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Introduction

Abstract

The study evaluated the effect of various herbal supplementations (blends of
Origanum vulgare Laurus nobilis and Foeniculum vulgare) on digestive enzymes,
intestinal pH, histomorphology, microbiota, and also growth associated gene
expression of juvenile Black Sea salmon. Fish (3.63+0.03g) were housed as triplicate in
50-L square tanks with 40 individuals per tank. The five dietary treatment groups: no
essential oil (control), oregano essential oil at 75 mg/kg + laurel essential oil at 75
mg/kg (O75-L75), oregano essential oil at 75 mg/kg + fennel essential oil at 75 mg/kg
(075-F75), laurel essential oil at 75 mg/kg + fennel essential oil at 75 mg/kg (L75-F75),
and oregano essential oil at 50 mg/kg + laurel essential oil at 50 mg/kg + fennel
essential oil at 50 mg/kg (050-L50-F50). Feeds was three times daily offered for 3
months. There were no differences in growth performance. Whereas, feeding with
herbal supplementations were significantly increased IGF-1 and GHR1 expressions, but
change not IGFBP1. Besides, the amount of trypsin, pepsin, amylase and lipase in
digestive canal were significantly increased by herbal supplemented diets. The highest
enzyme activity was obtained in 075-L75 diet. This was followed L75-F75 diet. Control
diet had the lowest activity. Feeding with 075-L75, L75-F75 and O50-L50-F50 diets,
decreased gastrointestinal pH. The lowest pH in the stomach and intestine were seen
in 075-L75, L75-F75 and O50-L50-F50 diets, and these three groups were statistically
similar to each other. The herbal supplementations increased intestinal villus length
and goblet cells in comparison with those of the control group. The villus length in the
anterior and middle intestines were the highest in 075-F75 diet, while the highest
villus width was obtained in O75-L75 diet. Whereas, the lowest villus length in all
intestine section was obtained in control diet. Besides, muscularis thickness in middle
section increased with essential oil supplementation, while it did not change in the
anterior. The mixtures containing fennel essential oil (075-F75, L75-F75 and O50-L50-
F50) significantly lowered the lactic acid bacteria counts compared with those of fish
fed the control diet, whereas coliform counts enhanced with dietary L75-F75
supplementation. It is understood that herbal supplemented diets have positive
effects on digestive physiology of juvenile Black Sea salmon.

However, feeds used for nutrition of aquatic organisms
may cause environmental impacts and unsustainable

Aquaculture, which is an essential nutrient for
human nutrition and whose production is increasingly
expanding, can be made sustainable by fulfilling well-
controlled farming conditions that ensure optimum
growth with proper production (Magouz et al 2022a).
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aquaculture. Feed ingredients and formulations that can
replace fish-based protein and eliminate the need for
unapproved feed additives are a major searches topic
for the aquafeed industry (Zaminhan-Hassemer et al.
2022). Whilst prepared nutritionally balanced feeds to
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increase the productivity and well-being of aquatic
organisms, it is important to consider not only
fundamental nutrients, but also non-nutritive additives
(Dawood et al. 2021). For this purpose, it is useful
process to prepare a formulated, balanced fish feed
containing functional feed additives for the continuation
of intensive aquaculture (Shourbela et al. 2021).

The gastrointestinal tract of teleost fish is quite
similar to that of vertebrates, with little change
depending on nutritional, developmental and health
status of them (Pereira et al. 2019). The major function
of the gastrointestinal system is the digestion and
absorption of nutrients (Dias et al. 2021) as well as
inhibit the invasion of intestinal endotoxins and bacteria
(Li et al. 2022). Feeds in the gastrointestinal tract serve
as the main stimulant for the secretion of digestive
enzymes, and their composition and digestibility
determine the amount and activity of digestive enzymes
(Dias et al. 2021). Digestion process in fish is concluded
degrading nutrients ingested into units small enough to
be absorbed through the intestinal wall by the activity of
digestive enzymes (Borlongan et al. 2022), such as
gastric, pancreatic, and intestinal (NaporaRutkowski et
al. 2009). Nutrients completed digestion process by the
activity of such enzymes are transported into the cells
absorbing by the intestinal villi (Dawood et al. 2020;
NaporaRutkowski et al. 2009). Moreover, intestinal
microbiota, which residents in the digestive system of
fish and shows probiotic properties, have an improving
effect on digestion and absorption processes (Al-Deriny
et al. 2020) as well as maintaining the health status of
fish (Abdel-Mohsen et al. 2018). Digestion and
absorption capacity reflected by enzymatic activities in
the intestinal tract significantly affects the fish growth
performance as well (Zhou et al. 2020). Growth in fish is
regulated by the GH-IGF axis: growth hormone acts via
GHR, initiating IGF-1 production, which then promotes
growth; IGFBP proteins, in turn, regulate the effect of
IGF-1, balancing the process.

Essential oils characterized by being secondary
metabolites of aromatic or medicinal plants are among
the most widely used phytogenics or phytotherapeutic
in aquafeeds (Carneiro et al. 2021, Ghafarifarsani et al
2023), and are scented and volatile oily liquids derived
from different plant parts including flowers, leaves,
seeds, bark, fruits and roots, and have potential being
alternative to antibiotics in the nutrition of the livestock,
poultry and fish (Ning et al. 2021). The adding of
functional feed additives such as herbals and their
extracts to fish feeds can supply numerous advantages
on fish (Shourbela et al. 2021). The use of herbal
essential oils in aquafeeds can improve the palatability
and consumption by adding flavors and aroma to feeds
(Amer et al. 2018), stimulate the secretion of digestive
enzymes, increase the number of beneficial
microorganisms in the digestive tract and reduce those
of pathogenic ones (Mohamed et al. 2020), improve
nutrient absorption by modifying the intestinal
histomorphology (Heluy et al. 2020), increase the fish

growth performance (Resketi et al. 2020), enhance
overall health and physiological status (Abdel-Rahim et
al. 2024). Due to these properties, they are considered
as one of the promising natural growth promoters in
aquaculture (Alam et al. 2024). In addition, studies on
the possible effects of these substances on the
expression of cell and tissue-related genes in fish are
recently gaining intensity (Ahmadifar et al. 2021).
Moreover, the ability of essential oils to be used as
growth promoters and have the potential to improve
fish health is thought to be more effective when
mixtures are used (Zaminhan-Hassemer et al. 2022).

Thyme (Origanum vulgare) is a plant belonging to
the Labiatae family, and the main components of its
essential oil are carvacrol and thymol (Ahmadifar et al.,
2011; Tan et al., 2015; Zheng et al., 2009). Laurel (Laurus
nobilis) is a medicinal plant belonging to the Lauraceae
family and its essential oils is 1,8-cineol (Ozcan and
Chalchat 2005; Snuossi et al. 2016). Fennel (Foeniculum
vulgare) is a biennial medicinal plant belonging to the
Apiaceae family (Ahmed et al. 2025). Studies have
reported that these plants possess antimicrobial,
antifungal, antioxidant, antibacterial, antiviral,
antibiofilm, anticancer, anti-inflammatory,
anthelmintic,  digestive, growth-promoting, and
hepatoprotective effects (Ahmadifar et al., 2011;
Ferreira et al., 2016; Hassaan & Soltan 2016; Snuossi et
al. 2016; Sotoudeh and Yeganeh 2017). In studies
conducted on aquaculture, herbal essential oils are
generally added to fish diets individually. However,
supplementing as combined mixtures of essential oils to
diets is thought to will be more efficient by positively
affecting fish well-being (Magouz et al. 2022b). Besides,
little information is known about the effect of these
supplements on digestive physiology within the subject
of fish nutrition. Therefore, this work was conducted to
determine how the possible effects of mixtures of herbal
supplements on nutritional physiology and growth-
related gene expression of Black Sea salmon.

Material and Methods
Fish Maintenance and Culture Facility

Seventh filial generation (F7) of Black Sea salmon
(Salmo labrax) reared in a freshwater recirculating
aquaculture system were used in this study. A total of
600 fish were selected with an initial body weight of 3.63
g. subsequently, the five homogenous groups of 40 fish
were established in each tank (square shape with in 50
L capacity). Stock density was adjusted 16 kg/ m3.
Experiment was carried out in triplicate. Fish were fed
by hand 3% of body weight three times daily at 8:00,
12:00 and 16:00. This experimental study was lasted for
90 days. Water temperature (15.18+0.46°C), oxygen
(9.2240.61 mg/l), pH (6.9840.34) and mortality were
recorded daily. 0.05+0.03 mg/l ammonia content, which
is measured weekly.
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Test Diets

Oregano, laurel and fennel essential oils were
supplied from Talya Herbal Products are extracted from
cultured Origanum vulgare, Laurus nobilis and
Foeniculum vulgare provided from in the Mediterranean
region of Turkiye. The levels of the herbal essential oil
mixtures added to the diet were determined according
to the findings of Ozel et al. (2022a), Ozel et al. (2022b),
Ozel et al. (2023). The chemical compounds of essential
oil mixtures were shown in Table 1. Essential oils derived
from leafs of oregano, laurel and fennel are obtained by
steam distillation. Essential oil mixtures, whose basic
components were determined, were thoroughly
homogenized in fish oil. This homogenate was then
infused into extruded experimental feeds in specific
levels using a vacuum coating method. The five dietary
treatment groups: no essential oil (control group, CON),
oregano essential oil at 75 mg/kg+laurel essential oil at
75 mg/kg (075-L75), oregano essential oil at 75
mg/kg+fennel essential oil at 75 mg/kg (075-F75), laurel
essential oil at 75 mg/kg + fennel essential oil at 75
mg/kg (L75-F75), and oregano essential oil at 50
mg/kg+laurel essential oil at 50 mg/kg + fennel essential
oil at 50 mg/kg (O50-L50-F50). Diet formulation was
shown in Table 2.

Productive Performance

To determine growth performance, fish were
starved for 24 hr, slightly anesthetised with benzocaine
(50 ppm) during weight measurement. Additionally,
feed intake (FI) was daily saved.

Weight gain (WG) was calculated according to Abo-
State et al. (2017);

WGg= [(W1 - Wo)) (Wo: Initial body weight, W1:
Final body weight)

The specific growth rate (SGR) and feed conversion
ratio (FCR) were determined according to Kroeckel et al

(2017);

SGR % = [(In W1 — In Wo) =+ t] X 100 (Wo: Initial
body weight, W1: Final body weight, t: feeding days).

FCR = (Wo + W1) (Wo: Feed intake, W1: Weight gain)

Survival rate (SR) was determined according to
Seyedalhosseini et al. (2023)

SR % =100 x (Final number od fish / initial number of
fish)

Table 1. Chemical compounds of herbal mixtures composed of oregano, laurel and fennel essential oils

075-L75 075-F75 L75-F75 050-L50-F50
Compounds % Compounds % Compounds % Compounds %
Carvacrol 34.15 Carvacrol 35.05 1,8-Cineol 28.05 Carvacrol 22.77
1,8-Cineol 27.05 (E)-Anethol 36.91 (E)-Anethol 36.30 1,8-Cineol 18.70
(E)-Anethol 24.20
Total 61.20 Total 71.96 Total 64.35 Total 65.67

t The chemical compounds of essential oil mixtures were listed according to amounts that found higher than 5.0 %.

Table 2. Basic components and proximate composition of basal diets (%)

Ingredients %
Fish meal? 31.00
Soybean meal 20.00
Wheat flour 12.50
Pea protein 12.00
Fish oilt 11.00
Sunflower seed meal 7.00
Wheat gluten 6.00
Vitamin mix3 0.22
Mineral mix* 0.16
Vitamin C 0.12
Proximate composition

Dry matter 93.90
Crude protein 46.31
Crude lipid 14.90
Crude ash 9.28
Nitrogen free extract 23.41
Gross Energy (Mj kg1) 20.79

IFish oil was European anchovy (Engraulis encrasicolus) oil which is the amongst most used feed ingredient sources.
2Fish meal used in test diets was a mixture of European sprat (Sprattus sprattus) and Atlantic herring (Clupea harengus) meals containing 65.37 %

of crude protein and 10.7 % of crude lipid.

3Supplied 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.

4Supplied the following: ferric sulfate heptahydrate (FeSOs-7H.0) 50 mg, manganese (Il) oxide (MnO) 50 mg, zinc oxide (ZnO) 50 mg, copper
sulfate pentahydrate (Cu04S-5H20) 10 mg, calcium iodate (Ca2I0¢) 0.8 mg, cobalt carbonate hexahydrate (CoCOs-6H.0) 0.15 mg, sodium selenite

(NazSe0s) 0.15 mg.
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Digestive Enzyme Assays and pH Measurement

The gastrointestinal tract tissue samples (6 fish
from trial replicate) were taken in 45th minutes post
feeding and fixed using liquid nitrogen, homogenized in
porcelain mortars, and centrifuged at 10,000 rpm for 1
hour at (+4°C). After centrifugation, supernatants were
utilized for further analyses. To this end, The amount of
amylase was determined by spectrophotometric
readings taken at a wavelength of 540 nm for 5 min
according to the procedure established by Metais and
Bieth (1968), the amount of trypsin was determined at a
wavelength of 253 nm for 5 min according to the
methodology used by Tseng et al. (1982), the amount of
pepsin was determined at a wavelength of 280 nm for 5
min according to the procedure adapted from
Worthington (1982) by Infante and Cahu (1994), and the
amount of lipase was determined at 490 nm for 10 min
according to the procedure outlined by Versaw et al
(1989). To interpret the results, the enzyme activity
values were normalized to the protein concentration in
the homogenate, which was determined using the
Bradford (1976) method. pH of stomach and intestine
contents were measured according to Fard et al. (2007).

Determination of Histomorphologic Parameters

Intestine tissue samples from middle intestine (6
fish from trial replicate) at the beginning part near to
pyloric caeca cut as 5 cm placed into 10% formaldehyde
solution for tissue fixation processing. After fixation
proses, tissue samples were cut at 5 mm thickness and
inserted into tissue cassettes for dehydration.
Dehydration was made with graded ethanol with 70% to
100%. After dehydration, tissue samples were kept in
xylene for 15 minutes and polished. After polishing,
tissue samples were embedded in paraffin blocks in 3
stages for 3 hours at 70 degrees Celsius. Afterwards, the
paraffin blocks were cut at a thickness of 5 microns with
the help of a microtome (Leica RM2125 RTS, Germany)
and the tissue samples were glued onto the slide. The
paraffin was removed from the tissues adhered on the
slide with the help of xylene and xylene was removed
with the help of ethanol. Algian blue PAS staining
procedure was applied for staining the tissues in
according to manufacturer instructions. ZEISS Primostar
HD Light microscope attached with 5 mp axio cam ERC
5s digital microscope camera was used to illustrate
tissue samples and e measurements of the tissue
samples.

Intestinal Microbiota Analysis

For bacteria count, A gram of digestive content was
aseptically taken from sampled fish (6 fish from trial
replicate) and homogenized into the stomacher
apparatus (BagMixer CC, Interscience) with 9 ml of 0.1%
peptone-water containing 0.9% NaCl. Afterwards, for
counting processes, serial dilutions of the homogenate

were performed in five-fold. Coliform count was used
for Coliform Agar (CES, Merck), and Man, Rogosa and
Sharpe (MRS, Merck) was used for lactic acid bacteria
(LAB) count. For incubation, Total aerobic mesophilic
bacteria (TAMB) was 24 h at 35°C (Ture et al. 2018),
while LAB was at 30°C for 48h in anaerobic jars (Merck)
(Harrigan et al. 2017). Bacteria counts were made by
counting the LAB and TAMB colonies formed at the end
of the incubation processes for both.

mRNA Expression

Six fish samples were taken from each replicate
and then lightly anesthetized with 50 ppm benzocaine.
Liver tissue was removed from the fish using sterile
curved scissors and forcep and placed in RNA later
stabilization reagent solution (1.5 ml). The tissue
samples were then stored at -80°C until RNA extraction.
Total RNA extraction from liver tissue was performed
with RNeasy Lipid Tissue Mini Kit (Qiagen cat. no.
74804). The purity and concentration of RNA isolated
was quantified using a nanodrop spectrophotometer
(Thermo Fisher), and RNA amount was determined
using 1/RNA concentration equality. Using the
ThermoScript™ RT-PCR System for First Strand cDNA
Synthesis Kit (Invitrogen) in accordance with the
manufacturer’s protocol, cDNA from isolated RNA
samples was synthesized, and were stored at -20°C for
real-time g-PCR. The mRNA gene expression for IGF-1,
GHR1 and IGFBP1 were analysed using a Roche
LightCycler 480 Il instrument. Nucleotide sequences (5'-
3') of primers were showed in Table 3. The mRNA levels
in mRNA expression of growth-related genes were
analysed using the efficiency (e)(-ACt) method. The
relative expression of each gene was calculated using
the formula E=10(-1/slope) (Pfaffl, 2001).

Statistical Analyses

Statistically analysis (SPSS 14.0) of data were
performed at 95% confidence interval by one-way
ANOVA, followed by Tukey’s multiple range test. The
intestine microbiota data were analyzed logl0
transformed later.

Results
Productive Performance

At the end of trial, all the test diets including
control were well consumed by fish. Table 4
demonstrates the growth performance, Fl, SR of the fish
fed with the trial diets for 90 days. The results showed
that the herbal supplementation blends had no
increased effect on growth performance, but also did
not show a negative effect (P>0.05). FI, FW, WG and SGR
increased as the levels of herbal supplementation
blends, but not statistically important. The FCR was
founded to be below 0.8 in all the trial groups without
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significant difference among groups. Although not
significant, there was a slight increase in the FW, FI, WG
and SGR of fish fed the oregano, laurel and fennel blends
of herbal supplementation.

Gene Expression

Feeding with herbal supplementations were
significantly increased IGF-1 and GHR1 expressions.
Whereas, there were no significant differences in mRNA
expression of IGFBP1 gene (Figure 1).

The Digestive Enzyme Activity and pH

Table 5 shown the average values of digestive
enzyme activity and pH in the gastrointesitinal tract of
Black Sea salmon. The analysed digestive enzymes
including pepsin, trypsin, amylase and lipase were
significantly  increased in fish fed herbal
supplementations (P<0.05). The highest value in terms
of digestive enzyme activities was obtained in fish fed
075-L75 diet. This was respectively followed L75-F75
and O50-L50-F50. The lowest was obtained in O75-F75
diet. Besides, essential oil blends containing laurel
essential oil showed a higher enzyme activity
performance. Stomach pH decreased with feeding with
075-L75, L75-F75 and O50-L50-F50 diets, while
intestinal pH increased. A negative corelations was seen
between pepsin and gastric pH and between intestinal
enzymes and gut pH (Figure 2).

Intestinal Histomorphology and Microbiota

The intestinal histomorphology was measured in
the anterior and middle intestine and pyloric caeca of

Table 3. Primer sequences for RT- qPCR

the Black Sea salmon fed with a blends of herbal
supplementation. The histomorphological parameters
in the gastointestinal tract of fish during the study
showed significant changes (Table 6, Figure 3, Figure 4
and Figure 5). At the end of 90 days, fish fed with a blend
of essential oils supplemented diets had significantly
higher villus length in the anterior and middle intetine
than the control diet. A similar observation was also
recorded for villus width and goblet cells the middle
intestine. The muscularis thickness in the anterior
intestine did not differ from the control group. Unlike,
feeding with a blend of herbal supplementation
increased the muscularis thickness in the middle
intestine. Muscularis thickness in the pyloric caeca
decreased by a blend of essential oils except O50-L50
(P<0.05).

The counts of coliform and lactic acid bacteria
associated with the intestinal tract of fish in the test
groups after 90 days trial are shown in Table 6. The
inclusion of herbal supplementation blends in the Black
Sea salmon diet had a significant effect on intestinal
microbiota (P<0.05). In terms of coliform count, the
highest value was seen in L75-F75 diet, and the lowest
value was seen in 075-F75 diet. Although O75-L75 was
higher than control diet in terms of lactic acid bacteria,
it was founded to be statistically similar to each other
(P>0.05). The essential oil blends (075-L75, OL75-F75
and 050-L50-F50) except for 075-L75 diet were
decreased the count of lactic acid bacteria in
comparison with control diet.

A weak negative correlation was seen between
coliform bacteria count and intestinal pH, while any
corelation wasn’t observed between gut LAB and
intestinal pH (Figure 6).

Genes 5'-3' Primer sequence References
IGF-1 pvesvasacinasviiii Rolland et al. (2015)
e cotor 1 2009
IGFBP1 ol lilipnctione Gabillard et al. (2006)
B-Actin F:CCAAAGCCAACAGGGAGAA Olsvik et al. (2005)

R:AGGGACAACACTGCCTGGAT

IGF-1: Insuline-like growth factor, GHR1: Growth hormone receptor, IGFBP1: Insuline-like growth factor-binding protein. Primer efficiency for each
gene: 90%.

Table 4. Growth parameters of Black Sea salmon fed with herbal supplementations

Experimental diets

Performance CON 075-L75 075-F75 L75-F75 050-L50-F50 P values
IW (g) 3.6410.03 3.64+0.02 3.64+0.03 3.63+£0.01 3.63+0.02 0.998
FW (g) 27.25+0.89 28.2610.63 28.80+0.60 29.22+1.12 30.14+0.51 0.188
FI (g) 17.38+0.42 17.67+0.38 18.19+0.36 18.22+0.56 19.31+0.57 0.109
FCR 0.74+0.01 0.73+0.01 0.73+0.01 0.73+0.02 0.73+0.01 0.955
WG (g) 24.31+0.94 25.36+0.63 25.91+0.60 26.36%1.15 27.29+0.55 0.190
SGR (%) 2.27+0.04 2.31+£0.02 2.33+£0.02 2.34+£0.04 2.381£0.03 0.219
SR (%) 99.17+0.83 100.00+0.00 100.00+0.00 99.17+0.83 100.00+0.00 0.580

The values calculated after statistical analysis are shown as meantSE. FW (g): Final weight, Fl (g): Feed intake, FCR: Feed conversion rate,
WG (g):= Weight gain, SGR (%): Specific growth rate, SR (%): Survival rate. All fish were measured from each replicate.
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Discussion

Growth performance of fish is closely related to
their energy metabolism and physiological homeostasis.
When glycemia and glycogen reserves mitigate, fish
obtain the energy needed by synthesizing glucose from
compounds leave out carbohydrates. This process takes
place via gluconeogenesis, which leads to the oxidation
of amino acids and fatty acids (de Souza et al. 2019). It
can be successful with appropriate feeding programs
followed by a balanced diet that provides all the
nutritional requirements for optimal growth and health
in aquaculture (Sotoudeh and Yeganeh, 2017). In
previous study, Mohammadi et al. (2020) stated that
fish may better benefit from diets supplemented herbal
extracts. In this context, El, (2014) found that
supplementation of herbal oil mixed including laurel and
fennel to Nile tilapia diets dramatically improved the
FCR, FI, FW, WG and SGR. Similarly, Magouz et al.
(2022b)  found  that feeding with  herbal
supplementations were improved FCR, FI, WG and SGR
in Nile tilapia. This improvement on fish growth may be
attributed to increased digestibility, nutrient absorption
and protein conversion (Dinardo et al. 2020), aromatic
flavour and feed palatability (Dinardo et al. 2020).

Besides, it was seen in different findings determined by
researchers such as Mohammadi et al. (2020) found that
Nile tilapia fed Origanum vulgare 5% improved FCR, FW,
WG and SGR compared to the control group, but the 2%
level did not affect fish growth performance, Saei et al.
(2016) reported that feeding with supplementation of
savory or myrtle essential oil improved significantly FCR
and SGR in rainbow trout, but not affect daily growth
and WG, and Resketi et al. (2020) found that FW, WG,
FCR and SGR were significantly improved in feeding with
200 mg kg! although, there were no significantly
important differences in Fl in juvenile rainbow trout
(Oncorhynchus mykiss) fed dietary sour lemon peel
(Citrus limon). Different findings on fish growth may vary
depending on the fish species and aquaculture
conditions, and also type of soil, season, vegetative cycle
of plant and active compound concentrations of herbal
oil as well (Carneiro et al. 2021). Our findings obtained
on growth performance were in accordance with those
reported by Saccol el at. (2013) found that Lippia alba
essential oil did not change FW, FCR and SGR of the
silver catfish, Sotoudeh and Yeganeh (2017) found that
feeding with Foeniculum vulgare had not affect on FW,
WG, SGR of Cichlasoma nigrofasciatum, and also de
Souza et al. (2020) found that the addition of Aloysia
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Figure 1. Liver IGF-1, GHR1 and IGFBP1 levels in feeding with herbal supplementations. IGF-1: Insuline-like growth factor,
GHR1: Growth hormone receptor, IGFBP1: Insuline-like growth factor-binding protein. 6 fish were analyzed from each replicate.

Table 5. Digestive enzyme status and pH values of Black Sea salmon fed with herbal supplementations

Experimental diets

Enzymes, U mg

CON 075-L75 075-F75 L75-F75 050-L50-F50 P values

Trypsin 9.29+1.04¢ 41.85+1.46° 17.64+3.88° 31.03+2.19° 28.32+0.95° 0.000
Pepsin 8.65+1.61¢ 73.80+2.682 19.24+2.40¢ 53.35+2.05° 51.50+1.96° 0.000
Amylase 0.1940.01¢ 1.08+0.032 0.2610.02¢ 0.7510.07° 0.47+0.04¢ 0.000
Lipase 0.01+0.00¢ 0.04+0.00% 0.02+0.00¢ 0.03+0.00° 0.03+0.00° 0.000
pH

Stomach 4.03+0.032 3.7140.02° 3.99+0.032 3.7740.02° 3.7240.01° 0.000
Intestine 7.650.062 7.25+0.05° 7.57+0.072 7.3210.06° 7.37£0.05° 0.000

The values calculated after statistical analysis are shown as meanzSE, and shown with different letters in the table are statistically different. 6 fish

were analyzed from each replicate.
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Figure 2. Corelations between digestive enzymes and gastrointestinal pH values 6 fish were measured from each replicate.

Table 6. Intestinal histomorphology and gut microbiota of Black Sea salmon fed with herbal supplementations

Experimental diets

Anterior intestine, um CON 075-L75 075-F75 L75-F75 050-L50-F50 P Values
Villus length 296.33£22.11¢  369.87+26.32>  461.37+13.43° 379.75422.54 422.02+12.42 0.000
Villus width 80.21+4.56 95.5243.372 81.83+2.87° 79.58+5.24b 89.66+3.1220 0.022
Muscularis thickness 124.3143.27 136.2045.71 138.00+4.45 143.31+16.61 147.40£11.91 0.531
Goblet cell number 29.50+1.77¢ 35.40+1.64b¢ 43.80+2.962 39.00+2.882b 46.23+2.732 0.000
Middle intestine, um

Villus length 292.67+6.29¢ 372.57+10.92¢  467.61+13.41° 337.49+12.774 415.56+8.51° 0.000
Villus width 83.29+2.10d 107.15+2.232 100.84+2.02° 84.46+1.554 92.35+2.20¢ 0.000
Muscularis thickness 68.6613.63¢ 85.24+1.59b 100.9345.202 89.72+2.6520 98.5016.322 0.000
Goblet cell number 32.00£1.96¢ 44.20+3.2420 47.50+2.412° 42.00+4.45b 52.00+2.80? 0.001
Pyloric caeca, um

Villus length 210.73£12.71¢  222.99+8.41hc 265.31+11.132  240.71+10.692b¢  246.69+6.032P 0.004
Villus width 74.83+3.17° 87.51+1.592 82.18+2.892b 83.09+2.7620 76.64+2.93b 0.012
Muscularis thickness 31.69+2.292 15.09+0.33¢ 23.89+1.96P 27.08+1.21b 31.84+1.442 0.000
Bacteria, CFU, log/g

Coliform count 7.5810.36° 8.08+0.042b 6.99+0.05¢ 8.20+0.11° 7.77+0.112b 0.006
Lactic acid count 5.14+0.312 5.73+0.092 2.2610.13P 2.3610.32 2.30+0.58 0.000

The values calculated after statistical analysis are shown as meanzSE, and shown with different letters in the table are statistically different. 6 fish

were examined from each replicate.

triphylla essential oil had not effect on growth
performance in Nile tilapia. In our study, the lack of any
effect of essential oil mixtures on growth, feed
conversion ratio (FCR), and feed intake can be explained
by the fish reaching their maximum growth potential
and directing their energy towards maintenance and
intestinal adaptation. Furthermore, in our study, the FCR
was found to be quite low in all groups. In previous
studies, Ozel et al. (2021) conducted trials with the same

fish species, the same ration, the same environmental
conditions, the same temperature, and similar weights,
taking measurements monthly (days 0, 30, 60 and 90),
ve they calculated the FCR as approximately 1 in all
groups. In our study, the fish were only handled at the
begin and end of the trial (day 0, 90). This may be related
to differences in measurement intervals between trials,
which likely resulted in lower stress levels and more
stable feeding behavior due to reduced or eliminated
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handling frequency. These results show that
maintenance and feeding procedures applied to Black
Sea salmon juvenile should be esigned to minimize
handling as much as possible.

Growth, a somatic function, defines the balance
between the physiological functions of an organism and
the feed composition, quality, consumption and usage
(Triantaphyllopoulos et al. 2019), and is promoted by
binding of growth hormone to GH receptors and
stimulating the synthesis and secretion of IGF-I in the
liver (Hassaan et al. 2019). IGF-1, which plays an
important role in the regulation and control of somatic
growth, may show high expression in parallel with fish

100

weight increase (Aanyu et al. 2018). Similar to our study,
the mRNA expression of growth related genes such as
GH and IGF in liver of Caspian roach (Rutilus caspicus)
significantly increased with dietary peppermit (Mentha
piperita) powder supplementation (Paknejad et al.
2020). Similarly, lemon (Citrus limon) or sweet orange
(Citrus sinensis) essential oil stimulated liver IGF-I
expression in Nile tilapia (Mohamed et al. 2020).
Additionally, feeding with garlic (Allium sativum)
supplemented diet significantly upregulated mRNA
expression of IGF-land GHR1 genes in the spleen of
Oreochromis niloticus (Abdel-Latif et al. 2024). GHRs and
IGFRs, which are effective in vertebrate growth and

Figure 3. Light microscope image of anterior intestine. CON (A), 075-L75 (B), 075-F75 (C), L75-F75 (D), O50-L50-F50 (E), (4x, H&E).

6 fish were photographed from each replicate.
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development, exhibit various functions and expressions
in different fish tissues (Liu et al. 2020). In contrast to
the growth performance findings, we founded that
herbal essential oil mixtures had an enhancing effect on
MRNA expression of IGF-1 and GHR genes in liver. The
increased expression of IGF-1 and GHR1 in the liver
suggests activation of the growth hormone axis.
However, it has not been know whether this molecular
response translates into protein synthesis and
hypertrophy in muscle tissue. Indeed, no changes in
somatic growth were observed in our study.

Furthermore, the unchanged expression of IGFBP1B
suggests that there is no significant modulation of IGF-1
bioavailability. This situation may be explained by
factors such as insufficient duration, a shift in energy
allocation toward digestion, limited signal transduction
at the muscle level, and post-transcriptional regulation.
Unlike to our study, Aanyu et al. (2018) reported that
thymol supplemented feeds had not any effect on GHR1
and IGF-1 in liver of Nile tilapia (Oreochromis niloticus).
Also, unlike our study, Hassaan et al. (2019) mentioned
that a negative correlation was observed between

>
N

e

e
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Figure 4. Light microscope image of middle intestine. CON (A), 075-L75 (B), 075-F75 (C), L75-F75 (D), O50-L50-F50 (E), (4x, H&E).

6 fish were photographed from each replicate.
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growth and the GH gene, while Abdel-Latif et al. (2024)
reported taht IGF-1 and GHR1 genes exhibited a positive
correlation with growth.

Gastrointestinal pH provides an ideal environment
for the effective functioning of digestive enzymes and
regular microbiota activity, allowing for optimum
digestion of nutrients (Parma et al. 2019). After Atlantic
salmon consume first feed, stomach and duodenal pH
vary depending on time. Stomach pH varies more than
duodenal pH. Stomach pH decreased from a value above
6.0 to approximately 3.44 in the first 4 hours after

feeding, while duodenal pH increased from 7.05 to 7.40
in the second hours of digestion (Bravo et al. 2018).
Dietary garlic treatment resulted in higher gastric pepsin
activity of rainbow trout at lower gastric pH, and led to
highest digestive capacity (Nya and Austin, 2011). In our
study, similarly, herbal supplementations caused lower
stomach pH and higher pepsin activity, and a high
correlation (R=0.88) was observed between pepsin
activity and stomach pH. Moreover, we found that 075-
L75, L75-F75 and O50-L50-F50 diets significantly
decreased intestinal pH value. Zare et al. (2021)

Figure 5. Light microscope image of pyloric caeca. CON (A), 075-L75 (B), O75-F75 (C), L75-F75 (D), O50-L50-F50 (E), (4x, H&E). 6 fish
were photographed from each replicate.
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reported that lower gut pH may enhance the activity of
digestive enzymes, increase LAB, and also inhibit the
pathogen bacteria growth.

Gut digestive enzymes assist the assimilation of
nutrients (Mohammadi et al. 2020), give significant
informations about digestion process and nutritional
status of fish (Igbal ve dig., 2018). Biyotic and abiyotic
factors such as species, age, feeding habits, growth
stage, and digestive system structure of fish,
temperature, pH and diet have significant effect on the
activities of digestive enzymes (Amhamed et al., 2018).
Feed supplements including medicinal herbals can
stimulate the secretion of pancreatic enzymes, digestion
and absorption of nutritional compounds in farm
animals (Sotoudeh and Yeganeh, 2017), and in this way
improve the digestive capacity of the intestine (Dawood
et al. 2021). In this context, Ali and Al-Shuhaib (2021)
reported that laurel may improve digestion and
absorption capacity of nutrients increasing the digestive
enzyme activity. Additionally, Carneiro et al. (2021)
reported that dietary inclusion of oregano essential oil
may improve nutrient digestibility by stimulating
digestive enzymes in fish. Similar to our study, Zhang et
al. (2020) reported that feeding with oregano essential
oil supplementation markedly improved the levels of
lipase and amylase enzymes in Koi carp, Cyprinus carpio.
The intestinal lipase activity can improve to the growth
of fish by increasing lipid digestibility, absorption and
utilization of nutrients, and the amylase enzyme in
intestine provide an important energy source for the
body by showing activity on breakdown of
carbohydrates (de Souza et al. 2020). In previous study,
Copatti et al. (2022) reported that feeding with Lippia
sidoides essential oil supplemented diets enhanced the
activity of gut amylase and lipase enzymes in tambaqui
(Colossoma macropomum). In additional study, Magouz
et al. (2022b) found that lipase enzyme activity in Nile
tilapia (Oreochromis niloticus) fed with a blend of
essential oils at levels of 0.25, 0.5 and 1 ml kg was
increased. In our study, levels of pepsin, trypsin, amylase
and lipase dramatically increased in feeding with blend
of herbal essential oil containing oregano, laurel and
fennel. Increased enzyme activities can support the
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potential for better nutrient utilization and increase the
efficiency of the digestive tract. This can support growth
potential, especially in young fish. In our study, but,
although a difference in growth performance may not
be immediately apparent, it can positively impact
growth through long-term feeding programs. Indeed, de
Souza et al. (2020) reported the increase in digestive
enzyme activities improve the digestibility and nutrient
availability by promoting intestinal villus development,
bile acids and pancreatic stimulation. Hovewer, there
were also various results obtained by Magouz et al.
(2021) reported that dietary menthol essential oil did
not affect the amylase and lipase levels in Nile tilapia, Xu
et al. (2019) found that, in Lateolabrax japonicus, the
supplementation of 15, 20 and 25 g kg*Allium sativum
did not change the lipase and trypsin concentrations,
while 10 g kg level sisgnificantly increased, and also de
Souza et al. (2020) reported that supplementation of 1
and 2 ml kg to Nile tilapia diets increased the intestinal
lipase activity, decreased the intestinal amylase activity.
The different findings obtained from studies may caused
from species, doses, volatile components, and mixtures
of herbal supplements.

Essential oils play a key role in the preserve of fish
health and regulate of the intestinal microbial flora
(Mohamed et al. 2020). They can increase beneficial
bacteria activity secreted the digestive enzymes by
inhibiting the growth of pathogenic bacteria in the
intestinal microbiota, thereby improve the absorption of
nutrients, and subsequently increase their uptake into
the cell after assimilation as well (Magouz et al. 2022b;
Shourbela et al. 2021; Zaminhan-Hassemer et al. 2022).
Oregano (Ahmadifar et al., 2011; Ferreira et al., 2016),
laurel (Snuossi et al. 2016) and fennel (Sotoudeh and
Yeganeh, 2017) essential oils have antimicrobial,
antifungal and antibacterial activities. Incorporation of
turmeric (Curcuma longa) powder to diets of Nile tilapia
(Oreochromis niloticus) increased total Lactobacillus
count and but not fecal coliform (Yusuf et al. 2017). In
our study, mixtures containing fennel significantly
reduced the number of lactic acid bacteria, and some
even increased coliforms. This negatively impacted the
gut microflora. The O75-L75 relatively preserved the LAB
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Figure 6. Corelations between gut bacteria and intestinal pH values 6 fish were measured from each replicate.
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count compared to the others and partially supported
the gut microbial balance. The O75-F75 suppressed
coliform and lactic acid bacteria, likely due to the
antimicrobial effects of fennel and oregano essential
oils. This situation may be due to the antimicrobial effect
of essential oils, intestinal pH, differences in intestinal
segments, and microflora balance. Similarly, Ozel et al.
(2023) reported that Foeniculum vulgare essential oil
supplemented diets dramatically reduced the intestinal
lactic acid bacteria count in Black Sea salmon In our
study, however, lactic acid bacteria count in fish fed with
O75L75 diet was partially higher than control group. In
previous study, Ozel et al. (2022b) found that 50 mg kg
! laurel essential oil increased the lactic acid bacteria
count of Black Sea salmon while 100, 200 and 400 mg kg"
! decreased. In additional study, Ozel et al. (2022a)
reported that feeding with oregano essential oil at same
levels was significantly decreased lactic acid bacteria
count. In our study, this positive effect on the lactic acid
bacteria count of 075-L75 diet may be due to the effect
of low-dose laurel. The fact that lactic acid bacteria are
among the most important bacterial species with
probiotic effect (Ringg et al. 2018) suggests that the
075-L75 diet tested in our study may have a probiotic
effect. Indeed, Hoseinifar et al. (2019) stated that lactic
acid bacteria improve the fish health and disease
resistance by inhibiting the growth of pathogenic
bacteria, also are to probiotic effect as well.

Intestinal villus lenght and goblet cells number in
fish have effect on digestion and subsequently
absorption of intaken nutrient (Mohamed et al. 2020).
The size of the intestinal folds is closely related to the
fish growth (Carneiro et al. 2021). Increase in lenght and
width of intestinal villus results in increased intestinal
health and absorption, subsequently increased growth
performance (Heluy et al. 2020). Hovewer, intestinal
villus length is not the same in different section of the
intestine and is not affected by dietary treatments to the
same extent (Ran et al. 2016). Intestinal villus length in
the anterior section have longer than those in the
posterior section in species such as Oncorhynchus
mykiss (Khojasteh et al. 2009), Satanoperca pappaterra
(Silva et al. 2012) and Anablepsoides urophthalmus
(Nascimento et al. 2018). In previous study, Mohamed
et al. (2020) reported that feeding with Citrus sinensis or
Citrus limon peels essential oils supplemented feeds
improved the villus length in anterior, middle and
terminal parts of Nile tilapia intestine, but not affected
villus width. In additional study, Ran et al. (2016)
reported that intestinal villus length was higher in
administration of essential oil (thymol and carvacrol) at
levels of 200 and 400 mg kgt in the hindgut, but it did
not affect in the foregut. Incorporation of medicinal
plant to diets improve the lenght and width of intestinal
villus, and the absorptive surface area of the intestine
(Munglue et al. 2019b). Goncalves et al. (2019) reported
that herbal essential oils (a blend of anise, citrus, and
oregano) supplementation to European sea bass
(Dicentrarchus labrax) feeds significantly enhanced

villus length in the epithelium brush border of the
proximal and distal intestines. Ferreira et al. (2016)
found that oregano essential oil increased the length
and width of intestinal folds in yellow tail tetra
(Astyanax altiparanae). El, (2014) reported that blends
of laurel and fennel oil significantly increased intestinal
villus lenght of Nile tilapia. Similar results were obtained
in our study. Increased villus length can have lead to a
larger absorption surface and more efficient nutrient
absorption. Besides, the unchanged muscularis layer in
the middle intestine in our study indicates that intestinal
motility is segmentally regulated and the physiological
integrity of the digestive process is preserved. The
increase in muscularis thickness in the midgut suggests
that peristaltic activity and intestinal motility are
strengthened. Furthermore, it strengthens the
possibility that digestion continues in this region as well,
and that it is the main absorption site. The decreased
muscularis thickness in the pyloric caeca supports the
interpretation that digestion and absorption are
optimized, and sufficient time is provided for absorption
in the middle intestine. Munglue et al. (2019a) reported
that the increase in villus length enhance in absorptive
surface and digestive enzyme activities, as well as mucus
content. Goblet cells in intestine secrete mucous which
conserve the mucosal layer from injury, dehydration and
invasion by pathogenic agents (Mohamed et al. 2020).
Zhang et al. (2020) found that dietary oregano essential
oil with carvacrol and thymol enhanced the goblet cells
number in tilapia. Mohamed et al. (2020) reported that
feeding with Citrus sinensis or Citrus limon peels
essential oils supplemented feeds improved number of
goblet cells in anterior, middle and terminal parts of Nile
tilapia intestine. The branching, length and width of
intestinal villus and goblet cell number were significantly
increased in Nile tilapia fed with oregano essential oil
(Magouz et al. 2022a). This situation may contribute to
have high absorption area of fish gut. Our study was
showed that goblet cells number in anterior and middle
intestines increased in Black Sea salmon fed with blends
of essential oil. This may be attributed to the increased
villus length and width as well as altered gut microbiota,
increased digestive enzymes and changed intestinal pH.

Conclussion

In our study, feeding Black Sea salmon with
mixture of herbal supplementations did not cause a
statistically significant change in growth performance.
However, partial improvement obtained in the growth
performance in favor of herbal essential oils can be
economical in intensive aquaculture. Increased
digestion enzyme activities determined at all groups
except control group will probably cause more efficient
degradation of nutrients in the gastrointestinal tract.
Besides, improvement in villus length, width and goblet
cells count in intestine and pyloric caeca will increase
the surface area required for digestion and absorption.
In addition, groups containing fennel essential oil
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showed antimicrobial effect by reducing intestinal
bacteria number. However, it can also say that feeding
with O75-L75 diet had partially preserved microbial
balance in Black Sea salmon juvenile. In conclusion, it
understands that the herbal blends including oregano,
fennel and laurel EO has potential as a functional feed
additive for juvenile Black Sea salmon, exhibiting a
beneficial effect on digestive and absorption functions,
but needs to be optimized in terms of microbiota
balance.
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