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Abstract The nutritional quality of infant flours used in dietary diversification as complementary foods for infants
and young children is crucial. This study aims to assess the nutritional quality of local infant flours produced in
N'Djamena. The methodology consisted of determining several biochemical parameters of 15 samples. Except for
total carbohydrates, standard methods determined mean values for biochemical parameters, which ranged from
6.62+0.00 to 7.30+0.14% for moisture content; from 1.82+0.09% to 2.42+0.02 % for ash content; and from
9.98+0.18% to 11.06+0.03% for protein; from 9.70+0,61% to 16.04+0.24% for lipids, and from 63.22+0.07% to
71.29+0.48% for carbohydrates. For the energy values per 100g of flour, the average values were between
409.01+1.96 and 441.53+1.79 kcal. The aflatoxin concentrations varied between 2.78 ppb and 50.61 ppb. This study
showed that the flours analyzed presented an appreciable nutritional quality. However, improving protein contents
and controlling production processes to reduce aflatoxin concentrations are essential.
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1. Introduction

Complementary foods help address protein, energy and
mineral deficiencies in malnourished children [1].

In sub-Saharan Africa, the first complementary foods
are most often porridges made from cereals, roots, or
tubers, with or without sugar. They are rich in
carbohydrates and low in protein [2,3].

The compositions of cereal flours (red sorghum, rice),
oilseeds (soybeans, peanuts, sesame), and vegetables
(carrots, beets) have been studied by several authors.

[4,5,6,7,8] showed that water content is a determining
parameter in flour storage. [2,9,10,11] reported that the
nature of the packaging is the cause of the increase in
water content in a food, due to its lack of water vapor
tightness in the storage environment. [12] noted the rapid
deterioration by water transfer in poorly stored food in an
environment with high relative humidity (53-97%) and an
ambient temperature of 20 to 30°C.

[13] showed that mineral salts are essential elements for
the proper functioning of the body and growth.

[11,14,15] showed that regular consumption of low-
protein foods would expose infants and young children to
malnutrition. If the lipid and carbohydrate levels in flour
are low, the energy value of its composites would decrease

over its shelf life [10].

[16,17,18] reported a potential risk to infant health
when tolerable levels for aflatoxins are not met in foods.
This study is part of the quality control of foodstuffs
intended for infant feeding during the weaning period. It
specifically targets the nutritional quality of three types of
artisanal infant flours commonly found in stores in
N'Djamena.

2. Materials and Methods

This is a cross-sectional, analytical, and descriptive
study. It was conducted between June and August 2024 in
the municipality of N'Djamena. Biochemical analyses
were performed in the physicochemistry laboratory of the
Food Quality Control Center (CECOQDA) in N'Djamena.

2.1. Description of Study Material

The materials used in this study consisted of three local
baking flours. These three flours are made from local
ingredients available and accessible in the various markets
of the capital.

e BIOKADJI flour (FC1): made from corn, sesame,

peanuts, rice, and red sorghum;

e NUTRINAT flour (FC2): made from red sorghum,
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cowpeas, peanuts, carrots, and beets;

e Flour (FC3): made from red sorghum, soybeans,
and peanuts. The name of this flour does not appear
on the packaging.

Figure 1. Photograph of the 3 composite flours in the study

2.2. Sample Collection and Preparation

Five samples packaged in 500g containers for each
flour were purchased from three different retail outlets in
the city of N'Djamena. These are the BIOKADJI store in
N'Djari for FC1, the Bon Samaritain University Hospital
Center for FC2 and the Our Lady of the Apostles Hospital
for FC3. Five 5009 bags were purchased from each point
of sale. The 5 samples from each point of sale were mixed
and 500g were taken for each type of analysis. Then, these
samples were transported, under adequate hygienic
conditions, to the CECOQDA physicochemical and
microbiological analysis laboratories.

2.3. Determination of Biochemical
parameters

All analyses were performed according to standard
methods used in CECOQDA laboratories, with the
exception of the determination of total carbohydrate
content. The latter was performed using the difference
method based on a literature review.

2.3.1. Water and Dry Matter Content

Water and dry matter (D.M.) contents were determined
after drying 5g of the ground sample at 105°C in an oven,
according to the NF EN ISO 712-1:2024 Reference
Method [19]. Water content is calculated using the
following formula:

% Hzo = (Ml'MZ)/(Ml'MO) X 100,

MO: weight of the empty crucible; M1: weight of the
crucible containing the sample to be dried; M2: Weight of
the crucible and sample assembly after drying.

The dry matter content was calculated as follows:

% DM =100 - % H,0.

2.3.2. Crude Protein Content

The crude protein content was determined after total
nitrogen determination using the Kjeldahl method [20],
after total sulfuric mineralization of the biological material
in the presence of copper sulfate as a catalyst. The
nitrogen content was calculated using the formula:

WN=((0.014)x(V -V0)x(0.05))/mPE;

V, denotes the volume of the blank; V, the volume of

the titrant used; mPE, the mass of the test sample in grams.
0.014 is the expression in grams of the amount of nitrogen
equivalent to using 1 ml of a 0.5 mol/l sulfuric acid
solution.

The crude protein content is obtained by multiplying
the total nitrogen content by 6.25 as follows:

The mass of crude protein WP = WN x 6.25 [21].

2.3.3. Lipid Content

Lipid extraction was performed with n-hexane using a
Soxhlet apparatus [22]. After extraction and separation,
the resulting fat was placed in an oven at 105°C to
evaporate the remaining solvent. The calculation of the
total fat or lipid content is done according to the formula:

(%) lipids = ((P1-Po)/Test Sample) x 100;

Po: empty flask weight;

P1: Weight of the flask containing the lipids

2.3.4. Ash Content

The ash content was obtained after incinerating the
ground material at a temperature of 550°C in an
electrically heated furnace for 8 hours until a constant
mass was obtained [23].

The total ash content was calculated using the following
formula:

% C = ((P1-P2)/P)*100;

% C: the ash content; P1: the weight of the empty
crucible; P2: the weight of the ash after incineration at
550°C + the weight of the crucible; P: the weight of the
test sample.

2.3.5. Carbohydrate Content

Carbohydrate content was determined using the
difference method [6]:

% Total Carbohydrate = 100 — (% Water + % Protein + %
Fat + % Ash)

2.3.6. Determination of Theoretical Energy Value

The theoretical energy value was calculated using the
specific coefficients of Merrill and Watt [24], adopted by
FAOQO [21], for protein, fat, and carbohydrate.

Theoretical energy value (Kcal/100g) = (P x 4) + (G x 4)
+ (L x 9); where

P: percentage of crude protein; G: percentage of total
carbohydrate; L: percentage of total fat.

2.3.7. Detection of Total Aflatoxins B1, B2, G1 and G2

The determination of aflatoxins B1, B2, G1 and G2 was
carried out using the immunoaffinity column purification
method  followed by  high-performance liquid
chromatography (HPLC) with post-column derivatization
[25]. The results are expressed in ppb or ug/kg according
to the following formula:

C = (CmxV1xVE)/(PExV2);

C denotes the concentration of total aflatoxins in the
sample.

Cm denotes the cumulative concentration of aflatoxins
in pg; V1 the volume of the extraction solvent (75 ml);
VE the extracted volume (5 ml); PE the test sample in
grams; V2 the volume after filtration (10 ml).
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3. Results

Biochemical analyses consisted of determining water
content or moisture content (WC), total ash (TA), crude
protein (CP), total lipid (TL), total carbohydrate (TC), and
energy value (EC). The average results obtained for these
parameters are shown in Table 1.

Table 1. Summary of the results of analyses of the biochemical
parameters of the 4 flours (Mean +Standard deviation)

VE
Saemp' %TH %CT PB(%) LT(%) GT(%) (Kcalll
00g)
Fe1 730+ 237+ 11,06+ 16,04+ 6322+ 44153+
0,14*  0,00° 0,03 0,24 0,07° 1,79°
Fo2 721+ 182+ 9980, 9,70+0, 71,29+ 41236+
0,23* 0,09 18° 61° 0,48 4.34°
FC3 6,62+ 242+ 1037+ 1224+ 6834+ 42505+
0,00°  0,02° 0,21° 0,59 0,35° 3,03
FAO/
WHO
Standa 5 >2 12-15  7-10  65-68 400
rd
2011

A, B, C: In the same column, means not sharing any letters are
significantly different.

Table 1 presents the results obtained for the
biochemical parameters studied:

- Moisture content (%TH): All the samples studied
presented moisture content ranging from 6.62 to 7.44
higher than the standard norm which is 5%. Statistical
analysis of the samples proved that the means obtained are
significantly different (p = 0.033 < 0.05). However, the
two-by-two comparison using the Fischer least significant
difference method showed that the values for samples FC1
and FC2 do not present any significant difference. On the
other hand, significant differences are revealed between
the means for samples FC1 and FC3, as well as for
samples FC2 and FC3 (Table 1). These results show that
the infant flours studied are rich in energy macronutrients.

- Total ash content (%CT): All samples studied had
total ash contents ranging from 1.91 to 2.44, which is
within the standard threshold of >2%. Statistical analysis
of the samples revealed significant differences (p=0.00
<0.05) between the averages obtained for all samples
(Table 1). Only FC1 flour had a total ash content value
that met the threshold (>2%).

- Crude protein content (CP (%0)): All samples studied
had crude protein contents ranging from 10.16 to 11.09,
which is lower than the standard threshold of 12 to 15%.
Statistical analysis showed that the average values were
significantly different for all samples (p=0.012 <0.05).

- Total lipid content (TL (%)): All the samples
studied had total lipid contents ranging from 10.31 to
16.28 higher than the standard norm which is between 7
and 10%. ANOVA revealed significant differences (p =
0.001) between the values of the means of the samples
studied. In addition, the Fischer two-by-two comparison
test showed that these samples are significantly different
(Table 1). It is the FC2 flour which presents a value (9.70
+ 0.21) close to that of the standard norm (10%). The
other two flours (FC1 and FC3) have total lipid contents
(respectively 16.04 + 0.24 and 12.24 + 0.66) higher than
that of the upper limit of the standard threshold. These

values were found to be significantly different at the
significance level (a = 0.05).

- Total Carbohydrate Content (TC (%)): All samples
studied had total carbohydrate contents ranging from
63.29 to 71.77, higher than the standard value, which is
between 65 and 68%. ANOVA showed that the sample
means were significantly different (p = 0.000).
Furthermore, the Fisher pairwise comparison test revealed
that all samples showed significant differences when
compared with each other (Table 1). - Energy Value (EV
(Kcal/100g)): All samples studied had energy values
ranging from 443.32 to 428.08, higher than the standard
norm of 400 Kcal/100g. ANOVA showed that the sample
means were significantly different (p = 0.002).

- Aflatoxin Concentrations: The search for total
aflatoxins (B1, B2, G1 and G2) showed aflatoxin
concentrations ranging from 2.78 ppb to 50.61 ppb (Table
2). FC2 flour had a value (2.78 ppb) consistent with the
standard norm. However, high levels of total aflatoxins
were found in FC1 flour (50.61 ppb).

Table 2. Results of analysis of aflatoxins B1, B2, G1 and G2

Floursamples Total aflatoxin concentrations in parts per

million (ppb)
FC1 50,61
FC2 2,78
FC3 14,35
FAO/WHO Standard 2023 <10

4. Discussion

- Moisture content (%0): All the samples studied have
moisture content ranging from 6.62 to 7.44, higher than
the 5% threshold set by the standard [1]. [4] obtained
higher moisture content on three (3) local flours collected
in N'Djamena (6.84 to 9.06). Our results are different from
those of [5] who studied 17 cooking flours (4.29 to 4.96
on average). The differences observed between the
samples can be attributed to variations in humidity of the
raw materials during acquisition, non-standard
manufacturing practices, and storage conditions [26].

- Total ash content (%CT): All the samples studied
presented total ash contents varying from 1.91 to 2.44 in
accordance with the standard norm which is >2% [1]. [4]
obtained lower total ash contents on three (3) local flours
collected in N’Djamena (2.16£0.01). Our results are lower
than those of [6] obtained in Cameroon (2.51+0.21). In
Nanoro in Burkina-Faso, [26] obtained respectively on
Misola and Bamisa flours (2.6520.00) and (2.99+0.03).

- Crude protein content (CP (%0)): All the samples
studied presented crude protein contents ranging from
10.16 to 11.09 lower than the standard norm which is
between 12 and 15%. Our results corroborate those of [11]
who studied 60% of the infant flours produced in Burkina
Faso. On the other hand, our values are lower than those
of [26] (11.65 £ 0.13% to 13.24 + 0.35%) and [6] obtained
protein contents (15.66 = 0.11%) higher than our results.
On the other hand, they are higher than those obtained by
[4] on infant flours produced in Chad. [6] reported an
average protein content (15.66 + 0.11%) significantly
higher than that of the present study. Comparing the
results of previous studies with those of the present study
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reveals that infant flours produced in Chad are
characterized by low protein content. However, proteins
play several functions in living organisms, including
building and metabolic functions. Therefore, regular
consumption of these low-protein flours would expose
infants and young children to malnutrition linked to
nutritional deficiencies [11,14,15].

- Total lipid content (TL (%0)): All the samples
studied presented total lipid contents ranging from 10.31
to 16.28 higher than the standard norm which is between 7
and 10%.

Our results are similar to those of [4] who studied three
local flours collected in N’Djamena (10.33 + 0.57) and
Bongor (10.34 + 1.91). They corroborate those of [26] in a
study which reported values ranging from 9.99 + 0.44% to
13.05 £ 0.33%.

- Total carbohydrate content (TC (%)): All the
samples studied had total carbohydrate contents ranging
from 63.29 to 71.77 higher than the standard norm which
is between 65 and 68%.

[27] in Cote d'lvoire obtained values between 68.17%
and 72.5% higher than our results. They corroborate those
reported by the study of [4] in Burkina Faso on two samples
of infant flour from N'Djamena (whose average values were
63.16 + 0.49% to 64.44 + 4.52%). On the other hand, they
are higher than those obtained by [26] in Burkina Faso
ranging from 52.99 + 0.08% to 67.2 + 0.55%.

- Energy value (VE (Kcal/100g)): All the samples
studied presented energy values ranging from 443.32 to
428.08 higher than the standard norm which is 400
Kcal/100g. In addition, these values corroborate those of
the study by [26] ranging between 381.1 + 4.39 Kcal/100
g and 411.3 = 5.79 Kcal/100 g of DM, as well as those
obtained by [27], which varied between 400 Kcal and 414
Kcal per 100 g of mixed flour. However, they remain
higher than those of [4] ranging from 253.73 Kcal/100 g
to 385.84 Kcal/100 g of DM. In addition, the high values
observed for FC1 (441.53 + 1.79 Kcal/100 g) and FC3
(425.0 = 3.03 Kcal/100 g of DM) flours should be noted.
The values of these two samples were found to be
significantly different by the Fischer pairwise comparison
test (Table 1)

- Aflatoxin concentrations

The search for total aflatoxins (B1, B2, G1 and G2)
showed aflatoxin concentrations ranging from 2.78 ppb to
50.61 ppb (Table 2). [26] obtained higher aflatoxin
concentrations (10 ppb) in a study of infant flours in
Burkina Faso. Aflatoxins are mycotoxins produced by
filamentous fungi. They are toxic and exhibit carcinogenic
and mutagenic properties [28].

5. Conclusion

The study aimed to assess the nutritional quality of
infant flours produced locally in N'Djamena, Chad. The
methodology adopted highlighted acceptable but
insufficient nutritional quality, since the sampled flours
had protein contents below the FAO/WHO standard.
However, high fat contents were revealed, giving these
flours very high theoretical energy values compared to the
threshold set by the said standard. Furthermore, this study
highlighted the presence of total aflatoxins (B1, B2, G1,

and G2) in very high concentrations compared to the
maximum limit set for infant formulas in Africa, with the
exception of FC2 flour. This calls for particular attention
to the selection and storage of starting matrices pending
production, as well as compliance with the production
chain and the storage conditions of finished infant formula
products. Therefore, to prevent the risk of nutritional
deficiencies, it is necessary to develop a formula to obtain
infant formulas optimized for nutrients essential for the
good nutritional status of infants and young children.
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