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Abstract: 

            The purpose of current study was to enhance the nutritional value of 
cakes by substituting wheat flour by pumpkin fruit and its seeds as a source of 
protein, phenolics and flavonoids. Cakes were made by substituting wheat flour 
with a constant percentage of fresh pumpkin fruit (10% as dry weight) or 
replacement wheat flour with fresh pumpkin fruit using the same previous 
percentage and different levels of whole pumpkin seeds (10, 20, 30 and 40%). 
The different kinds of cakes were subjected for nutritional and sensory 
evaluation. Effect of feeding with cakes enhanced with pumpkin fruit and its 
seeds on serum biochemical analysis and histological examination of pancreas 
for alloxan-induced diabetic male rats after three months treatment was also 
assessed. Results estimated that cakes containing both fresh pumpkin fruit and 
whole pumpkin seeds showed significantly increased (P<0.05) in protein, fiber, 
ash, phenolics and flavonoids as well as this increase was associated with the 
level of substituting by whole pumpkin seeds compared to control cakes. 
Sensory quality revealed that cakes containing fresh pumpkin fruit and 40% 
whole pumpkin seeds were the most acceptable comparing with control cakes. 
Data showed that glucose, triglycerides (TG), cholesterol (TC) and low-density 
lipoprotein (LDL) levels for diabetic rats which fed on cakes enhanced with 
fresh pumpkin fruit or cakes containing both fresh pumpkin fruit and different 
levels of whole pumpkin seeds significantly decreased (P<0.05) in comparison 
with diabetic rats, whereas, insulin and high-density lipoprotein levels were 
significantly higher (P<0.05) than diabetic rats. Findings revealed that a 
significant improve (P<0.05) in kidney and liver functions of diabetic rats 
treated with cakes enhanced with pumpkin (fruit or fruit and its seeds) 
compared to rats with diabetes. Histological analysis also clarified marked 
improvement in pancreatic tissues of diabetic rats treated with cakes enhanced 
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with pumpkin (fruit and its seeds) comparing to diabetic rats and these findings 
are consistent with previous results mentioned above. The best improvement of 
different parameters was found in diabetic rats consumed cakes containing 40% 
whole pumpkin seeds and 10% pumpkin fruit as compared with diabetic rats 
where parameters reached to nearly normal values. In addition, these cakes 
contain the highest values of protein, fiber, phenolics and flavonoids, and the 
lowest levels from fat and calories comparing to control cakes. Therefore, it can 
be concluded that cakes prepared from pumpkin (fruit or fruit and its seeds) 
which were produced by the lowest cost considered from functional foods 
where pumpkin and its seeds had beneficial effects on nutritional and biological 
parameters of cakes. According to results, these cakes could be beneficial in the 
prevention and treatment of diabetes. Also, pumpkin cakes might be useful for 
people suffering from hyperlipidemia, obesity and malnutrition. Thus, this will 
help to promote the use of pumpkin cakes and management problems related to 
nutrition in Egypt. So, this study recommends increasing the production of food 
products containing pumpkin (fruit or fruit and its seeds) and improving 
nutrition education of people about the importance of consuming food products 
made from pumpkin and its many benefits for preventing and treating diabetes 
as well as other diseases in different media. 

Key words: Pumpkin, whole pumpkin seeds, diabetes mellitus, cakes, alloxan, 
nutritional value and sensory evaluation.  

Introduction: 

            Diabetes is defined as a public health problem, popular, growing, 
danger, costly, and potentially preventable (Narayan et al., 2000). Diabetes is a 
metabolic disorder that causes hyperglycemia as a result of insulin deficient 
secretion or the inability of the human body to use the insulin hormone it 
produces efficiently (Gutch et al., 2014). Diabetics expose to infect with many 
complications that lead to the deterioration of their health condition, such as 
damage the heart, blood vessels, eyes, nerves and kidneys, in addition, raise the 
infection of stroke risk (Tripathi   and   Srivastava, 2006). Diabetes mellitus 
prevalence is a burden on health and resources of financial, which in turn, will 
affect individuals, families and nations.  According to the statistics of 2019 
(IDF, 2019), diabetics of the age group (20–79 years) around the world reach to 
463 million, and that by 2045 diabetics number in the world will reach to 700 
million, in addition, total health expenditures for diabetes reached USD760 
billion. In 2019, deaths number due to diabetes reached to 4.2 million of adults 
(20–79 years) in the world. There are 55 million adults aged 20–79 years have 
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diabetes in the region of Middle East and North Africa, according to the Atlas 
in 2019, and will reach 108 million by 2045 and the increase will reach 96%. 
Egypt among the 10 countries over the world most affected by diabetes, ranked 
ninth in worldwide. In Egypt diabetics number of adults (20–79 years) reached 
8.9 million (IDF, 2019). 

            The consumption of food is directly related to preventing hunger and 
maintaining human health (Kulczyński et. al., 2020). Health is the main factor 
for consuming functional foods and the consumer knows that foods have a 
strong relationship to their health. Consumers today wish that foods not only 
prepared to satisfy hunger and provide essential nutrients to humans, but also, 
to prevent nutritional diseases and improve the state of health and mind 
(Betoret et al., 2011 and Goetzke et al., 2014). 

            Bakery products are consumed in all the world, especially cakes. Young 
and elderly prefer cakes consumption in rural and urban areas (Hosseini 
Ghaboos et al., 2018). Cakes are usually made from flour (often wheat flour), 
sweetener (usually sugar), fat and liquid. Cakes contain high calories from 
sugar and fat. (Clerk and Herbert, 2000 and Al-Tamim, 2014).  

            Food fortification is an improvement in the nutritional value of food by 
adding some nutrients such as proteins, vitamins and minerals using plant or 
animal sources. These fortified foods are appropriate for people suffering from 
malnutrition and some diseases (Abril et al., 2012). The worldwide attention 
attracted to the utilization of dietary plants and herbal preparations instead of 
medicine to prevent and treat diabetes mellitus (Hunt et al., 2000). 

            Pumpkin is extensively cultivated in tropical and subtropical countries 
(Bhaskarachary et al., 2008). Egypt considered as one of five main pumpkin 
producing countries in the worldwide (Khalifa et al., 2012). Pumpkin is one of 
plants which as a member of genus Cucurbita and family Cucurbitaceae. 
Pumpkin is known as fruit botanically though generally regarded as vegetable 
in consumer terms (Azizah et al., 2009).  Pumpkin is rich in some nutrients and 
low fat and carbohydrates, making it a raw material easy to digest and low in 
calorie (Zdrojewicz et al., 2016). Pumpkin fruit is rich in nutrients such as 
phenolic compounds, vitamins, minerals and carotenoids (Cerniauskiene et al., 
2014). 

           According to Milovanoic and Vucelic-Radovic, (2008), pumpkin seeds 
contain a high percentage of protein (25-37%) and oil (37-45%). In addition, 
pumpkin seeds are rich source in polyunsaturated fatty acids (Sabudak, 2007), 
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phytosterols (Ryan et al., 2007), antioxidant, carotenoids and vitamin E 
(Stevenson et al., 2007). Furthermore, pumpkin seeds are rich in minerals such 
as phosphorus, potassium and iron (Akwaowe et al., 2000).  

            Pumpkin and its seed have many great health benefits. Pumpkin has a 
lot of health benefits such as anticancer agents (Elella and Mourad, 2015), 
antioxidant (Zhao et al., 2015), antimicrobial (Muruganantham et al., 2016) 
and hypolipidaemic (Song and Sun, 2017). Pumpkin seeds have been 
recognized as an effective antibacterial ( Dissanayake et al., 2018), antioxidant 
(Kushawaha et al., 2016) and antihyperlipidemic (Kushawaha et al., 2018). It 
has been reported that pumpkin polysaccharide has hypoglycemic activity on 
diabetic mice (ShanChen et al., 2019). Furthermore, pumpkin seeds extract 
showed antidiabetic activity on diabetic rats (Sharma et al., 2013). 

            In the previous few years, agriculture, food processing and medicine 
have been increasingly interested in pumpkin and pumpkin-derived products 
due to the nutritional and health protective of protein and oil from pumpkin 
seeds, in addition, polysaccharides from pumpkin fruit (Sojak and Głowacki, 
2010). 

            As pumpkin and pumpkin seeds have many nutritional and therapeutic 
benefits, they are considered important in the food industries. Pumpkin is an 
economical and rich source of nutrients (Saraswathi et al., 2018). Pumpkin 
seeds considered as a byproduct of pumpkin fruits, which is cheap and using 
pumpkin seeds in different food products improve their nutritional value at a 
lower cost.  Therefore, the present research was aimed to study nutritional, 
sensory evaluation and biological effect on diabetic rats of cakes enhanced with 
pumpkin fruit (Cucurbita maxima) and its seeds. 

Materials and Methods: 

Materials: 

            Raw materials required for preparation of cakes such as mature 
pumpkin, wheat flour (72% extraction), sugar, vegetable oil, eggs, vanilla and 
baking powder were purchased from local markets in Sharkia Governorate, 
Egypt. Purchasing of Folin-Ciocalteu reagent, 
2,2‐ ‐ ‐diphenyl 1 picrylhydrazyl, gallic acid and alloxan was from Sigma 
Chemical Company, USA. Kits for blood analysis were purchased from Alkan-
Medical Division Biocon, Germany. Casein, cellulose, minerals, vitamins were 
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purchased from El-Gomhoria Company, Sharkia Governorate, Egypt. All other 
chemical reagents utilized in the experimental tests of present study were of 
analytical grade. 

Methods:  

Pumpkin and its seeds preparation: 

            The first step, pumpkin fruit was washed, peeled, seeds removed (seeds 
were collected by hand to use later), cut in small pieces and then grinded in 
laboratory blender to smooth puree. The second step, collected seeds washed 
with water, then sun dried at 30°C for one week according to El-Adawy and 
Taha, (2001) method. Dried pumpkin seeds were ground by laboratory milling 
then sieved through a 50-mesh screen. Packing of whole pumpkin seeds flour 
were in air-tight polyethylene bags and stored at –18°C until use. 
 

Cakes preparation:   

            Cakes were prepared as described by Fedha, (2008) with some 
modifications in amount of vegetable oil and sugar which were reduced from 
50g to 25g as following: wheat flour (100g), sugar (25g), vegetable oil (25g), 
whole fresh egg (1 egg), baking powder (2g), vanilla (0.2g) and water as 
required. The amount of oil in pumpkin seeds was calculated in each treatment 
then this amount was supplemented with vegetable oil until reached to 25 g. 
The amount of fresh pumpkin fruit in cakes was calculated based on dry weight 
of pumpkin, where 10% of wheat flour was replaced by pumpkin, i.e. 78.7 g of 
fresh pumpkin fruit (moisture content 87.3%) was added per 90g of wheat flour 
to obtain substitution 10% of wheat flour by pumpkin based on dry weigh 
(constant percentage).  Cake samples were prepared in six treatments (T1 to T6) 
with wheat flour, fresh pumpkin fruit (10% as dry weight) and whole pumpkin 
seeds flour in the ratio of 100:0:0, 90:10:0, 80:10:10, 70:10:20, 60:10:30 and 
50:10:40, respectively. Cake samples were prepared by creaming of vegetable 
oil and sugar together until fluffy using an electric mixer (Braun-Hm3100, 
Germany) at medium speed. Then, egg, vanilla and fresh pumpkin fruit 
(according to which kind of cake prepare) were added and beaten for 5 min. 
The flour (wheat flour or wheat flour and whole pumpkin seeds flour) and 
baking powder mixture were gradually added to above mixture and mixed at 
high speed for 5 min then water was added as required. Cakes placed in oven 
after poured into a baking pans and baked at a temperature of 180°C for 45 min. 
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Cakes left to cool for 60 min after baking then packing in polyethylene bags 
and kept it in the refrigerator for storage until analysis. 
 

Preparation of animals:  

            Forty-eight adult male wistar albino rats weighing 130±5g were 
purchased from the Faculty of Veterinary Medicine, Zagazig University, 
Sharkia Governorate, Egypt. In individual cages at a temperature of 25°C under 
a 12 hours light/dark cycle rats were lived, furthermore, the food was provided 
to rats and drinking water ad libitum. Rats were remained for 2 weeks as 
adaptation period before starting the experiment. Basal diet was prepared as 
described by Reeves et al., (1993).  

Induction of diabetes: 

            For inducting rats with diabetes, animals were fasted overnight and 
diabetes mellitus was induced by a single intraperitoneal injection of freshly 
prepared solution of alloxan monohydrate (150 mg/kg BW) dissolved in 
physiological saline as described by Famakin et al., (2016). Animals were 
provided with 5% solution of glucose for one day only to overcome 
hypoglycemic effects for the drug. Levels of glucose were measured of rats 
through tail tipping by glucometer after three days of alloxan administration. 
Rats were considered diabetic when the fasting glucose level reached > 250 
mg/dl according to Zheng et al., (2011), then these rats were separated and 
used for the current study. 

Experimental design: 

            The present study consists of eight groups of rats, six rats in each group. 
Rats were consumed the following diets for three months. Group1 (G1) normal 
rats consumed the basal diet assigned as negative control group. Other groups 
were diabetic rats. Group 2 (G2) diabetic rats assigned as positive control and 
received basal diet. Groups (G3), (G4), (G5), (G6), (G7) and (G8) diabetic rats 
received basal diet containing 30% cakes (30% of the starch in the basal diet 
was replaced with cakes) made from wheat flour, pumpkin fruit and whole 
pumpkin seeds flour in the ratio of 100:0:0, 90:10:0, 80:10:10, 70:10:20, 
60:10:30 and 50:10:40, respectively. 

            Rats body weight were estimated at the starting of the experiment and 
then weekly for three months (the experiment period). Daily, food intake was 
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recorded.  After the end of experiment period, rats were fasted for overnight.  
Using diethyl ether, rats were anesthetized following ethical procedures. Blood 
samples were collected via cardiac puncture and centrifuged at 3000 rpm for 20 
minutes to obtain the serum, which were kept at -20°C until analysis. From 
sacrificed rats liver, kidney, heart, and spleen were collected and then the 
weight of these organs was recorded after washed with a physiological saline 
solution, blotted on filter paper. Pancreas was removed from all experimental 
rats to be examined microscopically. 

Nutritional analysis:  

            Proximate analysis value of samples was assessed by using of AOAC, 
(2012) included moisture, ash, fat, protein and fiber  of raw materials and 
produced cakes. Calculating of carbohydrates was done by difference. The 
energy value (EV) of different cake treatments was calculated as described by 
Chaney, (2006) as follows: 

Energy (Kcal/100g sample) = 4 (protein %+ carbohydrate %) +9 (fat %). 

Biochemical analysis: 

            Glucose was measured by the method of Trinder, (1969). Determining 
of insulin was done using the method of Temple et al., (1992). Estimating of 
total cholesterol (TC), high-density lipoprotein (HDL) and triglycerides (TG) 
were done by the methods of Richmond, (1973), Burstein et al., (1970) & 
Fossati and Prencipe, (1982), respectively. Values of Low-density lipoprotein 
(LDL) and very low-density lipoprotein (VLDL) have been calculated 
mathematically by the method of Friedewald et al., (1972). Alanine 
aminotransferase (ALT) and aspartate aminotransferase (AST) levels were 
estimated by Reitman and Frankel, (1957) method, while, alkaline 
phosphatase (ALP) was estimated as described by Klein and Kaufman, 
(1967). Total protein was measured according to Doumas, (1975) method. 
Measuring value of albumin was done using Doumas et al., (1971) method. 
Kidney functions including urea and creatinine were measured using Patton 
and Crouch, (1977) and Larson, (1972) methods, respectively.  
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DPPH radical scavenging assay:   

            Examining of the percentage for the DPPH radical scavenging activity 
was done using 2,2‐ ‐ ‐diphenyl 1 picrylhydrazyl according the method of 
Brand-Williams et al., (1995) of ethanol extract for raw materials and cakes.  

Estimation of total phenolic (TP):  

            The amount of total phenolic for raw materials and cakes was estimated 
calorimetrically using the Folin-Ciocalteu reagent by the method of Singleton 
et al., (1999). Phenolic values were expressed in terms of gallic acid equivalent 
(mg GAE/100g sample).  

Estimation of total flavonoid (TF): 

            Total flavonoid of raw materials and cakes was measured using Zhishen 
et al., (1999) method. The amount of total flavonoid was expressed as 
milligram of quercetin equivalents (QE) per 100g of sample.  

Evaluation of Sensory Attributes:  

            The organoleptically evaluation of cakes was estimated for the quality 
attributes by 20 semi trained panelists from the academic staff members of the 
Department of Food Science, Faculty of Agriculture, Zagazig University, 
Egypt. Panelists were asked to evaluate color, taste, odor, texture, appearance 
and overall acceptability (Sello and Mostafa, 2017). 

Histological assay:  

            Pancreas from the sacrificed rats was kept in 10% formalin. Pancreatic 
tissues were papered and examined under the light microscope as described by 
Suvarna et al., (2013). 

Statistical analysis:  

            Data got from the experiments were described as means ± standard 
deviation (SD). Findings were exposed to analysis of variance by the 
“Statistical Package for Social Sciences” (SPSS) version 25. The statistical 
analysis was done by one-way ANOVA. The differences in the mean were 
calculated using Duncan’s multiple range test among the various samples with a 
95% confidence limit (p<0.05) (IBM SPSS, 2017). 
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Results and Discussion: 

Nutritional analysis of raw materials: 

            The nutritional analysis of the wheat flour, fresh pumpkin fruit and 
whole pumpkin seeds used in the preparation of cakes is presented in Table (1). 
Findings demonstrated that a significant difference (P<0.05) in the nutritional 
analysis of wheat flour, fresh pumpkin fruit and whole pumpkin seeds flour. 
Whole pumpkin seeds flour had the highest values of fat (28.39%), protein 
(27.49%), fiber (17.25%) and ash (4.68%) as compared with wheat flour and 
fresh pumpkin fruit. This result is in accordance with the finding reported by 
Kindki, (2017)  who found that fiber was 18.54% of whole pumpkin seeds 
powder as dry basis. Devi et al., (2018) reported that moisture, protein and fat 
contents of whole pumpkin seeds were 5.53, 28.90 and 31.75%, respectively. It 
could be observed that wheat flour had the highest amount of carbohydrate 
(75.28%), meanwhile, the amount of carbohydrate in whole pumpkin seeds 
flour and fresh pumpkin fruit were 16.47 and 9.04%, respectively. On the other 
hand, the highest moisture content was found in fresh pumpkin fruit (87.3%) 
followed by wheat flour and whole pumpkin seeds flour (11.55 and 5.72%), 
respectively. Assessment of nutrient content of fresh pumpkin fruit showed that 
protein, fiber, ash and fat were 1.31, 1.16, 1.04 and 0.15%, respectively. Results 
of moisture, protein and fiber for fresh pumpkin estimated during this study 
were similar with results reported by Bhat and Bhat, (2013). Also, results 
exhibited that the nutrient content of wheat flour was protein (10.15%), ash 
(0.91%), fat (1.10%) and fiber (1.01%). Ahmad et al., (2001) noticed that the 
nutritional analysis of wheat flour has been estimated by numerous researchers 
and they found that moisture ranged between 12.5 -14.6 % and protein 8.23 -
12.71 %.  
 

Table 1. Nutritional analysis of wheat flour, fresh pumpkin fruit and whole 
pumpkin seeds flour (Gram per 100 g of fresh weight sample). 

Components   %  Raw Materials 

Wheat flour Fresh pumpkin fruit Whole pumpkin seeds flour 

Moisture  11.55±0.92b 87.3±2.30a 5.72±0.30c 
Protein  10.15±0.80b 1.31±0.02c 27.49±1.40a 
Fat  1.10 ±0.02b 0.15±0.01c 28.39±1.50a 
Fiber   1.01±0.01b 1.16±0.02b 17.25±0.90a 
Ash  0.91±0.02b 1.04±0.04b 4.68±0.20a 
Carbohydrate  75.28 ±2.10a 9.04±0.20c 16.47±0.80b 

There is statistically significant in values which have various alphabetical letters in the same line at 
(P<0.05).  
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Phenolics, flavonoids and DPPH radical scavenging activity of 
pumpkin fruit and whole pumpkin seeds:   

           As shown in Table (2) pumpkin had higher DPPH radical scavenging 
percentage (60.22%) than whole pumpkin seeds (58.44%). This result is in line 
with Lotfy et al., (2017) who found that DPPH-scavenging percentage of 
pumpkin was 61.69%.  Data revealed that total phenolic of pumpkin and 
pumpkin seeds was 32.59 and 31.11 mg gallic acid equivalent/100g sample, 
respectively.  Furthermore, total flavonoid of pumpkin and pumpkin seeds was 
12.91 and 12.50 mg quercetin equivalent/100g sample, respectively. Singh et 
al., (2016) estimated that total phenolic of the pumpkin pulp was 33.48 mg 
GAE/100g sample and total flavonoid was 11.72 mg quercetin equivalent/100g 
sample. Farid et al., (2015) investigated that total phenolic of pumpkin seeds 
was 32.61 mg gallic acid equivalent/100g, while, total flavonoid of pumpkin 
seeds was 19.7 mg quercetin equivalent/100g. Oğuz and Sayaslan, (2019) 
reported that total phenolic of raw pumpkin seeds was 31.1 mg GAE/100g 
sample. 
 

Table 2. Phenolics, flavonoids and DPPH radical scavenging activity of 
pumpkin fruit and its seeds. 

Raw Materials DPPH % TP mg GAE/100g TF mg QE/100g 

Fresh pumpkin fruit 60.22±1.20 32.59±0.40 12.91±0.21 
Whole pumpkin seeds flour 58.44±1.00 31.11±0.20 12.50±0.20 

All values are means of 3 determinations ± SD. 

Nutritional analysis of cakes: 

            Table (3) demonstrates the mean content of the nutritional analysis of 
cakes (as fresh weight) prepared with fresh pumpkin fruit and whole pumpkin 
seeds flour by substituting wheat flour. The incorporation of fresh pumpkin fruit 
with wheat flour for preparation of cakes (T2) led to a significant increase 
(P<0.05) in moisture and fiber contents, whereas, carbohydrate, protein, fat and 
energy values significantly decreased (P<0.05) as compared with control cakes 
(T1). Ash content in cakes also increased with the addition of fresh pumpkin 
fruit  in comparison with control cakes. The highest moisture value (34.97%) 
was found in treatment (T5), whereas, the lowest amount (25.39%) was in 
control cakes (T1). This result may be due to the higher water absorption 
capacity in pumpkin-wheat flour blends compared to wheat flour which is in 
accordance with the result of See et al., (2007). These results are in line with 
Păucean and Man, (2014) who stated that addition of pumpkin to the wheat 
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flour when preparing the bread led to a significant increase in the final moisture 
of the bread. Increasing the level of whole pumpkin seeds flour in cakes led to a 
significant increase (P<0.05) in moisture content of cakes as compared with 
cakes enhanced with fresh pumpkin fruit or control cakes. The highest moisture 
of cakes indicates a hygroscopic influence of the fibers. These results are in 
agreement with Malkanthi and Umadevi, (2018) who observed that biscuits 
prepared from the substituting of wheat flour by pumpkin (mixture of fruit and 
seeds) were significantly increased in moisture content compared to control. 
Protein, fiber and ash contents in cakes significantly increased (P<0.05) when 
the wheat flour replacement with whole pumpkin seeds flour for preparation of 
cakes comparing with control cakes.  These values increased with increasing 
the level of whole pumpkin seeds flour in cakes. Whereas, carbohydrate, fat and 
energy levels significantly decreased (P<0.05) as compared with control cakes. 
Batista et al., (2018) investigated that increasing pumpkin seeds flour 
proportions in cupcakes led to a significant increase in protein, fat, fiber and ash 
except for the carbohydrate, which decreased by increasing the percentage of 
pumpkin seeds in cupcakes. The highest protein, fiber and ash contents (12.16, 
5.10 and 3.10%) were found in cakes containing fresh pumpkin fruit (10% as 
dry weight) and 40% whole pumpkin seeds flour, respectively. Protein content 
of cakes in treatments T3, T4, T5 and T6 was 9.9, 20.6, 30.9 and 45.5% higher 
than control cakes (T1), respectively. These results probably are due to whole 
pumpkin seeds flour contain the highest amount of protein, fiber and ash which 
reach to 27.49, 17.25 and 4.68%, respectively, in comparison with wheat flour 
and fresh pumpkin fruit. Furthermore, addition of fresh pumpkin fruit to cakes 
led to a significantly decreased (P<0.05) in protein content, this finding is in 
agreement with Ersedo, (2019). This perhaps is attributed to lower protein 
content in fresh pumpkin fruit (1.31%) than wheat flour (10.15%). Fat content 
of cakes significantly decreased (P<0.05) with the addition of fresh pumpkin 
fruit or whole pumpkin seeds flour as compared with control cakes because 
fresh pumpkin fruit has lower amount of fat (0.15%) than wheat flour (1.10%), 
in addition, fat content in whole pumpkin seeds flour in each treatments had 
been used as a fat replacer in cakes. Energy value of the cakes in treatments T2, 
T3, T4, T5 and T6 was 8.4, 11.7, 15.2, 19.0 and 21.0% lower than control 
cakes, respectively. Control cake had the highest energy because it contains a 
high proportion of carbohydrate & fat and a low percentage of moisture 
compared to other treatments. 

            DPPH radical scavenging activity, total phenolic and total flavonoid for 
different treatments of cakes are also displayed in Table (3). Data indicated that 
total phenolic, flavonoids and DPPH radical scavenging percentage 
significantly increased (P<0.05) in cakes enhanced with fresh pumpkin fruit or 
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cakes containing both fresh pumpkin fruit and different levels of whole 
pumpkin seeds flour as compared with control cakes.  Cakes enhanced with 
fresh pumpkin fruit and 40% of whole pumpkin seeds flour were contained the 
highest total phenolic, flavonoids and DPPH radical scavenging percentage 
which reached 13.50 mg GAE/100g, 6.50 mg QE/100g and 38.15%, 
respectively. Whereas, control cakes were contained the lowest total phenolic, 
flavonoids and DPPH radical scavenging percentage. These results are in 
accordance with Różyło et al., (2014) who found that phenolic and flavonoid 
compounds were higher in the bread fortified with fresh pumpkin than control 
bread. Nyam et al., (2013) stated that bread enhanced with pumpkin seeds flour 
had higher DPPH radical scavenging percentage than control bread.  
 

Table 3. Nutritional analysis of cakes enhanced with pumpkin and its 
seeds. 

 
Components  

Treatments 

T1 T2 T3 T4 T5 T6 
Moisture%  25.39±1.30e 31.04±1.33d 32.18±1.00c 33.47±1.10b 34.97±1.00a 34.87±0.94a 
Protein % 8.36±0.18e 7.86±0.33f 9.19±0.22d 10.08±0.41c 10.94±0.30b 12.16±0.39a 
Fat%  15.74±0.92a 14.47±0.91b 14.17±0.63bc 13.92±0.31cd 13.58±0.40de 13.35±0.23e 
Fiber%  0.48±0.02f 0.78±0.03e 1.82±0.13d 2.99±0.10c 4.05±0.21b 5.10±0.09a 
Ash%  0.57±0.05e 0.82±0.04e 1.38±0.19d 1.92±0.09c 2.43±0.11b 3.10±0.03a 

Carbohydrate% 49.46±1.35a 45.03±1.33b 41.26±1.20c 37.62±0.80d 34.03±0.81e 31.42±0.40f 
EV Kcal/100g 372.94±3.32a 341.79±3.40b 329.33±2.50c 316.08±2.35d 302.10±1.43e 294.47±1.44f 
DPPH % 25.58±1.00f 28.38±1.12e 30.70±1.00d 32.90±1.20c 35.50±0.90b 38.15±0.71a 

TP mg GAE/100g 3.61±0.36f 5.93±0.44e 7.67±0.35d 9.63±0.33c 11.50±0.40b 13.50±0.33a 
TF mg QE/100g 2.30±0.12f 3.30±0.26e 3.97±0.13d 4.84±0.20c 5.51±0.21b 6.50±0.16a 

There is statistically significant in values which have various alphabetical letters in the same line at 
(P<0.05).            
 

Evaluation of Sensory Attributes: 

            Sensory quality of cakes prepared with fresh pumpkin fruit and whole 
pumpkin seeds flour are presented in Table (4). The present study showed that 
no significant changes (P<0.05) observed among control cakes and all kinds of 
cakes in appearance, odor and texture scores. The scores of overall 
acceptability, color and taste of cakes significantly increased (P<0.05) as 
compared with control cakes. Cakes enhanced with fresh pumpkin and 40% 
whole pumpkin seeds flour were recorded the highest scores for all quality 
attributes. Findings are in agreement with Różyło et al., (2014) who showed 
that bread made from the substituting of wheat flour with up to 10% pumpkin 
was evaluated the most acceptable as compared with control bread. Batista et 
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al., (2018) reported that the use of pumpkin seeds flour in the making of 
cupcakes up to 50% was considered the best percentage. 

Table 4: Effect of pumpkin and its seeds on the sensory evaluation of cakes. 

Treatments Appearance 
(10) 

Color 
(10) 

Taste  
(10) 

Odor  
(10) 

Texture 
(10)  

Overall 
acceptability (10) 

T 1 8.43±0.46a 8.28±0.43b 8.20±0.42b 8.49±0.40a 8.51±0.41a 8.50±0.56b 
T2 8.50±0.42a 8.70±0.56a 8.58±0.44a 8.60±0.32a 8.69±0.54a 8.72±0.45a 
T 3 8.65±0.41 a 8.80±0.35a 8.62±0.36a 8.70±0.57a 8.72±0.32a 8.75±0.34a 
T 4 8.72±0.42a 8.85±0.43a 8.72±0.33a 8.75±0.41a 8.76±0.21a 8.81±0.40a 
T 5 8.78±0.22a 8.91±0.42a 8.77±0.41a 8.78±0.34a 8.79±0.26 a 8.85±0.43a 
T 6 8.81±0.34a 8.93±0.39a 8.80±0.42a 8.81±0.41a 8.80±0.31 a 8.91±0.41a 

There is statistically significant in values which have various alphabetical letters in the same column 
at (P<0.05).  
 

Effect of feeding diabetic rats with cakes enhanced with pumpkin 
and its seeds on body weight gain (BWG), food intake (FI) and feed 
efficiency ratio (FER):  

            Results indicated that there was significantly decreased (P<0.05) in 
BWG, FI and FER of diabetic rats (G2) in comparison with normal control rats 
(G1) (Table 5). The lower weight of diabetic rats perhaps is attribute to the loss 
or deterioration of structural proteins (Ramesh and Pugalendi, 2006). These 
findings are in agreement with the results of Abul-Fadl et al., (2016) who 
found that significantly decreased in BWG of diabetic rats as compared with 
negative control rats. Also, these results are in agreement with Alsuhaibani 
and Al-Kuraieef, (2018) who noticed that body weight gain, food intake and 
feed e�ciency ratio were decreased in diabetic rats in comparison with negative 
control rats. Results indicated that a significant improve (P<0.05) was observed 
in BWG, FI and FER of diabetic rats consumed cakes enhanced with fresh 
pumpkin or cakes containing both fresh pumpkin and different levels of whole 
pumpkin seeds as compared with control diabetic rats or diabetic rats consumed 
control cakes. These results probably are due to the efficiency of pumpkin and 
its seeds to reduce glucose level in the blood of rats. The best improvement was 
found in diabetic rats consumed cakes containing fresh pumpkin and 40% 
whole pumpkin seeds. Chen et al., (2019) found that diabetic mice treated with 
pumpkin polysaccharides showed significantly increased in body weight 
compared to positive control group. Sharma et al., (2013) estimated that 
treatment with pumpkin seeds extract was improved the BWG of treated rats 
compared with diabetic rats. 
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Table 5: Effect of feeding diabetic rats with cakes enhanced with pumpkin 
and its seeds on BWG, FI and FER. 

Groups BWG (g) BWG (%) FI (g/rat/3months)  FER 

G1 95.88±1.60a 73.75±1.60a 1692.00±3.30a 0.057±0.002a 
G2 44.23±1.10h 35.38±1.00g 1539.00±3.40g 0.029±0.001f 
G3 53.00±1.01g 39.26±1.12f 1620.00±2.10f 0.033±0.001ef 
G4 60.30±1.60f 46.03±1.23e 1661.40±2.30e 0.036±0.001de 
G5 67.20±1.40e 51.69±1.10d 1669.50±3.60de 0.040±0.002cd 
G6 73.50±1.10d 56.11±1.30c 1674.00±3.70cd 0.044±0.001bc 
G7 79.20±1.02c 60.92±1.41b 1679.40±2.10bc 0.047±0.002b 
G8 80.00 ±1.50b 61.07±1.10b 1683.00±2.20b 0.048±0.003b 

There is statistically significant in values which have various alphabetical letters in the same column 
at (P<0.05).       BWG: Body weight gain.             FI: Food intake.         FER: Feed efficiency ratio.   

Effect of feeding diabetic rats with cakes enhanced with pumpkin 
and its seeds on relative weight of organs: 

            Data in Table (6) showed that a significant decrease (P<0.05) was 
noticed in relative weight of organs for diabetic rats compared with negative 
control rats. These results perhaps are due to reduce (BWG), (FI) and (FER) of 
diabetic rats as compared with normal rats. Treatment diabetic rats with cakes 
containing fresh pumpkin or cakes enhanced with both fresh pumpkin and 
different levels of whole pumpkin seeds led to a significant improve (P<0.05) in 
relative weight of liver, kidney, spleen and heart compared with diabetic rats 
(G2) or diabetic rats fed with control cakes (G3). These results probably are due 
to the improvement of nutritional indicators of diabetic rats which were fed 
with cakes enhanced with pumpkin (fruit or fruit and its seeds). 
   

Table 6: Effect of feeding diabetic rats with cakes enhanced with pumpkin 
and its seeds on relative weight of organs (g). 

Groups Liver Kidney Spleen  Heart 

G1 5.07±0.20a 1.15±0.٠٣a 0.45±0.0٢a ٠.56±0.0٢a 
G2 3.13±0.11f ٠.71±0.  ٠١ d 0.23±0.0١f ٠.35±0.0١e 
G3 3.15±0.14f ٠.73±0.٠2d ٠.24±0.0١f ٠.36±0.0١de 
G4 3.50±.0.١1e ٠.86±0.٠٣c ٠.29±0.0٢e ٠.42±0.0٢cd 
G5 3.80±0.١0d ٠.90±0.٠١bc ٠.33±0.٠٢d ٠.44±0.0١bc 
G6 4.15±0.١6c ٠.93±0.٠٢bc ٠.36±0.٠2c ٠.47±0.0١bc 
G7 4.50±0.١5b ٠.96±0.٠1b ٠.37±0.٠١bc ٠.48±0.02bc 
G8 4.56±0.١١b ٠.97±0.٠١b ٠.38±0.٠٢b ٠.49±0.0٢b 

There is statistically significant in values which have various alphabetical letters in the same column 
at (P<0.05).  
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Effect of feeding diabetic rats with cakes enhanced with pumpkin 
and its seeds on glucose and insulin values: 

            Glucose and insulin values of diabetic rats fed with control cakes, cakes 
containing fresh pumpkin and cakes enhanced with both fresh pumpkin and 
different levels of whole pumpkin seeds are clarified in Table (7). Results 
indicated that a significant hyperglycemia (P<0.05) and lower insulin level were 
observed  in diabetic rats (G2) and diabetic rats consumed control cakes (G3) 
compared to normal rats (G1). These results are in line with Khalil, (2004) who 
showed that plasma glucose value was significantly increased in diabetic rats 
and this was associated with decrease plasma insulin level. These findings 
probably are due to the cytotoxic factor of alloxan that lead to a high reduce of 
the β-cells in pancreas of diabetic rats in comparison with control rats. Data 
revealed that there was significantly improved (P<0.05) in glucose and insulin 
values of diabetic rats consumed cakes enhanced with fresh pumpkin (G4) 
compared with diabetic rats (G2) or diabetic rats consumed control cakes (G3) 
and it reached to 224.2mg/dl and 2.83µIU/ml, respectively. These findings 
perhaps are due to pumpkin fruit has higher amount of phenolic and flavonoid 
compounds than wheat flour. Similar result was observed by Chen et al., 
(2019) who noticed that mice treated with pumpkin polysaccharides showed a 
significant decrease in glucose value compared to diabetic mice. Diabetic rats 
consumed cakes enhanced with both fresh pumpkin and different levels of 
whole pumpkin seeds showed that a significant improve (P<0.05) in their 
glucose and insulin levels in comparison with diabetic rats or diabetic rats 
consumed control cakes and this improvement increased with increasing the 
level of whole pumpkin seeds in cakes. These results probably are due to 
pumpkin seeds have higher levels of phenolic and flavonoid compounds 
compared to wheat flour. The best levels of glucose and insulin were in diabetic 
rats fed with cakes enhanced with both fresh pumpkin and the highest level of 
pumpkin seeds (40%) where the level of glucose reduced by 67%, while, the 
level of insulin increased by 53% in comparison with diabetic rats. Moreover, 
this treatment brought down the elevated values of glucose and increased the 
low values of insulin in diabetic rats to nearly normal values.  Sharma et al., 
(2013) indicated that diabetic rats treated with pumpkin seeds extract showed a 
significant reduce in level of glucose and increase in insulin level. 
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Table 7: Effect of feeding diabetic rats with cakes enhanced with pumpkin 
and its seeds on glucose and insulin values. 

Groups Glucose mg/dl Insulin µIU/ml 

G1 90.00±1.20h 4.00±0.11a 
G2 280.3±2.21a 2.50±0.02e 
G3 276.2 ±2.00b 2.52±0.04e 
G4 224.2±1.93c 2.83±0.03de 
G5 191.3±1.21d 3.11±0.03cd 
G6 158.0±1.05e 3.33±0.02bc 
G7 124.1±1.22f 3.59±0.02ab 
G8 92.4 ±1.20g 3.83±0.03a 

There is statistically significant in values which have various alphabetical letters in the same column 
at (P<0.05).  
 

Effect of feeding diabetic rats with cakes enhanced with pumpkin 
and its seeds on lipid profile: 

            Results of lipid profile are clarified in Table (8).  Diabetic rats (G2) 
revealed that significantly increased (P<0.05) in TG, TC, LDL and VLDL 
values, whilst, significantly reduced (P<0.05) was observed in HDL level 
compared to control rats (G1). Feeding diabetic rats with cakes enhanced with 
fresh pumpkin or cakes containing both fresh pumpkin and different levels of 
whole pumpkin seeds led to a significant decrease (P<0.05) in TG, TC, LDL 
and VLDL values as well as a significant increase (P<0.05) in level of HDL as 
compared to diabetic rats or diabetic rats consumed control cakes. Lipid 
reducing effects for cakes which contain whole pumpkin seeds probably are due 
to its fibers. Findings indicated that the improvement in lipid profile increased 
by increasing the level of whole pumpkin seeds in cakes. The present research 
revealed that the best results of lipid profile were noticed in diabetic rats fed 
with cakes enhanced with fresh pumpkin and 40% of whole pumpkin seeds. 
This treatment reduced the values of TG, TC, LDL and VLDL by 56.9, 53.8, 
74.6  and 56.9%, respectively, and increased the level of HDL by 52.3% 
compared to diabetic rats. Furthermore, this treatment minimized the increased 
values of TG, TC, LDL and VLDL, while, increased the low value of HDL in 
rats with diabetes to nearly normal values. These results are in agreement with 
Chen et al., (2019) who showed that pumpkin polysaccharides significantly 
reduced TG, TC & LDL levels and improved HDL level in diabetic mice. Also, 
these findings are in line with Sharma et al., (2013) who noticed that values of 
TC, TG, LDL and VLDL significantly decreased and HDL significantly 
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increased in animals treated with different extracts of pumpkin seeds compared 
to diabetic animals.  

Table 8: Effect of feeding diabetic rats with cakes enhanced with pumpkin 
and its seeds on lipid profile (mg/dl). 

Groups TG TC HDL  LDL VLDL 

G1 88.00±1.20g 100.00±1.10g 49.20±1.00a 33.20±0.80h 17.60±0.52g 
G2 211.50±3.12a 225.00±2.20a 31.00 ±0.90g 151.70±2.30a 42.30±1.00a 
G3 211.00 ±3.21a 224.40±2.32a 31.30 ±0.80g 150.90±2.92b 42.20±0.62a 
G4 179.78±.2.21b 193.50±2.24b 34.72 ±0.50f 122.82±2.36c 35.96±0.46b 
G5 157.57±2.20c 170.40±2.23c 37.82±0.60e 101.07±1.61d 31.51±0.31c 
G6 135.06±2.23d 148.50±1.30d 40.72±0.22d 80.77±1.10e 27.01±0.40d 
G7 113.15±1.65e 126.00±1.23e 44.02± 0.60c 59.35±0.89f 22.63±0.42e 
G8 91.20±1.20f 104.00±1.15f 47.22±0.41b 38.54±0.53g 18.24±0.48f 

There is statistically significant in values which have various alphabetical letters in the same column 
at (P<0.05).  
 

Effect of feeding diabetic rats with cakes enhanced with pumpkin 
and its seeds on liver function parameters: 

            Aspartate aminotransferase, alanine aminotransferase and alkaline 
phosphatase of diabetic rats were significantly increased (P<0.05) as compared 
with normal rats (Table 9). Results revealed that rats with diabetes treated with 
control cakes showed that non-significant decrease (P<0.05) in aspartate 
aminotransferase, alanine aminotransferase and alkaline phosphatase as 
compared to diabetic rats. Whereas, diabetic rats treated with cakes containing 
fresh pumpkin or cakes enhanced with both fresh pumpkin and various levels of 
whole pumpkin seeds displayed that a significant decrease (P<0.05) in values of 
aspartate aminotransferase, alanine aminotransferase and alkaline phosphatase 
in comparison with diabetic rats. These results perhaps are due to pumpkin and 
its seeds have higher amount of phenolic and flavonoid compounds than wheat 
flour which protect liver cell from damage. Sharma et al., (2013) reported 
similar results of the increased values of aspartate aminotransferase, alanine 
aminotransferase and alkaline phosphatase in diabetic rats comparing with 
control rats, while, rats treated with various extracts of pumpkin seeds 
(Cucurbita maxima) showed significantly reduced in aspartate 
aminotransferase, alanine aminotransferase and alkaline phosphatase values 
compared with diabetic rats. Results showed that the improvement in liver 
functions increased by increasing the level of whole pumpkin seeds in cakes. 
Diabetic rats consumed cakes enhanced with fresh pumpkin and 40% of whole 
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pumpkin seeds reduced the levels of aspartate aminotransferase, alanine 
aminotransferase and alkaline phosphatase by 54.6, 53.0 and 31.8%, 
respectively, comparing with diabetic rats. Whilst, a significant reduce (P<0.05) 
was showed in total protein and albumin in animals with diabetes compared 
with control animals. The present study showed that non-significantly increased 
(P<0.05) in total protein and albumin levels in diabetic rats treated with control 
and fresh pumpkin cakes as compared to diabetic rats. But diabetic rats treated 
with cakes containing both fresh pumpkin and different levels of whole 
pumpkin seeds recorded significantly increased (P<0.05) in total protein and 
albumin compared with diabetic rats. The increase in total protein and albumin 
values were increased with increasing the level of whole pumpkin seeds in 
cakes.  Total protein (6.94 g/dl) and albumin (3.92 g/dl) values restored to 
normal values in diabetic rats treated with cakes enhanced with fresh pumpkin 
and 40% of whole pumpkin seeds.  

Table 9: Effect of feeding diabetic rats with cakes enhanced with pumpkin 
and its seeds on liver function parameters. 

Groups AST (U/L) ALT (U/L) ALP (U/L) Protein (g/dl) Albumin (g/dl) 

G1 35.00±1.00f 25.00±0.93g 79.80±1.32g 7.20±0.30a 4.10±0.14a 
G2 79.50±1.12a 56.00±1.20a 120.00±2.18a 5.00 ±0.21e 2.90 ±0.04f 
G3 79.00 ±1.21a 55.50±1.10a 119.00± 2.26a 5.10±0.22e 2.92 ±0.05f 
G4 70.36±.1.31b 49.84±0.90b 111.84±2.24b 5.33±0.25de 3.06 ±0.10ef 
G5 61.77±1.10c 44.00±0.71c 104.00±1.53c 5.80±0.31cd 3.30±0.11de 
G6 53.07±1.00d 38.00±0.80d 96.74±1.16d 6.19±0.23bc 3.48±0.10cd 
G7 45.00±0.65e 32.20±0.73e 89.28±1.12e 6.59±0.29ab 3.68 ±0.12bc 
G8 36.07 ±0.60f 26.32±0.80f 81.84 ±1.01f 6.94±0.33a 3.92 ±0.13ab 

There is statistically significant in values which have various alphabetical letters in the same column 
at (P<0.05).  

Effect of feeding diabetic rats with cakes enhanced with pumpkin 
and its seeds on kidney function parameters: 

          A significant increase (P<0.05) was demonstrated in kidney profile of 
rats with diabetes comparing with control rats (Table 10). The present data 
clarified that non-significant difference between diabetic rats and diabetic rats 
treated with control cakes. Diabetic rats consumed cakes enhanced with fresh 
pumpkin or cakes containing both fresh pumpkin and different levels of whole 
pumpkin seeds recorded that a significant decrease (P<0.05) in urea and 
creatinine values compared with diabetic rats. Ramadan et. al., (2016) found 
that rats received high fat diet with pumpkin seeds oil showed significantly 
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reduced in kidney function tests compared with high fat diet treated rats. The 
decrease in urea and creatinine values were increased with increasing the level 
of whole pumpkin seeds in cakes.  Urea and creatinine levels restored to normal 
levels in diabetic rats treated with cakes containing fresh pumpkin and 40% of 
whole pumpkin seeds. 

Table 10: Effect of feeding diabetic rats with cakes enhanced with 
pumpkin and its seeds on kidney function parameters (mg/dl). 

Groups Urea Creatinine 

G1 35.00±1.10f 0.69±0.03f 
G2 73.50±1.12a 1.80±0.10a 
G3 73.00 ±1.22a 1.78±0.21a 
G4 65.42±1.00b 1.58±0.24b 
G5 58.07±1.10c 1.40±0.12c 
G6 51.00±0.83d 1.18±0.14d 
G7 43.17±0.77e 0.98±0.12e 
G8 36.02±0.52f 0.77±0.08f 

There is statistically significant in values which have various alphabetical letters in the 
same column at (P<0.05).  
 

Histopathological examination:  

            Histological examination of the section of pancreas indicated that 
normal control rats had normal histomorphological structure of exocrine and 
endocrine part of the pancreas (Photo.1). Whereas, pancreas of diabetic rats 
showed degenerative changes within pancreatic acini which represented mostly 
by fatty degeneration within epithelial lining acini. Islets cells revealed 
degenerative and apoptotic changes beside presence some inflammatory cells.  
Moreover, decrease number and size of endocrine cells were also seen 
(Photo.2). These results are in accordance with Elkotby et al., (2018) who 
reported that islets size and β- cells number decreased in pancreatic tissues of 
rats with diabetes. Pancreatic islets of diabetic rats consumed control cakes 
appeared comparatively smaller in size and few in number with degenerative 
changes of some cells which represented mostly by acute cell swelling. In 
addition, perivascular inflammatory cells infiltration were also detected (Photo. 
3). While, pancreatic islets of diabetic rats fed with cakes containing fresh 
pumpkin revealed degenerative and earily necrotic changes in some cells. The 
exocrine pancreas revealed normal acini with mildly to moderately congested 
pancreatic blood vessels, periductal and interstitial lymphocytic infiltration and 
cystic dilatation of the pancreatic ducts (Photo. 4). Pancreas of diabetic rats fed 
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with cakes containing fresh pumpkin and 10% whole pumpkin seeds showed 
congested pancreatic blood vessels, cystic dilatation of pancreatic ducts and 
normal pancreatic acini. Some of the islets cells showed decrease cellular 
population with degeneration of some beta cells. Other islets cells observed 
normal population of cells including alpha, beta and delta cells (Photo. 5). 
Section from pancreas of diabetic rats consumed cakes containing fresh 
pumpkin and 20% whole pumpkin seeds showed apparently normal 
histomorphological structure of exocrine and endocrine parts. Nevertheless, 
congested pancreatic blood vessels were also seen (Photo. 6). The endocrine 
part of pancreas of diabetic rats fed with cakes containing fresh pumpkin and 
30% whole pumpkin seeds showed increase vascularization between 
regenerated islets cells. Whereas, pancreatic blood vessels showed congestion 
with perivascular edema and hemorrhage (Photo. 7). Majority of pancreatic 
islets of diabetic rats fed with cakes containing fresh pumpkin and 40% whole 
pumpkin seeds were large in size or of normal sizes with apparently normal 
active cellular contents. While, the exocrine pancreas showed apparently 
normal pancreatic acini (Photo. 8). These results perhaps are due to pumpkin 
and its seeds have antioxidant activity which led to increase the number of β-
cells by enhancing the repair and regeneration of β-cells and protect cell 
membranes from oxidative damage. Bharti et al., (2013) demonstrated that 
diabetic rats consumed tocopherol fraction of raw pumpkin seeds significantly 
increased in the number of islets. 

 
Photo. 1 (G1): Photomicrograph of rat’s 
pancreas showing normal endocrine islets cells 
populations (arrow) and other pancreatic 
parenchymal and stromal cells (curved arrow) 
H&E (X400). 

 
Photo. 2 (G2): Photomicrograph of rat’s pancreas 
showing small sized islets suffered from loss of 
cellularity populations, degenerative and 
apoptotic changes (arrow) of some islets cells 
H&E (X400). 
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Photo. 3 (G3): Photomicrograph of rat’s 
pancreas showing degenerative changes mostly in 
the form of acute cell swelling (arrow) within 
islets cells H&E (X400). 

 
Photo. 4 (G4): Photomicrograph of rat’s pancreas 
showing degenerative and earily necrotic changes 
(arrow head) in most of the β-cells and periductal 
lymphocytic infiltration (arrow) H&E (X400). 

 
Photo. 5 (G5):  Photomicrograph of rat’s 
pancreas showing normal pancreatic acini 
(curved arrow) with degeneration of some islets 
cells (arrow head) H&E (X400). 

Photo. 6 (G6):  Photomicrograph of rat’s 
pancreas showing apparently normal pancreatic 
acini and islets of Langerhans (arrow) with 
congested pancreatic blood vessels (thick arrow) 
H&E (X400). 

Photo. 7 (G7): Photomicrograph of rat’s 
pancreas showing increase vascularization 
(arrow) between regenerated islets cells H&E 
(X400). 

 
Photo. 8 (G8): Photomicrograph of rat’s pancreas 
showing apparently normal pancreatic acini 
(curved arrow) and islets cells (arrow) H&E 
(X400). 
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           Results demonstrated that the best result of histopathological 
examination was noticed in pancreatic tissue of diabetic rats fed on cakes 
enhanced with fresh pumpkin and 40% whole pumpkin seeds as comparing 
with diabetic rats (Table 11). This result is in accordance with findings of 
glucose and insulin values in current study. This result is also consistent with 
previous results for lipid profile as well as kidney and liver functions in the 
present study.  

Table 11: The severity of the histopathological alteration in the pancreatic 
tissues of diabetic rats treated with different kinds of cakes. 

Parameters G1 G2 G3 G4 G5 G6 G7 G8 

Degenerative changes of Islets cells  - +++ +++ + + + - - 
Islets cell deaths (apoptosis)   - +++ +++ ++ + + + - 
Inflammatory cells infiltration   - ++ ++ + + - - - 
Regenerative attempts  - - - - - + ++ ++ 

  -: No alterations                                                             +: Mild (25-39% alterations).            
 ++: Moderate (40-65% alterations).                             +++: Severe (up to 65% alterations).  
 

Conclusion: 

            The present study showed that cakes prepared with 10% fresh pumpkin 
fruit (as dry weight) and 40% whole pumpkin seeds were the most acceptable 
compared with control cakes. These cakes have low values of fat and calories, 
while, have high levels of protein, fiber, phenolics and flavonoids as compared 
with control cakes. Therefore, cakes prepared from pumpkin or pumpkin and its 
seeds which were produced by the lowest cost could be beneficial for people 
suffering from diabetes as well as hyperlipidemia, obesity and malnutrition.  
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 الملخص العربي

السكري للكيك مرض علي الفئران المصابه ب التقييم التغذوي والحسي والتأثير البيولوجي

 اليقطين وبذورها  ةحسن بفاكهالمُ 

 ةالقيمة الغذائية للكيك عن طريق استبدال دقيق القمح بفاكه زيادةلحالية هو الغرض من الدراسة ا        

وقد تم تحضير الكيك باستبدال . اليقطين وبذورها كمصدر للبروتين والمركبات الفينولية والفلافونويدات

ق استبدال دقيأو ) ٪ على اساس الوزن الجاف١٠( ةاليقطين الطازج ةثابتة من فاكه ةدقيق القمح بنسب

 ٪١٠(السابقة ومستويات مختلفة من بذور اليقطين الكاملة  ةبنفس النسب ةاليقطين الطازج ةفاكهالقمح ب

وقد تم أيضاً . وقد خضعت الانواع المختلفة من الكيك للتقييم الغذائي والحسى). ٪٤٠و ٪٣٠و ٪٢٠و

لبيوكيميائي للمصل والفحص على التحليل ا االيقطين وبذوره ةحسن بفاكهبالكيك المُ  التغذيةتقييم تأثير 

سببه الالوكزان بعد ثلاثة أشهر الذى يُ  البول السكريلفئران المصابة بمرض ا لذكور النسيجي للبنكرياس

اليقطين الطازجة وبذور اليقطين  ةفاكه كلاً منوأوضحت النتائج أن الكيك المحتوى على . من المعاملة

البروتين والألياف والرماد والمركبات الفينولية  في محتوى )P<0.05( الكاملة أظهر زيادة معنوية

. مقارنة بالكيك الكنترول والفلافونويدات وارتبطت هذه الزيادة بمستوى الاستبدال ببذور اليقطين الكاملة

٪ من بذور اليقطين ٤٠اليقطين الطازجة و ةوأشارت نتائج التقييم الحسي أن الكيك المحتوي على فاكه

 شير النتائج إلي أن هناك انخفاضاً معنوياً وتُ . مقارنة بالكيك الكنترول ولاً الأكثر قب الكاملة هو

)P<0.05(  الجلوكوز والدهون الثلاثية والكوليسترول والليبوبروتينات منخفضة الكثافة  ياتفي مستو

 حسن بفاكهة اليقطين الطازجة أوالكيك المُ  غذت علىتوالتي  البول السكريللفئران المصابة بمرض 

فاكهة اليقطين الطازجة ومستويات مختلفة من بذور اليقطين الكاملة  كلاً منالذى يحتوي على ك الكي

في  )P<0.05( بينما لوحظ أن هناك زيادة معنوية ،البول السكريبالمقارنة مع الفئران المصابة بمرض 

وقد . البول السكري نسولين والليبوبروتينات مرتفعة الكثافة مقارنة بالفئران المصابة بمرضلاا ياتمستو 

في وظائف الكبد والكلى للفئران المصابة بمرض  )P<0.05(تحسناً معنوياً  أن هناك أوضحت النتائج

مقارنة بالفئران المصابة ) بذورهاالفاكهة أو الفاكهة و (حسن باليقطين والمعاملة بالكيك المُ  البول السكري

البنكرياس في  أنسجةفي  ملحوظاً  تحسناً وجود النسيجي  فحصأيضاً ال كما أظهر. البول السكريبمرض 

ن باليقطين وبذورة مقارنة مع الفئران سحالكيك المُ ب المعاملة البول السكري بمرض الفئران المصابة

أفضل  أن جدوقد وُ . وهذه النتائج تتفق مع النتائج السابقة المذكورة أعلاة البول السكريالمصابة بمرض 

الكيك المحتوى  تناولتالتي  البول السكريفي الفئران المصابة بمرض ان كتحسناً للقياسات المختلفة 

البول السكري  اليقطين مقارنةً بالفئران المصابة بمرض ة٪ فاكه١٠٪ بذور اليقطين الكاملة و ٤٠على 
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هذا الكيك على أعلى قيم  يحتوى ،وبالاضافة إلي ذلك. حيث وصلت القياسات إلي القيم الطبيعية تقريباً 

 سعرات الحراريةات من الدهون واليمستو  وأدنيوتين والألياف والمركبات الفينولية والفلافونويدات، للبر 

 )الفاكهة أو الفاكهة وبذورها( أن الكيك المحضر من اليقطين نتجمن ذلك نست. مقارنة بالكيك الكنترول

وبذورة تأثيرات مفيدة على والذي تم انتاجة بأقل تكلفة يُعتبر من الاغذية الوظيفية حيث كان لليقطين 

وفقاً للنتائج، يمكن أن يكون هذا الكيك مفيداً في الوقاية والعلاج من . الخواص الغذائية والبيولوجية للكيك

 ةعانون من ارتفاع نسبمفيداً للأشخاص الذين يُ  كيك اليقطين وأيضاً، قد يكون .البول السكريمرض 

اليقطين كيك يساعد ذلك على تشجيع استخدام وف بالتالى سالدهون في الدم والسمنة وسوء التغذية،  و 

إنتاج المنتجات الغذائية لذلك توصي هذه الدراسة بزيادة . المشاكل المتعلقة بالتغذية في مصر معالجةو 

تناول  أهمية حول للناس تحسين الثقافة الغذائيةو  )الفاكهة أو الفاكهة وبذورها(التي تحتوى على اليقطين 

وعلاجة البول السكري  مرض لوقاية منا في العديدة اوفوائده غذائية المصنوعة من اليقطينالمنتجات ال

 .وسائل الإعلام المختلفة عبروكذلك الأمراض الآخرى 

 

  –الالوكزان  –الكيك  –البول السكري مرض   –بذور اليقطين الكاملة   –اليقطين  :الكلمات المفتاحية

  .سىالتقييم الح  –القيمة الغذائية 
 


