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Aims: Pea protein has become a promising source of plant-based protein owing to its nutritional and functional characteristics. This study evaluates the extraction of pea milk for the formulation of a spicy tofu-like product and as a non-allergen, high-protein product. As stated, the importance of the present study lies in its potential for use in place of cottage cheese and soy tofu, as it has several ecological benefits over them.
Study design: The present study was conducted in 3 phases-
1. Collection of raw materials
2. Preparation of pea milk
3. Preparation of tofu
Place and Duration of Study: The present study was conducted in the Department of Food and Nutrition of Babasaheb Bhimrao Ambedkar University, Lucknow. The duration of the study is 3 months, i.e., from Jan 2023 to March 2023.
Methodology: Pea milk and spicy tofu were developed in the laboratory under optimum conditions through an extraction process that involved cleaning and washing 250g of yellow split peas with a sodium hydroxide solution, followed by soaking in alkaline water (NaOH solution). After separating, rinsing, and grinding the peas, the resulting slurry was filtered, and the pea milk was obtained. To form the tofu, a coagulant was added to the pea milk, facilitating curdling and coagulation of proteins.
Results: Nutritional analysis (energy, carbohydrates, protein, fat, moisture, ash, dietary fiber and sugar) of tofu was determined. Sample 2 demonstrated a higher carbohydrate content, suggesting a greater presence of starch. Protein, fat, moisture, dietary fiber, and sugar contents were comparable between the samples, indicating similar nutrient retention and water holding capacity. Ash content was slightly higher in sample 2, reflecting greater mineral content. Sensory evaluation indicated that sample 2 is more acceptable than sample 1.
Conclusion: This study highlights the potential of yellow split pea-based products as soy-free and lactose-free alternatives. The preparation of spicy tofu needs scientific input for increasing its shelf-life and value addition for its marketing, andmarketing and improving its shelf-life for better quality and acceptability.
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1. INTRODUCTION 

Being part of the leguminous family, peas possess two distinctive characteristics that set them apart from the majority ofmost other food crops. Both macro and micronutrients are present in abundance in the dietary item. It contains amino acids, including lysine and tryptophan, making it a noteworthy source of protein. It also contains α-linolenic acid, soluble and insoluble dietary fibre, B-group vitamins, minerals, phytosterols and slow-digesting carbohydrates. Furthermore, it contains trace amounts of squalene, tocopherols, polyphenols, and triterpenic acids, as reported by Kalogeropoulos et al. (2010), Rawal et al. (2019), and Roy, Boye, & Simpson (2010).
Dahl, Foster, and Tyler (2012) have recently compiled an estimation of the chemical composition of Pisum sativum L., commonly known as pea. According to Dahl, Foster, and Tyler (2012), the entire seed of the pea contains various components. 21.2–32.9% of dry matter (DM) is made up of protein, 36.9–49.0% is made up of starch, 2.1–6.3% is made up of resistant starch, 20.7–33.7% is made up of amylose, 14–26% is made up of total dietary fibre (including soluble fibre, which makes up 2–9% of DM, and insoluble fibre, which makes up 5.3–8.7% is made up of soluble sugars, 1.2–2.4% is made up of total lipid, and 2.3–3.4% is made up of ash.
Although pea protein is not a complete dietary protein (in comparison to meat, poultry, fish, dairy, eggs and soya (Glycine max) protein) with a limited amount of essential amino acids – methionine and tryptophan – it is a good sourcea reliable source of lysine (De Almeida Costa et al., 2006).
Pea processing methods like soaking, steaming, thermal treatment, extrusion, fermentation, germination, etc.,etc., affect pea chemical composition and can significantly improve pea protein digestibility and nutritional value and increase antioxidant activities (Boye, Zare, & Pletch, 2010; Singh et al., 2017).
The use of plant-based proteins as a practical substitute for animal-based proteins has gained popularity in recent years due to the possibility of making them a sustainable and environmentally friendly source of protein. More specifically, pea protein has become a promising source of plant-based protein owing to its nutritional and functional characteristics. This paper has explored the possibility of making pea milk by using yellow split peas, which were later used to make a tofu-like product by using the milk as a base. The study sought to identify the possibility of yellow split peas as a source of plant-based protein and to create spicy tofu that would meet the increasing demand for alternative sources of protein. The analysis mainly concerned the sensory analysis of the spicy tofu. The sensory assessment involved analysing attributes such as flavour, texture, aroma, and overall acceptability. The sensory analysis provided significant data explaining the sensory characteristics of spicy tofu, hence indicating its future acceptability by the customers and its business capability. These findings thus form the basis of processing plant-based protein products with high nutritional value and in correspondence with consumer perceptual likes.

2. Materials and Methodsmethodology 

2.1 Raw materials                                                   
The present investigation was carried outconducted at the Food Analysis Lab, Department of Food, BBAU, Lucknow. Yellow split peas were purchased from a local market in Lucknow in dried form. The samples were cleaned by hand to remove dirt, grit and other impurities and then packed in airtight plastic containers.
2.2 Preparation of pea milk
The process of extracting milk from yellow split peas was modified from Wenyi Ma et al.’s description. 250 gm of yellow split peas were cleaned and washed with sodium hydroxide solution (0.12 mol/L) and then soaked in 1 L of alkaline water-NaOH solution (0.07 mol/L) for 8 hours at room temperature. After soaking, the peas were separated, and the extra water was rinsed out. Peas were washed with 1 litre of tap water to remove any chemical residue, and peas were ground with 1 litre of distilled water by using a Sujata Dynamix (900-watt) grinder with the highest setting for 2 minutes. To filter the slurry, a cotton cloth was positioned over a strainer, and the slurry was poured into the strainer. The corners of the cloth were gathered to create a bundle, and the insoluble materials were removed by hand-squeezing. After rinsing the cloth, the pea milk was filtered once more. Next, the pea milk was centrifuged (5000five thousand gravitygravities, 15 minutes) to separate the insoluble part from the milk. To getGet rid of the settled solids, the pea milk was carefully poured off. The pea milk was brought to room temperature and heated at 97°C for 15 minutes with continuous stirring. After heating, the 710 mL of pea milk was obtained and stored in the refrigerator for further use.
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Figure 1. Conceptual framework of pea milk formulation










2.3 Preparation of tofu
A modified method based on DePalma et al. (2019) was used to produce pea-based tofu. The milk (630.4 gm) was poured into a 1-litre beaker and was heated at 98°C for the duration of 45–150 min. After heating, MgCl₂ (4.2%–10% [w/w]) was added over the period of 10 seconds while being continuously stirred. It took around 10 minutes for the curds to form. To avoid moulding flaws, the fabric was wrapped around the curds and covered with a perforated piece of plastic before the remaining sides of the cloth were folded over. For ten minutes, a 5 kg weight was placed on top of the mould. After being taken out of the mould, the 168 gm of pea tofu was allowed to cool for 10 minutes. To prepare spicy tofu, two grammes of black pepper, two grammes of red chilli flakes, and two grammes of cumin powder were added to the curds after ten minutes of coagulation. The spices were evenly distributed by gently mixing them into the curd. The remaining steps for both tofu preparations remained the same. After allowing it to cool for 10 minutes, the tofu was wrapped in plastic wrap and refrigerated.
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Figure 2. Conceptual framework of tofu formulation. 

2.4 Nutritional analysis
Proximate composition (total energy, carbohydrate, protein, fat, moisture, ash, dietary fiber and sugar) of tofu was analysedanalyses in accordance with AOAC methods, i.e., the Association of Official Analytical Chemists. (AOAC, 2016).

2.5 Organoleptic properties
A sensory analysis of a tofu product was conducted, evaluating various sensory attributes such as appearance, taste, flavourflavor, smell, odourOduor, texture, and mouthfeel. The test was conducted at the Sensory Analysis Laboratory, Department of Home Science, Babasaheb Bhimrao Ambedkar University, Lucknow. The participants in the sensory analysis were 10 trained and semi trained individuals. The group consisted of 3 male participants and 7 female participants. Every participant was provided with a 20 gm20-gm square sample of normal tofu and spice-added tofu coded as PT1 and PT2, respectively. By involving human participants, sensory analysis allows for a comprehensive understanding of the sensory attributes of a product and aids in product development and optimisation.

2.6 Statistical analysis
All studies were conducted in triplicate, and the data were shown as mean ± SD (standard deviation). Means and standard deviations were computed with Microsoft Excel 2018. Statistical analysis was conducted using one-way ANOVA in statistical software, and mean comparisons were conducted utilizing the critical difference value (Kaushik et al. 2018). 
3. results and discussion

3.1 Preparation of pea milk
From 250 gm of yellow split peas, the modified procedure yielded 710 ml of pea milk after filtration, centrifugation and heat treatment, resulting in 71% recovery of the aqueous phase. The milk was pale and moderately turbid, but no large precipitates were visible after clarification. The filtration and subsequentlater centrifugation removed insoluble particles, producing a clear supernatant. Thermal stabilization caused no immediate coagulation, indicating the extracted proteins maintainedproteins-maintained solubility. 




3.2 Preparation of tofu
From 630.4 g of pea milk, the coagulation process yielded 168 g of tofu – a yield of ~26.7%. The spiced variant with 2 gm each of black pepper, chilli flakes and cumin did not affect yield or processing behaviour, indicating that spice inclusion had minimal interference with gel formation. The cook time and salt concentration are well known to influence gel strength, protein retention and texture. The parameters (temperature, salt dose) were within the acceptable range, suggesting no visible defects. Adding spices after the curd set preserved the integrity of the gel network, as no syneresis was observedseen.
3.3 Nutritional analysis
Sample 2 was found to have a higher carbohydrate value of 5.6±1.0, while sample 1 showed a value of 1.30±0.659, suggesting that sample 2 contains more starch or soluble carbohydrate fractions. Protein content is fairly similarsimilar between the two samples: 13.2 ± 1.99 (Sample 1) and 13.8 ± 1.4 (Sample 2). This suggested that the protein extraction or retention was consistent in both samples. Fat content showed little discrepancy: 7.01 ± 1.46 (Sample 1) and 7.4 ± 1.1 (Sample 2), indicating no strong evidence. Moisture content of sample 1 is (65.0 ± 3.4), and sample 2 is (66.0 ± 3.5), indicating that the water retention in both the samples is comparable. Research studies showed that water content strongly influences the concentration of solids and nutrient densities. Sample 1 showed a value of ash (1.4 ± 0.3) while sample 2 showed (1.8 ± 0.4). Dietary fiber showed values of (2.2±0.5) for Sample 1 and ( 2.3±0.7) for Sample 2, respectively. Sample 1 showed the value of sugar (1.3±0.3) while sample 2 showed (1.5 ±0.5).
3.4 Organoleptic properties
In the context of sensory evaluation of tofu, a hedonic rating scale was involved, assigning affective ratings based on liking and disliking of several parameters.
The tofu was evaluated by 10 panel members on following characteristics:
•	Appearance
•	Flavour 
•	Taste 
•	Aroma
•	Texture 
•	Mouthfeel
Parameter 1 (appearance): sample 1 received scores ranging from 6 to 8 with an average of 6.5, while sample 2 received scores ranging from 7 to 9 with an average score of 7.2. Sample 2’s darker yellow-red colour and visible spices on the surface contributed positively to its visual appeal, suggesting that the panellists preferred its aesthetic attributes.
Parameter 2 (taste/flavour): sample 1 received an average taste/flavour score of 6.0, while sample 2 scored higher at 7.2. Sample 1 received a lower score because of a beany flavour and a lingering bitter aftertaste, whereas sample 2’s flavour was rated more favourably, because the spices (black pepper, chilli flakes, cumin) masked those off-flavoursoff flavours.
Parameter 3 (smell/odour): sample 1 achieved an average score of 7.2 while sample 2 scored 7.9, suggesting that sample 2 is attributed to the effect of spices (black pepper), which appear to enhance the aromatic profile as compared to sample 1.
Parameter 4 (texture/mouthfeel): both samples 1 and 2 received similar scores 7.5 and 7.7 respectively for texture including attributes like hardness, springiness and overall mouthfeel.

Table1. Nutritional analysis of tofu
	
	Energy
	Carbohydrates
	Protein
	Fat
	Moisture
	Ash
	Dietary fiber
	Sugar

	Sample 1
	124 ±20
	1.30 ±0.659
	13.2 ±1.99
	7.01 ±1.46
	65.0 ±3.4
	1.4 ±0.3
	2.2 ±0.5
	1.3 ±0.3

	Sample 2
	150.5 ±8.3
	5.6 ±1.0
	13.8 ±1.4
	7.4 ±1.1
	66.0 ±3.5
	1.8 ±0.4
	2.3 ±0.7
	1.5 ±0.5

	t-calculated
	2.1197
	6.2189
	0.4271
	0.3695
	0.3550
	1.3856
	0.2013
	0.5941


*denotes t- calculated value differs significantly at P = .05 between two samples (sample 1 and sample 2) of tofu (t- tabulated at P=.05=4.30 at df=4).

Table2. Organoleptic properties of tofu
	Members 
	Appearance
	Taste/flavour
	Smell/Odour
	Texture/Mouthfeel

	 
	Sample 1
	Sample 2
	Sample 1
	Sample 2
	Sample 1
	Sample 2
	Sample 1
	Sample 2

	Member 1
	7
	8
	6
	8
	8
	8
	8
	8

	Member2
	7
	8
	6
	8
	8
	9
	9
	9

	Member 3
	6
	7
	5
	7
	7
	7
	7
	8

	Member 4
	6
	7
	6
	8
	7
	8
	8
	8

	Member 5
	8
	7
	6
	8
	6
	8
	7
	7

	Member 6
	6
	7
	6
	7
	7
	8
	8
	8

	Member 7
	7
	9
	7
	7
	8
	9
	8
	7

	Member 8
	7
	8
	7
	7
	7
	8
	7
	8

	Member 9
	6
	7
	5
	6
	7
	7
	6
	6

	Member 10
	7
	7
	6
	6
	7
	7
	7
	8

	Total 
	67
	75
	60
	67
	72
	79
	75
	77

	Average 
	6.7
	7.5
	6.0
	6.7
	7.2
	7.9
	7.5
	7.7







Figure3.  Graphical representation of total and average scores.

4. Conclusion

The research was performed in the Department of Food Science and Nutrition in BBAU. The formulation process of yellow split pea milk involved centrifugation to separate insoluble components and heating for sterilization. The addition of MgCl₂ led to curd formation during tofu preparation. Altering the cook time, MgCl₂ and oil level could result in a variety of tofu textures. Cooking time was the most crucial element in influencing tofu’s firmness. Furthermore, it was found that gel strength and protein secondary structure are influenced by the synergistic effects of treatments. Sensory evaluation by 10 panellists indicated that sample 2, with the incorporation of spices like black pepper, exhibited enhanced taste, smell, and overall acceptability, and is more acceptable than sample 1. This research highlights the potential of yellow split pea-based products as soy-free and lactose-free alternatives. Manufacturers seeking to create a high protein. Low costLow-cost food can use this data as a blueprint.
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