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Abstract
Background: Pap “akamu” is a traditional fermented complementary food and popular street food from Nigeria, typically made from maize, sorghum, guinea corn or millet.  Aim: The aim of the study was to evaluate the amino acid profile of complementary food made from pap and enriched with “otujo ant” (edible grasshopper). Method: The Zonocerus variegatus “otujo” sample were caught in Iwollo village in Ezeagu local government Area, Enugu State, Nigeria. Approximately, 250g of “otujo” were roasted for 30 mins and   dried in a cabinet drier at 30o for 1 hours with occasional turning to ensure uniform drying. The dried “otujo” was dried-milled using electric blender, packed in a zip lock and stored in a freezer for further use. Two and half kilograms of maize was prepared by the traditional wet milling process of sub-merged fermentation. The wet pap was packaged in a zip lock and stored in a freezer for further use. Standard methods were employed to determine the protein quality of the enriched pap samples.  Results: The results showed that the total amino acid were between 71.96-136.89%, total essential amino acid were between 24.94-670.17% and total non-essential amino acid ranged from 45.26-76.72%. Conclusion: Conclusively, enriching pap with “otujo ant” lead to increase in amino acid profile of the blend, hence a vehicle for prevention of protein-energy malnutrition.
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1:Background.
In Nigeria, traditional complementary foods are usually made from cereal grains (maize, sorghum, millet, guinea corn, etc) and it is often called pap, “akamu”, “ogi”, or “koko”. Pap is a fermented semi-solid food product manufactured from cereals. It is a staple food in most African countries, with varying preparation methods and names. It is commonly used as complementary/weaning food for babies and also for young children and as a standard breakfast cereals in many homes [1;2].
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 [3;4;5;6].
Enrichment and fortification may be commercial choice to provide extra nutrients in a food, or a public health policy that aimed at reducing dietary deficiencies within a population [7;2]
The amino acid profile refers to the composition and distribution of different types of amino acids in a protein or food source. The amino acid profile of a food can be analyzed to understand its protein quality and to assess if it provides all the essential amino acids that the body needs [8]. Many plant proteins, especially those found in grains are low in one or more of the nine essential amino acids. Animal protein contain ample amount of these nine essential amino acid. Although animal protein may be low in carbohydrate, fibre, some vitamins, phytochemicals and some mineral but grains supplies carbohydrate and fibre needed [6].
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 [9]. Maize contains moderate amounts of dietary fiber, magnesium and phosphorus whereas protein are in low amounts [10].
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. The nutrient contents of otujo ant are protein, fats, mineral and vitamins. They are used for food, they can be eaten raw, roasted, fried, or cooked in various dishes. They are valued for their high protein content 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. The interest in otujo in the last few decades has rapidly increased [11].
Studies have shown that pap is inadequate in nutrient hence the addition of the edible grasshopper which will help to boost the protein content for growth and development in the formulated complementary food. The thrust of this work was to evaluate the amino acid profile of pap enriched with “otujo” edible grasshopper. 

2: Materials and methods
The Zonocerus Variegatus sample were harvested at Iwollo village in Ezeagu local government Area, 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 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








3: Results & Discussion
TABLE 2: Effect of blending on essential amino acid of the pap (g/100g of protein)
Amino acid          A                      B                      C                     D           FAO/WHO, 1985 (2-5 years)
Valine         2.28d±0.12          7.68a±0.31          5.85b±0.12        3.94c±0.11             3.5

Thre            1.98d±0.13          6.12a± 0.12          4.11b±0.16        3.53c±0.10            3.4

Isoleu          1.67d±0.08          6.35a± 0.35         4.91b±0.21         4.50c±0.23             2.8 

Leu              3.43c±0.14          8.55a± 0.54         6.73b±0.08        6.03b±0.06            6.6

Lysine         1.29d±0.05          7.11a± 0.08          4.45b±0.34         3.06c±0.11           5.8

Methi          0.62d±0.03          5.31a±0.03           3.85b±0.17        1.32c±0.42         2.2

Pheny          1.64d± 0.13         8.25a±0.01          3.27b±0.09         4.93b±0.14         2.8

Hist             0.47d±0.04          5.39a±0.03         3.55b±0.04          2.95c±0.25         1.9

Trypt           0.20c±0.03         5.41a±0.13          2.83b±0.15          1.04c±0.18        1.1

Meth+Cys    0.59d                      8.38a                   4.86b                   1.81c           

Pheny+Tyro   2.38d                  12.68a                  5.76b                  4.91c                   
 Sample A: represents 100%pap and 0%otujo (control sample).
Sample B: represent 0%pap and 100%  otujo 
Sample C: represent 70% pap and 30% otujo
Sample D: represent 80% pap and 20% otujo
              
Valine: The results showed that the valine content of the samples ranged from 2.28-7.68g.   Sample A has 2.28 g/100g, which is below the FAO/WHO  [12] standard of 3.5 g/100g. Consuming sample A as a complementary food means the infants will be deficient of valine an important essential amino acid. Sample B shows a notably higher content of 7.68 g/100g because it is an animal protein source. Sample C and D were higher than the FAO/WHO [12] requirement translating that consuming sample C and D by the infant will help them to meet up with the daily requirement for valine an essential amino acid that help in supplying energy to muscles, prevent muscle breakdown and support athletic performance and recovery. It also play important role in building and repairing muscle tissue, boosting the immune system, regulating mood and improving mitochondria function.
Threonine (Thre): The results of threonine showed that it ranged from 1.98 g/100g to 6.12 g/100g. Samples C and D have moderately high values of threonine, and surpass the FAO/WHO [12] standard of 3.4 g/100g. Sample A which is 100% pap is lower that the recommended FAO/WHO [12] standard for threonine. The implication is that it will predispose the consumers to deficient of threonine which is essential for protein synthesis and immune function. Threonine is also important because it's essential for protein formation, specifically for building structural proteins like collagen and elastin, which support muscles, bones, and skin. It is crucial for immune function and a healthy gut, and also aids in fat metabolism to prevent fat buildup in the liver. As a precursor to other important amino acids like glycine and serine, threonine is vital for overall bodily functions, including proper muscle and nervous system activity. 
Isoleucine (Iso): Table 2 shows the result of isoleucine which ranged between 1.67- 6.35 g/100g. The result showed that sample A had 1.67 g/100g which is lower than the FAO/WHO [12] recommends 2.8 g/100g. Sample C and D which were the formulated sample were higher than FAO/WHO standard. Isoleucine supports muscle metabolism and immune function [13]. Isoleucine is an essential amino acid important for regulating energy and glucose metabolism, stimulating hemoglobin synthesis, and supporting muscle function and recovery. It plays a key role in immunity and is involved in protein synthesis. 
Lysine: The result shows that the value of lysine were between 1.29- 7.11 g/100g. Sample B had 7.11 g/100g and this was as a result of the fact that sample B was an animal protein which is highly bioavailable. Both the formulated samples were able to meet up with FAO/WHO [12] standard (5.8 g/100g). Lysine is crucial for growth and immune function (Layman 2003). Lysine is an essential amino acid that is crucial for growth, protein synthesis, and the body's absorption of calcium. It is vital for producing hormones, enzymes, and antibodies, as well as for building collagen for healthy bones, skin, and hair. A deficiency can lead to poor growth, fatigue, and reproductive issues. 
Methionine (Methi): The results for methionine were between 0.62-5.31 g/100g.  The FAO/WHO [12] requirement for methionine was 2.2 g/100g. Sample B had the highest value at 5.31 g/100g which is not a surprise as sample B is an animal protein source. The high methionine content in formulated samples suggests that they have good protein quality and should be advocated to be used as complementary food. Methionine plays a role in metabolism and detoxification. Methionine is an essential amino acid crucial for protein synthesis, growth, and metabolism. It is the starting amino acid for most protein creation and is vital for creating other compounds, such as S-adenosylmethionine (SAM), which is a key methyl donor for numerous cellular processes including DNA methylation and the production of other amino acids like cysteine. It also provides the sulfur needed for other important molecules like glutathione and taurine. 
Histidine (Hist): The histidine content of the samples were between 0.47- 5.39 g/100g. Sample B had 5.39 g/100g, sample C and D were 2.95 g and  3.55 respectively.  The FAO/WHO [12] standard of histidine is 1.9 g/100g, which means that consumption of 100g of sample Cand D will meet up with the dietary requirement for histidine. Histidine is an essential amino acid vital for producing proteins and several key metabolites, including the neurotransmitter histamine [14]. It plays crucial roles in the immune response, digestion, and nervous system function by helping to protect nerve cells and serving as a catalyst in enzymes. It is also important for growth, tissue repair, and mineral absorption. 
Tryptophan (Trp): The results shows that the tryptophan levels were between 0.20 and 5.41 g/100g. The recommended requirement from FAO/WHO [12] is 1.1 g/100g. Tryptophan is important for serotonin production and sleep regulation [15]. Tryptophan is an essential amino acid crucial for making proteins and for producing vital compounds like serotonin and melatonin. Its importance stems from its role in regulating mood, sleep, and appetite through serotonin synthesis, and in regulating sleep-wake cycles via melatonin. It is also a precursor for niacin (a B vitamin) and plays a role in immune function and the brain-gut axis. 





TABLE 3: NON-ESSENTIAL AMINO ACID  (G/100G OF PROTEIN)
Amino acid          A                   B                      C                        D       
Glycine        2.05±0.03          6.97±0.52          3.82±0.08        3.36±0.04             

Alanine        4.11±0.24          6.13± 0.22         4.86±0.24        4.32±0.03            

Serine          5.29±0.26          10.46± 0.65        8.01±0.12         7.31±0.15             

Proline         3.94±0.16          7.27± 0.37         5.34±0.28        5.02±0.26            

Aspart          5.64±0.32          11.72± 0.63       9.10±0.38         8.82±0.34           

Gluta           10.32±0.43         22.80±0.23       18.35±0.21        17.82±0.65         

Tyrosine     0.74± 0.08          4.43±0.21          1.64±0.02         1.83±0.03         

Cysteine      0.22±0.01          3.07±0.13          1.01±0.01          0.49±0.04         

Arginine     0.31±0.02         3.87±0.11            2.62±0.03          1.25±0.06
Sample A: represents 100%pap and 0%otujo (control sample).
Sample B: represent 0%pap and 100%  otujo 
Sample C: represent 70% pap and 30% otujo
Sample D: represent 80% pap and 20% otujo

Glycine: The mean glycine value of the sample ranged from 2.05-6.97g/100g. Sample A had the lowest 2.05g while Sample B had the highest 6.97g.  The result of the formulated diet were C (3.82) and Samples D (3.36 g/100g).  The high glycine content of Sample B was not a surprise as edible insect are good animal protein Glycine plays an essential role in collagen production and neurotransmission [16].
Alanine: The mean alanine value in the study were between 4.11- 6.123g. Sample C and D were 4.86 and 4.32 g respectively. Alanine is crucial for glucose metabolism, especially during periods of fasting or intense exercise, and helps transport nitrogen for metabolism. Alanine is crucial for the glucose-alanine cycle, which provides energy to muscles and helps regulate blood sugar levels [17]. 
Serine: The result shows that the mean serine level is the samples were between 5.29- 10.46g/100g. Sample B (10.46 g/100g) has the highest concentration, suggesting its superior ability to support metabolic and cognitive processes. Sample C (8.01 g/100g) and D (7.31 g/100g) follow closely, while Sample A (6.29 g/100g) shows lower serine content. Serine is involved in the synthesis of proteins, phospholipids, and nucleotides and is also essential for brain function and fat metabolism. It is crucial for the biosynthesis of various biomolecules, including phospholipids and nucleotides, which are essential for brain and cellular function [18]. 
Proline: The result shows Sample B (7.27 g/100g) had the highest concentration, which supports collagen synthesis and tissue repair. Sample D (5.02 g/100g) has moderate levels, while Samples A (4.94 g/100g) and C (5.34 g/100g) have slightly lower content. Proline is essential for collagen formation and wound healing, making it critical for skin, joint, and tissue health. Proline is vital for the production of collagen, the main structural protein in skin and connective tissue [19]. 
Aspartic Acid (Aspartate): The result shows Sample B (11.72 g/100g) had the highest aspartic acid concentration, making it as a superior source for energy metabolism and amino acid biosynthesis. Samples A (5.64 g/100g), C (9.10 g/100g), and D (8.82 g/100g) have moderately high levels, suggesting good potential for metabolic support.  Aspartate plays a role in the urea cycle, energy production, and synthesis of other amino acids. Aspartic acid is important for energy production in the Krebs cycle and supports the synthesis of non-essential amino acids [20].
Glutamic Acid (Glutamate): The result of the amino acid shows that Sample B (22.80 g/100g) contains a significantly higher glutamic acid content compared to the other samples. Samples A (10.32 g/100g), C (18.35 g/100g), and D (17.82 g/100g) also offer substantial glutamate levels. Glutamate is critical for neurotransmission and serves as a precursor for the synthesis of glutamine, which is important for immune function, it has a superior capacity to support brain function and neurotransmitter balance.  It is the most abundant neurotransmitter in the brain and is essential for cognitive function and memory [21]. 
Tyrosine: The result of tyrosine value for A, B, C and D were 0.74, 4.43, 1.64 and 1.83g respectively. Sample B (4.43 g/100g) contains the highest amount of tyrosine while sample A had the lowest amount of tyrosine. The complementary food made from the formulated diet had an appreciable quantity of tyrosine. Tyrosine is a precursor to dopamine, norepinephrine, and epinephrine, making it crucial for brain function and stress response. Tyrosine is important for the production of neurotransmitters that regulate mood, mental alertness, and stress response [22]. 
TABLE 4: NUTRITIONAL PROPERTIES OF THE SAMPLES
Amino acid                      A                 B                 C                        D     
TAA                             46.81          136.89          94.30                  75.15           
  
TEAA                          14.88           60.17            39.55                  28.94            

TNEAA                       45.26           76.72            54.75                  50.21             
.
TNEAA/TAA             0.63              0.56              0.58                    0.67            

TSAA(Met+Cys)         1.59               8.38             4.86                   1.81

Tar EAA (Phe+Tyr)    6.38            12.68             4.91                   5.76        

TEAA/TNEAA          0.59               0.78               0.72                  0.50
Sample A: represents 100%pap and 0%otujo (control sample).
Sample B: represent 0%pap and 100%  otujo 
Sample C: represent 70% pap and 30% otujo
Sample D: represent 80% pap and 20% otujo

Total Amino Acids (TAA): Table 4 shows the nutritional properties of the samples. TAA refers to the sum of all amino acids present in the samples. Sample B has the highest TAA value of 136.89g, sample C had 94.30, and sample A had 46.81g. Sample A has the lowest TAA of 46.81. Fortification of sample C and D with otujo improve the amino acid profile of the sample and this increase with a higher increase in otujo inclusion. Sample C and D (94.30 and 75.15) had an appreciable value of TAA indicating that the complementary food made from the sample will be beneficial to the consumer and hence improve the growth of the consumer. Higher TAA values generally translate to better nutritional value, as proteins are critical for various physiological functions [23]. 
Total Essential Amino Acids (TEAA): Essential amino acids (EAA) are those that cannot be synthesized by the human body and must be obtained through diet. Fortifying pap (sample A) with edible insect (sample B) lead to increase in TEAA of sample C and D (39.55 and 28.94), which signifies a better nutritional profile compared to samples A. Sample A had 14.88g TEAA. The higher the TEAA, the more nutritionally valuable the protein, particularly for human consumption, as essential amino acids are crucial for growth, repair, and overall health. The total essential amino acid of the samples were above 26% considered to be adequate for ideal protein food for children and 11% for adults [24;25]. 
4: Conclusion
The study demonstrated that enriching pap with otujo significantly improved its protein content and quality. The otujo-enriched pap provided a more balanced amino acid profile, with higher levels of essential amino acids such as lysine, methionine, and leucine, which are often limited in plant-based foods like pap. This suggests that consuming otujo-enriched pap can help to address the amino acid deficiencies commonly associated with cereal-based diets.
The sustainability of using grasshoppers as a food ingredient was also highlighted in this research. Grasshoppers 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.
Conclusively, the findings suggest that pap enriched with otujo could be a valuable food option in regions facing nutritional challenges. It can serve as a tool to combat protein-energy malnutrition, particularly in Africa where pap is widely consumed as complementary food.
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