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Abstract
Background: In Cameroon, nearly 1 in 3 children under the age of 5 years suffer from protein-energy malnutrition (31.7%). 

This malnutrition generally appears at weaning age and is the result of weaning food that is not appropriate for children (low 
nutritional and energy value, high consistency). Cameroonian flora has foods such as maize, soya, cassava and Moringa that 
could be used in the formulation of quality weaning foods. The use of these different elements in the formulation of infant flours 
combined with the incorporation of small quantities of germinated corn flours and raw extracts of these germinated flours would 
reduce the consistency and increase the energy density of the gruels. This technology could therefore help to fight against 
child malnutrition. The nutritional problems of young children led us to formulate two infant flours in order to contribute to the 
improvement of the nutritional value of locally available complementary foods.

Aim of the study: The aim of this work is to determine optimal conditions to produce infant flours based on corn, cassava, 
soya and Moringa olifeira with desired flow, nutritional value and energy.

Material and methods: To lead this study, different flours mentioned above were used. These flours were then chemically 
characterized; the physical and functional properties were evaluated. The gruels were prepared from these flours and the flow 
velocities were evaluated.

Results: It appears from this study that formulations based on corn are very rich in proteins (11-12% of DM) and lipids 
(10.7-11.6% of DM). These two formulations are also good sources of iron and magnesium. Both cassava-based formulations 
had high calcium levels (26-35 mg/100g of DM). The physical and functional properties were influenced (p˂0.05) by the nature 
of the flour. The use of amylase flour and extract revealed that at concentrations of 2% and 2.5%, respectively, they reduced 
the consistency of the gruels. Generally, the incorporation of amylases flours during the cooking of the gruels results in a 
multiplication of the energy density by 2.66 (multiplication factor) for amylase flour to 5.1 (multiplication factor) for amylase 
crude extract. It also appears that the reduction in consistency and the increase in the dry matter concentration of the gruels 
are positively correlated with the Ca content and the solubility index.

Conclusion: All this shows that the combination of the formulation and use of amylase flours could be used to fight against 
protein energy malnutrition in children.

Application of Germinated Corn Flour on the Reduction of Flow Velocities 
of the Gruels made from Corn, Soybean, Moringa oleifera Leaf Powder and 
Cassava

*
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Introduction
Supplementary feeding is a process that begins when breast milk 

alone becomes insufficient to meet the nutritional needs of children. 
Since from the age of 6 months, young children begin to have energy 
and nutrient needs that breast milk can no longer fulfill, other foods are 
needed to accompany breastfeeding [1]. Because of poverty, low levels 
of nutritional education and low access to health services, this transition 
period is generally neglected by the majority of the population, which 
can lead to child malnutrition [2].

In 2006, it was estimated that in developing countries, based on 
stunting, wasting and underweight, respectively 39%, 11% and 31% 
of children under the age of five years suffered from Protein-Energetic 
Malnutrition (PEM) [3]. In Cameroon, more than 33% of children 
under the age of five years suffer from chronic malnutrition, nearly 
half of them in its severe form, represented by underweight (15%), iron 
deficiency of 65% (23% in the form of mild anaemia and 40% in the 
moderate form) and vitamin A deficiency (40%) which contributes 29% 
to child mortality [4]. According to the UNICEF-Cameroon report [5], 
more than 45,000 children die each year from child protein-energy 
malnutrition. A study conducted by Sikod [6] had revealed that the 
introduction of complementary foods in children was often too early 

since 50% of the children surveyed (60 children aged 4-11 months) had 
received their first gruels before the age of 4 months and the gruels fed 
were of rather poor nutritional quality since their average energy density 
was 58 kcal/100 g. Indeed, in developing countries, mothers because of 
their daily occupations and the lack of mastery of the technology of these 
household productions prepare light gruels of low energy and nutritive 
density which are in most cases made from cereal flours (corn), roots 
(cassava) and tubers (potatoes) easily accessible because of their high 
local productivity [7]. These flours are prepared alone or in mixtures 
with other sources of proteins, lipids and microelements such as soya 
and Moringa. During cooking, the starch contained in these flours 
thickens and gives a gruel whose viscosity increases rapidly according to 
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the concentration of dry matter, which limits the quantity of flour to be 
incorporated for its preparation and the quantity ingested by the child 
due to its low stomach capacity (30 to 40 mL/kg body weight) [8,9]. 
To remedy this, mothers generally dilute the gruel, which reduces its 
nutritional and energy value, and affects the growth of children [10]. 
However, WHO and UNICEF recommends that weaning gruels should 
have flow velocities between 100 and 160 mm/30 s, a value read on a 
Botswick consistometer for a dry matter concentration of at least 30% 
and an energy value of 120 kcal/100 g of gruel [11].

The solutions envisaged to solve these problems could be on one 
hand the addition of a source of proteins, lipids and micronutrients to 
improve the energy and nutritional value of the gruels. For example, 
it was showed that soybean meal and Moringa oleifera leaves powder 
significantly increased the nutritional value of yam and corn flours 
respectively [12-14]. On the other hand it was showed that amylase 
extracts from three plants (Abrus precatorius, Burnatia enneandra and 
Cadaba farinosa) could improve the nutritional, energy and consistency 
value of corn, cassava and sorghum-based gruels [14]. Furthermore, 
the results of Tambo et al. [15] showed that the capacity of germinated 
yellow corn flour (Atp variety) to reduce the consistency of the gruels 
depended on their lipid, protein and fiber content. Concerning the 
application of these germinated and extracted flours during cooking, 
Tambo et al. [16] have demonstrated that the raw extracts of amylase 
flours of the Atp corn variety have an optimal activity at 60°C.

This work therefore aims to determine optimal conditions to 
produce infant flours based on corn, cassava, soya and Moringa olifeira 
with desired flow, nutritional value and energy and more specifically 
to evaluate the nutritional composition of the formulated flours 
and determine the best flour and the best form of incorporation of 
germinated corn flour to obtain the desired flow, nutritional and energy 
value.

Material and Methods
Origin and preparation of material

The plant material used for this work consisted of one variety of 
corn (Atp), a soybean (Glycine max) TGX 1035 10E variety, cassava 
tubers (Manihot esculenta) and leaves of Moringa oleifera grown in 
the localities of Dschang and Santchou, Department of Menoua, West 
Cameroon region. These areas were chosen because of the strong 
cultivation of these commodities. After purchasing the corn seeds, 
soybeans and cassava roots from the IRAD multipurpose stations in 
Dschang and Santchou, respectively; they were transported to the 
RUBPMAN of the Department of Biochemistry at the University of 
Dschang, where they were processed into flour. The leaves of Moringa 
oleifera were harvested at the farm of the Faculty of Agronomy and 
Agricultural Sciences (FAAS) of the University of Dschang.

Production of different flours: 

The corn seeds (Atp variety) obtained previously were separated 
into two batches. The first batch was sorted by hand, skinned and 
then crushed using a disc mill. The flour was sieved (Ø=400 µm), then 
packed in polyethylene bags to prevent moisture exchange and stored 
in a dry container. The second batch was used to produced amylase 
rich flours. It was sorted and washed in tap water and soaked in warm 
water (50°C) for 48 h in order to obtain the humidity between 35% and 
40%, necessary for germination. Then we spread the grains on a very 
clean cloth in the shade that we watered daily (twice/day) in order to 
maintain sufficient humidity until the process of germination is well 
began and that the roots appear. This process took 72 h. Drying was 

carried out in a "venticell" oven at a temperature of 50°C for 24 h, then 
the grains were ground, sieved (Ø=400 µm) and stored in polystyrene 
bags. The soybeans were previously sorted, washed and soaked in warm 
tap water (50°C) for 48 h in order to increase their moisture content. 
They were then spread on a very clean cloth and shaded for 72 h 
until the roots appeared. They were then dried at 50°C in a ventilated 
"venticell" oven for 24 h, skinned, crushed, sieved (Ø=400 µm) and 
stored. The fresh leaves of Moringa oleifera were washed, dried (50°C, 
24 h) in a ventilated "venticell" oven, then crushed using an ordinary 
mill, sieved (Ø=400 µm) and stored in polystyrene bags. Finally, the 
cassava roots (sweet cultivar) were peeled, washed and then cut into 
small parallelepipedic pieces with a kitchen knife. The pieces obtained 
were entirely immersed in water in a ratio of 1:3 (w/v), which represents 
the ratio of the grain-water mixture, for 120 h. The fermented pulp was 
removed from the soaking water, washed with tap water, hand-pressed, 
spread on grids and dried in a ventilated "venticell" oven (50°C, 24 h). 
The flours obtained by grinding, were then sieved and roasted before 
packaging.

Flour formulation

Corn/soya/Moringa and cassava/soya/Moringa formulations will 
be obtained as mentioned in Table 1. The 6 flours obtained were coded 
according to the abbreviations below:

Flour 1: Corn and cassava flour, not fortified.

Formulation 1: Corn flour/cassava enriched with 15% soya and 
2.5% Moringa leaf flour.

Formulation 2: Corn flour/cassava enriched with 25% soya and 5% 
Moringa leaf flour.

Preparation of amylase flour crude extract

Cold distilled water (4 mL) was added to a mass of powder (1 g) 
obtained by grinding the sprouted corn seeds in the ratio of 1:4 (w/v) 
at 4°C. The mixture was homogenized with a "thermolyne" vortex for 
1 minute and then centrifuged at 4500 rpm for 15 minutes [16]. The 
supernatant obtained was immediately used as a source of enzymes 
during the preparation of the gruels.

Analysis of the different flours

The flours obtained previously were used for various analyses and 
for the preparation of gruels whose nutritional and energy values and 
flow velocities were evaluated.

Functional and physical properties of the different flours: 
These analyses consisted in determining the swelling rate according 
to the method described by Okezie [17], the water retention capacity 
by method described by Leach et al. [18], solubility index by method 
described by Anderson et al. [19], mass density described by Okaka et 
al. [20], pH according to the standard method described by Association 
of Official Analytical Chemists (AOAC) [21] and titratable acidity 
of different flours according to the standard method described by 
Association Française de Normalisation (AFNOR) [22].

Ingredients Corn (%) Cassava (%) Soya (%) Moringa (%)
Corn 100 0 0 0
F1C 82.5 0 15.0 2.5
F2C 70.0 0 25.0 5.0
Cassava 0 100 0 0
F1Cav 0 82.5 15.0 2.5
F2Cav 0 70.0 25.0 5.0

Table 1: Flours formulation process.
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Chemical characterization of flours: This characterization covered 
the determination of the water content according to the method 
described by International Union of Pure Applied Chemistry (IUPAC) 
[23], the lipid content after extraction with Soxhlet by the AOAC 
method [20], the protein content which consisted in the determination 
of mineral nitrogen by the Kjeldahl method, the fiber content, the ash 
content and the total carbohydrate content according to the methods 
described by Okaka [20]. The methods described by AOAC [24] allowed 
the determination of the minerals such as Ca, Mg, P and Fe (these ions 
were chosen in relation to their importance in physiological processes 
and the growth of young children). The energy value was determined 
by applying the Atwater coefficients [25]: 1 g of carbohydrate or protein 
provides 4 kcal and 1 g of lipid provides 9 kcal of energy. The expression 
of the energy value per 100 g of dry matter content of flour is given by 
the following equation:

Ec=(4 × % carbohydrate)+(9 × % fat)+(4 × % protein)               (1)

Preparation of the gruels

After characterization of the different flours, these were used for the 
preparation of the gruels with incorporation of the flours and amylase 
extracts after cooking. The consistency of the gruels was evaluated using 
the method described by Bookwalter et al. [26]. The Figure 1 represents 
the method of preparation of the gruels used during this work.

Statistical analysis

The results of the analyses carried out were expressed as averages 
plus or minus deviations. The means were analysed by the ANOVA 
test at the 5% probability threshold and the Duncan’s test was used 
to compare the means using SPSS Version 20 Software. The graphs 
were drawn using SIGMA PLOT Version 12.0 Software. A correlation 

matrix and a principal component analysis (PCA) between the physico-
chemical, functional properties and consistency of the gruels was also 
performed using XLSTAT 2016 Software.

Results and Discussion
Chemical composition

Table 2 shows the proximate chemical composition of the different 
flours used in this work. This table shows that the water content of the 
different flours varies from 10.24% for the first cassava formulation to 
6.44% for simple maize flour. This parameter is significantly (p<0.05) 
influenced by the nature of the sample. These values are similar to 
those obtained in a previous study on flour formulations made from 
cereals, vegetables and legumes [27]. Moreover, these results respect 
the recommendations made by Ndangui [28], which recommends that 
flour to be preserved over a long period in equatorial zones must have 
water contents below 14%. Ash content is an indicator of purity for flour 
[28]. The evaluation of this parameter shows that it is not influenced 
by the nature of the sample and the formulation. It is also noted that 
the highest values were obtained with flours having a high percentage 
substitution in Moringa flour. This would be due to its high proportion 
of minerals representing the ash content of plants. These results are 
significantly higher than those of Soro et al. [12], who obtained values 
between 0.93 and 2.48% on yam flour enriched with soybean. This 
could be explained by the composition of the samples, the nature of 
the samples and the treatments applied. The protein content of the 
different flours varies from 12% for the second corn formulation to 
1.7% for cassava flour. No significant difference (p>0.05) was observed 
between the different formulations but between the formulations and 
the flours not formulated. These results are justified by the contribution 
of the protein source represented here by soy, as demonstrated by Soro 
et al. [12]. The protein intakes of the various infant meals are below the 
standard (15%) recommended by FAO/WHO (2006) [29] necessary to 
cover the daily intakes of children in the 6-24 month age group. These 
results are significantly (p<0.05) lower for wheat and formulations than 
those of Kouassi et al. [30] which could be explained by the nature 
of the flours, the treatment applied (fermentation and germination 
for example) and the composition of the samples. Indeed, it was 
demonstrated that during germination, there was a reduction in the 
protein content because these were used in the physiological processes of 
the plant. It appears from the results of the lipid content that the second 
corn formulation presented the greatest value (11.65%). In addition, 
significant differences were observed between the formulations and 
the flours samples, which would also be justified by the contribution of 
the lipid source to the simple corn and cassava flours represented here 
by soybean. In addition, it was observed that the fat content increased 
with the percentage substitution of soybean meal. These results are not 

Figure 1: Method of preparation of gruels.

Flours
Moisture content Ash Proteins Lipids Carbohydrates Fibers Energy value 

(%) (% of DM) (% of DM) (% of DM) (% of DM) (% of DM) (kcal/100 g of DM)
Corn 6.44 ± 1.00c 2.15 ± 0.00ab 6.82 ± 0.30c 7.20 ± 0.20c 88.81 ± 0.40b 1.02 ± 0.00b 447.32 ± 1.30a

F1 C 8.04 ± 0.30b 4.00 ± 1.40ab 11.00 ± 2.80ab 10.74 ± 0.70ab 71.03 ± 0.70d 3.23 ± 0.00a 424.78 ± 2.10b

F2 C 8.22 ± 0.10b 5.00 ± 1.40a 12.00 ± 1.40a 11.65 ± 1.70a 68.20 ± 1.70d 3.15 ± 0.00a 425.65 ± 13.50b

Cav 9.42 ± 0.30a 1.00 ± 0.10b 1.71 ± 0.00d 4.31 ± 0.20d 91.96 ± 0.10a 1.02 ± 0.00b 413.47 ± 2.00c

F1 Cav 10.24 ± 0.50a 2.00 ±1.40ab 8.00 ± 1.40bc 6.98 ± 0.80c 79.91 ± 0.70c 3.11 ± 0.00a 414.46 ± 9.70c

F2 Cav 9.90 ± 0.20a 4.00 ± 1.40ab 9.00 ± 1.40ab 10.35 ± 0.70b 73.42 ± 3.50d 3.23 ± 0.10a 422.83 ± 2.30b

Mean values ± standard deviation of two repetitions carrying the different letters a, b, c in the same column significantly differ (p<0.05).
Corn: simple corn flour; F1C: First corn formulation (82.5% corn+15% soya+2.5% Moringa); F2C: second corn formulation (70% corn+25% soya+5% Moringa); Cav: 
simple cassava flour; F1Cav: first cassava formulation (82.5% cassava+15% soya+2.5% Moringa); F2Cav: second cassava formulation (70% cassava+25% soya+5% 
Moringa).

Table 2: Proximate chemical composition and energy values of the different flours.
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in agreement with those of Shiriki et al. [13] who obtained decreasing 
lipid levels in proportion to the increase in soybean and peanut levels in 
the gruels formulations, which would be attributed to the variability of 
the samples, the composition of the samples and the treatment applied. 
The lipid contents obtained are generally higher than the recommended 
value (8%) for FAO/WHO infant meals [29]. Table 1 show that the 
carbohydrate contents of all flours are significantly higher than other 
nutrients with values between 68.20% and 91.96% for the second corn 
formulation and for cassava flour respectively. The difference observed 
could be related to the fact that the addition of protein and lipid sources 
contributed to the reduction of carbohydrate sources represented here 
by corn and cassava flours. The same observations has noted by Soro 
et al. [12], who found carbohydrate levels between 59.59% and 89.02% 
for yam flour fortified with soybeans and who also found that the 
carbohydrate content of yam formulations decreased with the increase 
in the percentage substitution by soybean and peanut flours. The 
dietary fibers analysis showed values ranging from 1.02% for cassava 
and corn flours not formulated to 3.23% for the first corn formulation 
and the second cassava formulation. There was no significant difference 
(p>0.05) between the different formulations but between cassava flour, 
corn flour and formulations. This would be due to the additional fibers 
intake from soy and Moringa flours. These values do not agree with 
those of Bharathi and Rajamanickam [27] who found significantly 
(p<0.05) lower fiber levels than ours in different gruels formulations. 
This could be explained by the increasing supply of powdered leaves of 
Moringa oleifera, a vegetable rich in fiber. Dietary fiber is not a nutrient 
but plays an important role in regulating digestive functions [31]. The 
values obtained for this parameter in formulated flours are significantly 
similar to the daily intakes recommended (3.8%) by FAO/WHO (2006) 
[29] for infant meals. The calorific energy gives us information on the 
energy intake of each flour studied. The results show that this parameter 
varies from 447.32 kcal for corn flour to 413.47 kcal for cassava flour. 
These results show that this parameter is significantly affected (p<0.05) 
by the nature of the flour (enriched or not). These results are in the 
same range (414 to 474 kcal) as those reported by Shiriki et al. [13] on 
corn flours fortified with soybean and groundnuts. The energy values 
obtained in this work make different flours of food potential to fight 
against child malnutrition.

Contribution of energy, protein, and fat content of gruel 
prepared from 100 g of different cassava and corn flours 
toward RDA for children aged 6-59 months

Table 3 presents the contributions to the daily energy, protein and 

fat demands of the different flours according to age group. It can be seen 
from the table that the percentage of contribution in energy, proteins 
and lipids decreases with age. This would be explained by the increase 
in the need for each element with age. It should be noted that for the 
6-12 month age group, the period during which weaning generally 
begins, all formulations contribute more than 50% for the parameters 
mentioned. This is explained by the intake of lipids and proteins from 
soya flour, which has been used to supplement the various corn and 
manioc flours. Such observations were also reported by Tumwine et al. 
[32] who demonstrated that the complementation of millet flour with 
cowpea leaves, pumpkin seeds, carrots, and skimmed milk powder 
improved the contribution to the various parameters mentioned below. 
The percentage of contribution to the daily demands of growth-age 
children of different age groups in lipids, proteins and energy obtained 
in this work is higher than that of Tambo et al. [15], which shows 
the importance of supplementing infant foods with protein and lipid 
sources. These results also show that the various complementary flours 
would be a good way to supplement the intake of breast milk and rather 
supplement this food. The recommended daily allowances (RDA) for 
energy, proteins and fats for different age groups are given in Table 3 
[33,34].

Mineral composition

The results obtained for minerals show that potassium (K) is 
the most representative mineral in the various flours (Table 4). Its 
proportions vary from 564 mg for the second corn formulation to 124.95 
mg for corn flour. Its proportion is significantly affected (p<0.05) by the 
nature of the flour and the formulation. Next comes phosphorus (P) in 
proportions ranging from 329 mg for the second corn formulation to 
145 mg for simple corn flour. Finally, minerals such as iron (Fe), calcium 
(Ca) and magnesium (Mg) are the least represented in the different 
flours studied. Generally, the content of these different ions is affected 
by the nature of the sample. These results are generally lower than those 
of Soro et al. [12] on yam flours enriched with soya, but remain higher 
than the recommended intakes with the exception of Na. The levels of 
these ions are higher in formulate flours than in non-formulate flours. 
This is due to the addition of Moringa and soya which are potential 
mineral sources. The mineral content is significantly higher (p<0.05) 
in cassava flour compared to corn flour. This is due to the fact that 
fermentation and germination would increase mineral retention [35]. 
The presence of these minerals in composite flours is beneficial because 
they intervene in the development of the organism and in the growth 

Variables Age group (Years) Recommanded Daily Allowances (RDA)
Contribution (%) of different flours to RDA

Corn F1 C F2 C Cav F1 Cav F2 Cav

Energy (kcal/day)

0-0.5 650a 68.8 65.2 65.4 63.5 63.7 64.9

0.5-1.0
850a 52.6 49.9 50 48.6 48.7 49.6

1300a 34.4 32.6 32.7 31.8 31.8 32.5
1800a 24.8 23.6 23.6 22.9 23 23.4

Proteins (g/day)
0-0.5

13a 52.3 84.6 92.3 13.1 61.5 69.2
14a 48.6 78.6 85.7 12.1 57.1 64.3

0.5-1.0
16a 42.5 68.5 75 10.6 50 56.2
24a 28.3 45.8 50 7.1 33.3 37.5

Fats (g/day)

0-0.5 - - - - - - -

0.5-1.0
- - - - - - -

16.70b 43.1 64.1 69.5 25.7 41.3 61.7
23.30b 30.9 45.9 49.8 18.4 29.6 44.2

aFood and Nutrition Board (1989) [33]; bAlasfoor et al. [34];
Corn: simple corn flour; F1C: first corn formulation (82.5% corn+15% soya+2.5% Moringa); F2C: second corn formulation (70% corn+25% soya+5% Moringa); Cav: simple 
cassava flour; F1Cav: first cassava formulation (82.5% cassava+15% soya+2.5% Moringa); F2Cav: second cassava formulation (70% cassava+25% soya+5% Moringa)

Table 3: Contribution (%) of energy, protein, and fat content from 100 g of flour toward RDA for children aged 6-59 month.
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of the child and could limit the appearance of nutritional deficiencies. 
Thus, iron is involved in the constitution of hemoglobin, myoglobin 
and numerous enzymes. It is also important for certain metabolic 
pathways as are sodium and potassium [36]. Calcium and phosphorus 
ensure bone rigidity and promote growth in children [37]. Calcium is 
important for optimal ossification. It is involved in the transmission of 
nerve impulses, thus ensuring the maintenance of heart rhythm [38] 
and it also plays a role in the enzymatic activity of amylases because 
it is a cofactor. The high magnesium content of these samples is an 
advantage for the body since magnesium is essential for the production 
of energy from carbohydrates and lipids. It is the coenzyme needed in 
many metabolic voices [39]. Contribution of some minerals content of 
gruel prepared from 100 g of different cassava and corn flours toward 
RDA for children aged 6-59 months.

Minerals are very important elements for young children. Indeed, 
many of them, like calcium, iron, magnesium and phosphorus, are 
involved in physiological processes such as bone mineralization and 
oxygen transport. The young growing child therefore requires the 
intake of all these ions through food as well as through breast milk. It 
can be seen from Table 5 that the calcium contribution of these different 
flours varies between 0.4 and 5.0%, depending on the food source and 
the Moringa flour substitution. The high contribution of cassava-based 
formulations compared to corn-based formulations is believed to be 
due to the absorption of this mineral by cassava roots during growth. 
The calcium intakes of these different flours are very low compared to 
the recommendations. For iron, corn-based formulations contribute 
more than half of the percentage of daily recommendations. There has 
been an improvement in contributions of this iron as Moringa flour 
substitution becomes more important. This would be due to an iron 
intake from this source. Odunlade et al. [40] also reported that the 
iron content and percentage contribution of the daily demand for this 
mineral changed with the percentage of powder substitution of Telfairia 
occidentalis leaves. These results suggest that the different corn-based 
complementary flours may be a way to control iron deficiency in 
children. Concerning magnesium and phosphorus, it appears that 
complementation with Moringa leaves would contribute up to 105.7% 
for daily Mg demands and up to 119.6% for phosphorus. These results 
once again show the richness of Moringa leaves in ions and as a means 
of fighting hidden hunger. These results also highlight the value of using 
these formulations in the preparation of infant foods as they are good 
sources of ions and a real way to combat micronutrient malnutrition in 
weaning-age children.

Physical properties of the different flours

The physical properties of flours are shown in Table 6. Note that the 
mass density varies from 1.5 g/mL for simple cassava flour to 0.9 g/mL 
for the second cassava formulation. This parameter is not significantly 

affected (p<0.05) the nature of the flour as well as the substitution 
rate. These values are higher than those of Tambo et al. [15], which 
was between 0.6 and 0.9 g/mL. This would be explained by the particle 
size of the sample [41] and nutrient composition. Low densities (less 
than 0.5 g/mL) are recommended for the preparation of infant flours. 
The pH ranges from 6.5 for simple corn flour to 5.3 for simple cassava 
flour. This parameter is affected (p<0.05) by the nature of the sample 
and the treatment applied within a sample of the same nature. It is 
noted that the pH of corn flour decreases with fortification while it 
increases with cassava flour fortification. The significant decrease 
(p<0.05) obtained with corn flour as fortification progresses would 
be due to the addition of free organic acid contained in soybean and 
Moringa flours. Moreover, the low pH value obtained with cassava flour 
compared to corn flour would be the consequence of fermentation. 
Tambo et al. [15] has demonstrated that fermentation lowers the pH 
of cassava flours following the synthesis of volatile organic compounds 
from carbohydrate sources. The pH is a factor conditioning not only 
the ability of flours and extracts of germinated corn flour to reduce 
the consistency of the gruels and therefore to increase the energy 
density of the porridges but also the food intake. Tambo et al. [16] 
have demonstrated that the optimal activity of amylase extracts of Atp 
germinated maize flour was pH 6 and that between pH 5 and 7, it was 
stable. The titrable acidity that provides information on free acidity 
ranges from 18.8 mEq NaOH/100 g MS for the second corn formulation 
to 6.4 mEq NaOH/100g MS for simple corn flour. We observe that the 
substitution rate influences this parameter, which is the consequence of 
the free acidity provided by soy flour. The values found for formulated 
flours are higher than those of Soro et al. [12]. This can be explained by 
the addition to corn and cassava flours of soya which has undergone 
soaking and early fermentation in order to eliminate anti-nutrients and 
allow germination. Fermentation thus contributed to the production of 
free organic acids.

Functional properties

Water retention capacity: Figure 2 shows that the quantity of water 
retained during gelatinisation increases with the temperature for the 
various flours but with a drop in this retention capacity to 80°C for 
the various flours containing corn, which would be the consequence 
of a break in the hydrogen bonds of the starch molecules and a release 
of the constituents of low molecular weight (amylose, intermediate 
material) of the granule, it corresponds to the temperature at the end 
of gelatinisation of the starches contained in the flours. However, this 
retention continues gradually up to 90°C for cassava flour and drops 
from 80°C for cassava-based formulations. This increase is justified by 
the fact that at high temperatures, the hydrogen bridges stabilizing the 
semi-crystalline structure of starches open, rupture and are replaced 
by water molecules [42]. Between 60 and 70°C, there is a strong 

Flours
P Na K Fe Ca Mg

mg/100g of DM
Corn 145.60 ± 1.20e 19.15 ± 0.50c 124.95 ± 1.30e 1.79 ± 0.00c 3.00 ± 0.00c 1.21 ± 0.00e

F1 C 206.00 ± 1.40d 37.00 ± 2.80b 466.00 ± 1.40c 5.80 ± 0.20b 3.20 ± 1.10c 74.00 ± 2.80b

F2 C 329.00 ± 1.40a 53.00 ± 4.20a 564.00 ± 2.80a 6.70 ± 0.10a 4.50 ± 0.20c 62.00 ± 2.80b

Cav 137.60 ± 0.50f 24.30 ± 0.10c 439.25 ± 0.60d 1.30 ± 0.40c 2.50 ± 0.70c 1.51 ± 0.40e

F1 Cav 255.00 ± 2.80b 37.00 ± 1.40b 563.00 ± 4.20b 1.20 ± 0.10c 35.00 ± 2.80a 49.00 ± 2.80c

F2 Cav 181.00 ± 1.40d 53.00 ± 4.20a 538.00 ± 4.20b 1.50 ± 0.70c 26.00 ± 2.80b 35.00 ± 1.40d

Mean values ± standard deviation of two repetitions carrying the different letters, a, b, c in the same column significantly differ at p<0.05;
Corn: simple corn flour; F1C: first corn formulation (82.5% corn+15% soya+2.5% Moringa); F2C: second corn formulation (70% corn+25% soya+5% Moringa); Cav: simple 
cassava flour; F1Cav: first cassava formulation (82.5% cassava+15% soya+2.5% Moringa); F2Cav: second cassava formulation (70% cassava+25% soya+5% Moringa).

Table 4: Mineral composition of the different flours.
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increase in the water retention capacity of all corn flours which does 
not corroborate the results of Tambo et al. [15] who observed that it 
retained water strongly between 70 and 80°C. This could be explained 
by the chemical composition of the samples. Indeed, the excess of 
proteins and minerals provided by soya and Moringa would mask the 
starch granules preventing them from unfolding and retaining water 
at such temperatures. Similar observations were also observed with 
formulated and non-formulated cassava flours. In addition, it was 
observed that formulated flours and not cassava flours retained more 
water than corn flours. This would once again be due to the nutrient 
composition, particularly the high protein content in corn flour, which 
masks the starch and prevents it from fixing the water and thus from 
swelling. This parameter also allows us to highlight the fact that at the 
cooking temperature of the gruels, which is 90°C, manioc flours and 

F1 manioc flours will have higher viscosities, unlike corn flours, which 
at the administration temperature (45°C) of the gruels will be more 
viscous.

Swelling rate: The swelling rate represents the capacity of a flour 
to gain volume after water retention. It’s important in bulking and 
consistency of products as well as in infant food applications. As shown 
in Figure 3, it shows similar variations explained in water retention 
capacity. It appears that the swelling increases with temperature. We 
notice a drop of this one at the temperature of 90°C for the various flours. 
Between 60 and 70°C, there is a strong increase in swelling then attended 
stabilisation at 80°C of all flours. Unlike corn-based flours, the rate of 
swelling of cassava-based flours continues even at 90°C, proof that they 
have not yet reached their end of swelling temperatures. The reduction 
of the swelling capacity observed on maize-based formulations could 

Flours Mass density (g/mL) pH Titrable acidity (mEq NaOH/100 g of DM)
Corn 1.23 ± 0.12ab 6.51 ± 0.04a 6.41 ± 1.07c

F1C 1.45 ± 0.35a 6.35 ± 0.05b 11.58 ± 1.25bc

F2C 1.40 ± 0.16ab 6.23 ± 0.03c 18.88 ± 2.74a

Cav 1.54 ± 0.42a 5.28 ± 0.03f 7.36 ± 0.64c

F1Cav 1.18 ± 0.07ab 5.81 ± 0.03e 18.19 ± 5.50a

F2Cav 0.97 ± 0.08b 5.95 ± 0.01d 14.06 ± 5.00ab

Mean values ± standard deviation of two repetitions carrying the different letters a, b, c in the same column meaningfully differ (p<0.05).
Corn: simple corn flour; F1C: first corn formulation (82.5% corn+15% soya+2.5% Moringa); F2C: second corn formulation (70% corn+25% soya+5% Moringa); Cav: simple 
cassava flour; F1Cav: first cassava formulation (82.5% cassava+15% soya+2.5% Moringa); F2Cav: second cassava formulation (70% cassava+25% soya+5% Moringa).

Table 6: Mass density, pH and titratable acidity values of flours.

Variables Recommanded Daily Allowances (RDA) (mg/100 g)
Contribution (%) of different flours to RDA

Corn F1C F2C Cav F1Cav F2Cav
Ca 700.0a 0.4 0.5 0.6 0.4 5.0 3.7
Fe 10.0a 18.0 58.0 67.0 13.0 12.0 15.0
Mg 70.0a 1.7 105.7 88.6 2.1 70.0 50.0
P 275.0a 52.7 74.9 119.6 50.0 92.7 65.8

aFood and Nutrition Board (1989) [33];
Corn: simple corn flour; F1C: first corn formulation (82.5% corn+15% soya+2.5% Moringa); F2C: second corn formulation (70% corn+25% soya+5% Moringa); Cav: simple 
cassava flour; F1Cav: first cassava formulation (82.5% cassava+15% soya+2.5% Moringa); F2Cav: second cassava formulation (70% cassava+25% soya+5% Moringa).

Table 5: Contribution (%) of some minerals content from 100 g of flour toward RDA for children aged 6-59 months.

Figure 2: Water retention capacity of the different flours. Note: Corn: simple 
corn flour; F1C: first corn formulation (82.5% corn+15% soya+2.5% Moringa); 
F2C: second corn formulation (70% corn+25% soya+5% Moringa); Cav: 
simple cassava flour; F1Cav: first cassava formulation (82.5% cassava+15% 
soya+2.5% Moringa); F2Cav: second cassava formulation (70% cassava+25% 
soya+5% Moringa).

Figure 3: Swelling rate of the different flours. Note: Corn: simple corn flour; 
F1C: first corn formulation (82.5% corn+15% soya+2.5% Moringa); F2C: 
second corn formulation (70% corn+25% soya+5% Moringa); Cav: simple 
cassava flour; F1Cav: first cassava formulation (82.5% cassava+15% 
soya+2.5% Moringa); F2Cav: second cassava formulation (70% cassava+25% 
soya+5% Moringa).
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be explained by the composition of maize-based starch in amylose and 
would make it possible to predict the high consistency of the gruels 
based on these flours. This would be due to the starch content of each 
flour including the amylose content. Svihus et al. [43] have shown that 
starches rich in amylose tend to quickly degrade or lose their swelling 
power during treatment. It is also linked to the presence of nutrients 
such as proteins, phosphorus content and lipids and the treatment that 
the flour has undergone (fermentation for example) [44].

Solubility index: The solubility index (SI) measures the amount of 
amylose solubilized in an aqueous starch suspension during heating. 
Figure 4 shows that the highest solubility indices are observed from 
80°C and that they continue to increase with temperature. This increase 
reflects the destruction of the starch molecule under the effect of heat 
with the release of amylose molecules that diffuse out of the granule 
and solubilise in the aqueous medium [45]. With the exception of the 
second cassava formulation, all solubility index values are between 5 
and 20%. This would assume that during a preparation with this flour, 
it would be more likely to downshift at the end of the preparation. 
In addition, cassava flour formulations were found to have higher 
solubility indices than corn. This difference would be due to the content 
of soluble compound in each flour such as amylose, reducing and non-
reducing sugars and soluble fibers [46].

Evolution of the flow velocity of gruels as a function of the dry 
matter concentration: The evolution of the consistency of corn and 
cassava gruels and the different formulations is given in Figure 5 which 
shows that for dry matter values below 12.5%, the flow rates of all 
prepared gruels increase to values above 400 mm/30 s; the resulting 
gruels are very liquid but low dry matter concentrations (low energy 
and nutrient densities). This may partly explain the prevalence of 
malnutrition observed in developing countries. For dry matter values 
above 12.5%, these decrease, become heavy, viscous and reach a zero 
value (0 mm/30 s) but with energy densities above 70 kcal as indicated 
by the work of Trêche et al. [47]. Because of their heavy consistency, 
these cannot be consumed by children although energetic. The flow 
velocities of these gruels are inversely proportional to their dry matter 
concentrations. During cooking, the increase in consistency of different 

gruels is attributed by water retention of the starch molecule [11]. 
Indeed, with the rise in temperature during cooking, the starch grains 
unfold, open and highlight their hydrophilic groups leading to high 
water retention and thickening of the gruel [9]. These watery and heavy 
gruel make a problem for digestion. According to Brown [48] when 
these are too watery, infants cannot consume a large quantity because of 
their limited stomach capacity (30 to 40 g/kg body weight or 150 to 200 
mL). However, when they are viscous and heavy, they are indigestible 
and cause a feeling of rapid satiety in infants. They therefore require 
treatment in order to provide them with satisfactory nutritional and 
energy value for children.

Effect of the incorporation of extract and amylase flour on the 
flow velocities of gruels with dry matter concentrations of 17.50%: 
The analysis in Table 7 shows us that in the absence of amylase sources 
to predigest starch into molecules of low molecular weight (dextrin, 
maltose, glucose) with a low water retention capacity, the prepared gruels 
have flow velocities of 0% to 17.50% dry matter concentrations. These 
gruels are therefore indigestible for children. When 2 g of amylase flour 
and 2.5 mL amylase extract are added, the trend is reversed. Indeed, 
the gruels with zero initial flow velocities increase until reaching 606.67 
mm/30 s. The incorporation of flour and amylase extract therefore 
allowed a good fluidification of the gruels. This fluidification would 
be better with the increase in the rate of amylase sources. An enzyme 
is effective when it produces the desired effect at low concentrations 
[49]. This efficiency is also related to the form of incorporation (p<0.05) 
and the substrate used. This is how the amylase flour allowed a better 
fluidification of the corn-based gruels and the extract the cassava flours-
based gruel. It is also observed that the fluidizing capacity of amylase 
sources is higher on formulated flours. This can be explained by the 
content of ions such as Ca and Mg in these flours. Indeed, Tambo et al. 
[16] have demonstrated that these ions are cofactors of amylase activity 
that improve activity up to a certain concentration (5 mM). Moreover, 
we observe that the extracts allowed a better fluidification than the 
flours as a whole. Therefore, taking into account the results obtained, 

Figure 4: Solubility index of different flours. Note: Corn: simple corn flour; F1C: 
first corn formulation (82.5% corn+15% soya+2.5% Moringa); F2C: second 
corn formulation (70% corn+25% soya+5% Moringa); Cav: simple cassava 
flour; F1Cav: first cassava formulation (82.5% cassava+15% soya+2.5% 
Moringa); F2Cav: second cassava formulation (70% cassava+25% soya+5% 
Moringa).

Figure 5: Evolution of the consistency of gruels in the absence of amylase 
sources.  Note: Corn: simple corn flour; F1C: first corn formulation (82.5% 
corn+15% soya+2.5% Moringa); F2C: second corn formulation (70% 
corn+25% soya+5% Moringa); Cav: simple cassava flour; F1Cav: first cassava 
formulation (82.5% cassava+15% soya+2.5% Moringa); F2Cav: second 
cassava formulation (70% cassava+25% soya+5% Moringa).
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we can recommend the use of amylase flours and extracts to increase 
energy intake, nutrients and the flow rate of weaning infants gruels.

Dry matter concentrations of flours with desired flow velocities 
(100-160 mm/30 s): Table 8 shows the dry matter concentrations of 
the flours to obtain flow rates between 100-160 mm/30 s. It shows that 
22.5 g of F1Cav supplemented with 2 g of germinated corn flour and 
26.5 g of F1Cav supplemented with 2.5 mL of amylase extract would 
be required to obtain a flow between 100 and 160 mm/30 s. This result 
gives us the best floury/amylase combinations unlike the cassava/
amylasic flour and corn flour/amylasic extract mixtures which gave 
us the bad ratios. However, there was an increase in the dry matter 
concentration of flour compared to the results in Figure 6. This would 
be due to the fact that the incorporation of low doses of germinated 
corn flour (source of α-amylases) in heavy, viscous gruels with initially 
zero flow velocity leads to an increase in flow velocity associated with 
an increase in dry matter and energy density [50]. It also appears that 
the viscous characters of cassava and corn gruels disappear in the 
presence of germinated corn flour. This is due to the hydrolytic action of 
amylases which degrade large starch molecules into smaller molecules 
(maltodextrins, maltose) whose swelling capacity is reduced [15]. The 
germinated corn flour thus makes it possible to pre-digest the starch 
in order to make the gruels more digestible and easy to consume. It is 
also noted that the extracts obtained higher dry matter concentrations 
than those of amylase flours. This can be explained by the fact that 
amylase flours, in addition to their amylase content, are also rich in 
starch which can fix water molecules and hinder the action of amylase 
catalysts (hydrolases) [51]. Taking into account the results obtained, we 
can recommend the use of amylase extract for the preparation of the 
gruels as it has allowed the desired flow velocity to be obtained with dry 
matter concentrations above 25 g.

Effect of the incorporation of amylase flours and crude extracts 
on the multiplication factor of the nutritional value and energy 
density of gruels: The analysis in Table 9 shows that the introduction 
of amylase sources in the preparation of flour-based gruels implies 
an increase in flour dry matter concentration. As a result, the ratio of 
gruel and amylase flour to simple gruel varies from 2.05 to 2.6 while 

the ratio with amylase extract varies from 2.2 to 5.1. These results 
show that the incorporation of amylase extracts and flours during 
the preparation of infant gruels improves their nutritional value 
compared to unsupplemented gruels. Moreover, we observe that the 
extracts presented the best multiplication factors, which confirms 
the results obtained previously. The multiplication factors obtained 
for gruels supplemented with amylase flour are lower than those of 
Zannou-Tchoko et al. [11] which showed that the introduction of 10% 
of germinated corn flour in gruels made from attiéké/soya flour and 
cassava/soya flour allowed to obtain a flow of 120 mm/30 s for a dry 
matter of 30.5% i.e., a multiplication factor of 3.8 compared to the dry 
matter concentration of the traditional gruel. Yibeltal et al. [52], has 
also shown that the use of sprouted maize seeds in the preparation 
of porridges is accompanied by an improvement in nutritional value 
and viscosity. This difference can be explained by the nutritional 
composition of the flours, the treatments applied to them (fermentation, 
germination, roasting) the proportion of ingredients in the formulation 
and the incorporation rate of amylase flours.

Effect of the incorporation of amylase flours and extracts on 
the energy intake of gruels with flow rates of 100-160 mm/30 s: The 
analysis  shows that in the absence of amylase sources, the prepared 
gruels have low energy densities (19.50-39.06 kcal) (Table 10). Taking 
3 portions of these gruels does not cover the energy needs of children 
(6-12 months) which is 360 kcal external intake [29]. It appears that the 
incorporation of flour and amylases extract made it possible to obtain 
gruels with energy densities of 74.31-100.62 kcal and 87.32-126.75 kcal 
respectively. The use of these amylase sources allowed to improve the 
energy density of the gruels compared to the traditionally prepared 
gruel between 41.37-71.75 kcal for amylase flour and 48.26-90.88 kcal 
for amylase extract. The incorporation of the amylase extract allowed 
a better improvement of the energy value of the gruels compared to 
the flour. Moreover, it also appears that the incorporation of amylase 
sources generally makes it possible to prepare weaning foods that 
comply with the recommendations made by Dewey et al. [53] which 
recommends a minimum energy density of 84 kcal/100 g of gruels for 
children aged 9-11 months. These results are similar for gruels made 

Flours Without Amylase flour (2 g) Amylase extract (2.5 mL)
Corn 0.00 ± 0.00aC 111.67±12.58cB 310.00 ± 10.00cA

F1C 0.00 ± 0.00aC 325.00 ±10.00aB 342.33 ± 2.52cA

F2C 0.00 ± 0.00aC 109.00 ± 7.81cB 235.67 ± 30.92dA

Cav 0.00 ± 0.00aC 85.00 ± 2.00dB 448.33 ± 47.52bA

F1Cav 0.00 ± 0.00aC 170.00 ± 15.00bB 484.00 ± 14.42bA

F2Cav 0.00 ± 0.00aC 118.33 ± 7.64cB 606.67 ± 35.47aA

Mean values ± standard deviation of two repetitions carrying the different letters a, b, c in the same column significantly differ (p<0.05);
Mean values ± standard deviation of two repetitions carrying the different letters A, B, C in the same row significantly differ (p<0.05);
Corn: simple corn flour; F1C: first corn formulation (82.5% corn+15% soya+2.5% Moringa); F2C: second corn formulation (70% corn+25% soya+5% Moringa); Cav: simple 
cassava flour; F1Cav: first cassava formulation (82.5% cassava+15% soya+2.5% Moringa); F2Cav: second cassava formulation (70% cassava+25% soya+5% Moringa)

Table 7: Effect of the incorporation of amylase flour or extract on the flow velocities (mm/30s) of gruels with dry matter concentrations of 17.50%.

Flours Amylase flour (2 g) Amylase extract (2.5 mL)
Corn 17.50 ± 1.00 19.00 ± 1.00
F1C 20.00 ± 0.30 20.00 ± 0.30
F2C 17.50 ± 0.10 19.75 ± 0.10
Cav 16.00 ± 0.30 21.50 ± 0.30

F1Cav 22.50 ± 0.50 26.50 ± 0.50
F2Cav 17.50 ± 0.20 25.00 ± 0.20

Corn: simple corn flour; F1C: first corn formulation (82.5% corn+15% soya+2.5% Moringa); F2C: second corn formulation (70% corn+25% soya+5% Moringa); Cav: simple 
cassava flour; F1Cav: first cassava formulation (82.5% cassava+15% soya+2.5% Moringa); F2Cav: second cassava formulation (70% cassava+25% soya+5% Moringa).

Table 8: Gruel concentrations with flow velocities between 100 and 160 mm/30 s.
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from formulated flours to those of Elenga et al. [9] which obtained 
energy values ranging from 94.2-108.43 kcal/100 mL of gruel. It was 
also observed that regardless of the form of incorporation of the amylase 

source, cassava flours had higher energy densities. This difference can 
be explained by the composition of the flours (protein, lipid, starch 
content and starch composition), the sudden treatment and the ability 

 

 

 
Figure 6: PCA diagram of physicochemical, functional properties and dry matter concentrations of the gruels. Note: DMCF: Dry matter concentration of gruels due 
to amylase flour; DMCE: Dry matter concentration of gruels due to crude extract; M: Moisture content; Li: lipids; Pro: proteins; Car: carbohydrates; Fib: fibers; TA: 
titrable acidity; Cyan: cyanide; SI: soluble index; MD: mass density; WRC: water retention capacity; SwP: swelling power.

 (2019) Application of Germinated Corn Flour on the Reduction of 
Flow Velocities of the Gruels made from Corn, Soybean, 

,Tene ST, Doungmo Fombasso AD,Tsopzong ABT, Womeni HM



Citation: Klang JM
Moringa oleifera Leaf Powder and Cassava. J Food Process Technol 10: 800. 

Page 10 of 15

Volume 10 • Issue 7 • 1000800
J Food Process Technol, an open access journal
ISSN: 2157-7110

of the amylase sources to digest its starch. The contributions (%) and 
square cosines of variables and observations are presented in Tables 11 
and 12, respectively.

Study of the correlations between physic-chemical parameters, 
functional properties and the effect of the incorporation of flour 
and amylases crude extract on dry matter concentrations of 
gruels-Principal Component Analysis (PCA): Table 13 presents 
the correlation matrix between the physicochemical, functional 
properties and effect of incorporation of amylase flour and crude 
amylase extract on dry matter concentration of gruels. The correlations 
marked in bold with are significant; p<0.05 (*) and p<0.01 (**). This 
matrix shows that the variables are correlated in small groups. Hence, 
the interest of conducting an analysis in main components in order 
to visualize the proximities and distances between these variables. 
Principal component analysis (PCA) allows us to map variables (lipids, 
fibers, protein, phosphorus, cyanide, water retention capacity, water 
absorption capacity, solubility index, Ca, Na, Mg, Fe, K, swelling rate, 
ash, titratable acidity, pH, carbohydrates, mass density and dry matter 
due to amylase flour and crude amylase extract) according to their 
correlation and proximity.

In the case of our analysis, four components F1, F2, F3 and F4 
explain 100% of the variations with respective contributions of 44.89%, 
36.55%, 10.47% and 8.08%. The PCA diagram of variables, also called 
variable correlation circles and the variable dendogram allow us to 
visualise the grouping between these factors. Figure 6 confirms once 
again the correlations but also the proximity between the different 
variables studied. According to Figure 6 and Table 8, we observed that 
the formation of these axes is dependent on the variables; this is how 
carbohydrates, fibers, solubility index, titrable acidity, P, Na, K, Ca, Mg 
and dry matter concentration of gruels due to amylase crude extracts 
allow the formation of the F1 axis. Moisture content, lipids, proteins, as, 
cyanide content, water retention capacity, swelling power, Fe and pH 
allow the formation of the F2 axis. Dry matter concentration of gruels 
due to amylase flour and mass density allow the formation of F3 and 

F4 axis, respectively. From these analyses, it emerges that the four axes 
make it possible to group the variables into 8 blocks according to PCA 
and dendogram (Figure 6 and Table 11).

We also subjected the observations to a hierarchical bottom-up 
classification with a view to sorting the different classes and this allowed 
us to group them into 3 classes with 5 active observations (Corn, F1C, 
Cav, F1Cav and F2Cav) and an additional one (F2C) as shown in Table 
12 and Figure 7. Still concerning Table 9, it also emerges that axes F1 
and F2 are the only two axes whose observations contribute to the 
training. Thus corn, F1Cav and F2Cav allow the formation of the F1 
axis. F1C, Cav and F2C (additional observation) allow the formation 
of axis F2.

From these different tables and figures, it appears that the water 
content, lipids, proteins, ashes, fibres, cyanide, mass density, titratable 
acidity, Fe, pH are correlated and form a group. Indeed, the water 
content is positively correlated to the cyanide content (r=0.908) 
and to the titratable acidity (r=0.717) but negatively to the pH (r=-
0.740). Cyanogenetic glycosides and free organic acids are water-
soluble elements. An abundance of these elements in a matrix would 
indicate quite intense water activity. As far as pH is concerned, 
significant water activity tends to dilute the concentration of basic 
compounds present thereby reducing pH. In addition, cyanide and 
pH are negatively correlated (r=-0.859). Cyanogenetic compounds are 
present in plants as glucose-HCN. These compounds are organic acids 
which once hydrolyzed release HCN (organic acid) which leads to pH 
reduction [54]. Lipids are also correlated to fibers (r=0.764), protein 
(r=0.929) and ash (r=0.993). A second grouping (not significant) is 
that between carbohydrates and swelling power. Carbohydrates are 
the main compound in cereals and tubers. They are polar molecules 
with -OH groups on their surfaces that have the ability to bind water 
molecules and swell. Water retention capacity is the third grouping. 
This parameter refers to the amount of water retained by a matrix as a 
function of temperature over a specific time. It also gives an indication 
of the strength of the hydrogen bonds stabilizing them, the amylose/

Flours
Amylase rich flour (2 g) Amylase extract (2.5 mL)

WE W F W F
Corn 8.50 12.50 2.00 19.00 2.20
F1C 7.50 20.00 2.60 20.00 2.60
F2C 7.50 17.50 2.30 19.70 2.60
Cav 4.20 16.00 3.80 21.50 5.10

F1Cav 7.50 22.50 3.00 21.50 3.50
F2Cav 7.50 17.50 2.30 25.00 3.30

Corn: simple corn flour; F1C: first corn formulation (82.5% corn+15% soya+2.5% Moringa); F2C: second corn formulation (70% corn+25% soya+5% Moringa); Cav: simple 
cassava flour; F1Cav: first cassava formulation (82.5% cassava+15% soya+2.5% Moringa); F2Cav: second cassava formulation (70% cassava+25% soya+5% Moringa); 
WE : without incorporation of amylase rich flour ; W : with amylase rich flour ; F : multiplication factor.

Table 9: Effect of the incorporation of amylase flours and extracts on the multiplication factor of the nutritional value and energy density of gruels.

Flours
Amylase flour (2 g) Amylase extract (2.5 mL)

WE W D W D
Corn 39.06 80.43 41.37 87.32 48.26
F1C 35.84 95.58 59.74 95.58 59.74
F2C 35.89 83.74 47.85 94.51 58.62
Cav 19.50 74.31 54.81 99.85 80.35

F1Cav 35.87 100.62 71.75 126.75 90.88
F2Cav 36.39 84.92 48.53 121.31 84.92

Formulation (82.5% cassava+15% soya+2.5% Moringa); F2Cav: second cassava formulation (70 Corn: simple corn flour; F1C: first corn formulation (82.5% corn+15% 
soya+2.5% Moringa); F2C: second corn formulation (70% corn+25% soya+5% Moringa); Cav: simple cassava flour; F1Cav: first cassava % cassava+25% soya+5% 
Moringa);WE: without incorporation of amylase rich flour ; W: with amylase rich flour ; D: difference

Table 10: Effect of the incorporation of amylase flours and extracts on the energy intake of gruels with flow velocities between 100-160 mm/30 s.
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amylopectin ratio as well as the food quality of a food [55]. Another 
grouping is that between the solubility index, Ca, DMCE and DMCF. 
Ca is positively correlated to DMCE (r=0.977) and DMCF (r=0.603) 
(Table 13). Calcium is a cofactor of amylase activity in crude extracts 
and amylase flours [16]. The solubility index is positively correlated to 
the DMCE (r=0.632). Solubility reflects the extent of intermolecular 
cross bonding within the granule [56]. Solubility is due to compounds 
of low molecular weight including amylose which consists essentially of 
bonds α-1,4 easily hydrolysable by amylases present in the crude extract. 
Indeed, the higher the solubility, the higher the amyloidosis and the 
greater the amylase's ability to act. The other groupings are represented 
by P, Na, K and Mg respectively. Significant positive correlation 
coefficients were observed particularly for phosphorus and K (r=0.630), 
phosphorus and Mg (r=0.786). Phosphorus is brought into the feed as a 
negatively charged phosphate group. These phosphate groups have the 
ability to bind other positively charged ions such as K and Mg, hence 
the increase in K and Mg contents with that of phosphorus.

Figure 8 presents the profile of the different classes. It appears that 
corn and cassava flours have similar profiles for groupings 2, 3, 5 and 8. 
All flours showed similar developments with classes 1 and 4. However 
in class 3, the formulated flours presented similar profiles with all the 
other classes.

Variables
Contributions (%) Square cosines

F1 F2 F3 F4 F1 F2 F3 F4
M 4.817 6.522 0.001 2.665 0.454 0.501 0.000 0.045
LI 3.999 6.967 3.578 0.560 0.377 0.535 0.079 0.010

PRO 4.622 7.185 0.045 0.691 0.436 0.552 0.001 0.012
Ash 3.841 6.336 5.302 2.059 0.362 0.486 0.117 0.035
Fib 9.781 0.788 0.171 0.803 0.922 0.061 0.004 0.014
Car 5.331 6.266 0.700 0.060 0.503 0.481 0.015 0.001

Cyan 1.488 10.654 1.684 0.287 0.140 0.818 0.037 0.005
MD 3.430 0.006 12.503 23.634 0.323 0.000 0.275 0.401

WRC 0.171 12.258 1.515 0.569 0.016 0.941 0.033 0.010
SI 4.890 0.820 19.087 3.318 0.461 0.063 0.420 0.056

SwP 1.169 11.373 0.185 0.749 0.110 0.873 0.004 0.013
pH 0.001 11.041 0.019 8.953 0.000 0.848 0.000 0.152
TA 9.337 0.400 2.622 1.851 0.880 0.031 0.058 0.031
P 7.062 0.022 13.693 1.855 0.666 0.002 0.301 0.032

Na 8.672 0.005 7.201 1.401 0.817 0.000 0.158 0.024
K 7.078 2.010 0.425 9.960 0.667 0.154 0.009 0.169
Fe 0.132 8.109 3.448 17.039 0.012 0.622 0.076 0.289
Ca 7.043 1.917 0.012 11.110 0.664 0.147 0.000 0.189
Mg 6.127 2.674 5.972 5.057 0.578 0.205 0.131 0.086

DMCF 4.457 0.290 21.833 4.567 0.420 0.022 0.480 0.078
DMCE 6.553 4.357 0.003 2.810 0.618 0.334 0.000 0.048

DMCF: Dry matter concentration of gruels due to amylase flour; DMCE: Dry matter concentration of gruels due to crude extract; M: Moisture content; Li: lipids; Pro: 
proteins; Car: carbohydrates; Fib: fibers; TA: titrable acidity; Cyan: cyanide; SI: soluble index; MD: mass density; WRC: water retention capacity; SwP: swelling power.

Table 11: Contributions and square cosines of variables.

Variables
Contributions (%) Square cosines

F1 F2 F3 F4 F1 F2 F3 F4
Corn 33.699 11.680 1.024 33.597 0.681 0.192 0.005 0.122
F1C 2.243 41.544 8.838 27.376 0.052 0.786 0.048 0.114
Cav 22.801 34.550 0.002 22.646 0.414 0.511 0.000 0.074

F1Cav 19.954 11.946 31.742 16.358 0.498 0.243 0.185 0.074
F2Cav 21.304 0.280 58.394 0.023 0.606 0.006 0.387 0.000
F2C 0.289 0.581 0.037 0.093

DMCF: Dry matter concentration of gruels due to amylase flour; DMCE: Dry matter concentration of gruels due to crude extract; M: Moisture content; Li: lipids; Pro: 
proteins; Car: carbohydrates; Fib: fibers; TA: titrable acidity; Cyan: cyanide; SI: soluble index; MD: mass density; WRC: water retention capacity; SwP: swelling power.

Table 12: Contributions and square cosines of observations.
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Figure 7: Profile of observation classes. Note: Corn: simple corn flour; F1C: 
first corn formulation (82.5% corn+15% soya+2.5% Moringa); F2C: second 
corn formulation (70% corn+25% soya+5% Moringa); Cav: simple cassava 
flour; F1Cav: first cassava formulation (82.5% cassava+15% soya+2.5% 
Moringa); F2Cav: second cassava formulation (70% cassava+25% soya+5% 
Moringa).
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Figure 8: PCA and flour dendogram pattern of observations flours.
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Hierarchical bottom-up classification analysis has defined three 
classes. These classes are represented by the different formulations 
(F1Cav, F2Cav, F1C and F2C), cassava and corn flours. These groupings 
show that the different formulations are very similar in terms of 
the different parameters evaluated (functional, physical-chemical 
properties and flow velocities). However, cassava and corn flours are 
far apart according to this analysis, which is explained by the fact that 
they are very different in terms of the parameters evaluated. It also 
appears that the different formulations have the best nutritional and 
energy values (Figure 6). These are therefore recommended for use in 
the preparation of infant foods.

Conclusion
At the end of this work, where it was a question of determining the 

influence of the protein and lipid content of flours on the consistency 
and nutritional value of flours formulated from corn, cassava, soya and 
Moringa oleifera, it emerged that the first corn formulation and the first 
cassava formulation had the best energy densities and the best flow 
velocities. The proximate chemical composition, in particular the lipid 
and protein contents of flours vary significantly with the substitution 
rate of soybean meal. The analysis of the functional and physical 
properties showed that the different flours have a high water retention 
capacity and a moderately better swelling rate. The use of crude extract 
and amylase flour revealed that at 2.5 mL and 2 g, respectively, they 
reduced the consistency of the gruels with better activity for the crude 
extract. Generally speaking, the use of amylase sources when cooking 
gruels resulted in an increase in energy density and nutritional value 
between 2.66 for amylase flour and 3.53 for amylase extract. It also 
appears that the fluidising capacity of the various amylase sources was a 
function of the nature of the flour, its physical and functional properties 
and its composition.
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