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Simple Summary

This review examines the potential of essential oils (EOs) as natural additives in aqua-
culture, emphasizing their antimicrobial, antioxidant, and immune-boosting effects that
can improve fish health and resilience. EOs, sourced from plants, offer a sustainable alter-
native to synthetic chemicals, promoting growth, feed efficiency, and disease resistance.
However, challenges such as optimizing dosages, delivery methods, and cost-efficiency
remain. Techniques like microencapsulation may improve EO stability and release, but
more research is needed to refine these methods and understand how EOs affect fish health
and the environment. Overcoming these challenges will enable a more sustainable and
eco-friendly aquaculture industry.

Abstract

This review explores the potential of essential oils (EOs) as natural feed additives in aqua-
culture, highlighting their antimicrobial, antioxidant, and immunostimulatory properties,
which contribute to disease prevention and improved fish resilience. EOs, derived from
aromatic plants, offer a sustainable alternative to synthetic chemicals, promoting benefits
such as enhanced growth rates, feed efficiency, immune function, and reduced pathogen
susceptibility. However, several challenges must be addressed to fully unravel their poten-
tial, including the optimization of dosages, effective delivery methods, and cost-efficiency.
Techniques such as microencapsulation are emerging as promising solutions to improve
EO stability and controlled release in aquatic feeds, though further research is needed to
refine these approaches and evaluate their scalability. Additionally, there is a need for more
research into the mechanisms through which EOs influence fish health, the interactions
between active compounds, potential synergistic effects of EO mixtures, and their impact
on the aquatic environment and microbiome. Addressing these challenges will ensure the
effective and sustainable application of EOs in aquaculture, reducing reliance on synthetic
chemicals while fostering a more resilient and eco-friendly industry. A key feature of this
review is the systematic presentation of detailed, species-specific tables summarizing the
current literature on the application of EOs and plant extracts in fish health management.
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1. Introduction

The global aquaculture industry has experienced substantial growth, producing ap-
proximately 80.0 million tons of various aquatic species in 2024 [1,2], comprising mostly fin
fish, mollusks, and crustaceans. This production accounted for over half of the world’s fish
consumption for the first time in history [3]. However, infectious diseases pose a significant
threat to the profitability of aquaculture, with pond fish aquaculture losing 60% of its pro-
duction to infectious diseases [4] and the tropical marine shrimp sector experiencing losses
of around 40% due to viral diseases [5]. Traditional approaches to address these challenges,
such as synthetic growth promoters and antibiotics, have raised concerns regarding food
safety and environmental contamination [6].

The overuse of antibiotics in aquaculture has raised concerns about antibiotic resis-
tance and ecological impacts. As a potential solution, researchers are investigating the use
of essential oils (EOs). EOs, derived from plants, possess antimicrobial and immunostim-
ulatory properties. Additionally, EOs can enhance fish immune systems, making them
more resistant to diseases. This suggests that EOs could be used as natural additives in
aquaculture feed to reduce antibiotic usage and improve overall fish health [7]. Given the
challenges posed by various bacterial pathogens in aquaculture, the exploration of EOs as
a potential alternative is particularly relevant.

Aromatic plants produce aromatic substances, commonly found in EOs, which contain
bioactive compounds such as terpenes, terpenoids, aldehydes, ketones, acids, phenols,
lactones, ethers, and esters [8]. As a result, there is a growing interest in utilizing aromatic
plants to produce functional feeds in aquaculture. These functional feeds aim to promote
growth, enhance feed conversion, improve health, and address concerns about food safety
and environmental sustainability [9,10].

The use of aromatic plants and their extracts offer a promising eco-friendly strategy to
combat fish diseases in aquaculture. Their beneficial properties have been demonstrated
through numerous scientific studies, often showing comparable or superior efficacy to
synthetic substances like antibiotics [11-15]. Additionally, the use of aromatic plants aligns
with societal demands for safe and environmentally friendly food production practices.

Furthermore, aromatic plants and their extracts serve as natural immunostimulants,
enhancing the innate immune response of aquatic organisms. Unlike vaccines, which target
specific pathogens, immunostimulants improve overall immune function, thereby reducing
the susceptibility of fish to various opportunistic pathogens [7,16-18]. By promoting stress
resistance, growth, appetite, and immune function, aromatic plants contribute to the overall
health and well-being of aquatic organisms in aquaculture systems.

The integration of aromatic plants and their extracts into aquaculture practices repre-
sents a holistic and sustainable approach to disease management and health promotion.
This strategy not only addresses the challenges posed by infectious diseases but also aligns
with consumer preferences for safe, eco-friendly, and ethically produced seafood [14,19].

This review assesses the potential of essential oils (EOs) and selected plant extracts
as natural feed additives in aquaculture. Based on studies identified in our review, we
summarize the species examined, inclusion levels, and reported outcomes. The evidence is
organized into sections with species-specific tables that collate the studies identified in our
review and their main findings.

Recognizing that taxonomy is sometimes applied unevenly in the relevant literature,
we adopted POWO [20] and WoRMS [21] to standardize names, thereby limiting ambiguity
and facilitating cross-study synthesis.



Animals 2025, 15, 2653

30f24

2. Enhancement Overview of Reported Benefits of Essential Oils (EOs)

The growing body of research on EOs in aquaculture continues to uncover a wide
range of benefits for various fish species. EOs such as Cinnamon EO and Origanum EO
have been linked to enhanced growth rates, feed conversion efficiency, immune status,
disease resistance, and intestinal health in species like Dicentrarchus labrax and Oreochromis
niloticus [22-25]. El-Sayed et al. (2024) [26], further support the potential benefits of EOs
in aquaculture. Their study demonstrated that dietary supplementation with a mixture
of botanical compounds and EOs in Nile tilapia significantly improved feed efficiency,
antioxidant status, immune parameters, and digestive health.

Thyme EO, particularly when combined with a prebiotic, has shown promising results
in Oncorhynchus mykiss, significantly enhancing growth performance, digestive enzyme
activity, and humoral as well as skin and intestinal immune responses [27]. In Cyprinus
carpio, the inclusion of Yucca schidigera EO improved intestinal antioxidant capacity and
immune response [28], while Lavender EO also promoted growth, immune-related gene
expression, and reduced stress response [29]. Additionally, Rosmarinus officinalis EO has
demonstrated the ability to control parasitic infections in Cyprinus carpio, particularly
against monogenean infections [30].

Moreover, EOs such as Garlic EO and bioactive compounds like Carvacrol and Thy-
mol have been shown to promote skin innate immunity, modulate transcriptional immune
responses, and reduce stress and bacterial growth in the mucus of Sparus aurata [31]. Cin-
namomum verum EO has demonstrated its ability to reduce the toxic effects of aflatoxin
B1, improving hematological indices, serum biochemistry, and liver histopathology in
Oncorhynchus mykiss [32]. EOs offer significant potential in promoting growth, immunity,
antioxidant capacity, and intestinal health in aquaculture, providing a natural and effective
approach to improving fish welfare and performance. These diverse health benefits, partic-
ularly improvements in digestion and immune function, contribute to enhanced growth
and feed efficiency, paving the way for their use as growth promoters.

In addition to the potential benefits of EOs on growth in aquaculture, their impact
on reducing stress is also significant. EOs, such as oregano oil, have been studied for
their stress-reducing capabilities in fish, particularly under intensive farming conditions
where stress levels are elevated due to high stocking densities and other environmental
factors [33]. El-Hawarry et al., in 2018 [33], investigated the combined effects of rearing
density and oregano oil supplementation on the growth, behavior, and stress response of
Nile tilapia (Oreochromis niloticus). The findings demonstrated that oregano oil supplemen-
tation positively influenced growth rates and improved behavioral responses, especially
under high-density conditions. Additionally, it significantly reduced stress responses
in the fish, suggesting that oregano oil can act as an effective stress-reducing agent in
aquaculture systems.

The stress-reducing mechanisms of EOs are believed to be linked to their antioxidant
properties, which lower oxidative stress, as well as their anti-inflammatory effects, which
can help to mitigate stress-induced inflammation, a significant parameter for improving
the welfare of fish reared under high-density conditions [34].

Table S1 synthesizes the studies identified in our review, reporting benefits of dietary
EOs in aquaculture [22-25,27-30,32,35-80].

3. The Role of EOs in Palatability and Growth Enhancement

Fish palatability is a critical factor, influencing the potential benefits of fish feed
additives, directly affecting feed intake and overall growth performance [81]. There is
evidence suggesting that certain MAPs extracts can actually enhance appetite and improve
feed intake in fish when used at appropriate doses. Abdel-Tawwab et al. [82] reported
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that dietary green tea supplementation improved feed intake and growth performance
in Nile tilapia, likely due to enhanced palatability and metabolic stimulation. Similarly;,
Dawood et al. [83] reviewed several studies reporting that various herbal EOs can enhance
fish feed palatability; however, high doses may inhibit feed consumption.

Additionally, garlic stands out as one of the most studied aromatic plants for growth
promotion in fish and crustaceans [84]. Studies have shown that incorporating garlic into
fish diets enhances consumption, specific growth rates, and weight gain [85]. Similar
growth-promoting effects have been observed with other aromatic plants rich in com-
pounds like thymol and carvacrol, such as thyme and oregano. Peppermint has also
demonstrated growth-enhancing properties when added to fish diets, with dose-dependent
improvements in growth rates [86]. Fenugreek seeds have garnered interest for their
growth-stimulating effects in various fish species, showing significant improvements in
growth parameters when included in the diet [87]. It is important to note that many studies
have also reported beneficial effects of aromatic plant extracts and oils on other aspects of
animal health and well-being, though not directly related to growth.

A period of adaptation may be required in some cases; for example, long-term dietary
supplementation with lavender oil improved feed utilization and digestive enzyme activi-
ties in European seabass without negative effects on feed acceptance [54]. It can be stated
that while MAPs can improve palatability and overall performance, a period of adaptation
and optimization of dosage is crucial to avoid adverse effects on feed intake.

4. The Immunostimulatory Properties of Essential Oils and Applications
for Disease Prevention in Aquaculture

Fish possess an immune system, which includes both innate and adaptive components.
The innate immune system provides immediate, non-specific defenses against a wide range
of pathogens, utilizing physical barriers such as the skin and gills, as well as cellular
and humoral factors like phagocytes and complement proteins. The adaptive immune
system offers long-lasting and specific protection against pathogens. Immunostimulation
seeks to enhance the function of both the innate and adaptive immune systems in fish.
By stimulating the production of immune cells, increasing the activity of immune-related
genes, and improving the overall immune response, immunostimulation helps fish better
defend against diseases [17].

Immunostimulation plays a crucial role in addressing current and future challenges
in aquaculture by helping combat emerging diseases and enabling fish populations to
develop resistance to pathogens. It can also help mitigate the effects of environmental
stressors, such as those affected by climate change, which can compromise fish health. The
expected benefits of immunostimulation include improved disease resistance, reducing
mortality rates and enhancing overall health. Additionally, immunostimulants can reduce
the reliance on antibiotics, thereby mitigating the risk of antibiotic resistance and con-
tributing to the sustainability of aquaculture practices [83,88-90]. The mechanism involved
inimmunostimulatory effects of EOs include toll-like receptors (TLRs) of immune cells,
which play a critical role in recognizing pathogens and triggering immune responses. When
TLRs are activated, they stimulate the production of pro-inflammatory cytokines such as
IL-13, which is crucial for initiating and regulating the immune response. The production
of IL-1f3 in response to EOs indicates their potential as immunostimulants, helping fish
against infections and diseases [91-97]. However, it is essential to maintain a balance since
excessive IL-1p production could lead to harmful inflammation. Therefore, while EOs
can enhance the immune system, their use should be carefully managed. This balance is
crucial in ensuring that EOs contribute positively to fish health and well-being without
causing detrimental inflammation-related issues [16,98-100]. Another benefit of EOs is the
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functional integrity of gut health in fish. A functionally intact gut is crucial for the immune
system of fish, as it helps reduce oxidative stress and enhance nutrient absorption. By
reducing pathogenic bacteria and promoting beneficial gut microbiota, EOs contribute to a
healthier intestinal environment [16,97,101]. By supporting gut health, EOs can indirectly
bolster the immune system, making fish more resilient to diseases and improving their
overall well-being.

Medicinal Aromatic Plants (MAPs) offer a promising approach to improving fish health,
reducing disease outbreaks, and promoting sustainable aquaculture practices [97,102].

The fight against emerging infectious diseases in aquaculture is of paramount im-
portance for the industry’s profitability and sustainability, as outbreaks continue to inflict
significant economic losses globally. These outbreaks often originate from wild hosts in
surrounding waters and exploit the compromised immune systems of farmed fish, which
can result from stress, confinement, and genetic factors. Over the years, these outbreaks
have become a recurrent challenge in aquaculture, typically emerging a few years after the
introduction of new species [103].

In response to the limitations and growing concerns surrounding the use of veterinary
drugs and synthetic substances in aquaculture [104], aromatic plants and their extracts
have garnered increasing attention as potential alternatives. The immunostimulating and
health-promoting properties of these plants make them promising candidates for replacing
antibiotics and other synthetic medicines. As a result, there has been an exponential growth
in research (Table S2.), focusing on the health and immunology of fish concerning the use
of aromatic plants [99,105-161].

Numerous aromatic plants have been identified for their immunostimulating proper-
ties, including garlic, onion, thyme, oregano, rosemary, peppermint, fenugreek, and cumin
seeds. These plants contain bioactive compounds such as allicin, thymol, and carvacrol,
which have demonstrated significant immunoregulatory effects in fish [99,102,162]. For
instance, thymol, a natural compound derived from thyme EO, has gained attention as
a potential feed additive in aquaculture due to its antimicrobial, antioxidant, and anti-
inflammatory properties. This compound is increasingly studied for its capacity to enhance
fish health and reduce dependency on antibiotics [88,102,163]. The benefits of incorpo-
rating thymol as a feed additive in aquaculture are substantial. Thymol has been shown
to improve fish immune function, thereby reducing disease susceptibility and promoting
overall well-being [163-165]. Additionally, research indicates that thymol supplementa-
tion can enhance growth performance, leading to better growth rates, feed efficiency, and
survival in various fish species [102]. Its antimicrobial properties are particularly valuable
in controlling bacterial and parasitic infections, which in turn can decrease the need for
antibiotic treatments [31,74,166]. Moreover, thymol contributes to improved feed quality
by inhibiting spoilage and reducing mycotoxin contamination, ensuring a healthier diet for
the fish [73].

Reducing reliance on antibiotics aligns with efforts to minimize the environmental
impact of aquaculture by decreasing chemical usage, decreasing parasitic infestations, and
mitigating the spread of antibiotic resistance [13,167-169].

Garlic and its derivatives have been studied extensively, with research indicating
improvements in fish immunity and disease resistance following dietary supplementa-
tion [31,170]. Similarly, other compounds such as carvacrol, prevalent in plants like oregano,
have shown promise in enhancing immune system function and reducing mortality rates
in challenged fish [162-164].

Research efforts have also focused on evaluating the immunostimulating effects of
aromatic plants in various aquaculture species, including finfish and crustaceans. Stud-
ies have investigated the efficacy of different plant extracts and EOs in improving fish
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health parameters, such as respiratory burst, phagocytic activity, lysozyme activity, and
antioxidant enzyme levels [171]. Additionally, the use of aromatic plant extracts has shown
potential in controlling bacterial and parasitic infections in aquaculture settings.

While individual plant species exhibit promising immunostimulating effects, the
future of disease management in aquaculture could lie in the synergistic combination of
multiple plants or phytochemicals [172,173]. However, determining optimal dosages and
formulations requires a thorough understanding of the bioactive compounds present in
the extracts used. As such, further research is necessary to refine dosages, evaluate efficacy
across different aquaculture species, and develop practical applications for integrating
aromatic plants into aquafeed formulations [174].

Across the existing literature, there are numerous reports of studies aimed to inves-
tigate ways to bolster immunity against specific pathogens. Table S2 presents reported
antibacterial and antifungal activity of essential oils, including plant source/part, target
pathogen(s), and outcomes. Because extraction methods and chemotypes differ across
different studies, we refrain from ranking efficacy. Instead, Table S2 groups in vitro findings
by target pathogen and EO/major phenolics (e.g., thymol, carvacrol), to highlight recurring
compound classes. We note that MIC values are assay-dependent and do not translate
directly to therapeutic doses in vivo; they are best treated as screening indicators.

5. Antiparasitic Activity

Infestations of ectoparasites pose significant health risks and economic losses for both
saltwater and freshwater aquacultured fish. Among these parasites, monogeneans are
particularly problematic as they inhabit the skin, gills, and even the eyes of fish [175]. Tra-
ditional treatment methods involve chemotherapy baths, but these can introduce harmful
substances into the environment. To address these challenges, aromatic plant extracts
and essential oils (EOs) have been assessed for potential anthelmintic effects in in vitro
(Table S3) [176-208] and in vivo (Table S4) assays [209-223]. Garlic, known for its an-
thelmintic properties, has shown efficacy against monogeneans when administered as a
preventive treatment in fish feed. Garlic extract rich in allicin has been effective in reducing
infections by Neobenedenia sp. when administered orally, as well as in bath therapies [224].
However, it appears to be less effective against juvenile parasites, suggesting its use as a
preventive measure rather than a curative treatment.

EOs from other aromatic plants have also shown promise as anthelmintics. Australian
tea tree oil has demonstrated dose-dependent reductions in Gyrodactylus spp. prevalence
when used in baths [225]. Eugenol, found in clove EO, has been effective against monoge-
neans in tambaqui, though its effects were observed after a week [226]. Additionally, EOs
from Lippia sp. and clove basil have shown anthelmintic effectiveness in tambaqui.

Rosemary extracts, both ethanolic and aqueous, have shown anthelmintic properties
in carp, with the aqueous extract being less toxic to fish [30]. Peppermint EO has demon-
strated antiparasitic effects in Nile tilapia, reducing the prevalence of certain monogenean
parasites in therapeutic baths. However, the effectiveness and safety of peppermint oil
varied depending on the species and concentration used, highlighting the importance of
determining optimal doses for each species and pathogens [227].

Overall, natural treatments using extracts and EOs from aromatic plants hold promise
as alternative strategies for controlling ectoparasites in aquaculture. Establishing toxicity
limits and optimal treatment protocols for each species and pathogen could lead to the adop-
tion of safer and more environmentally friendly treatments, reducing contamination risks
for both fish and the environment. Reported in vivo antiparasitic uses span dietary prophy-
laxis and short therapeutic baths, with effective exposures varying by EO, species, and life
stage (e.g., dose-dependent reductions with tea tree oil baths; delayed effects with eugenol;
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species- and concentration-dependent responses to peppermint; lower-toxicity aqueous
rosemary extracts). Given this variability, species-specific range-finding is advisable before
routine application, and dietary approaches may be more practical for prevention than
repeated baths. We therefore refrain from general dosing recommendations.

Where efficacy and acute toxicity were both reported, effective bath concentrations
were typically <10-20% of the species-specific 96 h LCs( (Table 54), indicating a workable
but sometimes narrow safety margin. Given variability across species, life stage, exposure
time, and chemotype—and reports of non-target toxicity (e.g., Daphnia magna)—species-
specific titration and environmental risk assessment are advisable (Table S5) [228-260].

6. Harnessing Medicinal Aromatic Plants for Sustainable Aquaculture:
Challenges and Opportunities

Using MAPs as feed additives presents challenges due to inter-species variability,
dose-response effects, and plant-part chemistry. For example, dose optimization is critical
for thymol in Channa argus [166], tamarind leaf extract in Oreochromis niloticus [261], and
oregano essential oil in Ictalurus punctatus [262]. While MAPs can be beneficial as feed
additives, their effectiveness is highly dependent on the appropriate dosage [83]. For
example adverse effects may be attributed to strong odors from certain MAPs, which at
least initially affected palatability of the feed, leading to reduced feed intake and growth
performance [54]. This underscores the need for further research to verify the overall
efficiency of MAP dosages in fish feeds [263]. Another challenge associated with the use of
EOs in aquaculture is their potential interaction with other feed additives or medications.
Certain EOs might exhibit antagonistic or synergistic effects [173] when combined with
other compounds in the fish diet. This necessitates thorough research to evaluate the
compatibility of EOs with commonly used feed additives and medications to ensure
optimal efficacy and avoid unintended consequences [76,264].

Another area of interest involves optimizing the method for incorporation of aromatic
plant oils and extracts into fish feed to ensure preservation, controlled release, and effective-
ness [265]. Microencapsulation has emerged as a promising method to add EOs to dry feed,
preventing interactions with other feed components and preserving active compounds
from degradation. This approach transforms the compounds into powder additives, facili-
tating homogenization in water and incorporation into fish feed [266]. Microencapsulation
of aromatic medicinal plants in fish feeds is a promising strategy for boosting the nutri-
tional and therapeutic benefits of aquaculture diets [267]. This technique involves encasing
bioactive compounds, such as EOs and plant extracts, in a protective layer to enhance
their stability and ensure a controlled release in fish feeds. However, several challenges
must be addressed for its successful implementation. The cost of microencapsulation can
be high, especially at a commercial scale, which may hinder its widespread use in the
aquaculture industry.

Additionally, the encapsulation process can sometimes diminish the bioactivity of
these compounds, as the conditions needed for encapsulation might reduce their effective-
ness. It has been reported that the effectiveness of MAPs dosages may be influenced by
the microencapsulation method used. Spray drying technology based methods have been
successfully used for microencapsulation but variations in the release rates of plant EO
products between different microcapsule protocols suggest that the delivery and impact of
the encapsulated compounds can differ [268], although some studies indicate no significant
variation. Liu et al. (2023) [263], found that while both hot and cold spray microencapsu-
lated Origanum oils (MOOs) improved the growth and health of juvenile largemouth black
bass, the specific microencapsulation technique had minimal impact on the effectiveness
of the dosage. The study showed that the benefits, such as enhanced antioxidant activity
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and immune responses, were more dependent on the amount of MOO used rather than
the method of encapsulation. This suggests that, in this case, the dosage of bioactive
compounds is more critical than the microencapsulation technique. Microencapsulation of
EOs from medicinal aromatic plants offers significant benefits for protecting the EOs from
oxidation, and this is crucial for commercial fish feeds supplemented with EOs of MAPs.
Microencapsulation provides protection from degradation by environmental factors like
light, temperature, and oxygen, enhancing the stability and longevity of EOs. Furthermore,
microencapsulation allows controlled release, ensuring that EOs are delivered effectively
to the fish over time, maximizing their beneficial effects while minimizing losses [269]. In
turn, this stability improves the handling and storage of EOs, makes the feed more stable
by preserving nutrients, and reduces off-flavors, which increases the palatability of the feed
for fish [270,271]. Key techniques used in microencapsulation, such as emulsion polymer-
ization, spray drying, and coacervation, are particularly relevant for the fish feed industry
because they ensure the effective delivery and sustained efficacy of EOs. Further research
is needed to explore microencapsulation protocols with novel wall materials, improve
scalability, enhance cost-effectiveness, and conduct more in vivo studies to confirm the
benefits of EOs in fish feed [83,272]. This would help in developing more effective and
sustainable fish feed formulations.

Another significant challenge is ensuring that the bioactive substances are released
consistently within the fish’s digestive system. Despite these obstacles, microencapsulation
holds great potential for promoting sustainable aquaculture by allowing the integration
of plant-based alternatives into fish feeds, thereby improving fish health and growth
while reducing dependence on synthetic additives. Furthermore, there is potential in
incorporating oils or extracts into live prey for larvae, aiming to enhance larval development
and immune system function, particularly for species with challenging larval phases.
Although experiences with white leg shrimp are limited, enriching brine shrimp with garlic
extract has shown positive outcomes [273].

Additionally, EOs of aromatic plants are being explored as functional additives in
fish feed with high proportions of vegetable ingredients, such as soy meal. High levels
of soy meal in marine fish diets can lead to intestinal inflammation [274]. Researchers
have investigated the use of aromatic plant extracts and EOs to mitigate these effects. For
instance, compounds containing thymol and carvacrol reduced enteritis-related parameters
in Japanese sea bass fed diets with partial soy meal replacement. Similarly, a combination
of EOs improved protein and fat retention and minimized fecal nitrogen loss in gilthead
seabream diets with high vegetable protein content [265].

A potential new application of functional feed additives containing EOs is the de-
velopment of organic aquaculture. The growing demand for organic seafood has created
opportunities for using aromatic plants in aquaculture. Organic certification often requires
the avoidance of synthetic additives, making natural alternatives like aromatic plants par-
ticularly appealing. By incorporating aromatic plants into organic aquaculture practices,
producers can enhance fish health, reduce reliance on synthetic chemicals, and meet the
growing demand for sustainable, organic seafood.

While EOs hold significant promise as natural feed additives, several aspects con-
sidering their use need further exploration. Research on the long-term effects of EO
supplementation on fish physiology and immune function is still limited. Furthermore,
more studies are needed to determine the precise mechanisms by which EOs influence fish
growth, immune responses, and disease resistance. Future research should also focus on
the possible interaction of active compounds of different EOs and any synergistic effects of
combining EOs with other natural feed additives, as well as the potential impact of EOs on
the aquatic environment and microbiome. While EOs offer promising natural alternatives
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to synthetic chemicals in aquaculture, it is imperative to conduct thorough environmental
risk assessments to ensure their safe and sustainable application. Miura et al. (2021) [275]
highlighted the potential toxicity of various EOs to non-target organisms like Daphnia
magna. Published LCs values for non-target organisms such as Daphnia magna vary by EO
and test conditions and can overlap with nominal bath concentrations used experimentally
for ectoparasites; we flag this as a limitation and a priority for future synthesis and risk
assessment. To minimize risks and optimize benefits, studies should focus on determining
optimal dosages and delivery methods, such as dietary inclusion or controlled release
systems. By understanding the environmental implications and developing targeted appli-
cation strategies, we can harness the potential of EOs in aquaculture while safeguarding
aquatic ecosystems. Addressing these gaps will enable a more comprehensive understand-
ing of how to best utilize EOs in aquaculture, ensuring their effective and sustainable
application in the industry.

7. Experimental Approaches to the Safety, Efficacy, Genotoxicity, and
Developmental Toxicity of EOs

Acute toxicity tests are short-term bioassays and are commonly used to determine
the adverse effects of MAPs on aquatic organisms, especially fish. These tests typically
measure the LCsg (Lethal Concentration 50%), which represents the concentration at which
50% of the test organisms die within a fixed exposure period, often at 24, 48, or 96 h. The
aim is to estimate the immediate toxic potential of a compound to help inform safe usage
levels, particularly for therapeutic, anesthetic, or antiparasitic applications in aquaculture.
Because EOs are complex mixtures of biologically active compounds (like terpenes, alco-
hols, and phenolics), their toxicity can vary significantly based on the species, life stage,
environmental conditions, and exposure time (Table S5).

As already mentioned, EOs are increasingly explored as alternatives to synthetic drugs.
However, their natural origin does not inherently guarantee safety. Acute toxicity tests
provide critical baseline data for assessing the safety margins of these bioactive agents.
Without such evaluations, there is a risk of overdosing, unintended mortality, or sublethal
effects such as stress, impaired behavior, or immunosuppression. Therefore, integrating
acute toxicity assessments into the early stages of EO application development is vital for
ensuring both therapeutic efficacy and ecological compatibility.

Although safety evaluation is essential, comprehensive toxicity testing—particularly
through alternatives to traditional animal models—has been limited. Lanzerstorfer et al., in
2021 [276], proposed a strategic approach utilizing both in vitro (cell culture) and alternative
in vivo models (such as Caenorhabditis elegans and the hen’s egg test) to thoroughly assess the
acute, developmental, and reproductive toxicity, as well as the potential mucous membrane
irritation, of commonly used EOs.

Table S5 compiles the studies identified in the present review that have reported
toxicity tests across different fish species to date.

8. Plant and Animal Nomenclature Inconsistencies and Its Importance on
Future Pharmacological Evaluation Tests and Aquaculture Use

Plant and animal taxonomy is a fundamental aspect of botanical and ecological re-
search, yet inconsistencies in species nomenclature present significant challenges to scien-
tific communication. This issue arises from multiple factors, including the use of outdated
names, typographical errors, synonymous classifications, and the omission of taxonomic
authorities. Such discrepancies hinder data accuracy, reproducibility, and interdisciplinary
collaboration. Additionally, the lack of standardization in manufacturing validation and
experimental methodologies, particularly in low-income countries, further complicates
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research on plant-derived compounds such as EOs [277]. Addressing these inconsisten-
cies is crucial for advancing research in biodiversity conservation, pharmacognosy, and
ecological studies, as well as for ensuring reliable experimental outcomes in toxicology
and pharmacological evaluations [278]. Scientific nomenclature serves as the backbone of
biological classification, ensuring clarity and uniformity in species identification. However,
within the field of botany, plant species are frequently assigned multiple names due to
historical revisions, taxonomic reclassification, and regional naming conventions. This
creates ambiguity, particularly in academic publications regarding EOs, where inconsis-
tent terminology can obscure research findings and complicate data integration across
disciplines. Furthermore, experimental approaches in plant-based research, including
toxicological and pharmacological studies, often lack standardized protocols, particularly
in resource-limited settings, leading to variations in study outcomes and challenges in
cross-study comparisons.

A single species can be described by different researchers, leading to variations in its bi-
nomial nomenclature. For example, Piper aduncum L. and Piper aduncum Vell. ambiguously
refer to the same species, yet the latter has been synonymized with Piper hispidum Sw. (ac-
cepted nomenclature). Without clear citation of the taxonomic authority, misidentification
may occur, affecting ecological and pharmacological studies [279].

Taxonomic revisions often result in species being reclassified, rendering previous
names obsolete. Many scientific publications, however, continue to use outdated or synony-
mous names, creating inconsistencies in databases and literature searches. This is evident in
medicinal plant research, where traditional and modern nomenclature frequently diverge,
leading to confusion in ethnobotanical studies and pharmaceutical applications [280].

Simple typographical errors in species names can propagate throughout the literature,
reducing searchability in digital databases and causing misattributions. Omitting the taxo-
nomic authority or incorrectly formatting Latin binomials (e.g., using lowercase subgenus
names, or using botanical references (flowers of Arnica sp. referred to as Arnicae anthodium,
which is a botanical reference and not a species)), can further exacerbate identification
challenges [281].

The use of vernacular names instead of scientific binomials in publications introduces
significant ambiguity [277]. Common names often vary across languages and regions,
making them unreliable for precise scientific communication. For instance, the term
“mahua” can refer to different species within the Madhuca genus, requiring clarification
through proper taxonomic citation.

All the above can make future pharmacological evaluation tests and aquaculture
use quite challenging. Addressing this need requires not only deeper investigation but
also greater taxonomic precision and standardization in reporting. In this context, our
study follows up on several previous reviews supporting the immunostimulatory role of
MAPs and EOs in aquaculture [84,86,156,158,171-173], who emphasize herbal therapies as
effective alternatives for enhancing fish immunity and disease resistance. Building on this
foundation, our contribution lies in the systematic presentation of detailed, species-specific
tables summarizing the current literature on the application of EOs and plant extracts in
fish health management.

9. Conclusions

Aromatic plants and their EOs present valuable functional feed additives for aqua-
culture, offering numerous benefits including enhanced fish health, growth, and disease
resistance. These natural compounds align with the industry’s goals of sustainability and
environmental responsibility. However, the full potential of EOs can only be realized
through addressing key challenges such as optimizing dosages, improving delivery meth-
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ods, and ensuring cost-effectiveness. Microencapsulation technology holds promise for
enhancing the stability and efficacy of EOs in fish feed, but further research is necessary to
refine these techniques and explore their scalability. The adoption of EOs in aquaculture
can reduce dependency on synthetic chemicals, thereby contributing to a more resilient,
eco-friendly, and profitable industry. Continued studies are essential to refine EO applica-
tions, optimize their health-promoting properties, and ensure their successful integration
into diverse aquaculture systems. In conclusion, embracing aromatic plant-based feed
additives presents a pathway not only by improving fish welfare and sustainability but
also by addressing the economic and ecological challenges facing modern aquaculture.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/ani15182653/s1, Table S1: List of EOs tested in different fish
species and their benefits in aquaculture, compiled from published studies identified in the present
review. Table S2: Antibacterial and antifungal activities of essential oils and their major compounds
against fish pathogens, compiled from published studies identified in the present review. Table
53: In vitro efficacy of different essential oils and their major compounds for different fish species,
compiled from published studies identified in the present review. Table S4: In vivo efficacy of different
EOs and their major compounds for different fish species, compiled from published studies identified
in the present review. Table S5: Acute toxicity tests of different EOs and their major compounds for
different fish species, compiled from published studies identified in the present review.

Author Contributions: Conceptualization, C.N. and F.A.; methodology, C.N. and M.N.K.; investiga-
tion, M.N.K,; data curation, M.N.K.; writing—original draft preparation, C.N.; writing—review and
editing, K.B.; visualization, M.N.K_; supervision, C.N.; project administration, K.B. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. FAO. The State of World Fisheries and Aquaculture 2024; FAO: Rome, Italy, 2024; ISBN 978-92-5-138763-4.

2. FAO. The State of World Fisheries and Aquaculture 2022: Towards Blue Transformation; The State of World Fisheries and Aquaculture
(SOFIA); FAO: Rome, Italy, 2022; ISBN 978-92-5-136364-5.

3.  Griffin, W.; Wang, W.; de Souza, M.C. The Sustainable Development Goals and the Economic Contribution of Fisheries and
Aquaculture. FAO Aquac. Newsl. 2019, 60, 51-52.

4. Raman, R.P. Applicability, Feasibility and Efficacy of Phytotherapy in Aquatic Animal Health Management. Am. . Plant Sci. 2017,
8, 257. [CrossRef]

5. Stentiford, G.D.; Neil, D.M.; Peeler, E.J.; Shields, ].D.; Small, H.]J.; Flegel, T.W.; Vlak, ].M.; Jones, B.; Morado, F.; Moss, S. Disease
Will Limit Future Food Supply from the Global Crustacean Fishery and Aquaculture Sectors. ]. Invertebr. Pathol. 2012, 110,
141-157. [CrossRef] [PubMed]

6. Ronquillo, M.G.; Hernandez, J.C.A. Antibiotic and Synthetic Growth Promoters in Animal Diets: Review of Impact and Analytical
Methods. Food Control 2017, 72, 255-267. [CrossRef]

7.  Dawood, M.A.O.; Koshio, S.; Esteban, M.A. Beneficial Roles of Feed Additives as Immunostimulants in Aquaculture: A Review.
Rev. Aquac. 2018, 10, 950-974. [CrossRef]

8.  Tongnuanchan, P; Benjakul, S. Essential Oils: Extraction, Bioactivities, and Their Uses for Food Preservation. J. Food Sci. 2014, 79,
R1231-R1249. [CrossRef]

9. Akhter, N.; Wu, B.; Memon, A.M.; Mohsin, M. Probiotics and Prebiotics Associated with Aquaculture: A Review. Fish Shellfish
Immunol. 2015, 45, 733-741. [CrossRef]


https://www.mdpi.com/article/10.3390/ani15182653/s1
https://www.mdpi.com/article/10.3390/ani15182653/s1
https://doi.org/10.4236/ajps.2017.82019
https://doi.org/10.1016/j.jip.2012.03.013
https://www.ncbi.nlm.nih.gov/pubmed/22434002
https://doi.org/10.1016/j.foodcont.2016.03.001
https://doi.org/10.1111/raq.12209
https://doi.org/10.1111/1750-3841.12492
https://doi.org/10.1016/j.fsi.2015.05.038

Animals 2025, 15, 2653 12 of 24

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Guerreiro, I.; Oliva-Teles, A.; Enes, P. Prebiotics as Functional Ingredients: Focus on Mediterranean Fish Aquaculture. Rev. Aquac.
2018, 10, 800-832. [CrossRef]

Athanassopoulou, F.; Karagouni, E.; Dotsika, E.; Ragias, V.; Tavla, J.; Christofilloyanis, P.; Vatsos, I. Efficacy and Toxicity of Orally
Administrated Anti-Coccidial Drugs for Innovative Treatments of Myxobolus Sp. Infection in Puntazzo puntazzo. Dis. Aquat. Organ.
2004, 62, 217-226. [CrossRef]

Athanassopoulou, F; Karagouni, E.; Dotsika, E.; Ragias, V.; Tavla, J.; Christofilloyanis, P. Efficacy and Toxicity of Orally
Administered Anticoccidial Drugs for Innovative Treatments of Polysporoplasma sparis (Sitja-Bobadilla and Alvarez-Pellitero 1985)
Infection in Sparus aurata L. J. Appl. Ichthyol. 2004, 20, 345-354. [CrossRef]

Karagouni, E.; Athanassopoulou, F; Lytra, A.; Komis, C.; Dotsika, E. Antiparasitic and Inmunomodulatory Effect of Innovative
Treatments against Myxobolus Sp. Infection in Diplodus puntazzo. Vet. Parasitol. 2005, 134, 215-228. [CrossRef]

Reverter, M.; Bontemps, N.; Lecchini, D.; Banaigs, B.; Sasal, P. Use of Plant Extracts in Fish Aquaculture as an Alternative to
Chemotherapy: Current Status and Future Perspectives. Aquaculture 2014, 433, 50-61. [CrossRef]

Sutili, EJ.; Gatlin III, D.M.; Heinzmann, B.M.; Baldisserotto, B. Plant Essential Qils as Fish Diet Additives: Benefits on Fish Health
and Stability in Feed. Rev. Aquac. 2018, 10, 716-726. [CrossRef]

Elumalai, P; Kurian, A.; Lakshmi, S.; Faggio, C.; Esteban, M.A.; Ringg, E. Herbal Inmunomodulators in Aquaculture. Rev. Fish.
Sci. Aquac. 2021, 29, 33-57. [CrossRef]

Gupta, A.; Gupta, S.K,; Priyam, M.; Siddik, M.A.B.; Kumar, N.; Mishra, PK.; Gupta, K.K,; Sarkar, B.; Sharma, T.R.; Pattanayak, A.
Immunomodulation by Dietary Supplements: A Preventive Health Strategy for Sustainable Aquaculture of Tropical Freshwater
Fish, Labeo rohita (Hamilton, 1822). Rev. Aquac. 2021, 13, 2364-2394. [CrossRef]

Kord, M.L; Srour, TM.; Omar, E.A.; Farag, A.A; Nour, A.A.M.; Khalil, H.S. The Immunostimulatory Effects of Commercial Feed
Additives on Growth Performance, Non-Specific Inmune Response, Antioxidants Assay, and Intestinal Morphometry of Nile
Tilapia, Oreochromis niloticus. Front. Physiol. 2021, 12, 627499. [CrossRef]

Vitale, S.; Biondo, F,; Giosue, C.; Bono, G.; Okpala, C.O.R,; Piazza, I.; Sprovieri, M.; Pipitone, V. Consumers’ Perception and
Willingness to Pay for Eco-Labeled Seafood in Italian Hypermarkets. Sustainability 2020, 12, 1434. [CrossRef]

Cite Us | Plants of the World Online | Kew Science. Available online: https://powo.science.kew.org/cite-us (accessed on 6 April
2025).

WOoRMS (World Register of Marine Species). Available online: https:/ /www.marinespecies.org (accessed on 6 April 2025).
Habiba, M.M.; Hussein, E.E.; Ashry, AM.; El-Zayat, A.M.; Hassan, A.M.; El-Shehawi, A.M.; Sewilam, H.; Van Doan, H;
Dawood, M.A. Dietary Cinnamon Successfully Enhanced the Growth Performance, Growth Hormone, Antibacterial Capacity,
and Immunity of European Sea Bass (Dicentrarchus labrax). Animals 2021, 11, 2128. [CrossRef]

Shourbela, R.M.; El-Hawarry, W.N.; Elfadadny, M.R.; Dawood, M.A. Oregano Essential Oil Enhanced the Growth Performance,
Immunity, and Antioxidative Status of Nile Tilapia (Oreochromis niloticus) Reared under Intensive Systems. Aquaculture 2021, 542,
736868. [CrossRef]

Magouz, EI.; Shehab El-Din, M.T.; Amer, A.A.; Gewaily, M.S.; El-Dahdoh, W.A.; Dawood, M.A.O. A Blend of Herbal Essential Oils
Enhanced the Growth Performance, Blood Bio-Immunology Traits, and Intestinal Health of Nile Tilapia (Oreochromis niloticus).
Ann. Anim. Sci. 2022, 22, 751-761. [CrossRef]

Dinardo, ER.; Maggiolino, A.; Casalino, E.; Deflorio, M.; Centoducati, G. A Multi-Biomarker Approach in European Sea Bass
Exposed to Dynamic Temperature Changes under Dietary Supplementation with Origanum vulgare Essential Oil. Animals 2021,
11, 982. [CrossRef] [PubMed]

El-Sayed, A.-EM.; Fagnon, M.S.; Hamdan, A.M.; Chabrillat, T.; Araujo, C.; Bouriquet, J.; Kerros, S.; Zeid, S.M. Dietary Effect of a
Plant-Based Mixture (Phyto AquaMeric) on Growth Performance, Biochemical Analysis, Intestinal Histology, Gene Expression
and Environmental Parameters of Nile Tilapia (Oreochromis niloticus). Fishes 2024, 9, 358. [CrossRef]

Yousefi, M.; Ghafarifarsani, H.; Hoseini, S.M.; Hoseinifar, S.H.; Abtahi, B.; Vatnikov, Y.A.; Kulikov, E.V.; Van Doan, H. Effects of
Dietary Thyme Essential Oil and Prebiotic Administration on Rainbow Trout (Oncorhynchus mykiss) Welfare and Performance.
Fish Shellfish Immunol. 2022, 120, 737-744. [CrossRef] [PubMed]

Wang, L.; Wu, D,; Fan, Z; Li, H.; Li, ].; Zhang, Y.; Xu, Q.; Wang, G.; Zhu, Z. Effect of Yucca schidigera Extract on the Growth
Performance, Intestinal Antioxidant Status, Inmune Response, and Tight Junctions of Mirror Carp (Cyprinus carpio). Fish Shellfish
Immunol. 2020, 103, 211-219. [CrossRef]

Yousefi, M.; Shabunin, S.V.; Vatnikov, Y.A.; Kulikov, E.V.; Adineh, H.; Hamidi, M.K.; Hoseini, S.M. Effects of Lavender (Lavandula
angustifolin) Extract Inclusion in Diet on Growth Performance, Innate Inmunity, Inmune-Related Gene Expression, and Stress
Response of Common Carp, Cyprinus carpio. Aquaculture 2020, 515, 734588. [CrossRef]

Zoral, M.A; Futami, K.; Endo, M.; Maita, M.; Katagiri, T. Anthelmintic Activity of Rosmarinus officinalis against Dactylogyrus
minutus (Monogenea) Infections in Cyprinus carpio. Vet. Parasitol. 2017, 247, 1-6. [CrossRef]


https://doi.org/10.1111/raq.12201
https://doi.org/10.3354/dao062217
https://doi.org/10.1111/j.1439-0426.2004.00580.x
https://doi.org/10.1016/j.vetpar.2005.07.020
https://doi.org/10.1016/j.aquaculture.2014.05.048
https://doi.org/10.1111/raq.12197
https://doi.org/10.1080/23308249.2020.1779651
https://doi.org/10.1111/raq.12581
https://doi.org/10.3389/fphys.2021.627499
https://doi.org/10.3390/su12041434
https://powo.science.kew.org/cite-us
https://www.marinespecies.org
https://doi.org/10.3390/ani11072128
https://doi.org/10.1016/j.aquaculture.2021.736868
https://doi.org/10.2478/aoas-2021-0066
https://doi.org/10.3390/ani11040982
https://www.ncbi.nlm.nih.gov/pubmed/33915858
https://doi.org/10.3390/fishes9090358
https://doi.org/10.1016/j.fsi.2021.12.023
https://www.ncbi.nlm.nih.gov/pubmed/34923114
https://doi.org/10.1016/j.fsi.2020.05.039
https://doi.org/10.1016/j.aquaculture.2019.734588
https://doi.org/10.1016/j.vetpar.2017.09.013

Animals 2025, 15, 2653 13 of 24

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Firmino, J.P; Ferndndez-Alacid, L.; Vallejos-Vidal, E.; Salomén, R.; Sanahuja, I; Tort, L.; Ibarz, A.; Reyes-Lépez, FE.; Gisbert, E.
Carvacrol, Thymol, and Garlic Essential Oil Promote Skin Innate Immunity in Gilthead Seabream (Sparus aurata) through the
Multifactorial Modulation of the Secretory Pathway and Enhancement of Mucus Protective Capacity. Front. Immunol. 2021, 12,
633621. [CrossRef]

Khani, S.; Sarvi Moghanlou, K.; Imani, A.; Agh, N.; Razi, M. The Protective Effect of Dietary Cinnamon Essential Oil (Cinnamomum
verum) Supplementation in Reducing the Toxicity of Aflatoxin B1 to Rainbow Trout (Oncorhynchus mykiss) Fingerlings. J. Fish.
2017, 69, 481-495.

El-Hawarry, W.N.; Mohamed, R.A.; Ibrahim, S.A. Collaborating Effects of Rearing Density and Oregano Oil Supplementation on
Growth, Behavioral and Stress Response of Nile Tilapia (Oreochromis niloticus). Eqypt. |. Aquat. Res. 2018, 44, 173-178. [CrossRef]
Souza, C.D.F,; Baldissera, M.D.; Baldisserotto, B.; Heinzmann, B.M.; Martos-Sitcha, J.A.; Mancera, ].M. Essential Qils as Stress-
Reducing Agents for Fish Aquaculture: A Review. Front. Physiol. 2019, 10, 785. [CrossRef]

El Basuini, M.F,; Hussein, A.T.; El-Hais, A.M.; Elhetawy, A.L; Soliman, A.A.; Gabr, S.A.; Abu-Elala, N.M.; Luo, Z.; Zaineldin,
A.L; Teiba, LI Impacts of Dietary Ajwain (Trachyspermum ammi L.) on Growth, Antioxidative Capacity, Inmune Responses, and
Intestinal Histology of Grey Mullet (Liza ramada). Aquaculture 2025, 595, 741706. [CrossRef]

Ashry, A.M.; Habiba, M.M.; El-Zayat, A.M.; Hassan, A.M.; Moonmanee, T.; Van Doan, H.; Shadrack, R.S.; Dawood, M.A.O.
Dietary Anise (Pimpinella anisum L.) Enhances Growth Performance and Serum Immunity of European Sea Bass (Dicentrarchus
labrax). Aquac. Rep. 2022, 23, 101083. [CrossRef]

Yue, R.; Dong, W.; Feng, Z.; Jin, T., Wang, W.; He, Y.; Chen, Y.; Lin, S. Effects of Three Tested Medicinal Plant Extracts on Growth,
Immune Function and Microflora in Juvenile Largemouth Bass (Micropterus salmoides). Aquac. Rep. 2024, 36, 102075. [CrossRef]
Hussain, M.S.; Nossair, M.A_; Farag, H.E.; Mansour, A.M. Effect of Anise Essential Oil Supplementation on Growth Performance
of Nile Tilapia Reared at Low Dissolved Oxygen Level. Alex. J. Vet. Sci. 2023, 79, 92. [CrossRef]

Mabrouk, S.G.; El-Nokrashy, A.M.; Ebied, N.A.; Abdella, B.H.; Zayed, M.M.; Aboleila, 5.M.; Mohamed, R.A. A Blend of Natural
Phytobiotics Enhances Growth Performance, Feed Efficiency, and the Immuno-Health Status of Fingerlings of Nile Tilapia
(Oreochromis niloticus). Open Vet. ]. 2025, 15, 746. [CrossRef]

Zhao, W,; Li, C.; Wu, X.; Zhang, J.; Wang, L.; Chen, X.; Shao, J. Synergistic Effects of Dietary Forsythia Suspensa Extract and
Astragalus membranaceus Polysaccharides on Growth Enhancement, Antioxidant Boost, and Inflammation Alleviation in Juvenile
Larimichthyscrocea. Aquaculture 2025, 598, 742029. [CrossRef]

Shao, J.; Wu, L.; Wu, X,; Zhang, J.; Wang, L.; Chen, X.; Zhao, W. Synergistic Benefits of Eleutherococcus senticosus Extract and
Astragalus membranaceus Polysaccharides in Juvenile Larimichthys crocea: Enhanced Growth, Amplified Antioxidant Activity, and
Reduced Inflammation. Aquaculture 2025, 598, 742028. [CrossRef]

Salem, M.O.A.; Mohamed, N.M. Investigating the Effects of Aqueous-Methanol Extract from Chaste Tree (Vitex agnus-castus L.)
on Growth Enhancement and Digestive Enzyme Activity in Rainbow Trout (Oncorhynchus mykiss). Libyan ]. Contemp. Acad. Stud.
2025, 3, 21-27.

Gupta, S.K,; Gupta, A.; Choudhary, ].S.; Foysal, M.].; Gupta, R.; Sarkar, B.; Krishnani, K.K. Dietary Chia (Salvia hispanica L.) Seeds
Oil Supplementation Augments Growth Performance and Gut Microbial Composition in Labeo rohita Fingerlings. Sci. Rep. 2025,
15,1866. [CrossRef]

Das, S.; Pradhan, C.; Singh, A K,; Vineetha, V.P; Pillai, D. Dietary Coriander (Coriandrum sativum L.) Oil Improves Growth,
Nutrient Utilization, Antioxidant Status, Tissue Histomorphology and Reduces Omega-3 Fatty Acid Production in Nile Tilapia
(Oreochromisn niloticus). Anim. Feed Sci. Technol. 2023, 305, 115774. [CrossRef]

Honghirun, A.; Thongdon-a, R.; Aeksiri, N.; Ratanasut, K.; Inyawilert, W.; Kaneko, G.; Khieokhajonkhet, A. Effect of Vietnamese
Coriander Powder on Growth, Body Composition, Hematology, and Immune-Related Gene Expression in Nile Tilapia. Vet. Med.
Int. 2025, 2025, 1253764. [CrossRef]

Yousefi, M.; Adineh, H.; Sedaghat, Z.; Yilmaz, S.; Elgabry, S.E. Effects of Dietary Costmary (Tanacetum balsamita) Essential Oil on
Growth Performance, Digestive Enzymes’ Activity, Inmune Responses and Subjected to Ambient Ammonia of Common Carp
Cyprinus carpio. Aquaculture 2023, 569, 739347. [CrossRef]

Adineh, H.; Yousefi, M.; Al Sulivany, B.S.A.; Ahmadifar, E.; Farhangi, M.; Hoseini, S.M. Effects of Dietary Yeast, Saccharomyces
cerevisiae, and Costmary, Tanacetum balsamita, Essential Oil on Growth Performance, Digestive Enzymes, Biochemical Parameters,
and Disease Resistance in Nile Tilapia, Oreochromis niloticus. Aquac. Nutr. 2024, 2024, 1388002. [CrossRef]

Ghafarifarsani, H.; Aftabgard, M.; Hoseinifar, S.H.; Raeeszadeh, M.; Van Doan, H. Comparative Effects of Savory (Satureja
hortensis), Dill (Anethum graveolens), and Mooseer (Allium hirtifolium) Essential Oils on Growth, Digestive, and Immunoantioxidant
Parameters and Resistance to Aeromonas hydrophila in Juvenile Common Carp (Cyprinus carpio). Aquaculture 2023, 572, 739541.
[CrossRef]

Ozel, O.T; Cimagil, R,; Erttirk Giirkan, S.; Coskun, I.; Tiire, M.; Kutlu, I. The Effects of Fennel (Foeniculum vulgare) Essential Oils
on Growth Performance and Digestive Physiological Traits in Black Sea Salmon (Salmo labrax PALLAS 1814) Juveniles. TarimBilim.
Derg. 2023, 29, 362-370. [CrossRef]


https://doi.org/10.3389/fimmu.2021.633621
https://doi.org/10.1016/j.ejar.2018.06.008
https://doi.org/10.3389/fphys.2019.00785
https://doi.org/10.1016/j.aquaculture.2024.741706
https://doi.org/10.1016/j.aqrep.2022.101083
https://doi.org/10.1016/j.aqrep.2024.102075
https://doi.org/10.5455/ajvs.153229
https://doi.org/10.5455/OVJ.2025.v15.i2.24
https://doi.org/10.1016/j.aquaculture.2024.742029
https://doi.org/10.1016/j.aquaculture.2024.742028
https://doi.org/10.1038/s41598-024-83102-2
https://doi.org/10.1016/j.anifeedsci.2023.115774
https://doi.org/10.1155/vmi/1253764
https://doi.org/10.1016/j.aquaculture.2023.739347
https://doi.org/10.1155/2024/1388002
https://doi.org/10.1016/j.aquaculture.2023.739541
https://doi.org/10.15832/ankutbd.981751

Animals 2025, 15, 2653 14 of 24

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Diab, A.M.; Al-Khefa, B.T.; Khalafallah, M.M.; Salah, A.S.; Farrag, F.A.; Dawood, M.A.O. Dietary Methanolic Extract of Fenugreek
Enhanced the Growth, Haematobiochemical, Inmune Responses, and Resistance against Aeromonas hydrophila in Nile Tilapia,
Oreochromis niloticus. Aquac. Res. 2023, 2023, 3055476. [CrossRef]

Salem, M.O.A.; Tastan, Y.; Bilen, S.; Terzi, E.; Sonmez, A.Y. Dietary Flaxseed (Linum usitatissimum) Oil Supplementation Affects
Growth, Oxidative Stress, Inmune Response, and Diseases Resistance in Rainbow Trout (Oncorhynchus mykiss). Fish Shellfish
Immunol. 2023, 138, 108798. [CrossRef]

Yousefi, M.; Adineh, H.; Hoseini, S.M.; Hashemianfar, S.A.M.; Kulikov, E.V.; Petukhov, N.V.; Ryzhova, T.A. Effects of Laurus
nobilis Essential Oil Nano-Particles on Growth Performance, Antioxidant and Immune Responses to Bacterial Infection in Nile
Tilapia, Oreochromis niloticus. Aquaculture 2025, 596, 741821. [CrossRef]

Shehata, A.IL; Shahin, S.A.; Taha, S.A.; Elmaghraby, A.M.; Alhoshy, M.; Soliman, A.A.; Amer, A.A.; Hendy, A.M.; Gewaily,
M.S,; Teiba, I.L; et al. Essential Oil of Bay Laurel (Laurus nobilis) Enhances Growth and Immunity in Cold-Stressed Nile Tilapia
(Oreochromis niloticus). ]. Anim. Physiol. Anim. Nutr. 2025, 109, 926-941. [CrossRef]

Abdel-Rahim, M.M.; Elhetawy, A.L.G.; Mansour, A.T.; Mohamed, R.A.; Lotfy, A.M.; Sallam, A.E.; Shahin, S.A. Effect of Long-Term
Dietary Supplementation with Lavender, Lavandula angustifolia, Oil on European Seabass Growth Performance, Innate Immunity,
Antioxidant Status, and Organ Histomorphometry. Aquac. Int. 2024, 32, 3275-3293. [CrossRef]

Mohamed, R.A.; Yousef, YM.; El-Tras, W.F.; Khalafallaa, M.M. Dietary Essential Oil Extract from Sweet Orange (Citrus sinensis)
and Bitter Lemon (Citrus limon) Peels Improved Nile Tilapia Performance and Health Status. Aquac. Res. 2021, 52, 1463-1479.
[CrossRef]

Gehan, LE.; Nehal, A.A.; Abeer, M.; Amal, M. A. Effect of Lemon Pomace Inclusion on Growth, Immune Response, Anti-Oxidative
Capacity, Intestinal Health, and Disease Resistance against Edwardsiella tarda Infection in Nile Tilapia (Oreochromis niloticus). Iran.
J. Fish. Sci. 2025, 24, 99-121.

Pereira Junior, ].D.A.; Costa, D.S.; Silva, A.D.S.D.; Santos, G.G.D.; Santos, A.F.L.D.; Silva, A.D.C.D.; Couto, M.V.S.D.; Cordeiro,
C.A.M.; Martins, M.L.; Sousa, N.D.C. Enriched Diet With Orange Essential Oil Citrus sinensis for Tambaqui Colossoma macropomuim
Promotes Growth Performance and Resistance Against Aeromonas hydrophila. ]. Fish Dis. 2025, 48, €14039. [CrossRef] [PubMed]
Faisal, M.; Hussain, S.M.; Sarker, PK.; Ali, S.; Shahid, M. Oregano (Origanum vulgare) Extract as Phytogenic Feed Additive:
Enhancing Growth, Carcass, Hepatic Biochemical Indices and Immune Response in Labeo rohita. Egypt. |. Aquat. Res. 2025, 51,
99-106. [CrossRef]

Magouz, EI.; Amer, A.A,; Faisal, A.; Sewilam, H.; Aboelenin, S.M.; Dawood, M.A. The Effects of Dietary Oregano Essential Oil
on the Growth Performance, Intestinal Health, Inmune, and Antioxidative Responses of Nile Tilapia under Acute Heat Stress.
Aquaculture 2022, 548, 737632. [CrossRef]

Ozil, O.; Diler, O. Effect of Dietary Origanum onites on Growth, Non Specific Inmunity and Resistance against Yersinia ruckeri of
Rainbow Trout (Oncorhynchus mykiss). An. Acad. Bras. Ciénc. 2023, 95, €20200952. [CrossRef]

Yousefi, M.; Adineh, H.; Ghadamkheir, M.; Hashemianfar, S.A.M.; Yilmaz, S. Effects of Dietary Pennyroyal Essential Oil on
Growth Performance, Digestive Enzymes’ Activity, and Stress Responses of Common Carp, Cyprinus carpio. Aquac. Rep. 2023, 30,
101574. [CrossRef]

Abou Zaid, A.A.; Mohammed, N.H.; Elshafey, A.E.; Hussein, E.E.; El-Gamal, A.M.; Abo-Al-Ela, H.G. Mentha piperita Supplemen-
tation Promotes Growth, Immunity, and Disease Resistance in Nile Tilapia against Aeromonas hydrophila. Pathogens 2025, 14, 378.
[CrossRef]

Aguiar, G.A.C.C.D.; Carneiro, C.L.D.S.; Campelo, D.A.V,; Rusth, R.C.T.; Maciel, ].ER.; Baldisserotto, B.; Zuanon, J.A.S.; Oliveira,
A.V.D,; Oliveira, M.G.D.A; Freitas, M.B.D.D. Effects of Dietary Peppermint (Mentha piperita) Essential Oil on Growth Performance,
Plasma Biochemistry, Digestive Enzyme Activity, and Oxidative Stress Responses in Juvenile Nile Tilapia (Oreochromis niloticus).
Fishes 2023, 8, 374. [CrossRef]

Adel, M.; Sakhaie, F.; Shekarabi, S.P.H.; Gholamhosseini, A.; Impellitteri, F.; Faggio, C. Dietary Mentha piperita Essential Oil
Loaded in Chitosan Nanoparticles Mediated the Growth Performance and Humoral Immune Responses in Siberian Sturgeon
(Acipenser baerii). Fish Shellfish Immunol. 2024, 145, 109321. [CrossRef]

Mathew, R.T.; Alkhamis, Y.A.; Alngada, R.S.; Whed, R.A.; Aljaafari, N.A.; Abdelnour, S.A.; Eissa, E.-S.H.; Abdul Kari, Z.; Eissa,
M.E.H.; Mahsoub, F. Dose Response Effects of Dietary Clove and Peppermint Oils on the Growth Performance, Physio-Metabolic
Response, Feed Utilization, Immunity, and Organ Histology in African Catfish (Clarias gariepinus). Vet. Res. Commun. 2025, 49,
101. [CrossRef] [PubMed]

Ghafarifarsani, H.; Hoseinifar, S.H.; Molayemraftar, T.; Raeeszadeh, M.; Van Doan, H. Pot Marigold (Calendula officinalis) Powder
in Rainbow Trout (Oncorhynchus mykiss) Feed: Effects on Growth, Immunity, and Yersinia ruckeri Resistance. Aquac. Nutr. 2023,
2023,7785722. [CrossRef]


https://doi.org/10.1155/2023/3055476
https://doi.org/10.1016/j.fsi.2023.108798
https://doi.org/10.1016/j.aquaculture.2024.741821
https://doi.org/10.1111/jpn.14107
https://doi.org/10.1007/s10499-023-01322-1
https://doi.org/10.1111/are.15000
https://doi.org/10.1111/jfd.14039
https://www.ncbi.nlm.nih.gov/pubmed/39470138
https://doi.org/10.1016/j.ejar.2024.12.005
https://doi.org/10.1016/j.aquaculture.2021.737632
https://doi.org/10.1590/0001-3765202320200952
https://doi.org/10.1016/j.aqrep.2023.101574
https://doi.org/10.3390/pathogens14040378
https://doi.org/10.3390/fishes8070374
https://doi.org/10.1016/j.fsi.2023.109321
https://doi.org/10.1007/s11259-025-10660-9
https://www.ncbi.nlm.nih.gov/pubmed/39920512
https://doi.org/10.1155/2023/7785722

Animals 2025, 15, 2653 15 of 24

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Pereira, G.A.; Copatti, C.E.; Marchao, R.S.; Da Silva Rocha, A.; Dos Santos Macedo, J.; Costa, T.S.; De Santana, A.S.; Da Costa, M.M.;
Da Rocha, D.R.; Da Silva Almeida, ].R.G; et al. Effects of Croton sonderianus Essential Oil in Tambaqui (Colossoma macropomuin)
Feeds on Growth, Hematology, Blood Chemistry, and Resistance of the Fish to Infection with Aeromonas hydrophila. Aquac. Int.
2024, 32, 5149-5170. [CrossRef]

Metin, S.; Yigit, N.O.; Didinen, B.L; Koca, S.B.; Ozmen, O.; Aslankoc, R.; Kara, N. Effects of Sage (Salvia officinalis) Essential Oil on
Growth, Health and Antioxidant Capacity of Common Carp (Cyprinus carpio). Vet. Res. Commun. 2024, 48, 911-921. [CrossRef]
Ghafarifarsani, H.; Hoseinifar, S.H.; Aftabgard, M.; Van Doan, H. The Improving Role of Savory (Satureja hortensis) Essential Oil
for Caspian Roach (Rutilus caspicus) Fry: Growth, Haematological, Immunological, and Antioxidant Parameters and Resistance to
Salinity Stress. Aquaculture 2022, 548, 737653. [CrossRef]

Bayir, H.; Yanik, T. Supplementation of Sea Buckthorn (Hippophae rhamnoides L.) Oil in the Diets of Freshwater Rainbow Trout
(Oncorhynchus mykiss W.) Led to Enhanced Growth and Better Meat Quality. Fish Physiol. Biochem. 2025, 51, 18. [CrossRef]
Shaalan, M.; Mahboub, H.H.; Abdelgawad, A.H.; Abdelwarith, A.A.; Younis, E.M.; Elnegiry, A.A.; Basher, AW.; El-Houseiny, W.;
Shawky, S.M.; Orabi, S.H.; et al. Dietary Tea Tree (Melaleucae aetheroleum) Oil Fortifies Growth, Biochemical, Immune-Antioxidant
Trait, Gene Function, Tissue Reaction, and Aeromonas sobria Resistance in Nile Tilapia (Oreochromis niloticus). BMC Vet. Res. 2025,
21, 1. [CrossRef]

Ghafarifarsani, H.; Hoseinifar, S.H.; Sheikhlar, A.; Raissy, M.; Chaharmahali, FH.; Maneepitaksanti, W.; Faheem, M.; Van Doan,
H. The Effects of Dietary Thyme Oil (Thymus vulgaris) Essential Oils for Common Carp (Cyprinus carpio): Growth Performance,
Digestive Enzyme Activity, Antioxidant Defense, Tissue and Mucus Immune Parameters, and Resistance against Aeromonas
hydrophila. Aquac. Nutr. 2022, 2022, 7942506. [CrossRef]

Ghafarifarsani, H.; Kachuei, R.; Imani, A. 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 2021, 531, 735928. [CrossRef]

Ghafarifarsani, H.; Hoseinifar, S.H.; Javahery, S.; Yazici, M.; Van Doan, H. Growth Performance, Biochemical Parameters, and
Digestive Enzymes in Common Carp (Cyprinus carpio) Fed Experimental Diets Supplemented with Vitamin C, Thyme Essential
QOil, and Quercetin. Ital. ]. Anim. Sci. 2022, 21, 291-302. [CrossRef]

Ghafarifarsani, H.; Hoseinifar, S.H.; Javahery, S.; Van Doan, H. Effects of Dietary Vitamin C, Thyme Essential Oil, and Quercetin
on the Immunological and Antioxidant Status of Common Carp (Cyprinus carpio). Aquaculture 2022, 553, 738053. [CrossRef]
Zaminhan-Hassemer, M.; Zagolin, G.B.; Perazza, C.A.; Barbosa, D.A.; Menegidio, F.B.; Coutinho, L.L.; Tizioto, P.; Hilsdorf, A.W.S.
Adding an Essential Oil Blend to the Diet of Juvenile Nile Tilapia Improves Growth and Alters the Gut Microbiota. Aquaculture
2022, 560, 738581. [CrossRef]

Tian, P.; Huo, L.; Shi, Q.; Wang, B.; Xu, X,; Jing, Y.; Luo, Y,; Liu, J.-X. Essential Oils Promote the Growth Performance of Grass
Carp, Chinese Soft-Shelled Turtles, and Zebrafish. Aquac. Int. 2025, 33, 59. [CrossRef]

Das, R.; Thaosen, N.; Sarma, K.; Sarma, D. Essential Oil of Curcuma aromatica as a Dietary Supplement: Evaluation of Its Effect on
Growth, Haematology, Inmune Response and Histopathology in Channa punctata Challenged with Two Pathogenic Aeromonads.
Anim. Feed Sci. Technol. 2025, 321, 116235. [CrossRef]

Apraku, A.; Asiedu, B.; Shamsudeen, Y.N.; Koney, S.A.K.; Ntim, L.; Setufe, B.S.; Henneh, S. Efficacy of Vernonia amygdalina on
Columnaris Disease Management and Growth Enhancement in Nile Tilapia. Asian J. Biol. Sci. 2025, 18, 136-145. [CrossRef]
Ujan, ].A.; Rind, K.H.; Kesbig, O.S.; Masud, S.; Habib, S.S.; Al-Rejaie, S.S.; Mohany, M.; Fazio, F. Green Boost for Nile Tilapia, Ore-
ochromis niloticus: Unveiling the Multifaceted Effects of Chenopodium album Leaves Powder on Growth, Hematology, Antioxidant
Defense, Nonspecific Immunity and Tolerance Against Aeromonas hydrophila. Aquac. Res. 2025, 2025, 8919050. [CrossRef]
Faheem, M.; Hoseinifar, S.H.; Firouzbakhsh, F. Medicinal Plants in Tilapia Aquaculture. In Novel Approaches Toward Sustainable
Tilapia Aquaculture; Hoseinifar, S.H., Van Doan, H., Eds.; Springer International Publishing: Cham, Switzerland, 2023; pp. 161-200,
ISBN 978-3-031-38321-2.

Abdel-Tawwab, M.; Ahmad, M.H.; Seden, M.E.A.; Sakr, S.FM. Use of Green Tea, Camellia sinensis L., in Practical Diet for Growth
and Protection of Nile Tilapia, Oreochromis Niloticus (L.), against Aeromonas hydrophila Infection. . World Aquac. Soc. 2010, 41,
203-213. [CrossRef]

Dawood, M.A.; El Basuini, M.E; Yilmaz, S.; Abdel-Latif, H.M.; Alagawany, M.; Kari, Z.A.; Abdul Razab, M.K.A.; Hamid, N.K.A ;
Moonmanee, T.; Van Doan, H. Exploring the Roles of Dietary Herbal Essential Oils in Aquaculture: A Review. Animals 2022, 12,
823. [CrossRef] [PubMed]

Shalaby, A.M.; Khattab, Y.A.; Abdel Rahman, A.M. Effects of Garlic (Allium sativum) and Chloramphenicol on Growth Performance,
Physiological Parameters and Survival of Nile Tilapia (Oreochromis niloticus). |. Venom. Anim. Toxins Trop. Dis. 2006, 12, 172-201.
Aly, SM.; Atti, N.A.; Mohamed, M.F. Effect of Garlic on the Survival, Growth, Resistance and Quality of Oreochromis niloticus. In
Proceedings of the Eighth International Symposium on Tilapia in Aquaculture, Cairo, Egypt, 12-14 October 2008; pp. 277-296.


https://doi.org/10.1007/s10499-024-01421-7
https://doi.org/10.1007/s11259-023-10267-y
https://doi.org/10.1016/j.aquaculture.2021.737653
https://doi.org/10.1007/s10695-024-01433-3
https://doi.org/10.1186/s12917-024-04369-1
https://doi.org/10.1155/2022/7942506
https://doi.org/10.1016/j.aquaculture.2020.735928
https://doi.org/10.1080/1828051X.2021.1965923
https://doi.org/10.1016/j.aquaculture.2022.738053
https://doi.org/10.1016/j.aquaculture.2022.738581
https://doi.org/10.1007/s10499-024-01699-7
https://doi.org/10.1016/j.anifeedsci.2025.116235
https://doi.org/10.3923/ajbs.2025.136.145
https://doi.org/10.1155/are/8919050
https://doi.org/10.1111/j.1749-7345.2010.00360.x
https://doi.org/10.3390/ani12070823
https://www.ncbi.nlm.nih.gov/pubmed/35405814

Animals 2025, 15, 2653 16 of 24

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Talpur, A.D.; Ikhwanuddin, M.H.D. Dietary Effects of Garlic (Allium sativum) on Haemato-Immunological Parameters, Survival,
Growth, and Disease Resistance against Vibrio harveyi Infection in Asian Sea Bass, Lates calcarifer (Bloch). Aquaculture 2012, 364,
6-12. [CrossRef]

Mousallamy, A.; Samir, A. Effect of Using Dried Fenugreek Seeds as Natural Feed Additives on Growth Performance, Feed
Utilization, Whole-Body Composition and Entropathogenic Aeromonas hydrophila-Challinge of Monsex Nile Tilapia O. niloticus
(L.) Fingerlings. Aust. J. Basic Appl. Sci. 2009, 3, 1234-1245.

Beltran, ].M.G.; Esteban, M. A. Nature-Identical Compounds as Feed Additives in Aquaculture. Fish Shellfish Immunol. 2022, 123,
409-416. [CrossRef]

Orso, G.; Imperatore, R.; Coccia, E.; Ashouri, G.; Paolucci, M. Lamiaceae as Feed Additives in Fish Aquaculture. Fishes 2022, 7,
349. [CrossRef]

Kuebutornye, FK.A.; Roy, K.; Folorunso, E.A.; Mraz, ]. Plant-based Feed Additives in CYPRINUS CARPIO Aquaculture. Rev. Aquac.
2024, 16, 309-336. [CrossRef]

Vazirzadeh, A.; Dehghan, F.; Kazemeini, R. Changes in Growth, Blood Immune Parameters and Expression of Immune Related
Genes in Rainbow Trout (Oncorhiynchus mykiss) in Response to Diet Supplemented with Ducrosia anethifolia Essential Oil. Fish
Shellfish Immunol. 2017, 69, 164-172. [CrossRef]

Ahmadifar, E.; Pourmohammadi Fallah, H.; Yousefi, M.; Dawood, M. A.; Hoseinifar, S.H.; Adineh, H.; Yilmaz, S.; Paolucci, M.;
Doan, H.V. The Gene Regulatory Roles of Herbal Extracts on the Growth, Immune System, and Reproduction of Fish. Animals
2021, 11, 2167. [CrossRef] [PubMed]

Nguyen, T.M.; Agbohessou, P.S.; Nguyen, T.H.; Thi, N.T.T.; Kestemont, P. Inmune Responses and Acute Inflammation in
Common Carp Cyprinus carpio Injected by E. coli Lipopolysaccharide (LPS) as Affected by Dietary Oils. Fish Shellfish Immunol.
2022, 122, 1-12. [CrossRef] [PubMed]

Xia, X.; Liu, G.; Wu, X; Cui, S.; Yang, C.-H.; Du, Q.; Zhang, X. Effects of Macleaya cordata Extract on TLR20 and the Proinflammatory
Cytokines in Acute Spleen Injury of Loach (Misgurnus anguillicaudatus) against Aeromonas hydrophila Infection. Aquaculture 2021,
544,737105. [CrossRef]

Kumar, S.; Choubey, A.K,; Srivastava, PK. The Effects of Dietary Immunostimulants on the Innate Immune Response of Indian
Major Carp: A Review. Fish Shellfish Immunol. 2022, 123, 36-49. [CrossRef]

Grazul, M.; Kwiatkowski, P.; Hartman, K.; Kilanowicz, A.; Sienkiewicz, M. How to Naturally Support the Immune System in
Inflammation—Essential Oils as Immune Boosters. Biomedicines 2023, 11, 2381. [CrossRef]

Yao, Y.Y;; Zhu, Z.X.; Ai, CH.; Liang, X.Y.; Yang, G.; De Liu, T.; Zhang, H.Y.; Yan, H.J.; Xia, ].H.; He, M.L. Dietary Supplementation of
Patchouli Oil Improves Resistance to Streptococcus agalactine Infection in Genetically Improved Cultured Tilapia (GIFT, Oreochromis
niloticus.) as Revealed by RNA-Seq. Aquaculture 2024, 578, 740147. [CrossRef]

Magrone, T.; Russo, M. A ; Jirillo, E. Dietary Approaches to Attain Fish Health with Special Reference to Their Inmune System.
Curr. Pharm. Des. 2018, 24, 4921-4931. [CrossRef]

Firmino, J.P,; Vallejos-Vidal, E.; Balebona, M.C.; Ramayo-Caldas, Y.; Cerezo, LM.; Salomén, R.; Tort, L.; Estevez, A.; Morifiigo,
M.A; Reyes-Lépez, EE. Diet, Immunity, and Microbiota Interactions: An Integrative Analysis of the Intestine Transcriptional
Response and Microbiota Modulation in Gilthead Seabream (Sparus aurata) Fed an Essential Oils-Based Functional Diet. Front.
Immunol. 2021, 12, 625297. [CrossRef]

Liu, Q.; Wan, E; Liu, Y,; Liu, R.; Tang, Q.; Wang, A.; Ye, C. Effects of Dietary Inorganic Phosphorus Levels on Growth, Liver and
Intestinal Morphology and Digestive Enzymes in Fingerling Obscure Puffer (Takifugu obscurus). Aquaculture 2021, 545, 737124.
[CrossRef]

Dang, Y.; Zhao, C.; Kuan, K.C.S,; Cao, X.; Wang, B.; Ren, Y. Effects of Dietary Oregano Essential Oil-Mediated Intestinal Microbiota
and Transcription on Amino Acid Metabolism and Aeromonas salmonicida Resistance in Rainbow Trout (Oncorlynchus mykiss).
Aquac. Int. 2024, 32, 1835-1855. [CrossRef]

Hafsan, H.; Saleh, M.M.; Zabibah, R.S.; Obaid, R.F; Jabbar, H.S.; Mustafa, Y.F,; Sultan, M.Q.; Gabr, G.A.; Ramirez-Coronel,
A.A; Khodadadi, M.; et al. Dietary Thymol Improved Growth, Body Composition, Digestive Enzyme Activities, Hematology,
Immunity, Antioxidant Defense, and Resistance to Streptococcus iniae in the Rainbow Trout (Oncorhynchus mykiss). Aquac. Nutr.
2022, 2022, 3288139. [CrossRef] [PubMed]

Lafferty, K.D.; Harvell, C.D.; Conrad, J.M.; Friedman, C.S.; Kent, M.L.; Kuris, A.M.; Powell, E.N.; Rondeau, D.; Saksida, S.M.
Infectious Diseases Affect Marine Fisheries and Aquaculture Economics. Annu. Rev. Mar. Sci. 2015, 7, 471-496. [CrossRef]
[PubMed]

Chakraborty, S.B.; Hancz, C. Application of Phytochemicals as Immunostimulant, Antipathogenic and Antistress Agents in
Finfish Culture. Rev. Aquac. 2011, 3, 103-119. [CrossRef]

Kacaniova, M.; Terentjeva, M.; Vukovic, N.; Puchalski, C.; Roychoudhury, S.; Kunovd, S.; Kliga, A.; Tokar, M.; Kluz, M.; IvaniSova,
E. The Antioxidant and Antimicrobial Activity of Essential Oils against Pseudomonas spp. Isolated from Fish. Saudi Pharm. J. 2017,
25,1108-1116. [CrossRef]


https://doi.org/10.1016/j.aquaculture.2012.07.035
https://doi.org/10.1016/j.fsi.2022.03.010
https://doi.org/10.3390/fishes7060349
https://doi.org/10.1111/raq.12840
https://doi.org/10.1016/j.fsi.2017.08.022
https://doi.org/10.3390/ani11082167
https://www.ncbi.nlm.nih.gov/pubmed/34438625
https://doi.org/10.1016/j.fsi.2022.01.006
https://www.ncbi.nlm.nih.gov/pubmed/35007746
https://doi.org/10.1016/j.aquaculture.2021.737105
https://doi.org/10.1016/j.fsi.2022.02.039
https://doi.org/10.3390/biomedicines11092381
https://doi.org/10.1016/j.aquaculture.2023.740147
https://doi.org/10.2174/1381612825666190104121544
https://doi.org/10.3389/fimmu.2021.625297
https://doi.org/10.1016/j.aquaculture.2021.737124
https://doi.org/10.1007/s10499-023-01246-w
https://doi.org/10.1155/2022/3288139
https://www.ncbi.nlm.nih.gov/pubmed/36860433
https://doi.org/10.1146/annurev-marine-010814-015646
https://www.ncbi.nlm.nih.gov/pubmed/25251276
https://doi.org/10.1111/j.1753-5131.2011.01048.x
https://doi.org/10.1016/j.jsps.2017.07.005

Animals 2025, 15, 2653 17 of 24

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

Adel, M.; Dadar, M.; Zorriehzahra, M.].; Elahi, R.; Stadtlander, T. Antifungal Activity and Chemical Composition of Iranian
Medicinal Herbs against Fish Pathogenic Fungus, Saprolegnia parasitica. Iran. J. Fish. Sci. 2020, 19, 3239-3254.

Bandeira Junior, G.; Souza, C.D.F; Baldissera, M.D.; Descovi, S.N.; Silveira, B.P.D.; Tasca, C.; Mourao, R.H.V,; Vargas, AP.C.D;
Baldisserotto, B. Plant Essential Oils against Bacteria Isolated from Fish: An in Vitro Screening and in Vivo Efficacy of Lippiaorig-
anoides. Ciénc. Rural 2019, 49, €20190064. [CrossRef]

Goudarzi, M.A.; Hamedi, B.; Malekpoor, F.; Abdizadeh, R.; Pirbalouti, A.G.; Raissy, M. Sensitivity of Lactococcus garvieae Isolated
from Rainbow Trout to Some Iranian Medicinal Herbs. J. Med. Plants Res. 2011, 5, 3067-3073.

Muniruzzaman, M.; and Chowdhury, M.B.R. Sensitivity of Fish Pathogenic Bacteria to Various Medicinal Herbs. Bangladesh J. Vet.
Med. 2004, 2, 75-82. [CrossRef]

Cabello-Gémez, ].E.,; Aguinaga-Casafias, M. A.; Falcon-Pifieiro, A.; Gonzalez-Gragera, E.; Marquez-Martin, R.; Agraso, M.D.M,;
Bermtdez, L.; Bafios, A.; Martinez-Bueno, M. Antibacterial and Antiparasitic Activity of Propyl-Propane-Thiosulfinate (PTS) and
Propyl-Propane-Thiosulfonate (PTSO) from Allium cepa against Gilthead Sea Bream Pathogens in in Vitro and in Vivo Studies.
Molecules 2022, 27, 6900. [CrossRef]

Assane, LM.; Valladao, G.M.; Pilarski, F. Chemical Composition, Cytotoxicity and Antimicrobial Activity of Selected Plant-Derived
Essential Oils against Fish Pathogens. Aquac. Res. 2021, 52, 793-809. [CrossRef]

Soltani, M.; Mohamadian, S.; Ebrahimzahe-Mousavi, H.A.; Mirzargar, S.; Taheri-Mirghaed, A.; Rouholahi, S.; Ghodratnama, M.
Shirazi Thyme (Zataria multiflora) Essential Oil Suppresses the Expression of the epsD Capsule Gene in Lactococcus garvieae, the
Cause of Lactococcosis in Farmed Fish. Aquaculture 2014, 433, 143-147. [CrossRef]

Rattanachaikunsopon, P.; Phumkhachorn, P. Potential of Chinese Chive Oil as a Natural Antimicrobial for Controlling Flavobac-
terium columnare Infection in Nile Tilapia Oreochromis niloticus. Fish. Sci. 2009, 75, 1431-1437. [CrossRef]

Klaga, A.; Terentjeva, M.; Vukovic, N.L.; Ka¢dniovd, M. Antimicrobial Activity and Chemical Composition of Essential Oils
against Pathogenic Microorganisms of Freshwater Fish. Plants 2021, 10, 1265. [CrossRef]

Mahmoodi, A.; Roomiani, L.; Soltani, M.; Basti, A.A.; Kamali, A.; Taheri, S. Chemical Composition and Antibacterial Activity of
Essential Oils and Extracts from Rosmarinus officinalis, Zataria multiflora, Anethum graveolens and Eucalyptus globulus. Glob. Vet.
2012, 9, 73-79.

Yuan, A.; He, Y.; Ma, Y.; Chen, S.; He, Y; Liu, J.; Xiong, H. Antibacterial Activity of Angelica Essential Oil, Its Mechanism against
Pseudomonas fluorescens, and Its Application in the Preservation of Chilled Fresh Beef. Food Biosci. 2024, 60, 104273. [CrossRef]
Gupta, R; Rath, C.C.; Dash, S.K.; Mishra, R K. In vitro Antibacterial Potential Assessment of Carrot (Daucus carota) and Celery
(Apium graveolens) Seed Essential Oils against Twenty One Bacteria. J. Essent. Oil Bear. Plants 2004, 7, 79-86. [CrossRef]
Dobrucka, R.; Dlugaszewska, J. Antimicrobial Activities of Silver Nanoparticles Synthesized by Using Water Extract of Arnicae
anthodium. Indian ]. Microbiol. 2015, 55, 168-174. [CrossRef] [PubMed]

Sakhaie, F.; Adel, M.; Safari, R.; Firouzbakhsh, F; Nosrati Movafagh, A.; Stadtlander, T. Chemical Composition and Antimicrobial
Activity of Artemisia annua (L.) Essential Oil against Different Fish Pathogens. Bulg. J. Vet. Med. 2025, 28, 145-153. [CrossRef]
Najiah, M.; Nadirah, M.; Arief, Z.; Zahrol, S.; Tee, L.W.; Ranzi, A.D.; Amar, A.S.; Laith, A.A.; Mariam, M.; Suzana, S. Antibacterial
Activity of Malaysian Edible Herbs Extracts on Fish Pathogenic Bacteria. Res. |. Med. Plant 2011, 5, 772-778. [CrossRef]

Poudel, D.K,; Rokaya, A.; Ojha, PK.; Timsina, S.; Satyal, R.; Dosoky, N.S.; Satyal, P.; Setzer, W.N. The Chemical Profiling of
Essential Oils from Different Tissues of Cinnamomum camphora L. and Their Antimicrobial Activities. Molecules 2021, 26, 5132.
[CrossRef]

Hajlaoui, H.; Arraouadi, S.; Noumi, E.; Aouadi, K.; Adnan, M.; Khan, M.A; Kadri, A.; Snoussi, M. Antimicrobial, Antioxidant,
Anti-Acetylcholinesterase, Antidiabetic, and Pharmacokinetic Properties of Carum carvi L. and Coriandrum sativum L. Essential
QOils Alone and in Combination. Molecules 2021, 26, 3625. [CrossRef]

Ghannay, S.; Aouadi, K.; Kadri, A.; Snoussi, M. GC-MS Profiling, Vibriocidal, Antioxidant, Antibiofilm, and Anti-Quorum Sensing
Properties of Carum carvi L. Essential Oil: In Vitro and in Silico Approaches. Plants 2022, 11, 1072. [CrossRef]

Kaganiova, M.; Galovit¢ova, L.; Valkova, V.; Duranovéa, H.; Stefanikova, T, Cmikovd, N.; Vukic, M.; Vukovic, N.L.; Kowalczewski,
P.L. Chemical Composition, Antioxidant, in Vitro and in Situ Antimicrobial, Antibiofilm, and Anti-Insect Activity of Cedar atlantica
Essential Oil. Plants 2022, 11, 358. [CrossRef]

Ailli, A.; Handaq, N.; Touijer, H.; Gourich, A.A_; Drioiche, A.; Zibouh, K.; Eddamsyry, B.; El Makhoukhi, F.; Mouradi, A;
Bin Jardan, Y.A. Phytochemistry and Biological Activities of Essential Oils from Six Aromatic Medicinal Plants with Cosmetic
Properties. Antibiotics 2023, 12, 721. [CrossRef]

Maya, B.M.; Abedini, A.; Gangloff, S.C.; Kabouche, A.; Kabouche, Z.; Voutquenne-Nazabadioko, L. A New 6-Tocotrienolic Acid
Derivative and Other Constituents from the Cones of Cedrus atlantica and Their in Vitro Antimicrobial Activity. Phytochem. Lett.
2017, 20, 252-258. [CrossRef]

Rattanachaikunsopon, P.; Phumkhachorn, P. Protective Effect of Clove Oil-Supplemented Fish Diets on Experimental Lactococcus
garvieae Infection in Tilapia. Biosci. Biotechnol. Biochem. 2009, 73, 2085-2089. [CrossRef]


https://doi.org/10.1590/0103-8478cr20190064
https://doi.org/10.3329/bjvm.v2i1.1941
https://doi.org/10.3390/molecules27206900
https://doi.org/10.1111/are.14935
https://doi.org/10.1016/j.aquaculture.2014.05.024
https://doi.org/10.1007/s12562-009-0171-4
https://doi.org/10.3390/plants10071265
https://doi.org/10.1016/j.fbio.2024.104273
https://doi.org/10.1080/0972-060X.2004.10643369
https://doi.org/10.1007/s12088-015-0516-x
https://www.ncbi.nlm.nih.gov/pubmed/25805903
https://doi.org/10.15547/bjvm.2023-0087
https://doi.org/10.3923/rjmp.2011.772.778
https://doi.org/10.3390/molecules26175132
https://doi.org/10.3390/molecules26123625
https://doi.org/10.3390/plants11081072
https://doi.org/10.3390/plants11030358
https://doi.org/10.3390/antibiotics12040721
https://doi.org/10.1016/j.phytol.2017.05.009
https://doi.org/10.1271/bbb.90294

Animals 2025, 15, 2653 18 of 24

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

Pathirana, H.; Wimalasena, S.; De Silva, B.C.J.; Hossain, S.; Heo, G.]. Antibacterial Activity of Cinnamon (Cinnamomum zeylanicumnt)
Essential Oil and Cinnamaldehyde against Fish Pathogenic Bacteria Isolated from Cultured Olive Flounder Paralichthys olivaceus.
Indian |. Fish. 2019, 66, 86-92. [CrossRef]

Pathirana, H.N.K.S.; Wimalasena, S.SH.M.P,; De Silva, B.C.J.; Hossain, S.; Heo, G.-J. Antibacterial Activity of Lime (Citrus
aurantifolia) Essential Oil and Limonene against Fish Pathogenic Bacteria Isolated from Cultured Olive Flounder (Paralichthys
olivaceus). Arch. Pol. Fish. 2018, 26, 131-139. [CrossRef]

Mancuso, M.; Catalfamo, M.; Lagana, P.; Rappazzo, A.C.; Raymo, V.; Zampino, D.; Zaccone, R. Screening of Antimicrobial
Activity of Citrus Essential Oils against Pathogenic Bacteria and Candida Strains. Flavour Fragr. ]. 2019, 34, 187-200. [CrossRef]

Kacaniovd, M.; Galovi¢ova, L.; Valkovd, V.; Borotovd, P.; Kunov4, S. Antimicrobial Activity of Selected Essential Oils. Sci. Pap.
Anim. Sci. Biotechnol. 2022, 55, 145.

Debbarma, J.; Kishore, P.; Nayak, B.B.; Kannuchamy, N.; Gudipati, V. Antibacterial Activity of Ginger, Eucalyptus and Sweet
Orange peel Essential Oils on Fish-Bourne Bacteria: Antibacterial Activity of Plant Essential Oils on Fish-Bourne Bacteria. J. Food
Process. Preserv. 2013, 37, 1022-1030. [CrossRef]

Baba, E.; Acar, U.; Ontas, C.; Kesbic, O.S.; Yilmaz, S. Evaluation of Citrus limon Peels Essential Oil on Growth Performance,
Immune Response of Mozambique Tilapia Oreochromis mossambicus Challenged with Edwardsiella tarda. Aquaculture 2016, 465,
13-18. [CrossRef]

Ngugi, C.C.; Oyoo-Okoth, E.; Muchiri, M. Effects of Dietary Levels of Essential Oil (EO) Extract from Bitter Lemon (Citrus linorn)
Fruit Peels on Growth, Biochemical, Haemato-immunological Parameters and Disease Resistance in Juvenile Labeo victorianus
Fingerlings Challenged with Aeromonas hydrophila. Aquac. Res. 2017, 48, 2253-2265. [CrossRef]

Toroglu, S. In Vitro Antimicrobial Activity and Antagonistic Effect of Essential Oils from Plant Species. J. Environ. Biol. 2007, 28,
551-559.

Pathirana, H.; Wimalasena, S.; De Silva, B.C.].; Hossain, S.; Gang-Joon, H. Determination of the in Vitro Effect of Lemongrass
(Cymbopogon flexuosus) Oil against Fish Pathogenic Bacteria Isolated from Cultured Olive Flounder (Paralichthys olivaceus). Slov.Vet.
Res. 2019, 56, 125-131. [CrossRef]

Wei, L.S.; Wee, W. Chemical Composition and Antimicrobial Activity of Cymbopogon nardus Citronella Essential Oil against
Systemic Bacteria of Aquatic Animals. Iran. ]. Microbiol. 2013, 5, 147.

Tarfaoui, K.; Brhadda, N.; Ziri, R,; Oubihi, A.; Imtara, H.; Haida, S.; Al Kamaly, O.M.; Saleh, A.; Parvez, M.K.; Fettach, S. Chemical
Profile, Antibacterial and Antioxidant Potential of Zingiber officinale Roscoe and Elettaria cardamomum (L.) Maton Essential Oils
and Extracts. Plants 2022, 11, 1487. [CrossRef] [PubMed]

Salehi, M.; Soltani, M.; Islami, H.R. In Vitro Antifungal Activity of Some Essential Oils against Some Filamentous Fungi of
Rainbow Trout (Oncorhynchus mykiss) Eggs. Aquac. Aquar. Conserv. Legis. 2015, 8, 367-380.

Gulec, A K. Therapeutic Effects of Thyme (Thymus vulgaris Linneaus) and Fennel (Foeniculum vulgare Miller) Essential Oils in
Infected Rainbow Trout, Oncorhynchus mykiss (Walbaum). Dig. ]. Nanomater. Biostruct. 2013, 8, 1069-1078.

Fereidouni, M.S.; Akhlaghi, M.; Alhosseini, A.K. Antibacterial Effects of Medicinal Plant Extracts against Lactococcus garvieae, the
Etiological Agent of Rainbow Trout Lactococcosis. Int. J. Aquat. Biol. 2013, 1, 119-124.

Galovicova, L.; Cmikové, N.; Vukovic, N.; Vukic, M.; Kowalczewski, PL.; Bakay, L.; Ka¢dniovd, M. Chemical Composition,
Antioxidant, Antimicrobial, Antibiofilm and Anti-Insect Activities of Jasminum grandiflorum Essential Oil. Horticulturae 2022, 8,
953. [CrossRef]

Fotiadou, E.; Panou, E.; Graikou, K.; Sakellarakis, F-N.; Chinou, I. Volatiles of All Native Juniperus Species Growing in
Greece—Antimicrobial Properties. Foods 2023, 12, 3506. [CrossRef]

Chikowe, G.R.; Mpala, L.N.; Cock, L.E. Inhibition of the Growth of a Panel of Pathogenic Bacteria by Kunzea flavescens CT White
and WD Francis Solvent Extractions. Pharmacogn. Commun. 2017, 7, 121-128. [CrossRef]

Visan, D.-C.; Oprea, E.; Radulescu, V.; Voiculescu, I.; Biris, I.-A.; Cotar, A.L; Saviuc, C.; Chifiriuc, M.C.; Marinas, I.C. Original
Contributions to the Chemical Composition, Microbicidal, Virulence-Arresting and Antibiotic-Enhancing Activity of Essential
Oils from Four Coniferous Species. Pharmaceuticals 2021, 14, 1159. [CrossRef]

Wimalasena, S.H.; Pathirana, H.N.; De Silva, B.C.; Hossain, S.; Heo, G.J. Antimicrobial Activity of Lavender (Lavendula rangustifolia)
Oil against Fish Pathogenic Bacteria Isolated from Cultured Olive Flounder (Paralichthys olivaceus) in Korea. Indian |. Fish. 2018,
65, 52-56.

Monteiro, P.C.; Majolo, C.; Chaves, F.C.M.; Bizzo, H.R.; Almeida O’Sullivan, F.L.; Chagas, E.C. Antimicrobial Activity of Essential
Oils from Lippia sidoides, Ocimum gratissimum and Zingiber officinale against Aeromonas spp. J. Essent. Oil Res. 2021, 33, 152-161.
[CrossRef]

Khongsai, S.; Chalad, C.; Phumee, P. Phytochemical Analysis, in Vitro Screening of Antioxidant and Antibacterial Potential of
Cajuput (Melaleuca cajuputi) Extract against Pathogenic Vibrio spp. Trop. J. Nat. Prod. Res. 2024, 8, 9517-9523.

Heidarian, S.; Kachoie, M.A.; Mousavi-Fard, S.; Moattar, F. Evaluating the Chemical Composition and Antibacterial and
Antioxidant Effects of the Essential Oil of Melissa officinalis L. Pakistan J. Zool. 2024, 57, 2349-2358.


https://doi.org/10.21077/ijf.2019.66.2.85023-12
https://doi.org/10.2478/aopf-2018-0014
https://doi.org/10.1002/ffj.3491
https://doi.org/10.1111/j.1745-4549.2012.00753.x
https://doi.org/10.1016/j.aquaculture.2016.08.023
https://doi.org/10.1111/are.13062
https://doi.org/10.26873/SVR-687-2019
https://doi.org/10.3390/plants11111487
https://www.ncbi.nlm.nih.gov/pubmed/35684260
https://doi.org/10.3390/horticulturae8100953
https://doi.org/10.3390/foods12183506
https://doi.org/10.5530/pc.2017.3.18
https://doi.org/10.3390/ph14111159
https://doi.org/10.1080/10412905.2020.1848653

Animals 2025, 15, 2653 19 of 24

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

Akise, O.G.; Fasakin, E.A.; Adeparusi, E.O. Chemical Composition and In-Vitro Antimicrobial Activity of Essential Oil of African
Nutmeg (Monodora myristica (Gaertn) Dunal on Microorganisms Isolated from Smoke-Dried Catfish (Clarias gariepinus). Afr. ].
Microbiol. Res. 2020, 14, 136-147. [CrossRef]

Trifan, A.; Zengin, G.; Korona-Glowniak, I.; Skalicka-Wozniak, K.; Luca, S.V. Essential Oils and Sustainability: In Vitro Bioactivity
Screening of Myristica fragrans Houtt. Post-Distillation by-Products. Plants 2023, 12, 1741. [CrossRef] [PubMed]

Sutili, FJ.; Murari, A.L,; Silva, L.L.; Gressler, L.T.; Heinzmann, B.M.; de Vargas, A.C.; Schmidt, D.; Baldisserotto, B. The Use of
Ocimum americanum Essential Oil against the Pathogens Aeromonas hydrophila and Gyrodactylus Sp. in Silver Catfish (Rhamdiaquelen).
Lett. Appl. Microbiol. 2016, 63, 82-88. [CrossRef] [PubMed]

El-Ekiaby, W.T. Basil Oil Nanoemulsion Formulation and Its Antimicrobial Activity against Fish Pathogen and Enhance Disease
Resistance against Aeromonas hydrophila in Cultured Nile Tilapia. Egypt. ]. Aquac. 2019, 9, 13-33. [CrossRef]

Snoussi, M.; Dehmani, A.; Noumi, E.; Flamini, G.; Papetti, A. Chemical Composition and Antibiofilm Activity of Petroselinum
crispum and Ocimum basilicum Essential Oils against Vibrio spp. Strains. Microb. Pathog. 2016, 90, 13-21. [CrossRef]

Hossain, M.A.; Kabir, M.].; Salehuddin, S.M.; Rahman, SSM.M,; Das, A K,; Singha, S.K.; Alam, M.K.; Rahman, A. Antibacterial
Properties of Essential Oils and Methanol Extracts of Sweet Basil Ocimum basilicum Occurring in Bangladesh. Pharm. Biol. 2010,
48,504-511. [CrossRef]

Mar, A.; Mar, A.A.; Thin, P.P; Zin, M.M. Study on the Phytochemical Constituents in Essential Oil of Pandanus amaryllifolious
Roxb. Leaves and Their Anti-Bacterial Efficacy. Ph.D. Thesis, Yadanabon University, Mandalay, Myanmar, 2019.

Anjur, N.; Sabran, S.F,; Daud, H.M.; Othman, N.Z. Antibacterial Activity and Toxicity Study of Selected Piper Leave Extracts
Against the Fish Pathogen (Aeromonas hydrophila). In Proceedings of the 7th International Conference on Biological Science
(ICBS 2021), Online, 14-15 October 2021; Atlantis Press: Dordrecht, The Netherlands, 2022; pp. 118-123.

Essadki, Y.; Hilmi, A.; Cascajosa-Lira, A.; Girdo, M.; Darrag, E.M.; Martins, R.; Romane, A.; El Amrani Zerrifi, S.; Mugani, R,;
Tazart, Z. In Vitro Antimicrobial Activity of Volatile Compounds from the Lichen Pseudevernia furfuracea (L.) Zopf. Against
Multidrug-Resistant Bacteria and Fish Pathogens. Microorganisms 2024, 12, 2336. [CrossRef]

Pauletti, PM.; Aradgjo, A.R.; Young, M.C.M.; Giesbrecht, A.M.; da Silva Bolzani, V. Nor-Lignans from the Leaves of Styrax
ferrugineus (Styracaceae) with Antibacterial and Antifungal Activity. Phytochemistry 2000, 55, 597-601. [CrossRef]

Tour SavadKoubhi, P; Ahari, H.; Anvar, A.A; Jafari, B. Effect of Carum copticum Nano-Essence against Saprolegnia and Fusarium,
and the Use of Multiplex PCR Assay for the Detection of These Organisms in Rainbow Trout Oncorhynchus mykiss. Arch. Razi Inst.
2021, 76, 231-241. [PubMed]

Hossain, S.; De Silva, D.S.; Wimalasena, S.; Pathirana, P.; Heo, G.J. In Vitro Antibacterial Effect of Ginger (Zingiber officinale)
Essential Oil against Fish Pathogenic Bacteria Isolated from Farmed Olive Flounder (Paralichthys olivaceus) in Korea. Iran. J. Fish.
Sci. 2019, 18, 386-394.

Peterson, B.C.; Peatman, E.; Ourth, D.D.; Waldbieser, G.C. Effects of a Phytogenic Feed Additive on Growth Performance,
Susceptibility of Channel Catfish to Edwardsiella ictaluri and Levels of Mannose Binding Lectin. Fish Shellfish Immunol. 2015, 44,
21-25. [CrossRef] [PubMed]

Giannenas, I.; Triantafillou, E.; Stavrakakis, S.; Margaroni, M.; Mavridis, S.; Steiner, T.; Karagouni, E. Assessment of Dietary
Supplementation with Carvacrol or Thymol Containing Feed Additives on Performance, Intestinal Microbiota and Antioxidant
Status of Rainbow Trout (Oncorhynchus mykiss). Aquaculture 2012, 350, 26-32. [CrossRef]

Ahmadifar, E.; Mansour, M.R.; Amirkolaie, A.K.; Rayeni, M.F. Growth Efficiency, Survival and Haematological Changes in Great
Sturgeon (Huso huso Linnaeus, 1758) Juveniles Fed Diets Supplemented with Different Levels of Thymol-Carvacrol. Anim. Feed
Sci. Technol. 2014, 198, 304-308. [CrossRef]

Morselli, M.B.; Reis, ].H.; Baldissera, M.D.; Souza, C.F.; Baldisserotto, B.; Petrolli, T.G.; Paiano, D.; Lopes, D.L.A.; Da Silva, A.S.
Benefits of Thymol Supplementation on Performance, the Hepatic Antioxidant System, and Energetic Metabolism in Grass Carp.
Fish Physiol. Biochem. 2020, 46, 305-314. [CrossRef]

Kong, Y,; Li, M,; Xia, C.; Zhao, J.; Niu, X,; Shan, X.; Wang, G. The Optimum Thymol Requirement in Diets of Channa argus: Effects
on Growth, Antioxidant Capability, Inmune Response and Disease Resistance. Aquac. Nutr. 2021, 27, 712-722. [CrossRef]
Martins, C.ILM.; Eding, E.H.; Verdegem, M.C J.; Heinsbroek, L.T.N.; Schneider, O.; Blancheton, J.P.; d’Orbcastel, E.R.; Verreth, ].A J.
New Developments in Recirculating Aquaculture Systems in Europe: A Perspective on Environmental Sustainability. Aquac. Eng.
2010, 43, 83-93. [CrossRef]

Mavraganis, T.; Constantina, C.; Kolygas, M.; Vidalis, K.; Nathanailides, C. Environmental Issues of Aquaculture Development.
Egypt. ]. Aquat. Biol. Fish. 2020, 24, 441-450. [CrossRef]

Ferri, G.; Lauteri, C.; Vergara, A. Antibiotic Resistance in the Finfish Aquaculture Industry: A Review. Antibiotics 2022, 11, 1574.
[CrossRef]

Dawood, M.A.; El Basuini, M.F,; Zaineldin, A.L; Yilmaz, S.; Hasan, M.T.; Ahmadifar, E.; El Asely, A.M.; Abdel-Latif, HM.;
Alagawany, M.; Abu-Elala, N.M. Antiparasitic and Antibacterial Functionality of Essential Oils: An Alternative Approach for
Sustainable Aquaculture. Pathogens 2021, 10, 185. [CrossRef]


https://doi.org/10.5897/AJMR2019.9086
https://doi.org/10.3390/plants12091741
https://www.ncbi.nlm.nih.gov/pubmed/37176799
https://doi.org/10.1111/lam.12602
https://www.ncbi.nlm.nih.gov/pubmed/27270753
https://doi.org/10.21608/eja.2019.18567.1007
https://doi.org/10.1016/j.micpath.2015.11.004
https://doi.org/10.3109/13880200903190977
https://doi.org/10.3390/microorganisms12112336
https://doi.org/10.1016/S0031-9422(00)00225-9
https://www.ncbi.nlm.nih.gov/pubmed/34223722
https://doi.org/10.1016/j.fsi.2015.01.027
https://www.ncbi.nlm.nih.gov/pubmed/25659231
https://doi.org/10.1016/j.aquaculture.2012.04.027
https://doi.org/10.1016/j.anifeedsci.2014.08.012
https://doi.org/10.1007/s10695-019-00718-2
https://doi.org/10.1111/anu.13217
https://doi.org/10.1016/j.aquaeng.2010.09.002
https://doi.org/10.21608/ejabf.2020.85857
https://doi.org/10.3390/antibiotics11111574
https://doi.org/10.3390/pathogens10020185

Animals 2025, 15, 2653 20 of 24

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

Ghafari Farsani, H.; Gerami, M.H.; Farsani, M.N.; Rashidiyan, G.; Mehdipour, N.; Ghanad, M.; Faggio, C. Effect of Different
Levels of Essential Oils (Satureja hortensis) in Diet on Improvement Growth, Blood Biochemical and Immunity of Angelfish
(Pterophyllum scalare Schultze, 1823). Nat. Prod. Res. 2018, 1-6. [CrossRef]

Abasali, H.; Mohamad, S. Immune Response of Common Carp (Cyprinus carpio) Fed with Herbal Immunostimulants Diets.
J. Anim. Vet. Adv. 2010, 9, 1839-1847. [CrossRef]

Quiroz-Guzman, E.; Cabrera-Stevens, M.; Sinchez-Paz, A.; Mendoza-Cano, F.; Encinas-Garcia, T.; Barajas-Sandoval, D.; Gémez-
Gil, B,; Pena-Rodriguez, A. Effect of Functional Diets on Intestinal Microbiota and Resistance to Vibrio parahaemolyticus Causing
Acute Hepatopancreatic Necrosis Disease (AHPND) of Pacific White Shrimp (Penaeus vannamei). J. Appl. Microbiol. 2022, 132,
2649-2660. [CrossRef] [PubMed]

Reyes-Cerpa, S.; Vallejos-Vidal, E.; Gonzalez-Bown, M.].; Morales-Reyes, J.; Pérez-Stuardo, D.; Vargas, D.; Imarai, M.; Cifuentes,
V.; Spencer, E.; Sandino, A.M. Effect of Yeast (Xanthophyllomyces dendrorhous) and Plant (Saint John’s Wort, Lemon Balm, and
Rosemary) Extract Based Functional Diets on Antioxidant and Immune Status of Atlantic Salmon (Salmo salar) Subjected to
Crowding Stress. Fish Shellfish Immunol. 2018, 74, 250-259. [CrossRef] [PubMed]

Vanhove, M.PM.; Briscoe, A.G.; Jorissen, M.W.P,; Littlewood, D.T.].; Huyse, T. The First Next-Generation Sequencing Approach
to the Mitochondrial Phylogeny of African Monogenean Parasites (Platyhelminthes: Gyrodactylidae and Dactylogyridae). BMC
Genom. 2018, 19, 520. [CrossRef] [PubMed]

Gonzales, A.F; Mamani, V.; Pereyra, M.; Aguilar, E.; Mathews, P.D.; Tavares-Dias, M.; Fernandez-Méndez, C. In Vitro Effi-
cacy and Tolerance of the Essential Oils of Three Species of the Lamiaceae Family against Monogeneans from the Gills of
Piaractusbrachypomus from the Peruvian Amazon. Aquac. Int. 2022, 30, 2245-2261. [CrossRef]

Sharma, A.; Kumar, S.; Raman, R.P; Kumar, K.; Kumari, P; Brahmchari, R.K.; Pawar, N.A ; Dalvi, R.S.; Jadhao, S.B. Biopesticidal
Efficacy and Safety of Azadirachtin: Broad-Spectrum Effects on Ectoparasites Infesting Goldfish, Carassius auratus (Linn. 1758).
ACS Omega 2025, 10, 13269-13277. [CrossRef]

Saengsitthisak, B.; Chaisri, W.; Mektrirat, R.; Yano, T.; Pikulkaew, S. In Vitro and in Vivo Action of Turmeric Oil (Curcuma longa L.)
against Argulus spp. in Goldfish (Carassius auratus). Open Vet. ]. 2023, 13, 1645. [CrossRef]

Boopathi, S.; Kesavan, D.; Sudhakaran, G.; Priya, PS.; Haridevamuthu, B.; Dhanaraj, M.; Seetharaman, S.; Almutairi, B.O.;
Arokiyaraj, S.; Guru, A.; et al. Exploring the Efficacy of Pellitorine as an Antiparasitic Agent Against Argulus: Impacts on
Antioxidant Levels and Immune Responses in Goldfish (Carassius auratus). Acta Parasitol. 2024, 69, 734-746. [CrossRef]
Acharya, A.; Saha, H.; Pal, P. In Vitro and in Vivo Antiparasitic Efficacy of Aqueous Mahua Oil Cake Extract Against Argulus
foliaceus Infestation in Cyprinus carpio (Linneaus, 1758). Acta Parasitol. 2025, 70, 53. [CrossRef]

Radwan, M.; Darweesh, K.F,; Ghanem, S.F.; Abdelhadi, Y.; Kareem, Z.H.; Christianus, A.; Karim, M.; Waheed, R.M.; El-Sharkawy,
M.A. Regulatory Roles of Pawpaw (Carica papaya) Seed Extract on Growth Performance, Sexual Maturity, and Health Status with
Resistance against Bacteria and Parasites in Nile Tilapia (Oreochromis niloticus). Aquac. Int. 2023, 31, 2475-2493. [CrossRef]
Mahdy, O.A.; Abdel-Maogood, S.Z.; Abdelrahman, H.A.; Fathy, EM.; Salem, M.A. Assessment of Verbesina alternifolia and Mentha
piperita Oil Extracts on Clinostomum phalacrocoracis Metacercariae from Tilapia zillii. Beni-Suef Univ. |. Basic Appl. Sci. 2022, 11, 48.
[CrossRef]

Mao, W.; Zhao, Z.; Li, G.; Guo, W.; Ding, Z.; Wang, S.; Sun, Y.; Cao, Z; Li, J.; Zhou, Y. In Vitro Screening and in Vivo Evaluation of
Antiparasitic Phytochemicals against Cryptocaryon irritans in Pompano, Trachinotus ovatus. J. World Aquac. Soc. 2022, 53, 1084-1100.
[CrossRef]

Reda, R.; Khalil, A.A.; Elhady, M.; Tayel, S.I.; Ramadan, E.A. Anti-Parasitic Activity of Garlic (Allium sativum) and Onion (Allium
cepa) Extracts against Dactylogyrus Spp. (Monogenean) in Nile Tilapia (Oreochromis Niloticus): Hematology, Immune Response,
Histopathological Investigation, and Inflammatory Cytokine Genes of Gills. BMIC Vet. Res. 2024, 20, 334. [CrossRef]

Yilmaz, B.H.; Yildiz, H.Y. Anthelmintic Effects of Peppermint (Mentha piperita), Lemon (Citrus limon), and Tea Tree (Melaleuca
alternifolia) Essential Oils against Monogenean Parasite (Dactylogyrus Sp.) on Carp (Cyprinus carpio). Helminthologia 2023, 60, 125.
[CrossRef] [PubMed]

Ukwa, U,; Saliu, J.; Akinsanya, B.; Asekun, O. Efficacy of Binary Mixtures and Antagonistic Effect of Azadirachta indica on
Afranamum melegueta against Helminth Parasites of Fish in Epe Lagoon. Sci. Afr. 2024, 23, e02072. [CrossRef]

Kim, J.; Yoon, S.; Mansoor, S.; Jung, C.-Y.; Kim, C.S.; Boo, K.-H. Parasiticidal Activity of Citral Against Enteromyxum Leei (Myxozoa:
Myxosporea) in Olive Flounder (Paralichthys olivaceus). Acta Parasitol. 2025, 70, 74. [CrossRef]

Zhou, S.; Yang, Q.; Dong, J.; Liu, Y,; Xu, N.; Yang, Y.; Ai, X. Anthelmintic Efficacy of Palmarosa Oil and Curcuma Oil against the
Fish Ectoparasite Gyrodactylus kobayashii (Monogenean). Animals 2022, 12, 1685. [CrossRef]

Ekanem, A.P.,; Obiekezie, A.; Kloas, W.; Knopf, K. Effects of Crude Extracts of Mucuna pruriens (Fabaceae) and Carica papaya
(Caricaceae) against the Protozoan Fish Parasite Ichthyophthirius multifiliis. Parasitol. Res. 2004, 92, 361-366. [CrossRef]

Yao, J.-Y.; Shen, J.-Y.; Li, X.-L.; Xu, Y.; Hao, G.-].; Pan, X.-Y,; Wang, G.-X.; Yin, W.-L. Effect of Sanguinarine from the Leaves of
Macleaya cordata against Ichthyophthirius multifiliis in Grass Carp (Ctenopharyngodon idella). Parasitol. Res. 2010, 107, 1035-1042.
[CrossRef] [PubMed]


https://doi.org/10.1080/14786419.2018.1434635
https://doi.org/10.3923/javaa.2010.1839.1847
https://doi.org/10.1111/jam.15448
https://www.ncbi.nlm.nih.gov/pubmed/35007373
https://doi.org/10.1016/j.fsi.2017.12.061
https://www.ncbi.nlm.nih.gov/pubmed/29305990
https://doi.org/10.1186/s12864-018-4893-5
https://www.ncbi.nlm.nih.gov/pubmed/29973152
https://doi.org/10.1007/s10499-022-00900-z
https://doi.org/10.1021/acsomega.4c10920
https://doi.org/10.5455/OVJ.2023.v13.i12.14
https://doi.org/10.1007/s11686-024-00792-4
https://doi.org/10.1007/s11686-024-00937-5
https://doi.org/10.1007/s10499-023-01094-8
https://doi.org/10.1186/s43088-022-00229-9
https://doi.org/10.1111/jwas.12927
https://doi.org/10.1186/s12917-024-04187-5
https://doi.org/10.2478/helm-2023-0019
https://www.ncbi.nlm.nih.gov/pubmed/37745226
https://doi.org/10.1016/j.sciaf.2024.e02072
https://doi.org/10.1007/s11686-025-01011-4
https://doi.org/10.3390/ani12131685
https://doi.org/10.1007/s00436-003-1038-8
https://doi.org/10.1007/s00436-010-1966-z
https://www.ncbi.nlm.nih.gov/pubmed/20625767

Animals 2025, 15, 2653 21 of 24

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

Yao, J.; Zhou, Z; Li, X;; Yin, W.; Ru, H.; Pan, X.; Hao, G.; Xu, Y.; Shen, J. Antiparasitic Efficacy of Dihydrosanguinarine and
Dihydrochelerythrine from Macleaya microcarpa against Ichthyophthirius multifiliis in Richadsin (Squaliobarbus curriculus). Vet.
Parasitol. 2011, 183, 8-13. [CrossRef] [PubMed]

Fu, Y.-W,; Liu, W.-D.; Chen, H.-Z,; Lin, D.-J.; Hou, T.-L.; Guo, S.-Q.; Zhang, Q.-Z. Antiparasitical Efficacy of Sophoraflavanone G
Isolated from Sophora flavescens against Parasitic Protozoa Ichthyophthirius multifiliis. Vet. Parasitol. 2022, 306, 109731. [CrossRef]

Song, C.; Song, K.; Wu, X; Tu, X.; Qi, X.; Wang, G.; Ling, F. Antiparasitic Efficacy and Safety Assessment of Magnolol against
Ichthyophthirius multifiliis in Goldfish. Aquaculture 2018, 486, 9-17. [CrossRef]

Fu, Y.-W,; Wang, B.; Zhang, Q.-Z.; Xu, D.-H.; Liu, Y.-M.; Hou, T.-L.; Guo, S.-Q. Efficacy and Antiparasitic Mechanism of 10-Gingerol
Isolated from Ginger Zingiber officinale against Ichthyophthirius multifiliis in Grass Carp. Vet. Parasitol. 2019, 265, 74-84. [CrossRef]
Yi, Y.-L.; Lu, C,; Hu, X.-G,; Ling, F.; Wang, G.-X. Antiprotozoal Activity of Medicinal Plants against Ichthyophthirius multifiliis in
Goldfish (Carassius auratus). Parasitol. Res. 2012, 111, 1771-1778. [CrossRef]

Zhang, Q.; Xu, D.-H.; Klesius, P.H. Evaluation of an Antiparasitic Compound Extracted from Galla chinensis against Fish Parasite
Ichthyophthirius multifiliis. Vet. Parasitol. 2013, 198, 45-53. [CrossRef]

Shan, X; Kang, Y; Bian, Y.; Gao, Y.; Wang, W.; Qian, A. Isolation of Active Compounds from Methanol Extracts of Toddalia asiatica
against Ichthyophthirius multifiliis in Goldfish (Carassius auratus). Vet. Parasitol. 2014, 199, 250-254. [CrossRef]

Ozil, O. Antiparasitic Activity of Medicinal Plants against Protozoan Fish Parasite Ichthyophthirius multifiliis. Isr. |. Aquac.-Bamidgeh
2023, 75, 1-9. [CrossRef]

Silva, C.S.D.; Brasil, E.M.; Cipriano, FD.S.; Magnotti, C.; Rocha, V.M.D.; Furtado, W.E.; Chagas, E.C.; Chaves, F.C.M.; Owatari,
M.S.; Laterca Martins, M. Antiparasitic Efficacy of Essential Oils for Neobenedeniamelleni Infecting Farmed Lebranche Mullet
(Mugil liza). Int. Aquat. Res. 2024, 16, 187-194.

Braga De Oliveira, M.L; Rodrigues Brandao, F; Rocha Da Silva, M.].; Carvalho Rosa, M.; Santana Farias, C.E; Silva Dos Santos, D.;
Majolo, C.; Oliveira, M.R.D.; Chaves, FC.M.; Bizzo, H.R,; et al. In Vitro Anthelmintic Efficacy of Essential Oils in the Control of
Neoechinorhynchus buttnerae, an Endoparasite of Colossoma macropomum. J. Essent. Oil Res. 2021, 33, 509-522. [CrossRef]

de Oliveira Araujo, J.K.; dos Santos Freitas, D.; Chaves, EC.M.; de Oliveira, M.R.; de Carvalho Guimaraes, F.B.; Garcia, N.L.;
da Silva, M.D.J.A; Carvalho, T.B.; Nunomura, S.M.; de Cassia Nunomura, R. In Vitro Anthelmintic Activity of Chenopodium
ambrosioides for Control of Neoechinorhyncus buttnerae in Tambaqui (Colossoma macropomum). Concilium 2023, 23, 146-158. [CrossRef]
dos Santos, D.S.; Majolo, C.; dos Santos, W.B.; de Oliveira, M.I.B.; Farias, C.ES.; Brandao, ER.; Chagas, E.C. Anthelmintic Activity
of Eugenol, Tannin and Thymol against Neoechinorhynchus buttnerae. Arch. Vet. Sci. 2021, 26, 117-127. [CrossRef]

Attia, M.M.; Alzahrani, A.M.; Hanna, M.I;; Salem, H.M.; Abourehab, M.A.; El-Saadony, M.T.; Thabit, H. The Biological Activity of
Illicium verum (Star Anise) on Lernaea cyprinacea-Infested Carassius auratus (Goldfish): In Vivo Study. Life 2022, 12, 2054. [CrossRef]
Ali, RK.; AL-Kallak, S.N. Inhibitory Effect of Aqueous Extract of Flowers Dianthus chinensis on the Proteins and Acetycholinesteras
for Bothriocephalus acheilognathi. Sci. Arch. 2022, 03, 336-341. [CrossRef]

Mladineo, L; Trumbi¢, Z.; Ormad-Garcia, A.; Palenzuela, O.; Sitja-Bobadilla, A.; Manuguerra, S.; Ruiz, C.E.; Messina, C.M. In Vitro
Testing of Alternative Synthetic and Natural Antiparasitic Compounds against the Monogenean Sparicotyle chrysophrii. Pathogens
2021, 10, 980. [CrossRef]

Ode, I.; Cahyono, T.D.; Wasahua, J. Antiparasitic Activity of Cloves (Syzygium aromaticum) against Trichodina Sp. Parasites in
White Snapper (Lates calcarifer). Aquac. Aquar. Conserv. Legis. 2024, 17, 2899-2904.

Shah, M.D.; Alwi, N.S.M.; Maran, B.A.V. Efficacy of turmeric curcuma longa rhizome extract against the marine parasitic leech in
aquaculture. |. Sustain. Sci. Manag. 2023, 18, 175-183. [CrossRef]

Jimmy, A.O.; Alagar, VM.B.; Shapawi, R.; Mazlan, N.; Shah, M.D. The Antiparasitic Potential of Senna alata Leaves Extracts and
Fractions Against Marine Parasitic Leech Zeylanicobdella arugamensis. Malays. ]. Fundam. Appl. Sci. 2024, 20, 825-834. [CrossRef]

Malheiros, D.F.; Videira, M.N.; Carvalho, A.A.; Salomao, C.B.; Ferreira, I.M.; Canuto, K.M.; Yoshioka, E.T.O.; Tavares-Dias,
M. Efficacy of Carapa guianensis Oil (Meliaceae) against Monogeneans Infestations: A Potential Antiparasitic for Colossoma
macropomum and Its Effects in Hematology and Histopathology of Gills. Rev. Bras. Parasitol. Veterindria 2023, 32, e007123.
[CrossRef] [PubMed]

Malheiros, D.F; Videira, M.N; Ferreira, I.M.; Tavares-Dias, M. Anthelmintic Efficacy of Copaifera reticulata Oleoresin in the Control
of Monogeneans and Haematological and Histopathological Effects on Colossoma macropomum. Aquac. Res. 2022, 53, 4087-4094.
[CrossRef]

Alves, CM.G.; Baia, R.R.D.J.; Farias, V.A.; Farias, M.A.; Souza, FL.S.D.; Videira, M.N.; Chagas, F.C.M.; Yoshioka, E.T.O.; Tavares-
Dias, M. Essential Oil of Piper hispidum (Piperaceae) Has Efficacy against Monogeneans, and Effects on Hematology and Gill
Histology of Colossoma macropomum. Rev. Bras. Parasitol. Veterindria 2023, 33, e014723. [CrossRef]

Alves, CM.G.; De Jesus Baia, R.R.; Pacheco, A.M.; De Carvalho, A.A.; Farias, V.A.; Videira, M.N.; Chagas, F.C.M.; Yoshioka,
E.T.O.; Tavares-Dias, M. Essential Oil of Piper marginatum (Piperaceae) Against Monogeneans, and Its Hematological and
Histopathological Effects on Colossoma macropomum. Acta Parasitol. 2024, 69, 1212-1218. [CrossRef] [PubMed]


https://doi.org/10.1016/j.vetpar.2011.07.021
https://www.ncbi.nlm.nih.gov/pubmed/21813242
https://doi.org/10.1016/j.vetpar.2022.109731
https://doi.org/10.1016/j.aquaculture.2017.12.002
https://doi.org/10.1016/j.vetpar.2018.11.011
https://doi.org/10.1007/s00436-012-3022-7
https://doi.org/10.1016/j.vetpar.2013.08.019
https://doi.org/10.1016/j.vetpar.2013.10.021
https://doi.org/10.46989/001c.83257
https://doi.org/10.1080/10412905.2021.1921065
https://doi.org/10.53660/CLM-752-23A21
https://doi.org/10.5380/avs.v26i4.75933
https://doi.org/10.3390/life12122054
https://doi.org/10.47587/sa.2022.3414
https://doi.org/10.3390/pathogens10080980
https://doi.org/10.46754/jssm.2023.11.013
https://doi.org/10.11113/mjfas.v20n4.3506
https://doi.org/10.1590/s1984-29612023051
https://www.ncbi.nlm.nih.gov/pubmed/37672470
https://doi.org/10.1111/are.15910
https://doi.org/10.1590/s1984-29612024001
https://doi.org/10.1007/s11686-024-00847-6
https://www.ncbi.nlm.nih.gov/pubmed/38662072

Animals 2025, 15, 2653 22 of 24

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

Khoris, E.A.; Bileh, S.S. Effect of Artemisia Extract on Argulus coregoni and Lernaea cyprinacea Infestation in Carp Fish. J. Adv. Vet.
Res. 2024, 14, 969-974.

Radwan, M.; Abbas, M.M.M.; Fares, M.; Moussa, M.A.; Mohammadein, A.; Al Malki, J.S.; Mekky, A.E.; Yassir, S.; Aboezz, Z.;
Elraey, S.M.A. Evaluation of Azadirachta indica Leaf Extracts Efficacy against Gill Flukes Parasites with a Focus on Oxidative
Stress, Pathological Changes, and Immune Gene Response in Infected Nile Tilapia. Aquac. Int. 2024, 32, 10029-10051. [CrossRef]
Jatobd, A.; Stockhausen, L.; da Silva, L.R.; de Andrade, J.I.A. Therapeutic Bath of Mint Hydrolate in the Control of Monogenea for
Four Tilapia Species. Bol. Inst. Pesca 2023, 49, €706. [CrossRef]

Ling, EE.L; Jiang, C.; Liu, G.; Li, M.; Wang, G. Anthelmintic Efficacy of Cinnamaldehyde and Cinnamic Acid from Cortex
Cinnamon Essential Oil against Dactylogyrus intermedius. Parasitology 2015, 142, 1744-1750. [CrossRef]

Tu, X;; Hu, J.; Peng, J.; Chen, Q.; Zhao, Y.; Gu, Z. Discovery of Thymoquinone Analogues with High Anthelmintic Activity against
Monogenean Infections in Goldfish (Carassius auratus). Vet. Parasitol. 2025, 334, 110401. [CrossRef]

Pechdee, P.; Boonsuya, A.; Arunsan, P.; Thanchonnang, C.; La, N.; Rattanapitoon, N.K.; Pholyiam, P.; Punnasirimangmee, K,;
Rattanapitoon, S.K. Effect of Allium sativum, Thunbergia laurifolia, and Eurycoma longifolia Crude Extracts on the Minute Intestinal
Fluke, Haplorchistaichui. Trop. Biomed. 2024, 41, 543-552.

Sahandi, J.; Bagherzadeh Lakani, F.; Zorriehzahra, M.J.; Shohreh, P. Effects of Garlic (Allium sativum) and Chamomile (Matricaria
chamomilla) Extracts on Ichthyophthirius multifiliis Parasite in Guppy Fish (Poecilia reticulata). J. Surv. Fish. Sci. 2023, 10, 18-28.
Baldissera, M.D.; Souza, C.F.; Moreira, K.L.; da Rocha, M.1.U.; da Veiga, M.L.; Baldisserotto, B. Melaleuca alternifolia Essential
Oil Prevents Oxidative Stress and Ameliorates the Antioxidant System in the Liver of Silver Catfish (Rhamdiaquelen) Naturally
Infected with Ichthyophthirius multifiliis. Aquaculture 2017, 480, 11-16. [CrossRef]

dos Santos, P.R.; de Andrade Porto, S.M.; Brandao, ER.; de Melo Souza, D.C.; Rocha, M.].S.; de Alexandre Sebastido, E; Oliveira,
M.R.; Chaves, EC.M.; Chagas, E.C. Efficacy of the Essential Oils of Aloysia triphylla, Lippiagracilis and Piper aduncum in the Control
of Piscinoodinium pillulare (Shaperclaus, 1954) in Colossoma macropomum (Cuvier, 1818). Aquaculture 2023, 565, 739127. [CrossRef]
Monira, M.; Zahra, A.; Widayani, W.; Miranti, S. The Anti-Leech Potential of Turmeric (Curcuma domestica) Juice against Sea Leech
in Cantang Hybrid Grouper (Epinephelus fuscoguttatus>< Epinephelus lanceolatus). BIO Web Conf. 2023, 70, 01007. [CrossRef]
Zahra, A.; Bakkara, O.R.; Miranti, S.; Irawan, H.; Wulandari, R.; Muzahar, M.; Yulianto, T. Application of Rosmery (Rosmarinus
officinalis) Solution to Reduce Marine Leeches in “Cantang” Hybrid Grouper (Epinephelus fuscoguttatus x Epinephelus lanceolatus).
BIO Web Conf. 2023, 79, 13004. [CrossRef]

Militz, T.A.; Southgate, P.C.; Carton, A.G.; Hutson, K.S. Dietary Supplementation of Garlic (Allium sativum) to Prevent Monogenean
Infection in Aquaculture. Aquaculture 2013, 408, 95-99. [CrossRef]

Steverding, D.; Morgan, E.; Tkaczynski, P.; Walder, F.; Tinsley, R. Effect of Australian Tea Tree Oil on Gyrodactylus Spp. Infection of
the Three-Spined Stickleback Gasterosteus aculeatus. Dis. Aquat. Organ. 2005, 66, 29-32. [CrossRef]

de Lima Boijink, C.; Queiroz, C.A.; Chagas, E.C.; Chaves, FC.M.; Inoue, L.A K.A. Anesthetic and Anthelminthic Effects of Clove
Basil (Ocimum gratissimum) Essential Oil for Tambaqui (Colossoma macropomum). Aquaculture 2016, 457, 24-28. [CrossRef]

de Oliveira Hashimoto, G.S.; Neto, EM.; Ruiz, M.L.; Acchile, M.; Chagas, E.C.; Chaves, EC.M.; Martins, M.L. Essential Oils
of Lippia sidoides and Mentha piperita against Monogenean Parasites and Their Influence on the Hematology of Nile Tilapia.
Aquaculture 2016, 450, 182-186. [CrossRef]

Malheiros, D.F.; Maciel, P.O.; Videira, M.N.; Tavares-Dias, M. Toxicity of the Essential Oil of Mentha piperita in Arapaima gigas
(Pirarucu) and Antiparasitic Effects on Dawestrema Spp. (Monogenea). Aquaculture 2016, 455, 81-86. [CrossRef]

da Silva, R.C,; Silva, L.R.; de Fiuza Franga, I.; Lopes, ].M.; dos Santos Pantoja, B.T.; Pereira, M.M.; Ramos, L.R.V. Anesthetic Effect
and Acute Toxicity of Citrus Sinensis Essential Oil in Betta. Bol. Inst. Pesca 2023, 49, e816. [CrossRef]

Pattanasiri, T.; Taparhudee, W.; Suppakul, P. Acute Toxicity and Anaesthetic Effect of Clove Oil and Eugenol on Siamese Fighting
Fish, Betta Splendens. Aquac. Int. 2017, 25, 163-175. [CrossRef]

Saha, M.; Ghosh, S.; Bandyopadhyay, P.K. Description of Protozoan Parasites Parasitizing Gold Fishes and Their Possible Control
by Herbal Extracts. Proc. Natl. Acad. Sci. India Sect. B Biol. Sci. 2020, 90, 277-285. [CrossRef]

Upadhyay, A.; Singh, D.K. Pharmacological Effects of Sapindus mukorossi. Rev. Inst. Med. Trop. Sio Paulo 2012, 54, 273-280.
[CrossRef] [PubMed]

Yusuf, S.; Sanyinna, Y.M.; Audu, B.S.; Wakawa, A.L; Aforo, B. Comparative Acute Toxicity of Aqueous Extracts of Tephrosia vogelii
and Albizia gummifera on Clarias gariepinus (African Catfish) Fingerlings. Int. J. Sci. Technol. Res. Arch. 2022, 2, 37-46. [CrossRef]
Yusoff, H. Histopathological Alterations in Gills, Liver and Kidney of African Catfish (Clarias gariepinus, Burchell 1822) Exposed
to Melaleuca cajuputi Extract. Trop. Life Sci. Res. 2023, 34, 177-196. [CrossRef]

George, U.U.; Mbong, E.O.; Abiaobo, N.O.; Akpan, LI In Vivo Studies on Mortality and Histopathological Indices of Phragmenthera
capitata (Mistletoes) on Clarias gariepinus Fingerglings in Aquarium. Mathews ]. Cytol. Histol. 2023, 7, 25. [CrossRef]

Santos, P.R.; Andrade-Porto, S.M.; Oliveira, M.I.B.; Brandao, ER.; Matos, L.V.; Veldsquez, ].G.R.; Farias, C.E.S.; Carpio, K.C.R,;
Chaves, F.C.M.; Chagas, E.C. Acute Toxicity of Essential Oils of Aloysia triphylla (L'Hér.) Britton, Lippia gracilis Schauer, and Piper
aduncum L. in Colossoma macropomum (Cuvier, 1818). Braz. J. Biol. 2023, 83, €272853. [CrossRef]


https://doi.org/10.1007/s10499-024-01648-4
https://doi.org/10.20950/1678-2305/bip.2023.49.e706
https://doi.org/10.1017/S0031182015001031
https://doi.org/10.1016/j.vetpar.2025.110401
https://doi.org/10.1016/j.aquaculture.2017.07.042
https://doi.org/10.1016/j.aquaculture.2022.739127
https://doi.org/10.1051/bioconf/20237001007
https://doi.org/10.1051/bioconf/20237913004
https://doi.org/10.1016/j.aquaculture.2013.05.027
https://doi.org/10.3354/dao066029
https://doi.org/10.1016/j.aquaculture.2016.02.010
https://doi.org/10.1016/j.aquaculture.2015.07.029
https://doi.org/10.1016/j.aquaculture.2016.01.018
https://doi.org/10.20950/1678-2305/bip.2023.49.e816
https://doi.org/10.1007/s10499-016-0020-2
https://doi.org/10.1007/s40011-019-01083-z
https://doi.org/10.1590/S0036-46652012000500007
https://www.ncbi.nlm.nih.gov/pubmed/22983291
https://doi.org/10.53771/ijstra.2022.2.1.0023
https://doi.org/10.21315/tlsr2023.34.2.9
https://doi.org/10.30654/mjch.10025
https://doi.org/10.1590/1519-6984.272853

Animals 2025, 15, 2653 23 of 24

237.

238.

239.

240.

241.

242.

243.

244.

245.

246.

247.

248.

249.

250.

251.

252.

253.

254.

255.

256.

257.

258.

259.

260.

Velisek, J.; Svobodova, Z.; Piackova, V.; Groch, L.; Nepejchalova, L. Effects of Clove Oil Anaesthesia on Common Carp (Cyprinus
carpio L.). Vet. Med. 2005, 50, 269-275. [CrossRef]

Putra, R.B.; Hertika, A.; Fadjar, M.; Wicaksono, S.; Hakim, G.A.; Saputra, F. Acute Toxicity of Cinnamaldehyde in Profile
Hematology and Gill Histology of Zebrafish. Egypt. J. Aquat. Biol. Fish. 2022, 26, 623-635. [CrossRef]

Grush, J.; Noakes, D.L.G.; Moccia, R.D. The Efficacy of Clove Oil AsAn Anesthetic for the Zebrafish, Danio rerio (Hamilton).
Zebrafish 2004, 1, 46-53. [CrossRef]

Anastasiadou, P.; Ntalli, N.; Kyriakopoulou, K.; Kasiotis, K.M. Nematicidal Extracts of Chinaberry, Parsley and Rocket Are Safe
to Eisenia fetida, Enchytraeus albidus, Daphnia magna and Danio rerio. Agriculture 2025, 15, 436. [CrossRef]

Dolezelova, P.; Macov4, S.; Plhalovd, L.; Pistékova, V.; Svobodovd, Z. The Acute Toxicity of Clove Oil to Fish Danio rerio and
Poecilia reticulata. Acta Vet. Brno 2011, 80, 305-308. [CrossRef]

Macovd, S.; Dolezelova, P.; Pistekova, V.; Svobodova, Z.; Bedanova, 1.; Voslarova, E. Comparison of Acute Toxicity of 2-
Phenoxyethanol and Clove Oil to Juvenile and Embryonic Stages of Danio rerio. Neuroendocrinol. Lett. 2008, 29, 680. [PubMed]
Erazo-Pagador, G.; Dumaran-Paciente, H.R.; Caloyloy, B.]. Acute Lethal Toxicity of Dried Garlic (Allium sativum) Powder on
Orange-Spotted Grouper (Epinephelus coioides) Juveniles under Static Exposure. Bull. Eur. Assoc. Fish Pathol. 2022, 42, 28-38.
[CrossRef]

Izzuan-Razali, M.; Firdaus-Nawi, M.; Mohd Idris, S.; Abdullah, A.; Nik Yusoff, N.H.; Ramly, R.; Mohammad Ridzuan, M.S,;
Mustafa, S.; Abdul Razak, R. In-Vivo Toxicity Assessment of the Garlic Juice Extract (Allium sativum) in Juvenile Hybrid Grouper
(Epinephelus fuscoguttatus x Epinephelus lanceolatus). Pertanika J. Trop. Agric. Sci. 2024, 47, 1379-1389. [CrossRef]

Cagauan, A.G.; Galaites, M.C ; Fajardo, L.J. Evaluation of Botanical Piscicides on Nile Tilapia Oreochromis niloticus L. and Mosquito
Fish Gambusia affinis Baird and Girard. In Proceedings of the International Symposium on Tilapia in Aquaculture (ISTA), Manila,
Phillipines, 12-16 September 2004; pp. 179-187.

Esan, V.; Elanchezhiyan, C.; Mahboob, S.; Al-Ghanim, K.A.; Al-Misned, F; Ahmed, Z.; Elumalai, K.; Krishnappa, K.; Marimuthu,
G. Toxicity of Trewianudiflora -Mediated Silver Nanoparticles on Mosquito Larvae and Non-Target Aquatic Fauna. Toxin Rev. 2022,
41, 229-236. [CrossRef]

Pavela, R.; Govindarajan, M. The Essential Oil from Zanthoxylum monophyllum a Potential Mosquito Larvicide with Low Toxicity
to the Non-Target Fish Gambusia affinis. ]. Pest Sci. 2017, 90, 369-378. [CrossRef]

Kumar, A.; Prasad, M.; Mishra, D.; Srivastav, S.K.; Srivastav, A.K. Acute Toxicity of Azadirachtin to a Teleost, Heteropneustes
fossilis. Acta Sci. Biol. Sci. 2012, 34, 213-216. [CrossRef]

Maitra, B.; Sen, S.; Homechaudhuri, S. Flow Cytometric Analysis of Fish Leukocytes as a Model for Toxicity Produced by
Azadirachtin-Based Bioagrocontaminant. Toxicol. Environ. Chem. 2014, 96, 328. [CrossRef]

Stroh, J.; Wan, M.T,; Isman, M.B.; Moul, D.J. Evaluation of the Acute Toxicity to Juvenile Pacific Coho Salmon and Rainbow Trout
of Some Plant Essential Oils, a Formulated Product, and the Carrier. Bull. Environ. Contam. Toxicol. 1998, 60, 923-930. [CrossRef]
Tabarraei, H.; Hassan, J.; Mosavi, S.S. Determination of LD50 of Some Essential Oils and Histopathological Changes in Short-Term
Exposure to One of Them in Rainbow Trout (Oncorhynchus mykiss). Toxicol. Res. Appl. 2019, 3, 2397847318820719. [CrossRef]
Mandefro, B.; Fereja, W.M.; Fremichael, D.; Tiku, M.S.; Ambelu, A. Analysis of Achyranthes Aspera Leaf Extract and Acute
Toxicity Study on Fingerlings of Nile Tilapia, Oreochromis niloticus. Bioch. Biophys. Rep. 2024, 37, 101624. [CrossRef] [PubMed]
Oo, F. Acute and Sub-Acute Toxicities of Five Plant Extracts on White Tilapia, Oreochromis niloticus (Trewavas). Int. Res. ]. Agric.
Sci. Soil Sci. 2012, 2, 525-530.

Vidal, L.V.O.; Albinati, R.C.B.; Albinati, A.C.L.; Lira, A.D.D.; Almeida, T.R.D.; Santos, G.B. Eugenol Como Anestésico Para a
Tildpia-Do-Nilo. Pesqui. Agropecudria Bras. 2008, 43, 1069-1074. [CrossRef]

Ayebidun, O.V.; Ajibare, A.O. Sub-Lethal Toxicity of Indigo Dye (Indigofera tinctoria) on Oreochromis niloticus Juveniles. Bull. Natl.
Res. Cent. 2023, 47, 86. [CrossRef]

Soudah, B.; Bignoate, K.; Noumonzeme, B.; Toi, N.; Ibrahim, I.T. Antifungal Activities of Ocimum gratissimum L. Hydroethanolic
Extract against Candida albicans ATCC 35659 and Toxicity Analysis on Oreochromis niloticus Larvae. Res. Square Prepr. 2023.
[CrossRef]

Cruz, C.; Machado-Neto, J.G.; Menezes, M.L.D. Toxicidade aguda do inseticida paration metilico e do biopesticida azadiractina de
folhas de neem (Azadirachta indica) para alevino e juvenil de pacu (Piaractus mesopotamicus). Pestic. Rev. Ecotoxicol. Meio Ambiente
2004, 14, 93-102. [CrossRef]

Hernandez-Caracheo, K.; Guerrero-Lépez, L.; Rodriguez-Sanchez, B.; Rodriguez-Ntfiez, E.; Rodriguez-Chavez, ] L.; Delgado-
Lamas, G.; Campos-Guillén, J.; Amaro-Reyes, A.; Monroy-Dosta, M.D.C.; Zavala-Gémez, C.E. Evaluation of the Insecticidal
Potential of Heterotheca inuloides Acetonic and Methanolic Extracts against Spodoptera frugiperda and Their Ecotoxicological Effect
on Poecilia reticulata. Plants 2023, 12, 3555. [CrossRef]

Bullangpoti, V.; Mujchariyakul, W.; Laksanavilat, N.; Junhirun, P. Acute Toxicity of Essential Oil Compounds (Thymol and 1,
8-Cineole) to Insectivorous Guppy, Poecilia reticulata Peters, 1859. Agric. Nat. Resour. 2018, 52, 190-194. [CrossRef]

Singh, A.; Singh, D.K.; Misra, T.N.; Agarwal, R.A. Molluscicides of Plant Origin. Biol. Agric. Hortic. 1996, 13, 205-252. [CrossRef]


https://doi.org/10.17221/5623-VETMED
https://doi.org/10.21608/ejabf.2022.253136
https://doi.org/10.1089/154585404774101671
https://doi.org/10.3390/agriculture15040436
https://doi.org/10.2754/avb201180030305
https://www.ncbi.nlm.nih.gov/pubmed/18987607
https://doi.org/10.48045/001c.38092
https://doi.org/10.47836/pjtas.47.4.19
https://doi.org/10.1080/15569543.2020.1864648
https://doi.org/10.1007/s10340-016-0763-6
https://doi.org/10.4025/actascibiolsci.v34i2.9455
https://doi.org/10.1080/02772248.2014.934026
https://doi.org/10.1007/s001289900716
https://doi.org/10.1177/2397847318820719
https://doi.org/10.1016/j.bbrep.2023.101624
https://www.ncbi.nlm.nih.gov/pubmed/38225992
https://doi.org/10.1590/S0100-204X2008000800017
https://doi.org/10.1186/s42269-023-01060-7
https://doi.org/10.21203/rs.3.rs-3122057/v1
https://doi.org/10.5380/pes.v14i0.3127
https://doi.org/10.3390/plants12203555
https://doi.org/10.1016/j.anres.2018.06.011
https://doi.org/10.1080/01448765.1996.9754782

Animals 2025, 15, 2653 24 of 24

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

271.
272.

273.

274.

275.

276.

277.

278.

279.

280.

281.

Adeniyi, O.V,; Olaifa, FE.; Emikpe, B.O.; Ogunbanwo, S.T. Effects of dietary tamarind (Tamarindus indica L.) leaves extract on
growth performance, nutrient utilization, gut physiology, and susceptibility to Aeromonas hydrophila infection in Nile tilapia
(Oreochromis niloticus L.). Int. Aquat. Res. 2021, 13, 37-51. [CrossRef]

Zheng, Z.L.; Tan, ].Y,; Liu, H.Y,; Zhou, X.H.; Xiang, X.; Wang, K.Y. Evaluation of Oregano Essential Oil (Origanum heracleoticum L.)
on Growth, Antioxidant Effect and Resistance against Aeromonas hydrophila in Channel Catfish (Ictalurus punctatus). Aquaculture
2009, 292, 214-218. [CrossRef]

Liu, W.,; Wang, Y.; Guo, X.; Wei, W,; Xiao, S.; Chen, Y.; Tang, Y.; Xiao, H.; Zheng, K.; Li, D. Effects of Dietary Two Different
Microencapsulated Origanum Oils on Growth Performance, Nonspecific Inmunity, Gut Bacterial Communities, and Disease
Resistance in Micropterus salmoides. Aquac. Rep. 2023, 32, 101728. [CrossRef]

Rodrigues, V.; Colen, R.; Ribeiro, L.; Santos, G.; Gongalves, R.A.; Dias, J. Effect of Dietary Essential Oils Supplementation on
Growth Performance, Nutrient Utilization, and Protein Digestibility of Juvenile Gilthead Seabream Fed a Low-Fishmeal Diet.
J. World Aquac. Soc. 2018, 49, 676-685. [CrossRef]

Hernandez-Contreras, A.; Herndndez, M.D. Application of Aromatic Plants and Their Extracts in Aquaculture. In Feed Additives;
Elsevier: Amsterdam, The Netherlands, 2020; pp. 239-259.

Vincekovié, M.; Viski¢, M.; Jurié, S.; Giacometti, J.; Kovacevi¢, D.B.; Putnik, P.; Donsi, E; Barba, E]J.; Jambrak, A.R. Innovative
Technologies for Encapsulation of Mediterranean Plants Extracts. Trends Food Sci. Technol. 2017, 69, 1-12. [CrossRef]

Valsame, M.; Stoica, M.; Alexe, P. Study on Microencapsulated Food for Human Nutrition. J. Res. Trade Manag. Econ. Dev. 2016, 3,
87-95.

Veiga, R.D.S.D.; Aparecida Da Silva-Buzanello, R.; Corso, M.P,; Canan, C. Essential Oils Microencapsulated Obtained by Spray
Drying: A Review. J. Essent. Oil Res. 2019, 31, 457-473. [CrossRef]

Gunathilake, T.; Akanbi, T.O.; Suleria, H.A.; Nalder, T.D.; Francis, D.S.; Barrow, C.J. Seaweed Phenolics as Natural Antioxidants,
Aquafeed Additives, Veterinary Treatments and Cross-Linkers for Microencapsulation. Mar. Drugs 2022, 20, 445. [CrossRef]
Stoica, M.; Alexe, P.; Valsame, M. Microencapsulation of Biological Compounds for Cul-Tured Fish Diet. A Brief Review. ].
Agroaliment. Process. Technol. 2016, 22, 1-6.

Calderén-Oliver, M.; Ponce-Alquicira, E. The Role of Microencapsulation in Food Application. Molecules 2022, 27, 1499. [CrossRef]
Sousa, V.I; Parente, ].E.; Marques, ].E; Forte, M.A; Tavares, C.J. Microencapsulation of Essential Oils: A Review. Polymers 2022, 14,
1730. [CrossRef]

Javadzadeh, M.; Salarzadeh, A.R.; Yahyavi, M.; Hafezieh, M.; Darvishpour, H. Effect of Garlic Extract on Growth and Survival
Rate in Litopenaeus vannami Post Larvae. Iran. Sci. Fish. J. 2012, 21, 39-46.

Herndndez, A.J.; Roman, D. Phosphorus and Nitrogen Utilization Efficiency in Rainbow Trout (Oncorhynchus mykiss) Fed Diets
with Lupin (Lupinus albus) or Soybean (Glycine max) Meals as Partial Replacements to Fish Meal. Czech |. Anim. Sci. 2016, 61,
67-74. [CrossRef]

Miura, P.T.; Queiroz, S.C.N.; Jonsson, C.M.; Chagas, E.C.; Chaves, FC.M.; Reyes, F.G. Study of the Chemical Composition and
Ecotoxicological Evaluation of Essential Oils in Daphnia magna with Potential Use in Aquaculture. Aquac. Res. 2021, 52, 3415-3424.
[CrossRef]

Lanzerstorfer, P.; Sandner, G.; Pitsch, J.; Mascher, B.; Aumiller, T.; Weghuber, J. Acute, Reproductive, and Developmental Toxicity
of Essential Oils Assessed with Alternative in Vitro and in Vivo Systems. Arch. Toxicol. 2021, 95, 673-691. [CrossRef] [PubMed]
Dauncey, E.A; Irving, J.; Allkin, R.; Robinson, N. Common Mistakes When Using Plant Names and How to Avoid Them. Eur. J.
Integr. Med. 2016, 8, 597. [CrossRef] [PubMed]

Daniel, E. Use of Medicinal Plants in the Control of Fish Parasites and Problems Related to Their Use in Ethnoveterinary
Treatment-A Review. J. Istanb. Vet. Sci. 2024, 8, 247-272.

Boyle, B.; Hopkins, N.; Lu, Z.; Raygoza Garay, ].A.; Mozzherin, D.; Rees, T.; Matasci, N.; Narro, M.L.; Piel, WH.; Mckay, S.J.; et al.
The Taxonomic Name Resolution Service: An Online Tool for Automated Standardization of Plant Names. BMC Bioinform. 2013,
14, 16. [CrossRef]

Dayarathne, M.C.; Boonmee, S.; Braun, U.; Crous, PW.; Daranagama, D.A ; Dissanayake, A.J.; Ekanayaka, H.; Jayawardena,
R.; Jones, E.B.G.; Maharachchikumbura, S.5.N.; et al. Taxonomic Utility of Old Names in Current Fungal Classification and
Nomenclature: Conflicts, Confusion & Clarifications. Mycosphere 2016, 7, 1622-1648. [CrossRef]

Dubrovsky, J.G. Inconsistencies in the Root Biology Terminology: Let’'s Communicate Better. Plant Soil 2022, 476, 713-720.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.22034/IAR.2021.1916077.1115
https://doi.org/10.1016/j.aquaculture.2009.04.025
https://doi.org/10.1016/j.aqrep.2023.101728
https://doi.org/10.1111/jwas.12495
https://doi.org/10.1016/j.tifs.2017.08.001
https://doi.org/10.1080/10412905.2019.1612788
https://doi.org/10.3390/md20070445
https://doi.org/10.3390/molecules27051499
https://doi.org/10.3390/polym14091730
https://doi.org/10.17221/8729-CJAS
https://doi.org/10.1111/are.15186
https://doi.org/10.1007/s00204-020-02945-6
https://www.ncbi.nlm.nih.gov/pubmed/33159585
https://doi.org/10.1016/j.eujim.2016.09.005
https://www.ncbi.nlm.nih.gov/pubmed/29057020
https://doi.org/10.1186/1471-2105-14-16
https://doi.org/10.5943/mycosphere/7/11/2
https://doi.org/10.1007/s11104-022-05415-3

1 of 56

Supplementary Material

Table S1. List of EOstested in different fish species and their benefits in aquaculture.

EO Used Aquatic Species Dose Improved Parameter(s) Reference
__
Ajwain gzgelfgguggzg%};sfgn}féz 0.6 -1g/kg in Feed Growth Enhancement [35]
Dicentmrchuf 7lé1§7meinnaeus 15,25, and 3.5 g/kg in Feed 36]
: Micropterus o
Anise salmoides Lacepede 1802 0.075% in Feed Growth Enhancement [37]
Oreochromis 111%%tlcusLmnaeus 1-2ml/kg in Feed 38]
Commercial Blend of Star Anise Oreochromis niloticusLinnaeus .
(plus Capsaicin & Saponins) 1758 0.1-0.4g/kg in Feed Growth Enhancement [39]
.. Micropterus ;
Artemisia salmoides Lacepede 1802 0.075% in Feed Growth Enhancement [37]
. Larimichthys crocea Richardson  Astragalus 0.1%/Forsythia 0.05
Blend of Astragalus/ Forsythia Yy 1846 %10 0.15% l/zee d %atio Growth Enhancement [40]
Blend of Astragalus/ Ginseng Larimichthys crocea Richardson Astragalus 0.1%/Siberian
(Siberian) 1846 Ginseng 0.05 % Growth Enhancement [41]
Chaste Tree Oncorhynchusl%yzklss Walbaum 50-200mg/kg Feed Growth Enhancement [42]
Chia seed Labeo rohita Hamilton 1822 1% in Feed Growth Enhancement [43]
Dicentrarchus labraxLinnaeus 1-29% Growth,feed utilization, intestinal [22]
1758 ° microbiome
Cinnamon . Reduced toxic effects
Oncorlynchus mykiss Walbaum 1% of aflatoxin B1, improve [32]
liver health indices
Coriander Oreochromis niloticusLinnaeus 0.5, 10, 15 and 20 g/kg Growth Enhancement [44]
Coriander (Vietnamese) Oreochromis ;félf)ogﬁcusLinnaeus 15-50g/kg in Feed Growth Enhancement [45]
Cyprinus carpioLinnaeus 1758 100-400mg/kg in Feed [46]
Diet A. 1 g/kg yeast (Sc),
Costmary Oreochromis niloticusLinnaeus Diet B.0.1 g{%)costmary EO Growth Enhancement [47]
1758 Diet C. 1 g/kg yeast+0.1 g/kg
costmary EO (Sc +Tb)
Dill Cyprinus carpioLinnaeus 1758 1-2% in Feed No Growth Enhancement 48
Fennel Salmo labrax Pallas 1814 50-400mg/ke in Feed No Growth Enhancement 49
Fenugreek Oreochromis T;ZS%tzcusLlnnaeus 0.05, 0.1, 0.15, and 0.2% Growth Enhancement [50]
Flaxseed Oncorhynchus mykiss Walbaum 0.5, 1.0, and 1.5% in Feed Growth Enhancement [51]
Laurel Oreochromis niloticusLinnacus 50mg/Kg &100mg/kg Growth Enhancement [52]

1758
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Oreochromis niloticusLinnaeus

1758 1.5g/kg [53]
Cyprinus carpioLinnaeus 1758 1.0 & 1.5% G;(:evgéhef(egfésiggu;;tg,sitﬁrs?;:;fi?d [29]
Lavender - - 2
chentmrchuf 71;5) raxLinnaeus 2g/kg in Feed Growth Enhancement [54]
. Oreochromis niloticus Linnaeus T Growth, Blood Parameters, Incrised Immune
Lemon (Bitter) 1758 0.75%, 1% Ro o [55]
sponse and Oxidative Status
Lemon Pomace Oreochromis niloticusLinnaeus 1-2% in Feed Growth Enhancement [56]
Mooseer Cyprinus carpioLinnaeus 1758 1-2% in Feed No Growth Enhancement [48]
Colossoma
Orange macropomum Cuvier 1816 400 -800mg/1 Growth Enhancement [57]
& Oreochromis niloticusLinnaeus Y Growth, Blood Parameters, Incrised Immune
1%, 3. [55]
1758 ’ Response and Oxidative Status
Dicentrarchus labraxLinnaeus 0.01% Growth, digestive enzyme activity, [25]
1758 Lo antioxidant defense, immuneresponse
Labeo rohita Hamilton 1822 1-1.5% in Feed [58]
Oregano Oreochromis ;l;IS%ticusLinnaeus 0.5-1.0g/kg in Feed Growth Enhancement [59]

Oreochromis niloticus Linnaeus

0.1-0.2% (a)

SGR, FCR, immune status and responce,

(a)[23]; (b)[24]

0.25& 0.5 % (b) disease resistance and intestinal health

Oregano (onites) Oncorhynchusl%yzklss Walbaum 0.5 & 3ml/kg in Feed Growth Enhancement [60]
Pennyrovyal Cyprinus carpioLinnaeus 1758 250 mg/kg in Feed Growth Enhancement [61]
Oreochromis niloticusLinnaeus 0.6% in Feed [62]

Peppermint Oreochromis 3117'15¢?ticusLinnaeus . Growth Enhancement
1758 0.6g/kg in Feed [63]
Peppermint (in Chitosan Huso baerii Brandt 1869(referred 10g/kg in Feed Growth Enhancement [64]

nanoparticles) to asAcipenser baerii)
Blend of Peppermint & Clove Clarias gariepinusBurchell 1822 1-2ml/kg in Feed Growth Enhancement [65]
Pot Marigold Oncorhynchusl%]ékzss Walbaum 1.5% in Feed Growth Enhancement [66]
Purple Perilla (Shiso) salm otgl\i/leisafg’c teeggzle 1802 0.075% in Feed No Growth Enhancement [37]
Quebra-faca macro pgzlt‘t);soC’ggier 1816 0.85ml/kg in Feed Growth Enhancement [67]
Rosmary Cyprinus carpioLinnaeus 1758 0.06-0.1% Control of monogenean infection 30]
Sage Cyprinus carpioLinnaeus 1758 1-3ml/kg in Feed No Growth Enhancement 68
Savor Cyprinus carpioLinnaeus 1758 2% in Feed Growth Enhancement 48
Y Rutilus caspicus Yakovlev 1870 200mg/ke in Feed 69
Sea Buckthorn Oncorhynchusl%yzklss Walbaum 0.5- 1% in Feed Growth Enhancement [70]
Tea Tree Oreochromis ;l;lls%ticusLinnaeus 0.5-2ml/kg in Feed Growth Enhancement [71]
Cyprinus carpioLinnaeus 1758 1-2% in Feed Growth Enhancement [72]
(a) Oncorhynchus mykiss [1]Reduced the toxic effects of aflatoxin B1,
Thyme Walbaum 1792 1% (@) [73]

(b) Cyprinus carpioLinnaeus

[2] improved growth and immunity status
immune-related genes

(b) [74,75]
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1758

[3] intestinal enzymes, digestion,

Thyme and
prebiotic

Oncorhynchus mykiss Walbaum

2% EO 0.2%prebiotic

Growth performance, digestive enzyme
activity, humoral immune response, skin and
intestinal immune parameters, liver
antioxidant capacity

[27]

Blend of Thymol, carvacrol
and cinnamaldehyde acid

Oreochromis niloticusLinnaeus
1758

3.3g/kg inFeed

Growth Enhancement

[76]

Blend of Thymol, carvacrol,
cinnamaldehyde, and monolaurin

Ctenopharyngodon
idella Valenciennes 1844

Pelodiscus sinensis Wiegmann
1835 (referred to as Trionyx
Sinensis)

Danio rerioHamilton 1822

Certain ratio

Growth Enhancement

Turmeric (Wild)

Channa punctata Bloch 1793

2ml/kg in Feed

Growth Enhancement

Vernonia Tree

Oreochromis niloticusLinnaeus
1758

300-400g/13.89m?® water

Growth Enhancement

White Goosefoot

Oreochromis niloticusLinnaeus

20-30g/kg in Feed

Growth EnhancementEnhancement

Yucca

Cyprinus carpioLinnaeus 1758

0.04%

Growth, intestinal antioxidant capacityand
intestinal immune response
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Table S2. Antibacterial and antifungal activity of different EOs and its major compounds for different fish pathogenic species. Plant nomenclature in this work follows the Plants of the
World Online (POWO) database (accessed on April 6th, 2025). If a species name cited in a reference, differs from, or is inconsistent with the updated POWO taxonomy, the referenced
name is retained and noted accordingly. Outcome: All units are presented exactly as they appear in the original publications. MICsy (Minimum Inhibitory Concentration 50%): The
concentration of an antimicrobial agent that inhibits visible growth of 50% of the tested microbial population. MICs (Minimum Inhibitory Concentration 90%): The concentration
that inhibits 90% of the tested microbial strains —used to assess antimicrobial efficacy across a population. MBC (Minimum Bactericidal Concentration): The lowest concentration of
an antimicrobial that kills 299.9% of the bacterial population. MFC (Minimum Fungicidal Concentration): The lowest concentration of an antifungal agent that kills 299.9% of the
fungal population. MBEC (Minimum Biofilm Eradication Concentration): The lowest concentration of an antimicrobial required to eradicate a pre-formed microbial biofilm. MLC
(Minimum Lethal Concentration): Similar to MBC/MFC; the lowest concentration that kills the test organism, sometimes used more generally or in toxicology contexts. PTS (Propyl
Propane Thiosulfonate). PTSO (Propyl Propane Thiosulfinate Oxide). PEG400 (Polyethylene Glycol 400). DMSO (Dimethyl Sulfoxide). n/a (not available information).

Pathogen
(strain code- and/or
N omlélxiicrzigtur o C%I:&n g n Pl;illls’teléart Outcome aquatic animal, and or  Citation
eographical region
which was isolated)
Migsc’ 212?) Pseudomonas
90 <1 lomerans
(ul/ml) i
MICs 12.5
MICy 25.0 Pseudomonas antarctica
(ul/ml)
M%gzg ?222 steu‘domonas
rassicacearum
(ul/ml)
I\ﬁ%o 12255 Pseudomonas
o0 frederiksbergensis
(ul/ml) g
MICs 6.25
MICg}o 12.5 Pseudomonas koreensis
, . s (ul/ml)
Abies alba Mill. Fir (Silver) Needles MICs, 6.25 [105]
MICy 21.5 Pseudomonas lundensis
(ul/ml)
MICs 6.25
MICy 12.5 Pseudomonas mandelii
(ul/ml)
MICs 6.25
MICq 12.5 Pseudomonas proteolytica
(ul/ml)
MICs 12.5
MICy 25.0 Pseudomonas synxantha
(ul/ml)
MICs 6.25
MICq 12.5 Pseudomonas veronii
(ul/ml)
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Yarrow Aerial MIC 4.0
Achillea wilhelmsiiK Koch (achillea) arts MEC 8.0 Saprolegnia parasitica [106]
P (ug/ml)
MIC >6.4
Achyrocline MBC >6.4 Aeromonas hydrophila
saturejoides(Lam.) Marcela n/a (mg/ml) [107]
(referred to as Achyrocline MIC >6.4
satureioides) MBC >6.4 Citrobacter freundii
(mg/ml)
Aerial MIC >1000
Alhagi maurorumMedik. Camelthorn parts MLC >1000 Lactococcus garviae [108]
(ul/ml)
IE/IHIIC /fﬁ ‘?) Aeromonas hydrophila [109]
MEZCS%TS M%g f 21;550 Photobacterium damselae
: (ug/ml) - subsp. damselae
MBC PTS MBC PTSO Photobacterium d ’
625.0 156.25 010 ”;f ertum | %ldmse ae [110]
' _ (ug/mD) subsp. piscicida
Allium cepalL. Onion Bulb MBC PTS MBC PTSO ,
3125 39.06 seudomionas
(ig/mD) anguilliseptica
MIC 2.5
(mg/ml) Pseudomonas fluorescens [109]
MBC PTS MBC PTSO Tenacibacul
2500.0 1250.0 ‘f”””.t.“‘f” i [110]
(ig/mD) maritimum
(Peg400) (DMSO)
MIC 5415.0 MIC 5415.0 .
MBC 10830.0 | MBC 10830.0 | A¢romonas hydrophila
stalk (% vIv) [111]
(Peg400) (DMSO)
MIC 10830.0 | MIC 10830.0 A ndaei
MBC 21660.0 | MBC 21660.0 eromonas janaaet
(% v/v)
Allium sativum L. Garlic Edibl MIC 0.5
artse MBC 1.0 Lactococcus garviae [112]
P (ul/m1)
IE/[HIIE /?rﬁ) Aeromonas hydrophila
Bulb IE/[rrlé /?rﬁ) Pseudomonas fluorescens [109]
IE/[HIIE /i’i) Edwardsiella tarda
MIC 40.0 Flavobacterium
Allium tuberosum Rottler . . (ug/ml) columnare (ATCC49512)
Chinese chive Leaves MIC 40.0 Flavobacterium [113]

ex Spreng.

(ug/ml)

columnare (FC1)
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MIC 20.0
(ug/ml)

Flavobacterium
columnare (FC2)

MIC 80.0
(ug/ml)

Flavobacterium
columnare (FC2)

Amyris balsamifera L.

Amyris

Wood bark

MIC 12.5
(ul/ml)

Aeromonas spp.

MIC 12.5
(ul/ml)

Aeromonas salmonicida

MIC 3.12
(ul/ml)

Enterococcus faecium

MIC 12.5
(ul/ml)

Pseudomonas fluorescens

MIC 6.25
(ul/ml)

Yersinia spp.

MIC 12.5
(u/ml)

Yersinia ruckeri

[114]

Anethum graveolens L.

Indian Dill

Seeds

MIC 62.4
MBC 125.0

(ug/ml)

Lactococcus garviae

[115]

Angelica sinensis(Oliv.)
Diels

Angelica root

Whole
plant

MIC 12.5
MBC 25.0

(ul/ml)

Pseudomonas fluorescens

[116]

Aniba parviflora
(Meisn.) Mez

Pau-rosa

Leaves

MIC 0.8
MBC 1.6
(mg/ml)

Aeromonas hydrophila

MIC 3.2
MBC 6.4
(mg/ml)

Citrobacter freundii

[107]

Aniba rosodoraDucke
(referred to as Aniba
rosaeodora)

Rosewood
Pau-rosa

Leaves

MIC 3.2
MBC 3.2
(mg/ml)

Aeromonas hydrophila

MIC 32
MBC 3.2
(mg/ml)

Citrobacter freundii

[107]

Apium graveolens L.

Celery

seed

MIC 125.0
MBC 125.0
(ul/ml)

Pseudomonas fluorescence

MIC 3.9
MBC 3.9
(ud/ml)

Vibrio alginolyticus

[117]

Arnica sp. (referred to as
Arnicae anthodium which is
a botanical reference and
not a species)

Arnica

Dried Plant
parts

MIC 0.1
MBC 0.1

(ng/ml)

Pseudomonas aeruginosa

[118]

Arnica Montana L.

Arnica

Dried Plant
parts

MIC 4.69
(ug/ml)

Candida albicans

[118]

Artemisia annua L.

Wormwood
(Sweet)

Aerial
parts

MIC 3.6
MEC?7.2

(ppm)

Saprolegnia sp.

[119]
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MIC 15.6
MEC 31.2 Fusarium solani
(ppm)
MIC 6.2
MFC12.4 Aspergillus flavus
(ppm)
11\\/[/%% 12%1% Streptococcus iniae
(ug /mlj (LMG14520)
MIC 1.6 . .
MBC 3.2 Yersinia ruckeri
(ug/ml) (KC291153)
MIC 3.2 .
Aeromonas hydrophila
Yy (LMG3770)
MIC 6.4
MBC 12.8 Lactococcus garviae
(ug/ml)
(Peg400) (DMSO)
MIC 18610.0 | MIC 37220.0 A hudrovhil
MBC 18610.0 | MBC 37220.0 eromonas frydrophita
Artemisia vulgaris L. Mugwort Leaves (Peg 400)( o vIV) (DMS0) [111]
MIC 18610.0 | MIC 37220.0 A ndaei
MBC 18610.0 | MBC 37220.0 eromonas jandaet
o
Bacopa Y .
scoparioides(Cham. & I(\ES n(if;' Aeromonas hydrophila
chltdl.) Scatigna Pataqueira Leaves 5 107
& q MIC 3.2
ferred t Conobea ; . ..
(re ersrceop u?i(c;ilsd e S)n MBC 3.2 Citrobacter freundii
- (mg/ml)
Bergera koenigii L.
(referred to as Murraya Curry leaf Several MIC 0.39 Streptococcus agalactiae [120]
koenigii plant parts (ng/ml)
MIC 12.5 A
(ul/ml) eromonas spp.
MIC 12.5 A ) i
(ul/ml) eromonas salmonicida
MIC 3.12 Ent .
(ul/ml) nterococcus faecium 114
Boswellia sacra Fliick. . Trunk MIC 25.0
(referred to as Boswellia Fr;(i?;;tr; (;Er)lse exuded (ul/ml) Pseudomonas fluorescens
carterii) resin MIC 6.25 Yersini
(ul/ml) ersinia spp.
1\6.11%11121)5 Yersinia ruckeri
(Peg400) (DMSO)
MIC 16952.0 | MIC 33904.0 Aeromonas hydrophila [111]
MBC 16952.0 | MBC 33904.0
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(% v/v)

(Pegd00) (DMSO)
MIC 16952.0 | MIC 8476.0

MBC 16952.0 | MBC 16952.0 Aeromonas jandaci
(% v/v)
1\611%/11?18 Aeromonas hydrophila
Calotropis gigantean (L.) Fresh MIC 10.0
W.T Alton Crown flower leaves (mg/ml) Pseudomonas fluorescens [109]
MIC 0.6 Edwardsiella tarda
(rrgz/ml)
MIC 3.12
(ul/ml) Aeromonas spp.
MIC 3.12 ..
(ul/ml) Aeromonas salmonicida
1\21153{15)6 Enterococcus faecium
Wood bark MFI‘C 250 [114]
(ul/ml) Pseudomonas fluorescens
MIC 25.0 iy
(ul/ml) Yersinia spp.
MIC 25.0 .. .
(ul/ml) Yersinia ruckeri
MIC 625.0 .
P
N%léq /5121}5)0 seudomonas aeruginosa
Leaf N(ﬁl(’:q‘ /3H11£)0 Serratia marcescens
Camphora (ug /ml). Candida albicans
officinarumBoerh. Ex Fabr. Camphor MIC 625.0 :
) (referred to as (Standard) (ug/ml) Pseudomonas aeruginosa
Cinnamomum camphora) Branch MIC 625.0 Serratia marcescens
(ug/ml)
N([LE /31111%) 0 Candida albicans
ﬁ%ﬁﬁ)ﬁ Pseudomonas aeruginosa [121]
Wood N(ﬁlg /3111%')0 Serratia marcescens
. did )
N(ﬁlg /3111%)0 Candida albicans
N(ﬁlé /6112%) 0 Pseudomonas aeruginosa
Root N%léq /?)nlg)o Serratia marcescens
— N%léq/ggé)o Candida albicans
eaf/branc . .
h (ug/ml) Pseudomonas aeruginosa
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MIC 625.0 Serratia marcescens
(ug/ml)
N([L?q/?)rﬁ) 0 Candida albicans
MIC /62?'0 Pseudomonas aeruginosa
Leaf/ 1\/([?5 6H215)0
branch/ / N Serratia marcescens
wood 1\/(1% §r112)0
I\(/I LIl é y r;i)z Candida albicans
(ul/ n{l) Aeromonas spp.
MIC 3.12 o
(ul/ml) Aeromonas salmonicida
Camphora officinarum var. MIC 1.56 .
officinarum(referred to as Camphor Trunks (ul/ml) Enterococcus faecium 114
Cinnamomum camphora var. (linalolifera) u MIC 25.0 Pseud [114]
Linalolifera) (ul/ml) seudomonas fluorescens
MIC 25.0 Yersinia spp.
( Hgml)
MIC 12.5 . .
(ul/ml) Yersinia ruckeri
(Peg400) (DMSO)
MIC 36600.0 | MIC 36600.0 .
MBC 36600.0 | MBC 36600.0 | A¢romonas hydrophila
Cananga odorata(Lam.) (% v/v)
Hook.f. & Thomson Ylang Ylang Flower (Peg400) (DMSO) (1]
MIC 18300.0 | MIC 18300.0 A ndaei
MBC 18300.0 | MBC 18300.0 erononas jandaet
(% v/v)
MIC 12.5
(ul/ml) Aeromonas spp.
MIC 12.5 L
(ulc/ml) Aeromonas salmonicida
MIC 6.25 .
Canarium luzonicum . Trunk (ul/mi) Enterococcus faecium
(Blume) A.Gra Elemi exuded MIC 25.0 [114]
-oray resin N Pseudomonas fluorescens
(ul/ml)
MIC 25.0 Yersinia spp.
(ulc/ml)
MIC 12.5 i .
(ul/ml) Yersinia ruckeri
MIC 0.938
MBC 3.750 Vibrio alginolyticus
Carum carvil. Caraway Seeds I\SI?Cg/OIgl?z 1 [122]
MBC 1.875 Vibrio parahaemolyticus

(mg/ml)
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MIC 0.059
MEC 0.469 Candida albicans
(mg/ml)
MIC 0.022
MBC 11.562 Aeromonas hydrophila
(mg/ml)
MIC 0.045
MBC 5.781 Listonella anguillarum
MIC0002
; Vibrio alginolyticus
MBC 11.562
l\glnéq/mg (ATCC 33787)
0.045 0o . .
MBC 2.890 Vll(’g%l 1?;’%913”5 [123]
(mg/ml)
Ii\/l/%((:? %(;%21 Vibrio harveyi
. (ATCC 18293)
(IIan/ml)
MIC 0.022 0 .
Vibrio parahaemolyticus
MBC 11.562 (ATCC 17803)
Nt
; Vibrio parahaemolyticus
MBC 2.890 (ATCC 43998)
M D95
50 & Pseudomonas
I .
M(p(lzlﬁxfl()) 0 agglomerans
MICs 50.0
MICy 100.0 Pseudomonas antarctica
(ul/ml)
1\%15920150%00 Pseudomonas
(ul/ml) brassicacearum
M%ESO %gg Pseudomonas
0 frederiksbergensis
Fruits (ul/ml) [105]
MICs 12.5
MICy 25.0 Pseudomonas koreensis
(ul/ml)
MICs 25.0
MICq 50.0 Pseudomonas lundensis
(ul/ml)
MICs 25.0
MICy, 50.0 Pseudomonas mandelii
(ul/ml)
MICso 12.5
MICq 25.0 Pseudomonas proteolytica

(ul/ml)
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MICs, 25.0
MICep 50.0
(u/ml)

Pseudomonas synxantha

MICs; 25.0
MICyo 50.0
(ud/ml)

Pseudomonas veronii

Cedrus atlantica (Endl.)
Manetti ex Carriére

Cedarwood
(Atlas)

Wood bark

MIC502 15.36
MICy: 23.38
(ul/ml)

Pseudomonas aeruginosa

[124]

MIC 5.0
MBC 5.0
(ul/ml)

Pseudomonas aeruginosa

[125]

MICs 21.18
MICqy 35.16
(ud/ml)

Pseudomonas fluorescence

MICs, 21.43
MICep 32.36
(ud/ml)

Serratia marcescens

MICs, 17.32
MICy 22.62
(d/ml)

Candida albicans

[124]

Cones

MIC 10.0
(ug/ml)

Proteus vulgaris

[126]

Wood bark

MIC 5.0
MEC 5.0

(ug/ml)

Candida albicans

[125]

Chamaemelum nobile (L.)

Chamaemelum nobile(L.)
AlL (referred to as Anthemis
nobilis)

Common
Chamomile
(Roman)

Flower
leaves

MIC 5.0
MBC 5.0
(ul/ml)

Pseudomonas aeruginosa

MIC 5.0
MEC 5.0

(ug/ml)

Candida albicans

[124]

Leaves

MIC 6.4
MBC 6.4
(mg/ml)

Aeromonas hydrophila

MIC >6.4
MBC >6.4
(mg/ml)

Citrobacter freundii

[107]

Chrysopogon
zizanioides(L.) Roberty
(referred to as Vetiveria

zizanioides)

Vetiver

Fibrous
roots

MIC 12.5
(ul/ml)

Aeromonas spp.

MIC 12.5
(ul/ml)

Aeromonas salmonicida

MIC 6.25
(u/ml)

Enterococcus faecium

MIC 25.0
(ul/ml)

Pseudomonas fluorescens

MIC 25.0
(ul/ml)

Yersinia spp.

MIC 25.0
(ul/ml)

Yersinia ruckeri

[114]
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Cinnamomum verumy].
Presl

Cinnamon
(Common)

Wood bark

(Peg400)
MIC 662.5
MBC 1325.0

(DMSO)
MIC 1325.0
MBC 2650.0

(% v/v)

Aeromonas hydrophila

(Pegd00)
MIC2650.0 | MIC 2650.0
MBC 2650.0 | MBC 2650.0

(DMSO)

(% v/v)

Aeromonas jandaei

[111]

MIC 120.0
MBC 120.0

(ug/ml)

Lactococcus garviae

[127]

Cinnamomum verum)].
Presl(referred to as
Cinnamomum zeylanicum)

Cinnamon
(Ceylon)

Wood bark

MIC 0.5
MBC 0.5
(ul/ml)

Lactococcus garviae

[112]

MICs 3.125
MICs 6.25
(ud/ml)

Pseudomonas
agglomerans

MICs 6.25
MICy 12.5
(ul/ml)

Pseudomonas antarctica

MICs, 3.125
MICep 6.25
(ud/ml)

Pseudomonas
brassicacearum

MICs 6.25
MICy 12.5
(u/ml)

Pseudomonas
frederiksbergensis

MICs 12.5
MICep 25.0
(ud/ml)

Pseudomonas koreensis

MICs 3.125
MICs 6.25
(ud/ml)

Pseudomonas lundensis

MICs 6.25
MICy 12.5
(ul/ml)

Pseudomonas mandelii

MICs, 3.125
MICep 6.25
(ud/ml)

Pseudomonas proteolytica

MICs 6.25
MICy 12.5
(ud/ml)

Pseudomonas synxantha

MICs 12.5
MICep 25.0
(ul/ml)

Pseudomonas veronii

[105]

MIC 0.003
MBC 0.007
(% v/v)

Photobacterium damselae
(FP4101)

MIC 0.003
MBC 0.015
(%o v/v)

Edwardsiella tarda
(FP5060)

[128]
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MIC 0.003 ;
MBC 0.015 Edwaydsielly tarda
(% v/v)
1{\/[/1113CC %%%é Edwardsiella tarda
- (Yoshida)
(% v/v)
MIC 0.001 ;
MBC 0.007 Edwapdsiella tarda
(% v/v)
MIC 0.015 i
Lactococcus garviae
MBC 0.031 (FP5245)
(% v/v)
1\1\//[%% %%%12 Streptococcus iniae
rOu (FP3287)
(% v/v)
Ii\/l/%((:? (())(()){%51 S trept?gz((:gcg)s iniae
(% v/v)
MIC 0.015 Streptococcus iniae
MBC 0.062 (S530)
(% v/v)
MBC 0,062 Sirptococcys i
(% v/v)
1\%[318 88;1 Streptococcus parauberis
(% v/v)
1\1\21]13% %%275 S treptoco(cscgzs 7p)amuberis
(% v/v)
Ii\/l/%c(:? %%275 Strep toco(c]czggjamuberis
(% v/v)
1{\/[/1113% %(ng S treptoco(cg;tzs 4p)arauberis
(%v/v)
MIC 0.125 o i
MBC 1 (%v/v) Vibrio harveyi
MBI\éIgSO(}’Z\SI ) Vibrio ichthyoenteri
. g 1e MIC 0.062 .
Citrus x aurantiifolia Lime Fruit peels MBC 0.125 (%v/v) Photobacterium damselae [129]
(Christm.) Swingle MIC 0.062
MBC 0.125 (%v/v) Photobacterium damselae
MIC 0.25 Edwardsiella tarda
MBC 1 (%v/v) (ED47)
M11\3/I(IZC1 O(%%?V) Lactococcus garviae
MIC 0.125

MBC 1 (%v/v)

Streptococcus iniae
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Citrus x aurantium f. Sensitive Vibrio harveyi
deliciosa (Ten.) M.Hiroe . .
(referrcid to as Citrus x Clementine Fruit peels Sensitive Listonella anguillarum [130]
clementina)
Sensitive Vibrio harveyi
Listonella anguillarum [130]
Citrus x aurantium f. Sensitive (referred to as Vibrio
deliciosa (Ten.) Mandarin Fruit peels anguillarum)
M.Hiroe(referred to as (Yellow) p MIC 2.5 Pseudomonas fluorescen
Citrus x deliciosa) (mg/ml) s s fluorescens [109]
MIC 2.5 .
(mg/ml) Edwardsiella tarda
Sensitive Vibrio harveyi
Listonella anguillarum [130]
Sensitive (referred to as Vibrio
anguillarum)
MIC 25.0 A
(ul/ml) eromonas spp.
MIC 12.5 A ) icid
. (ul/ml) eromonas salmonicida
Fruit peels MIC 6.95 o :
(ul/ml) nterococcus faecium
MIC 25.0 [114]
(ul/ml) Pseudomonas fluorescens
MIC 12.5 .
(ul/ml) Yersinia spp.
l\gﬁrﬁ)s Yersinia ruckeri
MIC 5.0
o ® ) ELC;V‘\;: MBC 5.0 Pseudomonas aeruginosa [125]
, , range (Bitter (ul/ml)
Citrus x aurantium L. Pummelo MICyg 98.64
MICy 101.27 Pseudomonas aeruginosa
(ul/ml)
n/a MICs, 0.75 [131]
MICy 1.13 Candida albicans
(ul/ml)
Elec;v\\;: MIC (5“2 /I\Ifllf)c 5.0 Candida albicans [125]
(DMSO)
(Peg400) MIC >35560.
MIC 35560.0 0 A hudrovhil
MBC 35560.0 MBC eromonas nyaropiia
Leaves >35560.0
Branches (% v/v) [111]
Fruits (DMSO)
(Peg400) MIC >35560.
MIC 35560.0 0 Aeromonas jandaei
MBC 35560.0 MBC
>35560.0
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(% v/v)
MICs 25.0
Pseudomonas
I .
M(ucl?;r?l()) 0 agglomerans
MICs, 50.0
MICy 100.0 Pseudomonas antarctica
WiCL 250
502 Pseudomonas
M(Ip?l?;r?l()).o brassicacearum
I\IZ/IIICCSOlSOOO'OO Pseudomonas
20 SV deriksbergensis
(ul/ml) fre 8
MICs 12.5
MICq 25.0 Pseudomonas koreensis
. (ul/ml)
Pericarp MICso 50.0 [105]
MICq 100.0 Pseudomonas lundensis
(ul/ml)
MICs, 50.0
MICy 100.0 Pseudomonas mandelii
(ul/ml)
MICs, 50.0
MICqg 100.0 Pseudomonas proteolytica
(ul/ml)
MICs, 50.0
MICy, 100.0 Pseudomonas synxantha
(ul/ml)
MICs, 50.0
MICy 100.0 Pseudomonas veronii
(ul/ml)
Sensitive Vibrio harveyi
Listonella anguillarum [130]
Sensitive (referred to as Vibrio
anguillarum)
MIC 125.0
MBC 250.0 Vibrio vulnificus
Fruit peels (ul/ml)
MIC >1000.0
Citrus x aurantium f. MBC >1000.0 Aeromonas hydrophila [132]
aurantium(referred to as Orange (ul/ml)
Citrus x sinensis) MIC >1000.0
MBC >1000.0 Vibrio parahaemolyticus
(ud/ml)
M%ggg %gg Pseudomonas
. (ul /ml). agglomerans
Pericarp MICsp 50.0 [105]
MICy 100.0 Pseudomonas antarctica

(ul/ml)




16 of 56

M%gso égg Pseudomonas
(pl?inl) : brassicacearum
MICs, 50.0
Pseudomonas
Ml(ﬁi'?él%o 0 frederiksbergensis
MICs, 25.0
MICy 50.0 Pseudomonas koreensis
(ul/ml)
MICs 50.0
MICy, 100.0 Pseudomonas lundensis
(ul/ml)
MICs 25.0
MICq 50.0 Pseudomonas mandelii
(ul/ml)
MICs, 50.0
MICy, 100.0
(ul/ml) Pseudomonas proteolytica
MICs, 50.0
MICy, 100.0 Pseudomonas synxantha
(ul/ml)
MICs, 50.0
MICq 100.0 Pseudomonas veronii
(ul/ml)
Sensitive Vibrio harveyi [130]
Sensitive Listonella anquillarum
(Peg400) (DMSO)
Citrus x bergamia(Risso) ]1\\/[/[1%((23 8877%1%% 1\1\2%% 117;%1%%% Aeromonas hydrophila
Risso & Poit. (referred to as Bergamot Fruit peels '(% VIv) :
Citrus bergamia) (PegA00) DMS0) [111]
MIC 17480.0 | MIC 8740.0 A ndaei
MBC 17480.0 | MBC 8740.0 eromonas jandaet
(% v/v)
Reduced mortalities Edwardsiella tarda [133]
Sensitive Vibrio harveyi
Listonella anguillarum [130]
Sensitive (referred to as Vibrio
anguillarum)
Fruit peels MIC 6.25 A
_ _ (ul/ml) eromonas spp.
Citrus x limon (L.) Osbeck | Eureka Lemon MIC 125
(ul /mlj Aeromonas salmonicida [114]
1\2[31(13/3112)5 Enterococcus faecium
MICs, 5.56
n/a MICy, 7.23 Pseudomonas aeruginosa [131]

(ul/ml)
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MICs 1.21
MICe 3.18
(ul/ml)

Candida albicans

Fruit peels

MIC 25.0
(ul/ml)

Pseudomonas fluorescens

MIC 12.5
(ul/ml)

Yersinia spp.

MIC 12.5
(1l/ml)

Yersinia ruckeri

[114]

Sensitive

Aeromonas hydrophila

[134]

Coriandrum sativum L.

Coriander

Seeds

MIC 0.234
MBC 1.875
(mg/ml)

Vibrio alginolyticus

MIC 1.875
MBC 7.500
(mg/ml)

Vibrio parahaemolyticus

[122]

n/a

MICs, 11.56
MICs, 13.35
(ud/ml)

Pseudomonas aeruginosa

MICs 5.56
MICy, 7.23
(pl/ml)

Candida albicans

[131]

Seeds

MIC 0.469
MEFC 1.875
(mg/ml)

Candida albicans

[122]

Dried fruit

MICs; 12.5
MICs 25.0
(ud/ml)

Pseudomonas
agglomerans

MICs 12.5
MICep 50.0
(ud/ml)

Pseudomonas antarctica

MICs 25.0
MICyo 50.0
(ud/ml)

Pseudomonas
brassicacearum

MICs; 12.5
MICs 25.0
(ud/ml)

Pseudomonas
frederiksbergensis

MICs) 25.0
MICep 50.0
(u/ml)

Pseudomonas koreensis

MICs 6.25
MICy 12.5
(ud/ml)

Pseudomonas lundensis

MICs, 6.25
MICo 12.5
(ul/ml)

Pseudomonas mandelii

MIGs, 125
MICs 25.0
(ud/ml)

Pseudomonas proteolytica

[105]
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MICs 12.5
MICep 25.0
(ud/ml)

Pseudomonas synxantha

MICs; 12.5
MICy 25.0
(u/ml)

Pseudomonas veronii

Corymbia citriodora
(Hook.) K.D.Hill &
L.A.S.Johnson

Gum (Lemon
scented)

Leaves

(Pegd00)
MIC 4315.0
MBC 4315.0

(DMSO)
MIC 17260.0
MBC 17260.0

(% v/v)

Aeromonas hydrophila

(Peg400)
MIC 17260.0
MBC 17260.0

(DMSO)
MIC 34520.0
MBC 34520.0

(% v/v)

Aeromonas jandaei

[111]

Cuminum cyminum L.

Cumin

Aerial
parts

MIC 0.5 MFC 0.5
(ug/ml)

Saprolegnia parasitica

[106]

Cupressus sempervirens L.

Cypress
(Italian)

Several
plant parts

MIC 0.75
(ug/ml)

Aeromonas hydrophila

[135]

Leaves

(Peg400)
MIC 17260.0
MBC 17260.0

(DMSO)
MIC 34520.0
MBC 34520.0

(% v/v)

Aeromonas hydrophila

[111]

n/a

MIC >6.4
MBC >6.4

(mg

'ml)

Aeromonas hydrophila

[107]

Leaves

(Peg400)
MIC 17260.0
MBC 17260.0

(DMSO)
MIC 4315.0
MBC 4315.0

(% v/v)

Aeromonas jandaei

[111]

n/a

MIC >6.4
MBC >6.4

(mg

'ml)

Citrobacter freundii

[107]

Cymbopogon citratus
(DC.) Stapf

Lemongrass

Leaves

(Pegd00)
MIC 2185.0
MBC 4370.0

(DMSO)
MIC 2185.0
MBC 4370.0

(% v/v)

Aeromonas hydrophila

(Peg400)
MIC 4370.0
MBC 4370.0

(DMSO)
MIC 4370.0
MBC 4370.0

(% v/v)

Aeromonas jandaei

[111]

Cymbopogon flexuosus
(Nees ex Steud.)
Will.Watson

Lemongrass
(Cochin grass)

Leaves

MIC

0.25

MBC 2.0
(% v/v)

Photobacterium damselae
(FP4101)

MIC 0.5
MBC 4.0
(% v/v)

Edwardsiella tarda
(FP5060)

MIC 0.032
MBC 0.125
(% v/v)

Edwardsiella tarda
(ED47)

[136]
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li\/I/%((:Z %%%25 Edwardsiella tarda
(% v /'V) (Yoshida)
1\1\//IIIBCCO(.)026§ Edwardsiella tarda
(% v /“/) (ED45)
Il\\/I/IIBCC%zg Lactococcus garviae
(% V/V') (FP5245)
1\1\//IIIBCCO(.)122§ Streptococcus iniae
(% v/\./) (FP3287)
II\/I/I%CCO(‘)OSE‘? Streptococcus iniae
(% v /"7) (5186)
I\I/\I/}%CO 8 255 Streptococcus iniae
(% v /\;) (5530)
1%13%%(%% Streptococcus iniae
(% v /-v) (5131)
1\1/\1/}(]328 01 255 Streptococcus parauberis
(% v/v) (5124)
MIC 0.032 St beri
MBC 0.032 reptococcus parauberis
(% v/v) (5527)
1\1\//11113((::%%16% Streptococcus parauberis
(% v/v) (1466)
M%gso égg Pseudomonas
(pl?inl) : agglomerans
MICs, 50.0
MICy 100.0 Pseudomonas antarctica
(ul/ml)
1\1>I/IIICC5°1500000 Pseudomonas
Cymbopogon nardus(L.) Citronella Lea (ui7ml) ' brassicacearum [105]
Rendle (Grass) caves MICs, 12.5 Psed
MICop 25 seudomonas
(ul/mi) frederiksbergensis
MICs, 12.5
MICq 25.0 Pseudomonas koreensis
(ul/ml)
MICs 25.0
MICy 50.0 Pseudomonas lundensis

(ul/ml)
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MICs, 25.0
MICy 50.0 Pseudomonas mandelii
(l/ml)
MICs 12.5
MICyg 25.0 Pseudomonas proteolytica
(ul/ml)
MICs, 25.0
MICy 50. Pseudomonas synxantha
(ul/ml)
MICs 12.5
MICq 25.0 Pseudomonas veronii
(ul/ml)
MIC 0.488 Edwardsiella spp. (Lates
(ug/ml) culcarifgr)
Edwardsiella spp.
M(I C (/)rﬁlg)s (Macrobmnchzggq
HE rosenbergii)
MIC 0.977 Edwardsiella spp. (Rana
(ug/ml) catesbeiana)
MIC 0.488-0.977 Edwardsiella tarda
(ug/ml) (Clarias gariepinus)
MIC 0.244 Edwardsiella tarda
(ug/ml) (Tilapia sp.)
MIC 0.244-0.488 Edwardsiella tarda
(ug/ml) (Monopterus albus)
MIC 0.244-0.488 Edwardsiella tarda
(ug/ml) (Trichogaster pectoralis)
Vibrio spp.
M(I c (/)rr251)4 ( Macrobm? ium
Cymbopogon winterianus Citronella Aerial HE rosenbergii) [137]
Jowitt ex Bor (Java) parts MIC 0.244 Vibrio spp. (Penaeus
(ug/ml) monodon)
MIC 0.244 Vibrio spp. (Penaeus
(ug/ml) vannamer)
MIC 0.244 Vibrio spp. (Rana
(ug/ml) catesbeiana)
MIC 0.244 .
(ug/ml) Vibrio spp. (Scylla sp.)
Photobacterium damselae
M(I € (/)rﬁ%S subsp. damselae (Lates
HE calcarifer)
Aeromonas spp.
M(I C (/)1;41%8 ( Macrobmchzlijz%
M8 rosenbergii)
MIC 0.977 Aeromonas spp. (Rana
(ug/ml) catesbeiana)
MIC 0.488 Escherichia coli (Lates

(ug/ml)

calcarifer)
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Salmonella spp.
M(I C (/)Iﬁ%S ( Macrobracht%%
HE, rosenbergii)
MIC 0.244 Salmonella spp. (Lates
(ug/ml) calcarifer)
MIC 0.977 Flavobacterium spp.
(ug/ml) (Rana catesbeiana
MIC 0.244 Pseudomonas spp. (Lates
(ug/ml) culcariffr
MIC 0.488 Streptococcus spp. (Lates
(ug/ml) calcarifer
MIC 31.25
MBC 31.25 Aeromonas hydrophila
(ul/ml)
MIC 31.25
MBC 31.25 Edwardsiella tarda
Daucus carota L. Carrot seed seed M(I%/ ?IHI)ZS [117]
MBC 62.5 Pseudomonas fluorescence
(ul/ml)
MIC 0.97
MBC 3.9 Vibrio alginolyticus
(ul/ml)
Aerial MIC >1000 )
Echinophora platylobaDC. | Khousharizeh parts M(LC/>1(1))OO Lactococcus garviae [108]
ug/m
Elettaria cardamomum(L. Cardamom MIC 2.0 . .
Mot (L.) (Green) n/a (ul/ml) Candida albicans [138]
Elwendia persica(Boiss.) MIC 8
(glflgﬂigg\;o&agggi?;m Cumin (Black) Fruits M]I/C 116 Lactococcus garviae [108]
persicum) (ul/ml)
MIC 1.0
Eryngium campestre L. Eryngo aerial parts MFC 2.0 Saprolegnia parasitica [106]
(ug/ml)
MIC 62.5
MBC 125 Vibrio parahaemolyticus
Bucal MICT:
ucalyptus 5
cumullsx;l;iﬂe lnys@?]l)seh nh. (camalc)ﬁﬁensis Leaves I\(IEI(/Z H?BO Aeromonas hydrophila [132]
MIC 31.25
MBC 32.5 Vibrio vulnificus
: )(ul/ml) —
Peg400 DM
Eucalyptus
Eucalyptus globulus Labill. (globﬁ us) Leaves 11\\/[/%% 11%2242%% 11\\/[/%% 11%2242%% Aeromonas hydrophila [111]

(% v/v)
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Aerial
parts

MIC 250.0
MBC 250.0

(ug/ml)

Lactococcus garviae

[115]

Leaves

(Peg400)
MIC 18240.0
MBC 18240.0

(DMSO)
MIC 18240.0
MBC 18240.0

(% v/v)

Aeromonas jandaei

[111]

Leaves &
flowers

MIC 2.5
(1l/ml)

Saprolegnia parasitica

Leaves &
flowers

MIC <20.0
(ul/ml)

Aspergillus fumigatus

[139]

Foeniculum vulgare Mill.

Purple Fennel
(Bitter)

n/a

MIC 50
(Lg/ml)

Yersinia ruckeri

[140]

Dried
fruits

MICs 12.5
MICep 25.0
(u/ml)

Pseudomonas
agglomerans

MICs 12.5
MICep 50.0
(u/ml)

Pseudomonas antarctica

MICs 25.0
MICy 50.0
(ul/ml)

Pseudomonas
brassicacearum

MICs, 12.5
MICep 25.0
(u/ml)

Pseudomonas
frederiksbergensis

MICs 25.0
MICyo 50.0
(ul/ml)

Pseudomonas koreensis

MICs 12.5
MICep 25.0
(ud/ml)

Pseudomonas lundensis

MICs 25.0
MICyo 50.0
(u/ml)

Pseudomonas mandelii

MICs 25.0
MICs 50.0
(ul/ml)

Pseudomonas proteolytica

MICs 12.5
MICep 25.0
(u/ml)

Pseudomonas synxantha

MICs; 12.5
MICs 25.0
(ul/ml)

Pseudomonas veronii

[105]

Gaultheria procumbensL.

Wintergreen
Partridge
Berry

Green
leaves

MIC 3.12
(ul/ml)

Aeromonas spp.

MIC 3.12
(ul/ml)

Aeromonas salmonicida

MIC 3.12
(ul/ml)

Enterococcus faecium

[114]
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l\g(lz/r%g)o Pseudomonas fluorescens
MIC 6.25 Yersini
(ul/ml) ersinia spp.
I\E[ES;I?HZ)S Yersinia ruckeri
Leaves 12/355/321? Lactococcus garviae [141]
Glycyrrhiza glabral. Liquorice MIC >1000
Roots MLC >1000 Lactococcus garviae 108
8
(ug/ml)
MIC 1.6
MBC 3.2 Aeromonas hydrophila
Illicium verum Hook.f. Star Anise n/a l&nll(g:/ 316121 [107]
MBC >6.4 Citrobacter freundii
(mg/ml)
MIGCs, 11.36
MICy 15.26 Pseudomonas fluorescens
, . . (ul/ml)
Jasminum grandiflorum L. Jasmine Flowers MICs, 3.18 [142]
MICy 5.24 Candida albicans
(ul/ml)
Juglans regia L. ngirrﬁﬁn seeds 12/3551119 Lactococcus garviae [141]
Juniperus ?ommunis L. (C]grr:ge;n) MI%S;}Z;%% Candida albicans
deltoz'];:sill{’.el’r.u/idams (]]}:1 nitp er MIC 1.15 Candida albi
(referred to as Juniperus astern (mg/ml) andida atvreans
P rickly) &
oxycedrus L. subsp. deltoides) p y
; : Juniper MIC 0.75-0.79 . .
Juniperus drupaceal.abill. (Syrian) Aerial (mg/ml) Candida albicans
. Isa M.Bieb. Juniper ¢ MIC 0.85-0.88 . .
]ump‘erus exce s'u' ' ie (Grgek) le};?]re ss,& (mg/ml) Candida albicans [143]
Juniperus foetidissima Juniper cones MIC 0.62-0.97 Candida albi
Willd. (Stinking) (mg/ml) andda aiocans
Juniperus macrocarpa Sm. (Lalggflgfiie Q) MI?H?;;/?;%SS Candida albicans
Juniper
Juniperus turbinata Guss. | (Mediterranea MI((r:n%?r_r?l.f 7 Candida albicans
n)
. . . . MIC 0.9-0.98 . .
Juniperus Sabina L. Juniper (Sarin) (rgg /ml) Candida albicans
. iy MIC >1000
Kelus“ﬁ%’i‘;}?““ tma Karafse kouhi Leaves MLC >1000 Lactococcus garviae [108]
' (ug/ml)
Kunzea flavescens Kunzea Leaves MIC 1875.0-2320.0 Aeromonas hydrophila [144]
C.T.White & W.D.Francis (Yellow) (ug/ml) yarop
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l\/l}gézcsgéoo Pseudomonas aeruginosa
(ul/ml) (ATCC27853
Youn MIC 50.0
Larix decidua Mill. Larch & MBEC 25.0 Pseudomonas aeruginosa [145]
shoots
(ul/ml)
MIC 25.0
MBEC 12.5 Candida albicans
(ul/ml)
MIC 5.0
MBC 5.0 Pseudomonas aeruginosa
Laurus nobilis L. Bay Laurel Leaves (ul/ml) [125]
MIC 5.0 MEC 5.0 . .
(ug/ml) Candida albicans
M%gzg %gg Pseudomonas
(ul/ml) agglomerans
MICs, 50.0
MICq 100.0 Pseudomonas antarctica
(ul/ml)
1\1>[/IIICC9201500000 Pseudomonas
(ul/ml) brassicacearum
MIC 12.5 Pseudomonas
MICoo 25.0 frederiksbergensis
(ul/ml) 8
MICs 12.5
MIC;O 25.0 Pseudomonas koreensis
Lavandula angustifolia Lavender (ul/ml)
gt (angustifolia) | T1OWers MICsy 12.5 (105]
MICy 25.0 Pseudomonas lundensis
(ul/ml)
MICs, 25.0
MICq 50.0 Pseudomonas mandelii
(ul/ml)
MICs, 25.0
MICy 50.0 Pseudomonas proteolytica
(ul/ml)
MICs 12.5
MICy 25.0 Pseudomonas synxantha
(ul/ml)
MICs, 12.5
MICy 25.0 Pseudomonas veronii
dul I 1\/I(IMC1/(I)n 11)2
Lavandula angustifolia 125 .
Mill. (not o MBC 0.25 P hOtOb“f;e;Z%‘j”msel”
angustifolia Moench based Lavender n/a (% v/v) [146]
on Distribution Data of the | (angustifolia) MIC 1.0 Edwardsiella tard.
species and Authors MBC 4.0 w?;;;%% ) arda
reports that was collected (% v/v)
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from Romania (referred to MIC 2.0 .
as Lavendular angustifolia) MBC 8.0 Edwa?gsDzzll;z) tarda
(% v/v)
11\\/[/1113% %% Edwardsiella tarda
o " (Yoshida)
(% v/v)
1\1\/1[]13% %% Edwardsiella tarda
(% v/v) (ED45)
11\\/[/1113% i% Lactococcus garviae
0 A (FP5245)
(% v/v)
11\\4%% %% Streptococcus iniae
0 . (FP5228)
(% v/v)
I\I/\I/}%CO 41:%5 Streptococcus iniae
0 ; (5186)
(% v/v)
1\1/\1/}%((:) 8 653 Streptococcus iniae
0 } (5530)
(% v/v)
1\1/\1/}(]328 11 %5 Streptococcus iniae
(% v/v) (5131)
11\\/[/1113% %% Streptococcus parauberis
(% v/v)
1\1/\1/}(]328 01 255 Streptococcus parauberis
(% v/v) (5527)
11\\4413%0128 Streptococcus parauberis
0 ; (1466)
(% v/v)
MIC 0.2
MBC 0.2 Aeromonas hydrophila
Lippia origanoidesKunth (%:gigg) Leaves g\r/ﬁgc/r(r)lls) [107]
MBC 0.8 Citrobacter freundii
(mg/ml)
MIC 625.0
MEFC 625.0 Aeromonas hydrophila
Inflorescen
(ug/ml)
ces and [147]
Lippia origanoidesKunth leaves MIC 625.0
PP & Ay Pepper MEFC 625.0 Aeromonas spp (248)
(referred to as Lippia rosmarin (ug/ml)
sidoides) (Pega00) (DMSO)
Leaves MIC 2245.0 MIC 8980.0 .
MBC 4490.0 | MBC 17960.0 | Aeromonas hydrophila [111]

(% v/v)
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(Peg400) (DMSO)
MIC 17960.0 | MIC 17960.0
MBC 17960.0 | MBC 17960.0

(% v/v)

Aeromonas jandaei

Litsea cubeba(Lour.)Pers.

Mountain
Pepper

Whole
Plant

MIC 12.5
(ul/ml)

Aeromonas spp.

MIC 12.5
(ul/ml)

Aeromonas salmonicida

MIC 3.12
(ul/ml)

Enterococcus faecium

MIC 25.0
(ul/ml)

Pseudomonas fluorescens

MIC 6.25
(ul/ml)

Yersinia spp.

MIC 6.25
(1l/ml)

Yersinia ruckeri

[114]

Matricaria chamomilla L.
(referred to as Matricaria
recutita)

Chamomile
(German)

Leaves &
flowers

MIC 5.0
(1l/ml)

Saprolegnia parasitica

MIC 5.0
(ul/ml)

Aspergillus fumigatus

[139]

n/a

MICs, 11.56
MICs 13.35
(ud/ml)

Pseudomonas aeruginosa

MICs, 11.56
MICy 13.35
(ul/ml)

Candida albicans

[131]

Melaleuca
alternifolia(Maiden &
Betche) Cheel

Tea Tree

Leaves

MIC 3.2
MBC 6.4
(mg/ml)

Aeromonas hydrophila

MIC >6.4
MBC >6.4
(mg/ml)

Citrobacter freundii

[107]

Melaleuca cajuputiMaton
& Sm. Ex R.Powell

Cajeput

Leaves

MIC 6.25
MBC 25.0
(mg/ml)

Vibrio harveyi

MIC 6.25
MBC 25.0
(mg/ml)

Vibrio parahaemolyticus

[148

Melaleuca ericifolia Sm.

swamp
paperbark

Wood bark

MIC 6.25
(ul/ml)

Aeromonas spp.

MIC 12.5
(ul/ml)

Aeromonas salmonicida

MIC 6.25
(ul/ml)

Enterococcus faecium

MIC 12.5
(ul/ml)

Pseudomonas fluorescens

MIC 6.25
(ul/ml)

Yersinia spp.

MIC 12.5
(d/ml)

Yersinia ruckeri

[114]
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1\2152/312)5 Aeromonas spp.
I\g%éﬁ)s Aeromonas salmonicida
Melaleuca MIC 6.25 .
leucadendra(L.)L (referred Pa(%\(/ef\li)t?s tk Wood bark (ul/ml) Enterococcus faecium
to as Melaleuca leucadendron Weeping) MIC 12.5 Pseud
and Melaleuca leucadendra) pmng (ul/ml) seudomonas fluorescens
I\EILIlIC/I}EI)S Yersinia spp.
I\EILIlIC/I}EI)S Yersinia ruckeri
11\\4%% 12% Acinetobacter baumannii
(ul/ml.) (ATCC 19606)
. . MIC 0.5 ;
. Sy Melissa Aerial Pseudomonas aeruginosa
Melissa officinalisL. (Leomn Balm) parts l\fpﬁfmll)o (ATCC 25927) [149]
11\\/[/[]13% 12% Staphylococcus aureus
(pl/ml.) (ATCC 9144)
MIC 10.0 . w
. Saprolegnia parasitica
P Mint L & 1/ml
Mentha longifolia(L.)L. (Horsgrlnint) f?g:/]\f:rs I\S[LIlC/r.’IZlO)O ; ; [139]
(ul/ml) Aspergillus fumigatus
Aerial 11\\/[/[113% 12(()) Saprolegnia parasitica [106]
parts (ug/ml) sy
MICs, 11.56
MICy 13.35 Pseudomonas aeruginosa
(W/ml)
n/a MICso 5.56 [131]
MICq 7.23 Candida albicans
(ul/ml)
M%gzg %gg Pseb;domonas
L Mint (ul/ml) Aggromerans
Mentha x piperital. (Peppermint) MICsp 12.5
MICq 25.0 Pseudomonas antarctica
(ul/ml)
MICs, 25.0
Pseudomonas
Leaves I\/I(Iﬁ;‘;fg'o brassicacearum (105]
MICs, 25.0
MICap 50.0 lziseytkd%monas '
(ul/ml) frederiksbergensis
MICs, 12.5
MICq 25.0 Pseudomonas koreensis
(ul/ml)
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MICs 12.5
MICep 25.0
(u/ml)

Pseudomonas lundensis

MICs; 25.0
MICyo 50.0
(ud/ml)

Pseudomonas mandelii

MICs 25.0
MICy 50.0
(ul/ml)

Pseudomonas proteolytica

MICs; 12.5
MICy 25.0
(ud/ml)

Pseudomonas synxantha

MICs; 12.5
MICs 25.0
(ud/ml)

Pseudomonas veronii

Mentha spicatal.

Spearmint

Leaves

MICs, 25.0
MICep 50.0
(ud/ml)

Pseudomonas
agglomerans

MICs; 50.0
MICy 100.0
(ud/ml)

Pseudomonas antarctica

MICs; 50.0
MICs 100.0
(ul/ml)

Pseudomonas
brassicacearum

MICs 12.5
MICop 25
(ud/ml)

Pseudomonas
frederiksbergensis

MIGs, 12.5
MICy 25.0
(ul/ml)

Pseudomonas koreensis

MICs 12.5
MICep 50.0
(ud/ml)

Pseudomonas lundensis

MICs, 6.25
MICs 12.5
(ud/ml)

Pseudomonas mandelii

MICs, 12.5
MICo 25.0
(ul/ml)

Pseudomonas proteolytica

MICs 12.5
MICep 25.0
(u/ml)

Pseudomonas synxantha

MICs; 12.5
MICs 25.0
(ul/ml)

Pseudomonas veronii

Momordica charantial..

Melon (Bitter
Gourd)

Fresh
leaves

MIC 1.2
(mg/ml)

Aeromonas hydrophila

MIC1.2
(mg/ml)

Pseudomonas fluorescens

[109]
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MIC2.5 Edwardsiella tarda
(mg/ml)
1\1\2[]13% 11%%% Pseudon}zzzzsil uze)ruginosa
(mcg/ml)
MIC 600.0 .
Monodora Nutmeg Pseudomonas aeruginosa
myristica(Gaertn.) Dunal (African) Seeds N{Eg /?g%.o (PB112 165) (150]
MIC 300.0
MEC 300.0 Aspergillus flavus
(mg/ml)
MI((:H?E?E)O 0 Pseudomonas aeruginosa
Muyristica fragransHoutt. Nutmeg Seeds MIC 2000.0 [151]
MEC >2000.0 Candida albicans
(mg/L)
MIC >1000
MLC >1000 Lactococcus garviae [108]
Myrtus communis L. Leaves (ul/ml)
MIC 672.0 .
(ug/ml) Lactococcus garviae [141]
Myrtus communis L. (not
Myrtus communis Blanco MIC 10.0 ) o
-synonym of Decaspermum ( Clz)/[rﬁl;ggn) m Jml) Saprolegnia parasitica
blancoi- based on
Distribution Data of the Leaves & [139]
species and Authors flowers
reports that specimen can MIC 20.0 . .
fe found in Mediterranean (ul/ml) Aspergillus fumigatus
region (referred to as
Myrtus communis)
Inflorescen
Ocimum americanum L. Basil (Hoary) ces and M(I C ?;41?1()]0 Aeromonas hydrophila [152]
leaves HE,
MIC 9.0 Aeromonas veronii
n/a Limh) : [153]
(ul/ml) Aeromonas hydrophila
(Peg400) (DMSO)
) . Basil Leaves 11\\4/%% %?i%% 1\1\2[113% 117;%1%%% Aeromonas hydrophila
Ocimum basilicumL. 70)
(Peg00) ({DMS0) (1]
L MIC 17480.0 | MIC 8740.0 A ndaei
caves | MBC 17480.0 | MBC 8740.0 erononas jandaet
(% v/v)
n/a MIC9.0 Pseudomonas fluorescens [153]

(ul/ml)
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MIC 0.019
MBC >2.5 Aeromonas hydrophila
(ug/ml)
MIC 0.039 Vibrio vulnificus (S5
MBC >5.00 -Dicentrarchus labrax,
(ug/ml) Chebba)
Aerial MIC 0.019 Vibrio vulnificus (V30
arts MBC>2.5 -Sparus aurata, Hergla) [154]
P (ug/ml) P S
MIC 0.039 Vibrio parahaemolyticus
MBC 10.0 (5949- Mytilus edulis,
(ug/ml) Bizerte)
MIC 0.019 Vibrio parahaemolyticus
MBC 10.0 (8950 -Mytilus edulis,
(ug/ml) Bizerte)
Leaves MIC 500 Vibrio parahaemolyticus
Stem MIC 250 Vibrio parahaemolyticus
(pg/ml) P Y
MIC 0.019 Vibrio alginolyticus (S6
MBC >5.0 -Dicentrarchus labrax,
(ug/ml) Chebba)
MIC 0.019 Vibrio alginolyticus (S7
MBC >5.0 -Muytilus edulis, Bizerte)
(pig/ml) 4 /
Aerial MIC 0.039 Vibrio alginolyticus (S8
arts MBC >5.0 (Sparus aurata, Hergla) [154]
P (ug/ml) P it
MIC 0.019 Listonella  anguillarum
MBC >5.0 (Malaga, Spain)(referred
(ug/ml) to as Vibrio anquillarum)
MIC 0.019 Vibrio harveyi
MBC >5.0 (ATCC 18293) (referred
(ug/ml) to as Vibrio harveyii)
MICs, 12.5
MIC; 250 pedono
(ul/ml)
MICs 12.5
MICq 50.0 Pseudomonas antarctica
M(I%l/ml) 0
50 25
Leaves MICy0 50.0 Pseudomonas [105]
(ul/ml) rassicacearum
MICs, 12.5
Pseudomonas
M(IS?;I%S 0 frederiksbergensis
MICs, 25.0
MICq 50.0 Pseudomonas koreensis

(ul/ml)
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MICs, 12.5
MICep 50.0
(ud/ml)

Pseudomonas lundensis

MICs 6.25
MICs 12.5
(ud/ml)

Pseudomonas mandelii

MIGs, 12.5
MICy 25.0
(ud/ml)

Pseudomonas proteolytica

MICs; 12.5
MICy 25.0
(ud/ml)

Pseudomonas synxantha

MICs; 12.5
MICs 25.0
(ul/ml)

Pseudomonas veronii

Ocimum gratissimum L.

Basil (Clove)

Inflorescen
ces and
leaves

MIC 5000.0
MBC 5000.0

(ug/ml)

Aeromonas hydrophila

MIC 2500.0
MBC 5000.0

(ug/ml)

Aeromonas spp (248)

[147]

Ocimum tenuiflorum L.
(rederred to as Ocimum
sanctum)

Basil (Holy)

Leaves

MIC 240.0
(1g/ml)

Lactococcus garviae

[127]

Origanum vulgare L.

Oregano

n/a

MICs, 3.22
MICe 5.46
(ud/ml)

Pseudomonas aeruginosa

MICs 3.22
MICy 5.46
(u/ml)

Candida albicans

[131]

Whole
Herb

MICs, 6.25
MICep 21.5
(u/ml)

Pseudomonas
agglomerans

MIGs, 125
MICs 25.0
(ud/ml)

Pseudomonas antarctica

MICs, 6.25
MICo 12.5
(ul/ml)

Pseudomonas
brassicacearum

MICs 12.5
MICep 25.0
(ud/ml)

Pseudomonas
frederiksbergensis

MICs 6.25
MICy 12.5
(ud/ml)

Pseudomonas koreensis

MICs, 12.5
MICep 50.0
(ul/ml)

Pseudomonas lundensis

[105]
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MICs 6.25
MICy 12.5 Pseudomonas mandelii
(l/ml)
MICs 12.5
MICyg 25.0 Pseudomonas proteolytica
(ul/ml)
MICs, 12.5
MICy 25.0 Pseudomonas synxantha
(ul/ml)
MICs 12.5
MICq 25.0 Pseudomonas veronii
(Wl/ml)
Pandanus MIC 62.5
amaryllifoliusRoxb. Ex Pandan Leaves 1 Pseudomonas aeruginosa [156]
LindL. (ng/ml)
Peganum harmala L. (g_glz i{;:al}lale Leaves 12/5;:/&3)5 Lactococcus garviae [141]
(Peg400) (DMSO)
MIC 2222.5 MIC 4444.5 A hudrophil
MBC 22225 | MBC 4444.5 eromonas fryaropiia
Pelargonium graveolens Geranium (% v/v)
8IS, (Rose) Leaves (Pegd00) (DMS0) (111]
MIC 4444.5 MIC 4444.5 A ndaei
MBC 44445 | MBC 4444.5 eromonas janaaet
(% v/v)
IE/IHIIC /%rf)i) Aeromonas hydrophila
Persicaria hydropiper (L.) Fresh MIé 12
Delarbre (referred to as Water pepper le];evses (m /rﬁl) Pseudomonas fluorescens [109]
Polygonum hydropiper) MIé 25
, (mg /rﬁl) Edwardsiella tarda
Persicaria odorata (Lour. Coriander Several MIC 3.13
Sojak ( : (Vietnamese) | plant parts (ng/ml) Staphylococeus aureus [120]
MIC 0.022
MFC >11.25 Aeromonas Hydrophila
(ug/ml)
MIC 0.011 Vibrio vulnificus (S5
MEC 5.62 -Dicentrarchus labrax,
(ug/ml) Chebba)
. . MIC 0.011 . ”
Petroselinum Aerial Vibrio vulnificus (V30
crispum(Mill.)Fuss Parsley parts 1\/1(1;2 />n§i)62 -Sparus aum];la, Hergla) [154]
MIC 0.022 Vibrio parahaemolyticus
MFC >11.25 (5949 -Mytilus edulis,
(ug/ml) Bizerte)
MIC 0.044 Vibrio parahaemolyticus
MEC >11.25 (5950 -Mytilus edulis,

(ug/ml)

Bizerte)
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MIC 0.011 Vibrio alginolyticus (56
MEC >5.62 -Dicentrarchus labrax,
(ug/ml) Chebba)
MIC 0.011 iy . .
Vibrio alginolyticus (S7
MES(;&}D% -Mytilus edulz]{s, Bizerte)
1\1\//[[11;% 220%% VSibrio alginoiytilfilus ( 15(3
(ug/mi) -Sparus aurata, Hergla
Listonella anguillarum
1\1/\[/{318 3121215 ( Malafg, a_gspai;1l)b(:§)ferred
(ug/ml) anguillarum)
MIC 0.011 Vibrio harveyi (ATCC
MEC >11.25 18293 )(referred to as
1\(/[ pllé/grbl)o Vivrio harveyii)
; Pseudomonas aeruginosa
MBEC 25.0
(Mgml) (ATCC 27853)
MIC 50.0
Picea abies(L.) H.Karst. Spruce Young MBEC 25.0 Pseudomonas aeruginosa [145]
(Norway) shoots (ul/ml)
MIC 6.25
MBEC 3.13 Candida albicans
(l/ml)
. . MIC 2.0
Pimpinella affinisLedeb. ( Aﬁ?slesee d) %2?;1 1;/{11;(/3 Héhg) Saprolegnia parasitica [106]
MICs, 12.5
MICs 220
(ul/ml) 88
MICs, 12.5
MICq 50.0 Pseudomonas antarctica
(ul/ml)
MICs, 25.0
MICap 50.0 ste;tioznogas
(ul/ml) rassicacearum
. MICs 12.5
. . Anise (burnet . 50 Pseudomonas
Pimpinella anisumL. saxifrage) Fruits M(IEI;(;I%IS)O frederiksbergensis [105]
MICs 25.0
MICy 50.0 Pseudomonas koreensis
(Lél/ml)
MICs, 25.0
MICy 50.0 Pseudomonas lundensis
(ul/ml)
MICs 25.0
MICq 50.0 Pseudomonas mandelii

(ul/ml)
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MICs 12.5
MICep 25.0
(ul/ml)

Pseudomonas proteolytica

MICs; 25.0
MICyo 50.0
(ud/ml)

Pseudomonas synxantha

MICs 25.0
MICy 50.0
(ud/ml)

Pseudomonas veronii

Pinus mugo Turra

Pine (Swiss
Mountain)

Needles

MICs 6.25
MICs 21.5
(ud/ml)

Pseudomonas
agglomerans

MICs; 12.5
MICs 25.0
(ud/ml)

Pseudomonas antarctica

MICs, 6.25
MICep 12.5
(ul/ml)

Pseudomonas
brassicacearum

MICs; 12.5
MICs 25.0
(ud/ml)

Pseudomonas
frederiksbergensis

MICs 6.25
MICy 12.5
(u/ml)

Pseudomonas koreensis

MICs, 6.25
MICq 12.5
(ud/ml)

Pseudomonas lundensis

MICs 6.25
MICy 12.5
(u/ml)

Pseudomonas mandelii

MICs, 6.25
MICep 12.5
(ul/ml)

Pseudomonas proteolytica

MIGs, 125
MICs 25.0
(ud/ml)

Pseudomonas synxantha

MICs, 6.25
MICo 12.5
(ul/ml)

Pseudomonas veronii

[105]

Pinus nigra subsg;.
pallasiana (Lamb.)
Holmboe (referred to as
Pinus nigra Arn. sub sp
pallasiana)

Pine
(European
black pine)

Several
plant parts

MIC 0.5
(ug/ml)

Aeromonas hydrophila

[135]

Young
shoots

MIC 25.0
MBEC 12.5
(ul/ml)

Pseudomonas aeruginosa
(ATCC27853)

MIC 25.0
MBEC 12.5

(ul/ml)

Pseudomonas aeruginosa

MIC 6.25
MBEC 3.13

(ul/ml)

Candida albicans

[145]
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MICs, 12.5

Pseudomonas
M(Iﬁiﬁg 0 agglomerans
MICs 12.5
MICy 50.0 Pseudomonas antarctica
(ul/ml)
M%gzg égg steu.domonas
(ul/ml) rassicacearum
MICs 12.5
Pseudomonas
M(IS;‘;I%S 0 frederiksbergensis
MICs 25.0
MICq 50.0 Pseudomonas koreensis
Pinus sylvestris L. Pine (Scots) Needles 1\4(1%:{ (%1)25 [105]
MICy 21.5 Pseudomonas lundensis
(l/ml)
MICs 6.25
MICq 12.5 Pseudomonas mandelii
(ul/ml)
MICs 6.25
MICy 12.5 Pseudomonas proteolytica
( Lél/ml)
MICs 12.5
MICy 25.0 Pseudomonas synxantha
(ul/ml)
MICs 6.25
MICy 12.5 Pseudomonas veronii
( Mgml)
MIC 25.0 .
Piper betle L. Betel (Sireh) Leaves MBC 50.0 Aerc()zi%réag thﬁ(g))hzla
(mg/ml)
MIC 12.5 .
Piper nigrum L. Black Pepper Leaves MBC 100.0 Aen();n;gacs Z}g/;ig%;))hzlu
(mg/ml)
Referred to as Piper
sarmentosum (Thus [157]
indistinguishable between
Piper sarmentosum Roxb. or MIC 12.5 Aeromonas hudrophila
Piper sarmentosum Wall. (a | Pepper (Lolot) Leaves MBC 100.0 (ATCC 439/1 406]
synonym of Piper longum), (mg/ml)
as both species can be
found in Malaisia where
specimen purchased)
MIC 5.0
MBC 5.0 Pseudomonas aeruginosa
Pistacia lentiscus L. Mastic Leaves (ul/ml) [125]
MIC 5.0 MEC 5.0

(ug/ml)

Candida albicans




36 of 56

l\g(lz/rill)z Aeromonas spp.
MIC 6.25 Aeromonas salmonicida
(ul/ml)
MIC 6.25 .
, Enterococcus faecium
Pogostemon cablin . (ul/ml)
Patchouli Leaves [114]
(Blanco) Benth. I\g%éﬁ)s Pseudomonas fluorescens
MIC 12.5 .
(ul/ml) Yersinia spp.
I\EILIlIC/I}EI)S Yersinia ruckeri
MIC 125.0, 250.0 Aeromonas hydrophila
(ug/ml) (DSM 30187)
Pseudomonas
MIC 250.0 anguiliseptica (DSM
(pg/m) 12111)
Pseudevernia furfuracea Whole z
Tree moss - MIC 125.0 Edwardsiella tarda (DSM 158
[158]
(L.)Zopf. Lichen (ug/ml) 30052)
MIC 250.0, 500.0 Listonella anguillarum
(ug/ml) (ATCC 19264)
MIC 250.0 Yersinia ruckeri (ATCC
(ug/ml) 29473)
MIC 25.0 .
Pseudomonas aeruginosa
M}ﬁ/fnll)z"S (ATCC27853)
. MIC 25.0-50.0
Pseudqt suga menziesit Fir (Douglas Young MBEC 12.5-25.0 Pseudomonas aeruginosa [145]
& 8
(Mirb.) Franco shoots (ul/ml)
MIC 25.0
MBEC 12.5 Candida albicans
(ul/ml)
%r{% /11rrﬁ) Aeromonas hydrophila
Psidium guajava L. Guava 1121;6\7535 IE/[rrlé /11rrﬁ) Pseudomonas fluorescens [109]
1\(/[;12 /?ﬁ?) Edwardsiella tarda
MIC >1000.0
Punica granatumlL. Pomegranate Flowers MLC >10100.0 Lactococcus garviae [108]
(ug/ml)
Seed MIC >1000.0
Brant's oak (flour) MLC >1000.0 Lactococcus garviae [108]
Quercus brantiiLindl. Per?;a; (c))ik (ug/ml)
Leaves MIC 978.0 Lactococcus garviae [141]
MiCL 350
50 .
Salvia officinalisL.. Salvia Leaves MICsp 50.0 1; ;‘fg'jg;’fr"a’jf: [105]

(ul/ml)
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MICs, 50.0
MICs 100.0
(u/ml)

Pseudomonas antarctica

MICs; 50.0
MICso 100.0
(ud/ml)

Pseudomonas
brassicacearum

MIGs, 12.5
MICy 25.0
(ud/ml)

Pseudomonas
frederiksbergensis

MICs; 12.5
MICy 25.0
(ud/ml)

Pseudomonas koreensis

MICs; 12.5
MICyo 50.0
(ud/ml)

Pseudomonas lundensis

MICs, 6.25
MICep 12.5
(ud/ml)

Pseudomonas mandelii

MICs; 12.5
MICs 25.0
(ud/ml)

Pseudomonas proteolytica

MIGs, 12.5
MICy 25.0
(u/ml)

Pseudomonas synxantha

MICs, 12.5
MICep 25.0
(ul/ml)

Pseudomonas veronii

Salvia rosmarinusSpenn.
(referred to as Rosmarinus
officinalis)

Rosemary

Aerial
parts

MIC 15.6
MBC 31.2

(ug/ml)

Lactococcus garviae

[115]

n/a

MICs, 23.45
MICsg 26.15
(ud/ml)

Pseudomonas aeruginosa

MIGCs, 3.22
MICs 5.46
(ud/ml)

Candida albicans

[131]

Whole
herb

MICs, 25.0
MICoo 50.0
(ul/ml)

Pseudomonas
agglomerans

MICs, 50.0
MICsy 100.0
(ud/ml)

Pseudomonas antarctica

MICs; 50.0
MICs 100.0
(ud/ml)

Pseudomonas
brassicacearum

MICs 12.5
MICep 25.0
(ul/ml)

Pseudomonas
frederiksbergensis

[105]
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MICs 12.5
MICep 25.0
(ud/ml)

Pseudomonas koreensis

MICs; 12.5
MICyo 50.0
(ud/ml)

Pseudomonas lundensis

MICs 6.25
MICy 12.5
(ud/ml)

Pseudomonas mandelii

MICs; 12.5
MICy 25.0
(ud/ml)

Pseudomonas proteolytica

MICs; 12.5
MICs 25.0
(ud/ml)

Pseudomonas synxantha

MICs, 12.5
MICep 25.0
(ud/ml)

Pseudomonas veronii

Salvia sclarea L.

Sage (Clary)

n/a

MICs, 11.56
MICy 13.34
(ud/ml)

Pseudomonas aeruginosa

MIGs, 1.21
MICy 3.18
(ul/ml)

Candida albicans

[131]

Santalum album L.

Sandalwood
(Indian)

Wood bark

MIC 1.56
(uu/ml)

Aeromonas spp.

MIC 3.12
(ul/ml)

Aeromonas salmonicida

MIC 6.25
(ul/ml)

Enterococcus faecium

MIC 25.0
(ul/ml)

Pseudomonas fluorescens

MIC 25.0
(ul/ml)

Yersinia spp.

MIC 12.5
(ud/ml)

Yersinia ruckeri

[114]

Satureja bachtiarica Bunge

Savor
(Bakhtiarian)

Leaves

MIC 126.0
(ug/ml)

Lactococcus garviae

[141]

Leaves &
flowers

MIC 5.0
(ul/ml)

Saprolegnia parasitica

MIC 20.0
(ul/ml)

Aspergillus fumigatus

[139]

Satureja hortensisL.

Savory
(Summer)

Aerial
parts

MICs; 12.5
MICyo 50.0
(ud/ml)

Pseudomonas
agglomerans

MICs, 6.25
MICy 12.5
(ul/ml)

Pseudomonas antarctica

[105]
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MICs, 12.5
MICep 50.0
(ud/ml)

Pseudomonas
brassicacearum

MICs; 12.5
MICy 25.0
(ud/ml)

Pseudomonas
frederiksbergensis

MICs 25.0
MICy 50.0
(ud/ml)

Pseudomonas koreensis

MICs; 12.5
MICy 25.0
(ud/ml)

Pseudomonas lundensis

MICs 25.0
MICyo 50.0
(ud/ml)

Pseudomonas mandelii

MICs, 25.0
MICep 50.0
(ud/ml)

Pseudomonas proteolytica

MICs; 12.5
MICs 25.0
(ud/ml)

Pseudomonas synxantha

MIGs, 12.5
MICy 25.0
(u/ml)

Pseudomonas veronii

Stachys
lavandulifoliaVahl

Pink cotton
lamb's ear

Flowers

MIC >1000.0
MLC >1000.0

(ug/ml)

Lactococcus garviae

[108]

Styrax pohliiA.D.C.
(referred to as Styrax
ferrugineus)

Styrax
(Strigilia)

Leaves

MIC 2500.0
MEFC 5000.0

(ug/ml)

Candida albicans

MIC 2500.0
MBC 5000.0

(ug/ml)

Staphylococcus aureus

[159]

Syzygium aromaticum(L.)

Merr. & L.M.Perry

Clove

Leaves

MBC 1325.0

(Peg400)
MIC 662.5

(DMSO)
MIC 662.5
MBC 1325.0

(% v/v)

Aeromonas hydrophila

[111]

Several
plant parts

MIC 12.5
(ug/ml)

Aeromonas hydrophila

[120]

Leaves

MIC 2650.0
MBC 2650.0

(Peg400)

(DMSO)
MIC 2650.0
MBC 2650.0

(% v/v)

Aeromonas jandaei

[111]

Flower
buds

MIC 30.0
MBC 30.0

(ug/ml)

Lactococcus garviae

[127]

Several
plant parts

MIC 1.56
(ug/ml)

Vibrio parahaemolyticus

MIC 3.13
(ug/ml)

Vibrio vulnificus

[120]
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Tanucetmgc;}a’ltfté‘itg.enium (L) hlé[:gezlflfg&a Leaves N(IL(;/SHZ:IL)O Lactococcus garviae [141]
?ﬁg /?rfl)) Aeromonas hydrophila
Tamarindus indical. Tamarind gevs?s lz/lrr{g /?ﬁ(l)) Pseudomonas fluorescens [109]
?ﬁg /?rfl)) Edwardsiella tarda
Tetrataenium
; - MIC >1000.0
I\/llgsf:gg r‘i?‘;vlslfl;rrlgglfg.;s Golpar-e-barfi Leaves MLC >1000.0 Lactococcus garviae
Heracleum lasiopetalum) (pg/ml)
. MIC >1000.0
Teucrium polium L. gerlr:rﬂtg der ‘;il;l Mlﬂ(ﬁlzlnol())o.o Lactococcus garviae
Savor A(;I;‘itzl MIC 8.0 18]
Thymbra spicatal. (Spikeg) (InIfjloresce MLC 16.0 Lactococcus garviae
(ul/ml)
nces)
coerial MIC 8.0
(Infloresce MLC 16.0 Lactococcus garviae
(ul/ml)
Thymus daenensiscelak. Thyme nces)
(Denaian) MIC 5.0 Saproleoni "
Leaves & (ul/mi) aprolegnia parasitica 139
flowers MIC 10.0 FET— [139]
(ul/ml) spergillus fumigatus
Thymus eigii(Zohary & Thyme (West Several MIC 0.05 .
P.H.Davis) Jalas Asia) plant parts (ug/ml) Aeromonas hydrophila [135]
MIGCs, 11.56
MICy 13.34 Pseudomonas aeruginosa
(ul/ml)
n/a MICs, 3.22 [131]
MICq 5.46 Candida albicans
(ul/ml)
M%g:g égg Pseudomonas
(ul /ml). agglomerans
Thyme MICsq 50.0
Thymus serpyllum L. (Breckland, MICy, 100.0 Pseudomonas antarctica
creeping) M(I%l/nél()) 5
50 2 Pseudomonas
Leaves MI(ET‘/’ nlfl])o 0 brassicacearum [105]
M%ESO %8 Pseudomonas
(ul;inl). frederiksbergensis
MICs 12.5
MICqg 25.0 Pseudomonas koreensis

(ul/ml)
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MICs, 12.5
MICep 50.0
(ud/ml)

Pseudomonas lundensis

MICs 6.25
MICs 12.5
(ud/ml)

Pseudomonas mandelii

MIGs, 12.5
MICy 25.0
(ud/ml)

Pseudomonas proteolytica

MICs; 12.5
MICy 25.0
(ud/ml)

Pseudomonas synxantha

MICs 12.5
MICy 25.0

Pseudomonas veronii

Thymus vulgarisL.

Thyme
(European)

Leaves

(ul/ml)

(Peg400)
MIC 294.06
MBC 588.13

(DMSO)
MIC 294.06
MBC 588.13

(% v/v)

Aeromonas hydrophila

(Pegd00)
MIC 2352.5
MBC 2352.5

(DMSO)
MIC 2352.5
MBC 2352.5

(% v/v)

Aeromonas jandaei

[111]

Whole
herb

MICs 6.25
MICy 21.5
(u/ml)

Pseudomonas
agglomerans

MICs 12.5
MICep 25.0
(ud/ml)

Pseudomonas antarctica

MIGCs, 6.25
MICs 12.5
(ud/ml)

Pseudomonas
brassicacearum

MICs, 12.5
MICg 25.0
(ul/ml)

Pseudomonas
frederiksbergensis

MICs 6.25
MICe 12.5
(ud/ml)

Pseudomonas koreensis

MICs; 12.5
MICs 50.0
(ud/ml)

Pseudomonas lundensis

MICs, 6.25
MICe 12.5
(ud/ml)

Pseudomonas mandelii

MIGs, 12.5
MICs 25.0
(ud/ml)

Pseudomonas proteolytica

MICs, 12.5
MICy 25.0
(ul/ml)

Pseudomonas synxantha

[105]
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MICs 12.5
MICep 25.0
(ul/ml)

Pseudomonas veronii

n/a

MIC 40.0
(ug/ml)

Yersinia ruckeri

[140]

Trachyspermum ammi (L.)
Sprague

Ajowan

seeds

MIC 0.04
MEFC 0.1
(ud/ml)

Fusarium sp.

MIC 0.043
MFC 0.07
(u/ml)

Saprolegnia parasitica

[160]

Trachyspermum ammi (L.)
Sprague referred to as
Trachyspermum copticum)

Ajowan
(Carum-

bishop's weed)

Leaves

MIC 453.0
(pg/ml)

Lactococcus garviae

[141]

Zataria multifloraBoiss.

Thyme
(Shirazi)

Aerial
parts
(Infloresce
nces)

MIC 4.0
MLC 8.0
(u1/ml)

Lactococcus garviae

[108]

Aerial
parts

MIC7.8
MBC 15.6

(ug/ml)

Lactococcus garviae

[115]

MIC 0.12
MBC 0.12
(u/ml)

Lactococcus garviae

[112]

Zingiber officinaleRoscoe

Ginger

Rhizome

MIC 31.25
MBC 62.5
(ul/ml)

Aeromonas hydrophila

[132]

MIC 5000.0
MEFC 5000.0

(ug/ml)

Aeromonas hydrophila

MIC 2500.0
MEFC 5000.0

(ug/ml)

Aeromonas spp (248)

[147]

MIC 120.0
(ug/ml)

Lactococcus garviae

[127]

MIC 2.0
MBC 2.0
(% v/v)

Lactococcus garviae
(FP5245)

MIC 4.0
MBC 8.0
(% v/v)

Photobacterium damselae
(FP4101)

[161]

MIC 31.25
MBC 125
(ud/ml)

Vibrio parahaemolyticus

MIC 31.23
MBC 31.25
(ul/ml)

Vibrio vulnificus

[132]

n/a

MIC 2.0
(ud/ml)

Candida albicans

[138]
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Table S3. In vitro efficacy of different essential oils and their major compounds for different fish species. Plant and Animal nomenclature in this work follows the
Plants of the World Online (POWO) and World Register of Marine Species (WoRMS) databases (accessed on April 6th, 2025). If a species name cited in a reference,
differs from, or is inconsistent with the updated POWO & WoRMS taxonomy, the referenced name is retained and noted accordingly. Efficacy (%): The
percentage reduction of a microorganism's population. 100- indicates full inhibition, 0-indicates no inhibition. NOTE: in some instances instead of Efficacy (%),
there are ECso or LCso values. Values are shown as reported in the source studies. As a quide, for aqueous exposures, 1 ppm~=1 mg-L™; for dietary inclusion, 1%
w/w =10 g-kg feed; for EO volumes, 1% v/v = 10 mL-kg™ feed. Where conversion would require assumptions (e.g., density, chemotype), no transformation is
applied

Exposure Efficacy

Parasite Species Essential Oil /Active Substance Concentrations Time (%) Aquatic Animal Species Citation
80mg/ml 2h 50min 100
200mg/ml 2h 100
Minthostucégissgg)llis(Benth.) 400mg/ml 1h 100
600mg/ml 7min 100
1000mg/ml 3min 100
1500mg/ml 4min 100
1000mg/ml 8min 100
800mg/ml 25min 100
Origanum vulgareL. 600mg/ml 40min 100 _

Anacanthorts spetultusThatcher & omgiml || 100 | et e | W7
200mg/ml 1h 50min 100
80mg/ml 3h 100
1500mg/ml 8min 100
1000mg/ml 20min 100
800mg/ml 1h 5min 100
Salvia rosmarinusSpenn. 600mg/ml 1h 15min 100
400mg/ml 1h 50min 100
200mg/ml 2h 55min 100
80mg/ml 4h 100

» AAzudi'XChéq o 75mg/L 15h 100 (1771

Argulus sp.Miiller O.F., 1785 indicalJuss(Azadirachtin) 100mg/L 12h 100 Carassius mll;pslgus Linnaeus

Curcuma longa L. S0ppm 18h 100 [178]

100ppm 6h 100
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200ppm 3h 100
Pellitorine 5mg/ml 12h 80 [179]
Madhuca longifolia var.
Argulus foliaceus(Linnaeus, 1758) latifolia(Roxb.) A.Chev. (referred to 25mg/L 36h 100 Cyprinus carpioLinnaeus 1758 [180]
as Madhuca latifolia)
.1 o . . Oreochromi
Cichlidogyrus tilapiaePaperna, 1960 Carica papaya L. 2ml/L 50min 100 niloti c;‘zﬁfn;(:;z: 1758 [181]
Clinostomatopsis
intermedialis Lamont, 1920 Lunaschi | Verbesina alternifolia(L.) Britton ex Coptodon zillii Gervais, 1848
& Drago, 2009 (referred to as Kearney 400ppm 24h ECso Referred to as Tilapia zillii) [182]
Clinostomum phalacrocoracis) .
Cryptocaryon irritansBrown, 1951 Nerolidol 10ul/L 30min 100 Trachinotus f%%tus Linnaeus [183]
Allium cepa L. 0.4-1.8mg/ml 15min 100 _ Oreoclromis [184]
Allium sativuml. 0.02-0.18mg/ml 5min 100 niloticusLinnaeus 1758
1ul/ml 15min 100
o 2.5ul/ml 8min 100
Mentha x piperital. -
5ul/ml 7min 100
10ul/ml 2min 100
Dactylogyrus sp.Diesing, 1850 1ul/ml 10min 100
2.5ul/ml 5min 100 Cyprinus carpioLinnaeus 1758 185
Citrus x limon (L.) Osbeck B - ¥p P [185]
5ul/ml 4min 100
10ul/ml 3min 100
0.5ul/ml 3min 100
Melaleuca alternifolia (M aiden & -
Betche) Cheel 1ul/ml 2min 100
2.5ul/ml Imin 100
Electrotaenia malapteruri (Fritsch,
1886) Nybelin, 1942 (referred to Aframomum . ..
asElectrotaenia sp. but according to meleguetaK.Schum.(referred to as 68.36mg/L 1.5min 98.8 Clarias gari%gtznusBurchell [186]
WOoRMS there is only one direct Afranamum melequeta)
species within the genus)
100pg/ml 6h 20
Enteromyxum leei(Diamant, Lom & Citral 100pg/m 12h % olivavneTomts i e [187]
Dykova, 1994) 250pg/ml 6h 60 Schlegel, 1846
250ug/ml 12h 100
Gyrodactylus sp.von Nordmann, Azadirachta 25mg/L 4h 100 Carassius auratus Linnaeus [177]
indicaA.Juss(Azadirachtin) 30mg/L 3h 100 1758




45 of 56
Curcuma longa L. 12mg/L 24h 100
Gyrodactylus Cymb ini : Carassius auratus Linnaeus
.. F ymbopogon martini (Roxb.)Will 188
kobayashiikobayashii Hukuda, 1940 | watson (Palmarosa oil) (referred to 10mg/L 24h 100 1758 L158]
as Cymbopogon martinii)
Azadirachta 20-40mg/L 12h 100 Carassius auratus Linnaeus [177]
indicaA.Juss(Azadirachtin) 50mg/L 6h 100 1758
Carassius auratus Linnaeus
Carica papaya L. 200mg/L 6h 100 1758(referred to as Carassius [189]
auratus auratus)
Macleaya cordata(Willd.) R.Br. Ctenopharyngodon
.. tpegss (sanguinarine) 0.7mg/L ¢h 100 idellaValenciennes 1844 [190]
Ichthyophthirius multifiliisFouquet,
1876 Macleaya microcarpa(Maxim.) 7mg/L 4h 100 Squaliobarbus [191]
Fedde (dihydrosanguinarine) 10mg/L 4h 100 curriculusRichardson 1846
Carassius auratus Linnaeus
Mucuna pruriens (L.) DC. 150mg/L 6h 100 1758(referred to as Carassius [189]
auratus auratus)
Sophora flavescensAiton 4mg/L 3.3min 100 Ctenopharyngodon [192]
(sophoraflavanone) Img/L 16min 100 idellaValenciennes 1844
Magnolia officinalisRehder & Carassius auratus Linnaeus
E.H.Wilson (Mangolol) 0.8mg/L 6h 100 758 [193]
Ichthyophthirius multifiliis Ctenopharyngodon
(protomonts) Zingiber officinaleRoscoe idellaValenciennes,
(10-gingerol) 8mg/L 4h 100 1844(referred to as [194]
Ctenopharyngodon idellus)
1.0mg/L 6h 100 [193]
Magnolia officinalis Rehder & Carassius auratus Linnaeus
E.H.Wilson(Mangolol) 10mg/L 20h 91,3 [195]
20mg/L 20h 100
Rhus
chinensisMill.(pentagalloylglucose 80mg/L (fresh Ictalurus punctatusRafinesque
extracted from galls) (referred to as solution) 4h 100 1818 [196]
Ichthyophthirius multifiliis Gall chinensis)
(tomonts) Sophora alopecuroides L. 320mg/L 20h 100 [195]
Zanthoxylum asiaticum(L.) 1.2mg/L 4h 100 Carassius auratus Linnaeus
Appelhans, Groppo & J.Wen 1758 [197]
(Chelerythrine) (referred as Toddalia 3.5mg/L 4h 100
asiatica)
Ctenopharyngodon
Zingiber officinale Roscoe idellaValenciennes,
(10-gingerol) lémg/L 4h 100 1844 (referred to as [194]
Ctenopharyngodon idellus)
Ichthyophthirius multifiliis Alli L 0.25ml/L Th ~94 Sil lanis Li 1758 198
(trophonts) ium cepa L. 05mI/L n o1 ilurus glanis Linnaeus [198]
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Allium sativumL. 0.5ml/L 1h 92
o Lavandula o 0.25ml/L 1h 100
angustifolia subsp. AngustifoliaMil
1. (referred as Lavandula officinalis) 0.5ml/L 1h 100
Mentha spicata L.(referred as
Menthe spicata) 0.5ml/L 1h 4
0,1ml/L 1h 100
Origanum onitesL. 0.25ml/L 1h 100
0.5ml/L 1h 100
Salvia officinalisL. 0.5ml/L 1h 100
Ctenopharyngodon
Zingiber officinale Roscoe idellaValenciennes,
(10-gingerol) 2mg/L 4h 100 1844 (referred to as [194]
Ctenopharyngodon idellus)
20mg/L (fresh 5.6min (+ 100
solution) 1.0)

Rhus 10mg/L (fresh 11.6min (+ 100
chinensisMill.(pentagalloylglucose solution) 1.4) Ictalurus punctatusRafinesque [196]
extracted from galls) (referred to as 5mg/L (fresh 2h 45.min (= 100 1818

Gall chinensis) solution) 5.2)
2.5mg/L (fresh 3h 48min (+ 100
solution) 4.5)
Agquilaria sinensis (Lour.) Spreng. 10mg/L 4h 61.3
Areca catechul. 10mg/L 4h 10.3
Asparagus cochinchinensis (Lour.) 10me/L 4h 20.3
Merr. & :
Ichthyophthirius multifiliis Bassia scoparia(L.)Voss(referred to 10mg/L 4h 393
(theronts) as Kochia scoparia)
Citrus medica L. 10mg/L 4h 67.7
Combretum
indicum(L.)DeFilipps(referred as 10mg/L 4h 78.3
Quisqualis indica) C . fus Li
Croton tiglium L. 10mg/L 4h 78.3 Arassis uﬁt%lgus mnaeus [195]
Dictamnus dasycarpus Turcz. 10mg/L 4h 51
Eclipta prostrata (L.)L. 10mg/L 4h 88.3
Foeniculum vulgare Mill.(referred to 10mg/L 4h 73
as Foeniculum uulgare)
Gardenia jasminoides].Ellis 10mg/L 4h 71
Gentiana manshuricaKitag. 10mg/L 4h 25.3
Geranium wilfordii Maxim. 10mg/L 4h 16.7
Glycyrrhiza uralensisFisch. Ex DC. 10mg/L 4h 70.3
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Hansenia
forbesii(H.Boissieu)Pimenov &

Kljuykov(referred to as 10mg/L 4h 793
Notopterygium forbesii)
Isatis tinctoria subsp.
Tinctoria(referred as Isatis 10mg/L 4h 26.7
indigotica)
Kitagawia praeruptora
(Dunn)Pimonev (referred to as 10mg/L 4h 35.3
Peucedanum praeruptorum)
Lindera aggregata (Sims) Kosterm. 10mg/L 4h 78
Lonicera macrantha(D.Don)Spreng.
(referred to as Lonicera japonica) 10mg/L ¢h 153
Lycium chinense Mill. 10mg/L 4h 81
Magnolia officinalis Rehder & 10mg/L 3h 100
E.H.Wilson 10mg/L 4h 100
Magnolia officinalis Rehder &
E.H.Wilson(Mangolol) 0.6mg/L ¢h 100 [193]
Mentha canadensisL.(referred to as
Mentha haplocalyx) 10mg/L 4h 34.7
Nelumbo nucifera Gaertn. 10mg/L 4h 60.3
Ophiopogon bodinieriH.Lév. 10mg/L 4h 80.7
Piper kadsura (Choisy) Ohwi 10mg/L 4h 59.3 Carassius auratus Linnaeus
Rosa laevigata Michx.(referred to 10me/L ih 183 1758 [195]
as Rosa laevilgata) & )
Scutellaria baicalensisGeorgi 10mg/L 4h 17.3
Sinapis albal. 10mg/L 4h 69.7
Sophora alopecuroidesL. 10mg/L 4h 100
Trichosanthes KirilowiiMaxim. 10mg/L 4h 88.7
80mg/ml 2h 50min 100
200mg/ml 2h 100
Minthostachys mollis (Benth.)
Criseb. 400mg/ml 1h 100
600mg/ml 7min 100
Mymarothecium viatorumBoeger, - Piaractus brachypomusCuvier
Piasecki & Sobecka, 2002 1000mg/ml Smin 100 1878 [176]
80mg/ml 3h 100
. 200mg/ml 1h 50min 100
Origanum vulgareL.
400mg/ml 1h 100
600mg/ml 40min 100
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800mg/ml 25min 100
1000mg/ml 8min 100
1500mg/ml 4min 100
80mg/ml 4h 100
200mg/ml 2h 55min 100
400mg/ml 1h 50min 100
Salvia rosmarinusSpenn. 600mg/ml 1h 15min 100
800mg/ml 1h 5min 100
1000mg/ml 20min 100
1500mg/ml 8min 100
Lippia origanoides Kunth 600mg/L Imin 100
N e"beﬁ%‘ée%igg’r;;ggf%ggganumf Lippia ‘;gigag’z‘;;‘;f;ﬁggg;s()referred 700mg/L 4min 100 Mugil lizaValenciennes 1836 [199]
Mentha x piperital.. 700mg/L 9min 100
Aloysia citrodora Palau (referred to 3.35mg/mL 2h EGso
as Aloysia triphylla) 1.88mg/mL 6h ECso
. 3.51mg/mL 2h ECso
Neoechinorhynchus Cmtonr;?rupcl‘ll;?ygglth'(red 1.97mg/mL 6h ECso Col
b(Neoechinorhynchus) 1.03mg/mL 24h ECso macropo o orier 1816 [200]
uttnerae Golvan, 1956 351mg/mL oh ECy
Croton cajt o gg‘;}rg)h'(“’hite 2.72mg/mL 6h ECso
1.49mg/mL 24h ECso
Curcuma longa L. 37.89mg/mL 2h ECso
Neoccimorimln | Duheisambrosioides (1) | exracmi | 3min || 100 Colossoma o
buttnerae (referred to as yChenop odium ambrosioides) 5% dried 15min 96,7 macropomumCuvier 1816
Neoechinorhyncus buttnerae) extract/ml
1.01mg/mL 2h LCso
Eugenol 0.79mg/mL 6h LCso [202]
%eoech:norZyncZus (1).41mg/mll: 2241? I};CSO Colossoma
b(utfggfa;gglvyaﬁlc, 1u9$5)6 Lippia grataSchauer (referred to as ozizsz 6h EE: macropomumCuvier 1816
Lippia gracilis Schauer) [200]
0.86mg/mL 24h ECso
Lippia origanoidesKunth 1.20mg/mL 2h ECso
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0.86mg/mL 6h ECso
0.76mg/mL 24h ECso
Mentha arvensis L. 0.66mg/mL 24h ECso
3.51mg/mL 2h ECso
Ocimum gratissimum L. 1.97mg/mL 6h ECso
1.03mg/mL 24h ECso
0.73mg/mL 2h ECso
Piper aduncum L. 1.52mg/mL 6h ECso
1.52mg/mL 24h ECso
4.68mg/mL 2h LCso
Tannic acid 1.79mg/mL 6h LCs
1.30mg/mL 24h LCso 202]
1.97mg/mL 2h LGCso
Thymol 0.96mg/mL 6h LCs
0.92mg/mL 24h LGCso
Aframomum
Procamallanus soBavlis. 1923 melegt;‘etuK.Schum.(referred to as 68.36mg/L 6.00min 98.2 Clarias gariepinusBurchell
p-Baylis, franumum melequeta) 1822 [186]
indicaAf.l]zuusosleruzC;lélilrachtin) 319.38mg/L 6.5min %52
Sul%gg:)o(lruefseurlrrgg rtlg?ass (Llélifr:zl;?;uS/ Illicium verum Hook.f. 12.5ug/ml 2h ECx Carassius auratus Linnaeus [203]
cyprinacea) 25pg/ml 1h ECso 758
ucheilog;f;? iz(g(ggrigguti, 1934) 10g/100ml 90min 100
Brabec, Waeschenbach, Scholz, Dianthus chinensisL. ) Cyprinus carpioLinnaeus 1758 [204]
Littlewood & Kuchta, 2015(referred to 20g/100ml 45min 100
as Bothriocephalus acheilognathi)
Cedrol 0.11mM 4h ECso
Curcumin 0.24mM 4h ECso
; i Eucalyptol 0.67mM 4h ECso
Sp a'gf?{gggéﬁ%ﬁ;%ﬁggg@ ?ngden Garlici}r]1p80% 06 ™ ECw Sparus auratalinnaeus 1758 [205]
1R- Camphor 0.91mM 4h ECs
(+)-trans-Chrysanthemic acid 0.84mM 4h ECs
Te‘;l;f(efﬁ;igllltz)i;gu(ie(f]g‘;zgr’tg 31352) meleguetaéggﬁgg‘zerred to as 68.36mg/L 3.75min 96.5 Clarias gurifg;iznusBurchell [186]

Tenuisentis sp. but according to

Afranamum melequeta)




50 of 56
WoRMS there is only one direct Azadirachta indicaA Juss 319.38mg/L 2.75min 97.4
species within the genus)
Trichodina sp.Ehrenberg, 1830 Syzygium mf ngg;’;la") Merr. & 130ppm 60min 100 Lates calcariferBloch 1790 [206]
Aframomum
meleguetaK . Schum.(referred to as 68.36mg/L 5.75min 95.6 i ieni

Wenyonia sp.Woodland, 1923 8 Afranamum mé lequeta) & Clarias gariepinusBurchell [186]

Azadirachta indicaA Juss 319.38mg/L 3.75min 97.1

25mg/ml 10.5min 100
Zeylanicobdella arugamensis Silva, Curcuma longal.. 50mg/ml 8.06min 100 Epinephelus fuscoguttatus x [207]

19 100mg/ml 6.12min 100 Epinephelus lanceolatus

Senna alata(L.) Roxb. 100mg/ml =2.38min 100 [208]
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Table S4. In vivo efficacy (or ECs values, depending on reported data) of different EOs and their major compounds for different fish species. Plant and Animal nomenclature in this
work follows the Plants of the World Online (POWO) and World Register of Marine Species (WoRMS) databases (accessed on April 6th, 2025). If a species name cited in a reference,
differs from, or is inconsistent with the updated POWO & WoRMS taxonomy, the referenced name is retained and noted accordingly. Efficacy (%): The percentage reduction of a
microorganism's population. 100- indicates full inhibition, 0-indicates no inhibition. Efficacy of inhibition is reported with concentrations either per volume or per parts, according to
the data reported and based on the application method (e.g., feed or solution dipping).

Concentratio  Efficacy

Parasite Species Essential Oil /Active Substance Exposure ns (%)- ECo Aquatic Animal Species Citation
Carapa guianensis Aubl. 1h b;%tl:{;i;sy, for 500mg/L 914 [209]
Copaifera epunctata Amshoff
(Oleoresin)(referred to as Copaifera 1h begt}é/;lasy, for 100mg/L 48.5 [210]
reticulata) y
Anacanthorus spathulatusThatcher & 11};;;;’1?312%}(13 Colossoma
Kayton 1979 Piper hispidum Sw. Interval between 100mg/L 78.6 macropomumCuvier 1816 [211]
baths)
20min bath/d (3
. . baths -48h
Piper marginatum Jacq. Intere\l/alsbe tween 100mg/L 42,8 [212]
baths)
Azadirachta 12h ~37meg/L EC
indicaA.Juss(Azadirachtin) & 2 C . tus Li [177]
Argulus sp.Miiller O.F. 1785 15h ~28mg/L ECso arasstis ait%sus mnnaeus
72h 12.5ppm 62.8
Curcuma longaL. [178]
48h 12.5ppm ~56
Diping in 1.8
to 3.6 mg/L
(not
Argulus coregoniThorell 1865 Artemisia sp.L. 5min speficied 100 Cyprinus carpioLinnaeus 1758 [213]
concentratio
n of active
compounds)
Madhuca longifolia var.
Argulus foliaceusLinnaeus 1758 latifolia(Roxb.) A.Chev(referred to 96h 16.45 mg/L ECso Cyprinus carpioLinnaeus 1758 [180]
as Madhuca latifolia)
Centrocestus formosanus(Nishigori, . . long bath, reduced Oreochromis
1924) Price, 1932 Azadirachta indicaA Juss 7 days 3g/L intensity niloticusLinnaeus 1758 [214]
Oreochromis urolepisNorman
1h 20ml/L 73,5 1922 (referred to as
Oreochromis hornorum)
. . 1h 20ml/L 79 Oreochromis
DactylogyridaeBychowsky 1933 Mentha x villosa Huds. m. aureusSteindachner, 1864 [215]
Oreochromis
th 20ml/L 80,7 mossambicusPeters 1852
1h 20ml/L 84,5 Oreochromis
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72h 0.08g/L (/s 85.7 niloticusLinnaeus 1758
. . Of 96h- LCSO )
Allium sativum L. 0.04 T
72h g/l (Yo | 647
Of 96h- LCSO) 2101[184
0.708g/L (V/ [210][184]
72h 3 100.0
. Of 96h LC50)
Allium cepa L. >
72h 0.3548/L (1o | 995
Dactylogyrus sp.Diesing 1850 of 961% LGCso) )
; . long bath, duced
Azadirachta indicaA.Juss O;gda;is 3g/L irrftelligfty [214]
2h ~23mg/L ECso
Azadirachta ~
indicaA Juss(Azadirachtin) 3h ~15mg/L EGso [177]
Dactylogyrus intermediusWegener Cinnamaldehyde 48h 5Smg/L 100 [216]
910 Cinnamic acid 48h l6mg/L 100
Neolitsea cassia(L.) Kosterm.
(referred to as Cinnamomum cassia) 2¢h 14mg/L 94.57
Citrus x limon (L.) Osbeck 24h 10mg/L 5.62
Curcuma longal.
(Curcuma oil) 24h 5.72mg/ EGso
24h 12mg/L 100
Curcuma zedoaria(Christm.) Roscoe 24h 15mg/L 100
2h 9.87mg/L ECso
Cymbopogon martini (Roxb.)Will ; :
Watson (Palmarosa oil) (referred to 24h 4.98mg/L ECso Carassius uit%gus Linnaeus [188]
as Cymbopogon martinir) 2ah 10mg/L 100
Gyrodactylus kobayashiiHukuda Eucalyptus globulus Labill. 24h 100mg/L 90.84
1940 Foeniculum vulgare Mill. 24h 40mg/L 10.10
Melaleuca alternifolia (Maiden &
Betche) Cheel 24h 40mg/L 100
Melia azedarachL. (referred to as
Melia azedarace) 24h 40mg/L 100
Mentha canadensis L. (referred to
as Mentha sachalinensis) 24h 40mg/L 1045
Nigella sativa L.(Thymoquinone
(1 4-benzoquinone) 48h 0.303 mg/L ECso [217]
Origanum vulgare L. 24h 10mg/L 23.36
Pimpinella anisumL. 24h 10mg/L 21.92 (18]
Pogostemon cablin (Blanco) Benth. 24h 10mg/L 100
Ruta graveolens L. 24h 25mg/L 100
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Syzygium aromaticum(L.) Merr. &

L.M.Perry 24h l6mg/L 45.06
Syzygium aromaticum(L.) Merr. &
L.M.Perry(leaf extract) 24h 18mg/L 36.02
Eurycoma longifolia Jack 12h 400mg/ml 100
Thunbergia laurifolialindl. 12h 400mg/ml 100
Haplorchis taichui(Nishigori, 1924) ] f g/ cyprinid fish [218]
Witenberg 1930 12h 5mg/ml 100
Allium satioum L. 3h 20mg/ml 100
4 days bath 0.1g/L 100 Poecilia reticulataPeters 1859 [219]
3h ~47mg/L ECso
4h ~38mg/L ECso
Azadirachta N Carassius auratus Linnaeus
indicaA.Juss(Azadirachtin) 6h ~32mg/L EGso 1758 [177]
12h =13mg/L ECso
Carassius auratus Linnaeus
Carica papaya L. 72h 200mg/L 90 1758 (referred as Carassius [189]
papay 8
- et auratus auratus)
IchthyophthzrmissrgglttﬁlnsFouquet Macleaya oh — s Ctenopharyngodon 1190]
cordata(Willd.)R.Br.(sanguinarine) 2, ’ idellaValenciennes 1844
Macleaya microcarpa(Maxim.) 48h 5.18mg/L 100 Squaliobarbus [191]
Fedde (dihydrosanguinarine) 48h 9.43mg/L 100 curriculusRichardson 1846
6 days bath 0.4g/L 100 Poecilia reticulataPeters 1859 [219]
Matricaria chamomilla L. Rhamdia quelen Quoy &
y
1h/day, 4days 50 pl/L 94.8 Gaimard, 1874 [220]
Carassius auratus Linnaeus
Mucuna pruriens(L.) DC. 96h 250mg/L 90 1758 (referred as Carassius [189]
auratus auratus)
Dipping in
60%
Lernaea cyprinacea Linnaeus 1758 Artemisia sp.L. 5min Artemisia 100 Cyprinus carpioLinnaeus 1758 [213]
Extract
Solution
1h bath/d (3
Piper hispidum Sw. In tebf\l/tagsb_gtgvbeen 100mg/L 78.6
Linguadactyloides baths) [212]
brinkmanniThatcher & Kritsky 1983 20min bath/d (3 Colossoma
Piper marginatum Jacq. In tebf\l/tagsb_gtgvbeen 100mg/L 42,8 macropomumCuvier 1816
baths)
Mymarothecium boegeriCohen & Carapa guianensis Aubl. 1h bath/day, for 500mg/L 914 [209]

Kohn 2005

5 days
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Copaifera epunctata Amshoff

(Oleoresin)(referred to as Copaifera 1h b%t}é/dag’ for 100mg/L 48.5 [210]
reticulata) ay
1h bath/d (3
. . baths -48h
Piper hispidum Sw. Interval between 100mg/L 78.6
baths)
20min bath/d (3 [212]
. . baths -48h
Piper marginatum Jacq. Inter?/alsbe tween 100mg/L 42,8
baths)
Carapa guianensis Aubl. 1h b?}gs;g , for 500mg/L 914 [209]
Copaifera epunctata Amshoff
(Oleoresin)(referred to as Copaifera th beat}é/day, for 100mg/L 48.5 [210]
Notozothecium reticulata) il
janauachenseBelmont-Jégu, 11? E}?thﬁ;}(?
Domingues & Martins 2004(referred Piper hispidum Sw. Int a lsb_ t 100mg/L 78.6
to as Notozothecium janauachensis) ) er\}/jaathg)ween
20min bath/d (3 [212]
; . baths -48h
Piper marginatum Jacq. In ter?/alsbe tween 100mg/L 42,8
baths)
Piscinoodinium . 15min bath/day,
pillulare(Schiaperclaus) Lom 1981 Piper aduncum L. for 3 days Y 20mg/L 83,8 [221]
Zeylanicobdella arugamensis Silva, 30mi 1.2ml/L 12.9
1963 (referred to as Zeylanicobdella CurcurgZ longu{i.(refet;red toas an il Epinevhel [222]
sp.but according to WoRMS there is reuma domestica) 60min 1.2ml/L 24 pénr?p ehu? f u? cog utlt atus x
only one direct species within the Salvia rosmarinusSpenn. (referred ) pinephelus lanceolatus
genus) to as Rosmarinus officinalis) 60min 15ml/L 44.85 [223]
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TableS5. Acute toxicity tests of different EOs and their major compounds for different fish species. Plant and Animal nomenclature in
this work follows the Plants of the World Online (POWO) and World Register of Marine Species (WoRMS) databases (accessed on
April 6th, 2025). If a species name cited in a reference, differs from, or is inconsistent with the updated POWO & WoRMS taxonomy,
the referenced name is retained and noted accordingly. LCsy (Lethal Concentration 50%): MAPs concentration in water that causes
death in 50% of a test population within a specified period of exposure. It is commonly used in toxicology to assess the acute toxicity
of chemicals, including pollutants, pesticides, or natural compounds such as EOs, especially in aquatic organisms like fish. The lower
the LCs, value, the more toxic the substance is considered to be.

. . Plant Nomenclature/ Exposure g
Fish Species Active substance ime LCso Citation
Arapaima gigasSchinz, 1822 Mentha x piperital.. 4h 38.0mg/L [228]
Citrus x aurantium f. aurantium(referred to
as Citrus sinensis) 48h 49.17 pL/L [229]
Betta splendensRegan, 1910 Syzygium aromaticum(L.) Merr. & L.M.Perry 48h 30.63mg/L
Syzygium aromaticum(L.) Merr. & L.M.Perry 48h 29.95me/L [230]
(Eugenol) ’ &
3h =74mg/L
Azadirachta indicaA.Juss 2E Zggﬁgk [177]
(Azadirachtin) oh =39
= 39mg/L
15h =22mg/L.
Cinnamomum burmanni(Nees & T.Nees) 48h 13.34mg/L
Blume (referred to as Cinnamomum cassia 48h 59.66me/L [216]
-Cortex cinnamon (Cinnamaldehyde) -obmg,
Cinnamomum E{;lté'l.a}ll[-l ég;gll:-Ham.) T.Nees 96h 15.05g/L [231]
Curcuma longa L. 24h 31.73mg/L
Carassius auratus Linnaeus 1758 (Curcuma oil) 48h 28.85mg/L
Cymbopogon martini (Roxb.)Will Watson 24h 40.8mg/L [188]
(Palmarosa oil) (referred to as Cymbopogon
markinif) 48h 39.15mg/L
Magnolia officinalis Rehder & E.H.Wilson
(Mangolol) 96h 6.02mg/L [193]
Nigella sativa L. _
(Thymogquinone (1,4-benzoquinone)) 96h =2.796 mg/L (217]
Swietenia mahagoni (L.) Jacq. 96h 11.39¢/L. [231]
Zanthoxylum asiaticum (L.) Aﬁpelhans,
Groppo & ]J.Wen (Chelerythrine) 48h 3.3mg/L [197]
(re er.red to as Toddalz:a asiatica)
Channa punctataBloch, 1793 Sapindus mukorossi Gaertn. 48h 3.5-10ppm [232]
(pericarp)
Aframomum melegueta K. Schum. (referred to 96h 68.36me/L [186]
as Afranamum melequeta) ’ &
Albizia qummifera (J.LF.Gmel.) C.A.Sm. 96h 94.58mg/L [233
' o Azadirachta indicaA.Juss 96h 319.38mg/L [186
Clarias gariepinusBurchell 1822 Melaleuca cujg';;)uot‘zlv 1;/{iat0n & Sm. Ex 96h 127mg/L [234]
Phragmanthera capitata (Spreng.) Balle
(referred to as thgment%em capitata) 96h 37.65mg/L [235]
Tephrosia vogelii Hook.f. 96h 277.82mg/L [233]
Aloysia citrodora Palau (referred to as
Col Cuvi Aloysia triphylla) 4h 109.57mg/L
olossoma chgrl%pomum uvier Lippia grata Schauer 'gr‘e)ferred to as Lippia 4h 41.63mg/L [236]
gracilis
Piper aduncum L. 4h 48.17mg/L
i decllt;{?;’l’ehr?crizﬁi Z‘:‘i’é 44 Sophora flavescens Aiton(sophoraflavanone) 96h 46.6mg/L [192]
Madhuca longifolia var. latifolia(Roxb.)
A.Chev. (referred to as Mad[uca latifolia) 96h 26.79mg/L [180]
Cyprinus carpioLinnaeus 1758 Syzygium aromaticum(L.) Merr. & L.M.Perry
(referred to as Eugenia aromatica&Eugenia 96h 18.1mg/L [237]
caryophylata)
Cinnamomum verum)]. Presl
(cinnamaldehyde) 96h 7.2ppm [238]
Eugenol 96h 21.0mg/L 239
Danio rerioHamilton, 1822 Melia azedarachl. 96h 51.41mg/L 240
Syzy§ium aromaticum(L.) Merr. & L.M.Perry
(referred to as Eugenia aromatica&Eugenia 96h 18.2mg/L [241]
i i . caryophylata)
D e o) > | Syzygium aromaticum(L.) Merr. & LM Perry 144h 15.64mg/L
; Y a8 (referred to as Eugenia aromatica&Eugenia [242]
Danio rerioHamilton, 1822 caryophylata) 96h 18.8me/L
.(Juveniles) yory -Omg,
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Epinephelus coioidesHamilton,

1822 Allium sativum L. 96h 74.78mg/L [243]
Epinephelus fuscoguttatus x . .
Epinephelus lanceolatus Allium satioum L. 96h 993.11ppm [244]
Azadirachta indicaA.Juss igﬁ gggﬁifi [245]
(Leaf Extracts) 96h 3:00ml L
Mallotus nudiflorus (L.) Kulju & Welzen
(referred to as Trewia nudiflora) 96h 26537.05pg/L [246]
Zanthoxylum schreberi (J.F.Gmel.) Reynel ex
Gambusia affinisBaird & Girard, C.Nelson (referred to as Zanthoxylum 240h (10d) 4234.07pg/ml
1853 monophyllum)
Zanthoxylum schreberi (J.F.Gmel.) Reynel ex
C.Nelson (referred to as Zanthoxylum 240h (10d) 414.05pg/ml [247]
monophyllum) (Germacrene D-4-ol)
Zanthoxylum schreberi (J.F.Gmel.) Reynel ex
C.Nelson (referred to as Zanthoxylum 240h (10d) 635.12ug/ml
monophyllum) (a-Cadinol)
24h 173.06mg/L
Azadirachta indicaA.Juss 48h 80.69mg/L. [248]
e (Azadirachtin) 72h 58.57mg/L
Heteropneustes fossilisBloch, 1794 96h RS
Sapindus mukorossi Gaertn. 48h 3.5-10ppm [232]
(pericarp)
: Rhus chinensis Mill. (pentagalloylglucose
Ictalurus p unigigusRafmesque, extracted from galls - referred to as Gall 24h 151.3mg/L [196]
chinensis)
. . Azadirachta indicaA.Juss
Labeo rohitaHamilton, 1822 (Azadirachtin) J 96h 44.61 ppm [249]
OncorhynchusllélgszutchWalbaum, Eugenol 96h 66.1mg/L [250]
Carum carvi L. 96h 14.0mg/L
Oncorhynchus mykiss Walbaum Cuminum cyminum L. 96h 35.0mg/L [251]
Thymus vulgaris L. 96h 6.6mg/L
Thymus vulgaris L. (Thymol) 96h 2.6mg/L
Achyranthes aspera L. 96h 1063.9mg/L [252]
Allium sativum L. 96h 0.4¢/L [184]
Allium cepa L. 96h 3.54¢g/L
24h 6.4ml/L [245]
Azadirachta indicaA.Juss 48h 3.22ml/L
Oreochromis niloticusLinnaeus (Leaf Extracts) 48h 1.64 ¢/L [253]
1758 96h 2.57ml/L 245
Carica papaya L. 24h 1310.74mg/L 254
Eugenol 10min 184.26mg/L 255
Indigofera articulata Gouan(referred to as
Indigofera tinctoria) 96h 1.3mg/L [256]
Ocimum gratissimum L. 96h 523.63mg/L [257]
Piaractus Azadirachta indicaA.Juss
mesopotamicusHolmberg, 1887 (Leaf Extracts) 96h 1.18-1.20mg/L [258]
Syzy?'um aromaticum(L.) Merr. & L.M.Perry
Poecilia reticulataPeters, 1859 (referred to as Eugenia aromatica&Eugenia 96h 21.7mg/L [241]
carvorghvlat_a)
Poecilia reticulata Peters, 1859 Heterotheca inuloides Cass. 96h 103.67ppm [259]
(females) Thymol 24h 12.51mg/L 1260]
1,8-cineole 24h 3997.07mg/L
Poecilia reticulata Peters, 1859 , .
(fingerlings) Heterotheca inuloides Cass. 96h 12.39ppm [259]
Poecilia reticulata Peters, 1859 Heterotheca inuloides Cass. 96h 62.94ppm
(males) Thymol 24h 10.99mg/L 1260]
1,8-cineole 24h 1701.93mg/L
Squaliobarbus Macleaya microcarpa (Maxim.) Fedde 48h 13.3mg/L [191]
curriculusRichardson, 1846 (dihydrosanguinarine) 48h 18.2mg/L
Euphorbia royleana Boiss. 24h 8.6ppm
, , Euphorbia lactea Haw. 24h 7.6ppm
e o [ Euphorbia antisyphilitica Zucc. (referred to > oo 261]
5 . as Euphorbia antisyphlitica) pp
Colisa fasciatus) ro— ifolia L.(roferred T
Jatropha gossypiifolia L.(referred to as 24h 37ppm

Jatropha gossypifolia)
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