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Evaluation of the Nutritional Quality of Different Infant Flours with Essential Micronutrients and Resilience to Infant Malnutrition



ABSTRACT
Background: The human body needs essential micronutrients to function properly. Infants, who are constantly growing and developing, have significant nutritional needs. A balanced diet and protective nutrients will provide the elements necessary for their growth and harmonious development while protecting them from malnutrition. 
Aims: The study aimed to determine the profile of certain minerals and contaminants present, as well as the energy content of infant flours enriched with Parkia biglobosa and Ziziphus jujuba pulp in Guera.
Methods: The flours were formulated from local products that had undergone various treatments and were enriched with local natural resources. The minerals contained in the different flours was used to determine by the high-performance liquid chromatography (HPLC) method and Aflatoxin levels were determined using the AOAC methods.
Results: Twelve infant flour formulations were obtained. The results obtained show that the calcium content ranged from 341.03 to 341.20 mg/100g, the magnesium content ranged from 48.21 to 93.05 mg/100g, the iron content ranged from 8.40 to 23.71 mg/100g, zinc ranged from 2.91 to 8.71 mg/100g, potassium ranged from 407.85 to 475 mg/100g and sodium ranged from 201.15 to 237.67 mg/100g. The level of AFB1 ranged from 0 to 0.264 µg/kg, that of AFB2 from 0 to 0.149 µg/kg, that of AFG1 from 0 to 1.134 µg/kg, that of AFG2 from 0 to 1.034 µg/kg and that of AFT from 0.210 to 1.448 µg/kg. In general, the infant flours had a good mineral content and very low levels of toxic contaminants, below the recommended thresholds. The infant flours produced were therefore of good nutritional and health quality.
Conclusion: The infant formulae had acceptable nutritional and health qualities, as well as an energy density better suited to their needs and more effective in preventing malnutrition in infants. However, sprouted flours were better in terms of minerals and would be more advantageous in terms of compensation. 
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1. INTRODUCTION
Climate hazards and natural disasters cause serious problems for living beings, particularly humans. Indeed, these natural disasters can lead to food insecurity and alter the nutritional status of the population [1]. Young children are the most vulnerable due to their fragility, their need for growth, and the immaturity of their developing nervous system, with health consequences that can lead to death. 
Globally, nearly 155 million infants and young children suffer from chronic malnutrition and 50 million from severe malnutrition [2]. In addition, more than 2.7 million infants die each year as a result of nutritional deficiencies, with developing countries being the most affected [3]. Most childhood malnutrition begins at the first weaning, i.e., after the first six (6) months of birth, due to increased nutritional needs and insufficient breast milk [4]. Nutritional deficiencies are particularly severe in children aged 6 to 24 months, when their nutritional needs exceed what they can obtain from breast milk or traditional family meals [2]. Lack of dietary diversity and deficiencies in certain nutrients are the main causes of these malnutrition problems, as the more infants fail to consume the minimum amount of food, the higher the prevalence of child malnutrition [5]. 
According to the WHO classification, the prevalence of malnutrition in Chad remains high, resulting in a worrying nutritional situation. According to the [6] survey, food insecurity generally has serious consequences for the health of poor and vulnerable populations, particularly mothers and children, and causes grief for many Chadian families every year [6]. The national prevalence of acute global malnutrition was 10.9%, with 2.0% of cases being severe, while the prevalence of chronic malnutrition was 30.4% [6]. Anemia among children aged 6-59 months is estimated at 60.3%, with a higher proportion of 33.3% of moderate cases [6]. These results call for greater promotion of optimal feeding practices for infants and young children through the production of foods adapted to their specific needs.
In recent years, many researchers have focused on locally formulated enriched infant flours made with local products that meet international standards  [7], [8], [9], [10]. However, infant food formulations enriched with natural resources from Chad have not been sufficiently documented in the literature. The aim of this study was therefore to determine the nutritional and health quality of twelve local infant flours based on cereals enriched with local natural resources marketed in the province of Guera. It will enable the development of formulations that meet the needs of weaning-age children in Guera in particular and Chad in general.

2. MATERIALS AND METHODS
2.1. Formulation of Local Infant Flours Enriched with Local Natural Resources
[bookmark: _Hlk201912925]2.1.1. Raw Materials and Local Natural Resources
[bookmark: _Hlk201912985]The raw materials were calculated in a rational manner, taking into account the quantities needed for the formulation of the twelve infant flours, as well as the quantities needed for analysis. This calculation enabled us to collect raw materials consisting of 15 kg of millet, 15 kg of sorghum, 5 kg of sesame, 5 kg of peanuts and local natural resources consisting of 2 kg pulp of Parkia biglobosa and 2 kg pulp of Ziziphus jujuba. The choice was made based on product quality (low level of impurities, grain integrity, uniform characteristic color, absence of preservatives). All these products were obtained from markets in the province of Guera. The choice of resources from this province is due to its geographical location and particularly high rates of malnutrition, which place it among the provinces most affected by the phenomenon.
2.1.2. Infant Flour Formulations
The formulations were based on available nutritional composition tables, FAO recommendations and Burkina Faso standards [11,12]. The different formulations were developed taking into account the body's needs (carbohydrates, proteins, lipids, minerals and vitamins). The basic raw materials consisted of cereals (millet, sorghum). The enrichment resources consisted of sesame for fat, groundnuts for protein, and fruit pulp (Parkia biglobosa, Ziziphus jujuba) for minerals and vitamins. Twelve formulations were produced using three processes, varying the basic raw material (millet, sorghum) and the local natural fortification resource. In the first process, the basic raw material (millet, sorghum) was natural, i.e., neither roasted nor germinated. In the second process, the basic raw material (millet, sorghum) was roasted but not germinated, and in the third process, the basic raw material (millet, sorghum) was germinated but not roasted. Six formulations, therefore, used millet as the basic raw material, including three formulations using Parkia biglobosa as the enrichment resource and three using Ziziphus jujuba as the enrichment resource. The other six used sorghum as the basic raw material, including three formulations with Parkia ziziphus as the enrichment resource and three using Ziziphus jujuba as the enrichment resource.
2.1.3. Production of Infant Flour
To produce local infant flours, the raw materials were subjected to different treatments to assess the effect of these treatments on product quality. The cereals were divided into three batches and treated differently. The first batch was left to germinate, the second was roasted without germination, and the third was left without germination or roasting. All raw materials underwent pre-treatment operations. They were sorted, winnowed, washed, spun dry, dried and sieved to obtain clean raw materials containing no physical residues. Some raw materials were dried, roasted and hulled before being introduced into production. Three processes were used to produce 12 infant flours. Each of the natural, roasted and germinated processes produced four infant flours, with the difference being in the pulp. For example, natural flour, made from sorghum and millet, one type of sorghum flour is made from Parkia biglobosa pulp and the other from Ziziphus jujuba pulp, as is the millet flour. The same procedures were adapted for the remaining processes.

2.2. Analysis of the nutritional and energy value of twelve types of flour products
Once these three processes had been implemented, the energy and nutritional values were analyzed using the following methods:
[bookmark: _Hlk212325562]The protein content was determined using the Kjeldahl method, in accordance with AOAC (1999) methods [13].
The Soxhlet method, in accordance with AOAC (1991) methods [14], was used to determine the fat content.
To determine the carbohydrate values, the differential method was used, in accordance with Egan et al (1981) method [15].
The conversion coefficient method was used to determine the energy value [16].
The determination of the energy intake of flour adapted to the needs of infants aged 7 months and 23 months was carried out by comparing it with the recommendations using the following equations: before applying the equation, a 7-month-old infant needs 3 meals/day to reach the recommended 200 kcal/day. However, a 23-month-old infant needs 400 kcal/day with 3 or 4 meals/day. Knowing that the amount for a 7-month-old and a 23-month-old infant is: 
X=356/3= 118,66 kcal for 7-month-old infants
X=772/4=193 kcal for 23-month-old infants 
X=BE/ET×100
X: Amount of flour to be collected/day; BE: Energy requirement/day; ET: Total energy of the flour produced

2.3. Mineral Analysis and Aflatoxin Content Determination
2.3.1. Mineral Analysis 
For mineral analysis, 0.1 g of each infant formula sample was weighed and converted to ash by incineration in a muffle furnace at 550°C for 12 hours. These ashes were dissolved in a 2% nitric acid solution, then filtered using filter paper (0.45 µm) in 50 mL graduated Falcon tubes up to the limit. Mineral analysis by VARIAN AA 240 FS atomic absorption spectrophotometry was made according to the AOAC method [13].
2.3.2. Determination of Aflatoxin Content
Aflatoxin levels were determined using the AOAC (2005) method according to the chromatographic conditions described in Table 1. Extraction and purification of the extracts were carried out in an immunoaffinity column, and quantification by High Performance Liquid Chromatography using a calibration curve. In Falcon tubes containing 20 mL of water/formic acid extraction solution (79 :20 :1, v/v/V) each, 5 g of each infant formula sample was added and homogenized for 40 minutes using a stirrer (LABNET; S2030-1000B-230). The mixture was then centrifuged using a Restek centrifuge from SEP for five (5) minutes at 4,500 revolutions per minute. After centrifugation, the extract underwent purification, which consisted of mixing one (1) mL of the supernatant with one (1) mL of a mixture of water/formic acid (99:1, v/v) and ammonium formate (Fluka® Analytical, purity ≥ 97%). One (1) mL of the homogeneous mixture obtained was taken using a micropipette and filtered using a 0.22 µm syringe filter. The filtrate thus obtained was transferred to a vial for instrumental analysis. A 2000 mL graduated cylinder was used to prepare the mobile phases and was stirred using a heated magnetic stirrer (COLE-PARMER, RHS 3021 PO36).
Table 1. Chromatographic conditions
	Chromatographic system 
	Agilent Technologies 1290 series

	Injection volume
	10 µL

	Analytical column 
	Agilent Technologies, size : 100 mm x 3.0 mm, particle size : 3.5 µm, C18

	Mobile stage A
	Water/formic acid (99/1, v/v) + 5mM ammonium formate

	Mobile stage B
	Methanol/water/formic acid (97/2/1, v/v/v) + 5mM ammonium formate

	Flow rate
	0.5 mL/min in gradient mode



2.4. Statistical Analysis
The calculations were performed using Microsoft Excel 2016, the graphs were created using Microsoft Word 2016, and the comparison of averages was performed using XLSTAT 2016 software. The significance threshold was 5%.

2.5. Infant Flour Formulations
Table 2 illustrates the different formulations produced. Twelve formulations were produced using three processes, varying the basic raw material (millet, sorghum) and the local natural fortification resource. In the first process, the basic raw material (millet, sorghum) was natural, i.e., neither roasted nor germinated. In the second process, the basic raw material (millet, sorghum) was roasted, and in the third process, the basic raw material (millet, sorghum) was roasted. The three processes enriched with the pulps of Parkia biglobosa and Ziziphus jujuba allowed us to obtain 12 formulations or flours.

Table 2. Table of infant flour formulations
	Ingredients (%)
	Type of formulations/Flours

	
	NMP
	RMP
	GMP
	NMZ
	RMZ
	GMZ
	NSP
	RSP
	GSP
	NSZ
	RSZ
	GSZ

	Sorghum
	65
	65
	65
	65
	65
	65
	-
	-
	-
	-
	-
	-

	Millet
	-
	-
	-
	-
	-
	-
	65
	65
	65
	65
	65
	65

	Groundnut
	13.5
	13.5
	13.5
	13.5
	13.5
	13.5
	13.5
	13.5
	13.5
	13.5
	13.5
	13.5

	Sesame 
	14.5
	14.5
	14.5
	14.5
	14.5
	14.5
	14.5
	14.5
	14.5
	14.5
	14.5
	14.5

	Parkia biglobosa
	7
	7
	7
	-
	-
	-
	7
	7
	7
	-
	-
	-

	Ziziphus jujuba
	-
	-
	-
	7
	7
	7
	-
	-
	-
	7
	7
	7


Legends: NMP: (natural millet with Parkia biglobosa); RMP: (roasted millet with Parkia biglobosa); GMP: (germinated millet with Parkia biglobosa ); NMZ:(natural millet with Ziziphus jujuba); RMZ: (roasted millet with Ziziphus jujuba); GMZ: (germinated millet with Ziziphus Jujuba); NSP: (natural sorghum with Parkia biglobosa); RSP : (roasted sorghum with Parkia biglobosa); GSP: (germinated sorghum with Parkia biglobosa); NSZ : (raw sorghum with Ziziphus jujuba); RSZ: (roasted sorghum with Ziziphus jujuba); GSZ: (germinated sorghum with Ziziphus jujuba).

2.6. Infant Flour Production Diagrams
[bookmark: _Hlk202654654]2.6.1. Natural Sorghum and Millet Flour Production Diagram
[bookmark: _Hlk212327547]All raw materials were sampled according to the formulations in Table 2 and then underwent pretreatment consisting of sorting, winnowing, washing, spinning, drying, and sieving to obtain clean raw materials containing no physical residues. In these formulations (1000 g of flour), 650 g each of natural millet and sorghum were used and then dried at 50-60 °C for 120 minutes. After pretreatment, 145 g of sesame seeds were dried at 50-60 °C for 120 minutes, then roasted at 180 °C for 20 minutes, while 135 g of groundnuts were soaked for 24 hours, drained, and then roasted at 180 °C for 30 minutes. It was then cooled, hulled, and winnowed, while 70 g of Parkia Biglobosa and Ziziphus Jujuba were only sieved for use. All the products were then mixed for grinding as presented in the Fig. 1. diagram. Four formulations were produced using this process, varying the basic raw material (millet, sorghum) and the local natural fortification resource. In this process, the basic raw material (millet, sorghum) was natural, i.e., neither roasted nor germinated. These flours are obtained without roasting or germination of millet and sorghum. All operations were carried out in accordance with good hygiene and manufacturing practices.
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Fig. 1. Flours without roasting or germination of millet and sorghum diagram

[bookmark: _Hlk202654838]2.6.2. Production Diagram for Roasted Sorghum and Millet Flours
[bookmark: _Hlk212330035]All raw materials were sampled according to the formulations in Table 2 and then underwent pre-treatment consisting of sorting, winnowing, washing, spinning, drying, and sieving to obtain clean raw materials containing no physical residues. In these formulations (1000 g of flour), 650 g each of plain millet and sorghum were used and then dried at 50-60 °C for 120 minutes after pre-treatment, then roasted at 180 °C for 30 minutes. After pretreatment, 145 g of sesame seeds were dried at 50-60°C for 120 minutes, then roasted at 180°C for 20 minutes, while 135 g of groundnuts were soaked for 24 hours, drained, and then roasted at 180 °C for 30 minutes. The groundnuts were then cooled, hulled, and winnowed, while 70 g of Parkia Biglobosa and Ziziphus Jujuba were only sieved for use. All the products were then mixed for grinding as reported by Fig. 2. diagram. Four formulations were produced using this process, varying the basic raw material (millet, sorghum) and the local natural fortification resource. In this process, the basic raw material (millet, sorghum) was roasted but not germinated. All operations were carried out in accordance with good hygiene and manufacturing practices.
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Fig. 2. Production process of four infant flours using roasted millet and sorghum 

[bookmark: _Hlk202655028]2.6.3. Production Diagram for germinated Sorghum and Millet Flours
[bookmark: _Hlk212328835]All raw materials were sampled according to the formulations in Table 2 and then underwent pre-treatment consisting of sorting, winnowing, washing, spinning, drying, and sieving to obtain clean raw materials containing no physical residues. In these formulations (1,000 g of flour), 650 g each of plain millet and plain sorghum were used, then left to germinate for 48 hours after pre-treatment. After germination, the millet and sorghum were dried at 50-60°C for 2 hours, then degerminated and winnowed. After pretreatment, 145 g of sesame seeds were dried at 50-60°C for 120 minutes, then roasted at 180°C for 20 minutes, while 135 g of peanuts were soaked for 24 hours, then drained, roasted at 180°C for 30 minutes, cooled, shelled, and winnowed. For Parkia Biglobosa and Ziziphus jujuba, 70 g of each was taken and only sieved for use. All the products were then mixed for grinding as described in Fig. 3. diagram. Four formulations were produced using this process, varying the basic raw material (millet, sorghum) and the local natural fortification resource. In this process, the basic raw material (millet, sorghum) was germinated but not roasted. All operations were carried out in accordance with good hygiene and manufacturing practices.
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Fig. 3. Production process of four infant flours using germinated millet and sorghum

3. RESULT
3.1. Macronutrient values of twelve (12) formulated flours
The protein content of the flours produced ranged from 11.43±0.15 to 15.80±0.06g/100g.
The fat content of the flours ranged from 6.73± 0.65 to 14.84±0.70 g/100g.
The carbohydrate content ranged from 63.10 ±0.57 to 74.99 ±0.00 g/100g.
The energy content of the flours ranged from 399.45±2.99 to 441.28±3.86 kcal/100g.
The above results have been submitted for publication in another journal.

3.2. Energy requirements by age group 
The Fig. 4 shows the amount contained in each infant cereal according to age group.
Group 1 takes into account the amount of energy provided by each cereal based on the needs of 7-month-old infants. These energy values range from 80.62 to 89.11 kcal/100g.
Group 2 takes into account the amount of energy provided by each cereal based on the needs of 23-month-old infants. For 23-month-old infants, the energy varies from 131.20 to 144.94 kcal/100g.
To do this, the amount of energy obtained from the flours produced was divided by 3, giving: for one meal, the infant will consume 26.90g/meal, then the number of meals is multiplied by three. This operation was carried out for all the other samples, giving the amount of flour to be consumed per day (RSZ 80.62g/day; RSP 81.33g/day; RMP 82.20g/day; RMZ 83.97g/day). The same approach was taken for the ≤ 23-month age group in group 2, resulting in 43.73 g/meal, multiplied by the meal frequency of three times per day, giving the following values: RSZ: 131.20 g/day; RSP: 132.29 g/day; RMP: 133.70 g/day.  

G1: 7-month-old infants
G2: 23-month-old infants
N: Infants
Fig. 4. Energy present in each according to age group

3.3. Mineral Composition and Toxic Contaminants in Infant Flours
3.3.1. Mineral Composition of Formulated Infant Flours
The calcium content ranged from 341.03 ± 0.87 to 341.20 ± 1.07 mg/100g. The GMZ, RSP, GMP, and GSZ flours had the highest calcium content, while the RMZ flour had the lowest. Statistical analysis showed no significant differences between the samples.
The magnesium (Mg) content ranged from 48.21 ± 0.65 to 93.05 ± 1.08 mg/100g. NMP flour had the highest content, while the lowest content was observed in RMZ flour. The result showed a significant difference between the samples (P<0.0001).
The iron content in all flours ranged from 8.40 ± 0.16 to 23.71 ± 0.40 mg/100g. The highest content was observed in GSP flour, and the lowest was obtained in NMZ flour. Statistical analysis showed a significant difference between samples (P <0.0001).
The zinc content of infant formula flours varied from 2.91 ± 0.03 to 8.71 ± 0.07 mg/100g. GMP and GSP flours had the highest zinc content, while the lowest content was found in MNP flour. Statistical analysis showed a significant difference (P<0.0001). 
The potassium content ranged from 407.85 ± 1.52 to 475 ± 4.16 mg/100g. The GSP, GMP, GSZ, and GMZ flours had the highest levels, while the NSP flour had the lowest levels. The samples showed a statistically significant difference between them (P<0.0001).
The sodium content ranged from 201.15 ± 0.33 to 237.67 ± 1.15 mg/100g. GSP flour had the highest sodium content with a significant difference (P <0.0001), while the lowest content was observed in NSZ flour. The levels of various minerals in the infant formula flours are shown in Table 3.
[bookmark: _Hlk201917614]Table 3: Mineral composition of infant formula flour
	Formulations
	Ca (mg/100g)
	Mg (mg/100g)
	Fe (mg/100g)
	Zn (mg/100g)
	K (mg/100g)
	Na (mg/100g)

	NMP
	341.08±0.38
	93.05±1.0
	8.58±0.43
	2.91±0.03
	422.85±3.75
	214.16±0.43

	RMP
	341.15±0.84
	48.52±1.20
	23.46±0.34
	3.43±0.45
	408±2.65
	210.65±2.08

	GMP
	341.20±0.96
	92.20±0.53
	23.03±1.40
	8.71±0.07
	475±2.65
	219.75±1.49

	NMZ
	341.16±0.96
	48.23±2.05
	8.40±0.16
	3.17±0.58
	475±0.01
	213.49±0.05

	RMZ
	341.03±0.87
	48.21±0.65
	23.44±1.10
	3.71±0.34
	429.1±2.5
	201.94±0.07

	GMZ
	341.20±1.07
	92.73±2.49
	23.26±0.93
	8.60±0.53
	475±2.94
	204.03±0.51

	NSP
	341.15±0.95
	92.91±2.02
	8.70±0.00
	3.44±0.11
	407.85±1.52
	205.36±1.72

	RSP
	341.20±0.09
	92.75±1.21
	23.28±1.16
	3.85±0.25
	408±0.87
	203.3±0.65

	GSP
	341.20±0.35
	92.76±0.58
	23.71±0.40
	8.71±0.01
	475±0.17
	237.67±1.15

	NSZ
	341.04±0.93
	92.12±0.07
	8.86±1.01
	3.37±0.46
	431.6±2.25
	201.15±0.33

	RSZ
	341.20±0.18
	92.73±0.63
	23.55±0.35
	3.70±0.20
	408.7±1.16
	212.38±0.02

	GSZ
	341.20±0.50
	92.16±1.62
	20.75±0.35
	3.93±0.13
	475±4.16
	225.55±0.12

	Limits*
	341.2
	48.7
	8.5
	3.7
	408.7
	60


[bookmark: _Hlk202280702]Legends: * FAO/OMS (2006); NMP: (natural millet with Parkia biglobosa); RMP: (roasted millet with Parkia biglobosa); GMP: (germinated millet with Parkia biglobosa ); NMZ:(natural millet with Ziziphus jujuba); RMZ: (roasted millet with Ziziphus jujuba); GMZ: (germinated millet with Ziziphus jujuba ); NSP: (natural sorghum with Parkia biglobosa); RSP : (roasted sorghum with Parkia biglobosa ); GSP: (germinated sorghum with Parkia biglobosa); NSZ : (raw sorghum with Ziziphus jujuba); RSZ: (roasted sorghum with Ziziphus jujuba); GSZ: (germinated sorghum with Ziziphus jujuba).

3.3.2. Aflatoxin Content in Formulated Infant Flours
The results presented in Table 4 show that the concentration of aflatoxin AFB1 ranged from 0 to 0.26 ± 0.15 µg/mL. SGZ flour had the highest concentration, and the lowest concentration was observed in RSP, RMP, NMP, GMZ, NSP, GMP, and NSZ flours, with a significant difference (p < 0.0001).
The AFB2 aflatoxin content ranged from 0 to 0.21 ± 0.03 µg/mL. The highest AFB2 concentration was found in RMP flour, while the lowest content was observed in RSP, GSP, NSZ, NSP, NMP, GSZ, and RMP flours, with a significant difference between the flours (p < 0.0001).
AFG1 aflatoxin had a concentration ranging from 0 to 1.13 ± 0.19 µg/mL. NSZ flour had the highest concentration, while RSZ and RMZ flour had the lowest concentrations. Statistical analysis showed a significant difference between the flour samples (p < 0.0001).
The concentration of aflatoxin AFG2 ranged from 0 to 1.03 ± 0.05 µg/mL. The highest concentration was found in MGZ flour, and the lowest concentrations were in GMZ, RSZ, GSZ, and NSZ flours.
The concentration of aflatoxin AFT ranged from 0.21 ± 0.02 to 1.44 ± 0.019 µg/mL. GMN flour had the highest concentration, and the lowest concentration was observed in the RSZ sample. Statistical analysis showed a significant difference between the AFTs of the samples analyzed (p < 0.0001).
[bookmark: _Hlk201917466]Table 4: Aflatoxin content in infant flours formulated
	Formulations
	AFB1 (µg/mL)
	AFB2 (µg/mL)
	AFG1 (µg/mL)
	AFG2 (µg/mL
	AFT (µg/mL)

	NMP
	0.00 ± 0.00a
	0.00 ± 0.00a
	0.30± 0.04bc
	0.47 ± 0.04bcd
	0.77 ± 0.04bc

	RMP
	0.00 ± 0.00a
	0.15 ± 0.03b
	0.47 ± 0.04bc
	0.71 ± 0.22cde
	1.33 ± 0.027d

	GMP
	0.00 ± 0.00a
	0.15 ± 0.02b
	0.51 ± 0.03c
	0.71 ± 0.20ef
	1.44 ± 0.019d

	NMZ
	0.15 ± 0.15c
	0.21 ± 0.03 c
	0.23 ± 0.11ab
	0.73 ± 0.05de
	1.32 ± 0.14d

	RMZ
	0.00 ± 0.00a
	0.00 ± 0.00a
	0.00 ± 0.00a
	0.58 ± 0.03bcde
	0.58 ± 0.04ab

	GMZ
	0.00 ± 0.00a
	0.00 ± 0.00a
	0.29 ± 0.05bc
	1.03 ± 0.05f
	1.32 ± 0.11d

	NSP
	0.00 ± 0.00a
	0.00 ± 0.00 a
	0.85 ± 0.04 d
	0.46 ± 0.01bc
	1.30 ± 0.04d

	RSP
	0.00 ± 0.00a
	0.00 ± 0.00a
	0.31 ± 0.04bc
	0.00 ± 0.00a
	0.31 ± 0.04a

	GSP
	0.09 ± 0.04 b
	0.00 ± 0.00a
	0.39 ± 0.08bc
	0.35 ± 0.01b
	0.82 ± 0.07bc

	NSZ
	0.00 ± 0.00 a
	0.00 ± 0.00a
	1.13 ± 0.19e
	0.00 ± 0.00a
	1.13 ± 0.19cd

	RSZ
	0.21 ± 0.10cd
	0.00 ± 0.00 a
	0.00 ± 0.00a
	0.00 ± 0.00a
	0.21 ± 0.02a

	GSZ
	0.26 ±0.15d
	0.00 ± 0.00a
	1.07 ± 0.13de
	0.00 ± 0.00a
	1.34 ± 0.13d

	Pr > F
	0.000
	0.000
	0.000
	0.000
	0.000


Legends : NMP: (natural millet with Parkia biglobosa); RMP: (roasted millet with Parkia biglobosa); GMP: (germinated millet with Parkia biglobosa ); NMZ:(natural millet with Ziziphus jujuba); RMZ: (roasted millet with Ziziphus jujuba); GMZ: (germinated millet with Ziziphus jujuba); NSP: (natural sorghum with Parkia biglobosa); RSP: (roasted sorghum with Parkia biglobosa); GSP: (germinated sorghum with Parkia biglobosa); NSZ : (raw sorghum with Ziziphus jujuba); RSZ: (roasted sorghum with Ziziphus jujuba); GSZ: (germinated sorghum with Ziziphus jujuba).

4. DISCUSSION
Infants' bodies need sufficient energy to metabolise the food they consume and convert it into nutrients [17]. To this end, group 1 represents infants aged ≤7 months, infants of this age need 356kcal/day of complementary foods, at a rate of three meals per day and group 2 represents the age group ≤ 23 months and requires 772 kcal/day [18]. However, given the immaturity of an infant's stomach, they cannot consume a porridge of this energy density in a single sitting. In comparison, MISOLA flours, which are complementary foods produced in Burkina Faso in 1982 during an emergency to alleviate malnutrition [19], had an energy value of 420 kcal. When calculated based on the quantity to be given per meal, the value was found to be higher at 45.95g/meal and 137g/day. The germinated flours were those with the lowest energy content among the different flours and proved to be of good quality for the needs of infants aged 6 to 23 months. In fact, the lower the energy density, the better the nutritional quality of the flour.
Treche et al (1998) demonstrates that the lower the energy density, the greater the nutritional quality [20]. In general, the mineral content obtained in this study was satisfactory overall, as most flours had levels close to or above the thresholds set by the WHO [21]. In particular, 50% of the formulated flours had a calcium content above the threshold set by the FAO/WHO standard [21]. This high value could be explained by the presence of sesame, which is rich in calcium  [22]. Calcium is a mineralizer of skeletons; it plays several biological roles in neurological excitability, coagulates blood, and facilitates membrane permeability thanks to the presence of vitamin D [23]. The highest magnesium (Mg) value was observed in germination millet flour composed of sesame Parkia biglobosa pulp, with a level of 93.05 mg/100g. The value obtained is lower than that of a study conducted in Côte d'Ivoire with a rate of 2373.88 mg/100g [24]. The presence of magnesium in infant food is thought to have a protective effect against diarrhea and behavioral disorders [25]. The iron content is high in germinated millet flour composed of Parkia biglobosa pulp and Ziziphus jujuba with sesame. The combination of germinated millet and sesame seeds produces a good amount of iron, 23.71 mg/100 g. This result from our study is higher than that obtained in Benin, with a rate of 3.11 mg/100 g [26], according to the recommended iron content of more than 23 mg/100g for infants [27]. Iron activates hemoglobin, myoglobin and enzymes that stimulate the body's metabolism and blood formation, as iron deficiency causes anemia [28]. Germinated millet flour with Parkia biglobosa pulp had a zinc content of 8.71 mg/100g, which complies with the threshold of >8.35 mg/100g set by Faso norm [27]. Zinc prevents diarrhea in infants and plays a role in the metabolism of several enzymes in the human body [29]. Some researchers have shown that germinated cereals have this ability to store minerals [30, 31]. Zinc contributes significantly to maintaining heart rhythm and also has an effect on bone hardening, according to Lutter et al. [32]. Zinc deficiency can lead to a weakened immune system, loss of taste and difficulty in wound healing [33]. The potassium content was higher at 475 mg/100 g in millet flour germinated with Parkia biglobosa pulp and sesame. It is higher than the content of > 250 mg/100 g obtained in Cameroon [34] and Nigeria [35]. These levels are well above the threshold set by the WHO [21]. The presence of potassium in the human body is of paramount importance in regulating osmotic pressure, water balance in the body's many cells, and muscle contractions. It is also an essential component of proteins and enzymes [36]. The sodium content of 201.15 mg/100g obtained in our study was higher than the results of studies conducted in Côte d'Ivoire by Amoin and Euphrasie [37,38], with levels of 46 mg/100g and 25.08 mg/100g, respectively. Sodium has an effect on acid-base regulation, contributes to the proper functioning of the nervous system, and facilitates digestion in the digestive tract [39]. These foods could help to address vitamin deficiencies in African infant formula, as revealed by Sen et al (2017) [40].
Regarding aflatoxin B1, all formulated flours showed only traces (˂ 2 ppb (µg/kg). As for aflatoxins B2, G1 and G2, they showed acceptable results ≤ 4 ppb (µg/kg). The results of our samples are below the thresholds set by the Burkinabe standard for contaminant levels in infant flours [28]. Our results corroborate those obtained in Goma (Congo) by Bakenga and in Burkina Faso by Sanou [10, 41]. The low contaminant levels in our infant flours could be explained by the quality of the raw materials selected at the outset before production. According to the CDC [42], the foods that led to the deaths of several people from mycotoxins in Kenya were due to poor-quality raw materials. Given that infants are very sensitive to certain harmful substances, foods intended for their consumption must comply with the guidelines issued by certified institutions in this field. To this end, our flours meet the established criteria, and we can conclude that our flours are of high quality and can be consumed by infants.

5. CONCLUSION 
This study determined the nutritional and health composition of twelve infant flours produced from local products. The analysis of minerals and toxic contaminants present in the infant flours yielded acceptable results. Indeed, the study revealed that sprouted flours had superior qualities and nutritional contents compared to other flours. Aflatoxin levels were below established thresholds. The formulated flours were therefore of satisfactory quality to promote the healthy development of infants. The particular advantage of these flours is that they contain all the necessary nutrients to boost infants and protect them against the severity of malnutrition.
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Amount of flour/day

G1/N 7 mois	NMP	RMP	GMP	NMZ	RMZ	GMZ	NSP	RSP	GSP	NSZ	RSZ	GSZ	88.77	82.2	88.87	85.21	83.97	85.39	89.11	81.33	86.1	85.01	80.62	86.61	G2/N 23 mois	NMP	RMP	GMP	NMZ	RMZ	GMZ	NSP	RSP	GSP	NSZ	RSZ	GSZ	144.03	133.69999999999999	144.75	138.59	136.58000000000001	138.88999999999999	144.94	132.29	140.04	138.27000000000001	131.19999999999999	140.87	



