AMINO ACID PROFILE AND FUNCTIONAL PROPERTIES OF PIGEON PEA (Cajanus cajan) FLOURS AS AFFECTED BY PROCESSING METHODS AND SENSORY ACCEPTABILITY OF THE BALLS
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ABSTRACT
This study investigated the effect of processing methods on amino acid profile and functional properties of pigeon pea flours and sensory acceptability of the balls. Flours were produced from soaked, boiled and soaked/boiled pigeon pea seeds, and designated as soaked for 12 h (S12), soaked for 24 h (S24), boiled for 30 min (B30), boiled for 60 min (B60), soaked for 12 h and boiled for 30 min (S12B30), soaked for 24 h and boiled for 60 min (S24B60) and the raw pigeon pea flour (RPPF) which served as the control. The functional properties and amino acid profile of the pigeon pea flours were analyzed using standard methods. The sensory properties of balls produced from pigeon pea flours and sprouted cowpea flour were evaluated using the 9-point hedonic scale. The result revealed that the functional properties were improved by the processing treatments employed. The essential amino acids ranged from 7.99 – 28.12 µg/g. The nonessential amino acids ranged from 12.57 – 32.90 µg/g. Sensory evaluation results showed that balls produced from pigeon pea flours processed by different methods were preferred to the cowpea balls by the panellists. However, the balls produced from pigeon pea flour boiled for 60 minutes (B60) was the most acceptable judging by the highest (6.72) sensory score recorded for it. The processing methods employed for pigeon peas resulted in the production of flours with improved functional properties, good nutrients and acceptable products, and it is therefore recommended.
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1 INTRODUCTION
Pigeon pea (Cajanus cajan L. Millsp.) is a tropical legume valued for its drought tolerance and ability to grow in marginal soils, making it well-suited to smallholder farming systems in sub-Saharan Africa and other semi-arid regions (Haji et al., 2024). Originating from the Indian subcontinent and subsequently introduced to Africa and the Americas, the crop has become a staple in intercropping systems and a source of dietary protein and income in many developing countries (Tungmunnithum et al., 2021). It is commonly called earth almond, Congo pea, Angola pea and red gram. It is also called “fio fio” in Anambra State and “otili” in South-west of Nigeria and dhal in India (Arukwe et al., 2017; Luo et al., 2020). The seeds are rich in macronutrients, containing approximately 16-22% protein, significant carbohydrate and fibre fractions, and minerals (Abebe, 2022; Sachanarula et al., 2022). It contains higher sulphur-containing amino acids, cysteine and methionine (Adepoju et al., 2019; Arukwe et al., 2023)). Pigeon pea stimulates growth, manages blood pressure, prevents anemia, and boosts heart health. It also helps in weight loss, improves digestion, strengthens the immune system, increases energy and eliminates inflammation (Ogbonna et al., 2021). Traditionally, pigeon pea is used in soups, stews, and porridges, and is often employed as an affordable plant-protein substitute in diets where animal protein is scarce (Mashifane et al., 2025).

Akara, also known as balls, is a widely consumed deep-fried snack in Nigeria and other parts of West Africa (Okoye-Okeke et al., 2022). Akara is traditionally produced from cowpea flour (Vigna unguiculata) and remains one of the most widely consumed fritters in Nigeria (Opaleke et al., 2023). 
Protein-energy malnutrition (PEM) continues to be the major nutritional problem resulting from insufficient consumption of protein rich foods, and the vulnerable groups (children and pregnant women) are mostly affected in most of the developing countries (WHO/UNICEF, 1998; Arukwe et al., 2023). The main source of protein which is from animals has become scarce and expensive. There is therefore an urgent need to find alternative protein sources from plants. Such alternative sources must be easily available, cheap and contain significant quantity of protein.
In spite of the rich nutritional composition of pigeon pea (Cajanus cajan), it is still underutilized in Nigeria and many parts of Africa due to the problems of antinutrients and hard-to-cook syndrome. Moreover, the presence of some indigestible flatulence-causing oligosaccharides, specifically raffinose, stachyose and verbascose has contributed to the low use of pigeon pea. Some notable researchers opined that the processing of crops is a prerequisite to improving their digestibility and palatability (Otemuyiwa et al., 2018; Arukwe et al., 2017), while some others reported that the nutritive value of legumes depend upon the processing methods, presence or absence of antinurients and toxic factors and possible interaction of nutrients with other components (Ghadge et al., 2008; Nwanekezi et al., 2017). Heat processing is widely accepted as an effective means of inactivating the thermo-labile antinutrients of legumes (El-Adawy, 2002; Adeleke et al., 2017). Other treatments reported to have reduced the undesirable constituents of legumes are soaking (Khoubar and Chauhan, 1997; Nwanekezi et al., 2017), germination and fermentation (Alonso et al., 2000; Nwanekezi et al., 2017), etc. Information on combined processing methods of soaking and boiling for improvement of pigeon pea nutrients and utilization is scarce. The aim of this study was to evaluate the amino acid profile and functional properties of pigeon pea as affected by processing methods and sensory properties of the balls produced from the flours.
2 MATERIALS AND METHODS
2.1 SOURCES OF RAW MATERIALS
Pigeon pea (Cajanus cajan) seeds and cowpea seeds were procured from Ikpa market, Igboetiti LGA, Enugu State, Nigeria, and other ingredients used for this study were procured from Orie Ugba Market, Umuahia, Abia State, Nigeria. Sample preparation and laboratory analysis were conducted at the Food Processing Laboratory of Department Food Science and Technology, Michael Okpara University of Agriculture, Umudike and the Biochemistry Laboratory of National Root Crops Research Institute (NRCRI), Umudike.
2.2 SAMPLE PREPARATION
2.2.1 Preparation of soaked pigeon pea flour samples
The method described by Adeleke et al. (2017) with slight modification was used. Two kilograms (2kg) of pigeon pea seeds were sorted and cleaned of extraneous materials. The seeds were washed with clean tap water and the water drained. The seeds were divided into 2 portions with codes So12 and So24 (1kg each) and soaked in water (1:5 w/v) for 12h and 24h respectively. The water was changed at 6 hourly intervals during the soaking process. At the end of the soaking for each portion, the water was drained and the seeds were dried in an oven (Uniscope laboratory oven model SM9023) at 70oC for 18h (with constant turning after every 4h) until constant weight was obtained. Then, the dried seeds were milled using attrition mill (model SK-30-SS Food Grade), sieved with 0.4mm sieve and packaged in polyethene bag for further studies.
2.2.2 Preparation of boiled pigeon pea flour samples
The method described by Adeleke et al. (2017) with slight modification was used. Two kilograms (2kg) of pigeon pea seeds were sorted and cleaned of extraneous materials. The seeds were washed with clean tap water and the water drained. The seeds were divided into 2 portions with codes B30 and B60 (1kg each) and boiled for 30 min and 60 min respectively. The samples were drained and the seeds dried in an oven (Uniscope laboratory oven model SM9023) at 70oC for 18h (with constant turning after every 4h) until constant weight was obtained. Then, the dried seeds were milled using attrition mill (model SK-30-SS Food Grade), sieved with 0.4mm sieve and packaged in polyethene bag for further studies.
2.2.3 Preparation of soaked/boiled pigeon pea flour samples
The method described by Adeleke et al. (2017) with slight modification was employed. Two kilograms (2kg) of pigeon pea seeds were sorted and cleaned of extraneous materials. The seeds were washed with clean tap water and the water drained. The seeds were divided into 2 portions with codes S12B30 and S24B60 (1kg each), and soaked in water (1:5 w/v) for 12h and 24h respectively. The water was changed at 6 hourly intervals during the soaking process. At the end of the soaking for each portion, the water was drained. Thereafter, the seeds were boiled for 30 min and 60 min respectively and the water drained, and the seeds dried in an oven (Uniscope laboratory oven model SM9023) at 70oC for 18h (with constant turning after every 4h) until constant weight was obtained. Then, the dried seeds were milled using attrition mill (model SK-30-SS Food Grade), sieved with 0.4mm sieve and packaged in polyethene bag for further studies.
2.2.4 Preparation of raw pigeon pea flour
The method described by Arukwe et al. (2017) with slight modification was employed. Two kilograms (2kg) of pigeon pea seeds were sorted and cleaned of extraneous materials. The seeds were washed with clean tap water and the water drained. The seeds were dried in an oven (Uniscope laboratory oven model SM9023) at 70oC for 18h (with constant turning after every 4h) until constant weight was obtained. Then, the dried seeds were milled using attrition mill (model SK-30-SS Food Grade), sieved with 0.4mm sieve and packaged in polyethene bag for further studies.
2.2.5 Preparation of sprouted cowpea flour
The method described by Arukwe et al. (2017) with slight modification was used. Two kilograms (2kg) of cowpea seeds were sorted and cleaned of extraneous materials. The seeds were washed with clean tap water and the water drained. The seeds were soaked in water for 3 hours and the water drained. Then, the seeds were spread on a moistened jute bag in thin layer and allowed to sprout for 3 days at room temperature. During this time, the seeds were sprayed with water at 12 hours interval until the last day of sprouting. After sprouting, the seeds were dehulled and the rootlets were removed. The seeds were dried in an oven (Uniscope laboratory oven model SM9023) at 70oC for 18h (with constant turning after every 4h) until constant weight was obtained. Then, the dried seeds were milled using attrition mill (model SK-30-SS Food Grade), sieved with 0.4mm sieve and packaged in polyethene bag for the production of cowpea balls.
2.3 Recipe for balls production from pigeon pea and cowpea flours 
The recipe for balls production using the pigeon pea flours processed with different treatments and cowpea flour is shown in Table 1. Cowpea flour balls served as the control. 
Table 1: Recipe for pigeon pea and cowpea balls production
	Ingredients
	Quantity

	Flour 
	500g

	Vegetable oil 
	200ml

	Cayenne pepper
	50g

	Red paprika
Onion 
	50g
80g

	Salt 
	10g

	Seasoning cubes 
	3g

	Water 
	200ml



2.4 Production of balls from pigeon pea and cowpea flours 
The pigeon pea and cowpea (control) balls were prepared using the method of Ilesanmi and Nkama (2017) with slight modification. The flour (500g) was placed in a clean bowl and 50g of chopped cayenne pepper, 50g of chopped red paprika, 80g of onions, 10g of salt, 3g of seasoning cubes were added and mixed together. Then, warm water (200ml) was added and mixed to produce a fluffy paste. Then, a tablespoon (10ml) portion of the paste was deep fried in a deep fryer with vegetable oil at 190oC for 4 min. The fried balls (Plate 1) were removed from the oil and allowed to cool before serving for sensory evaluation. 
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                    Plate 1: Balls (akara) from pigeon pea flours and cowpea flour  

2.5 Determination of functional properties
2.5.1 Bulk Density: A 10ml capacity graduated measuring cylinder was weighed and sample was gently filled into the cylinder. The bottom of the cylinder was gently tapped on the laboratory bench severally until there was no diminution of the sample level after filling to the 10ml mark. Bulk density (g/ml) was then calculated as weight of sample (g) / volume (ml) according to Onwuka (2018).
2.5.2 Water Absorption Capacity (WAC): Water absorption capacity was determined as described by Onwuka (2018). One (1g) of sample was weighed and placed into a conical graduated centrifuge tube. A waring whirl mixer was used to mix the sample thoroughly, 10ml was added and sample was allowed to stay for 30min at room temperature and then centrifuged at 5000 × g for 30min. The volume of the free water (supernatant) was read using 10ml measuring cylinder. Water absorption was calculated as the amount of water absorbed (total minus free water) x 1 g/ml.
2.5.3 Oil Absorption Capacity (OAC): The method as described by Onwuka (2018) was adopted for the determination of OAC. Refined groundnut oil with density of 0.92g/ml was used. One gram (1g) of the sample was mixed with 10ml of the oil (V1), for 30s. The sample was allowed to stand for 30min at room temperature and then centrifuged (Centurion scientific, Model k241) at 10,000rpm for 30min. The amount of oil separated as supernatant (V2) was measured using 10ml cylinder. The difference in volume was taken as the oil absorbed by the samples. The result obtained was calculated using the following equation: 
Oil absorption capacity = 
Where: V1 = initial volume of oil used, V2 = volume not absorbed, P = density of oil (0.92g/ml) 

 2.5.4 Foam Capacity: The foam capacity was determined by the method described by Onwuka (2018). A known weight of the flour sample was dispersed in 100ml distilled water. The resulting solution was homogenized for 5 min at high speed. Foam capacity was calculated using the formula:


2.5.5 Swelling Index: This is the ratio of the swollen volume to the original volume of a unit weight of the flour. The method reported by Onwuka (2018) was used. One (1) gram of the flour sample was weighed into a clean dry measuring cylinder. The height occupied by the sample was recorded (H1) and then 5ml of distilled water added to the sample. This was left to stand undisturbed for 1h, after which the height was observed and recorded again (H2). The swelling index was then calculated using the following equation: 
Where:	 H1 = initial height, H2 = final height 

[bookmark: _Toc171159591]2.5.6 Wettability: The method described by Onwuka (2005) was used. A graduated cylinder (25 ml) was washed and dried in the oven and one gram of sample was weighed out and filled into the cylinder. A 600 ml beaker was filled with distilled water up to the 500 ml mark. A finger was placed over the open end of the 25 ml cylinder containing the sample. The cylinder was inverted and clamped at a height of 10 cm from the surface of a 600 ml beaker containing distilled water. The finger was then removed to allow the test flour sample to be dumped into distilled water. The wettability was recorded as the time required for the sample to be completely wet.
2.5.7 Gelatinization temperature (GT) and Gelatinization time: One gram (1g) of the sample was placed in a beaker and 10ml of distilled water was added and stirred to obtain a homogenized mixture. The beaker containing the sample was heated in a boiling water bath with continuous stirring until it gelled. The temperature was read 30 seconds after gelation using a thermometer. The time it took for the flour samples to gelatinize was recorded as the gelatinization time (Onwuka, 2018).

2.6 Amino acid profile
Amino acid profiles of yoghurt samples were determined using PTH Amino acid analyzer (Model 120A, USA) as described by Oni et al. (2021). Four grams of sample was defatted (chloroform 2:1 methanol) under reflux in soxhlet extraction thimble at 40℃ for 15 h. Exactly 0.2 mg of defatted sample and 7 mL of 6N HCl was added in a glass ampoule, oxygen was expelled by passing nitrogen into the ampoule glass and sealed with flame (Bunsen burner). It was heated in oven at 105±5°C for 22 h. The ampoule was cooled, the tip opened, and the content was filtered to remove humins. Tryptophan earlier destroyed by 6N HCl was recovered using alkaline hydrolysis method with 4.2M Na0H. The filtrate was evaporated to dryness in rotary evaporator, and the residue dissolved with 5mL acetate buffer (pH 8.0). It was stored in the freezer using plastic specimen bottles. Sixty (60) µL of the hydrolysate was loaded into the PTH Amino acid analyzer (Model 120A, USA). The hydrolysate free acidic, neutral and basic amino acids were separated to produce a profile. The results were obtained in µg/g protein.
2.7 Sensory evaluation of the products from pigeon pea and cowpea
The method described by Iwe (2014) was used to determine the sensory properties of the balls. The ball samples were assessed by 30 pre-trained panelists selected from Michael Okpara University of Agriculture, Umudike. All samples were put on different plates and served to the panelists with portable water to rinse their mouths after each testing so as not to interfere with the taste of the preceding samples. Quality attributes such as appearance, taste, aroma, texture, and general acceptability of the products were scored on a 9-point hedonic scale. The degree of likeness was expressed as; 9 = like extremely, 8 = like very much, 7 = like moderately, 6 = like slightly, 5 = neither like nor dislike, 4 = dislike slightly, 3 = dislike moderately, 2 = dislike very much, and 1 = dislike extremely.  
2.8 Experimental Design
Completely Randomized Design (CRD) was used for this study.
2.9 Statistical Analysis
The data obtained were subjected to analysis of variance using the SPSS procedure version 16 for personal computers, while treatment means were separated using Duncan’s multiple range test (DMRT) at 95% confidence level (p<0.05). The analyzed data were expressed as mean + SD (standard deviation). 
3 RESULTS AND DISCUSSION
3.1 Effect of different processing methods on functional properties
The effect of different processing methods on the functional properties of pigeon pea flours is presented in Table 2. There were significant (p<0.05) differences in the functional properties of the samples. The emulsion capacity ranged from 47.67% for the raw sample (RPPF) to 56.88% for the sample soaked for 24 hours and boiled for 60 min (S24B60). The processing treatments increased the emulsion capacity, with the highest increase recorded for sample S24B60. The high emulsion capacity could be due to its high protein content (Akubor, 2017) and the flours can find use in the production of baked products, and confectionaries (Arukwe, 2021). 
The bulk density ranged from 0.71 - 0.87g/ml with the raw sample recording the highest value and sample S24B60 recording the least value. This implies that the processing treatments significantly (p<0.05) decreased the bulk densities of the flours. The low bulk density of the processed flours is beneficial because it will reduce transportation and storage costs, and such flours can be used in the preparation of baby foods (Akubor, 2017; Arukwe, 2021). 
The water absorption capacity ranged from 2.17 - 3.12 g/ml with significant (p<0.05) differences. Sample RPPF (control) had the highest value while samples So12 (soaked for 12 h) and So24 (soaked for 24 h) had the least values. The processed pigeon pea flours recorded decreased water absorption capacities, and this could be because the seeds had absorbed much water during the soaking and boiling treatments. The water absorption capacities recorded in this study are lower than the values (120.44 – 145.02 g/ml) reported by Arukwe et al. (2025) for sorghum-pigeon pea flour blends. 
The oil absorption capacity ranged between 1.72 g/ml and 2.44 g/ml. Sample RPPF (control) had the highest value while samples B30 (boiled for 30 min) and So24 had the least values. The oil absorption capacity decreased for all the processed samples. This could be attributed to leaching of oil into the soaking and boiling water. The oil absorption capacities recorded in this study are lower than the range of values (112.89– 140.48 g/ml) reported by Arukwe et al. (2025) for sorghum-pigeon pea flour blends. 
The foam capacity ranged from 6.04 – 30.05% with the highest value recorded for sample So24 (soaked for 24 h) while the lowest value was recorded for sample S12B30. The foaming of a substance is characterized by the rate of reduction of the surface tension of air water interface due to absorption of protein molecules. It is also affected by the type of protein, processing treatment, and pH. Therefore, the increased foaming capacity recorded for the soaked sample implies that the soaking treatment may have increased the surface tension of the protein molecule thereby increasing the foamability of the flour. Foams are important for improvement of texture, consistency and appearance of foods. This suggests that soaked pigeon pea flours can find application in foods requiring high porosity such as akara balls, while the raw and boiled flours can be useful in baked goods. 
The swelling capacity ranged from 5.42 - 8.77%. The raw sample (RPPF) had the lowest value while the highest value was recorded in sample S24B60 (soaked for 24 h and boiled for 60 min). It was observed that the swelling capacity significantly (p<0.05) increased with the processing treatments. The swelling capacity obtained in this study are higher than the values (1.20 – 1.43%) reported by Arukwe et al. (2023) for germinated wheat-pigeon pea flour. Swelling capacity is an increase in the volume of dry starch when kept in a moist environment, and it is a needed characteristic in baking (Arukwe, 2021). The increased swelling capacity observed in the processed pigeon pea flours implies that the flours will be useful in food systems where swelling is required. 
Wettability of the pigeon pea flours was highest (1.52 min) in sample So24 (soaked for 24 h) and lowest (0.31 min) in sample B60 (boiled for 60 min). The values of wettability obtained in this study are higher than the values (0.30 – 0.58 min) reported by Ubbor et al. (2022). Wettability is the rate at which flour sample disperse in water. This indicates that samples with low values of wettability will disperse faster in water while samples with high values of wettability will disperse slower in water. The variations in the values of wettability of the samples can be attributed to polarity of the flour molecules, their contact surfaces and their porosity (Mohebby et al., 2011). 
The gelatinization temperature ranged from 77.75 - 93.00°C. The highest gelatinization temperature was recorded for sample RPPF while sample S24B60 had the least. It was observed that gelatinization temperature decreased with the processing treatments. The gelatinization temperature values obtained in this study are higher than the values (73 – 78°C) reported by Ubbor et al. (2022). Gelatinization temperature is the temperature at which the gelatinization of starch takes place. 
The gelatinization time of the samples ranged from 0.58 - 1.26 sec with sample RPPF (control) having highest value and sample S24B60 had the lowest. It was observed that the processing treatments decreased the gelatinization time in all the samples. The gelatinization time obtained in this study are lower than the values (2.08 – 2.34 sec) reported by Arukwe et al. (2025) for cassava-bambara nut gari. Gelatinization time is the time taken by the samples to gel. 









Table 2: Effect of different processing methods on functional properties of pigeon pea flours
	SAMPLE
	WET
(min)
	EC
(%)
	BD
(g/ml)
	WAC
(g/ml)
	OAC
(g/ml)
	FC
(%)
	SC
(%)
	G. TEMP
(°C)
	G. TIME
(sec)

	RPPF
	0.43e ± 0.01
	47.61g ± 0.01
	0.87a ± 0.01
	3.12a ± 0.03
	2.44a ± 0.01
	20.02b ± 0.02
	5.42f ± 0.01
	93.00a ± 0.00
	1.26a ± 0.01

	B30
	0.53d ± 0.03
	52.64d ± 0.02
	0.78c ± 0.01
	2.22e ± 0.03
	1.72d ± 0.03
	8.35d ± 0.02
	7.31c ± 0.01
	83.40d ± 0.00
	1.12c ± 0.01

	B60
	0.31f ± 0.01
	55.66c ± 0.04
	0.76c ± 0.00
	3.01b ± 0.01
	2.03b ± 0.04
	8.20e ± 0.01
	7.34c ± 0.02
	81.49e ± 0.02
	1.04d ± 0.04

	So12
	1.18c ± 0.04
	50.22f ± 0.02
	0.84ab ± 0.03
	2.17e ± 0.02
	1.78d ± 0.03
	10.14c ± 0.04
	6.42e ± 0.03
	90.01b ± 0.01
	1.20b ± 0.01

	So24
	1.52a ± 0.04
	50.73e ± 0.02
	0.82b ± 0.01
	2.18e ± 0.03
	1.73d ± 0.04
	30.05a ± 0.02
	6.94d ± 0.04
	85.18c ± 0.04
	1.16bc ± 0.02

	S12B30
	1.32b ± 0.01
	56.43b ± 0.01
	0.75cd ± 0.01
	2.79d ± 0.01
	1.92c ± 0.02
	2.32g ± 0.01
	8.31b ± 0.01
	79.23f ± 0.04
	1.01d ± 0.01

	S24B60
	0.44e ± 0.00
	56.88a ± 0.01
	0.71d ± 0.01
	2.92c ± 0.02
	2.01b ± 0.01
	6.04f ± 0.05
	8.77a ± 0.03
	77.75g ± 0.07
	0.58e ± 0.01


Values presented are means ± standard deviation of replicate determinations. Means with different superscripts within the same column differ significantly   (p<0.05) according to Duncan multiple range test.
KEY:
EC: WET: Wettability, EC: Emulsification capacity, BD: Bulk density, WAC: Water absorption capacity, OAC: Oil absorption capacity, FC: Foam capacity, SC: Swelling capacity, G. TEMP: Gelatinization temperature, G. TIME: Gelatinization time, RPPF: raw pigeon pea flour, B30: pigeon pea flour boiled for 30 min, B60: pigeon pea flour boiled for 60 min, So12: pigeon pea flour soaked for 12 h, So24: pigeon pea flour soaked for 24 h, S12B30: pigeon pea flour soaked for 12 h and boiled for 30 min, and S24B60: pigeon pea flour soaked for 24 h and boiled for 60 min. 


3.2 Effect of processing methods on amino acid profile of pigeon pea flours 
The effect of different processing methods on the amino acid profile of pigeon pea flours is presented in Table 3.  The nutritional quality of a protein is principally governed by its amino acid composition. There were significant (p<0.05) differences in the amino acid content of pigeon pea flour samples processed by different treatments. The result of the total essential amino acids ranged between 7.99 µg/g and 28.12 µg/g. The highest concentration of essential amino acids of the samples was valine while the lowest was histidine. It was observed that the combined soaking and boiling processing treatments caused significant rise in amino acids such as lysine, leucine, phenylalanine and tryptophan. This is corroborated by the report of Nzelu and Elochukwu (2023). This suggests that soaking and boiling treatments modify amino acids availability and nutritional value of the flour. This could be due to the reduction of antinutrients that bind amino acids by combined soaking and boiling treatments, thus increasing their availability. The total essential amino acids recorded in this study are lower than the values (37.74 – 40.40 mg/100) reported by Arukwe et al. (2026) for pigeon pea-soybean milk yoghurt.
Table 3: Effect of processing methods on amino acid profile of pigeon pea flours (µg/g)
	
	RPPF
	B30
	B60
	So12
	So24
	S12B30
	S24B60

	                Essential amino acids
	
	
	
	
	
	
	

	Leucine
	2.70c
	0.43e
	0.22g
	0.33f
	2.86b
	4.63a
	2.41d

	Lysine
	1.43d
	0.76f
	0.22g
	1.00e
	3.65a
	1.94c
	2.48b

	Methionine
	4.14a
	0.98g
	2.77b
	1.00f
	2.31d
	2.62c
	1.66e

	Isoleucine
	1.66a
	1.43b
	0.58e
	0.79d
	0.81c
	0.32f
	0.21g

	Phenylalanine
	3.44b
	1.00f
	0.86g
	1.21e
	2.29d
	2.99c
	3.86a

	Threonine
	4.79b
	2.09d
	0.95f
	0.95f
	2.53c
	1.38e
	5.69a

	Tryptophan
	2.31b
	0.22e
	0.12f
	0.06g
	1.00d
	4.45a
	1.55c

	Valine
	6.65a
	4.13b
	2.00e
	3.12c
	1.26g
	2.93d
	1.63f

	Histidine
	1.00b
	0.39d
	0.27f
	0.30e
	2.35a
	0.30e
	0.83c

	Non-essential amino acids
	
	
	
	
	
	
	

	Alanine
	2.13a
	1.22c
	1.69b
	0.80e
	0.42f
	0.82d
	0.35g

	Aspartic acid
	2.41c
	1.96d
	1.86e
	1.31g
	1.71f
	3.89a
	2.92b

	Proline
	1.83f
	1.00g
	2.03e
	7.86b
	8.12a
	4.34d
	4.51c

	Serine
	5.31a
	1.01f
	2.88c
	1.82d
	3.77b
	0.30g
	1.10e

	Tyrosine
	5.13a
	0.59e
	0.40f
	0.40f
	0.82b
	0.66d
	0.72c

	Glycine
	6.27a
	2.40c
	1.64d
	3.22b
	1.43e
	0.12f
	0.01g

	Arginine
	5.00a
	1.84b
	0.47f
	1.16d
	0.35g
	1.06e
	1.69c

	Cysteine
	1.54d
	1.00f
	0.85g
	1.33e
	1.75c
	3.11b
	6.92a

	Glutamic acid
	3.28b
	1.55e
	1.12g
	1.83d
	1.15f
	2.66c
	5.27a

	TEAA
	28.12
	11.43
	7.99
	8.76
	19.06
	21.56
	20.32

	TNEAA
	32.90
	12.57
	12.94
	19.73
	19.52
	16.96
	23.49

	TAA
	61.02
	24.00
	20.93
	28.49
	38.58
	38.52
	43.81


Values with different superscript letters within the same row vary relative to one another, while values with the same superscript letter indicate similar levels among the samples. 
Key: RPPF: raw pigeon pea; B30: pigeon pea flour boiled for 30 min; B60: pigeon pea flour boiled for 60 min; So12: pigeon pea flour soaked for 12 h; So24: pigeon pea flour soaked for 24 h; S12B30: pigeon pea flour soaked for 12 h and boiled for 30 min; S24B60: pigeon pea flour soaked for 24 h and boiled for 60 min; TEAA: Total essential amino acid; TNEAA: Total non-essential amino acid; TAA: Total amino acid.

The total nonessential amino acids ranged from 12.57 - 32.90 ug/g. The highest concentration of nonessential amino acids are proline and glutamate, while the lowest was alanine. It was also observed that the combined processing treatments increased the amino acids aspartic acid, proline, cysteine and glutamic acid. The total nonessential amino acids recorded in this study are lower than the values (51.53 – 60.50 mg/100) reported by Arukwe et al. (2026) for pigeon pea-soybean milk yoghurt.  
The nine essential amino acids are defined by World Health Organization (WHO) and Food and Agriculture Organization (FAO) as indispensable nutrients (WHO, 2007). These are amino acids that cannot be synthesized or produced by humans therefore, they must be taken in as food nutrients or dietary supplements. Inclusion of pigeon pea in foods will be useful for improving amino acids and proteins in the diet.
3.3 Sensory properties balls from pigeon pea and cowpea flours
The sensory evaluation result of the balls (akara) produced from the pigeon pea flours processed by different methods and sprouted cowpea flour is presented in Table 4. The scores for appearance ranged from 4.80 to 7.40. Sample S12B30 (soaked for 12 h and boiled for 30 min) had the highest score followed by sample B60 (boiled for 60 min) with a score of 6.73, while sample So24 (soaked for 24 h) had the least. The taste scores ranged between 2.20 and 7.03 with sample B60 recording the highest value and Sample CoF (sprouted cowpea flour) recording the least value. The scores for aroma ranged from 3.33 to 6.77. The highest score was observed in sample B60, while sample CoF had the least score. The result for texture followed the same trend, sample B60 recorded the highest score of 6.60 while sample CoF had the lowest score (5.03). The general acceptability scores ranged between 4.13 and 6.72. The highest score was observed in sample B60 followed by sample S12B30 (6.50) and the least score was recorded for sample CoF (4.13). This result shows that the balls from pigeon pea flours were more acceptable to the panellists than the cowpea balls.  Table 4: Sensory attributes of pigeon pea and cowpea balls
	SAMPLES
	Appearance
	Taste
	Aroma
	Texture
	General Acceptability

	RPPF
	6.65d ± 1.05
	6.73e ±1.20
	5.93e ± 1.78
	6.60d ± 0.81
	6.50e ± 0.88

	B30
	5.97g ± 1.43
	6.20a ± 1.70
	6.03c ± 1.73
	5.30b ± 1.14
	5.88c ± 0.93

	B60
	6.73g ± 1.24
	7.03c ± 1.35
	6.77d ± 1.22
	6.40b ± 1.07
	6.72d ± 0.86

	So12
	6.27g ± 1.39
	4.93d ± 1.46
	4.47b ± 1.19
	5.77c ± 0.68
	5.36b ± 0.61

	So24
	4.40 ± 2.11
	3.80b ± 1.63
	3.97a ± 1.29
	5.30a ± 1.12
	4.47a ± 0.81

	S12B30
	7.40 ± 1.45
	6.47g ± 1.22
	5.80g ± 0.84
	6.03f ± 1.06
	6.43g ± 0.95

	S24B60
	5.83d ± 1.51
	3.90f ± 1.02
	4.70f ± 0.87
	5.03e ± 1.35
	4.87f ± 0.71

	CoF
	5.97h ± 0.10
	2.20h ± 1.30
	3.33h ± 1.61
	5.03g ± 1.34
	4.13h ± 1.03


Values with different superscript letters within the same row vary relative to one another, while values with the same superscript letter indicate similar levels among the samples. 
Key: RPPF: raw pigeon pea; B30: pigeon pea flour boiled for 30 min; B60: pigeon pea flour boiled for 60 min; So12: pigeon pea flour soaked for 12 h; So24: pigeon pea flour soaked for 24 h; S12B30: pigeon pea flour soaked for 12 h and boiled for 30 min; S24B60: pigeon pea flour soaked for 24 h and boiled for 60 min
4. CONCLUSION
The study revealed notable improvements in the functional properties of the pigeon pea flours as a result of different processing treatments. Soaking treatments led to the highest increase in emulsion capacities. The combine soaking and boiling processing methods gave rise to the second highest essential amino acids contents. The study revealed the presence of all the essential amino acids in the pigeon pea flours. Therefore, incorporating pigeon pea flours into foods or prepared as balls and other ready-to-eat meals could enrich the nutritional profile of such foods and improve the nutrition status of the consumers, thus help in checking protein calorie malnutrition. 
The sensory evaluation results showed that acceptable products (balls) were prepared from pigeon pea flours processed by different methods. Therefore, the use of these methods in pigeon pea processing is recommended. Furthermore, utilization of pigeon pea flours processed by different methods in the production of akara and other products is recommended.
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