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ABSTRACT 

 
This study aimed to investigate the inter- and intra-species variability in squashes and 

pumpkins (Cucurbita moschata, Cucurbita maxima, and Cucurbita pepo), with respect to 

fruit flesh nutritional quality parameters (contents of dry weight, sugar, protein, 

carotenoid and total soluble solids, refractive index, and flesh juice pH) and agronomic 

yield (fruit weight, number of fruits per plant, and yield per plant). The study included a 

total of thirty phenotypically divergent Cucurbita spp. genotypes cultivated over two 

consecutive growing seasons (2021 and 2022). Significant differences were observed 

among the species and genotypes regarding all the analyzed parameters, except for the 

fruit flesh juice pH. The greatest variability was detected for the carotenoid content (45.2, 

11.1, and 6.5 mg/kg fresh weight for C. maxima, moschata, and pepo, respectively) and 

fruit weight (7.6, 4.0, and 2.5 kg for C. maxima, pepo, and moschata, respectively). The 

seasonal variation was most pronounced in C. moschata, indicating its comparatively low 

tolerance to heat stress. The highest values for the investigated parameters of both 

nutritional quality (dry weight 16.5%, sugar content 25.5 mg/g fresh weight, protein 

content 4.1 mg/g fresh weight, and  total soluble solids content 8.1 °Brix) and agronomic 

yield (20.6 kg per plant) were noted in C. maxima, which is therefore suggested as the 

best raw material for the production of pumpkin-based food and feed. The investigated 

parameters varied in the other two species as well, suggesting the potential for 

improvements through breeding and applicability for similar purposes. This study 

highlights the importance of raw material quality for nutrient extraction from Cucurbita 

spp. fruits. Effective cooperation between plant breeders and food technology engineers is 

essential to deliver high-quality pumpkin-based products while optimizing production and 

processing costs. 
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INTRODUCTION 

 

Squashes and pumpkins are widely cultivated vegetable crops belonging to the genus Cucurbita. The most 

commonly cultivated species within the genus are Cucurbita moschata, Cucurbita maxima, and Cucurbita pepo. 

According to the Food and Agriculture Organization of the United Nations data (2025), pumpkin, squash and gourd 

crops occupy more than 2.0 million ha worldwide, with a recent annual production exceeding 32.0 million t. The 

major producers are India and China, with an annual yield of above 7.5 million t each. In Europe, the principal 

producers include Ukraine, the Russian Federation, Turkey, and Spain. Although squashes and pumpkins are 

commonly cultivated in Serbia, they occupy only a minor share of total agricultural land.
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The flesh of the C. moschata and C. maxima fruits is consumed either directly or as an ingredient in a variety of 

sweet and savory dishes. It can be consumed raw, freshly prepared through cooking or baking, or in processed forms. 

In contrast, C. pepo exhibits greater morphological and compositional diversity, resulting in distinct types adapted to 

different uses. Oil pumpkin was included in this study due to its considerable agro-economic importance. It is 

cultivated primarily for its oil- and protein-rich seeds, which are consumed as a snack or used for the extraction of 

high-quality edible oil. The fruit flesh remaining after seed extraction is typically utilized as animal feed, 

incorporated into the soil, or discarded as waste. 

In recent years, increasing attention has been directed toward the use of squashes and pumpkins to enhance the 

nutritional value of various food products, including biscuits, flours, juices, and spreads (Hussain et al., 2022; Gavril 

et al., 2024). While previous research has predominantly focused on food processing technologies (Maran et al., 

2013; Delgado-Nieblas et al., 2015; Aljobair, 2024), comparatively limited attention has been given to the origin of 

the raw material itself. Considering the documented variability across a wide range of Cucurbita spp. fruit traits 

(Kulaitienė et al., 2014; Chaudhari et al., 2017; Öztürk et al., 2022), the potential of these species to serve as high-

quality raw material is expected to vary at both interspecific and intraspecific levels.  

The present study was conducted to access the Cucurbita spp. variability with respect to fruit nutritional quality and 

agronomic yield parameters. The observed differences could be utilized both in breeding new high-quality varieties 

and in selecting raw materials for food technology applications. 

 

MATERIAL AND METHODS 
 

The plant material for this trial comprised the Cucurbita moschata (butternut squash), C. maxima (pumpkin), and C. 

pepo (oil pumpkin) species. Each species was represented with ten genotypes, singled out from the Cucurbita spp. 

collection of the Institute of Field and Vegetable Crops, National Institute of the Republic of Serbia, Novi Sad. The 

genotypes within the species were selected to reflect the overall diversity of the collection with respect to fruit 

morphological characteristics. The two-season field trial (2021, 2022) was conducted at the Institute’s experimental 

site in Bački Petrovac (N 45°20’, E 19°40’, altitude 82 m). Cucurbita seeds were sown manually in the first decade 

of May. The main plot consisted of a single 10 m row containing five plants spaced 2 m apart, with an inter-row 

distance of 5 m. The experiment was arranged in a randomized block design with multiple replications. Standard 

regional agronomic practices were applied, including sprinkler irrigation. The preceding crop was buckwheat. In 

November of the preceding year, deep autumn ploughing (30 cm) and mineral fertilization (16:16:16 NPK, 200 

kg/ha) were performed. In early spring, winter furrows were closed. Prior to sowing, the soil was prepared using a 

seedbed cultivator. Plant protection measures were applied as required. Fruits were harvested at full maturity in early 

October. 

The official reports of the Republic Hydrometeorological Service of Serbia (2025) were used to describe the weather 

conditions during the pumpkin growing seasons (May-September). The data on mean and extreme daily air 

temperatures, as well as precipitation, are presented in Figures 1 and 2. The growing degree days (°C) accumulated 

during the season were calculated as the sum of daily values according to the equation: daily degree day = [(Tmax + 

Tmin) / 2] – Tbase; where Tmax, Tmin, and Tbase represent maximum, minimum daily air temperature, and base 

temperature (10 °C), respectively (Wiggans, 1956; Grigorieva et al., 2010). The monthly sums of growing degree 

days are shown in Figure 3. Precipitation was not a limiting factor for plant development, as any shortfall was 

mitigated through supplemental irrigation. Both growing seasons exhibited daily temperatures exceeding the long-

term average (data not shown), with the 2022 season being moderately warmer than 2021. 

 
Figure 1. Air temperature and precipitation during the Cucurbita spp. growing seasons (2021, 2022) 
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Figure 2. Number of days with maximum daily air temperature (Tmax) ˃ 30 and 35 °C during the Cucurbita spp. 

growing seasons (2021, 2022) 
 

 
Figure 3. Sum of Cucurbita spp. growing degree days 

 

For each genotype, pumpkin flesh from 15 mature fruits was combined to create a composite sample for nutritional 

quality analysis. The following quality parameters were analyzed: dry weight (%), sugar content (mg/g fresh weight), 

protein content (mg/g fresh weight), carotenoid content (mg/kg fresh weight), refractive index, total soluble solids 

content (°Brix), and flesh juice pH. Agronomic parameters were assessed at the main plot level and included fruit 

weight (kg), number of fruits per plant, and yield per plant (kg). The methods used for chemical analyses are 

described in detail in Brdar-Jokanović et al. (2019). 

Descriptive statistics (mean, minimum, and maximum values) were calculated, and differences among means were 

evaluated using the least significant difference (LSD) test.  

 

RESULTS AND DISCUSSION 

 

Ten phenotypically divergent genotypes of each species Cucurbita moschata, C. maxima, and C. pepo were included 

in a two-season field trial to investigate differences in the fruit flesh nutritional quality and agronomic yield. The 

identified differences may be exploited in breeding programs aimed at improving nutritional quality. Additionally, 

the results should point to the quality-related challenges in processing pumpkin-based food and feed,whether derived 

from primary raw material or from by-products remaining after seed extraction in oil pumpkin. 

Significant differences in both quality and yield parameters were observed between the growing seasons, among 

plant species, and among genotypes within species. 

The values of the parameters recorded in the individual seasons are compared in Table 1. The most pronounced 

seasonal variation was observed in C. moschata, where genotypes generally performed better in the 2021. This 

season was characterized by moderately lower daily air temperatures compared with 2022 (Figures 1, 2, 3), 

particularly during the fruit ripening period. Although C. moschata has been extensively studied within the context 
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of heat tolerance (Ara et al., 2013; Shen and Yuan, 2020; Hu et al., 2021), such studies are predominately in the field 

of molecular biology and stress physiology. The presented results indicate comparatively lower tolerance to elevated 

seasonal temperatures, as reflected in both fruit quality and yield parameters. Consistently with our results, in a study 

evaluating cytoplasmic and chloroplast chaperone levels in the same three Cucurbita species, Murtazina et al. (2024) 

reported C. moschata as the most sensitive. As for the additional two plant species analyzed in our research, the C. 

pepo genotypes exhibited comparatively low seasonal variation in the values of the investigated parameters; with 

only protein and carotenoid content being significantly higher in 2022. Along with the same two parameters of 

nutritional quality, C. maxima genotypes had significantly higher values of the fruit yield parameters in the warmer 

season of 2022. 

 

Table 1. Seasonal values of nutritional quality and agronomic yield parameters in Cucurbita moschata, Cucurbita 

maxima, and Cucurbita pepo genotypes, and the three-species mean (Cucurbita spp.) 

Parameters 

Growing seasons 

C. moschata  C. maxima  C. pepo  Cucurbita spp.  

2021 2022  2021 2022  2021 2022  2021 2022 

Dry weight (%) 15.0
a
 11.0

b
  17.1

a
 15.9

a
  10.3

a
 9.0

a
  14.1

A
 12.0

A
 

Sugar content (mg/g) 25.8
a
 19.1

b
  26.5

a
 24.4

a
  12.6

a
 14.9

a
  21.6

A
 19.4

A
 

Protein content (mg/g) 2.6
b
 4.6

a
  2.9

b
 5.2

a
  1.9

b
 3.9

a
  2.5

B
 4.6

A
 

Carotenoid content (mg/kg) 11.1
a
 11.2

a
  36.9

b
 53.4

a
  5.4

b
 7.6

a
  17.8

B
 24.1

A
 

Refractive index 1.345
a
 1.343

b
  1.345

a
 1.344

a
  1.342

a
 1.342

a
  1.344

A
 1.343

A
 

Total soluble solids content 

(°Brix) 

7.9
a
 6.9

b
  8.2

a
 7.9

a
  6.0

a
 6.2

a
  7.4

A
 7.0

A
 

pH 7.0
a
 6.6

a
  7.2

a
 7.1

a
  6.6

a
 6.5

a
  6.9

A
 6.8

A
 

Fruit weight (kg) 3.1
a
 1.8

b
  6.9

b
 8.3

a
  4.0

a
 3.9

a
  4.7

A
 4.7

A
 

No of fruits per plant 5.5
a
 6.0

a
  2.3

b
 3.1

a
  3.3

a
 2.9

a
  3.7

A
 4.0

A
 

Yield per plant (kg) 16.2
a
 11.3

b
  16.3

b
 24.8

a
  13.1

a
 11.4

a
  15.2

A
 15.8

A
 

Legend: a, b, A, B – values within each row (representing individual species and three-species mean) followed by the same letter are 

not significantly different at the 0.05 probability level, according to the LSD test 

 

When comparing the seasonal variation for the three-species means, the season of 2022 was characterized by higher 

protein and carotenoid contents. The dry weight and sugar contents were lower, however the differences were not 

statistically significant. Similarly, no significant differences were observed in the yield parameters. These results are 

consistent with the fact that neither growing season can be considered exceptionally warm. The daily air temperature 

differences between the two seasons were most pronounced in May and August (Figures 1, 2, 3). Since the Cucurbita 

spp. flowering occurs predominately in July, the high temperatures affected plants during early vegetative and late 

generative phases of development. A multi-season investigation would be required to draw more reliable conclusions 

on plant heat sensitivity across specific phenological stages. 

The inter-species (among the three species) and intra-species (within a species) variations in the investigated 

parameters of fruit nutritional quality and agronomic yield are shown in Figure 4. Regarding the differences among 

the species, C. maxima demonstrated the highest mean values across all the parameters, with the exception of the 

number of fruits per plant. The inter-species variability was especially pronounced for carotenoid content and fruit 

weight, whereas no significant differences were observed for the flesh juice pH. The results were partially 

anticipated. Variation in the Cucurbita spp. fruit carotenoid content (Murkovic et al., 2002; Salehi et al., 2019; 

Ninčević Grassino et al., 2023) and fruit weight (Martínez-Valdivieso et al., 2015; Martins et al., 2015; Seka et al., 

2023) are widely documented and discussed. The pH is an indicator of fruit ripeness and its low variation is due to 

the fact that only ripe fruits were used for analyses. The pH values are comparable to those reported by Nawirska-

Olszańska et al. (2014) and Martínez-Valdivieso et al. (2015). The lowest values of the nutritional quality parameters 

were noted for C. pepo, a plant species that is grown primarily for its seeds, while the rest of the fruit is used as 

animal feed or organic manure. The values of the C. pepo yield parameters were also comparatively low. 

Concurrently, the carotenoid content and fruit weight were characterized by exceptionally wide range between 

minimum and maximum values within the individual species, i.e. the intra-species variability. Although observed in 

all three Cucurbita species, this was most noticeable in C. maxima. Other authors reported carotenoid content 

variations within the C. maxima (Kulczyński and Gramza-Michałowska, 2019; Barboza et al., 2023), C. moschata 

(Priori et al., 2017; Men et al., 2021) and C. pepo (Obrero et al., 2013) species. As the genotypes of the three species 

were heterogeneous in terms of fruit morphology, the variation in fruit weight was rather expected, together with the 

variation in other parameters of agronomic yield. 
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Figure 4. Nutritional quality and agronomic yield parameters in Cucurbita genotypes (C. moschata, C. maxima, and 

C. pepo), two-season means. Values followed by the same letter are not significantly different at the 0.05 probability 

level, according to the LSD test. Error bars indicate minimum and maximum values. 

 

This investigation pointed out considerable variability in Cucurbita spp. fruit nutritional quality and yield. Because 

C. maxima fruits exhibited the highest values for the evaluated quality parameters, this species may be considered the 

most suitable raw material for the production of pumpkin-based food and feed. Nevertheless, the variability observed 

within the other two species suggests their potential applicability for similar purposes. This aspect is particularly 

relevant for oil pumpkins, in which the fruit flesh often remains as a by-product following seed extraction and could 

be further utilized as a valuable source of high-quality nutrients, particularly carotenoids. 

 

CONCLUSION 

 

The results of this two-season experiment revealed significant differences regarding the parameters of Cucurbita spp. 

fruit flesh nutritional quality and agronomic yield. These differences were recorded among plant species Cucurbita 

moschata, maxima, and pepo, as well as among the individual genotypes within each species. Seasonal variation in 

the analyzed parameters was most pronounced in the species C. moschata, suggesting a comparatively low tolerance 

to heat stress. The greatest inter- and intra-species variability was observed for the carotenoid content and fruit 

weight, in contrast to the consistently low variation in fruit flesh juice pH. Owing to comparatively high values of the 

investigated parameters in both growing seasons, the species C. maxima demonstrated the greatest potential for 

improving fruit quality and yield. Overall, the results of this study emphasize the importance of raw material quality 

in nutrient extraction from Cucurbita spp. fruit flesh. Cooperation between plant breeders and food technology 
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engineers is essential to deliver high-quality pumpkin-based products to the market while optimizing production 

costs. 
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