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2000 2010

1.4% 2010 2017

2.5% (FAO 2018)

 

2019

4 22

2019 8 29

 



2 

 

 

 

 

 (Vibrio anguillarum)  (V. 

alginolyticus)  (V. harveyi)  (V. vulnificus)

 (Streptococcus iniae)  (S. 

agalactiae)  (Photobacterium damselae subsp. 

piscicida)  (Aeromonas hydrophila)

 (Pseudomonas fluorescens)  (P. 

anguilliseptica)  (Edwardsiella tarda)  

(Piscirickettsia salmonis)  

(Trichodina sp.)  (Dactylogyrus sp.)  (Gyrodactylus 
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sp.)  (Glossatella Apiosoma Ambiphrya Scyphidia)

 (Amyloodinium ocellatum)  

(Cryptocaryon irritans)  (Ichthyophthirius multifiliis)

 (Centrocestus formosanus)  (Heterosporis 

anguillarum)  (Uronema marinum)

 (Benedenia seriolae)  (Piscicola geometrica)  

(Caligus sp.)  (Lernaea cyprinacea) 

G. salaris  (OIE)

 (epizootic haematopoietic 

necrosis virus) HPR HPRO  

(HPR-deleted or HPRO infectious salmon anaemia virus)

 (infectious hematopoietic necrosis virus)

 (koi herpesvirus)  (red sea bream 

iridovirus)  (salmonid alphavirus)

 (spring viremia of carp virus)  

(viral haemorrhagic septicaemia virus)  (nervous 

necrosis virus)  (channel catfish herpesvirus)

 (lymphocystis disease virus) 

 (OIE)
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Aphanomyces invadans  (epizootic 

ulcerative syndrome) OIE ( )

 ( )

 ( ) 

 

 (nonspecific immune 

system innate immune system) 

 (specific immune system adaptive 

immune system)

 (physical barrier)  (cellular 

immunity)  (humoral immunity)

 

(lysozyme)  (proteinase)  (lysin) 
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 (granulocyte)  (monocyte) /  

(macrophage)  (natural killer cell) 

 

(respiratory burst)  (superoxide radical, O2
-)

 (superoxide dismutase, SOD) 

 (hydrogen peroxide, H2O2) myeloperoxidase

 (HOCl)  (OCl- ) O2
- H2O2

HOCl OCl-  (reactive oxygen species, ROS) 

 (complement, COMP)  

(interferon) C-  (C-reactive protein)

 (membrane attack 

complex, MAC)

 (alternative complement pathway) 

 (classical complement pathway)

C1 (complement 1) 
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 C3 (complement 3)

� � � � � �

C-

 

 

 

 

( )  

 (crude drug)

 (herbal medicine)

 (botanical medicine phytomedicine)
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 (carbohydrate)  (glycoside)  

(polyphenol)  (lipid)  (volatile oil)  (resin)

 (terpenoid)  (alkaloid)  (vitamin)  

(enzyme)  (mineral)  (plant pigment) 

19

 

( )  

 

1.  

 

(polysaccharide)  (saponin glycoside)
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 (polypeptide)  (anthraquinones)  (organic 

acid)

1

 ( )  (Zingiber 

officinale)  (Allium sativum)  (Cotinus coggygria)

 (Lupinus perennis)  (Urtica dioica)  

(Mangifera indica)  (Oncorhynchus mykiss) 

 (Andrographis paniculata)  (Astragalus 

membranaceus)  (Cratoxylum formosum)  

(Curcuma longa)  (Cynodon dactylon)  

(Echinacea purpurea)  (Eclipta prostrata)  (Lonicera 

japonica)  (Nyctanthes arbortristis)  (Withania 

somnifera)  (Rheum officinale)

 (Achyranthes aspera)  (Aegle marmelos)  

(Aloe vera)  (Euphorbia hirta)  

(Cyprinus carpio) 

 (Ocimum sanctum)  (Labeo 

rohita)  

(Catla catla)  (Coriolus versicolor)  
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(Eriobotrya japonica)  (Phellinus linteus)  (Camellia 

sinensis)  (Kalopanax pictus)  (Lactuca indica)

 (Styrax japonicas)  (Viscum album) 

 (Epinephelus bruneus) 

 (Eleutheronema tetradactylum) 

 (Sparidentex hasta)  (Alnus 

firma)  (Prunella vulgaris)  (Paralichthys 

olivaceus)  ( Lates calcarifer) 

 (Cnidium officinale)  (Pagrus major) 

 (Anguilla japonica) 

 (Origanum vulgare)  ( Ictalurus 

punctatus)  ( Clarias 

gariepinus)  (Megalobrama 

amblycephala) 
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1   

  

 
Zingiber 
officinale 

 
Oncorhynchus 
mykiss 

WBC LYM MON
NEU LYZ PHAG RB

 

Nya & 
Austin, 2009 

 
Oreochromis 
mossambicus 

LYZ PHAG
 

Immanuel et 
al., 2009 

( ) 
Lates calcarifer 

WBC LYZ BA RB
PHAG  

Talpur et al., 
2013 

 
Sparidentex hasta 

WBC LYM LYZ
COMP SOD

 

Jahanjoo et 
al., 2018 

 
Rheum 
officinale 

 
Cyprinus carpio 

LYZ SOD

 

Xie et al., 
2008 

 
Megalobrama 
amblycephala 

LYZ SOD
 

Liu et al., 
2012 

 
Allium sativum 

 
Oreochromis 
niloticus 

MON PHAG
 

Aly et al., 
2008 

SOD
 

Metwally, 
2009 

 Aly et al., 
2010 

 
Labeo rohita 

WBC LYZ BA
 

Sahu et al., 
2007 

 
Oncorhynchus 
mykiss 

WBC LYM LYZ BA
PHAG

Nya & 
Austin, 
2009; 2011 

* 
Eleutheronema 
tetradactylum 

LYZ SOD

 
, 2019 
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Sparidentex hasta 

LYZ COMP SOD
 

Jahanjoo et 
al., 2018 

 
Coriolus 
versicolor 

 
Epinephelus 
bruneus 

LYZ PHAG
 

Harikrishnan 
et al., 2012 

 
Eriobotrya 
japonica 

 
Epinephelus 
bruneus 

WBC LYZ COMP
BA RB PHAG

 

Kim et al., 
2011 

 
Phellinus 
linteus 

 
Epinephelus 
bruneus 

LYZ SOD RB
PHAG COMP

 

Harikrishnan 
et al., 2011 

 
Achyranthes 
aspera 

 
Catla catla 

LYZ BA RB
 

Vasudeva & 
Sunil, 2009 

 
Cyprinus carpio 

LYZ
 

Vasudeva & 
Chakrabarti, 
2005 

 
Labeo rohita 

LYZ BA RB
 

Vasudeva et 
al., 2006 

 
Aegle 
marmelos 

 
Catla catla 

PHAG
 

Pratheepa et 
al., 2011 

 
Cyprinus carpio 

WBC LYZ PO
PHAG RB

 

Pratheepa et 
al., 2010 

 
Alnus firma 

 
Paralichthys 
olivaceus 

WBC LYZ RB
 

Harikrishnan 
et al., 2011 

 
Aloe vera 

 
Cyprinus carpio 

WBC LYZ BA
 

Alishahi et 
al., 2010 

 
Andrographis 
paniculata 

 
Oreochromis 
mossambicus 

WBC
 

Prasad & 
Mukthira, 
2011 

 
 

 
Cyprinus carpio 

LYZ PHAG RB
 

Yin et al., 
2009 
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Astragalus 
membranaceus 

 
Oreochromis 
niloticus 

LYZ PHAG RB
 

Yin et al., 
2006; Ardo 
et al., 2008 

 
Camellia 
sinensis 

 
Epinephelus 
bruneus 

LYZ COM RB
 

Harikrishnan 
et al., 2011 

 
Cnidium 
officinale 

 
Pagrus major 

LYZ RB
 

Ji. Takaoka 
et al., 2007 

 
Cotinus 
coggygria 

 
Oncorhynchus 
mykiss 

LYZ PHAG RB
 

Bilen et al., 
2011 

 
Cratoxylum 
formosum 

 
Oreochromis 
niloticus 

LYZ PHAG RB
 

Rattanachai-
kunsopon & 
Phumkha- 
chorn, 2010 

 
Curcuma 
longa 

 
Labeo rohita 

WBC LYZ BA RB
 

Sahu et al., 
2008 

 
Cyprinus carpio 

LYZ
 

Abdel- 
Tawwab & 
Abbass, 
2017 

 
Oreochromis 
niloticus 

IL-1� IL-8
 

Panprommin 
et al., 2011 

 
Clarias gariepinus

LYZ SOD
 

Adeshina et 
al., 2017 

* 
Eleutheronema 
tetradactylum 

LYZ SOD
 , 2019 

 
Cynodon 
dactylon 

 
Catla catla 

WBC LYZ COMP
RB  

Kaleeswaran 
et al., 2010; 
2011 

 
Oreochromis 
mossambicus 

WBC LYZ PHAG
 

Immanuel et 
al., 2009 
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Echinacea 
purpurea 

 
Oreochromis 
niloticus 

WBC LYM MON
LYZ  

Aly et al., 
2008; Aly & 
Mohamed, 
2010 

 
Eclipta 
prostrata 

 
Oreochromis 
mossambicus 

LYZ COMP RB
 

Christybapita 
et al., 2007 

 
Euphorbia 
hirta 

 
Cyprinus carpio 

WBC LYZ PHAG
RB  

Pratheepa & 
Sukumaran, 
2011 

 
Kalopanax 
pictus 

 
Epinephelus 
bruneus 

WBC LYM MON
COMP PO BA

 
Harikrishnan 
et al., 2011 

 
Lactuca indica 

 
Epinephelus 
bruneus 

PHAG RB
 

Harikrishnan 
et al., 2011 

 
Lonicera 
japonica 

 
Oreochromis 
niloticus 

LYZ PHAG RB
 

Ardo et al., 
2008 

 
Lupinus 
perennis 

 
Oncorhynchus 
mykiss 

WBC LYZ RB
 

Awad & 
Austin, 2010 

 
Mangifera 
indica 

 
Labeo rohita 

WBC LYZ BA RB
 

Sahu et al., 
2007 

 
Oncorhynchus 
mykiss 

WBC LYZ RB
 

Awad & 
Austin, 2010 

 
Nyctanthes 
arbortristis 

 
Oreochromis 
mossambicus 

LYZ COMP RB
 

Kirubakaran 
et al., 2010 

 
Ocimum 
sanctum 

 
Labeo rohita 

WBC LYZ
 

Das et al., 
2013 

 
Epinephelus 
bruneus 

WBC BA PHAG
 

Sivaram et 
al., 2004 
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Origanum 
vulgare 

( )
Ictalurus punctatus

LYZ SOD
 

Zheng et al., 
2009 

 
Prunella 
vulgaris 

 
Paralichthys 
olivaceus 

LYZ COMP PHAG
RB  

Harikrishnan 
et al., 2011 

 
Styrax 
japonicus 

 
Epinephelus 
bruneus 

LYZ COMP PO BA
PHAG RB

 
Harikrishnan 
et al., 2011 

 
Urtica dioica 

 
Oncorhynchus 
mykiss 

WBC LYZ RB IL-1�
IL-8  

Awad & 
Austin, 
2010; Awad 
et al., 2011 

 
Viscum album 

 
Anguilla japonica 

LYZ PHAG RB
 

Choi et al., 
2008 

 
Epinephelus 
bruneus 

LYZ PHAG RB
 

Harikrishnan 
et al., 2011 

 
Withania 
somnifera 

 
Labeo rohita 

LYZ PHAG RB
 

Sharma et 
al., 2010 

 
Epinephelus 
tauvina 

PHAG
 

Sivaram et 
al., 2004 

 
Oreochromis 
mossambicus 

LYZ PHAG
 

Immanuel et 
al., 2009 

BA serum bactericidal activity COMP complement activity
IL-1� interleukin 1� 1� IL-8 interleukin 8 8 LYM

lymphocyte LYZ lysozyme activity MON monocyte 
NEU neutrophil PHAG phagocytosis

PO peroxidase activity RB respiratory burst activity
SOD superoxide dismutase activity WBC white blood 

cell count  
*  
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2.  

 (flavonoids)

 (coumarin)  (saponin)  

(tannin)

2

 

(Edwardsiella tarda) 

 (Tenacibaculum maritimum) 
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 (Philasterides dicentrarchi) 

 

(Uronema marinum)  
 

2   

  

 
Zingiber 
officinale 

 
Oncorhynchus 
mykiss 

(Aeromonas 
hydrophila)  

Nya & 
Austin, 2009 

 
Oreochromis 
mossambicus 

(Vibrio vulnificus)
 

Immanuel et 
al., 2009 

( ) 
Lates calcarifer (V. harveyi)  Talpur et al., 

2013 

 
Sebastes schlegelii

(Streptococcus iniae)  
Lee et al., 
2016 

(Edwardsiella 
tarda)  

Kim et al., 
2018 

 
Paralichthys 
olivaceus 

 Kim et al., 
2019 

 
Rheum 
officinale 

 
Megalobrama 
amblycephala 

 Liu et al., 
2012 

( )* 
Lates calcarifer  , 2015 

 
Allium sativum 

 
Oreochromis 
niloticus 

 Aly et al., 
2008 

(Pseudomonas 
fluorescens)  

Diab et al., 
2008 

 
Labeo rohita  Sahu et al., 

2007 
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Oncorhynchus 
mykiss 

 
Nya & 
Austin, 2009, 
2011 

* 
Eleutheronema 
tetradactylum 

 , 2019 

* 
Epinephelus 
coioides 

 , 2012 

( )* 
Lates calcarifer  , 2014 

* 
Rachycentron 
canadum 

(Photobacterium 
damselae subsp. piscicida)

 
, 2015 

 
Allium 
tuberosum 

 
Oreochromis 
niloticus 

Flavobacterium columnare
 

Rattanachai- 
kunsopon & 
Phumkha- 
chorn, 2009 

 
Coriolus 
versicolor 

 
Epinephelus 
bruneus 

(V. anguillarum)  Harikrishnan 
et al., 2012 

 
Eriobotrya 
japonica 

 
Epinephelus 
bruneus 

 Kim et al., 
2011 

 
Phellinus 
linteus 

 
Epinephelus 
bruneus 

(V. alginolyticus)
 

Harikrishnan 
et al., 2011 

 
Achyranthes 
aspera 

 
Catla catla  Vasudeva & 

Sunil, 2009 
 

Labeo rohita  Vasudeva et 
al., 2006 

 
Aegle 
marmelos 

 
Cyprinus carpio  Pratheepa et 

al., 2010 
 

Oreochromis 
mossambicus 

 Immanuel et 
al., 2009 
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Alnus firma 

 
Paralichthys 
olivaceus 

(Tenacibaculum 
maritimum)  

Harikrishnan 
et al., 2011 

 
Aloe vera 

 
Cyprinus carpio  Alishahi et 

al., 2010 

 
Andrographis 
paniculata 

 
Oreochromis 
niloticus 

(S. agalactiae)
 

Rattanachai- 
kunsopon & 
Phumkha- 
chorn, 2009 

 
Astragalus 
membranaceus 

 
Cyprinus carpio  Yin et al., 

2009 
 

Oreochromis 
niloticus 

 
Yin et al., 
2006; Ardo 
et al., 2008 

 
Coptis 
chinensis 

( )* 
Lates calcarifer  , 2016 

 
Scutellaria 
baicalensis 

( )* 
Lates calcarifer  , 2016 

 
Camellia 
sinensis 

 
Epinephelus 
bruneus 

 Harikrishnan 
et al., 2011 

 
Cinnamomum 
verum 

 
Oreochromis sp.  Alsaid et al., 

2010 

 
Oreochromis 
niloticus 

 

Rattanachai- 
kunsopon & 
Phumkha- 
chorn, 2010 

 
Crataegi 
fructus 

 
Pagrus major  Ji. Takaoka 

et al., 2007 

 
Cnidium 
officinale 

 
Pagrus major  Ji. Takaoka 

et al., 2007 
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Artemisia 
capillaris 

 
Pagrus major  Ji. Takaoka 

et al., 2007 

 
Cratoxylum 
formosum 

 
Oreochromis 
niloticus 

 

Rattanachai- 
kunsopon & 
Phumkha- 
chorn, 2010 

 
Curcuma 
longa 

 
Labeo rohita  Sahu et al., 

2008 

 
Cyprinus carpio 

 

Abdel-Taw
wab & 
Abbass, 
2017 

F. columnare
Al-Faragi & 
Hassan, 
2017 

 
Oreochromis 
niloticus 

 

Mahmoud et 
al., 2014; 
Diab et al., 
2014 

 
Clarias gariepinus  Adeshina et 

al., 2017 
* 

Eleutheronema 
tetradactylum 

 , 2019 

 
Cynodon 
dactylon 

 
Catla catla  

Kaleeswaran 
et al., 2010; 
2011 

 
Oreochromis 
mossambicus 

 Immanuel et 
al., 2009 

 
Eclipta 
prostrata 

 
Oreochromis 
mossambicus 

 Christybapita 
et al., 2007 
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Echinacea 
purpurea 

 
Oreochromis 
niloticus 

 Aly et al., 
2008 

 
Aly & 
Mohamed, 
2010 

 
Kalopanax 
pictus 

 
Epinephelus 
bruneus (Philasterides dicentrarchi)  

Harikrishnan 
et al., 2011 

 
Lactuca indica 

 
Epinephelus 
bruneus 

 Harikrishnan 
et al., 2011 

 
Lonicera 
japonica 

 
Oreochromis 
niloticus 

 Ardo et al., 
2008 

 
Mangifera 
indica 

 
Labeo rohita  Sahu et al., 

2007 

 
Nyctanthes 
arbortristis 

 
Oreochromis 
mossambicus 

 Kirubakaran 
et al., 2010 

 
Ocimum 
sanctum 

 
Labeo rohita  Das et al., 

2013 
 

Epinephelus 
bruneus 

 Sivaram et 
al., 2004 

 
Origanum 
vulgare 

 
Ictalurus punctatus  Zheng et al., 

2009 

 
Prunella 
vulgaris 

 
Paralichthys 
olivaceus 

(Uronema 
marinum)  

Harikrishnan 
et al., 2011 

 
Styrax 
japonicus 

 
Epinephelus 
bruneus  

Harikrishnan 
et al., 2011 
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Viscum album 

 
Anguilla japonica  Choi et al., 

2008 
 

Epinephelus 
bruneus 

 Harikrishnan 
et al., 2011 

 
Withania 
somnifera 

 
Labeo rohita  Sharma et 

al., 2010 
 

Epinephelus 
tauvina 

 Sivaram et 
al., 2004 

 
Oreochromis 
mossambicus 

 Immanuel et 
al., 2009 

*  

 

3.  

3  

(weight gain)  (specific growth rate)  

(protein efficiency ratio)  (feed efficiency)
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3   

  

 
Zingiber 
officinale 

 
Oncorhynchus 
mykiss  

Nya & 
Austin, 
2009 

 
Oreochromis 
mossambicus 

 Immanuel et 
al., 2009 

 
Sebastes schlegelii

Lee et al., 
2016 

 Kim et al., 
2018 

 
Sparidentex hasta  

Jahanjoo et 
al., 2018 

 
Rheum 
officinale 

 
Cyprinus carpio  Xie et al., 

2008 

 
Allium sativum 

 
Oreochromis 
niloticus 

 Aly et al., 
2008 

 
Oncorhynchus 
mykiss  

Nya & 
Austin, 
2009, 2011 

* 
Epinephelus 
coioides 

 , 2012 
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* 
Rachycentron 
canadum 

 , 2015 

* 
Eleutheronema 
tetradactylum 

 , 2019 

 
Sparidentex hasta  Jahanjoo et 

al., 2018 
 

Phellinus 
linteus 

 
Epinephelus 
bruneus 

 Harikrishnan 
et al., 2011 

 
Achyranthes 
aspera 

 
Labeo rohita  Vasudeva et 

al., 2006 

 
Aegle 
marmelos 

 
Oreochromis 
mossambicus 

 Immanuel et 
al., 2009 

 
Andrographis 
paniculata 

 
Oreochromis 
mossambicus 

 
Prasad & 
Mukthira, 
2011 

 
Cnidium 
officinale 

 
Pagrus major  

Ji. Takaoka 
et al., 2007 

 
Crataegi 
fructus 

 
Pagrus major  Ji. Takaoka 

et al., 2007 

 
Artemisia 
capillaris 

 
Pagrus major  Ji. Takaoka 

et al., 2007 

 
Curcuma 
longa 

 
Cyprinus carpio 

 

Abdel- 
Tawwab & 
Abbass, 
2017 

 

Al-Faragi & 
Hassan, 
2017 



24 

  

 
Clarias gariepinus  

Adeshina et 
al., 2017 

* 
Eleutheronema 
tetradactylum 

 , 2019 

 
Cynodon 
dactylon 

 
Catla catla  

Kaleeswaran 
et al., 2010, 
2011 

 
Oreochromis 
mossambicus 

 Immanuel et 
al., 2009 

 
Echinacea 
purpurea 

 
Oreochromis 
niloticus 

 

Aly et al., 
2008; Aly & 
Mohamed, 
2010 

 
Panax ginseng 

 
Oreochromis 
niloticus  Goda, 2008 

 
Ocimum 
sanctum 

 
Epinephelus 
bruneus 

 Sivaram et 
al., 2004 

 
Origanum 
vulgare 

( )
Ictalurus punctatus  

Zheng et al., 
2009 

 
Withania 
somnifera 

 
Epinephelus 
tauvina 

 Sivaram et 
al., 2004 

 
Oreochromis 
mossambicus 

 Immanuel et 
al., 2009 

*  
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4.  

 (red blood cell count, RBC)  (hemoglobin, 

Hb)  (hematocrit, Hct) 

4

RBC Hb Hct

RBC Hb

RBC Hct Hb

Hct  
 

4   

  

 
Zingiber 
officinale 

 
Oncorhynchus 
mykiss 

RBC Hct 
Nya & 
Austin, 
2009 

 
Oreochromis 
mossambicus 

Hct Immanuel et 
al., 2009 

( ) 
Lates calcarifer RBC Talpur et 

al., 2013 
 

Sparidentex hasta RBC Jahanjoo et 
al., 2018 

 
Allium sativum 

 
Oreochromis 
niloticus 

RBC Hct Hb 
Shalaby et 
al., 2006; 
Aly & 
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Mohamed, 
2010 

 
Labeo rohita RBC Hct Hb Sahu et al., 

2007 

 
Oncorhynchus 
mykiss 

RBC Hct 
Nya & 
Austin, 
2009; 2011 

 
Aegle 
marmelos 

 
Cyprinus carpio RBC Hb Pratheepa et 

al., 2010 
 

Oreochromis 
mossambicus 

Hct Immanuel et 
al., 2009 

 
Alnus firma 

 
Paralichthys 
olivaceus 

RBC Hct Hb Harikrishnan 
et al., 2011 

 
Andrographis 
paniculata 

 
Oreochromis 
mossambicus 

RBC Hb 
Prasad & 
Mukthira, 
2011 

 
Cnidium 
officinale 

 
Pagrus major Hb Ji. Takaoka 

et al., 2007 

 
Curcuma 
longa 

 
Labeo rohita RBC Sahu et al., 

2008 

 
Cyprinus carpio RBC Hb 

Abdel- 
Tawwab & 
Abbass, 
2017 

 
Cynodon 
dactylon 

 
Catla catla RBC Hb 

Kaleeswaran 
et al., 2010; 
2011 

 
Oreochromis 
mossambicus 

Hct Immanuel et 
al., 2009 

  Hct Aly et al., 
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Echinacea 
purpurea 

Oreochromis
niloticus 

2008; Aly & 
Mohamed, 
2010 

 
Euphorbia 
hirta 

 
Cyprinus carpio RBC Hb 

Pratheepa & 
Sukumaran, 
2011 

�
Panax ginseng 

 
Oreochromis 
niloticus 

RBC Hct Hb Goda, 2008 

 
Kalopanax 
pictus 

 
Epinephelus 
bruneus 

RBC Hct Hb Harikrishnan 
et al., 2011 

 
Lactuca indica 

 
Epinephelus 
bruneus 

RBC Hct Hb Harikrishnan 
et al., 2011 

 
Lupinus 
perennis 

 
Oncorhynchus 
mykiss 

RBC Hct 
Awad & 
Austin, 
2010 

 
Mangifera 
indica 

 
Labeo rohita RBC Hb Sahu et al., 

2007 
 

Oncorhynchus 
mykiss 

RBC Hct 
Awad & 
Austin, 
2010 

 
Ocimum 
sanctum 

 
Labeo rohita RBC Hb Das et al., 

2013 

 
Urtica dioica 

 
Oncorhynchus 
mykiss 

RBC Hct 

Awad & 
Austin 
2010, Awad 
et al., 2011 

 
Withania 
somnifera 

 
Oreochromis 
mossambicus 

Hct Immanuel et 
al., 2009 

RBC red blood cell count Hb haemoglobin Hct haematocrit
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( )  

 (in vitro) 

 (in vivo) 

 ( ) 41

 ( * )  
 
 
1. Zingiber officinale 
�  
� gingerol shogaol  
�  

  

 
Oncorhynchus mykiss  

0.5-1% 14  

 
Oreochromis mossambicus  

1% 45  

 
Sparidentex hasta  1% 8  

( ) 
Lates calcarifer  

0.5-1% 15  
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Sebastes schlegelii  1% 4-8  

 
Paralichthys olivaceus 

 1% 4-8  

2. Rheum officinale 
�  
� (emodin) (aloe 

emodin) (rheo-tannin)
(gallic acid)  

�  

  

 
Cyprinus carpio  1.0-2.0% 10  

 
Megalobrama 
amblycephala  0.1% 10  

( )* 
Lates calcarifer  0.4% 14  

3. Allium sativum 
�  
� (allicin) (alliin)

(ajoene) (allyl 
polysulfides) diallyl disulfide diallyl trisulfide

�  

  

 
Oreochromis niloticus 

 1% 6  
 1% 3  

 
0.5-2% 4-8  
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Labeo rohita  0.1-1% 60  

 
Oncorhynchus mykiss  

0.5-1% 14  

* 
Eleutheronema 
tetradactylum  

3% 28  

* 
Epinephelus coioides  1.3% 14  

( )* 
Lates calcarifer 

 1.2% 14  

* 
Rachycentron canadum  2% 28  

 
Sparidentex hasta 

 1% 8  

 
Carassius auratus  0.5% 8  

4. Allium tuberosum 
�  
� 

(dimethyl disulfide) (allyl 
methyl disulfide) dimethyl trisulfide allyl 
methyl trisulfide methyl 1-propenyl disulfide
diallyl disulfide  

�  

  

 
Oreochromis niloticus 

Flavobacterium columnare
 0.02-0.08% 19  



31 

5. Coriolus versicolor 
�  
� K(polysaccharide krestin)

(polysaccharide-peptide complex)
(terpenoids) (polyphenol)  

�  

  

 
Epinephelus bruneus 

 0.1-1% 30  

6. Eriobotrya japonica 
�  
� (triterpenoids)  
�  

  

 
Epinephelus bruneus 

1-2% 30  

7. Phellinus linteus 
�  
� (hispolon) 
�  

  

 
Epinephelus bruneus  

1% 30  

�
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8. Achyranthes aspera 
�  
� (triterpenoid saponins) 
�  

  

 
Catla catla  0.5% 9  

 
Cyprinus carpio 

 0.5% 4  

 
Labeo rohita  0.01-0.5% 5  

9. Aegle marmelos 
�  
� ( aegeline)

( coumarins marmelosin imperatorin
xanthotoxol scoparone marmenol)  

�  

  

 
Catla catla 

 0.5-3% 30  

 
Cyprinus carpio  0.5-5% 50  

 
Oreochromis mossambicus  1% 45  
�



33 

10. Alnus firma 
�  
� ( triterpenoids)

(flavonoids)  
�  

  

 
Paralichthys olivaceus  0.1-1% 8  

11. Aloe vera 
�  
� (polysaccharides) 
�  

  

 
Cyprinus carpio  0.5% 6  
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12. Camellia sinensis 
�  
� (catechin) (tea-leaf saponin)  
�  

  

 
Epinephelus bruneus 

0.1-1% 6  

13. Andrographis paniculata 
�  
� (andrographolide)  
�  

  

 
Oreochromis niloticus 

 5-25% 14  

 
Oreochromis mossambicus  0.05-0.3% 45  
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14. Coptis chinensis 
�  
� ( berberine)

(coptisine) (Worenine)
(palmatine) (columbamin)
(jatrorrhizine) hydrastine epiberberine

canadine  
�  

  

( )* 
Lates calcarifer 

 1.6% 2  

15. Scutellaria baicalensis 
�  
� (baicalin)

(baicalein) (wogonin)  
�  

  

( )* 
Lates calcarifer 

 0.8% 2  

�
�
�
�
�
�
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16. Astragalus membranaceus 
�  
� (polysaccharides)

(flavonoids) (saponins)  
�  

  

 
Cyprinus carpio  0.5% 5  

 
Oreochromis niloticus  0.1% 4  

 

17. Cinnamomum verum 
�  
� (cinnamaldehyde)  
�  

  

 
Oreochromis sp. 

 4.8-10.3% 2  

 
Oreochromis niloticus 

 0.1-0.4% 19  

 

18. Cnidium officinale 
�  
� butylidenephthalide  
�  

  

 
Pagrus major  

0.5-1% 3  
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�
19. Cotinus coggygria 
�  
� (monoterpenes)  

(gallic acid) ( disulfuretin sulfuretin
sulfurein)  

�  

  

 
Oncorhynchus mykiss 

 0.5-1% 3  

20. Crataegi fructus 
�  
� (corosolic acid)  
�  

  

 
Pagrus major 

 0.5% 12  

21. Artemisia capillaris 
�  
� 6,7- (6 ,7-  

dimethylsculetin) (pinene)
(capillin) (capillene)  

�  

  

 
Pagrus major 

 0.5% 12  
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22. Cratoxylum formosum 
�  
� (xanthones)  
�  

  

 
Oreochromis niloticus  0.1-1.5% 30  

23. Curcuma longa 
�  
� (curcumin) (demethoxycurcumin)

(bisdemethoxycurcumin) (curcuminoids) 
 

�  

  

 
Labeo rohita  0.01-0.5% 60  

 
Cyprinus carpio 

 
0.2% 10  

Flavobacterium columnare
 1.25% 45  

�
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Oreochromis niloticus 

 
0.5% 3  
1-2% 45  

 
Clarias gariepinus  2.5% 12  

* 
Eleutheronema 
tetradactylum  3% 28  

24. Cynodon dactylon 
�  
� (flavanoids) (alkaloids) (glycosides)  
�  

  

 
Catla catla  

0.05-5% 45-60  

 
Oreochromis mossambicus  

1% 45  

�
�
�
�
�
�
�
�
�
�
�
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25. Echinacea purpurea 
�  
� (phenolic acids)

(caffeic acid derivatives, cichoric acid
caftaric acid chlorogenic acid echinacoside)

(flavanoids) (alkaloids)
(glycosides) (alkylamides)
(polysaccharides) (polyacetylene)  

�  

  

 
Oreochromis niloticus 

 
0.025% 24  

 
0.1% 12  

 

 

 
 
 

26.  
Eclipta prostrata 

�  
� �- (�-terthienylmethanol)

(ecliptine) (tannins) A
�  

 
 

  

 
Oreochromis mossambicus  0.01-1% 3  
�
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�

27. Panax ginseng 
�  
� (ginsenoside)

 
�  

  

 
Oreochromis niloticus  

0.005-0.025 % 6
 

28. Euphorbia hirta 
�  
� (afzelin) (myricitrin) (rutin)

(quercetin) (quercitrin) (kaempferol) (gallic acid)
(amyrin) (sitosterol) (protocatechuic acid) 24-

(24-methylenecycloartenol) (shikimic acid)
(camphol) friedelin) (taraxerol)

(taraxenone) (spinasterol) (stignasterol) (jambulol)
 

�  

  

 
Cyprinus carpio  0.5-5% 50  
�

�
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29. Lactuca indica 
�  
� (terpene) ( quercetin)

(flavanoids)  
�  

  

 
Epinephelus bruneus 

1-2% 30  

30. Kalopanax pictus 
�  
� Hederagenin delta-hederin

kalopanaxsaponin A~K sapindoside C
septemloside III  

�  

  

 
Epinephelus bruneus  

1-2% 30  

31. Lupinus perennis 
�  
� (quinolizidine alkaloids)

(oligosaccharides) (phytic acid)  
�  

  

 
Oncorhynchus mykiss  1% 2  
�
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�

32. Mangifera indica 
�  
� (phenolic compounds)
�  

  

 
Labeo rohita  0.5% 60  

 
Oncorhynchus mykiss  1% 2  

33. Lonicera japonica 
�  
� (hydnocarpin) (linalool) (geraniol)

(alloaromadendrene) (eugenol benzoate)
(farnesol)  

�  

  

 
Oreochromis niloticus  0.1% 4  

�
�
�
�
�
�
�
�
�
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34. Nyctanthes arbortristis 
�  
� ( flavonoids)

(saponins) terpenoids)  
�  

  

 
Oreochromis mossambicus  0.1% 21  

35. Ocimum sanctum 
�  
� (eugenol) �- (�-caryophyllene) �-

(�-elemene) D(germacrene D)  
�  

  

 
Labeo rohita  0.2% 42  

 
Epinephelus bruneus  0.01-0.08% 12  
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�
�
�
�
�
�
�
�
�
�

36. Origanum vulgare 
�  
� (carvacrol) (thymol)  

�  

  

( ) 
Ictalurus punctatus  0.05% 8  

 
 

37. Styrax japonicus 
�  
� (benzoin resin)  
�  

  

 
Epinephelus bruneus  0.1-2% 30  
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�
38. Urtica dioica 
�  
� (phenolics) (alkaloids)

(tannins) (terpenoids)  
�  

  

 
Oncorhynchus mykiss  1% 2  

39. Prunella vulgaris 
�  
� (oleanolic acid)

(ursolic acid)  
�  

  

 
Paralichthys olivaceus  0.01-1% 8  
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40. Viscum album 
�  
� (mistletoe lectin)

(proteinviscotoxin)
(arabinogalactan)

(galacturonan)  
�  

  

 
Anguilla japonica  0.1-1% 4  

 
Epinephelus bruneus  0.5-2% 30  

 
 

41. Withania somnifera 
�  
� (withanolides)
�  

  

 
Labeo rohita  1-3% 6  

 
Epinephelus tauvina  0.01-0.08% 12  

 
Oreochromis mossambicus  

1% 45  
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    ( ) 

1.  
Amoxicillin   

40 mg/kg/
3-5  5 

2.  
Ampicillin   

20 mg/kg/
3-5  5 

3.  
Doxycycline   50 mg/kg/

3-5  20 

4.  
Erythromycin 

 
( )  50 mg/kg/

3-5  30 

5.  
Eugenol 

 
( )  5-20 ppm

 7 

6.  
Florfenicol 

 

 

10 mg/kg/
3-5  7 

 

 

10 mg/kg/
3-5  14 

 

 

10 mg/kg/
3-5  15 

 
 

10 mg/kg/
3-5  5 
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    ( ) 

  10 mg/kg/
3-5  15 

 (Listonella 
anguillarum)

10 mg/kg/
3-5  15 

  
10 mg/kg/

3-5  15 

7.  
Flumequine 

 

 

20 mg/kg/
3-5  8 

 

 

20 mg/kg/
3-5  20 

  
20 mg/kg/

5  32 

8.  
Kitasamycin   80 mg/kg/

3-5  20 

9.  
Lincomycin 

 
( )  40 mg/kg/

3-5  10 

10.  
Oxolinic acid 

 

 

20 mg/kg/
3-5  

25 
5 ppm

3-5  

 
( ) 

 

20 mg/kg/
3-5  21 
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    ( ) 

 
( ) 

20 mg/kg/
3-5  

14 
10 ppm

3-5  

  20 mg/kg/
3-5  14 

 

 

30 mg/kg/
3-5  16 

 

 

30 mg/kg/
3-5  16 

 

 

30 mg/kg/
3-5  16 

 
 

50 mg/kg/
3-5  30 

 30 mg/kg/
3-5  16 

 30 mg/kg/
3-5  16 

11.  
Oxytetracycline  

 

50 mg/kg/
3-5  30 
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    ( ) 

  50 mg/kg/
3-5  30 

 
(

)

50 mg/kg/
3-5  30 

 
( )

( )
 

50 mg/kg/
3-5  20 

 
( )  

50 mg/kg/
3-5  30 

 50 mg/kg/
3-5  30 

  

50 mg/kg/
3-5  30 

12.  
Spiramycin 

 
( )  40 mg/kg/

3-5  30 

13.  
Sulfadiethoxine 

 
( )  100 mg/kg/

3-5  30 

14.  
Sulfamonoethoxine 

 

 

1 200 
mg/kg

3-5  

30 

 
(

)
 200 mg/kg/

3-5  30 
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    ( ) 

 
( )

 

1 200 
mg/kg

3-5  

15 

 
( ) 

150 mg/kg/
3-5  30 

1%
10 ppm 15 

 
( )  200 mg/kg/

3-5  30 

 
200 mg/kg/

3-5  30 

15.  
Thiamphenicol 

 
(

)  
50 mg/kg/

3-5  15 

 
( )  

20 mg/kg/
3-5  15 

16.  
Tricaine 
methanesulfonate; 
MS-222 

 
( )  30 ppm 4  5 

17.  
Trichlorfon 

 

0.2-0.5 
ppm 1

4
 

5 
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a

(ppm) 
1. Amoxicillin   0.05 
2. Ampicillin   0.05 
3. Doxycycline   0.01 
4. Erythromycin   0.2 
5. Eugenol ( )  0.05 

6. Florfenicol� ( )  1.0 
 0.3 

7. Flumequine ( )  0.5  
8. Kitasamycin   0.05 
9. Lincomycin   0.1 

10. Oxolinic acid ( )  0.05 
 0.1 

 0.1 

11. Oxytetracycline   0.2 
0.1 

( )  0.1 
12.  Spiramycin   0.2 
13.  

Sulfadimethoxineb   0.1 

14.  
Sulfamonomethoxineb 

  0.1 
( )  0.1 

15. Thiamphenicol   0.05 
16. Trichlorfon   0.01 
17.  

Tricaine methanesulfonate; MS-222 ( )  0.01 

18. Deltamethrin   0.03 

19. Ormetoprim   0.1 
a 

 
b Sulfadimethoxine Sulfamonomethoxine 0.1 ppm   
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 2019  (OIE)  
 

1. Infection with Aphanomyces invadans (epizootic ulcerative syndrome) 
Aphanomyces invadans  ( ) 

2. Infection with epizootic haematopoietic necrosis virus 
 

3. Infection with Gyrodactylus salaris 
 

4. Infection with HPR-deleted or HPRO infectious salmon anaemia virus�
HPR HPRO  

5. Infection with infectious haematopoietic necrosis 
 

6. Infection with koi herpesvirus 
 

7. Infection with red sea bream iridovirus 
 

8. Infection with salmonid alphavirus 
 

9. Infection with spring viraemia of carp virus 
 

10. Infection with viral haemorrhagic septicaemia virus 
 

( https://www.oie.int/en/animal-health-in-the-world/oie-listed-diseases-2019/) 
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( ) 

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
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