


Shelf life evaluation of protein rich crackers prepared from composite flours of soybean and Peas

ABSTRACT
The present investigation was undertaken to evaluate the shelf life of protein rich crackers prepared from composite flours of soybean (Glycine max) and pea (Pisum sativum). Crackers were formulated by replacing refined wheat flour with varying proportions of soybean and pea flours, and their sensory acceptability was assessed using a 9-point hedonic scale. Among all formulations, PRC₄ containing 70 per cent soybean flour and 30 per cent pea flour exhibited the highest scores for colour, texture, taste, flavour, and overall acceptability and was therefore selected for storage studies. Shelf-life evaluation was conducted over a period of 30 days at ambient conditions, with analyses carried out at 15 day intervals to assess moisture content, colour parameters (L*, a*, b*, C*, H°), texture (hardness), microbial quality (total plate count), and biochemical indicators including free fatty acid and peroxide values. Results revealed a gradual increase in moisture content, microbial load, free fatty acid, and peroxide values during storage; however, all values remained within the permissible limits prescribed by FSSAI. Minor reductions in lightness and hardness were observed, indicating slight quality changes without compromising product safety. The findings suggest that protein rich crackers prepared from soybean and pea composite flours possess acceptable sensory qualities and satisfactory shelf stability for up to 30 days, making them a suitable and nutritionally enhanced snack option for sportspersons and health-conscious consumers.
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1. INTRODUCTION
  Cracker biscuits, commonly known as crackers, are a category of baked cereal products that are primarily made of wheat flour and other basic ingredients such as salt, fats like butter or oil, and leavening agents such as yeast and baking powder (Ujong et al., 2023). Crackers are not only a popular snack among the Indian population but have also gradually gained significance within the food industry due to their rich nutritional profile and extended shelf life compared to other ready-to-eat food items (Chavan et al., 2016).
In the present era of research focused on the development of crackers using healthier and sustainable alternatives to refined wheat flour, the utilization of legume-based flours such as chickpea, soybean, and peas has gained considerable importance within the food industry (Roger et al., 2022; Kohajdova et al., 2013). These legume-based flours, which are rich sources of protein, provide a comprehensive profile of essential amino acids that contribute to enhanced satiety, muscle maintenance, and metabolic health, making them particularly beneficial for athletes and fitness-oriented individuals (Pasiakos et al., 2015). This research addresses this nutritional gap by incorporating soybean and peas as functional, protein rich ingredients in the development of a novel cracker product suited for sportspersons.
Among plant-based proteins, soy protein is characterized by a highly advantageous amino acid composition, containing most essential amino acids except methionine (Salim et al., 2017). Soybean (Glycine max) protein supplementation has also shown promising results in reducing plasma triglyceride levels and low-density lipoproteins and is known to prevent osteoporosis in sportspersons (Roger et al., 2022).
Peas (Pisum sativum), on the other hand, are a rich source of nutrients, primarily comprising 21 per cent protein, carbohydrates, water-soluble vitamins, and minerals, making them an essential component of the human diet (Sreerama et al., 2012). They are also gluten-free, making them suitable for individuals suffering from celiac disease. Peas possess abundant functional properties, and their significance in improving the shelf stability of diverse food products has been well established (Ettoumi and Chibane, 2015). Given these beneficial functional properties, especially their influence on product stability, it becomes important to understand how the incorporation of legumes such as peas and soybean affects the overall shelf life of fortified baked products like protein rich crackers.
The shelf life of protein rich crackers is an important quality parameter because ingredients such as legumes can influence moisture retention, lipid oxidation, and microbial stability during storage. Studies on high-protein snack products have shown that moisture content, peroxide value, and free fatty acids gradually increase during storage, yet remain within safe consumption limits when products are properly packaged (Ahmad et al., 2017). Microbial loads such as total plate count, yeast, and mould typically stay below permissible limits in low-moisture crackers. Protein enriched crackers developed with alternative ingredients such as Tenebrio molitor flour, seaweed (e.g., Gracilaria tenuistipitata), or sweet potato flour have demonstrated stable shelf life under ambient conditions, with only slight increases in moisture and oxidation values over time (Djouadi et al., 2022; Raiyan et al., 2024; Islam et al., 2025).
Therefore, assessing shelf life is essential to determine how the physicochemical and microbial qualities of soybean and pea based protein rich crackers change over time and to ensure that the product remains safe, stable, and acceptable for consumption during the intended storage period. The current research was undertaken to determine the shelf life of protein rich crackers prepared from composite flours comprising soybean and peas. The shelf life of a food product is defined as the period during which the food maintains acceptable quality from the standpoint of safety and sensory attributes, ensuring suitability for consumption. In the present study, the crackers were evaluated for their shelf life to assess changes in quality over time, thereby determining their suitability for human consumption during the defined storage period.
2. MATERIALS AND METHODS
2.1 Base ingredients 
           In the present study, soybean and peas were selected as the base ingredients. The known variety of soybean (JS- 20-116) was procured from Assam Agricultural University, Jorhat, Assam whereas peas (IPF-16-13) were procured from the Indian Institute of Pulses Research, Kanpur.
2.2 Processing of base ingredients
	The soybean seeds (Glycine max) of known variety (JS- 20-116) were processed into flour by slight modification of the methods given by (Venkateswari and Parameshwari, 2016) and (Farzana and Mohajan, 2015). Soybean seeds were sorted and soaked in water (1:2, w:v) for 12 hours. Water was drained through a strainer upon removal of the seed coats. The seeds were dried at 50°C for 8 hours, ground to flour using an electrical mixer grinder and sieved with 60 mesh size (0.25 mm). The flour was then stored in an air tight container.
            The pea seeds (Pisum sativum) of known variety (IPF-16-13) were processed into flour by slight modification of the method given by (Qayyum et al.,2017). Pea seeds were sorted and soaked in water (1:2, w:v) for 12 hours. Seed coats were removed followed by removal of water which was drained through a strainer. The seeds were dried at 50°C for 8 hours, ground to flour using an electrical mixer grinder and sieved with 60 mesh size (0.25 mm). The flour was then stored in an air tight container.
2.3 Formulations of the protein rich crackers
           Crackers were prepared using the method given by (Gerlat et al., 2010) with slight modification. Soybean, identified as the most suitable ingredient along with pea for preparing the crackers, was incorporated into the various formulations presented in Table 1. Henceforth, soybean flour of known variety (JS- 20-116) and pea flour of known variety (IPF-16-13) were mixed with dry ingredients that were butter, salt and kasuri methi and eventually made into a dough using water. It was followed by resting of dough for 10 minutes, sheeting and then cutting of dough into round shapes. The crackers were baked in the electric oven at 150°C for 25 minutes and cooled to room temperature prior to the sensory evaluation. Other ingredients such as butter (30g), kasuri methi (2g) and salt (1g) were kept constant for all formulations.
Table 1    Formulations of the protein rich crackers
	Formulation
	Refined Wheat Flour (g)
	Soybean Flour (g)
	Pea Flour (g)

	Control
	100
	–
	–

	PRC1
	–
	100
	–

	PRC2
	–
	90
	10

	PRC3
	–
	80
	20

	PRC4
	–
	70
	30

	PRC5
	–
	60
	40

	PRC6
	–
	50
	50

	PRC7
	–
	40
	60

	PRC8
	–
	30
	70

	PRC9
	–
	20
	80

	PRC10
	–
	10
	90

	PRC11
	–
	–
	100



2.4 Sensory Evaluation of the formulated protein rich crackers 
             A 9-point hedonic scale score card (Peryam and Pilgrim, 1957) was used to evaluate the sensory attributes of the developed crackers, including colour, texture, taste, flavour, and overall acceptability. Sensory evaluation was conducted by fifteen trained and semi-trained panelists from the Department of Food and Nutrition, Assam Agricultural University, Jorhat.
2.5 Moisture content of developed protein rich cracker across storage
[bookmark: _Hlk216472318]	The moisture content of developed protein rich cracker across storage was determined using the A.O.A.C (2010) method at an interval of 15 days for a total period of 30 days.
2.6 Colour of developed protein rich cracker across storage
           The instrumental surface color, expressed in CIE L*a*b format, of the formulated protein rich cracker was assessed utilizing a Hunter Lab Mini Scan XE Plus Color Meter, which operates under Illuminant D65 with a 2.5 cm diameter aperture and a 10º standard observer. The samples were measured at an interval of 15 days for a total storage period of 30 days.
2.7 Texture of developed protein rich cracker across storage
               Texture of developed protein rich cracker was determined using Texture Analyzer machine (Brookfield Engineering Lab. Inc., USA). Hardness was calculated from TPA graph i.e. force vs. time texturogram in Newton (N). This peak corresponds to the maximum force required to break the cracker. The samples were measured at an interval of 15 days for a total storage period of 30 days.
2.8 Shelf life of developed protein rich cracker 
              The shelf life of the developed protein rich crackers was evaluated through microbial and biochemical quality assessments conducted during storage. Microbial quality was assessed at 15-day intervals over a 30-day period, during which the total plate count (TPC) was determined using the FSSAI (2023) method to monitor microbial stability and ensure product safety. Biochemical changes were evaluated by determining the free fatty acid (FFA) content and peroxide value (PV), which indicate lipid hydrolysis and primary lipid oxidation, respectively. Both FFA and PV were estimated following standard procedures described by A.O.A.C (2000). These analyses collectively helped in assessing the oxidative stability and microbial safety of the protein rich crackers throughout the storage period.
2.9 Statistical Analysis 
                Data obtained of the developed products were subjected to completely randomized design to determine the difference between treatment means by using SPSS software.
1. RESULTS AND DISCUSSIONS
3.1   Sensory evaluation of the developed protein rich crackers
Protein rich crackers were developed and assessed for sensory characteristics, including a control and eleven variations (PRC₁–PRC₁₁) presented in Table 2. Among the formulations, PRC₄ consistently received the highest scores for colour, texture, taste, flavour and overall acceptability, indicating superior sensory properties compared to other variants and was therefore selected for further analysis of moisture content, colour, texture, and shelf life study across the storage period.  The control, along with PRC₁, PRC₂, PRC₃, PRC₅ and PRC₆, also showed good acceptance across attributes. However, formulations PRC₇ to PRC₁₁ recorded lower scores in all sensory parameters, reflecting reduced visual appeal, texture quality and palatability at higher incorporation levels.
Table 2 Sensory evaluation of developed protein rich crackers
	Formulation
	Colour
	Texture
	Taste
	Flavour
	Overall acceptability

	Control
	7.20±0.41b
	7.13±0.35b
	7.53±0.51c
	7.13±0.35b
	7.46±0.51cd

	PRC1
	7.26±0.45b
	7.20±0.41b
	7.20±0.41b
	7.20±0.41b
	7.20±0.41bc

	PRC2
	7.20±0.41b
	7.13±0.35b
	7.60±0.50c
	7.13±0.35b
	7.13±0.35b

	PRC3
	7.13±0.35b
	7.26±0.45b
	7.13±0.35b
	7.26±0.45b
	7.20±0.41bc

	PRC4
	7.86±0.35c
	7.60±0.50c
	7.66±0.48c
	7.60±0.50c
	7.73±0.45d

	PRC5
	7.20±0.41b
	7.13±0.35b
	7.20±0.41b
	7.13±0.35b
	7.33±0.48bc

	PRC6
	7.20±0.41b
	7.20±0.41b
	7.13±0.35b
	7.20±0.41b
	7.13±0.35b

	PRC7
	4.80±0.41a
	5.00±0.65a
	4.80±0.41a
	5.00±0.65a
	4.86±0.35a

	PRC8
	4.86±0.35a
	4.80±0.41a
	4.86±0.35a
	4.80±0.41a
	4.86±0.35a

	PRC9
	4.73±0.45a
	4.86±0.35a
	4.73±0.45a
	4.86±0.35a
	4.93±0.25a

	PRC10
	4.86±0.35a
	4.86±0.35a
	4.93±0.25a
	4.86±0.35a
	4.73±0.45a

	PRC11
	4.86±0.35a
	4.80±0.41a
	4.80±0.41a
	4.80±0.41a
	4.86±0.35a


Values are mean± SD of fifteen replications.
Means with different superscript within the same column are significant at p<0.05 
Control= 100 per cent refined wheat flour; PRC1 = 100 per cent soybean flour; PRC2 = 90 per cent soybean flour and 10 per cent pea flour; PRC3 = 80 per cent soybean flour and 20 per cent pea flour; PRC4 = 70 per cent soybean flour and 30 per cent pea flour; PRC5 = 60 per cent soybean flour and 40 per cent pea flour; PRC6 = 50 per cent soybean and pea flour; PRC7 = 40 per cent soybean flour and 60 per cent pea flour; PRC8 = 30 per cent soybean flour and 70 per cent pea flour; PRC9 = 20 per cent soybean flour and 80 per cent pea flour; PRC10 = 10 per cent soybean flour and 90 per cent pea flour; PRC11 = 100 per cent pea flour.

[bookmark: _Hlk207180521]3.2 Moisture content of developed protein rich cracker across storage
	The moisture content of the developed protein rich cracker during a 30 day storage period is presented in Table 3. The control formulation showed moisture contents of 5.26 ± 0.01 per cent at 0 day, 5.28 ± 0.01per cent at 15 days and 5.31 ± 0.01per cent at 30 days, respectively. In the protein rich cracker (PRC4), the moisture content was 5.22 ± 0.01per cent on the 0th day, 5.25 ± 0.01 per cent on the 15th day and 5.28 ± 0.01 per cent on the 30th day. The moisture content of both the control and PRC4 formulations varied significantly (p ≤ 0.05) across the storage intervals. This increase could be attributed to the hygroscopic nature of crackers, which absorbed moisture from the environment during storage (Qadri et al., 2018). Similar findings were reported by Ahmad et al., (2017), where moisture content of pulse based snacks increased from 3.2 per cent to 5.8 per cent over 90 days of storage, and by Raiyan et al., (2024), who found progressive moisture increased in Gracilaria based crackers during 30 days of storage. Pallavi et al., (2025) also reported moisture gain in soy and sattu based crackers over 30 days, confirming their sensitivity to ambient humidity.

Table 3 Moisture content of developed protein rich cracker across storage

	Formulations
	0th day (%)
	15th day (%)
	30th day (%)
	CD(0.05)

	Control
	5.26±0.01a
	5.28±0.01b
	5.31±0.01c
	0.013

	PRC4
	5.22±0.01a
	5.25±0.01b
	5.28±0.01c
	0.013


Values are mean± SD of three replications. 
Means with different superscript within the same row are significant at p<0.05. 
Control=100 per cent refined wheat flour; PRC4= 70 per cent soybean and 30 per cent pea flour
NS- Non significant

3.3 Colour of developed protein rich cracker across storage 
The colour attributes of the developed protein rich cracker (Table 4) were evaluated at 15 day intervals over 30 days of storage. On the 0th day, the L* value of the control cracker was 60.01 ± 0.75, while PRC4 showed 51.51 ± 0.08. By the 15th day, the control recorded an L* value of 59.63 ± 0.74 and PRC4 recorded 51.17 ± 0.82, while on the 30th day, values further decreased to 59.40 ± 0.72 and 51.06 ± 0.75, respectively, indicating a reduction in lightness during storage. The a* value of the control increased from 4.68 ± 0.10 (0th day) to 4.91 ± 0.20 (15th day) and 5.41 ± 0.45 (30th day), whereas PRC4 increased from 6.97 ± 0.71 to 7.89 ± 0.25 and 8.03 ± 0.02 over the same period, showing significant (p ≤ 0.05) redness development. The b* and C* values also increased significantly (p ≤ 0.05) across storage in both formulations, with the control rising from 21.80 ± 0.88 to 23.27 ± 0.16 (b*) and 22.30 ± 0.84 to 23.89 ± 0.24 (C*), while PRC4 ranged from 14.02 ± 0.19 to 14.74 ± 0.19 (b*) and 15.66 ± 0.42 to 16.78 ± 0.16 (C*). In contrast, the hue angle (H°) slightly decreased in both control (77.85 ± 0.71 to 76.91 ± 1.00) and PRC4 (63.59 ± 2.22 to 61.41 ± 0.38), though the changes were not statistically significant. 
This reduction in lightness might be linked to lipid oxidation as well as Maillard and caramelization reactions that occur during baking and storage (Giannoutsos et al., 2023). Comparable observations were made by Djouadi et al., (2022), who reported slight darkening of Tenebrio molitor enriched crackers during storage, and Pallavi et al., (2025), where soy and sattu based crackers showed noticeable but acceptable colour changes with time.
Table 4   Colour of developed protein rich cracker across storage
	Formulations
	Days
	L*
	a*
	b*
	C*
	H°

	Control
	0th  Day
	60.01±0.75ab
	4.68±0.10a
	21.80±0.88a
	22.30±0.84a
	77.85±0.71a

	
	15th Day
	59.63±0.74ab
	4.91±0.20ab
	22.17±0.57ab
	22.70±0.60ab
	77.51±0.24a

	
	30th Day
	59.40±0.72a
	5.41±0.45b
	23.27±0.16b
	23.89±0.24b
	76.91±1.00a

	
	CD
(0.05)
	1.047
	0.411
	0.866
	0.863
	NS

	PRC4
	0th  Day
	51.51±0.08a
	6.97±0.71b
	14.02±0.19a
	15.66±0.42a
	63.59±2.22a

	
	15th Day
	51.17±0.82a
	7.89±0.25b
	14.35±0.47ab
	16.38±0.53ab
	61.19±0.06a

	
	30th Day
	51.06±0.75a
	8.03±0.02b
	14.74±0.19b
	16.78±0.16b
	61.41±0.38a

	
	CD (0.05)
	NS

	NS

	0.442
	0.572
	NS


L indicates lightness or darkness (0= black, 100= white), In Hunter colour Lab, 
a* indicates the hue on the green to red axis (negative value= greenness, positive value = redness), 
b* indicates the hue on the blue to yellow axis (negative value=blueness, positive value = yellowness),
Chroma (C*) is the intensity of the hue [C * = (a*2 + b*2) 1/2]. 
Hue angle (H°) is the angle in the colour wheel of 360° (H°= tan-1b*/a*).  
Values are mean ± SD of three replications. 
Means with different superscript within the same column are significant at p<0.05
NS- Non significant
Control = 100 per cent refined wheat flour; PRC4= 70 per cent soybean and 30 per cent pea flour

3.4 Texture of developed protein rich cracker across storage
Texture of the developed protein rich cracker (Table 5) was analyzed at an interval of 15 days for a total period of 30 days across storage. On the 0th day of storage, the hardness of the control cracker recorded value of 448.33±1.52 N while in PRC4, the hardness of the cracker recorded value of 441.66±1.45N, respectively. On the 15thday of storage, the hardness of the control cracker recorded value of 445.46±0.80N while in PRC4, the hardness of the cracker recorded value of 436.80±1.51N, respectively. On the 30thday of storage, the hardness of the control cracker recorded value of 442.46±1.25N while in PRC4, the hardness of the cracker recorded value of 432.36±2.11N, respectively. The decrease in hardness over the storage period for control and PRC4 at 0, 15, 30 was statistically significant (p ≤ 0.05) for both formulations.
This decline in hardness indicated loss of crispness, mainly due to moisture absorption, which softened the cracker matrix (Qadri et al., 2018). Similarly, Raiyan et al., (2024) reported texture softening in Gracilaria based crackers, and Pallavi et al., (2025) noted that sattu based crackers lost crispiness faster than soy based cracker due to higher moisture uptake.
Table 5 Texture of developed protein rich cracker across storage
	Formulations
	Days
	Hardness (N)

	Control
	0th  Day
	448.33±1.52c

	
	15th Day
	445.46±0.80b

	
	30th Day
	442.46±1.25a

	
	CD (0.05)
	1.734

	PRC4
	0th  Day
	441.66±1.45c

	
	15th Day
	436.80±1.51b

	
	30th Day
	432.36±2.11a

	
	CD (0.05)
	2.427


Values are mean ± SD of three replications. 
Means with different superscript within the same column are significant at p<0.05
NS- Non significant
Control = 100 per cent refined wheat flour; PRC4= 70 per cent soybean and 30 per cent pea flour


3.5   Shelf life of developed protein rich cracker 
3.5.1 Microbial quality of developed protein rich cracker across storage
The microbial quality of the developed protein rich cracker during a 30 day storage period is presented in Figure 1. In the control formulation, the microbial load increased significantly (p ≤ 0.05) from 0.39 ± 0.01 cfu/ml at 0 day to 0.49 ± 0.01 cfu/ml at 15 days and further to 0.64 ± 0.01 cfu/ml at 30 days. Similarly, in the protein rich cracker (PRC4), the microbial load increased from 0.35 ± 0.01 cfu/ml on the 0th day to 0.47 ± 0.01 cfu/ml on the 15th day and further to 0.62 ± 0.01 cfu/ml on the 30th day. The differences observed among the storage intervals of PRC4 were found to be statistically significant (p ≤ 0.05).
All values were well within the FSSAI (2023) permissible limit of 104–106 CFU/g for ready-to-eat foods. This pattern was in accordance with Ahmad et al., (2017), who observed total plate count increased from <102 CFU/g to 3.2 × 103 CFU/g in pulse based snacks after 90 days. Djouadi et al., (2022) and Raiyan et al., (2024) also reported that microbial counts in protein and seaweed based crackers remained well within safe limits. 


           Figure 1:  Microbial quality of the developed protein rich cracker across storage

3.5.2    Free fatty acid value of developed protein rich cracker across storage
   	The free fatty acid value of the developed protein rich cracker during a 30 day storage period is presented in Table 2. In the control formulation, the free fatty acid increased significantly (p ≤ 0.05) from 0.13 ± 0.01 per cent at 0 day to 0.34 ± 0.01per cent at 15 days and further to 0.44 ± 0.01 per cent at 30 days. Similarly, in the protein rich cracker (PRC4), the free fatty acid increased from 0.16 ± 0.01per cent on the 0thday to 0.36 ± 0.01 per cent on the 15th day and further to 0.45 ± 0.01per cent on the 30thday. These results were found to be statistically significant (p ≤ 0.05) across the storage intervals.
Although PRC4 showed higher values due to its greater fat content from soybean flour, all remained within the FSSAI (2023) limit of 0.5 per cent. This trend was consistent with Ahmad et al., (2017), who reported free fatty acid increased from 0.21 per cent to 0.65 per cent in pulse based snacks after 90 days. Pallavi et al., (2025) also observed a gradual but safe increase in free fatty acid in soy and sattu based crackers and the higher rate in PRC4 which might be attributed to triglyceride hydrolysis from soybean lipids.


         Figure 2:   Free fatty acid value of the developed protein rich cracker across storage
3.5.3   Peroxide value of developed protein rich cracker across storage
The peroxide value of the developed protein rich cracker during a 30day storage period is presented in Table 3. In the control formulation, the peroxide value increased significantly (p ≤ 0.05) from 0.22 ± 0.01 meq/kg at 0 day to 0.43 ± 0.01 meq/kg at 15 days and further to 0.64 ± 0.01 meq/kg at 30 days. In the protein rich cracker (PRC4), the peroxide value  also increased significantly (p ≤ 0.05) from 0.24 ± 0.01 meq/kg on the 0th day to 0.46 ± 0.01 meq/kg on the 15th  day and further to 0.68 ± 0.01 meq/kg on the 30th day.
Although PRC4 showed higher values, all remained well below the FSSAI (2023) specification of <10 meq/kg. These findings were in line with Ahmad et al., (2017), who reported peroxide values rising from 0.8 to 4.5 meq/kg fat in pulse enriched snacks, and Djouadi et al., (2022), who observed gradual increase in peroxide value in Tenebrio based crackers during storage. Pallavi et al., (2025) also documented safe but progressive peroxide value increased in soy and sattu based crackers over 3 months. The increase in peroxide value during storage could be attributed to oxidative rancidity, as lipids undergo oxidation over time which accelerated peroxide formation (Nwosu and Akubor, 2018). In the case of PRC4, the higher peroxide value could be likely due to the abundance of unsaturated fatty acids in soybean, which were more susceptible to oxidation compared to refined wheat.

               Figure 3:    Peroxide value of the developed protein rich cracker across storage
4.  CONCLUSION
The present study demonstrated the feasibility of developing protein rich crackers using composite flours of soybean and pea. Among the different formulations evaluated, PRC₄ containing 70 per cent soybean flour and 30 per cent pea flour exhibited the highest sensory acceptability and was identified as the most suitable formulation. Shelf-life evaluation over a 30-day ambient storage period revealed a gradual increase in moisture content, microbial load, free fatty acid, and peroxide values in both control and protein rich crackers. However, all physicochemical, microbial, and biochemical parameters remained well within the permissible limits prescribed by FSSAI, confirming the safety and stability of the product during storage. Minor changes in colour and texture were observed, indicating slight quality deterioration without affecting overall acceptability. The findings suggest that protein rich crackers prepared from soybean and pea composite flours possess satisfactory shelf stability and sensory quality, making them a nutritionally enhanced, safe, and shelf-stable snack suitable for sportspersons and health-conscious consumers.
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Microbial Quality  (cfu/ml)

Control	0th day 	15th day 	30th day 	0.39	0.49	0.64	PRC4	0th day 	15th day 	30th day 	0.35	0.47	0.62	



Free fatty acid (%)

Control	0th day 	15th day	30th day 	0.13	0.34	0.44	PRC4	0th day 	15th day	30th day 	0.16	0.36	0.45	



Peroxide Value (meq/kg) 

Control	0th day 	15th day 	30th day 	0.22	0.43	0.64	PRC4	0th day 	15th day 	30th day 	0.24	0.46	0.68	






