EVALUATION OF THE NUTRITIONAL PROFILE AND IN-VIVO STUDIES OF SOME LOCAL SNACKS PRODUCED FROM ZURU COMMUNITY, KEBBI STATE
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Abstract
This study was conducted to evaluate the 
Evaluation of the Nutritional Profile and In-Vivo Studies of Some Local Snacks Produced 
From
 
Zuru
 Community, Kebbi State, the 
snacks
 were
 produced from rice, millet, beans
, guinea corn, and sesame seeds with the aim of meeting the energy and protein needs of the vulnerable populations.
 
The amino acid, serum biochemical and 
haematological
 indices of albino rat fed with prepared snacks were determined using standard methods. 
The control was the 100% Guinea corn, 
Chikaka
 
consisted of 99% beans and 1% salt, 
Gare
75% guinea corn and 25% sesame seeds, 
Yamperinyela
 consisted of 50% millet, 49% beans and 1% salt, while 
Hekko
 consisted of 75% rice, 24% sesame seed and 1% salt. 
The data obtained were 
analysed
 statistically using Statistical Package for Social Sciences (SPSS) (25.0). The data were subjected to a one-way analysis of variance (ANOVA) and the average mean scores separated using Duncan’s Multiple Range Test (DMRT) at p<0.05. The protein qua
lities;
 NR, BV, NPU, PER 
and TP
D
, the
 
Protein quality indices were markedly higher in rats fed with 
Chikaka
 
3.00±0.57
, 
85.52±0.57
, 
80.09±2.88 and 0.67±0.11) and 
Yamperinyela
 (
1.32±0.01, 81.71±0.58, 71.56±0.58 and 0.82±0.57) 
while 
Yamperinyela
 
exhibited superior protein digestibility
 (76.21±0.57)
. The 
produced 
sancks
 had the 
superior amino acid balance compared to the control.
 The 
haematological
 parameters include Packed Cell Volume (%) , Total Protein (g/L) and a Cholesterol (mg/dl) indicate that 
Chikaka
 and 
Hekko
 had highest value total protein 
60.11±0.58, and 61.03±0.57 while 
Gare  
had the highest value of cholesterol
 
140.30±1.15
 
and they were higher than the 
control.
These
 formulations have strong potential to serve as alternative protein- and energy-dense snack products that can contribute to improving dietary diversity and reducing protein-energy malnutrition, particularly in resource-limited settings.
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1.0 INTRODUCTION 
[bookmark: _Hlk206956806]Snacks are small, convenient meals or food items consumed between main meals to curb hunger or provide energy. They can range from healthy options like fruits and nuts to more indulgent choices like chips, pastries, and candy. In Nigeria, the concept of snacking is deeply tied to its rich and diverse culinary culture, where traditional ingredients and flavors come together in various formsin the right amounts helps us grow strong and healthy, therefore nurturing our bodies and minds to keep them in top shape and ward off sickness. (Onyiriuka et al., 2013; Martini et al., 2021). The traditional snacks enjoyed by the indigenous people of Zuru in Kebbi State, Nigeria are ‘hekko’, ‘yamperinyela’, ‘chikaka’ and ‘gare’. These snacks are an integral part of the local cuisine, often made using locally sourced ingredients such as bean, rice, sesame, guinea corn and millet that reflects the agricultural abundance of the region (Galadima, 2021; Ahmad et al., 2022). 
To evaluate the proximate composition and consumer acceptability of snacks indigenous toZuru community of Kebbi State, with the aim of promoting affordable, culturally acceptable dietary interventions to improve protein intake and reduce malnutrition in other rural populations.
2.0 MATERIALS AND METHODS
[bookmark: _Toc176435600]This study adopted an experimental research design to evaluate the proximate composition of selected traditional snacks indigenous to Zuru LGA, Kebbi State. The approach involved the preparation of snack samples, laboratory analysis for proximate composition and sensory evaluation using standard methods
2.1 Sample Preparation-Snacks production 
The raw materials needed for the production of selected traditional snacks (‘chikaka’, ‘gare’‘yamperinyela’ and ‘hekko’) are cowpea, rice, millet, sesame and guinea corn were purchased from the market.
2.1.1Production of Chikaka
Chikaka is a cowpea pancake like product garnished with sauce or stew of beans flour (99%) was mixed with salt (1%), stirred to have a homogenous mixture to make batter. The bean batter is smeared in a frying pan and turned several times to avoid sticking to the surface. The bean pancake like product is garnished with fried oil, onion and pepper for it to be ready to serve.
2.1.2 Production of Gare
It is a combination of guinea corn (75%) with sesame (25%). It was prepared by boiling guinea corn until pre-cooked, pounded severally, sieved to make a fine texture dough. While the sesame was toasted on low heat until light brown. The pre-cooked guinea corn dough and toasted sesame were mixed together.
2.1.3 Preparation of Yamperinyela
It is a combination of millet (50%), beans (49%) and salt (1%).The millet and beans were boiled separately after which the water was strained and were mixed well, served hot and garnished with fried oil and powdered pepper.
2.1.4 Production of Hekko
It is combination of 75% rice, 24% sesame seeds  and  1% salt. TheSesame was first cleaned and toasted on low until it turns light brown and brings nutty aroma. The raw rice was cleaned, and soaked for an hour until soft after which the water is drained completely and the toasted sesame added. Sugar can be sprinkled on it for sweetening.


2.2. Animal experimentation
2.2.1 The study area
The study was carried out in the Pharmacology Department. Faculty of Pharmaceutical Sciences University of Jos, Plateau State. 

2.2.2 Procurement and housing albino rats
30 Albino rats were procured from the National Veterinary Research Institute, Vom, and Plateau State. The rats were housed in clean metallic cages in clean well ventilated room for the period of one week to acclimatize and three weeks for the experiment. Izal was used to disinfect the room. Water was given adlibitum  throughout the feeding period. The rats were divided into five groups of 6 rats each as described by Ijarotimi, (2022). The rats were fed with the different snacks including the control. The snacks were grouped into:
i. Control =100%  Guinea corn, 
ii. Chikaka = Snack with 99% bean and 1% salt, 
iii. Gare= Snack with 75% guinea corn + 25% sesame seeds, 
iv. Yamperinyela = Snack with 50% millet+ 49% bean + 1% salt, 
v. Hekko = Snack with 75% rice + 24% sesame seeds + 1% salt
Produced snacks were prepared by incorporating basal diet to achieve an iso-nitrogenous diet of 10 % protein level. The 30 rats were grouped in to five and each group had six albino rats housed in metabolic cage. They were housed in Perspex sheet metabolic cages. Before feeding with the experimental snacks, the rats were allowed to stabilize on the standard laboratory feed for seven days, starved for day, introduced to the complementary flour blends. Weighed diets and water were given ad libitum for 21 days and left overs snacks were collected and weighed at the end of each day. The animal's weight was measured, and each group's urine and faeces were collected and using the AOAC (2012) technique to analyzed the nitrogen content.

2.3 Methods 
2.3.1Nutrient Digestibility and Utilisation by Albino Rats Fed on the snacks
The weight gained, excreted faeces and urinary nitrogen will be used to evaluate protein qualities of the formulated foods. And would be determined and used to calculate the nutritional quality indices; biological value (BV), nitrogen retention (NR), feed efficiency (FE), net protein utilisation (NPU), true protein digestibility (TPD) and protein efficiency ratio (PER) using the following mathematical equations as described by AOAC (2012) and  adopted by Ijarotimi (2022).
Nitrogen retention (NR) (dietary nitrogen retained in the body):

	

Biological value (BV):
		

Food efficiency (FE):

Net protein utilisation (NPU): 
Protein efficiency ratio (PER):

True protein digestibility (TPD):

2.3.2 Determination of Amino Acid Content
The method as described by Aremu et al. (2015). Ensure the grain sample is finely ground or homogenized to ensure uniformity for subsequent analyses. Perform acid hydrolysis of the sample using Hydrochloric Acid (HCl) at 160˚C for 1hour. This breaks down proteins into individual amino acids. Derivatize the amino acids using Phenyl Isothiocyanate (PITC) reagent to make them detectable by the High-performance Lipid Chromatography (HPLC) system.  Inject the hydrolysed and derivatised sample into an HPLC system equipped with an amino acid analysis column. Set up the system for chromatographic separation and detection of amino acids. Run the HPLC analysis to separate the individual amino acids present in the sample. Measure the concentrations of individual amino acids by comparing the peak areas or heights obtained from the chromatogram to calibration curves generated from known standards.
2.3.3 Haematological indices determinations 
At the end of 28days of experimental period, three albino rats from each treatment are fasted overnight with excess of water adlibitum and sacrifice using chloroform anaesthesia. The blood samples were collected through cardiac puncture with a syringe and poured into heparinized and non-heparinized tubes.The non-heparinized tubes were allowed to clot for 25min and sera was obtained, and the blood samples were stored in a deep freezer prior to haematological and biochemical analyses (Ijarotimi, 2022). The analyses were carried out at the Medical Laboratory Unit of National Veterinary Research Institute Vom Jos, Plateau State. The haematological indices, that is, pack cell volume (PCV), total protein and cholesterol were determined as described by  (Ijarotimi,2022).
3.0 RESULTS AND DISCUSSION
3.1Nutrient Digestibility and Utilisation by Albino Rats Fed with the snacks
The nitrogen protein utilization (NPU), protein efficiency ratio (PER), and true protein digestibility (TPD) of snacks can vary significantly depending on their composition and the specific ingredients used. The highest values of BV (85.52%), NPU (80.09%) in chikaka in the current study could be attributed to its superior protein  potential thereby increasing in the surface area of substances that facilitated digestion, and subsequent absorption by the experimental rats. Yamperinyela has the highest PER (0.82), reflecting the complementary effect of millet and beans in enhancing protein utilization efficiency, These observations agreed with the reports of Ijarotimi  and Olopade (2009) and  Gernah et al.(2012) that reported significant increase in PER in rats, Hekko showed lowest TPD value (19.65±1.15) It could be attributed to digestibility of rice-sesame blends. This observation did not agrees with Okoye et al. (2010), who reported that oilseed supplementation improves protein digestibility by enhancing enzyme-substrate interactions.
The organ weights of the animals fed with the formulated diets shows that there were no significant differences between the weights of the livers, kidneys and Heart of the experimental animals. These observations show that the formulated diets did not influence the weight of the experimental animals’ organs. Hence the diets were not toxic to the animals. 
The daily weight gained by the experimental animals fed the produced snacks. The rate of weight gain by the animals fed with the Yamperinyela (14.90±9.5) snacks was higher than those fed with the Gare , Chikaka and Control samples but lower than those animals fed with the Nutrend (Ijarotimi, 2006). The high daily weight gain by the animals fed with Nutrend compared with the experimental food samples might be due to the fortification of the formula with quality




	Table 1: Nutrient Digestibility and Utilisation by Albino Rats Fed with the snacks

	Parameters 
	Control
	Chikaka
	Gare
	Yamperinyela
	Hekko
	P-value

	Daily wt gain (g)
	10.68± 8.97c
	12.27±15.25b
	9.25±13.36d 
	14.90±9.51a
	6.29±5.02e
	0.0001*

	Food intake  (g)
	52.64±1.15bc
	56.25±0.57b
	50.93±0.57c
	60.55±0.03a
	30.04±1.15d
	0.0001*  

	FER
	0.23±0.00c
	0.24±0.00b
	0.21±0.00d
	0.28±0.00a
	0.15±0.00e
	0.0001*  

	NR  
	1.48±0.57b
	3.00±0.57a
	1.12±0.01d
	1.32±0.01c
	0.00±0.00e
	0.0001*   

	BV  
	77.23±1.15bc
	85.52±0.57a
	73.45±1.73c 
	81.71±0.58ab
	17.64±1.15d 
	0.0001* 

	NPU 
	66.91±1.15c
	80.09±2.88a
	58.31±1.73d 
	71.56±0.58b
	16.58±0.58e
	0.0001*  

	PER  
	0.64±0.00c
	0.67±0.11b
	0.60±0.06d
	0.82±0.57a
	0.54±0.01e
	0.0070*  

	TPD  
	64.38±2.31c
	70.92±0.58b
	58.90±0.58d
	76.21±0.57a
	19.65±1.15e
	0.0463*

	Organs weight 
	
	
	
	
	
	


	Liver   (g)
	1.10.±3.4 
	1.77±2.2 
	1.01.6±0.9 
	2.0±0.5 
	0.78±1.1 

	Kidney (g)
	0.89±2.3 
	1.07.±19.4 
	1.00±0.8 
	1.34±1.4 
	0.68±8.1 

	Heart (g)
	0.94±0.7 
	1.18±0.8 
	1.04.5±1.0 
	1.29.6±0.8 
	0.79±1.3 


abcMeans(±SEM) with different alphabetical superscripts in the same row are significantly different at P<0.05, FER= Feed efficiency ratio, NV= Nitrogen value, NR= Nitogen retention, NPU=Net protein utilization,  BV= Biological   value,  PER= Proteinefficiency ratio, TPD= True protein digestibility. Control =100%  Guinea corn, Chikaka = Snack with 99% bean and 1% salt, Gare = Snack with 75% guinea corn + 25% sesame seeds, Yamperinyela = Snack with 50% millet+ 49% bean + 1% salt, Hekko = Snack with 75% rice + 24% sesame seeds + 1% salt

3.2 The amino acid profile of the produced snacks
The amino acid profile of the produced snacks in table 2 showed that there were no significant different in essential and non-essential amino acids except Glutamic Acid which is significant across the snacks with Chikaka (13.09 g/100 g protein) had the highest concentrations compared to the control and this could be attributed to the legume present in it. This was observed that it is in line with the findings of Obatolu (2002), who noted that legumes contribute to higher glutamic acid levels in composite flours

3.3 The haematological profile of albino rats fed with the produced snacks
The haematological parameters of the produced snacks are presented in Table 3. The observed results indicated that Gare (36.00±1.15) exhibits a higher packed cell volume%  compared to control (30.00±1.15) but there was no significant different. it was observed that the snacks enriched with legumes and oilseeds may contribute to improved erythropoiesis and oxygen-carrying capacity.  According to (Ijarotimi and Keshinro 2012).), normal PCV levels are indicative of adequate dietary protein and iron status, implying that the formulated snacks supported haematopoietic function without causing anaemia.
Total protein concentration was significantly higher in rats fed Chikaka (60.11 g/L) and Hekko (61.03 g/L) compared to the control (56.34 g/L). The variation in the blood proteins of the experimental rats could be because of protein contents of the blended food products. Study has shown that total blood protein concentration depends on the amount and quality of protein in the food intakes (Fujita et al., 1978). 


	Amino Acid
	Control
Concentration 
g/100 protein
	Chikaka
Concentration 
g/100 protein
	Gare
Concentration
g/100 protein
	Yamperinyela Concentration g/100 protein
	Hekko Concentration g/100 protein
	P-value


	Essential Amino Acid

	Methionine
	1.31±0.06
	2.16±0.57
	1.74±0.57
	1.47±0.51
	2.6±0.01
	0.8234NS

	Ieucine
	5.00±0.57
	5.75±0.57
	6.66±0.58
	7.01±0.58
	6.77±0.57
	0.5624NS

	Isoleuine
	3.30±0.41
	3.50±0.57
	3.60±0.57
	4.03±1.15
	3.67±0.54
	0.8077NS

	Trytopphan
	0.92±0.01
	1.24±0.02
	1.34±0.57
	1.05±0.05
	1.34±0.57
	0.9467NS

	Valine
	3.69±0.58
	4.30±0.58
	4.01±0.57
	3.80±0.58
	4.41±0.57
	0.8785NS

	Histidine
	2.94±0.04
	3.13±0.57
	3.46±0.58
	4.69±0.58
	3.13±0.57
	0.5442NS

	Threonine
	3.01±0.00
	3.5±0.58
	3.11±0.57
	3.36±0.58
	3.61±0.58
	0.9675NS

	Lysine
	3.66±0.57
	4.53±0.58
	6.66±0.57
	5.04±0.58
	4.35±0.58
	0.5116NS

	Phenylalanine
	3.02±0.57
	3.72±0.57
	4.08±0.58
	3.46±0.54
	3.37±0.57
	0.9023NS

	Non-Essential Amino Acid

	Proline
	2.02±0.03
	3.96±0.57
	3.55±0.57
	3.05±0.57
	3.25±0.54
	0.3976NS

	Arginine
	4.54±0.58
	5.85±0.57
	6.02±0.57
	5.68±0.57
	7.14±0.57
	0.4249NS

	Tyrosine
	2.27±0.58
	3.44±0.54
	3.79±0.57
	3.44±0.57
	3.78±0.57
	0.9540NS

	Cystine
	1.01±0.00
	1.51±0.54
	1.33±0.54
	1.27±0.57
	0.91±0.00
	0.4582NS

	Alanine
	2.52±0.01
	4.70±0.57
	3.4±0.54
	4.02±0.57
	3.73±0.57
	0.4153NS

	Glutamic Acid
	9.69±0.58c
	13.09±0.58a
	10.30±0.57c
	11.36±0.57b
	12.35±0.57a
	0.0105*

	Glycine
	2.01±0.57
	3.89±0.57
	4.23±0.57
	3.66±0.57
	3.32±0.58
	0.8468NS

	Serine
	3.02±0.57
	4.19±0.57
	3.59±0.57
	3.51±0.57
	4.19±0.54
	0.8523NS

	Aspartic Acid
	4.10±0.58
	8.09±0.57
	7.10±0.57
	6.79±0.57
	8.03±0.57
	0.9992NS


[bookmark: _Hlk205023324]Table 2: Amino Acid Profile of Produced Snacks
abcMeans(±SEM) with different alphabetical superscripts in the same row are significantly different at P<0.05, Control =100%  Guinea corn, Chikaka = Snack with 99% bean and 1% salt, Gare = Snack with 75% guinea corn + 25% sesame seeds, Yamperinyela = Snack with 50% millet+ 49% bean + 1% salt, Hekko = Snack with 75% rice + 24% sesame seeds + 1% salt






Table 3: Haematological Profile of Albino Rats Fed Produced Snacks
	Parameters
	Control
	Chikaka
	Gare
	Yamperinyela
	Hekko
	P-value

	Packed Cell Volume (%)
	30.00±1.15
	34.00±2.31
	36.00±1.15
	35.00±1.15
	35.00±1.15
	0.1023NS

	Total Protein (g/L)
	56.34±0.57b
	60.11±0.58a
	57.45±1.15ab
	58.62±0.88ab
	61.03±0.57a
	0.0108*

	Cholesterol (mg/dl)
	134.70±0.58b
	136.30±0.57b
	140.30±1.15a
	137.90±1.15ab
	136.80±0.58ab
	0.0105*








4.1 Conclusion
It concluded that snacks produced from rice, millet, beans, guinea corn, and sesame seeds are nutritionally rich, The hematological parameters of the rat fed with the produced snacks are superior to that of control indicating their safety and potential health benefits. The nutritional Qualities including the weight gain with feeding, net protein utilization (NPU), and amino acids parameters obtained with feeding of the albino rat are superior to that of control. They possess strong potential as alternative protein- and energy-dense snack foods that can contribute to addressing protein-energy malnutrition and enhancing dietary diversity in vulnerable populations.
Further studies on long-term feeding trials should be carried out further  assess health outcomes and optimize these snacks for boarder applications in nutrition 
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