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A B S T R A C T

Background: In aquaculture, feed additives are widely explored. Among them, Panax ginseng Meyer, a natural
herbal remedy, has demonstrated its efficacy in many aquaculture species. However, research regarding Penaeus
vannamei shrimp, one of the most significant species in aquaculture, remains limited.
Methods: This study investigates the benefits of P. ginseng for P. vannamei, specifically its effects on growth, innate
immunity, and shrimp microbiome. Juvenile P. vannamei were fed commercial feed mixed with red ginseng
extract at 5 concentrations (0.00 %, 0.05 %, 0.10 %, 0.50 %, and 1.00 %) for 6 weeks. Body weight was measured
on days 21 and 42. On day 42, three shrimp per group were selected for further analysis.
Results: In the growth study, Group 0.10 % displayed significantly improved FBW, WG, SGR, and FCR compared
to those in Group 0.00 % on day 42. The qPCR assay showed significantly higher IGF-BP gene expression in
Groups 0.05 %, 0.10 %, and 1.00 % compared to Group 0.00 %. In the innate immunity analysis, SOD activity
was significantly higher in Groups 0.05 % and 0.50 % compared to that in Group 0.00 %. In the bacterial
community analysis, Group 0.10 % exhibited higher Flavobacteriaceae and lower Vibrionaceae at the family
level compared to Group 0.00 %. At the genus level, Group 0.10 % showed increased unspecified Flavobacter-
iaceae and decreased Vibrio compared to Group 0.00 %.
Conclusion: Adding P. ginseng to the feed enhanced growth, immune response, and microbiome composition in
P. vannamei. Further research on refining dosage levels and utilizing red ginseng residues could boost commercial
productivity and economic benefits in aquaculture practices.

1. Introduction

Aquaculture is one of the most rapidly expanding sectors in global
food production, exceeding fisheries in its contributions [1]. Seafood
now provides 17 % of global animal proteins, and in some developing
countries, it plays a pivotal role by providing over half of the animal
proteins [1]. With the rising demand, a pressing need for enhanced
growth and efficiency is increasing in aquaculture production. To
enhance growth and induce other beneficial effects, feed additives are
widely used in aquaculture [2].

Ginseng is a group of herbal remedies derived from various plant
species within the Araliaceae family. Among these species, Panax ginseng
Meyer is one of the most well-known and extensively studied species,
with a rich history of traditional herbal use in Asia, particularly in Korea,

for thousands of years. P. ginseng is renowned for its widespread appli-
cation as a natural remedy to enhance cognitive function [3,4], boost
exercise performance [5], and support immune system functions [6].
The pharmacological efficacies of ginseng are derived from a substance
called ginsenosides. These compounds comprise several steroid glyco-
sides and saponin triterpene glycosides, and it has been confirmed that
Korean ginseng contains 38 ginsenosides [7]. In animal models, ginse-
nosides have been shown to enhance the phagocytic activity of macro-
phages [8,9], improve cognitive activity in rodents (rats and mice) [10,
11], induce vasodilation [12,13], and increase resistance against exog-
enous stress factors [14].

The efficacy of P. ginseng as a beneficial feed additive has been
demonstrated in various aquaculture species. For instance, utilizing
ginseng in the diet of Nile tilapia (Oreochromis niloticus) has yielded
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significantly higher growth rates [15]. African catfish (Clarias gar-
iepinus), when fed with ginseng additive feed, exhibited significantly
increased weight gain and improved feed efficiency [16]. In the case of
goldfish (Carassius auratus), where varying concentrations of ginseng
extracts in the feed were studied, a correlation between specific growth
rate (SGR) and the logarithm of the respective concentrations was found
[17].

Pacific whiteleg shrimp, Penaeus vannamei is one of the most signif-
icant species in global aquaculture. Despite its significance, the research
regarding the effects of P. ginseng on P. vannamei remains limited. Thus,
the present study aims to understand the potential beneficial effects of
P. ginseng on growth, innate immunity, and gut microbiome of
P. vannamei. The efficacy of P. ginseng is evaluated through various
methodologies. These methods include calculating growth metrics, such
as SGR, feed conversion ratio (FCR), and protein efficiency ratio (PER),
examining insulin-like growth factor binding protein (IGF-BP) expres-
sion, analyzing the innate immune response biomarkers, phenoloxidase
(PO) and superoxide dismutase (SOD) activities, and microbiome
profiling. The current study suggests the clinical application of a natural
supplement, P. ginseng, and contribute to the aquaculture industry by
enhancing shrimp immunity and growth performance, leading to the
supply of sustainable and healthy seafood.

2. Materials and methods

2.1. Ethics statement

This study has been approved by the Institutional Animal Care and
Use Committee (IACUC) of Kyungpook National University (IACUC
approval number 2023-0220). All efforts were made to improve animal
welfare and minimize suffering.

2.2. Ginseng extract and experimental shrimp feed

Red ginseng extract (moisture content 40 %) used as an additive in
conventional shrimp feed was generously provided by the Korean So-
ciety of Ginseng. Red ginseng extract compromises 11 ginsenosides,
including 6 major ginsenosides (Rb1, Rb2, Rc, Rd, Re, and Rg1). No
bacteria or fungi were detected in the extract. The test report of the
ginsenoside content is presented in Table S1. The red ginseng extract
was diluted with distilled water into 5 different concentrations: 0.00 %,
0.05 %, 0.10 %, 0.50 %, and 1.00 %. Each ginseng extract concentration
was then mixed in a one-to-one weight ratio with the conventional
shrimp feed. The nutritional composition of the shrimp feed used in the
current study is presented in Table S2. The extract-feed mixture was
dried thoroughly and stored in a 4 ◦C refrigerator until further use.

2.3. Feeding trial

Juvenile P. vannamei (N = 225, initial mean body weight 0.32 g) was
used for the laboratory growth experiment. The shrimp were divided
into 5 groups, namely 0.00 % (referred to as the negative control group),
0.05 %, 0.10 %, 0.50 %, and 1.00 %. Each group corresponded to the 5
different red ginseng extract concentrations to be included in the
shrimp’s dietary intake.

The experiment was conducted in triplicate (3 tanks per group), with
each tank containing 15 shrimp. The tanks were set up with 22 L of 25
ppt seawater with aeration, and the temperature was maintained at 28
◦C. A 50%water change was done every 4 days. The shrimp in each tank
were fed 3 times a day with a total daily feed weight equivalent to 5 % of
their body weight (estimated based on the initial body weight and
average growth rate of the shrimp). The daily feed weight was re-
estimated at day 21, based on the re-measured shrimp body weight.
The experimental shrimp were closely monitored daily, and any
deceased shrimp were removed immediately. The experiment was
conducted for 6 weeks (42 days).

For the growth study, shrimp body weights were measured twice
during the experiment: day 21 and day 42. The measured body weight
was utilized for calculating final body weight (FBW), weight gain (WG),
specific growth rate (SGR), feed conversion ratio (FCR), and protein
efficiency ratio (PER). The FBW refers to the mean body weight of the
shrimp at the point of weight measurement, and the calculations for WG,
SGR, FCR, and PER are as follows:

Weight gain (%) = [(final mean body weight-initial mean body
weight)/initial mean body weight] × 100.

Specific growth rate (%) = 100 × [(ln(final body weight)-ln(initial
body weight))]/days [18].

Feed conversion ratio = dry feed fed/wet weight gain(g) [19].
Protein efficiency ratio = wet weight gain(g)/total protein fed [20].
After a 6-week feeding trial, 3 representative shrimp from each tank

(nine shrimp per experimental group, N = 45) were randomly selected
and humanely sacrificed. After the sacrifice, the hepatopancreas, he-
molymph, and intestine were harvested from the shrimp for further
analysis.

2.4. Quantitative analysis of growth gene expression

The hepatopancreas tissues sampled from the representative shrimp
were utilized for assessing growth gene expression levels through a
quantitative polymerase chain reaction (qPCR) assay. In particular, IGF-
BP gene was selected for the analysis. Initially, RNA was extracted from
50 mg of the hepatopancreas collected from each shrimp using the
RNeasy Micro kit (cat. no. 74004; Qiagen, Valencia, CA, USA). Com-
plementary DNA (cDNA) was synthesized from the extracted RNA using
AccuPower® RocketScript™ Cycle RT PreMix (cat. no. K-2201; Bio-
neer). A qPCR assay was then performed on the synthesized cDNA, with
the β-actin gene as the reference housekeeping gene, using the StepO-
nePlus real-time PCR system (ThermoFisher Scientific, Waltham, MA,
USA). The primers used for the qPCR in this study are presented in
Table 1.

2.5. Biochemical analysis of innate immunity

The innate immunity activity was analyzed by measurement of PO
activity based on the method described by Hernandez et al. [24]. Briefly,
hemolymph was drawn from the shrimp with a 27-gauge 1 mL syringe
containing the anticoagulant Alsever’s solution. The collected hemo-
lymph mixed with Alsever’s solution was then centrifuged at 800×g for
20 min. Afterward, the centrifuged cell pellet was washed with antico-
agulant and resuspended in PBS. The 50 μL of resuspension was then
incubated with 50 μl trypsin (0.1 mg/mL in cacodylate [CAC] buffer pH
7.0) for 10 min at 25 ◦C. After the incubation, 50 μL L-3,4-dihydrox-
yphenylalanine (L-DOPA) (3 mg/ml in CAC buffer pH 7.0) was added,
and the mixture was incubated for 10 min at 25 ◦C. Finally, the absor-
bance was measured at 425 nm to access the PO activity
spectrophotometrically.

The antioxidant activity was analyzed by measuring SOD activity in
the hemolymph. The SOD activity was measured with the EZ-SOD assay
kit (cat. no. DG-SOD400; DoGenBio, Seoul, South Korea), following the
manufacturer’s protocol.

2.6. Microbiome profiling

The analysis of the intestinal microbiome structure in shrimp was
also conducted. DNA was extracted from intestines pooled from 3
representative shrimp from each tank, using the DNeasy Blood & Tissue
kit (cat. no. 69504; Qiagen, Valencia, CA, USA), and a PCR assay was
performed targeting the V4 region of the 16S rRNA gene. The primers
used for the PCR assay are presented in Table 1. For targeted amplicon
sequencing, amplicons and paired reads of fragments were generated
using the IlluminaMiSeq system (Illumina, San Diego, CA, USA). Overall
data processing and analysis were done using the software platform
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Quantitative Insights Into Microbial Ecology 2 (QIIME 2) [25]. Ampli-
con sequence variants (ASVs) were then obtained from the amplicon
data. Alpha diversity, a measure of the richness and evenness of the
microbiome within a sample, was calculated using the Shannon index
and Chao1. Beta diversity, a measure of the similarity or dissimilarity in
the microbiome composition between samples, was calculated using the
Bray-Curtis distance. Two ordination methods were employed to visu-
alize the beta diversity: metric multidimensional scaling (MDS), also
referred to as Principal Coordinates Analysis (PCoA), and non-metric
multidimensional scaling (NMDS). In addition, taxonomic analysis was
conducted by comparing ASVs to a reference database.

2.7. Statistical analysis

The data were expressed as mean ± standard deviation (SD) and
analyzed using repeated measures of variance. The Tukey test was used
to test for differences among means for which the analysis of variance
(ANOVA) indicated a significant (P < 0.05) F-ratio.

3. Results

3.1. Feeding trial and growth metrics calculation

During the 6-week (42 days) feeding trial, all shrimp appeared to be
in good health, exhibiting normal general behaviors, such as feeding and
swimming. The daily mortality rate showed no significant difference
among all 5 experimental groups throughout the 6-week test period.
Shrimp body weight was measured on week 3 (day 21) and week 6 (day
42). In week 3, Groups 0.10 % and 1.00 % exhibited significantly (P <

0.05) improved FBW, WG, SGR, FCR, and PER of the shrimp, compared
to those of Group 0.00 %. In week 6, Group 0.10 % showed significantly
(P < 0.05) improved FBW, WG, SGR, and FCR of the shrimp, compared
to those of Group 0.00 %, whereas the PER showed no significant
variance between experimental groups. The FBW, WG, SGR, FCR, PER
values, and the survival rate of P. vannamei after 3 and 6 weeks of the
experiment are presented in Tables 2A and 2B, respectively.

3.2. Quantitative analysis of growth gene expression

The hepatopancreas was collected from 9 shrimp per experimental
group, totaling 45 shrimp from 5 different experimental groups. RNA
extraction from the hepatopancreas was followed by cDNA synthesis and
then subjected to qPCR analysis targeting the IGF-BP gene. In week 6,
the IGF-BP expression was significantly (P < 0.05) higher in Groups
0.05 %, 0.10 %, and 1.00 %, compared to that of Group 0.00 %. The
relative IGF-PB gene expression is presented in Fig. 1.

3.3. Biochemical analysis of innate immunity

Extracted hemolymphs were subjected to innate immunity mea-
surement, particularly PO and SOD activity. In week 6, the PO activity
showed no significant variance between experimental groups, whereas
Groups 0.05 % and 0.50 % showed significantly (P < 0.05) improved
SOD activity compared to that of Group 0.00 %. The PO and SOD ac-
tivities of P. vannamei after 6 weeks of the experiment are presented in

Table 3.

3.4. Microbiome analysis

At the family level in the taxonomic analysis of the bacterial com-
munity structure, Group 0.10 % displayed a significantly higher Fla-
vobacteriaceae abundance and a lower Vibrionaceae abundance,
compared to that of Group 0.00 %. At the genus level, Group 0.10 %
exhibited a significantly higher abundance of unspecified Flavobacter-
iaceae and a lower Vibrio abundance, compared to that of Group 0.00 %.
The other bacteria showed no significant difference between the
experimental groups at both family and genus levels. The bacterial
community structure of the family and genus levels is presented in
Fig. 2A and B. The alpha analysis indicated slight differences in both
richness and evenness at the genus level of the microbiome between
treatment groups, though these distinctions were not statistically sig-
nificant (data not shown). The beta analysis also showed that the di-
versity of the bacterial genera between treatment groups was not
statistically significant (data not shown).

4. Discussion

In aquaculture, growth study holds particular interest, as growth
affects overall yield. Growth is estimated using various growth metric

Table 1
The primers used in the growth gene analysis and microbiome profiling.

Name Primer sequence (5′–3′) Description Reference

β-actin F GAGCAACACGGAGTTCGTTGT Housekeeping gene [21]
β-actin R CATCACCAACTGGGACGACATGGA
IGF-BP F GTGGGCAGGGACCAAATC IGF-BP expression [22]
IGF-BP R TCAGTTACCACCAGCGATT
16s rRNA_515F GTGCCAGCMGCCGCGGTAA 16S rRNA V4 region [23]
16s rRNA_806R GGACTACHVGGGTWTCTAAT

Table 2
The FBW, WG, SGR, FCR, PER values, and the survival rate of P. vannamei after
(A) 3 weeks and (B) 6 weeks of the experiment. 2A.2B.

Group FBW WG SGR FCR PER Survival
(%)

0.00
%

0.77 ±

0.05bc
141 ±

14.5bc
4.40 ±

0.30bc
1.22 ±

0.12ab
2.07 ±

0.22bc
95.6 ±

3.85
0.05
%

0.85 ±

0.00ab
165 ±

1.38ab
4.88 ±

0.03ab
1.03 ±

0.01bc
2.42 ±

0.03ab
91.1 ±

10.2
0.10
%

0.90 ±

0.04a
180 ±

11.5a
5.15 ±

0.21a
0.95 ±

0.07c
2.64 ±

0.19a
91.1 ±

3.85
0.50
%

0.75 ±

0.05c
135 ±

15.5c
4.26 ±

0.33c
1.28 ±

0.15a
1.95 ±

0.24c
95.6 ±

7.70
1.00
%

0.87 ±

0.06a
171 ±

19.2a
4.98 ±

0.36a
1.00 ±

0.13c
2.52 ±

0.30a
91.1 ±

3.85

Group FBW WG SGR FCR PER Survival
(%)

0.00
%

1.75 ±

0.19b
448 ±

58.6b
4.14 ±

0.26b
1.11 ±

0.13ab
2.27 ±

0.28
82.2 ±

10.2
0.05
%

1.83 ±

0.04b
471 ±

12.6ab
4.25 ±

0.05ab
1.10 ±

0.08ab
2.28 ±

0.17
73.3 ±

6.67
0.10
%

2.02 ±

0.10a
529 ±

32.7a
4.48 ±

0.13a
1.06 ±

0.12c
2.37 ±

0.26
75.6 ±

3.85
0.50
%

1.64 ±

0.02b
413 ±

5.67b
3.99 ±

0.03b
1.27 ±

0.13a
1.96 ±

0.21
86.4 ±

10.2
1.00
%

1.76 ±

0.06b
449 ±

22.1b
4.15 ±

0.10b
1.17 ±

0.05ab
2.13 ±

0.10
82.2 ±

7.70

1) Values are the mean of triplicate groups and are presented as mean ± SD.
2) Values with different superscripts in the same column are significantly
different (P < 0.05).
3) The lack of superscript letters indicates no significant differences among
treatments.
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calculations. Among them, SGR, which indicates an additive change in
weight per time [18], is well-established and frequently employed in
numerous publications [26–28]. Other metrics, such as FCR, which
measures the efficiency of animals converting feed into food products
[19], and PER, which calculates the efficiency of utilizing dietary pro-
tein for body weight gain [20], are also widely employed in fisheries
literature. The IGF-BP gene expression is also frequently employed in
growth studies [29,30]. IGF-BP regulates insulin-like growth factor
(IGF), a key modulator that influences diverse physiological processes

[31,32]. In crustaceans, numerous studies have illustrated the multiple
functions of IGF-BP and its homologs, encompassing androgenic hor-
mone modulation [33,34], ovarian development [35,36], immune
response [37,38], and growth regulations [39]. Thus, the present study
primarily aims to demonstrate the efficacy of P. ginseng as a feed additive
on P. vannamei, utilizing the aforementioned measurements.

In aquaculture, feed additives are actively explored for enhancing
growth. These additives comprise various features, including probiotics,
prebiotics, synbiotics, organic acids, and medicinal herbs [40]. Among
the natural herbal remedies, P. ginseng has demonstrated its efficacy in
many other aquaculture species, such as Nile tilapia (Oreochromis nilo-
ticus) [15], African catfish (Clarias gariepinus) [16], and goldfish (Car-
assius auratus) [17]. In the present study with shrimp, adding ginseng to
the feed significantly improved the overall growth metrics of both
Groups 0.10 % and Group 1.00 % in week 3, including a higher PER, and
Group 0.10 % in week 6, while having no significant effect on the PER.
The results suggest that an optimal concentration of the ginseng additive
in feed potentially enhances the overall growth of the shrimp. Also, in
the early stages of feeding, ginseng may improve the PER, and although
this effect may diminish over time, it does not compromise the protein
quality in the feed. In addition, the IGF-BP analysis result aligns with the
aforementioned growth metrics calculations, as the experimental groups
showing significantly higher SGR (Groups 0.10 % and 1.00 %) also
showed significantly higher IGF-BP gene expression compared to that of

Fig. 1. The relative gene expression of insulin-like growth factor binding protein (IGF-BP) mRNA after 6 weeks of experimental feeding. Bars with different letters are
significantly different (P < 0.05).

Table 3
The PO and SOD activity of P. vannamei measured spectrophotometrically after 6
weeks of the experiment.

Group PO SOD

0.00 % 0.122 ± 0.01 80.7 ± 8.08b

0.05 % 0.134 ± 0.01 92.6 ± 4.71a

0.10 % 0.130 ± 0.01 87.5 ± 3.21ab

0.50 % 0.131 ± 0.00 92.4 ± 3.16a

1.00 % 0.124 ± 0.01 87.0 ± 5.98ab

1) Values are the mean of triplicates and are presented as mean ± SD.
2) Values with different superscripts in the same column are significantly
different (P < 0.05).
3) The lack of superscript letters indicates no significant differences among
treatments.

Fig. 2. The bacterial community structure of the (A) family and (B) genus level.

B. Kim et al. Journal of Ginseng Research 48 (2024) 552–558 

555 



Group 0.00 %. Group 0.50 % showed no statistical significance
compared to the negative control groups.

Antioxidant enzymes are frequently employed as biomarkers of
innate immune responses [41]. SOD plays a role in this process by
converting reactive oxygen species (ROS) into hydrogen peroxide [41],
facilitating its passage through membranes. However, while effective
against exogenous antigens with high microbicidal properties, ROS also
poses potential side effects, causing oxidative damage to endogenous
biomolecules. SOD regulates the innate immune response and the
enzymatic antioxidant defense system, which shields biomolecules from
oxidative damage induced by free radicals. In P. vannamei, prior in-
vestigations have demonstrated that exogenous stimulation leads to
elevated SOD levels [42], an indicative sign of innate immunity acti-
vation. In the present study, after administrating red ginseng extract to
shrimp, Groups 0.05 % and 0.50 % exhibited significant upregulation of
the SOD gene compared to that of Group 0.00 %, suggesting a boost in
the immune system. The PO activity has also been used as a parameter in
invertebrate immune studies [43]. Activated PO is released from he-
mocytes and regulates melanin synthesis, thereby promoting pathogen
melanization [44]. Interestingly, there was no significant variance in PO
activity among the experimental groups and the negative control group.
It is plausible to suggest that the shrimp’s immune system did not
perceive the ginseng additive as a foreign pathogen. Moreover, this also
negates the possibility that the higher activity of SOD was a result of
ginseng-induced exogenous stimulation.

The term “microbiome” refers to the sum of the microbes and their
genomic elements in a particular environment [44], and a close rela-
tionship between microorganisms and their host has been revealed in
numerous studies [45–47]. In the present study, after administrating red
ginseng extract to shrimp, Group 0.10 % exhibited a significantly
reduced Vibrio abundance at both the family and genus level in the
taxonomic analysis, showing gut microbiota alteration. The long-
standing objective in shrimp aquaculture has been to minimize Vibrio
presence, given its association with severe acute disease. Acute hep-
atopancreatic necrosis disease, a variant of vibriosis caused by toxin
gene-carrying Vibrio, is notorious for its rapid onset and high mortality
rate [48]. Hence, the decrease in the Vibrio bacterial load in the
microbiome is a positive development. However, it remains unclear
whether the distinct relative abundance of Vibrio is a direct outcome of
the efficacy of the ginseng additive, a result of an upregulated immune
system, or other unclarified factors. In addition, Flavobacteriaceae is
prevalent throughout the growth stage of shrimp, forming the intestinal
core microbiome of P. vannamei, and is considered to be minimally
pathogenic to shrimp [49]. Although there is uncertainty in the micro-
biome alteration, this seems to pose no apparent concerns.

One issue surrounding the use of red ginseng extract is its cost,
particularly its application in conventional shrimp aquaculture, which
raises concerns about pricing. A potential solution is utilizing red
ginseng residues, a byproduct produced during the extraction process.
The residue contains valuable components, including carbohydrates,
indispensable amino acids, dietary fibers, micronutrients, and a signif-
icant amount of ginsenoside [50,51]. Over 1000 tons of red ginseng
residues are produced annually in Korea; however, these remnants are
currently treated as waste and are burned or deposited in landfills [52].
Harnessing these residues not only has positive implications for recy-
cling environmental resources but also holds the potential for creating
high-value products. Moreover, the carbohydrates in the red ginseng
residue may have another positive effect. Biofloc technology is a tech-
nique for enhancing water quality by producing high levels of hetero-
trophic bacteria. It is readily induced by adding carbohydrates to feed
[53]. Carbohydrates are an energy source for microbial organisms,
which immobilize nitrogenous waste products. The red ginseng residue
contains approximately 70 % carbohydrates and is expected to induce
biofloc [53]. Other aforementioned positive effects of ginsenosides are
also expected.

Additionally, as ginseng is a natural environmental remedy, it is

unlikely to possess toxic effects, as demonstrated in the present study. A
comparison between Group 0.00% and the experimental groups showed
no significant difference in the survival rates, implying that ginseng does
not pose notable toxicity to shrimp. This finding aligns with prior
research, which demonstrated that ginseng supplements have numerous
biological activities in P. vannamei, including an upregulated immune
system, without apparent side effects [54].

The present study demonstrated the efficacy of P. ginseng in
enhancing various aspects of P. vannamei, including growth, innate
immunity, and gut microbiome. Specifically, after 6 weeks of experi-
mental feeding ginseng to shrimp, Group 0.10 % exhibited a significant
growth enhancement compared to the negative control group. In addi-
tion, Group 0.50 % showed improved SOD activation, while Group 0.10
% showed beneficial alteration in the gut microbiome, compared to that
of the negative control group. These results did not exhibit a logarithmic
relation with the concentration of red ginseng extract. Prior studies
examining the effects of ginseng at varying dosages on aquaculture
species have similarly indicated that the efficacy of ginseng does not
consistently correspond with dosage levels [16,55]. In a study with olive
flounder (Paralichthys olivaceus), after 8 weeks of ginseng supplement,
growth parameters, including SGR and feeding efficiency ratio, signifi-
cantly decreased in higher ginseng concentrations [55]. Additionally,
the lysozyme activity was highest in the lowest ginseng concentration
[55]. These prior studies indicate that finding optimal concentration is
vital. Therefore, further investigation is required to refine the red
ginseng extract dilution level and pinpoint the optimal concentration
that addresses all conditions. Feed additives are readily accessible in
aquaculture and have demonstrated their efficacy via oral administra-
tion. Successful commercialization promises the potential to enhance
productivity in aquaculture while also utilizing the valuable traditional
Korean resource, P. ginseng.
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