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Our findings indicate that diets enriched with these plants
significantly improve growth, immunity, and disease survival,
regardless of the variables considered. This study highlights that
plant-based supplements derived from native Iranian herbs offer
a versatile alternative for fish farmers, from small-scale to
industrial operations.



mailto:ghiasimaryam4@gmail.com

366 Ghiasi et al., Enhancing aquaculture and disease resistance in rainbow trout with Iranian herbal feed ...

Introduction

Aquaculture plays an essential role in
providing income and significantly
contributes to food security and social
development across numerous countries.
Referring to the latest available published
information, Iran produced over 200,000
tons of rainbow trout, accounting for more
than 25% of the global production,
according to the Food and Agriculture
Organization (FAO) (D’ Agaro et al., 2022).
To improve the productivity of the industry
in Iran, current strategies focus on intensive
and semi-intensive farming methods.
However, these practices have led to
environmental pollution and increased
disease outbreaks, negatively impacting
fish growth, weakening immune responses,
and raising vulnerability to infections
(Ramesh and Souissi., 2018; Zhou et al.,
2018). The use of antibiotics is a common
strategy for controlling infectious diseases
in aquaculture. However, this approach can
result in serious consequences, such as the
emergence of antibiotic-resistant
pathogenic bacteria (AMR) in both fish and
humans. Moreover, the reliance on
antibiotics can increase production costs
due to treatment expenses, disrupt the
microbial balance in aquatic ecosystems,
leave drug residues in fish, and pose health
risks to consumers (Lulijwa et al., 2020;
Bondad-Reantaso et al., 2022).

Several studies have indicated the
development of antibiotic resistance in
certain pathogenic bacteria in rainbow trout
such as Streptococcus iniae, Streptococcus
agalactiae, Lactococcus garvieae and
Yersinia ruckeri in Iran (Zandi et al., 2016;
Faeed and Ramazani, 2018; Ghiasi et al.,
2021). In the same vein, antibiotic residues

in aquaculture fish meat pose a risk of
systemic toxicity to consumers, potentially
damaging the human gastrointestinal
microbiota and leading to detrimental
health effects (Monteiro and Andrade,
2018). Despite limited information on
antibiotic residues in rainbow trout meat in
Iran, several studies indicate that the levels
of antibiotic residue in the meat have
exceeded standard limits (Soltani et al.,
2014; Adel et al., 2017; Rafati et al., 2018).
These issues can result in import refusals
and negatively impact international trade.
The increasing demand for eco-friendly,
high-quality products highlights the urgent
need to restrict or ban antibiotics in
aquaculture (Lulijwa et al., 2020; Bondad-
Reantaso et al., 2022). Despite efforts to
prevent infectious diseases in farmed fish
through improved water quality, increased
investment in  health  management,
enhanced biosecurity, and the
implementation of disease prevention
strategies (such as SPF breeding and fish
vaccination), these measures have not
significantly reduced the industry’s reliance
on antibiotics or the associated health risks
for consumers (Caputo et al., 2022). To
effectively reduce the use of antibiotics in
aquaculture  disease  prevention and
treatment, a more holistic strategy is
required (Lieke et al., 2019).

Over the past twenty years, medicinal
herbs and their derivatives have garnered
significant interest in aquaculture. Diets
supplemented with these herbs have
demonstrated benefits such as enhanced
growth, improved feeding efficiency, and
better hematological and serological
parameters. They also boost immune
responses, including lysozyme,
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complement, and phagocytic activity, as
well as total protein and immunoglobulin
levels in both fish serum and mucus.
Furthermore, these diets exhibit antioxidant
properties and enhance resistance to
various fish pathogens (Reverter et al.,
2021; Tadese et al., 2021). Between 2004
and 2019, extensive research has been
conducted on the clinical effects of orally
administered medicinal plants on fish
growth, immunity, and disease resistance.
This field has experienced significant
expansion, particularly from 2014 to 2019.
The majority of these studies were carried
out in low- and middle-income countries,
with Iran playing a prominent role.
Additionally, 20% of the research was
conducted in high-income countries,
highlighting a global interest in
incorporating  medicinal plants into
aquaculture diets. The shift towards organic
and sustainable food production in these
countries has driven this interest,
emphasizing environmentally  friendly
methods for disease prevention and
treatment, and enhancing product value
(Reverter et al.,, 2021). Iran, with its
distinctive climate and topography, hosts
around 8,200 species of vascular plants.
Among these, approximately 2,300 species
(over 28%) are identified as medicinal or
aromatic herbs. Notably, about 70% of
these plants are concentrated in the
provinces of Esfahan, Kerman, Fars,
Tehran, Chaharmahal and Bakhtiari, East
Azarbaijan, Lorestan, West Azarbaijan,
Hamadan, and Mazandaran
(Hassanpouraghdam et al., 2022). Given
that Lorestan, Chaharmahal Bakhtiari, and
Mazandaran are major centers for rainbow
trout production in Iran (www.shilat.com),

prioritizing research on the use of native
medicinal plants in these regions could
greatly assist farmers in managing fish
health. This focus would ultimately lead to
the production of higher-quality fish
products. This review delves into the
application of medicinal plants in rainbow
trout farming industry in Iran, utilizing the
latest data on the effects of native Iranian
medicinal plants on rainbow trout growth,
health, immunity, and resistance to
bacterial infectious diseases. By exploring
their potential mechanisms, this review
aims to highlight the importance of these
national resources in improving
aquaculture and public health, thereby
raising awareness among Veterinary and
medical researchers.

Materials and methods

Search strategy

A thorough review of English-language
articles published between 2013 and 2023
was undertaken to identify studies
assessing the impact of native Iranian herbs
on growth  performance,  hemato-
serological parameters, immunological
indices, and resistance against bacterial
pathogens of rainbow trout. Three search
engines, namely  Science Direct
(sciencedirect.com),  Google  Scholar
(scholar.google.com), and PubMed
(pubmed.ncbi.nlm.nih.gov/advanced) were
utilized to search for relevant articles. The
literature search was performed following
keyword combination: (lranian herb or
Iranian medicinal plant) AND (rainbow
trout OR growth OR immunostimulant OR
hematological parameters OR serological
parameters OR  bacterial infection)
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(Reverter et al., 2021; Ghaednia et al.,
2024).

Inclusion and exclusion criteria

Articles were reviewed to ensure they met
the following criteria: (i) reporting at least
one or more parameters for both control and
plant-enriched diets, including growth,
hematological indices, serological
measures, immunological factors, and
resistance to pathogenic bacteria; (ii)
providing means, replicates, and standard
deviations/errors either numerically or
graphically; and (iii) clearly identifying the
type of extract, inclusion rate, and duration
of treatment. (ii) providing mean,
replicates, and standard deviation/error
numerically or graphically, and (iii) clearly
identifying the type of extract, inclusion
rate and treatment duration. When a study
examined multiple plant species or dosages,
each was treated as a separate observation.
When a study reported parameters at
multiple time points, only the final time
point was considered to minimize
dependency between observations. For
each observation, we extracted the
following data: plant taxonomy (species
and family), type of plant extract used
(powder, aqueous, ethanol, methanol,
essential oil and other), treatment duration
(days), inclusion rate (percent plant kg™
feed), and type of pathogen used for the
infection (only for the survival data, since
for all other datasets, parameters were
measured from healthy fish) (Reverter et
al., 2021; Ghaednia et al., 2024).

Data extraction

The following experimental details were
organized into an Excel spreadsheet: family
of the herbs, growth, blood, immune,
serum, and antioxidant indices, treatment
duration, concentrations delivered, and type

of plant material. At first, all measured
indices present (growth, blood, immune,
serum, and antioxidant indices) in the
selected studies were recorded in their
respective sections. Then, the presence or
absence of each index in each study was
coded as 1 (present) or 0O (absent).
Subsequently, in each study, the
characteristics that demonstrated positive
statistical changes were coded as 1, while
those that remained unchanged were coded
as 0 (Reverter et al., 2021).

Results

Plant use and reporting

Following a comprehensive review of the
literature, we identified and selected 51
articles published between 2013 and 2023.
These studies investigated the in vivo
effects of dietary Iranian medicinal plant
supplements on  growth,  hemato-
serological parameters, immune system
response, antioxidant activity, and disease
resistance in rainbow trout. Research on the
in vivo effects of Iranian herbs
supplementation in rainbow trout has
significantly increased over the past
decade, with more than half of the
publications (over 60%) emerging in the
last five years (2019 — 2023) (Fig. 1). The
reviewed literature explored the effects of
38 Iranian herb species from 23 different
families, with the most represented families
being Lamiaceae, followed by Apiaceae,
Asphodelaceae and Asteraceae (Fig. 2).
Our findings indicate that over half (52%)
of the studies utilized plants harvested from
their natural habitats, while 30% sourced
whole plants from local markets, and 18%
obtained commercial preparations,
including powders, extracts, and essential
oils.
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Figure 1: The percent of selected articles on Iranian herbs in the diets of rainbow trout by year.
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Figure 2: Percentage frequency of Iranian medicinal plant families included in the diet of rainbow trout.

Utilization of medicinal plants: Types,
dosages, and duration

The assessment of the studies indicated that
over 62% utilized plant extracts (with
solvents like ethanol, methanol, acetone,
and water), followed by powdered plants at
19.6% and essential oils at 15.6% (Fig. 3).
The percentage of different forms of plant
ingredients included in the diet of rainbow
trout ranged from 0.001 to 10%. The most
frequently used doses of various forms of
medicinal plants in the studies were:
extract: 0.1 and 1%, powder: 1 and 2%, and
essential oil: 0.02, 0.04, and 0.06%. In the
evaluation of the literature, the duration of
diets containing Iranian medicinal plants
varied from a minimum of 21 days to a
maximum of 70 days. The results revealed

that more than 60% of the studies were
conducted over a 56-day period.

Efficacy of Iranian plant-enriched diets on
growth performance in rainbow trout
After data screening, we identified six
growth performance metrics: final weight
(FW), weight gain (WG), specific growth
rate (SGR), feed conversion ratio (FCR),
condition factor (CF), and protein
efficiency ratio (PER). The most frequently
used indices were ranked as FW, SGR,
FCR, WG, PER, and CF. 50-60% of studies
showed significant positive effects on FW,
SGR, FCR and WG respectively, while
PER, and CF demonstrated less
responsiveness (40% or less). (Fig. 4a).
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Figure 3: Percentage frequency of articles on each form of plant matter.

Efficacy of Iranian plant-enriched diets on
hematology parameters in rainbow trout
Researchers investigated various
hematological indices, including total red
blood cell (RBC) and white blood cell
(WBC) counts, lymphocytes (Lym),
neutrophils  (Neu), monocytes (Mon),
hemoglobin (Hb), hematocrit (Hct), mean
corpuscular  volume (MCV), mean
corpuscular hemoglobin (MCH), and mean
corpuscular  hemoglobin  concentration
(MCHC). Over 70% of studies measured
WABC levels, more than 60% assessed RBC,
Hb, and Hct, and over 45% evaluated Lym,
Neu, and Mon percentages. Significant
effects were noted for WBC and RBC (over
72%), Hct and Hb (over 59%), and Neu and
Lym (over 40%), while MCH, MCV, and
MCHC effects were minor, each under
20%. (Fig. 4b).

Efficacy of Iranian plant-enriched diets on
biochemical parameters in rainbow trout

Key biochemical parameters identified
include serum total protein (TP), globulin
(Glo), albumin (Alb), glucose (Glu),
cholesterol (Chol), triglycerides (Tri),
creatinine (Crea), cortisol (Cort), alanine
aminotransferase (ALT), aspartate

aminotransferase (AST), alkaline
phosphatase (ALP), and lactate
dehydrogenase (LDH). Analysis of the
contributions of various biochemical
indices indicated that TP (66.7%), Alb
(47.1%), and Glo (35.3%) stand out as the
most critical factors for assessment in these
investigations. The most pronounced
effects were on Chol, TP, Tri, and ALP
(over 81%), with significant impacts also
observed on Glo, Alb, LDH (over 74%), Glu
(nearly 75%), ALT and AST (over 58%).
While studies on Cort and Crea are limited,
medicinal plants have shown nearly 100%
beneficial effects on these parameters (Fig.
4c).

Efficacy of diets on rainbow trout antioxidant
parameters

Results showed that antioxidant indices were
less emphasized compared to others. However,
diets enriched with herbs significantly
improved these indices, with superoxide
dismutase (SOD), glutathione peroxidase
(GPx), glutathione reductase (GR), glutathione
S-transferase (GST), and total antioxidant
capacity (TAC) increasing by up to 100%.
Meanwhile, the influence of
malondialdehydeand (MDA) and catalase was
66.7% and 83.3%, respectively (Fig. 4d).
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Figure 4: The reported growth performance (a), hematological parameters (b), biochemical parameters (c),
antioxidant indices (d) and immunological parameters (e) of rainbow trout, and their
comparative responsiveness following the use of Iranian herbs.

Efficacy of diets on rainbow trout rainbow trout, including lysozyme (Lys),
immunological parameters complement (Com), total immunoglobulin
The review identified key sero- (Tlg), IgM levels, serum antibacterial

immunological indices for assessing activity (SBA), and myeloperoxidase
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(MPO) levels. It also included respiratory
burst activity (RBA), phagocytosis activity
(PA), and the expression of various
cytokine-associated genes (e.g., IL-1B GR,
IL-6 GR, IL-8 GR, IL-10 GR, TNF-a GR,
Lys GR, C3 GR, CD4 GR). Lyso (92.2%),
Com (62.7%), Tlg (39.2%), and RBA
(23.5%) were identified as the most critical
factors. IgM and SBA were also significant
at 15.7%. Gene expressions varied from
15.7% to 2%. The analysis of data showed
significant improvements in all studies,
particularly in Lys, IgM, SBA, MPO, and
interleukin gene expressions (except IL-
10), with Com, RBA, and Tlg improving in
over 80% of studies (Fig. 4e). Regarding
bacterial resistance, tree pathogens were
tested: Yersinia ruckeri (31% of studies),
Streptococcus  iniae  (13.7%), and
Aeromonas  hydrophila  (4%). Fish
receiving medicinal plants  showed
significantly higher survival rates than the
control group across all studies.

Discussion

Herbal medicines, traditionally used for
health in humans and animals, are gaining
popularity in fish aquaculture as a preferred
alternative to antibiotics. They are
effective, low in toxicity, have minimal side
effects, target diverse pathways, and pose a
lower risk of drug resistance. Recent
reviews emphasize their role in enhancing
growth, hemato-immunological
parameters, and controlling fish diseases in
aquaculture (Zhang et al., 2022).

More than 50% of studies on lIranian
herbs in rainbow trout diets were conducted
in the last five years (2019-2023). Reverter
et al. (2021) noted that from 2004 to 2019,
137 global articles examined the effects of

medicinal plants on fish growth, immunity,
and disease resistance, with over half
published between 2014 and 2019. This
underscores the growing global interest in
using medicinal plants in aquaculture.

Our review indicated that medicinal
plants from families Lamiaceae, Apiaceae,
Asphodelaceae, Asteraceae and Alliaceae
were the most commonly used in the
studies. This is probably linked to the
abundance of plant species within these
families, as studies have shown that native
Iranian medicinal plants used in human
medicine predominantly belong to four
families: Lamiaceae (84 spp.), Apiaceae
(37 spp.), Asteraceae (7 spp.), and
Alliaceae (2 spp.) (Hassanpouraghdam et
al., 2022). It appears that the use of these
plants in rainbow trout is directly related to
the information available on their use in
human consumption.

The results indicate that over half (52%)
of the studies utilized plants harvested from
their natural habitats. This finding
highlights the value of local ethnobotanical
knowledge and suggests that using
medicinal plants aligns with an ecosystem-
based approach to aquaculture (EAA),
integrating aquaculture into its economic
and biophysical contexts (Aubin et al.,
2019). Thirty percent of the plants were
bought whole at local markets whereas 18%
obtained commercial preparations. It
appears that the lack of information on the
effects of Iranian herbs on rainbow trout
has led researchers to initially use cheaper
sources of these plants to gather
preliminary data. When results are
validated and the research aims to evaluate
more parameters, more expensive sources
are utilized.
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The findings show that over 62% of studies
used plant extracts, while fewer than 22%
utilized powdered plants. The efficacy of
medicinal plants in fish is linked to
bioactive compounds like polyphenols,
polysaccharides, and flavonoids, which are
more accessible in extract form (Zhu, 2020;
Zhang et al., 2022). Although powdered
plants are cheaper, they often contain
indigestible and antinutritional compounds
that may reduce efficacy (Lech and Reigh,
2012). This may explain the preference for
extracts over powders.

The dosages in the reviewed literature
varied by material. Studies using powdered
plant material had the highest dosages (1%
and 2%), followed by extracts (0.5% and
1%) and the lowest for essential oils
(0.02%, 0.04%, and 0.06%). Extraction
increases the concentration of bioactive
compounds  compared to  powder,
especially with essential oils (Pogorzelska-
Nowicka et al., 2024). Thus, it is logical for
dosages to vary based on the plant form
used.

Treatment duration is crucial for
efficacy and economic considerations.
Over 60% of studies were conducted over
56 days, focusing on optimizing treatment
duration for plant-enriched diets to enhance
fish immunity and disease survival
(Vazirzadeh et al., 2017; Soltanian et al.,
2019; Rufchaei et al., 2020; Ghiasi et al.,
2023). Increases in indices like WBC, lys,
and TP were noted after 28 days in rainbow
trout fed medicinal plants, while
biochemical changes in AST, Chol, and
growth performance were significant after
56 days. However, some studies found no
significant differences in fish survival rates
after being fed medicinal plants for 28 to70

days (Mehrabi and Firouzbakhsh, 2020;
Sarvi Moghanlou et al., 2018; Zargar et al.,
2019; Zeilab Sendijani et al., 2020;
Hosseini Shekarabi et al., 2021; Darvishi et
al., 2022). This suggests that the time
needed for medicinal plants to enhance
immunity is shorter than for other indices.

Our findings show that a herb-enriched
diet enhances growth parameters in
rainbow trout, notably in FW, SGR, WG,
and FCR. Proposed mechanisms include
improved diet palatability, increased
digestive enzyme secretion, enhanced gut
microbiota, and the presence of beneficial
nutrients and bioactive compounds (Shaluei
et al., 2016; Mohamadi Saei et al., 2016;
Alishahi et al., 2017; Mansouri Taee et al.,
2017; Saeidi asl et al, 2017;
Ramezanzadeh et al., 2019; Naderi Farsani
etal., 2019; Zargar et al., 2019; Adel et al.,
2020; Zeilab Sendijani et al., 2020;
Mohammadalikhani et al.,  2020;
Firouzbakhsh et al., 2021; Fattahi et al.,
2022; Hosseini Shekarabi et al., 2022;
Chekav et al., 2023). In several studies,
histological sections taken from the
intestines of rainbow trout indicated that the
use of medicinal plants resulted in an
increase in the height of intestinal
microvilli. The researchers concluded that
this increase in microvilli height enhanced
nutrient absorption, which subsequently
improved growth indices. (Heidarieh et al.,
2013; Adineh et al., 2020). Additionally,
herbs have been shown to boost digestive
enzyme levels, including amylase,
protease, and lipase, which are key to
improving growth parameters (Rashidian et
al., 2018; Rashidian et al., 2020; Oroji et
al., 2021; Rashidian et al., 2022).
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Blood is a vital indicator of health and
physiological condition in vertebrates,
including fish, with oxygen-carrying
capacity reflecting metabolism and overall
health (Gabriel et al., 2019). Diets enriched
with herbs significantly impact blood
parameters such as RBC, WBC, Hb, and
Hct, attributed to vitamins (B, C, A, E) and
minerals (iron, magnesium, calcium)
present in these plants (Adel et al., 2016;
Alishahi et al., 2017; Saeidi asl et al., 2017,
Ramezanzadeh et al., 2019; Heydari et al.,
2020; Rashidian et al., 2020; Mehrabi and
Firouzbakhsh, 2020). Additionally,
bioactive compounds like polyphenols,
flavonoids, and saponins  promote
erythropoiesis and enhance blood cell
longevity, further improving blood
parameters and overall performance
(Ramezanzadeh et al., 2019; Gharaei et al.,
2020; Darvishi et al., 2022; Ghafarifarsani
etal., 2021a, b).

Blood serum contains various elements
important for assessing fish health. The
biochemical parameters such as TP,
consisting of Alb and Glo, indicate proper
metabolic and immune function when
elevated. Enzymes like AST, ALT, LDH,
and ALP are indicators of liver health and
metabolism (Manera, 2021). The results
clearly demonstrate the beneficial effects of
herbs on biochemical indices, including
increased TP, Alb, and Glo, along with
decreased ALT, AST, LDH, and ALP. The
primary mechanism suggested for this
outcome is the presence of antioxidant
compounds, especially polyphenols and
flavonoids (Mohamadi Saei et al., 2016;
Alishahi et al., 2017; Mansouri Taee et al.,
2017; Adel et al., 2020; Rashidian et al.,
2020; Gholamhosseini et al., 2020;

Mohammadalikhani et al.,  2020;
Firouzbakhsh et al., 2021; Hosseini
Shekarabi et al., 2022; Rashidian et al.,
2022; Yousefi et al., 2022; Chekav, et al.,
2023; Ghiasi et al., 2023). Assessing Glu
and Cort levels is crucial as they indicate
fish stress. Variations in Chol and Tri
reflect metabolic status and liver health
(Manera, 2021). The study found that a diet
enriched with medicinal plants significantly
reduced Glu, Cort, Chol, and Tri. The
reduction in Glu is due to decreased Cort
(anti-stress) and increased cell wall
permeability to insulin (Rashidian et al.,
2018; Fattahi et al., 2022; Rashidian et al.,
2022). The reduction in Chol and Tri is due
to bioactive compounds like carvacrol and
thymol inhibiting fat synthesis enzymes
(Saeidi Asl et al., 2017; Ghiasi et al., 2023).

Antioxidant enzymes such as SOD,
GST, GPx, and CAT play a crucial role in
scavenging reactive oxygen species (ROS)
in fish. These enzymes protect body tissues
from oxidative stress damage caused by
infectious agents and the immune system
(Ameur et al., 2012). Although antioxidant
enzyme levels have been evaluated in less
than 20% of studies compared to other
indicators, their impact has been observed
to range from 66% to 100% (Soltanian et
al., 2019; Rufchaei et al., 2020; Adineh et
al., 2020; Hoseinifar et al., 2020;
Gholamhosseini et al., 2020; Taheri
Mirghaed et al., 2020; Yousefi et al., 2022).
Research by Charde et al. (2011) has
demonstrated  that  flavonoids and
terpenoids are vital antioxidant compounds
in plants, significantly boosting antioxidant
enzymes to combat free radicals.

The immune system in bony fish, similar
to higher vertebrates, includes innate and
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adaptive immunity. Early on, they rely on
non-specific immunity, but as they grow,
adaptive immunity becomes important,
though less efficient than in mammals.
Thus, bony fish mainly depend on innate
immunity (Sahoo et al., 2021). Key non-
specific immune system mechanisms
include physical barriers (scales, mucous,
epithelial cells), cellular components
(neutrophils, macrophages, lymphocytes),
and humoral factors (transferrin, lectins,
lysozyme, antimicrobial peptides,
cytokines, natural antibodies, complement,
reactive oxygen species) (Mokhtar et al.,
2023). The study revealed that the
consumption of Iranian herbs led to
significant improvements in most immune
indices in rainbow trout. Moreover, these
indices exhibited changes more rapidly
compared to other parameters. The key
immune  indices  assessed,  which
demonstrated significant responsiveness,
included the activities of Lys, Com and
RBA (Adel et al., 2016, Alishahi et al.,
2017; Haghighi et al., 2017; Adel et al.,
2020; Mehrabi and Firouzbakhsh, 2020;
Hoseinifar et al., 2020; Chekav, et al.,
2023; Fattahi et al., 2022; Firouzbakhsh et
al., 2021; Hosseini Shekarabi et. al, 2021;
Gholamhosseini et al., 2020; Hosseini
Shekarabi et al., 2022; Pourmoghim et al.,
2015; Naderi Farsani et al., 2019; Oroji et
al., 2021; Ghiasi et al., 2023). While the
precise mechanism by which medicinal
plants enhance Lys activity remains
unclear, the presence of certain
organosulfur compounds (such as allicin) is
believed to play a significant role due to
their potent antimicrobial properties
(Hosseini ~ Shekarabi et. al, 2022).
Moreover, the presence of alkaloid in grass

carp and blunt-nosed fish has significantly
increased the levels of C3 and C4 (Zhang et
al., 2022). Bony fish have three
immunoglobulin isotypes: IgM, IgD, and
IgT. Exposure to antigens or immune
stimulants activates T cells and stimulates
B cells, increasing their serum levels
(Srivastava and Pandey, 2015). WBC are
the sole producers of immunoglobulins.
The observed increase in WBC with the
administration of Iranian herbs suggests
that this rise is the primary reason for the
elevated immunoglobulin levels.
Additionally, the consumption of these
plants enhances the gene expression of
various cytokines, Lys and IgM, further
contributing to the increase. According to
the results, medicinal plants enhanced the
gene expression of various cytokines, Lys
and IgM, with the exception of IL-10
(Hoseinifar et al., 2020; Hosseini Shekarabi
et. al, 2021; Heydari et al., 2020; Taheri
Mirghaed et al., 2020; Gharaei et al., 2020;
Vazirzadeh et al., 2017; Yousefi et al.,
2022). While the exact mechanisms are not
fully understood, it appears that the active
compounds in these plants enhance the
expression of cytokine and Lys genes. This
enhancement boosts the innate immune
activities, increasing the resistance of
rainbow trout to infectious agents and
making them more resilient to pathogenic
bacteria. Research findings indicate that
Iranian medicinal plants significantly
enhance the resistance of rainbow trout
against pathogenic bacteria such as Y.
ruckeri (Adel et al., 2016; Saeidi asl et al.,
2017; Adel et al., 2020; Soltanian et al.,
2019; Naderi Farsani et al, 2019;
Firouzbakhsh et al., 2021; Oroji et al.,
2021; Chekav et al., 2023; Ghiasi et al.,
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2023), S. iniae (Rashidian et al., 2020;
Hosseini Shekarabi et al., 2021; Rashidian
et al., 2022) and A. hydrophila (Zargar et
al., 2019).

Conclusions

Interest in using plants as growth and
immunity-boosting feed supplements has
surged in research related to the rainbow
trout farming industry in Iran over the past
decade. This trend is expected to continue
due to challenges like antibiotic resistance
in fish pathogens, residues in meat, and
their adverse effects on public health. Since
these plants are collected from their natural
habitats and align with rainbow trout
farming centers, they can benefit local
farmers by increasing income, reducing
reliance on external products, and
preserving traditional knowledge.
However, sustainability  studies for
repeated collection and industrial-scale
production are needed. Plant-enriched
diets, irrespective of dose, duration, and
plant type, significantly enhanced growth
performance, blood, serum, and immunity
parameters, as well as antioxidant activity
and resistance to pathogenic bacteria in
rainbow trout. The results indicated that
using Iranian medicinal plants can enhance
immunity indices within 28 days,
eliminating the need for prolonged use to
reduce costs. Since all forms used (extract,
powder, and essence) have proven
effective, extracts should be given priority.
This is due to their ease of use, the presence
of suitable active compounds, low dosage
requirements, and the simplicity of the
technology involved. To improve the
comparability and reproducibility of
various experiments, studies should

provide more comprehensive details about
the plant materials used. Additionally, there
is a need for increased applied research and
better structuring to translate basic research
findings, such as those from laboratory
experiments, into practical applications in
rainbow trout farms. These farms often face
more variable conditions and unique
challenges.

Conflicts of interest
All authors declare that they have no
conflict of interest.

References

Adel, M., Pourgholam, R., Zorriehzahra,
J. and Ghiasi, M., 2016. Hemato-
Immunological and biochemical
parameters, skin antibacterial activity,
and survival in rainbow trout
(Oncorhynchus mykiss) following the
diet supplemented with Mentha piperita
against Yersinia ruckeri. Fish and
Shellfish Immunology, 55, 267-273.
DOI:10.1016/}.fsi.2016.05.040

Adel, M., Dadar, M. and Conti, G.O,,
2017. Antibiotics and malachite green
residues in farmed rainbow trout
(Oncorhynchus mykiss) from the Iranian

markets: A risk assessment.
International  Journal of Food
Properties, 20(2), 402-408.

DOI:10.1080/10942912.2016.1163577
Adel, M., Dawood, M.A.O., Shafiei, S.,
Sakhaie, F. and Hosseini Shekarabi,
S.P., 2020 Dietary Polygonum minus
extract ameliorated the  growth
performance, humoral immune
parameters,  immune-related  gene
expression and resistance against
Yersinia ruckeri in rainbow trout
(Oncorhynchus mykiss). Aquaculture,
519, 734738.


http://dx.doi.org/10.1080/10942912.2016.1163577

Iranian Journal of Fisheries Sciences 24(2) 2025 377

DOI:10.1016/j.aquaculture.2019.73473
8

Adineh, H., Harsij, M., Jafaryan, H. and

Asadi, M., 2020. The effects of
microencapsulated  garlic  (Allium
sativum) extract on growth performance,
body composition, immune response
and antioxidant status of rainbow trout
(Oncorhynchus ~ mykiss)  juveniles.
Journal of Applied Animal Research, 48,
1, 372-378.
DOI:10.1080/09712119.2020.1808473

Alishahi, M., Tulaby Dezfuly, Z.,

Mesbah, M. and Mohammadian, T.,
2017. Effects of Aloe vera crude extract
on growth performance and some
hemato-immunological  indices  of
Oncorhynchus mykiss in farm scale.
Iranian Journal of Veterinary Medicine,
11(4), 383-393.
DOI:10.22059/ijym.2017.231790.1004
806

Ameur, W.B., de Lapuente, J., El

Megdiche, Y., Barhoumi, B., Trabelsi,
S.L. Camps, Serret, J., Ramos-Lopez,
D., Gonzalez-Linares, J., Ridha Driss,
M. and Borras, M., 2012. Oxidative
stress, genotoxicity and histopathology
biomarker responses in mullet (Mugil
cephalus) and sea bass (Dicentrarchus
labrax) liver from Bizerte Lagoon
(Tunisia), Marine Pollution Bulletin, 64,
241-251.
DOI:10.1016/j.marpolbul.2011.11.026

Aubin, J., Callier, M., Rey-Valette, H.,

Mathe, S., Wilfart, A. and Legendre,
M., 2019. Implementing ecological
intensification in fish farming: definition
and principles from  contrasting
experiences. Reviews in Aquaculture,
11, 149-167.

Bondad-Reantaso, M.G., MacKinnon,

B., Karunasagar, ., Fridman, S,
Alday-Sanz, V., Brun, E., Groumellec,

M.L., Li, A., Surachetpong, W.,
Karunasagar, 1., Hao, B., Dall'Occo,
A., Urbani, R. and Caputo, A., 2022.
Review of alternatives to antibiotic use
in aquaculture. Reviews in Aquaculture,
1-31. DOI:10.1111/raq.12786

Caputo, A., Bondad-Reantaso, M.G.,

Karunasagar, 1., Hao, B., Gaunt, P.,
Verner-Jeffreys, D., Fridman, S. and
Dorado-Garecia, A, 2022.
Antimicrobial resistance in aquaculture:
A global analysis of literature and
national action plans. Reviews in
Aquaculture, 15, 568-578.
DOI:10.1111/raq.12741

Charde, M., Shukla, A., Bukhariya, V.,

Mehta, J. and Chakole, R., 2011.
Herbal remedies as antioxidants: an
overview. International Journal of
Pharmacological Research, 1(2), 25-34.

Chekav, K., Firouzbakhsh F. and

Janikhlili, K., 2023. Effects of dietary
Persian hogweed (Heracleum persicum)
powder on growth performance,
hematological and immune indices, and
resistance against Yersinia ruckeri in
rainbow trout (Oncorhynchus mykiss).
Iranian Journal of Fisheries Sciences,
22(1), 66-83.
DOI:10.22092/ijfs.2023.128620

D’Agaro, E., Gibertoni, P. and Esposito,

S., 2022. Recent trends and economic
aspects in  the rainbow  trout
(Oncorhynchus mykiss) sector. Applied
Science, 12, 8773.
DOI:10.3390/app12178773

Darvishi, M., Shamsaie Mehrgan, M.

and Khajehrahimi, A.E., 2022. Effect
of licorice (Glycyrrhiza glabra) extract
as an immunostimulant on serum and
skin  mucus immune parameters,
transcriptomic responses of immune-
related gene, and disease resistance
against Yersinia ruckeri in rainbow trout


https://doi.org/10.3390/app12178773

378 Ghiasi et al., Enhancing aquaculture and disease resistance in rainbow trout with Iranian herbal feed ...

(Oncorhynchus  mykiss). Front in
Veterinary  Science, 9, 811684.
DOI:10.3389/fvets.2022.81168

Faeed,, M. and Ramezani, B., 2018.

Bacterial study of streptococcosis in
infected fish and antibiotic resistance in
rainbow trout (Oncorhynchus mykiss)
farms in Guilan Province. Journal
Aquaculuer Develompent,12(2), 103-
112. (In Persian)

Fattahi, A., Faghani Langarudi, H.,

Mohammadnejad, M. and Mousavi-
Sabet, H., 2022. Effects of Cinnamon
supplemented  diet on  growth
performance, hematological parameters,
blood biochemical and immunological
indices of rainbow trout (Oncorhynchus
mykiss)  fingerlings.  International
Agquatic  Research, 14, 213-221.
DOI:10.22034/1AR.2022.1955539.1258

Firouzbakhsh, F., Haghparast, S. and

Memarzadeh, M.R., 2021. Study on the
effects of red pepper (Capsicum
annuum) extract on immune responses
and resistance of rainbow trout
(Oncorhynchus ~ mykiss)  juveniles
against  Yersinia ruckeri. lIranian
Journal of Fisheries Sciences, 20(6),
1573-1588.
DOI:10.22092/ijfs.2021.350686.0

Gabriel, N.N., 2019. Review on the

progress in the role of herbal extracts in
tilapia culture. Cogent Food &
Agriculture, 5, 1619651.
DOI:10.1080/23311932.2019.1619651

Ghaednia, B., Mirbakhsh, M. and

Kakoolaki, S., 2024. Effects of bacterial
probiotics interventions on acute
hepatopancreatic ~ necrosis  disease
(AHPND) in shrimp: A meta-analysis.
Iranian Journal of Fisheries Sciences,
23(1), 61-83.
DOI:10.22092/ijfs.2024.130825

Ghafarifarsani, H., Kachuei, R. and

Imani, A, 2021a. Dietary
supplementation of garden thyme
essential oil ameliorated the
deteriorative effects of aflatoxin B1 on
growth performance and intestinal
inflammatory status of rainbow trout
(Oncorhynchus mykiss). Aquaculture,
531,735928.
DOI:10.1016/j.aquaculture.2020.73592
8

Ghafarifarsani, H., Rashidian, G.,

Sheikhlar, A., Naderi Farsan, M.,
Hoseinifar, S.H. and Van Doan, H.,
2021b. The use of dietary oak acorn
extract to improve haematological
parameters, mucosal and serum
immunity, skin mucus bactericidal
activity, and disease resistance in
rainbow trout (Oncorhynchus mykiss).
Aquaculture Research, 00: 1-10.
DOI:10.1111/are.15101

Gharaei, A., Shafiei, M., Mirdar

Harijani, J., Hassanein, P. and
Arshadi, A., 2020. Immune responses
and haematological parameters changes
of rainbow trout (Oncorhynchus mykiss)
under effects of dietary administration of
sumac (Rhus coriaria L.). Journal of
Agricultural Science and Technology,
22(1), 173-186.

Ghiasi, M., Nasrollahzadeh Saravi, H.,

Fazli, H., Safari, R., Farabi, SM.V.,
Binaii M.,Yaghobzadeh, Z., Zare, E.,
Behrouzi, S. and Habibi, F., 2021.
Evaluation of some risk factors on the
rainbow trout production with emphasis
on water microbial indices and heavy
metals of farms along the Haraz River.
Iranian Scientific Fisheries Journal

30(6), 25-43. DOI:
10.22092/1SFJ.2022.125882 (In
Persian)



Iranian Journal of Fisheries Sciences 24(2) 2025 379

Ghiasi, M. Binaii, M. Mirmazlomi, S.,

Adel, M., Khara. H., 2023. Effect of
dwarf elder (Sambucus ebulus) to
improve hemato-immunological and
biochemical parameters and resistance
against Yersinia ruckeri in rainbow trout
(Oncorhynchus mykiss). Iranian Journal
of Fisheries Sciences, 22(4), 871-892.
DOI:10.22092/ijfs.2023.129996

Gholamhosseini, A., Hosseinzadeh, S.,

Soltanian, S., Banaee, M., Sureda, A.,
Rakhshaninejad, M., Heidari, A.A.
and Anbazpour, H., 2020. Effect of
dietary supplements of Artemisia
dracunculus extract on the haemato-
immunological and biochemical
response, and growth performance of the
rainbow trout (Oncorhynchus mykiss).
Aquaculture Research, 00, 1-13.
DOI:10.1111/are.15062

Haghighi, M., Sharif Rohani, M.,

Pourmoghim, H., Samadi ,M., Tavoli,
M., Eslami, M. and Yusefi, R., 2017.
Enhancement of immune responses of
rainbow trout (Oncorhynchus mykiss)
fed a diet supplemented with Aloe vera
extract. Iranian Journal of Fisheries
Sciences, 16(3), 884-896.

Hassanpouraghdam, M.B., Ghorbani,

H., Esmaeilpour, M., Alford, M.H.,
Strzemski, M. and Dresler, S., 2022.
Diversity and distribution patterns of
endemic medicinal and aromatic plants
of Iran: implications for conservation
and habitat management. International
Journal of Environmental Research and
Public Health, 19, 1552.
DOI:10.3390/ijerph19031552

Heidarieh, M., Mirvaghefi, A.R., Sepahi,

A., Sheikhzadeh, N., Shahbazfar, A.A.
and Akbari, M., 2013. Effects of
dietary Aloe Vera on growth
performance, skin and gastrointestine
Morphology  in  rainbow  trout

(Oncorhynchus mykiss). Turkish
Journal of Fisheries and Aquatic
Sciences, 13, 367-373.
DOI:10.4194/1303-2712-v13_2 20

Heydari, M., Firouzbakhsh, F. and

Paknejad, H., 2020. Effects of Mentha
longifolia extract on some blood and
immune parameters, and disease
resistance against yersiniosis in rainbow
trout. Aquaculture, 515, 734586.
DOI:10.1016/j.aquaculture.2019.73458
6

Hoseinifar, S.H., Shakouri, M., Doan,

H.V., Shafiei, S., Yousefi, M., Raeisi,
M., Yousefi, S., Harikrishnan, R. and
Reverter, M., 2020. Dietary
supplementation of lemon verbena
(Aloysia citrodora) improved immunity,
immune-related genes expression and
antioxidant enzymes in rainbow trout
(Oncorrhyncus  mykiss). Fish and
Shellfish Immunology, 99, 379-385.
DOI:10.1016/j.fsi.2020.02.006

Hosseini Shekarabi, S.P., Mostafavi,

Z.S., Shamsaie Mehrgan, M. and
Rajabi Islami, H., 2021., Dietary
supplementation with dandelion
(Taraxacum officinale) flower extract
provides  immunostimulation  and
resistance against Streptococcus iniae
infection in rainbow trout
(Oncorhynchus  mykiss). Fish and
Shellfish Immunology, 118, 180-187.
DOI:10.1016/j.fsi.2021.09.004

Hosseini Shekarabi, S.P., Javarsiani, L.,

Shamsaie Mehrgan, M., Dawood,
M.A.O. and Adel, M., 2022. Growth
performance, blood  biochemistry
profile, and immune response of
rainbow trout (Oncorhynchus mykiss)
fed dietary Persian shallot (Allium
stipitatum) powder. Aquaculture, 548,
7376217.



380 Ghiasi et al., Enhancing aquaculture and disease resistance in rainbow trout with Iranian herbal feed ...

DOI:10.1016/j.aquaculture.2021.73762
7

Lech, G.P. and Reigh, R.C., 2012. Plant
products affect growth and digestive
efficiency of cultured Florida pompano
(Trachinotus carolinus) fed
compounded diets. PLoS One, 7(4),
e34981.

Lieke, T., Meinelt, T., Hoseinifar, S.H.,
Pan, B., Straus, D.L. and Steinberg,
C.E., 2019. Sustainable aquaculture
requires environmental friendly
treatment strategies for fish diseases.
Reviews in Aquaculture, 12, 943-965.

Lulijwa, R., Rupia, E.J. and Alfaro, A.C.,
2020. Antibiotic use in aquaculture,
policies and regulation, health and
environmental risks: a review of the top
15 major producers. Reviews in
Aguaculture,12, 640-663.
DOI:10.1111/raq.12344

Manera, M., 2021. Exploratory factor
analysis of rainbow trout serum
chemistry  variables. International
Journal of Environmental Research, 21,
18, 1537. DOI:10.3390/ijerph18041537.

Mansouri Taee, H., Hajimoradloo, A.,
Hoseinifar, S.H. and Ahmadvand, H.,
2017. The effects of dietary Myrtle
(Myrtus communis L.) supplementations
on growth performance
and some innate immune responses in
rainbow trout (Oncorhynchus mykiss).
International Journal of Aquatic
Biology,5(4), 252-2509.

Mehrabi, Z. and Firouzbakhsh, F., 2020.
Short-term effects of feeding powdered
Aloe vera (Aloe barbadensis) and nettle
(Urtica dioica) on growth performance
and stimulation of innate immune
responses in rainbow trout
(Oncorhynchus mykiss). Comparative
Clinical Pathology, 29, 441-449.
DOI:10.1007/s00580-019-03068-w

Mohamadi Saei, M., Beiranvand, K.,
Khalesi, M. and Mehrabi, F., 2016.
Effects of dietary savory and myrtle
essential oils on growth,survival,
nutritional indices, serum biochemistry,
and hematologyof farmed rainbow trout,
Oncorhynchus mykiss, fry. Journal of
the  World aquaculture  Society,
DOI:10.1111/jwas.12306.

Mohammadalikhani, M., Shamsaie
Mehrgan, M., Haghighi, M., Soltani,
M. and Kamali, A., 2020. Effects of
dietary purslane (Portulaca oleracea)
extract on growth performance,
hematological indices and immune
responses of rainbow trout
(Oncorhynchus mykiss) fry. lranian
Journal of Fisheries Sciences, 19(5),
2660-2672.
DOI:10.22092/ijfs.2020.122576

Mokhtar, D.M., Zaccone, G., Alesci, A.,
Kuciel, M., Hussein, M.T., Ramy K.
A. and Sayed, R.K.A., 2023. Main
components of fish immunity: an
overview of the fish immune system.
Fishes, 8, 93.
DOI:10.3390/fishes8020093

Monteiro, S. and Andrade, G.M., 2018.
Antibiotic residues and resistant bacteria
in aquaculture. Pharmaceutical
Chemistry Journal, 5, 127-147.

Naderi Farsani, M., Hoseinifar, S.H.,
Rashidian, G., Ghafari Farsani, H.,
Ashouri, G. and Van Doan, H., 2019.
Dietary effects of Coriandrum sativum
extract on growth  performance,
physiological and innate immune
responses and resistance of rainbow
trout (Oncorhynchus mykiss) against
Yersinia ruckeri, Fish and Shellfish
Immunology, 91, 233-240.
DOI:10.1016/j.fsi.2019.05.031.

Oroji, E., Shamsaie Mehrgan, M., Rajabi
Islami, H. and Sharifpour, 1., 2021.



Iranian Journal of Fisheries Sciences 24(2) 2025 381

Dietary effect of Ziziphora
clinopodioides extract on zootechnical
performance, immune response, and
disease resistance against Yersinia
ruckeri in  Oncorhynchus  mykiss.
Aquaculture Reports, 21, 100827.
DOI:10.1016/j.aqrep.2021.100827.

Pogorzelska-Nowicka, E., Hanula, M.

and Pogorzelski, G., 2024. Extraction
of polyphenols and essential oils from
herbs with green extraction methods —
An insightful review. Food Chemistry,
460, Part 1,140456.
DOI:10.1016/j.foodchem.2024.140456.

Pourmoghim, H., Haghighi, M. and

Sharif Rohani, M., 2015. Effect of
dietary inclusion of Origanum vulgare
extract on  nonspecific immune
responses and hematological parameters
of

rainbow trout (Oncorhynchus mykiss).
Bulletin of Environment, Pharmacology
and Life Sciences, 4(3), 33-39.

Rafati, L., Ehrampoush, M. H.,

Mokhtari, M., Sohrabi, A., Shirazi, S.,
Mahvi, A.H. and Momtaz, S.M., 2018.
The Analysis of oxytetracycline residue
in tissues of cultured rainbow trout
(Oncorhynchus Mykiss). Health Scope,
7(2): e57495. DOLl:
10.5812/jhealthscope.57495

Ramesh, D. and Souissi, S., 2018.

Antibiotic resistance and virulence traits
of bacterial pathogens from infected
freshwater fish, Labeo rohita. Microbial
Pathogenesis, 116, 113-119.
DOI:10.1016/j.micpath.2018.01.019

Ramezanzadeh, S., Abedian Kenari, A.

and Esmaeili, M., 2019.
Immunohematological parameters of
rainbow trout (Oncorhynchus mykiss)
fed supplemented diet with different
forms of barberry root (Berberis
vulgaris). Comparative Clinical

Pathology, 29, 177-187.
DOI:10.1007/s00580-019-03032-8

Rashidian, G, Bahrami Gorji, S., Naderi

Farsani, M., Proki¢, M.D. and Faggio,
C., 2018. The oak (Quercus brantii)
acorn as a growth promotor for rainbow
trout (Oncorhynchus mykiss): growth
performance, body composition, liver
enzymes activity and blood biochemical
parameters. Natural Product Research,
DOI:10.1080/14786419.2018.1538994

Rashidian, G., Kajbaf, K., Proki¢, M.D.

and Faggio, C., 2020. Extract of
common mallow

(Malvae sylvestris) enhances growth,
immunity, and resistance of rainbow
trout (Oncorhynchus mykiss) fingerlings
against Yersinia ruckeri infection. Fish
and Shellfish Immunology, 96, 254-261.
DOI:10.1016/j.fsi.2019.12.018

Rashidian,G., Mahboub, H.H., Fahim,

A., Hefny, A.H., Proki¢, M.D., Rainis,
S., Tahmasebi Boldaji, J and Faggio,
C., 2022. Mooseer (Allium hirtifolium)
boosts growth, general health status, and
resistance of rainbow trout
(Oncorhynchus mykiss) against
Streptococcus iniae infection. Fish and
Shellfish  Immunology, 120, 360-368.
DOI:10.1016/j.fsi.2021.12.012.

Reverter, M.,  Tapissier-Bontemps,

Sarter, S., Sasal, P. and Caruso, D.,
2021. Moving towards more sustainable
aquaculture practices: a meta-analysis
on the potential of plant-enriched diets to
improve fish growth, immunity and
disease  resistance.  Reviews in
Aquaculture, 13(2), 537-555.
DOI:10.1111/raq.12485

Rufchaei, R., Mirvaghefi, A., Hoseinifar,

S.H.,Valipour, A. and Nedaei, S.,
2020. Effects of dietary administration
of water hyacinth  (Eichhornia
crassipes) leaves extracts on innate


https://doi.org/10.1016/j.micpath.2018.01.019

382 Ghiasi et al., Enhancing aquaculture and disease resistance in rainbow trout with Iranian herbal feed ...

immune parameters, antioxidant defence
and disease resistance in rainbow trout
(Oncorhynchus mykiss). Aquaculture,
515,734533.
DOI:10.1016/j.aquaculture.2019.73453
3

Saeidi asl, M.R, Adel, M., Caipang,

C.M.A. and Dawood, M.A.O., 2017.
Immunological

responses and disease resistance of
rainbow trout (Oncorhynchus mykiss)
juveniles following dietary
administration of stinging nettle (Urtica
dioica). Fish and Shellfish Immunology,
71, 230-238.
DOI:10.1016/j.fsi.2017.10.016

Sahoo, S., Banu, H., Prakash, A. and

Tripathi, G., 2021. Immune system of
fish: An evolutionary perspective. In:
Antimicrobial Immune Response; del
Mar Ortega-Villaizan, M., Chico, V.,
(Eds.), IntechOpen, London, UK.
Available at:
https://www.intechopen.com/chapters/7
8026

Sarvi Moghanlou, K., Nasr Isfahani, E.,

Dorafshan, S., Tukmechi, A. and
Araml, M.S., 2018. Effects of dietary
supplementation with Stachys
lavandulifolia Vahl extract on growth
performance, hemato-biochemical and
innate immunity parameters of rainbow
trout (Oncorhynchus mykiss). Animal
Feed Science and Technology, 237, 98-
105.
DOI:10.1016/j.anifeedsci.2018.01.016

Shaluei, F., Nematollahi, A., Naderi-

Farsani, H.R., Rahimi, R. and
Kaboutari katadj, J. 2016, Effect of
ethanolic extract of Zingiber officinale
on growth performance and mucosal
immune responses in rainbow trout
(Oncorhynchus mykiss). Aquaculture
Nutrition, DOI:10.1111/anu.12448

Soltani, M., Pirali, E., Rasoli, A., Shafiei,

S., Kakoolaki, S. and Shams, G. H.,
2014. Antibiotic residuals in some
farmed rainbow trout (Oncorhynchus
mykiss) of market size in Iran. Iranian
Journal of Aquatic Animal Health, 1(1)
71-77.

Soltanian, M., Faghani Langrodi, H. and

Mohammad Nejad, M., 2019.The use
of Zingiber officinale extract against
Yersinia ruckeri and its effects on the
antioxidant status and immune response
in Oncorhynchus mykiss. International
Journal of Aquatic Biology, 7(5), 301-
314.

Srivastava, P.K. and Pandey, A K., 2015.

Role of immunostimulants in immune
responses of fish and shellfish.
Biochemical and Cellular Archives.
5(1), 47-73.
DOI:10.1016/j.fsi.2005.03.008

Tadese, D.A., Song, C., Sun, C., Liu, B,

Liu, B., Zhou, Q., Xu, P., Ge, X, Liu,
M., i Xu, X., Tamiru, M., Zhou, Z.,
Lakew, A. and Kevin, N.T., 2021. The
role of currently used medicinal plants in
aquaculture and their action
mechanisms: A review. Review in
Aquaculture,  14(2), 816  -847.
DOI:10.1111/raq.12626

Taheri Mirghaed, A., Hoseini, S.M.,

Hoseinifar, S.H. and Van Doan, H.,
2020. Effects of dietary thyme (Zataria
multiflora) extract on antioxidant and
immunological responses and immune-
related gene expression of rainbow trout
(Oncorhynchus mykiss) juveniles. Fish
and Shellfish Immunology, 106, 502—
509. DOI:10.1016/j.si.2020.08.002

Vazirzadeh, A., Dehghan, F. and

Kazemein, R., 2017. Changes in
growth, blood immune parameters and
expression of immune related genes in
rainbow trout (Oncorhynchus mykiss) in


https://www.intechopen.com/chapters/78026
https://www.intechopen.com/chapters/78026
https://doi.org/10.1111/raq.12626

Iranian Journal of Fisheries Sciences 24(2) 2025 383

response to diet supplemented with
Ducrosia anethifolia essential oil. Fish
and Shellfish Immunology, 69, 164-172.
DOI:10.1016/j.fsi.2017.08.022

Yousefi, M., Ghafarifarsani, H., Hoseini,

S.M., Hoseinifar, S.H., Abtahi,
B.,Vatnikov, Y.A., Kulikov, E.V. and
Van Doan, H., 2022. Effects of dietary
thyme essential oil and prebiotic
administration on  rainbow  trout
(Oncorhynchus mykiss) welfare and
performance. Fish and  Shellfish
Immunology, 120, 737-744.
DOI:10.1016/j.fsi.2021.12.023

Zandi, R., Salimi, B. and Karimi Dareh

Abi, H., 2016. Investigating antibiotic
susceptibility in species of bacteria
isolated from rainbow trout
(Oncorhynchus mykiss) with
Streptococcosis in Kurdistan Province.
Journal of Veterinary Microbiology,
12(2), 1-12. (In Persian)

Zargar, A., Rahimi-Afzal, Z., Soltani, E.,

Taheri Mirghaed, A., Ebrahimzadeh-
Mousavi, H.A., Soltani, M. and
Yuosefi, P., 2019. Growth performance,
immune response and disease resistance
of rainbow trout (Oncorhynchus mykiss)
fed Thymus vulgaris essential oils.

Aquaculture Research, 50, 3097-3106.
DOI:10.1111/are.14243

Zeilab Sendijani, R., Abedian Kenari, A.
and Smiley, A.H., 2020. The effect of
extract from dill Anethum Graveolens
on the growth performance, body
composition, immune system, and
antioxidant system of rainbow trout.
North American Journal of Aquaculture,
DOI:10.1002/naaqg.1012

Zhang, W., Zhao, J., Ma, Y., Li, J. and
Chen, X., 2022. The effective
components of herbal medicines used
for prevention and control of fish
diseases. Fish and Shellfish
Immunology, 126, 73-83.
DOI:10.1016/j.fsi.2022.05.036

Zhou, L., Limbu, S., Shen, M, Zhai, W.,
Qiao, F., He, A, Du, Z.Y. and Zhang,
M., 2018. Environmental concentrations
of antibiotics impair zebrafish gut
health. Environmental Pollution, 235,
245- 254.
DOI:10.1016/j.envpol.2017.12.073

Zhu, F., 2020. A review on the application
of herbal medicines in the disease
control of aquatic animals. Aquaculture,
526, 735422,
DOI.10.1016/j.aquaculture.2020.73542
2


https://doi.org/10.1016/j.fsi.2022.05.036
https://doi.org/10.1016/j.envpol.2017.12.073

