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INTRODUCTION

Phytogenic compounds are a class of feed additives that 
have drawn a lot of attention to it in the feed industry. 

There is a wide range of herbs, spices, and the products 
derived from them mainly oils (Hashemi and Davoodi, 
2010). Vegetable oils, commonly known as essential oils, 
are fragrant, oily liquids derived from plants (flowers, seeds, 
leaves, fruits and roots). It is a complex blend of organic 

compounds such as terpenes, alcohols, esters, aldehydes, 
ketones, and phenols. Phytogenic feed additives have been 
selected to improve productive performance and immune 
responses for animals (Peterson et al., 2014; Harikrishnan et 
al., 2011), increasing feed nutrient digestibility (Abo-State 
et al., 2017) and can effect on parameters of reproduction 
(Mangiagalli et al., 2010).

Pumpkin (Cucurbita spp.) has great attention in nowadays 
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for its nutritional and health protective properties 
(Montesano et al., 2018), as well as clinical application 
(Tanaska et al., 2020). The oil yield and quality extracted 
from pumpkin seed oil were influenced by solvents polarity 
used in the excretion process. It ranged from 4.12% to 
27.93%, with the highest yield recorded in petroleum 
ether and lowest in ethanol (Chatepa and Masamba, 2019; 
Can-Cauich et al., 2021). Also, variations in fatty acid 
profiles and amounts of pumpkin seed oil were dependent 
on the origin of particular cultivars, climatic conditions, 
and postharvest management (Rabrenović et al., 2014). 
Pumpkin seed oil consisted of many fatty acids including 
linoleic acid (C18:2), oleic acid (C18:1), palmitic acid 
(C16:0) and stearic acid (C18:0) (Applequist et al., 2006). 
Habib et al. (2015) found that pumpkin seed oil contains 
the highest amount of oleic acid 40.58% while stearic 
acid, palmitic acid and Linoleic acid content are found to 
be 27.06, 17.39 and 14.97%, respectively. Pumpkin seed 
oil has a greater percentage of unsaturated fatty acids 
(55.55%) than saturated fatty acids (44.45%). Bardaa et al. 
(2016) showed an excellent quality of pumpkin oil with 
high content of polyunsaturated fatty acids (Linoleic acid: 
50.88 ± 0.106  g/100  g of total fatty acids), tocopherols 
(280  ppm) and sterols (2086.5 ± 19.092  ppm). Pumpkin 
seeds contain omega-6 and -3 fatty acids with a very high 
concentration of vitamin E (Hashemi, 2013; Ryan et al., 
2007), it is important for growth performance and feed 
utilization for Nile tilapia (Bardaa et al., 2016; Medjakovic 
et al., 2016; Wang et al., 2017) have emphasized the 
therapeutic benefits of pumpkin seed oil in the treatment 
of variety of illnesses and organ damage, including 
hypertension, diabetes, and cancer. It is also antimicrobial, 
antioxidant and anti-inflammatory (Yadav et al., 2010; 
Gutierrez, 2016; Petropoulos et al., 2021). In animals for 
livestock (Valdez-Arjona and Ramírez-Mella, 2019), hens 
(Herkel et al. 2014), broiler chicken (Wafar et al., 2017), 
roosters (Lotfi et al., 2021) and rabbits (Bakeer et al., 2021). 
There are numerous studies that have used different sources 
of vegetable oils such as soya oil, groundnut and palm oil 
for different kinds of fish species. On the other hand, there 
are not sufficient studies about using PSO on different fish 
species such as Japans sea bass (Latealabrax japonicas) (Xue 
et al. 2006), African catfish (Clarias gariepinus juveniles) 
(Olukunle, 2011) and Nile tilapia (Erondu and Akpoilih, 
2020), which is the focus point of our study.

Pumpkin seed oil (PSO) has been known as functional 
food oil due to some bioactive components contained 
such as phenolics and tocopherols with beneficial effects 
to improve health and production. However, application 
of pumpkin seed oil as functional feed in different species 
in aquatic animals is still far from. Therefore, the following 
study aimed to assess the pumpkin seed oil effect on growth 
performance, feed efficiency and body composition of Nile 
tilapia (Oreochromis niloticus) fingerlings.

MATERIALS AND METHODS

Experimental fish, housing and diets 
Nile tilapia fingerlings (male) (4.19g) were obtained from a 
private tilapia hatchery company. The fish were assigned at 
random to four treatment groups with three replicates for 
each group and 25 fish per replicate. At the beginning, 50 
fish were taken randomly, weights were recorded and then 
frozen at -20oC for chemical analysis. Water temperature, 
dissolved oxygen and pH were adjusted almost 26.45, 6 
mg/L and 7.45 respectively in all groups.

The basal diet was formulated to include 30.36% protein, 
5.79 fat, 6.7 fiber, 14.2% ash and 3879 kcal kg-1gross 
energy (Table 1). Pumpkin seed oil was produced from a 
local market and inclusion in the basal diet at 0.0, 25, 50 
and 75% from the source of oil that added to the basal 
diet as the functional diet. Fish were fed these diets twice 
a day for 56 days (5% of body weight for the first 2 weeks 
and then 4% for the subsequent weeks). The mean weight 
of fish was recorded every 14 days and daily rations were 
readjusted accordingly.

Table 1: Formulation and proximate composition (%) of 
the basal diet.

Ingredients %
Yellow corn 35
Soybean meal 30
Corn gluten meal 19
Wheat bran 11
Vegetable oil 4
Vitamin and mineral premix* 1
Proximate composition (%DM)
Crude protein 30.36
Crude fat 5.79
Crude fiber 6.70
Crude ash 14.20
Gross energy kcal/kg 3879

*Vitamin and mineral premix: containing the following per kg of 
feed: A= 4500 I. U, D= 11252 I.U, E= 71 I.U, K 3= 2 mg, B 12= 
0.015 mg, panthothenic acid= 5 mg, nicotinic acid= 14 mg, folic 
acid= 0.4 mg, biotin= 0.04 mg, choline= 150 mg, cobalt= 0.2 mg, 
copper= 4.5 mg, iron= 21 mg, manganese= 20 mg, iodine= 0.6 
mg, selenium= 2.2 mg, zinc= 20 mg, antioxidan = 2 mg.

Chemical analysis of diets and whole body fish 
The examined diet and 15 fish collected from each treatment 
at the start and the end of the trial were weighted and kept 
in deep freeze until analyzed for moisture, protein, fat and 
ash according to the criterion methods of AOAC (2006). 
The moisture content of the fish was determined before 
freeze-drying the samples. This was performed using a 
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forced air oven at 105oC for five hours and then repeated for 
30 minutes interval until a constant weight was obtained. 
The loss in weight was calculated as the moisture content. 
The protein content of dry samples was determined by 
Kjeldahl apparatus, crude fat was assayed by Soxhlet 
apparatus with diethyl ether as solvent and the ash content 
was determined by a muffle furnace at 600oC for 6 hrs.

Calculations of fish performance
The parameters used to measure the performance and feed 
efficiency of Nile tilapia fish were:

Weight gain (WG) = final weight – initial weight. 
Specific growth rate (SGR) = 100 (Ln 

W2 – ln W1) / days of feeding
 

W1 and W2 were the initial and final weights, respectively.

Feed conversion ratio (FCR) = dry feed 
intake (g) / fish live weight gain (g).

Protein efficiency ratio (PER) = 100 (weight 
gain (g)/ protein intake (g)).

Protein productive value (PPV) = 100 
(protein gain (g)/protein fed (g)).

Energy Retention (ER) = Retained energy in 
carcass (Kcal)/ energy intake (Kcal)×100. 

Statistical analysis
One-way analyses of variance (ANOVA) were used to 
analyze statistical data of 95% dependability (SPSS, 2007). 
Duncan’s Multiple Range test (Duncan, 1955) was used to 
detect the differences among means at significant (P<0.05).

RESULTS AND DISCUSSION

Growth performance of nile tilapia
Table 2 shows the initial, final, gain of body weight and 
specific growth rate of Nile tilapia fingerlings fed varied 
amounts of pumpkin seed oil supplementation. The starting 
weight was almost the same in all replicates. Body weight 
gain (BWG), final body weight (FBW) and specific growth 
rate (SGR) with the best growth performance (P<0.05) was 
obtained with 75% PSO; being 15.16 g, 10.98 g, and 2.30 
respectively, followed by 50% PSO being 13.06 g, 8.90 g, 
and 2.04, respectively. Meanwhile FBW and BWG did not 
significantly affect with 25% PSO and without significant 
difference with the control group.

Feed utilization 
Table 3 displays the findings of the parameters of 
performance and feed efficiency. The findings clearly 
indicated the beneficial effect of 75% pumpkin seed oil 
(PSO) on feed utilization had the greatest feed intake 
(FI) and best feed conversion ratio (FCR), being 16.80 g, 

and 1.53 followed by 50% PSO, being 15.65g, and 1.76 
respectively. There were no significant differences were 
detected between the group fed on 25% PSO and the 
control group in feed intake. Results of protein efficiency 
ratio (PER) showed a statistically significant difference 
(P<.05) among dietary treatments. Fish fed diet with 75% 
PSO gave the best value of PER (2.16). No significant 
differences were detected between groups fed on 50% PSO 
and that fed on 25% PSO (1.87 and 1.82). Otherwise, 
group fed diet without PSO gave the lowest PER (1.74). 
Likewise, the protein productive value (PPV) was 
significantly (P<.05) affected by PSO addition. The highest 
(P<.05) PPV value were obtained for fish fed 75% PSO 
(28.60) then the other three groups 50%, 25% PSO and 
the control being 25.45, 23.91, 23.77 respectively, with no 
significant differences among them. Moreover, the greatest 
value for energy retention (ER) (30.01) was recorded in 
fish group fed 75% PSO, while the other groups had no 
significant differences among them 50%, 25% PSO and 
control 24.70, 23.70, 25.67, respectively.

Table 2: Growth performance parameters of Nile tilapia 
fed different levels of Pumpkin seed oil (PSO). 
Item IBW (g) FBW (g) BWG (g) SGR
Control (0.0%PSO*) 4.20 12.05c 7.85c 1.88d

25% PSO 4.15 12.35 c 8.20c 1.95c

50% PSO 4.16 13.06b 8.90b 2.04b

75% PSO 4.17 15.15a 10.98a 2.30a

SE of mean ±0.02 ±0.37 ±0.37 ±0.05
Values in the same column with different superscripts are 
significantly different at P<0.05. Whereas: Initial body weight 
(IBW), Final body weight (FBW), Body weight gain (BWG), 
Specific growth rate (SGR). *PSO levels (0.0, 25, 50, and 75%) 
from the source of vegetable oil that was added to the basal diet.

Table 3: Feed utilization parameters of Nile tilapia fed 
different levels of Pumpkin seed oil (PSO). 
Item FI (g) FCR PER PPV ER
Control (0.0%PSO*) 14.77c 1.88a 1.747c 23.767b 25.67b

25%PSO 14.86c 1.81b 1.817b 23.913b 23.88b

50% PSO 15.65b 1.76b 1.87b 25.450ab 24.70b

75% PSO 16.80a 1.53c 2.16a 28.60a 30.01a

SE of mean ±0.25 ±0.04 ±0.01 ±1.25 ±1.77
Values in the same column with different superscripts are 
significantly different at P<0.05. Whereas: Feed intake (FI), 
Feed conversion ratio (FCR), Protein efficiency ratio (PER), 
Protein productive value (PPV), Energy Retention (ER). *PSO 
levels (0.0, 25, 50, and 75%) from the source of vegetable oil that 
was added to the basal diet.

Table 4 presents the body composition results. There 
was no different (P>0.05) among all measures of body 
composition (moisture, protein, fat and ash %) content 
across all treatments.
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Fish growth is influenced by nutrition, which is particularly 
evident in fish produced in intensive aquaculture systems. 
Pumpkin seed oil have several beneficial effects on growth 
and immune status, it is reported to be beneficial in 
immune response, treatments for a wide range of diseases, 
production and improves metabolism of fats (Achilonu et 
al., 2018).

Table 4: Body composition of Nile tilapia fed different 
levels of Pumpkin seed oil (PSO).
Item Dray 

matter
Crude 
protein

Ether 
extract

Ash

Initial fish 22.11 53.70 16.20 14.83
Control (0.0%PSO*) 26.69 48.69 33.02 10.27
25%PSO 25.10 50.69 31.03 10.63
50%.PSO 25.39 51.47 30.36 10.77
75%PSO 25.98 49.65 34.15 9.60
SE of mean ±0.91 ±1.36 ±2.24 ±0.60

*PSO levels (0.0, 25, 50, and 75%) from the source of vegetable 
oil that was added to the basal diet.

Lipids are a source of fatty acids, phospholipids, sterols, 
and fat-soluble vitamins that are required for the normal 
functioning of physiological processes and to a lesser 
extent, the preservation of biological structure and cell 
membrane function (Ghanawei et al., 2011). Furthermore, 
adequate of fatty acids are significant factors for 
influencing various biological processes, such as growth, 
feed utilization, reproduction and immune responses 
(Chatepa and Masamba, 2019; Montesano et al., 2018). 
However, an overabundance of dietary lipids can limit 
feed uptake and the use of other nutrients, resulting in a 
slower development rate (Ghanawei et al., 2011) as well as 
improved efficiency of fat (Hillestad and Johnsen, 1994). 
As a result, the lipid or fatty acid requirements for farmed 
fish should be considered functional when creating their 
meals (Ayisi et al., 2017).

Tilapia, like other warm-water fish, need more linoleic 
fatty acids (18:2 n-6) or (20:4 n-6) than n-3 fatty acids for 
ideal performance (Aziza et al., 2013), they only need about 
1% n-6 fatty acids in feed (Bazaoglu and Bilguven, 2012). 
Plant oils high in n-6, n-3, or both fatty acid series such 
as linseed oil have been found to be an excellent supply of 
lipids for Nile tilapia (Erondu and Akpoilih, 2020).

The information on the nutritional value of pumpkin 
oil as functional feed is inconsistent. From the previous 
discussion we can concluded that different lipids which 
include distant fatty acids have an impact on several 
growth and feed utilization parameters due to pumpkin 
oil. Analysis of pumpkin seed oil implied, it has a high 
degree of unsaturation, making it a good drying agent, 
and a low free fatty acid concentration. The results of fatty 

acid composition show that PSO has contain the highest 
fatty acids. PSO has a greater percentage of unsaturated 
fatty acids (55.55%) than other oils which is useful and 
necessary for Nile tilapia nutrition (Habib et al., 2015).

Improving growth performance and feed utilization 
parameters with using pumpkin oil in Nile tilapia fingerlings 
diet may be due to contain more amount of vitamin E and 
fatty acids. Hashemi (2013) reported that pumpkin seeds 
oil contains omega-6 and omega-3 fatty acids (Murkovic et 
al., 2004) and very high concentration of vitamin E (Ryan 
et al., 2007), it is important for performance and utilization 
of feed for Nile tilapia. The current study revealed that 
different levels of pumpkin oil had significantly effect 
on FBW, BWG, SGR and FCR of Oreochromis niloticus 
fingerlings. These results findings consistent with earlier 
research on Nile tilapia (Ochang et al., 2007b) who 
reported that growth performance of fish was influenced 
with different levels of lipid. On the other hand, using 
different levels of palm oil in the tropical bagrid Catfish 
Mytus (Ng et al., 2000) or Clariesgariepinus (Ochang et 
al., 2007a) had no effect on FBW, BWG, SGR, or FCR.

Feed intake and another feed utilization parameters were 
improved when pumpkin oil is added in the diet up to 
75% of whole oil in the basal diet. Ayisi et al. (2017) found 
that protein efficiency ratio in Nile tilapia was significantly 
affected with palm oil level which in agreement with our 
study although this differs from the results of Elekasheif 
et al. (2011).

The chemical composition of body tilapia fingerlings 
fed elevated levels of pumpkin oil were not significantly 
affected by different treatments. In contrast Ayisi et al. 
(2017) found that addition of dietary palm oil to fish diet 
significantly increased the protein levels of whole body. 
Also, Song et al. (2009); Wang et al. (2005) suggesting that 
high lipid consumption may result in fat accumulation in 
the liver and visceral cavities.

Addition of vitamin E in the diet enhances juvenile sea 
bream development and decreasing lipid peroxidation 
products in tissues (Tocher et al., 2002). Both nutrients 
(vitamin E and polyunsaturated fatty acids) are thought 
to have a synergistic impact on immune responses in 
bastard halibut (Paralychthys olivaceous). Bai and Lee 
(1998) discovered that higher amount of linoleic (18:2 
n-6), linolenic (18:3 n-6) and alpha-linolenic acid (18:3 
n-3) were related with higher amounts of vitamin E as 
long more in arachidonic acid (20:4 n-6) linked with 
increased vitamin E levels, which is agreement with the 
results of Navarro et al. (2012), discovered an improvement 
in the quality of polyunsaturated fatty acids in Nile tilapia 
administered vitamin E supplementation.
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CONCLUSIONS AND 
RECOMMENDATIONS

The results can be used to assess pumpkin seed oil 
nutritionally. The oil attained from the pumpkin seed may 
be added as a functional ingredient in Nile tilapia fingerlings 
diet up to 75% from the ordinary source of vegetable oil 
without retardation in growth. Pumpkin oil was promising 
for enhancing growth performance, feed utilization and 
without affecting on proximate composition in Nile tilapia.

NOVELTY STATEMENT

This study may be the first to evaluate different levels of 
pumpkin seed oil in Nile tilapia fingerlings. The use of 
pumpkin seed oil is expected to improve fish growth per-
formance and feed utilization. So, we believe that the re-
sults of our study will be a new contribution in the practi-
cal field of fish nutrition. 

AUTHORS CONTRIBUTIONS 
	
All authors are contributed equally.

Conflict of interest
The authors have declared no conflict of interest.

REFERENCES

Abo-State Hanan A, El-Monairy MM, Hammouda YA, 
Elgendy MY (2017). Effect of a phytogenic feed additive 
on the growth performance and susceptibility of Oreochromis 
niloticus to Aeromonashy drophila. J. Fish Aquat Sci., 12: 141-
148. https://doi.org/10.3923/jfas.2017.141.148

Achilonu MC, Nwafor IC, Umesiobi DO, Sedibe MM (2018). 
Biochemical proximates of pumpkin (Cucurbitaeae spp.) 
and their beneficial effects on the general well-being of 
poultry species. J. Anim. Physiol. Anim. Nutr., 102: 5–16. 
https://doi.org/10.1111/jpn.12654

AOAC (2006). Association of official analytical chemists official 
methods of analysis, AOAC, 18th edn, Arlington, Virginia, 
USA. 

Applequist WL, Avula B, Schaneberg BT, Wang YH, Khan 
IA (2006). Comparative fatty acid content of seeds of 
four  Cucurbita  species grown in a common (shared) 
garden.  J. Food Compos. Anal., 19: 606-611. https://doi.
org/10.1016/j.jfca.2006.01.001

Ayisi CL, Zhao J, Rupia EJ (2017). Growth performance, 
feed utilization, body and fatty acid composition of Nile 
tilapia (O. niloticus) fed diets containing elevated levels of 
palm oil. Aquac. Fish., 2: 67-77. https://doi.org/10.1016/j.
aaf.2017.02.001

Aziza AE, Awadin, WF, Orma AM (2013). Effect of dietary 
substitution of cod liver oil by vegetable oils on growth 
performance, body composition, lipid peroxidation, liver and 
muscle histopathological state in Nile tilapia (Oreo-chromis 
niloticus). J. Fish. Aquac., 4: 87-94. 

Bai SC, Lee KJ (1998). Different levels of dietary DL-alpha-
tocopheryl acetate affect the vitamin E status of juvenile 
Korean rockfish, Sebastes schlegeli. Aquaculture, 168: 415-
444. https://doi.org/10.1016/S0044-8486(97)00288-3

Bakeer MR, Sohair SY, Gazia N, Abdelrahman HA, Elolimy A, 
Abdelatty AM (2021). Effect of dietary pumpkin (Cucurbita 
moschata) seed oil supplementation on reproductive 
performance and serum antioxidant capacity in male and 
nulliparous female V-Line rabbits. Ital. J. Anim. Sci., 20(1); 
419-425. https://doi.org/10.1080/1828051X.2021.1889406

Bardaa S, Halima NB, Aloui F, Mansour RB, Jabeur H, Bouaziz 
M, Sahnoun Z (2016). Oil from pumpkin (Cucurbita pepo 
L.) seeds: Evaluation of its functional properties on wound 
healing in rats. Lipids Health Dis., 15: 73-84. https://doi.
org/10.1186/s12944-016-0237-0

Bazaoglu SA, Bilguven M (2012). The effects of different oil 
sources on the growth performance and body composition of 
juvenile Nile tilapia (Oreochromis niloticus). J. Anim. Vet. Adv., 
11: 853-857. https://doi.org/10.3923/javaa.2012.853.857

Can-Cauich CA, Sauri-Duch E, Cuevas-Glory LF, Betancur-
Ancona, D, rtiz-Vázquez E, Ríos-Soberanis CR, Chel-
Guerrero L, González-Aguilar GA, Moo-Huchin VM 
(2021). Physicochemical properties and stability of pumpkin 
seed oil as affected by different extraction methods and 
species. Int. Food Res. J., 28: 148 – 160.

Chatepa LEC, Masamba K (2019). The influence of solvent’s 
polarity on physicochemical properties and oil yield 
extracted from pumpkin (Cucurbita maxima) seed. J. Agric. 
Biotechnol. Sustainable Dev., 11: 40-47. https://doi.
org/10.5897/JABSD2019.0354

Duncan D (1955). Multiple range tests and multiple F tests. 
Biometrics, 11: 1-42. https://doi.org/10.2307/3001478

EleKasheif MA, Saad AS, Ibrahim SA (2011). Effects of varying 
levels of fish oil on growth performance, body composition 
and haematological characteristics of Nile tilapia Oreochromis 
niloticus. Egypt. J. Aquat. Biol. Fish., 15: 125-141. https://
doi.org/10.21608/ejabf.2011.2082

Erondu ES, Akpoilih BU (2020). Effect of different dietary 
lipid sources on growth performance and nutrient 
utilization of Nile tilapia (Oreochromis niloticus) fingerlings. 
J. Fish. Res., 4: 21-29. https://doi.org/10.35841/fisheries-
research.4.1.22-30

Ghanawei J, Roy L, Davis DA, Saoud IP (2011). Effects of dietary 
lipid levels on growth performance of marbled spinefoot 
rabbitfish Siganus rivulatus. Aquaculture, 310: 395-400. 
https://doi.org/10.1016/j.aquaculture.2010.11.012

Gutierrez RMP (2016). Review of Cucurbita pepo (pumpkin) its 
phytochemistry and pharmacology. Med. Chem., 6: 12–21. 
https://doi.org/10.4172/2161-0444.1000316

Habib A, Biswas, S, Siddique AH, Manirujjaman M, Uddin B, 
Hasan S, Khan MMH, Uddin M, Islam M, Hasan M (2015). 
Nutritional and lipid composition analysis of pumpkin seed 
(Cucurbita maxima Linn.). J. Nutr. Food Sci., 5: 374-379. 
https://doi.org/10.4172/2155-9600.1000374

Harikrishnan R, Balasundaram C, Heo Moon-Soo (2011). 
Impact of plant products on innate and adaptive immune 
system of cultured finfish and shellfish. Aquaculture, 317: 
1-15. https://doi.org/10.1016/j.aquaculture.2011.03.039

Hashemi JM (2013). Pumpkin seed oil and vitamin E improve 
reproductive function of male rats inflicted by testicular 
injury. World Appl. Sci. J., 23: 1351–1359.

Hashemi SR, Davoodi H (2010). Phytogenics as new class of 
feed additive in poultry industry. J. Anim. Vet. Adv., 9: 2295–

https://doi.org/10.3923/jfas.2017.141.148
https://doi.org/10.1111/jpn.12654
https://doi.org/10.1016/j.jfca.2006.01.001
https://doi.org/10.1016/j.jfca.2006.01.001
https://doi.org/10.1016/j.aaf.2017.02.001
https://doi.org/10.1016/j.aaf.2017.02.001
https://doi.org/10.1016/S0044-8486(97)00288-3
https://doi.org/10.1080/1828051X.2021.1889406
https://doi.org/10.1186/s12944-016-0237-0
https://doi.org/10.1186/s12944-016-0237-0
https://doi.org/10.3923/javaa.2012.853.857
https://doi.org/10.5897/JABSD2019.0354
https://doi.org/10.5897/JABSD2019.0354
https://doi.org/10.2307/3001478
https://doi.org/10.21608/ejabf.2011.2082
https://doi.org/10.21608/ejabf.2011.2082
https://doi.org/10.35841/fisheries-research.4.1.22-30
https://doi.org/10.35841/fisheries-research.4.1.22-30
https://doi.org/10.1016/j.aquaculture.2010.11.012
https://doi.org/10.4172/2161-0444.1000316
https://doi.org/10.4172/2155-9600.1000374
https://doi.org/10.1016/j.aquaculture.2011.03.039


Advances in Animal and Veterinary Sciences

April 2022 | Volume 10 | Issue 4 | Page 887

2304. https://doi.org/10.5219/235
Herke R, Gálik B, Bíro D, Rolinec M, Šimko M, Juráček M, 

Majlát M, Arpášová H (2014). The effect of pumpkin 
and flaxseed oils on selected parameters of laying hens 
performance. Acta Fytotechnica Zoot., 17: 96–99. https://
doi.org/10.15414/afz.2014.17.03.96-99

Hillestad M, Johnsen FT (1994). High-energy/low protein diets 
for Atlantic salmon: Effects on growth, nutrient retention 
and slaughter quality. Aquaculture, 124: 109-116. https://
doi.org/10.1016/0044-8486(94)90366-2

Lotfi S, Fakhraei J, Yarahmadi HM (2021). Dietary 
supplementation of pumpkin seed oil and sunflower oil 
along with vitamin E improves sperm characteristics and 
reproductive hormones in roosters. Poult. Sci., 100: 101289. 
https://doi.org/10.1016/j.psj.2021.101289

Mangiagalli MG, Martino PA, Smajlovic T, Guidobono 
Cavalchini L, Marell SP (2010). Effect of lycopene 
on semen quality, fertility and native immunity of 
broiler breeder. Br. Poult. Sci., 51: 152–157. https://doi.
org/10.1080/00071660903401540

Medjakovic S, Hobiger S, Ardjomand-Woelkart K, Bucar F, 
Jungbauer A (2016). Pumpkin seed extract: Cell growth 
inhibition of hyperplastic and cancer cells, independent 
of steroid hormone receptors. Fitoterapia, 110: 150–156. 
https://doi.org/10.1016/j.fitote.2016.03.010

Montesano D, Blasi F, Simonetti MS, Santini A, Cossignani L 
(2018). Chemical and nutritional characterization of seed oil 
from Cucurbita maxima L. (Var. Berrettina) pumpkin. Food, 
7: 30. https://doi.org/10.3390/foods7030030

Murkovic M, Piironen V, Lampi AM, Kraushofer T, Sontag G 
(2004). Changes in chemical composition of pumpkin seeds 
during the roasting process for production of pumpkin seed 
oil (Part 1: non-volatile compounds). Food Chem., 84: 359-
365. https://doi.org/10.1016/S0308-8146(03)00240-1

Navarro RD, Navarro Filho OPR, Ferreira WM, Pereira Filho 
JTS (2012). Quality of polyunsaturated fatty acids in 
Nile tilapias (Oreochromis niloticus) fed with vitamin E 
supplementation. Food Chem., 134: 215-218. https://doi.
org/10.1016/j.foodchem.2012.02.097

Ng WK, Tee MC, Boey PL (2000). Evaluation of crude palm 
oil and refine palm ole in as dietary lipids in pelleted 
feeds for a tropical bagrid catfish Mytus nemurus (Cuvier 
and Valenciennes). Aquac. Res., 31: 337-347. https://doi.
org/10.1046/j.1365-2109.2000.00437.x

Ochang SN, Fagbenro OA, Adebayo OT (2007a). Growth 
performance, body composition, haematology and product 
quality of the African catfish (Clarias gariepinus) fed 
diets with palm oil. Pak. J. Nutr., 6: 452-459. https://doi.
org/10.3923/pjn.2007.452.459

Ochang SN, Fagbenro OA, Adebayo OT (2007b). Influence of 
dietary palm oil on growth response, carcass composition, 
haematology and organoleptic properties of juvenile Nile 
tilapia, Oreochromis niloticus. Pak. J. Nutr., 6: 424-429. 
https://doi.org/10.3923/pjn.2007.424.429

Olukunle EO (2011). Evaluation of different dietary oil sources 
on growth performance and nutrient utilization of C. 
gariepinus juveniles. Niger. J. Fish., 8: 184-196.

Peterson BC, Brian GB, Menghe HL, Ruben BJR, Goncalo AS 
(2014). Assessment of a phytogenic feed additive (Digestarom 
P.E.P. MGE) on growth performance, processing yield, fillet 
composition, and survival of channel catfish. J. World Aquac. 

Soc., 45: 206-212. https://doi.org/10.1111/jwas.12103
Petropoulos SA, Fernandes Â, Calhelha RC, Rouphael Y, 

Petrovi´c J, Sokovi´c M, Ferreira ICFR, Barros L (2021). 
Antimicrobial properties, cytotoxic effects, and fatty acids 
composition of vegetable oils from purslane, linseed, 
luffa and pumpkin seeds. Appl. Sci., 11: 5738. https://doi.
org/10.3390/app11125738

Rabrenović BB, Dimić EB, Novaković MM, Tešević VV, Basić 
ZN (2014). The most important bioactive components of 
cold pressed oil from different pumpkin (Cucurbita pepo L.) 
seeds. LWT Food Sci. Technol.,  55: 521-527. https://doi.
org/10.1016/j.lwt.2013.10.019

Ryan E, Galvin K, O’Connor TP, Maguire AR, O’Brien NM 
(2007). Phytosterols, squalene, tocopherol content and fatty 
acid profile of selected seeds, grains and legumes. Plant 
Foods Hum. Nutr., 62: 85-91. https://doi.org/10.1007/
s11130-007-0046-8

Song LP, An L, Zhu YA, Li X, Wang Y (2009). Effects of dietary 
lipion growth and feed utilization on jade perch, Scortum 
barcoo. J. World Aquac. Soc., 40: 266-273. https://doi.
org/10.1111/j.1749-7345.2009.00249.x

SPSS (2007). Statistical package for social science (for Windows). 
Release 16 copyright, SPSS Inc., Chicago, USA.

Tańska M, Ogrodowska D, Bartoszewski G, Korzeniewska A, 
Konopka I (2020). Seed lipid composition of new hybrids of 
Styrian oil pumpkin grown in Poland. Agronomy, 10: 1104. 
http://doi.org/10.3390/agronomy10081104

Tocher DR, Angaba M, Hastings N, Bell JG, Dick JR, Teale 
AJ (2002). Nutritional regulation of hepatic fatty acid 
desaturation and polyunsaturated fatty acid composition 
in zebrafish (Danio rerio) and tilapia (Oreochromis 
niloticus). Fish Physiol. Biochem., 24: 309-320. https://doi.
org/10.1023/A:1015022406790

Valdez-Arjona LP, Ramírez-Mella M (2019). Pumpkin waste as 
livestock feed: impact on nutrition and animal health and on 
quality of meat, milk, and egg. Animals, 9: 769. https://doi.
org/10.3390/ani9100769

Wafar RJ, Hannison MI, Abdullahi U, Makinta A (2017). 
Effect of pumpkin (Cucurbita pepo L.) seed meal on the 
performance and carcass characteristics of broiler chickens. 
Asian J. Adv. Agric. Res., 2(3): 1-7. https://doi.org/10.9734/
AJAAR/2017/35742

Wang JT, Liu YJ, Tian LX, Mai KS, Du ZY, Wang Y (2005). 
Effects of dietary lipid level on growth performance, 
lipid deposition, and hepatic lipogenesis in juvenile cobia 
(Rachycentron canadum). Aquaculture, 249: 439-447. https://
doi.org/10.1016/j.aquaculture.2005.04.038

Wang S, Lu A, Zhang L, Shen M, Xu T, Zhan W, Jin H, 
Zhang Y, Wang W (2017). Extraction and purification of 
pumpkin polysaccharides and their hypoglycemic effect. Int. 
J. Biol. Macromol., 98: 182–187. https://doi.org/10.1016/j.
ijbiomac.2017.01.114

Xue M, Luo L, Wu X, Ren Z,Gao P, Yu Y, Pearl G (2006). Effects 
of six alternative lipid sources on growth and tissue fatty acid 
composition in Japanese sea bass (Lateolabrax japonicus). 
Aquaculture, 260: 206–214. https://doi.org/10.1016/j.
aquaculture.2006.05.054

Yadav M, Jain S, Tomar R, Prasad GBKS, Yadav H (2010). 
Medicinal and biological potential of pumpkin: An 
updated review. Nutr. Res. Rev., 23: 184–190. https://doi.
org/10.1017/S0954422410000107

https://doi.org/10.5219/235
https://doi.org/10.15414/afz.2014.17.03.96-99
https://doi.org/10.15414/afz.2014.17.03.96-99
https://doi.org/10.1016/0044-8486(94)90366-2
https://doi.org/10.1016/0044-8486(94)90366-2
https://doi.org/10.1016/j.psj.2021.101289
https://doi.org/10.1080/00071660903401540
https://doi.org/10.1080/00071660903401540
https://doi.org/10.1016/j.fitote.2016.03.010
https://doi.org/10.3390/foods7030030
https://doi.org/10.1016/S0308-8146(03)00240-1
https://doi.org/10.1016/j.foodchem.2012.02.097
https://doi.org/10.1016/j.foodchem.2012.02.097
https://doi.org/10.1046/j.1365-2109.2000.00437.x
https://doi.org/10.1046/j.1365-2109.2000.00437.x
https://doi.org/10.3923/pjn.2007.452.459
https://doi.org/10.3923/pjn.2007.452.459
https://doi.org/10.3923/pjn.2007.424.429
https://doi.org/10.1111/jwas.12103
https://doi.org/10.3390/app11125738
https://doi.org/10.3390/app11125738
https://doi.org/10.1016/j.lwt.2013.10.019
https://doi.org/10.1016/j.lwt.2013.10.019
https://doi.org/10.1007/s11130-007-0046-8
https://doi.org/10.1007/s11130-007-0046-8
https://doi.org/10.1111/j.1749-7345.2009.00249.x
https://doi.org/10.1111/j.1749-7345.2009.00249.x
http://doi.org/10.3390/agronomy10081104
https://doi.org/10.1023/A:1015022406790
https://doi.org/10.1023/A:1015022406790
https://doi.org/10.3390/ani9100769
https://doi.org/10.3390/ani9100769
https://doi.org/10.9734/AJAAR/2017/35742
https://doi.org/10.9734/AJAAR/2017/35742
https://doi.org/10.1016/j.aquaculture.2005.04.038
https://doi.org/10.1016/j.aquaculture.2005.04.038
https://doi.org/10.1016/j.ijbiomac.2017.01.114
https://doi.org/10.1016/j.ijbiomac.2017.01.114
https://doi.org/10.1016/j.aquaculture.2006.05.054
https://doi.org/10.1016/j.aquaculture.2006.05.054
https://doi.org/10.1017/S0954422410000107
https://doi.org/10.1017/S0954422410000107

