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ABSTRACT
Aims: Pumpkin seed press cake (PSPC), a by-product of oil extraction from nutrient-rich pumpkin seeds (4–6% of fruit weight), is often underutilized as animal feed despite being a valuable source of proteins, dietary fibre, phenolics, and essential minerals. In this investigation, cold pressed pumpkin seed cake (PSPC) and defatted pumpkin seed press cake (DPSPC) was assessed for their nutritional and functional attributes, highlighting its potential as a functional food ingredient. 
Type of study: This study is original research work.  
Place and duration of study: The present research work was done in the Department of Home Science, Kurukshetra University, Kurukshetra, Haryana between April 2024 to April 2025. 
Methodology: The pumpkin seed press cake was procured from Multan Oil Kolhu, New Delhi, on the day of extraction. The pumpkin seed press cake was defatted and evaluated for changes in bulk density, tapped bulk density, water and oil absorption capacity. Effect of defatting was also assessed on the proximate composition of almond press cake. 
Results: The DPSPC exhibited superior functional properties, including higher bulk density (0.76 g/cm3), water absorption capacity (270.29 ml/100g), and oil absorption capacity (142.9 ml/100g) than PSPC. Proximate analysis revealed a significant (p≤0.05) increase in protein content 60.42% to 67.81% followed by defatting while the crude fat content decreased from 6.12% to 0.99%. Defatting also increased the ash and crude fibre content from 7.2% to 9% and 6.78% to 7.78% respectively. 
Conclusion: These findings emphasize the nutritional enhancement and techno-functional properties of defatted pumpkin seed press cake, supporting its application as a sustainable, value-added ingredients in functional food formulations
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1. INTRODUCTION 
Pumpkin is a widely cultivated vegetables crop with considerable agricultural and economic value in the worldwide, belonging to the Cucurbitaceae family (Atalay et al., 2021). In a recent publication by Food and Agriculture Organization of the United Nations (FAOSTAT) world production in 2022 reached 23 million tons, where Asia produced the most (50.5%), followed by Europe (21.2%), the Americas (15.4%), Africa (11.9%), and Oceania (1.0%) (Zhang et al.,2025). Regarding byproducts, the seeds constitute about 4 to 6% of the total weight of the pumpkin fruit. Thus, the total world production of pumpkin seeds is estimated to be 0.92-1.38 million tons (Kar et al., 2023). Moreover, these seeds are recognized due to their nutritional value and are used in the food industry as well as in oil extraction. Moreover, about 4.9% of the global pumpkin seed production is utilized in the production of pumpkin seed oil (Sá et al., 2023; Šamec et al., 2022). 
The specific nutritional profile of pumpkin seed oil along with its commercially useful health benefits has drawn scientific and industry attention (Balbino et al., 2022). Pumpkin seed oil is particularly rich in unsaturated fatty acids and bioactive compounds such as phytosterols, squalene, tocopherols, and carotenoids and also documented therapeutic potential in treating intestinal parasitic infections, managing certain prostate conditions, and some hair maintenance (Dülger & Geçgel, 2024; Abdel-Hakeem et al., 2024; Zerafatjou et al., 2021). The functional and medicinal applications of pumpkin seed oil have led to an increase in global demand, with some projections estimating it will reach USD 2.07 billion by 2030 with a compound annual growth rate (CAGR) of 10.4% during 2024-2030 (Research and Markets, 2024). During the extraction of oil, it is either cold or hot pressed, or extracted with solvents, the primary extracted product, oil press cake, considered waste or exclusively used to feed livestock (Šamec et al., 2022b; Voučko et al., 2022). This type of utilization is not fully capitalized on the byproduct’s nutritional potential, as pumpkin seed oil press cake is a rich source of valuable components such as proteins, dietary fiber, phenolic compounds and essential minerals (Polyzos et al., 2024).  Several authors have reported that oil cakes can be efficiently reincorporated into the food supply as functional ingredients within numerous food products like biscuits, spread, and corn snacks respectively (Jukić et al., 2018, Radočaj et al., 2012, Balentić et al., 2018). Apart from the valorisation of foods, the enhancement of food systems by these strategies advances the reduction of food waste, fulfilling the United Nations Sustainable Development Goals (SDGs) 2 (Zero Hunger) and 12 (Responsible Consumption and Production) Bajželj et al. (2020). Thus, for the effective recovery of nutritional and economic value from the processing of pumpkin seeds, integrated assessments of pumpkin seed oil press cake are necessary. 
In the present investigation, defatting of pumpkin seed oil press cake was undertaken to enhance its techno-functional and nutritional properties. Techno- functional properties, which determine how food ingredients behave during processing and cooking, play a pivotal role in influencing the texture, appearance and sensory characteristics of the final food product (Awuchi et al., 2019). Accordingly, the present work sought to compare the proximate composition and techno functional properties of raw and defatted pumpkin seed oil press cake, with the purpose of establishing its suitability as a sustainable, value-added food ingredient. The findings will facilitate nutritional enhancement, drive innovation in functional food development, and advance waste minimization in the food processing sector.
2. MATERIALS AND METHOD 
This study highlights the valuable potential of pumpkin seed press cake (PSPC), a byproduct derived from extracting oil from high-quality pumpkin seeds (Cucurbita pepo) using a screw press. The PSPC was freshly obtained from a local oil expeller in Delhi, ensuring optimal quality on the very day of extraction. All chemicals used for analytical procedures were of analytical grade and were sourced from Sigma-Aldrich (Japan).
2.1 Preparation of pumpkin seed press cake flour 
The PSPC was thoroughly cleaned to ensure the removal of all foreign particles. Following this, the sample was dried at 60±2°C for 1 h, ensuring the removal of moisture so that they could efficiently pass through a 40-mesh sieve. After milling, the sample was packed into airtight containers and stored at refrigerated condition 4℃ for further analysis. 
2.2 Defatting of PSPC 
For defatting, remaining oil from pumpkin seed press cake flour was removed using the method described by Manamperi et al. (2007) with slight modifications. Initially, oil press cake flour was mixed with n-hexane, stirred vigorously at 150 rpm for 1 h at room temperature (25°C). Following this, the solvent was decanted and this process was repeated two more times to maximize oil removal. Residual hexane was removed by drying in a forced air oven at 50°C for 2 h, after this, it was left for 24 h under a fume hood to eliminate the remaining solvent. The resultant defatted cake was ground to pass through 40 mesh sieves and stored at -20°C to maintain its quality. 
2.3 Functional Properties of PSPC  
2.3.1 Bulk density (BD) and tapped bulk density (TBD)
The bulk density and tapped bulk density were determined employing the method outlined by Kumar and Saini (2016) with slight modification. A measured sample 10 g of flour (M) was carefully placed into a dry measuring cylinder. The initial volume (V) was recorded for the loose bulk density. To measure the tapped bulk density, the cylinder was tapped 100 times on the bench top to remove voids and the final volume (V2) was noted. BD and TBD were calculated using the following equation:


Where M is the mass of flour and V1 and V2 are volumes for bulk and tapped bulk density respectively.
2.3.2 Water absorption capacity (WAC) 
The method described by Sharma et al. (2015) was used for the determination of WAC. One gram of flour (S) sample was combined with 10 ml distilled water in a pre-weighted centrifuge tube (T). This mixture was thoroughly agitated on a vortex mixer for 2 min and then centrifuged at 4000 rpm for 20 min. After centrifugation, the clear supernatant was decanted and discarded. The tube was reweighed (T2) to assess the change in mass. WAC was calculated using the following formula:

where S is the sample weight, and T and T2 are the initial and final weight of centrifuge tube.
2.3.3 Oil absorption capacity (OAC)
To determine the oil absorption capacity, the method outlined by Sharma et al. (2015) was used. One gram of flour sample was added to 10 ml of refined ground nut oil into a weighted centrifuge tube and allowed to stand at ambient temperature for 30 min. The tube was then centrifuged at 3000 rpm for 30 min. After decanting the oil carefully, the tube was reweighed to assess the oil absorption capacity.  
2.4 Proximate analysis 
Proximate analysis of raw and defatted pumpkin seed oil cake (PSPC and DPSPC) was performed in triplicate to determine the moisture, ash, fat, fiber, and protein content of all samples, following the standard methods described by the Association of Official Analytical Chemists (AOAC, 2019). Carbohydrate content was calculated by percentile difference method and gross energy was calculated following the Atwater conversion factor. 
2.4.1 Moisture content 
To asses moisture levels, a two-gram sample was dried in a hot air oven at 105 °C for 2 hours. After drying, the sample was cooled in a desiccator and weighed again to determine the moisture loss. Moisture content was calculated using the following formula:

2.4.2 Ash content 
For ash content analysis, the dried sample was ignited until no charred particles remained in the crucible, and then the crucible was placed in a muffle furnace at 550°C for 6 h or until white ash was obtained. Employing the following formula, ash content was calculated:

2.4.3 Crude fat content 
A moisture free sample was carefully placed in a thimble and positioned within the extraction unit. Approximately 150 ml of Petroleum ether was used as the solvent for this process.  The extraction was efficiently conducted in a Soxhlet apparatus at 80°C for 8 h. After cooling, the extracted fat was weighed employing the following formula:

2.4.4 Crude protein content 
The protein content was precisely determined using the micro Kjeldahl method, a widely recognised standard according to AOAC (2019). A 0.2 g moisture-free sample was digested in a heating block at 420°C for approximately one hour 40 min. The digested sample was cooled and distilled using the CLASSIC-DX apparatus. The distilled sample was titrated against 0.1 N HCL until a light pink colour was obtained. A conversion factor of 6.25 was applied to convert the nitrogen content to protein content. The protein content was determined using the following formula:

where S= volume of HCL used in titration of sample
B= volume of HCL used in titration of blank
F= factor for converting N to protein 
2.4.5 Crude fibre content 
To assess crude fibre cntent, one gram of the fat-free sample was transferred into a crucible and inserted into the FIBRA PLUS unit. The sample was subjected to acid and alkali washes. After washing, the samples were dried in a hot air oven and weighed. The residue was then ignited in a muffle furnace at 500℃ for 1-2 h. The crucible was cooled in a desiccator and reweighed. The crude fibre content was determined by the loss in weight due to ignition using the formula:

2.4.6 Carbohydrate content
The carbohydrate content was calculated employing the following formula:

2.4.7 Energy (kcal) content 
The energy content was calculated using the factorial method:

3. RESULTS:
3.1 Functional properties of pumpkin seed press cake 
The functional properties of both control and defatted pumpkin seed press cake were assessed, focusing on bulk density (BD), tapped bulk density (TBD), water absorption capacity (WAC), and oil absorption capacity (OAC). The findings, summarized in Table 1, represent the mean of triplicate readings along with their corresponding standard deviation (±SD). 
3.1.1 Bulk density and tapped bulk density 
The bulk density and tapped bulk density are prominent indicators related to flours weight and particle size, which considerate determine suitable packaging, processing, and handling strategies (Oladele & Aina, 2007). In this investigation, defatting let to an increase in both BD and TBD of pumpkin seed press cake. Bulk density increased from 0.58 g/cm3 to 0.76 g/cm3 while TBD rose from 0.81g/cm3 to 0.98 g/cm3, reflecting 31.03% and 20.99% increase, for BD and TBD respectively. This increased in BD and TBD after defatting may be attributed to fat reduction, which reduced particle porosity and enhance the compactness of the flour.
Similar findings were reported by Bello et al. (2017) who observed comparatively lower values for pumpkin seed flour (0.47g/cm3). Likewise, Rodríguez‐Miranda et al. (2012) recorded BD of whole pumpkin seed meal as 0.57g/cm3 and 0.37g/cm3 for defatted pumpkin seed meal.  Bulk density is affected by various factors such as starch content (typically higher starch contributes to increased density), particle size, shape, surface properties and compression techniques. Higher bulk density suggests better suitability of the flour for a wide range of food industry applications (Iwe et al., 2016).
Table1. Effect of defatting on techno-functional properties of pumpkin seed press cake 
	Pumpkin seed press cake 
	BD(g/cm3)
	TBD (g/cm3)
	WAC (ml/100g)
	OAC (ml/100g)

	Control 
	0.58±0.02
	0.81±0.02
	270.3±1.54
	142.9±

	Defatted 
	0.76±0.007
	0.98±0.01
	283.3±3.33
	150.1±

	% change
	+31.03%
	+20.99%
	+4.81%
	+5.04%

	P value
	0.0026**
	0.0036**
	0.0105*
	0.0097**

	T test 
	12.78
	9.237
	6.127
	4.748


Values are represented as the mean value of triplicate readings± standard deviation (SD). *Significant at p≤0.05%, ** significant at p≤0.01% 
[bookmark: _Hlk209694372]3.1.2 Water absorption capacity (WAC) 
The water absorption capacity of DPSPC increased from 270ml/100g in control PSPC to 283ml/100g in the DPSPC, reflecting 4.81% increase as compared to control sample. Comparative studies reveal similar trends with some variation. Sá et al., 2023 observed the WAC of raw pumpkin seed meal 1.55 g/g while Bárta et al. (2021) reported WAC of whole pumpkin oil seed cake flour those was lower than the present findings. On the other hand, Rodríguez‐Miranda et al. (2012d) reported lower values the WAC 1.94 g/g and 3.00 g/g for raw and defatted PSPC respectively. 
WAC is an essential functional parameter, particularly important in food formulations that require dough development and handling (Iwe et al., 2016). It denotes the ability of the protein matrix to bind and retain water under defined conditions (Tarahi et al., 2024), contributing to desirable textural properties and flavour retention in products such as baked goods, soups, gravies, and meat-based preparations. Consequently, defatting significantly improves WAC which has a vital role in defining the functionality and sensory quality of food products, henceforth strengthening the functional role of PSPC in diverse food applications.


Fig.1. Percent change in functional properties of defatted pumpkin seed press cake 
3.1.3 Oil absorption capacity (OAC) 
PSPC also showed a significant increase in oil absorption capacity rising from 142mg/100g to 150mg/100g after defatting, considering 5.04% increase. The enhancement in OAC observed in the defatted sample may be attributed to the greater exposure of nonpolar amino acid residues, which facilitates the binding of hydrophobic oil molecules (Rodríguez‐Miranda et al., 2012).
Bárta et al., 2021 and Sá et al., 2023 observed the OAC in raw pumpkin seed cake flour 0.65 g/g and 0.78g/g respectively, that was lower than the present finding i.e. 142g/100g in raw PSPC and 150g/100g in DPSPC. Rodríguez‐Miranda et al., 2012 also noted OAC of raw and defatted PSPC 1.27 g/g to 2.73 g/g, that was slightly lower in raw and higher in DPSPC than the present findings. Elevated oil absorption capacity is a desirable functional trait in food applications, as it contributes to improved sensory attributes—such as flavour retention, mouthfeel, and overall palatability—by enhancing fat and moisture content in formulated products (Sreerama et al., 2007; Suresh & Samsher, 2013). Henceforth, defatting as an effective strategy, broadens the potential application of PSPC in the development of value-added food formulations.  
3.2 Proximate composition 
The proximate compositions of raw and defatted pumpkin seed press cakes are given in Table 2. The results indicate that pumpkin seed press cake is nutrient rich by-product, containing appreciable amount of protein, ash and crude fibre. The defatting process led to notable improvements in several essential nutrients, leading to a higher concentration of protein.  
Table 2 Effect of defatting on nutritional properties of pumpkin seed press cake
	Constituents 
	Pumpkin seed press cake 
	Percentage change %
	P value 
	T test

	
	Raw 
	Defatted 
	
	
	

	Moisture
	7.95±0.23
	8.28±0.20
	+4.15
	0.1446
	1.814

	Ash 
	7.20±0.49
	9.0±0.21
	+25
	0.0133*
	5.820

	Crude fat 
	6.12±0.16
	0.99±0.10
	-83.82
	<0.0001
	47.08

	Crude fibre
	6.77±0.42
	7.78±0.40
	+14.92
	0.0391*
	3.024

	Crude protein
	60.42±0.61
	67.81±0.51
	+12.23
	0.0001
	15.98

	Carbohydrates 
	11.54±0.53
	6.15±1.04
	-46.71
	0.0043**
	8.005

	Energy
	342.93±1.69
	304.71±2.22
	-11.15
	<0.0001
	23.7


Values are represented as the mean value of triplicate readings± standard deviation (SD). *Significant at P =.05, **significant at P =.01
3.2.1 Moisture content 
The moisture content of pumpkin seed press cake exhibited a slight increase from 7.95% to 8.28% after defatting, reflecting a 4.15% increase. However, this variation was statistically non-significant, representing that defatting did not mark major changes in moisture retention. The marginal increase may be attributed to structural alteration in the matrix, enhancing its ability to bind water. Moisture content is essential parameter for determining storage and self-life stability.  Jakab et al., 2025 reported similar moisture content (7.07%) in cold pressed pumpkin seed flour. Conversely, Sá et al., 2021 reported higher moisture content in raw pumpkin seed meal (8.84%), whereas Dhiman et al., 2018 and Bárta et al., 2021 observed comparatively lower moisture content of 5.1% and 4.99% respectively in raw pumpkin seed press cake. 

Fig. 2. Percent change in Proximate composition of defatted pumpkin seed press cake
3.2.2 Ash content 
The ash content of defatted pumpkin seed press cake showed significant increased from 7.20% to 9.00%.  This increase is likely attributed to a concentration effect caused by the removal of lipids, which results in a greater proportion of mineral content per unit weight. A higher rise after defatting 5.27% to 9.13% was observed by Rodríguez‐Miranda et al. (2012d). Lazos (1992b) also reported similar ash content 7.5% in defatted PSPC. Bárta et al. (2021) observed higher ash content 9.14% in the raw pumpkin seed press cake while Sá et al. (2021) observed lower ash content 4.92% for pumpkin seed meal. Ash content serves as an indirect measure of the total mineral composition of the flour, including essential micronutrients such as calcium, potassium, magnesium, and phosphorus (Mansour et al., 1993). Accordingly, the higher ash content observed in the defatted PSPC press cake underscores its potential for use in developing mineral-enriched, functional, and nutritionally fortified food products.
3.2.3 Crude protein content  
The pumpkin seed press cake exhibited a notably high protein concentration, which further increased upon defatting. In the present study, the protein content rose from 60.42% in raw PSPC to 67.81% in defatted PSPC (DPSPC), indicating a significant enhancement due to lipid removal. This increase is consistent with previous findings, where Lazos (1992) reported a protein content of 61.4% in defatted pumpkin seed press cake. Similarly, Bárta et al., 2021 observed a protein level of 59.12% in cold-pressed PSPC, aligning closely with the current values for the raw sample. On the lower end of the spectrum, Jakab et al. (2025) documented 44.50% protein in raw PSPC, while S et al. (2016) reported a range of 45.6–52.3%, suggesting variability based on seed origin, processing method, or oil extraction technique.
Further supporting these variations, Ancuța and Sonia (2020b) noted protein values between 29.39% and 53.98% in cold-pressed PSPC. Sá et al. (2021) observed 40.9% protein in pumpkin seed meal, reinforcing the nutrient-rich profile of this by-product. The observed increase in the current study post-defatting can be attributed to the removal of lipids, which concentrates the protein fraction per unit mass. Overall, these findings confirm the high protein potential of pumpkin seed press cake, particularly in its defatted form, highlighting its promise as a plant-based protein source in sustainable food applications.
3.2.4 Crude fibre content 
The crude fibre content of pumpkin seed press cake (PSPC) was found 6.78%, which further increased to 7.78% following defatting. This increase can be attributed to the removal of lipids, which effectively concentrates the fibre fraction relative to the overall mass. The current findings are notably higher than some previously reported values. For instance, Lazos (1992b) reported a much lower fibre content of 1.0% in defatted pumpkin seed press cake. Similarly, Rodríguez‐Miranda et al. (2012) found fibre values of 2.30% in raw PSPC and 1.59% in defatted samples, indicating a reduction post-defatting, which contrasts with the observed results in the present study.
Other studies have reported significantly higher fibre contents. Sá et al. (2021) observed 27.5% fibre in pumpkin seed meal, suggesting variability based on seed origin, processing conditions, and whether the analysis was conducted on whole meal or kernel. El-Adawy and Taha (2001) reported a crude fibre content of 4.43% in pumpkin seed kernel, which is lower than the values found in both raw and defatted samples of the present study. 
Overall, the results of the current study highlight that defatting contributes to a moderate increase in fibre content, supporting the nutritional value of DPSPC as a dietary fibre source in functional food formulations. The presence of fibre also enhances its application in improving gastrointestinal health and textural attributes in food system. 
3.2.5 Crude fat content 
In the current study, the crude fat content of raw pumpkin seed press cake (PSPC) was measured 6.12%, which significantly decreased to 0.99% following the defatting process. This reduction confirms the efficacy of fat removal and is consistent with the objective of enhancing the relative concentration of other nutritional components such as protein and fibre. The fat content observed in defatted PSPC (DPSPC) aligns with findings by Lazos (1992b), who reported a very low-fat content of 0.1% in DPSPC, suggesting maximize lipid extraction.
Sá et al. (2021) and Bárta et al. (2021) reported 14.1% and 12.36% fat content in cold-pressed PSPC that is relatively higher than the present results of raw PSPC. A broader contrast is seen in the study by Rodríguez‐Miranda et al. (2012d), where fat content was 49.14% in raw PSPC and reduced to 7.01% in defatted samples, reflecting significant variability depending on extraction techniques and seed characteristics.
The results of the present study fall within expected ranges for partially defatted by-products and reinforce the importance of fat removal in enhancing the shelf life, nutritional density, and application potential of PSPC in low-fat or high-protein food formulations. Furthermore, the low residual fat content in DPSPC supports its use in functional food development with tailored fat requirements.
3.2.6 Carbohydrate content 
In the present study, the carbohydrate content of pumpkin seed press cake (PSPC) was found to be 11.54% in the raw sample, which decreased to 6.15% after defatting. This reduction may be attributed to the relative increase in other macronutrients—such as protein and fibre—following fat removal, thereby lowering the proportional content of carbohydrates. Similarly, Bárta et al. (2021) recorded 14.39% in cold-pressed PSPC. Other studies offer varied insights. Lazos (1992b) documented 13.8% carbohydrates in defatted PSPC, while Sá et al. (2021) reported 12.57% in pumpkin seed meal This trend is in contrast to some earlier findings. For example, Rodríguez‐Miranda et al. (2012d) reported an increase in carbohydrate content from 7.85% in raw PSPC to 18.14% in the defatted form, possibly due to differences in defatting efficiency or analytical calculations. 
The relatively lower carbohydrate level in defatted PSPC observed in this study highlights its potential utility in low-carbohydrate or high-protein dietary formulations. Moreover, the compositional shift after defatting enhances the overall nutritional density of the press cake, making it a more focused source of plant-based protein and fibre for functional food applications.
3.2.7 Energy content 
In the present study, the energy content of pumpkin seed press cake (PSPC) was calculated 342.93 kcal/100g in the raw sample, which decreased to 304.71 kcal/100g in the defatted sample (DPSPC). This reduction in caloric value is primarily attributed to the significant decrease in fat content following defatting, as lipids are the most energy-dense macronutrient. The observed values are comparable to those reported by Sá et al. (2021), who found an energy value of 340.87 kcal/100g in pumpkin seed meal, indicating similar macronutrient distributions. The results of the present study suggest that defatted PSPC provides a moderate caloric value, making it suitable for incorporation into energy-controlled diets or low-fat functional foods. Its reduced energy density, combined with elevated protein and fibre content, enhances its appeal as a nutritionally dense, sustainable food ingredient for health-conscious formulations.
4. Conclusion 
This investigation has shown that removing oil from pumpkin seed press cake substantially upgrades its proximate composition and techno-functional attributes, thereby widening its viability as a green food ingredient. The defatted material outperformed the cold-pressed cake in protein, ash, and dietary fibre, while the fat fraction was markedly lowered. The improved bulk density, increased water and oil absorption, confirm its practical applicability in developing new food products. The work therefore endorses defatting as a low-cost, effective approach of transforming a neglected agro-industrial co-product into a concentrated, versatile, and distinctly eco-positive food ingredient. Incorporation of defatted press cake in food matrices aids in closing material loops, cutting waste and repurposing nutrients, while also reinforcing the action agendas linked to the circular bioeconomy and the drive to achieve the UN’s Sustainable Development Goals. 
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