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The complementary feeding was a critical period for the child’s growth. The germination
and fermentation processes were used to improve the properties of infant flours-based
maize, sorghum and soybeans. The physico-chemical and the nutritional composition of
the porridges prepared from these infant flours were d etermined. The incorporation of
roasted soybean flour, sugar and ‘’baobab’’ pulp in the traditional germinated infant flour
(containing germinated maize and sorghum flours in rate 50/50) improved the taste of
porridge and the dry matter increasing from 25.31% to 31.23%. The energy value
increased from 101.24% to 124.92 kcal and protein levels from 10.20% to 16.65%.In the
fermentation process, the use of °“Mawe’’ (dehulled and fermented maize dough) andthe
incorporation of roasted soybean flour, germinated maize flour, sugar and “’baobab’’pulp
in traditional infant flour (containing “Mawe” flour, roasted sorghum flour and “Mawe”
dough in rate 50/46/04) improved the dry matter to increasing from 22, 98% to 30.09%.
Consequently, the energy value increased from 91.92 kcal to 120.36 kcal and the protein
levels from 2.73% to 15.32%.These fermented and germinated infant flours allowed to
prepare infants porridges according to the standards which could contribute to the fighting
of child” malnutrition.

Introduction

From the age of 6 months, breast milk is no
longer sufficient to meet infant nutritional
needs, therefore consumption of other foods is
necessary to complement what breast milk
provides, according to WHO
recommendations (WHO, 2003). Adoption of
recommended complementary  feeding
practices and access to the appropriate quality
and quantity foods are essential components

of optimal nutrition for infants and young
children (Songré-Ouattara et al., 2016).
Indeed, complementary feeding period is the
time when malnutrition starts in many infant
and it significantly contributes to the high
prevalence of malnutrition in children under 5
years of age worldwide (WHO, 2012). Many
factors contribute to the wvulnerability of
children during the complementary feeding
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period (Victora et al., 2016). The
complementary foods are often characterised
by low nutritional quality and given to infant
in insufficient amounts. When given too early
or too frequently, they are likely to displace
breast milk (Dolan et al., 2015). In
developing countries, mothers most often use
as complementary foods, traditional porridge
cereal flour or cassava (Manihotesculenta),
starch-rich products (Tréche, 2002) which are
poor in protein. However, these products do
not sustain any preliminary enzymatic
treatment and come own in the preparation of
porridge without the addition of protein-rich
foods such as legumes or milk (Tshite et al.,
2015). These are consistence, heavy, viscous,
and indigestible porridges for children, due to
the starch which has ability to swell during
cooking. Mothers are constraint to add water
in the preparation making them much more
fluid porridge and easy to digest. This
practice reduces the dry matter, by the way it
influences the energy value of porridge
(Treche, 2002). As they have a small volume
of stomach (30 ml / kg body weigh),children
are obliged to consume very little quantity of
porridge that seems to be satiated but lacks of
essential nutrients (Salle, 2009).Traditional
maize-based porridge given to children has a
very low energy value. Besides,36- 60 cal
/100ml for porridge with mill et and sorghum
were used in Burkina Faso, 44 - 64 cal / 100
ml in Gabon and 60 cal/100 ml in Congo with
low micronutrient densities (Salle, 2009).

In Benin, complementary feeding practices
are not optimal. Complementary foods
introduced by the mothers are mostly simple
maize porridge and / or whether or not
fermented sorghum porridge obtained from
recycled maize dough. Porridge is slightly
enriched with protein materials and daily
distribution frequency is low (Ategbo, 1993;
Kouton et al., 2017). Poor feeding practices
and shortfall in food intake are the most
important  direct factors responsible of

malnutrition and illness among children in
Benin (Amoussa Hounkpatin, 2011). These
practices, which are the use of poor quality
complementary foods and inappropriate
conduct of complementary feeding practices,
partly explain the prevalence of 34% of
stunting observed in Benin preschool children
(INSAE, 2015). The economic consequences
of chronic malnutrition represent losses of 11
percent of gross domestic product (GDP) each
year in Africa and Asia, while the prevention
of malnutrition offers $ 16 of returns on
investment for every $ 1 spent (GNR, 2016).

Energy value is a very important factor in
young children feeding and represents the
calories in a given volume of porridge (Ponka
et al., 2016). Indeed, when the volume of
food consumed is low energy value, the child
suffers from a double deficit in energy and
protein ingested. It is then necessary to
propose to mothers, the high energy dense
foods and adequately fluid consistency
porridges which will cover infants’ needs.
WHO and UNICEF (2003) recommend that
porridges must have dry matter approaching
30% at least and energy value approaching
120 kcal /100 ml and more so taking two ratio
of porridges a day could cover daily energy
needs. Researchers have recognized the need
to increase the energy value of
complementary food of young children in
order to prepare high energy porridge that
could cover all the nutritional and energy
needs for African young children (Zannou-
tchoco et al., 2011; Amoin et al., 2015).

In order to reach these goals, it is important to
develop process which can help to increase
the energy value of infant flours used as
complementary foods. So, improving the
energy value, the fluidity of local porridge
and mineral bioavailability are necessary. The
starch flours must sustain technological
treatments that cause breaking of the
glycosidic bonds in order to reduce the
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swelling ratio and increase their fluidity and
energy value while cooking.

These treatments are between other
fermentation and germination (Kayodé et
al.,2012; Amoin et al., 2015).Fermentation is
one of the oldest and most economical
methods of producing and preserving foods
that improves the organoleptic properties of
foods by developing a variety in flavours
(Hounhouigan et al., 1993; Vieira-Dalodé et
al., 2007). Another advantage of fermentation
is to increase the nutritional value and the
digestibility of foods (Kayodé et al., 2012). In
west-Africa and especially in Benin, many
foods are obtained by fermentation such as,
“Mawe” which is a sour dough made from
maize (Hounhouigan et al., 1993). “Mawe” is
dehulled fermented maize dough used to
prepare many dishes including gels (“akassa”,
cooked bread (“ablo”) and granulated
porridge “Aklui” and “Akluiyonou”).

The incorporation of germinated cereals flour
makes it possible to prepare sufficiently fluid
porridge with high concentrations of dry
matter and energy while reducing the quantity
of water (Anigo et al., 2010; Zannou-tchoco
et al., 2011; Sanoussi et al., 2013). Malting of
cereals is a processing procedure traditionally
used in many African countries for the
manufacture of alcoholic drinks, juices, and
malted drinks (Kayodé et al., 2006). The
malting of cereal seeds also has the advantage
of reducing the phytate content (Traoré et al.,
2004), which  should improve the
bioavailability of some essential minerals
(iron, calcium, zinc) for the young children
(Amoin et al., 2015).

The objective of this study is to compare the
biochemical, rheological, microbiological,
and nutritional characteristics of porridges
prepared with local products (maize, sorghum
and soybeans) using fermentation and
germination technologies.

Materials and Methods

The raw material is consisted of two cereals
such as: maize (Zea mays), red sorghum
(Sorghum bicolor), and grains of soybean
(Glycine max; yellow grains). Soybean, red
sorghum, and maize grains, the sugar and
baobab pulp (Adansonia digitata) were
obtained from local market located in
southern Benin. For fermented infant flour,
the ferment used is “Mawe”, a sour dough
fermented made from maize. The “Mawe”
production diagram was described by
Hounhouigan et al., (1993).

Infant flours preparation and formulation
Infant flours preparation

Grains of cereals were cleaned and washed in
water before the production of the infant
flours. The grains of maize and red sorghum
were malted as described by Traoré et al.,
(2004). For the preparation of infant
germinated flour, grains of maize and
sorghum are soaked during 24h and are
spread out on cloth humidified for 3 days.
Malted seeds are dried at 65°C, sorted out,
degermed, and crushed. After sieving from
500 pm size sieves, malted maize and
sorghum flours were obtained (Figure 1). The
grains of soybean are roasted and crushed.
Soybean roasted flour, maize and red
sorghum malted flours, baobab pulp and sugar
are mixed in different proportions. For the
Infant fermented flour, sorghum, and
soybeans were roasted, crushed and sieved
separately with a sieve of 500 pum diameter.
The fermented infant flour has been prepared
by mixing, in varied proportions, the previous
flours and “Mawe”, sugar and baobab pulp in
100 ml of water. The mixture was placed in
poly ethylene bag at room temperature to
simulate the storage conditions in developing
countries. After having heaped the dough to
allow the fermentation under anaerobic

4840



Int.J.Curr.Microbiol.App.Sci (2017) 6(10): 4838-4852

conditions, the bag was sealed and placed in a
plastic container. The fermentation lasted 72
hours (Brou, 2000).

Infant flours formulation

Infant germinated flours were processed by
mixing maize and sorghum germinated flours
in 50%-50% ratio (Fg1: traditional porridge).
For the optimized and fortified formulation
(Fg2 and Fg3), maize and sorghum
germinated flours, soybean roasted flour,
sugar and “baobab” pulpare mixed in
different ratio (Table 1).

Infant fermented flours were processed by
mixing “Mawe”, sorghum roasted flour and
“Mawe” washed in 50%-46%-04% ratio (F1:
traditional porridge). For the optimized and
fortified formulation (F2 and F3), “Mawe”,
sorghum and soybean roasted flours, “Maw¢”
washed, sugar and “baobab” pulp are mixed
in different ratio (Table 2). The infant flours
obtained were then stored in sealed poly
ethylene bags.

The mixture optimizations and fortified were
performed for the infant flours using
computer program (optimize mixture design)
through Minitab 14 software application to
calculate the proportions of ingredients
needed for a protein level in the range of 14.9
g to 16 ¢g/100 g, and a fat content in the range
of 7g to 9g/100 g, as specified by FAO and
WHO Commission (2006) recommendations
for infant complementary food for older
infants and young children.

Physico-chemical, nutritional and
microbiological analysis of the infant flours

The physico-chemical compositions and
caloric energy value assessment of infant
flours were determined using recommended
methods. The samples were analysed for dry
matter, crude protein, crude fat, ash content,

pH and titratable acidity. Protein, fat, and ash
contents of the samples were determined
following AOAC (1990) and the process
described by Soro et al., (2013). Total
available carbohydrate was calculated as
100% minus the sum of moisture, protein, fat
and ash contents obtained as described above.
Energy Value (EV) was calculated according
to equation of Atwater and Benedict (1902).
EV = (9 x Fat (%) + 4 x Proteins (%) + 4 X
Carbohydrates (%)).The fluidity of porridge is
the flow speed measured with a Bostwick
Consistometer according to the method of
Zannou-tchoko et al., (2011). Moreover,
Phytic acid was determined by the method of
Anigo et al., (2010), tannin by method of
Umaru et al., (2007), and phenolic compound
by method of Soro et al., 2013. Properties of
Swelling and solubility of infant flours have
been determined by gravimetric analysis in
the protocol of Li and Corke (1999) reported
by Soro et al., (2013).

Mineral element (Fe, Ca, Zn and Mg)
concentrations were obtained using Atomic
Absorption Spectrophotometer.
Microbiological analysis was performed using
the method described by Guiraud and Galzy
(1980) reported by Sanoussi et al., 2013.
Micro-organisms research included total
aerobies, yeasts and molds, faecal coliforms,
and Escherichia coli bacteria. All the results
were carried out in triplicates.

Statistical analysis

The t Test of Students, Newman Keuls and
ANOVA procedures in Statistica 7.1 were
used to perform descriptive analysis and
compare the means of triplicate measurements
of  physico-chemical, nutritional, and
rheological parameters. Let’s notify that the
means were considered to be significantly
different when p <0.05. The least significant
difference test was used to separate the means
when the difference was significant.
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Results and Discussion

Characteristics of porridges prepared by
germination process

The characteristics of porridges were
evaluated by the determination of fluidity, dry
matter, protein, and energy value (Table 3).
For 100 g of the mixture, Fgl (containing
germinated maize and sorghum germinated in
ratio 50/50) has 25.31% dry matter, the
fluidity was 180 mm/30sec, protein ratio
was10.20%, and energy value was 101.24
kcal. However, these dry matter and protein
levels are less than 30% for dry matter and
15% for protein, values recommended by the
WHO for infant porridges. These two
parameters have been improved by the
incorporation of roasted soybean flour and
baobab pulp (formulation Fg2).

The porridge resulting from this formulation
has a sufficient protein content of 16.65%
with a dry matter content of 28.57% which
remains insufficient (< 30%). The fluidity of
porridge Fg2 was 160 mm / 30 sec and the
energy value was 114.28 kcal.

At this step, the improvement of dry matter
was made by addition of sugar. So, with an
addition of 5% of sugar in formulation Fg2,
formulation Fg3 was obtained. The sugar
improved the taste and the dry matter was
increased from 28.57 % to 31.23%.

Energy value also increases from 114.28 kcal
to 124.92 kcal and fluidity changed from 160
to 155 mm/30 sec. However, the protein level
remains at 16.65%. Among all formulations
studied, only Fg3 flour containing 30%
germinated maize flour, 30% germinated
sorghum flour, 30% germinated soybeans
flour, and 5% sugar allowed to prepare a
porridge having 124.92 kcal energy value and
that could cover the infant energy
requirements (120 kcal).

Characteristics of porridges prepared by
fermentation process

The characteristics of porridges according to
fermentation process were listed in Table 4.
For 100 g of the mixture, formulation F1
(containing “Mawe” flour, roasted sorghum
flour, and “Maw¢” dough in ratio 50/46/04)
has 22.98% of dry matter, 91 mm/30 sec of
fluidity, 2.73% of protein ratio, and 91.92
kcal about energy value. We notice that, dry
matter and protein contents are respectively
less than 30% and 15%, according to the
recommendation of WHO for infant
porridges. These two parameters have been
improved by the incorporation of roasted
soybean flour, baobab pulp, and sugar
(formulation F2). The resulting porridge from
this formulation has a sufficient protein
content (15.25%) but dry matter (25.24%)
remains insufficient. The fluidity of
formulation F2 was 95 mm / 30 sec and
energy value was100.96 kcal (< 120 kcal).
The improvement of dry matter and energy
value was made by the incorporation of 04%
of germinated maize flour and 7% of “Mawe¢”
into the F2 formulation. In F3 formulation,
there are dry matter contents of 30.09%,
energy value of 120.36 kcal, protein ratio of
15.32%, and a fluidity of 110 mm / sec.
Among the tree studied formulations, only F3
porridge containing 27% of “Mawe”, 26%
roasted sorghum flour, 26% roasted soybeans
flour, 4% of germinated maize flour, 7% of
ferment (“Maw¢” dough), 5% of sugar, and
5% of baobab pulp allowed to prepare a
porridge having 120.36 kcal energy value in
accordance with WHO (2003)
recommendations and could cover the infant
energy requirements.

Physico-chemical characteristics of
germinated and fermented infant flours

These characteristics of germinated and
fermented infant flours, were summarized in
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Table 5. Germinated (Fg3) and fermented
(F3) infant flours revealed, apart from
carbohydrates, protein, fat, and ash which
were statistically different (P<0.05) to the
rates of each nutrient taken independently.
The germinated infant flour Fg3 contains
96.85 = 0.02% dry matter, 16.65 = 0.06%
protein, and 8.27 % 0.03% fats, while
fermented compound infant flour (F3)
contains 92.62 £+ 0.03% dry matter, 15.32 +
0.10 % protein, and 6.2 = 0.01% fats. The
carbohydrates content was 68.68 = 0.5 % in
germinated mixed flour and 68, 25 + 0.2% in
fermented flour. The ash content was3.25 +
0.5% and 2.85 + 0.08% respectively in the
germinated mixed flour and the fermented
compound flour. The dry matter, protein,
Fats, and ash content of the Fg3 flour are
higher than the fermented infant flour F3 but
still in accordance with the complementary
food standard recommended by FAO/ WHO
(2006). Fermented infant flour (F3) has a lipid
content (6.2%) and ash content (2.85%)
which are lower than the recommendations of
the FAO / WHO (2006).

Levels of anti-nutrient in the formulated
complementary foods revealed that F2 (5.34 +
0.03 mg/100 g), Fg3 (26.77 + 0.06 mg/100 g)
and Fg3 (53.54 %= 0.02 mg/100g) had
significantly higher (p < 0.05) phytates,
tannin and polyphenol compounds
concentrations respectively. Phenolic
compounds and the tannin content of infant
flours differ significantly (p < 0.05). This
result indicates that the phenolic content of
germinated infant flours was higher than the
one of the fermented infant flours (p < 0.05).
Phenolic content of Fg3 (53.54 + 0.02
mg/100g) germinated infant flour was higher
than phenolic content of fermented infant
flour F3 (47.82 = 0.05mg/100g).The tannin
content of germinated infant flours was higher
than fermented infant flour (p < 0.05). The
tannin content of Fg3 (26.77 + 0.06 mg/100g)
germinated infant flour was higher than that

of the fermented infant flour F3 (23.03 £ 0.02
mg/100g).There was significant difference
between the phytate contents of germinated
and also in fermented infant flours. The
phytate content of fermented infant flour were
not significantly different and the values were
5.32 £ 0.02 mg/100g; 5.33 + 0.02mg/100g
and 5.34+ 0.03 mg/100g respectively for F1,
F3 and F2. The phytate contents of the
germinated infant flour were not significantly
different and the values were in Fgl (3.2
0.01 mg/100g), Fg2 (3.3 + 0.01 mg/100g) and
Fg3 (3.5 £ 0.00 mg/100g). Phytate content in
Fg3 (3.5 £ 0.00 mg/100g) was lower than that
of F3 (5.33 + 0.02 mg/100g).

The functional properties and energies values
of the fermented and germinated infant flours
were presented in Table 6. The energy values
of infant flours were significantly different (p
< 0.05). The energy value of infant flours
ranges from 375.12 + 0.60 kcal to 415.75 +
2.61 kcal. The infant flour germinated (Fg3)
and fermented (F3) whose porridges
characteristics (nutritional and rheological)
were conform to the recommendation
standard of FAO/WHO (2006), have energy
value respectively of 415.75 + 2.61 kcal and
390.08 + 1.51 kcal. The energy value of the
germinated flour Fg3 was higher than the one
of the fermented flour F3. The energy value
of F3 fermented flour was lower than the
recommended energy value (400 kcal) for
complementary foods, while that of Fg3
germinated infant flour was conformed to the
FAO/WHO Standard (2006). The solubility
and swelling of fermented and germinated
infant flours are significantly different
(p<0.05). The solubility indices (sugar
released during the heating of the various
flours) range from 12.26% + 0.25 to 58.52%
+ 0.14. The results indicate that infant flours
obtained by the germination process have
significantly ~ higher  solubility  indices
(p<0.05) compare to the fermented infant
flours. The solubility indices of the
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germinated and fermented flours decreased
from traditional formulations to fortified
formulations. According to the results,
germinated infant flours released Fg3
(46.49% = 0.21) were about four (04) times
more soluble than the fermented flour F3
(12.26% + 0.25).Swelling powers of
germinated infant flours were significantly
(p<0.05) lower than those of fermented
compound flours. The swelling values range
from 6.03 ge/g + 0.12 to 14.08 ge/g + 0.18.
The swelling powers of germinated and
fermented flours decreased from traditional
formulations to fortified formulations. The
germinated infant flour Fg3 (6.03 ge/g £ 0.12)
has a lower swelling power than the one of a
fermented flour F3 (11.22ge/g + 0.28). The
titratable acidities of germinated infant flours
were significantly lower than those of
fermented infant flour and the pH of
germinated infant flour was significantly
higher than that of fermented infant flour. The
titratable acidities values range from 0.13% +
0.05 to 2.45 + 0.1%eq lactic acid and the pH
values range from 3.75 + 0.01 to 6.12 + 0.04.

Microbiological analysis and mineral
content of infant flours Fg3 and F3

These analysesconcerned the infant flours
germinated Fg3 and fermented F3. According
to FAO and WHO recommendations (1994)
related to the microbiological qualities of
infant flours intended for cooking, the total
number of total aerobes, yeasts and moulds,
faecal coliforms, and Escherichia coli should
be less than 10°,10%10%nd  10cfulg
respectively. Fermented infant flour F3 (3.95
+ 0.21 log10 cfu/g) had significantly higher (p
< 0.05) total aerobic counts and significantly
higher (2.75 = 0.10 logl0 cfu/g) yeast and
fungi counts. Infant flours Fg3 and F3 did not
record any growth for faecal coliforms and
Escherichia coli. Mineral contents of the
germinated infant flour Fg3 were higher than
the fermented infant flour (Table 8). Iron

(14.32 mg), zinc (11.05 mg), and magnesium
(88.27 mg) contents of germinated infant
flour Fg3 were higher than the minimum
value respectively of 8.5mg, 3.7mg, and
48.7mg/100g recommended by FAO and
WHO (2006) for complementary infant
flours. The calcium content of germinated
infant flour Fg3 (308.7 mg) and fermented
infant flour F3 (257.5 mg) of) were lower
than the minimum value of 341.2 mg
recommended by FAO and WHO (2006).

The biochemical characteristics of the
porridges prepared revealed that the dry
matter content is inversely proportional to the
fluidity (Tables 3 and 4). Indeed, the lower
the dry matter of porridges is the lower the
fluidity and energy value. For infants, poor
protein and energy dense porridges will
induce a significant weight reduction. In the
germinated flour, the incorporation of roasted
soybean flour, sugar, and “baobab” pulp
improved the taste of the porridge and the dry
matter increased from 25.31% to 31.23%.

Energy value increased from 101.24% to
124.92 kcal, protein levels from 10.20% to
16.65%, and fluidity varied from 180 mm to
155 mm / sec.Regarding fermented infant
porridge, the incorporation of roasted soybean
flour, germinated maize flour, and the
“’Mawe”’, sugar and “baobab” pulp improved
the dry matter increasing from 22.98% to
30.09%. Also energy value increased from
91.9 kcal to 120.36 kcal and protein levels
from 2.73% to 15.32% while fluidity
increased from 91 to 110 mm/30 sec. The
advantage of the incorporation of roasted
soybean flour in the germinated and
fermented infant flours was justified by the
fact that it contains proteins good biological
value especially amino acids as well as
vitamins and minerals. The high lipid content
of soybeans gives a good caloric value. In
addition, the consumption of food sources of
vegetable proteins (legumes) should be
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encouraged as they were locally available and flours. These results were in lined with those
inexpensive. The incorporation of roasted of Soro et al., (2013) which showed that the
soybean flour decreased the fluidity of the incorporation of roasted soybean flour
porridges obtained from the germinated infant ~ decrease the fluidity of the porridges.

Table.1 Infant flours formulation by germination process

Material (%0)

Infant flours | Germinated maize Germinated Roasted soybeans Sugar “’Baobab”’
flour sorghum flour flour pulp
Fgl 50 50 0 0 0
Fg2 32 32 31 0 05
Fg3 30 30 30 05 05

Table.2 Infant flours formulation by fermentation process

Material (%0)

Infant | “"Mawe’ Roasted Roasted Germinated  Sugar ‘“Baobab’’ Ferment:
flours flour  sorghum flour soybeans maize flour pulp “’Mawe’’dough
flour
F1 50 46 0 0 0 0 04
F2 30 28 28 0 05 05 04
F3 27 26 26 04 05 05 07

Table.3 Physicochemical characteristics of porridges prepared by germination process

Characteristics of porridges
Porridges Ratio (%) Fluidity Dry matter  Protein (%) Energy
(mm/30 sec) (%) value(kcal/100ml)
Fgl 50%-50% 1806 25.31+0.11 10.20+£ 0.3 101.24+ 1.6
Fg2 32%-32%-31%-0%- 160+ 4 28.57+1.3 16.65+1.2 114.28+ 2.3
05%
Fg3 32%-32%-31%-05%- 155+ 3 31.23+0.8 16.65+1.2 124,92+ 1.8
05%

Table.4 Physico-chemical characteristics of porridges prepared by fermentation process

Characteristics of porridges

Ratio Ratio of Fluidity Dry Protein Energy value

Porridges ferment (mm/30 matter (%) (kcal/100ml)
(%) sec) (%)

F1 50%-46%-04% 04 91+ 8 22,98+ 2.73£0.02 91.92+1.3
0.5

F2 30%-28%-28%-4%- 04 95+ 6 25.24+ 1525+ 0.2  100.96+2.4
5%-5% 1.12

F3 27%-26%-26%-04%- 07 110+ 5 30.09+ 15.32+0.3  120.36+1.8
07%-5%-5% 0.8
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Table.5 Physicochemical properties and anti-nutritional factors of traditional and

Fortified infant flours
Flours Dry Protein (%) Fat (%) Carbohydrates  Ash (%) Polyphenol  Phytates Tannins
matter (%) compounds (mg/100g) (mg/1009)
(%) (mg
EAG/100g)
Infant flours prepared by germination process
Fgl 96+1.2" 10.20£0.10° 1.32+0.01° 82.75+0.20" 1.73#0.01° 50.8+0.02°  3.20.01° 25.40+
0.01
Fg2 93.49+ 16.65+ 8.24+ 65.53+0.12° 3.07x 52.12+ 3.3+ 0.01* 26.06+
0.03° 0.06" 0.02° 0.03* 0.01° 0.02°
Fg3 96.85+ 16.65% 8.27% 68.68 + 0.5 3.25+0.5° 53.54+ 3.5+ 0.00* 26.77+
0.02° 0.06" 0.03° 0.02f 0.06°
Infant flours prepared by fermentation process
F1 94.25+ 2.73+£0.08% 0.72+ 89.43+0.17° 1.37+0.06* 48.36+ 532+ 24.18+
0.04° 0.06 0.04° 0.02° 0.08"
F2 91,23+ 15.25+ 58+0.1° 67.40 +0.13" 2.78% 46.06x 5.34 = 2391 £
0.02° 0.12° 0.12° 0.03a 0.03° 0.1°
F3 92.62+ 15.32+0.10° 6.2+ 68.25+ 0.2° 2.85% 47.82+ 5.33t 23.03+
0.03° 0.01° 0.08° 0.05" 0.02° 0.02°
Standard | 95 15 8 68 2.9 - - -
infant
flour
FAO/OMS
(2006)
Values in the same row with different superscripts are significantly different (p < 0.05).
Table.6 Functional properties and energy value of traditional and fortified infant flours
Energy value  Solubility (%)  Swelling (ge/g) pH Titrable
(kcal/ 100 g) acidity (% eq
as lactic
acid)
Infant flours prepared by germination process |
Fgl 383.68+ 0.4%° 58.52+ 0.14" 9.43+0.11° 6.12+0.04"  0.13+0.05%
Fg2 402.88+ 1.2° 52.15+ 0.12° 8.69+ 0.15° 5.75+ 0.01° 0.21+0.10°
Fg3 41575+ 2,61  46.49+0.21° 6.03+ 0.12° 5.65+0.02°  0.26+0.01°
Infant flours prepared by fermentation process \
F1 375.12+ 0.60°  16.95+ 0.46° 14.08+ 0.18 3.75+ 0.01° 2.45+ 0.1
F2 382.80+ 1.8° 13.10+ 0.12° 13.18+0.33° 4,05+ 0.03° 1.75+ 0.05°
F3 390.08+ 1.51° 12.26+ 0.25% 11.22+ 0.28° 3.85+0.02°  2.32+0.25°
Standard infant | 400 - - - -
flour
FAO/OMS(2006)

Values in the same row with different superscripts are significantly different (p < 0.05).
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Table.7 Mean count of organisms (log;ocfu/g) in infant flours Fg3 and F3

Infant flours Total aerobic Yeast and molds Faecal coliforms Escherichia coli
Fg3 2.40 +£0.16° 2.00 +0.14° 0.00 £ 0.00 0.00 £0.00
F3 3.95+0.21° 2.75 £ 0.10° 0.00 +0.00 0.00 +0.00
Standards <5 <3 <2 <1
Values in the same row with different superscripts are significantly different (p < 0.05).
Table.8 Mineral content of infant flours Fg3 and F3
Infant flours Iron Calcium Zinc Magnesium
Fg3 14.32 £ 0.66" 308.7+1.2° 11.05 £ 0.14° 88.27 +0.97°
F3 12.64 + 0.5° 257.5 + 1.60° 8.7 £ 0.25° 75.42 +1.30°
Suitable composition 8.5 341.2 3.7 48.7
(mg/100g) FAO/OMS (2006)

Values in the same row with different superscripts are significantly different (p < 0.05).

Fig.1 Photo of germinated red sorghum grains and maize

la: Germinated red sorghum grains

Theincorporation of germinated maize flour
and the addition of “’Mawe¢’’ in fermented
infant flour improved the nutritional and
rheological characteristics of the porridge
with a consistency of 110 mm / 30 sec, dry
matter of 30.09% and an energy value of
120.36 kcal. These results were comparable
with those of Elenga et al., (2012), which
showed that the incorporation of malted
maize flour and calcium carbonate into the
fermented maize-groundnut allowed to
prepare porridge with a recommended
consistency of 120 mm / 30 sec for a dry
matter content of 30 g for 100 g of porridge.
The result of Amoin et al., (2015) also
showed that the use of germinated maize and
sorghum, improved the dry matter and energy

1b: Germinated maize grains

value of composite infant porridge. The
germinated maize flour source of alpha
amylases, hydrolytic enzymes capable of pre-
digesting starch, prevents from swelling.
Traoré et al., (2004) reported that in order to
enhance energy value of gruel in order to
meet nutritional requirements of young
children, malted cereal flour should be added
to infant flour in rate depending on raw
material. These observations were in lined
with those found by Kayodé et al., (2006)
who reported that the malted maize flour is a
good base in the preparation of infant gruel
with good energy value. The incorporation of
cereals with soybean increased the protein
content in both Fg3 (16.65%) and F3
(15.32%) fermented flour, which were higher
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than the recommended standard flour (15%)
FAO/WHO, (2006). These results are in lined
with Onilude (2009) who showed that the
protein content of the combined cereals and
legumes combined was better than that
produced from cereals alone. Moreover,
germination  and  fermentation  have
considerably improved the protein content
and digestibility of porridges. In fact, Amoin
et al., (2015) have found protein contents of
15.80% and 15.25%  respectively in
germinated and fermented infant flours.
Germinated infant Fg3 flour contains a lipid
content (8.27%), ash (3.25%), and energy
value (415.75 kcal) in accordance with the
FAO/WHO standard (2006) for
complementary foods. However, the energy
value (390.08 kcal), lipid content (6.2%), and
ash (2.85%) of the fermented infant flour was
lower than those of standard flour (8%) of
lipids, ash (2.9%), and 400 kcal for energy
value. This lower energy value of the
fermented flour is explained by the use of
carbohydrates as an energy source during the
fermentation by microorganisms fermentable
(Brou, 2000). This could mean that
germination would improve nutritional value
compare to fermentation (Syed et al., 2011,
Sanoussi et al., 2013 and Amoin et al.,
2015).This study is to firstly show the use of
local available ingredient to improve the
nutritional value of porridges such as the
germination of local maize and sorghum, the
use of sugar and “baobab” pulp to improve
the dry matter, energy value, and ash content
of porridges. On the other hand, the use of
“Mawe” (dehulled and fermented maize
dough), sugar, “baobab” pulp, and the
incorporation of germinated maize flour has
improved the energy value of fermented
porridge.

Phenolic compounds and tannins (53.54 mg /
100 g and 26.77 mg / 100 g) of germinated
infant flour (Fg3) were significantly higher
than those (47.82 mg/ 100 g and 23.03 mg /

100g) of the fermented infant flour (F3). The
phytate content (3.5mg/100g) of Fg3 was
lower than that of F3 (5.33 mg/100g). This
could mean that fermentation would reduce
the levels of phenolic compounds and tannins
in infant flours. Soro et al., (2013) had found
respectively 105 mg /100g of phenolic
compounds in fermented yam flour
incorporated with 30% of soybean flour. A
rate of phenolic was between 51, 84 and 492,
86 mg/100g in infant flours-based cereal,
legumes and sugar producing of Burkina-Faso
(Songré-Ouattara et al., 2016). It’s appear that
germination is likely to decrease the levels of
phytates in infant flours. This result is in lined
with that reported by Traoré et al., (2004)
who showed that, during germination the
degradation of phytates was due to the
increase of phytasic activity. Kayodé et
al.,(2012) showed that fermentation reduced
polyphenol contents in fermented sorghum
porridge (2.12mg/g) compared to raw
sorghum grains (9.88 mg/g).The results of our
study revealed that the solubility indices and
swelling of germinated, and fermented infant
flours decreased from traditional to fortified
formulations based on soybeans flour (from
26% to 31%). These results were close to
those found by Soro et al., (2013), which
showed that, with the exception of 10% of
soybean flour fortified, the swelling and the
solubility of yam flour decrease with the rate
of the incorporation of soybeans. According
to our results, germinated flour Fg3 (46.49%
+ 0.21) was about four (04) times more
soluble than fermented flour F3 (12.26% =+
0.25). In addition, Soro et al., (2013) have
found 11.06% as solubility and 6.07 ge/gas
swelling in fermented yam flours fortified
with 30% of soybean flour. The germinated
flour Fg3 (6.03 ge / g £ 0.12) has a lower (p<
0.05%) swelling power than that of fermented
flour F3 (11.22 ge / g + 0.28). The high
solubility of the germinated flour Fg3 was due
to the concentration of germinated maize and
sorghum flour, source of alpha amylases,
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hydrolytic enzymes capable of pre-digesting
the starch which prevent swelling. The
conversion of insoluble starch to soluble
sugars allows a reduction in viscosity and has
an effect on the decrease of porridges
consistency for children who can consume
small volume of porridges, while consuming a
large quantity of dry matter (Anigo et al.,
2010; Zannou et al., 2011; Amoin et al.,
2015). The addition of germinated maize flour
allowed a sufficient fluid porridges
preparation with high dry matter and high
energy value. Moreover, a high correlation (r®
= 0.82) was found between the swelling and
the solubility indices (Soro et al., 2013).

The results of microbiological analysis
obtained (Table 7), showed that all the infants
flours produced were conformed to the
complementary food microbiological standard
(FAO/OMS, 1994). It was observed that the
fermented infant flour has a slight degradation
of their microbiological qualities (increase of
total aerobic, yeast and moulds numbers)
although they remain conform to the
standard.lIron, calcium, zinc, and magnesium
levels were higher in germinated infant flour
(Fg3) than in fermented infant flour (F3)
(Table 8).This study is to firstly show, the use
of local germinated maize and sorghum and
baobab pulp which has improved the
bioavailability of minerals in germinated
infant  flours. This could mean that
germination processes are likely to improve
bioavailability of minerals b etter than
fermentation (Syed et al., 2011; Sanoussi et
al., 2013 and Amoin et al., 2015).This is due
to the fact that germination is likely to
increase the r etention of minerals (Helland et
al., 2002;Traoré et al, 2004).This
bioavailability of minerals in germinated
infant flours was due to the ability of the
germination technique to reduce phytate
levels in infant flours (Traoré et al., 2004;
Kayodé et al., 2006). Anigo et al., (2010)
have found iron, magnesium, calcium, and

zinc in germinated maize and sorghum flours
enriched with groundnut and soybean,
respectively of 23.98mg, 148.91mg, 47.66 mg
and 7.88 mg. The levels of 12.58mg,
74.30mg, 268.50mg and 7.50mg respectively
for iron, magnesium, calcium, and zinc were
found by (Amoin et al., 2015) in germinated
maize and sorghum infant flours fortified with
soybeans flour. The presence of these
minerals in infant flours is beneficial because
they are ability to improve child growth. It is
also essential for a large number of metabolic
reactions (Lokombé et al., 2004). Calcium
provides bone stiffness and child growth
(Weaver et al., 2007). Zinc represents with
iron one of the most concentrated minerals in
the brain. Zinc is also implicated in immunity
as it reduces the incidence and severity of
diarrhea in children (Amoussa Hounkpatin,
2011). Magnesium is needed for biochemical
reactions in the body to maintain muscle,
improve nerve function, maintain heart
rhythm, and regulate blood sugar levels
(Weaver et al., 2007). Traditional methods
such as germination and fermentation are
likely to improve the quality of foods in
nutrients. These results are in phasewith those
found by Brou (2000), Sanoussi et al., (2013)
and Amoin et al., (2015).

This study contributes to the improvement of
complementary food characteristics by
formulating adequate infant flours using
germination and fermentation of local
available raw material. Germinated infant
flour (Fg3) and fermented infant flour (F3)
have been used here. These two infant flours
contain good protein, fat, carbohydrate,
mineral, and energy value, conforms to
FAO/WHO (2006) recommendations. The
nutritional value of germinated infant flour is
higher than the one in fermented infant flour.
The germination process is likely to improve
the quality of the flour compare to
fermentation. This study is to firstly focus on
the germination of maize and sorghum, the
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use of sugar, and “baobab” pulp which could
improve the energy value of porridges and the
bioavailability of minerals in germinated
infant flours. On the other hand, the use of
“Mawe” (dehulled and fermented maize
dough), sugar, “baobab” pulp, and the
incorporation of germinated maize flour could
help in the improvement of the energy value
and the consistency of fermented porridge,
while increasing the potential to overcome
protein-energy malnutrition and mineral
deficiencies within infants and young
children. In perspective, we plan to evaluate
the biological efficacy of germinated and
fermented infant flours in order to assess the
quality of flour in vivo.
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