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ABSTRACT 
 

Ichthyophthirius multifiliis (I. multifiliis) is a harmful parasite with a negative impact on the health of freshwater fish. 

This research was operated to identify the chemical compound in the extracted oil Zingiber officinale Roscoe (RO) 

rhizomes using gas chromatography- mass spectrometry (GC-MS) and also to determine the antiparasitic efficacy 

against I. multifiliis isolated from goldfish (Carassius auratus). The toxicity of ZO was investigated via a zebrafish 

(Danio rerio) model. The results from GC-MS revealed three main compounds in the oil extracted, namely E-citral, 

Zingiberene, and Z-citral, respectively. Antiparasitic efficacy against I. multifiliis theronts was detected in 

concentrations of 10, 30, and 50mg/L of ZO. Moreover, after one hour of exposure to treatment, 62.2 and 73.9% 

mortality was observed in I. multifiliis theronts at concentrations of 30 and 50mg/L of ZO, respectively. However, 

antiparasitic efficacy against I. multifiliis protomonts was not detected in all concentrations of ZO treatment. In the 

cases of 100 and 200mg/L of ZO, 100% mortality was found in zebrafish embryos after one hour of exposure. In 

addition, after treatment with concentrations of 12.5, 25 and 50mg/L, no coagulation was detected in the embryo, but 

observed abnormalities included heart oedema, no circulation and yolk abnormalities during the 96-hour test. The 

results of the present study indicate that the major active compounds in ZO have the potential to eliminate I. multifiliis 

theronts isolated from goldfish. However, further study should be undertaken to determine the appropriate dose of ZO 

for safe application. 
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INTRODUCTION 

 

 Ichthyophthirius multifiliis (I. multifiliis) is a 

pathogenic protozoan parasite with a negative impact on 

the health of freshwater fish, resulting in the development 

of ichthyophthiriasis, more generally referred to as “Ich” or 

“white spot disease” (Zhang et al. 2013; Valladão et al. 

2016; Huang et al. 2022). It has four stages of development: 

a parasitic trophont, a free-swimming protomont, a 

reproductive tomont, and an infective theront. The 

parasites attach to the fish and cause damage to their skin. 

These parasites feed on fish and grow inside their skin and 

gills. Moreover, improper handling or lack of treatment 

during ichthyophthiriasis could enhance the potential for 

bacterial pathogens to infect the fish, ultimately resulting 

in death (Valladão et al. 2016; Huang et al. 2022). 

Typically, several chemicals and/or antiparasitic drugs, 

such as malachite green, formalin, bronopol, and potassium 

ferrate, can be used to treat ichthyophthiriasis in fish 

(Picón-Camacho et al. 2012; Hadfield 2021). However, 

these substances have some disadvantages, including 

accumulating in fish tissue, bioaccumulating, and causing 

harmful effects on the environment and human health 

(Picón-Camacho et al. 2012; Hadfield 2021; Gharavi-

Nakhjavani et al. 2023). Malachite green, which is 

extensively applied to treat I. multifiliis, has been shown to 

have cytotoxicity, carcinogenicity, and mutagenicity 

effects  and  is  also  reported  to  be bioaccumulating in the 
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environment and fish tissue. In 2000, the EC Directive 

90/676/EEC and Regulation 2377/90/EEC banned the use 

of malachite green within the European Union, leading to 

its widespread prohibition (Hadfield 2021; Gharavi-

Nakhjavani et al. 2023). 

 Over the past decades, extensive research has been 

needed to find a new natural alternative treatment to 

control the I. multifiliis infection that is non-toxic to 

animals and humans and not harmful to the environment 

(Özil 2023). Z. officinale Roscoe is one of the most well-

known members of the Zingiberaceae family, also known 

as “ginger” (Saeed and Tariq 2006; Styawan et al. 2022; 

Eltaly et al. 2023). Researchers have found that substances 

extracted from ginger have significant biological and 

pharmacological activities. These include anti-

inflammatory, antibacterial, antiviral, and antiparasitic 

activities (Saeed and Tariq 2006; Mishra et al. 2012; El-

Sayed and El-Saka 2015; Mao et al. 2019; Styawan et al. 

2022). Recently, there has been a focus on the 

development and use of medicinal plants, particularly Z. 

officinale Roscoe, against parasite infections in 

aquaculture. These treatments can be administered orally 

or in a bath (El-Sayed and El-Saka 2015; Van et al. 2021). 

Van et al. (2021) studied carp (Cyprinus carpio) and found 

that the essential oil from Z. officinale Roscoe bulb could 

effectively kill gill fluke (Dactylogyrus sp.) parasites. 

 Although most medicinal plants are safe, there have 

been reports of negative medication reactions caused by 

herbal treatments (Alafiatayo et al. 2019; Chahardehi et al 

2020; Mubashir et al. 2022; Hegazy et al. 2023; Gul et al. 

2024; Iqbal et al. 2024). Thus, the toxic effects of medicinal 

plants should be considered. Since toxicity tests on 

interesting plants are important to evaluate, zebrafish 

(Danio rerio) are currently considered the model of choice 

(Chahardehi et al. 2020). The present study investigates the 

chemical compound in the essential oil of Z. officinale 

Roscoe (ZO) or ginger oil cultured in Chiang Mai, 

Thailand, to determine its potential as a practical, 

alternative treatment for I. multifiliis infection in goldfish 

(Carassius auratus). Its toxicity effect is also investigated 

in a zebrafish model. 

 

MATERIALS AND METHODS 

 

Ethical approval 

 The Animal Care and Committee of the Faculty of 

Veterinary Medicine, Chiang Mai University (FVM-

ACUC) (Process No. S5/2562 and No. S18/2563) approved 

the investigation for use in animal studies. 

 
Materials 

 The fresh rhizomes Z. officinale Roscoe used in this 

experiment were taken from the local market in Chiang 

Mai, Thailand (Lat 18° 47′ 46.1148′′ N and Long 98° 58′ 

45.3468′′ E), which were cultivated in Chiang Mai, 

Thailand. The specimens of plants were preserved at the 

Herbarium of the Faculty of Pharmacy, Chiang Mai 

University, Thailand. The plant materials were washed, cut 

into small pieces, and then dried and ground using a dry 

grinder. The prepared ginger powder was kept in a light-

resistant package pending subsequent experiments. 

 The ZO was extracted by simultaneous stream 

distillation using a Clevenger-type apparatus for three 

hours. The collected volatile oil was dried over anhydrous 

sodium sulphate and stored in a closed, air-tight, light-

resistant container at -20C for later chemical compound 

analysis and further experiment steps. The chemical 

constituents of the ZO were carried out by gas 

chromatography-mass spectrometry (GC-MS) using an 

HP 6890 gas chromatograph coupled with an HP 5973 

mass selective detector (Agilent Technologies, Foster 

City, CA, USA) on the HP-5MS column (30m × 250µm 

i.d. × 0.25µm film thickness). The flow rate of the carrier 

gas was set at 1 mL/min using a split mode (split ratio 

500:1). The injection temperature was 250°C and the 

detector temperature was 280°C. The relative percentage 

of the essential oil constituents evaluated from the total 

ion chromatogram (TIC) by apparatus software and the 

analyzed essential oil constituents were identified based 

on their relative retention times to those of authentic 

samples and also confirmed by comparison of their mass 

spectra with the MS library search (Wiley, NIST, and 

NBS) and W8N08 library (John Wiley & Sons, Inc., 

Hoboken, NJ, USA). 

 

Materials and Methods 

Fish and parasites 

 For this experiment, ten goldfish were selected aged 

6–12 months, infected with the Ich parasite from a local 

ornamental fish shop in Chiang Mai. The goldfish was 

infected with the Ich parasite and screened by viewing 

clinical signs on the skin. All obtained fish were further 

examined for the parasite trophont stage using wet mount 

techniques on their skin and fins under a stereomicroscope 

(EZ4 W, Leica, Germany). The fish were subsequently 

separated and distributed into the transparent glass tanks 

(one fish per tank) containing filtered tap water (15L per 

tank) with dissolved oxygen at 5.5 mg/mL, pH at 7.4–7.6, 

a constant temperature of 23°C, and natural daylight 

conditions at the Aquatic Animal Medicine Laboratory of 

the Faculty of Veterinary Medicine, Chiang Mai 

University, Thailand. The fish were fed commercial 

goldfish pellets according to 2% of their body weight once 

a day. Water parameters, including the ammonia level and 

pH value, were monitored twice a week and every day, 

50% of the rearing water was renewed. 

 The goldfish presented high levels of Ich infection, 

characterized by large white spots on their skin, causing the 

I. multifiliis to fall off the fish at the mature trophont stage. 

Gentle skin scrapings were performed on the fish to collect 

the mature parasites for in vitro ginger oil efficacy tests 

(Zhang et al. 2013; Huang et al. 2022). The isolated 

parasites were separated randomly and used to evaluate the 

efficacy of ginger oil for parasiticidal effects against both 

the theront and protomont stages of parasites. 

 

Effect of ZO on I. multifiliis theronts and protomonts 

 In the theront study, the theront concentration was 

determined before being applied to evaluate the 

antiparasitic activity of the ZO via a Sedgewick Rafter 

counting plate and light microscopy (Nikon, Tokyo, 

Japan). For in vitro ZO against the theronts of I. multifiliis, 

approximately 600 parasites were dispensed into each 24-

well plate and exposed to various concentrations of ZO (10, 

30, and 50mg/L) in a final volume of 500mL. Filtered tap 

water, formalin (50mg/L), and 0.1% dimethyl sulfoxide 
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(DMSO) without ZO were used for the negative, positive, 

and solvent controls, respectively. The killing efficacy of 

ginger oil in each well was examined using light 

microscopy at various intervals up to 9 hours after exposure 

to the treatment. The absence of parasite motility and/or 

abnormal morphology was considered to indicate dead 

theront. The experiment was performed at 25.0±0.5°C and 

repeated three times (n=3) (Zhang et al. 2013; Alavinia et 

al. 2018; Huang et al. 2022). 

 For the protomont study, 10 protomonts were put into 

each well of a 24-well plate using the above-mentioned 

method for separating parasites and the calculated 

concentration of parasites. The protomonts had their mucus 

removed. The test group exposed the parasites on the 

bottom of a 24-well plate to different concentrations of ZO 

(10, 30 and 50mg/L) in a final volume of 500mL. In this 

study, the negative, positive, and solvent controls were 

water, formalin, and solvent control, respectively. The 

parasiticidal efficacy of oil in each well was examined 

during 1, 2, 4 and 6 hours of exposure time and calculated 

via light microscopy. No motility with or without irregular 

morphology was classified as a dead protomont. The plates 

were kept at a temperature of 25.0 ± 0.5°C three times to 

test for dead protomonts (n=3) (Zhang et al. 2013; Alavinia 

et al. 2018; Huang et al. 2022). 
 

Zebrafish maintenance and breeding 

 The zebrafish of both sexes (one male and two 

female adult zebrafish) were placed in a glass tank and 

carried during the breeding period. Following a stage of 

3–4 hours post-fertilization (hpf), the fertilized eggs were 

selected under a stereomicroscope (EZ4 W, Leica, 

Germany) and washed with sea salt egg water (60mg/L 

sea salt and 2mg/L methylene blue). The healthy 

fertilized embryos were incubated at 28.5C in a clean 

petri dish with previously prepared egg water until an in 

vivo toxicity test was conducted. 
 

Embryonic toxicity and teratogenicity test 

 In total, 20 fertilized eggs were transferred to 

individual wells of 24-well plates for each concentration 

treatment. The embryos were exposed and incubated with 

various concentrations of ZO (12.5, 25, 50, 100, and 

200mg/L) containing 0.1% dimethyl sulfoxide (DMSO) 

diluted in 2mL of embryo water. Filtered tap water and 

DMSO were used for the negative and vehicle controls, 

respectively. The exposed embryos were evaluated under a 

stereomicroscope at 24, 48, 72, and 96hpf (h post-

fertilization). After incubation, the exposed zebrafish 

embryos were observed for both the morphology according 

to OECD test guidelines (OECD 2013) and the 

development of the embryo following the Kimmel et al. 

(1995) study to compare the normal and defective via a 

stereomicroscope. All data on abnormal embryos were 

recorded to evaluate the teratogenic effect of ZO on 

zebrafish embryos. Coagulation of embryos and/or no 

observed heartbeat of the embryo indicated death. The 

mortality rate of zebrafish embryos was determined by 

calculating the number of dead embryos. 
 

Statistical Analysis 

The experiments were performed with three 

independent replications of each treatment. The number of 

dead theronts (as mentioned previously, the absence of 

parasite motility and/or abnormal morphology was 

considered dead theronts) in different groups. The analysis 

was conducted using the survival package in the R 

statistical program R Core Team (Allignol and Latouche 

2023). The mortality of zebrafish embryos was compared 

using a two-way analysis of variance (ANOVA) and 

Tukey’s multiple comparison test using the R analysis 

program (R Core Team 2020). 
 

RESULTS 
 

Plant extraction and chemical composition of the 

extracted essential oil 
 The simultaneous stream distillation of Z. officinale 

Roscoe rhizome generated non-viscous, pale yellow 

transparent liquids with a 0.24+0.09% yield of essential oil. 

The chemical composition of ZO was determined using 

GC-MS. The GC-MS result of the extracted ginger oil 

identified a total of 18 compounds (Fig. 1). The most 

interesting components are listed in Table 1. The top three 

substances in the ZO were E-citral (19.94%), Zingiberene 

(16.47%) and Z-citral (9.95%), respectively. 
 

 
 

Fig. 1: GC-MS chromatograph for ZO. Chemical structures of the 
four major constituents identified from the ginger oil:(A) Z-citral 

(Retention time [RT] 18.57), (B) E-citral (RT 19.90), and (C) 
Zingiberene (RT 29.14). 
 

Efficacy of ZO against I. multifiliis theronts 

 All studied ZOs demonstrated expressive efficacy 

against I. multifiliis theront (Table 2). In addition, 

antiparasitic efficacy correlated positively with the 

essential oil concentration and greater mortality was 

found in I. multifiliis theronts according to rising 

concentrations and duration of exposure. Interestingly, 

the mortality of theronts at concentrations of 30 and 

50mg/L was 62.2+1.9 and 73.9+3.5% after one hour of 

exposure to treatment, respectively. However, after seven 

hours of exposure, the maximum concentration of ZO was 

effective in killing all theronts (100%). Compared to 

50mg/L of formalin, it could not remove 100% of the 

theronts within nine hours of exposure. Furthermore, after 

seven hours of exposure, 30mg/L of essential oil also 

detected more than 90% mortality. 

 

Efficacy of ginger oil against I. multifiliis protomonts 

 During the exposure time, ranging from 1–6 hours, at 

multiple concentrations of ZO (10, 30, 50mg/L), no 

efficacy of ZO was observed against I. multifiliis 

protomonts. Furthermore, 50mg/L of formalin could 

remove 100% of I. multifiliis protomonts after one hour of 

exposure to treatment. Moreover, DMSO could not 

eliminate I. multifiliis protomonts during the exposure time 

range of 1–9 hours.  
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Table 1: GC-MS analysis of the chemical composition of ZO, with ginger oil obtained through simultaneous steam distillation of the 

rhizomes of Zingiber officinale Roscoe. 

Name IUPAC* name RT** (min) Area (%) Quality 

E-citral 2,6-Octadienal, 3,7-dimethyl-, €- 19.90 19.94 96 

Zingiberene (5R)-2-methyl-5-[(2S)-6-methylhept-5-en-2-yl]cyclohexa-1,3-diene 29.14 16.47 96 

Z-citral (2E)-3,7-dimethylocta-2,6-dienal 18.57 9.95 90 

Camphene 2,2-dimethyl-3-methylidenebicyclo[2.2.1]heptane 6.28 9.48 98 

Sabinene 4-methylidene-1-propan-2-ylbicyclo[3.1.0]hexane 9.20 8.77 95 

* IUPAC, International Union of Pure and Applied Chemistry; ** RT, retention time 

 

Table 2: Mortality rate of I. multifiliis theront (n=3) 

Experiments Intervals after exposure to the treatment (h) 

1 3 5 7 9 

Control 2.8+2.5a 9.4+3.5a 11.7+5.0ab 20.0+12.0ab 29.4+12.6bc 

DMSO  8.3+8.3a 15.6+15.0a 19.4+15.8ab 25.6+14.9ab 29.4+18.6bc 

Formalin 50mg/L 80.6+4.2d 85.6+2.5d 91.7+2.9f 94.4+5.1f 98.9+1.0f 

ZO 10mg/L 38.3+3.3c 51.1+3.5e 59.4+8.2e 67.8+1.9e 76.1+5.1d 

ZO 30mg/L 62.2+1.9e 77.8+3.5d 90.0+7.3f 95.0 +2.9f 98.3+1.7f 

ZO 50mg/L 73.9+3.5d 87.8+2.5df 98.3+1.7f 100.0+0.0f 100.0+0.0f 

Values (mean+SD) with the same alphabet in a row/column are not significantly different. 

 

Zebrafish embryonic toxicity test 

 The zebrafish embryos were exposed to various 

concentrations of ZO to determine their toxicity. In this 

study, the toxicity effect was found to be correlated with 

the concentration of the extracted oils and periods after 

exposure; increased concentrations and duration of 

exposure detected a higher mortality rate in embryos (Table 

3). Zebrafish embryos showed 100% mortality after one 

hour of exposure to 100 and 200mg/L of ginger oil. 

Moreover, 50mg/L of the extracted oil, after 96 hours, also 

detected 100% mortality in zebrafish embryos. Mortality at 

24–96 hours post-treatment was significantly higher at 

concentrations of 100 and 200mg/L ZO than at the lowest 

concentration of 12.5mg/L ZO. 

 
Table 3: Mortality rate of zebrafish embryos (n=3)  

Experiments Intervals after exposure to the treatment (h) 

24 48 72 96 

ZO 12.5mg/L 4.0+1.7ad 8.3+2.9ad 8.7+1.2ad 10.0+5.0ad 

ZO 25mg/L 6.0+1.7ae 10.0+5.0af 26.7+11.5a 42.3+11.2a 

ZO 50mg/L 25.0+5.0b 63.3+2.9b 95.0+5.0b 100.0+0.0bc 

ZO 100mg/L 100.0+0.0c 100.0+0.0c 100.0+0.0c 100.0+0.0c 

ZO 200mg/L 100.0+0.0c 100.0+0.0c 100.0+0.0c 100.0+0.0c 

DMSO  0.0+0.0d 0.7+1.2d 1.0+1.0de 0.0+0.0def 

Values (mean+SD) with the same alphabet in a row/column are 

not significantly different. 

 

Teratogenicity in zebrafish 

In addition, at 12.5, 25 and 50mg/L of ZO, no 

coagulation was detected in the embryo, but heart 

oedema, no circulation, and yolk abnormalities were 

observed during the 96 hours of treatment (Table 4). 

During the experiment, a lack of heartbeat was also 

discovered in the 25 and 50mg/L groups. Moreover, a lack 

of somite formation and no detachment of the tail bud 

were revealed in only 50mg/L of the extracted oil. At the 

highest concentrations of ZO, all embryos exhibited 

teratogenicity in both the 100 and 200mg/L ZO groups 

coagulated at the end of 24 hours. During the 96-hour test, 

no significant teratogenic abnormalities in embryos were 

observed for the vehicle control and negative groups. 

Additionally, both control groups showed normal 

development (Fig. 2). 

Table 4: Teratogenic effects of ZO in zebrafish embryos. 

Abnormalities in zebrafish 

embryos 

Concentration of ZO (mg/L) 
DMSO 

12.5 25 50 100 200 

Coagulated N N N P P N 

Lack of somite formation N N P N/A N/A N 

No detachment of tail bud N N P N/A N/A N 

Lack of heartbeat N P P N/A N/A N 

Heart oedema P P P N/A N/A N 

No circulation N P P N/A N/A N 

Yolk abnormality P P P N/A N/A N 

Abbreviations: N, no effect of morphological characteristics 

compared to the negative control group; P, presence of 

abnormalities; N/A, not applicable as the embryo died (all 

embryos were dead after 24 hours of treatment exposure). 

 

DISCUSSION 

 

 Since medicinal plants are used in the traditional 

treatment of many diseases, both human and animal, 

increasing research has been conducted to determine their 

efficacy (Hussain et al. 2022; Jamil et al. 2022; Abbas et al. 

2023; Alsayeqh and Abbas 2023; Altaf et al. 2023; Rehman 

et al. 2023; Jamil et al. 2024). In the present study, ginger 

oil was extracted from rhizomes through simultaneous 

stream distillation using a Clevenger-type apparatus, 

yielding a 0.24% essential oil yield. Similarly, Kamal et al. 

(2023) extracted ginger rhizomes from Thailand, observing 

a 0.2% yield of extracted oil by hydro-distillation, while the 

research by de Souza Junior et al. (2020) in Brazil 

demonstrated a 0.25% yield of essential oil using the steam 

distillation extraction method. In contrast, the studies by 

Abdurahman et al. (2013) in India and Zaid et al. (2022) in 

Malaysia presented the percentage yield of ginger oil as 

0.85%, separated by the microwave-assisted hydro-

distillation method, while 0.08 to 0.77% was obtained by 

the steam-distillation extraction method, respectively. In 

addition, Kamal et al. (2023) extracted the oil of ginger 

rhizomes from China, yielding 0.09 to 0.15% by hydro-

distillation. Generally, the variation in essential oil yield 

from plants could be observed. This can be affected by the 

source of the plant, immaturity of the harvested plant, 

changes in climatic conditions during cultivation, 

agricultural practices, soil quality, freshness or dryness, 

long storage periods before analysis, and extraction 

methods (Mahboubi 2019; Zaid et al. 2022). 
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Fig. 2: Morphological features of zebrafish embryos and larvae, 

examined after exposure to varying doses of ZO at different time 

intervals (24, 48, 72, and 96 hours after fertilisation). Normal 

morphology can be observed in the group treated with the lowest 

doses and DMSO. Typical zebrafish development abnormalities 

can be observed in embryos treated with ZO at concentrations 

ranging from 25 to 50mg/L. Abbreviations: M, malformation of 

yolk sac; S, spinal column curving; H, heart oedema; P, poor 

reabsorption of yolk sac; and C, coagulated embryo (scale bars = 

1µm). 
 

 Most of the medical effects of Z. officinale Roscoe 

rhizomes are due to phytochemical compounds (Styawan 

et al. 2022). Several studies have shown that the chemicals 

in ginger essential oil have important biological and 

pharmaceutical effects (Saeed and Tariq 2006; Ganjewala 

et al. 2012; Styawan et al. 2022; Gutiérrez-Pacheco et al. 

2023). GC-MS was also used to examine the chemical 

compounds in this study, and numerous monoterpenes 

were found, including citral (29.89%), E-citral (19.94%), 

and Z-citral (9.95%). Furthermore, the volatile oil 

extraction from ginger in this study also revealed the 

presence of sesquiterpene compounds, specifically 

zingiberene (16.47%). There are two types of citral: neral 

(also written as Z-citral, β-citral, cis-citral, or citral B) and 

geranial (also written as E-citral, α-citral, trans-citral, or 

citral A). It is an important compound in many medicinal 

plants, especially ginger rhizomes. Many earlier studies 

have investigated this compound, reporting that it might 

help prevent and treat diseases caused by bacteria, fungi, 

and parasites, as well as cancer, inflammation, insects, and 

pests (Ganjewala et al. 2012; Gutiérrez-Pacheco et al. 

2023). Recently, interesting research has revealed that 

citral could kill microorganisms by stopping the growth 

and reproduction of harmful microorganisms and delaying 

oxidative processes (Gutiérrez-Pacheco et al. 2023). Citral 

was very good at killing parasites because it caused 

apoptosis, marked by cell shrinkage, cytoplasmic bubbles, 

the loss of a flagellum, nuclear chromatin condensation, 

loss of mitochondrial membrane potential, cell membrane 

lysis with cytoplasm leakage, and DNA fragmentation. 

This likely occurs due to the loss of mitochondrial function 

(Santoro et al. 2007; Dos Anjos et al. 2016; Moreno et al. 

2018; Pereira et al. 2022). Citral, the primary ingredient in 

the extracted oil, plays a crucial role in the medicinal 

properties of Z. officinale Roscoe rhizomes. 

 Previous studies have shown that certain medicinal 

plants demonstrate effectiveness in protecting fish from I. 

multifiliis (Zhang et al. 2013; Valladão et al. 2016; Huang 

et al. 2022). Moreover, the literature indicates that theronts 

are more responsive to parasiticidal compounds from 

plants and chemical substances (Buchmann et al. 2003; 

Rowland et al. 2008; Ling et al. 2012; Yi et al. 2012; Zhang 

et al. 2013; Huang et al. 2022). Interestingly, the present 

study is the first to report that the ZO cultivated in Chiang 

Mai, Thailand, performed an antiparasitic effect against I. 

multifiliis theronts isolated from goldfish. This 

investigation may be based on the chemical composition of 

oil, as described previously. However, the study did not 

uncover the efficacy of ginger oil against protomonts. 

Similarly, a study in China on the parasiticidal effects of 

berberine revealed that 15mg/L of berberine during a 4-

hour exposure time could kill 99.30% of I. multifiliis 

theronts, while it had no effect on protomonts (Huang et al. 

2022). According to this study, ZO demonstrates the 

potential to eliminate an infective theront stage of I. 

multifiliis isolated from goldfish but could not kill 

protomonts. Due to the protomont stage, the parasite was 

covered by a cyst, creating a barrier to ZO penetration. 

 Lin et al. (2016) reported that the minimum 

concentrations of Zingiber officinale, Cynanchum atratum, 

and Cynanchum paniculatum extract needed to achieve 

100% I. multifiliis mortality were 8 (after 131 min of 

exposure), 16 (after 124 min of exposure), and 16mg/L 

(after 148.7 min of exposure), respectively. Due to the 

differences between the plants and the extraction method, 

the applied dose and exposure time may also vary to 

achieve 100% mortality of I. multifiliis. Zhang et al. (2013) 

also showed that all theronts could be killed by exposure to 

5 and 10mg/L of pentagalloylglucose extracted from Galla 

chinensis for one hour. Furthermore, Valladão et al. (2016) 

reported that the studied concentrations of Melaleuca 

alternifolia, Lavandula angustifolia, and Mentha piperita 

essential oils were 57 to 455mg/L, showing 100% mortality 

of theronts after two hours of exposure. In comparison to 

previous studies, ZO was more effective in killing I. 

multifiliis than garlic (Allium sativum), which required 15 

hours to eliminate all theronts at a concentration of 

62.5mg/L (Buchmann et al. 2003). 

 Although natural active ingredients are considered 

safe for humans, animals, and the environment, 

inappropriate use of these compounds can lead to 

intoxication (Zhang et al. 2013; Valladão et al. 2016; 

Huang et al. 2022). In this study, the toxicity effects of ZO 

were also examined using a zebrafish model. Zebrafish 

serve as a common model for screening the efficacy and 

toxicity of drugs due to the significant data on vertebrate 

animals (Chahardehi et al. 2020). Active compounds, 

particularly in the zebrafish embryo, have gained 
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popularity in toxicity studies due to their comprehensive 

and well-defined developmental duration for vertebrate 

embryos, allowing evaluation in the early life stages of fish. 

As a result, zebrafish evaluation can be used as a primary 

toxicity model to scan for toxic drug candidates and as a 

substitute for vertebrate animal models (Chahardehi et al. 

2020; Stachurski et al. 2023). However, few reports exist 

on the toxicity of ginger oil in zebrafish embryo models. 

Similarly to other previous experiments, significant 

morphological damage in zebrafish embryos to extracted 

oil was discovered in this present study. After exposing the 

zebra embryos to ginger oil, abnormalities were observed, 

such as coagulation, lack of somite formation, no tail bud 

detachment, lack of heartbeat, heart oedema, no circulation, 

and yolk abnormalities, particularly at high concentrations. 

In accordance with previous data, morphological 

abnormalities and developmental impairment were 

observed in zebrafish embryos exposed to different 

essential oils obtained from plants, such as lemongrass oil, 

oregano oil, and thyme oil (Hudaib et al. 2002; Teixeira et 

al. 2013; Majewska et al. 2019; da Silva Jr et al. 2023). 

These oil compounds, such as thymol, carvacrol and citral, 

are known for their ability to pass through zebrafish 

chorion (Majewska et al. 2019; Piasecki et al. 2021; da 

Silva Jr et al. 2023). Therefore, it is reasonable to 

hypothesise that the toxic effects of these extracted oils are 

associated with the presence of phytochemical substances. 

Moreover, a study by da Silva et al. (2023) revealed that 

citral was the likely cause of a reduction in the percentage 

epiboly occurring when these compounds pass through the 

chorion, indicating a delay in the gastrulation process. 

Interestingly, citral is also reported to be used in 

pharmacology as an inhibitor of retinoic acid biosynthesis, 

which causes acid reduction (Gur et al. 2022). During the 

early stages of embryonic development, particularly during 

gastrulation and the formation of the axis and limbs, 

retinoic acid plays a crucial role, leading to the detection of 

cytoskeletal system malformation and development delay 

(Stafford and Prince 2002; Smith et al. 2003; Gibert et al. 

2006). The present study demonstrates that a low dose of 

ZO has the potential to kill I. multifiliis infections with less 

embryonic toxicity and teratogenicity. However, further 

research is necessary to determine the safe therapeutic dose 

of ZO for treating I. multifiliis infections. 

 The findings of this study demonstrate the 

pharmacological activities of the active compounds in the 

extract from herbal plants, indicating their potential for 

animal disease treatment. The active compounds of ZO 

demonstrate the ability to eliminate parasites and 

potentially eradicate an infective stage of I. multifiliis from 

goldfish. However, further in vivo experiments should be 

conducted to investigate the appropriate dosage of ZO to 

prevent adverse effects. In addition, the findings from this 

initial investigation suggest the use of ZO for alternative 

treatment of an infective theront stage of I. multifiliis in 

ornamental fish. Nevertheless, in the protomont stage, ZO 

should be prepared in pharmaceutical dosage form or 

formulated using pharmaceutical nanotechnology to 

increase oil penetration through the covered cyst of the 

parasite. Additionally, herbal plants, unlike conventional 

chemical treatments, have low bioaccumulation and are 

decomposable, potentially preventing drug resistance from 

the use of hazardous chemicals. 

Conclusion 

 There is growing interest in the application of 

medicinal plant extracts in human and animal treatments 

because they are safer and contain many active 

phytoconstituents. In this study, the identified active 

substances in the ZO exhibited antiparasitic activity, 

effectively eliminating an infective stage of I. multifiliis in 

an in vitro experiment. However, inappropriate use of this 

compound could still have toxic effects. Further study is 

required to establish precise therapeutic doses in treatment 

and safety thresholds, as this will provide valuable 

information for developing an appropriate pharmaceutical 

dosage form of ginger oil for ornamental fish aquaculture. 

 

Authors’ contributions: BS and SP: Conceptualization 

and project administration. BS, WC, SO, and S.P: 

Methodology. BS and TY: Analyzed and interpreted the 

data. BS, WC and SP: Writing—original draft preparation. 

BS and SP: writing—review and revised the manuscripts. 

All authors have read and agreed to the published version 

of the manuscript. 

 

Acknowledgments: The authors thank the research center 

for pharmaceutical nanotechnology, Chiang Mai 

University and Faculty of Veterinary Medicine, Chiang 

Mai University for the facility and instrument support. This 

project is partially funded by Chiang Mai University and 

Faculty of Veterinary Medicine, Chiang Mai University. 

 

Competing interests: The authors declare that they have 

no competing interests. 

 

REFERENCES 

 
Abbas AA, Abbas RZ, Rehman TU, Raza MA and Saeed M, 

2023. Novel and alternative therapeutic agents for 

controlling infectious diseases of poultry. Frontiers in 

Veterinary Science 10: 1232983. https://doi.org/10.3389/ 

fvets.2023.1232983  
Abdurahman HN, Ranitha M and Azhari HN, 2013. Extraction 

and characterization of essential oil from Ginger (Zingiber 

officinale roscoe) and Lemongrass (Cymbopogon citratus) 

by microwave-assisted Hydrodistillation. International 

Journal of Environmental Engineering 4: 221–226.  

Alafiatayo AA, Lai KS, Syahida A, Mahmood M and 

Shaharuddin NA, 2019. Phytochemical evaluation, 

embryotoxicity, and teratogenic effects of Curcuma longa 

Extract on zebrafish (Danio rerio). Evidence-Based 

Complementary and Alternative Medicine 1-10. 

https://doi.org/10.1155/2019/3807207 

Alavinia SJ, Mirzargar SS, Rahmati-Holasoo H and Mousavi HE, 

2018. The in vitro and in vivo effect of tannic acid on 

Ichthyophthirius multifiliis in zebrafish (Danio rerio) to treat 

ichthyophthiriasis. Journal of Fish Disease 41(12): 1793-

1802. https://doi.org/10.1111/jfd.12886 

Allignol A and Latouche A, 2023. CRAN Task View: Survival 

Analysis. Version 2023-09-10. https://CRAN.R-project.org/ 

view=Survival  

Alsayeqh AF and Abbas RZ, 2023. Nutritional supplements for 

the control of avian coccidiosis–A review. Annals of Animal 

Science 23(4): 993-1007. https://doi.org/10.2478/aoas-

2023-0013 

Altaf S, Abbas RZ, Akhtar T, Siddique F, Mahmood MS, Khan 

MK, Ziaf K, Rafay M, Khan MA, Abbas A, Rehman T, 

Marcelino LA, Zia M, Khater HF, Saeed NM and Abbasi 

KY, 2023. Antioxidant rich medicinal plants as a potential 

https://doi.org/10.3389/%20fvets.2023.1232983
https://doi.org/10.3389/%20fvets.2023.1232983
https://doi.org/10.1155/2019/3807207
https://doi.org/10.1111/jfd.12886
https://cran.r-project.org/%20view=Survival
https://cran.r-project.org/%20view=Survival
https://cran.r-project.org/%20view=Survival
https://doi.org/10.2478/aoas-2023-0013
https://doi.org/10.2478/aoas-2023-0013


Int J Vet Sci, 2024, x(x): xxx. 
 

 7 

candidate to treat gastric ulcer. Boletin Latinoamericano Y 

Del Caribe De Plantas Medicinales Y Aromáticas 22(5): 

560-580. https://doi.org/10.37360/blacpma.23.22.5.41  

Buchmann K, Jensen PB and Kruse KD, 2003. Effects of sodium 

percarbonate and garlic extract on Ichthyophthirius 

multifiliis theronts and tomocysts: in vitro experiments. 

North American Journal of Aquaculture 65 (1): 21–24. 

https://doi.org/10.1577/1548-8454(2003)065<0021: 

EOSPAG>2.0.CO;2 

Chahardehi AM, Arsad H and Lim V, 2020. Zebrafish as a 

successful animal model for screening toxicity of medicinal 

plants. Plants 9(10): 1345. https://doi.org/10.3390/ 

plants9101345 

da Silva Jr II, da Silva NPC, Marrs JA and Cadena PG, 2023. 

Essential oils produce developmental toxicity in zebrafish 

embryos and cause behavior changes in zebrafish larvae. 

Biomedicines 11(10): 2821. https://doi.org/10.3390/ 

biomedicines11102821 

de Souza Junior ETD, Siqueira LM, Almeida RN, Lucas AM, 

Silva CGFD, Cassel E and Vargas RMF, 2020. Comparison 

of different extraction techniques of Zingiber officinale 

essential oil. Brazilian Archives of Biology and Technology 

63: 1-14. http://dx.doi.org/10.1590/1678-4324-2020190213 

Dos Anjos DO, Sobral Alves ES, Gonçalves VT, Fontes SS, 

Nogueira ML, Suarez-Fontes AM, Neves da Costa JB, Rios-

Santos F and Vannier-Santos MA, 2016. Effects of a novel 

β–lapachone derivative on Trypanosoma cruzi: Parasite 

death involving apoptosis, autophagy and necrosis. 

International Journal for Parasitology: Drugs and Drug 

Resistance 6(3): 207-219. https://doi.org/10.1016/j.ijpddr. 

2016.10.003 

El-Sayed NM and El-Saka M, 2015. Anti-parasitic activity of 

Zingiber officinale (Ginger): a brief review. Aperito Journal 

of Bacteriology Virology and Parasitology 2(1): 1-7. 

http://dx.doi.org/10.14437/2378-7864-2-112 

Eltaly RI, Baz MM, Radwan IT, Yousif M, Abosalem HS, Selim 

A, Taie HAA, Farag AAG and Khater HF, 2023. Novel 

acaricidal activity of Vitex castus and Zingiber officinale 

extracts against the camel tick, Hyalomma dromedarii. 

International Journal of Veterinary Science 12(2): 255-259. 

https://doi.org/10.47278/journal.ijvs/2022.184 

Ganjewala D, Gupta AK and Muhury R, 2012. An update on 

bioactive potential of a monoterpene aldehyde citral. Journal 

of Biologically Active Products from Nature 2(4): 186-199. 

https://doi.org/10.1080/22311866.2012.10719126 

Gharavi-Nakhjavani MS, Niazi A, Hosseini H, Aminzare M, 

Dizaji R, Tajdar-Oranj B and Alizadeh AM, 2023. Malachite 

green and leucomalachite green in fish: a global systematic 

review and meta-analysis. Environmental Science and 

Pollution Research 30(17): 48912-48927. https://doi.org/10. 

1007/s11356-023-26372-z 

Gibert Y, Gajewski A, Meyer A and Begemann G, 2006. 

Induction and prepatterning of the zebrafish pectoral fin bud 

requires axial retinoic acid signaling. Development 133: 

2649–2659. https://doi.org/10.1242/dev.02438 

Gul ST, Raza R, Hannan A, Khaliq S, Waheed N and Aderibigbe 

A, 2024. Potential of a medicinal plant Urtica dioica 

(Stinging nettle) as a feed additive for animals and birds: A 

review. Agrobiological Records 17: 110-118. 

https://doi.org/10.47278/journal.abr/2024.029 

Gur M, Edri T, Moody SA and Fainsod A, 2022. Retinoic acid is 

required for normal morphogenetic movements during 

gastrulation. Frontiers in Cell and Developmental Biology 

10: 857230. https://doi.org/10.3389/fcell.2022.857230 

Gutiérrez-Pacheco MM, Torres-Moreno H, Flores-Lopez ML, 

Velázquez Guadarrama N, Ayala-Zavala JF, Ortega-

Ramírez LA and López-Romero JC, 2023. Mechanisms and 

applications of citral ’s antimicrobial properties in food 

preservation and. pharmaceuticals formulations. Antibiotics 

12: 1608. https://doi.org/10.3390/antibiotics12111608 

Hadfield CA, 2021. Clinical Guide to Fish Medicine. Wiley-

Blackwell, Hoboken, New Jersey. 

Hegazy SA, Abd Elmawla SM, Khorshed MM and Salem FA, 

2023. Productive and immunological performance of small 

ruminants offered some medicinal plants as feed additives. 

International Journal of Veterinary Science 12(1): 120-125. 

https://doi.org/10.47278/journal.ijvs/2022.163 

Huang K, Hu G, Wang R, Zeng Q, Li W, Zou H, Wu S, Wang G 

and Li M, 2022. In vitro assessment of berberine against 

Ichthyophthirius multifiliis in goldfish. Pathogens 11(10): 

1207. https://doi.org/10.3390/pathogens11101207 

Hudaib M, Speroni E, Di Pietra AM and Cavrini V, 2002. GC/MS 

evaluation of thyme (Thymus vulgaris L.) oil composition 

and variations during the vegetative cycle. Journal of 

Pharmaceutical and Biomedical Analysis .700–691 :29 

https://doi.org/10.1016/S0731-7085(02)00119-X 

Hussain K, Abdullah F, Alsayeqh AA, Rao ZA, Atif RZ, Waqar, 

Tauseef Ur R and Muhammad SM, 2022. Potential of 

Glycyrrhiza glabra (Licorice) extract an alternative 

biochemical and therapeutic agent against coccidiosis in 

broiler chickens." Kafkas Üniversitesi Veteriner Fakültesi 

Dergisi 28(5) https://doi.org/10.9775/kvfd.2022.27620  

Iqbal T, Altaf S, Fatima M, Rasheed R, Laraib K, Azam M, 

Karamat M, Salma U and Usman S, 2024. A narrative review 

on effective use of medicinal plants for the treatment of 

parasitic foodborne diseases. Agrobiological Records 16: 

79-92. https://doi.org/10.47278/journal.abr/2024.016 

Jamil M, Jamil M, Aleem MT, Shaukat A, Khan A, Mohsin M, 

Rehman TU, Abbas RZ, Saleemi MK, Khatoon A, Babar W, 

Yan R and Li K, 2022. Medicinal plants as an alternative to 

control poultry parasitic diseases. Life 12(3): 449. 

https://doi.org/10.3390/life12030449  

Jamil M, Khatoon A, Saleemi MK, Abidin ZU, Abbas RZ, Ul-

Hassan Z, Bhatti SA, Irshad H, Imran M and Raza QS, 2024. 

Use of phytochemicals to control the Mycotoxicosis in 

poultry. World's Poultry Science Journal 80(1): 237-250. 

https://doi.org/10.1080/00439339.2023.2255575  

Kamal GM, Nazi N, Sabir A, Saqib M, Zhang X, Jiang B, Khan 

J, Noreen A, Uddin J and Murtaza S, 2023.Yield and 

chemical composition of ginger essential oils as affected by 

inter-varietal variation and drying treatments of rhizome. 

Separations 10(3): 186. https://doi.org/10.3390/ 

separations10030186 

Kimmel CB, Ballard WW, Kimmel SR, Ullmann B and Schilling 

T, 1995. Stages of embryonic development of the zebrafish. 

Developmental Dynamics 203(3): 253-310. 

https://doi.org/10.1002/aja.1002030302 

Lin DJ, Hua YN, Zhang QZ, Xu DH, Fu YW, Liu YM and Zhou 

SY, 2016. Evaluation of medicated feeds with antiparasitical 

and immune-enhanced Chinese herbal medicines against 

Ichthyophthirius multifiliis in grass carp (Ctenopharyngodon 

idellus). Parasitology Research 115: 2473–2483. 

https://doi.org/10.1007/s00436-016-5000-y 

Ling F, Wang JG, Lu C, Wang GX, Lui YH and Gong XN, 2012. 

Effects of aqueous extract of Capsicum frutescens 

(Solanaceae) against the fish ectoparasite Ichthyophthirius 

multifiliis. Parasitology Research 111(2): 841–848 

https://doi.org/10.1007/s00436-012-2907-9 

Mahboubi M, 2019 Zingiber officinale Rosc. essential oil, a 

review on its composition and bioactivity. Clinical 

Phytoscience 5(6): 1-12. https://doi.org/10.1186/s40816-

018-0097-4 

Majewska E, Kozlowska M, Gruczynska-Sekowska E, Kowalska 

D and Tarnowska K, 2019 Lemongrass (Cymbopogon 

citratus) essential oil: extraction, composition, bioactivity 

and uses for food preservation—a review. Polish Journal of 

Food and Nutrition Sciences 69(4): 327–341. 

https://doi.org/10.31883/pjfns/113152 

Mao QQ, Xu XY, Cao SY, Gan RY, Corke H, Beta T and Li HB, 

2019. Bioactive compounds and bioactivities of ginger 

https://doi.org/10.37360/blacpma.23.22.5.41
https://doi.org/10.1577/1548-8454(2003)065%3c0021:%20EOSPAG%3e2.0.CO;2
https://doi.org/10.1577/1548-8454(2003)065%3c0021:%20EOSPAG%3e2.0.CO;2
https://doi.org/10.3390/%20plants9101345
https://doi.org/10.3390/%20plants9101345
https://doi.org/10.3390/%20biomedicines11102821
https://doi.org/10.3390/%20biomedicines11102821
http://dx.doi.org/10.1590/1678-4324-2020190213
https://doi.org/10.1016/j.ijpddr.%202016.10.003
https://doi.org/10.1016/j.ijpddr.%202016.10.003
http://dx.doi.org/10.14437/2378-7864-2-112
https://doi.org/10.47278/journal.ijvs/2022.184
https://doi.org/10.1080/22311866.2012.10719126
https://doi.org/10.%201007/s11356-023-26372-z
https://doi.org/10.%201007/s11356-023-26372-z
https://doi.org/10.1242/dev.02438
https://doi.org/10.47278/journal.abr/2024.029
https://doi.org/10.3389/fcell.2022.857230
https://doi.org/10.3390/antibiotics12111608
https://doi.org/10.47278/journal.ijvs/2022.163
https://doi.org/10.3390/pathogens11101207
https://doi.org/10.3390/pathogens11101207
https://doi.org/10.1016/S0731-7085(02)00119-X
https://doi.org/10.9775/kvfd.2022.27620
https://doi.org/10.47278/journal.abr/2024.016
https://doi.org/10.3390/life12030449
https://doi.org/10.1080/00439339.2023.2255575
https://doi.org/10.3390/%20separations10030186
https://doi.org/10.3390/%20separations10030186
https://doi.org/10.1002/aja.1002030302
https://doi.org/10.1007/s00436-016-5000-y
https://doi.org/10.1007/s00436-012-2907-9
https://doi.org/10.1186/s40816-018-0097-4
https://doi.org/10.1186/s40816-018-0097-4
https://doi.org/10.31883/pjfns/113152


Int J Vet Sci, 2024, x(x): xxx. 
 

 8 

(Zingiber officinale roscoe). Foods 8(6): 185. 

https://doi.org/10.3390/foods8060185 

Mishra RK, Kumar A and Kumar A, 2012. Pharmacological 

activity of Zingiber officinale. International Journal of 

Pharmaceutical and Chemical Sciences 1(3): 1073-1078. 

Moreno ÉM, Leal SM, Stashenko EE and García LT, 2018 

Induction of programmed cell death in Trypanosoma cruzi 

by Lippia alba essential oils and their major and synergistic 

terpenes (citral, limonene and caryophyllene oxide). BMC 

Complementary and Alternative Medicine 18(1): 1-16. 

https://doi.org/10.1186/s12906-018-2293-7 

Mubashir A, Ghani A and Mubashar A, 2022. Common 

Medicinal Plants Effective in Peptic Ulcer Treatment: A 

Nutritional Review. International Journal of Agriculture and 

Biosciences 11(2): 70-74. https://doi.org/10.47278/journal 

.ijab/2022.010 

OECD, 2013. Guidelines for the Testing of Chemicals. Section 2-

Effects on Biotic Systems Test (No 236 Fish Embryo Acute 

Toxicity (FET) Test); Organization for Economic 

Cooperation and Development: Paris, France. 

Özil Ö, 2023. Antiparasitic activity of medicinal plants against 

protozoan fish parasite Ichthyophthirius multifiliis. Israeli 

Journal of Aquaculture - Bamidgeh 75(2): 1-7. 

https://doi.org/10.46989/001c.83257 

Picón-Camacho SM, Marcos-Lopez M, Bron JE and Shinn AP, 

2012. An assessment of the use of drug and non-drug 

interventions in the treatment of Ichthyophthirius multifiliis 

Fouquet, 1876, a protozoan parasite of freshwater fish. 

Parasitology 139: 149-190. https://doi.org/10.1017/ 

S0031182011001867 

Pereira PS, Oliveira CVB, Maia AJ, Vega-Gomez MC, Rolón M, 

Coronel C, Duarte AE, Coutinho HDM, Siyadatpanah A, 

Norouzi R, Sadati SJA, Wilairatana P and Silva TG, 2022. 

Evaluation of the in vitro antiparasitic effect of the essential 

oil of Cymbopogon winterianus and its chemical 

composition analysis. Molecules 27(9): 2753. 

https://doi.org/10.3390/molecules27092753 

Piasecki B, Biernasiuk A, Skiba A, Skalicka-Wo´zniak K and 

Ludwiczuk A, 2021. Composition, anti-MRSA activity and 

toxicity of essential oils from Cymbopogon species. 

Molecules 26(24): 7542. https://doi.org/10.3390/ 

molecules26247542 

R Core Team, 2020. Vienna, Austria: R Foundation for Statistical 

Computing; 2020. R: a language and environment for 

statistical computing. )https://www.R-project.org/). 

Rehman A, Hussain K, Zaman MA, Faurk MAZ, Abbas A, Mero 

WMS., Abbas RZ, Waqas MU, Zurisha RANI, Khan JA and 

Raza MA, 2023. Effect of Coneflower, Neem, and Thyme 

Extracts on Growth Performance, Blood Chemistry, 

Immunity and Intestinal Microbial Population of Broilers. 

Kafkas Üniversitesi Veteriner Fakültesi Dergisi 29(4): 407-

413. https://doi.org/10.9775/kvfd.2023.29625  

Rowland SJ, Mifsud C, Nixon M, Read P and Landos M, 2008. 

Use of formalin and copper to control ichthyophthiriosis in 

the Australian freshwater fish silver perch (Bidyanus 

bidyanus Mitchell). Aquaculture Research 40: 44–54. 

https://doi.org/10.1111/j.1365-2109.2008.02061.x 

Saeed S and Tariq P, 2006. Pharmacological activities of ginger 

(Zingiber officinale): a review. International Journal of 

Biotechnology 3(3): 519-526. 

Santoro GF, Cardoso MG, Guimarães LGL, Freire JM and Soares 

MJ, 2007. Antiproliferative effect of the essential oil of 

Cymbopogon citratus (DC) Stapf (lemongrass) on 

intracelular amastigotes, bloodstream trypomastigotes and 

culture epimastigotes of Trypanosoma cruzi (Protozoa: 

Kinetoplastida). Parasitology 134(11): 1649–1656. 

https://doi.org/10.1017/S0031182007002958 

Smith GD, Wilburn C and McCarthy RA, 2003. Methoprene 

photolytic compounds disrupt zebrafish development, 

producing phenocopies of mutants in the sonic hedgehog 

signaling pathway. Marine Biotechnology (New York, N.Y.) 

5: 201–212. https://doi.org/10.1007/s10126-002-0062-5 

Stachurski P, Świątkowski W, Ciszewski A, Sarna-Boś K and 

Michalak A, 2023. A Short Review of the Toxicity of 

Dentifrices—Zebrafish Model as a Useful Tool in 

Ecotoxicological Studies. International Journal of Molecular 

Sciences 24: 14339. https://doi.org/10.3390/ijms241814339 

Stafford D and Prince VE, 2002. Retinoic acid signaling is 

required for a critical early step in zebrafish pancreatic 

development. Current Biology 12(14): 1215-1220. 

https://doi: 10.1016/s0960-9822(02)00929-6 

Styawan AA, Susidarti RA, Purwanto Windarsih A, Rahmawati 

N, Sholikhah IKM and Rohman A, 2022. Review on ginger 

(Zingiber officinale Roscoe): phytochemical composition, 

biological activities and authentication analysis. Food 

Research 6(4): 443-454. https://doi.org/10.26656/fr.2017.6 

(4).500 

Teixeira B, Marques A, Ramos C, Serrano C, Matos O, Neng NR, 

Nogueira JMF, Saraiva JA and Nunes ML, 2013. Chemical 

composition and bioactivity of different oregano (Origanum 

vulgare) extracts and essential oil. Journal of the Science of 

Food and Agriculture 93: 2707–2714. https://doi.org/10. 

1002/jsfa.6089 

Valladão GMR, Gallani SU, Ikefuti CV, Cruz C, Levy-Pereira N, 

Rodrigues MVN and Pilarski F, 2016. Essential oils to 

control Ichthophthiriasis in pacu, Piaractus mesopotamicus 

(Holmberg): special emphasis on treatment with Melaleuca 

alternifolia. Journal of Fish Disease 39(10): 1143-1152. 

https://doi.org/10.1111/jfd.12447 

Van QP, Yılmaz BH and Yıldız HY, 2021. In vitro antiparasitic 

activity of ginger (Zingiber officinale) bulb and pomegranate 

(Punica granatum) peel against Monogenean fish parasite, 

Dactylogyrus sp. Acta Aquatica Turcica 17(1): 56-63. 

https://doi.org/10.22392/actaquatr.751913 

Yi YL, Lu C, Hu XG, Ling F and Wang GX, 2012. Antiprotozoal 

activity of medicinal plants against Ichthyophthirius 

multifiliis in goldfish (Carassius auratus). Parasitology 

Research  111: 1771–1778. https:// doi: 10.1007/s00436-

012-3022-7 

Zaid A, Haw XR, Alkatib HH, Sasidharan S, Marriott PJ and 

Wong YF, 2022. Phytochemical constituents and 

antiproliferative activities of essential oils from four 

varieties of Malaysian Zingiber officinale Roscoe against 

human cervical cancer cell line. Plants 11(10): 1280. 

https://doi.org/10.3390/plants11101280 

Zhang Q, Xu DH and Klesius PH, 2013. Evaluation of an 

antiparasitic compound extracted from Galla chinensis 

against fish parasite Ichthyophthirius multifiliis. Veterinary 

Parasitology 198(1-2): 45-53. https://doi.org/10.1016/j. 

vetpar.2013.08.019 

 

 

https://doi.org/10.3390/foods8060185
https://doi.org/10.1186/s12906-018-2293-7
https://doi.org/10.47278/journal%20.ijab/2022.010
https://doi.org/10.47278/journal%20.ijab/2022.010
https://doi.org/10.46989/001c.83257
https://doi.org/10.1017/%20S0031182011001867
https://doi.org/10.1017/%20S0031182011001867
https://doi.org/10.3390/molecules27092753
https://doi.org/10.3390/%20molecules26247542
https://doi.org/10.3390/%20molecules26247542
https://www.r-project.org/
https://www.r-project.org/
https://doi.org/10.9775/kvfd.2023.29625
https://doi.org/10.1111/j.1365-2109.2008.02061.x
https://doi.org/10.1017/S0031182007002958
https://doi.org/10.1007/s10126-002-0062-5
https://doi.org/10.3390/ijms241814339
https://doi:%2010.1016/s0960-9822(02)00929-6
https://doi.org/10.26656/fr.2017.6%20(4).500
https://doi.org/10.26656/fr.2017.6%20(4).500
https://doi.org/10.%201002/jsfa.6089
https://doi.org/10.%201002/jsfa.6089
https://doi.org/10.1111/jfd.12447
https://doi.org/10.22392/actaquatr.751913
https://doi.org/10.3390/plants11101280
https://doi.org/10.1016/j.%20vetpar.2013.08.019
https://doi.org/10.1016/j.%20vetpar.2013.08.019

