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Abstract 

Kakuti, Ziziphora clinopodioides, is a medicinal herb found in Iran, but its potential 

benefits have not been studied on fish. Thus, the aim of the present study was to 

investigate the effects of Kakuti aqueous extract on the plasma antioxidant and 

enzymatic parameters in common carp, Cyprinus carpio. The aqueous extract was 

prepared by boiling Kakuti leaves for 2h. Four diets containing %0 (Ctrl), %0.5 (0.5E), 

%1 (1E), and %2 (2E) of Kakuti extract were fed to fish within a 60-day period. For 

each diet, three tanks, each with 15 fish with initial weight of 46.2±0.16g, were 

assigned. Then, blood samples were taken from all treatments to assess plasma alanine 

aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase 

(ALP), glucose, superoxide dismutase (SOD), catalase (CAT), and malondialdehyde 

(MDA). The results showed that %1 Kakuti extract significantly decreased plasma AST 

and ALP, but increased CAT activities. There was no significant effect of dietary 

treatments on plasma ALT activity. 0.5 and %1 Kakuti extract decreased plasma 

glucose levels significantly, but increased plasma SOD activity. 1 and %2 Kakuti 

extract decreased plasma MDA levels significantly. According to the results, Kakuti 

extract is capable of augmenting antioxidant strength, that in turn, may be the reason 

for boosted tissue health in common carp. Dietary %1 Kakuti extract is recommended 

for inclusion in common carp diet. 
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Introduction 

Antioxidant system protects living 

organisms against adverse effects of 

free radicals and reactive molecules; 

thus, plays an important role in the 

organism health and well-being 

(Halliwell and Gutteridge, 2015). 

Superoxide dismutase (SOD) and 

catalase (CAT) are two important 

antioxidant enzymes that defend an 

organism against oxidative stress (Fang 

et al., 2002). If the antioxidant system 

fails to neutralize reactive molecules, 

they attack biological materials that 

damage organisms’ tissues (Pérez-

Jiménez et al., 2009). Among biological 

molecules, unsaturated fatty acids are 

very susceptible to oxidative stress. 

Under oxidative stress, fatty acids are 

converted to aldehydes that induce bad 

flavor (Morales et al., 2004). 

Measurement of malondialdehyde 

(MDA) is known as an indicator of 

lipid peroxidation and oxidative stress 

(Ullah et al., 2018). Fish have 

antioxidant system equivalent to higher 

vertebrates. Antioxidant system is very 

important in fish health, as they 

typically have higher percentages of 

unsaturated fatty acids, compared to 

terrestrial animals (Fazelan et al., 

2020). 

     Plasma alanine aminotransferase 

(ALT), aspartate aminotransferase 

(AST), and alkaline phosphatase (ALP) 

are indicators of tissue health, as they 

are cytosolic enzymes that are found at 

different concentrations in various 

tissues (Haschek et al., 2009). ALT is 

found at high concentrations in fish 

liver and elevation of its levels in blood 

indicates hepatocyte damage. ALP is 

found at high concentration in 

erythrocytes and hemolysis causes 

blood ALP elevation. AST is not tissue-

specific and blood AST elevation 

means fish tissues are damaged (Taheri 

Mirghaed et al., 2017). Moreover, AST 

participates in glucose production from 

amino acids, thus is known as a stress 

marker. Measurement of blood AST 

along with a stress marker such as 

blood glycemic state may help to 

diagnose stress in fish (Tejpal et al., 

2009). 

     Herbal additives have recently 

gained great attentions in aquaculture 

because of several benefits such as 

growth promotion, radical scavenging 

and health boosting in fish (Dawood et 

al., 2018). They are eco-friendly 

compared to chemical disinfectants and 

antibiotics; therefore, have been 

extensively studied in different fish 

species (Abdel-Tawwab, 2016). 

Various herbal products, such as 

essential oils, extracts and intact plant 

materials have been successfully 

incorporated in fish feeds to augment 

growth and health performances 

(Chakraborty et al., 2013). Kakuti, 

Ziziphora clinopodioides, is a plant 

found in Turkey and Iran, which is rich 

in thymol and carvacrol (Sonboli et al., 

2010). These compounds are known for 

high antioxidant capacity and several 

studies have shown that application of 

these compounds in fish diets led to 

higher antioxidant strength (Ahmadifar 

et al., 2011; Giannenas et al., 2012). 

There is no study conducted about 

using Kakuti extract in fish, despite the 
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aforementioned positive potentials. 

Thus, it was hypothesized that inclusion 

of Kakuti extract in fish diet augments 

antioxidant system and tissue health. 

Therefore, the present study aimed to 

assess the effects of dietary 

supplementation of Kakuti extract on 

antioxidant and tissue health indicators 

of common carp, Cyprinus carpio. 

 

Materials and methods 

Preparation of Kakuti extract 

In this study, aqueous extract of Kakuti 

was used for dietary supplementation. 

Kakuti was purchased from a local shop 

and pulverized by a mixer. Then, the 

pulverized materials were mixed with 

water at a proportion of 1:20 and boiled 

for 2h. The extract was separated 

through a cotton filter and kept in 

refrigerator until use (Hoseini and 

Yousefi, 2019). 

 

Experimental design 

A basal diet (Table 1) and three 

supplemented diets were prepared by 

mixing feed ingredients. Then, water 

was added to the mixture to create 

dough. The dough was pelleted by 

passing through a mesh and the pellets 

were dried against a fan blow. The 

Kakuti extract was added at 0, 0.5, 1, 

and %2 to the basal diet. Accordingly, 

there were four dietary treatments 

including Ctrl (fed with basal diet), 

0.5E (fed with basal diet+0.5% extract), 

1E (fed with basal diet+%1 extract), 

and 2E (fed with basal diet+%2 

extract). 

 

Table 1: Ingredients and composition of the 

basal diet. 

Ingredients Amount (%) 

Corn meal 5 

Barely meal 5 

Wheat meal 22.84 

Soybean meal 53.39 

Wheat gluten 3 

Fish meal 3 

Soybean oil 7.27 

Vitamin/Mineral premix 0.5 

Chemical composition Amount (%) 

Moisture 10 

Crude protein 32.7 

Crude lipid 7.4 

Crude ash 4.2 

 

Common carp juveniles were stocked in 

12 tanks (200l volume) at a density of 

15 fish with initial weight of 

46.2±0.16g per tank. Continuous 

aeration and water flow rate of 1 l/min 

was established for each tank. After a 7-

day feeding with the basal diets as 

acclimation period, the tanks were 

divided into four triplicated groups that 

fed either %0 (Ctrl), %0.5 E, %1 E, and 

%2 E diets for further 60 days. Feeding 

rate was %3 of biomass per day and the 

tanks’ biomasses were measured 

biweekly for feed amount adjustment. 

At the end of the feeding trial, blood 

samples were taken from all treatment 

for further analyses. 

 

Blood sampling and analyses 

For blood collection, the fish were first 

anesthetized by eugenol (100 mg/L); 

blood samples were then taken by 

caudal puncture using heparinized 

syringes (Yousefi et al., 2018). Plasma 

was separated after centrifugation (7000 
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rpm; 7 min) and kept at -70ºC until 

analyses. 

     Glucose levels of plasma were 

measured by glucose-oxidase method, 

using a commercial kit provided by 

Pars Azmun Co. (Tehran, Iran). ALT, 

AST, and ALP activities of plasma 

were measured kinetically using a 

spectrophotometer and Pars Azmun Co. 

(Tehran, Iran) kits (Yousefi et al., 

2018). 

     CAT activity of plasma was 

measured according to Goth (1991) 

based on decomposition rate of 

hydrogen peroxide. SOD activity of 

plasma was measured based on 

conversion of superoxide anion to 

hydrogen peroxide using a commercial 

kit (Zellbio, Veltinerweg, Germany). 

MDA level of plasma was measured 

based on reaction with thiobarbituric 

acid at 95ºC using a commercial kit 

(Zellbio, Veltinerweg, Germany, 

Yousefi et al., 2018). 

 

Statistical analyses 

Normal distribution of the data and 

variance homogeneity were confirmed 

by Shapiro-Wilk and Levene tests. The 

data were then subjected to One Way 

ANOVA to find any effects of the 

treatments on the variables. Significant 

differences among the treatments were 

checked by Duncan’s test at p<0.05. 

Data were analyzed using SPSS v.22 

and presented as mean ± SE. 

 

 

 

Results 

There was no significant difference 

(p=0.535) in ALT activities of plasma 

among the treatments after 60 days 

rearing. Dietary treatments affected 

AST activities of plasma significantly 

(p=0.035); the lowest AST activity of 

plasma was observed in 1E treatment, 

which was significantly lower than Ctrl 

and 2E treatments (Fig.1). 

     Dietary Kakuti extract affected ALP 

activity of plasma significantly 

(p=0.016). The lowest ALP activity of 

plasma was observed in 1E treatment, 

which was significantly lower than Ctrl 

and 2E treatments. Moreover, the ALP 

activity of plasma of 0.5E treatment 

was significantly lower than that of 2E 

treatment. Glucose levels of plasma 

exhibited significant differences 

(p=0.005) among the treatments, which 

the lowest values were observed in 0.5E 

and 1E treatments and highest values 

were related to Ctrl and 2E treatments 

(Fig. 1). 

     SOD activities of plasma of 0.5E 

and 1E treatments were statistically 

similar, both were significantly higher 

than that of Ctrl treatment (p=0.034). 

There was no significant difference in 

CAT activities of plasma among Ctrl, 

0.5E and 2E treatments; all were 

significantly lower than that of 1E 

treatment (p=0.012). MDA levels of 

plasma of Ctrl and 0.5E treatments 

were statistically similar and 

significantly higher than those of 1E 

and 2E treatment (p=0.012). 1E and 2E 

treatments had similar MDA levels of 

plasma (Fig. 2). 
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Figure 1: Effects of dietary Kakuti extract on ALT, AST, ALP of plasma, and glucose levels in 

common carp after 60 days rearing. Different letters above the bars indicate 

significant differences among the treatments, error bars show standard deviation. 

 
Figure 2: Effects of dietary Kakuti extract on SOD, CAT, and MDA levels of plasma in 

common carp after 60 days rearing. Different letters above the bars indicate 

significant differences among the treatments, error bars show standard deviation. 
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Discussion 

ALT of plasma is known as specific 

indicator of fish hepatic health, because 

hepatocytes are rich in this enzyme and 

damage to these cells leads to ALT 

leakage into circulation (Haschek et al., 

2009). Studies on different fish species 

have demonstrated that dietary herbal 

product administration may decrease 

ALT activity of plasma or have no 

effects on the enzyme’s activity. For 

example, dietary Polygonum minus 

extract administration significantly 

decreased ALT activity of plasma in 

rainbow trout, Oncorhynchus mykiss 

(Adel et al., 2020). However, dietary 

Oregano, Origanum vulgare, extract 

had no significant effect on ALT 

activity of common carp (Abdel-Latif et 

al., 2020). Thus, it seems that effects of 

herbal product on ALT of plasma and 

liver health are context-depended. 

Moreover, a herbal product may better 

show its hepatoprotective effects under 

stimulated conditions. For example, 

Taheri Mirghaed et al. (2020a) showed 

that dietary Sweet wormwood, 

Artemisia annua, leaf extract had no 

effect on ALT of plasma of common 

carp under normal conditions, but 

mitigated ALT elevation after the fish 

were challenged by ambient ammonia 

(a hepatotoxic condition). 

     ALP concentration in erythrocyte is 

several folds higher than that in other 

tissues, thus, plasma levels of the 

enzyme is known as indicator of 

hemolysis (Taheri Mirghaed et al., 

2017). The present results are in line 

with findings reported on dietary 

menthol administration which 

decreased ALP activity of plasma 

significantly along with increase in 

blood erythrocyte number in rainbow 

trout (Hoseini et al., 2020). AST is 

found in various tissues and the enzyme 

level in plasma is an indicator of tissues 

health (Haschek et al., 2009). The 

present results are in line with Li et al. 

(2019) findings that showed dietary 

flavonoids from wild onion, Allium 

mongolicum, significantly decreased 

AST on plasma in snakehead fish, 

Channa argus. Likewise, dietary 

rosemary leaf powder significantly 

decreased AST activity of plasma in 

Nile tilapia, Oreochromis niloticus 

(Naiel et al., 2020). 

     One of the benefits of herbal 

supplements is their anti-stress effects 

(Chakraborty and Hancz, 2011) and 

plasma glucose is known as an indicator 

of physiological stress (Barton, 2002). 

The present results suggest that Kakuti 

extract at 0.5 and 1% has anti-stress 

effects on common carp. Similarly, 

dietary rosemary administration to 

common carp (Yousefi et al., 2019) and 

green tea extract administration to black 

rockfish, Sebastes schlegeli (Hwang et 

al., 2013), and decreased plasma 

glucose levels significantly. 

     One of the well-known benefits of 

herbal additives is their antioxidant 

effects (Jeney et al., 2015). Kakuti 

extract significantly stimulated 

enzymatic antioxidant system and 

mitigated oxidative stress. The present 

results are in line with several previous 

studies on other herbal products such as 

Zataria multiflora (Taheri Mirghaed et 

al., 2020b), Eichhornia crassipes 
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(Rufchaei et al., 2020), Quercus 

castaneifolia (Paray et al., 2020), and 

Melissa officinalis (Bilen et al., 2020) 

extracts stimulated antioxidant system 

in different fish species. Such an 

antioxidant effect of Kakuti extract 

might be due to the presence of 

antioxidant compounds such as thymol 

and carvacrol (Ahmadifar et al., 2011; 

Giannenas et al., 2012; Quiroga et al., 

2015). Moreover, the antioxidant 

effects of Kakuti extract might cause 

boosted health of different tissues, as 

1E fish treatment exhibited stimulated 

antioxidant system and improved tissue 

health indicators (ALP and AST of 

plasma). Such a linkage between the 

antioxidant parameters and tissue health 

have been previously reported when 

fish were fed Curcuma longa 

(Rajabiesterabadi et al., 2020) and A. 

annua (Taheri Mirghaed et al., 2020a) 

extract. 

     In conclusion, dietary 

supplementation with %1 Kakuti 

extract is recommended for common 

carp dietary inclusion, as it stimulates 

antioxidant system and protects 

different tissues against damages. 

 

Acknowledgments 

The authors thank Dr. S.M. Hoseini and 

Mr. Y. Iri, personnel of Inland Waters 

Aquatics Resources Research Center, for 

their kind helps during this study. 

 

References 

Abdel-Latif, H.M.R., Abdel-Tawwab, 

M., Khafaga, A.F. and Dawood, 

M.A.O., 2020. Dietary oregano 

essential oil improved the growth 

performance via enhancing the 

intestinal morphometry and hepato-

renal functions of common carp 

(Cyprinus carpio L.) fingerlings. 

Aquaculture, 526. Published online. 

DOI:10.1016/j.aquaculture.2020.735

432. 

Abdel-Tawwab, M., 2016. Feed 

supplementation to freshwater fish: 

Experimental approaches. LAP 

Lambert Academic Publishing, 

Saarbrücken, Germany. 

Adel, M., Dawood, M.A.O., Shafiei, 

S., Sakhaie, F. and Hosseini 

Shekarabi, S.P., 2020. Dietary 

Polygonum minus extract 

ameliorated the growth performance, 

humoral immune parameters, 

immune-related gene expression and 

resistance against Yersinia ruckeri in 

rainbow trout (Oncorhynchus 

mykiss). Aquaculture, 519. Publshed 

online. DOI: 

10.1016/j.aquaculture.2019.734738. 

Ahmadifar, E., Falahatkar, B. and 

Akrami, R., 2011. Effects of dietary 

thymol-carvacrol on growth 

performance, hematological 

parameters and tissue composition of 

juvenile rainbow trout, 

Oncorhynchus mykiss. Journal of 

Applied Ichthyology, 27, 1057-1060. 

DOI: 10.1111/j.1439-

0426.2011.01763.x. 

Barton, B.A., 2002. Stress in fishes: A 

diversity of responses with particular 

reference to changes in circulating 

corticosteroids. Integrative and 

https://doi.org/10.1111/j.1439-0426.2011.01763.x
https://doi.org/10.1111/j.1439-0426.2011.01763.x


392 Rouhani Rankouhi  et al., Effects of dietary supplementation of Kakuti, Ziziphora clinopodioides, … 

 

Comparative Biology, 42, 517-525. 

DOI: 10.1093/icb/42.3.517. 

Bilen, S., Altief, T.A.S., Özdemir, 

K.Y., Salem, M.O.A., Terzi, E. and 

Güney, K., 2020. Effect of lemon 

balm (Melissa officinalis) extract on 

growth performance, digestive and 

antioxidant enzyme activities, and 

immune responses in rainbow trout 

(Oncorhynchus mykiss). Fish 

Physiology and Biochemistry, 46, 

471-481. DOI: 10.1007/s10695-019-

00737-z. 

Chakraborty, S.B. and Hancz, C., 

2011. Application of phytochemicals 

as immunostimulant, antipathogenic 

and antistress agents in finfish 

culture. Reviews in Aquaculture, 3, 

103-119. DOI: 10.1111/j.1753-

5131.2011.01048.x. 

Chakraborty, S.B., Horn, P. and 

Hancz, C., 2013. Application of 

phytochemicals as growth-promoters 

and endocrine modulators in fish 

culture. Reviews in Aquaculture, 6 

(5), 1-19. DOI: 10.1111/raq.12021. 

Dawood, M.A., Koshio, S. and 

Esteban, M.Á., 2018. Beneficial 

roles of feed additives as 

immunostimulants in aquaculture: a 

review. Reviews in Aquaculture, 10, 

950-974. DOI: 10.1111/raq.12209. 

Fang Y.Z., Yang S. and Wu G. 2002. 

Free radicals, antioxidants, and 

nutrition. Nutrition, 18, 872-879. 

DOI: 10.1016/s0899-

9007(02)00916-4. 

Fazelan, Z., Hoseini, S.M., Yousefi, 

M., Khalili, M., Hoseinifar, S.H. 

and Van Doan, H., 2020. Effects of 

dietary eucalyptol administration on 

antioxidant and inflammatory genes 

in common carp (Cyprinus carpio) 

exposed to ambient copper. 

Aquaculture, 520, Published online. 

DOI: 

10.1016/j.aquaculture.2020.734988. 

Giannenas, I., Triantafillou, E., 

Stavrakakis, S., Margaroni, M., 

Mavridis, S., Steiner, T., and 

Karagouni, E., 2012. Assessment of 

dietary supplementation with 

carvacrol or thymol containing feed 

additives on performance, intestinal 

microbiota and antioxidant status of 

rainbow trout (Oncorhynchus 

mykiss). Aquaculture, 350, 26-32. 

DOI:10.1016/j.aquaculture.2012.04.

027. 

Goth, L., 1991. A simple method for 

determination of serum catalase 

activity and revision of reference 

range. Clinica Chimica Acta, 196, 

143-151. DOI: 10.1016/0009-

8981(91)90067-m.  

Halliwell, B. and Gutteridge, J.M., 

2015. Free radicals in biology and 

medicine. Oxford University Press, 

Oxford, UK. 

Haschek, W.M., Rousseaux, C.G. and 

Wallig, M.A., 2009. Fundamentals 

of toxicologic pathology. Academic 

Press, San Diego, USA. 

Hoseini, S.M. and Yousefi, M., 2019. 

Beneficial effects of thyme (Thymus 

vulgaris) extract on oxytetracycline-

induced stress response, 

immunosuppression, oxidative stress 

and enzymatic changes in rainbow 

trout (Oncorhynchus mykiss). 

https://doi.org/10.1111/j.1753-5131.2011.01048.x
https://doi.org/10.1111/j.1753-5131.2011.01048.x
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1111%2Fraq.12021
https://doi.org/10.1111/raq.12209
https://doi.org/10.1016/j.aquaculture.2012.04.027
https://doi.org/10.1016/j.aquaculture.2012.04.027
https://doi.org/10.1016/0009-8981(91)90067-m
https://doi.org/10.1016/0009-8981(91)90067-m


Iranian Journal of Fisheries Sciences 20(2) 2021                                       393 

 

Aquaculture Nutrition, 25, 298-309. 

DOI: 10.1111/anu.12853. 

Hoseini, S.M., Mirghaed, A.T., 

Paray, B.A., Hoseinifar, S.H. and 

Van Doan, H., 2020. Effects of 

dietary menthol on growth 

performance and antioxidant, 

immunological and biochemical 

responses of rainbow trout 

(Oncorhynchus mykiss). 

Aquaculture, 524. Published online. 

DOI: 

10.1016/j.aquaculture.2020.735260. 

Hwang, J.H., Lee, S.W., Rha, S.J., 

Yoon, H.S., Park, E.S., Han, K.H. 

and Kim, S.J., 2013. Dietary green 

tea extract improves growth 

performance, body composition, and 

stress recovery in the juvenile black 

rockfish, Sebastes schlegeli. 

Aquaculture International, 21, 525-

538. DOI: 10.1007/s10499-012-

9586-5. 

Jeney, G., De Wet, L., Jeney, Z. and 

Yin, G., 2015. Plant extracts. In: 

Dietary nutrients, additives, and fish 

health. Lee C.S., Lim C. and 

Webster C.D. editors.Wiley-

Blackwell, NJ, USA: 321-333. 

Li, M., Zhu, X., Tian, J., Liu, M. and 

Wang, G., 2019. Dietary flavonoids 

from Allium mongolicum Regel 

promotes growth, improves immune, 

antioxidant status, immune-related 

signaling molecules and disease 

resistance in juvenile northern 

snakehead fish (Channa argus). 

Aquaculture, 501, 473-481. DOI: 

10.1016/j.aquaculture.2018.12.011. 

Morales, A.E., Pérez-Jiménez, A., 

Hidalgo, M.C., Abellán, E. and 

Cardenete, G., 2004. Oxidative 

stress and antioxidant defenses after 

prolonged starvation in Dentex 

dentex liver. Comparative 

Biochemistry and Physiology C 

Toxicology and Pharmacology, 139, 

153-161. DOI: 

10.1016/j.cca.2004.10.008. 

Naiel, M.A.E., Ismael, N.E.M., Negm, 

S.S., Ayyat, M.S. and Al-Sagheer, 

A.A., 2020. Rosemary leaf powder–

supplemented diet enhances 

performance, antioxidant properties, 

immune status, and resistance 

against bacterial diseases in Nile 

Tilapia (Oreochromis niloticus). 

Aquaculture, 526. Published online. 

DOI: 

10.1016/j.aquaculture,2020.735370. 

Paray, B.A., Hoseini, S.M., 

Hoseinifar, S.H. and Van Doan, 

H., 2020. Effects of dietary oak 

(Quercus castaneifolia) leaf extract 

on growth, antioxidant, and immune 

characteristics and responses to 

crowding stress in common carp 

(Cyprinus carpio). Aquaculture, 524. 

Published online. DOI: 

10.1016/j.aquaculture.2020.735276. 

Pérez-Jiménez, A., Hidalgo, M.C., 

Morales, A.E., Arizcun, M., 

Abellán, E. and Cardenete, G., 

2009. Antioxidant enzymatic 

defenses and oxidative damage in 

Dentex dentex fed on different 

dietary macronutrient levels. 

Comparative Biochemistry and 

Physiology C Toxicology and 

https://doi.org/10.1111/anu.12853
https://doi.org/10.1007/s10499-012-9586-5
https://doi.org/10.1007/s10499-012-9586-5
https://doi.org/10.1016/j.aquaculture.2018.12.011


394 Rouhani Rankouhi  et al., Effects of dietary supplementation of Kakuti, Ziziphora clinopodioides, … 

 

Pharmacology, 150(4), 537-545. 

DOI: 10.1016/j.cbpc.2009.07.011. 

Quiroga, P.R., Asensio, C.M. and 

Nepote, V., 2015. Antioxidant 

effects of the monoterpenes 

carvacrol, thymol and sabinene 

hydrate on chemical and sensory 

stability of roasted sunflower seeds. 

Journal of the Science of Food and 

Agriculture, 95(3), 471-479. DOI: 

10.1002/jsfa.6744. 

Rajabiesterabadi, H., Hoseini, S.M., 

Fazelan, Z., Hoseinifar, S.H. and 

Doan, H.V., 2020. Effects of dietary 

turmeric administration on stress, 

immune, antioxidant and 

inflammatory responses of common 

carp (Cyprinus carpio) during 

copper exposure. Aquaculture 

Nutrition, 26(4), 1143-1153. DOI: 

10.1111/anu.13071. 

Rufchaei, R., Mirvaghefi, A., 

Hoseinifar, S.H., Valipour, A. and 

Nedaei, S., 2020. Effects of dietary 

administration of water hyacinth 

(Eichhornia crassipes) leaves 

extracts on innate immune 

parameters, antioxidant defence and 

disease resistance in rainbow trout 

(Oncorhynchus mykiss). 

Aquaculture, 515. Published onine. 

Doi: 

10.1016/j.aquaculture.2020.734533. 

Sonboli, A., Atri, M. and Shafiei, S., 

2010. Intraspecific variability of the 

essential oil of Ziziphora 

clinopodioides ssp. rigida from Iran. 

Chemistry and Biodiversity, 7(7), 

1784-1789. DOI: 

10.1002/cbdv.200900336. 

Taheri Mirghaed, A., Ghelichpour, 

M., Hoseini, S.M. and Amini, K., 

2017. Hemolysis interference in 

measuring fish plasma biochemical 

indicators. Fish Physiology and 

Biochemistry, 34, 1143-1151. DOI: 

10.1007/s10695-017-0359-y. 

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

Hoseinifar, S.H. and Van Doan, 

H., 2020b. Effects of dietary thyme 

(Zataria multiflora) extract on 

antioxidant and immunological 

responses and immune-related gene 

expression of rainbow trout 

(Oncorhynchus mykiss) juveniles. 

Fish and Shellfish Immunology, 106, 

502-509. DOI: 

10.1016/j.fsi.2020.08.002. 

Taheri Mirghaed, A., Paknejad, H. 

and Mirzargar, S.S., 2020a. 

Hepatoprotective effects of dietary 

Artemisia (Artemisia annua) leaf 

extract on common carp (Cyprinus 

carpio) exposed to ambient 

ammonia. Aquaculture, 527, 

Published online. DOI: 

10.1016/j.aquaculture.2020. 735443. 

Tejpal, C.S., Pal, A.K., Sahu, N.P., 

Ashish, Kumar J., Muthappa, 

N.A., Vidya, S. and Rajan, M.G., 

2009. Dietary supplementation of l-

tryptophan mitigates crowding stress 

and augments the growth in 

Cirrhinus mrigala fingerlings. 

Aquaculture, 293, 272-277. DOI: 

10.1016/j.aquaculture.2008.09.014. 

Ullah, S., Li, Z., Hasan, Z., Khan, 

S.U. and Fahad, S., 2018. 

Malathion induced oxidative stress 

leads to histopathological and 

https://doi.org/10.1016/j.cbpc.2009.07.011
https://doi.org/10.1002/jsfa.6744
https://doi.org/10.1111/anu.13071
https://doi.org/10.1002/cbdv.200900336
https://doi.org/10.1016/j.fsi.2020.08.002
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.aquaculture.2008.09.014


Iranian Journal of Fisheries Sciences 20(2) 2021                                       395 

 

biochemical toxicity in the liver of 

rohu (Labeo rohita, Hamilton) at 

acute concentration. Ecotoxicology 

and Environmental Safety, 161, 270-

280. DOI: 

10.1016/j.ecoenv.2018.06.002 . 

Yousefi, M., Hoseini, S.M., Vatnikov, 

Y.A., Nikishov, A.A. and Kulikov, 

E.V., 2018. Thymol as a new 

anesthetic in common carp 

(Cyprinus carpio), Efficacy and 

physiological effects in comparison 

with eugenol. Aquaculture, 495, 

376-383.DOI: 

10.1016/j.aquaculture.2018.06.022. 

Yousefi, M., Hoseini, S.M., Vatnikov, 

Y.A., Kulikov, E.V. and 

Drukovsky, S.G., 2019. Rosemary 

leaf powder improved growth 

performance, immune and 

antioxidant parameters, and 

crowding stress responses in 

common carp (Cyprinus carpio) 

fingerlings. Aquaculture, 505, 473-

480. DOI 

10.1016/j.aquaculture.2019.02.070. 

 

 

https://doi.org/10.1016/j.ecoenv.2018.06.002
https://doi.org/10.1016/j.aquaculture.2018.06.022

