


Development of Composite Pseudocereal-based Yogurt Enriched with Pea Protein Concentrate: Sensory and Shelf-Life Evaluation


ABSTRACT
The increasing demand for plant-based dairy alternatives has stimulated the development of innovative fermented products using nutrient-dense raw materials. This study aimed to develop a composite pseudocereal-based yogurt using amaranth, buckwheat, quinoa and other grains such as ragi and oats enriched with pea protein concentrate and to evaluate its sensory properties. Four formulations, including (Plant-Based Yogurt) PBY-C, PBY-F1, PBY-F2 and PBY-F3 were prepared by  varying the proportions of oats and ragi while maintaining constant levels of other pseudocereals. The protein content of the formulations was standardized using pea protein concentrate prior to fermentation with yogurt stater cultures containing Streptococcus thermophilus and Lactobacillus delbrueckii subsp. Bulgaricus. Sensory evaluation was conducted using a 9-point hedonic scale with 30 untrained panelists to assess appearance, consistency, aroma, taste, flavor, texture and overall acceptability. Statistical analysis using Randomized Block Design (RBD) and Analysis of Variance (ANOVA) revealed significant differences (p < 0.05) among formulations for all sensory attributes. Among the developed formulations, F3 exhibited the highest sensory scores for appearance (8.25 ± 0.099), consistency (8.10 ± 0.100), aroma (8.00 ± 0.103), taste (8.10 ± 0.143), flavor (8.05 ± 0.153), texture (8.25 ± 0.123) and overall acceptability (8.15 ± 0.082), with an acceptability index of 90.07 ± 0.72%, indicating superior consumer preference. Shelf-life studies conducted under refrigerated storage (4 ± 1oC) demonstrated a gradual increase in total bacterial count (TBC) and total mold count (TMC) during storage; however, microbial counts remained within the permissible limits specified by the Food Safety and Standards Authority of India (FSSAI) throughout the 20-day storage period. The optimized formulation maintained desirable sensory quality and microbiological safety, confirming its suitability for refrigerated storage. The results indicate that plant-based yogurt with great functional and economic potential can be successfully gained by including pseudocereals, ragi, oats and pea protein concentrate. This study highlights the feasibility of utilizing underutilized pseudocereals and plant proteins for the development of innovative fermented foods catering to the increasing demand for sustainable and health-oriented dairy alternatives.
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Introduction:
The growing demand for sustainable, health-promoting, and ethically produced foods has created a major impact on the development of plant-based alternatives for traditional dairy products. Plant-based yogurt has become one of the fastest growing functional food alternatives due to its advertised health benefits, environmental sustainability and compatibility for individuals with dietary restrictions. Due to veganism, lactose intolerance and concerns over animal welfare and greenhouse gas emissions arising from dairy production, market trends predict a substantial rise in the consumption of plant-based dairy alternatives (Boeck et al., 2021; Cichonska et al., 2022).
About 57-65% of the population globally are affected by lactose intolerance, which is a major health concern, especially in Asian and African countries (Acharya et al., 2025). This condition is due to reduced lactase activity, leading to gastrointestinal distress when dairy products are consumed. Consequently, there is a growing demand to develop nutritionally adequate, lactose-free alternatives that can mimic the functional and sensory characteristics of traditional yogurt. In this regard, plant-based yogurt alternatives produced from cereals, legumes, oilseeds and pseudocereals have gained considerable attention (Montemurro et al., 2021; Erem & Kilik-Akyilmaz, 2024).
Pseudocereals are seeds of non-grass species ingested similarly to cereals and possess nutritional content that is extremely competitive with, and in most cases superior to, traditional crops. They are dicotyledonous grains containing large levels of starch, high quantities of carbohydrates, fiber and high-quality proteins with a well-balanced composition of essential amino acids including arginine, tryptophan, lysine and histidine. They are also abundant in vitamins, minerals (including calcium, iron and zinc) and phytochemicals (saponins, polyphenols, phytosterols, phytosteroids and betalains) that may have positive effects on health. The three most frequently consumed pseudocereals are buckwheat (Fagopyrum esculentum; family Polygonaceae), amaranth (Amaranthus spp.; family Amaranthaceae) and quinoa(Chenopodium quinoa; family Chenopodiaceae) (Raungrusmee, 2023).
Because of their remarkable nutritional composition, these pseudocereals have emerged as highly promising raw materials for the production of functional foods. They have superior protein quality over true cereals, characterized by a well-balanced amino acid profile, particularly rich in lysine, methionine and threonine amino acids usually limited in conventional cereals (Morales et al., 2021; Bender & Schoenlechner, 2021). These grains are also rich sources of dietary fiber, essential minerals (such as magnesium, potassium and iron), vitamins and a variety of bioactive compounds such as bioactive peptides, flavonoids and phenolics(Li et al., 2025; Vajdovich et al., 2025). Notably, quinoa can be considered a complete protein source due to having sufficient amounts of each essential amino acid, while all pseudocereals exhibit significantly greater lysine levels than conventional cereals. There is also rising evidence that they exhibit positive effects on cardiometabolic risk factors, such as anti-obesity, anti-hypertensive, anti-hyperglycemic and anti-lipidemic effects (Oztekin and Buyuktuncer, 2026).
Pseudocereals are rich in antioxidants and soluble fiber which help regulate blood sugar, improve digestion and lower blood cholesterol levels, supporting heart health (Manoharan et al., 2025). Researchers have identified six bioactive peptides in amaranth that may strongly inhibit angiotensin converting enzyme (ACE) activity, suggesting a role in controlling blood pressure and supporting cardiovascular health (Toimbayeva et al., 2025). Tartary buckwheat has been shown to lower plasma cholesterol, reduce inflammation and inhibit cell proliferation primarily through its proteins and polysaccharides. Amaranth contributes to reducing blood cholesterol and exhibits antioxidant, antimicrobial, anti-inflammatory and hepatoprotective properties. Quinoa offers antioxidant effects, promotes gut health and reduces inflammation in gut cells (Kaur, 2023). The functional and nutraceutical properties of pseudocereals further enhance their suitability for incorporation into plant-based yogurt formulations, including antioxidant, anti-inflammatory, anti-diabetic and cholesterol-lowering benefits (Gimenez-Bastida et al., 2017; Ranjan & Jacob, 2024). Furthermore, their gluten-free nature makes them particularly valuable for individuals with celiac disease or gluten sensitivity, and their application in fermented products has been shown to improve gut health by acting as prebiotic substrates that promote beneficial microbiota (Ugural & Akyol, 2022).
Fermentation plays a crucial role in enhancing the nutritional, functional and sensory attributes of plant-based yogurt. Lactic acid bacteria (LAB) like streptococcus thermophilus and lactobacillus delbrueckii subsp. Bulgaricus are widely used in yogurt production due to their ability to produce lactic acid, improve texture and confer probiotic benefits (Chandan et al., 2017). Studies on lactic acid fermentation of protein-rich amaranth flour with probiotic LAB strains Lacticseibacillus rhamnous MIUG BL38 and lactic plantibacillus pentosus MIUG BL24 showed enhanced antioxidant activity and increased phenolic content, demonstrating potential for developing gluten-free, tri-biotic enriched functional foods (Souare et al., 2025). Fermentation has also been reported to reduce anti-nutritional factors, increase micronutrient bioavailability, improve protein digestibility and contribute to flavor development while reducing undesirable beany or bitter notes commonly associated with plant-based substrates (Benavides-Guevara, 2023; Thivya & Reddy, 2026).
Despite these benefits, plant-based yogurt alternatives often face significant challenges related to mouthfeel, texture, stability and protein content. Due to the lack of casein proteins, plant-based yogurt often has lower viscosity, greater syneresis and weaker gel structures than dairy yogurt (Greis et al., 2022). Pea protein concentrate, in particular, has gained attention due to its high protein content, balanced amino acid profile, hypoallergenic nature and sustainable production (demir et al., 2023; Zhou et al., 2025). It exhibits excellent emulsifying, foaming and gel-forming properties that can significantly improve the texture, viscosity and stability of plant-based yogurt, while its neutral flavor profile makes it suitable for incorporation without adversely affecting sensory attributes.  
The development of plant-based yogurt using cereals, legumes and pseudocereals has become the primary focus of recent studies. Huang et al., (2022) reported that soybean-quinoa yogurt formulations exhibited greater probiotic viability and enhanced antioxidant activity. Similarly, Habib et al., (2024) demonstrated that yogurt analogues made from germinated amaranth and buckwheat had greater amounts  of antioxidant capacity, dietary fiber and protein. Boophamala et al., (2023) determined that yogurt formulations based on oat, chickpea and pea proteins have higher physicochemical properties and sensory acceptability. These studies highlight the potential of combining multiple plant sources to achieve synergistic improvements in product quality.
However, there remains a significant research gap in the development of optimized formulations that include a variety of pseudocereals with pea protein enrichment to obtain desirable physicochemical, nutritional and sensory characteristics similar to conventional dairy yogurt. In particular, limited studies have focused on the combined utilization of amaranth, buckwheat and quinoa with pea protein concentrate in a single formulation. Therefore, the present study aims to develop and characterize a plant-based yogurt using composite pseudocereals enriched with pea protein concentrate, with outcomes expected to contribute to the advancement of functional plant-based dairy alternatives and support the growing demand for sustainable, nutritious and consumer-acceptable food products.

2. Materials and Methods
2.1 Raw Materials
Pseudocereals including amaranth, quinoa, buckwheat, ragi and oats used in the study were procured from local commercial market in Hyderabad. Pea protein concentrate was procured from the food industry at Hyderabad was incorporated to standardize the protein content of the formulations. Sugar was added as a sweetening agent while xanthan gum and pectin was used as a stabilizer to improve the texture and consistency of the yogurt. Freeze-dried yogurt starter cultures containing Streptococcus thermophilus and Lactobacillus delbrueckii subsp. bulgarius were utilized for the fermentation process. 
2.2 Formulation of Plant-Based Yogurt
The formulations used for yogurt preparation are shown in Table 1

Table 1. Formulation and standardization of composite pseudocereal yogurt

	Formulation
	Amaranth (%)
	Buckwheat (%)
	Quinoa (%)
	Oats (%)
	Ragi (%)
	Yogurt culture (g)
	Pea protein concentrate (PPC)

	PBY-C
	20
	10
	10
	40
	20
	5
	0

	PBY-F1
	20
	10
	10
	40
	20
	5
	Standardized

	PBY-F2
	20
	10
	10
	30
	30
	5
	Standardized

	PBY-F3
	20
	10
	10
	20
	40
	5
	Standardized


NOTE: Formulations may be changed during the standardization process
*Final protein content of yogurt adjusted to 15% before inoculation with pea protein concentrate

2.3 Yogurt Preparation 
Yogurt preparation was carried out under hygienic conditions following a modified fermentation process adapted from hybrid yogurt studies. The pseudocereals (amaranth, quinoa, buckwheat) and ragi were soaked for 8 hours and oats were soaked for 2 hours. Following soaking, the grain was washed neatly under running tap water. Then the grain with addition of water were grinded and extracted the milk using the double muslin cloth. The mixture was mixed thoroughly to obtain a homogenous slurry. Xanthan gum, pectin and sugar act as stabilizers and sweetener respectively were added to improve flavor and texture. Pea protein concentrate was incorporated into formulations to standardize protein content. The mixture was homogenized and pasteurized at 72°C for 1 minute. Following pasteurization, the mixture was cooled to 42°C and inoculated with starter culture. Fermentation was conducted at 42°C for 18 hours until coagulation occurred. The fermented yogurt was refrigerated overnight at 4°C for stabilization.








Figure 1. Flow chart for preparation of yogurt
Yogurt preparation


Amaranth 

Buckwheat
Oats 
Quinoa
Ragi 



     [image: ]             [image: ]               [image: ]             [image: ]             [image: ]	

Soaking 


Extraction of milk

Addition of pea protein concentrate


Homogenization (55-66°C)

	
Pasteurization (72°C for 15sec)


Incubation (40-45°C) 



Addition of starter culture (5%) 


Fermentation (43 ± 1°C for 18hrs)



Cooling and cold storage (4°C)







2.4 Sensory Evaluation 
A 9-point hedonic scale was carried out by a consumer panel (30 panelists) consisting of students and staff of foods and nutrition department, PGRC, College of Agriculture, PJTAU. Samples (25g) of each labelled as PBY-C, PBY-F1, PBY-F2, PBY-F3 were served at 8°C in a randomized order in transparent plastic cups and rated using a 100 mm line scale (Appearance, Consistency, Aroma, Taste, Flavor, Texture, Overall acceptability), where 0 corresponded to “extremely dislike” and 9 to “extremely like”. To avoid potential bias, the order of sample presentation was randomized during evaluation.
2.5 Statistical Analysis
The experiment was carried out using a Randomized Block Design (RBD). To determine significant differences in the yogurt formulations, panelists sensory evaluation data were statistically analyzed using Analysis of Variance (ANOVA). Differences were considered statistically significant at a confidence level of P < 0.05. Mean comparisons among treatments were performed using the Least Significant Difference (LSD) test.
3. Results and Discussion 
The sensory evaluation results indicated significant differences (p < 0.05) among the yogurt formulations for all sensory parameters. The sensory scores are presented in figure 2.

Figure 2. Comparative Sensory Evaluation Scores of Plant-Based Pseudocereal Yogurt Formulations (Control, F1, F2, F3)
Formulation F3 exhibited the highest sensory scores across all evaluated attributes. The improved appearance and texture observed in F3 may be attributed to enhanced gel formation resulting from the interaction between ragi starch and pea protein concentrate. Similar observations have been reported in oat and plant-protein-enriched yogurt systems where improved viscosity contributed positively to sensory quality.
Consistency is one of the most critical attributes influencing yogurt acceptability. F3 showed significantly higher consistency scores compared to other formulations, indicating a thicker and smoother structure. The increased proportion of ragi likely contributed to starch gelatinization during heating, while pea protein improved protein network formation during fermentation. 
Taste and flavor scores also increased with higher ragi incorporation. Although plant-based formulations may exhibit undesirable cereal or beany flavor, the optimized balance of oats, ragi, pseudocereals and pea protein in F3 appeared to improve flavor acceptability. Fermentation likely contributed to the production of desirable flavor compounds that enhanced overall palatability.
Texture scores followed a similar way, with F3 receiving the highest score (8.25). Texture improvement may be related to the synergistic interaction between cereal starch and protein components, leading to stronger gel formation and improved mouthfeel. Previous studies have showed that oat proteins and plant protein concentrates contribute significantly to enhanced yogurt texture and reduced syneresis.
The overall acceptability scores confirmed that F3 was the most preferred formulation among the panelists. Statistical analysis revealed significant differences among formulations, demonstrating the strong influence of ingredient composition on sensory quality. The acceptability index further confirmed the superiority of F3, which achieved the highest consumer acceptance (90.07%).
3.1 Sensory Evaluation and Consumer Acceptability of Composite Pseudocereal-Based Plant Yogurt
The sensory properties of yogurt alternatives are among the most important determinants of consumer acceptance because plant-based formulations often face challenges related to texture, mouthfeel, flavor, and overall palatability. The sensory scores of the composite pseudocereal-based plant yogurt formulations are presented in figure 2. Statistical analysis revealed significant differences (p < 0.05) among formulations for all sensory attributes, indicating that the proportion of oats and ragi, together with pea protein enrichment, significantly influenced product quality and consumer perception.
Table 2. Sensory characteristics and acceptability index of composite pseudocereal-based plant yogurt formulations
	Attributes 
	Appearance 
	Consistency 
	Aroma 
	Taste 
	Flavor 
	Texture 
	Overall Acceptability 
	Acceptability Index

	Control 
	7.650 ± 0.182
	7.350 ± 0.209
	7.350 ± 0.167
	7.200 ± 0.117
	7.250 ± 0.176 
	7.650 ± 0.150
	7.500 ± 0.136
	82.45 ± 1.17

	F1
	7.600 ± 0.184
	7.500 ± 0.154
	7.450 ± 0.185
	7.500 ± 0.170
	7.350 ± 0.150
	7.650 ± 0.150
	7.500 ± 0.115
	83.41 ± 1.23

	F2
	7.350 ± 0.209
	7.050 ± 0.198
	7.150 ± 0.182
	7.150 ± 0.196
	7.350 ± 0.167
	7.100 ± 0.176
	7.500 ± 0.154
	80.39 ± 1.68

	F3
	8.250 ± 0.099
	8.100 ± 0.100
	8.000 ± 0.103
	8.100 ± 0.143
	8.050 ± 0.153
	8.250 ± 0.123
	8.150 ± 0.082
	90.07 ± 0.72

	P value
	<0.001***
	<0.001***
	<0.001***
	<0.001***
	<0.001***
	<0.001***
	<0.001***
	<0.001***



Table 2. Values are expressed as Mean ± Standard Error (n = 30).

The appearance scores ranged from 7.35 to 8.25, with formulation F3 receiving the highest score (8.25 ± 0.009). The improved appearance of F3 may be attributed to enhanced gel formulation and greater structural uniformity resulting from the interaction between starch rich ragi and pea protein concentrate. Similar improvements in visual quality have been reported in cereal-based fermented products where starch contributes to stable gel development and 
reduced syneresis (McClements & Grossmann, 2021).
Consistency scores differed significantly among formulations, with F3 stating the highest score (8.10 ± 0.100). The superior consistency observed in F3 can be attributed to the higher concentration of ragi starch and the functional properties of pea protein concentrate. During heat treatment and fermentation, starch granules undergo gelatinization while pea proteins contribute to network formulation, resulting in enhanced viscosity and water-holding capacity. Plant proteins have been shown to improve the rheological properties of yogurt alternatives by strengthening the protein matrix and reducing serum separation (Grasso et al., 2024).
Aroma scores ranged from 7.15 to 8.00, with F3 achieving the highest value. The development of desirable aroma compounds during fermentation is primarily associated with the metabolic activity of lactic acid bacteria. The balanced formulation of pseudocereals, ragi and oats in F3 may have provided an optimal substrate for fermentation, resulting in improved aroma perception. Similar observations were reported by Jeske et al., (2018), who found that fermentation significantly enhanced flavor and aroma acceptability in plant-based yogurt alternatives.
Taste and flavor are critical determinants of consumer preference. Formulation F3 exhibited significantly higher taste (8.10 ± 0.143) and flavor (8.05 ± 0.153) scores compared with the other treatments. The improved sensory perception may be related to the balanced oat-to-ragi ratio, which reduced undesirable cereal notes while promoting the formation of pleasant acidic and fermented flavors. Aydar et al., (2020) have demonstrated that optimized fermentation conditions can improve flavor development and mask undesirable plant-derived off-flavor in dairy alternatives.
Texture is one of the most challenging quality attributes in plant-based yogurt formulations due to the absence of dairy casein. In the present study, F3 stated the highest texture score (8.25 ± 0.123), significantly exceeding the scores of the other formulations. This improvement may be attributed to the synergistic effect of starch gelatinization from ragi and protein network formation from pea protein concentrate. Similar findings have been reported by Lam et al., (2018), who observed that pea protein contributes positively to gel strength, creaminess and mouthfeel in plant-based dairy alternatives.
The overall acceptability scores confirmed the superiority of F3, which achieved the highest consumer preference score (8.15 ± 0.082). The acceptability index of F3 reached 90.07 ± 0.72%, indicating excellent consumer acceptance. According to sensory evaluation standards, products exhibiting acceptability indices greater than 70% are generally considered suitable for commercialization. Therefore, the results demonstrate that the optimized formulation successfully combined desirable sensory attributes with high consumer acceptability.
3.2 Shelf-Life Studies 
The microbiological stability of the optimized plant-based yogurt was evaluated during refrigerated storage (4 ± 1oC) by determining total bacterial count (TBC) and total mold count (TMC).
3.2.1 Total bacterial count in yogurt during storage period
Table 4. depicts the total bacterial count (TBC) was monitored in the control yogurt (C) and best formulated yogurt (BFY) over a 20-day refrigerated storage period. No bacterial growth was detected in either sample from the initial day up to the 5th day of storage at any dilution level (10-1 to 10-7), indicating good microbiological quality and effective hygienic processing conditions during yogurt preparation.
On the 10th day of storage, initial bacterial growth was observed at the 10-1 dilution in both samples, with control yogurt (C) and BFY recording 1 cfu/ml each. No bacterial growth was detected at higher dilutions, suggesting minimal microbial proliferation during the early stages of storage. By the 15th day, bacterial counts increased slightly in both yogurts. The control sample recorded TBC values of 2 cfu/ml at the 10-1 and 10-2 dilutions and 1 cfu/ml at the 10-3 dilution, whereas BFY exhibited slightly higher counts of 3 cfu/ml at 10-1 dilution and 1 cfu/ml at both 10-2 and 10-3 dilutions. No growth was observed beyond the 10-3 dilution in either sample.
Further storage up to the 20th day resulted in a noticeable increase in bacterial counts. The control yogurt showed a maximum count of 7 cfu/ml at the 10-1 dilution, gradually decreasing to 2 cfu/ml at the 10-1 dilutions. Similarly, BFY recorded 6 cfu/ml at the 10-1 dilution, 4 cfu/ml at the 10-2 dilution, and bacterial growth up to the 10-7 dilution. The presence of microbial growth at higher dilutions on the 20th day indicates progressive bacterial proliferation during extended storage.
According to the Food Safety and Standards Authority of India (FSSAI, 2020) guidelines for fermented milk products, the permissible limit for the total bacterial count is ≤ 1 x 105 cfu/g. Throughout the storage period, the bacterial counts recorded in both the control and BFY samples remained substantially below the prescribed microbiological limit. The gradual increase in bacterial population observed during storage may be attributed to the continued metabolic activity of fermentative microorganisms under refrigerated conditions. Similar trends have been reported in plant-based fermented yogurt alternatives, where microbial counts increased gradually during storage while remaining within acceptable safety limits (Jeske et al., 2018; McClements & Grossmann, 2021). 
The results indicate that both the control yogurt and the best formulated yogurt maintained satisfactory microbiological quality throughout the 20-day refrigerated storage period. Although bacterial counts increased progressively after the 10th day, all values remained within permissible limits, confirming the microbiological safety and storage stability of the developed yogurt (FSSAI, 2020).
Table 3. Total bacterial count of yogurt during refrigerated storage
	Dilutions 
	TBC (cfu/ml)

	
	Initial day 
	5th day 
	10th day 
	15th day 
	20th day 

	
	C
	BFY
	C
	BFY
	C
	BFY
	C
	BFY
	C
	BFY

	10-1
	Nil
	Nil
	Nil
	Nil
	1
	1
	2
	3
	7
	6

	10-2
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil
	2
	1
	5
	4

	10-3
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil
	1
	1
	4
	4

	10-4
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil
	3
	4

	10-5
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil
	3
	3

	10-6
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil
	2
	2

	10-7
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil
	2
	1


3.2.2 Total mold count in yogurt during storage period
Table 5 depicts that the total mold count (TMC) of the control yogurt (C) and best formulated yogurt (BFY) was monitored throughout 20 days of refrigerated storage. No mold growth was detected in either sample from the initial day up to the 5th day at any dilution level (10-1 to 10-7), indicating good microbiological quality and effective hygienic practices during product preparation.
Initial mold growth was observed on the 10th day at the 10-1 dilution, where both control yogurt and BFY recorded 1 cfu/ml. By the 15th day, a slight increase in mold count was noted, with the control sample showing a maximum count of 2 cfu/ml and BFY exhibiting counts up to 2 cfu/ml at the 10-1 dilution. Further increases were observed on the 20th day, where the control yogurt recorded a maximum mold count of 4 cfu/ml, while BFY showed a slightly higher count of 5 cfu/ml at the 10-1 dilutions, indicating gradual fungal proliferation during extended storage.
According to FSSAI (2020) guidelines, the permissible limit for total mold count in fermented products is ≤ 1 x 102 cfu/g. The mold counts recorded in both samples remained well below the permissible limit throughout the storage period, confirming their microbiological safety. Similar increases in mold counts during refrigerated storage have been reported in fermented plant-based yogurt products, where fungal growth remained within acceptable limits under proper storage conditions (Jeske et al., 2018; Tamime et al., 1999).
The results indicate that control yogurt and BFY maintained satisfactory microbiological quality during the 20-day refrigerated storage period. Although mold counts gradually increased after the 10th day, all values remained within acceptable safety limits, demonstrating good storage stability of the developed yogurt (FSSAI, 2020).
Table 4. Total mold count yogurt during refrigerated storage
	Dilutions 
	TMC (cfu/ml)

	
	Initial day 
	5th day 
	10th day 
	15th day 
	20th day 

	
	C
	BFY
	C
	BFY
	C
	BFY
	C
	BFY
	C
	BFY

	10-1
	Nil
	Nil
	Nil
	Nil
	1
	1
	2
	2
	4
	5

	10-2
	Nil
	Nil
	Nil
	Nil
	Nil
	1
	2
	1
	3
	3

	10-3
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil
	1
	1
	3
	4

	10-4
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil
	1
	1
	2
	3

	10-5
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil
	2
	3

	10-6
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil
	1
	2

	10-7
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil
	1
	1



Conclusions
This study developed a composite pseudocereal-based plant yogurt enriched with pea protein concentrate and evaluated its sensory quality and refrigerated storage stability. Among the four formulations tested, PBY-F3 showed the highest sensory acceptance. It recorded superior scores for appearance, consistency, aroma, taste, flavor, texture, and overall acceptability, with an acceptability index of 90.07%. The improved sensory performance of this formulation may be related to the balance of ragi, oats, pseudocereals, and pea protein concentrate, which likely contributed to better texture, mouthfeel, and flavor perception.
Microbiological observations during refrigerated storage showed gradual increases in total bacterial and mold counts after storage, but the counts remained low throughout the 20-day period under the experimental conditions. These findings indicate that the optimized formulation maintained acceptable sensory quality and microbiological stability during refrigerated storage in this study.
The results suggest that amaranth, buckwheat, quinoa, ragi, oats, and pea protein concentrate can be combined to develop a plant-based yogurt alternative with good sensory acceptability. However, additional analyses of proximate composition, pH, acidity, syneresis, rheology, probiotic viability, pathogen safety, and consumer acceptance are required before making broader nutritional or commercial claims.
Limitations
This study has several limitations. First, sensory evaluation was conducted with only 30 untrained panelists from an institutional setting, so the findings may not represent wider consumer preference. Second, the study focused mainly on sensory scores and basic microbial counts, while detailed physicochemical properties such as pH, titratable acidity, viscosity, syneresis, water-holding capacity, and rheology were not reported. Third, nutritional composition was not fully analysed, although protein standardization was stated. Fourth, shelf-life assessment was limited to total bacterial and mold counts and did not include yeast, coliforms, pathogens, probiotic viability, or sensory changes during storage. Fifth, the exact quantities of stabilizers, sugar, water, and pea protein concentrate were not fully specified. Future studies should include complete formulation details, broader consumer testing, nutritional profiling, safety testing, and storage-quality evaluation.
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Future Perspectives 
Further studies may focus on detailed physicochemical characterization, nutritional profiling, rheological properties, probiotic viability, bioactive compound retention and large-scale consumer acceptance to strengthen product development and commercialization. Additionally, the formulated plant-based pseudocereal and pea protein blend can be explored for the development of other value-added dairy alternatives such as ice cream, frozen desserts, fermented beverages, cheese analogues and functional food products, thereby expanding its commercial applications and market potential.
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