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Abstract: Pumpkin (Cucurbita moschata) contains bioactive compounds that are spread 
almost throughout the organs. One of the important contents of pumpkin is seed oil which 
has antioxidant activity. Antioxidants play a role in counteracting free radicals so that it is 
widely used to improve health quality. Fruit storage can affect seed quality and antioxidant 
activity in it. The purpose of this study was to evaluate and compare the chemical 
characteristics and antioxidant activity of pumpkin seed oil with different fruit storage 
times. The method for obtaining pumpkin seed oil from fruit storage for 10, 20, and 30 
Days After Anthesis (DAH) was carried out using the soxhlet extraction method. The 
extracted oil was thickened using a rotary evaporator. Furthermore, its chemical 
characteristics were tested including yield, acid number, peroxide number, saponification 
number, water content. Pumpkin seed oil was measured for its antioxidant activity using 
the DPPH method. Absorbance was measured at a wavelength of 526 nm using a UV-Vis 
spectrophotometer. The data obtained were analyzed using ANOVA followed by the 
DMRT test with a 95% confidence interval. The results showed that there were significant 
differences in the variation of fruit storage time including oil yield, acid number, 
saponification number, and antioxidant activity, while there was no difference in water 
content. Fruit storage time of 30 DAH gave the most optimal results in all parameters 
tested. The conclusion that can be drawn from this study is the characteristics and 
antioxidant activity of pumpkin seed oil at a storage time of 30 DAH produced better oil 
quality compared to storage times of 10 and 20 DAH. 
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Introduction  
 

The yellow pumpkin plant (Cucurbita moschata) is 
a multifunctional plant, because it can be used as an 
alternative food, cosmetics, and has various health 
benefits (Akhtari and Rosalina 2023; Ariyanti 2021; Men 
et al. 2021). Almost all parts of the pumpkin plant have 
beneficial content. Pumpkin fruit contains 
carbohydrates, protein, fat, fiber, vitamin C, phenol, beta 
carotene (Cao et al. 2010; Tjiptowibisono et al. 2015). 
Pumpkin leaves contain alkaloids, flavonoids, 
terpenoids, saponins (Suradkar et al. 2017; Suranto et al. 
2023). The flowers contain protein, fat, fatty acids, 
carbohydrates, calcium, magnesium, potassium, iron, 

zinc, manganese, carotene, polyphenols (Bieżanowska-
Kopeć et al. 2022)and the seeds contain protein, 
unsaturated fatty acids (linoleic acid, oleic acid, palmitic 
acid, and stearic acid) (Enneb et al. 2020; Indrianingsih 
et al. 2019; Prommaban et al. 2021). 

Studies show that pumpkin seed oil can be used as 
an antihelminthic, antidiabetic, antihypertensive, 
antidepressant, anti-inflammatory, antimicrobial, and 
antioxidant (Bakeer et al. 2021; Hesari et al. 2020; Kim et 
al. 2016; Majid, Ahmed, and Khan 2020; Nadjiba et al. 
2018; Suwannapong, Talubmook, and Promprom 2023). 
The presence of antioxidant compounds in pumpkin 
seeds is believed to be able to cure various diseases. 
Consumption of foods with high total antioxidant 
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capacity is reported to prevent hypertension (Villaverde 
et al. 2019). High levels of antioxidants are needed to 
manage oxidative stress which is one of the causes of 
chronic diseases such as diabetes, cancer, and 
cardiovascular disease (Farhat et al. 2020). 

Pumpkin seed oil is obtained after the fruit is 
harvested (Vinod et al. 2014). However, pumpkin is a 
fruit that can be stored for a fairly long period of time 
after harvest, namely up to 6 months (Arumsari et al. 
2017). During storage time, fruit can undergo respiration 
to produce organic acids, so that sugar levels decrease 
(Sari and Putri 2018). In addition, the content of 
potassium, calcium, and magnesium, which are essential 
macronutrients for germination, decreased (Colombari 
et al. 2022). The results of the study showed that the 
length of storage of pumpkin fruit causes the antioxidant 
levels in the fruit to decrease (Arumsari et al. 2017; 
Martínez et al. 2021). The decreasing antioxidant levels 
in pumpkin fruit are not yet known to be accompanied 
by changes in the characteristics and antioxidant activity 
of pumpkin seed oil. 

Studies on pumpkin seed oil and the factors that 
influence it continue to develop. Efforts to increase the 
content of pumpkin seed oil are carried out in various 
ways. Pruning the main stem can increase the 
production of pumpkin oil which aims to extend the 
time of maturity and fruit ripening (Gholipouri and 
Nazarnejad 2007). In addition to these methods, the 
provision of NPK fertilizer can increase the productivity 
of pumpkin seed oil, but the provision of NPK above 100 
kg/ha reduces the production of pumpkin seed oil 
(Oloyede et al. 2012). So far, research discussing the 
quantity and quality of pumpkin seed oil has been 
carried out by roasting (Soetjipto et al. 2018)and 
extraction methods. Extraction methods used to obtain 
pumpkin seed oil include maceration, cold press 
extraction, enzymatic, and mechanical methods. Among 
these methods, the soxhlet method provides more 
optimal results than others (Acacio et al. 2015; Singh and 
Kumar 2023; Soetjipto et al. 2018). In addition to pre-
harvest treatment and the use of various methods, the 
age of harvest and post-harvest treatment can affect the 
characteristics and content of pumpkin seed oil. The 
study stated that the highest quantity of pumpkin seed 
oil was in fruit harvested at 60 DAA (Day After 
Anthesis) after 10 days of maturity (Vinod et al. 2014). 
This is because pumpkin seeds physiologically 
experience maturity after 50-60 DAA which results in 
reduced water content and stability of electrical 
conductivity (Acacio et al. 2015). In addition to affecting 
the content and characteristics of oil in plants, various 
post-harvest treatments such as cold storage, heat 
treatment, packaging, and administration of chemical 
compounds can affect the antioxidant activity of the 
Cucurbitaceae family (Martínez et al. 2021). The results 

of the study showed that storage for 20 days reduced the 
antioxidant activity of pumpkin fruit (Rosales et al. 
2023). In this study, the plant organs studied were only 
the fruit, so it is necessary to expand by looking at the 
characteristics and antioxidant activity of pumpkin seed 
oil when given treatment in the form of fruit storage 
time. The characteristics of oil and antioxidant activity of 
pumpkin seed oil need to be known to determine the 
optimal fruit storage time, so this study is expected to be 
used as a basis for producing natural product materials 
in the form of pumpkin seed oil with better quantity and 
quality. 

 

Method 
 
Tools and materials 
The tools used in this study were Soxhlet apparatus, 

rotary evaporator DLAB RE 100-Pro, Memmert oven, 
Shimadzu UV Vis spectrophotometry, Ohaus analytical 
balance, Philipps blender, desiccator, burette and stand, 
40/70 mesh sieve, Erlenmeyer flask, porcelain cup, dark 
pipette bottle, filter paper. 

The materials used in the study were n-hexane, 
ethanol 96% Merck, PP Merck indicator, NaOH Merck, 
glacial acetic acid Merck, Chloroform Merck, Potassium 
iodide Merck, Na2S2O3 Merck, Starch indicator Merck, 
KOH Merck, HCl, DPPH smartlab, ascorbic acid Merck, 
Aquades, ethanol pro analysis Merck, C. moschata 
“butternut” fruit. 

 
Seed preparation 

Pumpkin seeds of the “butternut” type obtained 
from farmers with fruit storage ages of 10, 20, 30 Days 
After Anthesis (DAA) were air-dried for approximately 
3 days at room temperature. The dried pumpkin seeds 
were ground using a blender and sieved using a 40/70 
mesh sieve to obtain the same powder size. 

 
Pumpkin seed extraction 

As many as45 grams of pumpkin seed powder was 
extracted using a soxhlet apparatus. The solvent used 
was n-hexane.(Singh and Kumar 2023). Pumpkin seeds 
were extracted at 600 C for 6 hours. The extract obtained 
was thickened using a rotary evaporator at 400 C. The 
thick extract obtained was weighed and stored in a dark 
bottle for further testing.(Abdillah et al. 2014). 
 
Testing the chemical properties of pumpkin seed oil 

TestingThe chemical properties of pumpkin oil 
were determined according to the methodJulianty et al. 
(2021)with slight modifications including oil yield, acid 
number, saponification number, peroxide number, and 
water content. Oil yield is determined by Formula 1. 
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Rendemen (%) =
𝑀𝑎𝑠𝑠𝑎 𝑚𝑖𝑛𝑦𝑎𝑘

𝑀𝑎𝑠𝑠𝑎 𝑆𝑎𝑚𝑝𝑒𝑙
𝑥100% (1) 

 
The acid number is determined by titrating 0.5 

grams of oil sample using 0.1 N standard NaOH solution 
with the help of phenolphthalein indicator and the 
addition of 5 ml of hot neutral 96% ethanol. The 
calculation of the acid number uses Formula 2. 

 

Bilangan asam NaOH gr⁄ =
𝑚𝑙 𝑁𝑎𝑂𝐻 𝑥 𝑛 𝑁𝑎𝑂𝐻 𝑥 40

𝐵𝑒𝑟𝑎𝑡 𝑠𝑎𝑚𝑝𝑒𝑙 (𝑔𝑟)
  (2) 

 
The peroxide number is determined by titrating 0.5 

grams of oil sample using 0.01 N Na2S2O3 solution 
added with 5 ml of acetic acid solution with a ratio of 3:2 
(v/v) and 0.2 ml of saturated KI and 5 ml of distilled 
water. Titration is carried out until the yellow color is no 
longer visible. A total of 0.2 ml of starch indicator is 
added and the sample is titrated again until the color of 
the starch indicator disappears. Formula 3 for 
calculating the peroxide number is: 

 

Bilangan Peroksida (meq O2/kg) =
𝑉𝑥𝑁𝑥1000

𝑊
  (3) 

Information: 
V : Volume Na2S2O3 0.01 N during titration (ml) 
N :Normality of 0.01 N Na2S2O3 standard 
solution 
W :oil sample weight (kg) 
 

The saponification number is determined by 
saponifying 0.5 grams of oil sample using 0.5 N 
KOH/alcohol solution. Furthermore, 0.5 HCl is used to 
titrate the sample with the addition of 1 ml of 
phenolphthalein indicator. Titration of the blank 
solution is carried out in the same way without using an 
oil sample. The following is the calculation of the 
saponification number formula (Formula 4). 

 

Bilangan penyabunan (KOH/gr) =
(𝐵−𝑆)𝑥(𝑁)

𝑊
𝑥 56.1 (4) 

Information: 
B : Volume of HClfor blank titration (ml) 
S :VolumeHCl for sample titration (ml) 
N :Normality of HCl 
W : Heavysample (gr) 
 
Water content 

Water content is determined by weighing a 
porcelain cup containing 1 gram of oil sample that has 
been previously weighed initially. Furthermore, the cup 
containing the oil is ovened for 2 hours at a temperature 
of 100-1050C until the water content in the oil 
evaporates. The final weight of the cup is re-weighed 

after the cup is cooled in a desiccator. Water content 
calculation uses the formula (Formula 5). 

 

Kadar air (%) =
(𝐴−𝐵)

𝐶
𝑥 100% (5) 

Information: 
A: weight of cup + weight of sample before heating (gr) 
B: weight of cup + weight of sample after heating (gr) 
C : Sample weight before heating (gr) 
 
Antioxidant activity testing using the DPPH method 

TestingAntioxidant activity was carried out 
according to the methodAbdillah et al. (2018). A total of 
30 gr DPPH was weighed and dissolved in 100 ml 
ethanol as a stock solution (30 ppm). A 10 mg oil sample 
was extracted in 100 ml of 95% ethanol for 48 hours to an 
assumed concentration of 100 ppm (w/v). The IC50 
dilution curve was made by diluting the sample with 
concentrations of 20 ppm, 40 ppm, 60 ppm, and 80 ppm. 
Each concentration was taken as much as 2 ml, added 
with 3 ml of DPPH 30 ppm, then shaken and left for 30 
minutes at room temperature in a dark room. 
Absorption measurements were carried out using UV 
spectrophotometry at a maximum absorption 
wavelength of λ 526 nm. Ethanol was used as a blank 
and vitamin C was used as a standard solution. All 
measurements were carried out in triplicate. The IC50 
value of the antioxidant activity of pumpkin seed oil 
which can inhibit DPPH radical activity (from a 
concentration of 50% of the sample) was compared with 
the IC50 antioxidant of the standard vitamin C solution. 
 
Data analysis 

Dataanalyzed using the Analysis of Variance 
(ANOVA) method then DMRT with a confidence level 
of 95%. 

 
Results and Discussion 
 

Respirationfruit during post-harvest storage will 
affect the primary metabolic pathway, such as starch 
metabolism, glycolysis, and the citric acid cycle which 
will have an impact on changes in the nutritional content 
of the fruit. Interactions between hormones are also 
involved in the ripening and aging process of post-
harvest fruit. During the ripening and aging process of 
this fruit, there will be a decrease in water (Pott et al. 
2020). Lack of water will affect the seed ripening process 
which will affect the quality of the oil. Furthermore De 
Vitis et al. (2020)mentioned that effective storage is very 
important to maintain seed viability. The characteristics 
of C. moschata seed oil at various fruit storage times are 
presented in Table 1. 
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Table 1. Results of Seed Oil Characteristics Test on Variations in Fruit Storage Duration 

Parameter 
Shelf life (DAH) 

10 20 30 

Oil yield (%) 28.66±1.37a 31.59±1.00b 34.01±1.21c 
Acid number (NaOH/g) 29.26±1.00a 18.66±0.72b 3.56±0.09c 
Peroxide number (meq O2/kg) ttd* ttd* ttd* 
Saponification number (KOH/g) 25.83±0.31a 19.34±0.06b 12.73±0.31c 
Water content (%) 2.23±0.20 1.73±0.23 1.46±0.98 

Note:* not detected, different letters indicate significant differences 
 
Oil yield 

Vegetable oil is an important source of nutrients for 
health. Vegetable oil sources are obtained from various 
plants, including C. moschata seeds. C. moschata seeds 
have a high fat content (Akintade et al. 2019), so it can be 
used as an alternative choice of vegetable oil. The storage 
time of the fruit will also affect the oil yield (Ruswanto 
et al. 2020). Table 1. shows that there is a significant 
difference between the oil yields in fruit storage at 10 
DAH, 20 DAH, and 30 DAH. In addition, there was an 
increase in seed oil yield along with the length of fruit 
storage up to 30 days after the fruit was harvested, 
which was 34.01 ± 1.21%. These results are comparable 
to research Kabutey et al. (2024) namely with an oil yield 
of 34.00%, but this result is lower than the results 
Soetjipto et al. (2018) which is 36.65%. Several factors 
that affect the production of seed oil include plant type, 
environmental conditions, harvest time, plant 
cultivation, processing, and storage (Kafkaletou et al. 
2021; Zhou et al. 2020). 

Petkova and Antova (2015) stated that the oil 
content of C. moschata seeds increased in the final phase 
of fruit ripening, namely 90 days from the flowering 
phase. This is in line with Nguyen et al. (2015)mentioned 
that the yield of Coriandrum sativum L. seed oil 
increased from the flowering phase to the maturity 
phase of the plant. Seed maturity and harvest time are 
two different things. Fruit maturity is a process that 
culminates in physiological maturity, while harvesting 
is based on economic and technological parameters 
related to seed quality (Bareke 2018). However, for 
economic purposes, usually the fruit will be harvested 
when it reaches maturity because harvesting too early 
can result in low oil yields. In addition, after harvesting 
the fruit or seeds must be stored carefully to avoid 
damage, so that the risk of contamination by 
microorganisms can be minimized (Zhou et al. 2020). 

 
Acid Number 

Based on Table 1. shows that there is a significant 
difference in acid number in different fruit storage 
variations. The results of the acid number obtained 
based on the storage time of 10 DAH; 20 DAH; 30 DAH 
respectively are 29.26±1.00; 18.66±0.72; 3.56±0.09 mg 
NaOH/g. The smaller the acid number, the better the 

quality of the oil (Julianty et al. 2021). A high acid 
number indicates a high level of free fatty acids, either 
as a result of hydrolysis due to oxidation and other 
rancidity processes or as free fatty acids that tend to be 
easily oxidized (Abdillah et al. 2014). Based on the 
results obtained, it can be seen that the storage period of 
30 DAH showed a small acid number, it can be 
concluded that the longer the storage period after 
harvest will produce good quality pumpkin seed oil. 

 
Saponification Number 

The saponification number results showed 
significant differences in each variation of fruit storage 
time. The results obtained based on storage time of 10 
DAH; 20 DAH; 30 DAH respectively were 25.83±0.31; 
19.34±0.06; 12.73±0.31 mg KOH/g. The saponification 
number is influenced by the molecular weight and chain 
length formed inversely proportional to the molecular 
weight of lipids (Soetjipto et al. 2018). The smaller the 
saponification number, the better the quality of the oil, 
this indicates the higher the molecular weight (Julianty 
et al. 2021). Based on the results obtained, it can be seen 
that the storage period of 30 DAH showed a small 
saponification number, it can be concluded that the 
longer the storage period after harvest will produce 
good quality pumpkin seed oil. 

 
Peroxide Number 

The peroxide number is used to see the quality of 
oil. Oil with a high oxidation number indicates a 
decrease in oil quality because the higher the oxidation 
level of the oil (Slamet et al. 2023). Based on Table 1. the 
peroxide number in each sample cannot be detected. 
This indicates that the C. moschata seed oil sample has 
good quality and has not been damaged (Dewi et al. 
2019).Soetjipto et al. (2018)stated that the use of n-hexane 
solvent will reduce the peroxide number. The results of 
the study are not in line with the research Julianty et al. 
(2021)that the peroxide value of C. moschata seed oil is 
50 meq O2/kg due to heat extraction which causes 
oxidation. Other factors that affect the peroxide number 
of oil such as the length of oil storage, repeated use, and 
the use of bioadsorbents (Khoirunnisa et al. 2020; 
Muqasyifah et al. 2020; Sari et al. 2019). 

 



Jurnal Penelitian Pendidikan IPA (JPPIPA) January 2025, Volume 11 Issue 1, 1261-1269 
 

1265 

Water content 
According to Zhou et al. (2020) the water content in 

the seeds affects the storage time of the oil and the 
quality of the oil. High water content in oil can speed up 
the oil becoming rancid (Lempang, Fatimawali, and 
Pelealu 2016). Based on Table 1. the water content in the 
fruit storage variations did not show significant 
differences. However, the water content in C. moschata 
seed oil tended to decrease along with the length of fruit 
storage time. The results of the water content from 
various fruit storage times were lower than the results of 
the study Soetjipto et al. (2018), which is 3.86. According 
to Sari et al. (2019)) water is naturally present in oil. 
Water is also formed due to the reaction of caustic soda 
with free fatty acids. The higher the water content, the 
higher the acid number or free fatty acid content in the 
oil due to the hydrolysis reaction in the oil. Hydrolysis 
in oil occurs because the presence of water in the oil 
causes the formation of free fatty acids (Musafira et al. 
2020). Gupta et al. (2019) explained that the water 
content in oil can be reduced by the seed drying method. 
In addition to the drying method, the difference in water 
content in C.moschata seed oil produced from different 
fruit storage is due to the water content in the seeds 
decreasing from the flowering phase to the ripening 
phase (Nguyen et al. 2015). The water content in seeds 
decreases significantly at the end of the ripening phase 
because in the seeds there are changes in the structure of 
the cell membrane and an increase in the activity of 
enzymes responsible for germination (Bareke 2018). 

 
Antioxidant Activity 

The higher the sample concentration, the higher the 
percentage of inhibition (Figure 1.). This inhibition value 
will be used to calculate the IC50 value. The IC50 
(Inhibition concentration) value is the sample 
concentration needed to inhibit 50% of DPPH radicals. 
The smaller the IC50 value, the higher the antioxidant 
activity (Maryam 2015). When compared with the IC50 
value of vitamin C, which is 5.23 µg/ml, the antioxidant 
activity of C. moschata seed oil is lower with a range of 
values 63.94±0.28 µg/ml to 187.92±0.39 µg/ml 
depending on the length of fruit storage. This 
antioxidant activity is higher than the research Boujemaa 
et al. (2020) with the same solvent and method produced 
an IC50 value of C. moschata seed oil of 396.95 ± 12.73 
µg/ml. Although the results of the antioxidant activity 
of C. moschata seed oil were lower than the standard, 
the study Bakeer et al. (2021) stated that C. moschata 
seed oil has antioxidant activity that can capture free 
radicals produced during gametogenesis. 

 

 
Standard 

 
10 Years 

 
20 Years 

 
30 YEARS 

Figure 1. Standard inhibition percentage and variation of fruit 
storage time 
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Figure 2.IC50 values of C. moschata seed oil in different fruit 

storage variations 
 

Based on the results of the study, the antioxidant 
activity of C. moschata seed oil in different variations 
showed significant differences (Figure 2). The 
antioxidant activity of C. moschata seed oil can increase 
along with the length of fruit storage. This is because the 
fruit ripening phase will affect the physiological 
characteristics of the seeds (Ramos et al. 2021). Basu and 
Groot (2023) suggested that the aging and post-harvest 
phases result in the accumulation of food reserves in 
seeds. Seeds will accumulate antioxidants during seed 
maturation to protect against oxidative damage that 
cannot be repaired by enzyme activity. In addition, 
antioxidant activity increases with seed germination 
time (Li et al. 2019). 
 

Conclusion  

 
The characteristics and antioxidant activity of C. 

moschata seed oil at 30 DAH storage time produced 
better oil quality compared to 10 and 20 DAH storage 
times. 
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