
 
*Corresponding author: Egnon KV Kouakou  
Laboratory of Nutrition and Pharmacology, Faculty of Biosciences, University Félix Houphouët-Boigny 22 BP 582 Abidjan 22, Ivory Coast 

    

 

 
 
 

ISSN: 0976-3031 

Research Article 
 

STUDY OF THE NUTRITIONAL POTENTIAL OF SCHEMES FISH / RICE AND "PISTACHIO" / RICE IN 
THE NUTRITIONAL REHABILITATION OF MALNOURISHED YOUNG RATS 

 

Kouame GM Bouafou1., Egnon KV Kouakou*2., Alassane Meite2., Bruno K. Koko2  
and Séraphin Kati- Coulibaly1 

 

1Life Sciences and Earth, ENS Abidjan 08 BP 10 Abidjan 08, Ivory Coast 
2Laboratory of Nutrition and Pharmacology, Faculty of Biosciences, University 

Félix Houphouët-Boigny 22 BP 582 Abidjan 22, Ivory Coast 
 

ARTICLE INFO                                      ABSTRACT                                    
 

 

 
 

 
 

 

The aim of this study was to evaluate the nutritional potential of schemes Fish / rice and pistachio / 
rice for re-nutrition of malnourished young rats. For this purpose, the rats were fed commercial 
weaning flour "Anagobaka" containing 2.04% protein for 10 days to induce 
malnutrition. Malnourished rats were then replenished with fish / rice diets, Pistachio / rice and a 
control (Plumpynut) for 21 days. Diets fish / rice, Pistachio / rice and Plumpynut contained 
respectively 15.29 ± 0.02 g / 100 g DM, 15.26 ± 0.1 g / 100 g DM and 15.29 ± 0.07 g / 100 g DM 
proteins. The energy values of rehabilitation plans ranged between 570 and 574 kcals. Rats subjected 
to the fish / rice diets, Pistachio / rice and control had food consumption respectively of 6.47 ± 
0.36 g / day; 5.45 ± 0.16 g / day and 5.97 ± 0.92 g / day, a weight gain of 2.64 ± 0.61 g / day;2.03 ± 
0.48 g / day and 2.69 ± 0.85 g / day and real digestibility of 98.70 ± 0.12%; 96.16 ± 0.37% and 
87.36 ± 0.12%. The biological value (BV) of fish / rice, Pistachio / rice and Plumpynut were 
respectively 97.18 ± 1.20%, 96.58 ± 0.42% and 91.13 ± 0.05%. These results showed that the 
experimental diets have similar potential or even superior to the control (Plumpynut).Therefore, 
testing regimes could be used in the re-nutrition of malnourished children in terms of their 
nutritional potential. 
 

 

  
 

 
 
 
 
 
 
 
 

 
 

 
 

 

 
 

 
 

 
 

 
 
 

 
 

 

 
 

 
 

  
 
 

 

 

INTRODUCTION  
 

Protein-energy malnutrition (PEM) is a public health problem 
in poor countries, despite the diversity of agricultural 
products (WHO / UNICEF, 2002; Egnon et al,2016.). This 
prolonged imbalance reduces the regulatory possibilities and 
cause a negative energy balance and metabolic disorders and 
deficiency, especially serious in children (Hennen, 
1996; Rahman et al., 1999). The treatment of these metabolic 
disorders and deficiency is done by Specialized Food Products 
(SAP) with high energy value. In Cote d'Ivoire, the most used 
for the nutritional rehabilitation are Plumpynut, Plumpy sup 
and CSB (ANC, 2010). However these PAS, are unevenly 
distributed in areas with high prevalence of malnutrition with 
regular shortages (ANC, 2010). These frequent breaks can be a 
risk of children who are under nutritional therapy, especially 
those who should have access. In addition, PAS generally used 
do not meet the dietary habits of the target population and 
increase the dropout rate to treatment (Sylvie, 2001, PNN, 
2010). Thus, the use of local ingredients for the manufacture of 

specialty food products is a path to explore. Therefore, this 
study, aims to assess the nutritional potential of two diets based 
on local products in the re-nutrition of malnourished rats after 
induction of malnutrition. 
 

MATERIALS AND METHODS 
 

Materiel 
 

Animals and dwellings 
 

Animal testing was conducted with rats Wistar strain of growth 
after the pet of the Laboratory Nutrition and Pharmacology of 
the Faculty of Biosciences, University Félix Houphouët-
Boigny, Abidjan (Ivory Coast). 18 rats aged 45 to 55 days, with 
an average weight of 53.25 ± 2.57 g, were used. The rats were 
housed at a rate of six per plan, in individual cages metabolism 
screened funds that enable the selection of feces upstream and 
downstream collecting urine flowing into jars by a fixed 
funnel. The cages were equipped with racks and bottles to feed 
and give water to the animals. 
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Diets 
 

Four childhood diets were offered to growing rats in puree 
form: 

- Following a diet of Commerce (Anagobaka) for 
induction of malnutrition. 

- Two experimental diets (Pistachio / Rice: PIRI; Fish/ 
Rice: POIRI) were developed from grains of 
rice (Oryza sativa), Citrullus lanatus (Cucurbitaceae) 
commonly known as pistachio, dried fish 
(herring) (Table 1). 

- A control diet (Plumpynut). 
 

Apart Plumpynut, other foods served with diets were purchased 
in "Forum markets" Adjamé, District of Abidjan, Ivory 
Coast. The choice of these foods is justified by the fact that 
they are available all year in Ivory Coast. 
 

 
 
 
 
 
 
 
 
 
 
 

METHODS 
 

Process of producing composed flour  
 

All grains were cleaned manually. The seeds were winnowed to 
remove dust. Rice grains and pistachio were washed. The 
pistachio seeds have undergone pre-cooking for 30 min at 100 
° C and then dried in an oven at 45 ° C for 4 hours. Pistachio 
seeds were devoid of their film before drying. As for the rice 
grains, they were soaked in water at room temperature for 12 
hours and then dried for 12 hours in an oven at 45 ° C on 
stainless steel grids. Then, various foods were ground using a 
Moulinex blender. These flours were roasted at 100 ° C with a 
pot and a hot plate in stainless steel for 10 minutes. The flours 
obtained after all the processes have been successively sieved 
using sieve mesh 500, 400, 160 µm. Fish meal was produced in 
the same way as other flours from fish (herring) costs. The 
various ingredients (cereals, leguminous flours, sugar, palm oil) 
flour compounds were weighed separately and mixed later to 
obtain a homogeneous flour (Brou et al., 2003). 
 

Chemical analyses  
 

Total protein  
 

The products protein have been tested according to Kjeldahl 
technic with a conversion coefficient of nitrogen equal to 6.25 
Bouafou et al.2007 
 

Fat 
 

The crude fat has been extracted in the boiling step from 5 g of 
a sample in a machine of soxhlet at 80°C. After evaporation of 
hexane from the Rotavapor, the ball is cooled down and 
weighed (AOAC, 1995). 
 

Carbohydrates and ash 
 

The carbohydrates are obtained by the differenting the 
measured out elements and the first sample. The content in ash 
is obtained by weighing 5g of the sample incinerated at 550°c 
during six hours in an oven ( select horn, pselecta) (Bouafou 
et al., 2007). 
 

Determination of energy 
 

The energetic value of the diet has been obtained through the 
sum of the products of each major element (carbohydrates, 
proteins, lipids) and its thermal coefficient. 
 

Determination of energy value 
 

The energy value of diets were obtained from the sum of the 
products of each major nutrient (carbohydrate, protein, fat) and 
its corresponding thermal coefficient of Atwater. 
 

Study parameters of the nutritional value 
 

The study parameters are shown in Table 2. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Experimental conditions and constitution of rats group 
 

The experimental chamber had a temperature of 25 ° C with a 
degree of humidity between 70 and 80%. Three batches of six 
growing rats were each subjected to a rehabilitation plan after 
induction of malnutrition. 
 

Process of the experiment 
 

It was done in two stages. In the first phase, the rats were fed 
for ten days with Anagobaka to induce protein-energy 
malnutrition (PEM) (Egnon et al, 2016). These rats were then 
rehabilitated from three diets at six malnourished rats by 
diet. Animal testing that was done by the method of Adrian et 
al. (1991) has two phases: a growth experience that lasted 21 
days and that of nitrogen balances that covered the last five 
days of the first. During the experiment nitrogen balance, urine 
and feces are collected daily, weighed and stored at - 10 ° C for 
analysis.At the end of the experiment, food intake, weight 
gains, coefficient of food and protein efficiency, the actual 
digestibility and biological value of different diets were 
determined. 
 
 

Table 1 Formulation of food diets 
 

Diets ingredients Flour quantities (g / 100) 

POIRI (fish / rice) 

Fish 28.58 

Rice 33.41 

Oil 28 

Sugar 10.01 

PIRI (Pistache / rice) 

Pistachio 40.28 

Rice 24.31 

Oil 24.67 

Sugar 10.74 

 

Table 2 Study parameter of the nutritional value 
 

Settings mathematical expressions 

Dry SubstanceIngested (DSI) g / d 
Total amount of dry substance ingested 

during the experimental period. 

Growth in Weight (G.W) g / d 
Total protein (T.P) 

Final weight - initial weight / number of 
day. 

P.T (g) = DSI x % Protein ofdiet. 

Food Coefficient (F.C) 
Protein Efficient (P.E) 
Real digestibility (r.D) 
Biological Value (B.V) 

F.C = G.W (g) / DS (g) 
P.E = GP (g) / PTI (g) 

r.D = I - (F - Fpp / I) x 100 
B.V = (I - (F - Fpp) - (U - Upp)) / I (Fe-

Fpp) 
 

D.S.I: Dry Matter Ingested, T.P: Total Protein, F.C:Food Coefficient, P.E:Protein 
Efficient 
r.D: real digestibility, VB: Biological Value, G.W: Growth in Weight: Weight Gain, 
F: A protein excreted by faeces of a topic subject to the system. 
F: protein excreted in the feces of a subject other than that submitted to protein-free 
diet. Fpp: protein excreted in the feces of a subject being protein-free diet. I: 
ingested protein. 
U: protein excreted in the urine of a subject other than that submitted to protein-free 
diet. 
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Statistical analysis 
 

The analysis of data has been made by the software 
STATISTICA version 6.0. The comparison of averages has 
been made by the test of student Newman-keuls at a rate of 5%.   
 

RESULTS 
 

Chemical composition of three diets 
 

The protein levels of control schemes, POIRI and PIRI are 
respectively 15.29 ± 0.02 g / 100gDM; 14.97 ± 0.6 g / 100gDM 
and 15.26 ± 0.1 g / 100gDM. No significant difference was 
observed between these values (p ≥0, 05).The highest lipid 
levels were measured on the control diet (37.3 ± 0.07 g / 
100gDM) and lowest on the POIRI diet (35.72 ± 0.1 / 
100gDM) the rate of total carbohydrate diets POIRI, PIRI and 
control are respectively 59.02 ± 0.09 g / 100gDM; 52.68 ± 0.06 
g / 100gDM and 44.47 ± 0.38 g / 100gDM and showed 
significant differences between them (p ≤ 0.05). For the ash 
content, a difference was observed between the control (2.12 ± 
0, 02 g / 100gDM) and test plans (POIRI, 2.07 ± 0.03 g / 
100gDM and PIRI, 2.1 ± 0.09 g / 100gDM) (p ≤ 0.05) .The 
values stored energy plans ranged from 570.19 ± 4.0 kcal / 
100gDMand 574.40 ± 3.02 kcal / 100g DMand showed no 
significant difference between them (p ≥ 0.05).  
 
 
 
 
 
 
 
 
 

 

 
Growth parameters 
 

DSI, Total Protein and Weight Gain 
 

The control schemes, POIRI and PIRIMSI were respectively 
5.97 ± 0.92 g / day; 6.47 ± 0.36 g / day and 5.45 ± 0.16 g / 
day. A significant difference was observed between rats 
consuming the POIRI rehabilitation plan and other plans (PIRI 
and control) (p ≤ 0.05). However, no significant difference was 
observed between the PIRI diet and controls (p ≥ 0.05). The 
protein intake levels obtained with the POIRI and PIRI diet 
control are respectively 0.98 ± 0.31, 0.91 ± 0.32; 0.83 ± 
0.2. The POIRI, PIRI and control diets showed no significant 
difference (p ≥ 0.05 (Table 4). Malnourished rats subjected to 
diets POIRI, PIRI and control gained weight with values of 
2.64 ± 0.61 g / day. 2.69 ± 0.85 g / day and 2.03 ± 0.48 g / 
day (Figure 1) These weight gain diets showed no significant 
difference between them (p ≥ 0.05) 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Gain de poids des différentsrégimes 
 

Food Coefficient (FC) and Protein Efficient (PC) 
 
The higher CEA was recorded with the control diet and the 
lowest with PIRI.However, no significant difference was 
observed between the control (0.45 ± 0.05) and POIRI (0.40 ± 
0.08) (p ≥ 0, 05) contrary PIRI (0.37 ± 0.03) (p ≤ 0.05). 
 
Diets, control, POIRI and PIRI were respectively in descending 
order the following CEP: 2.90 ± 0.11; 2.73 ± 0.12 and 2.44 ± 
0.21. The control and POIRI diets showed no significant 
difference between them (p≥ 0, 05), but are different from PIRI 
 
 
 
 
 
 
 
 

 
Real digestibility (Dr) and biologic value (BV) plans 
 

The values of r.Dand Bv recorded are shown in Table 6.  87.36 
± 0.12; 96.16 ± 0.37 and 98.70 ± 0.12. 
 

Statistically, every Dr diets have different significant (p 
<0.05). However, the regime POIRI submitted the best real 
digestibility (98.70 ± 0.12). All diets have a high VB. The 
POIRI diet has the best biological value (97.18 ± 1.20%), 
supported by the PIRI diet (96.58 ± 0.42), both statistically 
different from control (p <0.05).real Digestibility (r.D), Net 
Protein used (NPU) and Biologic Value (B.V)of the different 
diets 
 
 
 
 
 
 
 
 

Table 3 proximal composition of diets 
 

Parameters Témoin POIRI PIRI 
Proteins g/100gDM 
Lipids g/100gDM 

Carbohydrates 
g/100gDM 

15,29±0,07a 

37,3±0,07a 

44,47±0,38a 

15,29±0,02a 

35,72±0,1b 

59,02±0,09c 

15,26±0,1a 

35,92±0,03c 

52,68±0,06b 

Ash (g/100gDM) 2,12±0,02a 2,07±0,03c 2,1±0,09ac 
Energie value 
kcal/100gDM 

574,40±3,02a 570,19±4,0a 570,19±5,0a 
 

Each value is the average, followed by the standard deviation of three tests. 
a,b,c: there is no significant difference between two values of the same line topped 
with the same letter 
 

Table 4 PTI and MSI of rats subjected to different diets 
 

 control POIRI PIRI 
DSI (g/day) 5,97±0,92a 6,47±0,36b 5,45±0,16a 

T.P (%) 0,91±0,32a 0,98±0,31a 0,83±0,2a 

 

Each value is the mean ±standard deviation of six rats. 
a,b :there is no significant difference between two values of the same line topped 
with the same letter. 
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Figure 1 Weight Gain 

 

a: there is no significant difference between two values of the same 
histogram topped with the same letter 

 

Table 5 Coefficient of Efficiency Food (CEA) and Protein 
Efficiency Ratio (CEP) of the studied diets 

 
 Control POIRI PIRI 

F.C (%) 0,45±0,05a 0,41±0,02a 0,37±0,3b 
P.E (%) 2,90±0,11a 2,86 ± 0,43a 2,44±0,21b 

 

Each value is the mean ± Standard deviation of six rats. 
a, b, c: there is no significant difference between two values of the same line topped 

with the same letter. 
Control: Plumpy nut, PORI: Poisson Rice, PIRI: Pistachio-rice 

 

Table 6 Real digestibility (r.D) and Biologic Value 
(Bv) of the different diets 

 Control POIRI PIRI 
Dr (%) 87,36±0,12a 98,70±0,12b 96,16±0,37c 
V.B (%) 91,13±0,05a 97,18±1,20b 96,58±0,42b 

 

Each value is the mean ± Standard deviation of six rats. 
a, b, c: there is no significant difference between two values of the same line topped 
with the same letter. 
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DISCUSSIONS 
 

The Anagobaka diet is only used for the induction of protein-
energy malnutrition. 
 

The palatability of animals for all plans was good. Levels of 
consumer testing diets (6.47 ± 0.36 g / day, 5.45 ± 0.16 g / day) 
were statistically identical to that of the control diet (5.97 ± 
0.92 g / d) (p <0.01). The high consumption of diets was 
followed by significant weight of equity. That growth 
performance is proportional to food consumption. Just as 
consumption, weight gain showed no significant difference 
compared to control (p <0.01).Although the palatability is 
good, improving weight gain appears to be due to the 
nutritional quality of diets (Golden, 1981). Indeed, biochemical 
analysis has shown that testing regimes used to nutritional 
rehabilitation are rich in protein and energy. They were around 
15 g / 100 gDM the protein and 570kcal for energy. The 
protein levels as the energy value are statistically identical to 
the conventional diet (Plumpynut) used in the recharge of 
young children malnourished (p <0.05). The stored energy 
values could be explained by the addition of vegetable oil 
during the formulation of the plans. The addition of fat 
increases the fat content and therefore the energy value of the 
diet (American Academy of Pediatrics 1986; Husby et 
al.,1994). In fact, the vegetable oil contains essential fatty acids 
(AGE) and vitamins that are important for growth (FAO, 
1994). This addition could also compensate for the deficiency 
in essential fatty acids and other micronutrients that strongly 
contribute to clinical problems associated with malnutrition. In 
this study, the values of lipids (35.72 ± 0.1 and 35.92 ± 0.03 
gMS) exceed the norm (30%) (Golden and Ramdath, 1987) and 
lower than the control diets (37, 3 ± 0.07 gMS). Indeed, young 
malnourished, due to their medical condition, have energy 
needs and essential fatty acids higher than well-nourished 
subjects (Briend 1998). The energy values obtained in this 
study are two to three times lower than the nutritional recovery 
plans in the study on the acceptability and effectiveness of local 
food offered by NGOs in Niger (Diadié, 2012). These boiled 
with millet, cowpea, sorghum and peanut bring to 100 g ration 
energy values ranged from 1050.6 to 1664.6 kcal. However, the 
energy values of the test diets in this study are higher (400-436 
kcal) to MISOLA flour (mil-soy-milk-peanut) proposed in the 
feeding centers in Burkina Faso (Soubeiga, 2003). 
 

The most effective diet is the control diet followed by 
POIRI. The feed efficiency coefficients enable to better assess 
the performance of the use of ingested food. The coefficients of 
feed efficiency (CEA) control, POIRI and PIRIsystems, are 
respectively 0.45 ± 0.05; 0.41 ± 0.08 and 0.37 ± 0.03. The 
amounts of ingested proteins are statistically equal (p <0.01) as 
the protein efficiency coefficients for POIRI and control but 
both different to PIRI. However in view of the data, the CEP 
may be classified in the following order: control CEP>POIRI 
CEP >PIRI CEP. The digestibility of diets prepared is excellent 
compared to the control (Plumynut). It could be explained by 
the size of the precooked flour (Kouassi, 2015). In this study, 
the flour was passed mesh sieve 150 microns in diameter. Said 
mesh is three times lower compared with those reported 
by Kouassi et al., 2015. In fact, the finer flour is more rapidly 
digested (Holt and Miller, 1994). Also, the baking flours by 
boiling followed by immediate consumption allowed proper 

digestion (Briand et al., 1998). Given the above, it appears that 
the processing methods have influenced the nutritional values 
of tests regimes. The combination of these techniques may 
partly explain the nutritional quality of diets studied. 
 

That could partly justify the high consumption testing schemes 
monitor their digestibility. In this work, the most digestible diet 
is the diet POIRI (98.70 ± 0.12). This information suggests that 
Herring dry proteins are easily degradable by various digestive 
enzymes in the body. Moreover, the true digestibility of testing 
diets is greater than its apparent digestibility. As digestibility 
POIRI the regime has the best biological value (97.18 ± 1.20) 
compared with that of PIRI diet (96.58 ± 0.42) and control diet 
(91.13 ± 0.09). In other words, equivalent to nitrogen intake, 
POIRI and PIRI protein plans are more bioavailable in the diet 
to malnourished young rats than the control. All these results 
are of the same order as those obtained with casein, reference 
protein (Bouafou et al., 2007 Dally et al. 2010). 
 

CONCLUSION 
 

This work assessed the nutritional properties of fish diets / 
pitachio rice in malnourished rats. The company animal testing 
reveals that these plans have important nutritional potential and 
promote weight regain among young malnourished rats. These 
results also showed that the experimental diets have similar 
performance or superior to those of Plumpynut. Thus, as the 
growth rate is more demanding than the child in the needs of 
essential amino acids, these plans could also meet the 
nutritional criteria regarding recommended intakes of nutrients 
for nutritional rehabilitation of malnourished children.  
However, further studies are needed to better assess the 
nutritional potential of the experimental diets for use in 
malnourished children. 
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