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Original Article
Effects of Panax ginseng Essential Oil on 
Immunological and Antioxidant Parameters and 
Disease Resistance in Rainbow Trout

Background: Disease outbreaks pose a significant threat to the aquaculture industry. The use 
of supplementary feeds is particularly popular among fish farmers to enhance the fish overall 
health and combat disease. 
Objectives: This study aimed to evaluate the effects of dietary ginseng, Panax ginseng, 
essential oil (GEO), on immunological and antioxidant parameters, as well as disease 
resistance, in rainbow trout, Oncorhynchus mykiss. 
Methods: Fish were fed diets containing 0 mL/kg (control; CTL), 0.5 mL/kg (GEO0.5), 
1.0 mL/kg (GEO1), 1.5 mL/kg (GEO1.5), 2 mL/kg (GEO2), 2.5 mL/kg (GEO2.5), 3. mL/
kg (GEO3), and 3.5 mL/kg (GEO3.5) GEO for 8 weeks, in triplicate. Then, they were 
experimentally infected with Aeromonas hydrophila. 
Results: Results indicated that the GEO3 treatment demonstrated the highest levels of serum 
superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx), while the 
lowest serum malondialdehyde (MDA) levels were recorded in the GEO2 and GEO2.5 
groups. Furthermore, the GEO3 treatment resulted in the lowest serum levels of alanine 
aminotransferase (ALT) and lactate dehydrogenase (LDH), whereas the GEO2 treatment 
showed reduced serum levels of alkaline phosphatase (ALP) and aspartate aminotransferase 
(AST). Immunological assessments revealed that the GEO3 treatment had the highest serum 
and mucus lysozyme and immunoglobulin (Ig) levels, along with elevated serum alternative 
complement, myeloperoxidase (MPO), and mucus protease activity. Blood respiratory burst 
activity and mucus ALP were also highest in the GEO2.5 and GEO3 treatments. Notably, the 
lowest post-infection mortality rate was observed in the GEO3 group.
Conclusion: Based on these findings, it is recommended to include 2-3 mL/kg of GEO in 
trout feed to enhance fish health and disease resistance. 
Keywords: Antioxidant, Biochemistry, Disease, Immunological, Phytogenic
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Introduction

isease outbreaks pose a significant threat 
to the aquaculture industry, resulting in 
global annual losses of approximately 
6 billion USD due to these incidents 
(Stentiford et al., 2017; Combe et al., 
2023). Most fish diseases are manageable 
through effective management strategies, 

as opportunistic pathogens often trigger them. For in-
stance, aeromonad septicemia is caused by Aeromonas 
hydrophila, a bacterium commonly found in aquatic en-
vironments (Lenchenko et al., 2022). This pathogen af-
fects various aquaculture species, including the rainbow 
trout, Oncorhynchus mykiss, an important cold-water 
fish with an annual global production exceeding 900000 
tons (FAO, 2022). 

Among the management strategies employed in aqua-
culture, the use of supplemented feeds is particularly 
popular among fish culturists. A diverse array of feed 
supplements is available in the industry, tailored to spe-
cific objectives (Lee et al., 2015). These supplements 
primarily target the innate immune system, which plays 
a crucial role in reducing pathogen localization and entry 
into fish bodies (Mokhtar et al., 2023). Two key compo-
nents of the innate immune response are humoral factors 
and skin mucus. Humoral immunity provides systemic 
protection against pathogens, while skin mucus serves 
as a physical barrier to prevent pathogen entry (Bedekar 
& KV, 2022; Salinas et al., 2022). 

In addition to enhancing the immune system, these 
supplements can also increase the antioxidant capacity 
of fish, supporting tissue health and strengthening im-
mune responses against pathogens (Biller & Takahashi, 
2018; Abasubong et al., 2023). Medicinal herbs repre-
sent a significant category of feed additives known for 
their diverse advantages, particularly in enhancing im-
mune and antioxidant systems. Ginseng, Panax ginseng, 
is a traditional medicinal herb. Research has shown that 
ginseng extract can be beneficial when included in the 
diets of Nile tilapia, Oreochromis niloticus (Goda 2008), 
and African catfish, Clarias gariepinus (Mehrim et al., 
2022), with notable improvements in growth perfor-
mance, immune parameters, and antioxidative status at a 
dosage of 200 mg/kg. Additionally, administering 2 mL/
kg of Ginseng essential oil (GEO) in the diets of Nile 
tilapia also yielded similar benefits (Ahmed et al., 2022). 

However, a study involving rainbow trout found that 
doses of 100-300 mL/kg of ginseng extract did not sig-
nificantly affect growth performance, innate immune pa-

rameters, or disease resistance (Bulfon et al., 2017). No-
tably, there is currently no data on the effects of ginseng 
essential oil on rainbow trout. Consequently, this study 
aims to evaluate the effects of administering 0.5-3.5 mL/
kg of GEO on antioxidant and immunological param-
eters, as well as resistance to A. hydrophila in rainbow 
trout. 

Materials and Methods

Experimental protocol

GEO was incorporated into the fish diet at varying 
concentrations, as per previous research by Ahmed et al. 
(2022). The concentrations included: 0 mL/kg (control; 
CTL), 0.5 mL/kg (GEO0.5), 1.0 mL/kg (GEO1), 1.5 mL/
kg (GEO1.5), 2 mL/kg (GEO2), 2.5 mL/kg (GEO2.5), 3 
mL/kg (GEO3), and 3.5 mL/kg (GEO3.5), as outlined in 
Table 1. All animal experiments were conducted at the 
Research Institute of Integrated Fish Farming, 24 Ser-
geeva Street, Moscow region, Noginsk district, 142460, 
Russian Federation, and were approved by the Ethics 
Committee of Peoples’ Friendship University of Rus-
sia, Moscow, Russia. Rainbow trout fingerlings (mean 
weight: 16.7±0.64) were obtained from a local farm 
and transported to the laboratory, where they were ac-
climated in a 2000-L tank and fed the CTL diet for two 
weeks. Following the acclimation period, the fish were 
randomly distributed into 24 tanks, each containing 90 
L of water, with 30 fish per tank. The various diets were 
administered to the fish over a period of two months, 
with feeding occurring twice daily until the fish appeared 
to be satiated. A consistent water flow rate of 0.5 L/min 
was maintained throughout the experiment, and fish 
waste was siphoned off daily.

Water quality parameters, including temperature 
(14.1±0.65 °C), dissolved oxygen (7.65±0.88 mg/L), pH 
(7.6±0.32), and total ammonia (0.44±0.1 mg/L), were 
monitored using digital probes (Hach multi-parameter 
meter, USA) and a photometer (Palintest Co., 7100, 
UK). 

Sampling

At the end of the feeding trial, 5 fish from each tank 
were anesthetized using a clove extract bath (2 g/L) for 
blood sampling via the caudal vein with 2-mL syringes. 
Additionally, a set of 5 fish per tank was anesthetized 
as previously described and then placed in polyethylene 
bags containing 5 mL of physiological saline for mucus 
collection. After gently rubbing the fish for 1 minute, 
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the collected mucus was transferred into plastic tubes 
for analysis.

Blood respiratory burst activity

Fresh blood (100 µL) was poured into a microtiter plate 
well and mixed with an equal volume of nitro blue tet-
razolium. The mixture was incubated for 30 min; then, 
100 µL of the mixture was added to a glass tube contain-
ing 2 mL of N, N-dimethyl formamide and centrifuged 
(300 rpm, 5 min). The supernatant was harvested, and 
its optical density was read at 620 nm (Mohammadian 
et al., 2016).

Serum analysis

Blood serum was obtained by centrifuging (7000 rpm, 
10 min), after the whole blood was left at room tem-
perature for 4 h to clot. Serum alanine aminotransfer-
ase (ALT), aspartate aminotransferase (AST), alkaline 
phosphatase (ALP), and lactate dehydrogenase (LDH) 
were determined using commercial kits provided by 
Zist Chem Co. (Tehran, Iran). Serum myeloperoxidase 
(MPO), superoxide dismutase (SOD), catalase (CAT), 
glutathione peroxidase (GPx), and malondialdehyde 
(MDA) were measured by available commercial kits 
(Zellbio Co., Germany) on a microplate reader. 

Serum lysozyme activity was determined according to 
the method described by Ellis (1990). Briefly, 25 µL of 
serum sample was mixed with 1 mL of bacterial suspen-
sion (Micrococcus luteus in phosphate buffer, pH 6.2) 
and placed in a spectrophotometer. The optical density 
(OD) of the mixture was read at 500 nm for 5 min, and 
each 0.001 decrease in OD per minute was considered as 
one unit of lysozyme. 

Serum alternative complement (ACH50) activity was 
determined as described by Yano (1992). Serum sam-
ples were serially diluted in a veronal buffer containing 
EGTA, magnesium, and gelatin. To each dilution, sheep 
erythrocytes were added, suspended in the same buf-
fer, and incubated for 90 min. The hemolytic reaction 
was stopped by adding Ethylenediaminetetraacetic acid 
(EDTA) to each tube. The tubes were centrifuged (5000 
rpm, 10 min) and the OD of the supernatant was read 
at 412 nm. The dilution factor that gave 50% hemolysis 
was considered the ACH50 activity. 

Serum immunoglobulin (Ig) was measured according to 
Siwicki and Anderson (1993). Equal volumes of serum 
and polyethylene glycol (12%) were mixed and shaken 
for 2 h. Then, the mixture was centrifuged (5000 rpm, 15 

min) and its soluble protein level was measured using a 
commercial kit (Zist Chem Co., Tehran, Iran). The differ-
ence between the serum soluble protein levels before and 
after precipitation was equal to the serum Ig level. 

Skin mucus analysis

The collected skin mucus was first centrifuged for 15 
min (13000 rpm), and the supernatant was used for im-
munological assessments. Mucus lysozyme activity and 
Ig level were measured as described above for the serum 
samples. Mucus ALP activity was measured by a com-
mercial kit (Zist Chem Co., Tehran, Iran). Mucus prote-
ase activity was measured using the AZO-casein meth-
od, as described previously (Iversen & Jørgensen, 1995).

Bacterial challenge

After 2 months of feeding, the fish were experimentally 
infected with A. hydrophila, as described by Yarahmadi 
et al. (2014). The bacterium was cultured on nutrient 
agar medium. A suspension of the bacterium (1.8×107 

cells/mL) was prepared in physiological saline before 
injection into the fish. Fifteen fish from each tank were 
caught, anesthetized in a clove extract bath (2 g/L), and 
intraperitoneally injected with 0.1 mL of the bacterium 
suspension. The fish were returned to their tanks and 
monitored for mortality over 10 days (Yarahmadi et al., 
2014). 

Statistical analysis

The collected data were analyzed using regression to 
identify relationships between dietary GEO levels and 
the tested parameters. As there were no strong relation-
ships, the data were subjected to one-way ANOVA. Se-
rum ALT, AST, ALP, LDH, Ig, NBT, SOD, and mucus 
immunological parameters did not meet the ANOVA 
assumptions; therefore, they were log-transformed be-
fore analysis. Percentile data were arcsine-transformed 
before analysis. Significant differences (P<0.05) among 
the treatments were determined using the Duncan mul-
tiple range test. SPSS software, version 22 was used for 
analysis. 

Results

Dietary GEO had a significant impact on various an-
tioxidant parameters. Specifically, SOD activity was 
notably elevated, with the highest levels recorded in the 
GEO3 treatment. Similarly, CAT activity increased sig-
nificantly across the GEO1 to GEO3.5 treatments, peak-
ing in the GEO3 group. GPx activity also showed a sig-
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nificant rise, with maximum levels found in the GEO2.5 
and GEO3 treatments. Furthermore, MDA levels signifi-
cantly decreased in the GEO2 to GEO3 treatments when 
compared to the CTL group (Table 2).

Increasing dietary GEO levels resulted in significant 
decreases in serum ALT and LDH activities, with the 
lowest activity observed in the GEO3 treatment. An 
increase from 3 to 3.5 mL/kg of dietary GEO resulted 
in a significant rise in serum ALT and LDH activities; 
however, these levels remained significantly lower than 
those of the control group. Additionally, serum AST ac-
tivity decreased significantly with higher dietary GEO 
levels, reaching its lowest point at the GEO 2 treatment. 
While enzyme activity remained stable at 2.5 and 3 mL/
kg of GEO, a significant increase was observed at the 3.5 
mL/kg level, although it was still lower than the control 
treatment. Serum ALP activity significantly decreased in 
the GEO2 treatment compared to the control group. Still, 
it increased significantly when dietary GEO levels were 

raised from 2 to 3.5 ml/kg compared to the control treat-
ment (Table 3).

At dietary GEO levels exceeding 0.5 mL/kg, serum 
lysozyme and ACH50 activities significantly increased, 
peaking at a GEO level of 3 mL/kg. Serum Ig levels also 
rose significantly in fish fed diets containing more than 
1.5 mL/kg of GEO, with the highest Ig concentration 
associated with the GEO3 treatment. Additionally, se-
rum MPO activity significantly increased in the GEO2, 
GEO2.5, and GEO3 treatments compared to the control 
group, with the highest activity noted in the GEO3 treat-
ment. RB activity also significantly increased in fish on 
GEO-supplemented diets, peaking at the GEO2.5 treat-
ment (Table 4).

Mucus lysozyme activity significantly increased at 
GEO concentrations above 1.5 mL/kg, while mucus Ig 
and protease levels rose across all dietary GEO levels. 
The highest concentrations of lysozyme, Ig, and prote-

Table 1. Composition of the experimental diets

Ingredients (g/kg) CTR GEO0.5 GEO1 GEO1.5 GEO2 GEO2.5 GEO3 GEO3.5

Wheat meal 190 190 190 190 190 190 190 190

Soybean meal 190 190 190 190 190 190 190 190

Soybean oil 80 80 80 80 80 80 80 80

Fish canning byproduct1 200 200 200 200 200 200 200 200

Poultry byproduct2 290 290 290 290 290 290 290 290

Vitamin premix3 5 5 5 5 5 5 5 5

Mineral premix3 10 10 10 10 10 10 10 10

Methionine 2 2 2 2 2 2 2 2

Lysine 3 3 3 3 3 3 3 3

Cellulose 30 25.8 21.6 17.4 13.2 9 4.8 0.6

GE 0 4.2 8.4 12.6 16.8 21 25.2 29.4

Proximate 
composition

Moisture 91 91.8 90.8 91.3 90.6 91.4 90.3 90

Crude protein 400 399 403 398 399 404 402 400

Crude fat 176 172 175 173 177 179 176 174

Crude ash 90.2 90.8 91.3 90.2 90.9 91.6 91 90.6

Gross energy (kJ/g) 19 18.8 19.1 18.8 19 19.2 19.1 19.0

1Crude protein 63%; crude fat 14%, 2Crude protein 54%; crude fat 22%, 3 The premix provided following amounts per kg of 
feed: A: 1000 IU; D3: 5000 IU; E: 20 mg; B5: 100 mg; B2: 20 mg; B6: 20 mg; B1: 20 mg; H: 1 mg; B9: 6 mg; B12: 1 mg; B4: 600 mg; 
C: 50 mg; Mg: 350 mg; Fe: 13 mg; Co: 2.5 mg; Cu: 3 mg; Zn: 60 mg; Se: 0.3 mg; I: 1.5 mg; Mn: 10 mg.
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ase were observed in the GEO3 treatment. Additionally, 
mucus ALP activity significantly increased in the GEO2, 
GEO2.5, and GEO3 treatments, with the greatest activ-
ity noted in the GEO2.5 and GEO3 groups (Table 4). 

Post-challenge mortality significantly decreased when 
fish were fed a diet containing >1.5 mL/kg GEO. The 
lowest mortality was observed in the GEO3 treatment 
(Table 5). 

Table 2. Antioxidant parameters of rainbow trout fed diets containing graded levels of P. ginseng essential oil for eight weeks

Treatments 
Antioxidant Parameters

SOD (U/mL) CAT (U/mL) GPx (U/mL) MDA (nM/L)

CTL 2.1±0.12a 4.3±0.25a 1.1±0.05a 21.2±1.43c

GEO0.5 2.4±0.18b 4.7±0.82ab 1.5±0.21b 21.2±1.37c

GEO1 2.6±0.16b 5.1±0.24b 2.2±0.07c 22.5±1.23c

GEO1.5 3.3±0.03c 6.7±0.2c 2.7±0.03d 20.1±1.5bc

GEO2 3.5±0.18cd 8.5±0.42d 3.5±0.2f 17.5±1.02a

GEO2.5 3.9±0.31de 9.2±0.31de 3.9±0.27g 17.6±2.06a

GEO3 4.3±0.38e 9.7±0.36e 4.1±0.37g 17.8±0.8ab

GEO3.5 2.4±0.21b 5.4±0.42b 3.1±0.09e 20.5±1.15c

Sig. <0.001 <0.001 <0.001 0.001

Abbreviations: CTL: Control; GE: Panax ginseng, Essential oil; SOD: Superoxide dismutase; CAT: Catalase; GPx: Glutathione 
peroxidase; MDA: Malondialdehyde.

Note: Different letters within a column show significant differences among the treatments (n=3; Duncan multiple range test).

Table 3. Metabolic enzyme activities of rainbow trout fed diets containing graded levels of P. ginseng essential oil for eight 
weeks

Treatments 
Metabolic Enzymes 

ALT (U/L) AST (U/L) ALP (U/L) LDH (U/L)

CTL 41.2±1.39f 30.4±4.17f 19.4±0.99ab 55.4±2.65e

GEO0.5 39.1±2.55ef 28.7±0.74ef 21.7±2.32abc 48.5±2.06e

GEO1 33.3±1.28de 23.1±0.53bc 24.5±3.3bcd 41.6±1.07d

GEO1.5 29.5±6.69cd 25.4±2.09cd 20.6±2.72ab 38.5±3.88cd

GEO2 26.3±4.27bc 19.2±2.02a 18.4±4a 25.6±4.27ab

GEO2.5 22.5±0.38ab 20.4±1.32ab 26.4±1.32cd 27.4±2.22b

GEO3 19.6±1.06a 21.3±0.77ab 24.3±2.04bcd 22.6±0.67a

GEO3.5 28.4±1.23cd 26.1±0.53cd 27.4±1.99d 34.5±0.43c

Sig. <0.001 <0.001 0.006 <0.001

Abbreviations: CTL: Control; GE: Panax ginseng, essential oil; ALT: Serum alanine aminotransferase; AST: Aspartate amino-
transferase; ALP: Alkaline phosphatase; LDH: Lactate dehydrogenase. 

Note: Different letters within a column show significant differences among the treatments (n=3; Duncan multiple range test).
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Discussion

Research has demonstrated that GEO possesses sig-
nificant radical-scavenging properties. According to 
Chung IlMin et al. (2011), GEO contains 639 mg of 
total phenolic compounds (expressed as gallic acid) per 
100 g, along with a remarkable 79% radical scavenging 
activity. However, identifying the specific components 
of GEO responsible for this antioxidant effect remains 
challenging, as previous studies have primarily focused 

on β-caryophyllene (Dahham et al., 2015; Gushiken et 
al., 2022), with other key constituents yet to be thor-
oughly investigated. In the current study, GEO notably 
enhanced the activities of SOD, CAT, and GPx, while 
simultaneously reducing MDA levels. SOD, CAT, and 
GPx are critical components of the antioxidant defense 
system, effectively neutralizing superoxide ions, hy-
drogen peroxide at varying concentrations, and hydro-
peroxides (Ebrahimzadeh Mousavi et al., 2023). These 
enhancements in enzyme activity may contribute to im-

Table 4. Immune responses of rainbow trout fed diets containing graded levels of P. ginseng essential oil for eight weeks

Sample 
Type

Immu-
nological 

Assays 
CTL GEO0.5 GEO1 GEO1.5 GEO2 GEO2.5 GEO3 GEO3.5 Sig.

Humoral

lysozyme 
(U/mL) 18.4±1.59a 21.3±2.14ab 24.4±1.27b 29.6±3.15c 38.5±3.17d 42.4±1.64d 51.5±4.58e 32.3±2.04c <0.001

ACH50 (U/
mL) 14.3±2.6a 13.5±2.24ab 18.2±1.19b 23.8±0.51c 31.5±1.77d 34.3±1.87d 38.4±1.06e 31.3±1d <0.001

Ig (mg/mL) 1.05±0.02a 1.08±0.07a 1.11±0.06a 1.24±0.29ab 2.12±0.06c 2.45±0.14cd 2.86±0.11d 1.41±0.22b <0.001

MPO (U/
mL) 1.04±0.04a 1.08±0.12a 1.02±0.11a 1.12±0.11a 1.54±0.08b 1.73±0.02c 1.96±0.06d 1.15±0.07a <0.001

RB (OD) 0.33±0.002a 0.39±0.03b 0.41±0.01c 0.47±0.005d 0.72±0.01f 0.76±0.01g 0.74±0.002fg 0.51±0.008e <0.001

Mucosal

lysozyme 
(U/mL) 12.1±2.33a 11.5±1.03a 14.2±0.86ab 14.4±1.81ab 18.5±2.52bc 22.8±4.71cd 26.7±3.53d 20.5±1.65cd <0.001

Ig (mg/dL) 0.71±0.07a 0.91±0.03b 0.95±0.01bc 1.08±0.05c 1.31±0.07d 1.45±0.24d 1.73±0.1e 1.38±0.13d <0.001

Protease 
(U/mL) 4.31±0.22a 4.51±0.04b 4.6±0.07b 5.11±0.04c 7.7±0.16e 8.4±0.06f 9.31±0.22g 6.9±0.15d <0.001

ALP (U/mL) 0.97±0.02a 1.1±0.03a 1.06±0.09a 1.12±0.1a 1.35±0.2b 1.69±0.09c 1.85±0.15c 1.12±0.09a <0.001

Abbreviations: CTL: Control; GE, Panax ginseng, essential oil; RB: Respiratory burst activity.

Note: Different letters within a row show significant differences among the treatments (n=3; Duncan multiple range test).

Table 5. Post-challenge mortality of rainbow trout fed diets containing graded levels of P. ginseng essential oil for eight weeks

Post-challenge Mortality (%)

CTL 53.3±6.67d

GEO0.5 44.4±7.7cd

GEO1 48.9±3.85d

GEO1.5 42.2±3.85bcd

GEO2 37.8±3.85abc

GEO2.5 31.1±10.2ab

GEO3 28.9±3.85a

GEO3.5 31.1±7.7ab

Sig. 0.001

Abbreviations: CTLL: Control; GE, Panax ginseng, essential oil.

Note: Different letters within a column show significant differences among the treatments (n=3; Duncan multiple range test).
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proved performance in fish when exposed to oxidative 
stress.

Additionally, MDA is a byproduct of lipid peroxidation 
and a highly toxic compound that can oxidize other bio-
logical molecules (Hoseini et al., 2023). The observed 
decrease in MDA levels in GEO-treated fish may result 
from the increased activity of antioxidant enzymes and/
or the direct radical scavenging effects of GEO. These 
findings align with previous research on Nile tilapia, 
which indicated that dietary GEO could enhance the ac-
tivities of SOD, CAT, and GPx while reducing MDA lev-
els under both normal and stressful conditions (Ahmed 
et al., 2022). Moreover, ginseng extract has been shown 
to boost SOD activity in whiteleg shrimp, Penaeus van-
namei (Kim et al., 2024).

While cytosolic enzymes are not functional in serum, 
they serve as valuable indicators of cellular health and 
enzyme leakage (Hoseini et al., 2022). Enzymes such 
as ALT and AST are predominantly found in fish liv-
er, whereas ALP and LDH are mainly concentrated in 
erythrocytes and skeletal muscle (Hoseini et al., 2020). 
The results of this study indicate that dietary GEO ad-
ministration promotes healthier fish tissues. In contrast, 
the addition of 100-300 mg/kg ginseng extract to the 
diet of rainbow trout did not produce significant changes 
in plasma ALT, AST, and ALP activities (Bulfon et al., 
2017), possibly due to variations in dosage and the form 
of the additive used. The observed improvements in tis-
sue health among GEO-treated fish may be linked to 
enhanced antioxidant conditions, resulting in fewer pro-
oxidants available to damage living cells.

The innate immune system plays a crucial role in the 
early recognition and elimination of pathogens. In fish, 
this system comprises various components found in 
blood and skin mucus, which collectively work to re-
duce pathogen load within the body. Igs present in fish 
blood and mucosal surfaces have been shown to enhance 
disease resistance when their basal levels are elevated 
(Cuesta et al., 2004; Salinas et al., 2011). Lysozyme, 
also found in fish blood and mucosal surfaces, effective-
ly targets and kills gram-positive bacteria (Song et al., 
2021). Complement proteins secreted by the liver play 
a crucial role in germ killing, opsonization, and inflam-
mation (Bavia et al., 2022). MPO from neutrophils plays 
a significant role in generating antimicrobial compounds 
such as hypochlorous acid (Chen et al., 2019).

Additionally, neutrophil function can be assessed using 
the RB test, which indicates superoxide anion produc-
tion (Biller & Takahashi, 2018). These systemic immune 

components are vital for monitoring the body for patho-
gen recognition and elimination. Notably, fish have dem-
onstrated improved resistance to pathogen injections 
when these immune parameters are enhanced through 
dietary interventions (Semwal et al., 2023). In line with 
these findings, fish treated with GEO exhibited lower 
mortality rates after being injected with A. hydrophila 
in this study. In contrast, previous research on rainbow 
trout fed diets containing 100-300 mg/kg of ginseng 
extract showed no significant changes in plasma levels 
of lysozyme, Ig, MPO, or resistance to Yersinia ruckeri 
injection (Bulfon et al., 2017). These discrepancies may 
arise from variations in dosage and the formulation of 
the additive used. Conversely, higher doses of GEO (1-5 
g/kg) are effective in enhancing various immunological 
parameters in Nile tilapia (Ahmed et al., 2022).

Fish skin mucus plays a vital role in immune function 
by serving as a physical barrier (Salinas et al., 2022). 
Components such as skin lysozyme and Ig contribute to 
the immune response, mirroring their functions in fish 
blood. Additionally, the activities of skin mucus prote-
ases and ALP facilitate the physical removal of surface 
pathogens, helping to suppress inflammation caused 
by these pathogens (Lallès, 2019; Abbasi et al., 2023). 
Furthermore, the immune components in skin mucus 
are particularly effective in preventing the spread of 
diseases transmitted through water. These mechanisms 
significantly reduce the likelihood of pathogen coloniza-
tion on fish skin and subsequent penetration into the fish 
body, which is crucial in aquaculture settings where the 
surrounding water is the primary pathway for pathogen 
transmission (Hoseini et al., 2024).

In conclusion, this study demonstrates that GEO can be 
utilized as a feed additive for rainbow trout fingerlings. 
It boosts antioxidant and immunological parameters, 
increasing disease resistance. The findings suggest that 
a dosage of 2-3 mL/kg of GEO is sufficient to provide 
these benefits in rainbow trout.
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