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Abstract
The present work investigated the effects of dietary incorporation of laurel (Laurus nobilis) essential oil on the zootechni-
cal performance and digestive physiology of juvenile Black Sea salmon (Salmo labrax). In this trial, 15 fiberglass tanks 
(39 × 39 cm square and 33 cm high) were used. Forty-five fish (3.52 ± 0.01 g) were placed randomly per tank. Fish were fed 
for 90 days with the diet containing 50, 100, 200, or 400 mg  kg−1 laurel (Laurus nobilis) essential oils, respectively. The 
work was performed in the recirculating aquaculture system (RAS) operating with freshwater. Fish were manually fed 3% 
level of live weight during the experiment period. Final weight (FW), weight gain (WG), feed conversion rate (FCR), and 
specific growth rate (SGR) were not affected by laurel essential oil supplementation. Dietary laurel essential oil (50 mg  kg−1) 
affected positively the surface area of fish intestinal villus that required for digestion. Both villus height and villus width 
were affected positively in fish fed with 50 mg laurel essential oil  kg−1. While incorporation with 100 mg laurel essential oil 
 kg−1 increased the total α-amylase enzyme, 50 mg laurel  kg−1 increased lipase enzyme. Moreover, 50 mg laurel essential 
oil  kg−1 increased lactic acid bacteria (LAB) count in fish. Besides, 50 mg laurel essential oil  kg−1 reduced the number of 
total coliform and E. coli.
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Introduction

In fish, the digestion process begins in the stomach, and 
it proceeds throughout the whole intestine (Caruso et al. 
2009). Various types of digestive enzymes are produced in 
the stomach, pancreas, and intestine, and participate in the 
digestion of feed. The digestive enzymes, for instance pep-
sin, trypsin, amylase, and lipase for fish, have an important 

role in the gastrointestinal physiology of fish species, and 
digestion and absorption capacity of nutrients (Napora-Rut-
kowski et al. 2009; Silva and Anderson 1995), along with 
many microbial ecosystems localized in the digestive tract 
(Vaughn et al. 2005). In fish, intestinal villus is a good indi-
cator of the surface area that is needed in the absorption, 
and this can be increased with villus development. The mus-
cularis layer helps to the mixing of digestion enzymes and 
ingested feed (Mumford et al. 2007; Özel et al. 2019). The 
intestinal villus contributes to the absorption of nutrients, 
thereby helps to the transferring of absorbed nutrients into 
the lymph or blood (Karabulut 1991), thanks to its posses-
sion of absorptive cells (Balbi and Ciarletta 2013). Besides, 
in fish feeding studies, enzymological, histomorphological, 
and microbiological structures should be evaluated to better 
understand the physiologic mechanisms of digestion (Özel 
et al. 2019), especially on the new culture lines. Microbiota 
also play a crucial role in animal health (Pérez et al. 2019). 
Lactic acid bacteria (LAB) are an important factor of the 
gut microbiota of a healthy fish, and they are associated 
with the nutritional and environmental factors that affect 
the digestive tract (Ringø and Gatesoupe 1998). Similarly, 
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coliform bacteria, as well as Escherichia coli, are found in 
the fish intestine in different counts according to environ-
mental conditions (Cahill 1990). Although a great majority 
of the coliform strains are not accepted as pathogen micro-
organisms, they can be defined as opportunistic pathogens 
that caused infections when the immune system is weakened 
(Feng et al. 2002).

Today, medical plants and their derivatives are effi-
ciently used as dietary supplements to improve growth and 
immunity in fish and other vertebrates (Saad et al. 2015; 
Fattepur et al. 2018; Zharif et al. 2018; Nurin and Halim 
2019; Othman et al. 2019; Khan et al. 2020; Shukri et al. 
2020; Khojastehfard et al. 2021; Chehreh et al. 2021). These 
supplements are accepted to be potential growth-promoting 
alternatives for animal production as well as safe feed addi-
tives and alternatives to antibiotics (Ahmadifar et al. 2011). 
They can enhance feed consumption and flavor, secrete 
digestive enzymes, and increase gastric and intestinal activ-
ity, and also can have antimicrobial, antiviral, antiparasitic, 
antifungal, immunomodulating, antioxidant, and anti-
inflammatory activities (Giannenas et al. 2016), and also 
contribute to increasing nutrient absorption and improving 
performance parameters in animals by changing gut mor-
phometry and gut microbiota, increasing digestive enzymes, 
and improving nutritional digestibility (Ghafarifarsani et al. 
2022a, b, c; Heluy et al. 2020; Yousefi et al. 2022). The lau-
rel plant is an evergreen shrub or small tree that can grow up 
to 8–10 m high and 9 m wide (Giannenas et al. 2016). Laurel 
or bay laurel (Laurus nobilis) is a medicinal plant as a mem-
ber of the Lauraceae family with distribution throughout the 
Mediterranean region, Europe, and Asia Minor (Özcan and 
Chalchat 2005). Laurel essential oils are stated to have anti-
microbial activity against foodborne spoilage and pathogenic 
bacteria and fungi, and antiviral and antibiofilm activities. 
The main active component of Laurus nobilis essential oils 
is 1.8-cineole (Snuossi et al. 2016).

The intestine physiology is an important indicator in 
understanding the nutritional status of fish. In order to 
understand the physiological mechanisms of this structure 
more clearly, it should be supported with nutritional studies 
and should be followed with enzymological, histomorpho-
logical, and microbiological monitoring (Özel et al. 2019). 
The present work aimed to determine the usage of herbal 
essential oil–supplemented diets on the Black Sea salmon 
(Salmo labrax Pallas, 1814) to improve growth charac-
teristics and digestive physiology. Black Sea trout is an 
endemic and anadromous fish species of the Eastern Black 
Sea (Aydin and Yandi 2002). The first cultivation studies 
aiming at conservation of the species led to intensive cul-
ture operations. Nowadays, species’ culture is an essential 
part of the aquaculture sector of the region (Çakmak et al. 
2019; Kasapoglu et al. 2020). Even with this species’ high 
production, feeding studies conducted on this species are 

limited. Especially in salmonid culture, some parameters 
such as feed conversion efficiency, survival rate, and growth 
performance have crucial importance. Especially in novel 
culture lines, these parameters can be effected negatively 
due to stress caused by coping with domestication process 
and adaptation to the culture environment. It is reported 
that essential oils obtained from medicinal and aromatic 
plants have a positive effect on growth by providing effec-
tive use of feeds with their antimicrobial activity and diges-
tive stimulating properties. With these benefits, the usage 
of herbal essential oils in the novel culture lines just as 
Black Sea salmon is essential. Besides, essential oil–sup-
plemented diets for the Black Sea salmon are unique for 
this study. Considering such information, effect of laurel oil 
(Laurus nobilis) on the growth-related parameters, digestive 
enzymes, intestinal histomorphology, and gut microbiota 
were evaluated in this study.

Materials and methods

Diet preparation

The laurel essential oil used in the experimental study was 
given free of charge from Talya Herbal Products which was 
obtained from cultured Laurus nobilis produced in the Medi-
terranean region of Turkey. The volatile constituents of the 
laurel essential oil were determined by the method of Ergun 
et al. (2016) with GC–MS by using Sigma-Aldrich standards 
at 80 ℃ and are presented in Table 1. During the preparation 
of the experimental feeds, all raw materials except fish oil 
and laurel essential oil were homogeneously blended with a 
grinder. The mixture was extruded at 70 °C. Then, the laurel 

Table 1  The volatile constituents of laurel essential oil

The most abundant chemical compounds of essential oils were listed 
according to amounts that were found higher than 0.5%

Compound %

1,8-Cineol 56.1
γ-Terpinyl acetate 8.2
α-Pinen 4.9
Sabinen 4.9
β-Pinen 3.9
Terpinen-4-ol 3.7
ρ-Simen 2.8
α-Terpinene 1.8
Limonene 1.5
Linalool 1.5
Methyl eugenol 1.0
(Z)-Osimenol 0.6
Pinocarvone 0.5
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oils were first included into the fish oil and then were pen-
etrated into the extruded baits by vacuum coating. Extruded 
feeds were cut into 2.0-mm pellet size. Experiment diets 
were prepared to contain laurel essential oils at doses of 50 
(L50), 100 (L100), 200 (L200), and 400 (L400) mg  kg−1. 
European anchovy (Engraulis encrasicolus) was the main 
source of fish oil. Fish meal was a blend of Atlantic herring 
(Clupea harengus) and European sprat (Sprattus sprattus) 
meals. Formulation and proximate composition of diets are 
demonstrated in Table 2.

Fish and rearing conditions

Fifth filial generation of Black Sea salmon (3.52 ± 0.01 g) 
obtained by culture activities in Trabzon Central Fisher-
ies Research Institute (SUMAE) was used. The work was 
designed as three triplicates (45 for each). This experimen-
tal work was carried out in recirculating aquaculture sys-
tem (RAS), and lasted for 90 days. Experimental materials 
were distributed randomly in 50  m3 (39 × 39 cm size and 
33 cm high) fiberglass square tanks into 5 treatment groups, 
including 45 fish in each experiment tank. Fish were fed 
by hand with 3% of body weight four times daily. Water 
temperature, oxygen, and pH were respectively measured 
as 15.10 ± 0.98 °C, 8.78 ± 0.21 mg/L, and 7.43 ± 0.18 daily. 
Ammonia measured weekly was saved as 0.05 ± 0.05 mg/L. 
During the experimental period, water changing in tanks was 
22 times daily. Samplings were performed in accordance 
with ARRIVE ethical guidelines (Kilkenny et al. 2010) and 
European Union Directive (2010/63/EU) (European Com-
mission 2010).

Growth parameters

Before weight measurements, fish were starved for 24 h, 
slightly anesthetized with benzocaine (50 ppm). At the end 
of the experiment, the final body weight was measured to 
calculate the growth-related parameters including weight 
gain (WG) (Rampelotto et al. 2018), specific growth rate 
(SGR), feed conversion ratio (FCR), hepatosomatic index 
(HSI) (Tibaldi et al. 2006), and survival rate (SR) (Ebrahimi 
and Ouraji 2012) using the equations shown below.

WG g = (Final weight − Initial weight)

SGR% = 100 ×
[

(ln Final body weight − ln Initial body weight) ÷ days
]

FCR = (Feed intake ÷ Weight gain)

HSI% = 100 × (Liver weight ÷ body weight)

Digestive enzyme activity analysis

Sampling was carried out at the 45th min when enzyme 
levels were highest for Black Sea salmon (Özel and Ertürk-
Gürkan 2019). The digestive tract (midgut section) samples 
were transferred to COMU Biology Department in favora-
ble conditions for the enzyme analysis. The tissues were 
stored at − 45 °C until analysis. For enzyme analysis, pri-
marily the homogenization of the tissues was achieved. For 
this, homogenization solution (0.05 M phosphate buffer) 
and liquid nitrogen were used. Enzyme activities and total 
protein amounts of the tissues were determined spectropho-
tometrically. The amount of protein was determined based 
on the method of Bradford (1976). In the measurement of 
trypsin enzyme activity, the method is based on Bieth and 
Metais (1968). Accordingly, trypsin levels of the samples 

SR% = 100 × (Final number of f ish ÷ Initial number of f ish)

Table 2  Ingredient composition and proximate analysis of the basal 
diet

1 Fish meal contained 65% of crude protein and 8.5% of crude lipid
2 Fish oil was European anchovy (Engraulis encrasicolus) oil
3 Supplied the following: inositol 300  mg, biotin (Vit  B7) 200  mg, 
tocopherol (Vit E) 200  mg, calcium pantothenate (Vit  B5) 50  mg, 
riboflavin (Vit  B2) 30 mg, pyridoxine (Vit  B6) 20 mg, thiamine (Vit 
 B1) 20 mg, menadione (Vit  K3) 12 mg, niacin (Vit  B3) 6 mg, retinol 
(Vit A) 0.6  mg, folic acid (Vit  B9) 0.5  mg, cholecalciferol (Vit  D3) 
0.05 mg, cobalamin (Vit  B12) 0.05 mg
4 Supplied the following: ferric sulfate heptahydrate  (FeSO4·7H2O) 
50 mg, manganese (II) oxide (MnO) 50 mg, zinc oxide (ZnO) 50 mg, 
copper sulfate pentahydrate  (CuO4S·5H2O) 10  mg, calcium iodate 
 (Ca2IO6) 0.8  mg, cobalt carbonate hexahydrate  (CoCO3·6H2O) 
0.15 mg, sodium selenite  (Na2SeO3) 0.15 mg

Ingredients %

Fish  meal1 31
Soybean meal 20
Wheat gluten 6
Pea protein concentrate 12
Sunflower seed meal 7
Wheat flour 12.5
Fish  oil2 11
Vitamin  mix3 0.22
Mineral  mix4 0.16
Vit C 0.12
Chemical parameters
Crude protein 46.20
Crude lipid 14.97
Crude ash 9.38
Moisture 6.14
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were measured at 253 nm wavelength for 5 min. The method 
reported by Worthington (1982) and then edited by Infante 
and Cahu (1994) was used to determine the level of pep-
sin. Measurements were recorded at 280 nm for 5 min. 
α-Amylase enzyme levels were determined based on the 
analysis method reported by Tseng et al. (1982). The meas-
urement wavelength was 540 nm. The method reported by 
Versaw et al. (1989) was used for the measurement of lipase 
enzyme levels. The measurement time was 10 min and the 
wavelength was 490 nm.

Intestinal histomorphology

Intestine sampling was taken from the beginning section of 
the middle intestine that had the highest villus development 
(Özel et al. 2019). Tissue samples were taken from 6 fish with 
each group for analysis at the end of the experimental work. 
Intestine tissues were cut into 1.0-cm pieces, cleaned using 
distilled water, and placed in a 100-mL plastic container con-
taining 10% formaldehyde. Subsequently, tissues were fixed 
for 1 day at + 4 °C. Fixed tissues were embedded in paraffin 
blocks by transferring into tissue cassettes, and then placed 
on slides by cutting 5-µ thickness. Processed tissue samples 
were subjected to the standard paraffin-embedding procedure, 
and followed staining procedure with H&E stains after fixa-
tion. As the final process, intestinal villus height, intestinal 
villus width, and muscularis thickness were photographed 
under a ZEISS microscope Primostar HD Light, and meas-
ured by using an image processing and analysis system.

Intestinal microbiota analysis

A total of 25 fish (5 fish from each diet group and control) 
were used for examination of bacteria including the total aero-
bic mesophilic bacteria (TAMB), lactic acid bacteria (LAB), 
and Escherichia coli. The intestinal tract of fish was removed 
aseptically. Feces sample of 1 g was aseptically taken from 
the whole intestine section, and was made homogeneous in 
9 mL of 0.1% sterile distilled water with 0.9% NaCl solu-
tion using the stomacher bag. After homogenization, six-fold 
serial dilutions were made for the next processes. LAB count 
was determined according to Harrigan and McCance (1976). 
For this, prepared dilutions were spread on de Man Rogosa 
and Sharpe Agar (MRS, Merck) for the determination of the 
number of LAB, and incubated at 30 °C for 50 h using anaero-
bic jars (Merck). The number of the TAMB and E. coli was 
determined in accordance with Ture et al. (2018). For this, 
100 µL dilution was spread on Coliform Agar (CES, Merck) 
and incubated overnight at 35 °C for the determination of 
number of the TAMB and E. coli. After incubation, processed 
samples were counted the colony-forming units, and intestinal 
E. coli, LAB, and TAMB and were calculated.

Data analysis

The data analysis was performed using SPSS 21, and was 
shown as the means with standard error. Data analysis was 
performed with the one-way analysis of variance. Statistical 
differences were determined by Duncan’s multiple compari-
son test. Intestinal microbiota were analyzed after transform-
ing logarithm to base 10. Statistical differences were consid-
ered to be significant at a level of p < 0.05.

Results

Zootechnical performance

During the 90-day trial, all the trial diets were well con-
sumed by fish. No significant differences among all dietary 
treatments in final weight (FW), weight gain (WG), feed 
conversion rate (FCR), specific growth rate (SGR), feed 
intake (FI), hepatosomatic index (HSI), and survival rate 
(SR) were observed. The growth-related parameters such as 
WG, FW, SGR, FCR, and FI improved as the doses of laurel 
oil in the diet increased, but this was not significant statisti-
cally. After 90 days of feeding, the FCR was founded to be 
about 1 in all the trial groups without significant difference 
among groups (Table 3).

Enzyme activity

In Table 4, the digestion enzyme activities of all experimental 
groups are presented. No significant difference between experi-
mental groups was found in the trypsin enzyme activity. Black Sea 
salmon fed with 400 mg  kg−1 laurel oil had a high trypsin enzyme 
activity, but not statistically different from the other groups. How-
ever, amylase and lipase enzyme activities were significantly 
higher in Black Sea salmon fed 50 and 100 mg  kg−1 laurel oils 
compared to the control, respectively. Although no significant dif-
ference among the two was found, pepsin enzyme activity was 
higher in fish fed 400 mg fennel oil  kg−1 versus control.

Intestine histomorphology

Table 5 and Fig. 1 illustrate the histomorphologic results of 
fish fed with the trial diets. At the end of the trial, intestinal 
histomorphology was significantly affected by the dietary 
treatment. Intestinal villus height was significantly increased 
in the middle intestine of Black Sea salmon fed 50 or 100 mg 
laurel  kg−1 compared to the control group. The same obser-
vations were done for the muscularis layer. The intestinal 
villus width was significantly increased in those fed diet 
50 mg laurel oil  kg−1 compared to fish fed control.

390 Page 4 of 11
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Intestinal microbiota

As shown in Table 6, the intestinal microbiota for instance coli-
form, E. coli, and lactic acid bacteria were significantly affected by 
dietary laurel essential oils. Lactic acid bacteria were significantly 
increased in 50 mg  kg−1 laurel oil when we compared with other 
diets, including control. The essential oils except for 50 mg  kg−1 
laurel oil were found to be statistically similar to each other. The 
highest levels of E. coli were found in 400 mg  kg−1 laurel oil, and 
the lowest in 50 mg  kg−1 laurel oil. As the doses of laurel essen-
tial oil in the experimental diet increased, E. coli in the intestine 
increased, and lactic acid bacteria decreased.

Discussion

Growth performance

It is understood in the literature that limited studies investi-
gated the effect of dietary laurel essential oil incorporation in 
fish nutrition studies. In studies conducted on different essen-
tial oils, they found that some essential oils have an increas-
ing effect on growth while others do not have any effect. The 
findings of our study about the growth experiment showed 
that laurel essential oil can be used in diets of Black Sea 
salmon, without negative effects on growth performance. 
Similar to our study, Dedi et al. (2016) found that supple-
mentation with cinnamon (Cinnamomum burmannii) leaf 

Table 3  Growth parameters 
of Black Sea salmon fed with 
laurel oil–supplemented diets

No difference between means (p > 0.05); values are given as mean ± SE. FW (g), final weight; FI (g), feed 
intake; FCR, feed conversion rate; WG (g), weight gain; SGR (%), specific growth rate; SR (%), survival 
rate

Parameters Control Laurel essential oil, mg  kg−1 ANOVA p value

50 100 200 400

IW 3.52 ± 0.01 3.52 ± 0.00 3.52 ± 0.00 3.53 ± 0.00 3.52 ± 0.00 0.351
FW 29.83 ± 1.11 30.28 ± 0.55 30.45 ± 0.06 31.22 ± 0.58 31.90 ± 0.19 0.211
FI 23.30 ± 0.72 23.56 ± 0.13 23.81 ± 0.22 24.10 ± 0.30 24.34 ± 0.77 0.621
FCR 1.07 ± 0.04 1.02 ± 0.02 1.01 ± 0.01 0.98 ± 0.01 0.97 ± 0.04 0.430
WG 26.31 ± 1.11 26.76 ± 0.56 26.93 ± 0.05 27.70 ± 0.58 28.38 ± 0.19 0.211
SGR 2.30 ± 0.04 2.31 ± 0.02 2.32 ± 0.00 2.35 ± 0.02 2.37 ± 0.01 0.205
HIS 1.92 ± 0.18 1.57 ± 0.10 1.57 ± 0.29 1.48 ± 0.23 1.47 ± 0.23 0.597
SR 91.85 ± 2.67 93.33 ± 1.28 88.89 ± 1.28 91.85 ± 2.67 91.85 ± 3.23 0.757

Table 4  The activity of digestion enzymes of Black Sea salmon fed with laurel oil–supplemented diets

Means with different superscript letters in a row are significantly different at p < 0.05; values are given as mean ± SE

Enzymes (U  mg−1 
protein)

Control Laurel essential oil, mg  kg−1 ANOVA p value

50 100 200 400

Pepsin 69.95 ± 7.29a 39.16 ± 1.40b 10.44 ± 1.58b 33.05 ± 18.92b 94.60 ± 5.27a 0.001
Trypsin 34.52 ± 5.93 24.09 ± 4.38 33.75 ± 1.50 29.74 ± 4.43 42.42 ± 4.73 0.130
α-Amylase 1.46 ± 0.46c 1.91 ± 1.04bc 9.45 ± 1.42a 1.27 ± 0.54c 4.83 ± 1.21b 0.01
Lipase 0.02 ± 0.00c 0.08 ± 0.01a 0.02 ± 0.00c 0.03 ± 0.01c 0.05 ± 0.01b 0.00

Table 5  Intestine morphology of Black Sea salmon fed with laurel oil–supplemented diets

Means with different superscript letters in a row are significantly different at p < 0.05; values are given as mean ± SE. VL, villi length; VW, villi 
width; ML, muscularis

Intestine (µm) Control Laurel essential oil, mg  kg−1 p value

50 100 200 400

VL 223.80 ± 5.35b 309.17 ± 14.79a 311.92 ± 11.52a 246.95 ± 9.99b 215.52 ± 12.73b 0.000
VW 65.15 ± 2.88b 81.28 ± 4.92a 61.75 ± 3.56b 70.34 ± 4.65ab 59.63 ± 2.91b 0.001
ML 44.53 ± 1.82c 64.09 ± 5.52b 76.78 ± 3.23a 51.95 ± 2.24c 51.82 ± 2.04c 0.000
VL/VW 3.58 ± 0.25b 3.99 ± 0.30b 5.29 ± 0.35a 3.73 ± 0.27b 3.83 ± 0.39b 0.002
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had no effect on final weight and growth rate of carp (Cypri-
nus carpio). However, there are also studies with different 
results about essential oils. Marques et al. (2016) stated that 
the essential oil combination supplemented with laurel is a 
potential growth promoter for broilers. In a previous work, 
Zaki et al. (2016) reported that feeding with alpinia meal 
(Alpinia galanga) had an improved effect on the final weight, 
weight gain, specific growth rate, and feed conversion ratio 
in the Nile tilapia (Oreochromis niloticus) fingerlings. In 
an additional work, Giannenas et al. (2016) reported that 
laurel oil (Laurus nobilis) improved the weight and feed 
conversion ratio in broiler chickens from the monogastric 
species. However, Bulbul et al. (2015) found that there was 
no difference in final body weights, body weight gain, feed 
intake, and feed conversion ratio in supplementation of lau-
rel essential oil in quail diets. Results obtained with essen-
tial oils may vary depending on animal species, essential 
oils, and their doses. Also, our study showed that growth 
parameters such as feed intake, final weight, weight gain, 

feed conversion ratio, and specific growth rate were in paral-
lel with the improvement in the doses of laurel essential oil, 
although there was a statistical difference. A similar result 
was seen in those announced by de Souza et al. (2019) who 
determined the effects of Ocimum basilicum essential oil in 
Nile tilapia juvenile.

Enzyme activity

Digestion starts in the stomach and continues in the intestine 
with digestive enzymes, for instance trypsin, chymotrypsin, 
amylase, and lipase, secreted from the pancreas (Zahran 
et al. 2014). Digestion performance generally depends on 
the type and function of the digestive enzymes (Farhoudi 
et al. 2012). The digestive enzyme activities of fish are influ-
enced by factors such as diet, feeding habits, fish species, 
fish age, growth stage, pH, temperature, and digestive system 
structure (Amhamed et al. 2018). Laurel leaves may increase 
concentration of digestive enzymes including chymotrypsin 

Fig. 1  Intestine histology of Black Sea salmon fed with laurel oil–supplemented diets (4 × , H&E)

Table 6  Intestine microbiota 
of Black Sea salmon fed with 
laurel oil–supplemented diets

Means with different superscript letters in a row are significantly different at p < 0.05; values are given as 
mean ± SE

Micro-
biota (CFU, 
log/g)

Control Laurel essential oil, mg  kg−1 ANOVA p value

50 100 200 400

E. coli 5.46 ± 0.16d 4.75 ± 0.20e 5.99 ± 0.16c 7.59 ± 0.10b 8.07 ± 0.07a 0.000
Coliform 12.47 ± 0.15a 9.81 ± 0.32c 11.35 ± 0.05b 12.23 ± 0.29a 10.46 ± 0.30c 0.000
Lactic acid 11.05 ± 0.05b 13.03 ± 0.08a 6.81 ± 0.32c 6.76 ± 0.41c 6.18 ± 0.18c 0.000
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lipase, amylase, and trypsin, and improve digestion and 
absorption capacity of ingested feed (Ali and Al-Shuhaib 
2021). Similarly, laurel (Laurus nobilis) extract may improve 
digestive enzymes such as protease and amylase in common 
carp (Cyprinus carpio L.) (Al-Harbi and Al-Faragi 2019). 
Our results showed that digestive enzyme activity in the 
midgut section was significantly affected by dietary treat-
ments. Gabriel et al. (2017) found that variations in digestive 
enzymes activities of GIFT tilapia (Oreochromis niloticus) 
fed aloe vera powder extract were observed. Similar results 
were obtained in our study, in which the activity of enzymes 
of amylase, lipase, and pepsin varied depending on different 
levels of oregano, laurel, and fennel essential oils. In a previ-
ous work, Xu et al. (2019) reported that, when compared to 
control, the levels of lipase and trypsin in Japanese seabass 
(Lateolabrax japonicus) increased at the level of 10 g  kg−1 
garlic (Allium sativum) powder, but did not change at doses 
of 15, 20, or 25 g  kg−1. In an additional work, Shabana et al. 
(2019) reported that levels of lipase and amylase improved 
in the Catla catla fed with different levels (2–10 g  kg−1) of 
Citrus sinensis peel extract. Our work showed that feed-
ing with the laurel oil 400 mg  kg−1 increased pepsin activ-
ity while feeding with the laurel oil 50 mg  kg−1 increased 
lipase activity along with decreased pepsin activity. Similar 
results were also obtained in the activities of trypsin and 
amylase enzymes. Trypsin activity is higher compared to the 
activities of amylase and lipase in all days of the experiment. 
Unlike our study, Hani et al. (2018) found that the amylase 
enzyme activity in the intestine of Stickleback (Gasterosteus 
aculeatus) was higher than trypsin enzyme. Al-Saraji and 
Nasir (2013) stated that the activity of digestive enzymes in 
the fish varies depending on different factors, for instance the 
fish age, pH, and temperature, diet composition and feeding 
habit of the fish, the nutritional value of the feed, food diges-
tion, nutrient absorption, and metabolic factors. Also, the 
results of our study with lipase enzyme were similar to the 
result determined by Amhamed et al. (2018) who found that 
the activity of lipase enzyme in the juvenile common carp 
(Cyprinus carpio) fed the Chenopodium album increased in 
comparison to that of the control or was not different from 
the control. Moreover, in our study, the effect of laurel essen-
tial oil on the activity of amylase enzyme is compatible with 
those announced by de Souza et al. (2019).

Intestine histomorphology

The intestinal villus height plays an important role in the 
digestive and absorption functions of fish (Munglue and 
Dasri 2015). The height villus in the fish intestine improves 
intestinal health and efficiency of nutrient absorption. In 
this way, it enhances fish performance by making intestinal 
tracts healthier (Abdel-Latif et al. 2020). Feeding of fish 

with immunostimulants enhances the intestinal villi length 
(Heidarieh et al. 2013). There are limited studies explaining 
the effect on fish gut histomorphology of laurel essential 
oil in fish nutrition. Khattak et al. (2014) found that feeding 
with natural blend of essential oil at a level of 300 mg  kg−1 
supplemented laurel improved villi width and surface area in 
broiler. El (2014) reported that herbal essential oil mixture 
supplemented with laurel increased intestinal villi length and 
tunica muscularis thickness in Nile tilapia juvenile. A simi-
lar result was also obtained in broilers fed blend of essential 
oil–supplemented laurel (Bozkurt et al. 2012). In the study 
of Salem and Abdel-Ghany (2018), intestinal villus height 
in the anterior section of Nile tilapia progressively increased 
as the orange peel level (0, 1, 2, and 4 g  kg−1) added to the 
diets increased. In an additional work, Munglue et al. (2019) 
reported that intestinal villus height, villus width, and mus-
cularis thickness in the middle part of hybrid catfish (Clarias 
macrocephalus × C. gariepinus) fed with different levels (1, 
3, and 5%) of Lasia extract were significantly increased. 
The findings of our study demonstrated that feeding with 
laurel essential oil had a significant effect on the intesti-
nal morphology of Black Sea salmon. In our study, while 
50 mg  kg−1 and 100 mg  kg−1 laurel essential oil increased 
intestinal villi length and muscularis layer, 50 mg  kg−1 lau-
rel essential oil increased intestinal villus height. Our result 
obtained with laurel essential oil supplementation in terms 
of intestinal villus height is harmonious with that reported 
by Yusuf et al. (2017). Ferreira et al. (2016) found that the 
increased villus height and width in fish fed with oregano 
essential oil may be due to the antimicrobial property of this 
product. According to Snuossi et al. (2016), laurel essential 
oils have antimicrobial activity. The increased villus height 
in our study can be explained by the decrease in the number 
of E. coli in particular. Besides, the increased villus height 
and villus width obtained at the 50 mg  kg−1 laurel essential 
oil can be explained by the decrease in the number of E. 
coli and coliform and the increase in the lactic acid bacte-
ria. Ariyadi and Harimurti (2010) found that, in a broiler, 
supplementation of lactic acid bacteria had a positive effect 
on intestinal mucosa profile. Similarly, Aliakbarpour et al. 
(2012) found that the addition of lactic acid bacteria–based 
probiotic in the broiler diets significantly increased the num-
ber of goblet cells and villus height.

Intestinal microbiota

Fish intestinal microbiota exhibit an important symbiotic rela-
tionship in nutritional provisioning, metabolic homeostasis, and 
immune defense (Egerton et al. 2018). Lactic acid bacteria can 
stimulate host digestive system development, digestive func-
tion, mucosal tolerance, and immune response, and enhance 
disease resistance. Thus, lactic acid bacteria are considered 
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suitable microorganism (Ringø et al. 2018). In terms of cecal 
microbiota, the differences among different animal species may 
observed. Irawan et al. (2021) reported that in broiler chicken 
fed with essential oil, while the population of Lactobacillus is 
increased, the E. coli population is decreased, which increases 
feed efficiency. However, Odeh et al. (2020) reported that Lac-
tobacillus count was significantly decreased in feeding with 
laurel in rats. In a previous study, Yusuf et al. (2017) found that 
turmeric (Curcuma longa) powder had an enhancing effect 
on Lactobacillus in the intestine of Nile tilapia (Oreochromis 
niloticus). In an additional study, Hoseinifar et al. (2019) found 
that galactooligosaccharide addition as a prebiotic in diets of 
Caspian roach and Caspian white fish fingerlings has signifi-
cantly enhanced intestinal lactic acid bacteria and can be con-
sidered an effective prebiotic. A similar observation was seen in 
our results obtained regarding improved lactic acid bacteria in 
fish fed with the experimental diet with 50 mg laurel oil  kg−1. 
According to Rawling et al. (2009), some of lactic acid bacteria 
have shown positive effects on fish health and growth as probiot-
ics. Similarly, Ringø et al. (2018) stated that lactic acid bacteria 
are considered the most promising bacteria species as probiotic 
in aquaculture. In addition, findings of our study show that E. 
coli and coliform counts in the intestine significantly decreased 
in feeding with diet containing 50 mg  kg−1 laurel oil. Similar 
to our study, Berendika et al. (2022) found that the inclusion of 
laurel (Laurus nobilis L.) extract at level of 100 mg  kg−1 to rat 
diet increased the number of Lactobacillus by about two times. 
Similarly, Yusuf et al. (2017) reported that fumaric supplemen-
tation at level of 4 g  kg−1 to diet increased total Lactobacillus 
count and decreased fecal coliform. In our study, the increase 
in lactic acid bacteria and the decrease in E. coli and coliform 
showed that 50 mg  kg−1 laurel oil had a probiotic effect on Black 
Sea salmon. Besides, all diets except 50 mg  kg−1 laurel oil had a 
decreasing effect on lactic acid bacteria compared to the control 
group. This result is compatible with those reported by Gianne-
nas et al. (2012), who obtained a lower Lactobacillus population 
in rainbow trout (Oncorhynchus mykiss) fed with dietary thymol 
supplementation.

Conclusion

The results of our study show that feeding the juvenile Black 
Sea salmon with laurel essential oil did not affect the growth 
performance. The feed intake, final weight, weight gain, feed 
conversion ratio, and specific growth rate increased in paral-
lel with the increase in the doses of laurel essential oil, but 
were not found to be statistically significant. Dietary supple-
mentation of 100 mg  kg−1 laurel oil and 50 mg  kg−1 laurel 
oil had an increasing effect on amylase and lipase, respec-
tively. Besides, 50 mg  kg−1 laurel oil may have the potential 
to show prebiotic or probiotic effects due to improvement 
effect on the intestine lactic acid bacteria, and also 50 or 

100 mg  kg−1 laurel oil may have the potential to increase the 
surface area required for digestion by increasing intestinal 
villus development in terms of both villi length and villi 
width. As a result, supplemented 50 and 100 mg  kg−1 laurel 
oil in the Black Sea salmon diet can be recommended as a 
natural feed additive.
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