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Abstract. In the present study, under free-living conditions,
30 breastfed children, aged 6 to 23 months, were successively
fed three complementary porridges in order to examine the
effect of energy density (ED) and sweetness on energy and
nutrient intake (ENI). Two high ED porridges, such as malted
(Fg3, 12492 kcal), fermented (F3, 120.36 kcal) and low ED
porridge (G1, 60 kcal) were consumed. The sucrose content
of the high and low ED porridges was 15 and 5%, respec-
tively. The results revealed that the amount consumed of F3
(282.2 ml for group 1, 6 to 11 months old; and 365 ml for
group 2, 12 to 23 months old) was higher than that of Fg3
(231.20 and 331.30 ml for groups 1 and 2, respectively) and
G1 (105 and 129.10 ml for groups 1 and 2, respectively).
Despite the amounts consumed of Fg3, the ENI from Fg3 was
higher than that of F3 and G1. The consumption of F3 and
Fg3 increased the energy intake (EI) by 74 and 78%, respec-
tively (23.25 and 26.56 vs. 5.97 Kcal/kg/meal; P<0.001) in
group 1 and by 78 and 83%, respectively (24.37 and 30.82 vs.
5.24 Kcal/kg/meal; P<0.001) in group 2 in comparison with
the EI from G1. Thus, the consumption of sweet porridge with
a high ED (Fg3) composed of local ingredients increased, at
least by 78 and 83%, in the infants of group 1 and 2, respec-
tively, the EI from porridges in comparison with the EI from
low the ED porridge, G1. The ENI was significantly (P<0.001)
higher with the sweetness and dry matter of porridges than
with the low sweetness and dry matter porridge. Consequently,
Fg3 has a high coverage and this permits it to cover >36% of
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daily energy needs, as well as 73, 93 and 48% of daily iron,
zinc and calcium needs, respectively.

Introduction

The complementary feeding (CF) period is critical for a child's
growth (1). From the age of 6 months, breast milk intake
cannot provide all the energy and the nutrients necessary to
meet an infants' nutritional needs. Thus, it is recommended to
introduce other foods to complement breast milk in an infant's
diet (2). The CF corresponds to the period during which infants
are introduced, in a step by step process, to foods other than
breast milk, slowly discovering their properties in terms of
flavour, texture etc., as well as energy density (ED) (3). During
this period, children are particularly vulnerable and a number
of factors related to children, mothers and socio-economic
conditions of the household contribute to the vulnerability of
children during the period of CF (4). In the majority of cases,
malnutrition begins during the CF period, since a number of
mothers and caregivers lack knowledge and/or the financial
resources to provide adequate foods to young children (5,6).
This significantly contributes to the high prevalence of malnu-
trition in children <5 years of age worldwide (7).

During this vulnerable period for infants, it is necessary to
introduce complementary foods which contain a high energy
and nutrient density, and with diverse organoleptic characteris-
tics in order to increase food intake. These high nutritional and
organoleptic qualities of complementary foods improve the
energy and nutrient intake (ENI) of infants and this participate
an optimal growth of infants in the CF period. Similarly, in
low-income countries such as Benin in Sub-Saharan Africa,
the CF practices are also suboptimal (8,9). The complemen-
tary porridges have a low energy and nutrient density. Indeed,
the complementary foods comprise of local cereals which
are flour-based, with or without the addition of water and
sugar (9,10).

In Benin, complementary foods are mostly maize porridge
and/or fermented sorghum porridge obtained from recycled
maize dough. The protein density of complementary porridge
is low (9,10). Poor feeding practices and a shortfall in food
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intake are direct factors responsible for malnutrition and
illness among children in Benin (11). These practices, which
include the use of complementary foods which with low nutri-
tional values and organoleptic qualities, and the inappropriate
conduct of CF practices, partly explain the prevalence of 32%
of stunting observed in pre-school children in Benin (8).

Thus, these inadequate complementary porridges do not
have notable organoleptic characteristics (9). The early intro-
duction of complementary foods (before 6 months of age)
and the use of complementary foods with low nutritional and
organoleptic qualities contribute to inappropriate CF prac-
tices, decreasing the appetite of infants and food intake (3,4).
In the majority of cases, infants reject the inadequate porridge,
and this may lead to low nutrient intake (4,12). Consequently,
mothers are obliged to force-feed children in order to ensure
that their stomachs are full (11). Therefore, the amount
consumed of porridge is low. Consequently, the ENT from these
inadequate complementary foods were low. Thus, the children
are not able to cover their nutritional needs for optimal growth.
Energy intakes (Els) from porridges are at a low level due to
their insufficient ED and their low organoleptic characteristics,
as well as due to the fact that the mean quantities of consumed
porridges remain far lower than the theoretical infant gastric
capacity.

In order to increase the intake of infants, the nutritional
and organoleptic qualities of inadequate complementary foods
have to be improved (9,10). Thus, mothers should use porridges
with a high energy and nutrient density, and adequate fluid
consistency (10). Therefore, the use of nutritional and organo-
leptic adequate complementary foods is a high priority in
low-incomes countries (13-15). Researchers recognize that the
improvement of the characteristics of complementary foods is
crucial for increasing the food intake of infants (5). Indeed, ENI
are influenced by a number of factors related to the food itself
(viscosity, taste-sweetness, flavour, dry matter content, odour,
energy and nutrient densities), to children (stomach capacity,
appetite and nutritional status) and to mothers or caregivers
(knowledge and CF practices, frequency, during and taking
care of the meal) (16). Three factors determine the level of the
daily ENT from complementary foods: These are the number
of meals per day, the amounts of porridge intake per meal and
the energy and nutrient density of food per meal (16). Only the
two last factors are intrinsically dependent on the properties
of porridge.

Several studies have demonstrated that the incorporation
of protein, fruits and vegetables, and the use of traditional
process, such as fermentation and malting has improved the
nutritional and energy qualities of complementary foods for an
optimal growth of infant (13-15,17). Precisely, fermentation is
one of the oldest and most economical methods of producing
and preserving foods that improves the organoleptic proper-
ties of foods by developing a variety in flavours and a high
taste (17). Another advantage of fermentation is to increase
the nutritional value, probiotics effect for children and the
digestibility of foods (13,17). Particularly, the malting of cereal
seeds in complementary foods has the advantage of increasing
their nutritional value, dry matter and energy density (13).
Another advantage of the malting process, is that it improves
the bioavailability of certain essential minerals (iron, calcium,
zinc) and vitamins for young children (17).

It has been demonstrated that improving the organoleptic
characteristics of complementary foods can increase the intake
of porridges consumed by children (18). In order to reach these
goals, it is pertinent to evaluate the effects of improving the
organoleptic characteristics of these complementary porridges
on the ENI of infants. Therefore, the organoleptic characteris-
tics of three complementary foods have been improved by the
incorporation of different (5 to 15%) ratios of sucrose (17,18).
The low ED infant cereals (G1) contain only cereals and 5%
sucrose. The fermented (F3) and malted (Fg3) infant cereals
have a high ED and contain 15% of sucrose, respectively.
The infant malted flour (Fg3) is processed by mixing maize
and sorghum malted flours, soybean roasted flour, sucrose
and ‘baobab’ pulp at different ratios. In addition, the infant
fermented flour (F3) is processed by mixing maize malted
flour, ‘Mawe’, roasted soybean and sorghum flours, sucrose
and baobab pulp. The saccharose contents of the flours are
1.2% for G1, 4.2% for fermented porridge F3 and 5.3% for
malted porridge Fg3 (17).

The aim of the present study was to identify which type of
porridge can be used to increase the Els of infants in Benin.
For this purpose, the main factors which influence intake were
investigated. The present study was conducted in Southern
Benin and focused on factors related to food. The study also
examined the effects of ED and the sweetness of the porridges
on the EI of infants in Benin aged between 6 to 23 months
under free-living conditions. The present study had two
objectives: The first one was to demonstrate in this context,
the nutritional benefit, i.e., an increase in EI, an increase in
porridge dry matter content associated with a decrease in
viscosity due to enzymatic treatments with the fermenta-
tion and malting process. The second one was to determine
whether it is possible to increase the average consumed quanti-
ties of high ED porridges and consequently, the EIs from these
porridges by modifying their organoleptic characteristics,
such as sweetness. The present study, carried out in Southern
Benin rural areas, aimed to evaluate the effects of the sweet-
ness and ED of these porridges on the ENI of infants aged 6 to
23 months.

Subjects and methods

Sampling and selection of participants. The present study was
conducted in a village in the district of Adja-Ouere (Southern
Benin). Sampling was performed in a community health
centre. A total of 30 pairs of mother-and-child were randomly
selected from the list of mothers attending the health centre
and enrolled in the study. The selection criteria were relative to
infants and were as follows: 1) An age between 6 to 23 months
(15 infants were aged 6 to 11 months, and 15 were aged 12 to
23 months) at the beginning of the study; ii) the consumption
of the porridges at least twice a day; iii) a weight-for-length Z
score >-3 (not severely wasted) and no particular health issues
(no apparent handicaps); and iv) the infants were breastfed.
The exclusion criteria were infants that were breastfed but
were aged of 0 to 5 months.

Ethical considerations. Local health authorities were
informed about the study. For children selected to participate
in the study, a consent form was presented and explained to
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the parents (father and mother) in their local language in order
to obtain their verbal and written consent. Mothers also gave
their consent to participate in the tasting and appreciation of
the infant porridges.

Porridges. Three experimental porridges based on a low ED
porridge (G1) and two high ED porridges, namely a fermented
porridge (F3) and a malted porridge (Fg3), were formulated
in the laboratory at the Research Unit in Enzymatic and Food
Engineering, Polytechnic School of Abomey-Calavi. The
three experimental porridges were analysed and tested. The
composition of each of the porridges was as follows (Table I):
i) G1 resembled the usual porridge prepared by mothers and
was based on roasted maize flour and sucrose; ii) Fg3 was
composed of malted maize and sorghum, roasted soybeans,
sucrose and baobab pulp; and iii) F3 was a fermented porridge
mainly based on fermented maize flour, roasted sorghum and
soybeans, sucrose and baobab pulp.

Nutritional and rheological profile of the experimental infant
porridges. The nutritional profile and ED assessment of the
experimental porridges were determined using recommended
methods. The samples were analysed for viscosity, dry matter,
protein, saccharose and ED. These characteristics were deter-
mined following the methods described by the Association of
Official Analytical Chemists (19). The energy value was calcu-
lated according to the equation of Atwater and Benedict (20).
The viscosity of the experimental porridges was measured
using a Bostwick Consistometer (CSC Scientific Company Inc.)
according to the method of (21). The flow distance was used
at the usual temperature of consumption (45°C), in a Bostwick
Consistometer (CSC Scientific Company Inc.) at the Research
Unit in Enzymatic and Food Engineering, Polytechnic School
of Abomey-Calavi (21) to characterise the consistency of the
porridges.

Experimental procedure. Two groups of children were formed
for the experiment. Group 1 was composed of 15 infants aged
6 to 11 months and group 2 was composed of 15 infants aged
12 to 23 months. Each group of children was provided with the
three (G1, F3 and Fg3) experimental porridges, one porridge
per day for a period of 3 days, at the usual porridge feeding time
(12 p.m.). Porridges were prepared and packaged in the labora-
tory at the Research Unit in Enzymatic and Food Engineering,
Polytechnic School of Abomey-Calavi under sanitary condi-
tions. The quantity of water necessary to prepare the porridge,
was weighed and added to pre-weighed flour. The porridges
were cooked for 5 min. The children were fed by their mothers
or by their usual caregivers. The amount of porridge consumed
was measured, by weighing the bowl before (bowl and served
porridge) and after feeding (bowl + remaining porridge) using
an electronic scale (Tefal; maximum, 5 kg; precision, 1 g).
The acceptability of the porridges by the infants was evalu-
ated using the amounts of porridge consumed by the infants.
Only the amounts of porridge consumed with sucrose were
used for the determination of the ENI of the infants. The ENIs
were determined by calculations using the information for the
nutritional value of each porridge (17). The following factors
were considered: Energy, lipids, proteins, iron, calcium, zinc
and magnesium. The weight and sex of each child were used
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to determine their ENI. For each child, the ratio from the ENI
for children and their daily nutrient intake requirements were
determined. This ratio was used to determine the effective-
ness of the porridges to fully provide the daily nutrient intake
requirements of children (22-26). The contribution of high ED
porridges in increasing the ENI of infants in comparison with
the low ED porridge was determined by the ratio between
the differences of the means of ENI of the high and low ED
porridges, and the means of ENI of the high ED porridges (27).
The recommended daily intake (RDI) of children aged 6 to
8 months was higher than that of infants aged >8 months.
Indeed, the coverage of the RDI of infants was presented in
two groups as the respective RDI of group 1 (children aged 6
to 8 months, and 8 to 11 months) and of group 2 (children aged
12 to 23 months).

Statistical analysis. Data were analysed using Statistica 7.1 (17)
(https://statistica.software.informer.com). Two-way analysis
of variance (ANOVA) was used to determine whether there
was an effect of the porridge characteristics on the food
intake of the infants. The variables included in the statistical
model were the amounts of porridge consumed and the type
of porridge (low and high energy value). The analysis of the
data followed a normal distribution. Following ANOVA, the
Student-Newman-Keuls test was performed to compare the
amounts of porridge consumed and the ENI according to the
type of porridge.

Results

Characteristics of the porridges. The nutritional characteristics
of the experimental porridges are presented in Table II. Due to
the low dry matter content, the G1 porridge had a markedly
lower lipid, protein and carbohydrate content than the high
ED porridges, F3 and Fg3. The viscosity of the experimental
porridges was measured by the flow distance of the porridges at
the usual temperature of consumption (45°C) using a Bostwick
Consistometer. A low viscosity was characterized by the high
flow distance of the porridges on the Bostwick Consistometer.
The experimental high ED porridges, F3 and Fg3, had a flow
distance on the consistometer at 110 and 155 mm/30 sec,
respectively. The flow distance on the consistometer of the
low ED (G1) porridge was 35 mm/30 sec. Indeed, the malted
porridge, Fg3, had a lower viscosity than the other porridges.
The saccharose content of the three porridges was 1.2,4.2 and
5.3% for the low ED porridge (G1), the high ED fermented
porridge (F3) and the high ED malted porridge (Fg3), respec-
tively. The saccharose content of the Fg3 porridge was higher
than that of F3 and G1. Thus, the saccharose content of the
experimental porridges was appropriate for CF based on the
WHO recommendations (2).

Infants. In the study area, all the children eligible to partici-
pate in the study were registered. Given their low number, all
of them were enrolled in the study. A total of 17 male and
13 female infants participated in the study. The characteristics
of the children included in the study are presented in Table III.

Amount of porridges consumed by the infants. Following the
analysis, it was found that the amount of G1 porridge consumed
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Table I. Composition of 100 g of the cereals.

Infant Roasted Germinated Germinated ‘Mawe’ Roasted Roasted Baobab
flours maize flour maize flour  sorghum flour flour sorghum flour  soybeans flour  Sucrose pulp
Gl 95 - - - - - 5 -
Fg3 - 30 25 - - 25 15 5

F3 - 4 - 30 21 25 15 5

The quantity of ingredients is presented (g/100 g). Mawe, fermented maize flour; G1, low energy density porridge; Fg3, high energy density
malted porridge; F3, high energy density fermented porridge.

Table II. Characteristics of the experimental porridges.

Characteristic
Porridge Viscosity (mm/30 sec) Dry matter (%) Protein (%) Energy density (kcal/100 ml) Saccharose (%)
Gl 35+5¢ 15+0.12¢ 2.60+0.03¢ 60+0.48¢ 1.2+0.02¢
Fg3 155+32 31.23+0.8" 16.65+1.2° 124.92+1.8* 5.3+0.03*
F3 110+5° 30.09+0.8° 15.32+0.3° 120.36+1.8° 4.2+0.02°

G1, low energy density porridge; Fg3, high energy density malted porridge; F3, high energy density fermented porridge. In same column, the

different letters (a-c) indicate significant differences between the different porridges (P<0.05).

was low, whereas the amount of F3 porridge consumed was
higher than that of the G1 and Fg3 porridges. In the present
study, the amount of porridges consumed by the two groups
(group 1 and 2) of infants were compared. The amount of
porridges consumed differed significantly with the age of the
infants (P=0.001) and the type of porridge (Table IV). The
amount consumed of porridges ranged from 105 (G1) to 365 ml
(F3). The amount of porridge consumed in group 2 was signifi-
cantly higher than that in group 1. In one meal, the amount of
porridges consumed in group 1 was 105, 231.20 and 282.2 ml
for the G1, Fg3 and F3 porridges, respectively. The amount of
porridges consumed in group 2 was 129.10, 331.30 and 365 ml
for the Gl1, Fg3 and F3 porridges, respectively (Table IV). In
the two groups of infants, the amount of G1 porridge consumed
was low, whereas the amount of F3 porridge consumed
(282.2 ml in group 1 and 365 ml in group 2) was higher than
that of the Fg3 (231.20 and 331.3 ml in groups 1 and 2, respec-
tively) and Gl1 porridges (105 and 129.1 ml in groups 1 and 2,
respectively).

ENI from porridges during a meal. The ENI from the
porridges in the two groups of infants was determined
(Tables V and VI). The ENI from the porridges differed
significantly with the age of the infant (P=0.001) and the
type of porridge. The ENI in group 2 was significantly higher
than that in group 1. The ENI from the low ED porridge G1
was low. In one meal, the ENI from the high ED porridges
(Fg3 and F3) was significantly higher than that from the low
ED porridge (Gl). Precisely, the ENI of the malted porridge
(Fg3) was higher than that of the fermented porridge (F3)
and the low ED porridge (G1). Therefore, the EI ranged from
54.08 (G1) to 344.37 Kcal (Fg3) in both groups. The EI in

group 1 was 54.08, 210.47 and 240.37 Kcal for the G1, F3
and Fg3 porridges, respectively. The EI in group 2 was 58.64,
272.28 and 344.37 Kcal for the Gl1, F3 and Fg3 porridges,
respectively (Table V).

In one meal, from the amounts consumed, the consump-
tion of the high ED porridges (F3 and Fg3) increased the EI
in group 1 by 74% {[(23.25-5.97)/23.25]x100=74.32%} and
78% {[(26.56-5.97)/26.56]x100=77.52%} in comparison with
the EI from the low ED porridge (G1) (23.25 and 26.56 vs.
5.97 Kcal/kg/al; P<0.05). The high ED porridges (F3 and Fg3)
increased the EI in group 2 by 78 and 83% in comparison
with the EI from low ED porridge (G1) (24.37 and 30.82 vs.
5.24 Kcal/kg/meal; P<0.001) (Table V).

The dry matter of the high ED fermented (F3) and malted
(Fg3) porridges was 30.09 and 31.23%, respectively. The low
ED porridge (G1) had 15% dry matter. Thus, the high ED
porridges had a higher dry matter than the low ED porridge
(G1). The high ED fermented (F3) and malted (Fg3) porridges
contained 15% sucrose, and 4.2 and 5.3% saccharose, respec-
tively. The high ED porridges (F3 and Fg3) were sweeter than
the low ED porridge (G1), which contained 1.2% saccharose
(Table II). Thus, the EI was significantly (P<0.05) higher with
the sweeter porridges than with the less sweet porridge (G1)
(Table V). The improvement in EI was greater with the higher
sugar content.

In one meal, the mineral intake from the high ED porridge
(Fg3) was higher than that of the fermented porridge (F3) and
the low ED porridge (G1). The iron intake ranged from 1.49
(G1) to 11.86 g (Fg3) in both groups. The calcium intake ranged
from 44.50 (Gl1) to 255.70 g (Fg3) and the zinc intake ranged
from 1.63 (G1) to 9.15 g (Fg3) in both groups. The magnesium
intake alsoranged from 12.37 (G1) to 73.11 (Fg3) in both groups.
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Table III. Characteristics of the children included in the study.
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Group of children Child Sex Age (months) Weight (kg)
Group 1: Children aged 6 to 11 months (n=15) 1 F 7 8.03
2 M 8 8.62
3 M 8 8.62
4 F 9 8.55
5 F 9 8.55
6 M 10 9.37
7 M 10 9.37
8 F 10 8.78
9 M 10 9.37
10 M 11 9.62
11 F 11 9
12 F 11 9
13 M 11 9.62
14 M 11 9.62
15 M 11 9.62
Group 2: Children aged 12 to 23 months (n=15) 1 F 12 10.8
2 F 12 10.8
3 F 12 10.8
4 F 13 10.8
5 M 14 11.5
6 M 15 11.5
7 M 15 11.5
8 M 16 11.5
9 M 18 11.5
10 F 18 10.8
11 M 18 11.5
12 M 20 11.5
13 F 20 10.8
14 F 22 10.8
15 M 22 11.5

M, male; F, female.

In one meal, from the amounts consumed, the consumption of
the high ED porridges (F3 and Fg3) increased the iron intake
in group 1 by 78% {[(6.82-1.49)/6.82]x100=78.15%} and 82%
{[(8.27-1.49)/8.27]x100=81.98%}, respectively in comparison
with the iron intake from the low ED porridge (G1) (6.82 and
8.27 vs. 1.49 mg/meal; P<0.05). The high ED porridges (F3
and Fg3) increased the iron intake in group 2 by 71 and 78%,
respectively in comparison with the iron intake from the low
ED porridge (G1) (8.82 and 11.86 vs. 2.57 mg/meal; P<0.05. In
one meal, from the amounts consumed, the consumption of the
high ED porridges (F3 and Fg3) increased the calcium intake
in group 1 by 68 and 75%, respectively in comparison with the
calcium intakes from low ED porridge (G1) (138.94 and 178.48
vs. 44.50 mg/meal; P<0.05). The high ED porridges (F3 and
Fg3) increased the calcium intake in group 2 by 72 and 80%,
respectively in comparison with the calcium intake from the
low ED porridge (G1) (179.74 and 255.70 vs. 51.15 mg/meal;
P<0.05). The mineral intake was significantly (P<0.05) higher
with the sweetest high ED porridges (Fg3 and F3) than with

the less sweet porridge (G1). The improvement in mineral
intake was greater with the higher sugar content (Table VI).

Coverage of daily intake requirement from the porridges
during a meal. The contribution of the high ED porridges (Fg3
and F3) to the coverage of the daily intake requirements were
differed significantly with the group of infants (Table VII).
The coverage of the daily intake requirement from the low ED
porridge G1 was low. The coverage of the daily intake require-
ment from the high ED malted porridge (Fg3) was higher than
that of the fermented porridge (F3) and the low ED porridge
(G1). The consumption of the F3 and Fg3 porridges contributed
to providing >30 and 36%, respectively of the daily energy
intake requirements and >77 and 95%, respectively of the daily
protein intake requirements. Precisely, the consumption of the
malted porridge (Fg3) covered >36% of the daily EI require-
ments for the children aged 6 to 23 months. The mineral
intakes from the high ED porridges (F3 and Fg3) contributed
to covering 56 and 73%, respectively of the daily iron intake
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Table IV. Means amounts of porridges consumed (ml) by infants during a meal.

Amount of porridge consumed (ml)

Age (months) Group 1: 6-11 months old (n=15) Group 2: 12-23 months old (n=15)

Stomach capacity (ml) 285 345

Gl 105+4.5¢ 129.1£12.6°
Fg3 231.2445.5° 331.3x19.0°
F3 282.2442.3* 365+29.3

G1, low energy density porridge; Fg3, high energy density malted porridge; F3, high energy density fermented porridge. In the same column,
the different letters (a-c) indicate significant differences between the different porridges in the same group (P<0.05). In same row, the mean of

each porridge between group 1 and group 2 differed significantly (P<0.05).

Table V. Mean energy intake from the porridges during a meal.

Energy intake from porridge (Kcal)

Mean(kcal/meal) Mean (kcal/kg/meal)
Group 1: 6-11 months Group 2: 12-23 months Group 1: 6-11 months Group 2: 12-23 months
Porridge old (n=15) old (n=15) old (n=15) old (n=15)
Gl 54.08+3.71¢ 58.64+2.97¢ 597 524
F3 210.47£32.73° 272.28+22.66° 23.25 24.37
Fg3 240.37+48.97* 344 .37+20.47* 26.56 30.82

G1, low energy density porridge; Fg3, high energy density malted porridge; F3, high energy density fermented porridge. In the same column,
the different letters (a-c) indicate significant differences between the different porridges in the same group (P<0.05). In the same row, the mean
of each porridge between group 1 and group 2 was differed significantly (P<0.05).

requirements, 65 and 93%, respectively of the daily zinc intake
requirement, 35 and 48%, requirement of the daily calcium
intake requirement, and 82 and >100% of the daily magne-
sium intake requirement for infants aged 6 to 23 months. The
coverage of the daily intake requirement was low for children
aged 6 to 8 months, as their daily intake requirement at this
age is higher than that of infants aged >8 months (Table VII).

Discussion

The amount of porridges consumed were differed significantly
with the age of the infant and the type of porridge (P=0.001).
The results revealed that the amounts of porridges consumed
in group 2 were significantly higher than those in group 1.
The gastric capacity (345) of the infants in group 2 was higher
than that (285 ml) of the infants of group 1. The amount of
G1 porridge consumed was low. The amounts of the high ED
porridges (F3 and Fg3) consumed were higher than those of the
low ED porridge (G1), whereas the amount of the fermented
F3 porridge consumed was higher than that of the Fg3 and G1
porridges.

These results indicated that the fermented porridge F3 was
the one most appreciated by the infants. This high appreciation
was due to the organoleptic characteristics. These organoleptic
characteristics of the fermented F3 porridge are due to the

fermentation process, which can enhance these characteris-
tics. Particularly, fermentation is one of the oldest and most
economical methods for producing and preserving foods that
improves the organoleptic properties of foods by leading to a
variety in flavours and a high taste (27). Another advantage
of fermentation is to increase the nutritional value, probiotics
effect for children and the digestibility of foods (13,17,27).

From the amounts of porridge consumed, the ENI from
the low ED porridge (G1) was low. The ENI in group 2 was
significantly higher than that in group 1. In one meal, the ENI
from the high ED porridges (Fg3 and F3) was significantly
higher than that from the low ED porridge (G1). Despite the
lower amount of malted porridge Fg3 consumed in comparison
with that of the fermented porridge F3, the ENI of the malted
porridge Fg3 was higher than that of the fermented porridge
F3 and the low ED porridge G1. This result was evidenced by
the fact that the dry matter and sweetness of the Fg3 porridge
were higher than those of F3 and G1 porridges.

The dry matter of the high ED fermented (F3) and malted
(Fg3) porridges was 30.09 and 31.23%, respectively. In addi-
tion, the malted porridge Fg3 had a higher dry matter than
that of the fermented F3 porridge and the low ED porridge
(G1), which had 15% dry matter. The high ED fermented
(F3) and malted (Fg3) porridges contained 15% sucrose,
and 4.2 and 5.3% saccharose, respectively. The malted Fg3
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Table VI. Mean minerals intake from the porridges during a meal.

Magnesium
intake from porridges (mg)

Zinc intake from porridges (mg)

Calcium intake from porridges (mg)

Iron intake from porridges (mg)

12-23 months

6-11 months

old (n

12-23 months

old (n

6-11 months

old (n

12-23 months

6-11 months

12-23 months

old (n

6-11 months

old (n

=15)

old (n

15)

15)

15)

=15)

old (n

=15)

old (n

15)

15)

Porridge

INTERNATIONAL JOURNAL OF FUNCTIONAL NUTRITION 2: 10, 2021 7
o % % porridge was sweeter than the fermented F3 porridge and the
g : 2 G1 porridge. The EI was significantly higher (P<0.001) with
£ % A the sweeter porridges than with the less sweet porridge Gl1.
< o The improvement in EI was greater with the higher sugar
— n >~

1.63+0.42°¢ 2.2<1+0.12¢ 12.37+2.20¢
40.69+6.32°

4.69+0.73°

51.15+3.86¢
179.74+14.96°
255.70+15.20

2.57+0.11¢ 44.50+2.78¢
138.94+21.06°
178.48+36.36

1.49+0.38°

Gl

6.07+0.50°

8.82+0.73°
11.86+0.70

6.82+1.06°

F3

51.03+£10.39*

9.15+0.54*

6.37+1.30°

8.27+1.68"

Fg3

G1, low energy density porridge; Fg3, high energy density malted porridge; F3, high energy density fermented porridge. In the same column, the different letters (a-c) indicate significant differences

between the different porridges in the same group (P<0.05). In the same row, the mean of each porridge between group 1 and group 2 was differed significantly (P<0.05).

content. Consequently, the results indicated that the ENI was
significantly higher from the porridge with a higher dry matter
content and a greater sweetness.

One of the consequences of increasing the dry matter
content of porridges was the increase in their sweetness. For
this reason, these results indicated that effect of ED and the
sweetness of the complementary porridges on the EI of the
Beninese infants under free-living conditions improved the EI
from the porridge feedings.

Studies in Burkina-Faso demonstrated that the addition
of sucrose to improve the ED and taste of porridges allowed
for an increase in porridge intake (16-18). Researchers have
also demonstrated that the high ED porridges containing 9 to
20% sucrose allow for an increase in the amount of porridges
consumed than the low ED porridges, which contain 1%
sucrose (18). A number of researchers have argued that the
energy and nutrient density of complementary foods and
sweetness are factors which improve food intake (16-18).
During CF, infants and children are introduced to foods other
than milk. In this sense, they will discover, in a step-by-step
process, the properties of foods in terms of flavour, texture,
as well as ED. They develop the ability to recognize high and
low energy dense complementary foods and sweet food (3).
Therefore, the improvement of nutritional and organoleptic
characteristics of complementary foods increases the appetite
of the infant during a meal and consequently, participates in
increasing food intake (28,29).

In the present study, despite a low amount consumed, the
high ED porridges (F3 and Fg3) increased the EI in group 1 by
74 and 78%, respectively in comparison with the EI from the
low ED porridge G1 (23.25 and 26.56 vs. 597 Kcal/kg/meal;
P<0.001). The high ED porridges (F3 and Fg3) increased the
EI in group 2 by 78 and 83%, respectively in comparison
with the EI from the low ED porridge G1 (24.37 and 30.82
vs. 5.24 Kcal/kg/meal; P<0.001). The EI from the malted
porridge Fg3 was higher than that of the fermented porridge
F3. Their EIs were 78 and 83%, respectively for the infants in
groups 1 and 2.

The enhancement of the flavour and taste of the high ED
porridges allows for the concomitant increase in the amounts
of the porridges consumed and the ENI. The results of the
present study were comparable to those of a previous study (18),
demonstrating that the intake of high ED porridges which
contain between 9 to 20% sugar allows for an increase of at
least 76% in the EI of infants of 6 to 10 months old. Researchers
have demonstrated a similar result at Burkina-Faso, where the
improvement of the taste of high energy and nutrient dense
porridges by the addition of sugar allows for an increase in the
EI of infants aged 6 to 23 months (27). Similar effects of ED
porridges on EI have been previously demonstrated (30,31).
The results of a previous study (3) also demonstrated that high
energy complementary foods and their sweetness characteris-
tics were factors which increased the intake and concomitantly,
the energy and nutrient needs during a meal. Similar results
were also provided by another study (32), in which the
enhancement of flavour and the taste of complementary foods,
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Table VII. Percentage of coverage of daily nutrient intake requirements by the porridges during a meal.

Age of infants (months)

Group 2

Nutrient and porridge 6to08 9to 11 12t0 23 6 to 23
Energy (%) from porridges

Fg3 27.74+8.80" 34.54+4.71% 37.96+2.88" 35.57+5.24*

F3 24.68+1.42* 30.22+3.30° 29.97+2 .34° 29.543.11°

Gl 11.83+1.36° 16.85+3.43¢ 21.79+1.08° 18.82+4.04¢
Protein (%) from porridges

Fg3 66.82+21.57° 84.37+11.42* 108.38+7.34* 94.62+18.14*

F3 58.22+3.74 72.38+7.70° 83.95+6.44° 76.75£10.66°

Gl 26.43+3.20° 38.22+7.72¢ 57.77+2.49¢ 46.81+£12.73¢
Iron (%) from porridges

Fg3 34.39+12.13* 47.04+6.56" 102.26+6.08" 73.38+30.33*

F3 28.54+2.88" 38.70+4.17° 76.06+£6.33° 56.36+20.89°

Gl 5.51+0.86" 8.68+1.78¢ 2221+1.01¢ 15.12+7.38¢
Zinc (%) from porridges

Fg3 58.76+20.72° 80.38+11.20° 110.28+6.56* 93.17+£20.97*

F3 43.50+4.39* 58.98+6.35° 73.17£6.09° 64.53£1147°

Gl 13.31+2.08° 20.97+4 31¢ 33.87+1.54¢ 26.65+8.20¢
Calcium (%) from porridges

Fg3 34.47+12.16° 47.16£6.57° 51.14+3.04 47.88+7 .44

F3 27.04+2.73 36.66+3.95° 35.95£2.99° 35.34+4.33"

Gl 8.46+1.32° 13.34+2.74¢ 68.30+0.00° 14.69+3.29¢
Magnesium (%) from porridges

Fg3 73.01+25.75* 99.88+13.92* 123.69+9.02° 109.10+20.94*

F3 58.66+5.93 79.54+8.56° 88,92+6,49° 82.14+11.58°

Gl 15.69+2 .45¢ 24.73+5.08° 36.02+1.64° 29.47+791¢

G1, low energy density porridge; Fg3, high energy density malted porridge; F3, high energy density fermented porridge. In the same column,
the different letters (a-c) indicate significant differences between the different porridges in the same group (P<0.05). In the same row, the
percentage of coverage of daily nutrient intake requirements of each porridge between group 1 and group 2 differed significantly (P<0.05).

such as vegetable puree increased acceptance, food intake and
concomitantly, the energy and nutrient needs of infant aged
10 to 18 months. Other researchers have demonstrated that the
improvement of the nutritional and organoleptic characteristics
of complementary foods increases the reaction and appetite of
infants during a meal and participates in increasing the quan-
tity of food intake, as well as the ENI (28). Similar results have
also been demonstrated by other researchers, whereby the
enhancement of the characteristics of complementary foods,
such as taste and flavour, increases the food intake (lipids and
proteins) by infants aged 6 to 23 months (5). The consump-
tion of high ED porridge could be assumed to improve the
total daily energy intake of infants. However, previous studies
have observed a phenomenon of energy compensation in
infants who balanced energy intake from the different meals
consumed during the day and arrived at consistent daily total
Els (4-33). The caloric compensation in infants is dependent
on the individual nature of the infant, the type and diversity
of the complementary foods, the interaction of mother-infant

pairs and the comportment of the infant during a meal (3).
In the present study, the EI of the malted porridge Fg3 was
significantly higher than that the fermented porridge F3. This
potential of malting porridge Fg3 is due to an enzymatic
treatment malting process; the production of alpha amylase
during the germination of cereals decreases the viscosity of
porridges, and increases dry matter, the energy and nutritional
value of the malted porridge Fg3, by germination of the
local ingredient (17). The malting of cereals is a processing
procedure traditionally used in a number of African countries
for the manufacture of alcoholic drinks, juices and malted
drinks (34). The malting of cereal in complementary foods has
the advantage of increasing their nutritional value, dry matter
and ED (13). Another advantage of the malting process, is that
it improves the bioavailability of certain essential minerals
(iron, calcium and zinc) and vitamins for young children (17).

In the present study, the coverage of daily nutrient require-
ments from the complementary porridges differed significantly
with the age of the infants and the type of complementary
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porridge. The coverage of daily intake requirements from the
low ED porridge G1 was low. The coverage of daily intake
requirements from the high ED malted porridge Fg3 was
higher than that of the fermented porridge F3 and the low ED
porridge GI. In infants aged 6 to 11 months, the daily energy
intake requirements defined (23) are ~79 kcal/kg/day and
research conducted in different countries have demonstrated
that breast milk covers ~60% of the daily energy needs
of infants (26). In infants aged 11 to 23 months, the daily
energy intake requirements defined (24) are ~81 kcal/kg/day.
The mean weights of infants aged 6 to 11 months and 12 to
23 months are 9 and 11 kg, respectively. Consequently, the
energy intake requirements for infants aged 6 to 11 months
and 12 to 23 months are 711 and 891 kcal/kg/day, respectively.
Precisely, the complementary foods should cover 40% of this
requirement (26). In the present study, the fermented porridge
F3 and the malted porridge Fg3 covered 30 and 34% of the
intake requirements, respectively in the infants in group 1
aged of 6 to 11 months, and 30 and 39% in infants in group 2
aged 11 to 23 months. The consumption of F3 and Fg3 allowed
for the coverage of >30 and 36% of their daily energy intake
requirements, and >77 and 95% of their daily protein intake
requirement. Precisely, the malted porridge Fg3 provided a
coverage of more than one third (36%) of the daily energy
intake requirements for children aged 6 to 23 months.

The high sweetness of the high ED malted Fg3 porridge
also improved the coverage of the daily energy and nutrient
needs of children aged 6 to 23 months. The results indicated
that the coverage of the daily energy and nutrient intake
requirements was lower for children aged 6 to 8 months. This
was due to the nutrient intake requirement of children aged
of 6 to 8 months, which was higher than that of infants aged
9 to 23 months and also due to their low stomach capacity
and continuous breastfeeding (18). Similar results were also
obtained in a previous study (29). Of all the porridges, only
the high ED malted porridge Fg3 provided high coverage as
regards the daily energy and mineral intake requirements for
infant aged 6 to 23 months. Based on these results, it can be
argued that the high ED porridges evaluated in the present
study, notably the malted (Fg3) porridge provided a high
nutritional and organoleptic potential for the coverage of daily
intake requirements for children aged 6 to 23 months.

In conclusion, as demonstrated herein, the amounts of
fermented porridge F3 consumed were higher than those of the
malted porridge Fg3 and the low ED porridge G1. Consequently,
the children exhibited a greater appreciation for the fermented
porridge F3 compared with the malted porridge Fg3 and G1. In
addition, the 15% sucrose in the high ED fermented and malted
porridges allowed for a 4-fold increase in the ENI in children
aged 6 to 11 months, and a 6-fold increase in children aged
12 to 23 months. The energy and nutrient intake of the high
ED malted porridge Fg3 were higher than those of the high
ED fermented porridge F3. The lower ED Gl porridge intake
was low. In one meal, the consumption of the high ED malted
porridge Fg3 provided the highest coverage of the infant daily
requirements. This allowed for the coverage of at least 36% of
the daily energy needs, 95% of the daily protein needs, 73% of
the daily iron needs, 93% of the daily zinc needs, 48% of the
daily calcium needs and 109% of the daily magnesium needs
for infants aged 6 to 23 months. Modifications in the taste of
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porridges by the addition of 15% of sucrose was associated
with an increase in energy and nutrient density, thus leading
to an increase in ENI. The children's appetite was assessed by
increasing the amount of porridge consumed in one meal. This
assessment may not indicate the actual appetite of children for
porridges. It is suggested that children's appetite be assessed
over a longer period of time for porridge consumption for a
better assessment.
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