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ABSTRACT 

Licorice (Glycyrrhiza glabra) is medicinal plant characterized with sweet flavor which has been used in 

Bulgarian traditional medicine to improve the condition of the digestive tract and could positively affect 

digestibility and assimilation of feed nutrients in human and animal organisms.  The studies connected 

with the effect of licorice in fish are limited. The aim of current study was to find the effect of feed 

supplemented with licorice Glycyrrhiza glabra on growth performance, blood parameters and meet 

quality in rainbow trout (Oncorhynchus mykiss W.), raised in the recirculation system. The fish were fed 

with two feeds: control feed (CF) - without the addition of supplement and experimental feed (EF), with 

supplementation of 300 mg.kg
-1

 licorice in pellets. The stocking density of rainbow trout in recirculation 

system was 50 pcs.m
-3

. The initial average weight of fish in CF variant was 13.30 ±3.07 g and in EF 

variant was 13.40±3.55 g without differences being statistically significant (p≥0.05). The continuation of 

the experiment was 60 days. The average final weight, meat quality, and blood biochemical parameters 

were measured at the end of the experiment. The SGR and FCR were also calculated.  Fish from the 

experimental group fed with a supplement of licorice had with 8.54% higher average final weight 

compared to the parameter’s value in trouts from the control variant (p<0.05). SGR in rainbow trout’s 

from experimental variants was higher with 6.9% compared to the value of SGR in fish from CF variant. 

The blood biochemical parameters in experimental trouts were not significantly affected by 

supplementation of licorice extract. The average values of glucose, ASAT, and ALAT in control variant 

were higher respectively with 3.96%, 57.2% and 10.3% compared to values in these parameters measured 

in the blood of fish from the experimental variant, but differences were not statistically proven (p≥0.05). 

The meat quality parameters were affected from the addition of licorice in feed for trouts and the 

moisture, fat, and ash quantities were higher respectively with 2.49%, 36.4% and 12.5% compared with 

the average values of these parameters found for fish from CF group (p<0.05).  The extract from licorice 

added to feed for the feeding of rainbow trout increases the growth of fish and affect the meat quality 

parameters (p<0.05), but did not affect significantly the blood parameters (p≥0.05).  
 

Key words: licorice supplementation, rainbow trout, blood biochemical parameters, growth, meat 

quality.  
 

 
INTRODUCTION 

The aquaculture is probably one of the fast 

growing food-production sectors. According to 

Staykov, 2001 (1) the intensive aquaculture 

has different advantages i.e. increasing the 

final productivity, decreasing the area 
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*Correspondence to: Ivaylo Sirakov, Department 

of Biology and Aquaculture, Faculty of Agriculture, 

Trakia University, Students campus, 6014 Stara 

Zagora, Bulgaria, E-mail: ivailo_sir@abv.bg 

 

necessary  for  the  cultivation  of hydrobionts,  

decreasing the necessary time for raising of 

different species. The main disadvantages of 

high  stocking  density in intensive aquaculture  

farms are: increased stress (2), higher 

susceptibility to diseases (3), reduced growth 

and feed intake in cultivated hydrobionts (4). 

One possible solution in the past to answering 

of mentioned challenges was the treatment of 

water species with antibiotics (5-8) and 

hormones (9, 10). The development of 

sustainable and ecologically friendly 
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aquaculture is excluding the application of 

these groups of substances. The application of 

antibiotics in aqua production could result in 

the transfer of drug resistance from fish 

bacterial diseases to human bacterial diseases 

and contributing to most significant healthcare 

problems further (11). On the other hand, the 

usage of hormones in animal production is 

highly contradictory and could lead to different 

diseases in humans and affect the age of 

puberty in children (12).  
 

One possible alternative to antibiotics and 

hormones present the usage in aquaculture of 

different plant’s extracts. The  evaluation  of  

phytobiotics  in  aquaculture  is  a  relatively  

new  area  of  research showing very promising 

results (13). The possible effects of their 

application on fish are spread on: stimulation 

of immune system (14, 15, 16, 17, 18, 19), 

increase of growth intensity (20, 21) and by 

their antioxidant effect decrease the stress in 

hydrobionts (22).    
 

Licorice (Glycyrrhiza glabra) is medicinal 

plant characterized with sweet flavor which 

has been used in Bulgarian traditional 

medicine to improve the condition of the 

digestive tract and could positively affect 

digestibility and assimilation of feed nutrients 

in human and animal organisms.  The studies 

connected with the effect of this herb in fish 

diets are relatively limited (23-25).  
 

The aim of current study was to find the effect 

of feed supplemented with licorice Glycyrrhiza 

glabra on growth performance, blood 

parameters, and meet quality in rainbow trout 

(Oncorhynchus mykiss W.) raised in the 

recirculation system. 
 

MATERIALS AND METHODS  

The experimental fish  

The rainbow trout in good health condition 

were chosen and transported from trout farm 

Bukovetz (Tvyrdica) to experimental 

aquaculture base (Faculty of Agriculture, 

Trakia University, Stara Zagora). The fish 

were split into the following experimental 

groups: 

Experimental feed (EF)-the fish were fed with 

feed supplemented with licorice’s (Glycyrrhiza 

glabra) extract; 

Control feed (CF)- the fish were fed with feed 

without the addition of supplement. 

The experiment was carried out in two 

replications. 
 

The average initial weights of trouts from both 

repetitions of experimental groups were: 

EF – 13.40±3.55 g; 

CF - 13.30 ±3.07 g. 
 

The fish was cultivated in experimental tanks 

at 50 specimens.m
-3 

stocking density, 40 

trouts/tank. The trial continued 60 days.  
 

Recirculation aquaculture system  

The recirculation aquaculture system (RAS) 

consisted of 11 cultivation tanks were used in 

the current trial (Figure 1). The cleaning block 

of the system was consisted of two mechanical 

filters (settling tank), moving bed biofilter, 

heating and pump sections (Figure 2). The 

useful volume of tanks for fish cultivation was 

0.8 m
3
.  

 

 

Figure 1. View of recirculation aquaculture system used in the current trial 
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The flow rate in RAS was maintained at 25 

l.min
-1

. Every day the bottoms of fish tanks as 

well as the bottoms of filter’s units were 

cleaned by siphoning. The water loses 

connected with cleaning process and 

evaporation were 20% of total volume of RAS. 

This quantity of water was refilled daily with 

clean tap water.  
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Figure 2. Scheme of RAS used in the trial:1)fish tanks; 2)mechanical filters; 3)moving bed biofilter; 4) tank 

with heating elements; 5)pump tank; 6)pumps; 7)inlet water; 8)outlet water. 

 

 

Experimental feed 

The experimental fish were fed with a 

commercial extruded feed produced by the 

"Aqua-Garant" with the size of pellets 2 mm. 

The content of commercial trout’s feed used in 

a current trial could be seen in Table 1.   

Licorice extract was added to the granules at a 

concentration of 300 mg.kg
-1

 fish feed. The 

sunflower oil at the quantity of 1ml was also  

 

 

added to every 10 g of experimental feed (EF) 

and the components were very well mixed. The 

same amount of sunflower oil was added to the 

control feed (CF) and the pellets and oil were 

also mixed. Afterward, both tested feeds were 

left for 12 hours at an air temperature of 20°C 

and were used for the feeding of experimental 

fish. The daily diet was maintained at 2.8% of 

the fish biomass. The feed was supplied 

manually four times per day.   

 

Table 1 .Nutritional content of commercial feed used in the trial /according to fish feed producer 

“Aqua-Garant”/ 

Ingredients Unit Content  

Crude protein % 45 

Fibers % 1.5 

Fat % 16 

Phosphorus  % 1.05 

Vit.A Thousands 

IU.kg
-1

 

10 

Vit.D3  

Vit. E 

IU.kg
-1 

Mg 

1500 

200 

Digestive energy  MJ.kg
-1

 18.5 

 

 

Investigated parameters 

Water quality 

Daily the water temperature (°C), pH, 

dissolved oxygen (mg.l
-1

) and electrical 

conductivity (μS.cm
-1

) were measured with 

portable meter HQ30D (Hach Lange), 

connected with an appropriate for each 

parameter probe.  
 

Growth parameters in experimental fish  

The mortality cases in experimental tanks were 

recorded daily during the trial and survival (%) 

was calculated using the following formulae: 

 

 

Survival (%) = (final number of fish /initial 

number of fish) x100    (1) 
 

The experimental fish were weighed at the 

technical balance with accuracy 0,01g at the 

start of the trial. The average final weight (g) 

was measured at the end of the experiment and  

specific growth rate (SGR ) (%.day
-1

) and FCR 

were calculated with the following equations: 

SGR (%.day
-1

)=[Ln final weight (g)-Ln initial 

weight(g)]/number of days x 100     (2) 
 

FCR=Fed feed (g)/Weight gain of fish (g)   (3) 
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 Blood biochemical parameters in 

experimental fish 
The blood was taken from the hearts of the 

examined fish (6 specimens per variant) with 

disposable sterile plastic syringes (3 ml) with a 

needle. Heparin sodium (1%) was used as an 

anticoagulant. The blood was centrifuged at 

3000 rpm for separating the plasma. Afterward 

the biochemical parameters (glucose (GLU) 

(mmol.l
-1

), urea (UREA) (mmol.l
-1

),  total 

protein (TP) (g.l
-1

), albumin (ALB) (g.l
-1

), 

alanine aminotransferase (ALAT) (U.l
-1

), 

aspartate aminotransferase (ASAT) (U.l
-1

), 
alkaline phosphatase (ALP), the content of 

calcium (Ca) (mmol.l
-1

), phosphorus (P) 

(mmol.l
-1

), magnesium (Mg) (mmol.l
-1

), 

triglyceride (TG) (mmol.l
-1

) and cholesterol 

(CHO) (mmol.l
-1

) in blood plasma, were 

examined by the colorimetric method with 

blood analyzer (Mindray SC – 120). 
 

Meat quality in experimental fish 

The fish fillets from the back side of 6 fish 

specimens per variant were obtained and 

homogenized at the end of the trial. The 

received muscles homogenates were used for 

analysis of moisture, crude protein, fat and ash 

in a Central research laboratory (Faculty of 

Agriculture, Trakia University) according to 

the following methods: 

 Moisture  (%) and dry matter (%)- 

Bulgarian State Standard (BSS)11374-86; 

 Crude protein content, % (BSS-ISO 5983, 

the Kjeldahl method on Kjeltec 8400, 

FOSS, Sweden); 

 Fat content, % (BSS-ISO 6492, Soxhlet 

extraction method, using Soxtec 2050, 

FOSS, Sweden); 

 Crude ash content, % (BSS 11374-86); 
 

Statistical analysis of data 

The data were analyzed statistically with two 

methods: ANOVA single factor STATISTICA 

6.0 software (StatSoft Inc., 2002).  
 

RESULTS AND DISCUSSION 

Water quality 

The average values of water temperature in 

experimental tanks were in optimal range 

according to Regulation No.4/20.10.2000 (26). 

The difference in this parameter between 

experimental and control variant was not 

statistically significant (P≥0.05).The electrical 

conductivity and oxygen quantities were 

higher in the water of EF respectively with 

0.11% and 2.18% compared with the values of 

these parameters in tanks of CF, but the 

differences were not statistically proven 

(P≥0.05) (Figure 3). The pH was lower with 

0.37% in EF group, compared with the average 

value of this parameter measured for CF 

variant, but the difference was not significant 

(P≥0.05) (Figure 3).  
 

The water quality parameters were in the line 

with permissible values for this fish species 

according to Regulation No. 4 of 20.10.2000 

(26).   The studies retracing the effect of 

plant’s extract supplemented in feed for fish on 

water quality parameters are limited. The study 

made with thyme (Thymus vulgaris), rosemary 

(Rosmarinus officinalis) and fenugreek 

(Trigonella foenum graecum)(27) and Y. 

shidigera (28) pointed out that level of 

ammonia decreased and no effect was found 

on nitrite and dissolved oxygen levels. 

 

           Figure 3. Hydrochemical parameters during the trial-A) Temperature; B) Conductivity; C) Dissolved   

           oxygen; D)pH 
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Growth parameters in experimental fish  

The survival of fish was 100% in both tested 

variants. The average values of initial weight 

in rainbow trout from both groups, 

experimental and control were very close and 

the difference between them was not 

significant (P≥0.05) (Table 2). The final 

weight, specific growth rate (SGR) and feed 

conversion ratio were higher in trouts from the 

group fed with feed supplemented with licorice 

(Table 2).  
 

The fish from the experimental group, fed with 

a supplement of licorice had with 8.54% higher 

average final weight compared to the 

parameter’s value in trouts from the control 

variant (p<0.05). The average value of SGR in 

rainbow trout from the experimental variant 

was higher with 6.9% compared to the value of 

SGR in fish from CF group (p<0.05) (Table 

2). The average value of FCR found for trouts 

from experimental variant was higher with 

15.3% compared with this calculated for fish 

from control group (Table 2).  
 

The received from us results for growth 

parameters are in confirmation made from 

Kumar et al., 2007 (29) who found better 

growth per day in % body weight, average 

weight gain and FCR in Indian major carp, 

Cirrhinus mrigala, fingerlings when their feed 

was supplemented with extract of licorice. 

According to Chakraborty et al., 2013 (30) the 

better growth performance in fish from licorice 

addition in their feed was the result of 

isoflavones content in this herbal could lead to 

potent antioxidant activity, inhibition of 

superoxide anion production in 

xanthine/xanthine oxidase system and 

protection of mitochondrial function against 

oxidative stresses. Growth promoting effect 

was found in yellow perch when in its feed 

Astragalus membranaceus (AM) and 

Glycyrrhiza glabra (licorice) was added (25).      

 

Table 2. Growth parameters in rainbow trout (O.mykiss) during the trial 

Growth parameters n x̅  ± SD 

 CF EF 

Initial weight (g)  80 13.30 ±3,07 13.40±3,55 

Final weight (g) 80 40.90±1,13 44.80±1,22* 

SGR (%body wt  gain.day

-1

) 
2 1.86 2.05* 

FCR 2 1.43 1.69* 

*-show significant statistical differences (p<0.05) 

 

Table 3. Blood parameters in rainbow trout (O.mykiss) during the trial 

  

Blood parameters  

       

Unit 

 

n 

x̅  ± SD 

CF EF 

GLU 
mmol.l

-1

 
6 5,05±0,62 4,88±0,93 

UREA 
mmol.l

-1

 
6 0,64±0,31 0,85±0,38 

TP 
g.l

-1

 
6 38,40±8,35 36,75±3,26 

ALB 
g.l

-1

 
6 17,06±1,65 18,8±3,81 

ASAT  
U.l

-1

 
6 83,60±70,18 70,28±70,40 

ALAT 
U.l

-1

 
6 23,20±19,60 20,80±11,90 

ALP 
U.l

-1

 
6 416,00±206,30 372,16±168,20 

Ca 
mmol.l

-1

 
6 2,22±0,48 1,84±0,37 

P 
mmol.l

-1

 
6 4,93±2,02 4,04±1,35 

Mg 
mmol.l

-1

 
6 0,76±0,12 0,75±0,02 

TG 
mmol.l

-1

 
6 1,77±0.16 1,70±0,07 

CHO 
mmol.l

-1

 
6 5,83±2,25 6,50±1,13 

*-show significant statistical differences (p<0.05) 
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Blood biochemical parameters in 

experimental fish 

The blood biochemical parameters in 

experimental fish were not significantly 

affected by supplementation of licorice extract 

(P≥0.05) (Table 3). The average values of 

glucose, TP, ASAT, ALAT, ALP, and TG in 

trouts from the control variant were higher 

respectively with 3.96%, 4.29%, 57.2%, 

10.3%, 10.53% and 3.95% compared to values 

in these parameters measured in the blood of 

fish from experimental group, but differences 

were not statistically proven (P≥0.05). 

Received from us result for total protein 

content in rainbow trout fed with supplemented 

with licorice feed is controversial to data 

received from to Bhavan et al., 2013 (31) who 

stated that the quantity of TP was higher in fish 

from groups of prawn (Macrobrachium 

rosenbregii) fed with the addition of licorice 

compared to result received for the control 

group. The hepatoprotective effect (the liver 

enzymes and the quantity of glucose 

decreased) was found for the trouts fed with 

supplemented feed in the current study. Elabd 

et al. (2016) (25) found the improvement of 

aspartate aminotransferase (AST) alanine 

transaminase (ALT) activities, glucose and 

cortisol concentrations when the diet for the 

feeding of yellow perch was supplemented 

with Astragalus membranaceus and 

Glycyrrhiza glabra.   
 

Meat quality in experimental fish 

The meat quality parameters in experimental 

fish were significantly affected by the 

supplementation of feed with licorice. The 

content of dry matter, fat, and ash in trouts 

from EF was lower respectively with 7.39%, 

36.4% and 12.5% compared with the average 

values of these parameters found for fish from 

CF (P<0.05) (Table 4). The studies connected 

with the influence of licorice on meat quality 

in fish are missing by our understanding. The 

researches with other animals showed that 

licorice as animal feed additives decreased 

lipid oxidation and improve quality of meat in 

lamb (32). 

 
Table 4. Meat quality parameters in fish during the trial  

Meat quality parameters n x̅  ± SD 

CF EF 

Moisture 6 74,20±0,63 76,10±0,39* 

Dry matter 6 25,70±0,63* 23,80±0,52 

Crude protein 6 18,60±0,29 18,88±0,14 

Fat 6 5,35±0,21* 3,40±0,51 

Ash 6 1,75±0,15* 1,53±0,09 

*-show significant statistical differences (p<0.05) 

 

CONCLUSION 

The extract from licorice (Gl. glabra) added to 

feed for the feeding of rainbow trout 

(O.mykiss) increases the growth of fish and 

significantly affect the meat quality parameters 

but did not affect the blood parameters of 

experimental fish.  
 

REFERENCES  

1. Staykov, Y., Aquaculture – introduction 

and principles. Stara Zagora, p.173, 2001 

(in Bg). 

2. Håstein, T., Animal welfare issues relating 

to aquaculture. In: Proceedings of the 

Global Conference on Animal Welfare: an 

OIE Initiative (Paris, France: World 

Organization for Animal Health), 2004. 

3. European Commission, Farmed fish and 

welfare. European Commission, 

Directorate-General for Fisheries, Research 

and Scientific Analysis Unit (A4), Brussels, 

Belgium, 2004. 

4. Ellis, T., North, B., Scott, A.P., Bromage, 

N.R., Porter, M., Gadd, D., The 

relationships between stocking density and 

welfare in farmed rainbow trout. Journal of 

Fish Biology, 61:  493-531, 2002. 

5. Cannon, M., Harford, S., Davies, J.A., A 

comparative study on the inhibitory actions 

of chloramphenicol, thiamphenicol and 

some fluorinated derivatives. J Antimicrob 

Chemother,  26: 307–317, 1990. 

6. Rigos, G., Troisi, G., Antibacterial agents 

in Mediterranean finfish farming: a 

synopsis of drug pharmacokinetics in 

important Euryhaline fish species and 

possible environmental implications. Rev 

Fish Biol Fisheries, 15:53–73, 2005. 

7. Jerbi, M.A., Ouanes, Z., Besbes, R., 

Achour, L., Kacem, A., Single and 

combined genotoxic and cytotoxic effects 



 

 

SIRAKOV I., et al. 

290                                                    Trakia Journal of Sciences, Vol. 16, № 4, 2018 

 

 

of two xenobiotics widely used in intensive 

aquaculture. Mutat Res, 724: 22–27, 2011. 

8. Reda, R.M., Ibrahim, R.E., Ahmed, E.N., 

El-Bouhy Z.M., Effect of oxytetracycline 

and florfenicol as growth promoters on the 

health status of cultured Oreochromis 

niloticus. The Egyptian Journal of Aquatic 

Research, 39(4):241-248, 2013. 

9. Yamazaki, F., Application of hormones in 

fish culture. Journal of the Fisheries Board 

of Canada, 33(4): 948-958, 1976. 

10. Hunter, G.A., Donaldson, E.M., 1983. 

Hormonal Sex Control and its Application 

to Fish Culture. In Fish physiology, 

Academic Press, 9:223-303, 1983. 

11. European Commision, Science for 

Environment Policy, FUTURE BRIEF: 

Sustainable Aquaculture, 11:19, 2015. 

12. Gandhi, R., Snedeker, S.M., Consumer 

Concerns About Hormones in Food, 

Cornell University Program on Breast 

Cancer and Environmental Risk Factors in 

New York State (BCERF), p.6, 2000. 

13. Cristea, V., Antache, A., Grecu, I., Docan, 

A., Dediu, L., Mocanu, M.C., The use of 

phytobiotics in aquaculture. Lucrări 

Ştiinţifice-Seria Zootehnie, 57:250-255, 

2012. 

14. Kim, K.H., Hwang, Y.J., Bai, S.C., 

Resistance to Vibrio alginolyticus in 

juvenile rockfish (Sebastes schlegeli) fed 

diets containing different doses of aloe. 

Aquaculture, 180:13–21, 1999. 

15. Logambal, S.M., Venkatalakshmi, S., 

Michael, R.D., Immunostimulatory effect 

of leaf extract of Ocimum sanctum Linn. in 

O. mossambicus (Peters), Hydrobiologia, 

430:113–120, 2000. 

16. Dugenci, S.K., Arda, N., Candan, A., Some 

medicinal plants as immunostimulant for 

fish. J Ethnopharmacol, 88:99–106, 2003. 

17. Sahu, S., Antibacterial activity of plant 

extracts on fish microbial pathogens, M.F. 

Sc.Dissertation thesis, CIFA, 

Kausalyaganga, Bhubaneswar, India. p. 

237, 2004. 
18. Christybapita, D., Divyagnaneswari, M., 

Michael, R.D., Oral administration of Eclipta 

alba leaf aqueous extract enhances the non 

specific immune responses and disease 

resistance of Oreochromis mossambicus. Fish 

& Shellfish Immunol, 23: 840–852, 2007. 

19. Divyagnaneswari, M., Christybapita, D., 

Michael, R.D., Enhancement of nonspecific 

immunity and disease resistance in 

Oreochromis mossambicus by S. trilobatum 

leaf fractions. Fish&Shellfish Immunol, 

23:249–259, 2007. 

20. Seung-Cheol, J., Takaoka, O., Jeong, G.S., 

Lee, S.W., Ishimaru, K., Seoka, M., Takii, 

K., Dietary medicinal herbs improve 

growth and some nonspecific immunity of 

red sea bream Pagrus major. Fisheries 

Science, 73: 63–69, 2007. 

21. Abd-El-Rhman, A.M.M., Antagonism of 

Aeromonas hydrophila by propolis and its 

effect on the performance of Nile tilapia, O. 

niloticus. Fish&Shellfish Immunology, 27: 

454–459, 2009. 

22. Onceanu, M., Teză de doctorat: Studiul 

efectului antioxidant al unor extracte din 

plante indigene la Oncorhynchus mykiss 

supus unor factori de stress, Constanţa, 

2011. 

23. Jang, S.I., Marsden, M.J., Kim, Y.G., Choi, 

M.S., Secombes, C.J., The effect of 

glycyrrhizin on rainbow trout, 

Oncorhynchus mykiss (Walbaum), 

leucocyte responses. Journal of Fish 

Diseases, 18(4): 307-15, 1995. 

24. Yuan, C., Li, D., Chen, W., Sun, F., Wu, 

G., Gong, Y., Tang, J., Shen, M., Han, X., 

Administration of a herbal 

immunoregulation mixture enhances some 

immune parameters in carp (Cyprinus 

carpio L). Fish Physiology and 

Biochemistry, 33(2):93-101, 2007. 

25. Elabd, H., Wang, H.P., Shaheen, A., Yao, 

H., Abbass, A., Feeding Glycyrrhiza glabra 

(liquorice) and Astragalus membranaceus 

(AM) alters innate immune and 

physiological responses in yellow perch 

(Perca flavescens). Fish & shellfish 

immunology, 54:374-384, 2016. 

26. Regulation № 4, 20.10.2000, Concerning 

the quality of the waters for fish farming 

and for rearing of shell organisms. Ministry 

of Environment and Waters, Ministry of 

Agriculture and forests and Ministry of 

Health (OG, issue 88/ 27.10.2000) (Bg), 

2000. 

27. Yılmaz, S., Effects of herbal supplements 

on growth performance of sea bass 

(Dicentrarchus labrax): Change in body 

composition and some blood parameters. J 

BioSci Biotech, 1(3): 217-222, 2012. 

28. Tidwell, J.H., Webster, C.D., Clark, J.A., 

Yancey, D.H., Effects of Yucca shidigera 

extract on water quality and fish growth in 

recirculating-water aquaculture systems. 

The Progressive Fish-Culturist, 54(3):196-

201, 1992. 

29. Kumar, R., Sharma, B.K., Sharma, L.L., 

Impact of Glycyrrhiza glabra Linn. as 

growth promoter in the supplementary feed 

of an Indian major carp Cirrhinus mrigala 



 
 

SIRAKOV I., et al. 

Trakia Journal of Sciences, Vol. 16, № 4, 2018                                 291 

 

 

(Ham). Indian Journal of Animal Research, 

41:35–38, 2007. 

30. Chakraborty, S.B., Horn, P., Hancz, C., 

Application of phytochemicals as growth‐
promoters and endocrine modulators in fish 

culture. Reviews in Aquaculture, 6(1):1-9, 

2014. 

31. Bhavan, P.S., Devi, N.N., Muralisankar, T., 

Manickam, N., Radhakrishnan, S., 

Srinivasan, V., Effects of Myristica 

fragrans, Glycyrrhiza glabra and Quercus 

infectoria on growth promotion in the 

prawn Macrobrachium rosenbergii. Int J 

Life Sci Biotech Pharm Res, 2: 169-82, 

2013. 

32. Zhang, Y.W., Luo, H. L., Liu, K., Jia, H.N., 

Chen, Y., Wang, Z.Z., Antioxidant effects 

of liquorice (Glycyrrhiza uralensis) extract 

during aging of longissimus thoracis muscle 

in Tan sheep. Meat Science, 105:38–45, 

2015. 

 


