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Introduction 
 

Malnutrition, in all its manifestations 

continues to affect large proportions of 

population of continent, despite many efforts 

which have been provided for the 

development of the agricultural sector. 

However, local resources rich in nutrients  

 

 

 

 

 

 

 

 

 

 

 

like the fruits of breadfruit tree are little 

valued.  

 

Children's nutrition in weaning age remains 

a major concern in all countries of the world 

and particularly in developing countries 
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Children’s feeding at the age of weaning remains a major concern in all countries 

of the world and particularly in developing countries like Benin. In order to 

valorize our resources and contribute to malnutrition reduction in Benin, an 

alimentary supplement has been elaborated with the flour of a fermented fruit 

issued from a breadfruit tree. The results of physicochemical analysis revealed that 

this fruit had a nutritional composition of 4.2% in protein, 0.11% in crude fat, 1.8% 

in ash content, 712.971 mg/g in iron content, 0.099% in calcium content and 

0.125% in magnesium content. The experiments of the various formulations 

enabled us to stop those made up of 55% of the flour of the breadfruit, 30% of the 

flour of soybeans and 15% of the flour of the malted sorghum. The results of 

analysis showed that the retained formulation presented some contents in macro 

nutriments comparable to those of the norm on infantile flours. It contained 18.5% 

of protein and 16.3% of fat matter. The energizing value of our flour is of 456.5 

Kcal/100g. It was consistent with standard values of complementary weaning food 

recommended by FAO/OMS/UNICEF. Microbiological analysis revealed that there 

is no formulation of flour, which contains total coliform or thermotolerant 

coliforms. It’s free of pathogens microorganisms such as Escherichia coli type and 

Salmonella. 
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including Benin. Indeed, from birth to the 

age of six months, breast milk considered as 

the best for newborn, is enough to satisfy 

and provide normal growth (Trèche, 1994). 

However, in the period of growth, infants 

and young children, especially those from 6 

months to 2 years, need an alimentation rich 

in energy and nutrients. Poor nutrition 

prevents them from achieving their full 

potential energy (FAO, 2002). According to 

the research by the UNICEF (United 

Nations Children's Fund) in 2006 and those 

of the FAO (Food and Agriculture 

Organization of the United Nations) in 2002, 

malnutrition can cause when it is grave, a 

premature death, permanent disabilities and 

great fragility facing many life-threatening 

diseases (FAO, 2002; UNICEF, 2013). In 

Benin, according to Health Demographic 

Investigations in 2006, more than 30% of 

children from 0 to 2 years suffered from 

chronic malnutrition (INSAE, 2013). For a 

similar rate, children do not receive food 

supplements at the appropriate time or 

receive inappropriate alimentary 

supplements. To the problem of inadequate 

energy intake overlaps that of micronutrient 

deficiencies (vitamin and mineral). Those 

are essential for growth, development and 

the proper functioning of the body (FAO, 

2002). In addition, the low energy density of 

alimentary supplement generally proposed, 

is recognized by the World Health 

Organization (WHO) as a causative factor in 

young children (Traore et al., 2004). Indeed, 

many infant complementary foods have 

been manufactured from rice, sorghum, 

soybeans, corn; so it is still possible to 

conceive these complementary foods from 

other raw materials not yet valorized locally 

of which the fruits of the breadfruit tree.  

 

Still called breadfruit, Artocarpus altilis tree 

is a tree of the family of the Moraceae, 

native to Oceania, domesticate in this region 

by its edible fruit and now widespread in the 

tropics and in Benin. Bread’s fruit is a great 

staple compares favorably with taro, 

plantain, cassava and sweet potato, all 

consumed widely in the Pacific. The fruit of 

breadfruit is a nutritious food of high energy 

with a glycemic index fiber-rich, moderate, 

and a good source of vitamins B1, B2 and C, 

potassium, magnesium and calcium, with 

small amounts of thiamin, riboflavin, niacin, 

and iron. The fruit, good source of minerals 

and vitamins can be consumed cooked at all 

stages of maturity. In Benin, this tree exists 

in natural state and well distributed in the 

center and South. In Ghana, the flour of the 

fruit of the breadfruit has been incorporated 

into nutritious foods for babies (Ragone, 

2009).  

 

Thus in the context of enhancing food, the 

study of the possibility of production of a 

child food supplement of good nutritional 

value, based on the fruit bread and soy, two 

locally available food resources, represents 

an alternative in the fight against 

malnutrition. However, malted sorghum is 

used as a source of amylase to improve the 

nutrition of infants and the functional 

properties of the traditional boiled.  

 

It's for contributing to children's food 

security at weaning age through breadfruit 

valorization in Benin that we chose to 

conduct this research entitled: Possibility of 

production of infant complementary foods to 

basis of breadfruit (Artocarpus altilis). 
 

The overall objective of this study is to 

valorize the fruit of the breadfruit tree in 

sight of bring into focus a child food 

supplement of good quality for children at 

the age of weaning. 
 

Materials and Methods 
 

Collection of raw material 

 

The plant material constituted of fruit of the 

breadfruit (Artocarpus altilis), sorghum 
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(Sorghum bicolor) and soybean (Glycine 

max) bought at the market of Abomey-

Calavi in Benin. 

 

The water from the National of Water 

Company of Benin (SONEB), bowls, trays, 

pans, slicers, the oven HERAEUS, mark 

electric mill No.1A AMUDA GRINDING 

MILL and bleach were also used. 

 

Methods of production and analysis 

 

The method used is based on 

experimentation, microbiological, 

physicochemical, sensory and statistical 

analysis. 

 

 Phase of experiments 

 

The work of experiments were consisted to 

product the flour fruit breadfruit, the malted 

sorghum flour, soybean flour (Figure 1, 2, 3) 

and the formulation of infant 

complementary foods (Table 1). 

 

Production of flour breadfruit 

 

Technological diagram in figure 1 showed 

the production of the flour of the breadfruit. 

 

Production of malted sorghum flour 

 

Malted sorghum flour has been prepared in 

accordance with the methods described by 

(Traore et al., 2004) and Kayode (2006) 

following five main steps below (Figure 2):  

 

Soaking: It is to soak the previously sorted 

seeds in water for 16 h. 

 

Germination: Sorghum seeds are removed 

from the soaking water and are spread in the 

hotbed for 56 h. 

 

Drying: Sprouted seeds are dried in the Sun 

for 10 h. 

Degerming: The obtained dried seeds are 

free of root and stem. 

 

Grind: Degermed seeds are crushed to the 

mill and we get flour malted that on Thames 

to rid the flour of debris.  

 

Preparation of soybean flour 

 

 Soybean flour has been developed by the 

method proposed by Schemp (1994). 

Employed technology operations are 

described in the following way: 

 

Sorting: separation operation. Here the soy 

bean sorted to remove the rotten and 

damaged seeds and foreign material, so that 

it only remains good seeds. 

 

Weighing: sorted seeds were weighed in 

order to know the amount of material that 

goes into production 

 

Cooking: soya beans have been pre-cooked 

in water (PV: 1/6) at 100 ° C for 30 min in a 

saucepan. According to Egounlety (2002), 

this firing to destroy 90% of the inhibitory 

trypsin contained in soybeans. 

 

Drip: soybeans are drained using a strainer 

to separate them from the cooking water. 

 

Drying: soybean seeds precooked and 

drained are spread on the HERAEUS oven 

trays to be subjected to drying.  

 

Grind: obtained after drying dry soybean 

seeds are ground using the electric mark mill 

N° 1 A AMUDA GRINDING MILL. 

electric mill  
 

Sieving: soy flour after milling is subject to 

sifting through a sieve that holds the fibers 

and seeds not entirely ground soy and it gets 

close to use soy flour. Figure 3 indicated the 

technological diagram of the production of 

flour of malted sorghum. 
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Formulation of infant complementary 

food 

 

Infant complementary food has been 

formulated using pre-prepared meals. Indeed 

the formulation of the food supplement is 

based on a theoretical calculation. Do this by 

referring to the work of Traore et al. (2004) 

reported that irrespective of the raw 

materials used to develop a child meal, the 

rate of incorporation of malted sorghum 

flour can be between 10 to 15% . To obtain 

a slurry of acceptable energy density, we 

fixed the rate of incorporation of malted 

sorghum flour at 15%. Other raw materials, 

namely the fermented flour fruit breadfruit 

and soy flour are used in various proportions 

(Table 1). 

 

Assessment of microbiological quality 

 

Microbiological analysis consisted in 

counting the total mesophilic flora (NF ISO 

4833, 2003) on PCA (Oxoid CM 0325), 

yeasts and molds (NF ISO 21527-2, 2008) 

on Sabouraud Dextrose Agar (Oxoid CM 

0041) at chorampphénicol (0.05g/l), total 

coliforms (NF ISO 4832 (V 08-015), 2006) 

and thermotolerant coliforms (NF ISO 4832 

(V08-060), 2009) on VRBA-Oxoid CM 

0107 (Violet Red Bile Agar), and 

Salmonella (ISO 6579, 2002) on SS Agar. 

Microbiological analyzes were performed in 

triplicate on each sample. 

 

Evaluation of the physico-chemical 

quality 

 

Physico-chemical analyzes were conducted 

to know the pH, titratable acidity, moisture 

content, ash, crude protein, crude fat, 

carbohydrate, calcium, magnesium and iron, 

on the sample. Thus, the pH and titratable 

acidity were determined by the modified 

method of Nout et al., (1989). The moisture 

content and dry matter were determined by 

the method (AACC, 1984) from 5g of 

product by drying and by differential 

weighing. The ash content was determined 

from the dry matter by calcination at 550 °C 

for 12 h. The crude protein content (N x 

6.25) was determined by the micro Kjeldahl 

method. The crude fat was determined by 

the standard method "Soxhlet" using a 

GRAS DET-N equipment which operates by 

electrical heating and that is a grease 

extractor solvent. The minerals, Calcium, 

magnesium and iron were determined by 

Atomic Absorption Spectrophotometer 

(AAS) as per the standard method. Total 

available carbohydrate was calculated as 

100% minus the sum of moisture, protein, 

fat and ash content obtained as described 

above. All determinations were carried out 

in triplicates. 

 

Determination of the meal energy  

 

The energy value of a food compound is the 

sum of the products of each major food 

(carbohydrates, proteins, lipids) and its 

thermal coefficient of Atwater 

correspondent (Zannou Tchoko et al., 2011). 

Thus, the energy value (EV) per 100g of the 

sample was then obtained by the formula: 

VE (Kcal) = Protein (%) × 4 + 

carbohydrates (%) × 4 + lipids (%) × 9. 

 

Sensory evaluation  

 

Sensory analysis was performed according 

to the methods of comparison described by 

Larmond (1977) quoted by Bokossa et al. 

(2011). A panel of tasters consisting of 33 

people, consumers was established. They 

were randomly selected and trained for the 

purpose. The test objective is to identify the 

differences between the various types of 

infant flour and know the consumer 

preference. Tested parameters are: color, 

taste, acidity, aroma (smell), texture 

(consistency) and overall acceptability on a 
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scale of 1 to 9 with 1 = extremely 

unpleasant, 5 = identical to the reference 

sample is a brand of infant flour "VIE 

VITAL VITA" sold in Benin and 9 = 

extremely pleasant. Each treatment was 

evaluated three times by each panelist.  

 

Statistical analyzes of data 

 

The Excel software was used to perform the 

calculations. Analysis results were 

processed using Minitab 14.0 software that 

permitted to make analysis of variance 

(ANOVA) and Tukey's test for comparison 

of means. The significance level of 5% is 

selected (p <0.05). 

 

Results and Discussion  

 

Yield of production  

 

The yields of production of different flours 

made were shown in Table 2 

 

Physicochemical characteristics of 

breadfruit (Artocarpus Altilis) 

 

The results of the physicochemical 

parameters of Artocarpus altis are indicated 

in Table 3.  

 

Physicochemical characteristics of flours 

produced  

 

Table 4 showed the physicochemical 

characteristics of different manufactured 

flours. 

 

Physicochemical characteristics and 

caloric energy values of formulated flours 

F60, F55, and F50  

 

Pysico-chemical composition and caloric 

energy values assessment of different infant 

coplementary foods to bring into focus were 

shown in table 5. 

Microbiological characteristics of flours  

 

The results of the microbiological analysis 

are shown in Table 6. 

 

Production test of porridge 

 

Porridge preparation tests reveal that infant 

based flour Artocarpus altis served to 

acceptable consistency of porridge prepared 

with 250g for 500mL of water. By cons, 

commercial flour was used to acceptable 

consistency of porridge prepared with dry 

matter 150g for 500mL of water. 

 

Sensory profiles characteristic of porridge 

 

Sensory profiles results of baby 

complementary foods produced were 

indicated in figures 4, 5, 6 and 7. 

 

Breadfruit dry matter content is 31.496%. 

This value was lightly inferior to 33% 

obtained by Jagtap et Bapat (2010). This 

difference in dry matter can be related to the 

fact that the studied fruits are produced in 

different agro-ecological environments or 

are harvested in different seasons. Proteins 

contents of breadfruit are higher than those 

obtained (1.90%) by Jagtap et Bapat (2010). 

This difference would be tied in the state 

fruit ripening for harvest, and the ash 

content is 1.8%. 

 

Iron contents of breadfruit are higher than 

those obtained (500mg/100g) by Jagtap et 

Bapat (2010). By cons calcium content of 

breadfruit are lower than the value 

(20mg/100g) obtained by Jagtap et Bapat 

(2010).  

 

Dry matter contents and ash content of 

breadfruit flour obtained in our study (94. 

5%, 0.75% respectively) were lightly 

inferior to (95.7%, 3.4% respectively) 

obtained by Hedji (2010). This difference 
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might depend on the fermentation process. 

The value of the protein content (4.28%) 

recorded for our flour is comparable to that 

published by Hedji (2010). 

 

The nutritional composition of malted 

sorghum flour revealed that it contained 

protein levels (10.5%) and ash (1.8%) higher 

than the fermented breadfruit flour 

respectively. This shows that the malted 

sorghum flour, although it increases the 

energy density of weaning porridges, it 

could serve to complement the breadfruit 

flour, low in proteins and minerals to the 

complementary weaning food formulation. 

The ANOVA performed on the 

physicochemical characteristics of malted 

sorghum flour, breadfruit revealed that there 

is a significant difference between produced 

flours in protein contents, pH, ash content, 

titratable acidity, Iron, Calcium and 

Magnesium except dry matter at the 5% 

because the probabilities are all less than 

0.05 (P <0.05) except that of matter dried. 
 

 

Table.1 Formulation of infant complementary food 
 

Designation Artocarpus altilis flour (%) Soybean flour (%) Malted sorghum flour (%) 

F60 60 25 15 

F55 55 30 15 

F50 50 35 15 
 

Table.2 Yield of different flours produced  
 

Flours Yield (%) 

Breadfruit 13.56±0.32 

Soybean flour 54.94±0.015 

Sorghum flour 49.08±0.05 
 

Table.3 Physicochemical characteristics of Artocarpus altilis 
 

Raw 

materials 

Dry matter 

(%) 

Proteins 

(%) 

Ash 

(%) 

pH Titratable 

acidity (%) 

Calcium 

(mg/100g) 

Iron 

(mg /100g) 

Magnesium 

(mg/100g) 

Fermented 

breadfruit 

31.5 ±0.02 4.3 

±0.05 

1.8 

±0.07 

5.15 

±0.24 

6.8 

±0.08 

9.9 

±0.00 

553 

±0.001 

12.5 

± 0.00 
Data represents in table is mean of three replications. ± Standard deviation. 

 

Table.4 Physicochemical characteristics of Artocarpus altilis flour, soybean flour and malted 

sorghum flour. 
 

Evaluted parameters Artocarpus altilis flour Soybean flour Malted sorghum flour 

pH  4.16 ±0.04
a
 6.315 ±0.085

b
 5.155 ±0.005

c
 

Proteins (%) 4.35 ±0.15
a
 44.215 ±0.115

b
 10.55 ±0.05

c
 

Dry matter (%) 94.501 ±0.499
a
 95.805 ±0.205

a
 94.465 ±0.315

a
 

Ash (%) 0.75 ±0.05
a
 4.165 ±0.015

b
 1.4 ±0.1

c
 

Titratable acidity (%) 9.29 ±0.09
a
 15.765 ±0.235

b
 11.25 ±0.05

c
 

Iron (mg/100g) 712.92 ±0.05
a
 * 154.67 ±0.34

c
 

Calcium (mg/100g) 5.5 ±0.006
a
 * 3.1 ±0.001

c
 

Magnesium (mg/100g) 4.8 ±0.001
a
 * 15.5 ±0.001

c
 

Mean values with the same letter in the same column are not significantly different at the 5% level. Data represents 

in table is mean of three replications. ± Standard deviation. (*): traces 
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Table.5 Physico-chemical characteristics and caloric energy values of  

formulated flours F60, F55, and F50  

 
Flours 

samples 

pH Titratable 

acidity 

(%) 

Dry matter 

(%) 

Ash (%) Carbohydrate 

(%) 

Fat (%) Proteins 

(%) 

Energy value 

(kcal/100g) 

F50 6.15±0.05
a
 1.65 ±0.15

a
  96.7±0.06

a
  2.35±0.05

a
  48.5±0.31

a
 21.4±0.17

a
  24.5±0.08

a
 484.6±0.03

a
 

F55 5.48±0.03
b
 1.45±0.05

a
 96.5±0.05

a
 2.75±0.05

b
 58.95±0.15

b
 16.3±0.375

b
 18.5±0.5

b
 456.5±0.015

b
 

F60 5.2 ±0.02
c
 1.77±0.03

a
 96.2±0.24

a
 2.95±0.05

c
 69.15±0.05

c
 12.2 ±0.09

c
 11.9±0.06

c
 434±0.01

c
 

Mean values with the same letter in the same column are not significantly different at the 5% level. Data represents 

in table is mean of three replications. ± Standard deviation. 

 

Table.6 Microbiological characteristics of flours  

 
 Wanted microorganisms (Log10 CFU/g) 

Flours Total 

mesophilic flora  

Yeasts and molds Total coliforms Thermotolerant 

coliforms 

Salmonella 

F50 8.12±1.1
 a
 8.07±1.64

 a
 Abs

 a
 Abs

 a
 Abs/25g

 a
 

F55 2.5±0.2
 a
 2.2±0.0

a
 Abs

 a
 Abs

 a
 Abs/25g

 a
 

F60 8.17±0.0
 a
 6.17±1.4

 a
 Abs

 a
 Abs

 a
 Abs/25g

 a
 

Norms < 10
5
/g < 10

3
/g < 10/g < 1/g Abs/25g 

Mean values with the same letter in the same column are not significantly different at the 5% level. Data represents 

in table is mean of three replications. ± Standard deviation. Abs: Absent. 
 

Fig.4 Porridge taste appreciation 

 

 
 

Fig.5 Porridge color assessment  
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Fig.1 General stru 

 

Fresh breadfruit 

Weighing 

Water Washing Dirty water 

Water Washing / Draining Wash water 

        Peeling Skin of breadfruit 

Cutting 

                       Fermentation (25°C;72h) 

Oven drying (55±2°C, 8 h) 

        Fermented Breadfruit dried 

1
st 

Milling 

 

2
nd 

Milling 

       Sieving                               (debris, fibers) 

    Breadfruit flour fermented  

           Figure 1. Technological diagram of production of breadfruit flour fermented 

 



Int.J.Curr.Microbiol.App.Sci (2016) 5(8): 121-133 

129 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sorghum grains 

Clean sorghum grains  

Soaked sorghum grains 

Germinated sorghum grains 

 

Germinated sorghum grains dried 

 

Degermed sorghum 

grains 

Malted soghum flour 

  Malted sorghum flour sieved 

Cleaning 

Weighin

g 

Waste 

 

Soaking (PV : 1 /5 ; 16 h) 

Soaking water 

Draining 

Germination (56 h) 

washing 

Drying (40±2°C; 4 h) 

(Radicles, growth) Degermination 

1
st
 milling 

2
nd

 milling 

Sieving (Debris, fibers) 

                 Figure 2. Technological diagram of production of malted sorghum flour 
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Soybean grains 

Clean soybean grains 

 

Precooked soybean 

Precooked soybean dried 

Soybean flour 

Soybean flour sieved 

Debris, fibers     Sieving 

2
nd

 milling 

1
st
 milling 

Draining / cooling 

/Refroidissement          

Cooking water 

Drying (55± 2°C) 

Weighing 

  

Cleaning 

washing 

Waste 

 

Cooking (100°C; 30min; P/V : 1/6)  

Figure 3. Technological diagram of soybean flour 
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Fig.6 Porridge consistency assessment 

 

 
 

Fig.7 Overall acceptability of porridge 
 

 
 

Variance analysis (ANAOVA) performed on 

the physicochemical characteristics of flours 

F50, F55, and F60 indicated that there is a 

significant difference between the flours 

from the point view of protein content, fat, 

ash content, and pH at 5% (p <0.05). By 

cons there is no significant difference 

between the flours from the point of view of 

the dry matter content and titratable acidity 

at 5% level (p> 0.05). 

 

In the formulations F50, F55, and F60, we 

see that most soy intake increases in 

formulating their more protein, fat and ashes 

even increase. These observations justify 

much the soybean role in improving the 

contents proteins and fat. Note also that 

when the proportion of breadfruit flour 

increases in infant flour, carbohydrate 

contents are improved. Analysis of 

nutritional composition of its formulations 

show that the F60 flour has a protein content 

(11.9%) inferior at 16.9% recommended by 

the standards FAO/WHO/UNICEF (2009) 

for infants from six to two years. Similarly, 

F50 flours, and F55 are respectively 24.5% 

and 18.5% of protein content and greater 

than 16.9%. However, the F50 formulation 

contains 5.71% (protein) per 100kcal. This 

rate exceeds the upper limit 5.5% per 100 

kcal. Similarly, the F55 formulation contains 

3.86% of protein per 100 kcal, which 

respects the standard. By cons, all porridges 

have a lipid contents which are consistent 

with standard. Hence the F55 formulation is 

used, to serve as a good complementary 

food for children from six months to two 

years.  

 

The carbohydrate content of the F55 flour 

(58.95%) is lower than those (64.15%) of 

reference sample, however, the contents of 

proteins and fat found in the F55 flour are 

consistent with standards values of proteins 
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(16.9%) and fat (6-10%) set by the 

FAO/WHO/UNICEF (2009). The ash 

contents of F55 flour (2.7%) higher than 

those (2.2%) contained in the flour 

reference, are consistent with norms. The 

energy content of the F55 flour (458.74 

kcal/100g) is higher than the energy value of 

reference flour and remained consistent with 

norms.   

 

The appreciation test of porridge by mothers 

consists of a sensory appreciation of this 

porridge which was globally accepted. 

Indeed, mothers were chosen as taster 

because they play an important role in the 

diet of their children. 
 

The breadfruit is a fruit rich in nutrient; the 

flour obtained by application of good 

production practices helped to formulate a 

good complementary food. The baby's 

formulated F55 flour has a nutritional 

quality and organoleptic quality appreciable. 

Its energy density is improved by the 

incorporation of 15% of malted sorghum 

flour. This flour has a protein content, fat, 

energy consistent with the recommendations 

of the FAO/WHO/UNICEF committee for 

the nutritional composition.  
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