


Production and evaluation of protein quality of complementary food made from pap and enriched with “otujo ant” Zonocerus variegatus (edible grasshopper).
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Background: Protein quality is an index of how well a protein meets the requirements of essential amino acids, as well as the physiological needs, of the organism. Aim: To evaluate the effect of “otujo ant” on the protein quality of complementary food. Method: Methods: A Completely Randomized Design (CRD) was carried out among 50 male wealning rats at Enugu State University of Science and Technology. Rats were randomly assigned to a 5 weeks clinical study (intervention, n=40) and (control, n-10). Urinary sample with dried diet and feacal samples  were analyzed and used to calculate true digestibility (TD), nitrogen balance (NB), net protein utilization (NPU), protein efficient ratio (PER) and biological value (BV). Between groups means of quantitative clinical indices were compared using Duncan New Multiple range test and ANOVA test. Result: The results of the nitrogen balance showed that the BV, NPU and retained nitrogen for the experimental diets were between 67-68, 67-69 and 2.86-2.93% respectively against the casein diet 75, 76 and 3.10%. The PER for the experimental diets were 1.62-2.22 against the casein diet 2.98. The results also showed that the weight gain by the experimental diets were 2.74-3.24 g weight while the casein diet gained 3.50 g weight. Conclusion: The study concluded that enriching pap with “otujo ant” will improve the protein quality of pap, hence a vehicle for prevention of protein-energy malnutrition.
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Background.
A good quality protein is one with high digestibility. This is the protein that will supply sufficient amino acid (AA) to cover requirements when consumed at a level that complies with the global protein requirement [1]. Dietary protein is indispensable to deliver the nitrogen and amino acids required to meet metabolic demands, and particularly the renewal of body proteins. [2,3]. Human diet should be nutritionally balanced, especially protein to meet the growth and maintenance needs of both children and adult [4]. Protein quality is the ability of a food protein to support body growth and maintenance. Biological evaluation has the ability to support growth and maintenance and it is the only reliable method for the determination of protein quality. Quality of a protein is determined by assessing its essential amino acid composition, digestibility and bioavailability of amino acids [5]. Biological evaluation indices of protein quality include but not limited to protein efficiency ratio (PER), biological value (BV), net protein utilization (NPU), and true digestibility (TD) [6].
Complementary feeding period is the period of transmission from breast milk to semi- solid or solid food when breast milk alone in insufficient for the baby from 4-6 months to 2 years old. Complementary foods are solely to complement the breast milk and later on replace it with family foods. Complementary foods are solid (mashed) or semi-solid foods consumed in addition with breast milk to provide adequate nutrients for the growing child from the age of 4/6 months to 2 years [7]. In Nigeria, traditional complementary foods are usually introduced to the young children between 3 and 6 months depending on the locality and types of cereal grain and root crop available [8]. The usual first complementary food is called pap, “akamu”, “ogi”, or “koko” and is made by fermentation of maize, millet, or guinea corn [9,10]. Cereal based traditional complementary foods are inadequate to meet daily nutrients, energy and micronutrient requirements, where such complementary foods form the main source of nutrient to an infant, it may lead to under nutrition and micronutrient malnutrition in infants and young children [1,11,12]. However, supplementation with legumes and animal-based protein-rich foods has been shown to improve the nutritive value of Ogi [8]. In African  generally and  Nigeria in particular, the care givers normally ferment cereal based seeds and used for their complementary food and often times it is not sufficient for the baby as the baby needs quality protein for growth. Cereals are low in protein and their protein are deficient in certain amino acid. There is need to improve the protein quality of the gruel by enriching them with high protein source especially animal protein that are highly bioavailable.
Grasshoppers are group of jumping insects that are found in a variety of habitats. Grasshoppers occur in greatest numbers in lowland tropical forests, semiarid regions, and grasslands. They range in colour from green to olive or brown and may have yellow or red markings. The scientific name is called Zonocerus Variegatus. They are used for food; they can be eaten raw, roasted, fried, or cooked in various dishes. They are valued for their protein content because they are animals and are often considered a delicacy. They can also be used as traditional medicine to treat certain ailments or as a dietary supplement to improve health. There are scarcity of information on the nutrient, and scientific application of the edible grasshopper. 
Maize, also known as corn; botanically called Zea mays, is a cereal grain first domesticated by indigenous people in southern Mexico about 10,000 years ago [13]. Maize contains moderate amounts of dietary fiber, magnesium and phosphorus whereas protein are in low amounts [14]. Maize is an important cereal grain in the world and it has a diverse form of utilization including human food uses, animal feeds formulation and raw materials for industries. It can be processed in some many ways like snacks, breakfast cereals, puddings, mixed with other foods etc. Maize can be processed in so many ways depending on the desired product. It can be eaten boiled or roasted, fermented into traditional food products such as ogi, banku, kunnu and masa, processed into meal or flour and or used as an adjunct in breweries [15]. Despite dietary recognition of maize as an important food crop especially regarding its use as a complementary food and also in composite flour formulation. There is a necessity to meet key nutrient requirements related to protein quality. Traditionally, cereals especially maize gruel has been used as an acceptable complementary food throughout Nigeria. This has not solved the nutrient need of infants since maize is not a good source of protein [7].
Umerah et al. [7] observed that fermented maize alone may not be able to promote growth and maintain a healthy cells and tissues. There is need to improve the nutrient content of maize gruel by supplementing it with other food sources with quality protein and mineral which will lead to improvement of nutritional status and wellbeing of a growing child. The thrust of this work is to evaluate the protein quality of complementary food made from pap and enriched with “otujo ant” (edible grasshopper) for possible management of protein deficiency in infants.
Materials and methods
The Zonocerus Variegatus sample were harvested at Iwollo village in Ezeagu local government, Enugu State while the yellow maize (Zea Mays) that was used for the production were bought in Eke market, Agbani, Enugu State. About 250g of grasshoppers were procured. The samples (otujo) were taken into the Food Science and Technology laboratory, Enugu State University of Science and Technology. They were carefully prepared and cleaned to remove any impurities like dirt, leaves, or other debris. After the cleaning, it was roasted for 20 mins and  dried in a cabinet drier at 30oC for 1 hours with occasional turning to ensure uniform drying. The dried “otujo” were milled using electric blender, packed in a zip lock and stored in a freezer for further use.
Processing of pap: Two and half kilograms of maize was prepared by the traditional wet milling process of sub-merged fermentation. In this process, the maize were sorted, washed and steeped in sufficient water at room temperature for 72 hours. The water for steeping was changed daily and on the third day, it was drained and wet milled with an attrition mill.  The wet milled slurry/gruel was sieved using a muslin cloth.  The slurry were allowed to settle overnight and the supernatant decanted.  The pap was recovered by squeezing excess water with cloth, packed  in  cellophane  and  stored  in  the freezer. 

Table 1: Formulation of sample (%)
	SAMPLE
	PAP

	ANT


	A
	100
	0

	B
	0
	100

	C
	80
	20

	D
	70

	30





Diet formulation
The diet was formulated using AIN-93G (American Institute of Nutrition) method for growth, pregnancy and lactating phases in laboratory rats [16]. The diets was meant to provide 10% protein to the rats. The milk diet was used as control. All the experimental diet was prepared by incorporating the pap and the sucrose to obtain the required 1000 g by volume. In the protein free diet, cornstarch and sucrose were used. The purpose of the protein free diet was to estimate the endogenous nitrogen loss of the rats. The dried ingredients for each of the diets were weighed into a bowl and mixed manually. Water was added at small quantity at a time to reconstitute it until a homogenous mixture was obtained and pelleted manually. The protein content of the diet was calculated using this formula:
10% protein content = 
Table 2: Composition of experimental diets (g/kg)
Sample                         A                  B                   C                      D                     E (NFD)
A                              336.32             -                      -                         -                            -
B                                 -                     563.20            -                        -                             -
C                               -                         -                  541.50                -                             -
D                              -                          -                      -                     -                              -
E                               -                        -                       -                 510.30                        -
Sucrose                 260.34           146.90               177.75                178.35              478.50                                                                 
Soy oil                    60                    60                  60                      60                             60
Vit mix                   30                    30                  30                       30                             30
Min mix                  10                     10                10                        10                             10
L-Cysteine              3                       3                   3                         3                                3 
Corn starch            260.34             146.90            177.75              178.35                      548.50                  
Fibre                      40                     40                  40                       40                             40
TOTAL                1000                 1000              1000                 1000                          1000
A=Milk diet, B= 100% pap diet, C= 80% pap and 20% otujo ant diet , D= 70% pap and 30% otujo ant diet, E= Nitrogen free diet (NFD)
Animal and housing 
Fifty male albino rats, from the same colony, weighing 40-60 g were purchased from the Veterinary Medicine Department of the University of Nigeria, Nsukka. The rats were housed in individual metabolic cages equipped to separate faeces and urine on a base tray. The rats had exactly 12 h of light and 12 h of darkness in a day. Temperature was maintained at 21-25°C. All procedures using animal in this investigation was followed in accordance with ethical standard of European Union guidelines for animal experimentation (Dir 86/609/EEC) and approved by Industrial Animal Care Committee, University of Nigeria, Nsukka.
Growth and maintenance study 
After a 7-day acclimation period, the rats were weighed prior to access to their respective diets. The milk and the test diets were fed 15 g each to the rats daily for 21 day growth period. During this study, food intake was measured on daily basis. The other group of rats fed nitrogen free diet was fed normal rat chow during the growth studies and switched over to nitrogen free diet for maintenance studies. After the weight measurement on day 21, carmine red was added to each diet to mark the beginning of nitrogen balance. On day 22, all red faeces were retained and black ones discarded. Black faeces collected after day 23 was retained until day 28 when another carmine red was  added to mark the end of Nitrogen balance period. On day 29, all the red faeces was discarded and the back ones retained. The faeces were sun dried for 8 h, weighed, ground and used for analysis. 
Urine collected was treated with 0.1N HC to avoid microflora growth. The urinary samples was stored in a deep freezer for analysis. The rats was sacrificed on day 29. The liver was removed, weighed and analyzed for minerals. The proportion of food nitrogen that is absorbed is
      A=
Where;
A = absorbed nitrogen,                  I = nitrogen intake.
F =faeces nitrogen, 
Fk=metabolic nitrogen 
Chemical analysis 
The weight of the rats was taken using an electronic balance and repeated on alternate days throughout the study. The faecal materials was pooled per group, sun-dried for 8 h, and then crushed using a mortar and pestle. The crude protein (N X 6.25) content of the faecal materials and dried diets was determined using the micro Kjeldahl procedure [17]. The dried diets and faecal samples were analyzed for some mineral content using AAS (Atomic absorption Spectrophotometer) [17]. The same procedure was used for determination of urinary nitrogen and minerals. The values obtained was used for the calculation of food intake and nitrogen intake, faecal nitrogen and urinary nitrogen. Faecal nitrogen from the rats that were fed the protein-free diet was used to calculate the endogenous nitrogen loss required for determining true digestibility (TD). Nitrogen Balance (NB), net protein utization (NPU), protein efficient ratio (PER) and biological value (BV), was also computed. The result from AAS was used for the consumed, retained and absorbed minerals.
Experimental Design 
The rats studies were carried out using the Completely Randomized Design (CRD). Rats were randomly assigned to the treatments based on their weights. There were five treatments each replicated five times. The rats were the replicates while the different diets were the treatments.
Statistical analysis 
Data generated were subjected to descriptive statistics. Result reported as mean and standard deviation. One way ANOVA was used to determine the significant difference and mean separated used Duncan New multiple range test.
Results and Discussion 
 Table 3: Nitrogen balance of rats fed 5 diets.
Variables                    A*                  B                   C                      D                 E (NFD)
Weight gain  (g)     3.50±1.24     1.02± 0.01      2.74±0.04     3.24±0.17         -12.81±0.43
Food intake (g)       40.52±0.56    43.20±0.32    42.18±0.55    43.34±0.62        56.24±0.74                               
Consumed N          3.45±0.12       0.84±0.09     3.21±0.03      3.36±0.01          0.21±0.02                                                               
Feacal N (%)          0.28±0.01       0.08±0.01     0.23±0.10      0.30±0.02               -
Absorbed N (g)      3.14±0.34        0.62±0.05      2.94±0.19     3.11±0.06               -                                                                                             
Urinary N (%)       0.06±0.01       0.31±0.20      0.08±0.03     0.07±0.01             0.02±0.01                                                                 
Retained  N (%)    3.10± 0.06      0.50±0.30    2.86±0.14       2.93±0.52                   -            
BV (%)                     76.00              62                 68                  68                            -      
NPU (%)                 75                    50                69                  67                           -
PER (Calculated)    2.98              1.39              1.62               2.22 
A=Milk diet, B= 100% pap diet, C= 80% pap and 20% otujo ant diet , D= 70% pap and 30% otujo ant diet, E= Nitrogen free diet (NFD)
Nitrogen balance of rats fed three mixed protein diet and milk diet were presented in Table 3. The weight gain of rats fed milk diet had the highest value of 3.50 g which differed significantly (p < 0.05) from the rats fed test diets ( 3.24, 2.17 and 1.02 g) and -12.81 for NFD indicating significant weight loss. This result suggests that Sample A and D have the highest weight gain, due to their high protein content. The negative weight gain in Sample E suggests that the nitrogen free diet (NFD) cannot promote growth because it has no protein content. In animal studies, weight gain is a critical indicator of the overall quality of the protein of the diets. Adequate protein intake is essential for tissue repair, growth, and maintenance, and protein deficiencies can lead to weight loss, as observed in Sample E (Harper, 1981).
Sample E shows the highest food intake (56.24 g), followed by Samples D (43.34 g) and A (40.52 g). The lowest food intake is in Sample B (43.20 g). Despite the high food intake in Sample E, the animals exhibited significant weight loss, indicating that the diet lacks sufficient quality protein that supports weight maintenance. Umerah et al. [1]; [19] also observed high food intake of NFD which could be attributed to the sucrose which account for more than one -third of the diet,  emphasizing  that feed intake can be influenced by palatability, source of nitrogen and essential amino acid. The rate of consumption of the experimental diets by the rats showed that the complementary food will be acceptable by infants. Umerah et al. [20] observed that the rats fed test diets had lower feed intake and that the lower feed intake might be due to lack of palatability and flavor to increase their appetite.
The consumed nitrogen ranged from (0.21-3.45 g). Nitrogen consumption is directly related to protein intake. Sample A had consumed nitrogen of 3.45 g of nitrogen, Sample D had 3.36 g. Sample B had 0.84 g, and Sample E has an extremely low nitrogen intake of 0.21 g, indicating that NFD diet is protein-deficient. Consumed nitrogen reflects protein availability in the diet, as protein is the primary source of nitrogen. The higher the consumed nitrogen, the more protein is being utilized by the animals, which translate into better growth outcomes, as seen in Samples A and D.
Fecal nitrogen represents the nitrogen that is not absorbed by the body and is excreted. Sample D had the highest fecal nitrogen of 0.30g, followed by Sample A 0.28g. Sample C had the lowest fecal nitrogen 0.23g. Low fecal nitrogen typically indicates efficient digestion and absorption of dietary protein, meaning that more of the consumed nitrogen is being utilized by the body for growth and repair (Bender, 2005). Umerah et al. [20] opined that the low fecal N of the test diets could be attributed to low feed intake hence stating that it is a common observation/phenomenon that high feed intake would lead to high fecal deposit.
Absorbed nitrogen is the difference between nitrogen consumed and nitrogen lost in feces. Sample D had the absorbed nitrogen value of 3.11g, sample C had 2.95g and Sample A had 3.14g which is the highest. Sample B absorbed the least nitrogen 0.62g, this may be due to the quality of the nitrogen intake. Absorbed nitrogen is a key indicator of how well the body is able to utilize the protein in the diet. Higher values in sample A is not a surprise as sample A is the reference diet which is high in protein and the high value 3.11g of sample D is of utmost important and suggest that these diets provide more bioavailable protein, allowing for better nutrient absorption.
Sample A had the highest retained nitrogen value of 3.10 g, sample D had 2.93g and sample C had 2.86g. Sample E had little nitrogen retention of 0.02g, highlighting the insufficient nitrogen intake in this group. Nitrogen retention is a key indicator of the body’s ability to utilize protein for growth and repair. High retention values in Sample A and Sample D suggest these diets support effective protein synthesis, while the extremely low value in Sample E points to a protein-deficient diet that fails to support nitrogen retention. Whitney and Rolfes [21]; [1] observed that the higher absorbed and retained nitrogen is, the better the dietary protein quality. High absorbed and retained nitrogen translate to high protein quality.
Biological value (BV) measures the proportion of absorbed protein that is retained for growth and maintenance. Sample D and C had high BV values of 68%, while sample A had 76%, and Sample B has the lowest BV of 62%. High BV values indicate that the protein in samples D and C is of higher quality and is more efficiently used by the body for protein synthesis. A lower BV in Sample B suggests that the protein quality is lower, or the protein is less efficiently utilized. Whitney and Rolfes [21] reported that a protein with a BV of 70% or more can support human growth and tissue maintenance as long as energy intake is adequate. The high BV of rats fed sample D and C diets suggests that protein from these diets can support human growth and maintenance.
Net protein utilization is similar to the biological value except that it involves a direct measure of retention of absorbed nitrogen. Net protein utilization and biological value both measure the same parameter of nitrogen retention, however, the difference lies in that the biological value is calculated from nitrogen absorbed whereas net protein utilization is from nitrogen ingested  FAO/WHO [22]. NPU is a direct measure of protein utilization, combining both digestibility and biological value. Sample C had NPU of   69%, sample D had 67% and sample A had 75%. Sample B had the lowest NPU of 50%. High NPU values in samples C and D suggest that these diets provided highly digestible and biologically available protein, which supports efficient protein utilization for growth. Sample B with lower NPU indicates that the protein in this diet is not efficiently utilized, possibly due to poor digestibility or lower quality protein sources.
PER is a measure of how efficiently the body uses dietary protein for growth. It is calculated by dividing weight gain by the amount of protein consumed. It is a standard measure of protein quality, with higher PER values indicating more efficient utilization of dietary protein for tissue synthesis and growth.  The mean value of PER were A- 2.98, B-1.39, C-1.62 and D-2.22.  Group A shows the highest PER (2.98), indicating that the milk diet was the most efficient in promoting growth. Group D also had a relatively high PER (2.22), suggesting that the 30% of the animal protein used for the formulation of the diet drastically improved the protein quality of the blend. Group B had the lowest PER, implying that the protein in this diet was of low quality, resulting in poor growth despite feed consumption. Group C had a slight low PER, hence the 20% animal inclusion in the formulation. Ngwa and Nnam [23]; Dauchet et al [24] observed that the risk of CVD was dose dependent and decrease for each additional portion of vegetables and fruits per day. The efficiency of protein utilization is also affected by factors such as digestibility and the presence of anti-nutritional factors in the diet [25].
Table 4: Organ weight of rats fed test diets (g).
Organ weight                           A                B                     C                        D
Liver                                5.41a±0.23    4.10d±0.24       4.50c±0.64         4.71b±0.22
Kidney                             1.13a±0.07     0.76d±0.04      0.82c±0.02        0.94b±0.13 
Lung                                 0.79a±0.11     0.43d±0.02      0.56c±0.16        0.65b±0.10
Brain                                1.30a±0.14      0.78d±0.50     1.05c±0.84        1.16b±0.31
Heart                                0.51a± 0.03     0.13c±0.06     0.24b±0.12         0.25b±0.16
Small intestine                 4.22a±0.63       2.52d±0.31     4.01c±0.06        4.08b±0.54
A=Milk diet, B= 100% pap diet, C= 80% pap and 20% otujo ant diet , D= 70% pap and 30% otujo ant diet.
The liver is a vital organ involved in detoxification, metabolism, and nutrient storage. The rats in group A had the highest liver weight (5.41g), while group B has the lowest (4.10g).  Umerah et al. [1] recorded 4.22-7.68g for liver weight of wistar rat in a study on the protein quality of complementary food.  The significant difference between all the groups may suggest variations in liver function or metabolic demands, possibly due to different diets or interventions. Studies showed that liver weight of rats higher than 15.5g is of health concern. In nutritional studies, an increase in liver weight could be associated with higher metabolic activity or fat accumulation, indicating possible steatosis (fatty liver) [26]. 
The kidney is essential for maintaining fluid balance, electrolyte levels, and waste excretion. The average mean kidney weight of normal wistar rat is about 0.61-1.29 g. The kidneys in group A (1.13g) is significantly different from those in the other groups (B-0.76, C-0.82 and  D- 0.94). This could indicate increased renal workload or hypertrophy due to factors such as high protein intake, which increases nitrogenous waste excretion. A reduction in kidney weight, could suggest kidney dysfunction or damage [27]. 
The lungs are responsible for gas exchange, and their weight can indicate respiratory health. Result showed that the weight of the lung were between 0.43-0.79 g. Group A had the highest lung weight  of 0.79 g, Group B-0.43 g, Group C- 0.56 g and Group D-  0.65 g. High weight in lung beyond 2g suggest increased respiratory demand or inflammation, which can result in tissue swelling. A reduced lung weight, may indicate lower respiratory health or a more sedentary lifestyle.
CONCLUSION 
This study examined the protein quality of pap enriched with otujo (edible grasshopper), comparing it to non-enriched pap. The findings of this research have important implications for both nutrition and food security, particularly in areas where pap is used as a sole complementary food like Nigeria and other West African Countries and where protein-energy malnutrition is prevalent.
The study demonstrated that enriching pap with otujo significantly improved its protein quality. This suggests that consuming pap enriched with 30% otujo ant can help to address marasmus and marasmic kwashiokor commonly associated with only pap gruel as complementary food.
In terms of protein quality, the otujo-enriched pap showed superior protein digestibility and a higher biological value compared to the non-enriched pap. This makes it a viable alternative to more expensive commercial complementary foods, especially in Nigeria where majority of the Country spend less than 2 dollars per day.
Conclusively, the sustainability of using edible ant as a food ingredient was also highlighted in this research. Edible ants require fewer resources such as water and feed compared to livestock, making them a more environmentally friendly and cost-effective protein source. This not only provides a nutritional benefit but also contributes to the growing global emphasis on sustainable food systems.
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