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Abstract

Irvingia gabonensis, commonly known as the African wild mango or African bush mango, is a plant species whose
seeds are used as a thickener for sauces and as an energy-providing ingredient in various local dishes. The general
objective of this study was to evaluate the impact of incorporating /rvingia gabonensis flour to replace a portion of
the carbohydrates in the standard diet of young, growing rats. Ten rats were used and divided into two groups: five (5)
control rats and five (5) rats in the carbohydrate-substitution group. Their diets consisted of maize (55 g), fish (22 g),
lipids (4 g), minerals (6 g), and water (13 g). The diet of the test group was identical to that of the control group,
except that the 55 g of maize (carbohydrates) was replaced by Irvingia gabonensis flour. Substituting carbohydrates
with Irvingia gabonensis flour resulted in increases of 17.09% (1st week), 18.39% (2nd week), and 15.53% (3rd
week) compared to the control group. The average amount of food consumed decreased by 41.9 £ 3.60 g (1st week),
47.7 £ 1.64 g (2nd week), and 38.4 = 2.26 g (3rd week) compared to the control. Fecal output in the carbohydrate-
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substitution group decreased significantly (p < 0.01) by 42.5% (1st week), 7.31% (2nd week), and 37 = 4.05 g (3rd
week) compared to the control group. The digestibility index increased by 148.81% (1st week), 16.87% (2nd week),
and 8.75% compared to the control. The feed conversion ratio was low, at 1.81 (1st week), 2.27 (2nd week), and 2.4
(3rd week). Protein efficiency in the groups where carbohydrates were substituted showed a decrease of 35.43% (1st
week) and 28.12% (2nd and 3rd weeks). Energy efficiency decreased by 35.43% (1st week) and 28.12% (2nd and 3rd
weeks) in the rats from the carbohydrate-substituted group. In conclusion, /rvingia gabonensis flour represents a
promising food resource that could serve as a partial carbohydrate substitute in human diets.

Keywords: Carbohydrates, lrvingia gabonensis, substitution, rats, anthropometric, diet.

Introduction

Diet is a key determinant of growth, development,
and the maintenance of physiological balance in
living organisms. Macronutrients particularly
carbohydrates and proteins play a central role in
energy supply, tissue building, and the regulation
of metabolic functions. Carbohydrates constitute
the body's primary energy source (Guyton et Hall
2014). Substituting a carbohydrate source can
alter intestinal nutrient absorption due to the
specific composition of the foodstuff involved
(Nangue et al, 2011). Irvingia gabonensis
commonly known as the African wild mango or
African bush mangois a plant species whose seeds
are used as a thickening agent for sauces and as
an energy-rich ingredient in various local dishes
(Etebuet Nwauzoma. 2014). Furthermore, these
seeds are used in traditional medicine to treat
certain metabolic and digestive disorders (Emeje
et al., 2011 et Nangue et al., 2011). Processing
the seeds into flour allows for their incorporation
into various diets, opening up possibilities for
their use as a partial substitute for conventional
carbohydrate sources (FAO/WHO. 1991).
Moreover, using whole-seed flour entails the
simultaneous consumption of all the seed's
nutritional constituents, which may produce
physiological effects distinct from those observed
with purified extracts. Any qualitative or
quantitative alteration in these nutrients can lead
to metabolic disturbances, manifesting as changes
in growth, body composition, and the functioning
of vital organs such as the liver, kidneys, and
hematopoietic tissues (Guyton et Hall 2014).
However, despite the vast availability of food
resources, access to food remains limited for
many populations; malnutrition and under
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nutrition persist as significant challenges for
certain groups (FAO/WHO. 1991). Against this
backdrop, there is growing interest in identifying
alternative food sources capable of partially
replacing conventional carbohydrates particularly
in low-income and developing countries, where
food insecurity remains a major issue and access
to traditional animal protein sources is both
limited and costly. This research project is titled:
"Effect of substituting carbohydrates with
Irvingia gabonensis flour on anthropometric
parameters in a growth diet for rats." The general
objective of this study is to evaluate the impact of
incorporating [Irvingia gabonensis flour as a
replacement for a portion of the carbohydrates in
the standard diet of young, growing rats.

To achieve this objective, we aim to:

* Determine changes in body mass and weight
gain in the rats throughout the experiment.

* Measure variations in  anthropometric
parameters.

1. Materials and Methods

1.1. Plant material

The plant material consists of /rvingia gabonensis
seeds, commonly known as "Pklé" in the Yacouba
language. These seeds were harvested, cleaned,
dried, and then ground to produce a fine flour.
This flour was used as a partial substitute for
carbohydrates in the experimental diet.

1.2. Animal material

The animal material consists of albino laboratory
rats (Rattus norvegicus). These rats were young
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and in a growth phase, with an initial weight
ranging from 50 to 100 g. They were housed
under standard laboratory conditions. The animals
had free access to food and water and were kept
on a 12-hour light/dark cycle. They were handled
in accordance with Good Laboratory Practice
(OCDE. 1998). The experimental protocols
followed the guidelines for the protection of
laboratory animals set out in European Council
Directive 2012/707 (EU. 2012).

1.3. Technical equipment

The technical equipment consists of laboratory
apparatus and instruments used for sample
preparation and analysis. It includes a precision
electronic balance, a grinder for processing seeds
into flour, a drying oven, and glassware such as
beakers, graduated cylinders, pipettes, etc.

Average weight gain (WG):

1.4 Method for substituting protein with
Irvingia gabonensis in a growth diet

This test follows the procedure described in
(Adrian et al., 1991); ten rats were used and
divided into two groups: five (5) control rats and
five (5) rats in the substitution group. The control
rats constitute the control group. Their diet
consists of maize (55 g), fish (22 g), lipids (4 g),
minerals (6 g), and water (13 g). The diet of the
rats in the test group is the same as that of the
control rats, except that the 55 g of
maize.Anthropometric parameters such as the
feed conversion ratio, feed efficiency, and
digestibility index were calculated to evaluate
feed utilization efficiency in relation to body
weight gain, as in the work of Bohué et al.,
(2011).

GP = mass of the animal at a given period - initial mass

Feed feed conversion ratio (FFR):

Quantity of feed consumed during a given period

FFR =
Weight gain during the same period
Energy efficiency (EE):
Amount of energy consumed during a given period
EE =

Weight gain during the same period

Digestability index (DI):

(Amount of feed consumed - mass of droppings produced during a given period)

ID =

Weight gain during the same period

1.5 Statistical analysis

Results are presented as the mean followed by the
standard error of the mean (M+SEM). Statistical
analysis was performed using GraphPad Prism
5.01 software (San Diego, California, USA). One-
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way analysis of variance (ANOVA) followed by
Dunnett’s comparison test was used to identify
differences between treated and control groups.
Differences were considered significant at p <
0.05.
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2. Results

2.1. Variation in rat body weight following the
substitution of carbohydrates with Irvingia
gabonensis flour

Changes in rat body weight are presented in Table
I. Prior to supplementation, the initial weights of
the various groups were generally similar,
indicating good group homogeneity. During the
first week, a weight increase was observed in the
control group (8.21%; 83.0 = 2.08 g) and the
carbohydrate-substituted group (17.09%; 87.0 +
2.08 g). In the second week, growth resumed in
all groups, with an increase of 9.63% (101 + 3.46
g) for the control group and 18.39% (103 + 2.03
g) for the carbohydrate-substituted group. By the
third week, growth continued in the control group
with a body weight increase of 10.21% (115 +
1.76 g), while the carbohydrate-substituted group
showed an increase of 15.53% (119 + 2.89 g),
reflecting less efficient growth.

2.2. Average daily feed intake per group
following the substitution of carbohydrates
with Irvingia gabonensis flour

The average amount of feed consumed by the rats
is presented in Table II. The results show that the
control group maintained relatively stable
consumption throughout the experiment, with
values ranging from 42.6 + 3.36 g to 47.7 + 1.64
g. During the first week, the group receiving the
carbohydrate substitution showed consumption
levels close to those of the control group (41.9 +
3.60 g), reflecting a significant decrease (p<0.01)
in food intake compared to the control group. In
the second week, consumption in the control
group was 47.7 + 1.64 g; the food intake of the
carbohydrate-substituted group (40.7 + 2.48 g)
was significantly lower (p<0.05 and p<0.001)
than that of the control group. In the third week,
the control group remained stable (45.7 £ 1.51 g),
while food intake in the carbohydrate-substituted
group (38.4 £ 2.26 g) was significantly lower
(p<0.05 and p<0.001) than in the control group
(45.7+1.51 g).

Table I: Variation in rat weight following the substitution of carbohydrates with lrvingia gabonensis flour.

Change in animal weight (g)/Percentage (%) increase or decrease in
parentheses

Groups Initial weight Week 1 Week 2 Week 3

Group : 76.7+1.76 83.0£2.08 91£3.46 100+1.76

Control (+8.21) (+9.63) (+10.21)

Group: 74.+0.33 87.0+2.08 103+2.03 119+2.89a*
carbohydrates (+17.09) (+18.39) (+15.53)
substituted by

Flg

Table II: Average daily feed intake for each group following the substitution of carbohydrates with Irvingia

gabonensis flour.

Quantity of food consumed (g)
Groups Week 1 Week 2 Week 3
Group : Control 42.6 £3.36 47.7+1.64 45.7+1.51
Group: 41.9+3.60 40.7 + 2.48a* 38,4+2.26
carbohydrates
substituted by Flg
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2.3. Daily fecal output of each rat group
following the substitution of carbohydrates and
proteins with Irvingia gabonensis flour

The quantities of feces produced by the rats over
the various weeks are presented in Table III.
During the first week, rats in the control group
produced 40 + 5.23 g of feces. The fecal output of
the carbohydrate-substituted group decreased
significantly (p < 0.01) by 42.5% compared to the
control group. In the second week, fecal
production in the control group remained stable
(41 £4.31 g). The carbohydrate-substituted group
showed a non-significant decrease (p > 0.05) to
38 + 3.73 ga 7.31% reduction compared to the
controls bringing the value closer to that of the
control group.

During the third week, the control group produced
33 + 2.38 g of feces, maintaining high levels. The
carbohydrate-substituted ~ group  maintained
relatively stable production (37 + 4.05 g),
comparable to that of the control. The protein-
substituted group, meanwhile, recorded a slight

increase (6 £ 6.19 g) but remained significantly
lower than the other groups.

2.4. Digestibility index
carbohydrate substitution
gabonensis flour

(%) following
with  Irvingia

Digestibility index values for the different diets
are presented in Table IV. During the first week,
the control group showed a digestibility index of
41.26%, reflecting normal nutrient utilization.
The carbohydrate-substituted group recorded a
very high value (148.81%), indicating high
apparent dietary efficiency. By the second week,
the control group showed a slight decrease in the
index (37.22%). The group with carbohydrate
substitution showed a decrease of 16.87%,
suggesting reduced digestive efficiency. During
the third week, the control group exhibited a

marked increase in the digestibility index
(136.55%), indicating  improved  nutrient
utilization. In contrast, the carbohydrate-

substituted group continued to show a decline
(8.75%), reflecting poor digestive efficiency.

Table III: Daily quantity of feces produced by each group of rats following the substitution of carbohydrates

with Irvingia gabonensis flour.

Quantity of feces (g) / Percentage (%) increase or decrease in
parentheses
Groups Week 1 Week 2 Week 3
Group : Control 40+ 5.23 41 +4.31 33+2.38
Group:
carbohydrates 23+ 4.51 a** 38+ 3.73 37+ 4.05
substituted by Flg (-42.5%) (-7.31%) (+12.12%)

Table I'V: Digestibility index (%) after substitution of carbohydrates with Irvingia gabonensis flour.

Digestibility index (%) / Percentage (%) increase or decrease in
parentheses
Groups Week 1 Week 2 Week 3
Group : Control 41.26 83.75 136.55
Group: 148.81 16.87 8.75
carbohydrates
substituted by Flg
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2.5. Feed conversion index (%) following
carbohydrate substitution with Irvingia
gabonensis flour

Feed conversion index values for the different
groups are presented in Table V. During the first
week, the control group shows a feed conversion
index of 6.76%, indicating normal feed
utilization. The group with carbohydrate
substitution records a lower value (1.81%). In the
second week, the index decreases for the control
group (2.27%), reflecting improved feed
efficiency. The group with carbohydrate
substitution remains close to the control (2.54%).
In the third week, the control group shows a value
of 3.26%. The group with carbohydrate
substitution remains relatively stable (2.4%),
indicating low feed efficiency.

2.6. Protein
carbohydrate
gabonensis flour

efficiency
substitution

(%) following
with  Irvingia

Protein efficiency values for the different groups
are presented in Table VI. During the first week,
the control group shows high protein efficiency
(211%), indicating good protein conversion. The
group with carbohydrate substitution showed

lower protein efficiency (35.43%). In the second
week, the protein efficiency of the group with
carbohydrate substitution is 28.12%. During the
third week, the value for the control group
decreased (143.44%) but remained higher than
that of the group with carbohydrate substitution,
which maintained a constant value (28.12%),
confirming moderate protein utilization.

2.7. Energy
carbohydrate
gabonensis flour

efficiency
substitution

(%) following
with  Irvingia

Energy efficiency values for the different groups
are presented in Table VII. During the first week,
the control group shows high energy efficiency
(211.74%), indicating good energy conversion.
The group with carbohydrate substitution showed
a decrease in energy efficiency (35.43%). By the
second week, the energy efficiency of the control
group had decreased (166.75%) but remained
higher than that of the carbohydrate-substituted
group (28.12%). During the third week, the value
for the control group decreased (143.44%) yet
remained higher than that of the carbohydrate-
substituted group, which maintained a constant
value (28.12%), confirming moderate energy
utilization. In contrast.

Table V: Feed conversion ratio (%) following the substitution of carbohydrates with Irvingia gabonensis

flour.
Consumption index (%) / Percentage (%) increase or decrease
in parentheses

Groups Week 1 Week 2 Week3

Group : Control 6.76 5.96 491
Group: 3.29 2.54 2.4

carbohydrates
substituted by Flg

Table VI: Protein efficiency (%) after substitution of carbohydrates with Irvingia gabonensis flour.

Protein efficiency (%) / Percentage (%) increase or decrease in
parentheses
Groups Week 1 Week 2 Week 3
Group : Control 211.74 166.75 143.44
Group: 35.43 28.12 28.12
carbohydrates
substituted by Flg
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Table VII: Energy efficiency (%) after substituting carbohydrates with /rvingia gabonensis flour.

Energy efficiency (%) / Percentage (%) increase or decrease in
parentheses

Groups Week 1 Week 2 Week 3

Group : Control 211.74 166.75 143.44
Group: 35.43 28.12 28.12

carbohydrates
substituted by Flg
Discussion

Variations in rat body weight indicate that
substituting  carbohydrates ~ with  Irvingia
gabonensis flour influences growth, depending on
the specific carbohydrate-substitution group. The
results reveal a progressive weight gain in both
the control group and the carbohydrate-
substitution group relative to their initial weights.
Indeed, the weight increase observed in the
control and carbohydrate-substitution groups
reflects efficient nutrient utilization and favorable
adaptation to the diet. This weight progression
highlights the importance of dietary nutritional
quality for rat growth. According to Bouafou et
al.,, (2011), body weight is a key indicator of
nutritional efficiency and proper metabolic
function in growing rats. Furthermore, several
authors report that weight gain depends heavily
on nutrient intake and bioavailability within the
body (Adrian et al., 1991; Pawlak et Pion.
1968). These analyses confirm that [rvingia
gabonensis flour can enhance growth, although its
effectiveness varies based on the level of
inclusion in the diet.

Data on average feed consumption indicate that
substituting  carbohydrates ~ with  Irvingia
gabonensis flour influences feed intake. Results
show relatively stable consumption in the control
group. In contrast, consumption in the
carbohydrate-substitution group was comparable
to that of the control group, reflecting good
dietary acceptability. This variation in intake
underscores the importance of diet composition
and palatability in regulating feed intake.
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According to Bouafou et al, (2011), feed
consumption serves as an indicator of nutritional
efficiency and the rats' adaptation to the diet.
Moreover, several authors report that feed intake
directly influences growth and nutrient utilization
(Adrian et al., 1991; Bouafou et al., 2011). Thus,
Irvingia gabonensis flour can alter feed intake
depending on the level of inclusion in the diet.
The quantity of fecal matter produced by the rats
indicates that substituting carbohydrates with
Irvingia gabonensis flour influences digestive
activity. Results reveal high and relatively stable
production in the control group, whereas the
substitution  groupsparticularly the protein-
substitution groupexhibit very low fecal output.
Indeed, the progressive increase observed in the
carbohydrate-substitution — group reflects a
digestive adaptation to the modified diet. This
trend highlights the importance of the balance
between intake, digestion, and absorption in
nutrient utilization. According to Bouafou et al.,
(2011), fecal production serves as an indirect
indicator of digestive efficiency and feed
utilization in growing rats. Furthermore, several
authors report that variations in fecal output
reflect changes in intestinal absorption and dietary
digestibility (Adrian et al., 1991; Pawlak et
Pion. 1968). These observations confirm that
Irvingia gabonensis flour can influence digestion
depending on its level of inclusion in the diet.
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index values indicate that
substituting  carbohydrates  with  Irvingia
gabonensis flour could influence nutrient
utilization. The control group showed an increase
in the digestibility index, whereas the
carbohydrate-substitution  group showed a
decrease. The drop in values observed in the
carbohydrate-substitution  group could be
attributed to low feed intake and insufficient
weight gain, which influence the index
calculation. However, the progressive
improvement observed reflects adaptation to the
diet. These results indicate that digestibility
depends on both intake and growth; indeed,
according to Bouafou et al., (2011), it serves as
an indicator of nutrient utilization efficiency in
rats. Furthermore, several studies show that
significant variations in digestibility can be linked
to diet composition and nutrient bioavailability
(Adrian et al, 1991; Pawlak et Pion. 1968).
Additionally, other studies have reported that the
dietary fiber and lipid content of Irvingia
gabonensis seeds can influence digestion and
intestinal absorption (Ngondi et al., 2005 ;
Ejiofor et al., 1987). These observations confirm
that [rvingia gabonensis flour can modulate diet
digestibility depending on the level of inclusion
and the animals' physiological adaptation.Feed
conversion ratio values indicate that substituting
carbohydrates with [Irvingia gabonensis flour
affects feed efficiency. The control group shows
generally moderate values, whereas the
carbohydrate-substituted group exhibits poorer
performance compared to the control. Indeed, the
drop in values recorded for the carbohydrate-
substituted group indicates poor nutrient
utilization. Over time, the improvement observed
in certain groups reflects gradual adaptation to the
diet, while the rise in the ratio for the
carbohydrate-substituted group in the third week
reflects low feed efficiency. These results
demonstrate that the feed conversion ratio
depends on the organism's ability to convert feed
into weight gain; indeed, according to Bouafou et
al., (2011), it serves as an indicator of nutritional
efficiency in rats. Furthermore, several studies
indicate that diet compositionspecifically fiber

Digestibility
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and lipid content—can influence feed efficiency
(Adrian et al., 1991; Ngondi et al., 2005). These
observations confirm that [rvingia gabonensis
flour can alter the feed conversion ratio depending
on the level of inclusion.

Protein efficiency values show that substituting
carbohydrates with [Irvingia gabonensis flour
influences the conversion of dietary protein into
weight gain. Both the control group and the
carbohydrate-substituted ~ group  exhibit a
progressive decline in protein efficiency. Indeed,
the low values observed in the carbohydrate-
substituted group indicate limited protein
utilization. Over the weeks, the improvement
observed in the carbohydrate-substituted group
reflects adaptation to the diet. These results show
that protein efficiency depends on the organism's
ability to utilize nutrients for growth; indeed,
according to Bouafou et al. (2011), it serves as an
indicator of nutritional quality and metabolism in
growing rats. Evidence from several experimental
studies indicates that protein efficiency depends
on dietary balance and nutrient digestibility
(Kouadio et al (2020). Furthermore, nutrient
bioavailability and physiological adaptation
strongly influence this efficiency (Adrian et al.,
1991 ; Ngondi et al., 2005). These observations
confirm that [rvingia gabonensis flour can
modulate protein efficiency depending on the
level of inclusion and the animals' adaptation to
the diet.

Energy efficiency values indicate that substituting
carbohydrates with [rvingia gabonensis flour
affects energy conservation. The control group
exhibits a high energy efficiency value, whereas
the carbohydrate-substituted group shows a stable
energy efficiency value from the second week
onwards. The high energy efficiency value
observed in both the control group and the
carbohydrate-substituted group is attributed to the
significant energy utilization in the control rats,
while the stability of the value in the substituted
group is explained by an energy adaptation aimed
at improved energy conservation. These results
demonstrate that energy efficiency depends on the
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organism's ability to utilize energy for growth.
Indeed, according to Bouafou et al., (2011), it
serves as an indicator of nutritional quality and
metabolism in growing rats. Evidence from
several experimental studies indicates that energy
efficiency depends on dietary balance and nutrient
digestibility (Kouadio et al., 2020). Furthermore,
nutrient  bioavailability and  physiological
adaptation strongly influence this efficiency
(Adrian et al., 1991; Ngondi et al., 2005). These
observations confirm that [rvingia gabonensis
flour can modulate protein efficiency depending
on the level of inclusion and the animals'
adaptation to the diet.

Conclusion

In conclusion, this study on the effect of
substituting  carbohydrates ~ with  Irvingia
gabonensis flour in a growth diet for rats has
highlighted the nutritional and biological potential
of this flour. Regarding carbohydrate substitution,
the observed digestibility indices and weight
changes indicate that [rvingia gabonensis flour
contributes to the energy and nutritional
metabolism of the rats, despite some variations
linked to the substitution level.
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