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Abstract The infant formula produced aim to cover the nutritional needs of children under 5 years old. Thus, these
flours are rich in macronutrients and micronutrients, mainly in carbohydrates, proteins, lipids, iron-zinc and vitamin
A. Over the months, contaminants can degrade the macronutrients and micronutrients contained in infant formula.
These contaminants can lead to a change in taste, odor and also alter the quality of these foods by the presence of
insects and toxins. The aim of this study was to determine the microbiological, physicochemical and nutritional
parameters of infant formula at an initial time T1 and at a time T2 6 months later. Then, to make a comparison of the
data. Thus, 24 samples of infant formula were collected throughout the city of Ouagadougou. In order to follow the
evolution of the parameters over time, 12 samples of infant formula were analyzed at time T1. The other 12 samples
were stored at room temperature (35°C-40°C) for 6 months before being analyzed. 1ISO methods were used for the
enumeration of total mesophilic flora, faecal coliforms, yeasts and moulds. The official AOAC methods were used
for the determination of energy values of each sample. The determination of Beta-carotene and mycotoxins
[(aflatoxins, ochratoxin A and fumonisins (B1+B2)] in infant formula was performed by high performance liquid
chromatography (HPLC). In terms of results, the microbiological analysis showed that the bacterial load of the
samples remains satisfactory for the germs searched. After 6 months of storage, an increase in the bacterial load of
the samples for the desired germs was observed but remains acceptable. The determination of the energy value of the
analysed infant formula varied between 390.4+22.8 and 437.2+1.0. After 6 months of storage, the caloric value of
the infant formula varied from 328.2+7.6 to 417.4+3.3 which is lower than the Fasonorm recommendation which
must be > 420 kcal. Similarly, the Beta-carotene content of infant formula varied between 0 to 596.9+6.1 at time T1.
After storage, the contents decrease and are lower than the Fasonorm recommendation which must be > 420 ug.
However, mycotoxin levels increase after storage especially for aflatoxin B1 (EU regulation for infant formula:
0.1ug/kg for aflatoxin B1). In conclusion, this study showed statistically there is no significant difference between
the studied parameters and the storage time. However, significant differences were observed according to the origin
of production of the infant formula (artisanal or semi-industrial). Also, in a global way, we can say that the sanitary
quality of the infant formula was unfit for consumption due to the presence of aflatoxin B1 contents.
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1. Introduction

In order to improve the nutrition of young children
(0-5 years) in a sustainable way and to contribute to the
reduction of the prevalence of malnutrition and
micronutrient deficiencies in infants and young children,
the NUTRIFASO project was initiated by GRET/IRD [1].
In urban areas, the strategy of the NUTRIFASO project is
to support micro and small enterprises in Burkina Faso
that produce, or wish to produce, fortified foods based on
local raw materials in order to improve the quality of
their products (nutritional composition, organoleptic
quality, sanitary quality, packaging, etc.), to improve their
production processes and to increase the visibility and
sales of their products. Thus, since its implementation,
several companies have benefited from the project's
support and are able to produce infant formula for children
aged 6 to 23 months in accordance with NUTRIFASO's
specifications [2]. Nowadays, many formulations of infant
formula have been developed and all of them are enriched
and suitable for nutritional recovery. Indeed, some authors
as Kayalto et al. (2013) have worked on the nutritional
value and hygienic quality of local enriched infant formula
of Chad [3]. Zongo (2020) showed that Moringa leaf
powder improved the recovery of acutely malnourished
children [4]. Kayalto et al. (2016) and Dao et al. (2021)
found that infant flour enriched with Moringa leaves and
néré (Parkia biglobosa) pulp at a certain content was
appreciated and had an energy value close to VITAFORT,
a reference infant flour and was very rich in Beta
carotenes [5,6]. Sanou et al. (2017) showed that the
microbiological quality of the analyzed infant formula
were satisfactory with the absence of Staphylococcus
aureus and Salmonella in 1 and 25 g of each sample after
culture [7].

However, during the processing and preservation of
food products, contamination by pathogens or toxins
could occur. Numerous studies have shown that there was
a close relationship between the state of nutrition and
infectious diseases. Infectious diseases occur more
easily and are often fatal for malnourished children, and
may be the underlying causes of malnutrition [8]. The
malnourished child is less resistant to disease, gets sick
more often, and as a result malnutrition worsens [8].
Fortified foods, commonly called complementary foods
(infant formula), are based on local raw materials.
However, if they are poorly processed and or preserved,
these infant formulas may contain certain pathogenic
germs or substances that are harmful to health [7,9].
Indeed, it has been reported that the presence of
pathogenic germs was the cause of diarrhoea (cholera and
dysentery) [10] of children under 5 years old. Work done
on cereals, legumes and oilseeds has also shown the
presence of mycotoxins (aflatoxins, ochratoxins, fumonisins)
especially in maize, millet, sorghum, groundnut, sesame,
soybean etc. [11,12,13,14,15]. Chronic exposure to
aflatoxin can have a negative impact on health. It has been
associated with liver cancer, growth retardation, and
weakened immune systems in children [16]. At high
levels of concentration, aflatoxin exposure can cause
haemorrhagic, oedema, and even immediate death [17].

The conservation of these infant formula is usually
done at room temperature and for a long period of time

sometime several months on the shelves of the market or
at the mother's house who prepares the child's food. These
conditions can play on the variation of the quality of the
food and the development of microorganisms making the
food unfit for consumption. Thus, the objective of this
study was to monitor over time the evolution of the
nutritional value and health quality of some infant formula
from Burkina Faso.

2. Materials and Methods

2.1. Study Areas and Sample Collection Sites

The study was conducted in Ouagadougou, the capital
of Burkina Faso, and the analyses were conducted in
collaboration with Cirad Montpellier, France.

2.2. Sampling of Infant Formula

e Sample collection was done in duplicate at the
different sites: Three samples were taken from
Recovery and Nutrition Education Centers (RNEC).
The women produce infant formulas in an artisanal
manner;

e Three samples were taken from women's
associations. These women produce infant formulas
in an artisanal manner;

e Six samples were taken from semi-industrial units
that produce infant formula.

In total we obtained 24 samples, i.e. 12x2.

Sampling consisted of taking 300 to 500 g of infant
formula of different compositions from RNEC. RNEC
deals with the recovery of severely and moderately
malnourished children. The children are hospitalized in
the center in order to take care of the child and ensure a
rich, varied and sufficient diet.

The twenty-four (24) samples were collected and were
taken in aseptic manner and placed in sterile plastic bags,
packed in a cooler with ice. They were sent to the
laboratory for analysis within 2 h after collection.

Table 1. Composition of infant formula taken in the city of
Ouagadougou

Origin of samples Composition of infant formula samples

- corn, soybean, dry fish, peanut, sugar, salt
- millet, soybean, dry fish, peanut, sugar, salt
- sorghum, soybean, dry fish, peanut, sugar, salt

RNEC

- corn, soybean, dry fish, peanut, sugar, salt
- corn, millet, beans, rice, peanuts, sugar
- corn, rice, soybean, sugar, milk powder

Artisanal units

- millet, sorghum, peanut, soybean, sugar,
monkey bread powder, iodized salt, calcium
carbonate, vitamins, minerals, enzyme Ban

- corn, soybean, dehydrated spinach powder,
sugar, milk powder, vitamins and minerals

- corn, peanut, soybean, iodized salt, sugar,
Mineral and vitamin supplement (CMV),
enzymes

- millet-wheat, palm oil, sugar, skimmed milk
powder, vitamins, trace elements

- corn, sugar, peanut paste, skim milk powder,
vitamins, trace elements

- millet-wheat, palm oil, sugar, milk powder,
baking powder, vitamins, trace elements

Semi-industrial
units
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2.3. Sample Collection and Storage

Upon arrival at the laboratory, each sample in duplicate
was split into two parts. One part was used immediately
for physicochemical, nutritional and microbiological
analyses at time T1. The other part was labelled and stored
at room temperature until T2 time 6 months later.

2.4. Analysis of Nutritional and
Physico-chemical Parameters
of Infant Formula

The nutritional parameters were analyzed at the
Department of Food Technology and at the laboratory of
plant biology at the University Joseph Ki-Zerbo (Burkina
Faso).

Moisture, ash, protein and fat contents were carried out
using the official AOAC methods [18]. Carbohydrate
content was estimated using a colorimetric method [19]
according to the following formula (see Eqg. 1). The
energy value was calculated from the conversion
coefficients established by Atwater and Benedict (1899)
[20]: 4 Kkcal/g for carbohydrates and proteins and 9 kcal/g
for lipids according to the following formula (see Eq. 2).

Carbohydrate content (%)
=100 —[Moisture content (%) + protein content (%) (1)
+fat content (%) +ash content (%]

E (kcals/100g)
=[4(keal/g)x % Protein |+[9(kcal/g)x % Fat | (2)
+[ 4(kcal / g)x % Carbohydrate |

The content of Beta (B-carotene) in infant formula was
determined using high performance liquid chromatography
(HPLC) as described by Somé et al. (2004) [21]. The
standard solution was prepared by diluting a small amount
of the B-carotene standard in 3 mL of hexane to produce
the stock solution. The stock solution was diluted 1:10,
1:100 and 1:1000. The optical densities of the diluted
solutions were read at 450 nm with a UV-Visible
spectrophotometer (CECIL 160-A, United Kingdom). The
concentrations of the standard were calculated from the
optical densities obtained. The - carotene in the samples
was extracted by weighing 10 mg of infant formula
powder in 1 mL ethanol and 4 mL hexane. After stirring
with a vortex for 2 min, the preparation was stored at 4°C
for 12 to 15 h in a refrigerator (4°C). After bringing to
room temperature, 1 mL of a NaCl solution (3M) was
added to the preparation. After stirring, the mixture was
centrifuged at 3000 rpm at 5°C for 5 min. The supernatant
consisting of the hexanic phase was removed and
transferred to another tube. Then 3 mL of hexane
was added to the pellet, followed by shaking and
centrifugation; the supernatant was removed again and
added to the first supernatant. This operation was repeated
a third time. 1 mL of the extract was then taken for
evaporation under a nitrogen jet, and the dry extract was
recovered in 1 mL of acetonitrile. The standard solutions
were injected into the HPLC and the peak area recorded.
Then 60 pL of the extract recovered in acetonitrile after

microfiltration was injected. Contents of [-carotene were
calculated using HPLC. The HPLC chain was constituted
by a JASCO PU 980 pump, a JASCO 975 UV/Visible
detector, a C-18 Supelcosil column (Bellefonte, USA), 25
cm long and 4.6 mm in diameter. The mobile phase
consisted of acetonitrile/dichloromethane/methanol (70/20/10,
v/viv). The physico chemicals parameters were carried out
in the Food Safety Laboratory of the UMR Qualisud,
CIRAD in Montpellier/France.

¢ Quantification of aflatoxins (AFs) and ochratoxin A
(OTA)

The quantification of AFs and OTA in Infant formula
was determined using HPLC as described by Waré et al.
(2017) [15]. The sample (25 g) was homogenized with 50
mL methanol/water (80/20, v/v) and 5 g of NaCl at high
speed for 2 min with a blender (Waring France). The
extract was centrifuged at 6000 rpm for 10 min. Two mL
of the filtrate were diluted with 18 mL of PBS buffer. Ten
mL of this diluted sample were passed through an
immune-affinity column-1AC column (Aflaochraprep, R-
Biopharm). The IAC was washed twice with 10 mL of
PBS each time before being eluted with 2 mL methanol.
The eluting fraction was then evaporated and 1 mL of
methanol/water (50/50, v/v) was added. The obtained
fraction was collected into a glass bottle, identified by
HPLC and quantified by spectrofluorescence (Shimadzu
RF 20A, Japan) after post-column derivatization by
electrochemical system (Kobra Cell™ R. Biopharm
Rhoéne Ltd, Glasgow, UK). Fluorescence detection for
AFs was set at 365 nm excitation and 435 nm emissions
and OTA was set at 333 nm excitation and 460 nm
emission. The mobile phase A was water/methanol (55/45,
v/v), 119 mg of potassium bromide and 350 pL of nitric
acid. The mobile phase B was water/methanol (20/80, v/v),
119 mg of potassium bromide and 350 pL of nitric acid.
AFs and OTA standard solutions were used for the
construction of a five-point calibration curve of peak areas
versus concentration (ng/mL). The operating conditions
were as follows: injection volume of 100 mL of sample
and standard solutions; C18 reverse-phase HPLC column,
Uptisphere type, ODS, 5 mm particle size, 5 ODB, 250 x
4.6 mm, with identical pre-column, thermostatically
controlled at 40°C, isocratic flow rate of 0.8 mL/min.
Mobile phase gradient: mobile phase A: 0% (0-26 min);
65% (26-45 min); 0% (45-50 min); 41% (20-25).
The detection and quantification limits of AFs were
0.3 pg/kg and 1 pg/kg, respectively. The detection and
quantification limits of OTA were 0.05 pg/kg and 0.1
pg/kg, respectively. The contents were calculated from a
calibration curve established with AFs (TSL- 108,
Biopharm Rhone Ltd, Glasgow, UK) and OTA standards
(TSL-504, Biopharm Rhéne Ltd, Glasgow, UK).

e Fumonisins quantification

The quantification of fumonisins in Infant formula was
determined using HPLC as described by Waré et al. (2017)
[15]. The sample (25 g) was homogenized with 50 mL of
methanol/water (80/20, v/v) and 5 g of NaCl at high speed
for 2 min with a blender (Waring France). The extract was
centrifuged at 6000 rpm for 10 min. Ten mL of filtrate
was diluted with 40 mL of PBS buffer. Ten mL of this
diluted sample was passed through an IAC column
(Fumoniprep, R-Biopharm), followed by washing with
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10 mL of PBS buffer. The IAC column was washed twice
with 10 mL of PBS for each time before being eluted with
1.5 mL of methanol and 1.5 mL of water. The eluate
was collected and derivatized with O-phthaldialdehyde
(OPA) prior to analyze by HPLC and quantified
by spectrofluorescence (Shimadzu RF 20A, Japan).
Fluorescence detection for fumonisins was set at 335 nm
excitation and 440 nm emission. The mobile phase A was:
acetonitrile/acetic acid (99/1, v/v), and the mobile phase B
was water/acetic acid (99/1, v/v). The derivatized sample
was prepared as follow: 100 mL of eluate was mixed with
100 mL of OPA (o-Phthaldialdehyde). The operating
conditions were as follows: injection volume of 100 mL of
derivatized sample; C18 reverse-phase HPLC column,
Uptisphere type, ODS, 5 mm particle size, 5 ODB, 250 x
4.6 mm, with identical pre-column, thermostatically
controlled at 35°C; isocratic flow rate of 1 mL/min.
Mobile phase gradient: mobile phase A: 41% (0-9 min);
61% (9-16 min); 100% (16-20 min); 41% (20-25 min).
The detection and quantification limits were 5 pg/kg
and 20 pg/kg, respectively. The contents were calculated
from a calibration curve established with fumonisin
standard solutions (TSL-202, Biopharm Rhéne Ltd,
Glasgow, UK).

¢ Microbiological analyses of Infant Formula

These parameters were analyzed at the Laboratory of
Molecular Biology, Epidemiology and Surveillance of
Bacteria and Viruses Transmitted by Food in University
Joseph Ki-Zerbo.

Microbiological analysis was carried out in accordance
with the requirements of the International Organization for
Standardization (ISO). The stock solution was obtained
according to 1SO 4833:2003. Ten grams (10 g) of infant
formula were collected aseptically and placed in a 100 mL
flask containing 90 mL of sterile Buffered Peptone Water
(BPW). The mixture was homogenized with a stirrer and
diluted using successive decimal.

Total Aerobic Mesophilic Flora (TAMF): was
determined according to the NF ISO 4833:2003. One
hundred microliters (100 pL) of each dilution were used to
inoculate in duplicate on Petri dishes containing Mueller
Hinton medium (MH; Liofilchem Diagnostic, Italy) and
incubated in an incubator at 37°C. Colonies were counted
on the plates after 18 to 24 h of incubation.

Thermotolerant coliforms were determined by the NF V
08-017:1980. The seeding of 100 puL by spreading was
performed in duplicate on Petri dishes containing Eosine
Methylene Blue Levine medium (L-EMB; Liofilchem
Diagnostic-ITALY) and incubated at 44°C for 24 h.
Characteristic bluish colonies with a dark brown center,
flattened, which occasionally have a metallic luster were
counted.

Yeasts and moulds were determined by the NF 1SO
7954:1987. Thus, 100 pL of each dilution were seeded in
duplicate by plating on Petri dishes containing Sabouraud
+ chloramphenicol 0.5 ¢g/L medium (Sab., Liofilchem
Diagnostic-Italy) and incubated at 25°C for 3 to 5 days.
Yeasts and moulds were enumerated using the
international standard [22] and the results were expressed
as Colony Forming Units per gram of sample (CFU/qg).
The number N of microorganisms present in the test
sample as a weighted average of two successive decimal
dilutions was calculated according to the following
equation (see Eg. 3).

N=>C/(Vx0.1xd) 3)

The result of the enumeration of total aerobic flora,
total coliforms, yeasts and moulds was interpreted
according to a three-class plan.

2.5. Statistical Analysis

All collected data were subjected to an analysis of
variance with the Xlstat 2018 statistical software and the
means of the variables were compared using the Student
Newman-Keuls (SNK) test at the 5% probability threshold

3. Results and Discussion

Research and enumeration of germs in infant formula

1. Interpretation of the microbiological contamination
of infant formula

Table 2 and Table 3 presents the results of the
microbiological analyses of infant formula. The results
were compared to the threshold values proposed by
Fasonorm [23] at time T1 of sample collection and at time
T2 6 months.

Table 2. Microbiological results for infant formula (IF) according to units

T1 T2
Treatment TAMF(CFU/G) | T coli. (CFUg) Yeas(télf‘ug‘)’“'ds TAMF(CFU/g) | T coli. (CFU/g) momﬁg% "
Artisanal unit 2734.8 + 689.6° 40+ 43.4% 153.7 £ 69.8° 6428 + 3501.8° 717 +57.8° 2116.2 +1858.4°
Semi-industrial unit 3318.6 +1736.1° 0° 91.7 + 86.6° 4431.8 +2933.5° 8.3+ 16" 918 +1158.1°
Significant level NS 0.047 NS NS 0.027 NS
Table 3. Microbiological results for infant formula (1F) according to the storage time
Artisanal unit Semi-industrial unit
Treatment TAMF(CFUlG) | T coli. (CFUIg) Yeas(tél‘f‘urlg‘)’“'ds TAMF(CFU/g) ((T:Ifﬁ'/'g) momi?tcslfﬂ "

T1 2734.8 + 689.6° 40+ 43.4% 153.7 £ 69.8" 3318.6 +1736.1° 0 91.7 £ 86.6°

T2 6428 + 3501.8° 71.7 £57.8° 2116.2 +1858.4° 4431.8 + 2933.5° 8.3+ 16% 918 +1158.1°
Significant level 0.03 NS 0.03 NS NS NS
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In all the 12 samples of infant formula collected, we
noted a growth of microorganisms for the germs
investigated from T1 to T2. However, statistically there
was a significant difference (p = 0.03) when we made the
comparison between artisanal unit and conservation
among time for two germs. There was also a significant
difference when comparing the samples and the quantity
of CFU for thermotolerant coliforms both at T1 (p = 0.047)
and T2 (p = 0.027). These statistical results indicate that
the microbiological quality of artisanally and semi
industrially produced infant formula will be unfit for
consumption if kept for a certain period without be
processed against microorganisms such as Total Aerobic
Mesophilic Flora (TAMF), thermotolerant coliforms and
yeasts and moulds. Investigations conducted in Burkina
Faso on infant flour had shown that they were satisfactory
but the characterization of strains had highlighted the
presence of pathogenic germs such as Klebsiella spp.,
Enterobacter spp. and Cronobacter spp [9]. Similarly,
in Libya the microbiological quality of infant foods
were unsatisfactory for infant consumption because
Cronobacter sakazakii had been identified [25]. Their
presence in IFs can cause gastroenteritis.

2. Results of the nutritional and physico-chemical
parameters of the infant formula

The nutritional quality of the infant formula was
determined at sampling time T1 and at time T2 (6 months).
It consisted in determining ash, energy value and dosage
of Vitamin A content of infant formula.

a) Determination of the energy value of infant formula

In order to determine the energy value of infant formula,
the determination of moisture, carbohydrates, lipids and
proteins was carried out for each sample at time T1 and
T2. Then the formula of calculation of the energy value
was applied and was the results of the ANOVA who
represented in Table 4, Table 5, Table 6 and Table 7.

American Journal of Food and Nutrition

Moisture content of infant formula must be less than
8% set by Fasonorm [23]. The average moisture content
for the artisanally produced infant formula is 4.9 £ 1%.
Semi-industrial infant formulas had 5.4 + 1.3 %. However,
the infant formulas tend to become wet under certain
storage conditions. Indeed, an increase in water content
was observed in all infant formulas after 6 months of
storage (Table 4, Table 5, Table 6, Table 7). After storage
their average had increased to 9.1 + 1.2 % for artisanal
units. Their average had increased to 9.2 + 4.2% for semi-
industrial units.

The average ash content for the artisanal and semi-
industrial units were 2.6 £ 0.8 and 2.2 + 0.5% respectively.
After 6 months of storage, average ash content has not
changed much.

The protein contents in the samples were all below the
value recommended by Fasonorm [23] (> 12.7%)

The lipid content of the infant flours produced in the
artisanal units are in conformity with the Fasonorm
threshold [23] (> 8.5 %). For those produced by the semi-
industrial units the contents are lower than the Fasonorm
threshold [23] (> 8.5 %). After 6 months of storage, the
lipid contents have the same trend in each group of units.
The carbohydrate content according to the Fasonorm
recommendation for infant formula was 64 [23]. The
contents found in the infant formulas submitted to our
analysis were higher than this reference at time T1 and at
time T2.

Fasonorm [23] recommends an energy value above 420
kcal/100g. Our analyses show that the flours produced by
the artisanal units have an average caloric value (419.4+12)
equal to the recommendation. The flours produced by the
semi-industrial units have an average caloric value
(408.4+17.2) lower than the recommendation. After
conservation, the caloric value of the infant flours,
whatever the units, are lower than the recommendation.

Table 4. Results of the energy values content of infant formula at T1

Treatment Carbohydrate Protein Fat Moisture Ash Energy value (kcal/100g) | Beta-carotene (ug/100g)
Artisanal Unit 73.2+34% 95+12° | 99+23° 4.9+ 1% 2.6 +0.8* 419.4+ 12° 378,1£5%
Semi-industrial unit 75.7+7.9 9.1+42* | 7.7+3.6° | 54+13" | 22+05° 408.4 +17.2° 271,3 £25.3*
Significant level NS NS NS NS NS NS NS

Table 5. Results of the energy values content of infant formula at T2

Treatment Carbohydrate Protein Fat Moisture Ash Energy value (kcal/100g) | Beta-carotene (ug/100g)
Artisanal Unit 70.6 +1.1° 101+19* | 82+1.9° | 9.1+1.2* | 2.1+0.5° 395.8 £11.3° 332,8+12.5°
Semi-industrial unit 725+7.7° 95+45" | 6.8+£3.2° | 92+4.2° | 1.9+0.6% 389.5+32.5% 242,3+17%
Significant level NS NS NS NS NS NS NS

Table 6. Results of the energy values content of infant formula for Artisanal Units

Treatment Carbohydrate Protein Fat Moisture Ash Energy value (kcal/100g) | Beta-carotene (pg/100g)
T1 73.2+3.4% 95+1.2% 99+23% 49+1° 2.6 +0.8* 419.4+ 12° 378,1 +5%
T2 70.6 +1.1° 10.1+1.9* 8.2 £1.9* 9.1+£1.2° | 21+05* 395.8 £11.3° 332,8+12.5°
Significant level NS NS NS <0.001 NS 0.006 NS

Table 7. Results of the energy values content of infant formula for Semi-industrial units
Treatment Carbohydrate Protein Fat Moisture Ash Energy value (kcal/100g) | Beta-carotene (ug/100g)
T1 75.7+7.9° 91+42% | 7.7+36% | 5413 2.2+0.5% 408.4 +17.2° 271,3+25.3
T2 725+7.7° 95+45" | 6.8+32%° | 92+42% | 1.9+06° 389.5+32.5% 242,3+17%
Significant level NS NS NS NS NS NS NS
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Fasonorm [23] recommends a beta-carotene content for
infant formula above 420 pg/100g. It is noticeable that the
IF produced by the artisanal units have an average
beta-carotene content lower than the recommendation.
The same is true for the IF produced by the semi-industrial
units. However, here too, after the storage period, the
values decrease considerably in all the IF. Vitamin A
plays a role in the good development of the young child.
In the course of time, these already low contents in certain
samples had decrease considerably. The beta-carotene
content in infant formula produced by artisanal units was
higher than that of semi-industrial units. This can be
explained by the fact that the ingredients of which they
were composed were rich in beta-carotene.

Statistically there was logically no significant difference
between the samples and the storage time for the
nutritional parameters. It was the same for the comparison
between the semi-industrial units and the nutritional
parameters carried out. However, we noted a significant
difference between artisanal units and moisture (p<0.001),
between artisanal units and energy value (p = 0.006).
In fact, the results obtained above already showed
differences between artisanal and industrial units. The
nutritional value of semi-industrial infant formulas was
satisfactory even after storage for a long time at room
temperature (between 35-40°C). This was not the case for
the infant formulas produced in a traditional way. Also,
the type of packaging could explain the dehumidification
of infant formulas after conservation. Indeed, the
packaging if it is of type PE (polyethylene; required
thickness: 80 to 100um) can allow during the storage an
air and water exchange between outside and the product.
The major disadvantage of packaging type PE is that let
fats pass through and then low shelf life, the IF, rancid and
thus favour the development of mould [26]. This type of
packaging is also permeable to odours that attract rodents.
Consequently, the infant formulas get wet and the
microorganisms multiply. However, our samples from the
artisanal units were all packaged in PP and PE type bags
and stored at room temperature (condition in supermarkets
where infant formulas are sold) for six months.

The development of moulds was linked to the
humidification of the product. However, some moulds were
responsible for the production of mycotoxins, particularly
Aflatoxins [15], which have to be avoided in food. Producers

need to review the types of packaging. Those recommended
for these types of foods are BOPP20/PE20/AI7/PE30,
BOPP30/AI7/PE6O, PET12/PE25/AI7/PE30, PET20/AI7/PES0
and PVC (200 pum). All of these can be stored one year,
have good presentation, have good conservation and
impermeable to odours and light [26].

b) Determination of the mycotoxin content in infant
formula

The determination of the mycotoxin contents was
carried out during storage and they are given in Table 8
and Table 9. The infant formulas were contaminated with
AFB1, OTA and F (B1 + B2). The fumonisin levels
obtained were lower than the EU regulation 1881/2006
[24] (200pg/kg). For OTA at T1, only 2 samples of baby
food had levels above the standard [24] (0.5 pg/kg); the
rest of the samples were not contaminated. At T2, three
samples of infant formula had levels above the standard
[24] (0.5 pg/kg); For AFB1, at T1, all samples of infant
formula had levels above the standard [24] (0.1 pg/kg). At
T2, the levels increased again. On the whole it can be
noticed that the infant formulas produced in the artisanal
units were more contaminated by mycotoxins than those
produced in the semi-industrial units.

For the mycotoxin contamination of the infant flours, a
predominance of aflatoxin B1 was noted. Statistically
there was no significant difference between the samples of
infant formulas and the content of the different
mycotoxins during the conservation among time; however,
we was noted predominance of aflatoxin B1 in the sample
of the infant formulas produced artisanally. The
predominance of aflatoxin B1 was also obtained by [15],
with more than 80% of infant formulas with a content 900
times higher than the norm. The predominance of
aflatoxin Blobtained in our case in infant formulas
produced artisanally indicated that the contamination
could come from the ingredients used, notably peanut, soy,
dry fish that could be incriminated or because of the good
conservation practices were not respected. The statistical
analysis carried out by Waré [27] showed that an infant
formula composed of cereals (corn or rice), peanut or soy,
have more chance to be either contaminated with very
high content of aflatoxins or fumonisins. The presence of
aflatoxin B1 in infant formula lead to malnutrition of the
child, weakening of the immune system and increased risk
of cancer in the long term.

Table 8. Quantities of mycotoxins in infant formula samples per Units

T1 T2
Treatment
AFB1(ng/kg) OTA(ug/kg) F (B1+B2) (ng/kg) AFB1(ng/kg) OTA(ng/kg) F (B1+B2) (ug/kg)
Artisanal Unit 0.5+0.4% 0.1+0.2% 3.245.9% 1.8+1.7¢ 0.4+1° 14.3+22.5%
Semi-industrial unit 0.2+0.1° 0.1+0.2% 1.6+£3.1° 0.8+0.6 0.5+1.1° 7.5£11.5°%
Significant level NS NS NS NS NS NS
Table 9. Quantities of mycotoxins in infant formula samples at time T1 and T2
Artisanal Unit Semi-industrial unit
Treatment
AFB1(pg/kg) OTA(ug/kg) F (B1+B2) (ug/kg) AFB1(ng/kg) OTA(ng/kg) F (B1+B2) (ng/kg)

T1 0.5+0.4° 0.1+0.2% 3.245.9° 0.2+0.1° 0.1+0.2° 1.6+3.1°

T2 1.8+1.7° 0.4+1° 14.3+22.5° 0.8+0.6 0.5+1.1° 7.5+11.5°
Significant level NS NS NS NS NS NS
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4. Conclusion

According to the germs and the parameters investigated
over time, it appears that the contamination rate increases
with time. However, the statistical analysis showed
significant differences for the artisanally produced infant
formula. This has an impact on the quality of infant
formula and confirms that storage has an impact on infant
flours if parameters such as humidity, type of packaging,
ingredients and process are not well controlled. The
presence of aflatoxin B1 in all samples at levels above the
standards (EU Regulation 1881/2006) makes all infant
formula unfit for consumption. it appears that the infant
formula are satisfactory because the ingredients used are
important for the development of the infant and the young
child. From a nutritional point of view, the infant formulas
produced by craftsmen have a very high energy value
and are very rich in beta-carotene, however the
microbiological quality, the presence of aflatoxin Bl
makes their quality unfit for consumption. It also emerges
from the statistical analysis that it appears to be more
judicious to consume quickly and not to preserve the
infantile formula produced artisanally over a long time
following the date of production of the product. While
waiting for innovative solutions, we recommend to the
producers of the units to respect rigorously the good
practices of hygiene, the good practices of manufacture,
the good practices of conservation and to apply the
HACCP method along the chain of production This
proposed precaution could reduce the risks that young
children run during their growth.
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