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Abstract

Introduction: Traditional complementary foods in Africa, which are based solely
on cereals, are unable to meet the nutritional needs of infants during weaning.
The use of protein-rich plant resources in combination with these cereals appears
to be necessary. The objective of this study is to develop a high-quality nutritional
weaning flour for infants from corn kernels, Citrullus lanatus, and Moringa oleit-
era leaves. Methodology: An MbCMo flour containing 75% raw yellow corn,
15% defatted Citrullus lanatus, 10% Moringa oleifera, an MfCMo flour contain-
ing 80% fermented yellow corn, 15% defatted Citrullus lanatus, and 5% Moringa
oleifera, and MgCMo flour containing 75% germinated yellow corn, 15% defat-
ted Citrullus lanatus, and 10% Moringa oleifera. A commercial industrial flour
was used as a control. These three formulated feeds and the control were analyzed
for their overall composition, mineral content, and antinutritional factors using
standard methods. Results: Biochemical analyses of the three formulated feeds
revealed water contents ranging from 2.5 to 5.4 g/100 gDM, lipids from 3.35 to
4.23 £ 0.01 g/100 gDM, proteins from 17.55 to 18.64 g/100 gDM, ash 2.38 to 3.38
g/100 gDM, fiber 1.54 to 3.13%, carbohydrates 70.63 to 75.17 g/100 gDM, and
energy value 395.15 to 401.03 Kcal/100 gDM. These values are similar to the con-
trol and to the recommendations defined by the World Food Program. With re-
gard to minerals, the formulations contained appreciable amounts, while antinu-
tritional factors and mineral phytate molar ratios (Ca, Zn, Fe) were below critical
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levels. Conclusion: Overall, the formulated samples and the control sample com-
ply with the standards defined by the WEFP for infant nutrition.
Keywords

Weaning Flour, Corn, Cirtullus lanatus Squash Seeds, Moringa oleifera,
Nutritional Quality

1. Introduction

Nutritional problems in children, particularly protein-energy malnutrition, gen-
erally arise during the weaning period. This malnutrition is partly due to the high
cost of enriched, nutritious complementary foods available on the market in de-
veloping countries, making them inaccessible to low-income mothers [1]. On the
other hand, the use of porridges made solely from cereals (corn) unfortunately
does not meet the nutritional needs of children due to their low protein content,
low energy density, and high volume [2]. Given this situation, the search for new
local plant resources that can improve the poor nutritional quality of porridges
appears to be essential. Citrullus lanatus squash seeds contain high levels of pro-
tein (29% - 40%) [3], as well as essential amino acids such as valine, lysine, and
methionine, which are very important for children’s nutrition [4]. The leaves of
Moringa oleifera are rich in minerals and protein (25% and 39%) and also contain
all ten essential amino acids and essential fatty acids [5]. A mixture of Citrullus
lanatus and Moringa oleifera powder with a cereal (Zea mays) could be used to
formulate a food of good nutritional quality for weaning children. It is in this con-
text that this work is being carried out with a view to improving the safety and
nutritional status of children by developing a high-quality nutritional weaning

flour for infants from Citrullus lanatus seeds and Moringa oleiferaleaves.

2. Materials and Methods
2.1. Plant Material

The plant material consists of yellow corn kernels (Zea mays) and Citrullus lanatus
squash seeds purchased at the Adjamé market in the District of Abidjan, while the
Moringa oleifera (Moringaceae) leaves were harvested at Félix Houphouét-Boigny
University in Abidjan, Céte d’Ivoire.

2.2. Production of Raw, Sprouted, and Fermented Yellow
Corn Flour

The corn kernels were sorted to remove stones, foreign materials, insects, and
damaged kernels. The raw yellow corn kernels were washed with double-distilled
water and dried in an oven at 60°C for 20 hours before being ground and stored

in a jar [6]. To obtain sprouted flour, the corn kernels were soaked in distilled
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water for 24 hours and spread out on a cloth for 3 days on a workbench. The
sprouted grains were dried in an oven at 65°C for 72 hours and left to cool in a
desiccator for 30 minutes, then sorted again, degerminated, and finally ground
using a blender [7]. As for the fermented flour, the corn kernels were soaked in
distilled water at room temperature () for 3 days. The kernels were then carefully
washed, drained, wet-milled, sieved, and dried in an oven at 60°C for 20 hours.
The resulting flour was oven-dried and re-ground in a blender, sifted, and stored

in a jar [8].

2.3. Production of Moringa oleifera Powder

The leaves were sorted, washed, and dried. The powder obtained was immediately

packaged in a jar and left at room temperature [9].

2.4. Production of Citrullus lanatus Flour

The squash seeds were sorted to remove impurities. The defatted flour was ob-

tained using the method described by Kouakou et al [10].

2.5. Formulation of Compound Food Flours

The mixture of different ingredients (raw, sprouted, and fermented corn), Citrullus
lanatus delipidated and Moringa oleifera was based on the complementary nature
of each flour’s composition in order to obtain a composite flour with a high protein
and energy value close to that recommended by the WFD [11] and the industrial
instant phosphate control flour (TMN), intended for children aged 6 months and
older. Thus, a composite flour called MbCMo was formulated containing 75% raw
yellow corn, 15% Citrullus lanatus delipidated, 10% Moringa oleifera, a composite
flour MfCMo containing 80% fermented yellow corn, 15% defatted Citrullus
lanatus, and 5% Moringa oleifera; and a composite flour called MgCMo containing
75% germinated yellow corn, 15% defatted Citrullus lanatus, and 10% Moringa
oleifera. Table 1

Table 1. Diet formulations.

Diet
Ingredients
MbCMo MgCMo MfCMo
Corn crude % 75
Sprouted corn % 75
Fermented corn (%) 80
Squash % 15 15 15
Moringa oleifera % 10 10 5

MbCMo: dietfoodbased on raw corn, Citrullus lanatus delipidated, Moringa oleifera; MgCMo:
dietfoodbased on germinated corn, Citrullus lanatus defatted; MfCMo: dietfoodbased on fer-
mented corn, Citrullus lanatus defatted, Moringa oleifera.
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2.6. Analysis of the Chemical Composition of Compound Flours

The titratable acidity, pH, protein, lipid, and fiber content of the compound flours
were determined using the AOAC method [12]. The moisture and ash content of
the compound flours were determined using the AOAC method [13]. The carbo-
hydrate content and energy values were determined using the method recom-
mended by the FAO [14].

2.7. Analysis of the Composition and Mineral Content of
Weaning Flours

Potassium (K), calcium (Ca), sodium (Na), magnesium (Mg), phosphorus (P), iron
(Fe), zinc (Zn), and copper (Cu) were measured by atomic absorption spectro-
photometry according to the digestion method of Singleton et a/. [15] using strong

acids.

2.8. Determination of Secondary Metabolites in Weaning Flours

The analysis of secondary metabolites (polyphenols, flavonoids, and tannins) in
formulated complementary foods was performed using the respective methods
described by Singleton et al [15], Meda et al. [16], and Bainbridge et al [17].

2.9. Determination of Antinutritional Factors and Molar Ratios in
Weaning Flours

Phytates were quantified using the method of Latta & Eskin [18] and oxalates us-
ing the AOAC method [19]. The phytate/iron (Phy/Fe) molar ratio and the phyt-

ate/zinc (Phy/Zn) molar ratio were calculated using the formula of Harland [20].

2.10. Statistical Analysis

The results were expressed as mean + standard deviation and subjected to one-
way analysis of variance (ANOVA 1) using R software version 4.4.3. Differences
between means were assessed using Tukey’s test. Differences were considered sta-

tistically significant when P < 0.05.

3. Results
3.1. Chemical Composition of Weaning Flours

Composite flours compared to the control have a lower pH ranging from 5.32 +
0.01% for the MgCMo diet to 5.42% + 0.27% for the MbCMo diet and higher acidity
ranging from 1.2 meq/100g for MbCMo to 2 meq/100 g for MgCMo (P < 0.05). In
terms of moisture content, the composite flours had a r content ranging from 2.5
0.1 g/100 gDM (MgCMo) to 5.4 g/100 gDM (MbCMo). The lipid content of the
control diet (4.45 £ 0.01 g/100 gDM) was higher (P < 0.05) compared to the MbCMo
(4.23 £ 0.01g/100 gDM), MfCMo (3.35 + 0.01 g/100 gDM) and MfCMo (3.85 + 0.02
g/100 gDM) diets. In terms of protein content, they are all different from each other
(P < 0.05). The protein content of the formulated flours varies between 17.55 + 0.02
g/100 gDM for MfCMo and 18.64 + 0.01 g/100 gDM for MbCMo. The processed
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flours MbCMo (3.38 + 0.01 g/100 gDM) and MgCMo (3.01 + 0.02 g/100 gDM) have
a higher mineral content than the control (2.6 g/100 gDM) and MfCMo flour (2.38
+0.03 g/100 gDM). A different observation was made with regard to fiber content.
The control flour had the highest content, at 3.3 + 0.01 g/100 gDM. The fiber con-
tent of MbCMo, MfCMo, and MgCMo flours was 3.13 + 0.01 g/100 gDM, 1.54 +
0.02 g/100 gDM, and 2.26 + 0.02 g/100 gDM, respectively (P < 0.05). The carbohy-
drate content of the composite flours and the control ranged from 70.63 + 0.05 g/100
gDM to 75.17 £ 0.03 g/100 gDM (P < 0.05). MfCMo flour contained 75.17 + 0.03
g/100 gDM, which was higher than the other feed flours. Finally, the energy value
of the composite flours ranged from 395.15 + 0.04 kcal/100 gDM to 401.03 + 0.30
kcal/100 gDM. The MfCMo composite flour (401.03 + 0.30 Kcal/100 gDM) has the
highest value (P < 0.05). Compared to the control (404.05 + 0.01kcal/100 gDM), the
processed flours have lower energy contents (P < 0.05) (Table 2).

Table 2. Biochemical composition of compound flours.

Parameters TMN MbCMo MfCMo MgCMo
pH 6.09 £ 0.01* 542 +0.27> 5.33+0.01> 5.32+0.01°

Acidity (meq/100 g) 0.6 + 0.00¢ 1.2 £0.00° 1.4 £ 0.00° 2 +0.00°

Moisture (g/100 gDM) 41+0.3° 5.4 +0.03° 4.9 +0.3® 2.5+0.1¢
Lipids (g/100 gDM) 4.45+0.01° 4.23+0.01®> 3.35+0.01¢ 3.85+0.02°
Protein (g/100 gDM) 18.2+0.03®> 18.64 £0.01* 17.55+0.01¢ 17.74 +0.02¢
Ash (g/100 gDM) 2.6 +0.02¢ 3.38+0.0la 2.38+0.03¢ 3.01+0.02°
Fiber (g/100 gDM) 3.3+£0.01° 3.13+£0.01> 1.54+0.02¢  2.26 +0.02¢

Total carbohydrates

72.8 +0.01° 70.63 +0.05¢ 75.17 +£0.03* 73.14 +0.01°
(g/100 gDM)

Energy values (kcal/100

404.05 + 0.01* 395.15 + 0.04¢ 401.03 + 0.30®> 398.17 + 0.07¢
gDM)

Each value is the mean * standard deviation results obtained in triplicate. a, b,c ,d.means
followed by different letters on the same lineare significantly different (P < 0.05).

3.2. Mineral Composition of Prepared Weaning Flours
and the Control

The sodium content of the compound feeds ranged from 12 mg/100 g for the
MbCMo diet to 33.1 mg/100 g for the MfCMo diet, which was lower than that of
the control (161 mg/100 g) (P < 0.05). The magnesium content ranged from 388
mg/100 gDM to 442.8 mg/100 gDM. There were no significant differences (P >
0.05) between the test flours or between the test flours and the control. As for
potassium, the MgCMo diet (675.2 mg/100 gDM) had a high level, followed by
MbCMo (673.7 mg/100 gDM), which was higher than the control in this study,
except for the MfCMo diet (589.98 mg/100 gDM) (P < 0.05). Next, the calcium
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value varies between 192.2 mg/100 gDM and 378.5 mg/100 g. The MfCMo diet
recorded the lowest value (192.2 mg/100 g), while the highest value was observed
in the MbCMo diet, with a content of 378.5 mg/100 g. However, the different cal-
cium contents of the formulations are lower than the control (471 + 0.04 mg/100
g) (P <0.05). Unlike calcium, the iron content in the three formulations (MbCMo
9.7 £ 0.02 mg/100 g, MfCMo 9.59 * 0.01 mg/100 g and MgCMo 10.61 + 0.02
mg/100 g) was higher (P < 0.05) than that of the control diet (7.5 mg/100 g). The
zinc (6.3 + 0.01 mg/100 gDM) and copper (2.4 + 0.01 mg/100 gDM) values of the
control batch were higher (P < 0.05) than those of the other weaning feeds. The
MbCMo test diet had the highest copper and zinc values (1.34 mg/100 g and 4.96
mg/100 g) compared to the other two test diets, and the MfCMo diet had the low-
est zinc content (4.91 mg/100 g) (Table 3).

Table 3. Mineral content of compound flours and control.

Parameters Diet
(mg/100 gDM) TMN MbCMo MfCMo MgCMo
Sodium 162 £ 0.01* 12 + 0.024 33.1 £0.03° 30.6 £0.01¢
Magnesium 401 £ 0.03* 442.8 +£0.03* 405.2 £ 0.05* 388 £ 0.03*
Potassium 660 £ 0.02¢ 673.7 £ 0.01° 589.9 + 0.02¢ 675.2 £0.02*
Calcium 471 £ 0.04* 378.5 +0.02° 192.2 +0.01¢ 349.8 £ 0.02°¢
Iron 7.5 +0.034 9.7 +£0.01° 9.59 + 0.04¢ 10.61 £ 0.02*
Copper 2.4 +£0.01* 1.34 +0.02° 1.31 £ 0.01°¢ 1.25 +0.03¢
Zinc 6.31 £0.01* 4.96 +0.01° 491 £ 0.05¢ 4.96 +0.02°

Each value is the mean + standard deviation results obtained in triplicate. a, b, ¢ ,d on the
same line. Means followed by letter sdifferent (are significantly different (P) < 0.05).

3.3. Secondary Metabolite Composition of Weaning Flours
and the Control

The MfCMo composite flour contains the highest levels of polyphenols (0.84
mg/100 gDM), flavonoids (0.64 + 0.01 mg/100 gDM) and tannins (0.55 + 0.01
mg/100 gDM). The flavonoid content of MbCMo meal (0.35 + 0.02 mg/100 gDM)
and MgCMo meal (0.28 + 0.01 mg/100 gDM) is similar. Similarly, there was no
significant difference between the tannin content of MbCMo flour (0.31 + 0.01
mg/100 gDM) and that of the control (0.35 + 0.01 mg/100 gDM) (Table 4).

3.4. Antinutritional Factor Composition of Weaning Flours
and the Control

The antinutritional content and molar ratios of weaning flours and the control are
shown in Table 5. The oxalate content of compound flours, ranging from 0.42 *
0.01 for MbCMo to 1.14 £ 0.01 for MgCMo, is lower than that of the control (2.58
+ 0.01). Similarly, the oxalate content of the control (0.54 + 0.01) is higher than
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the levels of the three compound feeds, ranging from 0.35 + 0.02 for MgCMo to
0.43 + 0.01 for MfCMo (P < 0.05). The molar ratio of the formulations differs
between them and from the control (P < 0.05).

Table 4. Secondary metabolite composition of weaning flours and control.

Parameters TMN MbCMo MgCMo MfCMo

Polyphenols 0.76 + 0.01° 0.55 £ 0.01°¢ 0.36 + 0.02¢ 0.84 £ 0.01*
Flavonoids 0.44 +0.02° 0.35 +0.02°¢ 0.28 +£0.01¢ 0.64 £0.01°

Tannins 0.35 +0.01° 0.31 +£0.01° 0.26 £ 0.01°¢ 0.55 £ 0.01*

Each value is the mean + standard deviation results obtained in triplicate. a, b, ¢, d on the
same line. Means followed by different letters (are significantly different (P) < 0.05).

Table 5. Antinutritional factors in weaning flours and the control.

Parameters TMN MbCMo MgCMo MfCMo
Oxalates 2.58 £0.01* 0.42 +0.01¢ 1.14 £ 0.01° 0.64 £ 0.01°
Phytates 0.54 £ 0.01* 0.42 +0.02¢ 0.35 + 0.02¢ 0.43 +0.01°

Phytate/Iron 0.006 + 0.01* 0.004 + 0.01° 0.003 = 0.01¢ 0.004 + 0.01°
Phytate/Calcium 6.95.10~° + 0.01° 6.66.10~° + 0.02° 6.09.107° + 0.01¢ 1.35.10~* + 0.01®

Phytate/Zinc 0.008 + 0.02° 0.008 +0.01% 0.007 £ 0.01¢ 0.008 + 0.01°

Each value is the mean + standard deviation results obtained in triplicate. a, b, ¢ ,d on the
same line. Means followed by different letters (are significantly different (P) < 0.05).

The phytate/iron molar ratio ranges from 0.003 + 0.01 for MgCMo to 0.004 +
0.01 for MfCMo and MbCMo. The phytate/iron ratios of MbCMo and MfCMo
flours show no significant difference and are higher than that of MgCMo but
lower than the control (0.006 + 0.01). Regarding the molar ratio of phytate to cal-
cium, MfCMo flour has the highest content, 1.35.10™* + 0.01, which is higher (P <
0.05) than the MbCMo and MgCMo formulations and the control. In terms of the
molar ratio of phytate to zinc, there is no significant difference between the con-
trol and MgCMo (P > 0.05), and both have higher values than the MgCMo diet
(0.007 £ 0.01).

4. Discussion

The composite flours used all have an acidic pH (5.32 to 5.42) comparable to the
pH value (5.49) reported by Sankhon et al [21] in Guinea-Conakry and that ob-
tained in Cdte d’Ivoire between 6.23 and 6.31 by Sika et al. [22]. According to Soro
et al. [23], any flour with an acidic pH is better protected from attacks by micro-
organisms.

The moisture content of the compound flours in this study remains below the 5%

threshold recommended by the World Food Programme [11], except for the
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MbCMo diet (5.4 g/100 Ms). However, it remains below the Egyptian standard,
which states that the recommended water content for weaning foods should not ex-
ceed 7%. The low water content of complementary food flours would be beneficial
for their preservation. According to D’Souza et al. [24], the preservation of food and
food products depends on their water content, as this regulates the activity of mi-
croorganisms. The protein content of the MbCMo complementary food (18.64
g/100 gDM) was higher than that of the MfCMo (17.5 g/100 gDM) and MgCMo
(17.74 g/100 gDM) flours. Based on the standards set by the Codex Alimentarius,
the protein content of weaning foods should be between 14.52 g/100 g and 37.76
g/100 g to facilitate maximum amino acid supplementation in the diet and growth
[25] [26]. The high protein content in these flours is due to both Moringa oleifera
and Citrullus lanatus powder, which are known for their high protein content. The
digestive tract of infants does not properly digest foods with high fiber content [26].
As a result, the composite flours used in this study have a fiber content of less than
5%, meeting the standards set for weaning foods [11].

The mineral content of a food corresponds to its ash content [27]. The various
test diets developed and the control diet had values above 2%, as recommended
by the WFD [11]. The carbohydrate content of the compound flours was within
the recommended standards set by the Codex Alimentarius, between 60% and
75% [28], and also in line with the results obtained by Sika et al [22], which were
around (69.73% - 76.48%). This result reflects the high carbohydrate content of
the diets, showing that they could be a source of energy for infants.

In addition, the lipid content of the processed flours (3.35% to 4.2%) complies
with the requirement of less than 10% [26]. This low lipid content appears to be
beneficial. It increases quality, as it promotes better preservation of the flours.
These results are comparable to those of the different diets obtained in the work
of Tiencheu et al [25], which ranged from 3.15 to 4.49.

The energy content of the diets designed was higher than the results obtained
by Ijarotimi [29] for various diets based on corn, defatted peanuts, and ginger,
ranging from 371.49 kcal/100 g to 394.53 kcal/100 g. In addition, among the com-
plementary flours produced, the energy value of the MfCMo diet complies with
the recommended standard of 400 kcal/100 gDM [11], while the other two have
values close to the recommended level.

Calcium, magnesium, and phosphorus contribute positively to bone and tooth
formation and growth. The various magnesium contents found were higher than
the values obtained in fermented and malted weaning porridges enriched with
pumpkin seed flour (Cucurbita pepo) by Okoro et al. [26]. Although the calcium
content of the diets was lower than the control, it was within the range recom-
mended by the WED [11], i.e., 260 - 400 mg/100 g, except for the MfCMo formu-
lation (192 mg/100 g). These values were compared with the research conducted
by Okoro ef al [26] on instant multigrain weaning foods enriched with pumpkin
seeds ( Cucurbita pepo), which ranged from 195.93 to 199.50 mg/100 g. Iron defi-

ciency can have a negative impact on the growth of newborns during the weaning
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phase [30]. The formulated complementary foods contain more iron than the con-
trol. Similarly, these iron values (9.59 to 10.61 mg/100 g) are higher than the iron
values (0.3 to 5.8 mg/100 g) of weaning foods made from puffed corn, African
carob, and bambara groundnuts by Jjarotimi & Keshinro [8]. The zinc content in
the complementary foods developed by was lower than that of the control, but still
within the range of 3 mg/100 g to 8.40 mg/100 g specified by the WFD [11].

The presence of phytochemicals in flours is beneficial for infants from a nutritional
standpoint. According to Zhang et al. [31], a low intake of phytochemicals is desira-
ble for controlling the onset of obesity and associated diseases. The antinutritional
concentrations in these diets were comparatively lower than critical levels, as re-
ported by Ijarotimi [29] (1.65 mg/100 g and 3.65 mg/100 g) to (9.48 mg/100 g and
31.31 mg/100 g) respectively for oxalate and phytate from three compounds of yellow
corn (raw, sprouted, and fermented), defatted peanuts, and ginger, indicating good
availability of minerals in these diets that can be absorbed into the bloodstream [26].
The molar ratios (phytate/iron; phytate/calcium; phytate/zinc) of the different diets
developed were below the critical thresholds of 0.15, 0.24, and 15 [32], suggesting
better bioavailability of iron, calcium, and zinc in the bloodstream for the benefit of
infants.

This study was limited to the physicochemical characterization and evaluation
of the antinutritional factors of the developed flours. However, the absence of mi-
crobiological analyses does not allow for full assurance of the safety of the formu-
lated food products. In addition, no in vivo biological evaluation was performed
to assess the bioavailability of nutrients and the nutritional efficacy of the compo-
site flours. Finally, no sensory acceptability test was performed on the composite

flours.

5. Conclusion

In summary, the composite flours developed have acceptable nutritional qualities
that comply with the recommended standards for weaning foods. As a result, these
formulations could potentially be used to prevent nutritional problems, especially
protein-energy malnutrition in children during weaning. Nevertheless, in order
to better promote these food products, further studies are needed to evaluate the
microbiological quality of the composite flours, determine their nutritional effi-

cacy in vivo, and assess their sensory acceptability.
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