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Comparative Evaluation and Characterization of Grape Pomace from Different Varieties for Functional Food Application


ABSTRACT
Agro-industrial by-products are gaining greater importance in recent times; one such by-product is the grape pomace, produced abundant quantities from wineries. It possesses a higher bio active profile, which can be greatly useful for valorization of various food products. With an objective to harness its potential, present study compared the physicochemical, functional, and compositional properties of pomace derived from three grape (Vitis vinifera L.) varieties, Pusa Navrang, Bangalore Purple, and Red Globe. Varieties found to have significant differences (p < 0.05) in the parameters assessed. Tapped density and Hausner ratio differed, indicating variations in powder compaction and flow behavior, bulk density did not differ considerably between the samples (0.35–0.38 g/mL). Due to its substantially greater dietary fiber content (53.06%), Pusa Navrang pomace showed the highest water absorption ability (3.64 g/g) and oil absorption capacity (2.13 g/g). Red Globe pomace had the highest pH (4.24) and reducing sugar content (8.46 g/100 g), whereas Bangalore Purple pomace had the lowest pH (3.56) and maximum titratable acidity (1.17%). Ash content ranged from 4.92 to 5.11%, whereas protein content ranged from 11.76 to 13.15%. Pusa Navrang pomace had more redness (a* 9.52) and was darker (L* 22.12), indicating higher pigment intensity, according to colour analysis. Overall, the results show that the properties of grape pomace vary depending on the variety, and careful grape pomace selection can improve its use in functional foods and food items with added value.
1. INTRODUCTION
Grapes (Vitis vinifera L.) are one of the earliest domesticated fruit crops, grown all over the world in a variety of cultivars that are suited to various agroclimatic situations. Grapes are vital for both table and processing because of their nutritional and health-promoting qualities, which go beyond their aesthetic appeal. Spain, Italy, China, and the United States are major producers of grapes (FAO, 2022). Evidence of grape production in India dates back several centuries. A total of 3,781 MT of grapes were produced in 2024–2025 over an area of about 171 thousand hectares (NHB, 2024–25, First Advance Estimate; Anonymous, 2025). With an average productivity of 21.21 t/ha, India also had the highest grape yield in the world. Grapes are one of the main crops with substantial export potential because of their high productivity and quality; in 2024–2025, exports reached 267,950.39 MT, valued at ₹2,543.42 crores (APEDA, 2025). Red grape varieties have become more popular among consumers in recent years as a result of the growth of the juice and wine industries as well as increased awareness of their health advantages. Wineries use roughly 80% of the entire grape crop, producing 13–25% pomace as a byproduct of vinification. A significant agro-industrial waste from wineries and distilleries, grape pomace is the solid residue left over after juice or wine preparation. It is mainly composed of skins, seeds, stems, and leftover pulp (Dávila et al., 2017). Due to its richness of bioactive compounds, such as dietary fiber, pectin, oligosaccharides, polyphenols, flavonoids, tannins, anthocyanins, and resveratrol, grape pomace once thought of as waste and discarded, but recently it has garnered significant attention (Martins et al., 2020). The need for sustainable by-product management practices that support resource recovery and valorization is emphasized by the environmental problems caused by improper disposal of this biomass (Martínez-Meza et al., 2021). Although grape pomace has been widely recognized as a promising functional ingredient, its composition and functional properties are known to vary significantly depending on grape variety, growing conditions, and intended end use. Nevertheless, there are still few systematic comparative studies evaluating pomace from different grape varieties grown under Indian conditions; in particular, there is a clear research gap regarding the comparison of the physicochemical, functional, and bioactive characteristics of pomace derived from table, juice, and wine grape varieties. The current study compared grape pomace from three different grape varieties—Red Globe, Bangalore Purple, and Pusa Navrang—in order to close this gap. Large, spherical to slightly oval red to reddish-purple berries with thick skin, luscious flesh, and two to four seeds per berry make Red Globe a popular table grape that may be eaten fresh or stored for a long time. Bangalore Purple, which is mostly produced in Karnataka, yields small, ovoid, dark-purple berries with thick skin and seeds. It may be used to make wine and juice since it yields a clear, purple juice with 16–18% total soluble solids. A teinturier type with pigmented juice and two to three seeds per berry, Pusa Navrang is a hybrid of “Madeleine Angevine” and “Ruby Red”. It is widely used to make wines and juices. The study is to clarify varietal influences on pomace qualities and determine their viability for valorization as functional ingredients in the development of novel food and value-added products by comparing pomace generated from these different grape varieties.
2. MATERIALS AND METHODS
2.1  Material
Pomace from two grape varieties, ‘Pusa Navrang’ and ‘Bangalore Purple,’ was used in this study. ‘Pusa Navrang’ grapes were obtained from the Division of Fruits and Horticultural Technology at the Indian Agricultural Research Institute, New Delhi. ‘Red Globe’ grapes were procured from the local super market (Delhi, India). The grapes were blanched, and crushed to separate the juice using a hydraulic press, and the remaining skins, seeds, and stalks were dried in a tray dryer at 60°C for 6 h, ground, sieved (50-mesh sieve), packed, and stored at -18°C until further use. The dried pomace of ‘Bangalore Purple’ grapes was procured from Winery. It was ground, sieved, and stored in airtight zip pouches at -18°C until further use. All the chemicals used in the study for the analysis were of analytical grade. 
2.2 Physical properties of grape pomace powder
2.2.1 Bulk density and tapped density 
A quantity of ten grams of the pomace powder obtained from ‘Bangalore Purple’ and ‘Pusa Navrang’ was placed into a graduated cylinder and the bulk density was determined by dividing the sample mass by the occupied volume, expressed in g/mL. Subsequently, the same cylinder was tapped on a table surface 100 times from a height of 10 cm. The volume occupied by the powder post-tapping was then employed to compute the tapped density, following the method outlined in the AOAC (Association of Official Analytical Chemists) guidelines in the year 2000.
2.2.2 Carr’s index and Hausner’s ratio
Carr’s index, synonymous with compressibility, is indirectly linked to the relative flow rate, cohesiveness, and particle size of the powdered sample. Additionally, Hausner’s ratio serves as an indirect indicator of the ease of powder flow. The determination of these characteristics for grape pomace powder involved the application of the formulae outlined by Carr (1965) and Hausner in 1967.



2.3 Functional properties of grape pomace powder
2.3.1 Oil absorption capacity 
A centrifuge tube that had been previously weighed was filled with 0.5 g of the pomace powder in order to measure the oil absorption capacity (OAC). The tube was then filled with 5 mL of refined sunflower oil. The mixture was vortexed for one minute, and incubated at room temperature for thirty minutes, and then centrifuged for thirty minutes at 5000g. The tube holding the sediment was reweighed after the properly decanted supernatant was separated. According to the methods described by Pooja et al. (2023), OAC is the amount of oil absorbed per gram of grape pomace powder.
2.3.2 Water absorption capacity 
One gram of grape pomace powder and ten milliliters of Milli-Q water were combined in a centrifuge tube that had been previously weighed in order to calculate the water absorption capacity (WAC). The mixture was centrifuged at 5000g for an additional 30 minutes after being vortexed for one minute and left undisturbed at room temperature for 30 minutes. The tube containing the sediment was weighed again after the supernatant was carefully decanted. According to the method described by Pooja et al. (2023), calculating WAC required figuring out how much water was retained by one gram of grape pomace powder.
2.4 Biochemical parameters 
[bookmark: _Hlk152154147]2.4.1 pH
A pH meter (EUTECH instruments, pH 700) was used to measure the pH of the powdered pomace of "Bangalore Purple" and "Pusa Navrang." The electrode was submerged in the mixture of around 1g of powder and 5 mL of distilled water. Once the pH had stabilized, the reading was taken (AOAC, 2000).
2.4.2 Titratable acidity
The acidity of the powdered pomace was assessed through potentiometric titration with 0.1 N NaOH solution using phenolphthalein as an indicator, following the method described by Ranganna (2007). A known quantity of the pomace powder (1 mL) was reconstituted in 100 mL of distilled water, and from this solution, a 5 mL aliquot was titrated against standard 0.1 N NaOH with phenolphthalein as an indicator. The endpoint of the titration was determined by noting the amount of NaOH needed to achieve a pH of 8.1 (indicative of the appearance of a pink colour that is persistent for 15 sec). The results were expressed as the percentage of titratable acidity in terms of citric acid. 
	Titratable acidity (%) =
	T × E × N × V1× 100

	
	V2 × W


where, 
T = Titre value ; E = Equivalent weight of citric acid (g); N = Normality of NaOH (0.1 N); W = Aliquot taken; V1 = Volume made up (100 mL); V2 = Volume of sample taken for estimation
2.4.3 Moisture content  
The moisture content of the grape pomace was determined using the method given by AOAC (2000). Ten grams of grape pomace powder was placed in a pre-weighed aluminium dish. The powder was subjected to drying in a hot air oven set at 105°C for a duration of 2 h, till a constant weight was attained. Subsequently, the dried sample was allowed to cool to room temperature within a desiccator before recording the final weight. Moisture percent of the ‘Bangalore Purple’ and ‘Pusa Navrang’ was calculated as per the following formula:

where, 
A = Weight of sample + aluminium dish before drying (g)
B = Weight of sample + aluminium dish after drying (g)
C = Empty aluminium dish weight (g)
2.4.5 Dietary fibre
 The total dietary fibre of grape pomace was determined using a combined gravimetric and enzymatic approach, following the procedures outlined in AOAC Method 985.29 and AACC Method 32-05.01 (AOAC 2005; AACC 2010), employing a commercial assay kit (Megazyme, K-TDFR-100A, Wicklow, Ireland). For the analysis, approximately 1g of the fat-free sample was weighed in duplicate into beakers and 50 mL of phosphate buffer (pH 6.0) was added. The samples were then subjected to incubation with 50µL of heat-stable α-amylase (98-100 °C for 15 min) for starch gelatinization, hydrolysis, and depolymerization, followed by the addition of 100 µL protease solution after adjusting the pH to 7.0 at 60°C for 30 min to facilitate protein depolymerization. Subsequently, 200 µL of amyloglucosidase at pH 4.5 (60 °C for 30 min) was introduced for starch hydrolysis to glucose. After cooling the digested mixture, 280 mL of pre-heated 95% ethanol was added to remove depolymerized glucose and proteins and the solution was left overnight for the precipitation of fibre components. The following day, the dietary fibre residue was filtered into pre-weighed crucibles, washed with 95% ethanol, dried, and then weighed. Protein and ash quantification were performed to correct for protein and mineral content in the residue. The total dietary fibre percentage was calculated based on the weight loss from each duplicated sample and averaged.
2.4.6 Total protein  
The total protein content in the sample was determined using the Kjeldahl method as described by Saez-Plaza et al. (2013). A representative dried pomace sample, weighing approximately 0.1 g, was measured in duplicate and placed into a digestion tube. A chilled digestion mixture (10 mL) was added, and the mixture was allowed to pre-digest overnight. Subsequently, digestion was carried out at 420 °C for 20–30 min until the sample became clear. The Foss Tecator 2300 Kjeltec nitrogen auto-analyzer (FOSS Analytical, Denmark) was calibrated using 0.15 g of ammonium sulfate. Ammonium in the sample was converted to ammonia using an alkali containing NaOH (four times the volume of H2SO4 used in the digestion mixture). A boric acid-mixed indicator was employed to trap the released ammonia. The results, expressed as percent nitrogen, were converted to percent protein by multiplying with a conversion factor of 6.25.
2.4.7 Fat content
The determination of fat content was conducted using the DET-GRAS N, P SELECTA, Spain. instrument following the procedure outlined by Ojure and Quadri (2012). The process involved pre-weighing the beaker of the instrument. Approximately 2 g of the pomace was placed in a thimble and above the designated beaker. The beaker was then filled with 60 millilitres of petroleum ether. The thimble and beaker were placed into the Socs plus apparatus. Water flow from the output was ensured by connecting the inlet tube to tap water. The 60-minute washing, 30-minute rinsing, and 20-minute recuperation pre-set protocol for fat assessment was chosen. The beaker was then cooled in a desiccator, boiled to eliminate any remaining solvent, and weighed. For use in a later analysis, the petroleum ether was gathered in a different beaker.

2.4.8 Ash content 
A specified quantity of the sample was placed in a pre-weighed silica crucible The sample was charred over a flame till fumes ceased. The crucible was then placed in a muffle furnace at 550 °C until the sample turned white. After cooling in a desiccator, the crucible was again weighed. The percentage of ash content was then calculated based on the initial weight of the sample as follows (AOAC, 2000):

where, 
W1 = Weight of silica crucible (g)
W2 = Weight of silica crucible + sample (g)
W3 = Weight of silica crucible + ash (g)
3. RESULTS AND DISCUSSION
3.1  Physical properties of grape pomace
The bulk and tapped densities of grape pomace varied depending on the grape variety. Red Globe grape pomace (RGGP) had a bulk density of 0.37±0.01 g/mL, Bangalore Purple grape pomace (BPGP) had a bulk density of 0.35±0.01 g/mL, and Pusa Navrang grape pomace (PNGP) had a bulk density of 0.38±0.01 g/mL (Table 1). The tapped density values varied from 0.62 to 0.67 g/mL, with PNGP having the highest value and BPGP having the lowest. The RGGP had a tapped density of 0.64±0.01 g/mL. Due to variations in fiber composition, particle size distribution, and residual moisture content, the bulk and tapped density values of grape pomace powders from all three kinds show significant variations in particle packing behavior. The lower values in BPGP may indicate a lighter, more porous structure, the higher bulk and tapped densities in PNGP indicate a more compactable powder with smaller or more evenly shaped particles, while the RGGP had an intermediate bulk density (Akseli et al., 2019).
Poor flowability was indicated by the Hausner’s ratio, which was calculated as the ratio of tapped density to bulk density and varied from 1.72 to 1.82 (Table 1). Generally, acceptable flow characteristics are indicated by a Hausner’s ratio of less than 1.25, whereas poor flow is recommended by greater values. The powder’s flow properties are also reflected in the Carr’s compressibility index, which varied from 43.67% to 44.12%. As per the standard classifications, excellent flow is indicated by Carr’s index values below 15%, whereas poor flow qualities are suggested by values above 25%. These findings recommend that the grape pomace powders’ flowability, a crucial component for processing, storage, and integration into food matrices was inadequate. These powders are clearly classified as having poor flow qualities due to their raised Hausner’s ratio and Carr’s index. This is common for materials that are high in dietary fiber, pectin, and irregularly shaped particles that tend to form a mesh and prevent free flow. Fruit pomace powders and other high-fiber plant wastes have been shown to have similar characteristics, with structural heterogeneity increasing cohesion and decreasing flowability. Clogging in processing equipment can result from poor flow characteristics during industrial handling like mixing, conveying, and packaging. When using grape pomace powder in food compositions, these flow limits indicate the necessity for adjustments including moisture adjustment, particle size reduction, or the use of flow enhancers (Marchiani et al., 2016). Despite these drawbacks, maximizing its usefulness in food systems especially when employed as a functional ingredient in yoghurt, baked goods, or nutraceuticals requires an awareness of these physical characteristics (Bender et al., 2017).
There were clear varietal variations in the grape pomace powders’ colour characteristics (Table 1). In comparison to BPGP (L* = 29.24±0.09) and RGGP (L* = 32.71±0.51), PNGP showed lesser brightness (L* = 22.12±0.02), suggesting a darker appearance. Additionally, compared to BPGP (7.49±0.02) and PNGP (9.52±0.02), the redness value (a*) was lower in BPGP (6.82±0.03), indicating considerably less red pigmentation. In a similar way, RGGP had a lower yellowness (b*) (4.21±0.11), followed by BPGP (6.45±0.08) and PNGP (10.56±0.27). Overall, PNGP displayed higher brightness and colour intensity, which could be associated to variations in the anthocyanin and phenolic makeup of the cultivars. Grape pomace powders’ colour characteristics presented distinct varietal variances, which were mostly caused by variations in the pigment makeup, particularly anthocyanins and related phenolic compounds. PNGP was highly pigmented, as it is a teinturier variety. Higher amounts of tightly bound phenolics or darker skin tissue and pigmented juice could be the cause of this deeper colouring. In comparison to the other two kinds, PNGP also showed higher values for redness and yellowness, indicating a richer and more vivid color profile. A higher concentration of anthocyanins in their flavylium form and co-pigments such flavonols, which stabilize and intensify red and purple hues, may be the cause of the elevated a* and b* values (Jara-Palacios, 2014). Varietal variances in skin thickness, pigment type, harvest maturity, and environmental factors influencing pigment biosynthesis, such as temperature and sunshine exposure during grape development, may also be the cause of these differences. Its potential to provide stronger pigmentation when utilized as a functional food ingredient is indicated by its higher colour intensity, which could improve the aesthetic appeal of products like yogurt, drinks, and baked goods. Meanwhile, the higher colour intensity of PNGP may be beneficial for applications requiring deeper coloration (Rockenbach et al., 2011). Overall, the colour disparity highlights how grape variety significantly affects the aesthetic and functional properties of pomace powders, particularly in pigment-sensitive food formulations.
3.2 Functional properties of grape pomace
The grape pomace samples’ water holding capacity (WHC) was 3.64 ± 0.01 g/g in PNGP, 2.62 ± 0.02 g/g in BPGP, and 3.43 ± 0.06 g/g in RGGP (Table 1). This demonstrates the pomace’s potent hydrophilicity, which is explained by the presence of polysaccharides and dietary fibers. With a value of 2.13±0.01 g/g pomace in PNGP, 1.78±0.02 g/g in BPGP, and 1.82±0.02 in RGGP, the oil holding capacity (OHC) was also found to be greater. This indicates a moderate to high affinity for lipids, which is advantageous for applications in fat-rich food formulations. In comparison to the BPGP and RGGP, which had hygroscopicity of 0.50±0.01% and 0.51±0.01%, respectively, the PNGP’s hygroscopicity was 0.53±0.01%, showing a somewhat higher tendency to absorb moisture from the surrounding environment, as shown in Table 1. The marginal difference indicates slight varietal variation in the powders’ moisture-binding affinity, despite the fact that both values are low, indicating good storage stability. Overall, grape pomace’s functional qualities point to its possible use as a natural component in food systems where fiber enrichment, fat absorption, and moisture retention are needed.  Grape pomace has a lot of potential as a functional food ingredient because of its functional qualities, especially its water holding capacity (WHC), oil holding capacity (OHC), and hygroscopicity. Because of its stronger hydrophilic character, which is mostly related to the makeup and structure of its dietary fibers, PNGP has a higher WHC than the other two. Along with pectin like polysaccharides, grape pomace contains significant amounts of insoluble fibers such as cellulose, hemicellulose, and lignin. Many hydrophilic sites that can bind and hold water within the fiber matrix are provided by these constituents. The presence of non-polar components and the physical makeup of fibrous particles, which promote lipid adsorption via capillary action or hydrophobic interactions, are frequently linked to elevated OHC (Yu and Ahmedna, 2013). Both pomace powders are comparatively stable during storage and are less vulnerable to microbiological growth, lump formation, or moisture-related spoiling, according to the low hygroscopicity values. Subtle differences in surface composition, fiber type, and particle size distribution, which may affect moisture-binding affinity, are responsible for the slight difference between the two types (Fitzpatrick et al., 2004). Maintaining powder flowability, increasing shelf life, and guaranteeing ease of absorption into dry mixes are all benefits of low hygroscopicity. Overall, grape pomace's functional qualities show how adaptable and promising it is as a natural, high-fiber supplement. Its low hygroscopicity promotes good storage stability and processing behavior, while its high WHC and OHC make it especially useful for enhancing the texture, stability, and nutritional profile of numerous food products (Jaya and Das, 2004; Elleuch et al., 2011). These features show that both grape varieties can be used in a variety of culinary applications, with Pusa Navrang providing marginally better functional performance.












Table 1. Physico-chemical and functional characterization of ‘Pusa Navrang,’ ‘Bangalore Purple’ and ‘Red Globe’ grape pomace powders.
	Characteristics
	Pusa Navrang
	Bangalore Purple
	Red globe

	Bulk density (g/mL)
	0.38±0.01a
	0.35±0.01a
	0.37±0.01a

	Tapped density (g/mL)
	0.67±0.01a
	0.62±0.01b
	0.64±0.01c

	Carr index (%)
	43.67±0.47a
	44.12±0.05a
	43.63±0.40a

	Hausner ratio
	1.72±0.01a
	1.78±0.01b
	1.82±0.02c

	Water absorption capacity (g/g)
	3.64±0.01a
	2.62±0.02b
	3.43±0.06c

	Oil absorption capacity (g/g)
	2.13±0.01a
	1.78±0.02b
	1.82±0.02b

	Hygroscopicity (%)
	0.53±0.01a
	0.50±0.01a
	0.51±0.01a

	Moisture content (%)
	7.67±0.21a
	5.85±0.03b
	5.99±0.11b

	pH
	4.07±0.13b
	3.56±0.09c
	4.24±0.04a

	Titratable acidity (%)
	1.10±0.04b
	1.17±0.05a
	1.03±0.02c

	Dietary Fibre (%)
	53.06±1.31a
	41.79±1.01b
	38.18±0.97b

	Total protein content (%)
	11.76±0.09c
	13.15±0.08a
	12.46±0.05b

	Fat content (%)
	6.20±0.07a
	4.18±0.06c
	5.39±0.16b

	Ash content (%)
	4.92±0.02b
	5.11±0.06a
	5.11±0.06a

	Reducing sugars (g/100g)
	7.33±0.13b
	3.92±0.33c
	8.46±0.07a

	L*
	22.12±0.02c
	29.24±0.09b
	32.71±0.51a

	a*
	9.52±0.02a
	7.49±0.02b
	6.82±0.03c

	b*
	10.56±0.27a
	6.45±0.08b
	4.21±0.11c


Values are presented as mean ± standard deviation.
Different letters within a column indicate significant differences between samples as determined by one-way ANOVA followed by LSD post hoc test at p < 0.05.


3.3 Biochemical properties of grape pomace
3.3.1 [bookmark: _Hlk204680019]pH and titratable acidity 
The pH values varied between the varieties, RGGP recorded a pH of 4.24±0.04, followed by PNGP (4.07±0.13) and BPGP (3.56±0.09), indicating that the pomace was acidic. BPGP had the highest titratable acidity (1.17±0.05%), while RGGP had the lowest (1.03±0.02%). The varieties inherent metabolic distinctions are highlighted by the observed changes in pH and titratable acidity. After juice extraction, higher amounts of organic acids such tartaric, malic, citric, and succinic acids are usually maintained in the pomace due to the lower pH of BPGP.These organic acids support phenolic compounds’ stability, antioxidant activity, and overall flavor intensity in addition to their acidity. Because, anthocyanins are more stable in acidic environments, the higher acidic nature of BPGP may consequently strengthen antibacterial qualities, increase preservation potential, and promote colour stability. Because titratable acidity considers all dissociable acids rather than just the concentration of free hydrogen ions, it offers a more complete picture of total acidity than pH. According to Deng et al. (2011), the modest variance between PNGP, BPGP, and RGGP indicates minute variations in the distribution of weak acids, buffering capacity, and residual sugar levels, which affect the overall flavor balance and impression of sourness. The inherent variations in varietal composition, specifically the amounts of residual sugars and organic acids retained in the pomace matrix, are responsible for the observed variance in pH and TA. These variations impact the pomace’s overall acidity profile as well as its functional and sensory characteristics in food applications. When grape pomace is added to food matrices, these compositional variations may have an impact on its behavior. For example, greater acidity pomace, such as BPGP, may improve microbial inhibition, add more tanginess, and affect fermentation dynamics in bakery or yoghurt applications (Gómez-Estaca, 2014).
3.3.2 Proximate composition
Significant varietal variations were found in the grape pomace's proximate composition. PNGP's richer fiber profile was demonstrated by its greater dietary fiber content (53.06±1.31%) in comparison to BPGP (41.79±1.01%) and RGGP (38.18±0.97%) (Table 1). On the other hand, BPGP had a substantially greater total protein content (13.15±0.08%) compared to RGGP (12.46±0.05%) and PNGP (11.76±0.09%). PNGP had a higher fat content (6.20±0.07%) than RGGP (5.39±0.16%) and BPGP (4.18±0.06%), however there was only a slight difference in the ash content (4.92±0.02% and 5.11±0.06%, respectively), in PNGP, BPGP and RGGP reflecting similar mineral residue levels. Furthermore, compared to PNGP (7.33±0.13 g/100 g) and BPGP (3.97±0.33 g/100 g), RGGP had a greater concentration of reducing sugars (8.46±0.07 g/100 g), suggesting a sweeter pomace profile (Table 1). The observed variations in grape pomace’s proximate composition demonstrate how strongly varietal traits affect pomace’s nutritional profile. PNGP may provide better functional advantages, especially in applications aimed at fiber enrichment, given its significantly higher dietary fiber content. High-fiber pomace is a more viable component for product development incorporating fiber fortification since it is frequently linked to higher water-holding capacity, enhanced viscosity, and superior structural functions in food formulations (Spigno et al., 2007). The slightly greater protein level in BPGP indicates subtle varietal differences in the preservation of nitrogenous chemicals, even though the three types showed identical ash content, indicating equivalent total mineral residue. Grape physiology, harvest ripeness, and the effectiveness of juice extraction can all have an impact on these variances, which are common among grape varietals (Bravo, 1998). Since grape seeds are the main source of lipids in pomace, the slightly greater fat level in PNGP could be explained by variations in seed proportion. Higher levels of health-promoting fatty acids may result from this, though additional lipid profiling would be required to validate this. The content of reducing sugars also varied significantly, with RGGP exhibiting a greater concentration. This implies that it has more residual sugars, probably because of variations in grape sweetness, extraction effectiveness, or interactions between grape skin and pulp. When utilized as a functional ingredient, the increased sugar level may affect flavor, fermentation potential, and overall palatability (Maier, 2009). Overall, the compositional variations highlight how important grape variety selection is in shaping the functional and nutritional qualities of grape pomace. While BPGP has a slightly greater protein profile and RGGP has a higher reducing sugar, Pusa Navrang has a more varied functional potential due to its higher fiber and fat content. Based on the intended nutritional and functional qualities in food and nutraceutical applications, our results justify the targeted use of grape pomace varieties.
4. CONCLUSION
The current study showed that varietal variation greatly affects grape pomace properties, highlighting the need of varietal selection for effective use of this agro-industrial by-product. The pomace samples had similar bulk densities, but there were notable variations in tapped density, flow behavior, functional characteristics, and nutritional makeup. Because of its much higher dietary fiber content, PNGP demonstrated superior functional performance, as seen by its increased capabilities for absorbing water and oil. Furthermore, a higher concentration of natural pigments is indicated by its darker hue and greater redness values, indicating possible use as a natural colourant and functional element. BPGP is suitable for applications where acidic flavour profiles and protein enrichment are desired because of its greater acidity and protein content. RGGP had a higher pH, and a higher reducing sugar content, suggesting that it could be used in baked and extruded products. Overall, the findings support the idea that grape pomace is a nutrient-dense and multipurpose constituent, with grape variety having a significant impact on its usefulness. Therefore, choosing grape pomace strategically based on varietal characteristics can increase its integration into food formulations with added value, promoting sustainable by-product valuation and better resource use in the grape processing sector.
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