in-
dustry, particularly growth in the domain of cooked 
dishes; also more and more in paper industry, in medi-
cine industry and in the chemistry of  plastics. In  this  last  
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domain starch can substitute oil derivatives with advan-
tage to making them biodegradable (Massaux et al., 
2006). In addition, starch proved to be more effective and 
availably cheaper among several other natural polymers 
(Mali et al., 2005; Mali et al., 2004; Rindlav-Westling et 
al., 1998; Tomka, 1991).  
Starch usage in these ways is possible only if many re-

searches are done on its physical and chemical proper-
ties, such as its viscosity, its gelatinization, and its shear-
ing rate. These hydrothermal properties are themselves 
known as closely dependent on the morphology and the 
individual and collective hydrofunctional behavior of 
starch granules (Massaux et al., 2006). They also depend 
on the amylose/amylopectin ratio of starch (Rindlav-
Westling et al., 1998). These same intrinsic properties 
are known as affectable by the conditions and prepara-
tion methods (Flores et al., 2007; Myllarinen et al., 2002; 
Rindlav et al., 1997; Rindlav-Westling et al., 1998; 
Rindlav-Westling et al., 2002; vanSoest et al., 1996a; 
vanSoest et al., 1996b). For instance, the strength and 
the viscosity of a starch gel depend on the temperature 
and its cooking time (Doublier et al., 1987; Flores et al., 
2007).   
It is also reported that starch rich in small granules is 

more resistant to the external influences, therefore, diffi-
cult to transform. This same starch, because of its eleva-
ted lipids content, is reported to be more resistant to 
swelling than those rich in thick granules (Massaux et al., 
2006).    
This paper reports on the swelling of two populations of 

granules in the starch of a cassava cultivar (attiéké Mossi 
1), a starch poor in lipid (Sidibé et al., 2007). This work 
would also permit avoidance of the loss of energy that 
occurs during prolonged heating, a factor that produces, 
unfortunately, the degradation of the starch gel (Doublier 
et al., 1987).  
 
 
MATERIALS AND METHODS 
 
Material 
 
The cassava roots that constituted the biological material were har-
vested from CNRA experimental plot (Adiopodoumé, Côte d’Ivoire).  
 
 
Starch extraction 
 
The starch was extracted through the humid way according to 
Banks and Greenwood’s method (1975), modified by Amani et al., 
(1993).    
 
 
Morphological, granules size and statistical distribution 
analysis 
 
A pinch of starch flour was put on a slide. The granules were 
stained with a drop of cedar oil for a microscopic clarity. The ob-
servation was made through a system that consisted of a light 
microscope (CETI), equipped with a TK-C721EG recording  camera  

 
 
 
 
(JVC instrument) connected to a surveillance monitor TM-1700PN 
(JVC instrument) and to a computer via an acquirement card. The 
microscope was piloted by a computer through an adapted software 
(KAPPA) that was able to capture images and to take granules 
size. Several images were taken for analysis. 
 
 
Starch granule sizes evolution, during heating  
 
The heating temperature range went from 60 to 90°C with a regular 
spacing of 5°C (60, 65…. 90°C). For each temperature, the starch 
suspension (4%, w/w) previously prepared in the distilled water and 
staked in a 150 cc beaker, was heated during 30 min in a viscos-
imetric water bath MD 18 V equipped with a thermostat and digital 
display (JULABO instrument). For each temperature a new suspen-
sion was constituted and the operation was performed in triplicate. 
Microscopic observations were made for each temperature every 5 
min. And at least 100 images were captured. On these images, the 
sizes of 1000 granules were taken. The behavior of all the granules 
present at this instant in the heating environment was appreciated 
by the determination of the mean diameter and the standard devia-
tion (Larrigue et al., 2008) of those present in observed samples. 
Indeed, all the variations of standard deviation in the treatment 
environment compared to the native starch, express a difference in 
granules population resistance, because if the granules resisted 
with the same ardor, there would have a homogeneous swelling 
relatively proportional to their initial size. If the variation of the stan-
dard deviation was a growth, it suggested that the thick granules 
resisted less to the thermal treatment than the small ones, because 
if the small ones were more vulnerable, the heating would swell 
them to reach or to bring closer to the size of the thicker ones. That 
would decrease the distribution extent (standard deviation). So a 
decrease of the standard deviation expresses a more increased 
resistance for the thick granules than the small ones. 
 
 
Determination of swelling capacity according to Leach’s 
method (1959) 
 
A starch suspension (4% w/w) was heated. After centrifugation the 
sediment was weighed, dried at 120°C during 1 h 30 min and 
weighed once more. The sediment water content corresponding to 
the swelling capacity (g of water/g of starch) was determined by the 
following formula:   
 

P
PP 21−

  

 
Where P1 is the weight of the sediment, P2 is the weight of the 
dried sediment and P that of the starch used to achieve the sus-
pension. 
 
 
Direct determination of the swelling capacity 
 
The appreciation of the swelling capacity should be made rightly 
when most of the granules acquired their maximum size. The study 
made above showed that starch stopped swelling at a precise mo-
ment and started solubilising. In addition, since the studied starch in 
majority consisted of thick granules, it adopted the behavior of the 
last one. Therefore the precocious swelling of the thick granules an-
nounced by Massaux et al. (2006) should be confounded to the 
swelling of the whole starch, and gave us the opportunity to deter-
mine the swelling capacity at a precise time. Certainly the determi-
nation of the swelling capacity  at  any  heating  duration  led  to  an  
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underestimation of this one. We propose to study the swelling 
capacity in this work, according to granules size because they are 
almost spherical. This method will have the merit to consider only 
granules water contents and not water agglomerated on the starch 
gel surface; and also the interstitial ones, as in the method of Leach 
(1959). 

To perform the method, it was necessary to know the native 
starch granules mean volume (Vmg). It was expressed in accor-
dance with the one of a sphere by the following formula:   
  

Vmg = ( )1
23

4
3

�
�

�
�
�

� dπ  

 
Where d is the mean diameter of the native starch. The determi-
nation of the specific volume of the native starch ( ρ ) was also ne-
cessary.  It was determined by a helium pycnometer AccuPyc 1330 
(Micromeritics instrument). Since the final result should be expres-
sed in “g of water/g of starch”, granules number per gram of native 
starch (N gr /g) was determined according to the following equation:  
  

N gr /g  =    ( )2  

( ) ( )�21 and  N gr /g  = ( )3
16

3

�
�

�
�
�

�

dρπ  
 
Indeed, the swelling capacity Q (g of water/g of starch) is    
 

Q = N gr /g  x VMg      ( )4
,      

 

Where VMg  is the swelling capacity of a swollen granule. According 
to (1),  
 

VMg = ( )5
23

4
3

�
�

�
�
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� − dDπ      

 
Where D is the optimum mean diameter acquired by granules du-
ring the heating.  
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ρ
           

    
 Expressed in “g of water/g of starch” if ρ  is in “g/cm3 or ml. 
 
  
Statistical analysis of results 
 
Variances were compared according to the ANOVA method 
through STATISTICA software.   
 
 
RESULTS AND DISCUSSION 
 
Starch extraction 
 
The starch extraction according to the applied method 
has succeeded in making flour, with its hue that  was  ex- 
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tremely white, moisture content, 13%, in accordance with 
the norm of Thailand trade ministry (1993). Its granules 
were almost spherical (Photo 1). The extracted quantity 
represented 8.3% of the total mass of the cassava used. 
The starch content was lower than the one indicated by 
Maneepun (2000) (20%), and could be due to several 
reasons: probably the weakness of the starch content of 
the studied cassava, the loss in starch during the four de-
cantations or the use of an unsuitable grinder, which was 
a screw one, rather than a hammer grinder which usually 
frees more starches.   
The statistical distribution of the starch granules showed 

that granules sizes vary from 4.36 to 24.4 µm with the 
average at 11.32 µm (Figure 1). The studied starch con-
sisted of 23.8% of small granules and 76.2% of thick 
granules on the basis of the classification of Massaux et 
al. (2006). Then it could be used in chemistry of plastics, 
because starches having diameters in this interval are 
usable in this sense (Massaux et al., 2006). The studied 
starch granules had appreciably the same size as those 
of the cultivar Bonoua 2 (2-25 µm) (Kouakou, 2004). On 
the other hand, they presented smaller size than those of 
the cultivars Bonoua akpessé (5-45 µm) and 524 (1-41 
µm) (Kouakou, 2004). The granules of this starch were 
distinctly bigger than those of rice (3-8 µm), of smooth 
pea (5-10 µm) (Duprat et al., 1980) and distinctly smaller 
than those of yam (Amani et al., 1993).   
 
 
Starch granule sizes evolution, during the heating  
 
The behavior of granules, during the heating led to the 
division of the temperatures range into 2 categories. The 
first, which consisted of 60, 65 and 70°C, was not able to 
induce starch gelatinization during the 30 min of heating; 
the second, which consisted of 75, 80, 85 and 90°C, 
inflicted a thermal aggression inducing the complete gela-
tinization of starch before the first 25 min of heating. A 
similar observation was made by Bhavesh and Koushik 
(2006).   
At 60°C, the graph showed the granules with their sizes 

increasing continually during the heating. Their swelling 
was petty. This light gain in size was illustrated by the 
pace of outcrop as shown on the graph (Figure 2). It 
meant that at this temperature, time was not sufficient to 
induce the swelling necessary to the bursting of granules, 
or this temperature was not aggressive enough to make 
granules acquire the maximum size resulting in the burs-
ting. The microscopic observation of the heating environ-
ment confirmed this analysis (Photo 1A, B, C, D, E and 
F). At 30 min, granules grew in average 24.03%.  
At 65°C, the average size evolution (Figure 2) showed 

globally, three phases. The first began at 0 to end at 10 
min and allowed granules only to reach a mean size of 
13.06 µm. This small variation was explained by the 
resistance that the granules opposed to the thermal 
shock. However, the second phase was represented by a  
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Photo 1. Evolution of granules sizes according to temperature and heating duration; bar in each micrograph is 50 µm 
in length.  
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Figure 1.  Native starch granules size distribution. 

 
 
 
strong slope between 10 and 15 min, where granules 
reached their maximum size at this temperature, with a 
gain in size of 63.6%, far below the observation made by 
Tetchi et al. (2007) (210%) on another cassava variety. 
This brutal growth due to a massive absorption of water 
announced the end of the resistance of many granules. 
The last phase presented a decrease of sizes in the treat-
ment environment. This decrease was due to the bursting  

of granules previously swollen. So it only remained what 
had resisted. The return nearly to the average size of de-
parture attested that small granules resisted and there-
fore, they only stayed after the heating time. The small 
granules in majority enlarged to reach the mean size of 
the native starch. This analysis was observable on 
Photos 1I, J and K where we could observe a starch gel 
sprinkled   on  small  granules.  At  this  temperature   the   
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Temp. 60°C�

Temp. 65°C�

Temp. 70°C�

 
 
Figure 2. Evolution of the granules mean diameter according to heating duration. 
The ordinate at the abscissa 0 is the mean size of native starch. 

 
 
 
heating time used in this study was not therefore 
sufficient to induce the complete gelatinization. So, this 
observation confirmed the small granules resistance 
(Massaux et al., 2006). But the quasi-absence of lipids in 
this starch certainly showed that this resistance was not 
solely due to the surface lipids. Other factors must be 
implied in this behavior.   

At 70°C, the average size evolution (Figure 2) pre-
sented globally two phases. There was not a period of 
resistance, the massive absorption of water started 
simultaneously with the heating and induced a gain of 
size of 332.16% in 10 min. Arrows indicate granules in 
turgescence on the Photos 1L and M. The transformation 
into gel started after this period, therefore the decrease of 
size average in the treatment environment. Observations 
and analyses are similar to those described above. The 
same observations are made by Sabrina et al. (2008) 
about another cultivar of cassava. Compared to the 
works of Bhavesh and Koushik (2006), this starch swells 
more than the wheat one. Its use as thickener shall be 
then more beneficial and advantageous than the one of 
wheat.   

The second set of temperature induced the complete 
gelatinization during the heating.  

At 75°C, the complete gelatinization was observed at 25 
min, during which the mean size was 53.80 µm, slightly 
over what was observed by Tetchi et al. (2007) (46.4 
µm). Then all supplementary heating beyond 25 min 
should correspond to a wasting of energy and a destruc-
tion of gel for which starches are generally coveted. This 
gelatinization was precocious than the one observed by 
Sabrina et al. (2008). So, the industrial use of this starch 
will permit an economy of energy in relation to the one of 
Sabrina et al. (2008).    
The temperatures 80, 85 and 90°C induced the com-

plete gelatinization respectively at 15, 5 and 3 min. Be-
yond these times we could observe only ghosts (Atkin et 
al., 1998) in accordance with the observation made by 
Sabrina et al. (2008) at 95°C. Before the gelatinization 
the mean sizes of granules respectively reached 55.27, 
62.03 and 65.65 µm. At these temperatures the swelling 
and the bursting of granules occurred in few minutes. No 
granule posed a resistance against the thermal shock.   
The increase of standard deviations during the heating 

confirmed that the small granules resisted more than the 
thick ones. The decrease after the growth expressed the 
bursting of the thick granules previously swollen. Thus, 
the extent of the distribution reduced and approached the  
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Method of leach  

Direct method       

 
 
Figure 3.  Evolution of swelling capacities according to the temperature. 

 
 
 
native starch one. This confirmed the presence of the 
small granules only in this environment at this instant.   
 
 
Swelling capacity studied by the two proposed 
methods  
 
The specific volume of the starch determined by the he-
lium pycnometer was 1,514 ± 0.002 g/cm3. This value, in 
accordance with the swelling formula described above 
permitted the development of the graph of Figure 3. The 
diagram of Leach’s method presented a regular growth 
from 0.008 g of water/g of starch at 60°C to reach 18.77 g 
of water/g of starch at 90°C. Whereas the direct method 
expressed an insignificant and negligible swelling from 60 
to 65°C, in conformity with the observations made by 
Tetchi et al. (2007). From that temperature, the graph 
presented a jump reaching 73.09 g of water/g of starch at 
90°C, 4 times more than the one observed with Leach’s 
method (1959) at the same temperature. The swelling at 
60 and 65°C were more raised for Leach’s method (1959) 
than the direct method one by the fact that the former 
considered the granules surface waters, which was not 
the case in the second method which considered only 
granules inside water. Since at this temperature water 
absorption was petty, the swelling would be so. But from 
70°C, since Leach’s method (1959) was not applied at 
the optimum periods of granules absorption at the chosen 
temperatures, the direct method took over; despite the 
fact that it did not take into account interstitial and agglo-

merate water, because it was made at the right periods. 
Therefore, it expressed the real swollen capacity of 
starches, having granules that were spherical. The micro-
scopic observation of the heating environment as descry-
bed above showed that granules swelled to reach a maxi-
mum size before exploding and dissolving before the 30 
min, for most of the chosen temperatures. Therefore, the 
real appreciation of the swelling capacity must not be 
made at any instant but rightly at the period of optimum 
water absorption. Otherwise, it would be underestimated. 
Our result is the contrary of what other authors observed 
(Larrigue et al., 2008; Nayouf et al., 2003; Atkin et al., 
1998) because they made the measurement at any time. 
But if the swelling capacity according to leach’s method 
was appreciated at the period of optimum water absorp-
tion, it was always slightly over the direct one (Figure 4).    
The statistical treatment of data presented a meaningful 

difference between results of the two methods at the risk 
of 5%. 
 
 
Conclusion 
 
This study confirms that the small granules have more 
elevated resistance compared to the thickest. But since 
this starch is very poor in lipid we can suggest that this 
resistance, in addition to factors expressed by Massaux 
is caused by other reasons. It could be about the restrict-
tion of the heat attack surface compared to the thick 
granules. Further studies on starches  provided  on  lipids  
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Method of leach 

Direct method      

 
 
Figure 4.  Evolution of swelling capacities according to the temperature. 

 
 
 
could clarify factors involved in the resistance of small 
granules.    
The swelling capacity determined according to the pro-

posed method in this paper is more raised than the one 
expressed according to Leach’s method. This confirms 
our anxiety regarding the Leach’s method.  
 
 
ACKNOWLEDGEMENTS  
 
We acknowledge CNRA, particularly Mrs. DJEDJI, for the 
concession of cassava (biological material), Agbo The-
odore and Leopold CHO for their help when extracting 
starch, and Doctor Fofana for facilitating the use of the 
Pycnometer. 
 
 
REFERENCES 
 
Amani NG, Aboua F, Gnakri D, Kamenan A (1993). Etude des 

propriétés physico-chimiques de l’amidon de Taro (Xanthosoma 
sagittifolium). IAA, 3: 136-143. 

Atkin NJ, Abeysekera RM, Robards AW (1998). The events leading to 
the formation of ghost remnants from the starch granule surface and 
the contribution of the granule surface to the gelatinization endotherm. 
Carbohydr. Polym. 36: 193-204.  

Banks W, Greenwood CT (1975). Starch and starch components. 
Edinburgh University. Press, pp. 270-273. 

Bhavesh KP, Koushik S (2006). Effect of heating rate on starch granule 
morphology and size, department of food, Pennsylvania State 
University, University Park, PA 16802, usa. Carbohydr. Polym. 65: 
381-385. 

Doublier JL, Llamas G, Lemeur  M  (1987).  Swelling  characteristics  of  

native and chemically modified wheat starches as a function of heating 
temperature an time. Starch, 56: 181-189.  

Duprat F, Gallant D, Guilbot A, Mercier C, Robin JP (1980). Les 
polymères des végétaux. Ed. b. Monties, Gauthier-villars, pp. 176-231. 

FAO (1998).  Archives  (amidon) pp. 1-2. 
Flores S, Fama L, Rojas AM, Goyanes S,  Gerschenson L (2007). 

Physical properties of tapioca-starch edible films: influence of 
filmmaking and potassium sorbate. Food Res. Int. 40: 257-265. 

Kouakou KM (2004). Etude des propriétés physico-chimiques des 
amidons de Bonoua 2, Bonoua akpessé et du 524. DEA. UAA. 
Abidjan. Côte d’Ivoire, pp. 25-28. 

Larrigue S, Alvarez G, Cuvelier G, Flick D (2008). Swelling kinetics of 
waxy maize and starches at high temperatures and heating rates. 
Carbohydr. Polym. 73: 148-155.  

Leach HW, MC Cowen LD, Schoch JJ (1959). Structure of the starch 
granule swelling and solubility patterns of various starches. Cereal 
chem. 36: 534-544  

Mali S, Grossmann MVE, Garcia MA, Martino MN, Zaritzky NE (2005). 
Mechanical and thermal properties of yam starch films. Food 
Hydrocol. 19: 157-164.  

Mali S, Karam LB, Ramos LP, Grossmann MVE (2004). Relationships 
among the composition and physicochemical properties of starches 
with the characteristics of their films. J. Agric. Food Chem. 52: 7720-
7725. 

Maneepun S (2000). Cassava flour and starch: Progress in research 
and development. Institute of food research and product development 
(IFRPD), Kasetsart University, Bangkok, Thailand.  

Massaux C, Bodson B, Lenartz J, Sindic M, Sinnaeve G, Dardenn P, 
Falisse A, Deroanne C (2006). L’amidon natif du grain de blé: un 
composé naturel à valoriser par la connaissance de ses propriétés 
techno-fonctionnelles, Livre blanc, céréales, FUSA et CRA-W 
Gembloux. 

Ministry of commerce (1993). Standard of cassava flour/starch. 
Bangkok, Thailand, p. 12. 

Myllarinen P, Buleon A, Lahtinen R, Forssell P (2002). The crystallinity 
of amylose and amylopectin films. Carbohydr. Polym. 48: 41-48.  

Nayouf  M,  Loisel  C, Doublier  JL  (2003). Effect  of  thermomechanical  



�

�

3622         Afr. J. Biotechnol. 
 
 
 

treatment on the rheological properties of crosslinked waxy corn 
starch. J. Food Eng, 59: 209-219. 

Rindlav A, Hulleman SHD, Gatenholm P (1997). Formation of starch 
films with varying crystallinity. Carbohydr. Polym. 34: 25-30.  

Rindlav-Westling A, Stading M, Hermansson AM, Gatenholm P (1998).  
Structure, mechanical and barrier properties of amylase and 
amylopectin films. Carbohydr. Polym. 36: 217-224. 

Rindlav-Westling A, Stading M, Hermansson AM, Gatenholm P (2002). 
Crystallinity and morphology in films of starch, amylase and 
amylopectin blinds. Biom, 3: 84-91.  

Sabrina SP, Iryna Y, John RM (2008). Influence of gelatinization 
process on functional properties of cassava starch films. Food 
Hydrocol. 22: 788-797. 

Sidibé D, Sako A,  Agbo N’ZI G (2007). Etude de quelques propriétés 
physico-chimiques des amidons de cinq variétés de manioc (Manihot 
esculenta Crantz) cultivées en Côte d’Ivoire : Attiéké mossi 1, attiéké 
Mossi 2, Agbablé 1, Kétévie et TA(8), Rev. Cames, 05: 92-97.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Tetchi FA, Rolland-Sabaté A, Amani NG, Colnna P (2007). Molecular 

and physicochemical characterisation of starches from yam, cocoyam, 
cassava, sweet potato ande ginger produced in the Côte d’Ivoire. J. 
sci. Food Agric. 87: 1906-1916.   

Tomka I (1991). Thermoplastic starch. In H. Levine and L. Slade (Eds.), 
Water relationships in foods: Advances in the 1980s and trends for the 
1990s, New York; London: Plenum Press.   

VanSoest JJG, Hulleman SHD, deWit D, Vliegenthart D (1996a).  
Changes in the mechanical properties of thermoplastic potato starch in 
relation with changes in B-type crystallinity. Carbohydr. Polym. 29(3): 
225-232.  
VanSoest JJG, Hulleman SHD, deWit D, Vliegenthart JFG (1996b).  

Crystalline in starch bioplastics. Ind. crops prod. 5: 11-22. 


