
The Israeli Journal of Aquaculture IJA.73.2021.153176, 10 pages 
CCBY-NC-ND-4.0 • https://doi.org/10.46989/001c.29919 

* Corresponding author. Tel.: +905326334769, e-mail: nejdetgultepe@yahoo.com  
 

 
  
                              
 

 
Effects of date (Phoenix dactylifera L.) kernel essential 
oil on growth performance and innate immunoassay in 

rainbow trout (Oncorhynchus mykiss) juveniles 
 
 

Mousa S. M. Gaballah1, Saleh B. A. Alkhunni2,3, Nejdet GÜLTEPE4* 
 
 

1 Omar Al-Mukhtar University, Veterinary Medicine Faculty, Al-Bayda, Libya 
 

2 Biotechnology Research Center, Authority of Science Research and Technology, Tripoli, 
Libya 

 
3 Kastamonu University, Institute of Science and Technology, Department of Genetics 

and Bioengineering, 37200, Kastamonu, Turkey 
 

4 Atatürk University, Fisheries Faculty, Department of Fisheries Fundamental Sciences, 
25240, Erzurum, Turkey 

 
 

Key words: Oncorhynchus mykiss, Phoenix dactylifera, date kernel essential oil, growth 
performance, innate immunity 

 
 

Abstract 
This study aimed to investigate the effects of date (Phoenix dactylifera L.) 
kernel essential oil on growth and development performance parameters as well 
as phagocytic activity, respiratory burst activity, superoxide dismutase, 
lysozyme activity, and myeloperoxidase activity from immune parameters of 
rainbow trout (Oncorhynchus mykiss). The nutritional study was performed for 
45 days to assess the effect of three concentrations (0.5, 1, and 2 mL kg-1) of 
date kernel essential oil in rainbow trout. β-citronellol, an important compound 
in many respects, was found 31.70% in date kernel oil. It has been determined 
that the addition of date kernel essential oil to rainbow trout feed decreases the 
feed conversion rate, increases the percent body weight gain, and the specific 
growth rate. It was observed that phagocytic activity, respiratory burst activity, 
and myeloperoxidase activity values improved in date kernel essential oil added 
groups, however, superoxide dismutase and lysozyme activity values were not 
affected. Consequently, date kernel essential oil can be act as a growth 
promoter, increase innate immunity, and cheap feed additive for the rainbow 
trout juveniles. 
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Introduction 
Aquaculture production is increasing rapidly due to various factors such as the decrease in 
natural stocks, developments in the field of aquaculture and food industry, and feed 
additives, etc. Feed evaluation ratios of fish vary between 0.8-2.5 depending on the species 
and ambient conditions. In aquaculture farms, culturists have to draw advantages from all 
feed ingredients such as increase digestibility, decrease FCR, regulate microbiota, immune 
system stimulates and/or support for the decreasing of operation cost of fish production. 
Therefore, a lot of studies carried out by researchers on feed additives, which are focused 
on plant and their derivatives, as feed ingredients are limited. Essential oils are generally 
recognized as safe (GRAS) and include low-molecular-weight aroma chemicals such as 
terpenes, terpenoids, alcohols, ketones, aldehydes, and oxygenated compounds (Gültepe, 
2018, 2020). Essential oils stimulate the digestive system, increase digestive enzymes, 
and the absorption of substances obtained on digestion with their contents. It also has 
antimicrobial and antioxidant properties (Gültepe et al., 2019). Researchers are stated that 
the use of essential oils for growth increase and also for immune system support in fish 
before diseases occur provides an economic advantage (Zheng et al., 2009). Palm kernel 
oil can be an alternative to fish oil due to its economic advantages, reliability of supply, 
and additional benefits over many other oils (Turchini et al., 2010). Palm kernel is 
considered as a mill by-product in palm processing. The core constitutes approximately 
45-48% of the weight of the mold obtained as a whole. Palm oil and palm kernel oil can 
be refined by splitting them into olein and stearin. Besides, palm kernel essential oil is rich 
in palmitate and stearate which are the major substrate for the enzyme stearoyl-CoA 
desaturase. This enzyme is the preferred substrate for the synthesis of triglycerides and 
other complex lipids in metabolism. Because, stearoyl-CoA desaturase and the related 
gene have important in the cellular stearate-to-oleate ratio, in lipid metabolism and 
potentially in also the treatment of obesity and related disorders (Sampath and Ntambi, 
2005). Palm kernel oil researches are carried out in terms of fatty acid content, energy 
level, vitamin E content, carotenoids, cost-effectiveness, and its use is increasing day by 
day especially in Far Eastern countries (Turchini et al., 2010). It is known that essential 
oils are effectively contributing to the growth performance of fish as well as against fish 
diseases due to their antimicrobial, antioxidant properties, and secondary metabolites 
(Mohamed et al., 2020). Any studies on the effects and/or usage of date kernel essential 
oil were not found in the literature. Therefore, the aim of the present study is to assess 
the effects of date (Phoenix dactylifera L.) kernel essential oil (DEO) on growth 
performance parameters as well as phagocytic activity, respiratory burst activity, 
superoxide dismutase, lysozyme activity and myeloperoxidase activity from immune 
parameters of rainbow trout (Oncorhynchus mykiss). 
    

Materials and Methods 
Fish and rearing conditions. A total of 240 apparently healthy rainbow trout (Oncorhynchus 
mykiss) juveniles with the mean weight 5.77±0.01 g were randomly placed in a free-flow 
system with 12 aquariums, each with a volume of 100 L (20 fish per aquarium). After a 
two-week adaptation, the fish were fed a commercial diet containing 45% protein and 15% 
fat. During the experiment, water properties (mean±SE) were measured daily with the 
following values obtained: temperature 18.9±0.6 °C, pH 7.7±0.3, dissolved oxygen 
7.32±0.28 mg/L, and conductivity 559.3±44.5 µs/S. Four isonitrogenous/isolipidic 
experimental diets (45 protein/15 fat) were formulated with DEO at 0 mL/kg (control), 0.5 
mL/kg (DEO-0.5), 1 mL/kg (DEO-1) and 2 mL/kg (DEO-2) concentrations (Table 1) 
(Gültepe, 2018,2020). The feed was produced with a standard pelleting machine at a size 
of 2 mm. Pellets were air-dried at 40 °C and stored at -20 °C until use. Fish were ad libitum 
fed by hand to apparent visual satiety twice a day in morning and midafternoon for 45 
days with natural photoperiod. The experiment was performed in accordance with the 
guidelines for fish research from the animal ethics committees at Atatürk University, 
Turkey. 
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Table 1 Formulations of isonitrogenous/isolipidic experimental diets 
 Ingredients (g/kg) 
 Control DEO-0.5 DEO-1 DEO-2 
Fish meal 456 456 456 456 
Soy meal 280 280 280 280 
Wheat meal 80 80 80 80 
Corn starch 40 39,5 39 38 
Fish oil (mL) 104 104 104 104 
Vit-Min. Mix1 40 40 40 40 
OEO (mL) 0.00 0.05 0.10 0.20 

Chemical composition (% DM) 
Protein 45.07 45.07 45.07 45.07 
Lipid 15.20 15.20 15.20 15.20 
Ash 8.30 8.30 8.30 8.30 
Carbohydrate 31.43 31.43 31.43 31.43 
1 Vit-Min. (Vitamin-Mineral) per kg diet: 4x106 IU vitamin A, 4x105 IU vitamin D3, 4x104 
mg vitamin E, 2400 mg vitamin K3, 4000 mg vitamin B1, 6000 mg vitamin B2, 4000 
mg vitamin B6, 10 mg vitamin B12, 4000 mg vitamin C, 4000 mg niacin, 4000 mg 
calcium D-pantothenate, 100 mg D-biotin, 1200 mg folic acid, 6x104 inositol, 270 mg 
nicotinic acid, 75.3 mg Fe, 12.2 mg Cu, 206 mg Mn, 85 mg Zn, 3 mg I, 0.350 mg Se, 1 
mg Co. 

 
 Date kernel essential oil. Date kernel purchased from a commercial company in Al-
Bayda, Libya. The date kernel essential oil (DEO) was obtained from crushed date kernel 
by hydro-distillation, using a Clevenger system at the boiling temperature on 4 h. DEO 
(0.1 g) was pretreated with 10 mL of n-hexane, 0.5 mL of 2 N methanolic KOH (potassium 
hydroxide) solution was added and left for 2 hours in a non-light environment. The formed 
phase was used for the FAMEs (fatty acid methyl esters) and aroma analysis. Gas 
chromatography-mass spectrophotometry (GC-MS) analysis of the obtained DEO was 
conducted by using a Shimadzu GCMS QP 2010 ULTRA and then components identification 
was performed with Wiley 275 MS data library (Gültepe, 2018, 2020). The FAMEs and 
aroma analysis results of the active ingredient components of the DEO were given in 
Figure 1 and 2. 
 
 
 

 
 
Figure 1 Aroma analysis result of the DEO 
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Figure 2 FAMEs analysis result of the DEO 
 
 Growth performance. At the end of 45 days feeding trial, fish in each aquarium (n=20) 
were individually weighed and then growth performance calculated according to follows 
(Lugert et al., 2016; Gültepe, 2018). 

𝑨𝑮𝑹 =
𝑾𝒕 −𝑾𝒊

𝒕  

𝑹𝑮𝑹 =
𝑾𝒕 −𝑾𝒊

𝑾𝒊
× 𝟏𝟎𝟎 

𝑰𝑮𝑹 =
𝐥𝐨𝐠	(𝑾𝒕) − 𝐥𝐨𝐠	(𝑾𝒊)

𝒕  

𝑺𝑮𝑹 =
𝐥𝐨𝐠	(𝑾𝒕) − 𝐥𝐨𝐠	(𝑾𝒊)

𝒕 × 𝟏𝟎𝟎 

𝑫𝑭𝑰 =
𝑰𝒏𝒊𝒕𝒊𝒂𝒍	𝑭𝒆𝒆𝒅	𝑪𝒐𝒏𝒔𝒖𝒎𝒑𝒕𝒊𝒐𝒏

𝒕  

𝑭𝑪𝑹 =
𝑭𝒆𝒆𝒅	𝑪𝒐𝒏𝒔𝒖𝒎𝒑𝒕𝒊𝒐𝒏

𝑾𝒕 −𝑾𝒊
 

Abbreviations: AGR, absolute growth rate; Wt, final weight; Wi, initial weight; t, experimental day; RGR, relative 
growth rate; IGR, instantaneous growth rate; SGR, specific growth rate; DFI, daily feed intake; FCR, feed 
conversion ratio 
 Innate immunoassay. Random ten fish from each aquarium were sampled at the end 
of the trial and anesthetized with tricaine methanesulfonate (MS-222, SIGMA, United 
States) for immunological analyses. To reduce stress, the head of fish covered with a wet 
towel at the blood sampling stage. Blood samples were collected with a sterile plastic 
syringe from caudal vena. Lysozyme activity (LA), superoxide dismutase (SOD), total 
myeloperoxidase (MPO), and respiratory burst activity (RBA) were assessed using the 
turbidometric assay. Phagocytic activity (PA) was determined according to microscopy 
method (Gültepe et al., 2014a,b). 
 Statistics. Statistical parameters were examined by ANOVA. Levels of significance were 
determined using Tukey's HSD test, with critical limits being set at P<0.05. Values are 
expressed as means ± standard deviation (SD) for each measured variable. 
 

Results 
A total of 17 different compounds were found in 50 different retention times in the FAMEs 
analysis of DEO. Among the compounds defined, methyl stearate constitutes the largest 
part with a rate of 48.70%. Methyl palmitate takes second place with 20.43%. Similarly, 
a total of 28 different compounds were found in 50 different retention times in the aroma 
analysis of DEO. Within the identified compounds, β-citronellol constitutes the largest part 
with a ratio of 31.70%, and secondly terpinene-4-ol with a value of 28.73%. 

0
5
10
15
20
25
30
35
40

0
5

10
15
20
25
30
35

B
en

ze
ne

, 
m

et
hy

l

Li
na

lo
ol

 L

O
ct

-7
-e

no
l <

3,
7-

…

C
am

ph
or

C
it
ro

ne
lla

(5
-I

so
pr

op
yl

-2
-…

B
en

ze
ne

m
et

ha
no

l, 
4-

…

Pi
pe

ri
to

l i
so

m
er

 I
I

β-
C

itr
on

el
lo

l

G
er

an
io

l

Te
tr

ad
ec

an
e

C
yc

lo
he

xa
no

l, 
2-

(2
-…

S
ul

fu
ro

us
 a

ci
d,

 h
ex

yl
…

D
ie

th
yl

 P
ht

ha
la

te
T
im
e

R
at
e

Compounds

Compounds Retention time



 Effects of date kernel essential oil in rainbow trout juveniles 5 

The Israeli Journal of Aquaculture – Bamidgeh • IJA.73.2021.1543176 
 

 Table 2 shows the growth performance and immunostimulatory effects of DEO on 
rainbow trout juveniles. Survival at the end of the experiment was 100% in all experimental 
groups. FCR was performed as 1.56±0.01, 1.47±0.02, 1.23±0.01, and 0.89±0.03 at the 
control, DEO-0.5, DEO-1, and DEO-2 groups, respectively (P<0.05). DEO added 
experimental diets gradually decreased FCR compared to the control diet. In the DEO-2 
group, AGR, IGR, RGR, SGR, and DFI were significantly higher than other groups (P<0.05). 
The LA values in fish fed with the DEO-2 diet were significantly different from those of the 
other three groups (P<0.05). The MPO level in fish fed with DEO-1 and DEO-2 diets was 
significantly higher than both the control and DEO-0.5 treated groups (P<0.05). The RBA 
was significantly higher in the DEO-2 group when compared to others (P<0.05) except for 
the DEO-1 group.  
 

Table 2 Growth performance and immunostimulatory effects of DEO on fish 
after 45 days of feeding the experimental diets 

Parameters Control DEO-0.5 DEO-1 DEO-2 

Wi (g) 5.77 ± 0.01 5.77 ± 0.01 5.77 ± 0.01 5.77 ± 0.01 

Wt (g) 10.22±2.49 10.55±2.13 11.70±1.80 14.80±2.93 

DFI (g) 0.155 0.156 0.162 0.177 

AGR 0.0098a 0.106a 0.132b 0.201c 

IGR 0.0055a 0.0058a 0.0068b 0.0091c 

RGR 77.12a 82.84a 102.77b 156.50c 

SGR 0.55a 0.58a 0.68b 0.91c 

FCR 1.56c 1.47c 1.23b 0.89a 

LA (µg/mL) 20.15±0.30 21.45±1.20 20.95±2.05 22.10±1.15 

SOD (u/L) 83.11±5.05 87.25±5.28 86.06±4.15 89.05±6.25 

MPO (u/L) 0.65±0.10a 0.60±0.15a 0.75±0.10b 0.77±0.15b 

PA (%) 28.28±2.23a 29.12±1.20a 30.42±3.62ab 40.10±2.43c 

RBA (mg 

formazan/mL) 

2.80±0.10a 2.99±0.15a 3.78±0.05b 3.97±0.06bc 

* Wi, initial weight; Wt, final weight; DFI, daily feed intake; AGR, absolute 
growth rate; IGR, instantaneous growth rate; RGR, relative growth rate; SGR, 
specific growth rate; FCR, feed conversion ratio, LA, lysozyme activity; MPO, 
total myeloperoxidase; SOD, superoxide dismutase; PA, phagocytic activity; 
RBA, respiratory burst activity. The values are expressed as means±SD (n=20 
for growth parameters and n=10 for immunological analysis). Means with 
different superscripts in rows are significantly different (P < 0.05). 

 
Discussion 

Plant essential oils have attracted the attention of researchers in recent years due to the 
positive effects of terpenic hydrocarbons, alcohols, ketones, aldehydes, and oxygenated 
compounds they contain on living things, and many studies have been conducted. Although 
some of these studies were made with known medicinal and aromatic plants, some of them 
were made with waste products generated as a result of various industrial processes. 
Kernel of date is considered as a mill by-product in date processing. The kernel constitutes 
approximately 45-48% of the weight of the mold obtained as a whole. The amount of 
stearin of palm kernel oil, which is rich in lauric acid content, is higher than palm oil. Due 
to its fatty acid profile that can provide unique melting properties, it has a wide application 
area in the food industry as a special oil (Zhang et al., 2017). In recent studies, palm oil 
and crude date kernel oil are used as an alternative to fish oil in feed formulations in fish 
feed making and have been evaluated as potential alternatives. Especially in Far Eastern 
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countries, researches are carried out in terms of fatty acid content, energy level, vitamin 
E content, and carotenoids, especially in the Far-Eastern countries, and its use is increasing 
day by day (Turchini et al., 2010). There are used a lot of growth performance calculation 
methods in aquaculture. Although aquaculturists have focused on the final biomass of 
farms, these growth performance calculation methods are really needed for the monitoring, 
sustainability, and productivity of aquaculture. The absolute growth rate (AGR) is a 
calculation method, which is the quickest, simplest, and frequently used method, for 
growth. The instantaneous growth rate (IGR) is based on the absolute growth rate and 
uses the natural logarithm. The relative growth rate (RGR) is based on the absolute growth 
rate as a percentage increase over time. Specific growth rate (SGR) gives us the growth 
performance as a percentage increase per day with natural logarithm, it is also a more 
flexible method than RGR (Lugert et al., 2016). Scientists often use SGR and feed 
conversion ratio (FCR) in their work and also weight gain (WG) is used instead of RGR. 
Actually, it is important to each of these methods use in long-term studies and production 
conditions in the farms in terms of both forecast and foresight of the real production cycle. 
AGR, IGR, RGR, and SGR was significantly increased fish fed with DEO-1 and DEO-2 
(P<0.05). These rates on the DEO-0.5 group were slightly increased compared with the 
control group in this study. FCR was started to decrease due to the use of date kernel 
essential oil and showed a clear difference, especially in the DEO-2 group (P<0.05). 
Gilthead seabream juveniles fed with palm oil-treated diet was improved Wt at the high 
temperature, and also researchers pointed out that plant-based diets will be important to 
the sustainable production and welfare of aquatic animals in a future climate change 
(Balbuena-Pecino et al., 2021). Similarly, palm oil replacing 25% of fish oil was improved 
growth performance such as FCR, SGR, WG, and the survival rate of both Atlantic salmon 
(Ng et al., 2004) and rainbow trout (Fonseca-Madrigal et al., 2005). The date kernel 
essential oil used in this study contains 48.70% methyl stearate and 20.43% methyl 
palmitate, which are fatty acid methyl ester of palmitic acid, palmitoleic acid, and stearic 
acid. Many studies have shown that palmitic acid, palmitoleic acid, and stearic acid 
constitute the majority of the fatty acid composition in both freshwater fish and marine 
fish (Moreno et al., 1979; Ng et al., 2004; Özogul et al., 2009). However, plant essential 
oils have antimicrobial and immunological effects against fish pathogens while improving 
the growth performance of fish (Gültepe, 2020). In addition, β-citronellol-containing 
essential oils have an anesthetic effect (Toni et al., 2014) and anthelmintic activity (Hierro 
et al., 2004; Barros et al., 2009) on fish that do not disrupt the metabolic ion regulation. 
Nevertheless, Morales-Serna et al. (2020) do not recommend the use of β-citronellol as 
anti-monogenean in fish, since it is impractical. Moreover, citronellol has anti-carcinogenic 
effects and decreases leukopenia and neutropenia (Zhuang et al., 2009). Besides the 
positive effects of β-citronellol, the most common fatty acids in the body structures of fish 
are palmitic and stearic acids. Especially the presence of these acids in the cell structure 
positively affected the growth of rainbow trout juveniles, which was determined in all 
growth parameters, including FCR. This situation suggests that it is caused by the 
continuous cell proliferation on the body whole of juvenile’s fish during the growing stage.  
 Lysozyme is an antimicrobial peptide and plays an important role in the disease defense 
mechanism. LA was slightly increased at the groups fed with DEO (P>0.05). Similarly, LA 
was insignificantly increased in rainbow trout (O. mykiss) fed with yeast β-glucan (Kunttu 
et al., 2009), and D-limonene derived from orange peel essential oil (Gültepe, 2020). 
Nevertheless, tilapia (Oreochromis mossambicus) fed with rosemary (Rosmarinus 
officinalis) and thyme (Thymus vulgaris) showed identical results (Gültepe et al., 2014a). 
Although SOD, which catalyzes the dismutation of superoxide radicals to hydrogen 
peroxide and oxygen, tends to increase, this was not significantly different between groups 
in the present study (P>0.05). Ayisi et al. (2018) reported that serum SOD decreased 
when palm oil was used instead of fish oil in tilapia feeds. In contrast, Huang et al. (2016) 
reported that as in this study, juvenile chu's croaker (Nibea coibors) as the amount of palm 
oil in the diet increases, the SOD value tends to increase in the liver and muscle. However, 
oregano essential oil in channel catfish (Zheng et al., 2009), and orange peel essential oil 
in rainbow trout (Gültepe, 2020) were increased superoxide anions. This suggests that 
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date kernel essential oil supports the innate immune system in juvenile fish. 
Myeloperoxidase plays a role both as an antimicrobial in metabolism and as a marker of 
polymorphonuclear leukocyte influx in inflammation. MPO was slightly lower in the DEO-
0.5 group compared with the control group (P>0.05) but significantly differ from DEO-1 
and DEO-2 groups (P<0.05) in this study. Similarly, the authors reported that MPO is 
increased in O. mykiss, O. mossambicus, Seriola rivoliana when essential oils were used in 
the diets (Gültepe et al., 2014a,b; Gültepe, 2020; Hernández-Contreras et al., 2020; 
Shourbela et al., 2021). Neutrophils of individuals with MPO enzyme deficiency can 
normally phagocytosis. However, they cannot kill the phagocytosed agent and are 
therefore extremely prone to chronic bacterial infections. Therefore, MPO is directly related 
to PA. PA is the main function of renal leukocytes of teleost’s, and phagocytosis is the first 
line of defense of the immune system to eliminate most invading pathogenic 
microorganisms and is an essential part of tissue homeostasis and remodeling, which offers 
protective defense to bodies (Ringø et al., 2012). PA was increased fish fed with DEO, 
nonetheless only significantly different in the DEO-2 group when compared to the control 
group (P<0.05). According to recent studies, PA was increased when essential oils were 
used in the diets, such as sweet orange and lemon peels essential oils in Nile tilapia 
(Mohamed et al., 2020), oregano essential oil in common carp (Abdel-Latif et al., 2020), 
thyme essential oil in African catfish (Euony et al., 2020), orange peels essential oil in 
rainbow trout (Gültepe, 2020). RBA is an indicator of innate immunity and manifests as 
high oxygen consumption during phagocytosis (Biller-Takahashi et al., 2013; Biller and 
Takahashi, 2018). Additionally, widely used to evaluate the defense ability of a host against 
different pathogens. In the present study, RBA was increased in all DEO fed groups and 
was highest in the DEO-2 group (P<0.05). Researchers similar results reported that 
essential oil of bitter lemon fruit peels in juvenile Labeo victorianus (Ngugi et al., 2017), 
Ducrosia anethifolia essential oil in rainbow trout (Vazirzadeh et al., 2017), and Ocimum 
americanum, Cymbopogon flexuosus, and Melaleuca alternifolia essential oils in red drum 
(Sciaenops ocellatus) (Sutili et al., 2016). 
 In conclusion, the results of this current study indicated that the inclusion of date 
(Phoenix dactylifera L.)  kernel essential oil has no negative effects on rainbow trout 
(Oncorhynchus mykiss) juveniles. Additionally, date (P. dactylifera L.)  kernel essential oil 
has increased growth performance, improved innate immunity. According to the study 
results, 2‰ date (P. dactylifera L.)  kernel essential oil supplemented diets can be applying 
to as feed additives and immunostimulants in rainbow trout farming. 
 

Acknowledgements 
This study conducted with the approval of the University of Atatürk, Local Ethics Committee 
on Animal Experiments (Decision no: 2019.16.266). Data available on request from the 
authors. 

References 
Abdel-Latif, H.M.R., Abdel-Tawwab, M., Khafaga, A.F., Dawood, M.A.O., 2020. 
Dietary origanum essential oil improved antioxidative status, immune-related genes, and 
resistance of common carp (Cyprinus carpio L.) to Aeromonas hydrophila infection. Fish & 
Shellfish Immunology 104: 1-7. https://doi.org/10.1016/j.fsi.2020.05.056 
Ayisi, C.L., Zhao, J., Wu, J., 2018. Replacement of fish oil with palm oil: Effects on 
growth performance, innate immune response, antioxidant capacity and disease resistance 
in Nile tilapia (Oreochromis niloticus). PLoS One 13(4): e0196100. 
https://doi.org/10.1371/journal.pone.0196100 
Balbuena-Pecino, S., Riera-Heredia, N., Gasch-Navalón, E., Sánchez-Moya, A., 
Fontanillas, R., Gutiérrez, J., Navarro, I., Capilla, E., 2021. Musculoskeletal growth 
modulation in gilthead sea bream juveniles reared at highwater temperature and fed with 
palm and rapeseed oils-based diets. Animals 11: 260. 
https://doi.org/10.3390/ani11020260 
Barros, L.A., Yamanaka, A.R., Silva, L.E., Vanzeler, M.L.A., Braum, D.T., Bonaldo, 
J., 2009. In vitro larvicidal activity of geraniol and citronellal against Contracaecum sp. 



8 Gaballah et al. 2021  

The Israeli Journal of Aquaculture – Bamidgeh • IJA.73.2021.1543176 

(Nematoda: Anisakidae). Brazilian Journal of Medical and Biological Research 42: 918-920. 
https://doi.org/10.1590/s0100-879x2009005000023 
Biller, J.D., Takahashi, L.S., 2018. Oxidative stress and fish immune system: 
Phagocytosis and leukocyte respiratory burst activity. Anais da Academia Brasileira de 
Ciencias 90(4): 3403-3414. http://dx.doi.org/10.1590/0001-3765201820170730 
Biller-Takahashi, J.D., Takahashi, L.S., Saita, M.V., Gimbo, R.Y., Urbinati, E.C., 
2013. Leukocytes respiratory burst activity as indicator of innate immunity of pacu 
Piaractus mesopotamicus. Brazilian Journal of Biology 73(2): 425-429. 
https://doi.org/10.1590/S1519-69842013000200026 
Euony, O.I.E., Elblehi, S.S., Abdel-Latif, H.M., Abdel-Daim, M.M., El-Sayed, Y.S., 
2020. Modulatory role of dietary Thymus vulgaris essential oil and Bacillus subtilis against 
thiamethoxam-induced hepatorenal damage, oxidative stress, and immunotoxicity in 
African catfish (Clarias garipenus). Environmental Science and Pollution Research 27: 
23108-23128. https://doi.org/10.1007/s11356-020-08588-5 
Fonseca-Madrigal, J., Karalazos, V., Campbell, P.J., Bell, J.G., Tocher, D.R., 2005. 
Influence of dietary palm oil on growth, tissue fatty acid compositions, and fatty acid 
metabolism in liver and intestine in rainbow trout (Oncorhynchus mykiss). Aquaculture 
Nutrition 11: 241-250. https://doi.org/10.1111/j.1365-2095.2005.00346.x 
Gültepe, N., 2018. How the use of orange (Citrus sinensis) peel essential oil affected the 
growth performance of rainbow trout (Oncorhynchus mykiss)? Bulletin of University of 
Agricultural Sciences and Veterinary Medicine Cluj-Napoca. Animal Science and 
Biotechnologies 75(1): 16-20. https://doi.org/10.15835/buasvmcn-asb:003817 
Gültepe, N., 2020. Protective effect of d-limonene derived from orange peel essential oil 
against Yersinia ruckeri in rainbow trout. Aquaculture Reports 18: 100417. 
https://doi.org/10.1016/j.aqrep.2020.100417 
Gültepe, N., Bilen, S., Yilmaz, S., Güroy, D., Aydin, S., 2014a. Effects of herbs and 
spice on health status of tilapia (Oreochromis mossambicus) challenged with Streptococcus 
iniae. Acta Veterinaria Brno 83(2): 125-131. https://doi.org/10.2754/avb201483020125 
Gültepe, N., Acar, Ü., Kesbiç, O.S., Yılmaz, S., Yıldırım, Ö., Türker, A., 2014b. 
Effects of dietary Tribulus terrestris extract supplementation on growth, feed utilization, 
hematological, immunological and biochemical variables of Nile tilapia Oreochromis 
niloticus. The Israeli Journal of Aquaculture – Bamidgeh 66: 1-12. 
http://hdl.handle.net/10524/49098 
Gültepe, N., Bufrag, S.M.I., Abughadyra, I.R.A., Mohammed, K.A.O., Alkhunni, 
S.B.A., 2019. Comparison of some medicinal plants and macrofungi essential oil 
components for antimicrobial activity against the human and fish pathogens. International 
Journal of Current Microbiology and Applied Sciences 8(11): 458-473. 
https://doi.org/10.20546/ijcmas.2019.811.057 
Hernández-Contreras, Á., Tovar-Ramírez, D., Reyes-Becerril, M., 2021. Modulatory 
effect of Debaryomyces hansenii and oregano essential oil on the humoral immunity of skin 
mucus in Longfin yellowtail Seriola rivoliana. Aquaculture Research 52: 749-762. 
https://doi.org/10.1111/are.14931 
Hierro, I., Valero, A., Pérez, P., González, P., Cabo, M.M., Montilla, M.P., Navarro, 
M.C., 2004. Action of different monoterpenic compounds against Anisakis simplex s.l. L3 
larvae. Phytomedicine 11(1): 77-82. https://doi.org/10.1078/0944-7113-00375 
Huang, Y., Wen, X., Li, S., Li, W., Zhu, D., 2016. Effects of dietary fish oil replacement 
with palm oil on the growth, feed utilization, biochemical composition, and antioxidant 
status of juvenile chu’s croaker, Nibea coibor. Journal of World Aquaculture Society 47(6): 
186-797. https://doi.org/10.1111/jwas.12307 
Kunttu, H.M.T., Valtonen, E.T., Suomalainen, L.R., Vielma, J., Jokinen, I.E., 2009. 
The efficacy of two immunostimulants against Flavobacterium columnare infection in 
juvenile rainbow trout (Oncorhynchus mykiss). Fish & Shellfish Immunology 26(6): 850-
857. https://doi.org/10.1016/j.fsi.2009.03.013 
Lugert, V., Thaller, G., Tetens, J., Schulz, C., Krieter, J., 2016. A review on fish growth 
calculation: multiple functions in fish production and their specific application. Reviews in 
Aquaculture 8: 30-42. https://doi.org/10.1111/raq.12071 



 Effects of date kernel essential oil in rainbow trout juveniles 9 

The Israeli Journal of Aquaculture – Bamidgeh • IJA.73.2021.1543176 
 

Mohamed, R.A., Yousef, Y.M., El-Tras, W.F., Khalafallaa, M.M., 2020. Dietary 
essential oil extract from sweet orange (Citrus sinensis) and bitter lemon (Citrus limon) 
peels improved Nile tilapia performance and health status. Aquaculture Research 52: 1463-
1479. https://doi.org/10.1111/are.15000 
Morales-Serna, F.N., Martínez-Brown, J.M., Avalos-Soriano, A., Sarmiento-
Vázquez, S., Hernández-Inda, Z.L., Medina-Guerrero, R.M., Fajer-Ávila, E.J., 
Ibarra-Castro, L., 2020. The efficacy of geraniol and β-citronellol against freshwater and 
marine Monogeneans. Journal of Aquatic Animal Health 32: 127-132. 
https://doi.org/10.1002/aah.10109 
Moreno, V.J., de Moreno, J.E.A., Brenner, R.R., 1979. Fatty acid metabolism of the 
calanoid copepod Paracalanus parvus: 2. Palmitate, stearate, oleate and acetate. Lipids 
14(4): 318-322. https://doi.org/10.1007/BF02533414 
Ng, W., Sigholt, T., Bell, J.G., 2004. The influence of environmental temperature on the 
apparent nutrient and fatty acid digestibility in Atlantic salmon (Salmo salar L.) fed finishing 
diets containing different blends of fish oil, rapeseed oil and palm oil. Aquaculture Research 
35: 1228-1237. https://doi.org/10.1111/j.1365-2109.2004.01131.x 
Ngugi, C.C., Oyoo-Okoth, E., Muchiri, M., 2017. Effects of dietary levels of essential oil 
(EO) extract from bitter lemon (Citrus limon) fruit peels on growth, biochemical, haemato-
immunological parameters and disease resistance in juvenile Labeo victorianus fingerlings 
challenged with Aeromonas hydrophila. Aquaculture Research 48(5): 2253-2265. 
https://doi.org/10.1111/are.13062 
Özogul, Y., Özogul, F., Çiçek, E., Polat, A., Kuley, E., 2009. Fat content and fatty acid 
compositions of 34 marine water fish species from the Mediterranean Sea. International 
Journal of Food Sciences and Nutrition 60(6): 464-475. 
https://doi.org/10.1080/09637480701838175 
Ringø, E., Olsen, R.E., Vecino, J.L.G., Wadsworth, S., 2012. Use of immunostimulants 
and nucleotides in aquaculture: A review. Journal of Marine Science: Research and 
Development 2(1): 1-22. http://dx.doi.org/10.4172/2155-9910.1000104 
Sampath, H., Ntambi, J.M., 2005. The fate and intermediary metabolism of stearic acid. 
Lipids 40(12): 1187-1191. https://doi.org/10.1007/s11745-005-1484-z 
Shourbela, R.M., El-Hawarry, W.N., Elfadadny, M.R., Dawood, M.A.O., 2021. 
Oregano essential oil enhanced the growth performance, immunity, and antioxidative 
status of Nile tilapia (Oreochromis niloticus) reared under intensive systems. Aquaculture 
542(2021): 736868. https://doi.org/10.1016/j.aquaculture.2021.736868 
Sutili, F.J., Gatlin III, D.M., Rossi Jr, W., Heinzmann, B.M., Baldisserotto, B., 2016. 
In vitro effects of plant essential oils on non-specific immuneparameters of red drum, 
Sciaenops ocellatus L. Journal of Animal Physiology and Animal Nutrition 100: 1113-1120. 
https://doi.org/10.1111/jpn.12488 
Toni, C., Becker, A.G., Simões, L.N., Pinheiro, C.G., Silva, L.L., Heinzmann, B.M., 
Caron, B.O., Baldisserotto, B., 2014. Fish anesthesia: effects of the essential oils of 
Hesperozygis ringens and Lippia alba on the biochemistry and physiology of silver catfish 
(Rhamdia quelen). Fish Physiology & Biochemistry 40: 701-714. 
https://doi.org/10.1007/s10695-013-9877-4 
Turchini, G.M., Ng, W. and D. R. Tocher, 2010. Fish Oil Replacement and Alternative 
Lipid Sources in Aquaculture Feeds. Taylor & Francis Group, ISBN 978-1-4398-0862-7 
Vazirzadeh, A., Dehghan, F., Kazemeini, R., 2017. Changes in growth, blood immune 
parameters and expression of immune related genes in rainbow trout (Oncorhynchus 
mykiss) in response to diet supplemented with Ducrosia anethifolia essential oil. Fish & 
Shellfish Immunology 69: 164-172. http://dx.doi.org/10.1016/j.fsi.2017.08.022 
Zhang, W., Zhao, F., Yang, T., Liu, S., 2017. Protease/peptidase (Flavourzyme) 
pretreatment on palm kernels improves the aroma of resultant palm kernel oil after kernel 
roasting. European Journal of Lipid Science and Technology 119(8): 1-13. 
https://doi.org/10.1002/ejlt.201600460 
 



10 Gaballah et al. 2021  

The Israeli Journal of Aquaculture – Bamidgeh • IJA.73.2021.1543176 

Zheng, Z.L., Tan, J.Y.W., Liu, H.Y., Zhou, X.H., Xiang, X., Wang, K.Y., 2009. 
Evaluation of oregano essential oil (Origanum heracleoticum L.) on growth, antioxidant 
effect and resistance against Aeromonas hydrophila in channel catfish (Ictalurus 
punctatus). Aquaculture 292: 214-218. 
https://doi.org/10.1016/j.aquaculture.2009.04.025 
Zhuang, S., Chen, S., Tsai, J., Huang, C., Wu, T., Liu, W., Tseng, H., Lee, H., Huang, 
M., Shane, G., Yang, C., Shen, Y., Yan, Y., Wang, C., 2009. Effect of citronellol and 
the Chinese medical herb complex on cellular immunity of cancer patients receiving 
chemotherapy/radiotherapy. Phytotherapy Research 23(6): 785-790. 
https://doi.org/10.1002/ptr.2623 
 


