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Effect of fermentation on functional properties of 

pumpkin seed flour 
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Varsha Kumari 

 
Abstract 
Present investigation evaluates the effect of processing on functional properties of pumpkin seed powder. 

Pumpkin seed were made into powder and subjected to natural and controlled single culture (L. 

acidophilus and L. rhamnosus; 37 oC, 36hr.) fermentations. A sharp decline was observed in pH of all 

three fermentations accompanied by increased titratable acidity with increasing time. Fermentations 

significantly (P≤ 0.05) increased the water absorption capacity while bringing a significant (P≤ 0.05) 

reduction in oil absorption capacity and swelling power. 

 

Keywords: Pumpkin seed powder fermentation, functional properties, L. acidophilus, L. rhamnosus 

 

Introduction 

Fruit and vegetable processing industries generate enormous amount of byproduct wastes in 

form of skin, seeds, stones, unused flesh etc., some of which have high nutritional value. One 

such domestic as well as industrial waste is pumpkin seed. Pumpkin seeds have come to be 

known as nutritional powerhouse, as these seeds are excellent source of not only protein and 

fibre but also micronutrients mainly zinc, phosphorous, magnesium, potassium and selenium.  

Fermentation is a known process for improving the nutritional value of products. At the same 

time it also affects the functional properties of food. Functional properties are the essential 

physicochemical properties of foods that are a result of complex interactions between the food 

components as a result of their molecular structures and conformations. Functional 

characteristics help us understand how new proteins, fat, carbohydrates (starch and sugars), 

and fibre may behave in specific food systems (Kinsella, 1982; Kaur and Singh, 2006; Chen et 

al., 2016) [8, 10, 5]. Controlled fermentation with probiotics can further add to therapeutic values 

of developed food products (Sindhu and Khetarpaul, 2003; Sindhu et al., 2013) [18, 16]. 

Considering the nutritional potential of pumpkin seeds, the present study was designed to 

study the effect of fermentation on functional properties of pumpkin seed flour. 

 

Materials and Methods 

Pumpkins (Cucurbita sp.) were procured in a bulk from the local market and seeds were 

separated from the pulp.  

 

Processing of pumpkin seeds 

Fermentation: Pumpkin seeds with seed coat were grinded in electrical grinder and subjected 

to three type of fermentations:  

 Natural fermentation (37 oC, 36hr.) 

 Controlled fermentation with L. acidophilus ATCC4356 (37 oC, 36hr.) 

 Controlled fermentation with L. rhamnosus ATCC7469 (37 oC, 36hr.) 

 

All processed pumpkin seeds were dried in hot air oven (60 ºC) for 6-8 hours and made into 

flour using electric grinder.  

 

pH and Titratable acidity 

Titratable acidity in freshly fermented sample was determined as lactic acid per ml AOAC 

(2012) [3].  
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Functional properties  
All processed pumpkin seed flours were studied for Water 

absorption capacity (Wang and Kinsella, 1976) [20], oil 

absorption capacity (Singh and Singh,1991) [19] and Swelling 

power (Robertson et al., 2000) [14].  

 

Statistical analysis 

The data obtained were subjected to statistical analysis for 

analysis of variance in a complete randomized design. Critical 

difference was used to check the significance of differences 

between treatments. Level of significance was set at P≤0.05. 

 

Results and Discussion  

pH and titratable acidity  

The pumpkin seed flours were subjected to natural as well as 

controlled fermentations (L. acidophilus and L. rhamnosus) 

for varying time periods (Table 1). A sharp decline was 

observed in pH of all three fermentations accompanied by 

increased titratable acidity with increasing time. During 

fermentation, developing microorganisms convert glucose to 

lactic acid which is responsible for the decline in pH of the 

food product. A rapid drop in pH with corresponding increase 

in titratable acidity during fermentation has been reported in 

earlier studies (Sindhu and Khetarpaul, 2005; Khanna and 

Dhaliwal, 2013) [17, 9]. 

 

Functional properties  

Table 2 presents the effect of different fermentations on 

functional properties of pumpkin seed flours. The 

unprocessed pumpkin flour had Water absorption capacity 

178.00 ml/100g, Oil absorption capacity 82.90 ml/100g and 

Swelling power 2.79 ml/g. All the processing methods 

resulted in significantly (P≤0.05) higher water absorption 

capacity as compared to unprocessed 

pumpkin seed flour. Highest per cent increase (66.35) was 

obtained after L. acidophilus fermentation while Natural and 

L. rhamnosus fermentation resulted in 59.74 and 59.37 per 

cent increase, respectively. The higher water absorption 

capacity of all processed samples may be due to protein 

denaturation. Severe denaturation has been reported to destroy 

hydrophobicity; (Hutton and Cambell, 1981; Fagbemi et al., 

2006) [7, 6]. The proteolytic activity during fermentation breaks 

the peptide bonds of protein causing an increase in polar 

groups and thereby increasing hydrophilicity of the proteins 

(Beuchat, 1976) [4]. 

Oil absorption capacity of unprocessed, naturally fermented, 

L. acidophilus fermented and L. rhamnosus fermented 

pumpkin seed flours was 82.90, 77.60, 79.33 and 78.17 

ml/100g, respectively. The process of fermentation brought 

significant (P≤0.05) decrease as compared to unprocessed 

flour. The lower capacity of fermented pumpkin seed flours to 

bind and retain oil than unprocessed flour, suggests that 

conformational changes of starch and protein molecules could  

have occurred during fermentation that exposed less 

hydrophobic than hydrophilic groups. The results of this study 

are in line with studies who reported increased WAC and 

decreased OAC of fermented African oil bean seed flour 

(Akubor and Chukwu,1999) [2] and pumpkin seed flour 

(Akintade et al., 2019) [1]. Contrary to these, Oloyede et al. 

(2016) [11] reported a significant (P < 0.05) increase in the oil 

absorption capacity of moringa flour samples with increase in 

fermentation time. 

All fermentations significantly (P≤0.05) reduced the swelling 

power as compared to unprocessed flour. The Swelling power 

is the measure of the ability of starch to assimilate water. It 

reflects the extent of associative forces within the granules. It 

is related with starch as well as protein content of the flour 

(Ramírez‐ Wong et al., 2007) [13]. A reduced swelling power 

therefore reflects the effect of fermentation on starch as well 

as protein. Fermentation has been known to modify 

macromolecules and affect functionality (Oloyede et al., 

2016; Oyeyinka et al., 2020) [11, 12].  

Functional properties are the fundamental physico-chemical 

properties that can affect product development specially in 

case of bakery products. High water absorption helps to 

reduce moisture loss in packaged bakery goods; moreover 

water-holding is indispensably required to maintain freshness 

and a moist mouth feel of baked foods. Oil absorption and 

swelling power also affect the retention of flavor and texture 

of baked foods. Effect of fermentation on functional 

properties of food ingredients has been attracting interest of 

scientists. Simwaka et al. (2017) [15] observed that Water 

Solubility Index increased while water absorption index and 

oil absorption capacity decreased after fermentation in 

complementary foods formulated from pumpkin seeds, 

amaranth, finger millet and sorghum grains. 

 
Table 1: pH and titratable acidity (% lactic acid) of fermented pumpkin seed flours 

 

Fermentation  6 h 12 h 18 h 24 h 30 h 36 h CD (P≤0.05) 

Natural 
pH 6.21±0.06 4.62±0.03 4.51±0.02 4.25±0.03 4.14±0.03 4.03±0.02 0.17 

Titratable acidity 0.04±0.02 0.08±0.03 0.11±0.03 0.16±0.06 0.17±0.05 0.18±0.11 0.03 

L.acidophilus 
pH 6.04±0.03 4.61±0.02 4.11±0.01 3.78±0.03 3.67±0.01 3.51±0.02 0.15 

Titratable acidity 0.11±0.02 0.13±0.03 0.19±0.06 0.21±0.07 0.23±0.02 0.27±0.03 0.05 

L. rhamnosus 
pH 6.11±0.04 4.72±0.03 4.34±0.02 4.16±0.03 3.96±0.06 3.88±0.02 0.22 

Titratable acidity 0.05±0.02 0.09±0.06 0.12±0.08 0.16±0.11 0.18±0.01 0.21±0.13 0.02 

Values are mean ± SE of six independent determinations. 

 
Table 2: Functional properties of processed pumpkin seed flours 

 

Treatment Water absorption capacity (ml/100g) Oil absorption capacity (ml/100g) Swelling power (ml/g) 

Unprocessed 178.00±0.06 82.90±0.06 2.79±0.18 

Natural fermentation 284.33±6.89 (+59.74) 77.60±0.12 (-6.39) 2.39±0.04 (-14.34) 

L. acidophilus fermentation 296.10±8.50 (+66.35) 79.33±0.23 (-4.31) 2.47±0.02 (-11.47) 

L. rhamnosus fermentation 283.67±9.33 (+59.37) 78.17±0.12 (-5.71) 2.05±0.05 (-26.52) 

CD (P≤0.05) 0.89 0.67 0.21 

Values are mean ± SE of six independent determinations. 

Values in parenthesis indicate per cent change over control. 
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Conclusion 

It may be concluded that pumpkin seeds which are otherwise 

discarded as vegetable waste can successfully be used for 

value addition using simple processing methods such as 

fermentation. The fermented powder developed from 

pumpkin seeds have functional properties making them 

suitable for product development. Such developed products 

will have a good protein and mineral profile and therefore can 

be used to combat malnutrition. 

 
Conflict of interest: None 

 

References 

1. Akintade AO, Awolu OO, Ifesan BO. Nutritional 

Evaluation of Fermented, Germinated and Roasted 

Pumpkin (Cucurbita maxima) Seed Flour. Acta 

Universitatis Cibiniensis. Series E: Food Technology. 

2019; 23(2):179-186. http://dx.doi.org/10.2478/aucft-

2019-0021 

2. Akubor PI, Chukwu JK. Proximate composition and 

selected functional properties of fermented and 

unfermented African oil bean (Pentaclethra macrophylla) 

seed flour. Plant foods for human Nutrition. 

1999;54(3):227-38. 

https://link.springer.com/article/10.1023/A:10081009308

56 

3. AOAC. Official methods of Analysis. 19th edn., 

Association of the official Analytical chemists, 

Washington D.C, USA 2012. 

4. Beuchat LR. Fungal fermentation of peanut press cake. 

Economic Botany 1976;30(3):227-34. 

https://link.springer.com/article/10.1007/BF02909731 

5. Chen H, Qiu S, Gan J, Liu Y, Zhu Q, Yin L. New 

insights into the functionality of protein to the 

emulsifying properties of sugar beet pectin. Food 

Hydrocolloids 2016;57:262-70. 

6. Fagbemi TN, Oshoudi AA, Ipinmoroti KO. Effects of 

processing in the functional properties of full fat and 

defatted fluted pumpkin seed flours. J Food Tech 

2006;4:70-9. 

https://medwelljournals.com/abstract/?doi=jftech.2006.70

.79 

7. Hutton CW, Campbell AM. Water and fat absorption. In 

Protein functionality in foods. Cherry, J. P. (Ed.). 

American Chemical Society, Washington, DC 1981, 177-

200. 

8. Kaur M, Singh N. Relationships between selected 

properties of seeds, flours, and starches from different 

chickpea cultivars. International Journal of Food 

Properties 2006;9(4):597-608. 

https://doi.org/10.1080/10942910600853774 

9. Khanna P, Dhaliwal YS. Effect of germination and 

probiotic fermentation on the nutritional and organoleptic 

acceptability value of cereal based food mixtures. 

Scholarly J Agric Sci 2013;3:367-73. http://scholarly-

journals.com/sjas/archive/2013/Sept/pdf/Khanna%20and

%20Dhaliwal.pdf 

10. Kinsella JE. Relationships between structure and 

functional properties of food proteins. Food proteins. 

1982;1:51-103. 

11. Oloyede OO, James S, Ocheme OB, Chinma CE, Akpa 

VE. Effects of fermentation time on the functional and 

pasting properties of defatted Moringa oleifera seed flour. 

Food Science & Nutrition 2016;4(1):89-95. 

https://onlinelibrary.wiley.com/doi/abs/10.1002/fsn3.262 

12. Oyeyinka SA, Adeloye AA, Olaomo OO, Kayitesi E. 

Effect of fermentation time on physicochemical 

properties of starch extracted from cassava root. Food 

Bioscience 2020;33:100485. 

https://doi.org/10.1016/j.fbio.2019.100485 

13. Ramírez‐ Wong B, Walker CE, Ledesma‐ Osuna AI, 

Torres PI, Medina‐ Rodríguez CL, López‐ Ahumada 

GA, et al. Effect of flour extraction rate on white and red 

winter wheat flour compositions and tortilla texture. 

Cereal chemistry 2007;84(3):207-13. 

https://doi.org/10.1094/CCHEM-84-3-0207 

14. Robertson JA, de Monredon FD, Dysseler P, Guillon F, 

Amado R, Thibault JF. Hydration properties of dietary 

fibre and resistant starch: a European collaborative study. 

LWT-Food Science and Technology 2000;33(2):72-9. 

https://www.sciencedirect.com/science/article/pii/S00236

43899905959 

15. Simwaka JE, Chamba MV, Huiming Z, Masamba KG, 

Luo Y. Effect of fermentation on physicochemical and 

antinutritional factors of complementary foods from 

millet, sorghum, pumpkin and amaranth seed flours. 

International Food Research Journal 2017;24(5). 

EBSCOhost | 126076647 | Effect of fermentation on 

physicochemical and antinutritional factors of 

complementary foods from millet, sorghum, pumpkin 

and amaranth seed flours. 

16. Sindhu SC, Khetarpaul N, Sindhu A. Antidiarrhoeal 

effect of feeding probiotic fermented indigenous food 

17. blend in ampicillin treated mice. International Journal of 

Microbial Resource Technology 2013;2(1):16-23. 

http://ijmrt.inpressco.com/antidiarrhoeal-effect-of-

feeding-probiotic-fermented-indigenous-food-blend-in-

ampicillin-treated-mice/ 

18. Sindhu SC, Khetarpaul N. Development, acceptability 

and nutritional evaluation of an indigenous food blend 

fermented with probiotic organisms. Nutrition & Food 

Science 2005;35(1):20-27. 

https://doi.org/10.1108/00346650510579108 

19. Sindhu SC, Khetarpaul N. Effect of feeding probiotic 

fermented indigenous food mixture on serum cholesterol 

levels in mice. Nutrition research 2003;23(8):1071-80. 

https://doi.org/10.1016/S0271-5317(03)00087-3 

20. Singh U, Singh B. Functional properties of sorghum-

peanut composite flour. Cereal chemistry 

1991;68(5):460-463. http://oar.icrisat.org/id/eprint/3083 

21. Wang JC, Kinsella JE. Functional properties of novel 

proteins: Alfalfa leaf protein. Journal of food science 

1976;41(2):286-92. 

https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-

2621.1976.tb00602.x 

http://www.thepharmajournal.com/

