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ABSTRACT 
 

In the way to set up an appropriate weaning food, the effect of various treatments such as germination, 
fermentation and supplementation with legumes on millet flour quality was investigated. Untreated and treated 
samples of flours were monitored for their nutritional properties and in vitro digestibility. Results showed an 
important effect of treatment on flour proximate composition and digestion. In fact, proteins, lipids, ash, 
minerals (Ca, Mg) contents and energy density were well-enhanced when millet flour was supplemented by 
soybean. Values were respectively 24.5%, 12.1%, 2.66%, 0.23 and 0.15 mg/100 g and 408,98 kcal/100 g. 
Values for the untreated flour were 9.63%, 3.6%, 2.5%, 0.067 and 0.093 mg/100 g and 403.98 kcal/100 g 
respectively for the same parameters. Total tocopherols with contents of 820.71 and 799.1 mg/kg were highest 
in germinated and soybean supplemented flours. But soybean supplemented flour had the lowest digestibility 
rate contrarily to the germinated one. However, this formulation appears as the best treatment for improving 
infant feeding. 
© 2009 International Formulae Group. All rights reserved 
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INTRODUCTION 

Weaning foods are fluids or semi-
liquid foods introduced into infant diets in 
order to gradually but eventually replace 
breast milk by table foods. Such 
supplementations are necessary because as the 
infant grows, nutrients provided by breast 
milk become insufficient to support adequate 
maintenance and development if used as sole 
source of nourishment. This period occurs 
ideally between 4–6 months after birth and 
several authors have documented growth 
faltering as early as 3 months in infants in 
developing countries (Kluvitse, 1999). This 
period coincides with the peak production of 
breast milk by the nursing mother despite the 
infant increasing rate of growth. Thus, infant 

may be weaned with either special formulated 
foods or with regular table foods that are more 
nutritious and could be prepared to be easily 
ingested and digested. 

In developing countries, 
complementary foods are based on local 
staple foods, usually cereals that are processed 
into porridges. Apart from their bulkiness 
reported as probable factor in the aetiology of 
malnutrition (Ljungqvist et al., 1981), cereal-
based gruels are of poor nutritional value and 
therefore have some implications in the 
incidence of protein-energy malnutrition, a 
major cause of high infant mortality rate in 
developing countries (Eka, 1978). 

To fight against worldwide 
increasing problem of protein energy 
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malnutrition, inexpensive sources of protein, 
locally produced have become a potential 
solution pursued for scientists. The low-cost 
weaning formulations must ideally be derived 
from dietary staples in the region of interest, 
affordable to the part of population vulnerable 
to malnutrition and readily available in 
sufficient quantity. 

Cereals are important staple foods used 
in traditional systems in Côte d’Ivoire. Most 
of them are used in infant diets. However, 
they show some limitations due to their low 
protein content. Thus, there is a particular 
need for high-quality weaning foods in less-
developed countries and much effort has been 
focused on methods of producing nutritious 
foods from plant sources (Bressani, 1975). In 
this way, cowpea (Vigna unguiculata) and 
soybean, due to their availability and 
popularity for infant food supplementation, 
become an option for use in weaning foods in 
developing countries (Guiro et al., 1987).  
Ferrier et al. (1975) showed that variety of 
soy-cereals blends have been developed with 
varying degrees of success. Thus, the 
combination of these cereals and legumes in 
appropriate proportions will enable the 
complementation of amino acids limiting in 
either grain.  

Additionally, several processing 
technologies which include fermentation and 
germination have been put into practice to 
improve the nutritional properties of cereals. 

Apart from improving the nutritive 
value of the resulting foods by reducing to 
some extent the flatulence and nutritional 
stress factors of legumes (Barampama and 
Simard, 1994), these technologies are 
appropriate to household and village or rural 
levels and leads to low-cost, stable and 
pathogen-free foods (Egounlety, 1996). 

As far as it concerned germination, it is 
a complex metabolic process during which 
lipids, carbohydrates, and storage proteins are 
broken down in order to obtain the energy and 
necessary amino acids for the plant’s 
development (Jachmanian et al., 1995; 
Ferreira et al., 1995). It is necessary to 
evaluate how germination affects essential 
nutrients. 

This study was carried out to assess the 
effects of some treatments (germination, 

fermentation and blends formulations) on 
nutritional properties and in vitro digestibility 
of millet flours. 
 
MATERIALS AND METHODS 
Plant material 

The plant material used in this study 
was constituted of cereals and legumes: 
yellow maize (Zea mays), millet (Pennisetum 
glaucum (L) R.BR) grains, cowpea (Vigna 
unguiculata) and soya (Glycine max). Cereals 
and leguminous were bought on various 
markets of Abidjan in the southern area of 
Côte d’Ivoire. These cereals and leguminous 
were selected because of the frequency of 
their production and their intense utilization 
for the preparation of local infant weaning 
foods. 
 
Chemicals 

Chemicals used in this study were: 
Trichloro-acetic acid (TCA), Folin-ciocateus 
reagent, hydrochloric acid, ethanol, n-hexane 
(MERCK), dinitro-acetic salicylic acid (DNS) 
(Fluka AG), cooper II sulphate, potassium 
sodium tartrate (LABCM company), sodium 
hydroxide, of potassium permanganate 
(OMPLOU CHEMISTRY (OMC)), bovine 
albumin serum (BSA), sulphuric acid 96%, 
sodium carbonate, sodium acetate, zinc 
acetate (PANRACS). All chemicals were 
analytical grade. Enzyme used for digestibility 
test was a thermostable enzyme from Bacillus 
licheniformis obtained from Novo 
Laboratoires, Denmark. 
 
Methods 
Preparation of dry flours 

Millet seeds (Pennisetum glaucum) 
used for this study were bought from local 
retailers in Abobo city (Côte d’Ivoire). They 
were thoroughly cleaned and divided into five 
equal parts.  
- One part (1 kg) was not subjected to any 
treatment. It served as control for digestion 
test and chemical analyse. It constituted the 
flour FMNT. 
- Another part of 1 kg was soaked in water in 
ratio of 1:3 (p/v) for over 24 h and then left 
for spontaneous fermentation during 48 h. The 
fermented millet seeds were dried at 45 °C 



B. KOUAKOU et al. / Int. J. Biol. Chem. Sci. 3(5): 1151-1160, 2009 

 

 1153

during 48 h and ground to pass a 200 µm 
screen to obtain the flour FMF.  
- One other kg was overnight immersed in 
water 1:3 (p/v) and then was spread on trays 
lind with cloth at room temperature (25 °C) 
for one week. It was kept wet by frequent 
water spraying. After germination, seeds were 
separately dried at 45 °C until a constant 
weight and ground to pass a 200 µm screen. 
The flour was named FMG. 

The two remaining parts of millet 
seeds were used as support for weaning food 
formulations. 

The untreated, germinated and 
fermented flours were hammer – milled (70 
mesh screen) into fine flour. The raw 
fermented aliquot was dried as before, 
remilled, packaged in polystyrene and frozen 
until analysis. Maize seeds were also ground 
into flour through hammer mill fitted with 0,5 
mm. This flour was stored in polyethylene 
bags for formulated weaning food. 
Legumes 

Cowpea and soya seeds were immersed 
in tap water for a night at 25 °C to remove the 
seed coasts. The excess water was drained and 
seed were removed. The seeds were then dried 
at 45 °C in oven for 48 h and were then 
decorticated through a mill. Decorticated 
cowpea and soya seeds were combined with 
millet or maize. 
Weaning food formulation 

Weaning food containing cereals and 
legumines was formulated using laboratory 
method (Table 1). The cereal-legume 
composites were agglomerated then roasted 
into low-moisture weaning foods. Formulate 
composite 1 (FC1) consisted of cowpea 
(65%), cereal flour (30%) and sugar (5%). 
Formulate composite 2 (FC2) was made up of 
soya (45%), maize flour (25%), millet flour 
(25%) and sugar (5%). Sugar was added to 
improve taste. All the products were milled 
using grinding with a 0.5mm mesh sieve and 
then stored at 4 °C for further analysis. 
Biochemical analysis of flours 

Dry matter content of the different 
flours was determined by drying them to 
constant weight in oven at 105 °C according 
to AOAC (1990). Ash content was determined 
by incineration of flour at 500 °C in an oven. 
Total carbohydrates were determined 

according to the method of Bertrand and 
Thomas (1910). Starch content was deducted 
by calculating the difference between total 
carbohydrates content and total sugars 
content. The fatty matter was extracted with 
the soxhlet using n-hexane. Total nitrogen was 
determined according to Kjeldahl’s method 
(AOAC, 1990). Crude protein was calculated 
as N × 6,25. For tocopherol quantification, 
duplicate samples of the extracted flour oil (50 
mg) were transferred into a 5 ml brown 
volumetric flask, and dissolved in 100% n-
hexane. The Fe, Ca and Mg contents were 
simultaneously determined by flame atomic 
absorption spectrophotometry (Perkin-Elmer 
analysis 100, USA) following wet digestion of 
sample with HNO3 and HCLO4 (Barhisel and 
Bertsch, 1982). The chromatographic 
separation of α-, β-, γ-, and δ-tocopherols was 
achieved on a normal phase equisorb silica 
column (250 × 4.0 mm i.d, 5 µm, Cluzeau, 
Sainte-Foy-La-Grande, France) coupled with 
a fluorometric detector monitored at an 
excitation wavelength of 290 nm and an 
emission wavelength of 330 nm (multi λ, 
Waters 2475, Milford, MA). The mobile 
phase was n-hexane/propan-2-ol (99.5/0.5 
v/v) at a flow rate of 1mL/min. The injection 
volume was 20 µL. The quantification of each 
tocopherol was based on an external 
calibration using the standard molecules of α-, 
β-, γ-, and δ-tocopherols (Sigma-Aldrich, 
Steinheim, Germany). 
Determination of the energy value in 
kilocalorie    

The energy value (VE) of the flours 
was calculated with 4 kcal/g for 
carbohydrates, 4 kcal/g for proteins and 9 
kcal/g for lipids according to Livesey (1995). 

 VE = (9 × Lipids (%)) + (4 × Proteins (%)) + 
(4 × Carbohydrates (%)).  
In vitro digestibility of flours 

Amylolytic enzyme from bacterial 
source was employed. In vitro digestibility of 
different flours consisted of a reaction 
between alpha-amylase and an amount of 
flour at 1% (w/v). The reaction medium was 
constituted as follow: 400 µl of acetate buffer 
(100 mM, pH 5), 25 µl of alpha-amylase and 
75 µl of 1% of flour. The mixture was then 
incubated at 37 °C for 3 hours in a Marie-
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bath. Aliquots of the reaction medium were 
taken every 10 min for reducing sugars 
determination according to the method of 
Bernfeld (1955).  

 
Statistical analysis 

Results are expressed as mean ± 
standard deviation. One-way ANOVA was 
used to test the effects of treatments at P < 
0.05. The non parametric test of DUNCAN 
was used for the analysis of the difference 
between means using STATISTICA software 
(Statistica, 99th Edition, France) at the 
significance of 5%. 
 
RESULTS 
Proximate composition of flours 

Chemical analyses carried out to 
determine the proximate and selected mineral 
composition of the untreated millet flour 
(FMNT), fermented millet flour (FMF), 
germinated millet flour (FMG) and the blends 
formulations 1 (FC1) and 2 (FC2) are 
summarised in table 2 and 3. Results show 
that dry matter contents were very high in the 
different studied flours. Values varied 
between 93.33% for FMF and 96.64% for 
FC1 which value is slightly higher than the 
others (P < 0.05). Total ash contents were also 
variable in the flours with highest values 
(2.66%) in FC2. Flours also constituted good 
sources of carbohydrates. For this parameter, 
values were 72.12%, 76.17%, 64.20, 38.21% 
and 50.48% respectively for untreated flour, 
germinated flour, fermented flour and blends 
formulations 1 and 2. Treatments significantly 
(P <0.05) affected fat matter contents and the 
highest values were obtained when millet 
flour was supplemented with soybean (12%) 
and cowpea (7.63%). Crude proteins contents 
were also significantly (P < 0.05) enhanced 
particularly for the soybean supplemented 
flour (FC2) with a rate of 24.50%. The FC2 
protein content constituted the two quantities 
of the other flours with the lowest value for 
the fermented (8.17%) and germinated flours 
(9.63%). Results also indicated that flours 
contained high rates of starch with significant 
differences (P < 0.05) between all the flours. 
The untreated flours (FMNT) showed the 

highest starch content (65.22%), followed by 
the fermented flours FMF (57.77 %).  
 
Minerals 

Mineral contents of different flours 
expressed in percentage of dry matter are 
presented in table 3. Calcium and magnesium 
increased with cowpea and soya fortified 
flours. The value varied between 0.15 - 0.25% 
and 0.12 - 0.15% respectively for calcium and 
magnesium. Iron rate was not significantly 
different within all groups, except the 
fermented flour which concentration of 0.14% 
was the lowest. 
 
Tocopherols 

Tocopherols contents in the different 
preparations are presented in table 3. Total 
tocopherols were highest in FC1 (1154.54 
mg/kg), FMG (820.71 mg/kg) and FC2 (799.1 
mg/kg). β-tocopherol was not detected in 
FMNT, FMF and FC1, but a substantial part 
was present in FMG (15.3 mg/kg) and FC2 
(34.13 mg/kg). In all the flours, γ-tocopherol 
was the major component except FMG where 
the concentration of α-tocopherol was higher 
than γ-tocopherol content. 
 
Flours digestibility 

Figure 1 shows results of different 
flours digestion with alpha-amylase. From 0 
to 45 min, the germinated millet flour had a 
higher starch digestibility compared to other 
flours, with a digestion rate about 70%. It was 
followed by untreated and fermented flours 
with a percentage of hydrolysis about 40%. 
As far as it concerned FC1 and FC2, their 
percentage of hydrolysis was low, about 30 
and 22% respectively. From 100 min, the 
degree of hydrolysis reached 80%, 72%, 65%, 
55% and 30% respectively for FMG, FMNT, 
FMF, FC1 and FC2. Among the flours, the 
lowest degrees of digestibility were observed 
when using the blends flours compared to 
FMNT, FMG and FMF. Starch hydrolysis 
increased with time and showed significant 
differences related to the technological 
processes on the one hand and on the other 
hand to supplemented ingredients. 
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Table 1: Ingredient rations of designed formulations (%). 
 

Ingredients FMNT FMG FMF FC1 FC2 

Millet 95 95 95 65 25 
Maize - - - - 25 
Cowpea - - - 30 - 
Soya - - - - 45 
Sugar 5 5 5 5 5 

FMNT: Untreated millet flour, FMG: Germinated millet flour, FMF: fermented millet flour, FC1: cowpeas supplemented 
flour, FC2: Soya supplemented flour. 
 
 
Table 2: Proximate composition of different formulations. 
 

The values are the mean ± standard deviation of three measurements. The same letter registered in the same line indicates 
that there is no significant difference between the samples for the parameter concerned (P > 0.05). FMNT: Untreated millet 
flour, FMG: Germinated millet flour, FMF: fermented millet flour, FC1: cowpeas supplemented flour, FC2: Soya 
supplemented flour. 
 
 
Table 3: Mineral composition of different formulations. 
 

 
Minerals  
(g/100 g) 

 
FMNT 

 
FMG 

 
FMF 

 
FC1 

 
FC2 

Ca 0.067 ± 0.006a 0.09 ± 0b 0.057 ± 0.006a 0.15 ± 0.02c 0.23 ± 0.02d 
Mg 0.093 ± 0.006b 0.09 ± 0.01b 0.05 ± 0a 0.12 ± 0c 0.15 ± 0.006d 

Fe 0.23 ± 0.03a 0.24 ± 0.05a 0.14 ± 0.03b 0.25±0.02a 0.26±0.04a 
The values are the mean ± standard deviation of three measurements. The same letter registered in the same line indicates 
that there is no significant difference between the samples for the parameter concerned (P > 0.05). FMNT: Untreated millet 
flour, FMG: Germinated millet flour, FMF: fermented millet flour, FC1: cowpeas supplemented flour, FC2: Soya 
supplemented flour. 
 
 
Table 4: Tocopherols content of different preparations. 
 

Tocopherols content (mg/kg) Flours 
Alpha Beta gamma delta Total 

tocopherols 
FMNT 58.46±0.45a 0 655.06±0.40a 49.26±0.97a 762.23±0.93a 
FMG 433.8±0.75b 15.3±0.60a 359.3±1.67b 12.05±0.54b 820.71±1.68b 
FMF 45.16±0.76c 0 603.26±0.80c 23.26±1.07c 671.08±0.10c 
FC1 43.86±0.15d 0 808.43±1.32d 301.58±0.38d 1154.54±0.45d 
FC2 145.2±0.72e 34.13±0.32b 467.33±1.26e 154.61±0.85e 799.10±0.12e 
The values are the mean ± standard deviation of three measurements (N = 3). The same letter registered in the same column 
indicates that there is no significant difference between the samples for the parameter concerned (P > 0.05). FMNT: 
Untreated millet flour, FMG: Germinated millet flour, FMF: fermented millet flour, FC1: cowpeas supplemented flour, FC2: 
Soya supplemented flour. 
 

Parameters FMNT FMG FMF FC1 FC2 
Dry matter (%) 94.67 ± 0.3a 93.5 ± 0.5a 93.33 ± 0.3a 96.64 ± 1.3b 93.72 ± 0.8a 
Ash (%) 2.5 ± 0.1a 2.3 ± 0.04b 2.25 ± 0.05a 2.33 ± 0.46c 2.66 ± 0.54d 
Carbohydrates (%) 72.56 ± 0.5e 76.17 ± 0.9f 64.20 ± 0.7d 38.21 ± 0.9a 50.48 ± 0.6b 
Proteins (%) 9,63 ± 0.5c 9.63 ± 0.9c 8.17 ± 0.5b 14 ± 0.9d 24.50 ± 0.9 
Lipids( %) 3.6 ± 0.2d 4.03 ± 0.11b 4.63 ± 0.2a 7.63 ± 0.2c 12.1 ± 0.1e 
Starch (%) 65.22 ± 0.5e 51.36 ± 0.5c 57.77 ± 0.6d 34.40 ± 0.8a 45.37 ± 0.5b 
Energy (kcal/100 g) 403.98 395.6 331.15 277.87 408.98 
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                       Figure 1:   In vitro digestibility of different flours. 

FMNT: Untreated millet flour, FMG: Germinated millet flour, FMF: fermented millet flour, FC1: 
cowpeas supplemented flour, FC2: Soya supplemented flour. 

 
 
 
DISCUSSION 

The results of this study indicate that 
dry matter contents were high and not 
significantly affected by the treatments. The 
low moisture of the five flours is a good 
indicator of their long shelflife (Kanu et al., 
2009). These results were in agreement with 
those of Alabi and Anuonye (2007) and 
Inyang and Zakari (2008) who suggested that 
flour with low moisture could be preserved for 
a long time without risk of microbial 
proliferation.  

Generally, all flours produced were 
rich in carbohydrates particularly for FMNT, 
FMG and FMF, and this could significantly 
satisfy the infant’s energy needs, as cereal 
based-foods are essentially energy foods.  

Fat matter contents were significantly 
affected by treatments and the highest values 
were obtained when millet flour was 
supplemented with soybean and cowpea. In 
fact, these legumes are rich in lipids and 
supplementing flours with them brings a 
substantial part of fatty matters. These high fat 
matter contents also play important roles in 
flours energy density. As we can see, energy 

density was highest (408.98 kcal/100 g) for 
FC2. However, fat contents were low for 
FMNT, FMG and FMF. This observation has 
also been reported by Inyang and Zakari 
(2008). The observed decrease might be due 
to the increased activities of the lipolytic 
enzymes during germination (Raham and Aal, 
1986), which hydrolyse fats to fatty acids and 
glycerol. The simple products can be used for 
synthesis of carbohydrate and protein or as a 
source of energy for development of embryo. 
Similar observation was made by Obizoba  
and  Nnam (2000). Inyang and Idoko (2006) 
also reported reduced fat content in malted 
millet for “Ogi” production and low lipid 
levels are known to increase shelf-life. 

Crude proteins contents were also 
significantly enhanced particularly for the 
soybean supplemented flour (FC2). The FC2 
protein content constituted the two quantities 
of the other flours with the lowest value for 
the fermented and germinated flours. This 
indicates that extensive breakdown of proteins 
occurred during both fermentation and 
germination processes. A similar observation 
was made by Egounlety (2003). The high 
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protein contents of FC2 and FC1 was 
attributed to the addition of soy and cowpea 
(which contain about 39% of protein). 
Findings also showed that legume seeds are 
good sources of proteins and other nutrients 
for humans and animals consumption and 
their utilization in infant formula and other 
products has significantly solved nutrition 
problems among low income groups 
(Ikujenlola and Fashakin, 2005). Both food 
commodities had been recommended for 
infant feedings (Nnam, 2002). Moreover, 
according to Greenberg and Harting (1998) 
consumption of 17-25 g of soy protein a day 
reduces serum cholesterol to 9.3% on the 
average. Also low-density lipoprotein 
cholesterol (LDL) reduces to about 13% while 
the high density lipoprotein (HDL) cholesterol 
may not be affected. It is therefore clear that 
by eating 25 g of soy protein a day, the 
chances of falling victim to heart diseases are 
almost reduced to one-thirds. Nursing mothers 
with infants allergic to cow milk will find the 
soy-cereal meal an alternative (Greenberg and 
Harting 1998). Thus, results suggest that 
mixing millet with cowpeas can produce a 
significant improved food for young children. 
As far as it concerned FMG and FMF, the 
change in protein content may be attributed to 
the fact that water-soluble nitrogen was lost 
during soaking of seeds. Moreover, during 
germination a part of proteins was utilized for 
the growth and development of embryo (Wu 
and wall, 1980). 

Ash content represents the total mineral 
content in food. Mineral contents significantly 
increased in composite flours. This was 
expected and is in agreement with literature 
report (Iwe and Onuh, 1992). The relative 
high mineral contents indicate that composite 
flours are good sources of minerals brought by 
the supplementation with soybean. According 
to certain investigators, cereals were deficient 
in many vital nutrients and therefore could not 
supply alone the necessary nutrient 
requirement for the rapid growth and 
development of children. So it appears 

necessary to complement them with legumes 
in order to improve their nutritional values 
(Malleshi et al., 1999). Calcium, magnesium 
and iron deficiencies in foods can lead to 
abnormal bone development and anemia 
(Akinyede and Amoo, 2009). They were 
appreciably present in adequate proportions 
needed for the body growth and cognitive 
development. 

In all cases, γ-tocopherol was the major 
component except FMG where the 

concentration of α-tocopherol was higher than 

γ-tocopherol content. As it is noticed, 
tocopherol contents were affected by 
treatments and supplementation on the one 
hand and on the other hand are susceptible to 
be lost through fermentation. Tocopherols are 
powerful antioxidants belonging to the family 
of vitamin E. Their high rate in foods is a 
great particular interest for the assessment oil 
quality. Tocopherols also protect essentially 
against oxydation of unsaturated fatty acids 
(UFA) (Fernando et al., 1998). In addition, 
tocopherols are chemically known as 
antioxidants that protect cellular membranes 
in the mammalian tissues from free radical 
damage. Thus, tocopherols content of weaning 
foods is particularly important since 
antioxidant status in kwashiorkor patients, as 
measured by plasma concentration of 
gluthation and vitamin E, is significantly 
reduced (Sauerweli et al., 1997).  

Among the flours, the lowest degrees 
of digestibility were observed when using the 
blends flours compared to FMNT, FMG and 
FMF. Starch hydrolysis increased with time 
and showed significant differences related to 
the technological processes on the one hand 
and on the other hand to supplemented 
ingredients. This is in agreement with reports 
of Van der Merwe et al. (2001) who studied 
the effect of processing on the digestibility of 
cereal foods. Moreover, differences in the in 
vitro digestibility of flours could be attributed 
to several factors including the proximate 
composition and the physical form of the 
starch (Hoover and Sosulski, 1985), protein-



B. KOUAKOU et al. / Int. J. Biol. Chem. Sci. 3(5): 1151-1160, 2009 

 

 1158

starch interactions, the physical form of food, 
the integrity of starch-containing cells, and 
presence of antinutritional factors. Topping 
and Clifton (2001) showed that the resistance 
of starch to digestion may be due to its 
intrinsic properties, the extent to which food is 
chewed, the result of changes during 
processing, retrogradation, chemical 
modification, or due to interactions with other 
food constituents, especially lipids. Granule 
characteristics considered influencing 

susceptibility to attack by α-amylase include 
crystallinity, granule size and available 
specific surface, amylose to amylopectin ratio, 
porosity, structural non homogeneities and 
degree of integrity (Kong et al., 2003). The 
fact that cowpeas and soya have higher 
protein content than millet could also have 
been responsible for the lower starch enzyme-
susceptibility of supplemented flours. Protein 
structures encapsulating starch or covering 
starch granules surfaces would be expected to 
decrease the availability of starch to amylase 
in vitro (Asp and Björck, 1989). In addition, 
the longer the incubation time, the more starch 
particles were sufficiently gelatinized, what 
allows the digestive enzymes to exercise 
efficiently their activity.  
 
Conclusion 

The results of this study showed that 
various treatments of millet seeds including 
fermentation, germination and 
supplementation with legumes affect 
nutritional characteristics and digestibility of 
derivative flours. But supplementation by 
legumes particularly with soybean best-
enhanced protein, lipid, ash, tocopherol and 
mineral contents. The resulting flour also 
constitutes a potential source of energy. With 
these advantages, this flour could be 
foreseeable to remedy the protein-energy 
malnutrition of which endures children in 
Côte d’Ivoire. However, complementary 
studies may be achieved to put in place more 
complete nutritional complement foods for 

developing country children which feeding 
must be improved. 
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