


NUTRITIONAL EVALUATION OF INFANT FORMULA BASED ON DELIPIDIZED CORN FLOUR AND PUMPKIN SEEDS (Citrullus lanatus) IN GROWING WISTAR RATS (Rattus norvegicus)
ABSTRACT  
Background:  Protein-energy malnutrition s a public health problem in developing countries. The search for available and less vegetable protein is recommended as a solution. Nevertheless for their efficient use knowledge of their bio disponibility is recommended. Food seeds known and appreciated by African populations, particularly in rural areas, commonly called 'courges' in the Republic of Congo, 'pistaches' in Côte d'Ivoire, or 'Egusi' in Benin and Nigeria.
Objective: The objective of the present study was to develop s to promote the use of delipidated pumpkin seeds (Citrullus lanatus  as a source of protein to contribute to the resolution of protein-energy malnutrition. 
Materials and  Methods : The overall composition of these seeds was first determined and then an animal experiment was carried out on 12 growing Wistar rats.  A control diet based on commercially sourced corn and  soybean (RMSO); and an experimental diet based on corn and defatted pumpkin seeds (RMCODE). have therefore been formulated   The experiment made it possible to evaluate the growth parameters, blood biochemical and biometrics of the organs of the animals. The data collected were analyzed using STATISTICA software version 7.1. The data, expressed as Mean±Standard deviation, were compared using Tukeyʼs HSD test with a significance level set at 5%. Graphical representations were made with Graphpad Prism 9 software. 
Results: The results for the overall composition of Pumpkin seeds gave 3, 89 % humidite, 46,04 ± 0,02% protein, 4, 45 ± 0,03% fat, 43, 5 ± 0,00% total carbohydrate with an amount of energy of 543.54±1.05 Kcal/100 g MS.In terms of blood biochemical parameters and organ biometrics, the comparative analysis revealed similar values in the rats subjectedto the two diets  except the triglycerides  which was low  in the rats subjected to the pumpkin seeds  diet. Blood creatinine levels are a better indicator of kidney function. Total cholesterol and HDL levels were lower in rats on the RMCODE and RMSOI diets.
[bookmark: _GoBack]Conclusion: Pumpkin seeds therefore, appears to be a good alternative to common vegetable proteins and a means of reducing protein-energy malnutrition.
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INTRODUCTION
Malnutrition is an abnormal physiological state caused by inadequate, unbalanced, or excessive consumption of macronutrients (carbohydrates, proteins, and fats) which provide energy, and essential micronutrients (vitamins and minerals) necessary for physical and cognitive growth and development (FAO, 2011). "According to FAO estimates, 11% of the world population, or 820 million people, were suffering from undernourishment worldwide in 2018" (FAO, 2018). In Côte d’Ivoire, nearly 30% of children suffer from chronic malnutrition, 8% are wasted, and 15% are underweight (UNICEF, 2014). According to WHO classification, this prevalence places Côte d’Ivoire on the borderline between countries with a so-called precarious nutritional situation and those with a so-called serious nutritional situation for stunting. To address this situation, it therefore seems necessary to turn towards plant-based resources foods rich in balanced proteins due to their low cost compared to animal proteins. Food seeds known and appreciated by African populations, particularly in rural areas, commonly called 'courges' in the Republic of Congo, 'pistaches' in Côte d'Ivoire, or 'Egusi' in Benin and Nigeria (Rohner et al., 2014) from the Cucurbitaceae family, are plant sources rich in proteins and can thus provide a solution to protein-calorie malnutrition. Their richness in proteins and essential fatty acids gives these seeds particular nutritional value. It is therefore necessary to approach this study on the valorization of Cucurbitaceae seeds, particularly Citrullus lanatus, through the production of a flour that could help mothers during weaning. This study consists involves producing infant flours made from corn and defatted pumpkin seeds.
I. MATERIALS AND METHODS
I.1.Materials
The materials used consisted mainly of plant materials, technical materials, and animal materials
.I.1.2. Plant materials
Whole and shelled seeds of Citrullus lanatus (figure 1), commercially called “Bébou” in the local language (Baoulé) or commonly known as “Pistachio,” were purchased at the Adjamé Forum markets in the Abidjan District (Ivory Coast) on June 10, 2022, then transported in a bag and stored in a plastic box. White corn (Zea mays) seeds of the semi-floury variety were purchased at the markets of the Yopougon and Adjamé districts (Abidjan District). A commercially available infant cereal was used as a reference. This cereal was produced by a local industry (Abidjan, Ivory Coast) and is a maize/soy blend.
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Figure 1: pumpkin seeds
I.13. Animal materials
The animal material consisted of growing Wistar strain rats (average weight: 60 g) aged 45 to 65 days. They came from the Vivarium of ENS (Ecole Normale Supérieure) dans la commune de COCODY, Abidjan, Côte d’Ivoire
I.2. Method
I.2.1. Composite flour production process
I.2.2. Corn flour preparation
The corn kernels were sorted and washed with distilled water. The kernels were then oven-dried at 55°C for 24 hours. After drying, the kernels were roasted and ground using a Moulinex mill. Corn flour (CF) was obtained after sieving the ground material (250 µm mesh) (Sika et al., 2019).
I.2.3. Preparation of Pistachio Flour (Citrullus lanatus)
Pumpkin seeds were cooked for 30 minutes at 60°C and dried in an oven at 55°C for 24 hours. The skin of the pistachio seeds was removed before drying the seeds. Then, the seeds were ground in a blender. After the entire process, the amount of flour obtained was sieved using 250 μm sieves, then defatted with hexane (Kouakou et al., 2016). This defatting was carried out as follows: to the ground Citrullus lanatus seeds, hexane was added at a ratio of 3 g of seeds/10 ml of hexane. The mixture was placed under magnetic stirring for 1 hour. After stirring, the mixture was subjected to vacuum agitation to separate the hexane and the fat from the residue (cake). This process was repeated twice and the final residue obtained was dried at room temperature for 24 hours to remove any remaining hexane. After drying, the residue (Defatted Citrullus lanatus seed flour) placed in a jar and stored at 4°C will be used for our various tests (Kouakou et al., 2016). 
I.2.4. Preparation of the formulations 
The formulations were made using the Pearson square method. This method was used to determine the quantities of corn flour and defatted pumpkin seed flour to mix (Lee, 2009). This method allowed obtaining 83.3% corn flour and 16.7% defatted pumpkin seed flour. 
I.2.5. Determination of the overall composition of the flours 
The determination of the overall composition of the composite flour was carried out according to the methods described by the AOAC (1995).
I. I.2.6. Nutritional and Physiological Parameters of Young Growing Rats Consuming Meals
I. I.2.6.1. Experimental Design
The animal experiment was conducted according to the method of Adrian et al. (1991). It lasted twenty-four (24) days and consisted of two (2) phases: a three-day acclimation phase, during which the animals were fed a standard diet, and a 21-day growth phase and nitrogen balance phase, which covered the last five days of the second phase. After this phase, blood and organ samples were collected for physiological parameters.
I. 2. 6.2. Animals and Housing
The rats, six (06) per dietary regimen, were distributed evenly into individual metabolic cages. These cages were placed in a room maintained at a temperature between 25 °C and 27 °C, with humidity levels in the room ranging from 70 to 80%, 12 hours of daylight, and 12 hours of darkness per day.
I.2.6.3. Diets -
A control diet based on commercially sourced corn and soy (RMSO); an experimental diet based on corn and defatted pumpkin seeds (RMCODE).
I.2.6.4. Determination of growth parameters
a. Protocol
The food was distributed ad libitum once a day, in the form of puree obtained by adding a certain amount of water to avoid waste. The dry matter of the reconstituted products was measured daily on samples taken for this purpose. The next day, before distributing the food, refusals (leftovers and waste) were collected, weighed, and then oven-dried at 70 °C for 24 hours to determine their dry matter content. The amounts of food consumed were obtained by the difference between the quantities distributed and the leftovers. Clean water, frequently renewed, was also provided ad libitum to the animals. The rats were weighed at the beginning of the experiment, then every three days, and once more on the last day of the experiment. (KONAN Behiblo et al. 2025)
b. Expression of growth parameters
Weight gain after ingested protein
The weight gain, expressed in g, represents the difference between the final and initial weights of the animals. To obtain the weight gain in g/day, the value calculated in g was divided by the duration of the experiment in days
I.2.6.5. Blood collection
Following the animal experiments, the rats were anesthetized with ether and then sacrificed. Blood was then collected using hemolysis tubes. The blood tubes were immediately transported to an analysis laboratory in a cooler with melting ice temperature, then frozen at 0°C.
I.2.5..6.. Dosage of Blood Biochemical Parameters 
Blood samples were collected in Vacutainer hemolysis tubes and immediately stored in a cooler containing ice (+2 °C) before being sent for biochemical parameter analysis at the Biochemistry Laboratory of the University Hospital Center (CHU) of Cocody. Once at the laboratory, the blood was centrifuged at 3000 rpm for 5 minutes to obtain serum, which was then stored at -20°C. These sera were preserved in hemolysis tubes, on which biochemical analyses were performed using an auto-analyzer (HITACHI 902 – Roche, Japan). The following parameters, integrated into the automatic analyzer, were measured: creatinine, urea, blood glucose, total proteins, triglycerides (TG), total cholesterol, HDL cholesterol, and LDL cholesterol. The measurement of the different elements was carried out kinetically, colorimetrically, or using the photometric option. Flame photometry of an automaton (CLIMA MC 15). 
I.2.5.7. Determination of the biometric parameters of the organs 
a. Collection of organs 
The weight of the organs was expressed as a percentage of the live weight of the animal obtained during the last weighing
I.3.Statistical analysis: 
The data collected were analyzed using STATISTICA software version 7.1. The data, expressed as Mean±Standard deviation, were compared using Tukeyʼs HSD test with a significance level set at 5%. Graphical representations were made with Graphpad Prism 9 software. 
II. RESULTS AND DISCUSSION
II.1.RESULTS
II.1.1. Overall composition of the flour from the used seeds and the composite flour
The compositions in proteins, lipids, carbohydrates, dry matter, total sugars, and energy are summarized in Table I. The protein content of corn flour, defatted pumpkin seed flour, and the formulated flour based on corn flour and defatted pumpkin seed flour (RMCODE) are respectively 9.80 ± 0.02; 46.04 ± 0.02 and 16.02 ± 0.01. These values show that there is a significant difference (P ˂0.05). The highest lipid content was measured in the RMCODE diet (7.03 ± 0.01). This value is different from those obtained with corn flour and defatted pumpkin seed flour (4.29 ± 0.02 and 4.45 ± 0.03 respectively) (p≤0.05). The carbohydrate levels of corn flour, defatted pumpkin seed flour, and the RMCODE diet are 85.51 ± 0.00; 43.5 ± 0.00; and 78.62 ± 0.00, respectively. These carbohydrate levels showed significant differences (P ≤ 0.05). The recorded energy values are 420.72 ± 0.00 kcal; 340.57 ± 0.00 kcal; and 441.75 kcal, respectively, for corn flour, defatted pumpkin seed flour, and the RMCODE diet. These values showed a significant difference (P < 0.05). As for the dry matter content, no difference was observed between corn flour (95.2 ± 0.00), defatted pumpkin seed flour (96.1 ± 0.02), and the RMCODE diet (98.25 ± 0.3) (P > 0.05).
Table 1 : Overall composition of the ingredients used and the formulated flour

	CONSTITUANTS
	Corn
	Pumpkin seeds
	RMCODE

	Humidite (100g MF)
	2, 2 ± 0,13a
	3, 89 ± 0,00a
	1, 75 ± 0,001b

	Dry matter (% MF)
	95, 2 ± 0,00a
	96, 1± 0,015a
	98, 25 ± 0,3a

	Ash (% MS)
	0,4 ± 0,00a
	6,01 ±0,02b
	7,11 ± 0,01b

	Protein (% MS)
	9,80 ± 0,02a
	46,04 ± 0,02b
	16,02 ± 0,01c

	Lipid (% MS)
	4, 29 ± 0,02a
	4, 45 ± 0,03a
	7, 03 ± 0,01b

	Total carbohydrate
(% MS)
	85, 51 ± 0,00a
	43, 5 ± 0,00b
	78, 62 ± 0,00c

	reducing sugar (mg/100 MS)
	9, 25 ± 0,015a
	1, 46 ± 0,02b
	5, 87 ± 0, 01c

	total sugars (mg/100 MS)
	21, 03 ± 0, 02a
	6, 03 ± 0.01b
	15, 00 ± 0, 004c

	Energy(Kcal/100MS)
	420, 72 ± 0, 00a
	340, 57 ± 0, 00b
	441, 75 ± 0, 00a


Each value is the mean ± standard deviation of three determinations. MF: Fresh Matter. MS: Dry Matter. RMCODE: Corn diet with defatted pumpkin seeds. a, b, c on the same line. Means followed by the same letters are not significantly different (p > 0.05)
II.1.2. Nutritional and Physiological Parameters
II.1.2.1. Weight Gain (WG)
Animals fed with the industrial corn-soy diet and the defatted corn-pumpkin diet gained weight. Rats subjected to both diets grew at the same rate, with linear growth throughout the duration of the experiment. Rats fed the diet based on corn and defatted pumpkin seeds (RMCODE) experienced an average weight gain of 1.13 ± 0.16 g/day, while those fed the industrial corn-soy diet (RMSOI) experienced an average weight gain of 1.27 ± 0.28 g/day. These values are not significantly different (p>0.05).
Table 2 : Weight gain of rats subjected to different diets.

	Parameter
Diet
	RMCODE
	RMSOI  

	Weight Gain (g/j)
	1,13 ± 0,16 a
	1,27 ± 0,28a 


Values are expressed as mean ± standard deviation. a on the same line: means followed by the same letters are not significantly different (p ˃ 0.05) corn- and defatted pumpkin seed-based diet (RMCODE), corn- and industrial soybean-based diet (RMSOI)
II.1.3. Liver Parameters
a. Blood Glucose
Regarding blood glucose, analyses showed levels of 0.93 ± 0.05 g/l for rats on the RMCODE diet and 0.70 ± 0.08 g/l for those on the RMSOI diet (Table 3). The differences observed are not statistically significant (p > 0.05)
.b. Total Proteins 
Analyses revealed similar total protein contents in rats on the RMCODE diet (82 ± 2 g/l) and those on the RMSOI diet (72.66 ± 1.55 g/l) (Table 3). The differences observed are not significant (p > 0.05).
c . Triglycerides
The triglyceride levels obtained in rats on the RMCODE and RMSOI diets (Table 3) show significant differences between them, being 0.47 ± 0.03 g/l and 0.98 ± 0.07 g/l, respectively (p < 0.05).
d.Total Cholesterol 
Regarding total cholesterol levels, the values observed in rats on the RMCODE diet were (0.79 ± 0.03 g/l). Rats subjected to the RMSOI diet, for their part, had a level of 0.59 ± 0.04 g/l (Table 3). These results are not significantly different (p > 0.05). 
e. High-Density Lipoproteins (HDL) 
High-density lipoprotein (HDL) levels were observed in rats on the RMCODE diet (0.10 ± 0.004 g/l) and in rats on the RMSOI diet (0.17 ± 0.006 g/l) (Table 3). The differences observed at this level are not significant (p > 0.05).
Table 3: Blood biochemical parameters of rats at the end of the experiment


	Parameters
Diets
	RMCODE

	RMSOI

	Urea (g/l)
	0,27 ± 0,03a
	0,56 ± 0,02a

	Creatinine (mg/l)
	4,0 ± 0,00a
	82,33 ± 0,59b

	Blood Glucose (g/l)
	0, 93 ± 0,05a
	0, 70 ± 0,08a

	Totales proteins (g/l)
	82 ± 2a
	72, 66 ± 1,55a

	 Triglycerides (g/l)
	0, 47 ± 0,03a
	0, 98 ± 0,07b

	Total Cholesterol (g/l)
	0, 79 ± 0,03a
	0, 59 ± 0,04

	High-density lipoprotein (HDL) (g/l)
	0, 10 ± 0,004a
	0, 17 ± 0,06a


Values are expressed as mean ± standard deviation. a, b on the same line: means followed by different letters are significantly different (p < 0.0), corn and defatted pumpkin seed-based diet (RMCODE), industrial soy corn-based diet (RMSOI)
II.1.4. Biometric Data of Organs
a. Heart
The calculation of the relative weight of organs collected from rats under different diets revealed similar values for the heart (p > 0.05) in rats from both diets, respectively 0.36 ± 0.05 and 0.45 ± 0.02 for rats on the RMCODE diet and those on the RMSOI diet.
b. Kidneys
Rats on the RMCODE diet had an average relative kidney weight of 0.63 ± 0.05, while those on the RMSOI diet had an average weight of 0.81 ± 0.02 (Table 4). However, the weight difference was not significant (p > 0.05).
c. Liver
The average relative liver weight of rats on the RMCODE diet was 2.54 ± 0.28, and that of rats on the RSMOI diet was 3.18 ± 0.25 (Table 4). These results are similar according to the statistical analyses performed (p > 0.05)
.e. Spleen
The spleens of rats subjected to both diets had similar relative weights, with 0.29 ± 0.09 for rats on the RMCODE diet and 0.26 ± 0.06 for rats on the RSMOI diet (Table 4) (p > 0.05)
f. Abdominal fat
The relative weight of abdominal fat collected from rats on different diets showed similar values of (0.69 ± 0.01) for rats on the RMCODE diet and (1.45 ± 0.02) for rats on the RMSOI diet
 Table 4 :. (P˃0.05).: Relative organ weights of rats on different diets
	Parameters
	Diet

	
	RMCODE
	RMCOI

	d. Heart
	0,36 ± 0,05
	0,45 ± 0,02

	e. Kidneys
	0, 63 ± 0,05a
	0, 81 ± 0,02a

	Liver
	2, 54 ± 0,28a
	3, 18 ± 0,25a

	Spleen
	0, 29 ± 0,09a
	0, 27 ± 0,06a

	Abdominal fat
	0,69 ± 0,02a
	1,45 ± 0,2a


Values are expressed as mean ± standard deviation. a, b on the same line: means followed by different letters are significantly different (p < 0.05), corn and de-oiled pumpkin seed-based diet (RMCODE), corn and industrial soybean-based diet (RMSOI).
II.2. Discussion
The analysis of the chemical composition of the flour formulated from corn flour and defatted pumpkin seed flour reveals that it contains a large number of nutrients. The dry matter content determined in this study is 98.25%. This high content indicates a low moisture level. Indeed, the pumpkin seeds and corn seeds used for flour production were previously dried. Moisture levels below 10% are recommended to preserve the flour product for a reasonable period (Meité et al., 2008). The moisture content of the composite flour is lower than the recommended moisture content (5%). These flours should have a longer shelf life. The dry matter content of RMCODE flour determined in this work is higher than that of corn flour enriched with soy (92.81%) (Ponka et al., 2016). The ash content obtained in this study is 7.11%. The ash content is an indication of the Regarding the mineral content present in a food. Increasing the incorporation rate of defatted pumpkin seed flour into corn flour leads to an increase in the ash content of the composite flour. This observation has been made by other authors such as Shiriki et al. (2015) in corn, soy, and peanut flour enriched with Moringa oleifera. Additionally, the protein contents reported in this study (16.00%) are consistent with the standard estimated at around 15% (FAO/WHO, 2006). The protein content of formulated foods can have a positive impact on tissue repair and muscle development. Therefore, they are extremely important during growth and pregnancy. The RDA (Recommended Dietary Allowance) recommends that infants (0 to 3 years) consume about 16 g of protein per day. A 100 g meal made of corn flour enriched with defatted pumpkin seed flour would thus meet approximately 90% of their protein needs. The lipid contribution in infant flours intended for children during weaning should account for approximately 30% of the total energy intake for a rate of around 8% (Lutter et al., 2003; FAO/WHO, 2006). The composite flours RMCODE and the commercial flour RMSOI contain 7.03% and 8.6% lipids, respectively. Therefore, the lipid intake from the composite flours RMCODE and RMSOI is satisfactory. However, the RMCODE flour has a lipid content below the standard rate (8%) (FAO/WHO, 2008). These low values could be explained by the defatting of the pumpkin seed flour before incorporation and could be beneficial in the preparation of flour-based products. Indeed, the fat content of complementary diets should not be too high in order to extend the shelf life of the diets.The fiber content of infant flours should not exceed 5g per 100g of product on a dry matter basis (FAO/WHO, 2006). The value obtained in the composite flour is therefore in accordance with the standard, with a rate of 4.75g. This fiber content in flours could reduce the bulkiness of food and promote high digestibility and the absorption of nutrients such as proteins and minerals, as reported by Olorufémi et al. (2006). According to AFSSA (2002), the presence of fiber in these composite flours is beneficial for reducing postprandial blood glucose and insulin levels. The average energy values of 431.94 and 420 Kcal per 100g of dry matter reported in the enriched flour in this study and in the industrial flour are lower than those reported by Fafana et al. (2017) in cereal-legume infant flours prepared by wet and dry methods, but are fairly close to The standard is 400 Kcal (Mouquet et al., 2008). The consumption of these foods on the growth of rats shows a good utilization of proteins. Thus, all parameters related to the nutritional value of the diets allowed good zootechnical performance in the growth of young rats (Alassane et al., 2023). Regarding the analysis of blood biochemical parameters and organ biometrics of the rats, they allowed the assessment of risks related to the consumption of the different diets (RMCODE and RMSOI). The analysis of plasma biochemical parameters and organ biometrics did not show a significant difference between the different diets (control RMSOI and the composite flour RMCODE), indicating that the RMCODE and RMSOI diets had no apparent effect on the various organs of the rats. Young rats that ingested the RMSOI control diet had the lowest blood glucose levels (0.70 ± 0.08 g/l) compared to young rats fed the defatted pumpkin seed maize diet RMCODE (0.93 ± 0.05 g/l). However, the blood glucose values observed in rats on both diets fall within the range (0.5–1.35 g/L) recommended by KOUAKOU et al. (2016). The blood urea levels observed in comparison to the RMCODE diet (0.27 ± 0.03 g/l) and RMSOI (0.56 ± 0.01 g/l) could indicate an anomaly in the renal physiology of these animals. Urea results from the breakdown of proteins. Its excretion occurs mainly through the kidneys, and its level reflects overall kidney function (Konan Behiblo et al., 2025). Thus, certain factors such as protein-energy malnutrition and liver dysfunction can also decrease blood urea levels (Lagrange, 2010). Creatinine levels, like blood urea, are used as an indirect marker of kidney function (Séronie et al., 2004) A good creatinemia level was observed in the RMCODE group (4.0 ± 0.00 g/l) compared to the RMSOI control (82.33 ± 0.59 g/l). Creatinine is formed in the muscle from non-enzymatic degradation of creatine and is eliminated solely by the kidneys through the glomerulus (Pierre et al., 2010). Blood creatinine levels are a better indicator of kidney function. Total cholesterol and HDL levels were lower in rats on the RMCODE and RMSOI diets. These results differ from those obtained by Disseka et al. (2019) in studies on the nutritional quality of sesame- and soybean-based foods. Triglyceride levels observed in the RMCODE diets were lower than those observed in the RMSOI diet. Indeed, the levels obtained with RMCODE are close to the standards reported by Soro et al. (2013), whereas the levels obtained with the RMSOI diet differ.
                                                               CONCLUSION
The present study was undertaken to explore the use of defatted pumpkin seed (Citrullus lanatus) flour as a protein source in the diet of weaning-age children. This exploration allowed for determining the overall composition of flour made from maize and defatted pumpkin seeds (RMCODE). The results show that flour formulated from maize and defatted pumpkin seed flours can be used for weaning. After a 21-day animal experiment, similar effects on growth and organ biometrics were observed in rats on both diets (maize with defatted pumpkin seed and industrial maize-soy). At the biochemical level, the effect of RMCODE flour was noted in total cholesterol and HDL cholesterol levels. Thus, flour formulated from maize and defatted pumpkin seeds represents a good alternative to proteins.common plants.
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