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ABSTRACT 
 

This study aims to determine the microbiological and nutritional quality of complementary foods for 
children produced in the city of Man (instant flour and porridge). To do this, a structured survey of 
nannies and vendors, coupled with microbiological and physicochemical analyzes was carried out. 

Original Research Article 
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To this end, a questionnaire survey was conducted among nannies and porridge sellers in order to 
collect information on the use of complementary foods and to assess the state of cleanliness of the 
sales environment. A study of physicochemical (carbohydrates, lipids, humidity, ash, minerals) and 
microbiological (total aerobic mesophilic flora, yeasts and molds, total coliforms, Escherichia coli, 
Staphylococcus sp. and Salmonella sp.) characteristics using standard methods and referenced 
was then conducted to assess the nutritional value and health status of the porridges (Millet, 
Kokobaka, Anagobaka) and flours from the Focolari center consumed in Man. The survey data 
showed that the majority of the of nannies (61.1%) give a complementary food before the age of 
introduction (6 months), with regard to the saleswomen (100%) unaware of the proportion of the 
components and their nutritional intake as well as 54.8% of them have an unhealthy work place 
and environment. The microbiological analysis carried out on the 50 samples revealed a potential 
contamination of spoilage and pathogenic germs. The contamination rate of Anagobaka porridge is 
very worrying unlike other porridges and flours, especially with the presence of salmonella, the high 
rate of Escherichia coli and Staphylococcus aureus respectively (3.91×10

3
 ± 0.09 and 5.34×10

4
 ± 

0.10 CFU/mL).) Regarding the nutritional analysis, there is a content of carbohydrates (70.17-
85.08%), lipids (6.93-10.40%) and iron (30.64-64.34%) higher than those recommended by the 
FAO/WHO standard in the 6 types of samples analyzed. However, the zinc content is below this 
standard in all the samples tested. However, zinc deficiency is one of the main causes of stunted 
growth in children. All these results have shed light on the existence of a potential health risk and 
possible nutritional deficiencies in infants and young children who consume locally produced 
complementary foods. 
 

 
Keywords: Microbiological quality; complementary food; physico-chemical characteristics; germs; 

Man (Côte d'Ivoire). 
 

1. INTRODUCTION 
 
Malnutrition remains a public health problem 
throughout the world. Nearly 112 million children 
under five worldwide are underweight and 178 
million are stunted [1]. In developing countries, 
child malnutrition is one of the main causes of 
public health and social well-being problems, it is 
the cause of half of child deaths [2]. In Côte 
d'Ivoire, approximately 45 % of annual deaths of 
children under 5, i.e. 42,000 deaths per year or 
115 deaths per day, are due to malnutrition [3]. 
All these forms of malnutrition are more severe 
during the weaning period, the so-called 
complementary feeding period (6 to 24 months) 
[4].  
 
During this period, it is necessary to bring new 
foods in liquid or semi-liquid form to supplement 
the contributions of breast milk. These new and 
first foods given to children are called 
complementary foods and must be of satisfactory 
nutritional, health and organoleptic quality [5]. 
Indeed, according to the recommendations of the 
WHO and UNICEF, infants must receive 
exclusive breastfeeding up to 6 months. 
However, beyond 6 months, breast milk alone is 
not enough to meet their nutritional needs. They 
should therefore receive complementary feeding 
while continuing to breastfeed for up to 2 years 
or more [5]. These complementary foods must be 

foods of nutritional value appropriate to the age 
of the child and uncontaminated from both a 
microbiological and toxicological point of view. 
Thus, the first complementary foods are most 
often porridge made from cereals, roots or 
tubers, rich in carbohydrates and low in protein 
[6]. Porridge is sold in precarious hygienic 
conditions, which constitutes a major public 
health risk for consumers, especially children 
under five [7]. 
 
Like several local products, infant flour, the main 
complementary food, is produced essentially 
using an artisanal or semi-artisanal process 
under conditions of insufficient sanitation by 
millers with a relatively low level of education [8]. 
In addition, in Côte d'Ivoire, imported infant             
flours exist on the market as well as                       
those produced locally as complementary foods. 
These complementary foods sold in 
supermarkets and large commercial chains are 
inaccessible to a large part of the population and 
are generally not used by low-income 
households because they are relatively 
expensive [8]. 
 
However, infant flours and porridges                         
made traditionally are accessible to all, but they 
have a very low nutritional value and cause 
problems of malnutrition and nutritional 
deficiencies [9]. 



 
 
 
 

Carole et al.; Microbiol. Res. J. Int., vol. 32, no. 9, pp. 41-58, 2022; Article no.MRJI.93975 
 

 

 
43 

 

Studies have focused on complementary feeding 
of young children in Côte d'Ivoire [9,10]. 
However, at the level of the city of Man, no study 
has yet been undertaken concerning the 
microbiological and nutritional quality of 
complementary foods. 
 
In addition, according to multiple indicator cluster 
survey [11], the West of Côte d'Ivoire (area 
where the city of Man is located) is an area with 
a high prevalence of malnutrition, making the bed 
of several childhood pathologies including 
malaria, respiratory infections acute and 
diarrhoea. In the west of Côte d'Ivoire, 26 % of 
children under 5 are chronically malnourished 
compared to 21.6 % nationally and 6 % of 
children in this area of Côte d'Ivoire with this 
same age bracket are emaciated. 
 
These different situations have aroused the 
interest of carrying out this study which aims to 
know the formulation and evaluate the nutritional 
and microbiological quality of complementary 
foods produced in the city of Man (Côte d'Ivoire). 
 

2. MATERIALS AND METHODS 
 

2.1 Materials  
 

2.1.1 Plant material 
 

The plant material consists of 6 types of flour 
composed as follows: a flour made from maize 
(Zea mays), sesame and cocoa (Theobroma 
cacao) (FMSC); one based on maize (Zea mays) 
and soy (Glycine maxima) (FMS); another based 
on maize (Zea mays), soy (Glycine maxima), 
cocoa (Theobroma cacao), sesame (Sesamum 
indicum), rice (Oriza sativa), millet (Pennisetum 
glaucum) and banana (Musa paradisiaca) 
(FM5B); one based on maize (Zea mays), ginger 
(Zingiber officinale) and/or pepper (Capscicum 
annuum) used for ''Kokobaka porridge (KP)'', a 
flour made of maize (Zea mays) only: '' 
Anagobaka porridge (AP)''. And the last one 
based on millet (Pennisetum glaucum) used for 
''millet porridge (MP)''. Among these flours, it 
should be noted that three (FMS, FMSC and 
FM5B) come from the Focolari Medico-Social 
Center of Man (Côte d’Ivoire). 
 
2.1.2 Technical material 
 
The technical equipment used to carry out this 
work consists of survey sheets and usual 
microbiology and biochemistry laboratory 
equipment. Plat Count Agar (PCA) culture 
medium was used for the enumeration of Total 

Mesophilic Aerobic Flora (TMAF) and Baird 
Parker (BP) agar was used for the enumeration 
of Staphylococcus sp. As for the count of 
Salmonella sp. and Escherichia coli (E. coli), it 
was done with the respective media Salmonella-
Shigella (SS) and Violet Red Bile Lactose 
(VRBL). VRBL medium was also used for the 
enumeration of coliforms. Buffered Peptone 
Water (EPT) broth was used for preparation of 
the stock solution and for the various dilutions. 
 

2.2 Methods 
 
2.2.1 Survey methodology 
 
2.2.1.1 Sampling 
 
2.2.1.1.1 Choice of neighborhoods 
 
The main neighborhoods visited were Camp 
Sea, Cafop, Kôkô, Trade, Dioulabougou and 
Blockauss, which are home to the majority of 
vendors selling porridge made from local 
products. These neighborhoods were selected 
following a pre-survey carried out by our 
research team. 
 
2.2.1.1.2 Choice of the Focolari medico-social 

center in Man (Côte d’ivoire) 

 
This survey aims to provide information on infant 
foods offered to children in the city of Man. This 
center regularly produces flour that it markets, 
which is why we chose flour from this center for 
our work. 

 
2.2.1.1.3 Choice of porridge saleswomen 
 
The purpose of this survey was to define the 
ingredients used to make infant porridge offered 
to children in the city of Man and to highlight the 
preparation conditions and the state of 
cleanliness of the sales environment, the 
saleswoman, the equipment, the presence or 
absence of flies on the food or all around the 
point of sale. The list of the different traders 
selected was provided from a pre-survey. An 
exhaustive sampling of all the porridge vendors 
in these six neighborhoods selected for this study 
was done. There are 31 vendors surveyed, 
including 6 in Camp Sea, 4 in Cafop, 7 in Kôkô, 3 
in Trade, 8 in Dioulabougou and 3 in Blockauss. 
 
2.2.1.1.4 Choice of mothers (nannies) 
 
The size (n) of the samples (mothers of children) 
per neighborhood was obtained using the 
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formula of FAO [12] for a non-exhaustive 
independent sample as follows: 
 

  
         

                                                        (1) 

 
n = minimum size sought for the sample; 
t = 95% confidence level (typical value of 1.96); 
p = estimated prevalence of wet nurses in the 
study area, p estimated at 50% since the total 
number of wet nurses in the area is not known; e 
= 5% margin of error (value of 0.05). 
 
Thus, the minimum size of nurses sought was 90 
nurses. Therefore, the selection of individuals 
was made by the snowball technique. The 
criterion used is that of the representativeness of 
the sampling of actors surveyed (nurses) by 
district. Thus, this study made it possible to 
survey 90 nurses, that is 15 nannies per 
neighborhood. 
 
2.2.1.1.5 Conduct and data collection of the 

survey 
 

The methodology adopted with porridge 
saleswomen and nannies (mothers of children) 
was that of a questionnaire. This questionnaire 
was established using the SphinxPlus.V5.TuiTe 
software. To this end, to put the interlocutor in 
confidence and obtain reliable data, the 
investigators used politeness, declined their 
identities and presented the framework of their 
work. Interviews only begin when the nannies 
and vendors consent to the interview. 
Sometimes, when the respondent does not 
speak French, the interview was conducted in 
the local language. Interpretation in the local 
language was done with the help of an 
interpreter proficient in this language. The 
interview begins with recording information about 
the respondent's identification and basic 
information: name, sex, age, nationality and level 
of education. Then the questions on the practices 

and knowledge of complementary feeding, the 
contribution of these foods to young children, 
were addressed with regard to mothers of 
children. From the saleswomen surveyed, 
relevant information was collected, in particular 
respect for good hygiene practices, the mode of 
installation of the vendor (outdoors, under a 
shelter or itinerant), the formulation of 
complementary foods. In addition, the state of 
cleanliness of the sales environment, the 
saleswoman, the equipment, the presence of 
flies on the food or all around the place of sale 
and the existence of a place to deposit garbage 
has been addressed. 
 
2.2.2 Complementary food flour collection  
 
Different types of infant flours were sampled in 
sterile sachets at a rate of 500 g per sachet. The 
samples were taken and analyzed progressively 
following five (05) successive productions for 
each infant flour at the level of the production 
structure (Medico-Social Center Focolari of Man). 
As for the porridge, they were purchased and 
contained in sterile bags through 3 sectors (2 
districts per sector) of the city of Man. Five (05) 
samples of each type of mixture were analyzed 
at 2-day intervals. A total of 50 samples were 
used for this study, consisting of fifteen (15) 500 
g flour sachets and 35 approximately 300 g 
sachets of 3 different porridges (Table 1). Each 
sample was put in a cooler and transported to 
the laboratory for analysis. 
 
2.2.3 Manufacture of complementary foods 
 
The artisanal processes developed by Aboua et 
al. [13] were used to set up the different flours of 
this work. The processes for preparing the 
porridges and flours studied are represented by 
Figs. 1, 2 and 3 as practiced by the Focolari 
center and most of the porridge saleswomen 
surveyed. 

 

Table 1. Number of samples taken in several districts of the city of Man 
 

Samples  Camp Sea / Cafop Kôkô / Trade Dioulabougou / Blockauss Focolari 

KP 5 5 5 None 
MP 5 5 5 None  
AP None 5 None None 
FMS None None None 5 
FMSC None None None 5 
FM5B None None None 5 

Total sample number = 50 
KP: Kokobaka porridge; MP: Millet porridge; AP: Anagobaka porridge; FMS: Infant maize and soy flour; FMSC: 

Flour made from maize, sesame and cocoa; FM5B: Infant flour made from maize, sesame, soy, millet, rice, 
cocoa and banana; None = 0  
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Fig. 1. Millet porridge production diagram 
 
2.2.4 Methods of microbiological analysis of 

flours and porridges 
 
The microbiological analysis of infant flours and 
porridges is based on techniques for counting, 
isolating and identifying microorganisms likely to 
alter the hygienic and/or nutritional qualities of 
flours and porridges. These are germs such as 
faecal and total coliforms, Escherichia coli, 
Staphylococcus sp., yeasts and molds, total flora 
and Salmonella. The identification of a germ, 
qualitative aspect is characterized by the 
absence or the presence of the latter. On the 
other hand, the counting of a germ is carried out 
by counting the colonies followed by a method of 
calculation and therefore represents the 
quantitative aspect of it. 

2.2.4.1 Preparation of culture media, stock 
suspension and dilutions 

 
The culture media were prepared according to 
the manufacturer's instructions. 
 
2.2.4.1.1 Preparation of stock suspension and 

tenfold dilutions 
 
The preparation of the samples, the stock 
suspension and the decimal dilutions was carried 
out according to the international standard ISO 
6887-1 (1999). The samples were analyzed 
immediately after collection. A quantity of 25 g or 
25 ml of sample is withdrawn aseptically into a 
sterile stomacher bag to which 225 ml Buffered 
Peptone Water (EPT) is added. The mixture was 
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homogenized and left for 15-20 min for 
revivification of microorganisms. The solution 
obtained corresponds to the stock suspension. 
From this stock suspension, a series of 
successive decimal dilutions was carried out. 
One milliliter of the stock suspension was taken 
using a pipette and then introduced into a test 
tube containing 9 mL of Buffered Peptone Water. 
This corresponds to the 10

-1
 solution. The 

operation continued until the 10
-5

 dilution was 
obtained. 
 

2.2.4.1.2 Research and enumeration of the 
different bacterial flora 

 

After the incubation period mentioned in the 
standard specific to each germ, the count of the 
characteristic colonies for each dish containing 

less than 300 colonies and 30 colonies at least 
and between 15 and 150 colonies (for coliforms) 
was carried out. The number N of colony forming 
units (CFU)/g present in the sample analyzed 
and considered as an average of successive 
dilution is given by the following formula: 
 
N= (C1+ C2)/ V(n1+0.1n2) d                              (2) 

 
C1+C2 = sum of the characteristic colonies of two 
boxes of successive dilutions counted 
V= volume of inoculum applied to each dish 
d = dilution rate corresponding to the first dilution 
retained 
n1 = number of dishes retained at the first dilution 
n2 = number of dishes retained at the second 
dilution 

 

 
 

Fig. 2. Production diagram of Anagobaka and Kokobaka porridges 
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Fig. 3. Diagram of flour production at the Focolari medical-social center in Man 
 
2.2.4.1.3 Enumeration of mesophilic aerobic flora 
 
The enumeration of mesophilic aerobic            
flora was carried out according to the ISO 
international standard 4833 (2003). Inoculation 
was done by exhaustion streaking on Plate 

Count Agar (PCA) previously poured                     
into Petri dishes and then incubated in an oven 
at 37 °C for 24 h ± 2 h. After the incubation 
period the colonies were counted. The 
characteristic colonies appeared whitish or 
yellowish. 
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2.2.4.1.4 Search for Staphylococcus sp.  
 

For the research of Staphylococcus sp. 
suspected pathogens was carried out according 
to ISO international standard 6888-1 (2003); 0.1 
mL of stock solution and of each dilution were 
inoculated by streaking on Petri dishes 
containing BP medium (Baird Parker) and then 
incubated at 37 °C. for 48 h. Dishes containing 
15 and 150 characteristic colonies were retained. 
The black, shiny, domed colonies surrounded by 
a white precipitate and a clearing halo were 
counted. 
 

2.2.4.1.5 Enumeration of total coliforms and 
Escherichia coli 

 

Total and thermotolerant coliforms were counted 
respectively according to the standard 
International ISO 4832 (2006) and ISO 16649-2 
(2001). Inoculation was done on bile agar with 
crystal violet and neutral red (VRBL agar) then 
incubated at 37 °C for total coliforms and at 44 
°C for thermotolerant coliforms, in an oven for 24 
h ± 2 h. Characteristic colonies were counted 
after the incubation period. Thus, the dishes 
containing 15 and 150 characteristic colonies at 
the level of 2 successive dilutions were retained. 

 

2.2.4.1.6 Enumeration of yeasts and molds 
 

The culture medium used is Sabouraud poured 
into Petri dishes. 1 mL of each dilution was 
inoculated on Petri dishes and then incubated at 
25 °C. for 2 days. Yeast colonies are milky in 
appearance while mold colonies are filamentous. 
 
2.2.4.1.7 Search for Salmonella sp.  
 
Research of Salmonella sp. was carried out 
according to ISO international standard 6579/A1 
(2007). The search for Salmonella in food 
involves essential steps: pre-enrichment, 
enrichment, isolation and confirmation. 
 

 Pre-enrichment 
 
The stock solution containing 25 g of sample 
mixed in 225 mL of EPT then homogenized, was 
incubated at a temperature of 37 °C for 24 ± 2 h. 
 

 Selective enrichment 
 
0.1 mL of the solution from the pre-enrichment 
was inoculated into a test tube containing 10 mL 
of rappaport vassiliadis broth. The mixture was 
homogenized and then incubated at 37 °C for 24 
± 2 h. 

 Isolation 
 
The isolation is done from the cultures obtained 
from the selective enrichment medium. Petri 
dishes containing Salmonella-Shigella culture 
medium were streaked. The plates thus 
inoculated were incubated for 24 hours at 37°C. 
The typical colonies of Salmonella sp. are black 
with a transparent halo on Salmonella-Shigella 
agar and small in size (2 to 4 mm in diameter). 

 

 Confirmation 
 
Confirmation is made by purification of the 
colonies in Petri dishes containing the 
Salmonella-Shigella medium then incubated at 
37 °C for 24 hours. 
 
2.2.4.1.8 Interpretations of microbiological data 
 
At the end of the microbiological analysis, the 
interpretation of the results was made according 
to a 3-class sampling plan for TMAF, E. coli, total 
coliforms, Staphylococcus sp. suspected 
pathogens, yeasts and molds and a 2-class 
sampling plan for Salmonella sp. 
 
The N values (CFU/g or mL) calculated for each 
flora studied according to the samples of each 
type of porridge and flour, were compared with 
the normative reference of the microbiological 
criteria applicable to foodstuffs intended for 
infants and young children (Table 2). 
 

 For the 3-class plan, when the values 
obtained are lower than the minimum 
microbiological criterion set by germ 
according to standard NFV08-010-Mars 
(1996) and up to three (3) times this 
criterion, the product is of microbiological 
quality satisfactory (SMQ) (m ≤ N ≤ 3m). 

 The product is of acceptable 
microbiological quality (AMQ) for the 
values obtained between three (3) and ten 
(10) times the criterion (3 m < N ≤ 10 m). 

 The microbiological quality is 
unsatisfactory (UMQ) ; when the germ 
count values obtained are greater than ten 
(10) times the criterion (N > 10 m). 

 For salmonella sp., the presence of 
salmonella indicates that the sample is of 
unsatisfactory microbiological quality 
(UMQ). The sample is of microbiological 
quality satisfactory (acceptable 
microbiological quality) if they are absent. 
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Table 2. Microbiological standards for infant flour and porridge (NFV08-010- March 1996) 
 

Microorganisms Criteria CFU/g or mL 

Total aerobic mesophilic flora 10
4
 10

5
 

Yeasts and molds 10
3
 10

4
 

Total coliforms 10
3
 10

4
 

Escherichia coli 1 10 
Staphylococcus sp 10 10

2
 

Salmonella sp Absent in 25 g or mL 

 
2.2.5 Biochemical analysis methods for 

flours and porridges 
 
The water content of the flours was obtained 
according to AOAC method [12] using an oven at 
a temperature between 103 and 105 °C until a 
constant weight was obtained. The water content 
corresponding to the variation in weight of the 
flour during the operation. The ash content was 
determined by dry incineration according to 
AOAC method [14]. Total lipids were extracted 
from samples homogenized in chloroform-
methanol-water (1:2:1, v/v/v) as described by 
Folch et al. [15] and determined by gravimetry. 
As for total carbohydrates, they were quantified 
by the method of Munson and Walker [16]. 
Regarding the content of minerals, it was 
determined by the X-ray fluorescence 
spectrometry technique described by Thirion-
Merle [17]. 
 

3. RESULTS 
 

3.1 Survey Results 
 
3.1.1 Survey of mothers/children 
 
At the end of the survey carried out among 
mothers with children aged between 6-24 
months, the results obtained are shown in Table 
3. A proportion of 20% of the mothers questioned 
know what a complementary food against 80% of 
them who ignore it. Among those who use a 
complementary food, 61.1% of mothers claim to 
have introduced this food before the age of 6 
months, 27.8% of them introduced it from 6 
months and 11.1 % beyond 6 months (Table 3). 
The majority of nannies (mothers) surveyed 
(32.2%) declared that Anagobaka porridge is the 
most given to children, followed by millet porridge 
(24.4%). 
 
The survey revealed that most complementary 
foods are purchased by mothers at the market or 
supermarket, i.e. 39.5%. Those who design 
these foods themselves at home are 27.6%. A 
proportion of 17.8% say they buy these foods in 

the neighborhood, 11.8% in a health center 
(Table 3). 
 
3.1.2 Survey carried out among sellers 
 
The survey carried out among the vendors 
revealed that the level of education of the 
vendors questioned is distributed as follows: 38.7 
% of these women have a primary education 
level; 32.3 % of them have not been to school; 
16.1 % of these women have attended Koranic 
school and 12.9% have a secondary education. 
No saleswoman has a higher level of education 
(Table 3). Concerning the knowledge of 
complementary food, 74.2% of saleswomen are 
unaware of the usefulness of these 
complementary foods against 25.8 % of them 
who know it (Table 3). Regarding the knowledge 
and practice of hygiene of saleswomen along the 
production line, 88.9 % of saleswomen know and 
practice hygiene, unlike 11.1 % of saleswomen 
(Table 3). The state of cleanliness of the sales 
environment based on the abundant presence of 
flies on the food or all around the place of sale 
reveals that 54.8% of the saleswomen work in an 
unhealthy environment against only 3.2% of 
those who sell in a safe environment. 
 
Several relevant data were collected through this 
survey sheet addressed to vendors of locally 
produced complementary food in the city of Man. 
Among these data we have the mode of 
installation of the saleswoman, the duration of 
sale of the complementary food. 
 
3.2 Results of Bacteriological Analyzes 
 
3.2.1 Bacterial load of complementary foods 

(porridges and flours) 
 
A total of 50 samples were analyzed. Tables 4, 5, 
6 and 7 give a summary of the average 
contamination level of the porridge and flour 
germs of all the samples for each germ. The 
average microbial load of the Anagobaka 
porridge of the samples analyzed revealed an 
unsatisfactory microbiological quality (UMQ) for  
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Table 3. Socio-economic characteristics and data on complementary foods distributed in Man 
 

 Survey results data 

Mothers Saleswomen 

Complementary food knowledge Yes 20% Educational level Primary 38,70% 
No 80% Not in school 32,30% 

Age of start of consumption of the 
complementary food 

˂6 month 61,10% Koranic school 16,10% 
6 month 27,80% Secondary 12,90% 
˃ 6 month 11,10% Level of knowledge of 

complementary food 
Oui 74,20% 

Use of locally manufactured 
complementary food 

Yes 94,40% Non  25,80% 
No 5,60% Knowledge and practice of hygiene Yes  88,90% 

Food preference given to children Anagobaka porridge 32,20% No 11,10% 
Porridge from the Focolari 
medical and social center 

20% Proportion of components and 
nutritional value of complementary 
foods 

Yes  0% 

Kokobaka porridge 18,90% No 100% 
millet porridge 24,40% Sanitary level of the place of sale Poor  54,80% 
rice porridge 3,30% Acceptable degree 41,90% 
other food 1,10% Good 3,20% 

Advice for the use of the 
complementary food 

Feeders 62,50%    
Health center 19,20%    
Friends and parents 13,30%    
Culture  4,20%    
Other 0,80%    

Place of supply of complementary 
foods 

Market or supermarket 39,50%    
At home 27,60%    
The neighborhood 17,80%    
Health center 3,30%    
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Table 4. Contamination level of millet porridge 
 

Germs studied Samples of millet porridge taken from quarters (n=5 per quarter) Microbiological standards 

 Camp Sea/Cafop Kôkô/Trade Dioulabougougou/ 
Blockauss 

TMAF Charge CFU/mL 4,79.10
4
 ± 0,10 8.92.10

4
 ± 2.12 8.58.10

4
 ± 0.09 10

4
 10

5
 

Quality AMQ AMQ AMQ   
Yeasts and molds Charge CFU/mL 0 0 0 10

3
 10

4
 

Quality SMQ SMQ SMQ   
Total coliforms Charge CFU/mL 4.14x10

3
 ± 0.07 4.58x10

4
 ± 1.05 3.58x10

4
 ± 0.05 10

3
 10

4
 

Quality AMQ UMQ UMQ   
Escherichia coli Charge CFU/mL 0 0 0 1 10 

Quality SMQ SMQ SMQ   
Staphylococcus sp. Charge CFU/mL 2.21x10

3
 ± 0.07 3.21x10

3
 ± 0.04 5.33x10

3
 ± 0.16 10 10

2
 

Quality UMQ UMQ UMQ   
Salmonella sp. Absent in 25 mL Absent Absent Absent Absent in 25 mL 

Quality SMQ SMQ SMQ 

 
Table 5. Contamination level of Kokobaka porridge 

 

Germs studied Samples of Kokobaka porridge taken from quarters (n=5 per quarter) Microbiological standards 

 Camp Sea/Cafop Kôkô/Trade Dioulabougougou/ 
Blockauss 

TMAF Charge CFU/mL 8.52x10
4
 ± 0.08 2.78x10

5
 ± 0.14 3.99x10

5
 ± 0.34 10

4
 10

5
 

Quality AMQ UMQ UMQ   
Yeasts and molds Charge CFU/mL 0 9.09x10

2
 ± 0.48 2.27x10

2
 ± 1.08 10

3
 10

4
 

Quality SMQ SMQ SMQ   
Total coliforms Charge CFU/mL 5.81x10

4
 ± 1.18 6.55x10

4
 ± 0.78 6.78x10

4
 ± 0.57 10

3
 10

4
 

Quality UMQ UMQ UMQ   
Escherichia coli Charge CFU/mL 0 0 0 1 10 

Quality SMQ SMQ SMQ   
Staphylococcus sp. Charge CFU/mL 6.26x10

3
 ± 0.35 1.88x10

4
 ± 0.07 2.95x10

4
 ± 0.04 10 10

2
 

Quality UMQ UMQ UMQ   
Salmonella sp. Absent in 25 mL Absent Present Present Absent in 25 mL 

Quality SMQ UMQ UMQ 
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Table 6. Contamination level of Anagobaka porridge 
 

Germs studied Samples of Anagobaka porridge taken from quarter (n=5 per quarter) 

 Kôkô/Trade Microbiological 
standards 

TMAF Charge CFU/mL 3.43x10
5
 ± 0.22 10

4
 10

5
 

Quality UMQ   
Yeasts and molds Charge CFU/mL 2.41x10

4
 ± 0.13 10

3
 10

4
 

Quality UMQ   
Total coliforms Charge CFU/mL 4.08x10

4
 ± 0.48 10

3
 10

4
 

Quality UMQ   
Escherichia coli Charge CFU/mL 3.91x10

3
 ± 0.09 1 10 

Quality UMQ   
Staphylococcus sp. Charge CFU/mL 5.34x10

4
 ± 0.10 10 10

2
 

Quality UMQ   
Salmonella sp. Absent in 25 mL  Present Absent in 25 mL 

Quality UMQ 

 
Table 7. Contamination level of Focolari flour 

 

Germs studied Flour samples taken at CMS Focolari  
(n=5 per type of flour) 

  

 FM5B FMS FMSC Microbiological 
standards 

TMAF Charge 
CFU/mL 

1.90x10
4
±0.13 7.83x10

4
±0.38 1.79x10

5
±1.24 10

4
 10

5
 

Quality AMQ AMQ UMQ   
Yeasts and 
molds 

Charge 
CFU/mL 

9.09x10
2
±0.59 1.65x10

3
±0.78 1.72x10

4
±1.04 10

3
 10

4
 

Quality SMQ SMQ UMQ   
Total 
coliforms 

Charge 
CFU/mL 

4.97x10
3
±0.04 3.62x10

3
±1.12 5.58x10

3
±0.07 10

3
 10

4
 

Quality AMQ AMQ AMQ   
Escherichia 
coli 

Charge 
CFU/mL 

0 0 0 1 10 

Quality SMQ SMQ SMQ   
Staphylococc
us sp. 

Charge 
CFU/mL 

1.42x10
2
±0.31 1.04x10

2
±0.14 2.82x10

3
±0.59 10 10

2
 

Quality UMQ UMQ UMQ   
Salmonella sp. Absent in 

25 mL 
Absent Absent Absent Absent in 25 mL 

Quality SMQ SMQ SMQ 
 

each type of germ, thus testifying to a very high 
level of contamination. Thus, for the total aerobic 
mesophilic flora the average load is 3.43x10

5
 

CFU/mL, yeasts and molds have a charge of 
2.41x10

4
 CFU/mL, total coliforms showed a load 

of 4.08x10
4
 CFU/mL, Escherichia coli revealed 

an average load of 3.91x10
3
 CFU/mL, 

Staphylococcus aureus revealed an average 
load of 5.34x10

4
 CFU/mL and Salmonella was 

found in the samples. 
 
3.2.2 Total mesophilic aerobic flora (TMAF) 
 
The microbiological quality analysis revealed an 
average load (N) of the TMAF of acceptable 

microbiological quality (AMQ) for the millet 
porridge. These values range from 4.97x10

4
 to 

8.58x10
4
 CFU/mL. Concerning the Kokobaka 

porridge, the results revealed a AMQ of 8.52x10
4
 

CFU/mL for the Camp Sea/Cafop sector and an 
unsatisfactory microbiological quality (UMQ) for 
the Kôkô/trade and Dioulabougou/Blockauss 
sectors with average loads of 2.78 10

5
 and 3.99. 

10
5
 CFU/mL, respectively. Focolari flours 

showed a satisfactory microbiological quality 
(QMS) with a value of 1.90x10

4
 CFU/g. At Camp 

Sea/Cafop, the analysis gave an acceptable 
microbiological quality (AMQ) of a load of 
7.83x10

4 
CFU/mL. The Kôkô/Trade sector and 

an unsatisfactory microbiological quality (UMQ) 
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with a load of 1.79x10
5
 for maize-soya-cocoa 

flour (FMSC). 
 
3.2.3 Yeasts and molds 
 
The results of the microbiological analysis show 
a satisfactory microbiological quality (QMS) for 
all the porridges of millet, Kokobaka and FocolarI 
flours. The millet porridges analyzed have an 
average load of 0 CFU/mL in all sectors, that of 
the Kokobaka porridges varies from 0 to 
2.27x10

2
 CFU/mL. Focolari flours have a load of 

90.9 CFU/g; 1.65x10
3
 CFU/g and 30.3 CFU/g 

respectively for FMS, FM5B and FMSC. 
 
3.2.4 Total coliforms 
 
For total coliforms, the contamination level of the 
millet porridge is of acceptable microbiological 
quality with a load of 4.14x10

3
 CFU/mL. For the 

Camp Sea/Cafop sector, the microbiological 
quality is unsatisfactory with an average 
microbial load of 4.58x10

4
 CFU/mL and 3.58x10

4
 

CFU/mL respectively in the Kôkô/ Trade and 
Dioulabougou/ Blockauss sectors. Kokobaka 
porridge, on the other hand, testifies to a 
microbiological quality that is unsatisfactory in all 
sectors with a load of 5.81x10

4
; 6.55x10

4
 

CFU/mL and 6.78x10
4
 CFU/mL at Camp 

Sea/Cafop, Kôkô/Trade and Dioulabougou/ 
Blockauss. Conversely, all the flours from 
Focolari have an acceptable microbiological 
quality with an average load equal to               
4.79x10

3
 CFU/g, 3.52x10

3 
CFU/g and 

5.58x10
3
CFU/g respectively for FMS, FM5B and 

FMSC. 
 
3.2.5 Escherichia coli 
 
Concerning E. coli, the results of microbiological 
analysis show a satisfactory microbiological 
quality (QMS) for all the porridges of millet, 
Kokobaka and FocolarI flours. The average load 
is 0 CFU/mL in all sectors for porridge and also 0 
CFU/g for all flours. 
 
3.2.6 Staphylococcus aureus 
 
The results of the microbiological analysis show 
a satisfactory microbiological quality (SMQ) for 
all the porridges of millet, Kokobaka and Focolari 
flour concerning Staphylococcus aureus. The 
millet porridges analyzed have an average load 
which varies from 2.21x10

3
 CFU/mL (Camp 

Sea/Cafop) at 5.33x10
3
 CFU/mL (Dioulabougou/ 

Blockauss). The Kokobaka porridges revealed an 
average load ranging from 6.26x10

3
 CFU/mL at 

2.95x10
3
 CFU/mL. The load of the Focolari flours 

has a load of 1.42x10
3
 CFU/g ; 2.82x10

3
 CFU/g 

and 3.03x10
1
 CFU/g respectively for FMS, FM5B 

and FMSC. 
 
3.2.7 Salmonella 
 
Concerning Salmonella, results of microbiological 
analysis show a satisfactory microbiological 
quality for all the millet and Kokobaka porridges 
and the Focolari flours analysed. An absence of 
salmonella was found in all samples. 
 

3.3 Results of Physicochemical 
Analyzes 

 
3.3.1 Macronutrient content 
 
The carbohydrate content of all the samples 
analyzed respects the recommended standard 
which is 68 g/100g Dry Weight (DW). Regarding 
the lipids content, all the flours from the Focolari 
medical-social center and flour of Kokobaka 
porridge (FKP) respect the standard set, unlike 
the flours for porridge of millet and Anagobaka 
which do not respect this standard with 
respective values averages of 7.80 ± 0.08 g/100g 
DW and 6.93 ± 0.09 g/100g DW which is below 8 
g/100g DW. The moisture content of all the flours 
from the Focolari Center analyzed do not meet 
the set standard, which is the coating of the 
flours of millet porridge (8.74 ± 0.21 %), 
Kokobaka (6.55 ± 0.17 %) and Anagobaka 
(13.15 ± 0.5 0%), the norm being 5%. In terms of 
ash content, all the samples do not meet the 
standard set, such as the FM5B flour from 
Focolari, which has a value of 3.21 ± 0.24 % 
which is much higher than the 2.9 % standard 
(Table 8). 
 

3.3.2 Micronutrient content 
 
The phosphorus content of Focolari flours varies 
from 194.05 mg/100g DW (FM5B) to 503.45 
mg/100g DW (FMS). Regarding porridge flour, 
this content is 178.93 mg/100g, 505.57 mg/100g 
and 271.77 mg/100g respectively for flour, millet 
porridge (FBM), Kokobaka (FKP) and 
Anagobaka (FAP). The potassium content of 
flours from Focolari ranges from 295.74 mg/100g 
DW (FMSC) to 605.80 mg/100g DW (FMS). 
Potassium content of porridge flours vary from 
23.06 mg/100g DW to 49.23 mg/100g DW. The 
calcium contents vary from 192.71 mg/100g DW 
to 441.70 mg/100g DW and from 21.15 mg/100g 
DW to 35.52 mg/100g DW for the flours from      
the medical-social center and those from the 
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Table 8. Macronutrients parameters 
 

Physico-chemical parameters (g/100g DW) 

Samples Carbohydrates Lipids Moisture (%) Ash 

FMS 75.86 ± 0.06 8.10 ± 0.11 4.90 ± 0.08 1.22 ± 0.19 
FMSC 70.17 ± 0.15 9.50 ± 0.50 4.86 ± 0.05 2.50 ± 0.09 
FM5B 77.45 ± 0.11 10.40 ± 0.31 4.59 ± 0.15 3.21 ± 0.24 
FMP 80.14 ± 0.31 7.80 ± 0.08 8.74 ± 0.21 1.75 ± 0.10 
FKP 85.08 ± 0.17 8.04 ± 0.05 6.55 ± 0.17 1.05 ± 0.05 
FAP 79.25 ± 0.12 6.93 ± 0.09 13.15 ± 0.50 1.50 ± 0.13 
FAO/WHO (2006)    Standard  68 8 5 2.9 
FKP: Flour of Kokobaka porridge; FMP: Flour of Millet porridge; FAP: Flour of Anagobaka porridge; FMS: Infant 
maize and soy flour; FMSC: Flour made from maize, sesame and cocoa; FM5B: Infant flour made from maize, 

sesame, soy, millet, rice, cocoa and banana. 

 
Table 9. Micronutrients of the samples studied 

 

Micronutrients in flours (mg/100g DW) 

Samples P K Ca Fe Zn Cu 

FMS 503.45±0.01 305.8±0.01 192.91±0.01 52.04±0.03 2.56±0.02 13.43±0.01 
FMSC 333.08±0.02 295.74±0.01 323.61±0.01 30.64±0.01 2.2±0.01 9.3±0.01 
FM5B 505.57±0.01 413.14±0.01 441.7±0.01 35.02±0.01 1.76±0.02 7.8±0.02 
FBM 178.93±0.01 49.23±0.01 35.52±0.04 64.34±0.02 2.92±0.01 1.32±0.01 
FBK 194.07±0.01 34.86±0.02 21.15±0.02 63.56±0.01 1.26±0.02 1.31±0.01 
FBA 271.77±0.01 23.06±0.01 30.01±0.01 48.24±0.01 2.6±0.01 0.38±0.02 
FAO/WHO 
(2006)    
Standard 

281.2 408.7 341.2 8.5 3.7 0.1 

FKP: Flour of Kokobaka porridge; FMP: Flour of Millet porridge; FAP: Flour of Anagobaka porridge; FMS: Infant 
maize and soy flour; FMSC: Flour made from maize, sesame and cocoa; FM5B: Infant flour made from maize, 

sesame, soy, millet, rice, cocoa and banana. 

 
porridges respectively. The iron content varies 
from 30.64 mg/100g DW to 52.04 mg/100g DW 
for the Focolari flours and from 48.24 mg/100g 
DW to 64.34 mg/100g DW for the vendors' 
porridge flours. The zinc contents varies from 
1.76 mg/100g DW to 2.56 mg/100g DW for the 
Focolari flours and from 1.26 mg/100g DW to 
2.92 mg/100g DW for the porridge flours. The 
copper content varies from 7.80 mg/100g DW to 
13.43 mg/100g DW and from 0.38 mg/100g DW 
to 1.31 mg/100g DW respectively for Focolari 
flours and porridge flours. The results of 
micronutrient contents of the various flours 
analyzed show that, with the exception of iron 
and copper which comply with the standard, the 
mineral contents of the flours used as a 
complementary food are generally lower than the 
recommended standards (Table 9). 
 

4. DISCUSSION 
 
At the end of the results of the survey carried out 
among mothers and vendors, it appears that 80 
% of mothers do not know the concept of 
complementary food. Indeed, more than half of 

these mothers (62.5 %) self-advise on 
complementary food against only 12.9 % of them 
who have recourse to a health agent. The role of 
the health worker is indeed to explain the 
importance of the complementary food and 
therefore to provide some nutritional education to 
nursing mothers. These results coincide with 
those of Azagoh et al. [18] who found similar 
results where 74 % of mothers were unaware of 
the notion of complementary feeding during their 
study on the knowledge and practices of mothers 
of children aged 6 to 18 months relating to 
weaning. However, these results differ from 
those of Diallo [19] who worked on knowledge of 
mothers' attitudes and practices on the feeding of 
children from 0 to 23 months in the health district 
of Niafunké in Mali. Indeed, 84.8% of the women 
surveyed in this health district do not know the 
concept of complementary food. 
 
In addition, the food most given to children is 
Anagobaka porridge (32.2 %), followed by millet 
porridge (24.4 %). In general, the most used 
complementary foods are foods based on 
cereals and legumes. Indeed, these cereals and 
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legumes are locally available and therefore easily 
accessible to nannies who use them to make 
meals for children. This assertion is supported by 
Koné et al. [6] who worked on the formulation 
and physicochemical characterization of infant 
flour composed of: dehydrated attiéké-cashew 
kernel. Similarly, Mühlemann [9] confirmed the 
use of porridges made from cereals, tubers and 
roots during his study on complementary feeding 
of children during their first two years of life. 
 
In addition, the sellers have no knowledge of the 
proportion of the components and the nutritional 
intake of the complementary food they sell. This 
observation is the same at the level of the 
Focolari medico-social center, where the flour 
samples are collected. This is dangerous for 
consumers as fragile and vulnerable as children 
aged between 6 and 24 months. Aissi et al. [20] 
found this same fact in their study. This is why 
the Codex Alimentarius requires disclosure of 
food content in food labeling [21]. 
 
These complementary foods are introduced into 
the life of the child according to the appreciation 
of the mother. Indeed, 61.1 % said they had 
given the child the complementary food before 
the age of six (06) months. Against only 27.8 % 
of mothers who claim to start this diet from six 
(06) months. These results are not consistent 
with those promoted by the WHO [5] which 
recommends that complementary foods should 
only be introduced into the diet of young children 
from the age of six months. The ignorance of the 
notion of complementary feeding, the advisers 
(the mothers themselves) could justify this 
situation. The work carried out by Azagoh et al. 
[18] had already mentioned that the majority of 
mothers did not respect the WHO 
recommendations concerning the start of the 
introduction of complementary foods in children 
under 24 months. 
 
Among the nannies (mothers) who use 
complementary food, only 11.8% buy infant food 
in a health center. This low proportion of 
purchases in health centers translates into the 
fact that mothers do not take their child's feeding 
advice from health workers [19]. 
 
In terms of hygiene, 54.8% of vendors operate in 
an inappropriate environment and place of sale. 
On the other hand, 41.9% of those sell in an 
acceptable sanitary environment. According to 
Azagoh et al. [18], the level of education has a 
correlation with the knowledge and practice of 
hygiene. The level of education of porridge 

vendors in the neighborhoods selected for this 
study is low. Indeed, 32.3% of them have not 
been to school. This situation could justify the 
lack of good hygiene practices observed by 
these porridge sellers. 
 
The results of the microbiological analyzes 
indicate a high level of contamination of the 
porridges and supplementary flours. The 
porridge and flour samples from the Focolari 
medical-social center in the 3 sectors sampled 
show an acceptable microbiological quality for 
the search for total aerobic mesophilic flora 
(TMAF). Except for the samples from the 
Kôkô/Trade sector (Kokobaka porridge and 
Anagobaka porridge), the Dioulabougougou/ 
Blockauss sector (Kokobaka porridge) and the 
FMSC flour from the Focolari medico-social 
center in Man. Indeed, the load of the total 
aerobic mesophilic flora (TMAF) is below or 
within the upper limit of the standard prescribed 
by WHO (10

4
-10

5
 CFU/ml). It is important to 

specify that this flora is an indicator of the 
general level of hygiene of a product, it provides 
information on factors such as the environment, 
cross-contamination during handling, the 
environment, packaging and product 
conservation [22]. This allows us to say that the 
vendors in the Kôkô/Trade sector (Kokobaka 
porridge and Anagobaka porridge) and 
Dioulabougougou/ Blockauss (Kokobaka 
porridge) and the FMSC flour from the Focolari 
center are faced with food safety problems. 
However, these germs do not have a great 
impact on the health of the consumer, on the 
other hand, they cause significant economic 
losses due to the deterioration of the products. In 
terms of porridge, the results obtained differ from 
that of Dossa [22] who found a low presence of 
total flora in his sample of millet porridge 
(1.6x10

3
 CFU/mL). 

 
Flours from millet, Kokobaka and Anagobaka 
porridges and those from the Focolari medical-
social center showed total coliform levels above 
the recommended standard in food (10

3
-10

4
 

CFU/mL). 
 
The presence of total coliforms could be 
translated by faecal contamination during the 
production process, attributable to the lack of 
hygiene of the saleswomen. The acceptability 
shows that a certain vigilance is observed during 
the production of porridge and flour produced by 
some vendors and producers. These results 
corroborate those of Noutais [23] who found the 
presence of coliforms in a sample (22x10

3
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CFU/mL) from his study on the evaluation of the 
microbiological quality of two types of fermented 
porridge made from sorghum. According to 
Houssou et al. [24], milling would be a critical 
step, it depends on the sunshine and the level of 
sanitation of the places and influences the 
microbiological quality of the flours.The results.  
 
Staphylococcus sp. is present in all the samples 
with an unsatisfactory microbiological quality. 
The results obtained could be explained by 
handling during the sale and the absence of 
wearing professional sales clothing. The 
presence of these germs could be due to a lack 
of hygiene (direct contact of the saleswomen with 
the product) during production and marketing, 
staphylococcus sp. is a vector of oral and 
cutaneous contamination. These bacteria are the 
cause of food poisoning, despite being part of the 
commensal flora of humans. The results 
obtained are similar to those of N'Goran-Aw et al. 
[8] and Nouais [23]. 
 
Escherichia coli and Salmonella sp. were absent 
in all the samples of millet porridge, Kokobaka 
and infant flours (FMS, FM5B and FMSC) unlike 
the Anagobaka porridge which revealed an 
unsatisfactory microbiological quality for E. coli 
and the presence of Salmonella. These  
porridges therefore demonstrate satisfactory 
microbiological quality. Escherichia coli is called 
"faecal contamination control" germ, it indicates 
that there is dirty handling and is characteristic of 
contamination from faeces. Salmonella sp. is 
itself a pathogenic germ, its presence concludes 
that the product is dangerous for consumption 
and would be due to poor processing conditions 
(contaminated environment or insufficient 
cooking) [25]. 
 
Concerning the macronutrient contents and the 
physicochemical parameters, the total 
carbohydrate content of all the flours analyzed is 
very high and does not respect the standard set 
(68 g/100g DW) by FAO/WHO [4]. The lipid 
content of all the samples practically meets the 
standard set by FAO/WHO [4] except that of the 
Anagobaka porridge flours. The lipids content of 
this flour is certainly lower than the norm but 
differs from that obtained by Anigo et al. [26] in 
their work on complementary food gruels 
formulated from malted cereals, soybeans and 
groundnut in North-western Nigeria. Lipids play 
an important role in satiety and weight gain. A 
food low in fat and energy promotes weight loss 
[25]. The moisture content of all flours is lower 
than the norm except those of millet porridge 

(8.74 %), Kokobaka porridge (6.55 %) and 
Anagobaka porridge (13.15 %). The high flour 
moisture content of the Anagobaka porridge far 
above the recommended standard could be due 
to the long soaking time of the maize kernels and 
less drying of the flour. The low moisture content 
of flours increases their shelf life and, from a 
microbiological point of view, limits the 
development of microorganisms, with the 
exception of molds [4]. 
 
In terms of the micronutrient contents of the 
flours analyzed, the phosphorus contents of all 
the flours of the Focolari medical-social center 
are higher than the recommended standard, 
unlike the flours of the porridge where the 
phosphorus contents are below the standard 
prescribed by FAO/ WHO [4]. These results differ 
from those of Kpan et al. [10] who worked on the 
nutritional quality of Anagobaka weaning flours 
marketed in the markets of four municipalities in 
the district of Abidjan, for Focolare flours and are 
identical for porridge flours. The potassium and 
calcium contents of all the flours analyzed do not 
meet the recommended standard except infant 
flour made from maize, sesame, oy, millet, rice, 
cocoa and banana (FM5B). This result could be 
due to the diversity of raw materials used in the 
formulation of this flour unlike other flours. The 
work carried out by Kpan et al. [10] presented 
potassium and calcium levels below the norm in 
their study. Potassium is necessary for the 
regulation of cell water balance, the utilization of 
carbohydrates and the construction of proteins. 
Calcium is the mineral par excellence because it 
ensures the rigidity of the bones and promotes 
the growth of children [27]. The iron and copper 
contents of all the types of flour analyzed meet 
the set standard. These results differ from those 
of Badham et al. [28] (for iron) and are identical 
to those of Kpan et al. [10] (for copper). Iron is 
involved in the constitution of enzymes and the 
transport of oxygen. An iron deficiency causes a 
decrease in physical abilities and a drop in 
resistance to infections. The most vulnerable 
people are women and children under two                  
[28]. The zinc content of all types of flour 
analyzed is below the set standard. Zinc 
deficiency is one of the main causes of stunted 
growth in children. 
 

5. CONCLUSION 
 
This study carried out in Man (Côte d'Ivoire) 
revealed that the nannies of this locality give food 
other than their breast milk to their child before 
the age of six (06) months. The locally produced 
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complementary food given the most to children is 
Anagobaka porridge, followed by that of millet, 
then porridge made from flour from the Focolari 
medical-social center and Kokobaka porridge. 
However, the microbiological analysis of these 
food supplements produced in Man, revealed a 
potential contamination of these by various 
germs of alterations and pathogens. Above all, 
the contamination rate of Anagobaka porridge is 
very worrying especially with the presence of 
Salmonella and the high rate of Escherichia coli, 
Staphylococcus sp unlike other porridges (millet, 
kokobaka) and flours (FMS, FMSC, FM5B). The 
analysis of the physicochemical composition of 
the flours revealed that these porridges and 
flours from the Focolari medical-social center 
contain high levels of carbohydrates, iron and 
copper which do not meet the standards 
prescribed for infant food. However, the lipid 
contents of the samples comply with the 
FAO/WHO recommendations for a 
complementary food except for the Anagobaka 
porridge sample. However, the zinc content is 
below this standard in all the samples tested. 
However, zinc deficiency is one of the main 
causes of stunted growth in children. The results 
of this study have shed light on the existence of a 
potential health risk and possible nutritional 
deficiencies in infants and young children who 
consume these locally produced complementary 
foods in Man (Côte d’Ivoire). 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. WHO, Nutrition for infants and young 

children: sixty-third world health assembly. 
World Health Organization, Washington, 
D.C. 2017;9. 

2. Black RE, Victora CG, Walker SP, Bhutta 
ZA, Christian P, Onis M, Ezzati M, 
Grantham MS, Katz J, Martorell R, Uauy 
R. Maternal and child undernutrition and 
overweight in low-income and middle-
income countries. Lancet. 2013;382(9890): 
427-451. 

3. Lancet, Maternal and Child Nutrition. 
Executive Summary of The Lancet 
Maternal and Child Nutrition Series. 
2013;1-12. 

4. FAO/WHO, Joint FAO/WHO Food 
Standards Programme. Report of the 
twenty -seventh session of the codex 

committee on nutrition and foods for 
special diets. ALINOM. 2006;105. 

5. WHO, UNICEF. Global Strategy for Infant 
and Young Child Feeding. 2002;37. 

6. Koné S, Soro D, Koffi EK. Formulation and 
physicochemical characterization of infant 
flour made up of: dehydrated attiéké-
cashew kernel. International Journal of 
Innovation and Applied Studies. 
2019;25(2):700 – 708. 

7. Kagambèga B, Hama C, François T, 
Adama S, Cheikna Z, Yves T, Aly SS. 
Traditional fermented cereal-based 
porridges in Burkina Faso: diversity, 
technologies of production and 
microorganisms with associated probiotic 
potential. Science Technology Review, 
Synthesis. 2019;25(2):12-24.  

8. N'Goran-AW EBZ, Doudjo S, Sadat A, 
David AK, Emmanuel AN. Assessment of 
the physico-chemical and microbiological 
characteristics of a traditional donut made 
from fermented millet (gnomy) marketed in 
the city of Yamoussoukro (Côte D'Ivoire). 
European Scientific Journal. 
2017;13(9):227-241. 

9. Mühlemann P. Iron nutrition during the first 
two years of life. A study on weaning 
practices in the Ivory Coast; 1998. 

10. Kpan SE, Yapo CA, Boga GL, Diane K, 
Djaman AJ, N’guessan JD. Nutritional 
quality of Anagobaka weaning flours 
marketed in the markets of four communes 
in the District of Abidjan. Africa Science. 
2018;14(6):413 – 427. 

11. MICS, Multiple Indicator Cluster Survey – 
Côte d’Ivoire. 2016;1-442. [Online]  
Available:https://mics-
surveysprod.s3.amazonaws.com  
(October 18, 2022). 

12. FAO. Conducting small nutrition surveys 
field manual, Issue 5 of Nutrition and 
Agriculture, Rome. 1992;5:1-180. 

13. Aboua F, Nemlin J, Kossa A, Kamenan A. 
Traditional processing of some cereals 
grown in Côte d'Ivoire. Cereals in hot 
regions. AUPELF-UREF, Eds John Libbey 
Eurotext, Paris. 1989;223-229. 

14. AOAC. Official methods of analysis. 
Association of Official Analytical Chemists 
Ed., Washington DC. 1990;1-684. 

15. Folch J, Lees M, Stanley GH. A simple 
method for the isolation and purification of 
total lipids from animal tissues. Journal of 
Biological Chemistry. 1957;226:497–509. 

16. Munson LS, Walker PH. The unification of 
reducing sugar methods. American 



 
 
 
 

Carole et al.; Microbiol. Res. J. Int., vol. 32, no. 9, pp. 41-58, 2022; Article no.MRJI.93975 
 

 

 
58 

 

Chemistry Society Journal. 1906;28:            
663-686. 

17. Thirion-Merle V. X-ray fluorescence 
spectrometry. 2014;1-7. [Online]  
Available:https://hal.archives-ouvertes.fr 
(18 October 2022). 

18. Azagoh KR, Enoh J, Niangue B, Cissé L, 
Oulai S, Andoh J. Knowledge and 
practices of mothers of children from 6 to 
18 months relating to weaning 
management: case of the general hospital 
of Marcory. Mali Medical. 2013;XXVIII(4): 
1-4. 

19. Diallo AM. Knowledge, attitudes and 
practices of mothers on the diet of children 
from 0 to 23 months and their nutritional 
status in pediatrics / Ureni Ducsref de 
Niafunke from December 2018 to February 
2019, Thesis of Medicine in Odonto-
Stomalogy, University of Sciences, 
Techniques and Technologies of Bamako, 
Mali. 2020;1-109. 

20. Aissi AK, Kougblenou SD, Dougnon V, 
Klotoe JR, Bankole H, Deguenon Y, 
Degbey C, Montcho S, Fanou B, Fah L, 
Edorh PA, Loko F. Evaluation of the 
sanitary quality of Moringa oleifera Lam 
leaf powders marketed for the benefit of 
People Living with HIV in Cotonou    
(Benin). International Journal of Biological 
and Chemical Sciences. 2013;7(4):1461-
1473. 

21. FAO/WHO. Food labelling, full codex 
alimentarius texts. Joint FAO/WHO Food 
Standards Programme; 2001. 

22. Dossa GSC. Microbiological evaluation of 
a local millet porridge “Bita” with a 
galactogenic effect marketed by the 
company “mille et une porridges” in 
Cotonou”. Professional degree in food 

technology engineering, University of 
Abomey-Calavi, Benin. 2019;1-59.  

23. Noutais L. Evaluation of the 
microbiological quality of two types of 
fermented sorghum-based porridges, 
marketed by the company ‘‘Mille et une 
porridge’’ in Co tone”. Professional degree 
in food technology engineering, University 
of Abomey-Calavi, Benin. 2018;1-46. 

24. Houssou PAF, Ahoyo ARN, Metohou ER, 
Dansou V, Djivoh H, Hotegni AB, Mensah 
GA. Evaluation of the quality of yêkè-yêkè 
(corn couscous) and gambarilifin (refined 
flour of maize) during storage. Ivorian 
Science Technology Review. 2016;27:    
136-150. 

25. Tabo DA. Study of the contribution of avian 
salmonella to human salmonellosis in 
Chad: Case of the capital city, N’Djamena. 
Doctoral thesis at the Institute of Life and 
Environmental Sciences and Industries 
(AgroParisTech), University of Paris Tech. 
2013;1-152. 

26. Anigo KM, Ameh DA, Ibrahim S, 
Danbauchi SS. Nutrient composition of 
complementary food gruels formulated 
from malted cereals, soybeans and 
groundnut for use in North-western 
Nigeria. African Journal of Food Science. 
2010;4:65-72. 

27. Charturvedi VC, Shrivastava R, Upreti RK. 
Viral infections and trace element: A 
complex trace element. Current Science. 
2004;87:1536 – 1554. 

28. Badham J, Zimmermann MB, Kramer K. 
The guide to nutritional anemia. 
Switzerland: Sight and Life; 2007.  
[Online]  
Available: http://www.sightandlife.org/ (18 
October 2022) 

_________________________________________________________________________________ 
© 2022 Carole et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

 
 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/93975 

http://creativecommons.org/licenses/by/4.0

