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Abstract 

This study was conducted to evaluate the antifungal effects of garlic (Allium sativum) 

and wormwood (Artemisia sieberi) ethanolic extracts on survival of rainbow trout 

(Oncorhynchus mykiss) eggs during the incubation and larval stages. The eggs were 

exposed, in triplicate, to three different doses of garlic (50, 100, 200 ppm) and 

wormwood (25, 50, 100 ppm) for 30 min under static condition. Malachite green (2 

ppm) was also applied as positive control, while none pharmacological intervention 

was set as negative treatment. The results illustrated no significant difference in eyeing 

eggs, green eggs and larval stage mortality rate among the treatments (p<0.05). the fish 

eggs exposed to 2 ppm malachite green, 200 ppm garlic extract, and 100 ppm 

wormwood had the highest survival rate over the eyeing and hatching stages. Similar 

results were also obtained in larval stage with the highest survival rate in larvae 

exposed to 2 ppm malachite green (94.3±0.1 %) followed by those exposed to highest 

garlic (93.1±0.3 %) and wormwood extracts (93.1±0.4 %), respectively. The lowest 

survival rate was also obtained in eggs and larvae exposed to non-pharmacological 

intervention. Although the lowest mortality was found in malachite green treatment, 

findings of the present study illustrated that highest doses of garlic (200 ppm) and 

wormwood (100 ppm) extracts could be proposed at the highest concentration as a 

fungicide during the incubation of rainbow trout eggs and larvae culture due to their 

noncarcinogenic properties compared to the malachite green 
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Introduction 

Cold-water fish farming is a section of 

aquaculture developing in most part of 

Iran, although it is encountered to some 

implementation challenges like high 

mortality during the eggs incubation in 

hatchery centers often resulted from the 

fungal disease (Sharif-Rohani et al., 

2006). Saprolegniasis or cotton wool 

disease is one of the most harmful 

cutaneous infection by a variety of 

water molds mostly in the genus 

Saprolegnia that causes a series of 

problem during the egg incubation of 

some species like rainbow trout, 

Oncorhynchus mykiss Walbaum 1792 

(Bruno and Wood, 1994). different 

chemical disinfectants like malachite 

green, copper sulfate, potassium 

permanganate, sodium chloride and 

formalin could be used for treatment of 

infected fish eggs to saprolegniasis 

(Hardin, 2001). Due to the genetic 

diversity in pathogens population, 

resistant strains formation, and 

widespread side effects, there is a great 

interest for replacement of chemical 

drugs with herbal extracts in sustainable 

aquaculture activities.  

    Some plants have active compounds 

with antimicrobial, immune 

stimulating, and nutritional properties 

whose applications is broadly 

developing in aquaculture industry 

(Reverter et al., 2014; Syahidah et al., 

2015). Due to the easy availability, low 

price, and high biocompatibility, the 

plant-derived extracts are of promising 

sources of bioactive molecules for 

replacement with the chemical drugs 

(Bulfon et al., 2015). 

    Garlic (Allium sativum) is one of the 

most important medicinal plants with a 

significant amounts of sulfide 

compounds such as allicin, ajoene, and 

bioflavonoids showing great antiviral, 

antifungal, and antibacterial properties 

(Santhosha et al., 2013). However, 

Garlic has some other beneficial effects 

such as fat reduction, liver protection, 

cholesterol decrement, and clotting time 

improvement (Sahu et al., 2007). 

Squires et al. (2011) reported the 

highest mortality of Schistosoma 

mansoni and Echinostoma caproni after 

20 h exposure to 2 mg mL
-1

 ethanolic 

extract of garlic, while this time was 

16- 23 h for Fasciola hepatica. 

    Wormwood (Artemisia sieberi) is 

another herbal plant widely grown as a 

predominant species in arid and semi-

arid regions of Iran that is well used for 

its antiseptic, antitoxic, antiparasitic, 

and antimicrobial properties in Iranian 

traditional medicine (Azadbakht et al., 

2003; Kazemi and Akhavani, 2009; 

Mahboubi and Farzin, 2009; Aliabadi et 

al., 2010). Different studies have been 

recently assessed the effects of 

Artemisia annua extract as an 

environmentally friendly substitute of 

chemical compounds against 

monogenean parasites (Ekanem and 

Brisibe, 2010; Albert and Ebiamadon, 

2010; Elango and Rahuman, 2011).  

    The present study was conducted to 

evaluate the effects of Allium sativum  
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and Artemisia sieberi extracts on 

survival rate of the rainbow trout during 

the eyeing, hatching and larval stages. 

 

Materials and methods  

The present study has been done in a 

local rainbow trout farm, Aligoudarz, 

Lorestan province, Iran. Thirty 4-year 

rainbow trout broodstocks (5 males and 

25 females) were randomly selected 

and anesthetized with 120 mg L
-1

 clove 

powder to obtain their body weight and 

length using a digital balance before 

obtaining their eggs and sperms. The 

eggs were fertilized in dry method and 

randomly distributed into 24 separate 

trout incubator trays with 350 g eggs 

per tray. 

    Ethanolic plant extracts (85% purity) 

were obtained from dry herbs of 

Artemisia sieberi and Allium sativum 

based on the procedure described by 

Khan et al. (2017) and maintained in 

dark container at 4 ˚C before being used 

for bioassay. 

    To evaluate the antifungal properties 

of herbal extracts against Saprolegnia, 

36-h post harvested green fertilized 

eggs of rainbow trout were daily 

exposed to different doses of garlic (50, 

100, 200 ppm) and wormwood (25, 50, 

100 ppm). Malachite green (2 ppm) was 

also applied as positive control, while 

none pharmacological intervention was 

set as negative treatment (Soltani et al., 

2016). The treatments were 

administered for 30 min by turning off 

the water flow and dosing the holding 

water. Aeration was done during 

treatments to keep the dissolved oxygen 

concentrations and uniform the extracts 

dose. All treatments were carried out in 

triplicates until eggs began to hatch. 

    During the experimental period, 

water was supplied from a deep well 

with the following characteristics: The 

average temperature 13.1±0.2 ºC, 

dissolved oxygen 8.0±1.0 mg L
-1

, 

carbon dioxide 6.3±0.5 mg L
-1

, 

ammonia nitrogen less than 0.01 mg L
-

1
, nitrite nitrogen less than 0.1 mg L

-1
, 

pH 7.8±0.3, and carbonate hardness 

182.0±0.1 mg L
-1

. The water flows on 

eggs and larvae with velocity of 0.8 and 

5.0 L min
-1

, respectively (Soltani et al., 

2013). 

    A day after incubation, the dead 

white eggs were daily siphoned form 

the trays, while the fertilized eggs were 

remained in the trays to be counted 

until the hatch stage. Finally, the 

survival percentage was assessed during 

the eyeing and hatch stages based on 

the following equations (Soltani et al., 

2009):  

Eyeing rate (%) = 100 × number of 

eyed eggs / total eggs number 

Hatching rate (%) = 100 × number of 

hatched eggs / total eggs number 

    Survival rate of larvae was also 

determined after hatching the eggs until 

the larvae reached to weight of 1 g. 

Feeding of larvae started after 
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absorbing the yolk sac and swimming 

to the water surface. The larvae with 

average weight of 0.5 g were fed with 

commercial food of SFT2 up to 5% of 

their body weight for 12 times a day, 

while larvae with average weight of 1.0 

g were fed up to 4.5% of their body 

weight with SFT1 and SFT1. The 

survival rate of larvae was calculated 

with the following equation (Nohrman, 

1953):  

Larval survival rate = 100 × final larvae 

count / initial larvae count after 

hatching  

 

Statistical analysis 

All statistical analysis was performed 

by using SPSS 18 software for 

windows. The data were subjected to 

normality and homogeneity of variance 

with Shapiro-Wilk and Kolmogorov-

Smirnov tests, respectively. One-way 

ANOVA was employed to compare the 

means, while Duncan's new multiple 

range test was used to determine where 

the differences occurred. The level of 

significance was considered at p<0.05. 

The results expressed as mean ± 

standard error (SE). 

 

Results  

The average weight of males and 

females were 1.0±0.1 and 1.8±0.1 kg, 

respectively. The survival rate of fish 

eggs up to the eyeing stage is given in 

Fig. 1. Eggs in control treatment had 

the lowest survival rate, while the 

highest survival rate obtained in eggs 

treated with malachite green. There was 

no significant difference in survival rate 

of eggs exposed to the highest 

concentrations of A. sativum (200 ppm) 

and A. sieberi (100 ppm) extracts 

(p>0.05), although they were 

significantly lower than that in the eggs 

treated with malachite green (p<0.05). 

 

 
Figure 1: Survival rate of rainbow trout eggs exposed to different herbal extracts 

from fertilization to eyeing stage. Same letters on each column show no 

significant difference between the treatments (p<0.005). 
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Fig. 2 shows the survival rate of 

rainbow trout eggs exposed to different 

concentrations of A. sativum and 

Artemisia sieberi from eyeing to 

hatching stage. No significant 

difference was found between the 

hatching rate of eggs exposed to 25 and 

50 ppm concentrations of A. sieberi 

compared to those exposed to 50 and 

100 concentrations of A. sativum 

(p>0.05). However, the survival rate of 

eggs in malachite green treatment was 

significantly higher than those in the 

other treatments (p<0.05). 

    Fig. 3 shows the eggs mortality 

during the incubation period. The 

lowest mortality was observed in eggs 

exposed to the malachite green, while 

the highest rate was found in eggs 

without pharmacological intervention. 

The Eggs exposed to 200 ppm of A. 

sativum extract had the lowest mortality 

among the herbal extract treatments. 

The eggs exposed to 100 ppm extract of 

A. sieberi had also the lowest mortality 

rate between the treatments with 

different concentrations of A. sieberi 

extract. 

    The results of the survival rate in 

rainbow trout larval stage up to one g 

weight exposed to different herbal 

extracts are shown in Table 1. Based on 

the present findings, the lowest 

mortality and the highest survival rate 

were obtained eggs exposed to 2 ppm 

malachite green followed by those 

exposed to 200 ppm A. sativum and 100 

ppm A. sieberi concentrations. 

 

 

 

 
Figure 2: Survival rate of rainbow trout eggs exposed to different herbal extracts 

from eyeing to hatching stage. Same letters on each column show no 

significant difference between the treatments (p<0.005) 
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Figure 3: Mortality of rainbow trout eggs exposed to different herbal extracts during 

the incubation. Same letters on each column show no significant difference 

between the treatments (p<0.005) 
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long time incubation of eggs lead to 

appropriate conditions for fungal 

disease in rainbow trout (Ebrahimzadeh 

Mousavi et al., 2010). Malachite green 

has been usually used as the best 

chemical substance to preserve the 

rainbow trout eggs against mold 

infections. However, Meinertz et al. 

(1995) found detectable residues of 

malachite green remained in edible 

tissues of fish exposed to the chemical 

substances before hatching. Moreover, 

Andersen et al. (2005) found residues 

of malachite green and its conversion 

product, leucomalachite green, in 

market size salmon. Regarding to the 

health implications concerns in the fish 
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Table 1: Survival and mortality rate of rainbow trout larvae exposed to different doses of 

experimental extracts. 

Survived larvae 

(No.) 

Survived rate 

(%) 

Dead larvae 

(No.) 

Mortality rate 

)%( 
Treatments 

3249.3±8.6c 93.1±0.3c 241.3±4.7b 6.9±0.1b Allium sativum (200 ppm) 

3181.0±8.5b 92.3±0.1b 266.0±4.0c 7.7±0.1c Allium sativum (100 ppm) 

3186.0±34.1b 92.3±0.2b 265.5±3.5c 7.7±0.2c Allium sativum (50 ppm) 

3228.6±6.6c 93.1±0.4c 239.0±3.6b 6.9±0.1b Artemisia sieberi (100 ppm) 

3035.0±10.5b 91.8±0.2b 272.3±6.2c 8.2±0.2c Artemisia sieberi (50 ppm) 

2864.0±5.0b 91.5±0.2b 265.6±4.2c 8.5±0.2c Artemisia sieberi (25 ppm) 

3398.0±1.7d 94.3±0.1d 207.3±5.1a 5.7±0.2a Malachite green (2 ppm) 

2014.6±9.0a 88.2±0.2a 270.3±7.3d 11.8±0.2d Control 

*Same letters on each column show no significant difference between the means (p<0.005). 
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consumers and farm workers, the use of 

malachite green was banned by FDA 

since 1991. Consequently, considerable 

efforts have been done to identify 

natural therapeutic agents as effective 

as malachite green for fungal treatment 

of farmed fish species like rainbow 

trout. 

    Based on the present research, the 

rainbow trout eggs exposed to the 

highest herbal extracts (200 ppm A. 

sativum and 100 ppm A. sieberi) had 

the highest survival rate during the 

eyeing and hatching stages indicating 

the effectiveness of garlic and 

wormwood treatments for fungal 

treatment of rainbow trout eggs. 

Comparison of the current findings with 

dietary supplementation of garlic (50 

and 150 mg kg
-1

 diet) to prevent the 

Neobenedenia sp. in barramundi, Lates 

calcarifer, illustrated that longer 

supplementation could significantly 

reduce the infection up to 70% (Militz 

et al., 2014). Garlic supplementation to 

an extruded pellet was found as an 

effective delivery method for 

minimizing allicin leakage from the diet 

(less than 3%). Feeding garlic extract 

for a period of 30 days significantly 

reduced infection prevalence and 

intensity to less than 50% in L. 

calcarifer. The current study in 

accordance with the previous researches 

(Lee and Gao, 2012; Gharachorlou and 

Sadighi Shamami, 2013; Petretto et al., 

2013; Rashid et al., 2013) proven the 

antifungal activity of A. sativum 

probably due to the synergism between 

the effective compounds of the garlic 

extract like α-phellandrene and α-

pinene. 

    The broad antimicrobial and 

antifungal activities of the herbal 

extracts against variety of pathogenic 

fungi and bacteria recommend their 

application in different pharmaceutical 

industries. In the present study, larvae 

exposed to herbal extracts represented 

higher survival rate compared to those 

in control group. 

Similar findings were also reported 

with Mousavi et al. (2009) when they 

considered the antifungal activities of a 

combination of herbal essential oils 

including Thymus vulgaris, Salvia 

officinalis, Eucalyptus globulus, and 

Mentha piperita on rainbow trout eggs. 

Sharif -Rohani et al. (2006) also 

showed that extracts from Eucalyptus, 

Thymus, and Geranium had positive 

effects on survival rate of rainbow trout 

larvae. 

    According to the current results, 

survival rate during the incubation to 

hatching stage was higher in malachite 

green treatment compared to the other 

treatments which was in line with other 

studies about application of herbal 

extracts for controlling fungal disease 

(Marking et al., 1994; Liu et al., 1995; 

Melendre et al., 2006; Mousavi et al., 

2009; Khosravi et al., 2012; Najafi and 

Zamini, 2013). However, toxic effects 
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of malachite green have been reported 

on fish and other aquatic animals 

(Andersen et al., 2005; Culp et al., 

2006; Sudova et al., 2007). On the other 

hand, there is no report about the 

noxious properties of herbal extract on 

fish and human, which makes them a 

suitable substituent of chemical agents 

for preventing the filamentous fungal 

disease in aquaculture. After the 

malachite green, the highest dose of 

garlic and wormwood extracts in the 

current study had the maximum effects 

on eggs survived during the incubation 

and larvae. Given the oncogenesis, 

tissue bioaccumulation and 

environmental problems of malachite 

green, herbal extracts are highly 

recommended as alternative therapeutic 

against cotton wool disease in rainbow 

trout hatcheries (Abdulrahman and 

Alkhail, 2005). 

    In conclusion, findings of the present 

study illustrated that highest doses of 

garlic (200 ppm) and wormwood (100 

ppm) extracts could be proposed at the 

highest concentration as a fungicide 

during the incubation of rainbow trout 

eggs and larvae culture due to their 

noncarcinogenic properties compared to 

the malachite green. 

 
References 

Abdulrahman, A. and Alkhali, A., 

2005. Antifungal activity of some 

extracts against some plant 

pathogenic fungi. Pakistan Journal 

of Biological Sciences, 8(3), 413-

417. 

Albert, P.E. and Ebiamadon, A.B., 

2010. Effects of ethanol extract of 

Artemisia annua L. Against 

monogenic parasites of 

Heterobranchus longifilis. 

Parasitology Research, 106, 1135- 

1139. 

Aliabadi, H., Nasri, M. and 

Mirshekari, B., 2010. Effect of 

Nitrogen Fertilizer and method for 

its consumption of qualitative and 

quantitative performance of 

Artemisia. Journal of Crop 

Ecophysiology, 2(3), 68-175. 

Andersen, W.C., Roybal, J.E. and 

Turnipseed, S.B., 2005. Liquid 

chromatographic determination of 

malachite green and leucomalachite 

green (LMG) residues in salmon 

with in situ LMG Oxidation. Journal 

of AOAC International, 88, 1292-

1298. 

Azadbakht, M., Ziaaei, H. Abdollahi, 

F. and Shaabankhani, B., 2003. 

Effect of plant essential oils of 

Artemisia aucheri, Thymus vulgaris 

and Myrtus communis on 

Trichomonas vaginalis. Journal of 

Medicinal Plant, 8, 34-40. 

Bruno, D.W. and Wood, B. P., 1994. 

Saprolegnia and other Oomycetes. In 

Fish Diseases and Disorders, 

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
22

91
6.

20
20

.1
9.

2.
8.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

25
-0

7-
05

 ]
 

                             8 / 12

https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.2.8.2
http://jifro.ir/article-1-2284-en.html


Iranian Journal of Fisheries Sciences 19(2) 2020                                     677 

Volume 3, Viral, Bacterial and 

Fungal Infections. Edited by P.T.K. 

Woo and D.W. Bruno. CABI 

Publishing, Wallingford, Oxon, 

United Kingdom. pp. 599-659. 

Bulfon, C., Volpatti, D. and Galeotti, 

M., 2015. Current research on the 

use of plant-derived products in 

farmed fish. Aquaculture Research, 

46, 513-551. 

Culp, S.J., Mellick, P.W., Trotter, 

R.W., Greenlees, K.J., Kodell, 

R.L. and Beland, F.A., 2006. 

Carcinogenicity of malachite green 

chloride and leucomalachite green in 

B6C3F1 mice and F344 rats. Food 

and Chemical Toxicology, 44, 1204-

1212.  

Ebrahimzadeh Mousavi, H.A., 

Shahbazian, N., Soltani, M., 

Khosravi, A.R., Mirzargar, S. and 

Sharifpour, I., 2010. Fungal 

contamination in rainbow trout eggs 

in Kermanshah province 

propagations with emphasis on 

Saprolegniaceae. Iranian Journal of 

Fisheries Sciences, 9(1), 151-160. 

Ekanem, A.P. and Brisibe, E.A., 

2010. Effects of ethanol extract of 

Artemisia annua L. against 

monogenean parasites of 

Heterobranchus longifilis. 

Parasitology Research, 106(5), 

1135-1139. 

Elango, G. and Rahuman, A., 2011. 

Evaluation of medicinal plant 

extracts against ticks and fluke. 

Parasitology Research, 108(3), 513-

519. 

Gharachorlou, A.A. and Sadighi 

Shamami, K., 2013. Study on 

Antifungal activity of Artemisia L. 

extract in compared with Tryptophan 

against Trichophyton 

mentagrophytes. Bulletin of 

Environment, Pharmacology and 

Life Sciences, 3(1), 37-41. 

Hardin, B., 2001. Potassium 

permanganate kills fish parasite. 

News from the USDA Agriculture 

Research service. pp. 9-12. 

Khan, S., Imran, M., Imran, M. and 

Pindari, N., 2017. Antimicrobial 

activity of various ethanolic plant 

extracts against pathogenic multi 

drug resistant Candida spp. 

Bioinformation, 13(3), 67-72. 

Kazemi, M. and Akhavani, S., 2009. 

Constituents of Artemisia 

ournefortiana Rchb. Essential oil 

from Iran. Journal of Applied 

Chemical Researches, 3(10), 71-75. 

Khosravi, A.R., Shokri, H., 

Sharifrohani, M., Ebrahimzadeh 

Mousavi, H.E. and Mousavi, Z., 

2012. Evaluation of the antifungal 

activity of Zataria multiflora, 

Geranium herbarium, and 

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
22

91
6.

20
20

.1
9.

2.
8.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

25
-0

7-
05

 ]
 

                             9 / 12

https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.2.8.2
http://jifro.ir/article-1-2284-en.html


678 Amani Denji et al., The antifungal effects of Allium sativum and Artemisia sieberi extracts on… 

Eucalyptus camaldolensis essential 

oils on Saprolegnia parasitica-

infected rainbow trout 

(Oncorhynchus mykiss) eggs. 

Foodborne Pathogens and Disease, 

7, 674-679. 

Lee, J.Y. and Gao, Y., 2012. Review 

of the application of garlic, Allium 

sativum, in aquaculture. Journal of 

the World Aquaculture Society, 43, 

447-458. 

Liu, J.S., Chen, J.S. and Yu, Z.Y., 

1995. The effect of common 

fungicides on Chinese sucker 

(Myxocyprinus asiaticus) eggs. 

Journal of the World Aquaculture 

Society, 26(1), 84-87. 

Mahboubi, M. and Farzin, N., 2009. 

Antimicrobial activity of Artemisia 

sieberi essential oil from central 

Iran. Microbial Journal of Iran, 1(2), 

43-48. 

Marking, L.L., Rach J.J. and 

Schreier, T.M., 1994. Evaluation of 

antifungal agents for fish culture. 

The Progressive Fish Culturist, 

56(4), 225-231. 

Meinertz, J.R., Stehly, G.R., 

Gingerich, W.H. and Allen, J.L., 

1995. Residues of malachite green in 

eggs and fry of rainbow trout, 

Oncorhynchus mykiss (Walbaum), 

after treatment of eggs. Journal of 

Fish Diseases, 18, 239-247. 

Melendre, P.M., Celada, J.D., Carral, 

J.M., Saez-Royuela, M. and 

Aguilera, A., 2006. Effectiveness of 

antifungal treatments during 

artificial incubation of the signal 

crayfish eggs (Pacifastacus 

leniusculus Dana. Astacidae). 

Aquaculture, 257(1-4), 257 -265. 

Militz, T.A., Southgate, P.C., Carton, 

A.G. and Hutson, K.S., 2014. 

Efficacy of garlic (Allium sativum) 

extract applied as a therapeutic 

immersion treatment for 

Neobenedenia sp. management in 

aquaculture. Journal of Fish 

Diseases, 37, 451-461. 

Mousavi, S.M., Mirzargar, S.S., 

Ebrahimzadeh-Mousavi, H., Omid 

Baigi, R., Khosravi A., Bahonar, 

A. and Ahmadi, M.R., 2009. 

Evaluation of antifungal activity of 

new combined essential oils in 

comparison with malachite green on 

hatching rate in rainbow trout 

(Oncorhynchus mykiss) eggs. 

Journal of Fishery and Aquatic 

Science, 2, 103-110. 

Najafi, M. and Zamini, A.A, 2013. 

Comparative analysis of antifungal 

properties of Zataria multiflora, 

Eucalyptus spp Essence and 

Malachite Green on Eggs of Kutum 

(Rutilus frisii Kutum). Advances in 

Biological Research, 5, 163-168. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
22

91
6.

20
20

.1
9.

2.
8.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

25
-0

7-
05

 ]
 

                            10 / 12

https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.2.8.2
http://jifro.ir/article-1-2284-en.html


Iranian Journal of Fisheries Sciences 19(2) 2020                                     679 

Nohrman, B.A., 1953. Survival Rate 

Calculation, Acta Radiologica, 

39(1), 78-82. 

Petretto, G.L., Chessa, M., Piana. A., 

Masia, M.D., Foddai, M., 

Mangano, G., Culeddu, N., Afifi, 

F.U. and Pintore, G., 2013. 

Chemical and biological study on the 

essential oil of Artemisia 

caerulescens L. ssp. densiflora 

(Viv.). Natural Product Research, 

27(19), 1709-15. 

Rashid, S., Rather, M.A., Shah, W.A. 

and Bhat, B.A., 2013. Chemical 

composition, antimicrobial, 

cytotoxic and antioxidant activities 

of the essential oil of Artemisia 

indica Willd. Food Chemistry, 

138(1), 693-700. 

Reverter, M., Bontemps, N., 

Lecchini, D., Banaigs, B. and 

Sasal, P., 2014. Use of plant extracts 

in fish aquaculture as an alternative 

to chemotherapy: Current status and 

future perspectives. Aquaculture, 

433, 50-61.  

Sahu, S., Das, B.K., Mishra, B.K., 

Pradhan, J. and Sarangi, N., 2007. 

Effect of Allium sativum on the 

immunity and survival of Labeo 

rohita infected with Aeromonas 

hydrophila. Journal of Applied 

Ichthyology, 23, 80-86. 

Santhosha, S.G., PrakashJamuna, S. 

and Prabhavathi, N., 2013. 

Bioactive components of garlic and 

their physiological role in health 

maintenance: A review. Journal of 

Food Bioscience, 3, 59-74. 

Sharif-Rohani, M., Ebrahimzadeh 

Mousavi, H., Khosravi, A., 

Mokhayer, B., Bahonar, A., 

Mirzargar, S. and Mehrabi, Y., 

2006. Evaluation of Geranium 

herbarum essence application in 

control of fungal contamination in 

Rainbow trout (Oncorhynchus 

mykiss) eggs. Journal of Faculty of 

Veterinary Medicine, 61(3), 269- 27. 

Sudova, E., Machova, J., Svobodova, 

Z. and Vesely, T., 2007. Negative 

effects of malachite green and 

possibilities of its replacement in the 

treatment of fish eggs and fish: a 

review. Veterinarni Medicina, 

52(12), 527-539. 

Soltani, M., Esfandiary, M., 

Khazraeenia, S. and Sajadi, M.M., 

2009. Effects of Zataria multiflora 

essential oil on Rainbow trout 

(Oncorhynchus mykiss) egg 

hatchability and survival of larvae 

compared with hydrogen peroxide 

and malachite green. Journal of 

Veterinary Research, 64(2), 127- 

134. 

Soltani, M., Zarifmanesh, T. and 

Zorriehzahra S.J., 2013. Effect of 

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
22

91
6.

20
20

.1
9.

2.
8.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

25
-0

7-
05

 ]
 

                            11 / 12

https://www.sciencedirect.com/science/article/abs/pii/S2212429213000473#!
https://www.sciencedirect.com/science/article/abs/pii/S2212429213000473#!
https://www.sciencedirect.com/science/article/abs/pii/S2212429213000473#!
https://www.sciencedirect.com/science/article/abs/pii/S2212429213000473#!
https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.2.8.2
http://jifro.ir/article-1-2284-en.html


680 Amani Denji et al., The antifungal effects of Allium sativum and Artemisia sieberi extracts on… 

Zataria multiflora essential oils on 

rainbow trout (Oncorhynchus 

mykiss) complement component 

activity and lysozyme Iranian 

Journal of Scientific Fisheries, 

21(4).13-22. 

Soltani, M., Salehi, M. and Hoseini 

Shokrabi, P., 2016. Effects of 

antifungal activity of daenensis 

thyme (Thymus daenensis) and 

mentha (Mentha longifolia) essential 

oils on rainbow trout (Oncorhynchus 

mykiss) eggs hatchability. Iranian 

Journal of Aquatic Animal Health, 

2(2), 97-107. 

Squires, J.M., Ferreira, J.F.S., 

Lindsay, D.S. and Zajac, A.M., 

2011. Effects of artemisinin and 

Artemisia extracts on Haemonchus 

contortus in gerbils (Meriones 

unguiculatus). Veterinary 

Parasitology, 175(1-2), 103-108.  

Syahidah, A., Saad, C.R., Daud, H.M. 

and Abdelhadi, Y.M., 2015. Status 

and potential of herbal applications 

in aquaculture: a review. Iranian 

Journal of Fisheries Sciences, 14(1), 

27-44. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
22

91
6.

20
20

.1
9.

2.
8.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

25
-0

7-
05

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.2.8.2
http://jifro.ir/article-1-2284-en.html
http://www.tcpdf.org

