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Growth performance of African catfish (Clarias gariepinus) fed diets containing

chicken intestine silage as a main component
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An®n13ld silage ﬁuﬁnmniéﬂﬁluﬁmmmuﬁﬁiwﬁuﬁi@mwﬁm wulnvesdangndnsnu
(Clarias gariepinus) winl&lignense@iain 8% nasinaziBenasiy silage Rszsi 10% 20% 30% uaz
40% (RB10, RB20, RB30 itay RB40) LLZ\]%N@Nﬂ'}ﬂﬁI/’)Lﬂﬁ'ﬂ\‘lﬁﬁ‘zﬁu 20% 30% 40% az 50% (SB20,
SB30, SB40 uaz SB50) Lﬁyﬂmm@ﬂﬁ%@ﬁu 31uan 3 90 G1az 30 fa (minFudueds 16.05 n5)
7281219810889 60 Ju Inglfa1nisddagidaignidueiuisaauau (Contr) Lﬁiﬂayuqmmimmm
W40 ﬂm@nﬁvﬁﬁu‘ﬁ' Aeakaga1ms Contr Siminiia ansIn19Re AU TAAWIE (SGR) 44090
LAY ﬁmmmﬂﬂ?ﬁummﬂﬂuﬁfﬂ (FCR) AN aenalusdAtynieaia (p<0.05) WRaudeuiudani
Agafnge s silage Naw $18u188ANNITAL (RB10, RB20, RB30 Az RB40) uaz 81113 silage NaxN
AndASeLNaTEAy 1un SB30, SB40 WAz SB50 AMNANGL (p<0.05) wtlalupnanefuLanTaesdae

8711113 SB20 (p>0.05) fRs1santesilarnnganisaaaslduansaii (0>0.05) szaulismuluiiallan

] £2 (% 1
A a 1

Waguganimaaaswudn ldlFiunansenuainamameaas (0>0.05) uaszaulasiuluileilanniaes
Aoeanung silage NANNINOANRDIYNITAL (SB20, SB30, SB40 Uay SB50) HAsndnatiasafion
A | A e o o aa o & o % o &
2N9gATBUBLNHEANATYNINATA (p<0.05) nsnaaasaTfiagilidn arunsalinindamasuan
. E% a a dgj o o . . .
silage 1514tiu 20% luniswanansiaentangnawsii (Clarias gariepinus)

Adnary: 1410 nnsuwain anen,nea citric, by-product

Abstract
Experiments were carried out to investigate the effect of silage from chicken intestine
blended with rice bran or soybean meal in the diet on growth performance of African catfish (Clarias
gariepinus). Eight experimental diets containing various levels of rice bran (RB10, RB20, RB30 and
RB40) or soybean meal (SB20, SB30, SB40 and SB50) were mixed in liquid silage and a

commercial catfish feed was used as a control diet (Contr). Triplicate groups of 30 fish (initial
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weight: 16.05 g) were fed daily at 5% body weight for 60 days. Significant higher (p<0.05) in weight
gain, specific growth rate (SGR) and lower feed conversion ratio (FCR) were observed in fish fed on
Contr diet compared to those fed rice bran inclusion in the diets (RB10, RB20, RB30 and RB40) and
some soybean meal inclusion diets (SB30, SB40 and SB50). However, the growth performance was
similar in fish fed Contr and SB20 (p>0.05). No significant differences were detected in survival
rates among fish fed all treatments (p>0.05). The carcass protein content were similar in all
treatments (p>0.05). Lipid contents in fish fed soybean meal inclusion diets (SB20, SB30, SB40 and
SB50) were significantly lower (p<0.05) than those of the rest diets. The study demonstrated that up
to 20% of soybean meal could be incorporated in silage diets of Clarias gariepinus.

Key word: chicken viscera, fermentation, citric acid, Catfish, by-product
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TuTaqifunisaesdnsundsgaaimnssuinliianinzuanfenidennanas inenansnnsuiang
dargnusdaulianmsdngrFagisaunvlélian eanfiununisuan fnliivinsainniuneuae
a o Iy & A A 9 v P = o &
WatTyuduinemsnsfunzidestlaissduned InfiAss H9189uns@nennismsiniAsemaeann
Tsssugmanunssy 1w 1lwandnd wsaeludnd wimieian 14ian 1y silage arun1dlunnsiaes
Uanldunaraaiin Allan et al., (2000) naaaslidiasaslulnannlseanudnunas \@salan silver perch
Jagu wudn Uananunsndesiaseslulnld 83.3-92.1% neluiasesluli 8k 60.3% ludi 18.2%
nanazdilunaniuasutian Jayathilakan et al., (2012) Na1991 by-product AnNgRaMnNssxLladn ian
Taaansanmnsdndty wu nenezilu Snmfuuazusons armnsathundidulselamilunismiziaes
&ndrinlé aeelaimunnsld by-product annTseanudnunazln wu nasrinlélnaaunldiaeslandana
WHiAanaR 19t w1zl by-product Usenavudng aas s auln uazresdeinnAnaluanlé
Gisbert et al., (2012) naassldlilsaiulalaslafarniamaanainissnudiuazgns wusnaiuisn iy
wiasTdshunnluanmnidesilan Githead sea bream 16 12% Inglugsnansznusaniaasoyauin
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aUnsaluazign1sian
NN5LmsaN Silage
inl%lRannaundninuiedmandau 1 fe 1 erlastunisniniles Wedianiinaaedlfin
audu &R TuEwEn damanaRniite Tladeay 20 nFu A propionic acid 0.5 Naan5u/Alansu

@ A

2 1
faaiun19in@asn uaz Ethoxyquin 250 Raaniu/Alaniu etlasiunismduiiu (Fagbenro uaz

' |
¥ o a ¥ A

Fasakin, 1996) 1#innan citric 1ilfiaandindgu 8% Uadlaeslfiiianisminiguuniiies iensy

al

FLULNAINIINAAEY 30 FU AN silage wi’ﬁﬁfqmmﬁ 30 aspAalEaa Wi 30 WA Lﬁ@mmﬂﬁﬁ?mmq
A3 Tl EY 1150 pH 294 silage Wi 6 dnalmiAeslunisieiun (Ungsethaphand et al., 2017)
NFINUHUNITNANDY WATNITLATENDIUITNIARDY

TNUHUNIINAADY ULFHAAEA (CRD) 41191 3 i1 HBReMNIMAREIS L 8 qn7 (Table 1
uaz 2) IneldanwsdrSagilanmnidn (sfiu 30%) Galdanluduwaslisfiudueniseoun
(Conrt) dausunsan 8 qms 14 silage Eannniamin 1 lAandaanae citric 8% HARMAINARBITT]
15w 29.22% - 40.04% Tnanduiuinazidan 4 s2AU 10% (RB10) 20% (RB20) 30% (RB30) La
40% (RB40) memm’mfﬁmﬁm 4 9201 20% (SB20) 30% (SB30) 40% (SB40) waz 50% (SB50) 1
dounaui B lUSdadan tesuaiile anuivlufeufiguunil 35 asaiaadaa dszanns 6l 13
mm%”umﬁfa@gﬂa:mm 10% u39981MNINAaes lugenataanudaiuine 5lugud guugi —20°

ANATALTER MADATININAIIBINIINAADY 60 T

Table 1 Proximate composition (% dry weight) of dry chicken intestine silage after mixed with rice brand

Rice brand (%) RB10% RB20% RB30% RB40%

Proximate composition (% dry weight)

Moisture 7.49+0.30 7.13+0.11 7.30+0.08 7.42+0.05
Crude protein 34.37+0.01 32.65+0.02 30.93+0.02 29.22+0.03
Crude lipid 20.83+0.02 20.22+0.04 19.60+0.06 18.99+0.08
Fiber 7.05+0.01 7.38+0.01 7.7240.02 8.06+0.03
Ash 6.32+0.01 6.85+0.03 7.38+0.05 7.91+0.07
NFE 31.43+0.03 32.89+0.06 34.36+0.09 35.82+0.12
Gross energy (Kcal/Kg) 450.72+0.76 44417+0.15 437.62+0.23 431.07+0.30
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Table 2 Proximate composition (% dry weight) of dry chicken intestine silage after mixed with soy bean

Soy bean (%) SB20% SB30% SB40% SB50%

Proximate composition (% dry weight)

Moisture 9.56+0.17 9.47+0.15 9.58+0.16 9.44+0.14
Crude protein 37.67+0.09 38.46+0.14 39.25+0.18 40.04+0.23
Crude lipid 17.75+0.08 15.89+0.12 14.04+0.16 12.19+0.20
Fiber 6.64+0.03 6.61+0.05 6.58+0.06 6.54+0.08
Ash 5.90+0.01 5.95+0.01 6.01+0.01 6.06+0.02
NFE 32.04+0.14 33.08+0.21 34.12+0.29 35.16+0.36
Gross energy (Kcal/Kg) 438.59+0.52 429.24+0.78 419.90+1.04 410.56+1.30
AR INARDY

liqnilanandawsriu (Clarias gariepinus) shwminiade 16.05 n3u Tnetgniatsninliiusia
e 18 dalug ﬁ@ueﬁuﬁul,l,m%ifmﬁn@mnﬂmﬁmﬁwﬁﬂﬂd@ﬂmLﬁyﬂq%qmmwmuuu 30 f9/LiD
TutiaduuinaniudnAudnas 1 wes ma‘ﬂ-gﬁ”ﬂ 100 Am3 Lﬁymﬁfmmmimuqmﬂuwm 7 Suiveli
danFuanin neudulfiemnmmaaes s 5% seaiminga/du Suaz 2 AK (09.00-10.00 . uaz
15.00-16.00 1.) UFuiBanasanmsiilf NN 14 U Lmu'ﬁmfwmmLmﬂmmzmﬂﬂmf?u Lﬁﬂayuzgmmi
NARDY ziuﬁqmiwﬂmsﬁ”mz 35 ‘Lut.wiam;mmmmmL‘W'@?Jme:ﬁmﬁﬂ?mﬂumqmeuﬁ:ﬂﬂm e
nsenaaulandag MS222 80 Aaaniuans luhiiiinnsliennnAnaesnan (CCAC, 2005)
nsaAsIzatAlsznaunILAR

Apsziinasdlsznaunieailuainimasas LmzﬁfaﬂmLﬁlﬂayuzgmmiwmm Tnedgnng
Farielild Az lilsiulag micro-Kjeldahl, 1583 dichloromethane extraction A1: Soxihet
method, l,ﬁl'aslﬂ P83 fritted glass crucible, i1 Tmennguenlu muffle furnace 550 a4ANLIa LT e 4
WAZAINAL Tnansauuiislugas 105 aspmaidas AIX35N19799 AOAC (1990)
mMsnsIaRauAnaNi A

mmm‘uQmmwﬁ”ﬂumifmmmmuﬁ@ém%ﬁmmxnﬂ 14 54 awaiadunimanes Tiu
qmugﬁum dissolved oxygen (DO) ﬁfnﬂtﬂ%m oxygen meter (YSI Model 59), Total ammonia WA
AlaelE spectrophotometer (Hach DR/2000) @214A1 pH P TACTIGTGELS pH meter (Schott-Gerate CG
840)
msiiuuagdiaszidagamulsz@namnuaznisiiuie

Huuazdeimindanluwsiaznszds ynv 14 5 pasanimasesluusaznimaaes tindieyanls
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o A

TFutBuimnisliamng uazAuamumensing o sl
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n. angnnaasALIRANNIg (Specific Growth Rate; SGR) (%/31)

v 1 v U ] 1
=100 x (Ln muﬁnﬂ@%ﬁ@ﬁuqmmmm@m ~ Ln ¥usindaniaBunimaaed)

SIS UANAAD
7. fwuﬁnﬁﬁm'ﬂ{uﬁ@@yuzmm?w Aaad (Weight gain) nfu
= ﬁwﬁﬂﬂmﬁﬁ”uzﬁmmwm@m (n§u) — dhwindanfieSunimeaes (n5N)
A. 8M9198M (Survival Rate) %
= (f%qmuﬂmLﬁlﬂayuqmmimm@m /ﬁmmﬂmmﬁ@éuﬁummm@fm) x 100
4. @j“m'mw,l,@mf:@ (FCR)

¥ = a o & o A a & o
= durinaasaimiilannu (ngy) / TutnUannivaau (NIN)

NI5ALASIZRNNADA
a - A = | | = - < a
APNTIAINLLTUII (ANOVA) lNAANHIAINNLANFNNUDILAR VIR NS ANl e

ANLRAETRYITALNUS TA8ATUad Tukey's test NTzALINEANATUNINEDA p<0.05

a o a
NALAZIANTUNANIGIAE
\Hain Silage NlFannisuindaenag citric 8% liuandngaveuisdns lHun s1avigunuas
nndawaes Weanudzaanlunaiuineuaztin il aglfamnsuanifseaullsivieas 29.22% -
40.04% T4 Gupta et al., (2013) 32141 Ua1ansinw (Clarias batrachus) HAauFeInN19TU 55 30%-
o , o A A o | Y o a o
40% uanaINREINLIN NIHANTIAZLBEATIIZAL 10%, 20%, 30% WAz 40% dAanalifszalilsfiu Taiu
warwasusan luasnannnIzAuanas Lazdsdenaliiszail NFE wale wazifiniaauluynszau
(Table 1) %l sedazidaaisyauldsiuuaslesiuninda silage
o ) Ay y o« v - o A A o
N5 silage NEann1sminAaansa citric 8% luuannindawmassnsesiu 20%, 30% , 40%
waz 50% N lildeamnsuannillsnugenda siage lunnszdl (Table 2) 9% vaznIndamaesi
o P . g e A o o qu Anea o o o
szalilsRuganadn silage uananiinisuannindowaesdwinliiamnsnani idssauladuuasnasanu
9915N9 silage TunNIEAUBBINITNAN
A | o v & &4 A o . <
winfiansn Tuwdaesarntlasadsfiunisluilevsesmaqaunsdlu silage Wi Russell and
Gould (1991) 31N WINRAUVTENAT A TR lua i sdaulnnjazgnaduanldsan pH Tuanusiszau
AN9n 4.2 Tunueadeniy Cai et al.,(1995) wudnnisliings formic 2% lunsvsinlélnanuazanin
Q411170918188 Salmonella TEne T 8 Tu AszAU pH 3.8 ws Middelton and Ferket (2001)
1 v . v v 1 o o 1 dl v 1 o
91897191 N9l%nsa phosphoric Audisdiusteiumingnla emsuan pH et luszau 2.0, 2.5,

3.0, 4.0, 4.5 Ua¥ 5.0 1 W41 N9zAU pH ANTN 5.0 A11190ALAN fecal coliform uuadiie ld
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sz@nsnnnisiasaiulnuasdaianawsnu (Clarias gariepinus)
m@mimm@mwud’] aNiassfaaanuns SB20 Nusz@nsninnisiasoydula laun wimin

ann ’]EI uwumwu @mmmimﬁ?mmuim%‘wm (SGR) ax FCR VLNLLmﬂﬁl’N@’]ﬂ’ﬂ’]‘Wﬁ"ﬂ@WﬁﬂL@ﬂ

e o o

d113a31 mﬂummimmu (Contr) agnaRiiadAtynI9aa (p<0.05) writlanfiiaeadagnnng Contr &
Use@nsnmnisiastyiiuls Anan 'ﬂ@'mL@mmﬂmmmmﬂu‘wma@@mquuﬂmmmmm“ B (p<0.05)
atinglafimu shmseatealanlunimaaeenien lduansnafi (p>0.05) lunngnsauis (Table 3)
sLuﬂ%“Vlﬁ]@ﬂﬂﬂ%\iﬁ”ﬂ’]?ﬁﬂﬂ’lﬁlﬂﬁvﬁ‘ﬁuﬁLgyf;l\‘iﬁ"ailﬂ’l‘vﬁ? SB20 {imﬁﬂqm’ﬁ’m, siwinia, §097
nswastyuTnannig (SGR) uay FCR lduansngainamnsmauan inszdaignawsiuaiunsnld
waslilsRuanndawmaadlda imorou Toko ef al., (2008) ganAdediy Fagbenro and Davies (2001)

91897191 @1Rn nndamaesmaunulantulugrsanmnaiaestaigndwiiuld 20-40% lneliding

a

@asianisasnyiula wilunimaseaniell nsldnandamaesludnnngs 40% ndudanaliidand
o a o a = g oy P \ -

ansnsasnyiulnanas Wasainniamaaesaiailignsainisi liilanduiduesdlsznan Tugeas
21113 Inadluinsuiundn Uanwduunasingaueiunsdndniansemisasuiiauninndunas

= v & A oA A P~ Ao Ao I Y
Tﬂ?muqqﬂmmquﬂzv\lﬂmuﬂﬂu L'W?'VJNﬂﬁ‘ﬁﬂ:ﬂiu‘ﬂ@qLﬂuﬁ?UﬂquLLﬂgLﬂngﬁﬁJmqﬂﬁqqﬂmﬂﬂﬂ']?mﬂ\?ﬂ@q

asua lanfidszdnanmnisasyAuTafa (Gaylord and Gatlin, 1996; Gupta et al., 2013) @anARAY
i Oke et al., (2016) Fi1z91udn nslE & linaunuladulugasemsided arandwsiududl
Ananrinldiiu 30% ‘Emwmwmmulwﬂ"mmﬁa;qLﬁuiﬂ@:zﬁ'mmaﬂﬁ@ﬂﬂﬂﬁm wulnvesilan Inaanng
atedvlugmsannsildfivanduduesfilsznen mnzasfitunmnsnezdiuihinsufauauga
Fagbenro and Fasakin (1996) fisne91uan iToywiaasnield Silage FlFannniemiindaansalunisiaes

lanAa Silage 7 lAazdidinnmunsnazity tryptophan A1 Astidnanialunisinlunaunuilaniluy

v v
v a A

dunihdanmndn dss@nsninnisiasgifuinaesilanignadwsny luntmaaesa il duualily

o o

A4 v _a o ocsloy . K aa
Z\]ﬁ@QLN’BLWNﬂ?‘NﬂMQ[ﬁlf]‘ﬂ‘l_l’ﬂ’]ﬁ'ﬁ‘ﬂﬁl']ﬂ%m@uﬂu Silage LasanANaeINNUEAIATUNINENR (p<0.05)

Wenanludnsfige 1y Uanfidsefioaannis RB30 uay RB40 Hilss@nsninnisiasauidnlasindnilan

o o

MAaseA88111s RB10 waz RB20 at19liad1Ayn19ans (p<0.05) ﬁqﬁmmvmwmu%m%ﬁmiu

]
° =

ﬂmmmmuml‘wﬂ‘%mml‘.ﬂammqﬂummmmm TansAiiunoniele e finay (Table 1)

uﬂﬂmnuﬁ\iwudﬁ ﬂmm@mmﬂmm? Silage N@mmu@ﬂmlmﬂi:ﬁu (RB10-RB40) H1lse@nsnn

o o©

nsasginInAInglafidesdiagauisatuan atsllad1Atyneaia (p<0.05) danAdasiunig

NAA8IY Giri et al., (2003) Wu3NaAngnuaw (Clarias batrachus x Clarias gariepinus) MaeNHag

4nIaMINNATEER 10% WAz 20% Huwminganinsuasinminiia gendntlanniaesfionannunsgns
NUF10z1BaM 35% LAz 50% Benalitd1Atyn eaa (p<0.05)
TunnueaAenfy ma‘m@umﬂﬁqmﬁm‘luﬁmmm 40% WAz 50% (SB40 waz SB50) nnldidan

9/

ANANINY Tun19n m@mmm N‘ﬂﬁ“"a‘ﬂ ﬂ’]‘Wﬂ’]'ﬁ‘L@im LﬁlUImﬁ]’]ﬂ')’]ﬂ@ﬁWL@El\iﬂ’)ﬂ@’]ﬂ’]ﬁ‘ﬂﬂl@ﬂﬂ’]ﬂﬂ’)

q

o o a

wmaesluERIIA 20% (SB20) aginaildadnAtynieadia (p<0.05) TngniInaunIndavansludnai
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geiuudiazinliifszaulusfiuluemsgeiu uifdaalifitiunuanslulansnuay dingeduiduiu
(Table 2)

uitinaziinemeaediugnein annsalinindawaesduundstlsiumauwmudantudanlanlé
waneaia Giri et al., (2000) 91897497 Ua1an#A1u (Clarias batrachus) HAaN@119n lunnstias
A5lulamsn R TnenuiFunnieuled camylase Wanligeluiienueunsiianiiulansngs
Fagbenro and Davies (2001) 3184711497 mmmi%ﬁmnﬁqmﬁm‘wmLmuﬂmﬂu‘tuqmawmiﬁyﬂqﬂm
AnaWsiule 20-40% T lidsnadasionisasy vl used1slsfinu lunismeassaes imorou Toko
et al., (2008) WL {T\ﬁmﬁ%mfﬁﬂﬁmlumﬂ%mnﬁqmammmLmuﬂmﬂuiumi@”mﬂmQﬂﬁvﬁﬁu o8l
wudmslinindawieslulsinnigaiulute 60% azduaausieninasnyfiulnzeslan veimenzd
Buransaeiluiisudulimsmelunindamaes seandesiv Fagbenro and Davies (2001) 7
IE9IUIN mﬂﬁmmﬂfnmﬂﬁvfgmﬁm‘wmLmuﬂmﬂuluzﬁmmmaﬁ”mﬂm Tnelailiidena@asionns
winyiuTnaaslan andusiasmunsaaziiy methionine 1inlilugmnsannis Gupta et al., (2013) i
21841491 gnUAaIANAIU A gedanemsiiliandudluumasiusiufidmin L‘ﬁlm@]\‘]ﬂfi’] uaz FCR
ndh guanfidesdaemnsnldlian Tl uaznndwdeaduunaslisiu

asflsznaumaailuiiialan

v '
3 A

= a o J & = = 1 o
HIMUIRLITUIUNINTSL I asAtsznauniaailluiiladanuanseiuidunaniainilzuing

1
a a

dl VYo [ a a | 1 o o & dal
21997 155U dnsnsisaiuTneslaluusazdaeds dngauiidussdlsznanluemnsiaesilan
WAZANALTENAUN AN LAZA17D11113 181N FLAENU AN (Degani et al., 1989; Imorou Toko et al.,
2007; Imorou Toko et al., 2008)

a g & = dgl o o [ < a’l
Han1ssATviasAlsznauniaailuilalargndwinunianavaiadunimaaes (Table 4)
wudn unnullsfunazannauluialaigndwsiuiiaesisaaunmaasslunimaassnisi Tl
1 o 1 a o o o aa a a 1 1 % o
wansinariueene it dAtynIeadia (0>0.05) Taafitiunmllsiued ludag 12.56 -14.69% aanAReriy
a g v Ao v o o =
N13NAABITAY Imorou Toko et al., (2008) Anaaaviattaigndnsiuioaaiuisdiagy uazems?
naunulattudaanindanane 30% waz 60% wudnivTunallsiuluiietan 12.4%-14.5% Tagla
AN WAUNNADH (p>0.05) WAy Gupta et al., (2013) laasargninusaaawsn i daniu 1410 14
Uan uaznindawman iWuuvasilsfiu wudn Jilunldsfuluiialaneglutag 13.32%-13.75%
(p>0.05) Fagbenro and Fasakin (1996) 14 Silage aannisusdinlélnfnanss citric naunulanlulugns
amsiaeela1andwstil uaz Oke et al., (2016) desananawsiugiaaasn 414l inaunulantly
0%-50% Whrsuiauiuaimsdniagl Hannsmaaeesisass wudnBunumnuauuaz i shuluiialan
ladumnsnarii (0>0.05)
Prnaslainluwiledaniaasdion Silage nannindowaaslunnsedy (SB20 - SB50) HA61

o

ndlietlanNiaeasfiaeeninsAILANLAE Silage NaNIazReATUYNNITAL (RB10 — RB40) BEi19H

'
o '

UHAATYN19aDH (p<0.05) MetiiilunantanfBunaladulunindawassaininluinaziaan d9uald
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aNunAaeIinannIndawaeenl3unnladiuwnngn (Table 1 way 2) Iae Giri et al., (2000) LAY
Gupta et al., (2013) 3189141 Uagnituazinisazanlasdiuluialaninauilafiuamnsniseau
ladugelu aanndasiu Oke et al., (2016) AitasnunatuAtaiulunImaaasiulangndnsiu
o | PPV ° = = = ° ]
uanaINigmuInamsALANLaznAaes i Silage nanitavdan Aiunullsduluaiwisaindn
213ARDIN 1 Silage HANNINARIUAS (Table 1 ua 2) Aluarmn Wilameaassdinisazanlosiuly

\Watasineiu Tae Giri et al., (2003) a5unasaniuamnsnallsiuaIng e ladugandi azinig

%

2 2
azanlaiuluelangadu Ine Gupta et al., (2013) fisneunadduaeaiulunimasesiulaignii

'
a al

v 1 1
Puandinluilialaiuawisasuagudaiuainislingrdagliaian Ha1gendnainiu

o o

B11N3gAIa Nt WANAATYN AR (p<0.05) liunaanndantuiduunasllsfunanaindndly

geamnssnNanamaling1Fagy manzUantludlunnutings (Gir et al.,, 2000)
namIMAaBIRiuandliiiud s iareinisld  Silage NANTANALDIMNIART W 31
aziBuauarnndavaedlagbifdanuiusidsznerlugasemnsdaaanéviiu - Tnanisuan
Silage fusaziBaATUYNIZAL Faus 10-40% ﬁﬂﬁﬂmQﬂﬁvﬁﬁuﬁﬂ?:amaﬁmwmﬁf@m&lLﬁu‘imé’ﬁndq
UaniiaeadneevnsnaLau wazAaNansauds Silage funindwidesliluiiv 20% Tnelideuaidery
UszAnaninnisaseyiuinvaslainndndnii Lﬁmﬁﬂuﬁummimu@m wfidnisuannndamaeslu

dnangauarin il allsiiusanluamsgeauinig

2
o

AMNINUENLULANARRY

Q

AN N Tutenaaes DO aglutae 3.38-3.92 HaANTN/ANT pH B¢ luta9 7.41-7.98 Total

o

Ammonia 8¢/1ut24 0.46-0.55 HaANTN/ART (Table 4) luuansinaiuatnaRiadAyneadis (p>0.05)
LL@z@gluﬂmﬁmm:mmﬁumalﬁ?m wulnaeelangndwsii AINI1E9Iu8 Oke et al.,(2016) wATH
Bunadneniaiile waz pH VL;JLﬁummmﬂm 111/7 N ANTENTUNENENNIBITUT A LA R NG N (304
ﬁ’mummmgmmuQumﬁ:mﬂfﬂﬁqmm@qu:L'ﬁyﬂqzﬁ“ﬁ]f‘i{fﬁm (Announcement of the Ministry of

Natural Resources and Environment: Issue 2, 2008)

9ansRdwmaluladinigilevas U9 13 a1iui 1 ungax — Hguieu 2562




Table 3 Growth, feed conversion ratio and survival rate of African catfish after 60 days

Indicator feed formula (%Protein)

Contr (30)  RB10(34.37) RB20(32.65) RB30 (30.93) RB40 (29.22) SB20 (37.67) SB30(38.46) SB40(39.25) SB50 (40.04)
INITIAL weight ()  16.16 £0.04 16.28£0.05 16.31X0.10 16.06+0.05 15.61%£040 16.28%*0.06 16.1710.15 16.06+0.04 15.56 % 0.41
FINAL weight (9) ~ 119.11 £0.91* 102.18 £ 2.15™ 92.91 £ 1.90* 82.66 = 2.17° 66.86 + 0.36° 108.60 £ 0.41*° 105.29 = 1.76° 91.04 £0.98° 90.21 + 1.05°
Weight gain (g) 102.94 £ 0.96° 85.89 £ 221" 76.59 £2.00° 66.61 £2.21° 5125+ 0.76° 92.33£0.35" 89.12+1.91° 74.96+0.94" 74.65%0.61°
SCR (%/day) 3.3310.02° 3.0610.04° 2891£004° 27310.09° 2421+0.06° 3.1610.01* 3.1210.04™ 2.89F0.01° 2.93%0.03"
FCR 1.8810.04* 238%0.21° 32610.19° 34610.34° 34310.07° 1.97%£0.01® 2441+066° 2351003 246%0.27°
Survival (%) 98.00+252 83531+294 91.18%£294 9412288 87651294 92361%£389 9236FX1.77 9059F+0.05 89.41+294

Note: Mean + se in rows with the different alphabets were statistically different (p<0.05) when compared by Tukey’s test

SGR Specific growth rate, FCR Feed conversion ratio

Table 4 Proximate composition (% dry matter basis) in carcass of African catfish fed experimental diets

Indicator feed formula (%Protein)
Contr (30)  RB10 (34.37) RB20(32.65) RB30 (30.93) RB40 (29.22) SB20 (37.67) SB30 (38.46) SB40(39.25) SB50 (40.04)
Moisture 77621004 78861005 78.15+0.10 77511005 7876%X040 78621006 79.02+0.15 78.14%0.04 77.11%0.41
Protein 13.32+£091 1290%f215 1310%X190 1426+217 1265%£036 13471041 13.00X1.76 13.801+0.98 14.691%1.05
Lipid 5231+0.96° 506+215° 544%1190"° 531%X217% 5501+0.36° 4.11%£035° 429%1191° 482%098° 4411+1.05°
Ash 2651002% 1691X004° 1753004 1.75%£0.09° 1.73%£0.06° 1.60%£0.01° 1.69%£004° 151%£001° 1.71%£0.03°

Note: Mean + se in rows with the different alphabets were statistically different (p<0.05) when compared by Tukey's test
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Table 5 Water quality in the pond after 60 days of experiment

Indicator

feed formula (%Protein)

Contr (34.37) RB10 (34.37) RB20 (32.65) RB30 (30.93) RB40 (29.22) SB20 (37.67) SB30(38.46) SB40 (39.25) SB50 (40.04)

Temperature (C)
DO (mg/l)
pH

Total Ammonia (mg/l)

27411048 27171012 271810.39 27521+ 0.11 27.79+0.14 27311052 27.15+043 2756 £ 024 2751t 0.16
359+044 3871001 346FX022 3891+010 391FX012 338%X041 354F026 3.92%012 3.8610.01
7981026 769FX001 756*012 7721009 7651+0.04 748F012 7.41E£003 7631006 7.65F0.09

051008 0541002 046F001 055001 054F001 055%£004 0523005 049%0.04 05510.04
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Effects of dietary supplementation of inulin on the growth performance,
gut microbiota and immune response of hybrid catfish
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NaNALAN (P<0.05) uaziiAanafngalungulanlfiiuniadingyanlueaiisiszdu 3% (P>0.05)
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Uamnngunaaasidnsnissan lduansaiuat Wil Aynieans (P>0.05) NaasHaYAUN AL

= °

1% HuannliiA8uylulnayausan Arnisinauaeslalelasd uazan ACH50 WNgaTu (p<0.05) N9

a

snayaudenasionalasuitlaslszansqduriadluanlddan nadsn@uaunsziu 1% Mnliauou
al

=

< o= g . . . P : . . =
LLUANLTHTINNIUNA LL‘J.I@‘V]L?EGLuﬂQN lactic acid bacteria LL‘LIﬂ‘VlL?EIGLuﬂqu Bifidobacterium spp. bW H
& Ao a a ] _ g v A a a
4970 uaziAauanuuRn B lungy Vibrio spp. anad (P<0.05) amnuanisnaassiiaglifdnnisidiudyau
Tuanmsfisyau 1% Hilselamisianiaiiuanssouznisasaiuinuasgunmaestagngnuas1s

o

ARIATY: BYAU UAIANgNNAN aNITaUTNaATLALTR N1TALANeININHANTY

Abstract
This study evaluated the prebiotic effects of dietary inulin on hybrid catfish (Clarias
macrocephalus x C. gariepinus). Four dietary treatments were designed to incorporate inulin at 0
(control), 1%, 2% and 3%. Fish were reared in concrete ponds for 12 weeks. Fish fed the 1% inulin
diets had the best growth performances compared with that of fish fed the control diet (P<0.05), and
the lowest was observed in fish fed on 3% inulin. There were not significant differences in survival
rates among experimental diets (P>0.05). Inulin supplementation at 1% improved total

immunoglobulin content, lysozyme activity, and ACH50 activity (P<0.05). Inulin supplementation
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affected the population of intestinal microbiota. Dietary supplementation with 1% inulin led to increase
intestinal total bacteria, lactic acid bacteria, Bifidobacterium spp. and decrease the population of
Vibrio spp. (P<0.05). These findings indicate that inulin supplementation at 1% had positive effects on
growth performance and health of hybrid catfish.

Keywords: inulin, hybrid catfish, growth performance, immune response
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WNNZLAENEaTN 113,825 Fiu Tull w.a. 2557 Anlduyar1geda 5,333.8 111 (Information center of
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ndnwag (Clarias gariepinus) NnanwugiulatgngaiwaLdie (C. macrocephalus) thtlangnuas

—

v v 1
=

desde uwaziarnAulnge adnelafinnu nsaenafUeINISAL RLILMLULTAINNT Y

A =

WD NTATNR

Sb. LD
ho)

° Y a 1 Y a A ad a o o
mﬁlﬁmmﬂagmm@szmmaﬂmmmm n@lummmﬂﬂnmﬂgmu:LL@mW?Lmummumnium?ﬂmﬂu

o o

wazinulsa dailuanundrAylinasisananslusolan uazdsnanssnusanndeguninaesiizing

q
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ol al

padndlnanisdaensefuniaasniaulnuaznisminauaesqauisandylse laad lussuuniamuanmis
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11 Taseawnasayaulsznavsion Winlna uaznglea Basaiudoaiuse B-2,1 ldaunsndenlilag

i p = p

wuldlluszuuniaiuenuis uagndealfnal&lualnaunan Fandlsstomd wu T lauuaiGe

'
=

(bifidobacteria) hazNgNUBILLANEFTENUARNIALAARN (lactic acid bacteria) N1 lHLLANFNE

I a a

UseTamilinafifina1uIunInay (Roberfroid, 2002) uwiidnayaulidenansenulu@sausianns
maLduaInIgastyuinaslanu1esfia (Akrami et al., 2013; Reza et al., 2009) Wi lunanan13AnEN
wanslfiiudndyauilsz@nsninsanisiindnsinisiasgyiuln dms1sen LaznsnaLauasse
a vy o Y o % 1 . . . r . a
Quﬂuﬂulﬂﬂuﬂmim 1uluian Siberian sturgeon (Acipenser baerii) (Mahious et al., 2006a) La1tia

(Oreochromis niloticus) (Ibrahem et al., 2010) U a1 rainbow trout (Oncorhynchus mykiss) (Ortiz et al.,

k4

2013) wazilanlu (Cyprinus carpio) (Mousavi et al., 2016) lugin atnelsfinnlulaqiiugaliidoya
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o aa
AUnsalLAEIENg
1. MFINUHUMTNANBILALNTLATENDIVTNARDS

=

NUNUNIINARRILLLENRABA (Completely Randomized Design) Ingidl 4 ngunismaaes Tu

uazngunIMAaedl 3 91 THur ngud lufinnseiuBuau (ngueLAN) nuAiin1sidBNE AT sy
1%, 2% WAZ 3% ANNAAL AIUHANLATaIALsznaLNIAR (mm%”u Talasins Tasus ele uazidn) 1e4
fmmiﬁyugmvlﬁmmiu Table 1 Tn8AiATIZITAINTEN1TNIATFIULES AOAC (1990) BIMITNARDY
'1;19;@‘12134ﬁiﬁgﬂmﬁmimﬂ?ﬁLﬂdﬁl"ﬂ\‘i'é/ﬁ]Lﬁm’ﬂ’m’]?‘ﬂﬁmﬁm@@mﬁl’] Wpanusd aumduluaudnatsl sz

°

a dl a % A v o dl v a ¥ K °
0.5 MURLNAT m‘m@‘wN@mimzmmiﬂmmmmimma Ugzanu 2-3 11 WA TUWNALANAININIT

U

ussqanemeaesaslunTuzidafiadia Feewnsiugilummensseseil ifszauamaduluams
Wity 7% Sulsfuiniy 33.2% lastuminu 6.9% e lawintu 4.5% uazdinwingu 9.8%
2. s varasuaznsiasslan

W1tla1ngnuan siwiiniedn 7.62-7.64 n¥u anidesluteTud 1unn 2x2x] QNUIATILIAT
§7u9u 12 e (341 4 NguNIIMAAEY) Uaay 30 Ay an ntenaaasdnisliiainiAetnaiaana
uenaniiteinswanudieinBunn 1/3 m@qffwﬁﬁﬂg‘lul,wimﬂ@nﬂzﬁ”ﬂmﬁ Fmndglandatanns
noassnangunaaasinslilaifiuensaudn fuas 2 o Win-fu paaanimaseudungn 12
dlmni @qummﬁ{ﬁmmmnﬂimmmfagiwﬁqudw 25-28 B9ANIATA UTNNueanTiauazany
ve agflutag 5.21-5.96 Haanin/Aans wazAIANidunsa-Angae g 7.42-8.01

3. MSANHNAURINSIATNAYAUSRANTTOUE MRS UL AL TALAEERTITRA

¥
o

dlemsuimansdeailuszazioan 12 dland ﬂuﬁmfmﬂmﬁmﬁ@hnm 1YY NNGHANT
NAABRBAIERTTEN LLm@:mﬂmmﬂLwi@zsﬁ”’m@mnn@:umimm@mmﬁmqu{m: 4 i Fariondn
Lmzﬁﬂmiﬂiuﬁuﬁmﬁnqmﬁ’m (final weight) dminianiedsfiiuiy (weight gain) 8,31119
wanyAnTnanwig (specific growth; SGR) LmzinfmﬁﬂmmiﬁmﬁmmLLﬁi@:mjumimmmLﬁ@ﬁﬂﬂ
AruanngRsnawasuenaiuide (feed conversion ratio; FCR)

4. MSANERATBINISIETHAYAUARADRANNULLL TS NIZIANZAY
091 U a/ o/ 4‘

MN9iuAet 1R Ala1ANUFAA I8 NNANNIINARBINIANUIWTNAY 4 F LNETLATIZIT

' o

A RANTuwLL iR TmNzianzas TnafiudetnadenainiBuuepennaiEnnmns 1 1adans uvaen
i 2

HUWAIENINANLIE 5,000 saUABUIT QU 4 asAmadea Wuman 15 uii duiuiesyid

! A

dvu Aslaendiunnilsldanseaiunisudasnreadan EDTA (1.5 mgiaes 1 ml) Wl

AanyTulnayausIN (total Ig) AMNTBN19289 Siwicki et al. (1994) iaandndaunilelilaanstesiunig

'
o o

< A J ¥ A < = ay oI/ :/) o ) -:ll dll <3
wissaraiaan Tnalaagliimanuds ’JVIQEHVQNM@\?L’E]ML’]@’] 4 Fq109 mﬂuuuﬂﬂﬂmmmm@mu

FFUNAINITY 5,000 FaUAAUNT QoY H 25 asAmaded unan 15 widl et lidwziainig

e 1

n1aureatalalad (lysozyme activity) RMN3TN15U84 Pitaksong et al. (2013) LAZILATIZHAN

alternative complement haemolytic 50 activity (ACH50) ANNATNNTUR Sunyer and Tort (1995)
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Table 1 Ingredients and chemical composition (g kg'1) of the basal diet

Ingredients gkg
Fish meal 368
Soybean meal 249
Rice bran 119
Broken rice 149
Cassava chips 100
Soybean ol 10
Premix’ 5

Proximate composition (g kg™ dry weight)

Dry matter 930
Crude protein 332
Crude lipid 69
Crude fibre 45
Crude ash 98
Nitrogen-free extract’ 386

Remark: ' Vitamin and trace mineral mix provided the following (IU kg'1 org kg'1 diet): biotin, 0.125 g; folic acid, 0.0015 g;
inositol, 0.125 mg; niacin, 0.0158 g; pantothenic acid, 0.015 g; vitamin A, 2500 IU; vitamin B1, 0.0013 g; vitamin
B2, 0.0006 g; vitamin B6, 0.0038 g; vitamin B12 0.00003 mg; vitamin D3, 500 IU; vitamin K, 0.004 g; copper,
0.01 g; iron, 0.1 g; selenium, 0.15 mg; zinc, 0.16 g

: Nitrogen-free extract = dry matter - (crude protein + crude lipid + crude fibre + crude ash)

5. MIANHINATRINTIETNAYA ARSI ML TngaAuYSE LU 4
Flensuimunnisiaaadusrazionn 12 dlans ﬁwmmq'mﬁqaﬂ'wﬂmmﬂLLﬁi@xeﬁ”ﬁmmnﬂnzﬁm
NINARBINAUAENR 4 Ha WenrnisAnenazeenindindyauluemsseBunmszaans
qauviad luan1&aaslan Taanaing lEranunuueiasdendaeiinisasn@e (Aseptic technique)
NIRRT e T EUNNTLA AT IR ALE FaeteaY 0.5 NFU N1IARANIE9 0.9%
NaCl 1852 fuAnuiAnanaisus 10'-10° 2833 Ten-fold serial dilution ANKABN13994 Leboffe and
Pierce (2011) waa1nsaati19 189 ualud1dun Spread plate (150 lulasamns) ALILEIVNTLALAIT e
Plate count agar (An=1d3unaddszansuuad Basauianun), 09m121@eada de Man Rogosa and

Sharpe agar (Uszansuy A% G?ﬂsluﬂ@ju lactic acid bacteria), 2M191AE9LTe Bifidobacterium agar

(Usza1ns Bifidobacterium spp.) WALB1MNTLA LT Thiosulfate citrate bile salts sucrose agar

[ 2 VN !
o oA

(Uszang Vibrio spp.) 81MN3LAENTNANNAAYNLINNGMARN 37 A das unan 12-48 dalua

Kl a
[

NRINNLNLATAEIRN N THLLA AU LEN T ANNATNN9189 Rawling et al. (2009)
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6. NFIATISUTBNANIAD A
FATITUANNLANFAINTIEUINTAN 1IN AR TR YA ANTTAULNITRTEY AL TR EM9178A
dszansqduradiuanld waznisnauauesnaiAuiy Inali53menziaauutsdsau (Analysis of
. . = . ' = P
Variance) AMNUNUNIINAADILLLANAREA LazilTauWauAIuuAnaINIedAade Inaldas

Duncan’s New Multiple Range Test (DMRT) (Steel and Torrie, 1980) NITAUANNITRNY 95%

NANI5AE

HanTadsNayauluemIeanstnuznaTUAL TR uazenssenteslainngnuan (Table 2)

a

a

wudnanlFFunisdsngyauluenmafisedy 1% Juavinliidanfitmindagading uinindaedsd
WHAU (WG) dm3nisiasatiuInannig (SGR) 491 uaridnsnisnlasusiwiaiiluiie (FCR) Anga

(p<0.05) WanfrauiiauiunguAuAN et lafinu anssouznisastydnIaluAusng <) 2asdaan

b_

a

ANUANN LU THNAAAIN NI AUTRINITATNB YA UN NN uazilAIanasAgalunguilanlfizunis

WEINBYAUNITAL 3% ubl laiflmnuuansNaiunIeadis (P>0.05) WeaFauiauiunguasuan iy

4 1
a

87131980 B9LANANGNNANAMNNNNANNNINAADY HOAUGANINAREIN 12 dUa1dT wudnlidAan

b

a a o

WANENAUNNATA (P>0.05) Table 3 uanINaT89NTLdTNAYAN U Mo AR ANTBLLL AWy

al

1912A WUIMRETNBYAUNIZA 1% HuannliiAnanyuinayausan Aneinauaedlalslod uay

o

AN ACH50 1ingeiluatinadiiltid1Anyn1eals (p<0.05) WauBaumsununguaruan nstdsuayauly

o

anssiatlszansqaunisdluan l&aeslagngnuan wudndangngnuannlifuniaaduayauluaimsg

a o ~ o g < g ! ) . . A '
NTeAU 1% HAINUAULLUANLTLU TINNIUNA LLUﬁWL?ﬂIuﬂ@‘N lactic acid bacteria LL‘LIﬂVlLiFfLuﬂZpJ

' a o o

Bifidobacterium spp. WNg9T wazdauanuuaiizalungu Vibrio spp. anatatinalitdAtynieais

a o

(P<0.05) Wawlsaumauiunguasuan luanznlaigngnuanin lFiunaaduayaunseau 2% uay

a

3% HawanuuATIBuAINa19 liuAnsannguALAN (P>0.05) Aduandlu Table 4

Table 2 Growth performance of hybrid catfish fed an experimental diets for 12 weeks (mean+SD,

n=4)
Growth Diet
performance Control 1% 2% 3%

Initial weight (g) 7.64+0.37 7.62+0.36 7.63+0.38 7.62+0.33
Final weight (g) 152.76+5.18° 169.85+6.45" 158.42+5.06™ 151.03+5.40"
Weight gain (g) 145.1245.33° 162.23+5.75° 150.79+4.89% 143.4145.13°
SGR (% day™) 3.33+0.07° 3.49+0.05° 3.37+0.06° 3.31+0.07°
FCR 1.39+0.10° 1.15+0.11° 1.28+0.14% 1.41+0.13°
Survival rate (%) 93.33+3.85 95.00+1.92 94.17+3.19 93.33+2.72

" Means with different superscripts in each row differ significantly from each other (P<0.05)
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Table 3 Immunological parameters of hybrid catfish fed an experimental diet for 12 weeks (mean+SD,

n=4)
Immunological parameter Diet
Control 1% 2% 3%
Total Ig (g L) 24.70+1.60°  28.60+1.70"°  27.50+1.90®°  24.30+1.80"
Lysozyme activity (ug mL”") 7.14+0.93° 9.26+1.02° 7.07+0.97° 6.98+0.96"
ACHS50 (units mL™") 199.94+16.27° 241.04+14.38" 208.90+14.61° 197.85+12.09°

" Means with different superscripts in each row differ significantly from each other (P<0.05)

Table 4 Intestinal microbiota of hybrid catfish (log CFU g'1) fed an experimental diets for 12 weeks

(mean+SD, n = 4)’

Intestinal microbiota Diet
Control 1% 2% 3%
Total bacteria 5.65+0.17" 5.97+0.12° 5.80+0.15% 5.62+0.16"
Lactic acid bacteria 3.18+0.10° 3.46+0.08" 3.19+0.11° 3.07+0.07°
Bifidobacterium spp. 4.61+0.07° 4.92+0.09° 4.63+0.08" 4.50+0.06"
Vibrio spp. 4.70+0.11° 4.35+0.10° 4.52+0.13% 4.73+0.09°

" Means with different superscripts in each row differ significantly from each other (P<0.05)

35 UNA
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mﬁwmumﬁfﬁﬂmluﬂmﬂnﬁmﬁmﬂ] 16un Yanila Uan Siberian sturgeon wazilan rainbow trout
(Iorahem et al., 2010; Tiengtam et al., 2015; Mahious et al., 2006a; Ortiz et al., 2013) atnalaimN
nisasnayanluemandulifinasdeanisneuauaanisiasnyiiuinlulan weaning turbot (Psetta
maxima) azlan hybrid striped bass (Morone chrysops x M. saxatilis) (Mahious et al., 2006b; Burr
et al., 2010) u@ﬂ@f1nf':ﬁqﬁﬂmmdﬁﬂ’mm?m%@umm@m:muluﬁmu AENITABLAURINIT
Wity uInuesdan beluga (Huso huso) (Reza et al., 2009) %\1mma‘m?u?mﬁu‘lumma‘ﬁi@m

a

anzsnuznIsRsAL IRNuANEeTW a1ainaInANLANAiuesTiala sEALIBIN9ETNELAY

2

wazdavszazianlunislafuenvnsiunnsnaiy Inaanssnuzniaasgiiuinuesdaigngnuanasi
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a a a a
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a

v v 4 v H
NINAmFunIsmnzaesdadun@enndlad aannisdAnenluaiannudn datgngnuaniliiuaimng

¥ o1

\@INBYAUTITAL 1% HeannliiAgRAniy 1Hun Arguyiulnayausn Anisvinauaeslalelssd uay

al q

AN ACH50 WNg9T1 Teaanndasiuaeunisanen lulantannudinisdsuayau luemnsiszau
0.5% Hluaan 8 1A arnsanszsunIsneuauaanIgRANAU 1iu ABNY uInayausIN ANIg

n1a1uaedlalalod wazAn ACH50 14 (Tiengtam et al., 2015) Tnen3lulafinannisndaeadnasng

'
a

nRANARAUAR Il faannstaansefunisasniulaveslssansuuanFandlselomiluanld uazd

a o a

nasianisimtinnressiafuanflulawmeanuuaaditiayioanld uaziadnRAuIY (Seifert and Watzl,

Kl
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2007) %qzﬁquﬂizﬂ@u“ﬂ@wﬁ@ﬁ LU lipopolysaccharides YRILLATIL ﬂﬁﬁﬂizimﬁ%mmmmzéju
sruunRANAUlWAER LS (Bricknell and Dalmo, 2005) IaaAanuasawdauuaiize lungu lactic acid
bacteria uazWUANEENGN Bifidobacterium spp. Lﬂuﬁ'm’mﬁuﬁdﬂzﬁﬁmiml%ﬂ@:‘ﬂmﬁmn%@u WA
Wynlnlaalnuaarn3lsslé (Kaplan and Hutkins, 2000; Roller et al., 2004) Gauuad Grmmhff@'qu‘l,mg
Azgnan liduuua Geidudsslonilussnnfnadnlfsesdnslaanisudnuunneiledu
(bacteriocins) NIALAARN LAZANTHIUNITIAITY Fulnaeadelsnay I %q@ﬁuqinﬁu&ﬂwL@?mLﬁuIm
resdauuaiGefinelifinlanld (Ringo et al, 2010) aanuantsAnuAfaRuaaclifiudnlangn
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surubim (Pseudoplatystoma sp.) W4T wanani Ortiz et al. (2013) wudinsudsnayauluaimig
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Abstract

This research aimed to examine on the hatching rate of golden apple snail. Five experimental
conditions which based on what snail exposed; (a) water, (2) 1 ppm of glyphosate, (3) 0.26 ppm of
cypermethrin, (4) 0.75 ppm of metaldehyde and (5) the control (without any exposure). The results
shown that hatching rate of the snail was higher than 90% no statistical difference compared to the
control (p20.05). The hatching rate in control group was 94+1.97% and the average rates found in
exposure condition of water, glyphosate, cypermethrin and metaldehyde were 98.05+1.30%,
92.88+3.16%, 94.32+3.46% and 94.12+3.20%, respectively. For morphological study, the
alterations could be classified into 5 groups; abnormal egg, egg shell deformed, fetus abnormal,
decomposed tissue and the connection of tissue cells. The agrochemical causing highest alteration
was cypermethrin. After the protein of snail egg in both stages; early spawning (dark pink) and early
hatchery stage (light pink) were extracted, we found the difference in protein form were occurred.
The important proteins found were 3 types comprising; Perivitellin 2 (Pv2) and Ovorubin (Ov). For
Perivitellin 2 (Pv2) their molecular weight of protein were 98, 67 and 31 kDa while it was 28 kDa for
Ovorubin. From our results, it indicated that golden apple snail highly tolerates to agrochemicals of
high hatching rate. Therefore, this findings can be useful in assessing golden apple snail wild
population that causing original habitat degradation.

Keywords: Hatching rate; Insecticide; Perivitellin; Ovorubin
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Treatment 1 Treatment 2 Treatment 3

Figure 1 Hatching of apple snail egg after exposed to agro-chemicals (C, D and E) for 6 days

comparing to the control group and water immersed group (6 days) (A and B)
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Figure 2 Hatching rate of golden apple snail after exposed to agro-chemicals comparing to the
control group and water immersed group (p=0.05) (similar English letters means no statistically

different calculated by using Minitab 18 software)
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Figure 3 Morphological characteristics of golden apple snhail egg in the control group until the

hatching stage. It took 9 days for hatching and developing the embryo (4 x)
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Figure 4 Morphological characteristics of golden apple snail egg in the water immersed group until

the hatching stage. It took 9 days for hatching and developing the embryo (4 x)
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Figure 5 Morphological characteristics of golden apple snail egg in the glyphosate-exposed group

until the hatching stage. It took 12 days for hatching and developing the embryo (4 x)

9an33dwmalulatinitleras U9 13 a1fudl 1 ungiAn - AQuiew 2562




me | 2 mm

®

o

A‘ 2 mm

e B —
2 mm G‘ 2 mm

-

u

Figure 6 Morphological characteristics of golden apple snail egg in the cypermethrin-exposed

group until the hatching stage. It took 9 days for hatching and developing the embryo (4 x)
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Figure 7 Morphological characteristics of golden apple snail egg in the metaldehyde exposed

group until the hatching stage. It took 10 days for hatching and developing the embryo (4 x)
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Figure 8 The symptoms noticed after exposure to agro-chemicals; abnormal eggs (I-K), abnormal
eggshell (I-K), embryonic abnormalities (L-N), decayed tissue (O), and connected cellular (P-R)

(4 x)
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Figure 9 Morphological alterations of golden apple snail egg and its embryo after exposure to

agricultural chemicals

3. wansAnesluuvaasiysiunnululiveaiteas
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a o

A o = A A \ p | = a

WannsAnngtuuuaesTdsfiunanululdveamesvisaasscas AelivesimasszazusnBunis
23lal (InladAgasy i : Figure 10 lane 2-4) wazldszazszaudain (nladdgundew : Figure 10
lane 5-6) TneifFaumeuiulysfiuninsgIu (Figure 10 lane 1) wudnldvesszezusngelidnwuziiy
= A o o ' A A v = a P A A ] | a a
Aoy WanansaianudTlsiunuanlfazivatssiauardiBuinllsmungand ldvesmesluscasa

= o o

wiranazininaldsiunanidrAyinu lulivesmesluscazusniveaanslaliunllsfiu Perivitellin 2

=< =

Fedvianum 3 form FeRauntuanaLlszanns 98 kDa, 67 kDa uaz 31 kDa AnandLlag Perivitellin 2

Mndullsfiunandsdauinluana 67 kDa azianwmuziluwoullsfuauialuguardununuinds
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Wanfaumauiu Perivitelin 2 NRTuANATWIA 98 uaY 31 kDa  AaulishundrAtyinuennzluly

o

weteIIzazuINfiventessuIsldAe Ovorubin Felawnauaulilsfiuauialuianatlszann 28 kDa

A

Lu@Li_l?ﬂmﬁﬂuﬂ?mmiﬂaﬁmmmﬂ wuvresllsAunnululdssazusnNusdnasangldniu lanassseazi
SndaasiniiunudnunuTUsauuaz Bunoddsiufing lusza sl deasiniuastioandn Tnelduesd
frdeazinunuTdsiundninuie Perivitellin 2 Aiualuiana 67 kDa wintfu uaz Ovorubin AL

Ao

aunaunullsiu 28 kDa TeansaizaasuwauilsAuinuasiaunau1endnuasiadanngn (Figure 10)

<« 98 kDa (Perivitellin2)

' ety i @ 67 kDa (Perivitellin2)
. y . ==

<« 31 kDa (Perivitellin2)

..' 28 kDa (Ovorubin)

—

35—
20—

15—
Semm . - — —
1 2 3 4 5 6 7

Figure 10 Form of protein extracted from golden apple snail egg which being examined by gel
electrophoresis (10% SDS-PAGE); early egg lying (pink, lane 2-4) and Pre-hatching stage (light
pink, lane 5-6) comparing to standard protein (lane 1). The important proteins found were Perivitellin

(98 kDa, 67 kDa and 31 kDa) and Ovorubin (28 kDa)

@ﬁﬂ‘i’]ﬂﬂaﬂ'\iﬂﬂﬂﬂ\i
1eeas (Golden Apple Snail, Pomacea canailculata) \fuviasipenasiannile Jnundia
Tuwawsn1anluaadlddnsaungnauatiaiugnuilesaasing (Alien species) (Jintasataporn et al.,

2004) Tneinldudanesiinangnindiugidiinaaidusivluviasldenmsnianudeslunisldiududa

¥
a A o !

A9 AR AT IUAILIAR O NNIHIUNNIAUBINIT 1T N1INTDINUUNAIABUNTDAAT UN T 6197

1
o o

o’; 4 dld v o A A 1 dye/ Yo o [ o A A
sauafudnnluwnndinisldansusudngiaannu uananiideenalifududaansiandngiaiazans
ag luunasiazanluhulpauisanzneuluwnasninnenda et telindniunesmasisenasinenaiin
, o | a i a4 o qua = Yo o o =
5N avenAueglutnnunasinis aanliinisarantesansisuar i fududadunaiuiu aede
udndinnilanialfiiuuazazanasinlilusanieléinnn daiu vesduhen 1y veaaesuazies

anAsgnisn lidudaadnaesnisiududaansiaivaaaiia wu lauzuin (Heavy metals) lasiiafiadiu
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(Tributyltin ) WATENHILNAS (Insecticide ) BapstAnt (Piyatiratitivorakul and Boonchamoi, 2008; Putkome

et al., 2008: Martinez et al., 2017). luanzieniun1st3inanesdfaantdnaiinisMan sy

[ % A KR A o o =

AngirasilantanlizuansindnAngnainunieiaeldening dve1aazandudunsesaniysed

al al

(Thanomsit et al., 2017) weaEasAN1IBANARN LA INA IR LARH1939AEININNI B UNAATHA
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Unafiaanadileinisfindnuaulszansaevesmed (Phosr and Lasmkom, 2017) @151l
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ansfiegs Inaduonlaninlfazagludas 690-747 Was Tuanziinadeanes C. ramosus Tutlszing

Ineludsameaudananiuneums ey nudianuannsalunieinlaly deslfimnisegszudne 116-

a

353 Nlag wans19ann ldnesnannassngAnazdnisanelasyanns 217-734 Wag (Nugranad, 1992)

Tnatununisineesldfsaiueesvieasuaznes C. ramosus lutiasfiAnisetaiiiaunain

'
=

ANUANFNNTEUd 19T Hin atnglafinNauInTessiteaures C. ramosus iMnaanunludui 15 axll
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TnudndauIIMet LAY NUatAsHIuALlsTIIM 1.73£0.29 mm
m@ﬁnmﬁm&mxquﬁ“mgm%mmLﬁ@iﬂjuﬂﬂm@?ﬁ,lﬂ:ﬁqé@uvl,é’ﬁ“‘uﬁuﬁmmimﬁmqmimwm
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Wdunudunmdmesmasin1slnilaetufaeeusa i AN NN LLazn sl Fus ld AN nuda 14

o o A

Audanuamnisiainiesnisnensaiingng o IneldvesaesiuillsAund AtyAe Lipoprotein i
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Perivitellin 2 Wae Ovorubin (Dreon et al., 2003) LL@:Lﬁ@ﬁﬂHﬁ\imﬁLm"}:ﬁLﬁ‘mﬁu NUaN Perivitellin
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2 uaz Ovorubin WUANTRIUIAUNANNHANAIFIGY NUNIUABNIIYNEDLAAIE LATNUNIUFBNNS

waguutlaslugag pH Aaudnaninapa 4-10 (Cadierno et al., 2017)

. 4 a a e o z - 4 4 A L o Ad
ldnasmarariansimtiasiusoeslnadunsnme a1sinaauiiovedlddaiullsAunaadn

Perivitellin 2 (PV2) @9anstifinasaldsfuidaraszuuilszann (Neurotoxin) (Dreon et al., 2013) N
dautszneuszudneuariiuuas Pore-Forming chains tnemudnlgnanianeladundsresmiynaaes vin

Winydeuuss uaznnliiuiiuinngmyaiaazaials edrglsiiniu Periviteliin 2 iluaisaangms

I
a A

Aaudinedinauiulduasasfiasiddasiudasanassnanuaviainandu (Cadiemno et al., 2017)
= o o a Y \ A A A A
denalnnistasiufaesaindaaaieanveslivesmesduinaaiaiuffanish line e sl atumyias
Tne@iinnannisfAunTadn Ovorubin 4 Garin et al. (1996) $1e:411497 Ovorubin HiduldsAnnnylwld
Tudhdaugans 65% utihndrAnymeiduunasanmsuazaaslunisasiusadeulng Ovorubin tilu
T1/sRunfenm 28 914 35 kDa

Horn et al. (2008) $18NUINEITNTNRUBINREITEIUUNBENAN NN ANITHANENEINAzI9 LY
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o o o o

UATUN NN rardu Tnanudnasannua 1w dunan 4 51 azEunan1sWng waztinazAas) I
svwigiaanlainanunwnzin N ldundueuidn il luma sl ladesas daudidnisannutinasiylluany
wnzin lavasmesn Il na lsnsn1amnsinilasuulas atnelsfniuwudn Ovorubin TiNuasans

L Py A a . P~ o A , a PRy a
pasnu@auuAnEe Taaf Ovurubin azlimNNUNILLATAYALNeat lWLEIN NI NEY (Frassa et

al. 2010)
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o o ' =2 a o = o Yy A 4‘ 1 a 1%
@ﬂwmm\mmfmqLﬂummﬂmwﬂuiwmme‘wumum@@giumLLfmafau Im#l Dreon et al.

o

(2003) 3181971497 Ovorubin flullsAundnanuikaiafinululdeeaes meriag i esinnisfned o
mallaadianlnswidauas Immunoblot InelduauRneffianmizse Ovurubin 3¥FUNNTIARAN
1:1,000 W91 Ovurubin & 3 isoform fifawatiIntunauly 35 kDa, 32 kDa ua 28 kDa ANNAIAL
(Dreon et al,, 2003) 3uANF9ANNNIIANETUATIEANLLRES 1 isoform ﬁﬁmmm‘lﬁm@qmﬂs:mm
28 kDa 10t Frassa et al. (2010) $innn3AnmAelAsa31uazANL A0 AN s REFasT L7268 ME
wu’l,u”l,ﬂim@\mramm“é (Pomecea canaliculta) %Qlﬂu lipoprotein A Perivitellin 2 W31 Perivitellin 2
fuen |4l 3 aunnie 98 kDa, 67 kDa ua 31 kDa Ineunultsfiumdndaunn 67 kDa uaz 31 kDa Wie
1% Proteinase K Wlufa3auiien (Frassa et al. 2010) SangnarunsAnEnluAianTnLdn Perivitellin

2 fnenl@i 3 1unnAe 98 kDa, 67 kDa WAz 31 KDa WulAeniun13@ne11ad Dreon et al., (2013) #1

eansadumatulatinisileza I7 13 a11Uf 1 ungnAN — Aguiay 2562



38

WU9A Perivitellin 2 @ailullsRungdanamanuiluiesiaszuuilsyam (Neurotoxin) dignsdnsauenliann
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wFaunaulss&nsn waas aromatizable androgen, non aromatizable androgen
LAz aromatase inhibitor r;'mmsmﬁmﬁ”nLﬂ%l'ﬂummuiﬁ’uéﬂmvluam
(Monopterus albus)
Efficacy comparison of aromatizable androgen, non aromatizable androgen and
aromatase inhibitor induce sex reversal of female swamp eel

(Monopterus albus) broodstock
wasifiash AFutadn’ uaz Snwad ingsAn”
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Corresponding author: rakpong@kku.ac.th
UNARER

ﬂﬁ?ﬁﬂwﬁﬁﬁ/ﬁ]qﬂ?:mﬁﬁ@LﬁﬂULﬁﬂuﬂi:aw%ﬂﬁW’ﬂm aromatizable androgen (17a-methyl
testosterone; MT), non aromatizable androgen (17a-methyldinydrotestosterone; MDHT) LLa¥ aromatase
inhibitor (fadrozole hydrochloride) ﬁiﬂmimﬁmﬁﬁLﬂﬁﬂmwmmﬁuﬁ:ﬂmimm WUNN1INAABIRaNLL
5 gannIMAAEY Al TANNTMAAET 1) AnANsazan absolute ethanol: vegetable oil §791 1: 10, 2) An
ga5luu MT, 3) angasluu MDHT, 4) 3naesluw MT $aufiu fadrozole hydrochloride seabmanNidindiv
1 lulasnsunimiindan 1 nfu uaz 5) anans fadrozole hydrochloride Tnagantsnaagsii 2-5 an
aesTuwieansiszauanadintiu 40 TulasnFusiminian 1 nin deausdifugianvaudluszezion
90 Fu guusiufianluauiusazganimasesNnAnEIqaneinIaTesadurAURUSuA AR
surnuaasTuuna (testosterone, 17B-estradiol WAL 11-ketotestosterone) N 45 U HANFANEINLY
n13aAaa 5N MT (aromatizable androgen) firsuanuidiatiu 40 Tulasnsuainuinian 1 nu
794N fadrozole hydrochloride (aromatase inhibitor) AefuAulindu 1 VLNTﬂ?ﬂ'?N/iiﬁMﬁﬂﬂ@’]
1 nu fldsr@nsnmilandnAsumaudiugialnaun idszuuduiuginaanae Tnaasany
Lsﬁmﬁﬁuﬁuﬁmm’gnmzm R spermatogonia, spermatocyte, spermatid WAL spermatozoa

AdnAty: uawugianluaun, Monopterus albus, Waauwe, gafluunaulasiau

Abstract
This study aimed to compare among efficacy of aromatizable androgen ( 17a-methyl
testosterone; MT), non aromatizable androgen (17a-methyldihydrotestosterone; MDHT) and aromatase
inhibitor (fadrozole hydrochloride) inducing sex reversal of female swamp eel (Monopterus albus)
broodstock. Five treatments; 1) intraperitoneally injected with absolute ethanol: vegetable oil ratio
1: 10, 2 and 3) intraperitoneally injected with 40 pg/ 1 g Body weight (BW) of MT and MDHT), 4)

intraperitoneally injected with 4 0 ug/ 1 g BW of MT mixed with 1 yg/ 1 g BW of fadrozole
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hydrochloride and 5) intraperitoneally injected with 4 0 ug/ 1 g BW of fadrozole hydrochloride,
respectively, in a 90 days experimental period, were conducted. Gonadal histology and sex hormones
(testosterone, 17B-estradiol and 11-ketotestosterone) of female broodstock were analyzed every 45
days. The results show that injection with 40 ug /1 g BW of MT (aromatizable androgen) mixed with
fadrozole hydrochloride (aromatase inhibitor) 1 ug /1 g BW presented the best result on induction
of female broodstock to male based on the evidence of testicular lobules with spermatogonia,
spermatocyte, spermatid and spermatozoa. However, further study must be continued.

Keywords: Female broodstock, Monopterus albus, sex reversal, androgen

UNUN

'
a

anluaun (Monopterus albus) Lﬂuﬂ@ﬁifﬁmLﬂmgn@ﬁf«‘fmﬂf_j‘lmqﬁ Synbranchidae ATaLA
Synbranchiformes (Kottelat, 2001) wu%iﬂmuLm@'aﬁ”’]ﬁﬁwmmunnmmmﬂizmﬂim Hentaun
U?Tmﬂﬂ'ﬂqLL‘wﬁ“wmame::lf:@ﬂmﬁmmﬁ@ém (Pattani Inland Fisheries Research and Development
Center, 2011) IngfBunninanAnuazyaA" fingeiedwseiiemnT sudsununandaliningd
1,600 wriznFusall H@ﬁﬁiﬁifﬁlﬁﬂfi’] 175 §1uunsiadl (Information and Communication Technology
Center, Department of Fisheries, 2016)

ﬂm"l,mmﬁ?:uuﬁm‘wyuﬁl,l,uum‘zmﬂ (protogynous hermaphrodite) (Devlin and Nagahama,
2002) lugsssmAusiugan s auumaiiszusduiuginad deflauemimingasnnndn 300 n5y
WIBANINYNIAIHININNGT 60 LHURLNAT gz 3 D3t (Jiwyam 2008; Kwanmuang et al.,

o '8

1993; Yang et al., 2008) FaiiludiaaniandrAnylunsmnzaeawug

a

ATAN®INEN1WNA Srinuansom (2017; unpublished data) ﬂa:anﬁl%mﬁmu 17a-methyl

'8

testosterone (MT) N7zAuAMNENTw 40 TulasnFu/ainuiindan 1 05U wwilaasinlassnAwdwug

da s liidssuuduiugnal nanisdnswuraaiinisanaeituuiuszazioan 90 Ju udwugilan
= ) A4 o & o . o s &4 A A o

MamLﬂ@ﬂuLWﬁm:uumuwuq‘me testicular lobule WRIUNLNIALANNUN gonadal lamellae HANH L

v full cord LL@::WULeﬁ@ﬁauﬁuﬁl,wwiénﬂizﬂz A spermatogonia, spermatocyte, spermatid Lo

g

spermatozoa n1e'lu testicular lobule A9t AAauduld iR udARiUan wauniddeuwnaissuy

3

ﬁuﬁuﬁ:mﬁéfu Aol uneiuglunismnzaanaiug i atnelsfinuuiiuglanlnaun
WanumedszuuAuiuginad fdndouiies 33.3% douusiiufilanlnaunilvaeveranuaaumed
i:uuauﬁuﬁ:ﬁmmmﬁ (66.6%) yatlanaitiosannae sl MT {AnaN1TR W aromatizable androgen
Uﬁ\izﬁ'qummﬂﬁlﬂmﬂuaﬂﬁmu estrogen Taanisvineuaaciew e Cytochrome P450 aromatase
(P450arom) H1UNFLLIUNNT aromatization (Liu et al., 2009) FeanadnasialszAnininaesaesiuy
MT ‘Lumimﬁmﬁﬁm?ﬁumﬁLLﬂﬁuﬁ:ﬂ@ﬂmuﬂﬁﬁi:uu%uﬁuﬁrmm’g@mm (Li et al., 2006) waziil

NaNTuNITANET84 Li et al. (2006) NAnE I Fauiaullsz@nan1naes aromatizable androgen Waz
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nonaromatizable androgen [ii'aﬂ’la‘mﬁmﬁ’]Lﬂalﬁmwmmﬁuﬁﬂmm‘ﬁnmLLGN (Epinephelus akaara)
ﬁﬁmiﬁuﬁuﬁ:uuu protogynous hermaphrodite iuRgaiuLlalaun wunistinaesiuu 17a-methyl
dihydrotestosterone (MDHT) %aﬁ@mmuﬁ“ﬁlﬂu nonaromatizable androgen viraaasiny MT Mhdauiy
@173 fadrozole hydrochloride %Qﬁ@mzﬁu‘]ﬁlﬂu aromatase inhibitor 3l L‘]Jalf;lul,wmmﬁuﬁﬂm
nzfeqauns inlifszdnsninwiaadAsumaindinisld aesluu MT fesedaien (L et al.,
2006) NaFnNARARnUszAAIRe S iU TieU sy AvBamasagesTin androgen i aromatizable
androgen Taun gasluu MT, nonaromatizable androgen 1Aun ga5luw MDHT waz aromatase inhibitor
1% fadrozole hydrochloride AantawiitatiAnumauinufanlwaun iflszuduiugina desu
sravnaiuhiuglan naunasumaissunduiuginagFaliiduas failteyaildainnisinmas

dudiayaiiugwldlssgndldmiasindaaumansiiuglanluaunduneiug viselaratinauind

'
T =2

o N a & o v = ™ 9 o Y a o
@ﬂﬂmgmqqmﬂqﬂuwuﬂﬂ@Lﬁﬂﬂﬂu L‘W'ﬂu’mﬂﬂuﬂW?L‘Wﬁmmﬂwuﬁ mqmﬂlﬁLﬂﬁﬂqiwwquLﬂzLWN

q

dsz@nBnmnismnziaenlanliigeausialyl

alnsaiuazdsnig
nsiesaNAatualnuglaluaun
mumuuﬂﬁuﬁﬂmimmmmmfwﬁﬂﬁq 60-200 NFH AMNAAIALNAN AUIATBUKAL WD
luteTiufanna 1.20x1.20 psnaiims (Bsnasin 200 ans) Avamuuiy 1 Alansumsasns i
a1 1 1haw mmfuﬁﬁLLaJvTuﬁﬂm”Lmu’]ﬁWﬂ”L’fi 31 85 i FarimiinuazdnaNEtdFaBuku
warduudiugianlnaui a1uau 10 69 wizideaiumeattanataun lldnasitinnae fluume

o [

LL@:Lﬁ‘u[;*T'Jfﬂeiwﬂf‘fmz'ﬁuﬁuﬁ:lﬂﬁﬂ‘m%mﬁmmmﬂiﬂfszauwuﬁqﬁ@uﬁ'mﬁﬁmwmm dauulug
Uanluauniwiae s1uau 75 6 guilanuasluianatafinauIn 50x80x40 gRUIAMLIUALNAT AW
15 197 A% 5 fn (Wrnmsii 30 Ams) wWianldviafTun AEUENALINATY 8 IWRALNAT LAZAYINENT 50
uRwRs a1uau 1 vie ieulufivauten
NMsLAsENTRTINUNAADS

wnaadTuu MT (Cat. No. 69240, Sigma-Aldrich) Lag MDHT (Cat. No. $1250010, Sigma-Aldrich)
N1azane i absolute ethanol LL@:L%MNMIT’]SJ’%W‘]J (vegetable oil) 8791 1: 10 (Kortner et al., 2009)
@11 fadrozole hydrochloride (Cat. No. F3806, Sigma-Aldrich) ihanazatasiunuaesinulu absolute

ethanol rieuAeanslutinstuiia §s 1:10 wui iuasazanefstonl5ienmgd 4 °C
N9URUNITNAND

'J’NLLNuﬂﬂimm@mLLUU@:Nm@’am (Complete Randomized Design; CRD) Tagudatlu 5 IANIT
NAABIT AT 3 dn Tun ﬁgmmiwmmﬁ' 1) (1AAILAN) BAA19ATANE absolute ethanol: vegetable oil
8m51 1: 10, 2) Aangesluu MT, 3) Anaefluu MDHT, 4) angefluu MT $aufiu fadrozole hydrochloride

szauANdindin 1 TulasnFuainutindan 1 n¥u (Li et al., 2006) waz 5) anans fadrozole hydrochloride
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iusiugilan mauinnanaeiluulusazganimaassnseaudingu 40 Tulasniuaimingdan
1 N3 (Srinuansom, 2017) UslnuTasias (intraperitoneal injection) (Zhuo et al., 2008) lagldnszuan

2(0.3x13 Raaum3) anaasiuuiBuang 5 ulnsans/

AnenauIA 1 WaAaRT uaziinana1wued 30Gx
drmiinuan 1 n¥u (Tao et al., 1993) RpausiugUalnaudusraziaan 90 4u (Reuiunau-
waun1An 2560) Inalitanda datutuuie uazfeeles ilueminaennimaaed 8ns 3-5% 189
fmingatlan Suay 1 A% ALsTaNNL 17.00-18.00 1. (Cao et al., 2008) Lﬂ'ﬁlﬂumm‘imﬂ 2-3 U
waz iTTULANAABANINARDY mmfuzﬁuLﬁuﬁq@ﬂ'wLLsivTuﬁ:ﬂ@ﬂmu'\LLﬁi@xﬁqwmmﬁﬂj Az 2 pia (39u
ﬁq@ﬂwﬁwmmmmim@mm 6 5ia) mLr“i‘uﬁq@ﬂ'ﬂqwmmmLL@z@fiﬂqxauﬁuﬁ:LﬁﬁLmﬂ:ﬁﬂ?mm
aafluunALarantinIATesadtarduiug Tneafivdeyann 45 Ju @u@wuzgmmiwm@m
NMSANENIAANIEINIATBIBTEISRUNUE (gonadal histology)
Wudnatvadurrdunugaasuinugilarnaun (douiu na1s uazians) uaudlu Bouin's
solution te3nEANN aniusienduideidestanzduiugauiuneunssieide de dlddelu
MaTuuazinieifaunaamu 4-6 llasiums vdsaniudendiileidedian haematoxylin uaz
eosin (H&E) udarhaladileideedanzAuiugitls sndesgniuléindasqansarl (Olympus, CH30) i
AN&aUE78 100 LAZ 400 ¥ IS AILLNLINA (Chan and Phillips, 1967; Chan et al., 1972; Tang et al.,
1974; Tao et al., 1993)
NSLALAMRENINAIENT (blood plasma) wazAtAsIzTUENuaasTuuwA
ﬁ’]ﬁ@@ﬂ%‘lLLﬂﬁuﬁ:ﬂﬂﬁiﬂauﬁNﬁﬂoﬂiﬁ@@‘].IT@?;ILL‘ﬂu‘lijﬁLL%\‘i dszanms 10 1t annsiuldinszuen
ANELNTUIA 1 NARARNT aTNAALNLLDT 26GxT (AUNA 0.45x25 HARLNAT) fAAeUEE EDTA (GRREY
it 0.5 M) lwzdeausiufilarlvaunainiduden ventral aorta thidesiilildlunaanlulnsiad
1A 1.5 NaAanT LLﬁQﬁﬁiﬂﬁuLﬁéﬂﬂ?ﬁ‘mLﬂ%‘ﬂﬂm{umﬁm (Centurion, K240R) fiAasi39 12,000 a1/

a

g 4 °C Wuaan 10 w1l (Nozu et al., 2009) anvugauansatanaanildlunaen lulasiiail

Q au

]
@ A

sl iufigeungil 20 °C ez lufinszinBunuaesTuumeasell Tnamsaadinnzsi B
#8514 testosterone (T) WAz 17B-estradiol (E,) 849 radioimmuno assay (RIA) (Tao et al., 1993) Ing
lganmaas TESTO-CT2 kit ('*“I-Testosterone) (lower detection limit = 0.08 W1 lunFn/daaans) (Cisbio
Bioasays, Codolet, France) uay ESTR-CTRIA kit (Estradiol-"*’) (lower detection limit = 0.008 w1 lun5u/
Aaaan3) (Cisbio Bioasays, Codolet, France) AMNA1AL Wazaasluu 11-keto testosterone (11-KT) Aag
a3 enzyme linked immunosorbent assay (ELISA) (Asahina et al., 1995) Imﬂmmmmu Fish 11-keto
Testosterone ELISA Kit (lower detection limit = 0.02 WnTuniu/Aadamns) (Cat. No. MBS269932-96,
MyBioSource, San Diego, USA)
NSAATIEANNED A

NAFBLNITHANUAIRLILUNAYesdiayafag Shapiro-Wilk test ALATITHAMNUANAIN NAT AU

ARdtaesdioys 2 ngu Fatds Independent-samples t-test Laz3iAnziAauuLlstlsouunLAIun
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AR rediayaLAaz1ANNINAA8Y (One-way analysis of variance) LANLAMNUANFI9B LN
U Atyn9adia iWseuiaupANuansTeAefedeyausargANIMAaes 9835 Duncan’'s New

Multiple Range Test NszAlANTRNYW 95% IneldTisunsudFaginieana

HANISIALLAZINTOINS
HANN9ANENqaNIEANIATavadta AU LTIaILNTUG A Inaunieulasnasinn1s2naesTuu

MT, MDHT wa¢ fadrozole hydrochloride IuLLﬁimﬁmmiwmm uanslu Table 1 uag Figure 1

Table 1 Effects of MT, MDHT and fadrozole hydrochloride induce sex reversal of female swamp eel

(Monopterus albus) broodstock at 45 and 90 days

45 days
No. of
Treatments . Female stage Intersex stage Male stage

e F1 F2 F3 F4 % 11 2 13 % M1 M2 %
Fish before injection with 10 5 5 100
androgen (initial time)
1) Absolute ethanol: 6 4 1 1 100 0 0
vegetable oil (1: 10)
2) MT (40 ug /g) 6 3 50 1 1 33.3 1 16.7
3) MDHT (40 pg /g) 6 3 50 1 2 50 0
4) MT (40 ug /g) + fadrozole 6 2 33.3 1 2 50 1 16.7
hydrochloride (1 pg /g)
5) fadrozole hydrochloride 6 3 1 66.6 1 16.7 1 16.7
(40 pg /9)
Fish before injection with -
androgen (initial time)
1) Absolute ethanol: 6 2 2 2 100 0 0
vegetable oil (1: 10)
2) MT (40 ug /g9) 6 1 1 2 66.6 1 16.7 1 16.7
3) MDHT (40 pg /9) 6 1 3 666 1 1 33.3 0
4) MT (40 ug /g) + fadrozole 6 3 50 1 1 33.3 1 16.7
hydrochloride (1 pg /g)
5) fadrozole hydrochloride 6 1 2 50 1 2 50 0

(40 ug /9)

Note: F1-F4; female stage; gonad with oocyte of perinucleolus stage (F1), cortical alveoli stage (F2), vitellogenic stage (F3)
and maturation stage (F4), respectively. 11-13; intersex stage; formation of small testicular lobules and spermatogonia in the
inner region of gonadal lamellae (11), development of testicular lobule in the gonadal lamellae and degeneration of ovarian
follicles (12), gonad with a very last stage of sex reversal leading to the formation of a “half cord” male (I3). M1-M2; male
stage; gonad with gonadal lamellae of a “full cord” male, complete disappearance of ovarian structures and gonad constituted

only testicular tissues (M1), testicular lobules with spermatogonia, spermatocyte, spermatid and spermatozoa (M2).
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\ !
A

AN Table 1 WuULHAUFUAN IMAUNGNNIBHFAL A1U9U 10 69 HezuUAURUSIWAEETIINA

(Figure 1a-c) uazuaaanangeiluuluusazganimaaeaiuszazioan 45 uay 90 T wuuliugfian

s luganimaaesn 1 Ascuudunuginedoiaunn ansiusdiugiarlvaunluganimanesi 2-5
= dl = o o = dl IS = o 6 o’/’ = =) o o v
WuHNaWauNARINITULALN UGN AU AN AR ST LR LR UEIAADUNA WIRssLLALRUEINAS

[ 1

AnwzqaniEanIpzesadaazAuiufusiuflanlnaufinssany uiveen iy 3 dnwoue

9

'
o

fia sruzfifsrunduiudnaidle ssuuAUiugneaeand uazl AuaRL (Figure 1) Teilmuaziden
Aa 1) izﬂzﬁﬁazuuauﬁuﬁ:mmﬁﬂ (female stage; F) Wi 4 32812 Ag sveisdi 1 (F1) oocyte @auluny
\A35Y 8L T EY perinucleolus stage, sz 2 (F2) oocyte @ulunjiaseyatjszes cortical alveoli stage,
svEIsh 3 (F3) oocyte daulunjiaseyatiszey vitellogenic stage LALILEIET 4 (F4) oocyte @nulvnjiasny

v
o & o

'ﬂ?yu'a?zm maturation stage ANNANAL (Figure 1a-c) mmz‘ﬁ 2) ?zﬂzﬁizuuﬁuwuﬁqmmmmﬂ (intersex
stage; I) WU 3 5v8i2 Ao sreiZit 1 (1) WULTA®R oocyte ﬁL@?mﬁwm?zmmm agj78Uf11uaN gonadal
cavity Waz1s1ny) testicular lobule WAZITA] spermatogonia WaWLANIBUNINBEMINLUI TR LAY
184 gonadal lamellae, sreiEd 2 (12) fndensansreaad primary oocyte (follicular atresia) 5414
naMneaaiesiafela AnnsWmKn1e9 testicular lobule wnsnlu gonadal lamellae WAZRN1IWRUA
NG Leydig cell 139 interstitial cell 351314 interstitial fibroblast T4 gonadal lamellae LL@zizmﬁl 3
(13) e desumeimunaengunsnidinundiuluae gonadal lamellae 11144 gonadal lamellae
aneuzlilu “half cord” WULEAA spermatogonia LLwémmm%@ffmz%uﬁuﬁ: (Figure 1d-f) Lae 3)
sraeflscULRURUEIWAE (male stage; M) Wil 2 5381 Ad sei=Ti 1 (M1) testicular lobule WAMALNTY
A gonadal lamellae %119 gonadal lamellae fanerauziilu “full cord” Wuwiaa Sertoli cell,
Leydig cell Lmeaﬁauﬁuﬁ:LWﬂﬁizﬂz spermatogonia AT spermatocyte nelu lobule LLmizF_I:‘ﬁ 2
(M1) nnelu testicular lobule WUL%@ﬁguﬁuﬁ:LWﬁénﬂﬁmx R spermatogonia, spermatocyte, spermatid

AL spermatozoa (Figure 1g-i)
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Figure 1 Transverse sections of female M. albus broodstock ovary. Female stage (a-c); (a) gonad

with oocyte of cortical alveoli stage (F2), (b) vitellogenic stage (F3) and (c) maturation stage (F4),
respectively. Intersex stage (d-f); (d) formation of small testicular lobules and spermatogonia in the
inner region of gonadal lamellae (11), (e) development of testicular lobule in the gonadal lamellae
and degeneration of ovarian follicles (12), (f) gonad with a very last stage of sex reversal leading to
the formation of a “half cord” male (I3). Male stage (g-i); (g) gonad with gonadal lamellae of a “full
cord” male, complete disappearance of ovarian structures and gonad constituted only testicular
tissues (M1), (h, i) testicular lobules with spermatogonia, spermatocyte, spermatid and spermatozoa
(M2). cao: cortical alveoli oocyte, gv: germinal vesicle, vo: vitellogenic oocyte, mo: mature oocyte,
tl: testicular lobule, do: degenerating oocyte, gl: gonadal lamellae, Lc: Leydig cell, sg: spermatogonia,
sy: spermatocyte, sd: spermatid, sz: spermatozoa, arrows: perinucleolus oocyte, arrowhead:

spermatogonia. H&E stain, Olympus; model CH30 x 400.
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\HaNan3nun Table 1 wuusiugianlnaunluganismeaesi 2 uay 4 wlasunwalszuuduRug
WAl a1uau 1 60 (Anly 16.7%) nasananseiiuuiuszezionn 45 uay 90 AU laRasNANHNLL

a o A o 6 A dl dl [ d‘
qanIeanIATeNedtnAuRugIauRLfUa lnau N auwwa wuusnuglan Inaun luganimased
2 Az UUAURUTINAE W uNgsvazi 1 (M1) A8 testicular lobule W WIUNINIANWLA gonadal
lamellae N1l gonadal lamellae Aaneroueiilu “full cord” wuLtag Sertoli cell, Leydig cell LaZITIAs

= o o

muwuqmm’gawz spermatogonia 8L spermatocyte el testicular lobule adannanaasiuwiily
Feaz1081 45 JU uaslszuuAURUE AL Winuiegseusil 2 (M2) wumasauRuinagynszes Aa
spermatogonia, spermatocyte, spermatid LA & spermatozoa n1elu testicular lobule ¥a9a1NAA
aailuuiiuszaziaan 90 4 anuziqaniginirvesedanauiuiaeuliugianluaunluganimansas
7 4 ezuvBuRufinaf] Wauiegsvasi 2 (M2) udsannanaeituuiiuszazioan 45 uaz 90 Ju
ANNAAL

dl' a 1 o o | 1o & d' aial

[HaNaTUdnaaL (AU vise %) wiiugianlnaunluganimaaesd 2 uas 4 AdszUL
AuiufinelauazsruURURTUEIIADNA A NanaaiTuwiluszaziaan 90 41 wuusiugian uaun
TugANImMAReIN 2 HERFIU 4 (66.6%): 1 (16.7%) AMNANAL TIHAWNIN (A uFUszULRLRUTINALHE)

Y o % A [ rzxj d‘ = [ A al' A

wazAntias (AmFusruuduiugisaaand) Wanlrauiauiuudiusian auiluganismaaasi 4 Ae
Adndan 3 (50.0%): 2 (33.3%) ANNAIAL

[ % :// o [ d' dl a =) o & v A A [ r://

SuAnauLLHRu§ A lnaunnasuwAlssUUAURUSINAE visassULRUNUSISAB LN A

o A A Lo & A o = A o & a o a -
wazanuIunmassasulufila s fiasiszunduiuginade ndsanaasesiuuiiuszazionn
45 LAY 90 AU MINA1AY Wun13Maesiuu MT (aromatizable androgen) NseauAfnudindu 40
TuTasnFu/sinmindan 1 nFu 39U fadrozole hydrochloride (aromatase inhibitor) AszAuAa N s
1 TulasnFuainminian 1 nfu (@anmaaeed 4) Hisc@vsnnwmtaaidasunaudiugian luaun
Wiszuvduiugineanan sesasun Aa n1sldaailuu MT (gannsmeaesi 2), fadrozole hydrochloride
4' a ~ \ a o o & o o =2
(TANINAADITN 5) WAL MDHT (TANTINAADBNTN 3) NENBENNLALD ATNATAL TI88AARDIIUNITANEN
184 Li et al. (2006) AAnu1f9gasiuu MT waz MDHT seauafndndy 10 Radnin/ dansinilan
1 AlanFu viseaesluw MT 1E3q9uiy fadrozole hydrochloride A2 udindy 1 AadanFu/iuiinian
1 Alanfu Winuuwdwugilainziaanues (€. akaara) Wuszazinan 1 mew wuaiunsnwtaatnlanu
wandiuglainsFeaauasliidszuuduiufinad uaznisdagesluu MT 1 soury fadrozole
hydrochloride Hisz@Ansniwmtanindasumnaniiugilainzfiaaunsaninisldansluu MT e
] a

RENNLALN

PRy = o = . A o

WeanFaumauiunisAneaes Piferrer et al. (1994) Nngnilawaana (O. tshawytscha)
wasineandumudaliulgsiugnasulifissuuduiugnaiia snutdluansazaraaailug MT, MDHT

way fadrozole hydrochloride Weaagnataga seauANdinde 10 Raanfu/aATuinsun 1 ang e

gasluu MT Aoudindiu 10 Saanin/alzunmsun 1 ang Meaunil fadrozole hydrochloride 52ALIAM
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Windu 1 uaz 10 Raansuw/d3u1ns1n 1 ang w@eaiduszasingn 6-12 eu nudauwdanauiuglu
angazanaaading MT Adudindy 10 Haanfu/diuamngin 1 ang ldsauniu fadrozole hydrochloride

2LAUANNENTY 1 waz 10 Hadn5N/ARNIATNEN 1 ang NissdninnwwmilantndasunwAlaiuaanan

~ [ 7 '
v o

= o L. . aa o a A . = P
memfmmaﬂ‘]ﬂmuwﬁa (masculinization) ANGA N91L1ANAIN fadrozole hydrochloride TINATUANLA
11 aromatase inhibitor a¥gfusan19n19 1428901 b3l P450arom Mlasuaasinw MT uaasiuy
walngiaw awinlfiaefinu MT fapaiitlsz@ninnwientind dasnAlannedle (Piferrer et al., 1994;
Piferrer and Blazquez, 2006)

= o oyl @ Ay Y o = ) )

NaN13ANEN AT IR LU sv AU lldanndaaiunisAnenuea Li et al. (2006) waz Piferrer et al.
(1994) nanaAa N1FANE1U24 Li et al. (2006) Waz Piferrer et al. (1994) wugaslui MDHT &
dse@ninnmtaaiiulasumawiugilainziqauasisatlautanaulfnndinisliaasiuu MT e
at1aREn FniETinIsANEIATItnUaasTuY MDHT HilszdaniniwmieniinlasumwaAudiugian luauwn
o ! YIRS ~ \ p o o o o a P
AN Maesiuye MT Wevasnanen aianalluaagudaniaddasumaAangefinuealnsauly
wdwugianluaun (Tang et al, 1974) adnslsfimunis@neiaiativansliiuat19dniand
UsrANENINURIR1INGH aromatase inhibitor TN198UE NIz LAUNNT aromatization WAz sLENENN

L% . 1 AII ° d' = v A o & ¥ A A

29380511 aromatizable androgen slanismdaatilasumweAlawee HNssuLAURUS WAL T
ANEULINAE

AvFunanisiaszidinnaauu T, E, uay 11-KT (Table 2) wuudiugilanluauinguun
Busiu JiBunuaadluu T, E, uaz 11-KT @R 737.00+159.82, 151.73+24.82 Uaz 0.051+0.007
a o a aa o o dl = ¢ [ | o
AlanFuw/Aadans muanay uaziiaurauimauBunuseiuuresusiugian lnaunneunacudsann
2maafluu MT, MDHT wa fadrozole hydrochloride Tuusazganismaaas wudnuglanlvaun (wuy
saunA) luganIsmeaesd 1, 2, 4 uaz 5 Hltunuaeiluu T wandiesndiudiuflanluauingunn
Bufiuateldad Ay nieana (P<0.05) auziusugianluaunluganimaaaei 2-5 A1l

. 4' C e s d, 2y e e

aafluu E, uaz 11-KT wasuinndudiugianluauninguunizusiv nawdwugianluaunluganis

]
=

naaash 3 uay 4 Jiunuaasiuy E, uaz 11-KT wwasunndudiuflanluaunguuBu fiuatied

g

U d1Atyneadia (P<0.05) arailasannudugilanluaunluganimaaasit 2-5 Ansilasuimwaann

o

'
= = o

= o & IS r:j A = o & v = oI/ X
sruuAuRuS A dsumAlssu AU UEINaaNA VTasTuuAURUSINAE e lnavinlinwuaeiluu

)y

1 v

11-KT Tuan lmauidszuvduiugisaeanauazss unduiuginagidsunuuinndndan luaun s

]
[ 2 '

4 o & 2 o = : = Lo o =
sruuAuRufinAle MallaadTun 11-KT Hualaenssianisldeunazesusiiuglaluaun anieh
rsnuseiiuu £, wulanlnaundszuuduiufisaasiiiunusnnndnlaluaunndssuu@unugve
= A a a4 o« A P o o A aa dl
Wy araitlesannidunandanmasainda lnaunissuuduiugmendandnisasuma (Borg,

1994; Chan and Yeung, 1989; Yeung and Chan, 1987)
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Table 2 Plasma T, E, and 11-KT levels of female swamp eel (Monopterus albus broodstock after

intraperitoneal injections of MT, MDHT and fadrozole hydrochloride at 90 days (mean+SE)

No. of Sex 90 days
Treatments fish (No. of Fish) Sex hormone levels (pg/ml)
T E, 11-KT
Fish before injection with 10 Female (10) 737.00+159.82% 151.73+24.82° 0.051+0.007"
androgen (initial time)
1) Absolute ethanol: 6 Allindividuals (6)  131.70+37.72>%  662.49+184.65%% 0.064+0.009"°
vegetable oil (1: 10) Female (6) 131.70+37.72 662.49+184.65 0.064+0.009
Intersex (-) - - -
Male (-) - - )
2) MT (40 pg /g) 6 Allindividuals (6) ~ 96.67+45.07”° 510.91+119.45"% 0.053+0.003"*
Female (4) 47.50+7.50 653.25+106.09  0.056+0.003
Intersex (1) 70.00+0.00 384.11+0.00 0.042+0.000
Male (1) 320.00+0.00 68.36+0.00 0.049+0.000
3) MDHT (40 pg /g) 6 Allindividuals (6) ~ 735.00+681.15%  540.98+171.60%% 0.083+0.008"*
Female (4) 62.50+20.16 758.55+158.07  0.093+0.004
Intersex (2) 2,080.00+2,060.00 105.85+88.07 0.063+0.019
Male (-) - - -
4) MT (40 ug /g) + fadrozole 6 Allindividuals (6)  105.00+45.66™%  397.26+139.50%% 0.084+0.014%°
hydrochloride (1 ug /g) Female (3) 73.33+6.67 581.06+180.65 0.088+0.016
Intersex (2) 40.00+10.00 305.33+259.51 0.094.4+0.039
Male (1) 330.00+0.00 29.70+0.00 0.055.+0.000
5) fadrozole hydrochloride 6 All individuals (6) 131 ,67i37_54b'a 623.81+239.70*° O.O74i0,009b'a
(40 ug /9) Female (3) 106.67+57.83 699.80+466.76  0.082.+0.013
Intersex (3) 156.67+55.49 547.82+252.27  0.066.+0.014
Male (-) - - -
P-value (DMRT) 0.527 0.843 0.114

Note: Values with different superscripts in the same column are significantly different (0<0.05). The first letter has shown

comparison the means of sex hormone level of M. albus between initial time (0 day) and was injected each androgen at 90

days using Independent-samples t test. The last letter has shown comparison the means of sex hormone level of M. albus

among M. albus was injected each androgen at 90 days using Duncan’s new multiple range test (DMRT).

WanauauiBuiuaefiuuaesudiugianluaun (wuusiume) luusazgan1maans

wasannaeiuuiiuszazioan 90 i nuudiugianlnauluganimaaai 3 Jilsunmuaeilug T

RAENINTGA (735.00+681.15 NIANTW/AHARARAS) 91ALHeIRINTANIIMAREIN 3 WuwHRUFLa1 A

= = A o
Lﬂ@ﬂuLWﬂNﬁ'gUU@UWHﬁ

2
o

(%

VIADIUNA IVUIUTINNA 2 Fn T

WHiBunuaeiluu T wauAauineg Aa

2,080.00+2,060.00 WiAnFu/Aadans dounsiugiarlnauluganimeaesd 2 ifsuinaeilug T
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auiaaNgn (96.67+45.07 RlAnfu/daaans) sousnudnugianlnauiluganimaaai 1 uaz 4 &
Usnniaefluu £, uaz 11-KT lauNINNgn AINAIAL (662.49+184.65 way 0.084+0.014 WiAnFu/
Haaans muasy) wazudiuglanlnaunluganimaaee 4 uay 2 Hisunuaeiluu E, uaz 11-KT
\RantiaaNgn (397.26+139.50 uay 0.053+0.003 WlANFN/Nadans) viadanalunanIannslasy
wAgasudiuilanluaun nannke wiiuilarluaunluganimeassd 4 In1sasumaliszuy
= [ rn’j A A o kA dl dl oI/ dld A [ a A
AuiugisaeanA visesruuAuiugmaiuinign alneialdanluauindssunduiuginaiiad
Usnnouaeiluu E, g9 uaz 11-KT J1Bunuan aneidanluauiidssuv@uiugineafflilsunuae fluu

'8

E, A1 way 11-KT H1fsnniga Tnenanizednadalugasnguanwug (Borg, 1994; Yeung and Chan,

Kl

1987) atnslsfianuiiadnszinanwananuiliunuaadluu T, E, uay 11-KT wagaesuliufian

o o a

TuaunluusazganimaaesliiiaonuunnsiesnaidadAynieada (P>0.05)

dgiua
nsldaesiuu MT (aromatizable androgen) N9zaumandindu 40 lulasnfuainndndan
1 nFN $9ufY fadrozole hydrochloride (aromatase inhibitor) Nszav ANy 1 TulasnFusinviin
aal

a1 1 nFu Rilsv@Ansnwmtaathnlasumandiugilan naunidscuuduiuginagangn Tnansoa

WULsﬁ@zﬁuﬁuﬁ:Mﬁﬁnmwz R spermatogonia, spermatocyte, spermatid WAL spermatozoa

naAnssNUlsznA
29900 AMUANINNNUANIZNITNNITILUUENR (99.) NATUARUYUEANYLNNTIAY sz

TURRANE 1Us2ant] 2559 WATANAITNLUILNG ADILINHATANANT NUNNENALIUDLILNL

LANA15A19DY

Asahina, K., A. Kambegawa and T. Higashi. 1995. Development of a microtiter plate Enzyme-linked
Immunosorbent Assay for 17a, 20B-21-trihydroxy-4-pregnen-3-one, a teleost gonadal
steroid. Fisheries Science. 61(3): 491-494.

Borg, B. 1994. Androgens in teleost fishes. Comparative Biochemistry and Physiology Part C:
Pharmacology, Toxicology and Endocrinology.109: 31-41.

Cao, Z., J. Luo, H. Wen. and B. Fu. 2008. Effect of fed diet replaced partly fish meal with soybean
meal on rice field eel's growth performance. Journal of Hubei Agricultural Sciences.
[Online] Available from http://en.cnki.com.cn/Article_en/ CJFDTOTAL-HBNY200809033.htm
(abstract) [2018, January 13].

Chan, S.T.H. and J.G. Phillips. 1967. The structure of the gonad during natural sex reversal in

Monopterus albus (Pisces: Teleostei). Journal of Zoological Society of London. 151: 129-141.

9ansRdemalulatinigilsza 191 13 a1707 1 unsax - Hguieu 2562




52

Chan, S.T.H., O. Wai-Sum, F. Tang and B. Lofts. 1972. Biopsy studies on the natural sex reversal in
Monopterus albus (Pisces: Teleostei). Journal of Zoological Society of London. 167: 415-421.

Chan, S.T.H. and W.S.B. Yeung. 1989. Sex steroids in intersexual fishes. Fish Physiology and
Biochemistry. 7: 229-235.

Devlin, R.H. and Y. Nagahama. 2002. Sex determination and sex differentiation in fish: an overview
of genetic, physiological, and environmental influences. Aquaculture. 208: 191-364.
Information and Communication Technology Center, Department of Fisheries. 2016. Fisheries
statistics of Thailand 2014. Department of Fisheries, Ministry of Agriculture and

Cooperatives, Thailand. 87 p. [in Thai].

Jiwyam, W. 2008. Reproductive biology and preliminary propagation of swamp eel ( Monopterus
albus Zuiew) by natural spawning in concrete ponds. KKU Research Journal.13: 15-22. [in
Thai].

Kortner, T.M., E. Rocha and A. Arukwe. 2009. Previtellogenic oocyte growth and transcriptional
changes of steroidogenic enzyme genes in immature female Atlantic cod (Gadus morhua
L.) after exposure to the androgens 11-ketotestosterone and testosterone. Comparative
Biochemistry and Physiology, Part A. 152: 304-313.

Kottelat, M. 2001. Fishes of Laos. WHT Publications (Pte) Ltd., Sri Lanka. 198 p.

Kwanmuang, S., B. Maunsa, J. Ajanakitti and S. Rattanarungsi. 1993. Preliminary study on some
biological aspects and experiment on breeding of swamp eel, Fluta alba. Technical paper
No. 54/1993. 37 p. [in Thail.

Li, G.L., X.C. Liu and H.R. Lin. 2006. Effects of aromatizable and nonaromatizable androgens on the
sex inversion of red-spotted grouper (Epinephelus akaara). Fish Physiology and
Biochemistry. 32: 25-33.

Liu, J.F., Y. Guiguen and S.J. Liu. 2009. Aromatase (P450arom) and 11B-hydroxylase (P45011B)
genes are differentially expressed during the sex change process of the protogynous rice
field eel, Monopterus albus. Fish Physiology Biochemistry. 35: 511-518.

Nozu, R., Y. Kojima and M. Nakamura. 2009. Short term treatment with aromatase inhibitor induces
sex change in the protogynous wrasse, Halichoeres trimaculatus. General and Comparative
Endocrinology. 161: 360-364.

Pattani Inland Fisheries Research and Development Center. 2011. Knowledge of the rice field
eel, Monopterus albus (Zuiew). Department of Fisheries, Ministry of Agriculture and

Cooperatives. 12 p. [in Thai].

9ansRdemalulatinigilsza 191 13 a1707 1 unsax - Hguieu 2562




53

Piferrer, F. and M. Blazquez. 2006. Aromatase distribution and regulation in fish. Springer Science
and Business Media B.V. 2006: 1-12.

Piferrer, F., S. Zanuy, M. Carrillo, I.I. Solar, R.H. Devlin and E.M. Donaldson. 1994. Brief treatment
with an aromatase inhibitor during sex differentiation causes chromosomally female salmon
to develop as normal, functional males. The Journal of Experimental Zoology. 270: 255-262.

Srinuansom, K. 2017. A study on androgen induces sex reversal of female swamp eel (Monopterus
albus) broodstock. Doctoral dissertation, Khon Kaen University, Khon Kaen. 119 p.

Tang, F., S.T.H. Chan and B. Lofts. 1974. Effect of steroid hormones on the process of natural sex
reversal in the rice-field eel, Monopterus albus (Zuiew). General and Comparative
Endocrinology. 24: 227-241.

Tao, Y., H. Lin, G.V.D. Kraak and R.E. Peter. 1993. Hormonal induction of precocious sex reversal in
the rice field eel, Monopterus albus. Aquaculture. 118: 131-140.

Yang, D., F. Chen, G. Ruan and Y. Su. 2008. Relationship between sex reversal, body weight and
age of Monopterus albus. Journal of Yangtze University. [Online] Available from
http://en.cnki.com.cn/Article_en/CJFDTOTALCJDN20804015.htm (abstract) [2018, January
13].

Yeung, W.S.B. and S.T.H. Chan. 1987. The plasma sex steroid profiles in the freshwater, sex-
reversing teleost fish, Monopterus albus (Zuiew). General and Comparative Endocrinology.
65: 233-242.

Zhou, X., J. Zou, K. Cui, S. Zhoung and X. He. 2008. The influence of exogenous methyl
testosterone on the gonad developmental process of female and intersexual Monopterus

albus. Acta Hydrobiologica Sinica. 32: 861-867.

9ansRdemalulatinigilsza 191 13 a1707 1 unsax - Hguieu 2562




54

naandNslduLATiZauLanRnAanNE UGS Streptococcus sp. Tuilaniia
Effect of Lactic Acid Bacteria on Resistance Streptococcus sp. in Nile tilapia
(Oreochromis niloticus)
w1 AFRFgANNA THEIS uazAanin Tuans
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UNANER

nslfuuaiiBauaainfidauanldanniaitennisresdainynean e sanadliann siae
‘]JZ\]']“EL@ﬂ%ﬂﬁyﬁ'ﬁ/mqﬂiz@ﬂﬁ“ﬁﬂﬁﬂﬂ’]é/m?ﬁﬂ’]ﬁ‘L@?Q_,lLﬁll(l:ﬁl ARIINITTDARTE WATAIINAINITNIUNIT
Funiuide Streptococcus sp. 189Ua17ia Tnan1suanLuARBauannn 3.0X10° CFU/g asluanvng
Uamanesiszduaududi 0, 1,3 uay 5 N3N Faa1u1g 1 nlaniu Aetinluidead anfiaaune
6.000.14 n¥u wu 4 dilawi Tnelfienvng Sasay 2 vastiveng 3 Hemadi A UHLANINAREILLL

1 v
o

nisauiu 18.47+0.42 nfu luganis

v
o ] =2

dunaan (CRD) a3 3 40 ANNI3ANE N LU A RaTNLY

4 o o o

oo PR a o a o & Al =~ ' LA
V]ﬁ@@\?ﬂlﬁLLUﬁVIL?ﬂLL@ﬁmﬂ 1 NTURARARIUNT 1 ﬂT@ﬂﬁ‘N Gﬁ\ﬂ,ﬁﬂi@@'ﬂ@ﬂ HAMHLANANALNNULRAIATYN

q

'
=

AR (p<0.05) AmFueRIsann e luTAAILANLATYATILATUBN YN INANULANFUUARARN 1 uAT 3 NFN

Aaa117 1 Nlanfu TddaonuuansisadsliadAnyneatis (p<0.05) uazdanlanlffuanuisnan
pRp a @ a o o o & N o

wuaFauanEn 3 nFNsaaIung 1 Alaniu aunmndudumanuAfEe Streptococcus sp. 1HANEA

o [ alal a a
ANRNATY : LLANELAARN, Streptococcus sp., Ua1tia

Abstract

The using of Lactic acid bacteria from gastrointestinal tract of Sea bass (Lates calcarifer)
in feed of Nile tilapia (Oreochromis niloticus) culture was conducted to examine on growth rate
survival rate and resistance to Streptococcus sp. in Nile tilapia. The experiment 3.0X10’ CFU/g
of Lactic acid bacteria with the concentration of 0, 1, 3 and 5 g/kg of fish feed were used to feed for
4 weeks. They were laid out in completely randomized design with 3 replications. The results
showed that the concentration of 1 g/kg was the best treatment in increasing weight (18.47+0.42
grams) which was significantly different (p<0.05) from other treatments. There was no significant
difference in survival rate. The best lactic acid bacteria 3 g/kg can inhibit Streptococcus sp.

Keywords: Lactic acid bacteria, Streptococcus sp., Nile tilapia (Oreochromis niloticus)
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laqiiugmannssunisniziaesdnsunilaud Aty ilesainanuauilszainstaniinuunau

iR uAusiesnsis A adinnIude lua e Bunudndinlusssuafan fiaaad n1g
F o ed R A Y = a Y o o o Ada &L o o

wzaeedndinaslunumdidry lunisnazuanatwisliiaanaiuaNfean s ninu iy 4 uiy
dszimalnaudadanduduindnftinniaudrdgmiaaregiadududuasssesannfonzia andeya
1RINGHIATHFNANTUzM NeNLlsza Uszand] 2560 91893199 6 Reuwsnaedll 2560 HanARLAN
Hadsunn 94,990 A iNTUAINT 2559 Dfaaas 4.7 wasHiTunmn1sa98angais 3,108.7 Au An
uyarn 189.5 Auunm Inadaaiauanpelszmalunzduaannas Andlufanay 31.9 Tnalaniislna
uantiaududeissn Antlubesay 73.7

nisiaesianfialutlaqiiudoulnnjiduniaideauuumuiuy (Intensive culture) Tannaflan

a o = ! =2 a &L > a & a Py . =

Iy iuANNIATEALAzEa e AL NN Y dsnatilanfnTauaziinlealédne lsndaulunidanmnun

aal | L. ) [ 1% v
AINUWLATETE LU Streptococcus iniae, Streptococcus agalactiae WusU inwmansuiitloyunlaanield

as N v Y o A : = = o = P

entfaauzuarasaiidaainisnufitlymliszAunie witywniuunmrenisdudeusanisanAng

aa o = o v a A , o P 9 §w
ﬂﬂﬂﬂ’lﬂgmuﬂumﬂmmLﬂu’aum’mm@@}lﬂﬂﬂ LLHQ'V]"]\TVWzm')ﬂ@ﬂﬂﬂ;’lﬁflm\‘]ﬂ@fnvlaﬂﬂ'ﬂﬂq?ﬂ?gﬂuiﬁ

UafgRAutundlsz@nsnnuiniuiesediumenalsals

Tuedanlinnsldanswiuazendfaousineufityuseddsaszun windudanaliaalsafin

a

d’l a 1% as ro” . 1% ¥ o v o YA N
ﬂ’?ﬁ‘[ﬂ’ﬂﬂ’]LL@$Lﬂﬂﬂ'ﬁ‘[ﬂﬂﬂ'ﬁ\i"].lﬂﬂﬂﬂﬂ{]?]ﬁ]uziuﬁ/ﬁl'}u']LL@ﬁ@ﬂLLQ@@@NVLﬂ WﬂiﬁLﬂuﬂuﬁliﬂﬂﬁ]@antﬂﬂﬂﬂ

=

1 o K =l ¥ o { o a = a L ¥ al” o
fog Taquinaslafinnsufdoyuisdenanalaainqaurdnisclaninnldlunisaruaunisiassede

ANaa A !

wannIzALANN TN InelidelTdnineauAnAsRTInangHanilld i na waniTaai1en
@awe Bandn weluladin (Probiotics) nsld nslulefAnaadudsnisufloyunnlésuanuiiauunnly

nsmnziaesdndunlulaqiiu (Gatesoupe, 1999; Gomes-Gil et al., 2000) [HAIAINUANNITAINGY

a

4' o a o a a o Ao o e
LﬂumﬂﬂN?UﬂﬂﬂLﬂHm?ﬂﬂL@g u Iﬂﬂ ﬂm/l\imﬂuﬂﬁmifgl,muim mqquuiﬁ'ﬂ N'ﬂﬁlﬁ‘ﬂﬂ’]ii@m@j\i MU

o

A
n3eauns i inslulefn A Aneninlunnsinunnane i slawdavaesia lEwd Bacillus sp.,

Lactobacillus brevis, Lactobacillus collinoides, Lactobacillus coryniformis, Lactobacillus farciminis,
Psychrobacter namhaensis Was Pseudomonas fluorescens (Suwan and Chitmanat, 2017) WATNNT L

Inslulednlunisidinermsdndazilunisanioyuinislfandjiousuazasniiandas anvivann

a3n9a1stiudeqauvirdaiaausonviananeulad ifnaeatianiduilsslagmidanistasainnsuaznig

wanyiiulmsialil (Rodmongkoldee, et al., 2017)
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L4 a
AUnsalLaEIENg

1. NMSAALENULANILTHULAARN
AALENLL AT FHLAARNANNNIBALEIMNTL AN LTI AN ATANTAALLNLILANMNTIALNITA
Tnanndunauaniiunisficamatindaenima Guaintisetinlainznsnauiianuazeiniafon
o ¥ v v 1 o/ a) 1 £ % o 1 o ¥ o uI/
weanegeadindu Sesas 70 (viv) dnfndlatesiesinenizdiuan léaenunfnnine1auas NN 919E
it lduslfasianlnenaniuansazananaadindy $esay 0.85 (wiv) aniiiaaanafiaesing
fosansazaneinae nnisAakenuuAnizalagwmalla Pour plate Aa8a11176d9 De Man Rogosa
Sharpe (MRS) #iLAd Bromocresol purple Ao utindiu $atas 0.004 wAadauAIfualun (CaCo,)
AHiNdU Faaas 1.5 LaTINAaUNS (NaCl) Annudindiu $eaas 1.5 Unatuwiziionguuni 37 a9

2

aFug Wuinan 48 alue nalianingliainia anifuAeguidenialailiiddwaesiinandlaseu
Talail andauuewnsuds MRS Wiudeuuniizauaainidauantdluanmsud MRS ignmndl 4 aen
waiFua elilunmmaasiuseld Tnennsilasudeenswinndlavinaeanmaaes
anifunsadeudnE T naRLarn e Tneid e Hun danuns nsndend s
aieatled n1easefing nsuamewlsd Catalase mmummmiumimmaﬂ‘ﬁ'@zﬁum'w‘] WAZNNIA31
nsnannisvsininaanglag anuideuuaiiBauaniniisauanlinnlelnammaaeunauansnn
Tunisdudaie Streptococcus sp. BaeATlA Agar well diffusion assay A LUaIR1NITN19728
Siripoke et al. (2007) i@anlalnianiilinanisdudaggaainen Bacteriocin activity (AU/MI) Augns

dells

£
o o

A1 AU (AU/MI) = Arpnnsiaaanadindutiesngaindugs X 1,000

Bunnuiaainld

2. MeANHIAMNRINTD L UN9EUE T Streptococcus sp. ARG Agar well diffusion
WiTeNANTaTANeTe Streptococcus sp. et lalaTliAaAReNU1aM1T MRS Agar WAsINA®S
Y v v Py i a = Yy v v
Asdndiu Seaaz 1.5 N@esliuensiuan Tryptic Soy Broth (TSB) WAninasanNdindy Seeas 1.5

watfuanNdinduliiaslugdae 10° CFU/MI ka9 1mAaaLLLe11s Mueller Hinton Agar (MHA)

'
Y o a k2

a A P 4 v b % o d’j dl
BINNADAMNINTY 788182 1.5 ANENITUIANTAZANLTER Streptococcus sp. NAE (Swab) Wiananil

AIMNTIUATULAZIN MW AINTRIRNZRINTNE1UNT LRI NEAAANTAZ AL ﬁﬁ G‘?;I LL@ﬁaﬂ‘ﬁ Ap LLEIﬂVLE'ﬁ

1
a

wazlfentfTaureentimnandnduiuganaunn (Control) aamguaz 60 lulasans tnlUinngomai

3

37 auAEALTEA W1k 18-24 dalus danunadurnuaudnansasla (Clear zone)
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3. MamsanaImslariannaag

g aa a = o & & PPN on v

wenuuAneuannn lelnanninnanisnlunisdudade Streptococcus sp. 1AnNgalH1E
51104 3.0X10” CFU/g Tuanmnaman MRS wintildssmeuiiafiullugomni 4 asanaadas neu
o dgl Ay y & o 1 d” 1% 1% ad ey = Y v <
unamei i llazaraluiindusingeudananasluemimasesfoadsnisailsdudoiialiiuii viy
o Yy Y @ a = 4 I o ' A = [%
FnwnamsnaaesiiF lugiiugangil 15 esAneaidea antudeiaatisamnInaaeiwse il

g 1

3mmw@mmmﬂmmmﬂmmuq?‘ﬁ'mwﬁmmeiu‘iaﬁl,wwlﬁymzﬁvmifﬁ ATUEANYIAIART
NUNANginEo Insaaings TnasianisaasnziianTlefu (Crude protein), ladu (Crude fat),
AT (Moisture), 181 (Ash) A5Tulamsmuaznin’le (Carbohydrate) Tuaunmaaag
’a’aﬂLLUUﬂWiV}ﬁ@mmeﬁ;Nm@@m (Complete ramdomized design, CRD) Tagtiai 4 h4ANIT
NARBI NIINARBNAT 20 FIY TANINAABNAT 3 in il
gammaaed 1 anmsmaaeshinauuupiidunsauaniin (gaeauew)
ﬁmmi‘wmm‘ﬁ 2 2IMNINARBINANLLATFENIALAARAN ANENdY 1 nFusie 1 Alaniu
FANTNARRST 3 BWMINARBINANLLATBENIAUAARN AL 3 nFusie 1 AlanFu
ﬁmmi‘wmm‘ﬁ 4 DININARBINANLLATIFENIALAARAN ANEiNdY 5 nFusie 1 Alaniw
4. madsalandananas
AgaLlanTatiuiin 6.000.14 nFu 411w 240 Ha ’Luﬁqwmmﬁﬂmﬂml‘iﬂ 250 ans U¥uanw
UanlfEuianmungeslmsidunan 1 dUaf BunimasewwauuuaiiJowaainanadiaiu o, 1, 3
WAz 5 nfNsaa1uns 1 nlaniu avluainismaaesminganimaaes wialilatianuemistaninu
%oz 2 veeimiinda fuaz 3 AF 1981 07.00 1. 12.00 1. WAL 17.00 W. w1 4 AlA1k AaeANIs
mmmmu@u@mmwfﬂuﬁqﬁ”mﬂmﬁ@slﬁfafyu"l,um'qmmgmm@ﬁ”m fafl AneenTiaufiazanelurin

agludng 57 ppm Auentuiiy daandd 0.02 mg/ Alulain deandi 0.1 mg/l wazAlwmanliiag
1499 0.01 - 0.5 mg/l '3Lﬂm:ﬁqmmwfﬁé”mm;m‘wmmmﬁﬁL‘%@gmmuﬂﬁﬂumﬂiﬂqﬂ 3 4 ANRBNNg
U84 Longmutcha et al. (2015)
5. mavfiudayatafauaznesaunnusansalunmssudauuaits
%aifmﬂﬂﬂmﬁ@lunﬂmifmmimmm NN 7 U Lﬁ@Lﬁu%sﬂmﬁmﬁﬂz%m%m"ﬁmmﬁmwm?
wanylAn e waznasanndanlfifuenunsuanuuaiBauanfinauding 0, 1, 3 uaz 5 nfusaauns
1 A%an3u w1y 4 Fla wiainnsangnravaneidanuafi e Streptococcus sp. ATzAUANNLELEY
aaida 10" CFU/mI Tasanidin L lugdesfisaslaniia tuiindnsntsmedunan 1 4l anniisin

=3 o 1 A o o aa Qlil -dl”
naiusaetrudenlar lliuanuanuuaf By Streptococcus sp. UUATUITIALNLTA Plate count agar

(PCA) sl
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NANISNARNDY

1. NFARLENULANILIELAARNULATAMNEINITO LUNNTEUENTR Streptococcus sp. AA8AE Agar

well diffusion
o g P a R g Na o a A o

AMNNNIAALENTAULATN FELAARNLUAIMNTIALNITE WU LLANEEA1wIu 121 Talall iWeiln

TalatiniAnauldnsaaeunuantididesiulaglEauanifnifadunsu n1ea39ailad n1saaaum

n3a319ing uaznaaeuNsuAReUlEd Catalase wudn H 88 lalmian NGnAuNsuLan laiaieaies la

waeud liaTafing uasinUjisen Catalase wdalinaduay Wenlineassudnenienisdnigiu
=

WU uuANFedgUaevian (Rod) aruau 4 lalaas 83111 (Medium rod) a1uou 7 lalnan uaziings

naN (Cocci) a0t 77 laloiam

Figure 1. Colony appearance of Lactic acid bacteria in MRS agar plate from sample of

gastrointestinal tract of Sea bass

a o

AuiunisAnunaianlalaani 1/69 (LAB25) Hanwuzialalidzanagu nanyu uazudsann

nsAnedniginemunsindunsuuan gusanan daBasialuaisls la3ades ldindoun 1

v c Y (2% = o :/j d’l yvaa
a319eulmel Catalase lala%19fing waziinauainnsadudaida Streptococcus sp. 1ARATEA LUAIMIS
Mueller Hinton Agar (MHA) iisinaanudindu seaay 1.5 Tnalidunugudnananisdudawiniy
21.00+1.00 HadNAs uaziipn Bacteriocin activity 44ama 800 AU/mI. Aglflalmianfanaonanadly

P P a  a a
RV RPN B WRANBINITLATEL Lmﬂimﬂﬂﬂﬂ@qu@m@iﬂ
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Figure 2. Inhibitions zone effect of Lactic acid bacteria against Strepfococcus sp. on MHA plate

2. MIANERANLLANIFaNTALAARNIETNANMTAanSLasaLALlATaslada

2.1 maasaiulprasdanianaslasuarmsuanuunaidansauansn

"

AINNNTAATITHAUAIMNINTUINTTR9B1UNNAARINL41 ATsR1 (Crude protein) $asias

A
32.35, 1131 (Crude fat) 3as1ay 12.51, AANNTW (Moisture) 3asiay 9.4, 181 (Ash) $a81ay 13.19 way

o o

Aflulawmsauaznanle (Carbohydrate) $a8as 32.55 AMNATAL
= \ a AN vao ~ a o o
AINNIINARBIAEN WL A1 TATANNINAABIT IAFUaMNINANLLAT FUUAARNTNTEALAIN

Y Y Y o o = oy o dl al d’l o g ai Y o
RINTUTREAT 0, 1, 3 AT 5 AMNAIAL umuummmwmunmﬂmu Iﬂﬂﬁﬂﬂﬁ?ﬂ@@'ﬂ\i%iﬂiﬂ@’mqﬁ‘

1
a a o &

HANUUAT BEUAARNTITzAUAMNENGY 1 nFusiaais 1 Alaniu Auminedegeqn Ae 18.47+0.42
N3 wAneN9eEiN 1A ATYNNATIA (p<0.05) ALLANIINAABIT IR FUAIMNINANLLAT TN ZALAIN
dindin 0, 3 waz 5 n¥usinamng 1 Alaniu Aa 17.3140.55, 17.04+0.77 waz 17.25+2.39 N¥u ANAIAL

(Table 1)

Table 1 Weight of Nile tilapia fed with different levels of Lactic acid bacteria supplemental diets

Treatment week 1 week 2 week 3 week 4
Control (T1) 9.14+0.79° 11.42+0.39° 14.83+0.88° 17.31+0.55°
LAB 1 g Kg™" (T2) 9.39+0.48° 11.82+0.37° 15.20+0.67° 18.47+0.42°
LAB 3 gKg~ (T3) 9.13+0.22° 11.05+0.97° 14.30+0.02° 17.04+0.77°
LAB5 g Kg (T4) 8.78+0.76° 11.16+1.18° 14.65+1.35° 17.25+2.39°

Average values with different letters in the same column are statistically significantly different (pS0.05)
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2.2 aA5IN1552AALURU AN NA LN LASUAIMISHANLLANLSEWAARN

Wadugannaiaes 4 dUa1if iansanansavans Streptococcus sp. NNy 10”7 CFU/mI

'
=l

unms 100 Tulasdns Wmnsdesiiasnesdantia aannismaaesnudigarauauuazgai liiueimis

a a a o 1 a o a o A P Q“
HANLUANFURAARN 1 nFuFeaIis 1 Alaniu Nem3nsennagegane seaas 100 sedaenilugan
IFFuamsnanuuAnEauansn 3 niusieanns 1 ilaniu Ao feuay 98.33 dnsnissanmialiiaay
WANFNN AT LATEAT IATLEMNINANNIALAARN 5 NFNAaaIMI3 1 ilaniu HdnsnsanmumIgane

Se8a 81.66 MNAAL (Table 2)

Table 2 Survival rates of Nile tilapia with different levels of Lactic acid bacteria supplemental diets

Treatment Survival rate (%)

Control (T1) 100+00°
LAB 1 gKg' (T2) 100+00°
LAB 3 gKg' (T3) 98.3+0.51°
LAB 5 g Kg™ (T4) 81.65+ 5.51°

Average values with different letters in the same column are statistically significantly different (pS0.0S)

2.3 U3nnau Streptococcus sp. Tutaanla1lanadlasuaIvIsNANLLANLTENSALARRN

=2 dal A a o Vo aa
AMNNITANEILENNNLER Streptococcus sp. MaanaaslanianaaliueinisuanuuafBe
wapRnfszAuAMdingu 0, 1, 3 uaz 5 nFusaaIun 1 Ataniu w4 dlanif wudnluganiamased
IEFUamNdNLLARFULAARN 5 NTNFARAUNT 1 DlanFu nuUFudEe Streptococcus sp. MARA

~ = 4 = A ve S =

NNAGA Aa 11.40+8.96 X 10° CFU/MI $89831NAD FANIMAAET AT UM INaNLL A LRGN 0, 1
waz 3 nFumaanuns 1 nlanfu Ae 9.23+6.35 X 10", 7.66+6.48 X 10" waz 4.13+1.51 X 10° CFU/mI
o o AN vo R a o a o
AINATAL (Table 3) InagAN1InAAeN HFUa M InaNLLAN FaLAARN 3 NFNsaauIs 1 Alaniu &

o o

1Bun0ul@a Streptococcus sp. ANgA wWANFNIRE NN TIA AuN194DRA (p<0.05) ﬁusqmmammm%u

o

Table 3 Average Streptococcus sp. of Nile tilapia with different levels of Lactic acid bacteria

supplemental diets

Treatment Average Streptococcus sp. (CFU/mI)
Control (T1) 9.23+6.35" X 10°

LAB 1 g Kg™ (T2) 7.66+6.48° X 10"

LAB 3 g Kg™ (T3) 4.13+1.51° X 10"

LAB 5 g Kg™ (T4) 11.40+8.96" X 10

Average values with different letters in the same column are statistically significantly different (p=0.05)
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ansauazagUnanisnaaas
A o g a v ay A a =
WanniameasaaestanialaaldewsUndlinanuuanEauaniin (@aacuaxN) Wiaumay
AuausannuanuuanGauananaudindutenas 1, 3 uaz 5 niu sleamis 1 Alaniu wudn naen
sraznan 4 dUanif dantladiuinedasinauluynganimaass Tnagan lffuewisuaunsauansin
NezauaNdindy 1 niu Aeanung 1 Alaniu Aminiefugegane 18.4740.42 NN UAYERINIDATDY

UatiaganliFuensuanuuaiBauansn 1 waz 3 niu siae1mns 1 itaniu ddnsnsenliuansieann

'
= 1%

TAAINAN TIA8AARBITUNIIANEI284 Senasri (2015) Ninnaaslduuaiie Bacilus spp. 1w
Inslulefnnanasluesiaesaniia uazainnismaseanudl danfiadvnminiafeivuauuansig
AngANIINAaei N IHFuLLATIEY Bacillus spp. Wuiu uazdnsnssanae liwAnsnamNatiAiuge

N1snAaesauT MMaanrfediunN19AnE¥Ia89 Rumruairuen et al. (2011) wudiniaidsninglutesnlad

= ] a

namaamsInN1rrangaslaniia uAlnslulafnflnasenisaryiulnmiesanninglulasnazdinly

o o O Y & o

WwanylAuImvirainnzAniundean1didn Anlfinnsdesaaraninanmsuazaiiensauananau ianse

[
= o o

wanmAnaznanavisadudiaaudnelsn wananunisnzinaesqaurisdinslulafinaznszanain

Y oa a ¢

Nuenng Mnliqauristnalsaludnundmiunisinizin vinTinaaun avesqauvistneluniasiy

q
1

21MNIUATHNAABAUYITENEIINIUALEMNT TAERNNIIA519417871119 11U FANTY WNERIINTMIn

asraeulnd v lawa lUsfea uazarluaa nszfunisainuaznisvasiauladtasanmistoaniseias

o

21117 waziindszansnanlunisuienisldld A ldiemenindasuevnaiduiilenay
(Rodmongkoldee, et al., 2017)

ANNNIANEIHATRRLAT FEuaARNNHaNASTuauNssanTes AL TRLa s ANdnNnTn T

o g e A alvo A a
N9BNUNIWES Streptococcus sp. NUALHBAUAANINAASILANTAT IR FUa M INANLLIATBELAARN
P I | a Al Mye aa a A a gy .
Ruhmineasigandndandan ldlffuewsuanuuaiizauansn lnauueiFawanfini nana1ush
. s . ae o 4 4 e an i aa o a o ad

ANLEiNdY 1 nFusaninis 1 Ataniu wunzaunganazinliidanfiadnisasgiuianngn uay

g a gy P o 9 o a o PR o g w P
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v o & ol A ¥ o A a
ﬂQﬂNmWNW?DIuﬂW?HUHQL%’ﬂ Streptococcus sp. 1@@7]@@ ﬁquuQQNLLHQTuNVIQZWWHqLLU@VIL?E LLAARIN

q

famuenldanlainywaraduinglulamn adssdninwlunsiiunananlaifiasall

nnpnssNUssnA
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o
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UNANga
= PR g, g a L , , » as a
nsAnEATIHINenAaeLNIRet U TIuE8 Escherichia coli: E. coli Iaglfendmaus 6 1tin
fiudnaganfumnziaesdnsin 6 Wain luamdesanauas Aauau 200 Ialall fiudaetna 590
qnay 40 talail A UABAINLBARLINY AzNaUAUAINLaRENNY UAgANLalReNlaT nynauAnaInie
AEIUAT WAZUNAIUNEITNTNR NANITANHINUIN E. coli AeendfTaucienas 100.0, 92.5, 80.0, 82.5
Az 65.0 ANAIAL waziinishesnUdourataties 1 9lin Andlufanas 2.5, 10.0, 27.5, 22.5 uax 27.5
FINAAL A mFunishesnUTousius 2-6 9lia Anlutenas 97.5, 82,5, 52.5, 60.0 uaT 37.5 AMNAAL

agiglafinu e1dfToush £ coli heannigaie Tetracycline 147 talall Andusesas 73.5 aseiudau

uenUfjdaus Amikacin 91 £. coli heentiasngane 26 talatl viseAsniuiesas 13.0 uanaintisaiinig
AaenUduret1elion 2 98n (MAR index) 284U NAsANLBLRENUHANRALWINNL 0.71£0.15 HANg

Py oA e a . o o P . oA
‘V]@]ﬁ ?‘ﬂQN’]Lﬂu E. coli Muan@aaInaLnalAdaInNLaaeanuLazlan sNaial '&g‘]ﬂmm E. coli nuen
< a LAl Lo = g a . . & .
FRAENAUALAINLARLENNLLALAReNLaN Ng“ﬂLLUUﬂ’lim’ﬂﬂ’ma’m“ﬁumN’mmﬂ E. coli quqL@ﬂ@qﬂ‘U@
dgj 1 QI” 1 09) a

WWENNL UALAeNUaLas e inasINTN e

o (2 v

AdATY: ReeUdus inRendndtn Escherichia coli

Abstract
The aim of this study was to investigate resistance of Escherichia coli: E. coli strains to 6
antibiotics. 200 colonies from 5 sites, 40 colonies each, were isolated from 6 aquaculture farms in
Muang, Sakon Nakhon. The samples were frog/fish pond wastewater, frog/fish pond sludge including a

natural water sources. The result showed that E. coli strains from frog pond wastewater, frog pond
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sludge, fish pond wastewater, fish pond sludge and natural water sources resisted to antibiotics of
100.0, 92.5, 80.0, 82.5 and 65.0%, respectively, and resisted to a single antibiotic of 2.5, 10.0, 27.5,
22.5 and 27.5%, respectively. The multiple antibiotic resistance (2-6 MAR) were 97.5, 82.5, 52.5, 60.0
and 37.5%, respectively. Besides, 147 E. coli strains resisted highly to Tetracycline, (73.5%). It was
contrary for Amikacin that only 26 E. coli strains (13.0 %) were resisted. The highest multiple antibiotic
resistance index (MAR index) was the E. coli strains from frog pond wastewater (0.71+0.15) and sludge
from frog and fish pond, respectively. In conclusion, E. coli which isolate sludge from frog and fish
pond, there were more various antibiotic resistance pattern than E. coli which isolate wastewater from
frog pond, wastewater from fish pond and natural water resource.

Key word: Antibiotic resistance, Aquaculture, Escherichia coli

AN
g P4 = = a a ' = g
ﬂ’]iLW”]:Lm;ImvmuﬂuLﬂmLuﬂﬂ@ﬂ@uﬂmmilﬂ?mL[ﬁl‘]JI[Fl’aEIﬁ\‘l?')mL‘i'] IﬂﬂL'ﬂquﬂqﬁ‘LquﬁL@ﬂ\?ﬂﬂ
d” a % 3 U o v ad ] % al” roa/
LAZNITINIZLa el anila Lﬂu[ﬂu V]qslﬁﬂ@@;llullﬂ’]ﬁ‘elﬁﬂ’]ﬂ{]m')uz'ﬂﬂ’]\‘lﬂ')f]\ﬂ.lQq\iéluﬂf]?l,wflzl’@ﬂﬂ@ﬁ/mquq
Py o a & da aa o &0 < & as
LWﬂﬂ’]ﬁ"iﬂHWm'mmL‘H@‘VlLﬂmfﬁ’mmﬁmﬂa'}ﬂﬁm&lmmLL‘]_Iﬁ‘VlL’iﬂﬂﬂ‘ﬂﬁ‘ﬁlummuﬁuﬁﬂ“ﬂu ﬂq?ﬂ@ﬂqﬂﬂmquﬁaﬂﬂ\‘]

wuaniFanaliiinauialuizeasganinaesnisusinadndun (Panpan, et al. 2012) Tasdsneeu

v (%
10 alo

o g &QJ . . . . o = = dly adq 491
aUAN190in13ABE1189 Escherichia coli : E. coli luudtnFutindequsuiniienishes Uizousanau
(Laroche, et al. 2010) AIULUAIHNEITNTNRBAZINAILNAN8 s nasinIsuidlauaad E. coli AN1AN

! '3 a d’/ A ad o A ad a v &
wat g gnruNngu nsldendaauslunisinmisauaznisldendjasuslunsnanemnsdng u
tadefdanasianshaenliouzaes £ coli suduanunaealsnfnime lussuunIANe 1M13 10N Yl
waTARNNNINTU (Berge, 2003)

, o = = & sy & &
E. coli uantiugnanenistiuileugaansy unmavany £. coli ARENANNTALIBINITNIZIALN

v o o a ae

&nriin Adlananuystazdudanude £ coli 1§ atelsfiniu £ coli lildqaauvzgnansnsanalanlsnn

q

o a

aneiuguiluareiuginiumn linalsalussuunaiuemg i Tsagaansedalugjiannnguaent
(Ponsin, 2013) Tudanguuiadudeslunismiziaanuuaztatdaruwiuninuaziniszdanidasgiie
o o g o s o o o o o o

wnziaendn T ulBuunn anid@agneu danddsaneiuna uaslsaindniigs Inaanizlsaings
& | A Lo p & % a & A

WAy uunailEun £, coli AMuaunan waziiponnanisnnesn vataatialngianizimeiuiann

dll o o o o 1 :/’ o ¥ 1 ) o 091 al 1 ci’ al

pzneu Weasanaznauazgniinavliininludanaianlinzneue luss uutininundeuiundiunge
findinnsdaeatihninistulleues £. coli Reanasguuastinsssuafazsiuanunilil £, coli a1u19n

dnenentuneenguuAnFeainduls (Patchanee, 2011)  atelsfinaunisldendfiousmnsnnalaing
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TunaiinA LRI AT Fanusee U uret1aiassn 1 98a Antibiotic resistance (AR) waznu
siaenatinatiae 2 9Hia Multiple antibiotic resistance (MAR) (Servais and Passerat, 2009)

v o = o A g aa , & & o o Aa
AaiunsAneATtiivenaaaun1shes1UfTouzees £ coli lwiiainnismiziaesdndiang
Uapann@agunasinsssuans uaziiuanamsuiautindauaznznauainisainiau@aninlii £. coli

b4

2 2 1 1 1
anatnanantiunesilidmanelsnauludwanfenls deyanlfazidulszlomisdenisuiuuanienis

d’j d” adq dl ] d’l o rO’I v ad o o o/ n‘g/ v o
ﬂ"J‘LIﬂlIL‘]]ﬂﬁﬂﬂ’]ﬂ{]‘ﬂ')%ﬁ’l?ﬁﬂ’]ﬂ@’m‘]_l@L‘W’ltL@ﬂ\m RAIUN LL@:mﬂmmﬂgmuzmmummuﬂ‘m WNNZANNU

1 ¥
TepinmTIL

ansaiuazign1svaaag

1. NMSLNUAIRLNA

@ o | - & e e Ao aa % aa & o

iyt s siaesdndianidsednisld ey aeus Tuandesanauas Ussnaufon
Whdumnziaeany 3 Wi Wasuiaenilaniia 3 Wn 99 6 vhdu Taaifiudaetng 5 9a As W@aaNe
\W@eNnY (Wastewater from frog pond : WFG) ATNauANAINLaLAEany (Sludge from frog pond : SFG)
Wndgandedesdan ( Wastewater from fish pond : WFH) penauauannLielasstlan (Sludge from fish
pond : SFH) LaZLUaINsssNT1R  (Natural water sources : NWS) iLFa8g 1910 Lasnznauiduszazioan

A A :/I qg_// 1 al al :/j A o

3 PaU euAz 2 A3 39N 6 ATSieqn qnaz 40 Talatl 9ou 200 Talall ASUALABUNINGIAN-TUENLU W.A.
2559
2. N1swanLda Escherichia coli : E.coli

NTWEN E. coli AMNAaaene NMN1Tiaeanfaed19tinviTensnauiae Normal saline 0.85% aalu

UADANAABINNDINNIIALINLTD Lauryl tryptose broth wazlini@anguugil 37 °c iluman 24 49T 11

v k2
A

rHaL9Nlde1131aRede EC Broth aniuln@eanguungi 44.5 °c ilunan 24 49lus tnauan aideis

D

LueMSAEaEe EMB Agar uastinlitsfiguimnfl 37 °c iuaan 24 dalis udarheideannialadlil 13
Metallic sheen inlUnageulAzam1aail IMVIC test (Andrews, 1997)
3. menegaunshal Tz

Yide E colil iaasluainis Tryptone Soya Broth ﬁﬂﬂﬂu%‘ﬁqmmqﬁ 37 °c waaun ey
NIATFIUAMNTY McFarland 0.5 tinlaiflafaslue unsidnaida Mueller Hinton Agar Wenlfdaus
engunguay 1 9inaliun ngu Beta-lactam Aa Cephalothin (KF) 30 ug Ngx Aminoglycosides A9
Amikacin (AMK) 30 ug ﬂ@:s\l Tetracycline A Tetracycline (TC) 30 ug ﬂ@;ll Chloramphenicol A
Chloramphenicol (CP) 30 pg ﬂ@:N Quinolones Ag Nalidixic acid (NA) 30 ug way mjz\l Sulfonamides A
Sulfamethoxazole /Trimethoprim (ST) 23.75 ug/ 1.25 ug L‘d@x‘l@’mLﬂuﬁ’]LL%u@Wﬂﬂﬁﬂﬁ%'gutLLﬁiﬂ:ﬂ@;N

] L 1 1 v
Feazinalnniseangmawansiaiy udan lldslinemugi 35 °c Wuaan 24 dalug antiumsaaaaunig
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paeUfTausTnadndulifudnaa1e999 (clear zone) WEUALINMTINIATIIUNIIATIAABLNITADEN
UfTauclnuil Escherichia coli ATCC® 35218 113Ungy Beta lactam waz Escherichia coli ATCC®

25922 dmiungnan unmsgiuauen neds Disk diffusion (CLSI, 2011) uanslu (Table 1)

Table 1 Diameter of inhibition zone for Escherichia coli

Diameter of inhibition zone (mm) Dose
Series Antibiotics Abb.
Resistance Intermediate Sensitive (uQ)

Beta lactam Cephalotrin KF <14 1517 =18 30
Aminoglycoside  Amikacin AMK =14 1516 217 30
Tetracycline Tetracycline TC <11 12-14 215 30
Quinolone Nalidixic acid NA <13 1418 219 30
Chloramphenicol  Chloramphenicol CP <12 1317 218 30

Sulfamethoxazole/ 23.75/
Sulfonamides ST <10 1115 216

Trimethoprim 1.25

Note : (CLSI, 2011)

4. MsAsIzutaya

1.1 psnadniBunoladnefuanun (Total coliform : TC) Waalpanadu (Fecal coliform : FC) way
E. coli utin TneABEnfiEn (MPN method) 14321L 3 naem (APHA ef al., 2005)

1.2 N19AIUIIMA Fo8aTNNIAREN NMNIBNRIMUINNIAREN LavAdlaFenNIENINR0EN ANnns

(1), (2) way (3) ANATAL

% N1IADEN = RUWIUE. coli NA8s x 100 (1)
(% Resistance) RN E. coli YNnNaNNAgaL
% NNIENWAUINNIARYN = [WIU E. coli NBNNTHAIUIN1TABEN X 100 2)
(% Intermediate) AU E. coli WUNaANNAgaL
' o & ° L ' P g
%ANNIIFABNIIAUNNTAREN = RIUIU E. coli NlaFen13finun1sRasn x 100 (3)
(% Sensitive) AN E. coli NUNANNARaL

1.3 neAuansATiinsheenUdcuretineiias 2 13ia Multiple antibiotic resistance Index (MAR
index) &NN137 (4)

Artinshesldouzetwties 2 98n (MAR index)= [1usuentf@iausi £. coli Ao (4)

0 as M =
mmumﬂg‘muzmumw AR
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1.4 nMaAnugUuuunishesnUiious aunsi (5)

% JUuuLNNIRBEN = R1u9U E. coli Raeusiazgiluiy X 100 (5)
(% Pattern) R E. coli IamNaTineen
NANISANEN

1. NANTIATIENDRYS

1.1 anmsdaaes Wanalaanadurianun WBannfaalaanais waz USum E. coli fael
3% MPN method #Wud1iindauasnznauauaintiadesny daeasvenBunlnanefuiomn i
Hialnanasy waz 1Bunns £. coli 4nndn inidauasnznaufuainteldelan suieunasingssuana
Theindeannuedseny flsannilaanefuiaan agflutas 4.3x10° - 2.4x10' MPN/100 mi AznauAuan
daidaeny flregludos 2.0x10° - 2.4x10°MPN/g Hndaanuiaidesauaznzneuuaindedalani
ﬂ%mm‘imamémﬁwmagmm 1.5x10" - 9.3x10° MPN/100 ml Wwag 7.0x10% 4.6x10° MPN/g AINaAL
T PIRIP RN EREEHERT ﬁﬂ?mm‘imm\l@%mﬁwm@giwﬁw 9.0x10” - 2.4x10°MPN/100 ml W@
peagaLFunadaTaanefuuaziBunns £ colil fulufAnafeniuliuninaneiuimus waadl

(Table 2)

Table 2 Amount of total coliform (TC) fecal coliform (FC) and Escherichia coli from various samples

Sample source (Range, MPN/100 ml)

Type
WFG SFG"” WFH SFH™ NWS

TC 4.3x10°-2.4x10"  2.0x10%°-2.4x10°  1.5x10*-9.3x10"  7.0x10% 4.6x10° 9.0x10° - 2.4x10°
FC 9.3x10" - 2.4x107  1.4x10°-2.4x10°  1.5x10"-4.3x10"  7.0x10" 4.6x10° 9.0x10° - 2.4x10°

Ecoli  4.3x10°-2.4x10"  4.0x10°-2.4x10°  3.0x10%-4.3x10" 3.0x10%- 4.6x10° 3.0x10%- 7.5x10"

Remark : ' SFG and SFH (MPN/g), ? E.coli (MPN E.colilg), WFG = Wastewater from frog pond; SFG = Sludge from frog pond;
WFH = Wastewater from fish pond; SFH = Sludge from fish pond; NWS= Natural water sources; TC= Total coliform; FC = Fecal

coliform.

1.2 n1snadaunIsAae1dJTaus BN suani@a £ coli AINUIAEAINNITINIZIRUNER TN
wanne 200 TaTall Tnauwiiadu d@aainde@eeny aznaufuainlalesny Wdaainiadasan
a . o a = o aa a o
AENauAUAINLBALNUAILATLUANUNSITNTR qnas 40 talall naaeuiueUfdous 6 9lin wudnd
E. coli maanljaausianaz 100.0, 92.5, 80.0, 82.5 WAz 65.0 ANNANAL AINATUIITAE. coli VIANNA
200 Talall {n19hann Tetracycline unign 147 Talatll Andusenar 73.5 savasnilu Nalidixic acid

fnsheen 95 lalall Andubenay 47.5 dousnUfTaush £. coli hewnileafgnne Amikacin a1n31191
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aunm 200 Taladl AnnsAeen Amikacin 26 Talail Anwdusesas 13.0 nanisawmsnzii seaaznnsAesn Sas
AzNINEUINITREN uaziararaulasianisneaineansanenljasususazatinuanslu (Table 3)
1.3 nMsAIMATin1sAae1l JTouzad1aias 2 9l (MAR index) WU41 E. coli Niuanide

S . a .o & . a . '
nT@erestiadesny nrnauaAnluladesny Wdsrestedaedan azneusuludelasslan waz wuag
1NB9INTIR WUd E. coli NEnshesddaus Andutenar 0.0, 7.5,20.0, 17.5 uaT 35.0 AMNANAL
Annsheslfaeuretineiies 1 98l (AR) Andubenas 2.5, 10.0, 27.5, 22.5 uaz 27.5 ANAIAL 415U
miﬁ@mﬂﬁ%qmﬁqm 2-6 91 (MAR) Anwdusaaay 97.5, 82.5, 52.5, 60.0 WA 37.5 ANNANAL WAY

i e g as Py a . & o A = | e
Wudn Artinisheanljiouretneiies 2 18a (MAR index) 7843 1A8AINLBAEINY HARALLYINAL

A a LAl < o .

0.71%0.15 {A1gINgA 3991 ilU £. coli NUENTAANATNAUAINLBALNNULAYAZNAUAINLALALILAT
wan9 ke Table 4

= J aa ¢ a . a
1.4 nisAnmgduuunishaandjious guuuunishesndjiouzees £ coli ananliious

o '

a o e LA & o = g an
6 TUA NNAAIU FAIALNNTR £, coli NNUATN WILALAINNUALALINU MgﬂLmumm@mﬂgmus 8 ;ﬁj‘ﬂLL‘LI'LI

wudn gUuuunnshesUjdcusninfigaaa KF- TC- CP-NA-ST Hauau E. coli iReengtluuuil sauas

o '

40 wariniegliuunishesn TC- CP-NA-ST atay 37.5 wanslu Figure 1 (A) FAaetinaimae £. coli Ny

a ' g = & aa | Ao = aa
NNAzNaUANAINta Weeny Ngtuuunisaeenlfgaue 15 sluuy wudn gluuuniinisaeandaouzann
figaRa TC- CP-NA-ST Anlufanar 27.5 uaziin1sgduuunishasn KF-TC- NA%aaaz 10.0 wansly
Figure 1 (B) fiaaeinaida £. coli MAvann widsaineadeatan Agtuuunishsenddaue 12 guluuy

wudn gtluuundnishesljicusnigane TC-NA Aaduiesas 25.5 uarinisgtuuunishesn AMK

o |

way TC Amutesas 10.0 wanalu Figure 1 (C) Faetnaid@a E. coli Aiuatnaznaululedsstan

=l

Azduuunishestidaus 18 gUuuy wudn sluuufinisiesjdsuzuinianne TC Andlufasas 15.0

al

wazinisgluuunishann KF- TC Aalufaaas 12.5 uaaslu Figure 1 (D) Faatinad@a £. coli MfiLan
a = A

uWastnesINd H3duuunishesnUfTous 13 gluuy wudi gluuufdinishesnljTausninigane TC

Anludenay 17.0 waziinisguuunishasn KF- TC Aalufesas 10.0 uansly Figure 1 (E)
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Table 3 The percentage of antibiotic resistant Escherichia coli from various samples
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Percentage of sensitivity isolated of E. coli (% Resistance/% Intermediate/% Sensitivity)

Abb. % Resistance % Intermediate % Sensitivity

WFG SFG WFH SFG NWS AVG WFG SFG WFH SFG NWS WFG SFG WFH SFG  NWS
KF 425 475 200 400 35.0 370 575 500 600 575 62.5 0.0 25 200 2.5 2.5
AMK 125 150 200 125 50 13.0 75 250 175 15.0 7.5 80.0 600 625 725 87.5
TC 100.0 850 60.0 725 50.0 735 0.0 0.0 5.0 5.0 5.0 0.0 150 350 225 450
CP 90.0 50.0 75 125 175 355 2.5 0.0 0.0 15.0 5.0 75 500 925 725 77.5
NA 875 675 375 350 10.0 475 10.0 50 40.0 175 10.0 25 2715 225 475 80.0
ST 95.0 67.5 15.0 30.0 10.0 435 0.0 0.0 125 100 2.5 50 325 725 60.0 87.5

Remark : WFG = Wastewater from frog pond; SFG = Sludge from frog pond; WFH = Wastewater from fish pond; SFH = Sludge from fish pond; NWS = Natural water sources;

AVG = Average; Ant= Antibiotic ;

KF= Cephalothin; AMK = Amikacin; TC= Tetracycline; CP= Chloramphenicol; NA= Nalidixic acid; ST = Sulfamethoxazole / Trimethoprim.
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Table 4 The percentage of Escherichia coli strains which resisted to antibiotics in various patterns

Number of antibiotic The percentage resistance of isolates (%)
resistance in each pattern
WFG SFG WFH SFH NWS
(total = 6 antibiotics)
No resistant (sensitive) 0 7.5 20.0 17.5 35.0
1 25 10.0 27.5 225 27.5
2 25 5.0 35.0 27.5 20.0
3 7.5 25.0 10.0 15.0 12.5
4 40.0 375 5.0 10.0 25
5 47.5 7.5 2.5 5.0 2.5
6 0.0 7.5 0.0 2.5 0.0
MAR Index 0.71+£0.15  0.55+0.26 0.27+0.20 0.34+0.26 0.21+0.21

Remark :MAveragei SD (n=40), MAR Index = Multiple antibiotic resistance Index; WFG = Wastewater from frog pond; SFG =

Sludge from frog pond; WFH = Wastewater from fish pond; SFH = Sludge from fish pond; NWS= Natural water sources.
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Wastewater from fl'Og pond S|udge from frog pond
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Natural water sources
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Figure 1 Pattern of Antibiotic resistant : (A) = Wastewater from frog pond; (B) = Sludge from frog
pond; (C) = Wastewater from fish pond; (D) = Sludge from fish pond; (E) = Natural water sources.
NO = No antibotics resistance K= Cephalothin(KF) ; A = Amikacin (AMK) ; T= Tetracycline (TC) ;
C= Chloramphenicol (CP) ; N= Nalidixic acid (NA) ; S = Sulfamethoxazole /Trimethoprim (ST)
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(Brachionus rotundiformis) lugduwuvidndusinisiiufnensnenu
Usage of Trehalose as Cryoprotectant Agent on Preservation of Marine Rotifer

(Brachionus rotundiformis) in Concentrate Form at Different Storage

it daudan’ 18wt anednil’ uazilszning Aunn?

Vutthichai Oniam’, Wasana Arkronrat' and Prapapron Deemark?
'aonfiAdatlsrasAaeel Anlsyae NMAnenauINERTANART AMUaRaasNH awnaiies SamdndszaauAidus 77000
Zﬂ@:Na’ﬁvﬂW]ﬂiutﬂaﬂ’li‘w\l’]zl,ay?;l\izﬁ/ﬁl’fﬁ/’]“]]’]ﬂffr\i nedidtuaziR NI dRRinTed neulszas NgIMN 10900
1Klongwan Fisheries Research Station, Faculty of Fisheries, Kasetsart University,

Klongwan Subdistrict, Muang District, Prachuap Khiri Khan 77000.

*Coastal Aquaculture Technology Research Group, Coastal Aquaculture Research and Development Division,
Department of Fisheries, Bangkok 10900.

* Corresponding author, e-mail address: toey.oniam@gmail.com

uUNAnga
=S v =l o 6 1 [~3 o a s .
Anwinisldnianlaaiduasinuwianiwimassanisfiusnunlsfias (Brachionus
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AdAty: TeAwas (Brachionus rotundiformis) A133NHNANINLTAR viralaa

Abstract
Usage of trehalose as cryoprotectant agent on the preservation of marine rotifer Brachionus
rotundiformis) in concentrated forms was investigated, and compared bacterial cell count and
proximate composition between stored by refrigerating (4 °C) without trehalose (control), biomass-
freezing (-20 °C) without trehalose (T1), with 0.5% (T2), 1% (T3) and 2% (T4) trehalose as
cryoprotectant agents (v/v), at 2-12 weeks. The results showed that usage of 1% and 2% trehalose

for preservation of rotifer in concentrate forms optimally stored by biomass-freezing at 12 weeks
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rather than stored by biomass-freezing with 0.5% trehalose, without trehalose and stored by
refrigerating, respectively. In addition, 1% and 2% trehalose as cryoprotectant agent did not affect
the bacteria, protein, carbohydrate and lipid contents, including eicosapentaenoic acid (EPA) and
decosahexaenoic acid (DHA) contents in rotifer during stored at 2 to 12 weeks.

Keywords: rotifer (Brachionus rotundiformis), cryoprotectant agent, trehalose
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fu feansinenanwisaduisilinenannlfiesfszneuaedllsiu Auulaseasasly unefiadu
ansazarediniuiide\fuuad Bowsoyiulnlfet1emnde ieunilailnnaudAivn e dunas
nausanAnuiunguiausniunsiiu g selaad 1usiu (Linhart et al., 1993; Conlon et al.,

1998; Wongrat, 2000; Brand and Diller, 2004)

]
=3

vivanlaa (C,H,,0,,) iuasinunanwaasainuilendannsaniifdy non-reducing sugar

| | '
a

= a A 1 o aaa o A 1 = o aAaa = = o
HATHLANEITY L@l’ﬂﬂ[ﬂ@ﬂ’]ﬁ‘%’]ﬂ{]ﬂﬁ‘ﬂ’mu@’]ﬁ‘@u VLNL‘ﬂuWHﬂ‘UENNﬂI'JB‘]LL@ZN?’WWQH TAaINITUINN

dszgnalldluniswsianiasine wsesdiens sanldiegaaiunsanennns aefianlfiduasinwanan
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siadaeellsny wazifieljuagainnisudifiu nnsutudenaznisazane (Conlon et al., 1998; Khalil

o { o

et al., 2009) FogpuantiRAINans nstvisanlaannUseens i lutuineunasineuaadulssifun

q

2
[ % o A=K o

ASANEIAAE Fotwnll N1saAatasldnglszasAiNeAnmszatmudindu uazsrazinaimunzan
v a 1% & 1 & o a I's og// dy di QI a a [~3

1eenslivizanlaailuansinmaninaadsenisiiuinulsfimes vivil ineindss@nsawniaiiy

Fnunlsfmaiduiuayuiagndandtinlugunmauaau GsnavdqauilaTyuiniamiziaaslsshmes

YBINHATNTLE

o as
AUnslUaLIENg
N19NURUNSIAE
= v a o 1 @ o a v v & o
Ansn1sldvizanlaadluansinmanwaadsenisiuinunlsmmesluguuy dindu (dawin
\Wen) Nezeziaainisiudnm 0, 2, 4, 6, 8, 10 uaz 12 4Un197 Inautinismaasseaniilu 5 4anng

NAABY 7 A 3 41 AN TANTINAAeN 1 1iLTnEINANLEY 4 °C (Refrigerating) (control) ANg

'
< al

NARDIT 2 Lﬁuﬁ?ﬂmﬁqﬁdﬁmmﬁmeqmug“ -20 °C (Biomass-freezing) (T1) ﬁmm@mmm‘ﬁl 310U
Snunlaenisiugnsinenaninmaddnevidanlaadindiu 0.5% TaeBunsteurililfiufiaoudu
20 °C (T2) gannsaansd 4 iufnenlaaniafinansinsanmaasfaavidanlasdindu 1% lne
Bunsnaurinllifiui Ay -20 °C (T3) Lmzmma‘m@mﬁ' 5 AUFNE lALNIFANANTFNHIANIN

wadmaevisan lagdindy 2% lnatFuinsnantnluduiaandiu -20 °C (T4)

a8 [ = a 4
nNgLaes wazinuinallsfinas

WAL WNASA B UNT ANARABLIAAT (Chlorella spp.) LUULFNNLNAN (mass culture) Tagl

q

o ]

BUAINEINANERNTUA 200 ART RERINETTE - 1NTEne WL 1:25 HANLEy 15 ppt 1#{]e
dmFumamnziasaunasimeuiengsdidaainba (Wongrat, 2000) wnzaenedlungn 2 §u aniiu
FAABIIARNNT AN AN WLIDABUTIATUAA 1.5%2.0x1.2 1WA T3RARI 3,000 ART UL
Uszanny 3 54 viseRAcmuuLTadIanaaisaanLlsan 1x10° lad/Alaaans Adldiidelsmimes
acllue Goslsfveiu 3 4u Aafiufeanandnlsmieluguundindu anifuuednunlsfves

wulinnelugedlmEunnsgeay 50 niu (windan) waetialdAnmnsialy (Figure 1)
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(f)

Figure 1 Process of marine rotifer (Brachionus rotundiformis) production in concentrate form: (a)
rotifer reared in 3,000 L concrete tanks, (b) characteristics of water in rotifer tank before harvest, (c)
rotifer harvesting (about 3-4 days after cultured), (d) post-harvest, and (e-f) product of rotifer in

concentrate forms.
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NsAgIARALANNINLIRIsANGS

neoadauAMNINTedlsAwmadsrudanisinuineirelunsazgAnNITMAaaIAEnT (1)

& a & a a a g 1

RINRANINEEAR (1) N33 BNLLATIEY uay (1) NM3AsziamA M IngwInIg

() nsmTagnINas e lduannisdszilugn nwemad (Cell Condition Index) @iy
5 9vA1 ANNATURY Heasman et al. (2001) At

STAUN 1 VNN welinn dnnesaginiilasuulas (wasuan) > 75%

sEAUT 2 VD tA annmadunisidasunlas (adumn) > 50%

s2AUR 3 Manena Unala annmadunisilasuuilas ([ aguman) < 50%

STAUN 4 MHEIDN A aNNETARNNTUALLLLAY (IARLAN) < 10%

o = = ‘= .

SEAUN 5 VHEIDG ANIN ANNTAS RNl asuudag

(I n1sAeszsEunauaFe TnaviunauanBalaeldanuns TSA (Tryptic Soy Agar)
o o Aa A & o = T ° A a aa
dnAnuaulalaiiniasyuuanumizide Tuinua waeas waaaunuiuanuiulalaiseladansses
Aaaing (CFU/mI) AN

b=cx10x 10’ (1)

v
o

e b = BaunadupaiiFeianam (CFU/mI)
¢ = anulalafifEesyuuanunizida (CFU)

f = AMUIUINTRIANNIReANS AL UILLA

(1 nagatasneiguAInieslnguinis lnadiasneieddlsznauniaail (proximate
composition) 1&un T1lsfusiaeAg Kieldal method, AflulawmsnAaeAs Nitrogen free extract (NFE) Laz
lsTuAa838 Ether Extract ?Qmﬁ%ﬂﬂmhﬂumﬁﬂmﬂémﬁ%ﬁd (Polyunsaturated fatty acid ; PUFA) l&un
eicosapentaenoid acid (20:5n3; EPA) W @ £ decosahexaenoic acid (22:6n3; DHA) Fa82% Gas
chromatography ATNUANN17Ua4 Association of Official Analytical Chemists methods (Helrich,

1990)

NN5IATIENHNANFD A

NUNUNINARDILLLEHNAREA (CRD) lnediasiziinanuuilsilsau (ANOVA) uaziifFaiiie
Az aLAnasTasteyannnn lsfine 57 18 luusiazgannmeaeeiaeda Duncan's new
multiple range test Asrsuaanadesu 95% tnedass uazsvunanadanllsunsy IBM SPSS

Statistic for Windows (Version 21.0; IBM Corp., Armonk, NY. USA)
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NAN152Q8

namnziagdlsimesudeneurinuuna 1.5%2.0x1.2 was e lfiunasineuiigananagisaan
Iuawng MBUAREA 3,000 ARs WU9Y T BIuAN A LLTelsAmesBuA LAY 20.146.5 fa/
Nadans ITaLW@%@;‘5L‘ﬁlN@oﬂuqu@]\mﬂﬁi:ﬁﬁl;‘im@ﬁﬂ’]ﬂg’ﬂ\‘iL’Ylalﬁl 3.0+1.2 41 e HTNI AN LU
WanwiiL 113.7626.4 Fa/fadans uaglinandntsfimeflugluuudiaiuieds 348.3+25.6 nfu/le
Faannmislinannistszifiugan mimad (cell condition index) WU9N MasNfiLREIsN T F181sH
wxlfm?mﬂmwﬁ’uﬁmn (35U 5) An anwiad liiinsAsunlas uasndsnnafiufaafissazinannis
Fusnu 2-12 danst 1e9n1sifusnEnfinanudiu 4 °C (control) nsiusnElasnsAnas3nen
an s dnemianlaadindu 1% Inazuinsiausinldiiufianonadu -20 °C (T3) LAZNNFLSNEN
TnemsiugnssnEan nTad sy anlagidini 2% laenfunasteuinlUfiuianudiuy -20 °C (T4)
anmisaduastsimefasluse R (321 4) Fa anmsasRnauasuulas vilewaduan < 10% dou
nsfiusnenlnansfinansinenannimaddaayidanlagdiviu 0.5% TaeiBuinsiaurilifiufinos

o

1w -20 °C (T2) w1 annaaaneslsfmedaslusauiinala (sedu 3) Aa anawiradanng

b

a

wWanuulas Wsarmasuan < 50% wsdmiuniaiuineifieedanisududsngmuuni 20 °C (T1) wudn

anrasuedlsfadelusyaulln (sxAU 2) Daueinnn (sxAU 1) Ae anwasinisnlasulaq vise

IARLAN > 50% WAY >75% LHATEEZINAINITALENHILILAN ANNATAL (Table 1)

Table 1 Cell condition index data of rotifer preservation in concentrated forms at different stored.

Cell condition index value

Storage time

Control T1 T2 T3 T4
Week 0 5 5 5 5 5
Week 2 5 2 3 4 4
Week 4 4 2 3 4 4
Week 6 4 1 3 4 4
Week 8 4 1 3 4 4
Week 10 4 1 3 4 4
Week 12 4 1 3 4 4

Note: Control = stored at 4 °C (Refrigerating) without trehalose, T1 = stored at -20 °C (Biomass-freezing) without trehalose,
T2 = stored at -20 °C with 0.5% trehalose (v/v), T3 = stored at -20 °C with 1% trehalose (v/v), and T4 = stored at -20 °C with
2% trehalose (v/v). Cell condition scoring criteria, 1 = very high proportion of cell wall breakdown (>75%), 2 = high
proportion of cell wall breakdown (>50%), 3 = moderate cell wall damage (<50%), 4 = minor cell wall breakdown (<10%)

and 5 = perfect-normal.
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a s a A q’/’ d‘ I 1 a 1 =3 d‘ o <

NM33ATIEILINUULAT BeisuNalenauszudalsfmasneun1siuineuasnaInaiiu
dl a Y v g a al :: g 3 dl 5 o
MNeanandnuuudiingy wudi BuinuueiFaisadanauniaiufen (9.541.6x10° CFU/mI) Wazuas
nafiLfen (9.243.2x10° CFU/mI) Tilaauumnsneiun9adia (P>0.05, ANOVA) uazidlanfsauiiiay
Tnnasuuaimevianuanny lulsfiinesnasnisiuinumeneii wudi gaauanaznuBIMuLATGE
NNANINNTNGANIITNAAES T1, T2, T3 uay T4 Nszazinainiaiuinm 2, 4, 6, 8, 10 uay 12 dlani
(P<0.05, ANOVA) gaunaniaiiuinunlsfimaianuganisnaaasi T1, T2, T3 uaz T4 19821981019
& o o - ] aa = P e aa
Wusne 2, 4, 6, 8 uaz 12 4lanif wudn dsunnuuad Beisuannulddanuunnsieiun1eais
(P>0.05, ANOVA) (Table 2)

drunnitnazigniAnalnauInisraslsfmainaun s URELA s AN SALINEINANAR
wuidisdiu wodn Anwaaeaiunullsfiu (36.3£3.7%) AFtulawmen (11.041.1%) uaslasiu
(17.4+2.7%) saxlilfansalasiu EPA (1.5+0.5 HaAnFu/nFu) waz DHA (0.60.2 Ha@nFu/niw) a9
TsfulefriauniaiuinaouasudanIaALNLa (36.041.6%, 12.041.9%, 17.0+1.6%, 1.4+0.2 HaANTN/
n¥u waz 0.5£0.1 HaANFN/NTN ANa1AL) TdHANLANNNTUN19ATH (P>0.05, ANOVA) Lazlile
whauisuanamsinguinisaaslsiime naoniaiuineseii wudn Wannldshiu aslulamse
wazlosiu sanlinensmladu EPA uay DHA aasTsfaflulsazganimmaaasisvazinaINIsiuine

2 -12 #Uant T AN LANFATWN9ATR (P>0.05, ANOVA) (Table 3-7)

Table 2 Comparison of total bacterial cell count in rotifer (concentrate form) with and without

trehalose as cryoprotectant agent at different storage times.

Total bacteria content (x10° CFU/ml)

Treatments
Week 0 Week 2 Week 4 Week 6 Week 8 Week 10 Week 12

Control 9.2432°% 85+1.3° 116+2.9° 8.7+£28° 12.4465° 9.4429° 13.1+7.1°

T1 9.2432° 32+31° 156+05° 3.3+06° 27+26° 3.0+1.9™ 3.3+2.3°
T2 9.2432° 24+05° 24206° 3.1+15° 24+13° 23:03%™ 4.2+23°
T3 924327  24+15° 1.7+0.6° 2.0+1.7° 21+0.7° 0.2¢0.3° 2.0+0.4°
T4 9.2432° 41+06° 26205° 1.7+11° 1.7#15° 58+36% 4.2+2.8°

Note: Means within the same column with different superscripts are significantly different (P<0.05).
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Table 3 Comparison of protein content in rotifer (concentrate form) with and without trehalose as

cryoprotectant agent at different storage times.

Protein content (% dry weight)

Treatments
Week 0

Week 2 Week 4 Week 6 Week 8 Week 10 Week 12

Control 36.0+1.6°

T1 36.0+1.6°
T2 36.0+1.6°
T3 36.0+1.6°
T4 36.0+1.6°

37.2+3.3° 38.0+#1.5° 38.1x3.6° 32.0+3.8° 34.4+0.3° 34.4x16°
36.3+3.2° 326+4.0° 34.8+3.9° 33.5+21° 34.8#1.3° 33.2+2.9°
36.743.1° 34.4+32° 345+1.8° 31.243.8° 32.04#2.0° 33.242.0°
32.9+3.87 37.3+3.7°% 352+24° 34.1+1.3° 34.3+1.8° 31.6+45°
34.3+3.6° 36.5+3.7° 34.4+42° 334+3.0° 34.4+2.0° 34.5+0.8°

Note: Means within the same column with same superscripts are not significantly different (P>0.05).

Table 4 Comparison of carbohydrate content in rotifer (concentrate form) with and without trehalose

as cryoprotectant agent at different storage times.

Carbohydrate content (% dry weight)

Treatments
Week 0

Week 2 Week 4 Week 6 Week 8 Week 10 Week 12

Control 12.0+1.9°

T 12.0£1.9°
T2 12.0+1.9°
T3 12.0+1.9°
T4 12.0£1.9°

12.0+1.8° 12.3+1.7% 11.7+0.8° 11.6+1.2° 11.5¢04° 11.6+1.4°
12.1£0.4° 11.720.7% 11.2¢0.8° 11.8#0.5° 11.240.4° 11.240.6°
12.3+1.7°  11.8+1.4°% 119+#1.9° 116+1.1° 12.2+1.8° 12.1+1.0°
11.3+1.4° 11.0#1.7° 116+£1.6° 11.7¢1.5° 11.6+1.6° 11.5+2.0°
12.0£2.1° 11.622.0° 11.4+1.8° 116+£1.5° 11.721.9° 11.7+21°

Note: Means within the same column with same superscripts are not significantly different (P>0.05).

Table 5 Comparison of lipid content in rotifer (concentrate form) with and without trehalose as

cryoprotectant agent at different storage times.

Lipid content (% dry weight)

Treatments
Week 0

Week 2 Week 4 Week 6 Week 8 Week 10 Week 12

Control 17.0+1.6°

T 17.0+1.6°
T2 17.0+1.6°
T3 17.0£1.6°
T4 17.0+1.6°

14.742.4° 14521.7° 141424° 14.4+1.3° 13.022.2° 13.1+25°
16.5+0.7° 15.540.3° 14.8+0.4° 14.8+1.5° 13.9+1.1° 13.4+0.5°
16.4+1.2° 157416 14.0+#1.6° 13.0+2.2° 12.6+2.8° 11.9+2.3°
15.0#2.4° 15.8+1.9° 14.3+0.9° 13.8#0.8° 13.020.7° 13.2+0.4°
15.1+1.0° 14.7#1.7% 13.8+#1.1% 13.0¢1.0° 13.1205° 12.4+0.6°

Note: Means within the same column with same superscripts are not significantly different (P>0.05).
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Table 6 Comparison of eicosapentaenoic acid (EPA) content in rotifer (concentrate form) with and

without trehalose as cryoprotectant agent at different storage times.

Eicosapentaenoic acid content (mg/qg)

Treatments
Week 0 Week 2 Week 4 Week 6 Week 8 Week 10 Week 12

Control 1.420.2° 1.3+0.1° 1.120.2° 1.1+¢0.1°  0.9+0.1°  0.8#0.2° 0.8+0.2°

T1 1.4+02°  1.4+#05° 13+0.17 1.02¢0.1° 09+02° 0.7#0.1° 0.84#0.1°
T2 1.44¢0.2° 1.3+02°% 1.24¢03° 09+02° 09+0.1° 09+02° 0.8+0.1°
T3 1.4+¥0.2°  1.320.3° 1.1#0.1° 0.9+0.1° 0.9+0.0° 0.9+0.0° 0.7x0.0°
T4 1.44¢0.2°  1.3+01% 1.1+0.1° 1.040.0° 1.0+0.1° 09+0.1° 0.9+0.0°

Note: Means within the same column with same superscripts are not significantly different (P>0.05).

Table 7 Comparison of decosahexaenoic acid (DHA) content in rotifer (concentrate form) with and

without trehalose as cryoprotectant agent at different storage times.

Decosahexaenoic acid content (mg/g)

Treatments
Week 0 Week 2 Week 4 Week 6 Week 8 Week 10 Week 12

Control 0.5+0.1% 0.4+01°% 0.1£+0.1%* 0.1+0.1% 0.1£0.1% 0.0t0.0° 0.0+0.0°

T 0.5¢0.1°  0.420.3° 0.3+0.1° 02+0.2° 0.04¢0.1° 0.0£0.0° 0.1¥0.1°
T2 0.5¢0.1°  0.4#0.1° 0.1x0.0° 0.120.1°  0.1#0.1°  0.0¢0.0°  0.0£0.0°
T3 0.5#0.1°  0.3+x0.0° 0.3%0.1* 0.1+0.1° 0.1#0.1° 0.1#0.1"  0.020.0°
T4 0.5¢0.1*  0.3x0.2° 0.3+0.1° 02+0.1° 0.1+#0.1° 0.0¢0.1" 0.1¥0.0°

Note: Means within the same column with same superscripts are not significantly different (P>0.05).

& A a ) ! a o ' \
UANIINU LM@LU‘%‘&IUL‘VIEI‘LIWJ’]:HLLﬁmMNQMV’YW]NIWHuﬁﬂ’]ﬂﬂ\ﬂ?MLW@&‘IHLL&I@Z‘H’N LINN

(&Um9) wuan Nrzeznaininfuinenuiudy Punoslasdiu nea i EPA way DHA va9lsiwasazi

b

=3

1BUNUAAAT UTALBLNIITI9LINABINITALSNEN (B9 2 FUA1Twen) atraiulddn Ineanizn

2

sreizna1nITAUinwUsznnny 4-6 Umnsiaulal (P<0.05, ANOVA) dui3uauldsiu uay

o |

ANSTU LT AN 2L 10a NN TR LS HWILAW WU THR A NLANANNAUNINED AN LT WINAAINNT AL

Fn (P>0.05, ANOVA) (Figure 2)
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Figure 2 Changes of protein, carbohydrate, lipid, EPA and DHA contents in rotifer (concentrate

form) at during storage time. An asterisk denotes statistical significance, P<0.05.

AATNA
anHANSANENNALINE sHine Rz azIaanALENEA 2-12 dlans wudn nsifunen
Taennaifingnssnnannad dnsvidanTaadiandu 1-2% TaetBunnsieuinluifuianufiu -20 °C
anmaadaeslsiesedlussdun fe anwisadiinisilasuulas siteitaduman < 10% daunaiiu
snunTnannsiiuvidanTaaidindiu 0.5% TaetBunasnewinlUfuRnnadiu -20 °C wud anwisadaes

Tsfulefag Tusziinimaela Aa annmadinisiaauuilas Wsartaduan < 50% daunistiuinunsog
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ad a

3nsutudafigugil 20 °C TnelliFnansinanimiaad wudn annaaduedlsinaogluszaula
A faugunn Ae anmmadiinisnwlasuutas eImaguAn > 50% Waz >75% Wiasrazinannaiiuinem
YU pada fafu meldvianTaafisydu 1-2% tneniuamssmnsolinmanniaadaesdsimes
AfusneEaeAansutudeldunts 12 e (madlinslaeuulas viamaguan < 10%) uazingn
Anslviranlaaissiu 0.5% (BAFUANNINNGA 10%) Gannslivianlaaiisesy 0.5-2% tneifzunms lai
gananszny sanadnaAsssaFunmilsiu AFlulamem Tadu nemlesiis EPA uaz DHA wealsmmef
Fifusnm uwieeenelsfiany annsAneAsannudn tiunaslesiu naslasiu EPA uay DHA 184157
wastuunltinanaiaindasusnaanisifuinmetnadiulitn lnganiziszazinainisfuinem
Uszannu 4-6 dulonviidudiuly Redduigldan madauwlasnusgesansevnsiinisdui klEAa
anuaiinafsesnisldvianlaailuanssnmnanniad WeeanndntBunadlasiu nsalsis EPA uas
DHA luﬁ;mmwm@mﬁiﬂéﬁnﬁuﬂmim (gnALAN) AaAAdTUAY kanaliiiiugl a1aiinainnig

al

ATYIAUAUANTBIA1TDIMNT IUIENINNIALNNIANTA4EEY 11UW 8NTILAW ANNTY LAz eazna N 1
lunn3iiy 1wk (Ward and Baj, 1988; Jiang, 2000) 1enainii n1aviusnunlsimasfaensnisududs
Q‘I a v a o/ rd‘ o
Ngouuni -20°C nantsldvzanlaaduansfneanIngadNszAl 0.5-2% a18190ALANLTNIN
aa 9 v = 4 AL g & o P & o A a
wuafiEe i asuulas isanaussudnanaiuine lFandnisiuinennianuy 4 °C
Tnavinliludafsuunisdinansinmaningadine lunisiiuineunasinauazegin 1-5%
TneiBunms wavisliBunnassarsinean waasn azavagiuiadanateilsenig v aia e
asflsznauniuaiizesansinman s nalnniseangniresansinmaninagas uazkadnuaes
s Ll ai . = o & di o
w033 NEan nEassansaruavasdlsznaumiaiairaunadinen sl 1WesaInansine
anmrasusiazaiainalnnismieulunistlesiudunsalifuadnuansaiia (Linhart et al., 1993;
Conlon et al., 1998; Wongrat, 2000; Brand and Diller, 2004 Arkronrat et al., 2016) faa&14L1U 2%
= a a o A , , > ] =
nglaadilsc@nnanlunisfnunan waad li3uinan (Chironomus fuscipes) Woenan 1% vizanlaa
Wasannvisanlaaunguaesansinmannigasneangninisueniaas aaunglaaiunguuesans
Fneannaadneangminialugad lneaisinwaningaaneensnanielusidufiesdududing
rd‘ o ¥ 4‘ o o 16 ¥ a 49/ | @ dl ' o 4‘
nelwmasinenuiintesiudunse ldlinatuusuduls uazarans lwanginguansinunaning
aangninauenisagazinuiinndesiudunseliifunadunuzeguenaad fvunzuduitatiuma g
\anya = = o = ) o ool = o=
azfludaunlffuandameninign feewnil nsldansinuannaadiesngniniaueniaagas
T luilsanuntiaand uazariilsz@nsnwlunisineaninaadganda (Thipkonglars, 2010)
= -£I o r-:lla 2 d‘ o r-:ll -Qr
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AMuaudadanilsIng (apparent alleles, A) ANuINEaAAAAATLUUITIUAAIY (effective number of
alleles, A) Ardainaamalslainds (observed heterozygosity, H,) uazAra1anziamnals l1ings
(expected heterozygosity, H,) qeAn A,=233-500 A, =183-392,H =0.18-0.67 LAz H = 0.34 -
0.69 ANUANIIANETIELaATaAnan N lun s ATatne T lasuaning lastli A nen Aoy
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Abstract
Cyprinid species are the most abundant and largest species of freshwater fish in Thailand
and these species are economic and ecological importance. In the present study, fifty microsatellite
loci in Barbodes gonionotus, Cyprinus carpio, Labeo chrysophekadion, Probarbus jullieni and
Labeo rohita were tested for cross-species amplification in sixteen cyprinid species in Thailand.
The PCR products were recorded in 14 to 32 loci, depending on species. Three to twenty loci were

found polymorphic. Genetic variation for 16 Cyprinid species was presented in four different
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parameters (on average per loci), i.e., apparent alleles (A,), effective number of alleles (A),
observed heterozygosity (H,) and expected heterozygosity (H,). The results indicated that these
four parameters differed, depending on species (A, = 2.33-5.00, A, = 1.83-3.92, H, = 0.18-0.67 and
H, = 0.34-0.69). This study presents a potential result of cross-species amplification to establish
genetic marker sets for genetic diversity research in hatchery and natural populations.

Keywords: cross-species PCR, microsatellites, Cyprinid species.
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et al., 2014) BnvisganudndnisAnenimageudinaiinluilanasznanzinew (Cyprinid) Tuglstlnans
4im (Holmen et al., 2009, Dubut et al., 2010) wazluiaLde (Lal et al., 2004, Sukumasavin et al.,
[ % :// =X o d‘ rd‘d 1 dg/
2004, Das et al., 2005) Aatiuasnqstazaansng luinsuanmalaintseawmanininageyululan
D a ve o . 4 emy A o 4 4
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ANgANEIHaNIN1IagauLATaduNig lulasuanma lainwmuIanUannziawang Uanlu
anian danian wazlandanme dadudanluasd Cyprinidae 39887124 50 A1unids Taatinun
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Ausaetemrulatauay 16 1ialiun Uannziies (Barbonymus gonionotus) Uanmeieines
(Barbonymus altus) danazinn (Cyclocheilichthys enoplos) UaNWaaauniwne (Cirrhinus cirrhosus)
anlw (Cyprinus campio) Ua1n1an (Labeo chrysophekadion) Uanianine (Probarbus jullien) UaEanna
(Labeo rohita) Uana3aau1a (Henicorhynchus siamensis) Uantin (Leptobarbus hoevenii) Uanngsum
(Barbonymus schwanenfeldii) danse 19 (Catlocarpio siamensis) ‘]Jm?ulu (Hypophthalmichthys molitrix)
daruiu °ﬁ”ﬁ (Systomus rubripinnis) a0 74 Araq (Epalzeorhynchos bicolor) ua sl anngedy
(Puntioplites proctozystron) aMuaugianay 15 faaene (andudainszlfilaiuau 13 faeeng) a1n
@u?ﬁﬁﬂLL@:ﬁmmﬁuﬁqmmﬁmfﬁmmamﬁ wazAudd ”ﬂLL@xﬁwmﬁuﬁqﬂﬁmﬁ”mﬁfwﬂnumﬁ AfAALEY
alaaisrenfaindsnisues Boom et al. (1990), Hoss and Paabo (1993), Hoss (1994) uas Kemp et
al. (2006) fj“mﬁmmﬁLﬁummnﬁifm’ﬁ@mnﬁumﬁmmmfmﬁlu 260 nm Az 280 nm FaeLraasaLn
TnsTnTndinad (spectrophotometer) WAL AIIAABUAMNINALB UL A8 AN TR IWIT 4
(electrophoresis) Uiazn1l3aLan (agarose gel) WNTU 1% Lﬁuﬁ?ﬂmﬁLﬁuvaﬁmﬁm%ﬁﬁfqmmﬁ -20
29ALTALT e
msdrsaatasasmnglalasugnnalaniiadu

nagauasaanng i lasuanmalais 11w 50 fAunis (Table 1) AWmuianlanziite
§u9u 10 Ausds Uanlu 4919u 13 Aruvtds Uannndn $1uas 9 Arumiis Uandian a1uau 6 A
wartanfanna 49uau 12 f1ums fudaed1elatduoy 16 18a alinaz 3 Faadne e AU
wiaasvinglaulasusninglavifiaunsn finandnitgens1Elulaudazadn Tl fgeniiuams
94 10 pl HAN951 ] Fatl A ueBLLLL 10 ng, Insiuefesnaas 0.5 uM, 1x PCR buffer, 1.5 mM

MgCl,, 0.2 mM dNTPs (Biotechrabbit, Hennigsdorf, Germany), 0.5 U Tag DNA polymerase (Promega,
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Madison, W1, USA) Wgaumniuazinarluneindjizenidenisa 4useuit 1 denaturation 95 °C 5 w1
dumaud 2 denaturation 95 °C 30 AuN#l annealing 71 T, °C (Table 1) 30 3171 extension 72 °C 30 3u1#
o o’l :/I dl o o’/’ dl . Io) a o a aa ra; %
NMENIUABUN 2 AU 35 79U Lazdumaui 3 extension 72 °C 5 ui tnaNanNdans7 i lUnsaaew
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Wunan 2 4209 anndudienmiduiafaeia silver nitrate (Benbouza et al., 2006) 8 uNalaeLieL
TUIATLTUIAALBUBNIATFIN 10 DNA ladders (Invitrogen, CA, USA) uaziianiazimunzanlunig
o aaa aal g o a :/I . v ;’5 o A a
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coefficient AANANAINNANANUT (clustering) A2235 UPGMA (unweighted pair group method with
arithmetic mean) wazianInalugiliuy dendrogram T4 ldsunss NTSYSpe version 2.0 (Rohlf,

1998)

o

nsnagauAsasmanglalasuannalanfianaanlasulszansdauaasaiia
vhafinueslanfidnidanldannnimageuiuirsemanglulasummimalaidesiunmageuiy
dandnuau 15 faadasiaaiia ety §isefigenfusnusiazeting uazinananiensaily
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azailn ‘-Q’m‘lfuaLﬁ?W:ﬁﬂ‘ﬂ:ﬂﬂ@ﬂﬂﬁ@ﬂﬂ%ﬁﬂﬁu@ﬂ’iﬁ‘mimﬁlL@l?ﬂlﬂﬁi‘ﬂmo’nmﬁﬂ TAun %ﬁuquﬁaﬁaﬁﬂmﬂg
(apparent alleles, A) SNUIUS AR AR DR WN LT U AT (effective number of alleles, A)) ANEILNRA
wamalslainda (observed heterozygosity, H)) Avm1aAziutainalslaindf (expected

heterozygosity, H,) lagn mmumuQamf?ﬁlqﬁlﬁﬁ"nﬁqﬁdﬁ Chi-square goodness-of-fit test (P,,.) lagl

HWE

14 Tsunsn Popgen v.1.31 (Yeh et al., 1999)
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Table 1 Fifty microsatellite makers used in this study: locus, sequence of primer, PCR product size,

annealing temperature, species and reference

Locus Primer (5'-3) Size (bp) T,(C%) Species/Reference
F: ATACACCCAAAGTATGTGTGCC
Bgon2 101 - 153 56
R: AGAAGTTAAACAGGTGCATTGC
F: GATAGATTCATTCAGCTGGCTG
Bgon8 120 - 148 60
R: ACGTTTGTGTATGTGGATGTGC
F: TATTGAATTGAAATTGCAAACTTTG Barbodes gonionotus/
Bgon12 116 — 162 53
R: TAGCTATACTGTATATATGTAACC McConnell et al., 2001
F: CCCGTGCAATTCAATATG
Bgon13 108 — 254 53
R: TAAGTAGCACAGATGTGAGG
F: TCATTATGTCCTGCCAAGATG
Bgon18 75-159 53
R: GGTAAATCACTCACACTCACC
F: TTACAAGGGGTTACATACTG
Bgon-17 108 - 182 49
R: CAGTCTCATATTTGAAAGCAG
F: TCTTGTTGATCACACGGACG
Bgon-22 73-99 49
R: GTGACTGTATCAATGAGTCTG
F: GCAAAGGTTCTGTCAAGG Barbodes gonionotus/
Bgon-69 87 -103 49
R: GTATCCAGAAACATGTTCAG Kamonrat et al., 2002
F: CTGGTAAAGACTTCAGATGC
Bgon-75 96 - 118 53
R: GCATGCAAAATGAGAAAGGCT
F: GCCAGACTGGAGCGAGG
Bgon-79 101 - 137 53
R: GTTCGGTGAAGCCATGAGG
F: GTCCAGACTGTCATCAGGAG
MFW1 212 55
R: GAGGTGTACACTGAGTCACGC
F: CACACCGGGCTACTGCAGAG
MFW?2 200 55
R: GTGCAGTGCAGGCAGTTTGC
F: TACTTTGCTCAGGACGGATGC
MFW7 186 55
R: ATCACCTGCACATGGCCACTC
F: GATCTGCAAGCATATCTGTCG Cyprinus carpio/
MFW9 17 55
R: ATCTGAACCTGCAGCTCCTC Crooijmans et al., 1997
F: GCATTTGCCTTGATGGTTGTG
MFW11 202 55
R: TCGTCTGGTTTAGAGTGCTGC
F: ATGATGAGAACATTGTTTACAG
MFW13 184 50
R: TGAGAGAACAATGTGGATGAC
F: CTCCTGTTTTGTTTTGTGAAA
MFW15 264 55

R: GTTCACAAGGTCATTTCCAGC
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Locus Primer (5'-3’) Size (bp) T, (C°) Species/Reference
F: GTCCATTGTGTCAAGATAGAG
MFW16 171 55
R: TCTTCATTTCAGGCTGCAAAG
F: CTCAACTACAGAGAAATTTCATC
MFW17 315 55
R: GAAATGGTACATGACCTCAAG
F: CAGTGAGACGATTACCTTGG
MFW20 249 55
R: GTGAGCAGCCCACATTGAAC Cyprinus carpiol
F: GCTCCAGATTGCACATTATAG Crooijmans et al., 1997
MFW24 231 55
R: CTACACACACGCAGAGCCTTTC
F: CCCTGAGATAGAAACCACTG
MFW26 136 55
R: CACCATGCTTGGATGCAAAAG
F: GTTGACCAAGAAACCAACATGC
MFW29 158 55
R: GAAGCTTTGCTCTAATCCACG
F: CGCGTGGACTAACAACACAT
LcB04 284 — 294 57
R: TGTTGGCAGTTGTCACAGGT
F: CCAGCAGGAGTTCATGTGTT
LcB10 223 - 227 57
R: CTCTGCCTGTGTTTTTGCAG
F: GGCATAGGGGAAAGTCCATT
LcD11 123 -125 57
R: GCATCATTCATGCTGCATTT
F: CCAGAGAGATGCACCAATCA
LcF10 207 - 273 57
R: CTCTATGCTGCAGGGGATTC
F: TGCGAGACATTTTGAAGGACT Labeo chrysophekadion/
LcF12 120 - 154 57
R: GGATGTCCCCAGTAGGGAGT Nguyen, in press
F: TGTGGGAGTGTGCGACTAAG
LcG03 95-113 57
R: ACGTCACAATGCACTTCACA
F: CTTGTTTCCACCCTGCACTT
LcG06 196 — 200 57
R: AAACACCCGTGGGTTTTACA
F: GCATGAATAGCGGGAGACAT
LcG09 274 — 296 57
R: CTGCTGATGAGATCCCTGGT
F: TTGGAGCTCTTTAGGCCTCTC
LcH09 283 — 287 57
R: TCAGCTAAAGCACTGCAGGA
F: ATGGCTGAGACCAGCAAGACAG
Proji-1 207 — 239 60
R: GAGTGGATGTTTGTGTGCATGAG Probarbus jullieni/
F: GGAATGATCTCTGGATGGAT Sukumasavin et /a., 2004
Proji-3 114 - 138 53

R:GGAGCTCAAACCCAC AAA
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Locus Primer (5'-3’) Size (bp) T, (C°) Species/Reference
F: AGCAGGACGAGCCATCTTGA
Proji-6 158 — 180 57
R: GGGTGGAGTAATGAGGCGGTATT
F: TCCCTCGGTAAACAAGCTTTCTC
Proji-8 224 — 256 53
R: GAGCTTCATCCAGCCTCCATC Probarbus jullieni/
F: GATGCGGCTCGGTCTAAGAG Sukumasavin et la., 2004
Proji-9 188 — 208 57
R: CTGTCAGTGGGTCATTGTGAGG
F: CTCTGTACAGTGACAGGCCGAAG
Proji-12 230 - 282 60
R: ACCATTACGCCTATGGAGAGTCC
F: GACCCTTAACCCTTGACCTT
Lr1 171 58
R: TGGGATAATGCAGGGAAAAC
F: ATCTGGCTGCCTATTCACC
Lr3 152 58
R: CATCGGCGACTGCACTGGA
F: TATCCTGGCTGAAAACTTTG
Lr6 160 56
R: CCCCTACAGGAACAACCAT
F: GATCTTCAGCGCCAGCGTG
Lr10 250 59
R: GAGGACCTGCCCAGCATG
F: CACCGCTGCTGTCCATCA
Lr12 161 58
R: AGGTCGGCCAGATACACG
F: GATCAACTGCTGCCACAC
Lr1da 183 55
R: GGTTTGTTGTTCCCATGTG Labeo rohital
F: TCACATGGGAACAACAAACC Das et al., 2005
Lr14b 172 58
R: CCGCCGCTTACCCATCAC
F: GCCCGCTGCCGTCTGAC
Lr20 144 58
R: CAATAACTCAGCATGTGGAG
F: GATCAGAGGGTCAATGTGG
Lr21 148 58
R: CAGCAGAGTACTATGGAAGA
F: GGAAATTACAAATGTGCTGATG
Lr23 186 60
R: AGCGCTGCTGTCACTTCTGT
F: CAAGGCCAAAAGTGTCCAT
Lr24 170 56
R: AGGAAATTGGTAAAGTGTTTC
F: CCAGGGAGCTGCTAAGAAT
Lr26 151 56
R: AGCGCTTCATGCAGTCTAC
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Figure 1 Phylogenetic relationship among the sixteen Cyprinid species with UPGMA method.
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(observed heterozygosity, H,) wazAAnAziEwals lainds (expected heterozygosity, H,) Wina
winfiu A, = 2.33 -5.00, A, = 1.83 - 3.92, H, = 0.18 - 0.67 uaz H_ = 0.34 - 0.69 (Table 3) Fapanu
wanuaned LA ln &R etunisAneAuuanuatan s nesiresd ar lungu ingiA e a
nsnenludszmelng (Sodsuk et al., 2013; Pannusa et al., 2015; Sodsuk et al., 2016) ilafansni

) wudndilan 2 atle luiagfluannaldunidassinn (C. enoplos) uas

AMARDLANAATNIA-1T5N (P,

UanBanlng (. julien) Waiiilesanilitewmsne lulasuanmalaiunsinumisiinuen Huay H,
WANFNNAUNN %qmme@LﬁW-mﬂﬁﬁuquﬁq@ﬂwﬁﬁf%muﬁﬁ@ﬂ 1IRNAMEBIANAANAIBEN
Hudszannsmnzagdfienaiimsdanisia I fdanaliilszannslaiedluaung
AINNNINARBLNLAILEARAARBUMLIA AN Tt anduufet1afifiduauiies
(13— 15 AGATHA) wazuvasiFufatraduunaaisafuluudazaia enluufef umniages
raavanelalasusnina lasinudnina i monomorphic ananLdn Ll polymorphic #8111

nageuiulanudezainsay < el
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Table 2 Results of fifty microsatellite loci showing the number of alleles per locus for the sixteen Cyprinid fish

Bgon Bgon Bgon Bgon Bgon Bgon- Bgon- Bgon- Bgon- Bgon- MFW MFW MFW MFW MFW MFW  MFW

Species

2 8 12 13 18 17 22 69 75 79 1 2 7 9 11 13 15
B. gonionotus 6 3 4 7 2 . 2 4 6 4 1 . 1 3 . 3 3
B. altus . 1 . . . . 2 . . . 1 . . . . . 8
C. enoplos . 2 . . . . 2 . 1 . 1 . 2 2 . 1 1
C. cirrhosus . . . . . . 2 . . . . . 1 1 1 . 2
C. carpio . . . . . . 2 . 3 . . 4 . 2 4 5 4
L. chrysophekadion . . . . . . 1 1 6 . . 1 . 1
P. jullieni . . . . . . 2 1 1 . 2 . 3 . . 1 1
L. rohita . 1 . . . . 1 . 1 . . 1 . 1 1 . 3
H. siamensis . . . . . . . . . . 2 . . . . . 4
L. hoevenii . . . . 1 . 1 1 . . 1 1
B. schwanenfeldii . 1 . . . . 3 . 1 . 2 . . . 1 1 2
C. siamensis . . . . . . . 1 1 . 1 . . 1
H. molitrix . . . . 1 . 1 . . . . . . . . . 2
S. rubripinnis . 1 . . 1 . 1 . . . . 1 1 . . 1 3
E. bicolor . 1 . . . . 1 . . . . 1 . 1 . . 1
P. proctozystron . 1 . 3 . . 5 . 3 . 1 . . . . . 4

Megnsadawmatulatiniglezas I9 13 1109 1 unsax — Iguis 2562




Table 2 (continue)

) MFW  MFW  MFW MFW  MFW  MFW LcB LcB LcD LcF LcF LcG LcG LcG LcH Proji-  Proji-
Species 16 17 20 24 26 29 04 10 1" 10 12 03 06 09 09 1 3
B. gonionotus 1 1 1 . 7 1 2 3 4
B. altus 1 4 4 1 3
C. enoplos 1 3 3 1
C. cirrhosus 1 1 1 7 1 1 1 1 3
C. carpio 2 1 4 4 1 1 6 1 4
L. chrysophekadion 3 1 4 1 1 1 5 3 2 1 4 1 1 1
P. jullieni 1 1 2 1 1 6 3 6
L. rohita 1 2 1 1 1 1 1 1 1
H. siamensis 1 5 1 5 5 1 3
L. hoevenii 1 1 1 1
B. schwanenfeldii 1 3 3 3 3
C. siamensis 2 1 1 1 3 1 1 1
H. molitrix 1 3 1 1 1 2 1 1
S. rubripinnis 1 1 1 1 2 3
E. bicolor 1 1 1 7 1 1
P. proctozystron 5 2 9 3 3
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Table 2 (continue)

Proji- Proji- Proji- Proji-

Species Lr1 Lr3 Lr6 Lr10 Lr12 Lr14a Lr14b Lr20 Lr21 Lr23 Lr24 Lr26
6 8 9 12
B. gonionotus 2 1 6 6 5 1 1
B. altus 4 1 3 3 5 5
C. enoplos 1 2 1 1 1 3 2 1 3 2 1
C. cirrhosus 1 2 1 2 2 4 1 1 1 2 1
C. carpio 2 2 4 2 1
L. chrysophekadion 1 3 1 2 2 1 1 3 1 2 1 2 1
P. jullieni 7 2 2 1 1 4
L. rohita 1 2 1 1 3 2 1 1 3 3 1 2 2 4 1
H. siamensis 4 3 4 5 1
L. hoevenii 1 1 1 2 3 2
B. schwanenfeldii 1 1 1 2 2 2 3 2 1
C. siamensis 4 2 2 1 2 1 1 1 3 1 1
H. molitrix 2 3 1 1 1
S. rubripinnis 3 1 2 3 3 5 4 3
E. bicolor 1 1 3 1 1 1 1 5
P. proctozystron 1 2 1 2 5 4 2 5 1
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Table 3 Results of cross-species amplification for sixteen Cyprinid species: number of loci were
amplification (TT), number of loci were polymorphism (PM), number of loci were monomorphism,
apparent alleles (A,), effective number of alleles (A,), observed heterozygosity (H.), expected

heterozygosity (H,) and P-value of Hardy-Weinberg equilibrium (P,,c)

Species TT PM MM A A H* H.* Prwe
B. gonionotus 29 20 9 4.05+1.731 270+£0947 049+0219 059+0.187  0.5626
B. altus 15 10 5 410+1.663 2.85+1340 0.55+0.172 0.63+.0122 0.9196
C. enoplos 23 1" 12 236+0.505 1.85+0426 0.33+0.266 045+0.117  0.0064
C. cirrhosus 25 9 16 3.00£1.658 232+1376 036+0.258 0.51+0.153 0.2079
C. carpio 21 16 5 344+1209 253+1.043 049+0.286 0.55+0.208 0.1966

L. chrysophekadion 32 13 19 292+1.038 2.28+0.701 045+£0.195 0.54 +£0.145 0.4107

P. jullieni 21 11 10 3.64+1859 273+x1371 049+0.254 0.56+0.220 0.0494
L. rohita 31 10 21 260+£0.699 1.79+0.511 040+£0.171  0.41+0.174 0.9387
H. siamensis 14 10 4 420+1.229 270+£0.876 0.41+£0.188 0.61+0.155 0.4749
L. hoevenii 15 3 12 233+0577 186+0.409 0.18+0.188 0.46+0.111 0.0633
B. schwanenfeldii 21 12 9 250+0522 1.83+0.258 0.38+0.194 0.46+0.076  0.1783
C. siamensis 23 7 16 257+0.787 242+0.762 0.38+0.267 0.57 +0.133 0.3033
H. molitrix 16 5 11 260+0.894 160+0.530 0.35+0.239 0.34+0.186  0.3959
S. rubripinnis 21 10 11 3.10+0.876 2.08+0.910 0.44+0.243 0.47+0.205 0.8467
E. bicolor 19 3 16 5.00+£2.000 3.92+2.09 0.67+0.145 0.69+0.239  0.8527
P. proctozystron 20 15 5 3.80+1.859 275+1594 041+0263 057+0.188  0.2005
Total 346 165 181 - - - - -
* Mean + SD
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Abstract

This research was conducted to study the frog raising condition and disease of frog in
Sakon Nakhon and Nakhon Phanom provinces. This study was started from October 2013 to
September 2014. This research was survey at farm frog culture and work at laboratory.

The survey at frog farm found that the farmer were 41 — 50 years old and graduated at
Pathom 6. The owner has area for culture about 1 to 10 rai per family and average income per
households range from 10,000 to 50,000 baht/year. The most of farmers use frog (Rana tigerina)
and Bulfrog (Lithobates catesbeianus). About 60% of farmers received that knowledge from the
neighborhood. When they raised finish they sold to middleman at farm. The patterns of frog culture
were in earth pond, tank and cage about 90%, 5% and 5% respectively. One hundred percentage
of feed they were used commercial feed inducing to high cost of production about 3,000 — 20,000
baht/crop. The management for frog raising found that 60% were control water quality, but not
therapeutic. The farmers found that the frog death with swelling red-leg, abnormal swimming and
exophthalmia.

The result at laboratory showed that there were 3 species of bacteria isolated: Aeromonas
hydrophila was the most and Flavobacterium meningosepticum, and Pseudomonas aeruginosa
respectively at Sakon Nakhon. Whereas, there were 3 species of parasitic infection found: Opalina
sp., Balentidium sp., and Trichodina sp. respectively at Nakhon Phanom. According to the quality
of the water, the ongoing analyses showed that ammonia and dissolved oxygen were unsuitable for
frog that causes frog stress and infection.

Keywords: Nakhon Phanom, Sakon Nakhon, Frog disease
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AU 2 TRA AB Aeromonas hydrophila WaE Flavobacterium meningosepticum zﬁfauﬁﬁmmi%um

ANa A

LAZANMNASIANUN AIUTABATNUN ATranUTaLLANBeNnalsa 3 9l Aa Aeromonas hydrophila,

Flavobacterium meningosepticum W8 Pseudomonas aeruginosa ANNANAL (Table 1)

Table 1 Types of bacteria found in Sakon Nakhon and Nakhon Phanom

Types of bacteria

Aeromonas Flavobacterium Pseudomonas
Province hydrophila meningosepticum aeruginosa No. of isolate

Sakon nakhon

Muang District + + - 2

Pang Khon District + + - 2
Nakhon Phanom

Renu Nakhon District + + + 3

That Phanom District + + + 3

¥ a oA o % d’l a a 'S 1 '8 [ 3 o/
HAN19MIIANIee RN M linumenuanFaainwaiusne naniuludamdnanaunas
WAZRINTAUATNUN ALTIWFasAY 100 22991UILNITNTINNA (B1LNDLHAY ANAUAT AU 72 W15

B NENAlAU ANAUAT AU 29 WTH BINBLITYUAT AU 36 WITH BUNBEIRNUN A1UIU 14 WATW)
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=

e dauwu AN Fanwy Ldwn Aeromonas hydrophila, Flavobacterium meningosepticum W &
Pseudomonas aeruginosa IAtiATaaW LT 8 Aeromonas hydrophila 11NN gnAaLTusetay 66.88
9R9QINNARLTR  Flavobacterium meningosepticum Anllusanay 27.15 LLmqmﬁ’mﬁﬂ Pseudomonas

aeruginosa AALIUEREAY 5.96 ANNAAL (Table 2)

Table 2 Types of bacteria found in Sakon Nakhon and Nakhon Phanom (151 farms)

Types of bacteria

Province Ho-of Aeromonas Flavobacterium Pseudomonas  total percentage
ferm hydrophila meningosepticum aeruginosa

Sakon nakhon

Muang District 72 50 18 4 72 100

Pang Khon District 29 18 9 2 29 100
Nakhon Phanom

Renu Nakhon District 36 24 10 2 36 100

That Phanom District 14 9 4 1 14 100
total (farm) 151 101 41 9 - -
percentage - 66.89 27.15 5.96 - -

11A109Lls&A AnN9RIanIeiesJiiRnag wudn nuuanaesll 81nelied wuazgnena
AU AUIRgnauAs AN19A3anUUsARUIN 2 TR Ae Opalina sp. WA Bilantidium sp. UEH
BUNDLIYUAT LATEUNDEFNUN TINTAUATHUN HAN1IRNIIANLUIARTNARIIA 3 ThA AB Opalina sp.

,Bilantidium sp. &% Trichodina sp. (pananali Table 3) Inel Balantidium sp. WAY Opalina sp. wulu

] [
o

Y =K a S a ' 49) v 1o ¥ a 1Al o 2 IS I a a
ald ensfmdels@muanitudazldn inuiialsalaanse uAfinani linuidnsnisasyiauin

= a Y o v % dl . . A =3 o/ v .
QAR NANANNUATIAN LL@Z@W@VI’]Fmﬂ‘UMWEIVLﬂ WUEN Trichodina sp. BTBLNLITEH a¢ 14 denticles 1N

PmRinui iU aLkaLazn1sszANEAedEandany M linuganiweauue

Table 3 Types of parasite was found from frog at Sakon nakhon and Nakhon phanom farm

Type of parasite
Province No. of parasite
Opalina sp. Balantidium sp. Trichodina sp.

Sakon nakhon
Muang District + + - 2
Pang Khon District + + - 2
Nakhon Phanom
Renu Nakhon District + + + 3

That Phanom District + + + 3

v a =2 3 d’j I a 'Y v dy a 2
m@Nﬂ@ﬂ?@MSLUﬂW?ﬁﬂH’]ﬂ?\‘]u WUQWM?Q@WUﬂ?@m@WﬂWW?N%@\?Lﬂ‘]:fmﬁ‘ﬂﬁ‘ﬂ;ljl,ﬂil\‘m'i_l Aalusasay

84.1 annnsusianNs (151 N15N) IneludandnanaumAsenatied Asanuls@nanuau 64 W1su An
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Wusasay 88.89 anvienum 72 Wsu annanslau asranuls@nanuau 23 A1du Andusenas
79.31 anviannm 29 W13N AaudIndauaInuN NeneLsnuas Asranulsdn A1uau 32 Whiu Andu
%9810y 88.88 AMNYINUNA AU 36 WITH UATEWNBIIRNUN AFIRNULIIRR AU 8 Win Antlusas
Ay 57.14 anianun 14 Wnsu tnads@nnnuldun Opalina sp., Balantidium sp. Wag Trichodina sp.
Tnamsaanii@ie Opalina sp unNign Anufasay 73.10 $99a9NNABLTE Balantidium sp. AnLlugas
8 19.69 Uaz Trichodina sp. AALTUSaLaY 7.09 AMNAIAL AILAAS U Table 4
aduaznaanuilsdn 1Hun aldan wulsdadanuiu 3 4tia Anusnigaléiun Opalina sp.
494/ T89AINIAD Balantidium sp. uariiaaigaae Trichodina sp. ANNANAL 78983818 a1 14Ty
a A ., ' a a \ o = v g & o
WU 1 98n A Opalina sp. lunsemnzlinulsdnaiinlaay aaulusu 1o wen ndnuile uargeuim
n39alinwuLlsdm
. . o | Py N o \ g ,
arwpaeanisnalsanulunudaatie wud@euuaBe wazilsdn doudasngaalinuly
o \ < ANa A o 1 e = a . o VoA | A a A
saatnany lnedauuaiFeinmanulusiumindul 3 oiin douluedeazdauduliny wuanBaatiah
WUNIND an Aa Aeromonas hydrophila 843NN A @ Flavobacterium meningosepticum Wa &
Pseudomonas aeruginosa TIRBAAARITIL Sririkanonda (2009) fans laannulunuluannnalfilag
P ~ A o . e A : a &
ANNNIDULNTALLAN EEAINALLWNUTY luausNuans19a7n Yang et.al (2006) NANIIDLANLTE

wuafizsannulslulanugeainiaen i a11d a1 uazunanaan

Table 4 Parasites found from frog at Sakon nakhon and Nakhon phanom farm (151 farms)

Quantity of No. of farms found parasite
Province total percentage
farm Opalina sp. Balantidium sp. Trichodina sp.

Sakon nakhon

Muang District 72 48 12 4 64 88.89

Pang Khon District 29 15 6 2 23 79.31
Nakhon Phanom

Renu Nakhon District 36 24 6 2 32 88.88

That Phanom District 14 6 1 1 8 57.14
Total 151 93 25 9 127 -
percentage - 73.10 19.69 7.09 84.11 -

A o o

LATWULNIAMI I WLLTaLUAT Favan e dangaRa asudnuATnud TUanaNaLuATLAY

816 WUN wananidansanuis@nan 3 9iia A8 Opalina sp., Balantidium sp. W&z Trichodina sp.

Tnamsanyualdudnunign sesasnnnaluanl&luny doulusdu n den nduilensalinuilsds
e o a = a = = = = & =

LATWUINAINTAUATNUNHA WO UTHATBILLAT ITENINTGA NaN19AnETHaLls@n TuaTeldAN

#A8AAARL Sririkanonda (2009)
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AMNINWUN LULBLRENNURNEATNS

AnAvatetn lul RN UNGNLIAL 1an13R9a (Table 5) Wudn W lunnfuaaenuun Jan
wenTuilleiannn (Total ammonia)gandinusinins§Iu wazeandiauiiazaialua (Dissolved
oxygen) AN3NaaiNIRg W B laimanzanlunismnzidesdndin nainmsiuinsgiuresnsuylsyaa
71891191 N AdsAwe N TLEe (Total ammonia) ldAasiAin 0.02 mg/ @aueendiauiazansin
AYSANNTGT 3 mg/l dauAnaw] aglunusilninmunzansenismzaesdndin

& A o \ a = ] P~ R o o
ANt luteldesiinasanisiialen sanudiAwen b ludeaasicludsmdnanauns

° A A

WAZUATNUNAIUGINIWNUIANIATTIUNRMUARBHANEINTY 0.02 HaANTNFedns (Duangsawat and
Somsiri, 1992) M H&RSHRAANNATER BaULe LaviianTRndanalsnlidne dauAtaandauing
ndANImsguAetiasndt 3 Badniu/ans wilunuiudndrseunssainnainisonielalivananis

1 a o =< o ¥ a 1= ' =
wi Ravids waztlen A Wiiunmueendiauldinaminuanluiie

#5Unan153E
= A o o o a L g g
NaN13ANE 1IANWL TUIAAIUIAANALAT LAZAINTALATNIN NUIMNANUNBANLTDLLAYILTE
A1UIN 3 THA W @enalsANing an Aa Aeromonas hydrophila, 24834 "Aa Flavobacterium
meningosepticum WRE Pseudomonas aeruginosa Us@nauau 3 aia ﬁﬁ@I?ﬂNﬁﬂﬁQﬁ R Opalina

sp. 90989NNAB Balantidium sp. AT Trichodina sp. ANNANAL

Table 5 Water quality of frog farm in Sakon nakhon and Nakhon phanom

The optimum of water
Water quality Sakon Nakhon  Nakhon Phanom References
quality for aquaculture

pH 6.9£0.018 6.8£0.120 6.5-8.5 Boyd (1982)

Temperature, °c 29.5+0.012 30.5+0.041 <40 Lohaluksanadech et.al (2018)
Alkalinity, mg/l 190+0.034 188+0.021 50-300 Asawasemanee (2018; Online)
Hardness, mg/l 69+0.121 72+0.098 > 20 Boyd (1982)

Total ammonia, mg/! 0.09+0.110 0.15+0.021 <0.02 Duangsawat and Somsiri (1992)
Dissolved oxygen, mg/l 2.70+0.102 2.82+0.201 >3 Tontoonwat and Pornprapa (2001)
Nitrite, mg/I 0.25+0.051 0.19+0.032 <0.017 Lohaluksanadech et.al. (2018)
Nitrate, mg/I 0.42+0.075 0.38+0.034 <10 Sangrungruang (2008)

Hydrogen sulfide, mg/l 0.20+0.014 0.25+0.091 <0.002 Duangsawat and Somsiri (1992)
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Abstract

This study aimed to investigate the potential use of biological responses of Nile tilapia,
Orechromis niloticusas biomarkers for ecological risk assessment of water pollution caused by
different land uses in Huai Luang Basin areas (reference, industrial and agricultural area), Udon Thani
province. The specimens from each areas were taken during the dry season (February - April 2017)
and wet season (May -July 2017).The results of this study revealed that the overall water quality of
Huai Luang Basin was in the standard value. However, heavy metals (Zn, Cr, Cd, Cu, Pb, Mn and
Fe) in the waterindustrial and agricultural areas were higher than the water quality standard. For the
ecotoxicity test (survival and glutathione S-transferase (GST) activity) on Nile tilapia, the study
found that water from industrial areas had higher acute toxicity (96hr) effect on % survival of Nile
tilapia (51.00+1.20-76.67+0.58%) than agricultural areas (73.33+3.20 - 86.67+2.85%) and reference
area (73.33+3.20 - 86.67+2.85 %),respectively (P<0.05). In addition, significant induction of GST
activity was found in Nile tilapia exposed to water (48hr) from industrial areas compared with those
exposed to water from others areas (P<0.05).This study demonstrated that different land uses
affected the water quality resulted in lower survival rate of treatment group compared with control
and resulted in induction of GST activity. Therefore, the biological responses of Nile tilapia,
especially GST activity could serve as potential biomarkers for ecological risk assessment of
pollutant in concurrently with chemical analysis. These biomarkers may be used to predict
contamination in Huai Luang Basin and freshwater ecosystems of Thailand.

Keywords: glutathione-S-fransferase, biological response
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Table1 Water quality and concentration of heavy metal in water in Huai Luang Basin, Udon Thani

Province in dry and wet seasons

Reference area

Agricultural area

Industrial area

Parameters

Dry Wet Dry Wet Dry Wet
pH 6.40%0.20 6.59+0.12 6.26+0.12 6.35+0.01 6.60+0.04 7.86+0.21
EC (uS/cm)  67.62+0.14° 70.36+2.25%  74.78+2.12%  118.10+0.17° 240.70+0.10°  405.10+0.61°
DO (mg/L) 6.52+ 1.75 8.25+1.10 7.25+1.80 7.57+1.20 3.45+1.27° 5.92+1.51
BOD (mg/L)  3.34%2.11° 5.33+1.88° 6.67+1.35° 10.2142.67 ° 95.66+9.24° 17.45 +4.56°
COD (mg/L)  21.33£9.24° 21.33£9.24°  26.67+1.48¢  42.67+9.24° 386.67+9.24° 69.87+1.63°
Hardness
(mg/L as 55.33+3.06° 65.33£3.06°  65.33+5.77°  70.00+4.00° 69.33+10.37° 150.67+3.06
CaCo,)
Alkalinity 82.00+5.30% 76.00+2.00¢  73.33+4.16"  91.33+4.16° 150.004£2.46°  560.00+1.73
(mg/L)
NO, (mg/L)  0.09+0.04 0.12 +0.10 0.100.25 0.14 +0.01 0.18+0.10 0.22 +0.10
PO, (mg/L)  0.05+0.13 0.04+ 0.15 0.03+0.22 0.03+ 0.07 0.06+0.04° 0.03+0.00
Zn (mg/L) 0.17 0.04° 1.8140.20°  0.29+0.08° 4.65+0.04° 1.8440.04" 2.07+0.04°
Cr (mg/L) <0.005+0.04" <0.005+0.04°  0.30+0.020°  <0.005+0.03°  0.36+0.08° 0.31£0.02 °
Cd (mg/L) 0.02+0.01° 0.02+ 0.00°  0.24%0.10 0.20+0.03 0.22 +0.00 0.22 +0.00
Cu (mglL) 0.01%0.01° 0.51+0.01 0.56 +0.00 0.74+0.01° 0.51+ 0.01 0.56 +0.02
Pb (mg/L) <0.001+0.07" 0.28 +0.01°  0.15+0.02° 0.51+0.02° 0.24 +0.00° 6.97+0.28°
Mn (mg/L) 1.52+0.04 ¢ 1.1140.10°  7.73+1.50°  12.18+1.56° 2.03 0.20° 1.90+0.01°
Fe (mg/L) 10.54+0.04 10.05+0.86  12.17+0.08  52.53+0.84° 49.63+0.08° 13.80+1.42

Values are mean+SD in the same row followed by the same letter are not significantly different at (P>0.05) and different

letters in superscript indicate significant difference significant difference at (P<0.05)
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Figure 1 Acute effect of polluted water in Huai Luang Basin, Udon Thani Province on % survival of

Nile tilapia at 96 hr,*indicate significant difference among different value as each area (LSD, <0.05).
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Table 2 Effect of polluted water in Huai Luang Basin, Udon Thani Province on GST activity in liver of

Nile tilapia at 24 and 48hr

GST activity (umol/min/mgP)

Site sample 24 hr 48 hr
Dry wet Dry wet
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Note: Value are mean of six replication+SD; different letters in superscript indicate significant difference among different value

as each exposure (P<0.05).
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[ Guide for Authors }

The Journal of Fisheries Technology Research (J. Fish. Tech. Res.) Welcomes the
submission of manuscripts that meet the general criteria of significance and scientific
excellence.

Preparation and Submission of Manuscripts

Authors submitting manuscripts for publication must follow the following guidelines.

1. Manuscript texts must be written using high-quality language in Microsoft Word. The cover
letter and two copies of manuscript with CD will be sent to the editorial office, The Journal of
Fisheries Technology Research, Faculty of Fisheries Technology and Aquatic Resources,
Maejo University, Chiangmai, 50290 THAILAND

1.1 The Title should be a brief phrase describing the contents of the paper. The Title
Page should include the author(s)'s full names and affiliations, the name of the corresponding
author along with phone, fax and e-mail information. Present address of authors should appear
as a footnote.

1.2 Abstracts should not exceed than 250 words. The Abstract should be informative
and completely self-explanatory, briefly state the scope of the experiments, indicate significant
data, and point out major findings and conclusions. No literature should be cited. About 5
keywords should also be provided.

1.3 Manuscript texts should not exceed than 10 pages including abstract, figures, and
tables.

2. Format
2.1 Cordia New font must be applied.

18 pt Cordia New Bold fonts must be used for title and set in the middle of the page.

14 pt Cordia New Bold fonts must be used for authors and set in the middle of the page.

16 pt Cordia New Bold fonts must be used for all headings including Abstract,
Introduction, Materials and Methods, etc.

15 pt Cordia New fonts should be used throughout manuscript and all pages numbered
consecutively.

12 pt Cordia New Bold fonts must be used for footnote.
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2.2 Manuscript texts should be prepared single column, with margins (right = 2.5 cm;
left = 3.0 cm; top = 3.0 cm; bottom = 2 cm).

2.3 The Introduction should provide a clear statement of the problem, the relevant
literature on the subject, and the proposed approach or solution. It should be understandable
to colleagues from a broad range of scientific disciplines.

2.4 Materials and Methods should be complete enough to allow experiments to be
reproduced. However, only new procedures should be described in detail; previously
published procedures should be cited, and important modifications of published procedures
should be mentioned briefly. Capitalize trade names and include the manufacturer's name and
address. Subheadings should be used. Methods in general use need not be described in
detail.

2.5 Results should be presented with clarity and precision. The results should be written
in the past tense when describing findings. Results should be explained, but largely without
referring to the literature. Discussion, speculation and detailed interpretation of data should not
be included in the results but should be put into the discussion section.

2.6 The Discussion should interpret the findings in view of the results obtained in this
and in past studies on this topic. State the conclusions in a few sentences at the end of the
paper.

2.7 Acknowledgment is optional and should be as brief as possible.

2.8 Tables, figures, and references must be written in English.

2.9 Citations of published literature in the text and at the end of the manuscript must be
written in English.

2.9.1 Citations in the text should be given in the form of author and year in
parentheses; (James et al., 2011), or, if the name forms part of a sentence, it should be followed
by the year in parenthesis; Tomas and James (2010).

Citing two or more documents by multiple authors; List authors’ names by alphabetical
order, followed by year of publication, link each document with “;”(Keiser and Utzinger, 2005;

McCarthy and Moore, 2000; Nawa, et al., 2005)
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Citing documents cited in other documents; Put author's name and year of original
document’s publication, followed by “cited in” and secondary document’s author’'s name and
year of publication; (Choi et al., 2004 cited in Kaewipitoon et al., 2008) Online materials; (Yu
and Mott, 1994: online)

2.9.2 Citation in reference list;

All references mentioned in the reference list must be cited in the text, and vice versa.
The references section at the end of the manuscript should list all. For papers printed in a
language other than English, indicate the language in parentheses at the end of that reference.
The following are examples of reference writing.

Reference to a journal article:

Khuantrairong, T., and Traichaiyaporn, S. 2010. Efficiency of carotenoid and nutritional values

of an alga Kai (Cladophora sp.) for economic utilization. J. Fish. Tech. Res. 4: 54 — 64. [in Thai]

Reference to article or abstract in conference proceedings:

Cliche, G., Hébert, D., and Bourgeois, M. 2007. Evaluation of different parameters to optimize
the collection strategy of the sea scallop (Placopecten magellanicus) in commercial
operations. Proceedings of the 16" International Scallop Aquaculture Workshop.
Canada, May 11 — 18, 2007. 24 — 28.

Reference to a book:

Boyd, C.E., and Tucker, C.S. 1998. Pond aquaculture water quality management. Kluwer
Academic Publishers, Massachusetts. USA. 700 p.

Reference to an edited book:

Shotts, E.B. 1994. Flow chart for the presumptive identification of selected bacteria from fish.
In: Bacterial Diseases of Fish. 4" ed., edited by Thoesen, J.C. Chapman & Hall, London.
pp. 131 -135 .

Reference to an electronic data source):

Yi, Y., Yang, Z., and Zhang, S. Ecological risk assessment of heavy metals in sediment and
human health risk assessment of heavy metals in fishes in the middle and lower reaches

of the Yangtze River basin. Environmental Pollution [Online]. Available from

http://www.sciencedirect.com/science/article/S029911100337X[2011, December 12].
2.10 Manuscript must be followed the guidelines of manuscript preparation, otherwise

they will be sent back or even rejected.
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3. All manuscripts considered for publication will be peer-reviewed by qualified editors and
independent referees.

4. The submitted manuscripts are not already published or are not currently under
consideration for publication elsewhere. Manuscripts, parts of which have been previously
published in conference proceedings, may be accepted if they contain additional material not

previously published.

eansdamnatulagnisilszay U9 13 a1y 1 unsAN - Aguien 2562




Uszmpmmangnaeusld
B89 UANAYATMENTTNNTENTIAUAINDB NN AITUNIIEINTT
anauEaNUsTnIANMANEIALH1d a9TUAl @ Mueneu WAL weew [Husns

ADALNTTHNITRNTI AR EMHAITNI9TZINT [Uuds Wn

AR TH NSNS NS HASTHYIINAAINITRINSU RIANA 9819990 A LWl d

ArgUsraiinlUdagmamnBaudey 9 liananlsenIANRIAINeIde L 1d a99uil @ Augeu

!
a A

WAL & @@ UALNAIAENTTHNTENTIAUIALNBE WA 9ATINTT Aasia (Ui

q

®.  AIARTI915E ATNUNBY INUNG

b AERs1aned aeidenAng s

o, FNEAATI9798 AT NI LWYINa
ANER319158 AT.HN10 RALAS
FNAR5197198 AT.L8NINT BegNHY

ANNRNSI9798 9. AN1UENT AIHDY

SEANNASI9I5E AF.LNFEIANE LHIBTNS

o/ 4

«
&
o
w.  FEAATI9758 A5.9EIAT o UAS
&
o TBIANER197198 AT.ALENNT RANTY

®o. BIFMANTI9TEUHYT Yynn

o/ [ -4

6. FANANNATI9719E Gﬁ.@’h;}l"lﬂ LHATNHNNUD

Day

o, 399MEANI19158 A9.alauA WARTAR
oo, TBIAART1919EIN g Un1Ans

oc. FBIANANTI9N5E AT.51T9A BNIANA

o, FBIANENTI9158 A3.55ug1 naIwitmnd Taf
oo, DIFNEATINNTE AT LaMLAGND

a oA

ow. TANFNEAS19158 AF.539M RI9TY

q

0. IDIAINNT1915E...



0.

& .

wo.

o
o

%o,

\sren/.

.

lerex.

Ne.

onle.

ane.

ne.

no.

enery.

nGe.

enex.

el

ol

.

T09FERT19198 A5 U IHLEUN
309ANER919738 AFHANANA 9198ILUE
FB9PNENT1919E] P19 RTYNTT AEETN ALY
FB9ANANT197198 AT NIRRT HARUGTIN
TBIANERT19158 AF.NFFT INIRARN
TBIANEMTI9719E AS.895 WINTHPN|
T9ANER319158 A5.30ER TunNrang

TBIFNERTIITE AT.QANT WINNYUNDI

1
9
3

TAIANNATI97198 A9.39997 LAsLan

4 o/ 2

TNANENT19798 A9 AT nINeaTYy

a

s89FNaRs19158 A5.AnATe 4lad
TBIFNERT19198 AT ANAAT IHRRY
TBIFANERTI915E AT ANNIE ARTUAITUING
504Pan919198 A3 danainanl Wenauyso]
TBNANEATI979E] AT DRINAA UNUBBNNDS
HIYAIERTI1919E] AT.AEYIH NN
FauranINa1sd ps.Ayanoly gunsssans
PaeFangIanad aa.nann angaEasin
#EFENII9N5E AF.ATAT AENANIN
AFENTI9NTE AT.99NA NINYY
FaefnanI19158 A9.899M5 1391iinns
daeFang1anad ag.dnaned guiie
#IPANII915E A5.TAYR NA1INY
#EFENII9158 AT.AUTUG FnusTE
HIYANERT19719E] AT.ABINT UAA
Fepan519198 A9 Bee 399197
Faafnans1915e ns.gafint aafwmlsan

FUFNHHFTI915E AF.AMNNT DNILRANFAN

v
o/ ¢ =K

BIPANTI9NTE AN BALATHTIUE

a a

#EPFENII9158 A5.5598 LRAFNEEINA

q

el @30 30e @30 e30e @30 e3le @30e e0e eS0e @30 eSle @3¢ e3le @3>0

€. JEEANNATI99E...



.

(2

.

&

&en/.

Cw.

&
2o.
0e.
Do,
Doen.
.
D&

.

D

D@,

D

AAINATI919E A9 AUBINI N
a

#EFENIN9N5E ATFARTT 1A

el @3 e3le e3P e30r e3Ne @30 e3le e3P @30e e3Pe @30 e3Pe eS0e @Pr eSPe @0e e3P @l eXle

ATNNT HOILRITUAN

-4

ATAANT AMUIEAL]

Lt

ATAATNT FNAS

AT.OANANEO] aNNaH

BIFANTINTE AF.HLTF FIUEN

#eAEnI19158 AT.U5TU ANy

AAINATI9715E A9.NT Wi9LHL

I 4 [v% [
BILATNATIITE A9/ L@ﬁTﬂz

AeFae9197198 AT.UYaF NuAaTana

#EPENI19158 AT.YYSRH Usey i

AAINN519798 A9.UT40 IAnanis

FUFNHRTI9NTE AT WNIHANG LARTA

g o/

#ANERT197198 Wednunnd ng.5a6 dnfey
Feenans1ansd as.de3e0 935 lseing

#EAENI19158 A9 UTY 1 ITUINENE

AUANNRTI9719E AT LEIVIAY WIELeReya

AN

F8FNam519158 A5.8050Y J95nY

HYANAATINTE ATAONT ALINYBIIAN
#EAENIN9158 AT.AUUT LENI)A
#IPANTI9N5E AT ANAUT TUNTen

#EAENIN19158 AT.aAUWA gaTTeuin

e o N G&‘/ AUIAN WA, m&o

(

ot

{51

_ > W

yANAnnansd ag.anilys wAs)
e rnsuisminendeawd 1y



JOURNAL OF FISHERIES TECHNOLOGY RESEARCH
(J. Fish. Tech. Res.)
ISSN 1905-7393

Honorable Consultants:
Maejo University President
Maejo University Vice President for Research

Dean of the Faculty of Fisheries Technology and Aquatic Resources

Editor-in Chief: Asst. Prof. Dr. Prachuab Chaibu Maejo University

Editorial Board:

Prof. Dr. Piamsak Menasveta Chulalongkorn University

Prof. Dr. Tuanthong Jutagate Ubonratchatani university

Assoc. Prof. Dr. Vipoosit Manthachitra Burapha University

Assoc. Prof. Dr. Kriangsak Meng-umphan Maejo University

Assoc. Prof. Dr. Niwooti Wangchai Maejo University

Asst. Prof. Dr. Samnao Saowakoon Rajamangala University of Technology Isan
Asst.Prof.Dr. Pongsak Luadee Prince of Songkla University

Asst. Prof. Dr. Chayakorn Pumas Chiangmai University

Editorial Secretary: Asst. Prof. Dr. Chanagun Chitmanat ~ Maejo University

Journal of Fisheries Technology Research is a publication of the Faculty of Fisheries Technology
and Aquatic Resources, Maejo University and is intended to make available the results of technical
work in the fisheries, aquaculture, aquatic resources and related biological sciences. It is published

twice a year. Contact with the Journal should be addressed

TO...... The Editor,

Journal of Fisheries Technology Research, Faculty of Fisheries Technology and Aquatic Resources,
Maejo University, Sansai, Chiang Mai 50290, Thailand

Tel: +66-53-87-5100 — 2 Fax: +66-53-87-5103 — 2

E-mail: jfishtech.mju@gmail.com

Web site: http://www.fishtech.mju.ac.th/FishNew1/Journal_FT

eansidematulagnistszne U9 13 v 1 unsaN - Hguieu 2562




ISSN 1905-7393

osansddainalulagnisus=uo

OURNAL OF FISHERIES TECHNOLOGY RESEARCH

UA 13 1dUA 1 UNSIAU - DOUIEU 2562
Volume 13 Number 1 January - June 2019

ansfynsansidumalulagnisdseas 7 13 atfuii 1 unsan - U WA, 2562
Anatiny
UITUNENIT
UNANNIAY
Use@visnwnaseyAuinresyansndwii
wWluasflsznauman






