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ABSTRACT
In order to contribute to achieve food security in the North of Côte d’Ivoire, nutritional value ​​of shea caterpillars was studied. 
Shea caterpillars were bought, dried on the sun, made into powder and their composition was determined. The nutritional value of shea caterpillar powder was compared to that of casein and fish powder. Then, three isoenergetic and isoproteic diets were formulated and each one was used to feed one of the three homogeneous batches of rats (n=6) constituted during 21 days. Animals were weight every four days and at the end of the experiment, we proceeded to the analysis of hematological parameters and to the plasma dosage of creatinine and urea
Protein content of caterpillar powder (42.64 ± 0.26 g/100gDM) and that of fish powder (46.32±0.03 g/100gDM) were almost equal (p>0.05). Total dry matter ingested and Total proteins ingested by rats fed with diet formulated using shea caterpillar as protein source were lower (p≤0.05) than that obtain when it is casein or fish powder which is used as protein source in diet. However, whatever the diet consumed growth of rats was regular and there was not a significant difference (p>0.05) on hematological parameters, on plasmatic protein concentration, on uremia and on serum creatinine. 
In view of all the above, shea caterpillars constituted an interesting protein source for human nutrition which should be developed.
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1.INTRODUCTION
Beyond being a source of energy for the body [1,2] in the same way as carbohydrates and lipids, proteins have also several roles. In fact, proteins help to fight infection [3,4, 5], to repair and build body’s tissues [6,7,8,9,10,11], to drive metabolic reactions [12], to maintain pH and fluid balance [13, 14,15] and also to transport and store nutrients [16, 17, 18, 19, 20]. Proteins are then vital because insufficient food intake induces Protein-Energy Malnutrition (PEM). The PEM symptoms include wasting, oedema, fatigue and weakness, skin and hair damages, impaired immune function and cognitive impairment [21]. Sources of protein for body are from plant origin or for animal origin. To meet the recommended nutritional intake which is 1 g/kg/day, we need a mixed diet requires both plant-based protein sources (oilseeds, legumes and cereals) and protein sources of animal origin (fish, meat, eggs, dairy products, insects). In sub-Saharan African countries and particularly in rural regions, plant protein sources are generally available at lower cost compared to conventional animal sources (fish, meat, eggs, dairy products). If we were to consume only plant-based sources of protein, large quantities would be required to meet the recommended nutritional intake because of their low protein content compare to animals’ sources [22]. This seems almost unrealistic. Moreover, plant-based sources of protein are often less well balanced in essential amino acids than animal-based sources of protein and then to meet the recommended nutritional intake the two based protein sources must be used [23]. Thus, if we want to help resolve the serious health problem caused by protein-energy malnutrition in developing countries [24,25] due to difficulties to access on animal protein (meat and fish), it is to seek to promote the unconventional sources of animal proteins that are culturally accepted and accessible in different cultural areas of Africa. Non-timber (NTFP), particularly caterpillars, could constitute a local alternative protein source [24]. The general objective of this study is to contribute to fight against protein-energy malnutrition by promoting an unconventional source of animal proteins which is accessible in north of Côte d’Ivoire: shea caterpillars (Cirina butyrospermi, Vuillet, 1960, Lepidoptera, Saturnidae).The specific objectives that emerge are to determine the chemical composition of the shea caterpillar and to evaluate the effect of consuming shea caterpillars in rats in comparison with a reference protein (casein) and fish meal.
2. MATERIAL AND METHODS
 2.1 Ingredient used for food formulation
Ingredients such as corn starch, sugar and agar-agar were the main sources of carbohydrates. Sunflower oil was used as lipid sources. Fish, casein and shea carterpillars were used as protein sources. Vitamin and mineral supplements have been used to balance diets.
 2.2 Animals breeding 
Eighteen young albino Wistar rats weighing between 45 and 53 g were used. These animals were bred in the animal house of Ufr Biological sciences of the University Peleforo GON COULIBALY of Korhogo (Côte d’Ivoire). During the breeding period, rats were fed with food made by a society IVOGRAIN which is specialized in mass production of livestock food. This food is made up of crude protein matter (15%), crude fat matter (3.5%), cellulose matter (12%), mineral matter (9%), calcium (1%), phosphorus (0.9%), sodium (0.3%), vitamin A (15000 UI/kg), vitamin D3 (3000 UI/kg) and vitamin E (10 mg/kg). 
2.3 Shea carterpillars powder obtention
Shea carterpillars (Cirina butyrospermi) were bought fresh in some markets located of Korhogo town (Côte d’Ivoire). Then, they were dried on the sun and made into powder using a grinder (magimix, automatic 41000 multicuve) before being stored in plastics bags until their used. A part of this powder was used to determine nutritious value of shea caterpillars when the other part was stored in order to be incorporated later in diet of laboratory animals. 


2.4 Determination of the composition of Cirina butyrospermi powder and fish powder 
The recommended methods of Association Analytical Chemists [26] were utilized to determine moisture content, ash content, crude protein content and crude fat content of the different powder. Moisture content was determined by heating 2 g of samples to a constant weight in crucible placed in an oven (MMM Medcenter Gmbh (D-82152, Munich, Germany) maintained at 105°C for 4 hours. 
Ash was determined by incineration of 1 g samples placed in a muffle furnace (P Selecta, Espagna) maintained at 550°C for 6 hours.
Crude protein content (% total nitrogen × 6.25) was determined by Khedjahl method [27], using 1 g samples. 
Crude fat was obtained by exhaustively extracted 5 g of each sample in a Soxhlet apparatus for 8 hours using hexane as the extractant [28].
Total carbohydrate (%) was estimated by difference as show in the equation: 
Total carbohydrate (%) = 100 – [Protein (%) + Lipids (%) + Asch (%) +Fibre (%)] 
2.5 Experimental diets formulation
Three diets isoenergetic and isoproteic were constituted (diet DC, diet DFP and diet DSP). These are: 
- A reference diet (DC) whose protein source used was casein ;
-An experimental diet (DFP) containing fish powder as protein source ;
-and another experimental diet (DSP) with shea caterpillar powder as protein source.
The proportions of carbohydrates and lipids in the different diets were obtained by calculation in order to satisfy the required caloric level of the diets, taking into account the energy contributions of carbohydrates (4 kcal per 1 g), lipids (9 kcal per 1 g) and proteins (4 kcal per 1 g). All diets were balanced in vitamins and minerals with the vitamin mix and mineral mix respectively. The adjustment of their energy contents was done using corn oil and “Maizena” corn starch whose were available in the commerce. Sugar was used to make the different diets attractive and Agar-agar was used as source of fiber (Table 1). 


Table 1 : Diets formulation (g/100 MS)
	
	
	Diets
	

	Ingredients
	DC
	DFP
	DSC

	Casein
	10.41
	-
	-

	Fish powder
	-
	14.02
	-

	Shea carterpilar powder
	-
	-
	23.45

	Ash
	1
	1
	1

	Vitamin
	1
	1
	1

	Sugar
	10
	10
	10

	Agar-agar
	2
	2
	2

	Corn starch
	69.662
	71.98
	62.13

	Sunflower oil
	5.928
	1.42
	0.42

	Totals (g)
	100
	100
	100

	PLD (%)
	10
	10
	10

	GE kcal/100DM
	420
	420
	420


NB : The gross energy of the diets was calculated by referring to the combustion values ​​of the different nutrients which are protein (4 kcal per 1 g), carbohydrate (4 kcal per 1 g) and lipids (9 kcal per 1 g).
DC : Diet with casein as protein source, DFP : Diet with fish powder as protein source, DSC : Diet with Shea caterpillar powder as ptotein source, PLD : Protein level in Diet, GE : Gross Energy.

2.6 Animal testing condition
Three homogeneous young groups of rats (six per group) were constituted. They were put individually in metabolic cages and maintained under standard laboratory conditions (temperature 25±2°C) with dark and light cycle (12/12 h). Five days before the beginning of the experiment, rats were acclimatized to this condition and were fed with the diet used during their breeding.

2.7 Feeding method
After the acclimatization period, each group of animals were fed ad libitum with one of the different diets constituted (diet DC, diet DFP and diet DSC) during 21 days. These diets were distributed ad libitum once a day, at 8 a.m, in form of puree in order to avoid waste. Water was served ad libitum and renewed every morning at 8 o'clock.
2.8 Consumption measurement
During the experimentation, every day, each kind of food used (diet DC, diet DFP and diet DSC), was made in paste by add in it a quantity of water clearly determined in order to minimize the waste. After that, a quantity of each mashed food made, was weighted and was given to each animal according to the group. Few mashed of these differents food was every day weighted after being dry during 4 hours in an oven (MMM Medcenter Gmbh (D-82152, Munich, Germany) at 105°C and the weight obtained was written in a notebook. Then, with this sample the dry matter in each food give to animals can be calculated. The following day, before distributing the diets, the rests of food give the day before were separately collected and were weighted after being dried during 4 hours in an oven at 105°C. The different weights obtained were also written in a notebook. This methodology permitted us to determine the total dry matter consumed every day by each animal which is the difference between the dry matter food give the day before and the rest collected and dry the following day. Then, the total dry matter of food consumed by each group during the time of the experiment (21 days) is obtained by the summation of the dry matter consumed per day by each rat of the group during the 21 days. The mean Dry Matter Ingested every day (DMI/d) by each animal is obtained by the difference between Total Dry Matter of food consumed divided by 21 [29].
When the quantity of dry matter ingested was determined, it became easy to determine the amount of total protein ingested. Total Protein Ingested (TPI) represents the quantity of dietary protein ingested during the duration of the experiment (21 days). These TPI was determined according to the following formula: PTI (g/d) = DMI x percentage of protein in each diet/ 21.
2.9 Growth measurement
 Growth was measured in terms of weight gains. The mean weight gain of each rat of each group during the time of the experimentation was calculated. The weight gain of each rat is obtained by the difference between the final body weight of a rat and the initial body weight of the same rat. Because there are six rats in a group and because the time of the experimentation is 21 days, the Mean Body Weight per group (MBW) is the summation of the difference between Final body weight and Initial body weight of the six rats of the group divided by 6 and by 21. Then, the Mean Body Weight (MBW) of each animal per group was obtained using the next formula: 
FBW-IBW

	
                                                          MBW= 6X 21

 MBW: Mean Body Weight;
FBW: Final Body Weight;
IBW: Initial Body Weight.




2.10 Calculation of the Mean Alimentary Efficacy Coefficient 
The Alimentary Efficacy Coefficient (AEC) expresses the efficiency with which the diet has being ingested. This value was obtained by dividing the body weight gain per day of each rat of the group during the time of the experimentation by the Dry Matter Ingested (DMI) every day by each rat. Seeing that there are six rats per group, the Mean Alimentary Efficacy Coefficient (MEAC) per group was obtained by summation the AEC of each rat in the group which value obtained was divided by the number of rats in the group (6). 
2.11 Blood sample collected
Animals were observed for signs of abnormalities throughout the study. At the end of the experimentation, each animal was anesthetized by ether inhalation and blood sample of each animal was collected with sterilized individual syringe and put in two kinds of tubes which are tube with anticoagulant (EDTA) and tubes without anticoagulant. 
2.12 Measurement of blood parameters 
Blood samples contained in the EDTA tubes were used to make the blood cells count using Sysmex KX 21N as apparatus while blood samples contained in tubes without anticoagulant were utilized to measure the biochemical parameters that are total protein, urea and creatinine using HITACHI 902 Roche as apparatus.
2.14 Statistical analysis 
The experimental results were expressed as the mean±S.E.M. Data were assessed by the method of analysis of ANOVA followed by Dunnett test [30, 31]. p. value of < 0.05 was considered as statistically significant. 

3. RESULTS AND DISCUSSION
3.1 Composition of dried Shea caterpillar powder compared to that of fish powder
The proximate composition of dried shea caterpillars and Fish powder are shown on table 2. 
Moisture content in shea caterpillars is inferior to the value 10 g/100gFM and it is under the value 12%: this suggested that shea caterpillars dry on the sun can be stored for a long time without spoilage [32, 33]. Moisture content in Cirina butyrospermi powder is slightly higher than that found by [34] in Imbrasia truncata powder (9.9 g/100gFM) and by [35] found in Imbrasia oyemensis powder (7.19 g/100gFM).
Shea caterpillars’ protein content is almost identical (p ) to that of fish. So, because fish is recognized as an excellent source of protein, we can conclude that shea caterpillars are also an excellent source of protein. The protein content of Cirina butyrospermi powder reported in this work is lower than that of the same species (63 g/100gDM) collected in Burkina Faso [36]. It is also lower than that of Bunaeopsis aurantiaca (49g/100gDM), Antheua insignata (61g/100gDM), Imbrasia truncata (70.63g/100gDM) reported by [34] and than that of Imbrasia oyemensis (55.49g/100gDM) reported by [35]. Thus, the incorporation of Cirina butyrospermi powder could be considered in human diet, especially in the diet of children of northern Côte d’Ivoire, an area where protein-energy malnutrition is one of the highest in the country. To reach humans, through an experiment on rats, we compared the effects of shea caterpillars used as protein source to that of casein and to that of fish powder. This experimentation conducted to the following results and discussion.

3.2 Total dry matter ingested, total protein ingested, growth of rats, Feed Efficiency Ratio (FER) and Protein Efficiency Ratio (PER)
Statistical analysis revealed that total dry matter ingested by rats fed with diet containing shea caterpillar powder was lower compared to the total dry matter ingested by rats fed with diet containing casein and than total dry matter ingested by rats fed with diet containing fish powder (p≤0.05). These results are shown on table 3. Also, statistical analysis indicated that the total proteins ingested was lower in the case of consumption of diet containing shea caterpillar than when it was diet containing casein or fish powder (p≤0.05). These results are shown on table 3.
According to the curve illustrating the evolution of body weights (Figure 1), whatever the diet consumed, rats had regular growth until the end of the experiment. However, the growth curves of rats fed with diet DFP or with diet DSC were higher than that of rats fed with diet DC (Figure 1). When we calculated the mean body weight, we noticed that mean body weight gain of rats fed with diet DFP (1.51 ± 0.20 g/d) and those fed with diet DSC (1.78 ± 0.76 g/d) were significantly higher (p≤0.05) than that of the rats fed with diet DC (0.80 ± 0.09 g/d). These results are shown on Figure 2.
Despite the low level of total dry matter ingested and the low level of protein ingested in the case of Cirina butyrospermi used as protein source, the evolution of weight gain was regular and even was greatest: this was justified by the feed Efficiency Ratio and the Protein Efficiency Ratio which were equal to that of rats of the other batches. This is a proof that shea caterpillar proteins have a diversify composition and then the recommendations need of each essential amino acid was fulfilled. In fact, according to [38], Cirina butyrospermi part of protein is constituted by 43.96 % of Albumin, 12.07 % of Globulin, 10.63 % of Prolamin and 25.98 % of Glutelin. Again, according to [39], the mass of total essential amino acid (TEAA), found in Cirina butyrospermi flour dry on the sun during a week, was 27.25 g/100 g of protein. In this part of total essential amino acid there were Methionine (0.69±0.06 g/100 g of protein), Isoleucine (2.64±0.05 g/100 g of protein),  Threonine (3.70±0.04 g/100 g of protein), Valine (4.34±0.06 g/100 g of protein), Lysine (5.25±0.03 g/100 g of protein),  Histidine (2.56±0.04 g/100 g of protein),  Tyrosine (3.01±0.06 g/100 g of protein), Phenylalanine (2.32±0.04 g/100 g of protein) and  Leucine (2.74±0.07 g/100 g of protein ). What a marvel for meeting the protein needs of human!!! What would be the impact of consuming these caterpillars on the functionality of living things? To answer this question, we measured total protein, urea, and creatinine.

3.3 Dosage of total proteins, urea and creatinine
No significant difference (p>0.05) was observed between plasmatic protein concentration in the blood sample of each group of rats fed with the different experimentation diets (diet DC or diet DFP or diet DSC). Uremia obtained with rats fed with diet DC or diet RFP or diet RDC were respectively 0.38±0.15 g/l; 0.43±0.11 g/l; 0.45±0.17 g/l. These values were not significantly different (p ≥ 0.05) to each other. Also, the serum creatinine levels of rats fed with diet DFP or diet DSC do not show any significant difference (p ≥ 0.05) between those fed with diet DC.
All these results are shown on Table 5.
The fact that there was no difference in total protein, uremia and creatinemia suggested similar glomerular filtration of rats kidneys and a similar functioning of rat livers extracted from the rats of the different batches whatever the diet consumed [40, 41, 42]. This suggested also that there wasn't a problem of malnutrition and a problem of malabsorption of amino acids contain in the different diet consumed by the rats. What is the impact on hematological parameters? To answer this question, we carried out the blood count.
3.4 Hematological parameters
There was no significant difference (p>0.05) in the number of blood cells whatever the kind of proteins in the diet. The Mean Cellular Volume (MCV) of rats fed with diet DC and that of rats fed with diet DFP were not significantly different (p ≥ 0.05), but that of rats fed with diet DSC was significantly higher (p≤0.05) than that of rats which consumed diet DC or diet DFP.  Mean Cellular Hemoglobin (MCH) and Mean Cellular Hemoglobin Concentration (MCHC) values ​​were significantly higher (p≤0.05) in rats subjected to diet DFP or diet DSC than the value observed on rats subjected to diet DC. The value of hematocrit was high (p≤0.05) when rats are fed with diet DFP or diet DSC than when rats are fed with diet DC. Leukocytes content and platelet content of rats fed with diet DFP were higher (p≤0.05) than that determined on rats fed with diet DC or diet DSC. However, it appears that, whatever the diet consumed, values ​​of hemoglobin and red blood cell counts are within the range given by [43] suggesting that no diet caused anemia. All these results are shown on table 6. Rats which consumed diet in which Cirina butyrospermi powder is used as protein source (diet DSC) had a higher leukocyte count than rats which consumed diet in which casein is used as protein source, but these rats which consumed diet DSC had low leukocyte count than rats which consumed diet in which fish powder is used as protein source. According to [44] and [45], an increase in white blood cells can indicate infection, inflammation, or even blood disease. In our case, the comparison being made with two reference protein sources, and our test protein being in the middle, it is difficult to blame the quality of this caterpillar.
4. CONCLUSION
The aim of this work was to study the nutritional value of shea caterpillars an avaible and accessible source of protein in the north of Côte d’Ivoire. Chemical analysis of these shea caterpillar revealed that their protein content is almost equal to that of fish powder. Consumption of these caterpillars as a source of protein by rats gives results comparable to those of fish and casein without showing deleterious effects. In view of all the above, we can say that shea caterpillars (Cirina butyrospermi) can constitute an important source of protein which could contribute significantly to fight against food insecurity and protein-energy malnutrition in the North of Côte d’Ivoire.
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Table 2: Composition of dried Shea caterpillar and Fish powder 
	                            Protein sources
Parameters
	Shea caterpillar
	Fish powder

	Moisture (g/100gFM)
	10 ± 0.10a
	07.87±0.11a 

	Dry Matter (g/100gDM)
	90 ± 0.10a
	92.13± 0.11a

	Proteins (g/100gDM)
	42.64 ± 0.26a
	46.32±0.03a  

	Fat (g/100gDM)
	26.03 ± 0.50a
	10.33± 0.11b

	Ash (g/100gDM)
	4.86 ± 0.28a
	25.95± 2.85b

	Carbohydrate (g/100gDM)
	26.47 ± 0.15a
	09.53b


FM : Fresh Material ; DM : Dry Material
Values are means±SE for three determinations. 
a, b : On the same line, the means marked by the same letters are not significantly different (p ≤ 0.05) while those marked with different letters are significantly different from each other (p ≤ 0,05).
n : Number of rats per treatment.











Table 3 : Consumption parameters
	
	
	Régimes
	

	Parameters
	DC
	DFP
	DSC

	
	(n= 6)
	(n=6)
	(n=6)

	DMI (g/j)
	8,49 ± 0,02a
	9,32 ± 0,02a
	7,81 ± 0,12b

	TPI (g/j)
	0,84 ± 0,02a
	0,93 ± 0,02a
	0,79 ± 0,01b


Values are means±SE for six determinations. 
n : Number of rats per treatment.
a, b : On the same line, the means marked by the same letters are not significantly different (p ≤ 0.05) while those marked with different letters are significantly different from each other (p ≤ 0,05).
DC : Diet with casein as protein source ; DFP : Diet with fish powder  as protein source ; DSC : Diet with Shea caterpillar  as protein source ; DMI : Dry matter ingested ; TPI : Total Protein ingested.


















Figure 1: Growth of rats according to the kind of diet consumed
DC : Diet with casein as protein source ; DFP : Diet with fish powder  as protein source ; DSC : Diet with Shea caterpillar  as protein source 
















Figure 2 : Mean body weight gains of rats fed with the different diet 
a, b : On the same line, the means marked by the same letters are not significantly different (p ≤ 0.05) while those marked with different letters are significantly different from each other (p ≤ 0,05).
DC : Diet with casein as protein source ; DFP : Diet with fish powder  as protein source ; DSC : Diet with Shea caterpillar  as protein source 
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Table 4 : Feed Efficiency Ratio ; Protein Efficiency Ratio
	
	
	Diets 
	

	Paramètres
	DC
	DFP
	DSC

	
	(n= 6)
	(n=6)
	(n=6)

	FER (g/d)
	0.09 ± 0.02a
	0.16 ± 0.02a
	0.22 ± 0.12a

	PER (g/d)
	0.94 ± 0.01a
	1.60 ± 0.02a
	1.62 ± 0.01a


Values are means±SE for six determinations. 
n : Number of rats per treatment
a, b : On the same line, the means marked by the same letters are not significantly different (p ≤ 0.05) while those marked with different letters are significantly different from each other (p ≤ 0,05).
DC : Diet with casein as protein source ; DFP : Diet with fish powder  as protein source ; DSC : Diet with Shea caterpillar  as protein source ; FER : Feed Efficiency Ratio ; PER : Protein Efficiency Ratio














Table 5 : Blood parameters
	
	
	Régimes
	

	Parameters
	DC
	DFP
	DSC

	
	(n= 6)
	(n=6)
	(n=6)

	Total protein (g/l)
	42.07±3.64a
	43.02±2.84a
	43.13±3.60a

	Uremia (g/l)
Creatininemia (mg/l)    
	0.38±0.15a
         0.82±0.18a                      
	0.43±0.11a0.85±0.21a

	0.45±0.17a0.78±0.35a




Values are means±SE for six determinations. 
n : Number of rats per treatment.
a, b : On the same line, the means marked by the same letters are not significantly different (p ≤ 0.05) while those marked with different letters are significantly different from each other (p ≤ 0,05).
DC : Diet with casein as protein source ; DFP : Diet with fish powder  as protein source ; DSC : Diet with Shea caterpillar  as protein source ; DMI : Dry matter ingested ; TPI : Total Protein ingested.
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	Diets
	

	
	DC
	DFP
	DSC

	        Blood Cells
	(n=6)
	(n=6)
	(n=6)

	RBC (106µL)
	5.93 ± 0.23a
	6.79 ± 0.30a
	5.67 ± 0.20a

	Hemoglobin (g/dl)
	10,50 ± 0,37a
	13,03 ± 0,63b
	12,53 ± 0,63b

	Hematocrit (%)
	28.97 ± 1.38a
	34.47 ± 2.32b
	34.37 ± 2.29b

	MCV (fl)
	48.73 ± 0.95a
	50.80 ± 0.62a
	60.90 ± 1.75b

	MCH (pg)
	36.37 ± 0.61a
	37.83 ± 0.59a
	36.50 ± 0.62a

	MCHC (%)
	17.70 ± 0.27a
	19.23 ± 0.30a
	22.27 ± 0.99b

	Leukocytes (103µL)
	4.10 ± 0.76a
	10.47 ± 2.29b
	7.80 ± 0.80a

	Platelet (103µL)
	367.3 ± 42.35a
	648.3 ± 103b
	457.3 ± 43.68a



Values are means±SE for six determinations. 
n : Number of rats per treatment.
a, b : On the same line, the means marked by the same letters are not significantly different (p ≤ 0.05) while those marked with different letters are significantly different from each other (p ≤ 0,05).
DC : Diet with casein as protein source ; DFP : Diet with fish powder  as protein source ; DSC : Diet with Shea caterpillar  as protein source 
RBC: Red Blood Cell ; MCV : Mean Cellular Volume ; MCH :  Mean Cellular Hemoglobin ; MCHC : Mean Cellular Hemoglobin Concentration
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