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ABSTRACT

TITLE : POTENTIAL OF THAI HERBS AND THEIR EXTRACTS AS
ALTERNATIVES TO ANTIBIOTICS FOR CONTROLLING
Streptococcus agalactiae AND Aeromonas hydrophila INFECTIONS
IN NILE TILAPIA (Oreochromis niloticus Linn.)

BY : ADITHEPCHAIKARN PACHANAWAN

DEGREE : DOCTOR OF PHILOSOPHY

MAJOR : BIOTECHNOLOGY

CHAIR : ASSOC. PROF. PONGSAK RATTANACHAIKUNSOPON, Ph.D.

KEYWORDS : THAI HERBS / ANTIMICROBIAL SUBSTANCE / NILE TILAPIA /

Streptococcus agalactiae / Aeromonas hydrophila

Careless use of antibiotics to control fish diseases by farmers usually leads to a
numbers of problems including antibiotic resistance of pathogens, contamination of antibiotics in
environment and accumulation of antibiotics in fish. Therefore, there has been effort to find
alternatives to replace antibiotics for controlling fish diseases. Herbs are the alternatives receiving
much attention because of its safety and availability. The objectives of this study are to test the
capability of Thai herbs in inhibiting two fish bacterial pathogens, Streptococcus agalactiae and
Aeromonas hydrophila both in vitro and in fish. For the tests with S. agalactiae, fourteen herbs
including Tinospora crispa, Centella asiatica, Psidium guajava, Andrographis paniculata, Eclipta
prostrate, Curcuma longa, Allium sativum, Phyllanthus amarus, Garcinia mangostana,
Momordica charantia, Euphobia hirta, Capsicum frutescens, Citrus reticulate and Punica
granatum were extracted with 5 different solvents which were hexane, methanol, 95% ethanol,
ethyl acetate and distilled water. The extracts were then tested for the ability to inhibit growth of
S. agalactiae by using swab paper disc method and subjected to minimal inhibitory concentration
(MIC) determination. Results showed that the methanol extract of hot chili pepper (Capsicum
Jrutescens) had the highest inhibitory ability with the MIC of 31.25 pg/ml. The pathogenicity of

S. agalactiae was confirmed by intraperitoneal injection to Nile tilapia (Oreochromis niloticus)



S. agalactiae was confirmed by intraperitoneal injection to Nile tilapia (Oreochromis niloticus)
and the median lethal dose (LD,) was found to be 2.4 x 10° CFU/ml. When fish diets
supplemented with finely ground hot chili pepper at the ratio of 9:1 (w/w), with the methanol
extract of hot chili pepper at the ratio of 19:1 {(w/w) and with oxytetracycline at the ratio of 199:1
(w/w) were given to Nile tilapia infected with S. agalactiae at the dose of LD, the survival rates
of the infected fish receiving all of the supplemented fish diets were similar, but higher than that
of the infected fish receiving unsupplemented fish diets. For the tests with 4. hydrophila, fourteen
herbs including 7. crispu, C. asiatica, P. guajuva, A. paniculata, A. sativum, G. mangostana,
M. charantia, P. granatum, Cassia aluta, Alpinia galangal, Eugenia caryophyllus, Boesenbergia
pandurata, Ocimum sanctum and Cymbopogon citrates were extracted with 3 different solvents
which were 95% ethanol, ether and distilled water. The extracts were then tested for the ability to
inhibit growth of A. Aydrophila by using swab paper disc method and subjected to MIC
determination. Results showed that the 95% ethanol extract of guava leaf (Psidium guajava) had
the highest inhibitory ability with the MIC of 62.5 ug/ml. The pathogenicity of 4. hydrophila was
confirmed by intraperitoneal injection to Nile tilapia (O. niloticus) and the LD,, was found to be
1.37 x 10° CFU/ml. When fish diets supplemented with ﬁnély ground guava leaf at the ratio of 4:1
(w/w), with the 95% ethano! extract of guava leaf at the ratio of 24:1 (w/w) and with
oxytetracycline at the ratio of 199:1 {w/w) were given to Nile tilapia infected with A. hydrophila at
the dose of LD,,, the survival rates of the infected fish receiving all of the supplemented fish diets
were similar, but higher than that of the infected fish receiving unsupplemented fish diets.

This study shows that Thai herbs have potential to replace antibiotics for controlling fish diseases.
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§neg1u Family Cichlidae (n i 1) ﬁmsias'mumlmﬁnmuﬁ'numzwnsu’inu'lﬁﬁ’qﬁ
Kingdom Animalia

Phylum  Chordam

Order Actinopterygii
Class Perciformes
Family Cichlidae
Genus Oreochromis

Species O. niloticus
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TUVINUUIAIOY spleen stamp smear VUA Tadud3ud210ouA 208 giemsa iNonT9MUILARG U
o e ; 4 1
mimssnuanmueuilows Iasuslu 10% phosphate buffer formalin (PBF) aziioanagod

75% @IMSUNITATIVANIMNWNGITING LAZMALA PCR #1NE1AY
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- 2o d. 2 v 2
Tulszimalnostinveare Isandnnylulanive fie 1afa uuaie o1 uaz
=y % = g i Ed s rd z 1 = z
san 5 wazidvaveure lsanina ldnulariiaveude lsaunazriia NIN15ATN LASAS
ey s a: ! ¢ a’l 5 Q L4
Stewude miuonie nntarthoriumunsooiuiwldasi
o da X
2.2.1 lspvestaniianinaeinies
-4 3 o - @ =3 ] g [}
weosmannsamilfinalsadudariia’la wu wes1lungu Acklya sp. uaz
' «f ¥ .-K ¥ agw ° » of| A& AW &
QU Aphanomyces sp. 1luAu Taoiesunartiini Iidautluuna ¥aldnymzeims Ae
P = a X d & e & ' & o ey
vinuuwazliidudvadovuvsudilunizyn venvintidaaaros unariainwunliens,
A3nue IS TanssasnInlnduin
1 o et &' 4 & @ Ve o
msne Isahliaunquiindeswestaniie Taenaldudninlineldiia
d’ =4 b j 1 4 ¥ X W ¥ 1] o
21N IAIUNSI uazRounau FesrdwIng 1w es luana Achya tinluilsaungnanlu
' [ o 2( :‘,
M3no15A (saprophyte) 8019 lsnam¥os1luana Aphanomyces uay Saprolegnia MUBIINL
Hhua 1LHQﬁ5ﬂ1uﬂWSlﬁﬁT‘iﬂ epizootic ulcerative syndrome (EUS) uaig saprolegniasis Tutlanwa
o @ = ,} of I ! 1Y ob
fou uazivanu mudidy Msamdest lasunszusuruawanlar Tasnudnyuziiy
i g o A @ A 4 o
nszgndvndwyjihomeiidiiilar viomnies i luidledelar Aowasisasu1d
z . . o 2 4 o  da 4
Taul¥ndesganssmi msusnidesminlanhomunsavir @ lasnsdaiifabons nuiidaie
] < -4 o <4 =~ 3 el lﬂ‘ 1 L] ; dy
wu Al uazetoiznoludlnluiia vSenss lnsiidainunissinee udnasdelu
N o o 2
91M131003%0 GYA 130 glucose peptone yeast extract agar (GPYA) mumﬂgmuzmnmu
3’ dy J A e o5 ‘g 4 o4 < di ¥ ag a‘ ws B
ilouvemisiouye ellostumusi guesdeuuniifuriadug udnivvefigungiives
o 44 = ' . e y
nawnfidesusiguuemsiouseuda Savimsdadiudawve udulvasuuemisios
:‘ g P A o A ¥ = £ 3 . ¥ = 9 °
wosulmievihimsuoni¥aldusgns Taun1591 single spore culture 91INUUTIVIINISTWUA
o n: 5 Qs s - A’ o @ o
FUAYOAFBI MY q AawnsfAnydnyuzndugInn Taeldnugumsadaraddunug
[ o ’ o Y 9 o o
vounaguazmafioundn stralsiamuludegiuldlinisiunaianicegdiine
¥ Ld o 4& L]
(molecular biology) an1¥lumssumnsiiavesdesldudr  amlunsfnvivianuanse
] ; 5 © o . . . . ! x' H I3 ) 4
Tumsaslsavou¥esniy musamldlruemsy arificial infection lu¥envudr vila
. z
Taunisia nouy zoospore YOUYOI1 VU Achlya sp., Aphanomyces sp. Qe Saprolegnia sp.

asen! wd, 2552)
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2.2.2 lsavesdaniiafifaaintseinvseldsindg
o et a1 = @ ~ o o4 & w o ' 1
TsTndafsinneldina Isadudatia ity Tds Tndanegaienensiame
vpalmilanazinih Ififalsadugnilamnninjarvuialug Taolds Tadadanaries Tyl
a4 o 24 -y Y = = 3 ¥ < L - o
N1E AUSaMIen AN nazasvvestaita M lddariainanmsszauifiod uazina
3 4; @ ﬁ‘ P a4 ) N = |24 &
waurady woneni 11s laginizusnsumionosiikadessuumsuanilasums ¥3019
Mmlddailaiadymineeentionld  Tdsladimannsonsldifalsadulaitia  wu
Trichodina sp., Chilodonella sp., Ichthyophthirius multifilis, Epistylis sp., Scyphidia sp., Apiosoma
sp. wag Ichthyobodo sp.
& - o o A o
msuonirolsda Taumwizdsdaniousn Arsauiiums lumaaumminiiu
W18 msdsdaoiongasennindilarssninmsvuds wieiuiindmae Jsdayiia
Copepods 1%U Lernea sp. woe Argulus sp. aansauoaudiulddwanilar diulunsdiveslsn
AV1INIDAYIN Ichthyophthirius sp.  M30USTADY 9 19U Oodenium sp., Trichodina sp.,
m 4 Y o
Chilodonella sp. Y30 Gyrodactylus sp. W asonssdey 14 lavldnszentlad ladyaniy
0w R A ) o 1 oA ¥
ddraalidion udrdesgAlondesganssau lunsdinsasavaeuimien amnsaldnssing
o o A S ¥ v ¢ ' v o °
damniondarnsuueladud uazlladronszanilaa ladudrdoandosganssad nisduun
« 3 o ° & v 1 o A‘ ] =y
wiinveusersda ansorirldTasmsAou Inseadn wargdsnveuradvouounaz viia
msinia Tsahliaumguinmls@atiu anuguusweslsaszlusgiustia uazlSuuveuse
Qr W™ 1 Aa .3’ 3 o z 1
minldfumedisdamaadelsds sailunsdmniinsnaseuanu e usedemsiadl
wiou q AumsAnywadrufssredarTasnisurdarthelumsed Quanududus
}
mwzey) dunamat q a5 udaassasuiFuimvenlsd@adiondesganssmi lu
vuziRutudsadunadnuazeimsvelaraae Taoma lddsdalineessiafidudon uas
Va ' a & 1 ' - F { a d o
uanateiu T lundazsiia Famnidhscozlalugrdinveuseiimind ulsda Aeevi
o o o X o ¥ - « ©
Minstleadu uazmssnut v 1Ay Fuiumisfinunesdiavesysdadalinnusuiu
2 o 1 o 2 e ' 5 [ "o
dmiumsnaaeuanuaunsalumiane lsnvess@adwih ldneudaon msizaaulngds
¥ e - ¥ y - =Y o ¥
himunsome wiedoals@aluomisiasude 18 snidurls§aviia Terrakymena sp. A3y
- @ -~ o o Mo $% M as ]
MsfAnENInSanwvesal vismsimatianegdinounld  Selinnudigedi
tanen1sAsITdoUHIAIMAYRY Msiialin o1 1/saaE) uazuiud uiel mid,

2552)
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= d‘ £ <k o4
2.2.3 linvestmitiafinaninuuanise
- a ,&’ ] o ' el o ¥ . H
Bannanmiveuuafiotluaumadulngivhldlanhe uazaeiniga
lg a ot o a o =¥ U . .
Ti¥ouuanSonarwyianneIinalsnszuialudartialuisuwizidos 14un vibrio
anguillalum, Pseudomonas fluorescens, Flexibacter sp., Aeromonas salmonicida, A. hydrophila
L] z : v ¥ 3
UL Streptococcus agalactiae dludy  uadewuaissnlinnelsalulaiiia fio 4. hydrophila
& A’ I b3 =y @ Ead W ¥
uag S agalactiae FutlulsauuuFesahldifanisoniay uazifauIauNaA B IIZAN 9
] . 1 4 o 4
48431901011 (inflammatory and granulamatous lesions) 1¥eeznsz 11w lilgardadu1dlae
4 [ » & ¥
msdudalasase wiszilududsuosvear  adranudsmemnlfunnsdanina
g & 2 - .
uazriuAn (gUs1al Wauma, 2550) nsusnienuaiidosinilanle ansousnlfernuwa
A ] o [l o - b 4 z: A’ N
wden vieedvizmuluvesdar wu au la wSeihu Tasldemisiauude wyptic soy agar
o a -
(TSA), brain heart infusion agar (BHIA) in% cytophaga agar (CA) iluAu (JaiSail wd, 2552)
2.2.3.1 lsnveslaiiafifae1n Vibrio anguillalum
] a2 v ok '
Vibrio anguillatum {HunuaiiSounivou guirafluunaass n3elds
& 4 ] o o ' r
i} flagellum 1 &y enansawmaeui 14 wag liadeades uusiifodinanannsamidifnalsa
-/ - ie & R a o
vibriosis AUt 1dnanuxiia Yarnaate v, anguillalum v2iidnyazniouenndio q nutlal
1 aa a A o A - [ ' '
frarsuunaiBounsuaustiadu 9 fe nlauasy luihn vesvesvinsslnsars unuila
- ) < Pua, o A’ a‘a o ,5 < o
w39 uazsou q nseelivual Uinaldiimi uaznduniioilimsaakeasifanisonay
=1 ] 'Y aa 1 . = -~ A [}
waznmoilunues daudouuznwluvenlahdede v. anguillatum vzligaidealuitoyvos
b4 -« o ¥ 2 -] v ¥ j = 24 =
Mea nazedvazmolu d1ldsweiiduas uasidulidrsveunar nduniiessiigafioadn q
sudaumavuInlng
o da
2.2.3.2 lsnwestlmtiafinaeIn Pseudomonas fluorescens
Pseudomonas  fluorescens  Wunuaiizounsuau jusirafunna §
4 i ] [4 ~ A =y
flagellum enunsmndoun 18 luadrsailed musaniglddngungiivszanm 20-35 aem
< % £ o 1 ° 9 e . . o - -
o wuansoAInaanso Ifina lsa pseudomonas septicemia Aullattia lavin@
Uamenmnsefuuuaieainarudigsenmeldmahn medEmids uagnmanlenifiviauwa
4 aa 3 1 a 9 o b D e v A A o~ §
NMuLUANGIzgnssumden uazadnasiedulusunsisaniiole uazedvazaie g
IQ z i g Qs o
voslar daMAade P. fluorescens 9£iion1sasil sou 9 nasmineziiduas nolud 144
[ i 4 1
vouranlufen Imsanideanitioyyeioazeivazmolu Tsnliannsodasssimlaii
by ar 4 : 1 $
i Tsalddslardu 18 Taonunidenifluaungueslsaszizaueyluganszveslminiiu
Tsn
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2.2.3.3 Tsnvestlarfiainaen Flexibacter sp.
Flexibacter sp. iuuunaiishanunsaldina lsadanduilaiia Tee
ot { J o =Y : & %’ R . J Y o a
Tsasasinavuiudariiafdoalnilaintann £ columnaris daulindianeiiie
3 [ % = nid’ g 1 R .. P 4 L% ] d‘ b
yutudariafi@ualniniouinfeen £, mariimus Tsaasnarainnu lugrsiomeiins
wWasuudasngyiuiu lugomeniu lussduanmin uazndeninnisvudiotar daid
wunvemsmmainaelunasusiatniolunat 24 2 Tus minluldSumssnm
2.2.3.4 Tsaveamitianiiaoniyeuuaii3ungu Aeromonas spp.
o aa v oo ' 4 al o4
Aeromonas spp.  1WunuafiBounsuay juiiluveudu Inaiily
nguuelsin uazurdamaruouneIsy Tjdiwndrwansnluaszgaeume Isuuaiised
RN Aeromonas '&"aa(ﬂu Family Vibrionaceae SIAUIY Vibrio, Photobacterium Wdg
A Gy ~ ‘ G U .
Plesiomonas 11939 nlinumnianieduduniivaiwes1andofunquusy enterobacteriaceae
A [ \d { taay
Faannsouenooniiniuld1au deromonas v21¥wa oxidase 1Tunan nguiieriuegdaszlu
2 a 3. - 1w o s & o o 2 2 ¥ a a
1hla viminise uaimuegludadinesnant dadassunasai viedar uazwuludu
-~ o A{ -~ - -4 I M ¥ -3 P
winluoms misdaeluaulivarouuy erwhsadesiulsatesize memsaihldifans
o & d - o & da ey w1 A 2 - X
Aavouiauwa wiondglomadaie luau ldhiigliduiuseuns msdarelununaiu
o [ . g 1 vt 9 as = %’ -~ ~ w o g F 1 o oo a LY
namnduranui ua luBeadosdunisiudaniine nSedaiin Tsaessreiifaluaniin
= 3 ' o z o t o o 1
daguuse uaduiluludlngziionnsisesnd moluSia deromonas arunsontialdiil
2 ngu mwdnuarATuInilfiuandedy Taonguin 1 ansadgldngunglis
v Y : '
(psychrophillic) Aaus 22-28 saraaidoa TumAouh 14un 4. salmonicida Wuamgueants
A‘ t 1 L] 4 1 ¥ 1 H = i
amvoludar uadaluinuniinnuivivesdenisne lsnluau ngui 2 awsanigldlui
¥2qungil 35-37 v uBUFUA (mesophilic) Hnnunevesrenisnifalsanie q Tunyud
o a 3 '
uaziluaumgndnveamsne lsaludar 1un 4. hydrophila, A. caviae 1ag A. sobira @130
o s
SwunsiiavemamuaiiFddwauiaimaduniifiuandradu uazludepiuannsasaduun
¥ W dy o 1) ¥ 4
nqumolusiiaiilavldimalin DNA-DNA hybridization $2ufiu38msmed1u¥a Tuanady q
wazmsdFuljauuuwumsnaaeua i uinil Gasun Fagiunid, 2553)
1) Tsnveatlariandain deromonas salmonicida
Io) o W 1 g
Aeromonas salmonicida L‘ﬂi&ﬂﬂﬂ?’lﬁﬂlkﬂﬁﬂﬁﬂ uaﬂnmxﬁ!mmmu
] I'4 ] 3 3 = @ 1 ° Y
sudanay luadeaded uazhimdoun wushidodmnanamsamldinalsa furunculosis
dudariia  Tasdaiafilulsn furunculosis 98 lifuemis insindeufisas uazilied)

¢
Y s

X g < R [ ! a [ i o
ﬂ']ﬂTS?NlLSQ‘UHﬁUfﬁJ'ﬁ')ﬂﬂuﬂgﬂﬂ']Q“NTLLuUﬁﬁﬁ')m‘l@‘Uﬁﬂ "gaﬁﬂﬂﬂm DINTINTYUDNT
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= . o = =X o o s 3 3 3
awsonuTaTutarfiafidulsn furunculosis Aodvosdduinudy Tauniy unullamion
o : P 5 i
uazvuiwsou 9 nsFuas dmemisnisluiiavisony ldludariianiulse

- ) -~ o A A a a ¥ oA P
furunculosis 1o Hyaoaludy Insmoveuiiewevinula evihindes uasemishtos
1 o ¥ U a % o o A} ot =
udrnnadauludld Tsadawisasoneannlawmii lldaladndmilai] Taouuniide
B f 1 @ 4 1 @ o & &
fdluaumaveslsaszlzueglugenszvealarfidlulsn wasdaitu q wu dadnseunnia
g as d-g o (7= as s P - o) U 1 ¢§ o ] 9
i dadiaegaau dadhilinszgndundmaisyiia Aewsadluundamsiyelsndainanld
o o & ] 1 = Ao A d ' ° 9§ A Y
Tagdaimariez linanseins uasslivuafiGonduaunguedlsaegludld vieedvay
moluiese Temalunmsunsszuinan’ly 15 furunculosis @wnsnvhildlaiidasnisae
#gane 85% Tasmmizidie lsndandafaduiafifivinadn uazilanudounenslsn (voo
2
AugIsIN, 2528)
2) IsnvosaiiaNnaein deromonas hydrophila
r-.9 ¥ g {c
Aeromonas hydrophila WhuuunfiGouniuay fiuiraihuuvedu
~ % H ] o P @ 4 °
A59 § flagetium 1 1&u anannaou 14 wasliadaded wuaiiBedwnanaunsomin
1An 130 motile aeromonas fTutlaitia lasaisifalsarsnarninfoidesnuanunsoavesilan
@ % 1 e o oA 4 [ ° @ oo tg s
Jasuans q M lddanianennuaioniu  sadwamnidlationade 4. hydrophila 1d4e
Y ' . o & o ot a4 & & V- -
vt msvudolarmniinilalddniinila msdeadamunniuiu ) lutedes uas
g . ¥ =3 .Q g
anuanUsnveainludedes udu dariiandne 4. hydrophila D19aaioINsvoalsn
= 3 =% o @ 4 d’ﬁ = ‘;’ L] 3
navunuuRounduniolu 12 T udnnhiimsaade niooe Litaasons suninlan
1 -~ Aa Z . L) o £ a: =S o 4
vzoouno Yariafida¥o 4. hydrophila infioinsase 11 andealuetoazaiolua q
TR Y A g H P o o 4 % o
(¥ 8114 uaziwey¥eINes U (dropsy) Tunamudwa indaaInes a1 lilu uaziinaislu
: 2 oy & o N . qva
figa  wennnludu¥e A ydrophila ivuludadiannsaiiidinalsalunuladae
[ - £ @ 4 4
Taomnie 1511993724 (diarrhea) (Y52 an® 872108, 2526) 1H1BINNABUUARG Y 4. hydrophila
1 st i - o o = @ ¥ A ¥
FhuseuvniiGefineIinalsadlariia Yaursugie uasdafindug wu nu §a daila
a v X o g
U lna dawns i westlmasnu fludu auau@omeldfunyasnsdimeitssdaii
= oo i
sazdlaursugnudusunn
2.2.3.5 Tsnvesilartianiinain Streprococcus sp.
< =t Al ' vy L4
Streptococeus sp. \WMuuanRGounsuwan gusnnan luadaoulainn
AU (catalase) Tundoud liadreled dnwuiug wiaifluas Talafilals s uas
< 9 5 PR = et oY =4 a4 'Y + ry ¥ e
annsawsgy ldnsluanizhfieondiou uas lulioondinu uuafiBedmanaunsoldina

. . . & oy - 'c. ‘:
Tsn streptococcus septicemia (streptococcosis) fudmiia lasmitonaade Streptococcus sp.
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L = b [ Gt A% et g t et 1
sziioImsmail iFemins i Sadaar mgu e Tiu eniinmsendealumindae an
- “ T - 4 o a a o a ¥ f a P = ﬁ’
deatinuuwuilamien uas Tauasy uuwanusnuda? viesuani Iyaneausnumu

Y 4 o W o w b3 3 e”
184 581 9 nnsminliduas lauaw Tideandiludy naziimasnauueanauiiie (o au
92330, 2528; Inglis et al., 1993)
3 = J =4 o4 kg Gy
msmuun‘uuﬂmmmﬂmsu"luﬂqa Streptococcus W BIFHUAWUANUAYOY
3‘ o v L4 - ) o & A ¥
wenuanFoanumuisolumsadiaeulesd heemolysin Hgmaniindosradidiatonauasld
o q ¥ ' i A v ' S d A o o A
mldawsaniinguidiesdu Taggningluuumsdensadiiadeaniogieu q Inlativeuse

4 J ¢§ o 3 v ¥ :g
vuMeIMIRouYe Faamnsadauiingyldae

' iot o [ ot
(1) Alpha-haemolytic  ilunguitiidnuuzmstsvamuadidiaidion

[ q ' o of 4 e
liruysaiiiosninliaunsor s indng haemoglobin vganinwaniimiea’ld dsdunald

L) = ~ &'
nnlwudmidounasou o lalativeuss

. oh oo a U4 . [
(2) Beta-haemolytic sﬂuﬂqu‘nmmsnmmﬂu a3} haemolysin 480150 Q

o R a d o - 3 ot ::

Wiadoauat 1111¥ haemoglobin ngasensindawad Midina leulaiusou o InTafivease
v A [k} «f
(3) Non-haemolytic (Gramma-haemolytic) Flungui lidesiiaideauns
o 1o “f Ag
mld lunaloulasey q Talalivesde
[ ] 1 ey off ot 1 1 e L]
AIUMINIINGUAINIEYBY Lancefield 921uT5N1sungunededs
ad a ' 4 e Qan o &£ '
NETuINN TaoazganuuanA19Yed lipoprotien Milguautiailuueudion Fulsngeguu
a 3 J @ oy [
mingadveauniie Tavansoutuseangudnyuzveweudnuoenlditiu 20 ngu
¥ ] U & L] 1 1
AwANQU A-H  waz K-V agnalsfimuwuiimsuiinguaniaananeeiinam limiveu
¥ 4 z =y o * 1 ¥ U
wnin iesineinasiiaamisogniasy ldvaengy uazluuraznguetntszneudae
g F-9 é = el 1 1 q‘: l:' dy . <4 £
\¥0 Streptococcus NaW¥A HLNEINQU B viniuNlsznoudindo S, agalactiae NHIFA
' .3 U - '] ' 1 0 [ .3' [
B dauvelunqudu o snA2vt19 1w nqu A 18U 190 S. pyogenes nelsaluaulauiu

- A‘ o ¥ aat ’ . . & Yoo w
awngueslindareusnuneves linemsnaaeudioonl§Fauengu bacitracin ¥a143lese
£ - - A . o « L @ A A - o o
Wonquil NQu B UNUu¥0 S, agalactice yHAROANNIU 1ThuFoRine Tsanlunu uazdard

Ay 1 ot ' . . 1 ' .&'
ligumniadudenisnaaeud o1l §3menqu baciracin -~ ngu C  1RUA 130 S equi
(sub. equi), S. phocae, S. dysgalactiae (sub. equisimilis) wune linludaivaroriia wu 32 5

: . & y s & d o a ;

ngu D 1Aun ¥o S faecalis ns0URGUINOANA Enterococcus WhuFoimusonsaudnTnldn
[ o ¥ -

STAUAIUIAY 6.5% NaCl uaziinud1uniu aoo penicillin G wu'ldlumaduemisves

@ g a B ‘g 3’ 4 3 o I 1

au dnneldifa Tsndadelunszimizdanig guid uazszuuvyudoulaia nqu E lAun

y 1 . 4 & & ¥ YR ' &
1¥8 S, porcinuss Wwionnelsaniluau uagdad wu qns nqu F, G, H waz K-U 130
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[ . q’l 1 ) 0 .Z I~{
Streptococcus lungumariinelsnluau u S canis nqu N 1Aud 1%0 S. lactis Wluaung
g ¥ J o~ 4 ﬁ' 1 o L} 4
nsyaidovestiuu dmeriiadu 9 #lsdawrsodadhnguluszuy Lancefield 14 19u

S. iniae W0E S. didelphis (R ulvonen, 2552)

2.3 Streprococcus agalactiae

23.1 dagiimsfunuveuie

A o 4 A .o [ '

YOUIANYBUYOU AiD Lancefield group B beta streptococci mgmmmﬂun’qn
A1I5N13909 Lancefield 1303119071 group B streptococcus (GBS) (Joyce et al., 2009) Tau
et | e ' oA et ad a ¥
IBMITVO4Y Lancefield ﬂztﬂuﬁﬁﬂ'ﬁLlﬂ\‘lﬂ?qlllﬂﬂ'lﬁ’ﬂ’mﬂ'ﬁ“lﬁll’]ﬂﬂ'l Tﬂwx@mmuﬂnmwm
. . A s ob “x & 4 @ & aa '
lipoprotein AiguamiadussuRsud s Ingeguuminsadvewnahiso Falifivingu B

azes =t o 'a;dw |:¥54§d'l£r:! o o
MY Ao WUATBY S, agalactiae PUSHEBLIYUT Afmiladoluveline lsaldinmeludad

B

1 A o & ™ - [ ¥ a [ ™ - 2 2
Taumnizesnvelsaamieluii viela lasnelvifaeimaduudnaunguuse el

»
=

* aa 5 . . o @ .-

Aumudensnadeudloenl 3 mznqu baciracin (AFe uleerd, 2552) wuh @elil

L 4 =y 3 o G o ' W 1 Y
nsszmaninlumsmizdoalauasygisididgratesiadiosudu 18un daitia dan

aznav12 Wludu (s gugn uazae, 2548)
2.3.2 SnvaENITUGIUIND

. o ' . o = e '

S. agalactiae ﬂﬂﬂgiu Group B streptococci Wunuanizounsuuan gﬂ‘nanau
. a ¢ 1w gx o ' L4

(cocci) (MW 2) wraduisdIRaRInduuauIveIms Tuadueulsinauad (catalase)

1] N d' L] -3 13 . $ Qyj :
Taindoun liadremled innvegidiug niaidlueny (1w 3) annsandgldluanimieii

i 4
< - &

o ey = s = 4 < i g
pondiau was liufisondivu Inlafivewunfis vriiaiifidnue T1lswwea (vao dugassu,
2528)



18

(n) )
ami 2 nmldndeiganssmives . agalactiae () MAIVEIG 100 111 (¥) MAINGI0 1000 1111
(The Journa! of Undergraduate Biological Studies, 2011)

ami 3 nmldndpaganssmiluudsniMee S agalactiae (Institut Pasteur, 2011)
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2.3.3 M3 WHUDAINOUYNTUIEIN

Kingdom Bacteria
Phylum Firmicutes
Class Bacilli
Order Lactobacillales
Family Streptococcaceae
Genus Streptococcus
Species S. agalactiae

Binomial name: Streptococcus agalactiae Lehmann and Neumannn (1896) (Wikipedia, 2011)

5
2.3.4 MIMIZI¥E
; <y 4 =y -3
W0 S agalactize \WunvaiGeiideanisarsemislumseigidula
' v 8] W =4 = [ -~ - o~ g o o d’ A’ v
Aoudan JresdimsAndIuvoudon 3y vioi lvdundiadluemisinoaye 1lRun
y g
©111310031%0 brain heart infusion agar (BHIA) (Kitao, 1982), Todd-Hewitt broth agar (THBA),
nutrient agar 102 horse meat infusion agar (HMIA) TaofinsiAumdion (blood agar) SWAUMS
@u1§F L oxolinic acid 5 Tulnsniudiaddns colisin 10 Tulnsniu/diadtas vie
: 4 & o = S X o
awnsomzeil lWluemismal FaineiylddluRTnanen s wiadhuduaoladu q Aa
o . o M & el e - . X
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37 sarruraiSoe w1v 24 93113 830 CO, 50% (Microbiologyinpictures, 2011)

2.3.5 Inseaivusuiiou

S. agalactiae Y group-specific carbohydrate 7'!1!5 £NBURID ‘ﬁ—nqimwﬁu
(D-glucosamine), f-nunnIna (D-galactose) NQINBD (gluciouazusa-usyTue
(L-rhamnose) Hiun1lyn-&139bi) (capsular serotype) 001 0IBE S¥iia Mo la b Ic 1T uAz I
M38l IV V VI VIl uae VIl (Christian, 2011)

Magiuls oM INe nun Ao s agalactiae T1NIOT3 1NN glutathinone
(GSH, Y-gltamyl-cysteinyl-glycine) FuiluensHad19910 Y-glutamylcysteinyl synthetase
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@131/32n0UNGY non-protien thiol compound wBAWNAFITIFIN Tuwaduunfitoaniiewil
anudAy uasliimmmawlszmsluvuaumswmn luasu su msadnasdedusmn

reactive oxygen toxicity (Kuniko et al., 2007)



21

o 2’1 = of . ‘; e O 1)
2.3.6 M3NAIIAVBAVOUUANISY S. agalactiae TUFINVIN
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o IR IaomsioFeninunn mien du Ta unzifea li¥eusans uazdwuniveds

TnumaaeuniaFunll (uadnual gaIsuRiy, 2544)

) )

ami s amidndesyanssmi uazdnuuzInlafives 4. hydrophila (Wikipedia, 2011)
() INOBULATISY A. hydrophila B3O 100 1

. - 2 X
() anvaiz Inlativea 4. aydrophila N3 gUUINIROUYD

a6 nmidndesyanssminuudensIn uBSTBIHIUNYE A. hydrophila

(M) 1¥0BUUATIZY A. hydrophila 1RndBayamssmiiuutens A (SEM)
(Microbe Wiki, 2011)

() 1908UUATIEE A, hydrophila 1AndBagansimivuudessiu (TEM)
(Sciencephotolibrary, 2011)
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2.4.3 M3TASWUNMNBYNTHISIY

Kingdom Bacteria
Phylum Proteobacteria
Class Gammaproteobacteria
Order Aeromonadales
Family Aeromonadaceae
Genus Aeromonas
Species A. hydrophila

Binomial name: Aeromonas hydrophila (Chester, 1901), Stanier, 1943
Species: Aeromonas hydrophila subsp. decolorationis Aeromonas hydrophila subsp.dhakensis
Aeromonas hydrophila subsp. hydrophila
Synonyms:Bacillus hydrophilus fuscus Sanarelli 1871 .
Bacillus hydrophilus Chester 1901
Proteus hydrophilus (Chester 1901) Bergey et al. 1923
Bacterium hydrophilum (Chester 1901) Weldin and Levine 1923
Pseudomonas hydrophila (Chester 1901) Breed et al. 1948 (Wikipedia, 2011)

‘4
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- a osw A o o a . o ‘
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uformaftesda Houdle ynidon taauaulures 19int uazsn dssanani sdiile (aa miin
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nawInNAUe M HANE s AnAYIIuTURT A AN q ud i I¥RAMEe 4. hydrophila TauT5 W
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-5 Lo &' Ll j 4‘ LY
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sumonuannngunanesmeluna 96 $alus

S¥a Swsennsana uazdsms Tsminuns 2550) AnwayulnsInefiniine
34 ¥4in ﬁﬁqn%‘lumsﬁu&émmﬂﬁﬁaﬁaisﬂ‘luﬁ'ﬂﬁmnsm sgfia 14U A. hydrophila
(AH), Vibrio parahaemolyticus (VP) uaz V. harveyi (VH) laoldayulnsadasioioniuean
50% oz 1M 50% Au i 70 °c ifluan 1 92Tus msnareugnivesmsarta
ay Ins#auTs dise diffusion w1 a1sadaluynandoientuea 0% Ay fignisudude
AH uay VP gafign (1578 uax19.35 Toawas) asadanszifivuaadioioniuen s0% I
anidususe v qafign (19.8 Tadms) mamsvageuanuiiufivvesmsasaayy nssde
anfedunsi (L) Taemaa LC,, 7 96 42T wuhasasafioundnuau Sivszavgene
3 (LC,, 96 h= 042 ppy) AMINATEUNLI Msatanldenstuiin luynns asufivuas
sudeagiu uozluveng ﬁqn%xmzﬂszﬁn%mwgﬂumsz'fut'?as%”lé’ﬁ”a 3¥iia Tanuilu
Audegndatunswszaud dufuamyu Insis s siatimmzauiiesitluwanu1$luns
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enway Tasutansnaneseeniiiu 3 n1snaaes Ao nismanesi | naaeuanulveuie
A. hydrophila #eaianainnssiiey Ine naznssifioniy 91ndvihazais 2 ¥iia (enuea
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amudutudiga (MIC) yosms AR NI MII gueude 4. Aydrophila 18 n3
nanesH 3 Anudutumgavesmsadia faunsnan 4. hydrophila Wi lifiszdunau
Wutulafannsosinde 4. aydrophila i

Rao et al. (2006) TARANYIHAYOING WUV (Uchyranihes aspera) Tumsyanli
waglauniu HaEM350AT3Av0larBanINe (Labeo rohita) Fn1sARIEe 4. hydrophila
ndnduserdrgaatar 7 Su nquatugu Ae Umitlisumsasaninngiug uazngs
nanesd ldTumsada nud damanosi Isumsadai Idvnndniuguniimaatiegs
FumuAeie 4. hydrophila 18Ny

Swagatika et al. (2007) 1@AnywaveuniauziisfidiudaRunmsvemisaenis
atagifuiu uazdudausenuniite 4. aydrophita Wl danine wauaasfituinmi1g
Aundaluvesuzinafy ansoatagiiduiy viesmihldidamsafrugidusuiintulad
?;’cmmﬂiumsifu&aémmﬂﬁﬁtJ A. hydrophila

Ardo et al. (2008) 'lﬁ’ﬁﬂmmgu‘lm‘%u Astragalus membranaceus MO Lonicera
Jjaponica ﬁi‘]Nademstﬁuqaﬁwm'insauﬁ'lu'ﬁna'iJ"lm“lzsiaﬂ’lm'emﬂummmﬁé'nﬁmaa
Vi uazmistudasie 4. hydrophila TauldayulnsSuansriiasuiuluseu (boron) Ha
aentsaouausay hisunizvesgifuiuvenimia Taoldumiaiuluszosnmddansd
udnsavaeusasimsa wadsinginmitad IRAumy InsSursaessiianouy vield
ﬁuﬁaguiwsmﬁa‘lmﬁmﬁaﬁu szfinnntnaiiodifgydenisiiuszAuvesssuugifuiu
ayuInsiuiaesriiavzdroansasimsmevearfiande 4. hydrophila Taums Wlaiiu
myu Insswiukiaessiia sx 1dkadudimmeldaniufvesiader uaziwmdulusey
& msasannnmp TS unasssiiaiudild wiuTuseuuda Warduluusas Susedl
Naﬁﬂﬁa}mﬁgﬁﬁ’mnmeiamsﬁm% A. hydrophila 1A%

Alsaid et al. (2010) Ain¥asafanndua 9 veayuInsludszmmnaide
Sy InsmariindosumplnsvoIne ShunduapInsfldsamnadiadou 10 viia i
nnfesania 1un nszifioy @) suwo @alden) ds (51m) azlad Gan) Tnsewr du)
wouuun (u) Famia (wa) viu (51) Winlno (wa) nung (aen) dIuA1 q v
ayuInsmarihinnasa lasiuneutaien nmhSuinnguusashnhndy usasda
1:10 (wiv) uazyhauneusu s atagamofidudy udninnfnuwanissengnisuda
Woyaurisd TauldWeuuniiBe s, agalacriae MATBUATE disc diffusion assay  WANT3ANYA
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MIVONBIVIINISIN WUDUHOUUATNISY S. agalactiae Tagouwefinnuannsalumsuds
@ouuafiodanaigefiqa uazlia1 minimal inhibitory concentration (MIC) (HfL 0.15
faAnfwiiaaans enaassdamsaiavneuseiuiUaiiafdadeuuniideriiad ermiu
17 31 wuh Uariialdasimaniwannediaiiodeiy (p<0.05) uaasldiudaiasadann
ouniuithasieslloaiuTsn strepiococcosis lurlarfiaId nazdwi lardqunmdsan'td

wonvInEfduItoves Rattanachaikunsopon 8% Phumkhachom nmilusiuiu
mﬂﬁﬁmwﬁnmnawaﬁuu'lws“lumsfi’ﬁg«mﬂﬁﬁun'aTsﬂ“luﬂm A0U11TY

ms 1 Tungu flavonoids inon1Ren ud3s #414un morin, morin-3-O-lyxoside,
morin-3-O-arabinoside, quercetin A% quercetin-3-O-lyxoside lums Jnéy”«mﬂ“ﬁﬁ uneTsaly
va1 watsingia1slungy flavonoids Mnda amsasusuuaiidetelsaludarldnate
o 10?7‘11‘5‘ U A. hydrophila, A. salmonicida subsp. salmonicida, Flavobacterium columnare,
Lactococcus garvieae, S. agalactiae QL Vibrio salmonicida  (Rattanachaikunsopon and
Phumkhachom, 2007)

ms1¥arsadaeniueavesludds Psidium guajava) lumisdudamsisigves
A. hydrophila wazn s 9o msfifidunauvesludiweasdun viemsataeniueavesiy
:J%”ﬂumsmuquisﬂam%e A. hydrophila Tutlaniia (Pachanawan et al., 2008)

ms 1¥msadaenusaveslufimearnles (Andrographis paniculata) Tun1s guds
NI YVOI S. agalactiae waems Womsfiidmmavosluflmemo Tesuansidoauazans
Ann mmuamm‘ﬂmzawhﬂumimumﬂsﬂﬁﬂéﬂ& agalactiae Tui/atia
(Rattanachaikunsopon and Phumkhachorn, 2009a)

mslsiniumeuszmoveanung (clove oil) lumsdudamsindaues Laciococeus
garvieae ua:ms“l%’mmsﬁﬁﬁmNﬁwm*tfﬁu‘nims:mwmmuwg'lumsﬂ'mﬁm'lsﬂﬁmga
Lactococcus garvieae Tudaniia (Rattanachaikunsopon and Phumkhachom, 2009b)

C asldhuiunenszm YBINUYIWIU (chinese chive oil) Tunmsudimsisigues
Flavobacterium columnare woznsldomsiitidunanveniniunouszmovesnusiesuly
13 ﬂ’mﬁmiiﬂﬁm‘%@ F. columnare Tuila1iia (Rattanachaikunsopon and Phumkhachom, 2009¢)

nsl¥msadadaoiveslutun (Cenella  asiatica) “lumsifmf’amm?mnm
Flavobacterium columnare wayms Wmsasadiniweslusunlunsusdanieniuguisa

<y g 5
AR Flavobacterium columnare Tuilaiia (Rattanachaikunsopon and Phumkhachom, 2010a)
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715 191U BN ZINYUBIBUIBY (cinnamon oil) ‘lumsﬁ’ug’amm‘%ﬂm S. iniae
uazms‘l%’am1'5ﬁﬁf'fmmm*vaa15113"1.1%115:mwaaammiumsmmpﬂﬁﬂﬁm‘ﬁﬂ S. iniae
1u Jartia (Rattanachaikunsopon and Phumkhachorn, 2010b)

m3ldo s fildunauussasanadaon 1984/nA7 (Cratoxylum  formosum)
lumsduaiuszuugiguiu unzaashsIMsmuiiennnnmsinie s, agalacice lutan

L]

1@ (Rattanachaikunsopon and Phumkhachorn, 2010c)
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Tunsanuiildayulns Ing 20 wiia fio usseia Taun W3 Amzawles zds

Qy W 4 o d’ g L) g dﬂ @ o
wiudu nszdoy gnldly fme wzsslun dhuusdd wWininy dudemau oy

yutams 11 nung nszae nemst uazaz ad (15190 L uaza i 7)

1 i L d
et 1 ayulns Inoilslumsfounil

ayung Fesungy $eInenmans dandinnly
uo3 zlﬁﬂ Heart-lcaved moonseed | Tinospora crispa Linn. frdu
12un Asiatic pennywort Centella asiatica Linn. 1u
91‘3‘ 3 Guava Psidium guajuva Linn. u
fmeawles Kalmegh, Andrographis paniculuatu Ty
king of bitters, {(Burm. F.) Nees
Chuan Xin Lian
eIl Han Lian Coa, Eclipta prostrata Linn. drduuazly
False Daisy
vi‘fm?'u Khamin-chun, Curcuma longa Linn. 30
Khamin-kaeng,
Turmeric
NIz Garlic Allium sativum Linn, M1UB 130
nsznhe
anldly Egg woman Phyllanthus amarus deuuasly
Schum. et Thonn
Wd?}ﬂ Mangosteen Gurcinia mangostana Linn, uldenvosma
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ayulng Fedangy FeInmmani il
VA ] x%‘Hﬂ Balsam pear, Momordica charantia Linn. Ty
Bitter gourd,
Bitter cucumber,
Leprosy gourd
xfmm 1wa Garden spurge Euphobia hirta Linn, duuazly
K] ﬂ%ﬂl_‘g Hot chili pepper, Capsicum frutescens Linn, wauazmgﬂ
Chili pepper
’5” PVYIM U Tangerine, Citrus reticulata Blanco nlaenvena
Mandarin orange
Nunuy Pomegranate Punica granatum Linn. 1ldenveena
wmﬁmm Ringworm Bush Cassia alata (Linn.) Roxb. Tu
W1 Galanga, Alpinia galangal 370 Uz
Galingale (Linn.) Willd.
MUNY Clove tree Eugenia caryophyllus Aon
{Spreng.} Bullock et
Harrison
(184 21 Kaempfer Boesenbergia pandurata 30
(Linn.) Mansf.
CINI Holy basil, Ocimum sanctum Linn. 1u
Sacred Basi
az'lad Lemon Grass, Cymbopogon citratus Stapf. d1iu

Lapine
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3.2 mamdsnsataauing

.

dy R o ¥ g Q.I
Tunsdnuiilddnhazaw s aiia lumsadamsonayulns 1dun dndy
(distilled water) OMUDAYUVY 95% (ethanol), 1UNTUDA (methanol), 1ONABTHAN (ethyl
x #
acetate), 18AHY (hexane) A BINDT (ether) (113191 2) TavlFanihazawns 6 ¥iia adaans
¥ 3 3 o & o o
ayu'lns dsdelalil ueszia 1un Wi fmemoles nszifion Tine wessliun uazviuiy
o ' ¥ o o P
¥ahazene s ¥iia 18un 1hnay  emueadudu 95%, wnuea, wiaezdan uay
ar 1 ay -4 & as b4 g et d a J
w@nary nueayu Insae 1 nze aludu gnldly duwus1wan winivy uaz
Y X Yo o - a a ¥ & ¥ ¥
Fulirmu ueneniilins 1¥dvhazaiuifios 3 ¥iia fis Winau enusaiudu 95% uaz
e oS A o 1 ag o ]
dime3 oanamsvinayuInsas 1l quudama ¥1 nung nszae nzwst wazezlad
g; o a i = or £, s 3 o8 ::4'
vinwhasanavesayu lnsfi 18 nAnvmnuaunsalunsdudimasiguewuniiton
nelsaludaviia 1un S agulactiae e 4. hydrophila Asuaaalueaiiieh 2
FEmuassuaisanavninayu lns Taosmsihmyu Insdinanliviimseundaly
= “a a o @ ¥ . o
doufigangil 70 esrnwador Wluar 72 F1lue vimiwhayu Insiieuudwda lluald
o P ° @ @ @ B = o A
Wunsazidos dnsayuIng 1 odu TlwaududviazmeidesnisilSuiw 10 iaddas (lu
Y [ L4 4 a o & ¥ o 4 o 3
BRI 1:10 wiv) Aashe Tingungliteatiuna 24 911w sniushdauwanii Tdumios
; - e 2 o4
(centrifuge) 1137 10,000 3004 WU 15 WA ndanniuAudu le (supernatant)
1 o TR 4 e = ] °
#ldh hhinusnu 1ngamgil 4 ssmaimes suntieelimsi a1y
s nudutuvssmsadaayulns vlanhmsadamuinsfSinas 100 pl
' g‘ o @ o 1 a i
wlalunaon micro centrifuge MMNETEANARINA1 UM IR Id0AT09 Speed Vac
o ¢ 3 LY o et o 1« I ¥ Y
udrhnssaiminvesmsananudwdy e ldnnmsdanmsdae 100 v ldanimin
usvoamsadaninayu InsanBinasvesasadaayulng 1yl neuthasadaayulnsly

IdhmaSvamududuvesesadaayuns ynsiialdfiauniy 100 pg/u
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fAmazay

nyaydlng | L, eMuUea n A

nau . mmvea | efiaesdan | 1wy | 8mes
veszia | VS, [V s.a |V O v () AOBRAPN
Taun vis,a [ Yea |V v () MO BRAPN
W v | YA |V v () Vi | YA
fmzawles | V' S,A) |V 5,8 | Y ©6S) v () vs) V()
neifle v |V e Vs v (s) vs)
uitusu V() v () v (s) v ) V) -
mudoy |V, [YVea |[YVE V() MO RPN
anlgly v |V v () VS v©) -
e Vis,a [Visa (Ve VS MO RAVN
uzsziun | Vs,4) |V 8A) | V(S v () AORAVN
uwsedd | Vi) |V e v () V) V()
w?n%fng v'(s) v ©S) v (s) v ) V) -
JuRvwmau [V s) |V () v (S) v ) vs)
vty vis,a) |V s,A | Y©) v S v | YA
qudiame | vV (a) |V (A) - - N
¥ va |[Ya : : RN
MUNY vV |V - - v (&)
N3LY0 vV | Y@ - - AN
NZINGI v (a) v (a) - - v (a)
az'lnd Vi | Ya . - [ YW
wnumg - = hildhmsanamsayulng

V= Tdviimsadaamyung

s = lenaaeumsdusanuie s, agalactiae

v o X
A = 1¥maaoumsSudinuie A. hydrophila
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& s 4 4 A
3.3 iwenelinda) ormsasare wazanITMsREAYe

o

o i " &
uuadsone Isadamislunisfnuniill 2 ¥iia Av (¥ Sreptococcus  agalactiae
a L4 o
UQe  Aeromonas hydrophila Tau s. agualactiae 'lﬁsummwmﬂzmm WA.AS. UgLa
feduws gy madnlszue auzinuAsMAns uMINOIRBVOUNRY §IU A. hydrophila 1R91n
é‘ £y 4 4:‘:’:; ot A = dw =y ¥ g o L
msuomrevindariiathoidalsannuuanGesiatulusssuraninuiiiya Tauia
QUAs ¥
£ A P 2 s P o “ v & &
amsfoade wazanzlFlunsfesuaiBoviasssiiamilousu fe el
° ¥ i a =1 ) - Y
brain heart infusion (BHI) broth 11lihin1ifigangl 30 ssmuwadod drumsiusnu
a2 o ar 1 o o L4 ,A’ 4 t
wuaiGeniaeariianinari lasnsinu 13 lueminifoade BHI broth iliaaunay glycerol

Tuil51a 20% (viv) Ngungil -20 eeruwaitus

3.4 MINARBIANIY S. agaluctie

3.4.1 mﬁmaanmmmmswawnﬁﬁ’ﬂﬂagu‘lm‘luﬁ‘né’mfrﬁﬂnm?q,mm
S. agalactiae
mﬁﬂﬂﬁaummmmmmmmsaﬁ'aﬁqu'lws“l.un"nst?’ugannm‘%tyuaa
S. agalactiae 193% swab paper disc JauAuauAR3uAand1? i BHI broth figuingil 30 vam
waidoa funn 24 $2139 fewiunthe (swab) asuu BHI agar W9 MeMIAGIT
U UIHY paper disc filnoaite nnAFURILEUENAT 6 fiadias ¥1INUUAIMT VBN
@Buaide BHI agar Aandn udameamsataanayulns Batas 25 Tulasdas asuunsy
paper disc dvemsAsadedandn i 30 swwaidue Hunat 24 $21ua feu
vl &unA375 inhibition zone IRATLIDY < A paper disc 30’y duAY inhibition zone
Ravuseu ) UKW paper disc ﬁxmmimwﬁﬁ'ﬁamﬁuu'lwsﬁﬁmmﬂaﬂnﬁmmmmm‘lu
msz]”m]y"»amm?mm S. agalactiae
3.42 msmmanunduduiivesigavesmsadampwsfiannsedudimaeie
03 S. agalactiae
mamamtuduindefigavesmsadaonayutng Amunsadudins
W3 904 S. agalactice ¥ lamhnsasannayu insninanududuEudy 100 pg/pul 1vh
msderltaududuanasnfiag 2 wh (wo fold serial dilution) M s aiaayu Ing

1 @ -~ O 5 <
uAazIzAUANRBY S 1as 100 Tulnsdas liuneasuanuaunsalumsdudinisniy
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vouUANGY S, agalactive 1atiAauadlu culture 93 S, agalactiae (10 CFU/MI)  15u1as
4.9 Hiadaas 11 culture Aand hinfigungd 30 smuwadoa dlunanu 24 $9Tus oy
asa9mseiguouuafice Taun1sian1nsgAndunmIves culue  HiA2IMB19ARY
600 v Tumas A1 MiC Aemmnududuvesmsasamylnsivosfigaficusadusans
iwivosuafined Fuwansluniiao pgmi
3.43 mm‘s'maaunn‘lnmsz‘n’né’amm‘%@mm S. agalactiae TAUAITANADIN

ayulng

msasaedeunalnmsudinsinSeyves s, agalaciae fromrsasamyins
lasmsihmsasamy Insfifiaaundudumitu Mic 1dlunasanaaoiiil 5. agalacriae
AN 10° CFUMI 131185 4.9 ml vufigaimgdi 30 swmmadoa dunan 24 $2lus
1M culture Y84 S. agalacriae ﬁgnﬁuéﬂmmmﬁﬂmgu"lws 31143 100 ul i ldaslu
1113 BHI broth  filnsafiamyinsiSinas 4.9 Gaddas udni lduuiigungd 30 eem
o unm 24 3 Ta v S agalacriae mmsnuﬁiynﬁnim'lﬁ"lummsféméa BHI
broth 71 liSnsiuasataayu nsuaashmsadaayu nsaunsadudiniswigues
S. agalactiae WL bacteriostatic UAN S. agalactiae hjmmsmﬂ?tyxﬁuh'l#lummﬂ?’{mvi{a
BHI broth i hifimsivmsatamyu Insuaashasasamyuinsaunsodudimsigues
S. agalactiae 11U bactericidal

3.4.4 mawmsmnlaiia

dariafilFlumsnaass dudariiafildunnunaaivuiigedeld fe
quiitonazmumiuidaiihte vidnaeniynadust S1fa GRAnd ngunn dszme
Tno) Taoadiadandngninnidsaedivanmfiunm 2 dlanf sewnilu1$unis
naavsludinarafnuiia 50 das figungd 30 ssruwadon (fsh stock) Taoimslfuas
12 97109 aduduhilduasdn 12 $2Tue wasiiemsdd sgdmivdafiaTanawe fe
omslmfiifeniensii mgse Fufluermnsiit Isiu 30 % Taonsidemises il
Pswa swnbmiindasu TaoudaliSuas 2 ade 081 wazidn) dewihdariiald14uns
NnANBY nﬂﬂﬁy’qﬁmﬁwmsﬁumnﬂmﬁaiwﬂaaﬂmnmse‘iﬂéa S. agalactiae wio'hi Taun131i
Ay uaz'lmmﬂmﬁaﬁsﬁanianmsq'mmvhmmam%ammﬁﬁuﬁf’sumﬂﬁﬂﬂaam%wuam1‘5
{@uaide BHI agar udnirhhisfigangd 30 esmwaidor funa 24 $2lus dunadidl

% #3 o af J @ A -~ + = £4 ot L nﬁ’ 3
LL‘]Jﬂ‘m‘iUlﬂﬁmﬁuﬂ1ﬁ15mﬂﬁk‘l¥8ﬂ3ﬂﬁ"I’J‘H55]111 HINVULANTBIIYUHBTNITAUUYD
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Foniluvntstuduindu S, agalaciiae w3e'll Fuh1kTaoldganaaoududagl Al 20
strep test kit

luynganisnansaldtariiasman 10 @ fdedi R ludadoadatva
45 3ns Higmwigd 30 ssnwaiiee Tavlaiaudazdainiminegsening 10 £ 1y

3.4.5 mafnnanguusslumnelsalulmitioves S. agalactise

nmsAnpauguusslumsne lsnludatiaves S agalaciise i laouiisms
naasuilu 6 gan1sMARBY yAN1INAABIAZ 5 a1 Taoluurozganisnansafimilaswou
10 @2 YariialundasgamisnanegniAadio S. agalacriae 511835 50 Tulasdns Winwes
Y104 {(intraperitoneal injection) Trunnududuens S agalactiae ?Ial'i’i’ﬁ My Uﬂaﬂuuﬁiazqﬂ
mMInAneANaiY Kl

8 1w

gANsNAaEIN | ASUIUYeY S. agalactiae N1FMIAY 6x10° CFU/mI

h.

gaMmsnaaodn 2 Aduduves S. agalactive N1y 6x10°CFU/mI

¥

$ANINARDIT 3 ANUTUSUYI 5. agalactiae 711U 6x10° CFU/mI

gansnanesh 4 Anududuvea 5. agalactice H1$MAY 6x10° CFU/mI

YANTINARDIR 5 ATMISHTUNeA S. agalactiae TS 6x10° CFU/mI

YAMINAABIT 6 ASUTUVL S, agalactize TIFFY 6x10° CFU/mI

’ v

nnduimsasalade luidunet 2 §a uazFaunanganssuvelm
WU MIRueMIT SAsimIme minwudamelWuusnesnvinngy taiianndfimeesgn
iunATImIde s, agalactiae TuAY wogla euduhnsasvealariia@iasnnsaade
S. agalactiae

MIAIUIUNIAY median  lethal dose (LD, (CFU/ml) ¥ u35ves

Reed-Muench (1938) laalaumsasde 11l
log LD, =alogb +c
Taoh a = the mortality higher than 50% - 50% / the mortality higher than 50% - the
mortality lower than 50%

b = dilution rate, in current experiment b = 10"

¢ = the log of minimum dilution rate, when the mortality higher than 50%
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3.4.6 nsAnnmavesayuing uazasaiaayuinidesnnmaseanuvea/miia

i X
faie s agalactiae
4 ¥y o < ¥ o ¥ L)
Tunrsnanesiilfayung uazesanaayunsnlinansdudinisnigues
1 & N y o P o e
S. agalactiae 1AdNga #4'14un WInTmy uazansadauniueaveInsniny awd Ay vilag
' 4 v
msuanisnansssenilu 4 gansnanes gamsnanedas 3 51 Tasunazgaminanosld
» b4
Yariiasmau 10 @7 darilalundazganismansign@osdisemisaeeiiaiu A
a:' - a 4 o P4 «t
ganmsnaasaf 1 darliagnidesdsemisdiseginauiunininyuaaziden
Tudasidau 9:1 (wiw) (Diet 1)
A = g R G o
gansnanesi 2 darflagniassdseisdiSeplnaviuasanamwmien
} 4
voINTNUMY IUBAT I 19:1 (Wiw) (Diet 2)
P o & b4 -] o .
FANINANDIN 3 ﬂmuaqmammammsﬁwmgﬂwfwﬂu oxytetracycline
Tugas1aau 199:1 (wiw) (Diet 3)
¥ ¥ N f o
gamsnanssii 4 UmilagnidesdrsemisdrFogui hinauensanamns
waz linery oxytetracycline (w/w) (Diet 4)
o Y 1 4 Y & 4 9/
nsnaaesiilarialuudazganisnaass gnifessuemisasnadisdu
Andomuiluat 5 Su Aoumsia 8. agalactiae TuiSanaiividum LD, Wimatesiosves
] 5 b4 A’ '] ] - o 4' o 2y d' L3
dmiia sindhwhinseadarliaasldn 10 3 iNedunang@nssuiiuansesn n1siiu
el A & - o i -: Q
9115 uazdnsinisarslundaziu dartayndnarslunisnaaessiigniiuinslem

o A ool ¥ -y « <5 1
S. agalactiae uiv uazla edudunmsmuovesaiaifannnsfai®e S. agalactiae

3.5 MINARITNIY A. hydrophila

3.5.1 msmareua EnNIavesmsaiaayWinsunatufimaiaes

A. hydrophila

msnageuAEIsavesmsatasnayyIns lumsdudainisigyves
1§mmﬂﬁf’sm§. hydrophila 1955 swab paper disc Iﬁﬂlgm A. hydrophila ﬁ'qmmﬁ 30 93
waioa Wunan 24 $21us fovniunthe (swab) asuu BHI agar Wae e misiasade 1h
WHY paper disc tJaeAId wadurugudna 6 Tafwns nneuuiantivesemisians
Fo BHI agar Aana1 udmoamsatavinayulns Y3uas 25 Tulasdas aquuuny paper
dise WhouemIsiRsadeliiviigamgd 30 esmmaioa Hunat 24 $2Tus Aol

v g - X 1 . ' oy e a X
dunn 318 inhibition zone INAYUTOU ) WY paper disc M58l 14 inhibition zone HAYY
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¥
59U 9 UHW paper disc  Muaashasadaayu insMihwmareuiinnuannsalunmsduds

ASIIYVBI A. hydrophila

£ 1

o4

152 mawmmanududiiiiesiigavesasaiaayulne famnsefudimanio

VY0 A. hydrophila
nsmmaududuidesfigauesmsataninayuins Aeunsadudins

W3R8 4. hydrophila Y lamhnsasannagu nsnnanudutuGudu 100 pgul umi
nsdeanalinudutuananfias 2 i (wo fold serial dilwion) MIMAnhimsada
mypu Insuazszauauiennnas 100 Tulasdas linageusnummisalumsduds
SISO 4. hydrophila Tavidnnalu culture A, hydrophila (10° CFUMI) Y3uas
4.9 finddns 1 culture fana lilinfigamgi 30 ssrmradon Hunannu 24 $21us fou
As9ABUMInI gueuATite Tavnsdaminisgandunaaues culuee  HAIMB1IAAN
600 w1 Tumas A1 MIC Aemanududuvesasasamp nsiidoofigaiionnsadudins
wigvenuniiield Fauaasluning pg/ml

3.5.3 n11mnaauna’lnmsz’fué’mma‘%nyum A. hydrophila  lauErsana
Ay lng

msasnasunalnn1sdudemsnioues 4. hydrophila Favasadaayins

vlasmstharsadamu Insiiaududuniiy Mic 1dlunneananesiiil 4. hydrophila
anududu 10° CFUMmI s 4.9 Toddas vufigungdi 30 esraen funm 24
$21u3 10T culture YB3 4. hydrophila ﬁqﬁm’?ﬂaumsﬁﬁﬂﬁyu'lwi Y3103 100 pl W1
Tdasluoms BHI broth #lifimsidumsasamyulnsifFings 4.9 faddas udni i
quuqil 30 serwaioa Hunat 24 $21us minide 4. hydrophita sz Ay a8l
oM13A0ade BHI broth #hifinisiduarsadaayuln uaasNmsanaayulnsannse
t'fmfamm?ﬁgmm A. hydrophila WU\ bacteriostatic U8 4. hydrophila Tienusansgudula
18luemsdoade BHI broth i lufinsidumsasanyylng uaaanasanadyulng

¥
TWTOTVYINTINIYVYON 4. hydrophila WD bactericidal
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3.5.4 maasvalaiia

UariiafilFlumsnaass fuariiad 1funnunasiufiigede 4 fe
guiitunazianmiuidanihia widnateniylaadust $1ra GRngd ngann Uszoe
ey Tasariiasenangminn@uaieriuanmiiunm 2 dlad dowhly19luns
naassludanaa@inung 50 dns figamgll 30 ssriaiFed (fish stock) TaofinsIWiaa
12 $2Tue adusuliWuaedn 12 $2Tue weelemsdiSidmivimiialasams Ao
omsmfiiFemanisdn anse Fufluemsifi Tusiu 30 % Tasms IWemisez 1wy
Yna swahwmindarsu Taoutialiuaz 2 afe 197 uazidu) rewiariia T 19lums
ﬂﬁaamﬂﬂg’aﬁmmmsdummﬂmﬁa*hﬂaammmsﬁaéa A. hydrophila w3e'hi Tasn1siiy
au uaz lavea)anil aﬁtﬁan'[ﬂtJmifiumﬁwmsuumgmmﬂﬁﬁUé’wmﬂﬁﬂﬂaam%auua‘xms
@Buade BHI agar wdnilinfgangdi so ssmwaidoa funar 24 FaTue dunadid
uuniGosiguuemisdsadedindniehi  winfuuafiZuniguuemisdsadedes
W lvimsBuduindiu 4. hydrophita vie'hi Suh 1K Tauldganameudidega API 20 test
kit

luyngamsnaasalddariiasmou 10 &2 fiaveusaudvalarvina
45 a3 igaingdl 30 svruadon Tavlmitausasdaiiminegssning 10+ 1 0y

3.5.5 msannanupaslumsnelinhulaifiaves A hydrophila

msfinmanuguusslumsnelsaludaiiiaves 4. aydrophila v Tavians
naavuili 6 yan1snanes gamInaasaay 5 91 Tasluudasgamsnansaiidaiiiaduay
10 42 Waniia luuAazyamsnaasagniadau 4. hydrophila Y3u1as 50 Tulnsdas Whmeges
104 (intraperitoneal injection) TAunIMSUTUYBY 4. hydrophila T1ddmiudarluudazye
MINARBIANAIRY Aol

yan1InAaseh 1 anududuves 4. hydrophila #1319y 6x10" CFU/ml

‘mmwaamﬁ 2 AU UVOY A, hydrophila T19RY 6x10°CFU/m

yan1snAasi 3 Anududuues 4. hydrophila H141¥AY 6x10° CFU/mI

YAMINABIR 40 SUTUVO 4. Aydrophila A1FVAY 6x10° CFU/mI

YAMINANBAT 5 ANUTUTUYEI 4. hydrophila 7 1911AY 6x10° CFU/ml

yan1smanei 6 A TUTUYRI 4. hydrophila T1HM 6x10° CFU/mL
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nmfuihmsdsaladeldhuina 2 dla uazdunang@nssuvesta
9y n1sfiveTns Sanmsme mimmudamie i uusneenvinngy darfianndafinieezgn
VWATIMT A hydrophila Tudu uagla Wotuguimsmovealamfinfaninmsando
A. hydrophila

A13AIUIUNIAT median  lethal dose (LD,) (CFU/ml) 1m3tves

Reed-Muench (1938) laulFaunmsasae Tl
log LD, =alogh+c

1A8% o = the mortality higher than 50% - 50% / the mortality higher than 50% - the
mortality lower than 50%
b = dilution rate, in current experiment b = 10"
¢ = the log of minimum dilution rate, when the mortality higher than 50%
3.5.6 mannwavesmylns sazmsaiamp lnsredasnimsseamuveafariia
i &
NAAYS A, hydrophila
£S < H -
TunismanesiildasyuIns Ins uazasadamypu Ins i kanisdudaimsioiy
“ & ] & Y o o W
V03 4. hydrophila 1Rafige a11dun 1udss uazasanaeniuen 95% veludss mudidy
13 g %
Tasuianisnaasseeniilu 4 yaminanes gansnaassar 3 %1 lasudazyaniinaassly
-y k.3 o -3 & : 3 5 o L4 J
dmitiadau 1042 dariialuudazgamsnanesgnidusdivemisaasiiany Al
= P & o o o & (Y] =
yamsnanesi 1 dmiilagnidssdrsemisdissgnausuludSudsunasden
Tudasra 4:1 (wiw) (Diet 1)
3y L 4
yamismaaesh 2 Yarilagnidssdisemsdidvgilkauduarsadaemuen
95%voaludTaludasiaiu 24:1 (wiw) (Diet 2)
c} - d’ o o g .
YAMInAaeaT 3 Yoriiagniduadawemsdnd sgUnauiy oxytetracycline
udas1aau 199:1 (w/w) (Diet 3)
o - g e o a [
yamsnanesi alarfiagndusdsemisdiFegii linauayung uaz

oxytetracycline (Diet 4)
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°1umsmam§ﬂmﬁa“1umiaxagﬂmsmaaq gmémﬁ’uamw13$Taﬂfimfwﬁuxﬂu
N1 5 U AeUMSSA 4. hydrophile ludSnadfiiidus LD, iimesestesvetmila
nmiuiimsasalaiiode lsn 10 fu Lﬁaﬁ'uﬂﬁwqﬁﬂsmﬁxmmaaﬂ NSAUDIMNIS uag
gasmaneluudaz iy ﬂa1ﬁa°qﬂéﬁﬁmu“lums*nﬂamﬁgnmmmaw1 A. hydrophila v

W 5 a ¢ o e = A’
au uagla etudunnisawveslariafannmsaa¥e 4. hydrophila

3.6 madmnevidoyamaadn

TaoldTdsunsuadddudsgumeada imsimsiwdmanmnualslsaunuuma
1% {One-way analysis of variances: One-way ANOVA) 1102 LSD (Least Significant Difference)

¥ d s vumounundodmsuamanss lfu 5 Fanaans



un 4

Han13 e

4.1 HONMINANBITIH5Y 5. agalactive

»
4.1.1 anuannsavesasanaayu s lumsdusim i awed S. agalactiae
diohasanaeayu Inshadadisdrvhazaeaisg linageunnuamisoly

¥ 1
A155UGIN5195 YYD S. agalactiae 1aU7D swab paper disc ldnan1inanasawansluaisien 3

¥ W 3
M 3 anuanisavesmsanaayu InslunsdudImsieTgues . agalacrice Nafaday

¥
Amiaza1wns 5 viin 1au193s swab paper disc

N fahazaw
wyayulng —— e
WU | muea | 1BNTHBA95% | pARozdlem | vindy
usIUNA ; + + + ]
12un - + . + *
Hia + ++ . ++ +
fmzarwles + + ++ + N
eIl - + + - i
7 .
v + + - ] R
nsEIfvY - + - et N
Qﬂlﬁﬂu - + ++ + -
ﬁ&ﬂﬂ ++ ++ ++ + +
Ed
uZITIUN - + + + .
H IR
HHWITYOH - + ++ + -
P
WInYny ++ Ft +4t+ -+ +
Fudivamau -+ + + + .
ok - —+ I + .
MUY (Mvhazae) - ++ ++ ++ )
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] ar g ) J
HUWING . lineraswansdudinisnigveude
+ v Trududinsnigueudentnnit 0.0 mm uA Ay 10 mm
G g‘ = A’ ¥ ¥ t e
++  yua lpududinisiniyueudeninndn 10 mm ua 13Hu 20 mm

@ 0’/ el g ¥
et ‘Uu'lﬂI‘IfNUHUQﬂ‘lSN‘iﬁQ‘Uﬂdﬁfﬁliﬂﬂﬂ’n 20 mm

vINanIImAaBIRIna miu ldhesadaayuInsusassialinauaunsolums
gudansie3oues s, agalactie Hunndrafy Tavasadaayy Insiidinaaunsolums
gudansinSoes 8. agalactiae 8y luszAUGagA (+++) wievh¥iAn inhibition zone N340
20 fiodmas (M99 10 Maruan ¥) 14ud msaﬁmumuamam‘%nﬁm (Wit 8 n)
MIANA 95% mmu@maw?ni‘?ﬂg (A INTL 8 1) e3ariA 95% tomupaveadia msaia 95%
emusaveniufy  uazmsasaefnerFianvensuiioy davmsadaaylnsii Wil
anuannsolunsdudin1snieues . agalactise 1AUR misasmEnIsUVBIVDSLINA LD

AT ANAINIFUYDIIVN

Q)

[l v
M8 WansSudIN 1593 guea S. agalactiae AIWTIARAINILDR LAYENIARA 95%
4
(ENIUBAVBINTNUNY

o 2 4 v o X
(M) HaNSEUGUTOR WMSATAINIUOAYBINT NINY

o 3 & » o &
(V) HAMTYVYAFDNINATANA 95% IDNTUDAVDININUNY

“
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Winhasanaayy Insficwiserh ifa inhibition zone lunmismaaeuda3s
N b b ¥ o g a
swab paper disc Tmimanududuidosfigaiawsodudansinsyues S. agalactiae (MIC)

1ﬂyﬂﬁﬂﬁﬂﬂﬁﬂﬁﬁﬁuﬁﬂﬂﬂﬂﬁ‘lﬂﬁ 4

39N 4 Pnavesmsadaayulng 14 sila Aszduanududuiiga (MIC) Hanse

v
o o <5

YUUINSINIYYDI S. agalactiae

u Phnamiafampdinsfiszdunndauduiga MI0) @m)
nyayuing — —
Ny niea 95 % 1BNMIUDdA 1o eaNn HInau
voszIiA nd 2000 2000 2000 nd
1un nd >2000 >2000 >2000 nd
Hfa >2000 250 125 250 2000
fmezaioles >2000 2000 500 250 >2000
nZIl nd 2000 2000 500 nd
sy >2000 >2000 1000 nd nd
nsznoy nd 2000 1000 62.5 2000
gnldty nd 2000 250 2000 nd
A © 500 500 250 >2000 >2000
uzszAun nd >2000 >2000 500 nd
thuws st nd >2000 1000 >2000 nd
w?ﬂinu 1000 31.25 62.5 500 >2000
dudisamnu 250 2000 2000 2000 nd
Uty nd 250 125 500 nd

YUUIMY  nd = not done
' = o 5 5 ag
A1 MIC < 125 pg/ml vanodla awtsndusinmsingyuoutio 1daun
¥ G z Rid J
i1 MIC = 250 pg/ml mueda annsodudanisniguouyeldhunan

¥ L4 g Eid 1
f11 MIC > 500 pg/ml Minuile ansndugansiei guoute ldloy
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sinkansnaassfand muldhluussmasadamyuinsfidanumuisalu
M3GUIMs 93 ues S, agalactiae MUsEAUGIGA (H+) 110N NATEUAIOTT swab paper
disc i1 MIC  Twanaany Taoasanaumuen  95% an1uen uazionaesanues
UBILINATIAT MIC 110U 2000 pg/ml MIANATAAUNIUDA 95% LONIUDA LAZIDNADLHAN
¥9312UnTAT MIC 111fU >2000 pg/ml A15ARA 95% ENIUBAUBIHIITIAT MIC whdY
125 pg/ml ansana  weiaesdanvesiimzaiolesiiai MIC 1A 250 pg/ml wazasana
(BN00LFANVBINIINA MIC 1MAYU 500 pg/ml @13ana 95% leMuBaveIviuTuiiA
MIC 10U 1000 pg/ml ensanaNassmanvaanszinouiing MIC MIAU 62.5 pg/ml €13
ana 95% 18N 1UBaYBIgn 1A lulia1 MIC MR 250 pg/ml A13aR 95% 1BNIUBAYBNIWAT
i1 MIC 1A 250 pg/ml safaefinordAnye s sauniin MIC R 500 pg/ml 915
ARA 95% EMUBAYBNIIUNT WA MIC 171 1000 pg/ml A1SARANNIUBAVBING A
ﬁngﬁﬂﬁ MIC (11U 31.25 pg/ml @1sanAENErUYDIFUALIMNUTIAT MIC INAY 250 pg/ml
HAZATAAA 95% BNTUDAVDINUNVLUAT MIC IMAY 125 pg/ml

WNAI13 219N MIC 71 1801nn1smaaesd; annsaazil1dharsadamuniuea

ndy =

¥ 3 - °
YDININUNYLANUA IS0 TUNISEUEINSIS YA S. agalacriae lAANTA  Taolifn MIC A1
Nga A UAWMNNAY 31.25 pg/ml

] b4 b 4

iesnnas anamnIueAYINI nYMylin e sa lumsduds S. agalactiae 18
anga TaoN91501910HaN15NABN 1491PN1SNATOUARILIT swab paper disc Hazf1 MIC

o o z @ @ J =< o = & zc
voamsanaayulns Antiumsadaayulnsdinanieldsumsideoniie 19 lun1snansatu
J zl = z =
o'l saualFlumsnageuanuansalumsaiunu sadnde S. agalactiae utlmiia

4.1.2 nalamsdudaim51939)ve3 S. agalactiae

i _ 2 2 2 4 . -
Weu1 S. agalaciige 1iiavsluemmsiduageniicsadamuniueaveInin
1 3 < Y o ' P i = o ¥ a 4
Yny e 24 $21ue udIMMINFe S. agalactiae NIVGINTIIYaa lilluemisipes
z ] : L = Qo o L 4 1 ﬂ. Qr g/ =
o lnun TulmsiAvas oA IueaueInININY WUN S, agalactiae NYNEUEINISIITY
3 ¥
annsenduunig 18en namsnenssdiuaasiitunmsadanmiueaveaninivyiinaln
¥ ]

MIGUBINMINTYVes S. agalactiae Tudnvaz iy Ifiwadues S, agalacriae gnvha1o
= U 9 ) d‘d I = LY z‘ -
o Ty Idns i gues S, agalaciice Myana M3shisonniinalnnisdudinisnigues

S. agalactiae 111U bacteriostatic (m‘wﬁ 9)
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) In fresh
R B »le
In BHI broth BHI broth
0.8 containing
herb extract
0.6
] _ .
S 04 Transfer S. agalactiae
to fresh BHI broth
0.2 l
0 * T * T ¢ T ¢ T A4 T 7 T T 1 ¥ T T 1
0 6 12 18 24 30 36 42 48

Time (h)

v » o
amn 9 ﬂﬁ‘ﬂﬂ’l‘iﬂl]ﬂﬂﬂ'ﬁlﬂify‘llﬂ& S. agalactiae 111 bacteriostatic FumsanaunIueavol

o X
Winuny

4.1.3 anupuusdlunsnelsaludmiiaved . agalactiae
nmsnaasuanuyuustlunsnslsalulariiaves s, agalacrize Toumsaia
3 i -« o <b l3

S. agalactiae NiinIMdNTUA 9 imevestosvesdmiia udwmudedduanismgvoanlm
T&uadwanalumsnn 5

A o “‘ & ¥ J . -3

diewaminaasan lduiuIunIf LD, ¥03%0 S. agalactice AT

U U z L] 3 o - ¥ o

YB3 Reed-Muench WU1A1 LD,, Y0¥ S. agalactice LAMAY 10>° wSomiiy 2.4x10°
CFU/ml

nmsagveslmiionndaegluyas 1 fa5 U ndsnniilinsfia S. agalactice
Y e y 4 o P ' P o o
Whigdadar nmisueni¥esindy uaz laveslaiiafiai wuanlarianarenndall

N ¥ ¥ é -~ W 1 -5 4 t: -t
S. agalactiae ogluduuazla  FauflumsBudunmimvendarliamai Haunauen
o X Y . . - z

M3AAYD S, agalactiae UDNIINHNOANTIY UazdnyuzMouonveslatianoualy SIUNT
anvaenwluvesatianme (nmin 10)  dawmivayuamimiianmeliaunguininms
P z . -~y ¥ % Lo S -~ QV il ‘ia
A0 S. agalactiae TavlaiansumufingAnssy tavdnyaznwuonmileuduilaitianaa
Z - 1] 3 o -~
(%0 S. agalactice A0 Uaifusmisanas vieliseuduemisme dnyusHATHANTIUNTS
L] g [ %4 5 -5 3 é 3 o ¥ g =1 & LY
NuhildnuasAnlnd l wu @es uaz@estassudunald noindesteladranis dn

hd 3 s o @ j 5 & cg’ ¥
Todrasdmds @Al duiu wleusiimsindeulnunusafeindiog dhyaveins
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§ o & o A f; o o
voslsanifanudadar fio a1 TduTadladraniianensgosdng nszenaissusauds 1naa
1 o o M4 o g ﬂyw -~ o ~ 1 r-1
ngain uazddilidming wenniniidalidnuuznazanmeann uazihn wivilamien
-} = o & % =Y -y o 344 9 < :i 3o
mien A3y uaznnImin aviaunalesusnuRminazdutes vSianlasy
T < A’ Y 9 o 'Y 9 t
HANTENUABAITAAIYE LasLEAIDINS 147 A UTMSAMINIIDId 1A MUItId U0 1KY
1 ] of w -
Tamden sou q 1hn uazduldvoariullamion uazlimsuanssesTsnsdranusausnm
N3
v o - - dw t [l a o a
audnvaznoluveslarianaasifiaie Alluanansindafiofaiedlonsda
4 . o o o 2 g a o £ ~ Y
10 S, agalactiae Tauflidnyaizadil Un1zontauinnizuing Nioauudeusnusniay
¥ - -~ - x 4' 1 & o W e ~“ J
vnnndvesduideadss uaziianisagveatiaweurealu Fni lviRanizaniaeavu
H 4 1] o o ¥ k3 IA :
waztlanezmoludige WomitlanmiMesgdnyazeSorznelu d'ldveslandanreudn
o “ o o H ° ] o o ;w
nu ved1&ifamssniay uaziansuidlenimena 1dedranin'ldva wenniniidaiidy
v P Z 4 - 2 X
v ng uazduddaieas nukuinsmovesiloonawuinu uazduFeliF gy

¢ ] - A’ { o Y
saNanIEnuaeN A aniale uazlaveslartionaaes

X A g o o : L)
MmN s sasimsawvenlarionaasandninlATude S. agalactice WIFI19NW (LD,

- . . - o ‘; o ‘g
#2077 intraperitoneal injection ludavinassvesnisiuionly

Meuunili3e S. agalactiae snalamanesfiag snnnIMme
AuWNdu (CFU/MmI) | Dilution | 1° | 2* | 3* | 4" | s° (%)
6.0x10 10" | 10710 | 10710 | 9710 | 8/10 | 8/10 90
6.0x10° 10° | 810 | 7710 | 7710 | 8/10 | 7/10 74
6.0x10° 10° | 5/10 | 6/10 | 5/10 | 7710 | 5/10 56
6.0x10" 10° | 410 | 510 | 6/10 | 4/10 | 4/10 46
6.0x10° 10° | 3/10 | 3710 | 4/10 | 3/10 | 4/10 34
6.0x10 10° | 110 | 1710 | 110 | 1710 | 1/10 10

t 4
NUYINE * = replicate number ($1UIUFIVBINIINANDI)
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(1) Exophthalmia and opacity () Comea opacity

(%) Pale liver (R) Necrosis of pale liver

: -» - “ ‘
AN 10 dnwaiznmousnuaznoluvenlanionaaean 183 ui¥e S agalactice

4.1.4 ANUTINIEVeININANY UoraIaiARMUBEYE IWInYIluMIaAATY
nsmavenloiionAnie 5. agalactiae

mInanesi IdheTsAnla 4 gas 3914uA emittIuRaNveINin

iﬂguaazt‘éun'lué'aﬂﬁau 9:1 (w/w) (Diet 1) BIIIALTIUNANYBINI AARUMUBAVES

o d o s . et v R > U
ﬂiﬂ‘ll"\ﬂﬁﬂﬂi'lt‘l’m 19:1 {(w/w) (Diet 2) DT IIMUNIUNTUYD oxyietracycline Tudnsweu
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199:1 (w/w) (Diet 3) uazem1sn lilldunauvosayu Ins 3o oxytetracycline (Diet 4)
¥ 4 & g v a o a X 9 o o @ 1 @ 1

ywasadariiatlung 5 Su AouRiziimsfia §. agalactiae MWinuUAiadovunaimidum

t o d9 Y N . . o o o ' a a

LD,, #ailsinginlaniaflasueimis Diet 1 Diet2 uag Diet 3 HdasinismwanIlariian

kol { + g’ 5 4 el 5 g

1RFuomM13 Diet4 (AT 11) UEALIINININYUARZIBYA TISATAINIUDAVBINTNANY

. [ = I o ¥

Uag oxytetracycline InNuanso lunstlodumsfade 8 agalactice Tutlariia uoneinil
@ - A a . . ] '

INHAMINARBITANLIBATINITAIWYDIUa N 1A5U0IM15 Diet 1 Diet 2 uaz Diet 3 il

1 o L] of © L e é o g o

anuuandliusdelvodignieda Fwaaddiiiudmininy ussaisadammiueaves

o 3 . - - £ -
winynyohunlgunuenl§Fus lumsnaunuTsndade S agalactise Tuariia’ld

_ 60

é 50 1 Diet 4
S

= 40

£

B 30

4 | Diet 3
2 20

= Diet 2
€ 10]

Q Diet 1

0
1 2 3 4 5 6 7 8 9 10 11 12 13 14

Time (d)
ammn 11 amﬂmsma‘umﬂmuamammﬂwa S. agalactiae ni4 ‘ljﬂﬂ'ﬁﬂﬂ?\ﬂﬂ

4.2 HAMINARBITMSIY A. hpdrophila

4.2.1 anuamniovesmsanaayy Inslun1sduian a3 e 4. hydrophila
A o o 1 o QF o 1}
dievhasadaeyu Insiadadiodavhazaeang lunaaeuniuannsely

¥
o 3 S a4 é
M3GUTINIIIVIYVOI A hydrophila 1003 swab paper disc |AnamiInaansdauandluaisan 6



79

* ¥
M3af 6 Anuaunsnvesmsanaay s lumsduganIsnIyvo 4. hydrophila

:
« o ¥ @ o

3‘, = Gharnecy .
Nadaruaniiazaions 3 ¥ia laold35 swab paper disc

e 3
Az
“ ) o ¢
nyayuing nndu 95% t@MUsA NI
3
UDTINA - - .
11N - - -
H¥q ++ ++ ++
fhmzawles ++ ++ ++
nszIoY + ++ ++
LT ++ ++ ++
3
UTITUUN - - -
Yiuny - - .
-1
quAALNe . - ++
0 - - -
NTUNY - A+ ++
N3P . . ++
NTING - + +
PAGH - - -
YARILAN - + -
¥ L z’ oy g
NG - lunaawwamsdusimsisyveuse
G 5 =% ; i ¥ s "
+ v Teud UM gUeu¥oNINNI 0.1 mm 1A 1AY 10 mm

o z o) g L ¥ 1 &
++ v lBudugInses guouFeuINN 1 10 mm uA 1HY 20 mm

Q gl -y z ¥
+4++ ﬁJu1ﬂT°§‘NU‘UU~1ﬂ"Iﬁliliigﬂlﬂﬁl‘lmll"lﬂﬂ’ﬂ 20 mm

nnwanisnaasRIna W ldhasadaayu lwsudazyiialinnuaunsaluns
Sutamsinieues 4. hydrophila 1Buandretu TasayTns#hifinawensaluntstuds
MSINSQYUDS A. hydrophila lihezanadiedviazawla q 14un vessne (7 crispa) 11
(4. galangal) ssziuﬂ (M. charantia) nazazlad (C. citrares) ﬁauayu'lwsﬁmmmﬁ'w%q

oy ¥ %3 4 108 o g
NS5V 4. hydrophila Tauana1esny  Tagayulwsd bilianwaansolumsdudanms
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WSV 4. hydrophila hidezadadisdnitazaisle q 1&un veszia (I crispa)
A1 (4. galangal) EsEAUN (M. charantia) uazae'lad (C. cirares)  davmyuwsfianunse
ﬁ’ue}”m'lsm?fgwq A. hydrophila 18wz asadaedriazainla o 1Run d5s @. gugiava)
Hmzawlss (4. paniculata) nITON (4. sativum) UnZNI9A (G. mangostana) MVITAINT
arnmgunsiimaditglunsiounil  arsaita 95% enueavesludiaiianuaunsaly
ﬂmi’uﬁy’qn‘usw?iwaq A. hydrophila "lﬁ'ﬁﬁqﬁ Tauyi1¥ifa inhibition zone NvurAMIINY
20.1 fiadms @517 11 MARUIN v)

dovesadamy Iwsfiamsori11¥iRa inhibition zone lumsnageudandi
swab paper disc ‘lﬂnm’m'JmuTm’fu?‘;ﬁ'aaﬁi;{ﬁﬁmmmﬁ'vé"qmm?f,ymaq A. hydrophila (MIC)

v ai
dnanminanosdaaasluamsan 7

4 o o A W o 4
M3 7 Wusvesmsanaayulns 14 vila Nszauanudududiga (MIC) iemnse

¥
o/ o £

VUINTINIYYDI 4. hydrophila

Pinamaiampdin noiszduandadudign (MIC) (ag/mb

yapdins o —

Hindu 95% BN HED dme3
vosNA nd nd nd
17un nd nd 250
i 250 62.5 125
flmzaoTes 500 250 250
n3zifion >2000 250 500
janR 500 125 200
uz'wilfun nd nd nd
nuny nd 500 nd
yuirtame nd nd 250
41 nd nd nd
AUNG nd 2000 1000
nIzYY nd nd 500

nZINT nd 2000 >2000
az'lnd nd nd nd

HUIUING nd = not done
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o ¥ = 9§ o P Y oo
NNHAMINABBIAINAITA N T BANADINUNAN 1A 91NN IS NATBUALIT swab
. . ™ A e @ WA L a -y - 5
paper disc nanﬂamsa’ﬂﬂﬁqu'lwmm'lu (A inhibition zone N9zl MIC Nd vInm3
y ' @ 4 P 'Y & et
naaedil wud lunssmasadampu Insniuanldmsada 95% onueavesludiadia
MIC A1qa AolA Ay 62.5 pg/ml
4.2.2 nalanatiudamsniaves 4. hpdrophila
A o y 2 X4 o
diovh 4. hydrophila TiRedluemisideageniiensana 95% enusaves
&« & ° ] A { o ¥ <

TudFa Wuna 24 $2Tue udimsade 4. hydrophila Hgndudinsieiggaslfluemis

1 4 TR o @ & i o ¥
oave Imin lulimsiduaisana 95% tonueavesludTs WU A hydrophila Ngndudams

¥ ¥ St
wigmusanauuue iy 1dsn nanrinaasstiuaasldiiuneisada 95% tenusavesly
& o 2 o o = °

diafinalnmsdudainsiviaues 4 hydrophila udnuaen i Ty idisadves 4. kydrophila

P P

- ' o Q¥ - & o 1 e w ¥
grhaefoaus i iinsed gues 4. ydrophila nyana vienBunilinalnarsdudans

1930 A. hydrophila WU bacteriostatic (1WA 12)

In BHI broth
< wla In fresh
containing i
BHI broth

1 herb extract
0.8
06 - ,

g Transfer A. hydrophila

04 to fresh BHI broth
0.2 l

0 ) ¢ 4 7‘ ¥ T l |

0 6 12 18 24 30 36 42 48
Time (h)

H v
A 12 nalnn15EuEIN15I93 Y03 4. hydrophila 1Y bacteriostatic AIWATANA 95%

inueavedludss
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4.2.3 AnupuuIsluminelsnlulaniioves 4. ydrophite

msnareunnuuusilumsne lsaludariiaves 4. aydrophita Taomisiia
‘ -5 : H 1 4 -5
ovlinuniianuminduda q imussatsvenlaiiaudmueiiduanisaovenlm

» o 5 - ¥ < - - e P
Araduariluamian s msaovenlontianndaeglusae | 615 Fu mdwnniinisia
L. ‘ - d ﬂ' . fd é

A. hydrophila Wiganlan Biamsuon¥esndy uaz lavenatiaiiae  wuinlmitianae

A2 A. hydrophila o 1uAv unz1n (A 13)

(n) Exophthalmia and opacity

- -

(#) Ulceration of body, anal fin area

(%) Pale liver (R) Necrosis of pale liver

. - - H ol !
Al 13 dnvuzawusnuaznisluvenlaianaasan 13 uide 4. iydrophila
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4 g A o o « 2o a 4 A &
Fatlumstudunnismovenmtiamarlilicunguinnns@aie 4. hydrophila uenaINi
o o = ] g; o o H
NOANTIY Uazdnyuznsusnvedlatiianoumie sauisanyuzaisluvesartianae

TR > ] a A a 4 a
dawsmivayuimlatianaeliaunguininnis@aie 4. hydrophila Tasantianeunisll
= o o Y ia &' i =
NYANI T azdnyuzmousnmilounulariaNAnlio 4. hydrophila (nWA 13) Ao Yaiia

a o o o . 4 %’ d‘ 1 [ Y o @ A A v
naaoslinganssuAalnd 1 inshoiidess lifuemis dnvuzmouendidalissunseu
4 o Z o o ' o
finsaniden uaziiie 1aTuise luilSmannawzidauaunailunquin fesuan daudnvus
a A g 1 a 4 9/ a Z . a o
moluvestarianmen hivanaevimlatianaisasns@ande S. agalactize Taslidnyme
o J o - a - o °
Al Aumdes uazlimsanideauinud1d
A o 4 o ' & aq
dovhwanisnaassi 1Auduiuniai LD,, vou¥e 4. hydrophila AU35N5V09
J 1 z v 1 o -
Reed-Muench WUA1LD,, Y0¥ A. hydrophila UAUMIAY 107 w30 1.37x10° CFU/ml
(M1519N 8)

: o o e oo 1 11
m3aM 8 dasimsaevenlatiananoindsnn1@3uie 4. aydrophila 1319 (LD,)

ad . " e . o ¢ o J
#2073 intraperitoneal injection Tudaninassvesnisuierihly

Souunfide 4. hydrophila snvamanesiime onIIMINY
> - - - - - (%)
ANUVYYU | Dilution 1 2 3 4 5
(CFU/ml)
6.0x10’ 10" 10/10 | 910 | 10710 | 810 | 9/10 92
6.0x10° 10” 5010 | 610 | 810 | 7710 | 6/10 64
6.0x10° 10° 310 | 410 | 510 | 510 | 4/10 42
6.0x10" 10* 2110 | 3/10 | 310 | 3/10 | 210 26
6.0x10° 10° 1710 | 210 | 210 1/10 1/10 14
6.0x10 10° 0/10 1710 | 110 | 0/10 1/10 4

o 3
NUIWwInNeg ' = replicate number (VMUIUYIVDINIINANDY)
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4.2.4 Awanansavedludl$a uazmsada 95% lemueavesludidlumsandnn
mimoveslarilafinnie 4. hydrophila
mnaaest e msdonia 4 gas 3918un emsRlidiunauesly
Hisunazi@unludasidau 4:1 (ww) (Diet 1) oM IsATAMNANVEIAISARA 95% LBMILEA
voalur$alusnsrdau 24:1 (wiw) (Diet 2) 8IMIRITAIUNEANVDS oxytetracycline TuSAT 1AM
199:1 (w/w) (Diet 3) ua:mms'?i'hiﬁf'nuwﬁwmﬁuu1wm‘ia oxytetracycline (Diet 4) 1o
Umitadunm s $u noufieziinisiia 4. bydrophila WAVIMTiada0vwadiiifus LD,
wadsngiariiofi 1458115 Diet 1 Diet2 uaw Diet 3 Tdasnsmemniaiiad 143y
81T Diet 4 (WA 14) uamaiialuds asada 9s% emueavesludis waz
oxytetracycline farmannsolumstleatunisande 4 hydrophila Wuilariia wenenien
HANTINARBITINY TSR35 10v81/a 17 145 UB M3 Diet 1 Diet 2 ae Diet 3 Tifinaw
unnAnfusdniveditymeada Fuaasldfiiuiludds wazasada 95% wyuvaves
Imli"mmhmlﬁmumﬂﬁ%mz'lumsmuau’lsﬂﬁm% A. hydrophila Walaiia'ld

60 —

—~ Diet 4
s
&
= ]
=
=
g
@«
=
=
C

g Diet 1
3

Diet 2

Diet 3

01 2 3 4 5 6 7 8 9 1011 12 13 14

Time (d)

4 hosd 'A X 4
M 14 SasinsmuvestaiiananoiAade 4. hydrophila V14 4 YAMINAADS



UNN 5

agulma eiaana nazdelauauu:

~y z o $ o bl & k y <N
asaaeuuafGoiudludymiidylsenanilslumsiwizidoalariialae
(] v
suaiGonawisonssalulariialdlivainnasaronuy luussamuaiiGumanil
I k4
S. agalactiae U2 A. hydrophila  Saitununfidonslsaffinnuddganndensimizidoalan
= < -g 4 3 o ? ' b .X o
daluilssilszma’ne msdarsuuaiioludaiaveniinezdanansenudedimiziasnda da
¥ Pl
danansenuasdud 1nadae Tasdmizdeaindscauilgmmsnanuiissnnmsasveala
o) o 1 ¥ a % & P X 'Y - =
Whudmauunn @audus Inadndszaudguisessiailamgavu vasduasivioiufann
At @ oo g W1 v
nuaiisuioenaenugi ldnelsalunuld
Tutlegiudinldonlgrauz lunstlosdu uazSnun Tsmlar Suniinsdananes ¥

« =% 1 ]
Hod uanldedevagnaiuilszmsiyu

= W e

-, ' a & o Py e ) o a oo
() slfrauzandnegludnlar1d suiluddidus Inanvainsmldinaduase
1 9
ABK1S 1A
@ ' * [] - o by
@ msldolfFuzesnslumuzay wu WuBunannmoull vseldidy
PN ¥ 9 e tg .&‘ ¥ & &'
nawiull endawaldifamisdsniveusens lsa dennuamsalumsdesiawise
' o aa o Jl A an Y o1 ¥ a el @ sad °
ownea hldwuafiemenugounieglusssumndld dwaldinauuafiiBomonugiaoonsiuiu
4N (Brown, 1989)
3) mslFnlfFuninmidifanadrafion (side effecy fulanitisannenlfimne
Py v P2 e o« e @ & «
in llfinalumsdusaimsiniguouniit ol sz 10U (normal flora) Negluaailar devzyhidila
fineimansua Ineglduiniidias uaziimses gay Infidnne (Atal, 1982)
b 4 »
Aamail lunaw q dszmaldiimsdwidenlfFuenarosiialunsmizitoala
Wemsfiuasmsdeen o1l fEuzilinsdwldudrlunarodssne 194 chloramphenicol, 811u
ﬂfjil nitrofurans ('muﬂ‘ furazolidone, nitrofurazone, furaltadone, nitrofurantoin, furylfuramide,
nifuratel, nifursoxime, nifurprazine), neomycin, nalidixic acid, sulphamethoxazole, chlorpromazine,
colchicines, dapsone, dimetridazole, metronidazole, onidazole, ipronidazole, clenbuterol,

diethylstilbestrol, sulfonamide 1182 floroquinolone uﬂuﬁ'u (Citarasu, 2010)
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mﬂmsﬁa‘imsﬁ*ml%’mﬂﬁ%u:‘lumﬂmzs?:uaﬂmn"}amsﬁﬁ wagmsdsoon Sehld
famumeendeemdsiawsadnnlfunuen i lumstiosdunazinmn lamlm Fmils
#1&5uarwmnludhvedrannludegiu fe Avayu'lng e nidoinaolszms wu

(1) e lwsifounnatiaauisem 1dmusssusnd viedgnidies v ldinuasns
é’tﬁmﬂm‘hii‘hzi’luﬁ'au?raéﬂ%'ﬁwmn‘lums%amﬂﬁ%wz%aﬁﬂmumuamnﬂﬁ gaild
inuasnsansfaaues1dlahisuiludosianuiimen fiue

@ ayuInsdaIng 8sumseeniuinlasadunnmsiiinis 14snuTanluay
wiodaiane q ndunanny

3) ayu nsvarosiia ldFumstudumainms newnsolRflostu uazsnulan
Tuaunazdaian q 18 (Citarasu, 2010)

@ ayu Insvansyiia 18T umstudunisisinish fauensalumssudims
(93 9yv03AUnI IR 9 (antimicrobial activity) 153 uunfids 51 uazla¥a  (Cowan, 1999;
Sivaram et al., 2004; Citarasu, 2010)

(5) ayu Insnanewtia 185 unstudumadnns hilianusnsalumsdisaeyya
9a52 (antioxidant activity) (Ou et al., 2003; Citarasu, 2010) %ﬂzahud'qm‘%nqmmmmﬂm‘lﬁ'

(6) aypu Iwsnanseiia TRFumstudumednnisi Tanueunsolumsan
aurionld Samsaannurioaludasssh iladimsdgduialda uaziilemada
Fo'1#1Touas (Citarasu, 2010)

@ aypulwsmanowtia 14Fumstudumainmsi fanuaunselumsnszdu
Y (immunostimulation) vesRY  ardAiAts q sautarard (Sivaram et al, 2004;
Galina et al., 2009; Citarasu, 2010) |

asndifino e Insseann 185 umsgey uazuduiilidaugan g Ins
i‘m’nummsn'luﬂm‘fuﬂg‘amm?fg‘uawﬁuﬂ?é' (3t 12) nsnszqussuugifudu nsdisa
oyyadasy Mmaannnsea uaznistestiunsiinlsn ed19voam1sdand 12 19w alkaloids,
flavoniods, phenolics, terpenoids, steroids 1a% essential oils (Cowan, 1998; Sivaram et al., 2004;
Citarasu, 2010)

srnmgrasandddui g Aoujaduieemayuing ew 1fumuen
U§Fmzlunmantugulsnanide S. agalactiae 0% 4. hydrophila Tuilarila Tashansafaves

4 o 2 8 ¥ o g L)
mpuInsfiadadwdrhazawan g umareuanuawsalunsdudimsnigues
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S. agalactiae g A. hydrophila TUMaBANARDA (in vitro test) uﬁ'mﬁaﬂmmﬁ'ﬂﬁqu'lmﬁ‘lﬁwa
n13§u§an1sm"‘stgmumﬁﬁuv‘?mmmaﬁ’u{ Tunosananssfianga lunaaeuarwansely
m3nauguTsnlulaitiadely wafldninnsAnuithinesdidss Temfetannaeiadinzde
Yariia uazduilna Tasdimedonarilaszannsondmaiia1dlaelusuiludeaiomeon
YFuedndely daudus Tnafeeiulelunrnlasasoluninii Inaiaiia

- o ¥ - o o 1 A o
11«!ﬂ'l5ﬁﬂ?&l’]ﬂ')']ﬂﬁ'llﬂiﬂ‘ﬂﬁ\iﬂ‘lduﬂ'ﬁUﬂﬂﬂﬂ'ﬁlﬂ‘ii}wﬂ\‘luﬁﬂ'ﬂﬁﬂ TIHUDINH T

s & y L a

nldlumsnasesdfinnuddguiniiiiiiesnnuaasduvesislicisiunnaiaiu dred1a

4 P 4 o U o =y -t < o ¥ o “ =
(¥ HAVBINS NI ud NN A s s NN waslia s NS I UM SIS Yuoyaunsy
i Ll L] o ¥ o g 1 = % L]
Tuvazitluninlifiguaud@adinard daiulumsifendauveansnfiszhunndnuinaiy
& & = 1wt ¥ -2 P - &
awrselumsduiimaniguewunaiiGonelsn Sandsd@ennavesnnunldlumsfinu 3alu
0 H U H ' o ¥ =
anfnuiiduveddivild dudwfinoliswanunianuawisolunsdudinedgues
a dad & a d & P -
1auvi3d wieliassnganinlumsinuiseyu nsie I ldassngauman wieanuawisoly

= o o =t

v ¥ 'Y d o d ;1 Yo b oA A d 1 - A of
M3Sudagdunidgega indnmsinudail Tasvuegiudiuvesdisnny drdauvesisfissiny
idj - & ¥ o e o @ et - S ' o ot o
Wusn viamd Iinundannineed gauiuds nionganmues gud Sduvesdivhsnny

- vd v Y o1 P & o ' - o 4 o
dhulu vievea IiunoufiNyzoonaon nienoufasnezuALT drauvesRvszdmilu
A -~y -~ H 1 H A ' 1
wa IWidudionan A Tamuiiuda uazdramveianssfuiiunda Wifudeondaunidun
' o ¢ - o - ¢
ud? uAnasinuneufinaszuaneen (Faun Bumsnyilnsel, 2547)
Q Q@ & i A
lumsanamsnnisdrodavhazatomndeams i lanaddesldnyaa uaiiios 910
' v @ o ° P t ° Y o
anulazain Taoma TS uimhdyu i i awdaiu 14 ileaenisSeneninnanamsduaa
° ° & o - aw 1 o
hazarw FEmsris it ane 1 lunsadamsdeatiuiinldqungii higanmin uaz 4an
. o M d [ d 1
Tivnudelleasuhildasgnihaedroandou msduRviudanisfuluiiuds Tifiues du
wazomrmiom 148 e 1y wazans IuAsasan i ldun lumsadamsinds i ldnadnas
¥ ° ' - Vet d ' ° - a ' A 'K A v @ @
Aoariinisgeus IMlvina@dnneu twu vinmsuansldazdoaneu e I druvesnydudany
o -] d W L3 G W d R
dnhazarwldnnfiga lunisdenlddivhazarlunsadaaisonfisfifudnledofidiy
o [-3 L - LY [ :l H 1 o« L 1
mszdiazauaazsialinuaulia anuansalunmsdazais anulivaiuanaady 42y
1 - o9 ¥ g
azawntoulFlunsadaaisendy 1dun w1 eniuea wimuea aaslsnesy lanas Tsium
['4 - W o 0 : 4 o H 1 [
uon Bimes uazesd lau Tasdanhazaemanilianuamsolumsafaasfiunanaadusensin
H o ) E o A
A (13139 9) Medrury Sl lanas Tsmuesalumsasamsuiniy arsnldseduerslu
QU terpenoids (13197 9) uad1lfozd Taulunisasamsnndy a1snldeeluaslungy
. 4
flavonoids (113197 9) Wudy
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Water Ethanol Methanoi Chloroform | Dichloromethanol | Ether Acetone
Anthocyanins | Tannins Anthocyanins | Terpenoids | Terpenoids Alkaloids Flavonols
Starches Polyphenols Terpenoids Flavonoids Terpenoids
Tannins Polyacetylenes | Saponins Coumarins
Saponins Flavonoids Tannins Fatty acids
Terpenoids Terpenoids Xanthoxyllines
Polypeptides | Sterols Totarol
Lectins Alkaloids Quassinoids
Propolis Lactones

Flavones

Phenones

Polyphenols

1 ¥ f g’
MueMg: AI5nNsITN winoih esdrgazarsldmmzd iz aeyiniuminiu (Cowan, 1999)

neasan 9 szt ldnlunsadamsuinguesnniniisannsolddiazan’ld
- & ¥ ¥ & \ g
waewila Aaed1tu nIndaamsanams lunqu terpenoids 89NV INHY A 1snldi tonuea
ol (4 4 a
wmuea aaeliveiu lanae Tammiuea uazdmed Pudnhazawld uvasilunisadams
R4 [ o i o k4 %: o ¥ ' o
vunguesnvinivsidiudeslddnhazarsidumzminiu d1ed1 wu madeamsadamsly
! . - ° ¥ 3 & 9 v 3 - o
nQu lectins pona1niy suiludesldinfudihazarnviniu wienindasnisanaas
2
lungu steroids ~ sonaInAY Suiludeslfienuoaidiudrvinsaromniu (Cowan, 1999)
g o o - o A
lunisfinuiiilédiazatonarsriialunisasamseonsinayuinsmel¥lunismaaey
o & 5 A‘ ' 5 t: x o o H vt
anuase lunsdudinisnigueusens Tialat valitiiese1nd39uds inswnidadn
o v - Ci o a‘/ nd z ¥
aszdrglaluisayu Insudazyiian 19 Tnnuannsalumsdudinsisigueusens Tsnlan
v ¥ o o Y o o )
aniumsidenlddviazaonawsialumsadamsoenninayu nsSauilumsmiuTemaluns
afmeImsdifgAnaoens ey Tns
e ya « ¥ © - = ¢
msanytuaaliiiud arwawnsalumsdudimsnsguesgduniddveyuing
o : o & L o5 & (3 i o
wazensadagyu Insvududedonarnlszms sy sliavesayulng dvhazaoildlumsada
o) - = ¢

ayuIns uazeiiavesgiuis

ho L] A + - el z L)

dredafiuanslfiiuisiiavesayung nadenrmuamnsolunmsdudimaniy

- ot A’ § i t 3
vouduvnion 1dnnnisiinuil 18un Msfuessiie (T crispa) 11 (4. galanga))  LIZTUUN
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(M. charantia) wazag a8 (C. citratus) Wiousagudan1sisues 4. hydrophila 18410z 194
vavawlalunsada Tuvasiinds (P gugave) Amzaroles (4. pamiculata)  n3zifioy
(4. sativum) URZTINA (G. mangostana) AMNTASUSINTINI YOI 4. hydrophila 1 hiTez 1Favia
azawlalumsada ﬂﬁﬂqmsaﬁ‘ﬁuﬁﬁ'lﬁwuwimw1:1un17ﬁﬂy1ﬁtﬁn"fu 9INMsANYIVES
Rattanachaikunsopon and Phumkhachon (2010a) wu Ameawles (4. paniculata) ‘1(1llf"lﬁmﬁ
(Cassia alata) 10110n (C. asiatica) ﬁ:ﬁﬂﬂ (G. mangostana) wazria (P. gugjava) ®INT nﬁ'm‘?«ms
m’smﬂmuuﬂﬁﬁuﬁﬂmﬂm Flavobacterium  columnare 18 1wmzﬁv‘fuﬁu (P. granatum)
'lximu1intfuc§'4ﬂ1sw‘§tg'uommﬁ&uﬁ'aﬂa'n'lﬁ'

Feotfinaaslfifuhdnhazared Wlumsasampns Sradenimnsaly
msgudanisieTyueagdui3oildnnnsdnnd 1un  msiimsasasmeiveslutaun
(C. asiatica) mmmﬁ’u&msm‘%mum A hydrophila 1§ uamsafiati navansadta 95%
wnusaveslufaun liannsadudimanioues 4. hydrophita 18 w3omsiiasara 95%
IOMUBAYDINUNY (P. granatum) mmmﬁ'vé«msm‘ﬁmum A. hydrophila 18 udasasaiuay
msaf'fﬂ’émafnmﬁuﬁu‘lﬂmmmck"m?amm?mmm A. hydrophila I8 Wiemsiiansasawnian:
asafauNINea LATAI3ERA 95% IBNMEAVBIVIINTY (C. longa) ansodudans RELTTLN
S. agalactiae |8 udesasah wnzmsasaeRicsrFanveviiusu liannsosuds N15195 VDY
S. agalactiae 1§ Wionshensasawmea a13ana 95% tenuea LazasanalpRaesFAnYea
UBSHUNR (T, crispa) AN30dUSIM3IV3Ques S, agalactiae 18 udesatath uazensataenay
woeueszia hiaunsadudimswiaues S, agalactiae 18 wonnindl lumsnuiidaans i
i $lunsadaayy Ins Twadessduamuansolumssudimsisdguesgdurisd
AI0H1UTY A151R 95% mmuammd?ﬂﬁ'uams&’u&mm‘%tyvm A. hydrophila 18an71a13
afadime’ warmsasminesiwiiafeaty Tnedaunaldornanndraves inhibition zone Az
f1 MIC -

fodrfiuansififiudiwiiavesgdunid Tnadenuannsalunisdudimusiy
voegdursdR I nnmsdnuil 18ud msfvessiia (7. crispa) aunsadudimaigues
S. agalactiae 18 uei'himmmﬁ’mf’qmsm‘%zyvm A, hydrophila 18 uaziieneudeunanisfing
ﬁﬁuwamsﬁnuwm Rattanachaikunsopon and Phumkhachon (2009a) ﬁwnuﬁngmﬁmms €
mivmpuldiduisiavendunid  Tradensmamnsalunisdudanmseigues giunid
na1IAe ‘lumsﬁﬂmﬁwufhmsﬁﬁﬂé‘mm'l'uﬁ’mﬂ‘lzimmmﬁ'ug'anmﬁiy\m A. hydrophila

18 ualun15@ny1904 Rattanachaikunsopon and Phumkhachon (20102) nduwuesaiasanan?
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annredudimaniguowuniitudelsam £, columnare 1§ Wi 3a 4 lunsadamyuns
Fahazaed I lunsasamp ns w33 Aldlumsnacounin annsalunisdutimsni g
veade hiumnmafy

ayu Insurasiiafinalnnssududeuuy bactericidal  #eluviate wiesinwad
nunide Tuvazfiag nsunasiladinalnmsdududeuuy bacteriostatic Ao Tvil¥msiedy
vosuuaniFonga ua'lilan viomhawwaduuniiGe TumsAnimuidiinalnnisdud
A.  hydrophila WY bacteriostatic n?m%mﬁnw‘s‘n%fngﬁﬁna'lnm‘sr‘i’ut"i"a S. agalactiaze WUV
bacteriostatic WA 141NN IANNINIEUEINTTQues 4 hydrophila #audFalumsiinunil
AoANABITUNANITISuTHIULIYBA Rattanachaikunsopon and Phumkhachon (2007) Tauaw3se
A9N812 wuﬁd%"aﬁna'lﬂmsEug'attuﬂﬁﬁnfia'isﬂﬂm A. hydrophila, A. salmonicida subsp.
salmonicida, F. columnare, Lactococcus garvieae, S. agalactiae U0E V. salmonicida (U1
bacteriostatic HEAYINTIINMIANIATRININ WU LUARBueRuTnila 4 aunsagniudsld
WAUVY bactericidal HAZILY bacteriostatic ‘Vfai":ﬁuatjﬁn%ﬁmamqu'lm #2981
F. columnare QnEUSIVY bactericidal TavfmzareTes uazlutiun uﬁgnt‘i’u&aunn
bacteriostatic TaoyuiHamst 17a9a 1azd3 (Rattanachaikunsopon and Phumkhachon, 2009¢) W3 o
L. garvieae gﬂﬁ’quuuu bactericidal  1AUDUIYY (Cinnamomum verum) HazNMUNG (Syzygium
aromaticum) UAQASUEAY bacteriostatic 1aT4 (Zingiber officinale) wazTnI¥WY (Ocimum
sanctum) (Rattanachaikunsopon and Phumkhachon, 2010b)

wuaiFeneTsmlaudazmoiuiianuguusslunisdeTsnfiuandudy Fela
Un@inswendremamududuvesuaiiBeiiv Mmaediusaudesas 5o wien1 median
lethal dose (LD,,) 3981931091414 MY{26 CFU/mI we CFU/fish W50 CFU/g of fish 14 wensnd
uduidesnndidindniuegiusiavenian uarSinidesudm dnfulunsssaud
andrsetuiiudesssy aveiufumiiiifa lsnludarsiiale uas dinnnms dedu
o Tae331a #rod1evesm LD, vouwafiFodelsndmfinosioan ¥ 19u mLD, vos
L. garvieae dmiuilaiia Safisundu 1.78x10° CFU/ish TaomsBaideidimieseatesusatlan
(intraperitoneal injection) (Rattanachaikunsopon and Phumkhachon, 2009b) i1 LD, ved
F. columnare dwiutlatiia Seilamiriy 3.72x10° CFusish TaomsSaigeitimeseaiesves
Yan (Rattanachaikunsopon and Phumkhachon, 2009c) i LD, Y03 F. columnare dmivdania %Q
fAURIfL 23710° CFUml  of water Taomisldaslurindsaran (bath exposure)

. ¢ o o a & a4 w
(Rattanachaikunsopon and Phumkhachon, 2010a) i1 LD, Y04 S. iniae o mivdartia Falinunny
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2z \ ,
6.84x10° CFU/fish Tasnsfaieidmareaioavest/al (Rattanachaikunsopon and Phumkhachon,
M o o - & ] L.
2010b) 14AZA1 LD,, Y03 Edwardsiella tarda dm3urlaniia Faiinuviafiy 5.0x10° CFU/g of fish 1ay
A‘ * . b4 : s
nsnAleIdIMITeateIveslal (Rattanachaikunsopon and Phumkhachon, 2010d)  A20igTAT
[ 3 o et ¥ a o 2w 3 "W =Y el
LD,, usuawizdrvosuuniione lsmlawaaz viia dnnidivuegiurtiaveslar wazisnis
J o v ¥ 4&' 43 & o_ ¢
Wi¥ertutlar Anlunindesnsmswm LD,, veuwslageniidsuiludssdinismaneaue
o o o o & Al [ A A t {
Tasdoaiimsnanssnularviialasiianiis  uazde3EmsIirenulais1adsnile a1
] © o 1 R ] .&' & 4 1 gf 4
1&fszflusmmedmiuge ot wariimsiiiwesulafldmansariniu Tunsdnuiil
Tavimstnuanuguusalunisnelsaves . agalactice Uz A. hydrophila Tuilariialasmsiia
1 ] o g * L 4
Fordmegoatos  AduA1 LD, ¥04 S. agalactice AR LD, Y03 4. hydrophila N 19910
gd o 1 © Y 1 o ’ g v -y -t X 9
msfnpituiluammizdmfuresinarmaneslunisne lsnludariiadredtnrsiadnnig
' ) ¢ ¥
ooy Y
rg 3 o £ &’ § o g =
lunisfinmiinumisadaniveavenininyg Idnanisdudinisiedgues
- et v o T o
S. agalactiae unasananos1danige uazemisafilidiunauvessaiasindanaiuisonn
951015A 100311518919 INNSARYD S, agalactiae AR wsnuIniilunisfnuniiss
U Y o - ¥ -
WUNSANA 95% tomusaves ludTs I nan s Sudimsnigues 4. aydrophila lunasanaana
1A8fige uazemislmilisunauvesmisadasinanauisaaasasinisarovesdaidy
4 o 2
{HowNMSAMYO A. hydrophila 144
» + )
Wininy (C. frutescens) ilufwTioglu Family Solanaceae 1@ Ui uzido
o o ) ¥ ot . &
e wziioud uazorgy In1sduiluguNFeed Solanaceae 1192119IARIN “solari” Fuilu
- 1 -~ - 4 -~ v’A’ 2 a
AMIIAUIIAI “to soothe” U3D “USTINIBINS? UBINIANTN AW ATUIAUTINAING D
2 a = » o tw g ¥ o o
Inyligueanianeenlumsussmiemsan q msdgawsnaamlvgainiunldtivnseunalu
I3 4
91113 UAlBInINHaYaINI nIMylias snganennne S118lnshan1dlunmsinuilsn
HAZUTIMIBINMIAAUNAR T 9 Y8319 19U U33IM19101312A (analgesia) oatuuzi3a
, 2 . .
(anticancer) oz NYOLUANISY (Cordel and Araujo, 1993; Surh and Lee, 1995; Cai et al., 2004;
Chen et al., 1985; Caceres et al., 1993; Cichewicz and Thorpe, 1996; Alderman and Hasting, 1998)
: ¥ ¥ ) 3 & 5 -5 4 % L
VIAMsAnIfKINL NuTmSninyaunsodudimsniguesuniieldnarosiia (YU Bacillus
cereus, B. subtilis, Clostridium sporogenes, C. tetani and S. pyogenes lﬂuﬁf Y (Cichewicz and Thorpe,
1996)
t »
vinmisAineesiadiiny luwaninivy wun fmsiadifusuaunn Tastimmdn

fio capsaicin (8-methyl-N-vanillyl-6-nonenamide), dihydrocapsicin, meta-coumaric acid, ortho-
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»
t .. W g
coumaric acid U@% trans-cinnamic acid (Maria et al., 2000) luyssaasimanil capsaicin sauilu
iy yo oy i ayoa A £
anildFunnuaulaniiga Wesnndlumsivh lindninylismiiafou uazligninien Ty
Fmhn1faneinislandie q iy 8101512013 hraaiudeiiiosnna1seniay (theumatoid
£ L4 : . ;

arthritis) a1 aanduile Wudy MNatiifioan1niis109uN capsaicin (M 15) Tarwense
'3 { [ & g o e d
yilWmsfousyamiitondy substance P @uiiumsdolszamiilfidn  5u 1am) nua'yl

- g ‘y o ¥ . . <
vinsyuudszam (gamiloudu susyn, 2547) uennniiuddelis1891491 capsaicin 1

o z o) 2 1
anuansalunisdudamsiiguoanuniidoldvatosiin (¥u Bacillus cereus, B. subtilis,
Clostridium sporogenes, C. tetani Q¥ S. pyogenes (Robert, 1996) dau%gmﬁmﬁummmmi 0
o ¥ “ o a4 = P 1 Y oy 1 v o 5 A d
lunmisdudimsivigueaniiie Tavenstudinuluws ninyiuds ludivimin dniudatlums
‘i ¥ & gl - ] ¥ o
N agUNISTUIINISINI QB S, agalactice TAUMINI NYVIYUADZIBYA UBSAISAAR
o & <k [ ) o
aMmueaveIn nInyYtiumau191N capsaicin IN0I0E10RYI 3 o1 unaved capsaicin SInfUAS
4 % i vg o H oo e
ou wiollunanieina1sdun1ule capsaicin -~ nndeantinsiudeyanudviesuiudes
1 4
wmmsinae 1 iy Tasnisuondaud1e q vneadninyuaazides uazaisataumusayey
o ‘;‘ 5 o i ]

Wininy1au3T gas chromatography-mass spectrophotometry (GC-MS) minutiensfinon 1duray

R s @ an' R
1%'1491]1%‘(’1}1'1?]’1'111?111!1501“ﬂ"leJUUw‘lﬂ'lilil‘SﬁﬁlﬂQ S. agalactiae

: O
H3 cO ; | CH3
N
H
CH3

HO

¥ 14
i 15 gas Tnsead 19904 capsaicin a13ReA M gAUYEI TUNS NNy (Cowan, 1999)

H¥a (P. guajava) ﬁ‘Juﬁas‘r"iagj‘lu Family Myrtaceae IFWIAYINY NIUNY (Syzygium
aromaticum) 00w Nl (allspice, Pimenta officinalis) L!ﬁxgﬂﬁﬂﬁ/ﬂ (eucalyptus, Eucalyptus
globulus) TuAviuidesvemiteniznnas uwiﬂwﬁuﬁﬁmsﬂgnﬁuﬁﬂﬂ Tagmnizlu
Uszmaiifomndousu uazeugu dawIngindgnldiftesvalsenmuithumdnTavern il
damlszaeuluemis nazvaanu disfiassnganesnnning uazaefiswauns 1luns

[y h 1 @ - . 3 1
$nunlsn wazemsan q Y NN (inflammation) naise (malaria) (40900 (tumor) N1 W
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(allergy) 5191?1111150?1@4 (hyperglycemia) UW@ (wounds) 10 (cough) tag TsANY (dental disease)
(quvis Famyas, 2554) vennniidelinunuints Tasmmzdaulufinnuamsolunstuds
N3 w?twammﬁﬁ U'lﬁnmumuﬁ'uf \¥W Aeromonas hydrophila, A. salmonicida subsp.
salmonicida ATCC 14174, Flavobacterium columnare ATCC 23463, Lactococcus garvieae ATCC
49156, Streptococcus agalactiae, Vibrio salmonicida ATCC 43839, Bacillus stearothermophilus,
Brochothrix thermosphacta, Escherichia coli 0157:H7, Listeria monocytogenes,  Pseudomonas
Jfluorescens, Salmonella enterica, Staphylococcus aureus uag Vibrio cholerae
(Rattanachaikunsopon and Phumkhachon, 2007, 2010e)

Tusdafruuaudsesauun msdauuieniaslaluludisiiesd
druifvadestuaruannsalunsdudimsnigueanuniidovosludis Belemtougri et al.
(2006) 3WNUNMINNIATINABUTHAVEIEmIT AN IumsatANueavealudis wud Hans
na1u¥iia 141A anthocyans, alkaloids, flavonoids, tannins 1A% terpenoids Faluussmarsmaing
1ﬁuams1untju flavonoids *‘i‘ka'lﬁ'uﬁ morin, morin 3-O-lyxoside, morin-3-O-arabinoside, quercetin
ag  quercetin-3-O-arabinoside t‘rinfuﬁﬁmmﬂwmﬂunwst‘fui‘;’mmﬁmmunﬂﬁﬁu
Taonunf3of Belemtougri et al. (2006) 1 lumsnansufuuuniidene Tsadaidie q 1wy
A. hydrophila, A. salmonicida subsp. salmonicida, F. columnare, L. garvieae, S. agalactiae 6%
V. salmonica uanmni’:ﬁ'qﬁswmuﬁﬂﬁnwuiwmﬂumju flavonoids 113 morin, morin 3-O-
lyxoside, morin-3-O-arabinoside, quercetin LId% quercetin-3-O-arabinoside fnnuausalunis
6’115’4nmﬁagvamuaﬁﬁu T Rattanachaikunsopon and Phumkhachorn (2010e) 3189714210013
ﬁ’mﬁnﬁ"muamn15nifurjzamm?twaui‘f’aﬁaTSﬂﬂu wazideivi o masninde 3914un
Escherichia coli, Listeria monocytogenes, Salmonella enterica, Staphylococcus aureus, Vibrio
cholerae, Bacillus stearothermophilus, Brochothrix thermosphacta \\a% Pseudomonas fluorescences
pg1lshmudaiisesusauunfiugasIdisiuasdu 9 Anuludfsuenimilesin
flavonoids ATAWAIN306UCN15193 QYYBANUATITY 19 alkaloids, anthocyans,tannins 1B
terpenoids nnfeyadadusnnaglidhanusmsaovedludfun uazasada 95%
samuaanmlud?ﬂumst‘i’ngﬁmm"styum A. hydrophila \ZINAINKATINAUYBITIINATY )
¥iia ot lsAmumindeamensudeyafidanusuiiudeshnsfoude i iy Tasmsuon
damas 9 minludfsua uazesadia 95% lemusavesludis 1au5% gas chromatography-mass
spectrophotometry (GC-MS) m1nthihmsiuon Idusazyfiandnuinnummsalumséudanis
193V A. hydrophila
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nsftnui Idimaa ldhin i ninyuaasden uazasadaumiueavemin
%‘ng‘lﬂuﬂ'u‘luamﬁémﬂmaiwﬁﬂﬁﬁhﬂmimwmﬂmﬁﬁm‘gﬂ S. agalactiae AADI DTS
sihludfaunoz@on uazasasa 95% lemueavesludie ke luemsoalasoiideas
nsaevsalaiinide 4. hydrophila anna Tagwansmanssdananiaulndifvatunafild
nnmsiemsfraudaoenfine sahudaanudh iy Redann lumsihmp Insvedes

siindenarnlgunuenlFouglunsniugulsalulaia
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1BNA1391999

nsumsAneuen 15sdeu asensasinuin. gwinmanedufiniianuienyasnssy.

NFUNNUMIUAS : 1S HNAUSunI Nl IAA, 2541.

¥ L =9
nsudszus. muasalatalunszds. Fhomouns nesaaasunsdszue nsudssus:

ASENIIUNVATUAL ANNT L, 2545.
“~ 4 g =4 4 1 =~ -~
fAens sauad uazewz. “waveaayu s Insraeuuniitune s mswSgAulagunm
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Potential of Psidium guajava Supplemented Fish Diets
in Controlling Aeromonas hydrophila Infection
in Tilapia (Oreochromis niloticus)
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Fourteen herbs were extracted in water, 95% cthanol, and ether, and tested in vitro for anti-
microbial activities against Aeromonas kydrophila, a fish pathogen causing motile Aeromonas sep-
ticemia. Using swab paper disc assays and minimal inhibitory concentration (MIC) determina-
tions, we noted that the ethanol extract of Psidium guajava leaf exhibited the strongest antimicro-
bial activity. The extract allowed growth-inhibited 4. Aydrophila cells to vegrow in fresh BHI
broth Indicating a bacteriostatic mode of action. In a pathogenicity test, the median lethal dose
(LDy) of A. hydrophila for tilapia (Oreochromis niloticus) by iutraperitoneal injection was
3.44x10° CFU/ml. In vivo experiments showed that fish diets containing either dry leaf powder of
P. guajava or dried ethanol extract of P guajava leaf reduced mortality of A. hydrophila infected
tilapia with no detected adverse effect on the fish. This study suggests that 2 guajava leaf has the
potential to control fish diseases caused by A. Aydrophila.

[Key words: Psidium guajava, Aeromonas hydrophila, motile Aeromonas septicemia, antimicrobial activity,

tilapia)

Species of Aeromonas are short, gmmmeéatiiwc, faculta-
tively snacrobic, non-spore-forming, motile bacilli with a
single flagellum, and can ferment glucose with or without

the production of gas. They are 0.3-1.0 pm in diameter and

1.0-3.5 um in length. They occur ubiquitously and auto-
chihonously in aquatic environments. The genus Aeromonas
i ‘within the family deromonadaceae, which comprises of
14 differenit species (1); among which, deromonas hydro-
phila is known to infect fish, reptiles, amphibians (2), and
‘humans (3). Some diseases caused by A. hydrophila can
spread from animals to humans and vice versa,

A. hydrophila is a major cause of bacterial infections
affecting warm water fish such as carp (Cyprinus carpio),
channel catfish (Jcralurus punctatus), striped bass (Morone
saxatilis), largemouth bass (Micopterus salmoides), and
tilapia (Oreochromis niloticus). It can cause motile Aeromo-
nas septicemia (MAS) in fish, both in commercial produc-
tion systems and in natural waters. MAS is stress-related,
and conditions such as poor water quality, overcrowding,
and rough handling make fish more susceptible to the bac-
teria. Infected fish frequently exhibit small pinpoint hemor-
rhages at the base of fins or on the skin, distended abdo-
mens, and protruding eyes. Internal signs include fluid in
the abdomen, swollen liver and spleen, and distended and
fluid filled intestines. The disease can produce significant

* Corresponding author. e-mail: rattanachaikunsopon@yahoo.com
phone/fax: +66-45-288-380
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losses in the aquaculture industry because of reduced growth
and unmarketable appearance of infected fish. When viru-
lent strains of 4. Aydrophila become endemic in a fish popu-
lation, introducing new fish into the water body without sig-
nificant mortalities is difficult,

Currently, bacterial infections in aquaculture, including
MAS, are mainly controlled by antibiotics. However, re-
cently, the use of gntibiotics in aquaculture has received
considerable attention because their use can lead to the de-
velopment of drug resistant bacteria, thereby reducing drug
efficacy. Moreover, the accumulation of antibiotics both in
the environment and in fish can be potentially risky to con-
sumers and the environment (4). To alleviate such problems,
use of so-called environmerit friendly, natural products has
been considered as an alternative to control bacterial infec-
tions in aquaculture. Some herbs are reported to have anti-
microbial activity against several pathogenic bacteria and
have been used as traditional medicines for the tredtment of
human diseases. Recently, they have been used as to control
diseases in animals, including fow] (5), calves (6), and tila-
pia (7, 8). In this study, we tested several herbs for anti-
microbial activity and mode of action against A. Aydrophila.
This work also describes the use of fish diets supplemented
with Psidium guajava leaf as a treatment against 4. hydro-
phila infections in tilapia, one of the most cultured fish spe-
cies in Thailand with a high incidence of 4. Aydrophila in-
fection.
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MATERIALS AND METHODS

Bacterial strains and culture conditions  The 4. Aydrophila
used in this study was isolated from discased tilapia naturally oc-
curring in the Moon River, Ubon Ratchathani Province, Thailand,
A. hydrophila was grown in brain-heart infusion (BHI) broth and
agar at 30°C, The bacterial stock was stored as a frozen culture at
~20°C in BHI broth containing 20% glycerol (v/v) until use.

Preparation of herb extracts  The 14 herbs used in this study
are listed in Table 1. They were oven dried at 70°C for 72 h and
then powdered. Extracts of the powdered herbs were prepared us-
ing water, 95% ethanol, or ether as solvents at ratios of 1: 10 (w/v).
The extractions were catried out at room temperature for 24 h. The
extracts obtained were centrifuged at 13,000 rpm at room temper-
ature for 15 min and the supernatants stored at —20°C until use.
Concentration of each extract (mg/ml) was determined from dry
weight of 100 ml of the extract and was adjusted to 0.1 mg/ml.

Detection of antimicrobisl activity of herb extracts agalnst
A. hydrophila A swab paper disc method (9) with some modifi-
cations was used to detect antimicrobial activity of herb extracts
against A. hydrophila. Bacterial colony forming units (CFU)
(10%ml) were spread with a sterile swab on BHI agar plates. Sterile
filter paper discs (Schleicher & Schuell, NH, USA), 6 mm in diam-
eter, were placed on the surface of the agar plates containing the
tested strain. Twenty microliters of the extracts were dropped sepa-
rately on the paper discs, Oxytetracyline (20 ug/ml) was used as a
positive control an the solvent of each extract (20 ul) was used as a
negative control. The plates were incubated at 30°C for 24 h, after
which the zones of bacterial growth inhibition (diameters) around
the paper discs were measured. Growth inhibition diameter in the
negative control treatment was subtracted with the remainder rep-
resenting the zones of growth inhibition. ‘When no growth inhibi-
tion in negative control reatment was observed, the diameter of
the disc was subtracted. Every experiment was carried out five

times. inhibition zones > 15 mm were categorized as strong activ-

ity, from 10~15 mm as moderate activity, and <10 mm as weak ac-
tivity.

Determination of minimal inhibitery concentrations (MICs)
Each herb extract with an initial concentration of 0.1 mg/ml was
subjected to twofold serial dilution. One hundred microliters of each
dilution were added to 4.9 ml of 4. ipdrophila cultare (10° CFU/m).
The mixture was incubated at 30°C for 24 h. The MIC value of
each extract (ug/ul) represented the lowest concentration of the ex-
tract showing definite inhibition of the tested strain. The MIC value
of oxytetracycline was also determined. The average MIC was de-

119

1. BIOSCL BIOENG.,

termined from the results in five experiments.

Examinstion of mode of action  The extract exhibiting the
strongest antimicrobial activity against 4, Aydrophila was used in
this experiment. The herb extract (at a final concentration equal to
the MIC value) was added to 4.9 ml of 4. hydrophila culture (10°
CFU/ml). After incubation at 30°C for 24 h, 100 pl of the mixture
was inoculated into 4.9 ml of fresh BHI broth. The optical density
at a wavelength of 600 nm of the culture was determined at inocu-
fation and after incubation at 30°C for 24 h.

Fish preparation  Live tilapia of mixed sexes were obtained
from the Freshwater Aquatic Genetic Improvement Center, Charoen
Pokphand Food Public Co. 1.td. (CP Group, Bangkok, Thailand).
They were maintained in 500 / plastic containers at 30°C, subjected
to a 12 h light, 12 h dark cycle, and fed a2 commercial tilapia diet
(Sakura Fish Food, See-All Aquariums, Bangkok, Thailand) for 2
weeks prior to the experiment. To determine whether the fish were
free of bacterial infection, they were randomly sampled, and their
livers and kidneys aseptically streaked on BHI agar and incubated
at 30°C for 24 h.

Al fish experiments were conducted in 45 / aquaria at 30°C,
Ten tilapia weighing 1011 g were placed in each aquarium 24 h
prior to the experiments. Commercial tilapia diet was supplied twice
daily at the rate of 5% of total fish body weight per day.

Examination of pathogenicity of 4. kydrophlla  Groups of
10 tilapia were used to study pathogenicity of 4. iydrophila. From
an initial bacterial concentration of 6.0x 10* CFU/ml, 10-fold serial
dilutions were prepared, and 50 ul of each dilution was injected
into each fish intraperitoneally. As a control, the same amount of
physiological saline was injected instead of the bacterial suspen-
sion. Each dihation trial was conducted in five replicates, Mortalities:
were recorded daily for 2 weeks. Dead fish were removed from
the aquarium daily and their livers and kidneys were subjected to
bacterial identification testing, as described above, to confirm the
presence of A. hydrophila infection.

The ‘median lethal dose (LD, using the method of Reed-
Muench (10) was calculated as follows:

log LDg=alog b+c

where o = [mortality > 50%-50%]/[mortality > 50%-mortality <
50%]; & = dilution rate (10™'); and ¢ = the log of minimum dilution
rate in which the mortality was > 50%. LD, was expressed as col-
ony forming units per milliliter (CFU/ml).

Fish diet preparation  Commercial tilapia diet supplemented
with dried leaf powder of £ guajava, dried P gugjava ethanol ex-
tract, and oxytetracycline were prepared. Diet 1 comprised dried

TABLE 1, List of herbs and piant parts used for extraction

. ) ‘Sources of

Thai names Common names Scientific names sctive
. compounds
Bo Ra Ped Heart-leaved moonseed Tinaspora crispa (L.) Miers ex Hook. F. & Thomas, Stem
Bua Bok Asiatic pennywort Centella asiatica (Linn.) Urban. Leaf
Chum Hed Tade Ringworm bush, candle bush Cassta alaia Lion. Leaf
Fa Rung Guava Psidium guajava Linn. Leaf
Fa Ta Lie Jone Kalmegh, king of bitters, Chuan Xin Lian Andrographis paniculata (Burm. F.) Nees. Leaf.
Ka Greater galangal, false galangal Alpinia galangal (Linn.) Stuntz. Root.
Kan Plu Clave Eugenia caryophylius (Spreng.) Bullock & Flower
$.G. Harrison.
Kra Chai Fingerroot ) Boesenbergia pandurata (Roxb.) Schite, Root
Kra Prao Holy basil, sacred basil Ocimum sanctum L. Leaf
Kra Team Garlic AHium sativum Linn, Bulb
Mang Kud Mango steen Gareinia mangostana L. Peel
Ma Ra Kee Nok Balsam pear, bitter gourd, bitter cucumber, Momordiu Charaniia Fruit
leprosy gourd

Tra Krai Lapine, lemon grass Cymbapogon citrates (De ex Nees) Stapf. Stem
Tub Tim Pomegranate Punica granatum Linn. Fruit peel
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feaf powder of £ gugjava in the commercial tilapia diet at a ratio
of 1:4 w/w. Diet 2 consisted of dried £guajava ethanol extract
mixed in the commercial tilapia diet at a ratio of 1:24 w/w. Diet 3
comprised the commercial tilapia diet supplemented with oxytetra-
cycline at a ratio of 1: 199 w/w. Each supplemented diet was mixed
with distilled deionized water (1 mI/g) until a homogenous mixture
was obtained. The mixture was passed through a meat mincer, pro-
ducing extruded string shapes, which were dried at 30°C for 24 h
and then broken to produce pellets approximately 2-mm long. The
control diet {diet 4) was prepared using the same process except no
supplement was added.

Fish feeding experiment  To study the effect of £ gugjava
supplemented diets on A. hydrophila infection in vivo, groups of
10 uninfected tilapia were fed diets 1, 2, 3, or 4 for 5d. On the
sixth day, tilapia were anesthetized with 0.025% clove oil and in-
fected with 4. hydraphila by intraperitoneal injection of 50 ul of
bacterial suspension, at & dose level causing 50% mortality (LD,).
Feeding of the assigned diets continued for 10 d. Mortality was ob-
served daily. Dead fish were removed from the aquaria daily, and
theic livers and kidneys were subjected to bacterial determination
as described above. After 10d, bacterial identification was per-
formed on the livers and kidneys of the surviving fish to determine
if they were free of A. hydrophila infection. The experiment was
conducted in five replicates. The same experiment was also con-
ducted without 4. hydrophila injection to examine whether the
supplemented fish diets had an effect on tilapia, In addition to mot-
tality, the appearance, feeding response, and behavior of the fish
were observed daily.

RESULTS

Detection of antimicrobial activity of herb extracts
against A, Aydrophila  Extracts of fourteen herbs, in
water, 95% ethanol, or ether, were tested for antimicrobial
activity against 4. hpdrophila (Table 2). Four herbs (T
crispa, A. galangal, M. charantia, and C. citrates) did not

inhibit A. Aydrophila in all extraction solvents, while four

herbs (P guajava, A. paniculata, A. sativum, and G man-
gosiana) exhibited inhibitory activity in'all extraction types.
Ten, seven, and three extracts exhibited strong, moderate,
and weak inhibitory activity, respectively. The largest inhi-

bition zone diameter (20.1£0.7 mm) was obtained from the
ethanol extract of P guajava leaf, while the smallest inhibi-

TABLE 2. Antimicrobial activity of herbs extracted in three
different solvents against 4. Aydrophila as determined

by swab paper disc assay
Inhibition zones (mm)

Herbs ‘Water 95% ethanol Ether
T crispa [ 0 0

C. aslatica 0 L] I5.6+1.4
C. alata 0 0 15.2£1.5
P. gugjava 169106 201307 182116
A. panicviata 14.621.1 15,5209 152113
A. golangal 0. 4] 0

E. caryophyilus ¢ 10,1221 129109
B. pandurata 6 0 131413
O. sanctum 0 9.8+09 66112
A. sativum 69422 15.1£2.9 139411
G mangostana 133414 17.6+1.2 15.9+1.5
M. charantio 4] 0 0

C. citrates 0 0 0

P. granatum 0 134120 0
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TABLE 3. Minimal inhibitory concentrations (MIC) against
A. hydrophile of herbs extracted in three different solvents

) MIC (ug/ul)

Herbs Water  95%ethanol _ Ether
T erispa nd* nd nd
C. asiatica nd nd 250
C. alata nd nd 250
P, guajava 250 62.5 125
A. paniculata 500 250 250
Z officinale nd nd nd
E. caryophyllus nd 2000 1000
B. pandurata nd nd 560
O. sanctum nd 2000 >2000
A. saflvum »>2000 250 500
G mangostana 500 125 - 200
M. charantia nd nd nd
C. citrates nd nd nd
P. granatum nd 500 nd
* Not done.

tion diameter (6.6 1.2 mm) was obtained from the ether ex-
tract of O. sanctum leaf. Oxyteteacycline produced zones of
growth inhibition against 4. Aydrophila with an average di-
ameter of 29.3£0.5 mm.

The ether extractions produced the highest numbers of

‘herbs showing antimicrobial activity with 5 strong, 3 mod-

erate, and | weak activity, while water extractions gave the
lowest numbers of | strong, 2 moderate, and 1 weak ac-
tivity. Within the 95% ethano! extractions, herbs 4, 2, and |
showed strong, moderate, and weak activity, respectively
(Table 2).

MIC determination  The MICs against A. hydrophiia
of the herb extracts, which showed. microbial. inhibition
were determined in BHI broth. The results showed that the
ethanol extract of P, guajava leaf had the lowest MIC (62,5
ng/pl), while the aqueous extract of 4. sativim and the ether
extract of O, sactum had the highest value (>2000 pg/pl).
The other antimicrobially active herb extracts had MIC values.
of 125 pg/ul (2 extracts), 250 ug/ul (7 extracts), S00 pg/pl

" (5 extracts), 1000 pg/ul (1 extracts), and 2000 ug/ul (2 ex-

tracts) (Table 3). The MIC of oxytetracycline against 4. Ay-
drophila was 0.5 pg/ml.

Since the ethanol extract of P, gugjava leaf presented the
strongest inhibitory effect against 4. fydrophila in both swab
paper disc assay and MIC determination, that extract was
used in the remaining experiments.

Examination of mode of action  To study the mode of
action of the P guajava leaf ethanol extract against 4. Ay~
drophila, the recovery of A. hydrophila, which had been in-
hibited by the extract for 24 h, was examined in fresh BHI
broth. The inhibited bacteria resumed growth in fresh BHI
broth within 24 h (Fig. 1), suggesting that the ethanol extract
of P guajava leaf has a bacteriostatic effect on 4. hydro-
phila,

Examination of pathogenicity of A, hydrophila
Pathogenicity of 4 hydrophila for tilapia is shown in Table 4.
All deaths occurred within 5 d after bacterial infection and
the pathogen was found in the livers and kidneys of all mor-
talities. The calculated LDy, of 4. hydrophila for tilapia was
3.44x 10°CFU/ml.

Fish feeding experiment Before testing the thera-
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TABLE 4. The mortality of tilapia injected intraperitoneally with differert dilutions of an A. hydrophila suspension

A. hydrophila Number of dead fish/number of tested fish®

Concentration - % mortality
(CFU/ml) Dilution 1 2 3 4 5
6.0x 107 107 10/10 9/10 10/10 810 9/10 92
6.0x10¢ 10 5/10 6/10 810 7710 6/10 64
6.0x10° 1 3No 4/10 5/10 510 410 42
6.0x10¢ 10 210 3/10 3ne 3/10 2/10 26
60x10° 10 110 2710 2/10 vio 1o 14
6.0x10° 10 010 0/10 vio o/10 110 4

Results from all replicates (nos. 1-5).
In BHI broth &
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FIG. |. Recovery in fresh BHI broth of A. hydrophila inhibited by
the ethanol extract of P, gugjava lesf.

peutic effects of fish diets supplemented with £ guagjava
leaf powder, P guajava ethanol extract, or oxytetracycline
on tilapia infected with A. hydrophila, all diets were fed to
uninfected fish. No adverse effect was observed. When in-
fected tilapia were fed a control diet with no supplements
{diét 4), a >40% mortality occurred within 24 h (Fig. 2). In
infected tilapia fed diet 1 (supplemented with P gugjava
leaf powder), diet 2 (supplemented with P. guajeva ethanol
extract), or diet 3 (supplemented with oxytetracycline), sub-
stantial reductions in mortality were observed (Fig. 2). No
significant difference in mortality of fish was observed among
the two P, guajava treatments and the oxytetracycline treat-
ment.

DISCUSSION

This study aimed to find a natural source, antimicrobial
substance to replace antibiotics for the treatment of A. Aydro-
phila infections in fish aquaculture. The A. hydrophila used
in this study was isolated. from naturally occurring tilapia
exhibiting MAS from the Moon River, Ubon Ratchathani
Province, Thailand. The 4. hydrophila pathogenicity was
confirmed by determination of its LD, for tilapia, which
was 3.44x 10° CFU/ml. In this study, we screened 14 herbs
to determine the herb with the strongest antimicrobial activ-
ity against 4. hydrophila. The herbs were selected because
they are readily found, and easily grown, throughout Thai-

Time (d)

FIG. 2, Effects of fish diets suppleménted with P. gug/ava leaf.
powder (diet 1, squares), dried ethanol extract of P guajava leaf (diet
2, rhombuses), and oxytetracycline {diet 3, triangies) on mortality of
A. hydrophila infected tilapia compared with that using the control fish
diet (dict 4, circles).

land. Moreover, the herbs had previously been reported to
have antimicrobial activity (11-25). Such herbs, if effective
against A. hydrophila, would make it practical for Thai
farmers to use a locally occurring herb as a replacement for
antibiotics.

Based on inhibition zone sizes and MIC values against 4.

-hydrophila, the ethanol extract of P guagjava leaf had the

strongest antimicrobial activity. It was also shown to have a
bacteriostatic mode of action.

Belemtougri ef al. (26) reported that antimicrobial com-
pounds found in £ guajava leaf ethanol extracts were antho-
cyans, alkaloids, flavonoids, tannins, and terpenoids. Amotig
these compounds, only the flavonoids (mofin, mori-3-0-
lyxoside, morin-3-O-arabinoside, quercetin, and quercetin-
3-O-arabinoside) were found to have a bacteriostatic effect
on fish pathogenic bacteria including 4. Aydrophila, 4.
salmonicida sabsp. salmonicida, Flavobacterium columnare,
Lactococcus garvieae, Streptococcus agalactiae, and Vibrio
salmonicida (25). This suggests that the inhibitory effect of
the P. guajava leaf ethanol extract may due to the presence
of flavonoids, or flavonoids combined with other antimicro-
bial substances. Although the other compounds identified
by Belemtougri ef al. (26) have not been reported to have
inhibitory effects against fish pathogenic bacteria, there are
other reports showing their antimicrobial activity. For ex-
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ample, Leitac ef al. (27) reported that anthocyans isolated
from cranberry juice had antibacterial activity against Sta-
phylococcus aureus. According to a review by Scalbert (28)
tannins may be toxic to filamentous fungi, yeasts, and bac-
teria. Terpenes have been reported to be active against bac-
teria (29-32), fungi (33, 34), viruses (35, 36), and protozoa
(16). Even though protozoa (37, 38) and viruses (39, 40)
were reported to be the major targets of alkaloids, antibacte-
rial effects have also been described (16).

For oral administration to tilapia, P. guajava was added to
a commercial fish diet either as a Jeaf powder or as a dried
ethanol leaf extract. Both supplements markedly reduced the
mortality of tilapia experimentally infected with A. hydro-
phila and no toxic effects were observed. Moreover, no sig-
nificant differences in mortality rates were found among ti-
lapia treated with P. guajava leaf powder, its ethanol extract,
or those freated with oxytetracycline. The results suggest
that P gugjava has therapeutic potential. To develop a treat-
ment for MAS in tilapia, further experiments into aquacul-
tural use of £ guajava supplemented fish diets against natu-
ral A. hydrophila infections in tilapia are underway.

The prolonged and extensive use of antibiotics to control
diseases in fish aquaculture can be harmful to consumers,
farmers, and the environment (4). At present, the use of anti-
biotics are strictly regulated and many may be prohibited in
the near future. The results presented here indicate the po-
tential of using the readily available 2 guajava as an envi-
ronmental friendly antibiotic for controlling 4. hydrophila
infection in tilapia,
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