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Fonio (Digitaria exilis Stapf) starch was isolated from the seeds of 
two varieties denominated Hothia and Koulli and its physicochemi- 
cal properties were compared with those of commercial wheat starch. 
Fonio starch granules seen under a SEM had polygonal shapes and 
small size (about 8pm). Amylose content of Hothia (22.6%) was sig- 
nificantly lower than that of Koulli and wheat (26.1% and 25.046, re- 
spectively). There was not any significant difference in lipid content 
of fonio starches (2.8% and 2.9%), whereas significant differences 

were observed in their water binding capacity (88% and 8OYo). Protein 
and ash were also determined. The swelling power and solubility of 
wheat and fonio starches within the 50°C-90°C temperature range 
were also studied. Brabender amylograms of 5% fonio starch slurries 
showed similarly shaped, single-step curves. However, the two fonio 
varieties reached quite different viscosity values during the heating 
and cooling cycle. 

1 Introduction 
Fonio (Digitaria exilis Stapf), also known as Acha, Findi, 

Hungry rice and Petit mil, is a small seeded cereal, indigenous 
to West Africa, which is generally classified amongst the mil- 
lets [l]. Fonio is grown in various parts of Nigeria, Sierra Le- 
one, Ghana, Guinea Bissau and Togo on poor sandy soils 
which could not sustain the growth of others, more demand- 
ing cereals. The 1000-kernel weight of fonio determined by Ji- 

deani and Akingbala [2] indicates that acha is one of the small- 
est cereal grain. The decorticated tiny seeds of fonio provide 
the staple food in some restricted areas where they are nutri- 
tionally important. They are consumed mostly whole, but 
they are also milled into flour and they constitute a versatile 
raw material which can be processed into a variety of prepara- 
tions such as gruels, porridges, beverages, etc. [3,4]. Moreover, 
fonio protein is unique in that it has a greater methionine con- 
tent than other cereal proteins [5].  
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Unlike other cereals, very little documented knowledge is 
available on fonio seeds. Recently, Jideany and Akingbala [2] 
reported on the physicochemical properties of the grains of 
two Digitaria species (exilis and iburua, Stapf). 

Starch is the main constituent of cereal endosperm and its 
importance to the properties of food products is well recog- 
nized. It is also an important industrial raw material. In order 
to contribute to the general knowledge on this cereal, the pre- 
sent study was undertaken to obtain basic information on the 
nature and functional behaviour of purified starch isolated 
from two different cultivars of fonio denominated “Hotia” 
and “Koulli”. Starch granules were also examined under a 
Scanning Electron Microscope. The authors are not aware of 
any published photomicrograph of fonio starch. In every test a 
commercial wheat starch was used as a comparison. 

2 Materials and Methods 
2.1 Sample identification 

Starch was isolated from the decorticated seeds of two va- 
rieties of fonio denominated Hotia and Koulli, grown in 
Ethiopia in 1991. Hothia had much bigger seeds than Koulli. 
Wheat starch was commercial starch from BDH Ltd., Poole, 
England. 

2.2 Isolation and purification of starch 

Fonio starch was isolated under conditions of minimum 
damage. The seeds were washed and kept under magnetic stir- 
ring for 6h in a O.lO/o(w/v) solution of NaOH. The sample was 
then left at 4OC overnight. This operation was repeated twice 
and every time the supernatant was discarded and replaced 
with fresh NaOH solution. After steeping, the grains were wet 
milled in a Waring Blendor for 2min and screened through a 
63,um sieve. The process was repeated until no more starch 
could be separated. The starch suspension was then centri- 
fuged at 1,OOOxg for 15min and the dark upper layer of pro- 
teins was scraped off with a spatula and discarded. The starch 
was then suspended in distilled water and centrifuged again 
till disappearance of the alcaline reaction. The starch was 
subsequently resuspended in a 20/0(w/v) NaCl solution, centri- 
fuged, washed with propan-2-01 until white starch, apparently 
free from proteins, was obtained. Then the starch was air 
dried. 

2.3 Scanning Electron Microscopy 
Granule morphology was studied with a Scanning Electron 

Microscope (SEM). Isolated, air dried starch was mounted on 
aluminium stubs with Tempfix Adhesive, coated with 20nm 
of gold, viewed and photographed under an ambient tempera- 
ture SEM. 

2.4 Chemical composition and 
physicochemica I properties 

Moisture, protein and ash contents of isolated starches 
were determined in duplicate by AOAC methods [6]. 

Starch lipids were estimated in duplicate by extracting the 
starch with water-saturated butan-1-01 (WSB) at ambient tem- 
perature [7] for a total extraction time of 90min. 

Amylose content was determined in duplicate by the me- 
thod fo McCready and Hussid [ 8 ] .  The portion of amylose in 
starch was estimated by measuring the blue colour 
(1=590nm) developed after addition of iodineliodide solu- 
tion. Known amylose/amylopectin mixtures (BDH Limited, 
Poole, England) were used to obtain a standard curve. 

Water binding capacity was measured by the method of 
Medcalfand Gilles [9] using 2g starch (d.b) in 60ml centrifuge 
tubes. 

Swelling power and solubility determinations were carried 
out in triplicate over a 5OoC-9O0C temperature range at 5 O C  
intervals by the procedure of Leach et al. [lo], using lg starch 
(d.b) in 50ml distilled water. 

Pasting properties were determined in duplicate by means 
of the Brabender Visco-Amylograph using the carboxymeth- 
ylcellulose (CMC) technique as described by Medcalfand Gil- 
les [9]. Two starch concentrations (3 and 5% d.b) were studied 
and values for a blank curve using only CMC (Sigma Chemi- 
cal Co. St. Louis, Mo) were subtracted from the starch-CMC 
curves to give the corrected starch curve. 

Data were analyzed by ANOVA and Duncan’s multiple 
range test for significant differences. 

3 Results and Discussion 
3.1 Scanning Electron Microscopy 

Electron photomicrographs of dry fonio starch granules 
from Hothia and Koulli varieties, at different magnifications, 
are presented in Figs. 1,2 and 3. Microscopic examination re- 
vealed that starch granules from the two varieties are morpho- 
logically very similar being, in both cases, small in size and 

Fig. 1. Scanning electron micrograph of fonio (Digitaria exilis Stapf) 
starch. Koulli variety ( 1 3 1 0 ~ ) .  

Fig. 2. Scanning electron micrograph of fonio (Digitaria exilis Stapf) 
starch. Hothia variety ( 2 1 0 0 ~ ) .  
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Fig. 3. Scanning electron micrograph of fonio (Digitaria exilis Stapf) 
starch. Koulli variety ( 3 5 4 0 ~ ) .  

mostly polygonal. In both varieties the average diameter of 
the granules was 8pm but Koulli appeared to be more uni- 
form. It was also observed that fonio starch has a morphology 
(small size, angular, irregular shape) which is common to 
other millet starches as reported by a number of authors [l l-  
141. Starch granule dimension is a characteristic peculiar to 
each plant species. Small-granule starches have received at- 
tention by Danil and Whistler [15], Jane et al. [MI, and by Lim 
et al. [I71 because of their many possible utilizations as fat 
substitutes, as stabilizers in baking powder, as laundry stiffen- 
ing agents and in the manufacture of degradable plastic films. 

As it can be observed from Fig. 2 and Fig. 3 many polygo- 
nal granules show deep indentations on their surfaces. Some 
authors [ l l ,  181 have suggested that the dents may be due to 
the dense packing of the endosperm and, in particular, to the 
pressure of adjacent protein bodies on the developing granules. 

Funnon et al. [19] reported on the existance and function of 
features, such as pores, which are often found randomly dis- 
tributed over the surface of cereal starch granules of the mem- 
bers of the subfamily Panicoideae. They also observed that 
these pores are more commonly found on the smoother, 
more spherical granules and concluded that these features are 
real and not artifacts produced by isolation or preparation 
techniques. Our dry fonio starch preparations, observed under 
SEM, revealed the presence of evident surface pores in only a 
few granules whereas on most granule surface we noticed, es- 
pecially at higher magnifications, what appear as cracks. Dry- 
ing has been reported to form fissures breaching the surface 
and penetrating to the hilum of corn starch granules but there 
are no published reports of granule fissures being observed 
on granule surface by SEM [19]. 

3.2 Chemical and physicochemical properties 

Starch purity was judged by microscopic observation and 
on the basis of chemical composition as reported in Tab. 1 

where moisture, ash, protein, lipids, amylose and water bind- 
ing capacity of fonio and wheat starches are presented. The 
isolation method experimented in this work gave a fairly pure 
starch. Ash and protein of fonio starches were generally lower 
than those reported in the literature for other millet starches 
[14, 181. 

It is known that lipids may be associated to starch granules 
in several ways giving rise to more than one category of lipids 
that can be distinguished experimentally [20]. Crude, isolated 
starch is generally contaminated with endosperm proteins 
and associated non-starch lipids, i.e. lipids from the starchy 
endosperm, aleurone and germ. Various solvents at various 
temperatures have been experimented to extract selec- 
tively the various classes of starch lipids [20]. Our original idea 
was to extract true starch lipids, i.e. lipids inside native starch 
granules with hot water saturated butan-1-01 after non-starch 
lipids extraction with the same solvent at ambient tempera- 
ture according to Morrison et al. [7]. We encountered great dif- 
ficulties in obtaining reproducible results with the high tem- 
perature extraction, therefore we decided to carry on the low 
temperature extraction only, but for a time longer (90min) 
than that specified in the method (10min) [7] even if there is 
evidence that internal lipids are extracted very slowly and in- 
completely with cold water-saturated butan-1-01 [7, 211. It is 
therefore reasonable to think that the lipid content presented 
in Table 1 comprises all non-starch lipids and most of starch 
internal lipids. No significant difference was observed in the 
lipid content of Koulli and Hothia starches (2.9% and 2.8%, re- 
spectively) whereas wheat gave the lowest value (2.6%). 

Amylose content of fonio starches presented in Tab. 1 
clearly indicated a non-waxy starch type. However, significant 
differences were observed between the two fonio varieties. 
Amylose content of Koulli starch (measured in the presence 
of lipids which, according to some authors may complex with 
amylose and reduce its iodine binding capacity [20]) was sig- 
nificantly higher (26.1%) than the Hothia one (22.6Oh) and the 
wheat one (25.0%). These amylose contents were also higher 
than those reported in the literature for pearl millet starch 
1111. 

Cold water binding capacity of Koulli starch (80%) (Tab. 1) 
was significantly lower than the Hothia one (88%) and both 
were lower than the wheat control (100%). Variations in water 
absorption could be due to different proportions of crystalline 
and amorphous regions within the granules. Thus, starch gran- 
ules with a smaller proportion of weakly bonded amorphous 
material would presumably imbibe less water [9]. 

Heating an aqueous sospension of starch granules results 
in their hydration, and eventually swelling, with consequent 
leaching of material into the liquid. The study of swelling and 
solubility behaviour of starches, gives an indication of the as- 
sociative forces within the granules. The swelling power and 
solubility of the fonio and wheat samples over a range of tem- 
peratures (5OoC-9O0C) are presented in Figs. 2 and 3 respecti- 
vely. Data showed that swelling, even in the earliest stages, 
produced disintegration of the granular structure and signifi- 

Table 1. Physicochemical Characteristics of Fonio and Wheat Starches*. 

Starch Moisture Ash(') Protein(xJ) Amylose(x,w) Water Binding 

F. Hothia 1Sa 0.8a 0 . 3 ~  2.6b 22 .h  88b 
F. Koulli 13c 0.4b 0.7a 2.9a 26.la 80c 
Wheat 14b 0.2c 0.4b 2.8a 25.Ob lOOa 

( 0 4  (Oh) (W (Oh) (Oh) Capacity (%) 

*All the values are the means of duplicate or triplicate (A, WBC) determinations. Means within columns with different letters are significantly 
different (pj0.01). (') Values on dry matter basis. ( y )  N x 5.70. (') Cold extraction with water-saturated-butanol. (w) Colorimetric method. 
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Table 2. Swelling Power of Fonio and Wheat Starches*. 

Starch Temperature ("C) 

50 55 60 65 70 75 80 85 90 

F. Hothia 2.lb 2.lb 2.2c 3.3b 8.9a 12.7b 13.9b 19.5b 25.0b 
F. Koulli 1 . 8 ~  1 . 9 ~  2.3b 3 . 0 ~  8.lb 16.la 25.0a 31.la 35.9a 
Wheat 3.7a 6.3a 7.5a 8.3a 9.0a 9 . 6 ~  10.6~ 1 2 . 3 ~  16 .0~  

* All the values are the means of triplicate determinations. Means within columns with different letters are significantly different (~50.05) .  

Table 3. Solubility ( O h )  of Fonio and Wheat Starches*. 

Starch Temperature ("C) 

50 55 60 65 70 75 80 85 90 

F. Hothia 0.5b 1.0b 1.2b 1.7b 3.4c 4.5c 7 . 0 ~  10.5b 12.9~ 
F. Koulli 0.lc 0 . 3 ~  0 . 8 ~  1 .oc 5.2a 8.9a 9.7a 11.2a 15.lb 
Wheat 0.9a 1.4a 2.9a 4.0a 4.2b 4.8b 7.4b 10.2c 16.7a 

*All the values are the means of triplicate determinations. Means within columns with different letters are significantly different (pj0.05). 

cant differences (~50 .05 )  were observed in the swelling 
power and solubility of wheat and fonio starches. Though fo- 
nio starches showed significant differences (~10 .05 )  between 
them at all the temperatures studied, they nevertheless be- 
haved similarly both for swelling power and solubility com- 
pared to wheat starch. In particular, we can say that wheat 
starch swelled gradually from 5OoC to 65OC (Tab. 2), whereas 

fonio starches, especially the Hothia variety, started to show 
an increasing swelling power from 6OOC. Up to 65OC fonio 
starches had lower swelling power values than wheat starch, 
thus indicating stronger bonding forces within their granules. 
On the contrary, their swelling capacity increased abruptly be- 
tween 8OoC and 9OOC. At 7OoC no significant difference was 
observed between the swelling power of wheat and that of the 

TEMPERATURE (OC) 

Fig. 4. Brabender amylograms of 5% suspensions of fonio and wheat starches (- wheat; -A- f. Hothia; -0- f. Koulli). 
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Hothia starch, whereas Koulli starch showed a slightly lower 
value. From 7OoC fonio starches exhibited a markedly higher 
swelling power than wheat starch with Koulli showing a sensi- 
bly higher value than Hothia at all temperatures. 

As far as solubility of fonio and wheat starches is con- 
cerned (Tab. 3), we can say that both fonio varieties showed 
lower values than wheat for temperatures between 5OoC and 
65OC even if Koulli had consistently lower values than Hothia. 
This behaviour, coupled with the observation that at equal 
swelling power (7OOC) less solutes were leached from fonio 
Hothia than from wheat starch, could suggest the existance of 
stronger bonding forces within fonio starch granules, com- 
pared to wheat, which require higher energy inputs to cause 
relaxation. Between 75OC and 85OC fonio Hothia had solubil- 
ity values very close to those of wheat whereas Koully had 
consistently higher values than Hothia. 

3.3 Pasting properties 

Pasting properties of 3% and 5% wheat and fonio starch 
slurries were studied by means of the Brabender Viscoamylo- 
graph. In Fig. 4 the starches studied are compared at 5% (w/v) 
concentration. Wheat starch showed the typical two-step past- 
ing curve [9] whereas both fonio starches exhibited a single- 
step curve. Even if both varieties gave similarly shaped curves, 
they nevertheless reached quite different viscosity values dur- 
ing the heating and cooling viscoamylograph cycle. The Hot- 
hia variety, in particular, (Fig. 3) showed higher values than 
Koulli at all the temperatures examined. In both fonio slur- 
ries, the onset of gelatinization, indicated by an increase in 
viscosity, is apparent for fonio starches at higher temperatures 
(above 5OOC) than for wheat starch. Peak viscosity at any con- 
centration is a peculiar feature of starch from any particular 
sample. Hothia starch exhibited the highest peak viscosity fol- 
lowed by wheat. Koulli starch gave the lowest value. This be- 
haviour could be attributed to the higher swelling power of 
Koulli starch at temperatures above 7OoC (see Tab. 2). The 
fragile swollen granules are more subject to breaking down 
during continuous stirring in the Brabender bowl and this 
may negatively affect the viscosity of the slurry. Hothia starch 
also showed a higher tendency to breakdown during continu- 
ous cooking (3Omin hold time at 95°C). There might be a 
negative correlation between amylose content and peak vis- 
cosity as measured by the Brabender Viscoamylograph. In our 
study Hothia starch, having the lowest amylose content 
(22.6%) showed the highest peak viscosity, whereas the Koulli 
starch, having the highest amylose content (26.1%) exhibited 
the lowest peak viscosity. June et al. [22] also formulated the 
hypothesis that the low amylose content of some varieties of 
taro starch may contribute to their high peak viscosity and 
viceversa. Both fonio starches exhibited a good retrogradation 
tendency on cooling from 95OC to 5OoC and a very good stabil- 
ity of the 50°C paste. 

Acknowledgements 
The help of Mr. M. Gilli in the preparation of the starch samples 

is acknowledged. Grateful acknowledgements are also due to Dr. 
A. Minnocci of LTSEM-Lab of S.S.S.U.P. “ S .  Anna” (Pisa) for taking 
the electron photomicrographs and to Prof. A .  Stefani of S.S.S.U.P. 
for measuring the starch granules. A contribution for this work was 
provided by the International Atomic Energy Agency, Vienna, Aus- 
tria. 

Bibliography 
[l] Cobley, S.: An introduction to the botanyof tropical crops. Long- 

man, New York 1976. 
[2] Jideani, A .  l., and J. 0. Akingbala: Some physicochemical prop- 

erties ofAcha (Digitaria exilis Stapf) and Iburu (Digitaria iburua 
Stapf) grains. J.  Sci. Food Agric. 63 (1993), 369-374. 

[3] Jideani, I. A.: Acha, Digitaria exilis - the neglected cereal. Agric. 
Intl. 42 (1990), 132-134, 143. 

[4] Anonymous: Local strains make good. African Farming (1991), 

[5] De Lumen, B.  O., R. Becker, and i? S. Reyes: Legumes and a cereal 
with high methioninelcysteine contents. J. Agric. Food Chem. 

[6] AOAC: Official methods of Analysis, 14th ed. Association of Of- 
ficial Analytical Chemists, Washington, DC. 

[7] Morrison, W R., D. L. Manu, W Soon, and A .  M. Coventry: Selec- 
tive extraction and quantitative analysis of non-starch and 
starch lipids from wheat flour. J. Sci. Food Agric. 26 (1975), 507- 
521. 

[8] McCready, R.  M. ,  and K Z. Hassid:The separation and quantita- 
tive estimation of amylose and amylopectin in potato starch. J .  
Am. Chem. SOC. 65 (1943), 1154-1161. 

[9] MedcaK D. G. ,  and K. A .  Gil1es:Wheat starches I: Comparison of 
physicochemical properties. Cereal Chem. 42 (1965), 558-568. 

[lo] Leach, H. K, L. D. McCowen, and I: J. Schoch: Structure of the 
starch granule I. Swelling and solubility patterns of various star- 
ches. Cereal Chem. 36 (1959), 534-544. 

[ l l ]  Badi, S. M., R. C. Hoseney, and P. L.  Finney: Pearl millet 11: Par- 
tial characterization of starch and use of millet flour in bread 
making. Cereal Chem. 53 (1976), 718-724. 

[12] Wankhede, D. B., A .  Shehnaz, and M. R. Raghavendra Rao: Prepa- 
ration and physicochemical properties of starches and their frac- 
tions from finger millet (Eleusine coracana) and foxtail millet 
(Setaria italica). Starch/Stiirke 31 (1979), 153-159. 

25-26. 

34 (1986), 361-364. 

Malleshi, N .  G., H. S. R. Desikachar, and R. N .  Tharanathan: 
Physicochemical properties of native and malted finger millet, 
pearl millet and foxtail millet starches. Starch/Starke 38 (1986), 

YaZez, G. A., C. E. Walker, and L. A .  Nelson: Some chemical and 
physical properties of proso millet (Punicum milliaceum) starch. 
J .  Cereal Sci. 13 (1991), 299-305. 
Daniel, J. R., and R. L.  Whistler: Fatty sensory qualities of poly- 
saccharides. Cereal Foods World 35 (1990), 825. 
Jane, J., L. Shen. L.  Wang, and C.  C .  Maningat: Preparation and 
properties of small particle corn starch. Cereal Chem. 69 (1992), 

Lim. S., J. Jane, S. Rajagopalan, and I? A.  Seib: Effect of starch 
granule size on physical properties of starch-filled polyethylene 
film. Biotechnol. Prog. 8 (1992), 51-57. 
Wankhede, D. B., H. K Deshpande, B. B. Gunjal, M.  B. Bhosale, 
H .  B. Patil, A .  I: Gahilod, A .  R. Sawate, and S. G. Walde: Studies 
on physicochemical, pasting characteristics and amylolytic sus- 
ceptibility of starch from sorghum (Sorghum bicolor L. Moench) 
grains. StarchlStarke 41 (1989), 123-127. 
Fannon, J. E., R.  J. Hauber, and J.  N. BeMiller: Surface pores of 
starch granules. Cereal Chem. 69 (1992), 284-288. 
Morrison, W R.: Lipids in cereal starches: a Review. J. Cereal Sci. 

Nasir Azudin, M.,  and K R .  Morrison: Non starch lipids and 
starch lipids in milled rice. J. Cereal Sci. 4 (1986), 23-31. 
Jane, J., L. Shen, J. Chen, S. Lim, I: Kasemsuwan. and W K. Nip: 
Physical and chemical studies of taro starches and flours. Cereal 
Chem. 69 (1992), 528-535. 

202-205. 

280-283. 

8 (1988), 1-15. 

Address of authors: Dr. M. Carcea and Dr. R. Acquistucci are in the 
Unit for Studies on Cereals, National Institute of Nutrition, Via 
Ardeatina 546, 00178 Roma, Italy. Fax Number: +3965031592. 
(Received: January 10, 1995). 

StarchlStirke 49 (1997) Nr. 4, S. 131-135 135 




