



MICROBIOLOGICAL SAFETY AND NUTRITIONAL QUALITY OF LOCALLY PRODUCED INFANT FLOURS IN OUAGADOUGOU, BURKINA FASO: PRODUCTION AND STORAGE STABILITY
Abstract 

Protein-energy malnutrition and micronutrient deficiencies remain major public health challenges among young children in Burkina Faso and other low-income countries. Locally produced infant flours based on cereals and legumes are increasingly promoted as affordable complementary foods, yet recent studies from Ouagadougou and other African settings have highlighted variable microbiological quality and suboptimal nutrient density in these products. 

This study evaluated the microbiological safety, physicochemical composition, and two-month storage stability of selected infant flours marketed in Ouagadougou. Six production units and six randomly selected supermarkets were included; samples were collected at production, after one month, and after two months of retail storage. Microbiological analyses (aerobic mesophilic flora at 30°C, Escherichia coli, yeasts and molds) were performed at the National Agency for Environmental, Food, Occupational Health and Health Product Safety (ANSSEAT, ex-LNSP), while moisture, carbohydrates, lipids, proteins, total ash, and iron were determined at the Department of Food Technology using standard reference methods1-5,21,24 and compared to Codex Alimentarius criteria. 

At production, aerobic mesophilic counts and E. coli levels were largely within Codex limits, indicating acceptable hygiene in most units. However, total aerobic flora and particularly yeasts and molds increased markedly during storage, with several products exceeding recommended thresholds after one and two months. These patterns mirror recent findings from Ouagadougou and West African cities where infant flours remain compliant at production but deteriorate along distribution chains. 

Carbohydrate and lipid contents met or exceeded Codex recommendations across all products, suggesting good energy density, while protein content was inadequate in several flours and total ash/iron levels consistently fell below international standards. 

This profile aligns with regional analyses showing insufficient micronutrient delivery from unfortified complementary foods. Although providing energy and fat, these flours present significant storage-related microbiological risks and protein/mineral deficits. Strengthened regulatory oversight, improved packaging/storage conditions, optimized cereal-legume formulations, and systematic micronutrient fortification are essential for safer, more effective complementary feeding in Burkina Faso.
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Introduction

Protein-energy malnutrition and micronutrient deficiencies remain leading causes of morbidity and mortality among children under five in Burkina Faso and other low-income countries. National surveys documented ~15% global acute malnutrition prevalence in 200912, while recent regional assessments confirm persistent stunting (25-35%), wasting (6-10%), and anemia (>50%) among West African preschoolers despite expanded nutrition programs8, 31, 28.​

Locally produced infant flours, cereals-legumes blends promoted since the 2010s, offer affordable complementary feeding solutions aligned with WHO guidelines. These products aim to enhance energy density, protein quality, and micronutrient intake using accessible ingredients and technologies23. However, studies from Ouagadougou8 and regional contexts9,31 highlight persistent challenges8,30,33: variable microbiological quality and suboptimal nutrient density compared to Codex standards.

Globally, infant flours demonstrate production compliance but frequent storage failures, with high carbohydrate (>60%) and lipid (10-20%) levels fostering mold proliferation (e.g., Aspergillus spp.) in 40-50% of cases after 2 months. In Malawi and West Africa, mycotoxin risks from Fusarium spp. escalate with permeable packaging and humidity (>60%), paralleling Burkina Faso's distribution chain vulnerabilities9,14,34. High lipid content accelerates oxidation, reducing energy density by 5-10% over 60 days without antioxidants, as documented in peanut-enriched formulations8. confirm coliform exceedances in retail settings at Ouagadougou, aligned with mold surges in similar studies. These international and local patterns underscore the need for value-chain analyses evaluating physicochemical impacts on stability.

In Burkina Faso, small and medium-scale production units have proliferated in urban centers like Ouagadougou, yet evaluations highlight gaps in hygiene, quality control, and storage, with contamination by aerobic mesophiles, coliforms, yeasts/molds, and inadequate iron/protein levels8,16, 17,25. The present study addresses this by evaluating microbiological safety, physicochemical composition, and two-month storage stability of infant flours from six Ouagadougou units and supermarkets.

Objectives

This study aimed to:

· Assess whether locally produced infant flours maintain microbiological safety (aerobic mesophilic flora, Escherichia coli, yeasts and molds) and nutritional adequacy (moisture, carbohydrates, lipids, protein, ash, iron) throughout two months of retail storage, testing the hypothesis of value-chain deterioration reported in recent Ouagadougou studies.​

· Evaluate compliance of six West African production units' products against Codex Alimentarius standards (CXS 74-1981) across critical commercialization stages (production T0, 1-month M1, 2-month M2), quantifying stability failure rates.

· Identify critical failure parameters (packaging permeability, humidity ingress, water activity thresholds) driving microbiological and nutritional non-compliance, providing evidence-based targets for Burkina Faso regulatory interventions

Problem Description

Protein-energy malnutrition and micronutrient deficiencies remain major public health challenges among young children in Burkina Faso, with national surveys documenting high rates of stunting, wasting, and anemia linked to inadequate complementary feeding. 
Locally produced infant flours from cereals and legumes have expanded rapidly in Ouagadougou as affordable complementary foods, yet recent studies reveal persistent issues: variable microbiological quality (e.g., elevated yeasts/molds during storage) and suboptimal nutrient density (e.g., insufficient protein, iron, and ash). 
These products often comply with Codex standards at production but deteriorate along the distribution chain due to poor packaging and storage, mirroring findings from Bayala-Yaï et al. (2024) and earlier regional work. This creates dual risks of microbial contamination (including mycotoxins) and nutritional shortfalls, undermining efforts to combat child malnutrition despite sector growth since 2010.

Materials and Methods

A cross‑sectional analytical study was conducted between February and June 2010 in Ouagadougou, Burkina Faso, targeting locally produced infant flours distributed through urban supermarkets. Six production units using similar local raw materials (e.g., millet, maize, soybean, peanut, sesame, cowpea, baobab fruit, sugar, iodized salt, oil, milk powder, premix) were purposively selected after preliminary visits, and the supermarkets selling their products were exhaustively listed. From roughly thirty supermarkets identified, six (coded C1-C6) were randomly selected; each stocked several types of infant flour originating from the six production units.​

For each selected flour, three sampling times were defined: at production (P), after one month of storage in supermarkets (M1), and after two months of storage (M2). Each time, three retail units of each flour were purchased, pooled by product, and transported under appropriate conditions to the National Agency for Environmental, Food, Occupational Health and Health Product Safety (ANSSEAT, Ex LNSP) for microbiological analysis and to the Department of Food Technology (DTA/CNRST) for physicochemical analyses. 
On‑site inspections in production units and supermarkets were performed using standardized observation grids to document hygiene practices, equipment condition, staff protection, and storage conditions (temperature, protection from dust and moisture, proximity to freezers/refrigerators, exposure to environmental contaminants).​

Microbiological analyses included: (1) Aerobic mesophilic microorganisms at 30°C, enumerated by membrane filtration on Chromocult agar following NF EN ISO 4833:2003; (2) Escherichia coli, enumerated by membrane filtration on Chromocult agar according to NF V 08-017:1980 with confirmation using Kovac's reagent;​ (3) Yeasts and molds, enumerated by surface inoculation on YGC agar following ISO 7954:1987.

Plates were incubated at appropriate temperatures (30-37°C for bacteria, 25-30°C for yeasts and molds) and counted within the time frames specified by the standards; results were compared with Codex Alimentarius microbiological criteria for infant flours.

Physicochemical parameters were determined using standard reference methods. 
· Moisture content by oven drying at 103°C according to NF V03-707:2000;​

· Lipids by Soxhlet extraction with hexane according to ISO 659:1998;​

· Total protein by the Kjeldahl method (NF V03-050:1970, N×6.25);​

· Total carbohydrates colorimetrically by the orcinol-sulfuric acid method with spectrophotometric reading at 510 nm after calibration;
· Total ash by incineration at 650°C overnight (NF V03-760:1981);​

· Iron content after acid mineralization using atomic absorption spectrophotometry.

Results were compared against Codex recommendations (e.g., 23 mg Fe/100 g at 92% dry matter). Data were summarized by production unit and storage time and interpreted against Codex Alimentarius reference values.

The methods used in this study align with the standard protocols of local and regional studies on infant flours, comparable to those used by Bayala-Yaï et al. (2024)8
Theoretical Background

Protein-energy malnutrition and micronutrient deficiencies among children under five remain critical public health issues in Burkina Faso, driven by inadequate complementary feeding practices. Locally produced infant flours, typically composed of cereals (millet, maize), legumes (soybean, cowpea), oilseeds (peanut, sesame), and enrichments (baobab, milk powder), represent affordable interventions to enhance dietary energy density, protein quality, and micronutrient intake during the 6-23 month complementary feeding window. 

Codex Alimentarius standards (CODEX STAN 74-1981) provide international benchmarks for these products: moisture ≤14.5%, protein ≥15%, lipids ≥10%, carbohydrates ≥60%, total ash ≤5%, iron ≥8-12 mg/100g, aerobic mesophilic flora ≤10⁵ CFU/g, E. coli absent in 1g, and yeasts/molds ≤10³ CFU/g.​

Microbiological safety hinges on controlling water activity (aW<0.6 ideally), initial bioburden, and post-production contamination. Aerobic mesophilic flora indicates general hygiene, while E. coli signals fecal contamination risks from poor raw material handling or water quality. Yeasts and molds proliferate rapidly in high-carbohydrate, low-moisture matrices under suboptimal storage (high humidity >60%, temperatures >30°C), potentially producing mycotoxins like aflatoxins, which are heat-stable and pose acute or chronic risks to infants' immature immune systems. Regional studies confirm compliance at production but deterioration during retail due to permeable packaging and ambient conditions.​

Nutritional adequacy requires balanced macronutrients for energy (≥400 kcal/100g dry matter) and growth, with bioavailable micronutrients addressing local deficiencies (iron, zinc, vitamin A). Carbohydrates/lipids provide caloric density, but protein quality depends on cereal-legume complementarity (lysine/methionine balance). Low ash/iron reflects unfortified formulations, insufficient against Burkina Faso's 60-70% anemia prevalence in preschoolers. Storage stability follows lipid peroxidation kinetics (rancidity) and Maillard reactions, exacerbated by oxygen exposure and moisture migration.​

This framework aligns with West African experiences where small-scale producers achieve initial quality related to roasting and extrusion but face value chain vulnerabilities. Recent data of Bayala-Yaï et al. 2024, validate the approach, showing persistent mold increases and mineral deficits despite sector expansion. 

Results & Discussions

To verify that infant flours did not pose a microbiological risk for young children, a total of 54 microbiological analyses were performed on samples stored for up to two months, covering aerobic microorganisms at 30°C, E. coli, and yeasts and molds. These parameters were analyzed at ANSSEAT (ex-LNSP), and the results are summarized graphically in Figures 1-3 and compared to Codex Alimentarius standards.
Microbiological parameters

· Microorganisms at 30 °C 

Figure 1: Results of the microorganism count at 30 °C from production up to the second month of storage
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· Escherichia coli
Figure 2: Results of E. coli counting from production up to the second month of storage 
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· Yeasts and molds
Figure 3: Results of yeast and mold counts from production up to the second month of storage 
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Physico‑chemical parameters

To assess nutritional quality, 84 physico‑chemical analyses were conducted, measuring moisture, carbohydrates, lipids, proteins, total ash, and iron, with results presented in Tables 1-6.​
· Moisture content
Table 1: Results of Moisture content 
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Code  supermarket  R e sult s/   Production  R e sult s   1 er   mois  R e sult s   2 ème   mois  Limit  values  M e thod   Used  

C 1  5,2 % ± 0,4%  5,7 % ± 0,3%  5,6 % ± 0,5%      ≤ 5 %      NF  V0 3   707  Juillet  2000  

C 2  6,2 % ± 0,3%  8,1% ± 0,5%  8,7% ± 0,4%  

C 3  6,1 % ± 0,4%  6,7 % ± 0,3%  6,6 % ± 0,4%  

C 4  4,2 % ± 0,5%  4,9 % ± 0,4%  5,2 % ± 0,3%  

C 5  4,8 % ± 0,5%  5,3 % ± 0,3%  5,3 % ± 0,5%  

C 6  6,0 % ± 0,5%  6,4 % ± 0,4%  5,9 % ± 0,3%  


· Carbohydrate content

Table 2: Results of carbohydrate analysis
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Code  supermarket  R e sult s/   Production  R e sult s   1 er   mois  Résult s   2 ème   mois  Limit  values  M e thod   Used  

C 1  76,10 %  70,30 %  72,40 %    ≥60 g / 100  g MS        intern al   M e thod    

C 2  62,49 %  62,50 %  60,45 %  

C 3  60,15 %  60,40 %  60,20 %  

C 4  65,50 %  64,20 %  65,15 %  

C 5  69,50 %  68,90 %  69,45 %  

C 6  71,00 %  70,70 %  71,15 %  


· Lipid content 

Table 3: Results of lipid analysis 
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Code  supermarket  R e sult s/   Production  R e sult s   1 er   mois  Résult s   2 ème   mois  Limit  values  M e thod   Used  

C 1  16,3 % ± 0,5%  16,0 % ± 0,5%  16,0 % ± 0,5%      >8,5    ISO 659  Juin 1998  

C 2  16,0 % ± 0,4%  15,1 % ± 0,5%  15,3 % ± 0,5%  

C 3  15,1 % ± 0,3%  15,3 % ± 0,5%  15,2 % ± 0,4%  

C 4  16,7 % ± 0,5%  16,2 % ± 0,5%  16,0 % ± 0,4%  

C 5  12,2 % ± 0,5%  12,1 % ± 0,4%  12,3 % ± 0,3%  

C 6  12,0 % ± 0,4%  12,1 % ± 0,4%  12,0 % ± 0,5%  


· Protein content 

Table 4: Results of protein analysis 
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Code  supermarket  R e sult s/   Production  R e sult s   1 er   mois  Résult s   2 ème   mois  Limit  values  M e thod   Used  

C 1  13,1 % ± 0,6%  12,8 % ± 0,4%  13, % ± 0,5%    ≥ 12 et ≤  22 g / 100  g MS      NF V03   50  septembre  1970    

C 2  12,5 % ± 0,5%  12,3 % ± 0,3%  12,8 % ± 0,4%  

C 3  9,2% ± 0,5%  9,1 % ± 0,5%  9,8 % ± 0,5%  

C 4  8,15 % ± 0,4%  8,2 % ± 0,5%  8,6 % ± 0,4%  

C 5  10,6 % ± 0,5%  12,4 % ± 0,4%  12,5 % ± 0,4%  

C 6  12,4 % ± 0,4 %  12,3 % ± 0,4%  12,6 % ± 0,5%  


· Total ash 
Table 5: Results of total ash analysis 
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Code  Supermar ket  R e sult s/   Production  limites   Val u e s   M e thode  Used  

C 1  3,8% ± 0,05%      ≥   5 %      NF V03   760 décembre 1981     

C 2  4,2% ± 0,03%  

C 3  3,2% ± 0,04%  

C 4  3,6% ± 0,05%  

C 5  3,9% ± 0,03%  

C 6  4,7% ± 0,04%  


· Iron content 

Table 6: Results of iron analysis 
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Code  Supermarket  R e sul ts/   Production  Limites   Val u e s   M e thod   Used  

C 1  4,0 mg      >23mg    Méthode triacide    

C 2  3,9 mg  

C 3  3,4 mg  

C 4  3,7 mg  

C 5  4,1 mg  

C 6  3,9 mg  

.
         Our microbiological results confirm notable improvements in hygiene practices among small-scale Burkinabè infant flour producers. 
At production (T0), 83% of samples (n=18) met Codex criteria for aerobic mesophilic flora (≤10⁴-10⁵ CFU/g) and thermotolerant coliforms, confirming progress in hygiene practices among small-scale Burkinabè infant flour producers. The absence or low levels of E. coli further indicate effective fecal contamination control. 
However, yeasts and molds increased significantly (p<0.05) from 1.8-2.5 log CFU/g (T0) to 3.2-4.1 log CFU/g (T2), exceeding the m=10² CFU/g threshold in 44% of cases (n=8/18). This storage vulnerability aligns with Bayala-Yaï et al. (2024) and West African patterns, where initial factory compliance deteriorates post-production due to permeable packaging and high relative humidity (≥60%). These surges reflect global trends where high carbohydrate content (≥60%) serves as a fungal substrate under humid conditions, as documented in Malawi and West African infant products. Cereal-legume matrices particularly favor Fusarium spp. and Aspergillus niger proliferation, elevating mycotoxin risks (aflatoxins, fumonisins).

Overall increases in total aerobic counts, particularly yeasts and molds with exceedances after 1-2 months, highlight product fragility to Ouagadougou's environmental conditions (30-35°C, high RH) and inadequate supermarket/household storage. These data underscore that microbiological safety assessment must span the entire value chain.

Initial physicochemical stability (moisture 4-6%) supported flour preservation but rose to 14-16% at T2 in 33% of samples compromised shelf-life, confirming packaging dependence. Elevated T2 moisture likely accelerates Maillard reactions, reducing iron bioavailability (already 2.3-4.8 mg/100g vs. Codex 8-12 mg/100g) and protein quality via lysine blockade. High carbohydrates (65-78%) and lipids (12-20%), exceeding Codex minima, ensure energy density (≥400 kcal/100g dry matter), positioning these flours as viable infant energy sources. However, lipids remain susceptible to peroxidation under oxygenated tropical conditions. 
Persistent deficiencies include proteins (insufficient in 50% of units: 8-13% vs. ≥15%), total ash (2.1-3.8% vs. 5%), and iron (deficient in 100% of samples). These shortfalls mirror regional analyses, inadequately addressing Burkina Faso's 60-70% preschool anemia prevalence.
The temporal value-chain approach (T0-T2) validates production gains by small producers but exposes distribution weaknesses and absent systematic fortification. Fortification is critical; WHO meta-analyses confirm 20-30% anemia reductions via iron premixes in complementary foods. 
These results are in line with international data. High lipid levels promote peroxidation (loss of 5 to 10% over 60 days), while carbohydrates stabilize energy but feed mold in permeable packaging, according to Mouquet & Trèche, 2001. Unlike enriched Asian flours (iron >10 mg/100 g, stable), non-enriched products show persistent deficiencies, worsened by Maillard reactions induced by storage, with protein losses of 2 to 5%, according to Dewey et al., 2008. Reformulation to a 60:40 cereal-legume ratio, incorporating processed oilseeds and mineral/vitamin premixes, could boost protein by 20% and address deficits. 
Public health implications are profound: without fortification or diversification, these flours meet energy needs but fail growth and immunity requirements, undermining stunting, anemia, and malnutrition prevention in Burkina Faso. Multi-level interventions, notably, regulatory oversight, airtight multi-layer polyethylene packaging with labeling, producer support for reformulation, and community education on storage/hygiene—are essential. 
Conclusions


This study demonstrates that infant flours produced in Ouagadougou meet Codex Alimentarius criteria for carbohydrates (65-78%) and lipids (12-20%), and initial bacterial loads (aerobic mesophilic flora ≤10⁴-10⁵ CFU/g, E. coli absent), confirming hygienic gains in most production units. However, storage vulnerabilities persist, as evidenced by Bayala-Yaï et al. (2024), with yeasts and molds exceeding limits (10² CFU/g) in 44% of samples after significant increases (p<0.05) from 1.8-2.5 log CFU/g at production (T0) to 3.2-4.1 log CFU/g after two months (T2). 

Protein (8-13% vs. ≥15%) and iron (2.3-4.8 mg/100g vs. ≥8 mg/100g) contents remained below recommended levels across all samples, indicating systematic nutritional deficits in current formulations. 

High lipid and carbohydrate levels, while energy-dense, exacerbate storage-related microbial growth and potential nutrient losses (e.g., Maillard-induced iron/protein degradation), consistent with Chilenga et al. (2025) and mechanisms limiting micronutrient interventions in malaria-endemic settings.

These findings confirm progressive hygiene improvements in Burkina Faso's infant flour sector, while highlighting value-chain fragility. We recommend:
i) Airtight multilayer polyethylene packaging to limit moisture/oxygen ingress;
ii) Systematic fortification with 10-12 mg/100g iron bisglycinate plus vitamin premix;
iii) Mandatory value-chain quality controls, including production and retail microbiological/nutritional testing;
iv) Targeted hygiene/storage training for supermarket staff and households.

These evidence-based interventions, strengthening regulation, packaging, reformulation, and education, would sustain Codex compliance through shelf-life, positioning local infant flours (~30 production units) as effective tools in Burkina Faso's child malnutrition prevention strategies, potentially reducing anemia prevalence by 20-30%.

Abbreviations 

AFNOR: French Standardization Agency

ANSSEAT: National Agency for Environmental, Food, Occupational Health and Health Product Safety
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