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Effects of Spirulina platensis Supplemented Diets on Growth of Green Catfish
(Hemibagrus filamentus Fang & Chaux, 1949)
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UNARED

nsAnwNaTadnsEINansnaalisfunan Fresh Spirulina platensis (FS) luanmuissianis
L@?@Lﬁuimmﬂ@’mmmam mm@@umu@lumm@m Completely Randomized Design (CRD) 4 4aNn17
NAABY ] AT 3 41 Wiewnaiiuamiealigdhan 4 327 Ae 0, 5,15 uaz 30% e ldlanamdes
SN Guduieds 4.76:0.02 n¥u dastainavaesiissfunnumunuLiy 40 fasietie Udesians
TutiafinudnanauaduninuAuing1 80 luRLNAT mmqﬁ”ﬁ 200 ART 92ULNANUVAINIINAADY 56
T Lﬁ'@ﬁaqmm?wmmwudﬂ ﬂmﬂmmamﬁLaymﬁf;ﬂ'mmil,m?‘mwém@iﬂgﬁumm 0,5, 15 uaz 30%
finwiniade 9.44+0.24, 9.93+0.15, 10.320.12Wa% 11.7620.16 N5N AINAAL flaauanaleds
10.9140.29, 11.20+0.26, 11.34+0.17 uas 11.66+0.19 LHUALNAT ANNANAL NERIIN1T70AR85R8AY
86.66 + 1.44,88.33+1.44, 88.33+1.44 uny 88.33+1.44 A uansy d¢lifiAanuuAndteiuetig
AludAyn19ata (P>0.05) daudnsinisasnyiiulnaesdainamaesdanviniy 0.08340.01,
0.092+0.01, 0.099+0.01 Wa¥ 0.125+0.01 NFNAAAIAATU ATNAIAL FedAnnuuansneiuedng

o o

WadATYN DA (P<0.05)
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Abstract
The effects of fresh Spirulina platensis ( FS) supplemented diets on growth of green
catfish (Hemibagrus filamentus) was evaluated using a completely randomized design with 4
treatments and 3 replicates. The green catfish were fed with experimental diets containing with 0, 5,
15 and 30% of fresh Spirulina platensis. The green catfish with initial average weight of 4.76+0.02 g.
were raised in a circular concrete tank of 80 cm diameter at a stock density of 40 fish per tank
(200L/circular concrete tank). After 56 days of rearing, the average body weights of green catfish fed

with experimental diets containing with 0, 5, 15 and 30% of fresh Spirulina platensis were 9.44+0.24,
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9.93+0.15,10.32 £0.12, and 11.76+0.16 g., respectively. The average body lengths were 10.91+0.29,
11.20+0.26, 11.34£0.17 and 11.66x0.32 cm., respectively and survival rates were 86.66+1.44,
88.33+1.44, 88.33+1.44 and 88.33%1.44%, respectively. However, the results showed that the
average body weights, average body lengths and survival rates were not statistically significant
differences (p>0.05). The growth rates of green catfish were 0.083+0.01, 0.092+0.01, 0.099+0.01,
and 0.125+0.01 g/fish/day, respectively which were statistically significant differences (P<0.05).

Key word: Green Catfish, Spirulina platensis, Growth rate

AN

annauraes (Hemibagrus filamentus Fang & Chaux,1949) ihuilainaneg lunsznaifiaariv
Audanania Uannin Uaniin dneglunguilaimis NuuwINTzAneluumaTiN s ‘ﬂ"W\‘lLﬁ‘]_Iﬁ”’]ﬁI/'le
AATBIUTTNA meﬁmmmﬁﬂimuﬁﬁmmLﬁmg\i5\‘1 12 NAN (Kasisuwan et al., 2000) 13N
Uannawaesluuvaninsssumaantiesawin iesnanadeninsusesusain wlildmanzun
nM9ANINTIRLazNIsuNsIRnaugan Tudenaasnisayuiadedloymun iesannilgnsnissanmes
Tnaannzlutdag 1-7 Juusn Lﬁ'@qqmmi (yolk sac) guiflutaeszazingm Vf@ﬁﬁmmnﬁﬁ@ﬁwmﬂj
athadinuizadies Wu tinemsiivanzanlunisenuna (Gasamawut, 1998) sinlinnslianusne
alugainlunadduluenmadmiuninagaainamdenitazinliiunisaiyidulals Promya
et al., (2012) nanadn allgd i lisslamlduewsgiuvieanasluaimedagy eldlunng
wzAgdRSigy Uaniauns Uaturudani dainsweana danaane Uangn wazieinungu wu
Fiud Lﬁ@q@ﬁﬂﬁiﬂiﬁuqqﬁq 50-70% 194tnusinudie uazians Phycocyanin, Allophycocyanin, Beta-
carotene, Chlorophyll-a uaznsalasfusfulaiduss Wudu aannisfnmnaes Promya et al. (2012)
M minualzfihaneyunauazidlanfiausauierazansls nudndanaunedigasnisuas
Wug @j“mﬁmiﬁﬂ@@mﬁuﬁqLLmﬁmﬁmﬁ@mrm@ﬂ'ﬂm@ﬂﬂdﬂmﬂ%mmiﬂmﬁqiﬂ amealilsaiin
anmlifiiledaniinsaladus man Linoleic acid, Gamma-linolenic acid gandniferaniaasluemng
il auduaineallzaunluemnsdBagilazdenfunisasyiiulauasiingnsen nside
m%ﬂﬁiﬁﬁﬂmizﬁmmmmwzqvl,ﬂgaliﬂ‘ﬁm?miummiﬁﬁm@ﬁi@fﬂ"mmmﬂfﬁmLﬁu‘immﬁﬁmﬂwi@m
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aalunisiaenlainamass wesaindatnawassdulaininisasyiuind uazauinaalilzaun
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1. NMIFINUNUNITNARRY

'JNLLNuﬂﬁ?Vlm@@QLLUU@:Nmﬂﬂm Completely Randomized Design (CRD) ﬁﬁﬂ’]ﬂ/]ﬁ@ﬂx‘llﬁ”ﬁl\‘l
ﬁqamm?ﬁﬁma‘m’?‘mwémmiﬂgﬁuﬂm:ﬁuﬁLLMﬂﬁmﬁ“u 4 4ANNINARNDY 7] A 3 i1 widtae s
naaeadsyAuTilebiu 32% wsuainealigaunan Fresh Spirulina platensis (FS) 0, 5, 15 uaz 30%
2. ﬂ']‘iLﬁl?ElNﬂ@']Vlﬂ@@Q

hdannawdesndiuanmneunimaaes 14 54 Iednliiuemsiinaaes ieliians
wedufuemsuarliufadinfuaniwuadeniiazianismaaes aniusadaiaunindidesiu
Uszanni 4.76+0.02 n¥u Fatimiiniedsvasausiazin Uagsgniaianuau 40 fAaseiie Aelute
YuTuiIuAE W uANENaN 80 LIURLNAT mwwgfiw 200 ans Lﬂ?ﬁlﬁumm‘fmn 7§ ASaaz 30%
e Bunutin
3. mawsaNsgIusadllsaun

‘1/1°qmiLWﬁzLﬁyﬂmmiwmiﬂgﬁuﬂum’;mmﬂ TAATANNUIULUIBIAUMIE Optical density
(OD) BUAUT 0.30 AMUENIAALLES 560 unTumns TaednannLAse Spectrophotometer 31 Spectro
SC Wanmnzlde 10 u Safn OD Wik 0.8-1 maiaans Promya et al. (2012)
4. MSEFENAIMITNARBILASNIG FARINS

fhawnsiiagniag Tsiu 32% Tae uaufuausiaalizdian 7 0,5, 15 uaz 30% 1
ansinauiaia deanudistewild e mslaniuas 3 A% 1987 8.00 . 12.00 u. ua 16.00 1. 1
s 4%/ i/ HuiiniBEunemsyndiannd ITHZIANTAEN 56 T4
5. MaAnAnANTRTaN

m?Q@QMﬂ’]W‘Li’Wlﬂ 14 4 15un aoumnd Arpasdlunsaiusig (pH) Freendianazaarin
(DO) wanTulie-lulnsian (NH,-N) uazAaailonasina-Waanada (PO,-P) Lﬁ@mw’lmmmwﬁ”ﬂﬁ
wHnzansanigasnyiuinaeslan muasues (Boyd and Tucker,1992)
6. MatiUsILTINTRYARAZMTIATIETIdaYA

%ﬂi‘fﬁuﬁﬂﬂmnﬂ 14 34 Tmmm:uﬁl’qfwﬂﬂﬂm udieya wazindeyailiumAaasluus
azAnie ¥ lunsdnuans feil

U 1 ¥
1.1 wvineas (nFu/ea) = vnidndangau

o A4 a2
RUUIULANURRIIUNA

1.2 ANENILRRY (N./617) = ANNENLANTN

o A a2
RUUIULANNADTIINNA
1.3 AHANRNUTITUINANe AL MInTeslanamaaslaa lEn193 A siANDADas)

(Regression Analysis)

sansidmatulagnissrne 09 11 217u9 2 nangnAx - §19AN 2560




1.4 dnn1siastyLALls (Average daily growth; ADG) n3u/ea/du

ADG = thuiintlaniileduganimaases - huinanleEunnaaes

UIIUNNARD
1.5 8R3INNIRIYLAUIARWIE (Specific growth rate; SGR) %/31

SGR = (In ﬁquﬁﬂﬂmlﬁ@'ﬁuqmﬂwmmm ~ In WsindanileBunaaad) x 100

ANMNUTUNN ARD

1.6 #M9INNTANLLD (Feed conversion rate; FCR) = Tuinenuns i 19 (9)

' ¥

wmindanAiadu (g)

1.7 §m3N1970AMANE (Survival rate) = A uaulaIfwaa  x 100

uIULlaENGY
Anrzdanuuansnelaa iz Jiasneianundsilsan (Analysis of Variance) A8 WEWNS
NAABILLILANARDAUAZIL FEUTEUANLANGNTDARAETE M9 ANAaea I 1E35 Duncan’'s New

Multiple Range Test (DMRT) NszAuAamasiy 95% faelisunsudFaginieana SAS

HAUDINITNAADY
1. wan1stasauiAulnuasilainanang
a 1 a =1 o =1 dl o v v 1 o o/ A

annsdsnamiealilzainan luauisdadFaginssduaonudindusineiu 4 sziu Aa
0, 5, 15, ag 30% WUIN

1.1 dnunLRag (NSN/AQ) HaBNAUNAaaIlaNNAMAINNMINIQAY BNGY WA 4.75 +
0.04,4.7840.01, 4.76+0.02 UA% 4.72+0.04 NFN AINAIAL IHOAUAANIINARBINLINEIUENLA
NAWMABIGATNERAUNAYINAL 9.44+0.24, 9.93+0.15, 10.3240.12Ua¥ 11.7640.16 NFN ATNAAL

a o

(Fig. 1) %qwudﬁﬁwﬁﬂﬂmqmﬁwﬁmwmeﬁhmemuum?ﬁﬁmmmﬁﬁ (P<0.05) (Table 1)

1.2 ANENLRRE (TH./G2) ﬂmﬂmmﬁm‘ﬁ'Lﬁmé”nﬂmwml,m?m’mé’]m"l,ﬂgammmﬁmw
qugmﬁmm?imvhﬁ“u 10.91£0.29, 11.2040.26, 11.3420.17 Ua¥ 11.66+0.19 LUFLNAT AINANAL
%awudﬂmmm'smﬁlmmﬁwﬁmmLLmﬁmmmﬁﬁmiﬂﬁmwmﬁﬁ (P<0.05) (Table 1)

1.3 ANANWUETEMINIANNENRLMTNIala nAWERs  lanamaesiiaedas
mmil,m?umm'mmvlﬂgaiimm’jmmﬁuﬁuﬁawdwmrmmqﬁufﬂmiﬂwiﬁﬁ’u 0.979+0.014,
0.971+0.019, 0.97620.009, 1Az 0.977+0.013 AINAAL Banud1ANF U LS T EUIN9A NN

o o

wminldfanuuanaeed 1 liad1Ayn1eadia (P>0.05) (Table 1)
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Figure 1 Average body weight (g/fish) of Hemibagrus filamentus during 56 days experimental period

Table 1 Average body weight, Average body length and Length- Weight relationships of

Hemibagrus filamentus fed with different concentrations of fresh Spirulina platensis in pellet feed

Treatment Average body Average body length Length-Weight
weight (g/fish) (cm/fish) relationships (R?)

FS 0 % 9.44 +0.24° 10.91 + 0.29° 0.979 + 0.01°

FS5 % 9.93+0.15° 11.20 + 0.26™ 0.971 +0.02°

FS15% 10.32 +0.12° 11.34 £ 017 0.976 + 0.01°

FS 30 % 11.76 £ 0.16° 11.66 £ 0.19° 0.977 £ 0.01°

Note: Different letters (a,b,c,d) show statistically significant differences (p<0.05), Mean+SD.

ANNNNTANHIANNANRUFTZ I AN UL MNaala nawaaglng 1En 193 1A TR

nAnee (Regression Analysis) WL91 y = 0.5851x+5.1894 HA1 R* = 0.9967 sdtiuAuenaadLlan
= P o W = . ¥ @ A o a a

nAWABIAL N NTUANTIAinaadlanaaes Fig. 2 wanslidiudndainamaasinisiasoyiiulalu

RAN1LRET

@ e

1.4 ansn191aauLAUTA Average daily growth; ADG (nd%/62/3%) tannanaasiiiaesng

' o 1 I o

ansidsnaieallzdiiaanudilarnamassiinminiinsiesasadudAwindy 0.083£0.01,

'
o o

0.092+0.01, 0.099+0.01 uaz 0.125+0.01 NFu/AA/FU ATNAAL TINANLANFNTUBLNeTTad1ATY

N940F (P<0.05) (Table 2)
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y = 0.5851x + 5.1894
R? =0.9667

4.0 4550556065 7.0 75 8.0 85 9.0 9510.010.511.011.512.012.5
Weight (g)

Figure 2 Length-Weight relationships (n=60)

a

1 4
1.5 ARFIN9LA3ULALTASLNNE Specific growth rate; SGR (%/A4) Uanawiaasiiaasfiog

= U o

a1adIna It allgfunan Niindy 1.2240.03, 1.3140.02, 1.38+0.03 way 1.62+0.02%/3u

o o

ATNATAL e’faﬁmmLuﬁmﬁmﬁu@ﬂwﬁﬁﬂmm&mmﬁﬁ (P<0.05) (Table 2)

1.6 Arssuaniila Feed conversion ratio; FCR Uannmwaesiiatsdatennadsugming
alisarnan WUANTERIINTUANIe WL 2.59£0.16, 2.53£0.09, 2.38£0.08 UA% 1.95:0.06 ANNAIAL
G‘ﬁ'qwudﬁﬁmmmm@ﬂLﬁ”@ﬁmwmeﬁﬂqﬁu@ﬂﬁqﬁﬁﬂﬁﬁﬁm&mwmaﬁ (P<0.05) (Table 2)

1.7 dmsn1ssanmaraslainamaas Survival rate (%) Uainawdesiiagdingeuis
Ar3agilidsuanuiealigdunan wudnldnsnnssenneiniy Seuay 86.66+1.44,88.33+1.44,

88.33+1.44 LAz 88.33+1.44 muaAL T9 il anuuanseiueenaliadAtyniealia (P>0.05) (Table

2)

Table 2 Average Daily Gain, Specific growth rate, Feed conversion ratio and Survival rate of

Hemibagrus filamentus fed with different concentrations of fresh Spirulina platensis in pellet feed

Treatment Average daily Specific growth Feed Conversion Survival Rate
growth (g/fish/day) rate (%/day) Ratio (%)

FS0 % 0.083 + 0.01° 1.22+ 0.03¢ 2.59 £ 0.16" 86.66 + 1.44°

FS5% 0.092 + 0.01° 1.31 £ 0.02° 2.53 + 0.09% 88.33 + 1.44°

FS 15 % 0.099 + 0.01° 1.38 +0.03° 2.38+0.08% 88.33 + 1.44°

FS 30 % 0.125 + 0.01° 1.62 +0.02° 1.95 +0.06° 88.33 + 1.44°

Note: Different letters (a,b,c,d) show statistically significant differences (p<0.05), Mean+SD.
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2. HANNTATIAIATIZUAUN TN
AINN19ATRABLANNININTRINRENLANAWARsInadTua e allsatianluemisdn

A13agUnszAuAudindusineiu 4 s2AU R 0, 5, 15, LAY 30% ANNATAL WU

I

2.1 auuQH Aty 27.77+0.12, 27.62+0.21,27.53+0.12 UaY 27.62+0.26 24AIAHEA

a

FNANAL TIANOINAH [HANLANFANNIUNNATER (P>0.05) (Table 3)

al

[

2.2 ArANttunsailumng (pH) T 7.59+0.04, 7.80+0.08, 7.64+0.01 WA 7.67+0.15

o o

FINAIAL gANIMAaesidinavieallgai 0% HauunnsneiuetnsliedAtynisatia (P<0.05)

o

AuganIImAseEsNa I lil3atn 5% (Table 3)

2.3 PBunueandiaufiazaisluiin (DO) HAWNAL 7.02+0.16, 7.04+0.07, 6.820.1144%

o o

6.62+0.24 mg/l ANAIAU FANINARRITLdTNA M gAY 30% HauuansieiuetnaliadnAty

NNEDA (P<0.05) AugANImasesiidinavineallgdui 0 uaz 5% (Table 3)

2.4 Y3unauwaniuils (NH;-N) 1ngan19nnaag AWl 0.05+0.01 mg/l (Table 3)

=

2.5 3nunuaailsWadinnanadanasa (PO,-P) AA1 0.12+0.03,0.11+0.02, 0.16+0.02 LA

o

0.1420.01 mg/l AMNANAL TegAN1TNAfeIdTNaIMIallgau 15% HAanuuansnaiua9
Heid1Atun9adia (P<0.05) MugANTMAsasNaNawinealilgaun 0 uaz 5% (Table 3)
- & = = . o = |
TIAUAINIIRARATEEzIIAINI AL AN AmAeey lusTAuNmNnzan Tllnansenusanis

dsl A
lReNUaINAUang

Table 3 Water quality parameters in rearing Hemibagrus filamentus fed with different concentrations

of fresh Spirulina platensis in pellet feed

Parameter of Treatment
water quality FS0% FS5% FS15% FS 30 %
Temperature (°C)  27.77 +0.12° 27.62 +0.21° 27.53 +0.12° 27.62 + 0.26
pH 7.59 +0.04° 7.80 +0.08° 7.64 +0.01%° 7.67 £0.15%
DO (mg/l) 7.02+0.16° 7.04 +0.07° 6.82 +0.11% 6.62 + 0.24°
NH,-N ( mg/l) 0.05 + 0.01° 0.05 + 0.01° 0.05 + 0.01° 0.05 + 0.01°
PO,-P ( mg/l) 0.12 +0.03° 0.11 +0.02° 0.16 + 0.02° 0.14 +0.01%

Note : Different letters (a,b,c,d) show statistically significant differences (p<0.05), Mean+SD.
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o
FANTUNANITNARD
=2 dgj A a ' a < ° @ n:ll o
nsAnEnsaetanamaesinedinamiaallzaianluemsdindidagnszduaau
dindiusineriu 4 gannInaaee Ae 0, 5, 15, WAY 30% AMNAIAL WU UaNAmABIIAEA8811 97
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Growth performances of Nile Tilapia (Oreochromis niloticus) fed with diet

containing fermented grass from cow stomach

259N FUTYUIR K12qld AIRNTUITTOL URSFAINT ARG
*

Worawit chukwannuan Saisunee Jitmanowan and SudapornTongsiri

‘Az aTulafin1sl sz uasnineInmiein innaneaeudla Sudadaaluy

\ wFaculty of Fisheries Technology and Aquatic Resources, Maejo University /

UNAREa

=2 dy a % 2 o o = A
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dl =2 1 v o % 1 = o dl % d’/

nIneaesi 1 nsAnaasA M lnguInisaasic udn thun Temu lasd e ly i aonsdu uay
AFTUlEATR LATNNINAARIT 2 NIINAABNUITNANNTYINNN 4 4AT Aa 0, 5, 10 Lay 15 ilaifus
WaAnwIn1swsymulnreslarfauian 90 41 nan19ANEI N1INARBIN 1 WUFIAUAINIY
Tnaunnisaasvimandldsiu 16.90 wefdus ladu 0.14 wWefidus iEiale 0.33 wledifusd in 17.27

< o dl’/ T & o X c & g o o dl dl o
wWafidus Anuau 13.25 iwlafidus uazansiulans 52.10 wafldus amua1au n1amasesh 2 ety

v v
amNINANTIMIN 4 g9 Didefiduslusfiuminiy 30 wWeiidus nndeatantia 90 44 wudnuin

[ 2
o

Uangading thuinnmndulazdnsnisasyauinveslaiia deduniaaefiasainnsuanudgmsn

1 4 4
10 wefidus HrngandigrnsamnsauuazuAnsveeelitg1 Aty 9adia (p<0.05) ann1sAnwIAseR
L8

1 14
agUlFdngmrenmannnzansenisdetaniia Aeansuanutmin 10 wadiius

ARty - Uantla nasuAuls a1misilan uominainnazinizda

Abstract

The study on Nile Tilapia fed with the grass fermentation in cow stomach diet consisted of
2 parts. The first trial, the proximate compositions of grass fermentation in cow stomach such as
protein, lipid, fibre, ash, moisture and carbohydrate were determined. The second trial, Preparing
the diet mixed with 0 (control), 5(GF5), 10(GF10) and 15(GF15) percentage of fermented grass from
cow stomach for growth performance investigation of Nile Tilapia for 90 days. The first trial result,
proximate compositions of grass fermentation in cow stomach including protein, lipid, fibre, ash,
moisture and carbohydrate were 16.90, 0.14, 0.33, 17.27, 13.25, and 52 .10 %, respectively. The
second trial, diets containing different levels of fermented grass from cow stomach with equal 30
percentage of protein were fed on Nile Tilapia for 90 days; final weight, the average increased

weights and average daily weight gain of fish in treatment GF10 were highest and significantly
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different (P<0.05). Therefore, it can be concluded that Nile Tilapia fed with GF10 was suitable for
Nile Tilapia culture.

Key words: Nile Tilapia, growth, fish feed, the grass fermentation in cow stomach
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Table 1 Formulation and proximate composition of experimental diets (% dry weight)

14

Feed formula (%Protein)

Control (30%) GF5 (30%) GF10 (30%) GF15 (30%)
Ingredients(% as fed)
Fish meal (51%) 15.00 15.00 15.00 15.00
Soybean meal (44%) 33.00 35.00 35.00 35.00
Rice bran (14%) 30.00 16.00 18.00 8.00
Broken rice (13%) 21.00 25.00 16.00 18.00
Grass fermentation (16.9%) - 5.00 10.00 15.00
Vegetable oil - 3.00 5.00 8.00
Premix 1.00 1.00 1.00 1.00
Total (Kg.) 100 100 100 100
Gross energy (kcal/100g.) 403 398 395 391
Proximate Composition (% dry weight)
Protein 30.73 + 2.82° 28.74 + 3.29° 30.71 + 5.96° 28.56 + 1.20°
Lipids 12.11 £ 0.69° 5.56 + 1.29° 5.49 +0.96" 3.39+1.10°
Fiber 5.22 + 0.63" 9.06 +0.73° 8.27 +0.89° 10.44 + 1.86"
Ash 8.24 +0.51° 8.25 +0.26° 8.65 + 0.42° 8.58 + 0.32°
Moisture 10.59 + 0.28" 9.05 +0.30° 9.07 +0.22° 9.00 + 0.26°
NFE 33.11 + 2.93° 39.33 + 2.50° 37.81 +6.30° 40.03 + 3.07°

Values are mean & SE. Values in the same row with different superscripts are significantly different (P<0.05)

[ [
NITINUABYA

panadanIsEstyELinnnmeu InanistindiaganiAuaniansee

v 1 1 -
1. In AN (Weight gain; nFu/sa)

WG = Bmtiniiedugan1snaass — tininile Susiunimaaes

2. ansnsastyLAuinsiadu (Average daily growth; n3a/ea/du)

v
o a

ANU

v 1 v U | 1 1
ADG = (Binila@ugannanaand — niniile Bunaaed) / Auuiunninismases

3. amsninlasueungdluiie (Feed Conversion Rate: Wdne)

v 1 U 1 1 2
FCR = 1miina1uingy 3 / dnminninaaiy

4.  8mIIN1999ARANY (Survival Rate: 1aidus)

SR = ([MuULaNIae / anuruLlan B x100
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N5AASISRTaYS
Tnedinsnziaonuutsisan (ANOVA) NaANEIANWANFNNTBIWAALEANTNAABIAINIL
WheunuAIRAL89AN1INAaadlAtRD Tukey's test NezAutiad1Atun1alia p<0.05 Tnallsunsw

&113a31 SPSS for Windows version 17.0

NANITNARAY
= £ o [ U o dl o dJ U £ ¥ = o
ann19Ane weludnlunsziwizda(mgivein) Rununisan e wazunlfaziaean 'l
AnsnziansAnelnguinig tun Temu T wale in Arnaw wds wulilsiiu 16.90 wlafidus
losiu 014 wWefidud wale 0.33 wlafidus 181 17.27 Wesdus Aandu 13.25 wleafidud way
A3ulamse 52.10 wWediius auadL (Table 2) Han1T3ATIEIRAMISINTLINIS WU lumgn

windldsfiuis 16.90 wlefidusd amsninnldnaunudnghvemisunegdau

Table2 The proximate composition of grass fermentation (% dry weight)

Proximate Composition (% dry weight)
Protein 16.90+1.85
Lipids 0.14+0.06
Fibre 0.33+0.09
Ash 17.27+1.81
Moisture 13.25+0.67
NFE 52.10+£1.34

pan1sinemEnNIARNuUdulugneug ludndou 0, 5, 10 way 15 wWedldud lae

[~ o

a519gnsaanildeniu 30 wWefiius Ndndouaesingivainng uandlu Table 1 WWatingnIauig
NuANEIAAMININTUINNITEI M TuAazgRT WUGNH T sAuagssrdng 30.73+2.82, 28.72+ 3.29,

30.7145.96 LAY 28.56+1.20 ilafidus LavifindiAn 8.24+0.51, 8.25+0.26, 8.65+0.42 UAY 8.58+0.32

'
o o

wWefidud deldumnsrsaeneiidadAtynieans (p >0.05) ludruaaalafifusflasii wudndAwinty
12.110.69, 5.56+1.29, 5.49:0.96 ua¥ 3.39+1.10 Wesidus 1Helad A 5.22:0.63, 9.06:0.73,
8.27+0.89 WAz 10.44+1.86 Llafidus ﬂ')’]ﬂd?ﬁ”uﬁﬁ’] 10.5940.28, 9.05+0.30, 9.07+£0.22 LLAa¥ 9.00+0.26
wefifus uazdTuruanslulawmsn JA1 33.1142.93, 39.33+2.50, 37.81+6.30 WA Z40.03+3.07

Wafdus muaAL waziiauuAnAe s NiE a1 ATUnNana (p<0.05) (Table1)

[ 2
a A

nantaasty L inreslattaniaesfoaaisnauum van 0, 5, 10 uaz 15 wWafidus wuan

09/ o v ogJ o dl QI da/ a dl al” v v o c @ L
uﬁﬂuﬂﬂ@ﬁ@ﬁ%ﬁﬂ RS uwuﬂmwmummﬂmuwL@mmammmmuwmwm 10 L afidus

(% v '

Armindangating geqa Winfu 44.7141.34 N5 wasHUAMINAANTIUWINAY 22.28+1.33 NFu
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WANFNNRENIHE AN ATYN9ATA (p<0.05) futlanliaNasefiaeanuisAILAN LaZBIUMIIHANUTYIUNN

(% ' (%

o

5 iwlafifus waztinminiinausaslanianlferunsuanvd vdn 0, 5 uaz 15 wedifudivinming

o

WWNTUINTL 14.25+0.56, 16.80+0.74 LAy 19.06+1.51 nfu luflAnuuanmaeeldadAyn9aia

(p>0.05) (Table 3)
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(p<0.05) (Table 3)
o = g PR > N .
ansnsilaguanvisiiuiasestandaniaesag anunsuan i MEnN N s AUFAIIL Wlga

& a 1 o

ﬂmﬁ@‘ﬁ'Lﬁymﬁ-ﬁwmmm@waﬁwﬁﬂ 0, 10 way 15 Wafidus NANNTL 4.3140.03, 4.08+0.09 UAY
4.05+0.04 AINAIAL UAZUWANANNRENHTANATYN AR (0>0.05) Auanvsuanmt vl 5 twlafidus
SaflAiinfiu 4.43£0.03 (Table 3)
é”ma"mfmﬂmmwmﬂmﬁ@ﬁlﬁyﬂqﬁqmmmmawaﬁmﬂﬂ%zﬁuﬁmﬁu WUINERTIN99DA
AreravlarladAvingy 66.67+2.58, 61.67+2.58, 60.00+4.47 Uaz 61.6+2.58 Liafifus auansu

(Table 3)

Table 3 Initial weight, Final weight, Weight gain, Average daily gain, feed conversion rate and

survival rate of Nile tilapia fed with experimental diets for 90 days

Feed formula

Parameter

control GF5 GF10 GF15
Initial weight (g) 22.4 +0.00° 22.4 +0.00° 22.4+ 0.00° 22.4+ 0.00°
Final weight (g) 36.68 + 0.57° 39.23 +0.75% 4471 £1.34° 41.48 + 1.5
Weight gain (g) 14.25 + 0.56° 16.80 £ 0.74° 22.28 + 1.33° 19.06 + 1.51%°
Average daily gain 0.09 + 0.00° 0.11 + 0.00° 0.14 + 0.00° 0.12+0.01%
(g/fish/day)
Feed Conversion Rate 4.31+0.03% 4.43 +0.03° 4.08 + 0.09° 4.05 + 0.04°
Survival Rate (%) 66.67+2.58° 61.67+2.58° 60.00+4.47° 61.6+2.58°

Values are mean & SE. Values in the same row with different superscripts are significantly different (P<0.05)
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Abstract

Aspergillus niger is a fungus and commonly found in environment. Its property is similar to
A. oryzea, which can reduce antinutritional substances. The utilization of indigenous A. niger from
aquaculture area to improve the quality of soybean meal by fermentation and replacement in Red
tilapia diet was studied. Tilapia sinking diets with 35% of protein were formulated. Sources of protein
in diets were composed of 20% of protein from fish meal (FM) and 15% of protein from soybean meal
(SM) in control diet (D1). The SM was replaced by fermented soybean meal (FSM) at 25, 50, 75 and
100% of SM protein (D2-D5). An initial weight of juvenile Red tilapia was 12.33-12.45 g. The 10 fish
were stocked in 350 L cylinder container with triplicate groups. Each diet was fed ad libitum twice a
day for 8 weeks. The results presented that, the final weight, total length, specific growth rate, survival
rate, feed conversion ratio, protein efficiency ratio, carcass percentage, hepatosomatic index and
product capital showed no significant differences (P>0.05) while the significant differences (P<0.05)
were found on feed intake and net protein utilization of Red tilapia. The level of 100% of fermented
soybean meal protein replacement performed the lowest product capital, although it was not
statistically significant difference. Therefore, 100% of A. niger fermented soybean meal can replace
soybean meal in Red tilapia diet without reduction of growth and survival rates while product capital
(baht/kg of fish) was reduced. The A. niger fermented soybean meal is alternative protein source for
cost reduction of Red tilapia farmer.

Keywords: Indigenous Aspergillus niger, Fermented soybean meal, Red tilapia

AN

ﬂmﬁ@LﬁuﬂmLﬂmgﬁ@ﬁ”lﬁ%‘ummﬁﬂmmﬁ’gﬁimLmzvl,riﬁﬁmiwa:LﬁymrTu@ﬂNLL‘wéumﬂ
nanARANNsAEaadesantedarfiaune Wil 2557 U5unns 189,900 fs Anidlu 45.70 wle5ifus
gaansLAndnfinanvaslszmalng (DOF, 2016) Imﬂﬂ@ﬁ/ﬂ‘ﬁﬁ”}ﬁﬂﬂuﬂwﬁ”ﬂ\‘iﬂ@ﬂaﬂLLﬂ\‘iﬂﬁ‘zﬂWTﬂﬁ\?
Aea1ms Amdulunuilszanns 50-70 wWeSdudaamunisuda deiinnsldlanwdusagavidy
wiaeldsmunanluams annazifaqiiuiiunnnisuanlantuilldifisenesiananusiasnislilantlu
‘Luﬁlmm'mn'mJﬂ'm%”mzﬁ”mfil,l,@zﬂmwwL’ﬁymzﬁ”m')’ﬁ”ﬂmmalﬁﬂmﬂummLm@mmzﬁﬂﬁmmﬂﬂmﬂmﬂu
Fingedumunaufieanistesnann evmsdndinasisangeiunalugeg (Hardy, 2010) nndauaes

1
a a

dudngauiduwnastlsfiuanniandasiiunnaununislidantueeneangneaang usiiasann
ANNEANAIH AL INTUY (antinutritional factors; ANFs) #aetiin 1&wn trypsin inhibitors, lectins,
phytic acid, saponins, phytoestrogens, antivitamins, allergens (Francis et al., 2001) ha @19

oligosaccharides Nfnasanisandnanisiasqyianinuazlsz@nininnisliansanisludng
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(Anderson et al., 1979) il ndwaesluamisdndlEluRunosnia sugunisAnsnislénin
faaedluenmsdndiin 18un Wee and Shu (1989) Wnnndamaeamaunlantiulusnam 55 ulesifus
luavnatanila AwaliinnaainAuinanas Reigh and Ellis (1992) W nndamae At
Mazatrenaunudaite 53 iefidusd luenuisilan Red drum fualfignsinisiuenisuaznig
LRTLALTAAARAY é“mﬁmimmgﬁ”u 40457 Romarheim et al. (2008) waz Merrifield et al. (2009)
mmmmﬂ%mqumﬁ@ﬂummiﬂmLiuiuimﬂﬁ(Rainbow trout) Heualiiduguinevesanld
wlAsuuasll wuRaafuf Bakke-McKellep et al. (2007) meeunslasuulasilederesd iy
dauanuauFAnuaanau (Atlantic salmon)
nnsnndnanssiafinuinausluinghvaunsiifoniunaeds wu nasliinanusen (Barrows
et al., 2007) nslfinnutauBaaniiaiianausu 15-30 U7 arunsnanizunoeq trypsin inhibitors
lunndmaesisndiszsianggli (Norton, 1991) nslpmsbeninuiussinazaiaifleainianis
TelsAudiuanndainan (Cheeke and Shull, 1985) 914 5s@auns13n (Gomes et al., 1995) U Francis
et al. (2001) nandnslinnaaunanszinatinaszalnseds iesannanabeaunanainaginanaans
fnulnauzsing < udn SelinaseanunImaesansamsluingaueisdion i nsinildsRudaan n
Lz sdeugnmanensaeviluladudenadanisinll s lamdlEanas uanannnistndnansiiiu

1 4 b b %

TnauzeRsnnanadinafiundo nnsnsinfoaqauyiad (fermentation) 1uaNIaNa1Ns0ANIBNIUANS

1 ¥
o

fnulnguznindamanslé (Francis et al., 2001) wuaaazldiiniaanialaanistanigagiag
uazailulamsn i luanatanaie 1 iduunasnaseuuaza39 volatile fatty acids (VFAs) L
nsnadfn naauanmn waznsalilstlatia Wubiu (Moran, 2005; Chiba et al., 2005) lsAuazgnelas
natendunsnaziilu (Alagheny et al., 1996) wazdaandnsitulnrusludngiveinisainuases
NIALAARN (Cruz et al., 2011: online) N13ANHIUEY Hong et al. (2004) WuIN13LELTEes Aspegillus
% oI/ A qI/ A o v & . = < ] o v a
oryzea ninfamassuaznndamaesin auatuananllng (peptide) Hauiatanas deanannliid
Pnnnlisfugandndamassuaznindamaedi ldiauniamdn 10 wefiiusd aunsnnndnans trypsin
inhibitors ka1 lfaunraaldindniieandt 20 kDa F1Funuundu wazaniBuraid ndawn
1NN 60 kDa 1aNaN@a A. oryzae a1unsn i lunisvsinnindamasaie i lunsaasdmnduingn
e . g S a < Aa sy = o o am
‘7231 A. niger Ww@asnanalanilanianantifafaraeiy A. oryzae AI9NIUAMIANLIF NS
A51941TFN ] 984 A. niger A protease (Yang and Lin, 1998; Couri et al., 2000) cellulase (Couri
et al., 2000; Kang et al., 2004) hemicellulases (Kang et al., 2004) lipase (Mahadik et al., 2002)
phytase (Ahmad et al., 2000; Mandviwala and Khire, 2000; Casey and Walsh, 2003) LA tannase
(Aguilar et al., 2001) Uiy wazi@as A. niger falui@esniAnndaendy An13tiun 1 lunsuas

extracellular wulsl waznsadssn e ldlugaaivnssnenis wazlfifunisfusesainesdnisaimng

WAzENURIANIFAINTNN (Schuster et al., 2002)
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tuminual3nguun -20 avemadaa Jiasizinmuamsinguinisaesdamasstluminuaylaindn
Thun dsnnnulilsiiv foeds Kjeldahl lasiu faeds Soxhlet AN wazilin (AOAC, 1990) ATUIUEAT
warnanavnsaNTiaaninnABuullseiu 35 wefidus M ldsAuantanilu 20 wlafidusd uazdn
wiaestlunldiunisainmngy 15 wafidudlugnseiuisaaunu (D1) waznaumulilsiuaindamans

tudiaeTdsmiuandowaestlungdn fseau 25, 50, 75 waz 100 wlafidus Tugnsains D2-D5 (Table 1)

1
a

amINaR AU g uuni -20 eeAmaiiad IuATAIIAININEINITBI81MNTURATERT
FNABN19289 AOAC (1990)

nadavilsz@nininaasaruisinaiaesilanlanasludanssnan fsumsiin 350 ans uazli
2IN1ARADALIAT ARLRANUATALASIUIALTENNN 8 LIURLNAT ANUIUNUILNITNAREIAE 10 AR
dariminzesdausazmisanimeass Insutaiu 5 gan1maaes o) az 3 41 Memisduay 2 1an
A =3 2 a Ql A v dl v o ! A dal A
duazifiu InalidannuenmsauduuazmaaiAsemistieangs aanznauiudanauliianisiiaidi
wazilasutiaun 2 4u ieacuaNnIslasuulasgunintn eslaniuszaziaan 8 diland

Nnsdeianiingn 2 a1 uaziiunnilsunuenwisidaiu ialdauanisasgauinainng
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(specific growth rate; SGR) wazlsz@nsninns 4 lsfw (protein efficiency ratio; PER) BazAIWI0
8RTINNTNURIUNT (feed intake; F) LazERILANITe (feed conversion ratio; FCR) Asaaiiuaniauilan
ievNenINITaARE (survival rate; SR) AinniBunallsiuluilelareuuasudsnnmaaeite
AN 3 1ETlsRugnS (net protein utilization; NPU) tiusaatn9lananuau 5 9 aanusdaziae
naaed iadainminaeaiiiata uasiunieufaufuiiming Mef1usn Adagouisinaly
(carcass percentage) Wa=ANATRAL (hepatosomatic index; HSI) ﬁ’]ﬁ'mf;i’l\‘iL‘fij@ﬂmu’quufﬂyﬂuu
271119 PDA Lﬁ@@iﬁémmﬁ”@iﬂuﬁ:@ﬂm ﬁﬂmﬁLmﬁ:ﬁs’ﬂmﬂ@ﬁwmﬁfmmﬁmmzﬁmmLLﬂﬁJmu
wuy 1 a9 pANLIWAIINAAEY UL CRD (One-way Analysis of Variance in Complete Randomize

&

Design) WAzt FeuiguANLANANNTadALaaLfa8RT DMRT N5eAUANsiiaiis 95 wlafidus

Table 1 Composition, proximate analysis and cost of the experimental Red tilapia diets

Experimental diets

Ingredients (%)

D1(0) D2(25) D3(50) D4(75) D5(100)
FM (73% CP) 27.40 27.40 27.40 27.40 27.40
SM (50% CP) 30 22.50 15.00 7.50 0.00
FSM (45% CP) 0 8.33 16.67 25.00 33.33
Rice Bran 12 12 12 12 12
Palm ail 4 4 4 4 4
Rice Starch 22.60 21.77 20.93 20.10 19.27
Vitamin Mix 1 1 1 1 1
Mineral Mix 1 1 1 1 1
CMC 2 2 2 2 2
Proximate composition (% dry matter)
Protein 35.51 35.53 35.59 35.56 35.52
Lipid 13.36 13.22 13.35 13.22 13.23
Ash 12.66 12.68 12.73 12.73 12.71
Moisture 6.58 6.53 6.60 6.68 6.58
Energy (MJ/Kg) 18.43 18.49 18.40 18.43 18.59
Diet Cost (Baht/kg) 29.69 29.32 28.95 28.58 28.21

Remark : In 1 kg of Vitamin Mix consist of vitamin A 10,000,000 U, D3 2,000,000 1U, E 1,500 IU, thiamine 2 gm, riboflavin 2.5
gm, pantothenic acid 14 gm, pyridoxine 2 gm, cyanocobalamin 10 mg, folic 0.5gm, niacin 12 gm, K, 2 gm and C 20
gm. In 1 kg of Mineral Mix consist of Ca 100,000 mg, P 80,000 mg, Cu 2,500 mg, Fe 1,200 mg, Mn 1,200 mg, Zn
1,540 mg, K 260 mg, | 740 mg, Mg 2,160 mg, Se 10 mg and Co 240 mg.
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NAN15348
& o dagd A e & a4 ¥
HaNNTaENUatawasceanann ld i maes Uusinunuiamaesluln® wuddeduge
n7IaeNszazioan 8 dUal Aniswestyiuianiedas dsznaufiae Wininggndng 59.57-60.80 niu
(Table 2) AMINENITENING 14.70-15.27 LHURLNAT LLmﬁmqmiL@?mLﬁu‘lﬁmﬁ%ww (SGR) 71914
2.80-2.82 iwefidussadu (Table 2) wazAnlsz@nininnisldeunsedas Usznevdiog 8msnisny
27117 (FI) 521979 68.03-76.11 nFusasa answaniiie (FCR) 3149 1.42-1.61 Usz@nsninnns 4
Tishiu (PER) 951919 1.74-1.97 uazn1sl4Tilsfiugnsd (NPU) sv1ang 28.43-31.31 ilefiius (Table 2)

£

1Bunasldsinludiatan wassendng 94.16-94.42 waidusdtinminuiia Adndiuniidinald (carcass)

'
= ! < 3

LRREITEUIN9 35.19-35.90 1l Sifus uazFaiisy (HSI) 1aa8T21914 2.00-2.08 LUasidus (Table 2)
Fawudnimin Auen RINITATEYLFUTAAUNIE BRFITDAR sasuaniide Uszavanmnisld
Tdsiu ddaufitsinaly wasdailsu Tifanuuanseaiunieadn (P>0.05) lunngnsams usnwdn
UanTaunilduanmnsililsfiuandamiealumiinlugasemms 50-100 wefiufasiilsiuain
waestlulnf (D3-D5) F8Rsnnsiuemns (FI) anaseteiiladndynieada (P<0.05) Weldeuiuy
g et i nan e damanstlumin (1) waznaunudauassumin 25 Wefidusaesdsiuainda

a

wiaealng (D2) uazAn sl lilsfiugnd (NPU) aevtlandauasiilaFuenmsinaunudaadamasadivein

o o

100 wajidust (D5) Hendse@naninnisldllsfugangauazuansisadwliadAnyneais (P>0.05)
Walrauiauiuamsgnsdu (Table 2) LBAIWINIIAIEIMNT (diet cost) HT1ATEMINY 28.21-30.05
umseilanin lngsAne1msanasnndndiunisnaunuine llsfivaindamasstumin AdinIu uaz
AunuAtaussanananlatlianns 1 Alaniu (product capital) #51A921919 40.13-47.80 U Tae
o \ o o a o & ' o A a & L A a -

AUUAIBINNIARAIAINARdauN I AL UALe AR INTIMA L UNTNTIANIY WALHaTIATIZINN
anANUdNHUUAIaIMITAaNTNARU A HALAS 1 AlanfuldiAnunns1aiunieans (P>0.05)
auanali Table 2 wazlinunistuillenteades A. niger ludlalalaunad lEaeasaaaunsuanto

= 1 o
wiaeaLluuan
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Table 2 Growth performance, survival rate, feed utilization, product capital (+ SE) of Red tilapia

affected by proportion of fermented soybean meal in the diets at 8" week
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Performances D1 D2 D3 D4 D5
Initial weight (g) 12.45+£0.01a 12.34+0.02a 12.4240.04a2 12.37+0.03a 12.38£0.06a
Final weight (g) 60.80+2.48a £59.57+3.06a 60.34+1.61a 59.90+£1.37a 60.03+2.38a
Initial length (cm) 8.97+0.07a 8.88+0.08a 8.97+0.10a 8.89%£0.09a 8.76+0.08a
Final length (cm) 15.164£0.16a 15.27+0.39a 14.81+0.23a 14.70+0.27a 14.95+0.18a
SGR (%/day) 2.80+0.05a 2.81+0.09a 2.82+0.04a 2.8140.04z  2.82+0.06a
SR (%) 100 100 100 100 100
Fl (g/fish) 76.11+£0.44a 70.53+0.42a 68.23+1.12b 68.03+0.52b 67.49+0.68b
FCR 1.61£0.04a  1.50£0.09a 1.42+0.06a  1.43+0.04a  1.42+0.07a
PER 1.74+0.05a2 1.86+0.11a 1.964+0.07a  1.96+0.05a2  1.97+0.09a
NPU (%) 28.43+0.17a 30.85+0.19a 31.17+0.52a 30.87+0.23a 31.31+£0.31b
Fish meat protein (%dry weight) 94.42+0.02a 94.39+0.15a 94.26+0.06a 94.16+£0.36a 94.26+0.62a
Carcass (%) 35.79£0.51a 3599+0.20a 35.95+0.34a 35.21x0.14a 35.19+0.43a
HSI (%) 2.08+0.03a  2.00+0.12a  2.03+0.07a 2.05+09a 2.02+0.11a
Product capital (Baht/kg of 47.80+1.27a 441442.78a 41.29+1.82a 40.96£1.06a 40.13+1.92a

Remark : The difference alphabet in the same row indicated statistical significant difference
(P<0.05).

3315 UNA

AanuanIMmaaasnLdnaEsALTe snssenne dadauniuiinald wazAtdtnuaeslan
a dl d’/ % dl = ol/ A 1 % = oI/ A [ o 1
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! o aa dl = o a6 & uI/ A 1 a dl o a
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o 1 a a
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wyuRY wazivdeyarns 15 4u iflusrezioan 60 Junudn T, fensnawasuemaduilewin
1.43+0.57 AN31 T, uaz T, ({A1 1.700.76 uay 1.82+0.35) atelitd1AYn1eania (p<0.05) LedRIN
nstasnyiule dnsniaesgyiAuTnanmng dnsnisseanie Use@nsniwnislillsiu uazamuaimnig
Tngwnszeaifedan lflaanuuansinmieadn Tnaansdualsiiuesdluwiledand T, uas T, Ben
27.1240.21 uaz 26.91£1.75 Tulasnia/niu wnnnan T, (e 7.35+0.56 Tulasnia/mniu) uazsiununig

NARTU T, AAN 37.9621.20 Un/Mlaniu Ainda T, wasT, (41.3741.09 uaz 43.45+0.69 L w/Alaniu)

v
) ]

a8 HNEAATYN19ATA (p<0.05) AnsnInIIwAazgAN1InaaeslilAwANFaNINEans agu1sidn
nsliannsindiagdlilssiu 25 ulefiiud Auwmudaan (TuaxT,) lunisuamlaigniadeyinliian
A o = g = al < o a a % =1
Hamsnisiasueivisiduiie a1sdunalsiueasdluilalan wavsuyunisuanandi lde1usde
An3a31 i smiu 25 lafifus 1idaniu 100 wlefidus (T,)

o [ v a a v a
AdrAty : dargniade e1vnsdan uniide nisaseyiuln wazsuunisuan
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Abstract

The effects of a combination of duckweed and commercial pellets as feed for African
sharptooth catfish were investigated. The growth performances, nutrition value, carotene pigments
in fish flesh, water quality, and production costs were compared. The experiment was divided into
3 treatments, 3 replications each as follow: T,) 25 percent protein pellet and feeding 100 percent;
T,) 25 percent protein pellet and feeding 90 percent with 10 percent fresh duckweed; and T,)
25 percent protein pellet and feeding 70 percent with 30 percent fresh duckweed. Feeding was at
3 percent /body weight/day. At the beginning, fish weight was 55.00+£5.00 grams/fish; length was
17 .50 .5 cm. The releasing rate was 80 fishes/square meter in a circle cement pond with
80 centimeter in diameter and water circulation system. Data was collected every 15 days for 60
days. It was found that T, had feed conversion ratio at 1.43+0.57 which was better than T, and T,
(1.70+0.76 and 1.82+0.35, respectively) at a statistical significance (p<0.05). However, there was
no statistical difference in terms of growth rate, specific growth rate, survival rate, efficiency in
protein using and nutrition value of fish meat. Meanwhile, carotene pigments in fish meat T, and T,
were 27.12+0.21 and 26.91+1.75 microgram/gram which were more than that of T, (7.35+0.56
microgram/gram). Production costs of T, was 37.96+1.20 Baht/kilogram which was better than that
of T, and T,(41.37+1.09 and 43.45+0.69 Baht /kilogram)at a statistical significance (p<0.05). Water
quality of each experiment had no statistical difference. It could be concluded that using 25 percent
protein pellet with fresh duckweed (T, and T,) for African sharptooth catfish production could make
feed conversion ratio, carotene pigment in fish meat, and production cost which were better than
using 25 percent pellet and feeding 100 percent (T,).

Keywords: Clarias gariepinus, Pellet feed, Duckweed, growth, fish production cost
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Uagn¥alie African sharptooth catfish (Clarias gariepinus) MdaunHalundwawsnn i
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daninisasgiulagmege dannubinuniulsauasnuseniaasunlassesaninuandengs aign
Saide Aua1uns leialawazdng (Omnivorous) @1:17001a Mg lAUaNaTTiA(FAO, 2014) i9auns
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Cladophora 5 a5 EuFiA1NINNG 819T0aNa1198 S, platensis 10 Wasdus anunsuduanse
S. platensis 5 wWaifuAuazaIMINaNAMINe O ilafidusin uatal (Promya et al., 2011)
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NIFINUHUNITNARDY

TNUNUNARBNLLLANAARARE19aN1 7] (Completely randomized design; CRD) tngiuiianng
NAadLlu 3 TAN1INAABY TANITNAABIAT 3 din

gannanaaasi 1 ennsgaauan @wnsdindiagdldsiiu 25 wefidus Wilaidu 100
waiug)
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9.00 1. uaz 17.00 . uazliemsian 3 wWeidudiimindaasu ﬁuﬁﬂﬁmmmm@ﬁﬂmﬁunﬂ
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NSLASANARINARDY

ihgnianansadanrniudaddusineiios Samdauns a1uau 360 fa Haunainieds
dszanns 5045 N3 shansinifieldiiusm ludenaaeskanpaiuuuiiy 80 Fa/mnaiuns siie 40 fo/
v Ufnanngndangnia@alfifumeiuanineiunsilinaaedlnalfigniaigniadafiven wistlan
faluTsiu 25 wWesilud Wenwns 3 wesdus sawiminda/du fuaz 2 A% Aewan 9.00 u. waz
17.00 W. AugNUaANFATENAABIAWIALLAZEBNT LN TUAL AeguilL LLaz‘foS’m‘fﬁmﬁﬂqﬂﬂmQﬂ
saFuBudiunimanas mmfuﬁﬁzgﬂﬂm@m*mL%mﬂ@wmmmmﬁmﬁﬁﬁwum uAZBUNIINAREY
sl

= [
nsLasENLULL A

twiudannziaeseenaludedwuinanaunduiiuguinats 100 WWAWAT U110 Ue
Tneldjayalnla o AlanFuazanalunn 300 ansunu 7 du neuthwdnlutedes nadninile 7 ana/
Fu ldunudaiusiu 30 wWaeidus seauumudavanesintienielu 3-5 4 (Buranarom, 2000) WLAEn

nandnesuialuglanyne i i ldduemsdauazin Wawanzinuamisinguinig

MSIATENDIUSNARDY
mm?‘ﬁli%élum?mmmLﬂumma‘ﬂma?’]L%gﬂfﬂﬁmLﬁmﬁﬁ?zﬁuTmﬁu 25 wWeafidud MWiamis
3ulefifusf veariminga/su fuaz 2 A A 1981 9.00 u. uAz 17.00 . TerinsiuLEunne s
1NN < 15 4 TUUARsUa189UFaTIANNINARES AABATTEZIIAINITNARDY 60 TU
fhemnslauazimudaundinssiasdlsznaunieanmng Wun Tefiu Tustu dele

ANNTU waz A5l lEAIRA MINATURY (AOAC, 1990) Aauanalil (Table 1)

Table 1 Proximate compositions (% dry weights) of commercial diet and fresh duckweed

Parameters commercial diet fresh duckweed
Fat (%) 7.67+0.23 5.17+0.38
Fiber (%) 6.82+0.88 5.50+1.64
Protein (%) 24.56+1.97 24.30+1.22
Ash (%) 12.35+0.08 18.05+0.40
Moisture (%) 8.32+0.03 10.14%0.02
Carbohydrate (%) 40.28+1.71 36.84+0.89
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UsziiuAransnisiaseyiiuln (Average daily growth; ADG) utinifindu (weight gain) 8R31013
ety Aulnawng (specific growth rate; SGR)AMIIN1398A (survival rate) aRaNTTidasuaIN I
\ia (feed conversion ratio; FCR) tsc@nn1nnnsldlilshiu (protein efficiency ratio; PER) wazfunu
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4. ansNastyLAUIRAINNE (Specific Growth Rate, SGR ;tafidusi/du
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6. an3n7ilasauiailuiie (Food Conversion Ratio, FCR)
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msAAgIzatAlsenaumaafizasanmsdatuazialsiuagalusmiilan

duseteemnsianllinunssuaunisiaudia dnldeuiigumgi 60 evrnaadus Wuwan
48 d2Tus 1 lAiAszef Tlsdtn lasiu @ele 1B Anaudu anslulawmss (AOAC, 1990) wazisunns
wAlsNueeARNNATIRY (Foss et al. 1984) Aaudnslu (Table 3)

N5IAIRdayaNISaD s
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=

= 3 Y a a & oo < o
wWisuweaunaresntsldunuildaansednsininasganin dandniidiuaudnainig
winyulnanmng dsednsninnisldllsiu dneanassennie fuyulunisnanlan diunmn
I~ g 'y S dl” 'y IS & ] !
walsnuesd aeALlsznauniaaiizediiean 89AlsTnaUNINANL8IBIUT LAZARININEN UAREUUIE
naaedlnen1saAIIziAINuLlsLle9 (ANOVA) IiNaANHIAINUANANIEndIedtenaaadlng

38 Turkey's-test NezAUTANATYN9ETA p<0.05

NANITNARDY
1. maasaiula walshiuasalullalan wazsununisaanlan

1.1 Wutniafg (NFa/a9) WekEnfiunaaestiimineaaeslaigniadsatszudne 5545 nfu/sa Tne

< & (=1

dargniadadnlifueimisdndniagdisfiu 25 wlefidus WWilaniu 100 wWefifus wazaimnsd

(% '
o & o A o o =

Angagulilanu 25 wWafiduslidanniu 90 wefidus duwuwdasn 10 wWedidusd Srwineaamanagn
dagniadenlifuainadadndagdilsiu 25 wWafidudliidaniu 70 Waefidusd Auuvudaan

30 wefdius warlifanuuansneaiun1eada (Fig.1)

gram average weight African sharptooth catfish
180
160
140 }/—
120 o

100 /

60 _—¥

60 _"/57

40

20

0
Day 1 Day 15 Day 30 Day 45 Day 60
@)= Control 60.25 68.15 85.88 127.74 147.55
e=fll=Duckweed 10% 61.47 73.01 92.44 126.6 147.34
Duckweed 30% 57.51 68.44 92.35 124.15 137.3

Figure 1 Average weight (g/fish) of African sharptooth catfish (Clarias gariepinus) experimental

period for 60 days
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1.2 amsIn15wantila (Feed Conversion Rate :Units) @mm’mmﬂLummﬂmﬂnmﬁﬂm Fu

T o o

amnaind1Fagulusiu 25 wefidus Wianfu 70 wefdus duuwmuiaan 30 wWaidud HaAwindu
1.430.57 find1 UaansadeiilésuenadadFaguiusiiu 25 wefidus Wilaniu 00 wefdusitu
winilaan 10 wWefiduduazaruisiindniagildsiu 25 wladifus 1HdaAiu100 waediiusd uasd
ANUUANANAUNNATH (p<0.05) (Table 2)

1.3 dsz@nsn1wn1sbdlushiu (Protein Efficiency Ratio; Units) Use@nsninnisldldshusasilangn
saifedlEfuamadingrSagutaiiu 25 wefidud 1idanfiu 100 wefifusf uazewnandadiFagd

@

Tisfiu 25 Wefidud nuunuilaan 10 Wefidus LL@zﬂmqﬂ%L%ﬁﬁummﬂﬁmﬁﬁL“‘}@gﬂ‘ﬂﬂsﬁu
25afidusd Auumdaan 30 wWadidud SAminiy 2.0540.19 , 2.19+0.21 WAz 2.34+0.12 niag
ANNAAL LAz I AMNLANANNAUNI9ADR (Table 2)

1.4 AansIN151asaULALlA (Average daily growth; ADG; nia/6a/du) dnsinisiasyiiuinuestainn
SadufliFuemnadindFagutuafiu 25 wefidumliilardu 100 wesdusd uazewmndadagy
Tshu 25 wWefidudlftanne 90 wefidusd nuuwnuidaan 10 Wesfidud NANvaAY 1.57+0.12 uaz
1,56+ 0.11(NFN/F/3 1) AMNAIAL ﬁm'ﬁﬂm@ﬂ%@L%ﬁiﬁ%‘“ummﬂﬁm%ﬁL%iﬂ‘lﬁﬂiﬁu 25 1lafidus 19
anfiu 70 wWefidus duwuilagn 30 wWasidus HAN1.41£0.08(nFN/F /3 1) wazldTlANuLAnFNaiY
NNEDF (Table 2)

1.5 amgIN19LasULAUTASLNIE (Specific Growth Rate;ilafidus/du) dnanisasnyiiulnaninig
veadaniadeilisuanadadfagUistiu 25 wefidud 1filaifu 100 weffuduazamnada
A13agullsRu 25% 1iianfiu 90% fuunudnan10% NANNAY 157.49+11.46 wladifus/dulas
15576+ 11.52 itlafifusf/iu musasu famannddaianiadedldiuamadnddagd tilsiu
251adifiud Mianiu 70 wWefidusd duwwidean 30 wWefidud AAn 140.99+7.11 wWafidus/iu uaz
ldfimuuAnANaiunIeaia (Table 2)

1.6 aM9IN1992AME (Survival Rate; Liladidus) @mqmﬁ@mmwmﬂmmnmLsnﬁﬁlvl, SUaM199s

3 gp9 ANBETE1INN 98.33+2.89-100+0.00 wlafifius uazliiaauuansdaiunieadn (Table 2)

'
a

1.7 WARUNMNNTU (Weight gain; 1lafidus) dnminiisiuaesdaigniadanliiuainisuia

@

Angagdilsiiu 25 wadiiue Wilanfiu 100 wefduduazaimaingrdagillssiu 25 wlafidus 19

< & & o

tanfiu 90 wWefidud duunwdaan 10 wWefidusd AAwindy 173.46+14.55 1Wefidus uaz 171.33+
17.15 wefiudmuandy Sarunnnindangniadefilsiuewadadiaglsiiu 25 wefidusfi
anfiu 70 wefidus Auwudaan 30 wWefidus 1A1160.62+9.93 wWefifuiuazluinauunnsnaiu
NNADH (Table 2)

A

. 3 2 1 1 ¥
1.8 AINLITNNTY (Length; LloFidus) Aornaaliinauaesilaigniadanlaiuenuisdna

Agagilismiu 25 wladidus MWidanfu 100 wWedifus uazarmsdadniagdlilsmiu 25 wlafidus 13
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& o o

1laniu 90 wWasidud Auunulagna 10 wadidus HANvinfdu 41.52+3.51 1Wlafidus uay 40.05+1.28
wadidusinnansu Aarninndrdaigniadanlafuensdadidagl lsi 25 wlefidus Widantiu
7oulafidudiuuwmuiaan 30 wWasidus HA1 37.2240.16 wafidumtaz il AuuAnA T UN 19405

(Table 2)

1.9 AuNUNIsHARLan (Production variable costs; L/nn.) fiuyunisuaatairastlaigniaiday

THFuemnadaduiagdissiu 25 wWaedidudlitaniu 70 wWefidusd duunudaan 30 wefidusiian

<

Wiy 37.96+1.20 uw/nn. aandn dangniadenlaueadeddaguideniu 25 wWefidusliitlan

al

< o

Au 90 Wefidudiuuuuiidaan 10 Wefiduduardaigniadanliivainisdndndagyldsmiu
251la5iduA AN 100 wWasifus HA1 41.37+1.09 way 43.45+0.69 LNW/NN. ATNAIAL LAZHANN

WANFANAUNNADS (p<0.05) (Table 2)

Table 2 Growth performance and Production variable costs of African sharptooth catfish (Clarias

gariepinus) experimental period for 60 days

Parameters Control Duckweed 10% Duckweed 30%
Feed Conversion Rate (Units) 1.82+0.35° 1.70+0.76° 1.43+0.57°
Protein Efficiency Ratio (Units) 2.05+0.19™ 2.19+0.21™ 2.34+0.12™
Average Daily Growth (g/fish/day) 1.57£0.12™ 1.56+0.11™ 1.41+0.08™
Specific Growth Rate (%/day) 157.49+11.46™ 155.76+11.52™ 140.99+7.11™
Survival Rate (%) 98.33+2.89™ 99.17+1.44™ 100.00+0.00™
Weight gain (%) 173.46£14.55™ 171.33+£17.15™ 160.62+9.93™
Length (%) 41.52+3.51™ 40.05+1.28™ 37.22+0.16"™
Production variable costs 43.45+0.69° 41.37+1.09° 37.96+1.20"

Mean + S.D. in the same row carrying different superscripts were significantly different (P < 0.05).

1.10 AnAMTATUINIg 2euilataigniadentifuemiadadniaglan 25 wafduduay
amnsdndndaglilefiu 25 Wefifudlidaniu 90 Wefifudiuunuilinaan 10 wlefiiufuas

amaindniiagdefiu 25 wlefiduslidaniu 70 wefidudiuwiuidagan 30 wediius %3 3 ganns

NAARI ITAMNLANFANTUNIEDS (Table 3)
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Table 3 Proximate analysis and carotenoids of African sharptooth catfish (Clarias gariepinus)

experimental period for 60 days
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Parameters Control Duckweed 10% Duckweed 30%
Fat (%) 5.69+0.43™ 5.89+0.28™ 5.18+0.14™
Fiber (%) 5.17+0.22™ 5.50+0.37™ 5.63+0.34™

Protein (%)
Ash (%)

Moisture (%)

Carbohydrate (%)

Carotenoids (mg/g fish)

32.01+0.26™
17.89+0.20™
6.57+0.40™
24.18+1.89™

7.35+0.56°

31.63+0.59™
18.22+0.22"
6.69+0.60™
24.25+1.52"

27.11+0.21°

31.40+0.39"™
18.41+0.43"™
7.34+0.12"
23.19+1.55™

26.90+1.75°

Mean + S.D. in the same row carrying different superscripts were significantly different (P < 0.05).

1.11 watsiuaaaluilialan (mg/g fish) UananFadeinlsfuemsdaddaglilsfiu 25 wefifusd

g

TidanAu 90 wedidudriuunuiidnan 10 wefiduduar arsdaddaguldsmiu 25 wWadiiusliilan

1

Au 70 Wefidudduunuidaan 30 iWefidus FA1WinAy 27.11+0.21 waz 26.90+1.75 mg/g fish

mnﬂfmﬂmmﬂmLsnwvl,mummimmmLi%ﬂ‘iﬂimu 25 vlafidus 1lannin 100 wlafifud a0
7.35+0.56 mg/g fish wWAHANNLANANNTUNEDRA (p<0.05) (Table 3)

k4
a o

2. AW NMEMWLALAR gRMNNTe9U0 HAGIWA 27.02£0.67 D9 27.20£0.77 °C Al

a

n3M-A"4 (pH) TAnFaus 7.37£0.15 B4 7.4620.40 fa@m%muﬁmmm‘iﬂ(dissolved oxygen) fAn s
5.88+0.36 114 6.06+0.53 mg/L wanluiile (ammonia; NH,-N) flAndaus 0.33£0.0134 0.47+0.01mg/L
Tuinsn-lulnsial (Nitrate-nitrogen; NO,~N) H A1 e 0.13£0.0284 0.15:0.01mg/L Lazaesls
Waawn-neanada (Orthophosphates-phosphorus) JAN FaUA 2.2120.35 B4 2.3620. 42mg/L ¥ 3 70

190889 IR A NLANFANAUN 19D

a o
ATURNANITNAARY
A nn1naaedHazedn s winildaaniuetmisdadzagylulFuinuansd1eiu wudidnen

ﬂﬂiLL@ﬂLﬂﬂﬂJﬂﬂﬂ@Wﬂﬂ%‘/@ e lfiuamsidadndagiiisiu 25 wWaedidusd aruow 70 wafidus Auuiu

l
< a

Waan 30 wWaefidusd AA1windy 1.4320.57 Anddangniadan liiuenuindaddagdldssiu
25 lafidus a1uau 90 wWefidudiuunuiaan 10 wefidus uavanunndaddaglilsdiu 25
iwasiius a1uau 100 wWediius(ganauax) HAINAL 1.7040.76 way 1.82+0.35 LATHANLANGINY
AUNNADA (p<0.05) WANFINAINIIUTEY Nandini and Patra (2012) 1’7iLﬁyﬂqﬂ@mﬂﬁmﬁwmmmmm
windathmaunuantlud 10, 20 uaz 30 wesdud Ineldwmdadnnawuiathi 10 wefidus &

'
=<

ansnisuaniialiunnsnsaInnguAILAN (p<0.05) @9 Al-Asgah et al. (2015) TilFarus1anuwI
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naunudantuluamnsdaslaigniade #1 10, 20 uaz 30 wefidus Inanisldamianuuamaun

& o

Uantlui 10 nlefidus Adnsnisuaniiarasiaigniadeluuansieainnguaruay (p<0.05) uay

Y o

Abdel-Warith et al. (2015) nldEnn1anzianauwnulanluluaimsiaaslaianiada 7 10, 20 uay 30

< 3 o

wadifus Inani1sldinnianzianaunulaniui 10 wefdusd Jansnisuaniiaaeslaigniae
TdumnsinaannguALAn (p<0.05) araumeznisuanaindeluamg danimaaesiiilunisidss
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psdinduresualsnuesfuitladaraniedugnzazioan 60 Ju wudndaignFamenlFiu

o o < o A

anadnd1iaglTdeniu 25 wWadidus A1uou 90 wWeddud Auumudaan 10 wedidus dpanudindy

[
a a A ¥

103uAls e ARALgagaAwiniy 27.1120.21 lulasniuniu sesasnnlfundaigniadaniaesion

< 1

amaindndazylsnu 25 wadidud 1ianuouw 70 wefidudivuvuiiaan 30 wWesifus dan
26.90+1.75 luTasniu/niu uaz UangnFadainiassfaaounndndniagd Tl siu 25 wafidusd
Tia1uan 100 wWefdus (gaacuawN) HA1 7.35:0.56 Tulasnii/niu nan1s3iAsnzin Auuansing

nwananud anNdinduaesualsnuesfluieilangniadsinaaas nanaae Uaianiadeiniaeasos

& & =

aadndniagUTdsiu 25 wefifudliianuau 100 wedfdus (nacuaN) Havndinduseunlsd

2 1
=

v
upadluwlelaruansiudaigniadeninesdosamnadadnidagyideniu 25 wefidud 1Ha1uau

<

90 wefifudiuunuidaan 10 wWeiidus uazilaignfadeniaadionaunsdadiagdllsmiu

al

< & o <

25 wafidus 1anu0n 70 wesfidusd duwmuidagn 30 Wesidus Januuansnaiun19aiia (p<0.05)

1
a A < g

AviulaigniameniaseficaaiadadndagUTlsnu 25 wadidusd 1Hiauau 90 wefifius Auunu
Waan 10 wefidud uazdaigniadaniassfioaainisdaddaglldsnu 25 wlefidud lHauau
70 wlafidus Muuwilaga 30 wefidus anudindussswalsiusafluiadalddaruuansnaiu
aa Y o A e g o = > \
NNATE a8nAReINLNUIBY Promya et al. (2011) NdFutlpeamnmitdedanianiadalngliaiudng
aldgaun uazaruinaln dharuianinanlue g 4 grasall ervsnanaiing 0 wWefidus auig
NANANIIE Spirulina platensis 5 \WaSIEUA ANMNIHANANINE S. platensis 10 WWaSIEUA WAL 811NT
HANAMINY Cladophora sp. 5 Wlafidud tihauisnaniaastlaignlutesu 1uiaiuiiie 30 A9

v ! t4
WAT/U AW 12 e dm31n1sdaes 10 Av/A1910NaT szazinalunisiaes 60 Ju ieduganis

&

k2 1 ¥
nAaed Wugn Alsfiuesd luiedaaniads Naealu gnsaunsnanauine Cladophora 5 tlafidus

&

FAININNT1 @ vNTNANEMINY S. platensis 10 WeiEud amsuananusng S. platensis 5 wlasidus

' a

v
LAy aunsnaNanudng 0 wediiusd nua1du uaziinnmaaesldallsfuiannasdaiiauns

Oreochromis sp.) @R NINANUANFAAUNLIN TuniaanaaeslfFudiunanaasalilsfvnan

—

AnsnnssanaeLazilsransninnislillshunngs uanaintidswugn anmsnanainsealigavinan

2D

vinlinuAmeTntuInig uaziBunnualsiiues (Total carotenoid) uiHatla NI UAINAALID

aunealisarnannuanluanuig (Promya et al., 2006) MuRgaiun1maaasldualsnuas fidsnlu
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. g a o . A a ~ = = ]
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AnAILAN (Menghe et al., 2009)
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1% £%
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UNARSID

nsAneiddnglszasAineAnnanauiinaale nfiaznisuanseanaastiv glutathione-S-
transferase (GST1) glutathione peroxidses (GPX1) glutathione reductase (GSRX2 Way GSRX3)

o

Tudannzneana (Lates calcalifer) faawmaiia RT-PCR warnslaauiiy waziFauieuaisuionale
Indiudieyalutiesanatulagnis BlastX wudn arduianalelndundauseddu GSTT fiszsunng
wapsaanluwan duunm 312 guua Adraiuau GST7 Tuilan Japanese seabream (Pagrus major)
siuianalelnfunsdauresiiy GPX7 flsziunisugaseanunszimnzamsuazle fauia 327 ¢
wa Adneiudu GPXT Tuilan Chinese perch (Siniperca chuatsi) arsuiiaaalelndunedlueaty
GSRx2 fidsriunisuansaaniuiden nazinazewng ln wazviala Saunn 498 duua pdnafuiu
GSRx2 luian Bicolor damselfish (Stegastes partitus) wazarauiianale lnsunsdauaesdiu GSRX3
fiflsziunisuanseanlunszimizamng Tn wala wazwiden Saunm 624 fiug pd1efudy GSRX3
Tutlanfia (Oreochromis niloticus) nM3AnENTLaRIaanaesEuly 9 aduay (\@en sy tn viala widen
Rawils ndnauile nazmnzenns uazanld) Testlanngmezna wunsudnseantesiu GST gaunly
fuuazdinsuasseenlundnanilelusyiusann daudiu GPX1 uaziiu GSRX2 WUNTUAASRDN LWYN
adeny Tandsrdunisuanseangeiigalunssinizeimng uazwiden AuATAL 90uEh 1 GSRX3
flszsunnsuameantasimanzlulauaznizinizatnsusssusi

AdrAty : ngsinlslaulaansuamaisa ngsinlslewnedeanding ngfinlslausaning tu dainzns
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Abstract

This study was intended to identify nucleotide sequences and relative expression patterns of
gene glutathione- S- transferase (GST1) Glutathione peroxidses (GPX1) glutathione reductase
(GSRX2 and GSRX3) in the Asian Sea Bass (Lates calcarifer) by using RT-PCR technique and cloning
of the PCR product and comparing each sequence with the sequences in the GenBank using the
BLASTX program. Partial nucleotide sequences of GST7, derived from gills, had 312 base pairs
similar to GST1 in Japanese seabream (Pagrus major). GPX1, derived from stomach and kidney had
327 base pairs similar to GPX7 in Chinese perch (Siniperca chuatsi). GSRX2, derived from blood,
stomach, kidney and heart had 498 base pairs similar to GSRX2 in Bicolor damselfish ( Stegastes
partitus). GSRX3, derived from stomach, kidney, heart and gill had 624 base pairs similar to GSRX3
in Tilapia (Oreochromis niloticus). According to the identification of gene expression in the different
organs of L. calcarifer (i.e., blood, liver, kidney, heart, gill, epidermis, muscle, stomach and intestine),
the gene expression of GST1 was highest in the liver and expressed in muscle at the low level. GPX1
and GSRX2 expression was found in all organs. In addition, the highest expression level of GPX1 was
found in the stomach, while the highest expression level of GSRX2 was found in gills. In contrast, the
expression level of GSRX3 was only found in the kidney and stomach at the low level.
Keywords: Glutathione-s-transferases, Glutathione peroxidase, Glutathione reductase, Gene, Lates

calcarifer
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ian 13l 3 ia gy o) A GST, GPX Uaz GSR (Anderson and Davis, 2004) taulg:d GST inenwinendas

o

v 1 2
Aun19fnea s luuna il o wu ansneanzis naiedeuondan uaziiie3ne (Hayes and Pulford,

1
o a o

1995) Tmﬂmzéjumilﬁmﬂﬁﬁ?mmmmﬂmmmmﬁmmm@ﬁﬁmﬁ?ﬁmgj uaziluansndiAnylunng
fndnansiy dau GPX uewlsiunuméndnylunsnuany an'ladu uazlalanaudleeenlss
anansanu i luRnniuansneiuludauaaataduaziieideressnainy Tnansifsdureseandiay
fananneyyadasy denaliifanisanasasians weulel GPX inlHlalaniauilefeenlafifamin
T dehlugnsdemereaifeidalaease (Arthur, 2000) lwsusiieulsd GSR RpnaniRidusatas
lunfedaidnaseunsunnidlefiniegneendladresienlsd ngénlslau fansiaadsianglalauly
sa99n1900n% 1A fifuunadldlunssanauidufinld (Mandal et al, 2015)

wulad GST HAnnuannsalunisvinaneansislnanissedjisanissaniuaeansy sulfnydryl
103ngfinlsTauiuanslszneumansntin fenwnsanziiuresvainelumad uazazanerinli ngei
IsTaunelumad uanndn 98% azegflugiinesadass (GSH) wazdaufimaeatlugngénlslaula
Falie (GSSG) wazngiinlsleweaneugnm lunsindnansiuefinudnginanie deflansed ansiv
Md@fa?q'qLLﬂ@ﬂﬂ@fﬂuL%@J’@'Nﬂwﬂgﬁﬂﬁ‘i@u%ﬁﬁuﬁumaﬁw anniiu eulosd GST azdoeifalfasen
Lﬂ'gﬂumaﬁwﬁiu’@mmfiﬂﬁ@ﬂ‘lugﬂﬁmmmfﬂﬁ reuflazdusanainsnenie (Tatiana et al., 2009)
daunntndnansayyadaszaziieulalungungiinlsleu 3 dadinuniaades tur wulad GPX,
woulms] GSR waz GSSG Buuanniewladiilelafiaima (Superoxide dismutase) dinduueya
aasy uazlAnuayyaaaryhilulalnnaudalid aniuenlsd GPX azuwdelalanaudalnmiduiy
Tneld ngénlslewduduainm (substrate) deluiuneuiinginlsleuazidausy/liiiu GSSG arniiu
wul] GSR aZadnd GSSG Windusnet/lugLlvesngdnlslendnass (de Haan, et al., 1996)

Tunnsdnmeistiidunisdnsntsarsuiionalalnduisdauiaznisuaasaanaestiungsilslau

wwansudinelsa (glutathione-S-transferase 1, GST1) Bungfinlslauwasasnding (glutathione
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peroxidses 1, GPX1) waztiungfinlalauzanima (glutathione reductase, GSR) lulainyweana (Lates
calcarifer) Waliidnlalasaa3199998% GST1, GPXT, GSRX2 kaz GSRX3 Tuannenaena wazdnungm
Wl seTomillunn99inidu biomarker ivansaagaunIsiinayyadaszanuaniazlilnediely

AUNAR

q8n15998

1. M9AUAIE1ILAZNITRIATIZRANTAUENTTH

fusedhailedeseslainzneig 818 4 1RO fiwin 0.7 nfu fiddesmasssuaAannye
futinseasssutnauazliiemnadindamzia 2 assedinni nelugudidamalulagnimeia
UM NGy ANeneAsunL auau 9 eduar Wun dea §11A Rawds ndnsuile nrrinizenung
0 I iala wazwiden sheheshailediens 9 aftay dwindsznns 0.1 n¥u anarinenfidueriama
Tae1ld TRI REAGENT® (Molecular Research Center, USA) Waz FupszidaLauLe (first strand cDNA)
mﬂﬁfmﬂ"mmﬁﬂ,ﬁm@ﬁ”wm 1.5 ug Tmf;lsl?‘ﬁ‘qm Improm [I™ Reversetranscription System (Promega,

USA)

2. msaanuuulniiuas
2.1 Alatualsnlnsiuas
aaNLULARLLELIIRAINTINeTIWEN GSTT, GPXT, GSRX2 uay GSRX3 lnannsAumansuilnna
Talndanniiesayneiu (http://www.ncbi,nih.gov) dalainusnauianalelnduasiiu GST1, GPX1, GSRX2
uaz GSRX3 lutlansweaa (2 figuien w.a. 2558 AdlE A uddiiiandenuindineTuddidan
WhusnsuazeenuuUAALeLse Insmesa LR ndiianuly conserved region (Table 1)
2.2 'lwsinadianwiziulainzwanng

tarsutinpdlansnliainnislaaudunifueaadtiys GST1, GPXT, GSRX2 way GSRX3 a1n
AN FRN A IwsineFluda 2.1 wnaanuuulnsiueiuasdu GSTY, GPXT GSRX2 WAy GSRX3 71

unzAUlaInznetng deldauisnaendaasunlaslilainiduidniias (Table 2)
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Table 1 Degenerate primer sequences of GST1, GPX1, GSRX2 and GSRX3 genes and the expected

size of the PCR products.

Primer Primer Sequences (5' —» 3') Estimate Closest species Accession
pairs names product number
size (bp.)
1 GST1 F: ATGGCNAARGAYATGAC 315 Oplegnathus fasciatus ~ GU938678
R: TCRAACATNCKYTGRTACA Pagrus major AB158412
Siniperca chuatsi EU719618
Epinephelus coioides EU727092
2 GPX1F: ATGAACGAGCTCCAYGAGCG 325 Oncorhynchus mykiss AY622862.1
R: AGRAACTTCTCRAAGTTCCAGG Fundulus heteroclitus KC427284.1
Siniperca chuatsi KJ578922.1
Sparus aurata KC201353.1
3 GSRX2 F: GTKGGWGCWGGHTATATTGC 502 Larimichthys crocea XM010742105.1
R: CACMGACTGTTTGARGGMA Stegastes partitus XM008295168.1
Oreochromis niloticus XM0054673 48.1
Danio rerio XM005169594.2
4 GSRX3 F: CGACARACAGGGGTKTTG 622 Fundulus heteroclitus XM_012880012.1
R: TGCATCATGAAGMTGGTGT Poecilia reticulata XM008420542.1

Poecilia formosa

Esox lucius

XM007568814.1
XM010902607.1

Footnote: .A = Adenine, C= Cytosine, G= Guanine, T = Thymine, R=AorG,Y=CorT,S=GorC,W=AorT,K=GorT,

M=AorC,B=CorGorT,D=AorGorT,H=AorCorT,V=AorCorG and N = any base

Table 2 Specific primer sequences of GST1, GPX1, GSRX2, GSRX3 and EF-10 genes and the size

of the PCR products for analysis of the Asian sea bass (Lates calcarifer)

Primer Sequences (5' —» 3') Exact product
names Forward Reverse size (bp.)
GST1 ATGGCCAAAGATATGAC TTCAGGCATTCTTTGGTACA 312
GPX1 ATGAACGAGCTCCATGAGCG GAAACTTCTCAAAGTTCCAGG 327
GSRX2 GTTGGAGCTGGTTATATTGC CACAAACTGTTTGAGAGCA 498
GSRX3 CGACAGACAGGGGTTTTG TGCATCCTGAAGCTGGTGT 624
EF-100 ATTGGCGGTATTGGAACGTTC TTGGGTGGGTCATTCTTGCT 239

Footnote: EF-10QL primers were designed from the nucleotide sequence of Lates calcarifer (Accession Number = GQ507427)
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3. mslaaudumiauiaainnaiia RT-PCR waznsmansuiianalalng

fhiuRiduieaninaila RT-PCR Tneldnsiuaann Table 2 waran1nzreslisagnlding
walsa A4 Table3 Tnediu GST1 WauREweannuiden u GPx7 WauRiSueannnszimzawsuasla
fu GSRX2 ¥ TudiEwaaniden nszimnzanvns 1o uazila luaneiitu GSRX3 1¥aumiduieann
nszinnzens I iala wazwiden uaniumuiesaaga Gel and PCR Clean up (MACHEREY-NAGEL
Germany) ndsanntiiananTla ey TR ueNY Aaeia pGEM® - T-easy vector (Promega,
USA) waztindinguunfilze Escherichia coli a89iug JM109 mN3BN191179511 (Sambrook and

=

Russel, 2001) AntaanuuanBanlniduiaatananinegds white/blue colony WAz colony PCR @i
Wa1ANARLEULDAIE7A Plasmid Mini Kit | (MACHEREY-NAGEL, Germany) 84WanainfaL8uLaLing
AATEiAIALLA o TieeiiRn 913N AIT BIOTECH dszmaenllf uasiinsziianduiionalelng

fnalisunsu BlastX (http://www.ncbi.nih.gov)

4. NMSATINMAUTEALNITUAAIDANUAIEUAIYAT semi-quantitative RT-PCR

o Aa

pItAaaLANNANzIlassuae InsmesiuEAE e wazAnEgUuuLNITLARsRaNTRSEUN

v
o o v

aulaluadanzanstlainzneia 9 adeaz faeds RT-PCR InaldEiu elongation factor 1-alpha (EF1-QY)
udumauAN (internal control) NUJAse1taed first strand cONA 1 uALEUIB ANULLAYETA
OnePCR™ Plus (Genedirex, Taiwan) Tnafan1azaesdjiegnidindmeisa A3 Table 3 weauiiiay
SLALNNIUAAIRANTAIEW GSTT, GPX1, GSRX2 Waz GSRX3 fiuiiu EF-1a fnamnuidinaasinuaidue
(band intensity) Tne1411lsunsu Image Lab™ Software (BIORAD, USA) TUN13ATUIUNNTULAAIAEN
gasguiuung

ANTuaAIRaNIsELYNIE = AN waLALEUIeIRgEWT1rNe

ﬂQ’]NL?ﬁNLLDUELﬁuL’ﬂ"H‘M EF-10

Table 3 The thermal profile for semi-quantitative RT-PCR

EF-10. GST1 GPX1 GSRX2 GSRX3
Initial denaturation 94°C, 5 min 94°C, 5 min 94°C, 5 min 94°C, 5 min 94°C, 5 min
Denaturation 94°C,30sec  94°C, 30 sec 94°C,30sec  94°C,30sec  94°C, 30 sec
Primer annealing 50°C, 45sec  48°C, 45 sec 55°C,45sec  50°C,45sec  50°C, 45 sec
Extension 72°C, 1 min 72°C, 1 min 72°C, 1 min 72°C,45min  72°C, 45 min
25 cycles 35 cycles 25 cycles 30 cycles 30 cycles
Final extension 72°C, 7 min 72°C, 7 min 72°C, 7 min 72°C, 7 min 72°C, 7 min
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NANISIALLALIANTIHA
1. MSANHIAIALRIAALE INALNNRIUTRIE UL UNIEAIeALALUaLTA LNSLNDS

Anm1asuinaalelnAuiI9daue9ee GSTT, GPXT, GSRX2 Way GSRX3 lutlainywann

o o a

Foadaluaws nnues tnewmallan RT-PCR wazn1siaaudy wudn ansuiamaleinduiediusesdu
GST1 dA@uiefinandsauin 315 guua uasindweinldauin 312 gua (Figure 1) unsnaziiy
AU 104 5 wazdlanuadneiuEy GST1 luilan Japanese seabream (P. major) ansuilanalelng

UNgoue9Eu GPXT ARauleNAIAudsIuIn 325 Alua wasiaduenliaunn 327 guua (Figure 2)

o

Wungaariluaiuau 109 fa Faanumpdnaiudy GPx7 luilan Chinese perch (S. chuatsi) aA1AUTaAR

Talnfunsdauaestiu GSRX2 AREuaNAIAUIIILIA 502 Alug uazinLeueild 498 Alug (Figure 3)

% o A

Wungeasiluaiuau 166 sia Amnuadnaiude GSRX2 ludan Bicolor damselfish (S. partitus) a1/
Hamdlalndunedouresdny GSRX3 NaldwanAInudIauIn 622 diud uasinduenls 624 fiug

(Figure 4) iWunsaaziluaiuiy 208 s Aanuadnaiugiu GSRX3 luanila (O. niloticus) (Table 4)

1 AGGCATTCTTTGGTACATCATTGCCTGCTCAGCGGGGCAGTCGGGGGTCAGCTTGTTTCCCTGGGACTTGAACTG
76 GCTCTCCAGGTACATGCAGGCACCGTAGGACTCGTTCAGGACAAAGTTCCCATGTTTGAAGGCAGGAAGCTGTCC
151 CCTGGGATTCATTTTCATGACTTCTGGGGACTTGTGCTCCATTTTCTCAGAGGAGAGCAGTTTTTGGTTGTAGCC
226 CTGGAGGTTCTTCTCCTCCAGGGCGATTATCACCCTCCAGCAGGGAGGAGAGCCGGAGCCCCAGAGAAGAGTCAT
301 ATCTTTGGCCAT

glutathione-S-transferase, partial [Pagrus major]
Sequence ID: gb|AAP20174.1|Length: 180Number of Matches: 1
Range 1:1 to 103GenPeptGraphics

Score Expect Method Identities Positives Gaps Frame
194 o .
. C t 1 t
bits le-61 ompositionas matrix 91/10388%  96/103(93%  0103(0% -1

492 adjust.

Query 312 MAKDMTLLWGSGSPPCWRVIIALEEKNLQOGYNQKLLSSEKMEHKSPEVMKMNPRGQLPAF 133
MAKDMTLLWGSGSPPCWRV+I LEEKNIL+GYNQKLLS EKMEHKS EVMKMNPRGQLPAF
Sbjct 1 MAKDMTLLWGSGSPPCWRVMITLEEKNLKGYNQKLLSFEKMEHKSDEVMKMNPRGQLPAFE 60
Query 132 KHGNEFVLNESYGACMYLESQFKSQGNKLTPDCPAEQAMMYQRM 4
KHG+VLNESY AC+YLE+QFKSQGNKL PDCPAE AMMYQRM
Sbjct 61 KHGDKVLNESYAACLYLENQFKSQGNKLVPDCPAELAMMYQRM 103

Figure 1 The partial nucleotide sequences of GST7 transcript of L. calcarifer (A) and result from

BlastX indicating similarity between L. calcarifer and Pagrus major (B).
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A
1 ATGAACGAGCTCCATGAGCGGTGCGCTAGCAAGGGGCTCGTTATCCTGGGAGTGCCCTGCAACCAGTTCGGCCAT
76 CAGGAGAACTGCAAGAATGAGGAAATCCTCTTGTCTCTGAAGTATGTCCGTCCTGGAAATGGCTTTGAACCAAAG
151 TTTCAGCTCCTGGAGAAAGTGGATGTGAACGGGAAGGATGCTCATCCCCTGTTTGTGTTCCTGAGGGAAAAGCTC
226 CCGTTCCCCAGTGATGAGCCAGCCGCCCTGATGACCGACCCAAAGTTAATCATCTGGAGCCCCGTCTGCAGGAAC
301 GATGTGGCCTGGAACTTTGAGAAGTTT

B

glutathione peroxidase 1 [Siniperca chuatsi]

Sequence ID: gb|AIA98427.1|Length: 187Number of Matches: 1
Range 1:46 to

Score Expect Method Identities Positives Gaps Frame
217 C iti 1 tri
bits 2e-70 ek 100/109(92%) 105/109(96%) 0/109(0%) 1

(552 adjust

Query 1 MNELHERCASKGLVILGVPCNQFGHQENCKNEEILLSLKYVRPGNGFEPKFQLLEKVDVN 180
MNELHER ASKGLVILGVPCNQFGHQENCKNEEIL+SLKY+RPGNGFEPKFQLLEKVDVN
Sbjct 46 MNELHERYASKGLVILGVPCNQFGHQENCKNEEILISLKYIRPGNGFEPKFQLLEKVDVN 105
Query 181 GKDAHPLFVFLREKLPFPSDEPAALMTDPKLIIWSPVCRNDVAWNFEKE 327
GKDAHPLEVFLRE LPEFPSD+P ALM DPKLI+WSPVCRNDV+WNEFEKF
Sbjct 106 GKDAHPLFVFLRETLPFPSDDPTALMNDPKLIMWSPVCRNDVSWNFEKE 154

Figure 2 The partial nucleotide sequences of GPX1 transcript of L. calcarifer (A) and result from

BlastX indicating similarity between L. calcarifer and Siniperca chuatsi (B).

A
1 TGTGCTGGTTATATTGCAGTGGAGATGGCAGGCATCCTTTCCACCCTCGGCTCCAAAACATCTCTCATTATCAGA

76 CAGACAGGAGTTCTGAGGAACTTTGACAGCTTCATAAGCACAAACTGCACCAAAGAGCTGCAGAACTCTGGCATA
151 GACTTGTGGAAGAACACTCAGGTGAGGTCTGTGCGTAAAGTGGACCAAGGTCTGGGGGTGACGCTCGTCACCAAA
226 GACCCGGAGAAGAAGAACGACGAGGAGAAGATCAGCACCATTCAGGAGGTGGACTGTCTTCTCTGGGCCATCGGC
301 AGGCAGCCAAACACCTCTGGACTGAACATTGGCGAGATGGGTGTGGATACAGATGAAAGAGGCCATATCATTGTA
376 GATGAGTTTCAGAACACCAGTCGATCAGGGATCTACGCCGTAGGAGACGTTTGTGGCAAAGCTCTTCTCACACCT
451 GTTGCCATTGCTGCAGGCAGAAAGCTGGCACACAAACTGTTTGAGAGC

B
PREDICTED: glutathione reductase, mitochondrial isoform X2 [ Stegastes
partitusi]
Sequence ID: ref|XP 008293390.1 |Length: 413Number of Matches: 1
Range 1:127 to 290GenPeptGraphics
Score Expect Method Identities Positives Gaps Frame
313 Compositional matrix
bits 2e-104 P . 150/164(91%) 159/164(96%) 0/164(0%) +1
adjust.
(803)
Query 4 AGYIAVEMAGILSTLGSKTSLIIRQTGVLRNFDSFISTNCTKELONSGIDLWKNTQVRSV 183

AGYIAVEMAGILSTLGSKTSLIIRQTGVLRNED+FISTNCTKELON+GIDLWKN+QV+SV
Sbjct 127 AGYIAVEMAGILSTLGSKTSLIIRQTGVLRNEFDTFISTNCTKELQONTGIDLWKNSQVKSV 186
Query 184 RKVDQGLGVTLVTKDPEKKNDEEKISTIQEVDCLLWAIGRQPNTSGLNIGEMGVDTDERG 363
K D+GL VT+VTKDPEKKNDEEKIS IQEVDCLLWAIGRQPNTSGLNIG MGVDTDE+G
Sbjct 187 SKTDKGLEVTIVTKDPEKKNDEEKISVIQEVDCLLWAIGRQPNTSGLNIGGMGVDTDEKG 246
Query 364 HIIVDEFQNTSRSGIYAVGDVCGKALLTPVAIAAGRKLAHKLFE 495
HIIVDEFQONT+RSGIYAVGDVCGKALLTPVAIAAGRKLAH+LFE
Sbjct 247 HIIVDEFONTNRSGIYAVGDVCGKALLTPVAIAAGRKLAHRLFE 290

Figure 3 The partial nucleotide sequences of GSRX2 transcript of L. calcarifer (A) and result from

BlastX indicating similarity between L. calcarifer and Stegastes partitus (B).
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A
1 CGACAGACAGGGGTTTTGAGGAACTTTGACAGCTTCATAAGCACAAACTGCACCAAAGAGCTGCAGAACTCTGGC

76 ATAGACTTGTGGAAGAACACTCAGGTGAGGTCTGTGCGTAAAATGGACCAAGGTCTGGAGGTGACGCTCGTCACC
151 AAAGACCCGGAGAAGAAGAACGACGAGGAGAAGATCAGCACCATTCAGGAGGTGGACTGTCTTCTCTGGGCCATC
226 GGCAGGCAGCCAAACACCTCTGGACTGGACATTGGCGAGATGGGTGTGGATACAGATGAAAGAGGCCATATCATT
301 GTAGATGAGTTTCAGAACACCAGTCGATCAGGGATCTACGCCGTAGGAGACGTTTGTGGCAAAGCTCTTCTCACA
376 CCTGTTGCCATTGCTGCAGGCAGAAAGCTGGCACACAGACTGTTTGAGGGCAAGAAGGACTCCAAGCTGGACTAC
451 TCCAGTATTCCCACAGTGGTGTTCAGCCACCCACCCATTGGTACAGTGGGCCTCACAGAAGACGAGGCCATTAAA
526 TCTAGAGGAAAGGAGAATGTGAAGATTTACAAGACTTCTITTCACCCCGACGTATCACGCCATCACAAGCAGGAAG
601 AGTCAGTGCATCCTGAAGCTGGTG

B
PREDICTED: glutathione reductase, mitochondrial isoform X3 [Oreochromis
niloticus]
Sequence ID: ref|XP 0054674051 |Length: 413Number of Matches: 1
Range 1:150 to 357GenPeptGraphics
Score Expect Method Identities Positives Gaps Frame
éiﬁy:lts 3e-139 Compositional matrix adjust. 191/208(92%) 202/208(97%) 0/208(0%) +1
Query 1 ROTGVLRNFDSFISTNCTKELQNSGIDLWKNTQVRSVRKMDQGLEVTLVTKDPEKKNDEE 180

ROTGVLRNED+FIS NCTKELONSGIDLWKN+QV+SV K D+GLEVT+VTKDPEKKNDEE
Sbjct 150 RQTGVLRNFDAFISANCTKELQONSGIDLWKNSQVKSVSKTDKGLEVTVVTKDPEKKNDEE 209
Query 181 KISTIQEVDCLLWAIGRQPNTSGLDIGEMGVDTDERGHIIVDEFQONTSRSGIYAVGDVCG 360
KISTIQ VDCLLWAIGRQOPNT+GL+IGEMGVDTDERGHIIVDEFQONTSRSGIYAVGDVCG
Sbjct 210 KISTIQGVDCLLWAIGRQPNTAGLNIGEMGVDTDERGHIIVDEFQNTSRSGIYAVGDVCG 269
Query 361 KALLTPVAIAAGRKLAHRLFEGKKDSKLDYSSIPTVVESHPPIGTVGLTEDEAIKSRGKE 540
+ALLTPVAIAAGRKLAHRLFEGKKDSKLDY+ IPTVVFSHPPIGTVGLTEDEAIK+RGKE
Sbjct 270 RALLTPVAIAAGRKLAHRLFEGKKDSKLDYTCIPTVVFSHPPIGTVGLTEDEAIKTRGKE 329
Query 541 NVKIYKTSFTPTYHAITSRKSQCILKLV 624
NVKIYKTSFTP YHAITSRKSQCI+KLV
Sbjct 330 NVKIYKTSEFTPMYHAITSRKSQCIMKLV 357

Figure 4 The partial nucleotide sequences of GSRX3 transcript of L. calcarifer (A) and result from

BlastX indicating similarity between L. calcarifer and Oreochromis niloticus (B).

Table 4 Summary of the nucleotide sequence blast results comparing with the nucleotide sequences

submitted in Genbank.

BlastX
Product  Number of
Similar Ysimilarity
Genes Organs sizes amino Similar
) Species nucleotide
(bp) acids transcripts
position
GST1 aill 312 104 GST1 Pagrus major 1-103 93
GPX1 kidney and stomach 327 109 GPX1 Siniperca chuatsi 47-155 96
GSRX2 blood, kidney, heart 498 166 GSRX2 Stegastes partitus 127-290 96
and stomach
GSRX3 kidney, heart 624 208 GSRX3 Oreochromis 150-357 97
stomach and gill niloticus

Footnote: 2016, May 30
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3. Maudnsaanaasiuluadadsing 9 aaslainzwenng
~ P % el
AINNMIRgIRaaLNIuaneanteseuvna luiiaEesng  aeetainznennadienlnamain
UNITAULaINTNaT19 (Table 2) WuqEW GSTT Ansuassaanidaiauiinluduasin1suandasn
szAuANINluN&NNEe (Figure 5) 1agl Zhang et al. (2012) lBANHINTILAAIRBNTB9EY GST lviaaas
a , e A PR & ~
113 (Venerupis philippinarum) Masaluaniaeninisduileutedunniiey Nadund way
o~ A . A o . 4 - Y
benzo(a)pyrene W91 Annsuansaanganiga lusuidenFausunuvesidesluaniazlng wanli
G 1 =y = = py =
WU EW GST HANAINN30 N9 T ULATEIMNE TN NN T LU NANTENUAMNUAALIEN NBILAY LAY
benzo(a)pyrene Tudndrn wazannnisAneaisuinaale InAANEY GST 199uedast 1 ueALAKAN
(Laternula elliptica) 184 Park et al. (2009) a4 iduiAgasvuiadaninlun1snsiadeuans
Polychlorinated biphenyl #U31 @1319091911LAaT4 TIRAMNARAARRIALINTAN AN HULIAN
194811 GST 41n Omega Theta waz Zeta Tuilandinana (Dario dario) wusn innsuansaangalusuuas
widan (Branka et al., 2015)
g1 GPXT nun1suansaanlunanaadaqs Ae Laen 6u tn Wala wiklen Rauie ndnuile
N3ENIzaInng uazanld Inadinsuanseangengalunseinize1nng (Figure 5) A0AAABINLNILTEY
Malandrakis et al. (2013) AAN#IN1TuAAIBBNTSEW GPX i3 4 allalulainzwglsl (Sparus aurata)
| % o Ny > o Al 9 ~
wuddnsuansaangluinn nszmnzenins anld wazanes usiinisuansaansngalunduiie uas
ANNMTANEINNTLAAYRaNTadEil GPX lulamas (Carassius auratus) NEFUNANTENUANWARLHE
TugzaznaNuANFANGAUN 0, 6, 12, 24 WA 36 G2l 284 Cheol et al. (2007) WU TLALUR9E GPX
Tuanas s 1o uazanld inanetwlilud Ay Waldfuuandaunaalssd (CdCL) Tuszazinanuiuam
WATAZNNTLEAYRaNTIAAAIUAIAN 36 Talndlluda
g1 GSRX2 Hnnsuamsaanluiian nasmnzenuis Wdla anld fiu en Routle nduile way
17 MINANAL (Figure 5) waziil GSRX3 Hnsidndaanluln waznsviniza1uis (Figure 5) danmn&aaniy
g g
U284 Minghetti et al. (2008) NANHINTTUaAIRanTaseungsinlaTauzinmaluadenzsing - 2a9ian
N o & A & - P~ N Ao
NLMINIELAS (Sparus aurata) Nendaluinninistuileuresnatlded Tnadinsuansaanaastiuiisy
| o % o o d' o al a g v a
widan 1n wazanld panansy wWetnuanisuanseantedfinldiiaszininuidinaecnaunisuie

wWEaueuszaunisudnseaniudy £F-1a faeldsunsy Image Lab™ Software lenaganmaaariy

RIAdauN1TudAseenTeatiuvng (Figure 6)
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Figure 5 A 1.8% agarose gel showing results from tissue distribution analysis of GST1 (A), GPX1 (B), GSRX2
(C) and GSRX3 (D) transcripts using the cDNA template from blood (BD), intestine (IN), epidermis, (EP),
muscle (MC), stomach (ST), liver (LV), kidney (KN), heart (HT) and qill (GL) of L. calcarifer. EF-1a was
included as the internal control and successfully amplified from the same cDNA template sample. Lane M is

a 100 bp DNA marker and lane N is a negative control (dH,0).
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Figure 6 Histograms showing the relative expression profiles of GST7 (A), GPX1 (B), GSRX2 (C) and GSRX3
(D) transcripts using the cDNA template from blood (BD), intestine (IN), epidermis, (EP), muscle (MC),
stomach (ST), liver (LV), kidney (KN), heart (HT) and gill (GL) of L. calcarifer. EF-10 was included as the

internal control and successfully amplified from the same template.
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ngéinlslewnaiaandiag (GPX1) Bungéinlalevssaning (GSR) lalawain GSRX2 uazr GSRX3 luilan

al

NEW9a19 (Lates calcarifer) tnaanauiiandte indutsdanasstiungsinlslaunsudinaisa (GST) &

2u1A 312 14 1unsnezAluaiuan 104 59 (Accession number = KX759403) wazilAanuadne iy

%

GST1 luilan Japanese seabream (Pagrus major) a1autanale Indusdsuaasiungsinlslannas

al

ANTLAE (GPXT) Hau1m 327 1wd 1lunsaaziliauau 109 69 (Accession number = KX759404) #

ANARNeiUEl GPXT Tuilan Chinese perch (Siniperca chuatsi) ansufiapdlalnfuiediuueedy
ngfinlalewddnma (GSR) lalanain GSRX2 Hawnn 498 wa lunsneziiuaiuiu 166 #a (Accession
number = KX759405) Hpqa1NAafnaiude GSRX2 ludan Bicolor damselfish (Stegastes partitus)

v a =

Tuanznarsutinaalalnsuisdauaastiu GSR lalanadu GSRX3 H1unm 624 1ua lunsnazilu
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27191 208 A3 (Accession number = KX759406) Hpauadnafusiy GSRX3 luilaniia (Oreochromis
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hydrophila Tulantia uans@nmnudn Aswanlduuamaslamananmwizsieida A. hydrophila AMU3L
1 @ananug A LuAwaslaiWa AESS (1 AES6) uaztiluman liilanuawnzsanuafmanalsasiale
10 AeRUENTNNANE HanIsAnHantRIadNa AESS wudHantRuatialafnauasinnuas
FogaganAiieaiu 7 annidiinduaes a AES6 NfuINI9La3ty1eTa A. hydrophila lixnTgafe
Ndnaaw moi winiu 100 Walfina AESE andnsnsanaasslatlanfnmanudn nguinlima AES6
wazngueduANinIsanaazaniiuasay 70.0 uay 93.34 AINAIAL HANIINARDIN IFLTINNA AESE

o

AAnannlunsinenlsainme A. hydrophila Tudafiald

o o a

AdnAn : dalla uuawmestawa lafniwa A. hydrophila

Abstract

The objectives of this research were to isolate and utilize bacteriophage which was specific to
Aeromonas hydrophila in Nile tilapia. The results revealed that 1 strain of bacteriophage which was
specific to A. hydrophila, but not to other 10 strains of indicated pathogenic bacteria namely
bacteriophage AE86 (phage AE86) was isolated. The properties of phage AE86 were studied.
Phage AE86 exhibited as lytic phage type and showed the highest stability at pH 7. The highest
inhibition zone to A. hydrophila in moi rate of phage AE86 was 100. The use of phage AE86 to
reduce the mortality of infected Nile tilapia was carried out. The cumulative death of the phage
AES86 treated groups and the control groups were 70.0%, and 93.34%, respectively. These results
indicated that phage AE86 could be expressed therapeutic agent potential to treat A. hydrophila
infection in Nile tilapia.

Keywords: Nile tilapia, Bacteriophage, Lytic phage, A. hydrophila
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22\ @auuadFafananaay 10 d1e Wuf Aa Bacillus subtilis, Staphylococcus aureus,
St. epidermidis, Serratia marcescens, Escherichia coli, E. coli O157:H7, Klesbsiella pneumoniae,
Pseudomonas aeruginosa, Salmonella typhimurium Wag Flavobacterium columnare KJ720207
22 nrsAnuEnuuAWaslainaaas A hydrophila aandaagisiiildiwiziaaslanianas
fragnaidgainiathinidalsawenuna
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a

UURaULin183 TSA sloppy agar i hltinfiguugil 37 asaaaiiaaiiunan 24-48 d9lug n1smsaam
wuAmaslaananmizsa A. hydrophila lHdannannusiansldavise Clear zone ATNUTIANLA
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lysate A dindwuuy Multiplicity of infection W moi ANer A<l 4AN 1 AN 1.0x10° PFU/mML

(moi=1) A7 2 AN 1x10° PFU/mL (moi=10) 4a¥ 3 1A 1x10" PFU/mL (moi= 100) A% 4 NGNAILAN
lslifisl Phage lysate 1s#an 0, 3, 6, 9, 12 uaz 24 falusarnthaduanuauida A. hydrophila UHa11N3
TSA #2873 Spread plate method
2.6 MslduuAnaslainaanans nsaataslaianmanida A. hydrophila
undartiaaniifndataesuiaAnaud Wndn 5wy 3 Auanuaedla a1nedllse Aaudn
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az 10 /i ludanannantaendiuewnn 250 ans 3ALNNAN 50 WIUALNAT a1t lulBuununnne
wWasuwmn 2 4u Weimsfeaas 3 assimindan dfudalunan 14 4 3saai@ia A. hydrophila
R1191 1x10° CFU/fish WU intraperitoneal 1091/anvi9lugaAILANLATIANAGEL MAIAINTIUW 30 W17
TuganaaauAaz@n phage lysate AMdiNGUW 13107 PFU/fish wazgantuANana g TSB tUaaaimaLii
dll % :// o O dldda o
Ndasfiasasdan antuduanuulaniainsannteluszasioan 7 4u

2.7 mﬁmmzﬁﬁagammaa: FATIEUANNUANFANIENINNGNFAIRENNULL One-way analysis of

variance WraILifgUARALTTUINNgNAI8EN9UUL Duncan’s new multiple range test
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NIAALNLUAMET AN WIZAaTe A. hydrophila WuINFaeENet@aantetinta
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s lsanenuaasnanidszatd Aamdnguaas1t wuniaiinLnlan Filtrate 2 Lansda
ANNAUNIZIRIULAMET laamaa A. hydrophila (N 1: A) Tuaueimaateinaestlan
anvniuan 2 wisldnunisfiatsnaslud Filtrate 2
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WatwuAmesle LW@VIU?Q%ﬁmQ@@ﬂHmz Plague A3¢194 Double layer agar plaque
assay W31 Plaque 189utAmas tlalalanuenan 2u1alan Wuluaudnanlszuin 1

Faawms (M9 1: B) wuamaslamainuiansuzidluaiia lafnwa Waalu AESE

Figure 1 Clear zone of Bacteriophage which was specific to A. hydrophila from Filtrate 2 of
The waste water sample from Sappasitthiprasong Hospital by Spot test method (A)
Bacteriophage AE86 Plaque on TSA which was small and circular shape and ~1 mm

diameter size (B)
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1321 winthy
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druns0m32atuA BukuAmeslatnalé iy 4.7+0.15x10% 1.53+0.26x10°, 1.06+0.15x10°,
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51.12+0.33 ANNAAL mwmﬁqz};mmwuﬁ' oH 7 d9uf pH 2-4 waz pH 12 wa'ldfiAauAada

o . . -
Wasannldanuisonmalidnuuuameslama
3.4 HANNTNAKAUNSEUES A. hydrophila TnainuAnasiatNaNnANNITNTUAINY

HANNINARAUNNTTUET A. hydrophila taaina AESS luvaaanaaaNsz@u mois ANILAS

o =

1,10 uaz 100 wudn NdndauaaanaiuuuANEe moi 100 e AES6 fuganIsiastyaad A. hydrophila

=l

THgengn Iaaludas 9 dalususnuuanBadauruanasilszunns 2.9 log,, WalnauiugaAILAN W6

v 1 v
WAIAMNUUAUIUIEN A, hydrophila NAUNAUAUIANESTY (Fig. 2)

log CFU/mL

o] 3 4] 9 12 15 18 21 24 27
time (h)

—*—Control —®—moi =1 —d&moi=10 ——moi=100

Figure 2 Inhibitory effect of Bacteriophage on A. hydrophila at mois of 1, 10 and 100

3.5 nan1s Ll duuAmasiainaanans nsanavasdartanmanida A. hydrophila

1 ¥ v
\HeaRnLma A. hydrophila lulanfiataaiuanuazganaaay antuluganaaeuazan phage

1
v A g 4

lysate A 1x107 PFU/fish wazganauau@ae s TSB Uaanidaiinfitasiiasenlan ety
Sruanlanifiiansennneluszazinan 7 5u wudn genadau e Uandlafinnide A. hydrophila uas
FFunnainmnfasia AES6 Femsnemnelugasiunsriesas 67 Weasududl 7 ganaaaufiniaag
azaniibeuaz 70 gaaruAn AeLlanfiafinnide A. hydrophila uar Wl ldFuNNTi NI Aaninla AESS &

amannsnnalutaaiuusngeddasas 87 Wansuiun 7 ganauaninissasaniaiiubesas 93.34

(Fig. 3)
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Figure 3 The cumulative death of the phage AE86 treated groups (Treatment) and the control

groups at days 7 post challenge
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wlaluunassananaffiaaiuniniazanusnaauanaanun i AAdIuIninn1s Challenge Uanluumas

MFieansAnEfiaenTe A. hydrophila iazvinliifilaniadnuanimaianmizseme laanunanumuasriueg
%
i

=& & '8 1 al o 6 1 o
nsAne ladmisudaadna AE8S wudnmaiidaenisinaalaaduan ez ldaiunsniana
wuAN e R usau liuanainime A hydrophila TISTR 1321 Zauanaliiifiudiima AESE |
° o Aa Yy o o P o Ry | Py
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nsAnE AN AaTeuaTIsZ AL pH Aneiu wudna AESS ﬁmmmﬁq@;mmﬁ'm pH 7.0
TagIANNASAITNAAZAARIANAT pH TiRNndn 7 asly uazlinasafian pH 4 Wudwll Fauansls
Widmnfinadszgnddinalumsnenlsafindeuunaiidelulan wla AESS enaluimanziunisinm
T2AENUNNTAL NP EirladagH UIT UL a8 199 ANT 9T AN pH iunsaatan s aanas
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v
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b
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a

al

(Misgurnus anguillicaudatus) fiFnide A, hydrophila JUNAH WasnLIN8RTIN19MANE L an 189 anngys
Wea%asay 46.67 LAY 26.67 ATNANAL wiﬁifu (Jun et al., 2013) mmwﬁﬂuvﬁufjﬁ'\mmw
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Tuanaidnmil
Some Aspects of Biology of Mangrove Crab, Episesarma mederi

(H. Milne. Edward, 1853) in Pattani Bay
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UNARED

Anamatfuananunyuzinnienatneil ssudna@ennan 2556 DaNINIAN 2557 HANNTIILIIN

YUANRINNA 2,490 A2 AUIAANNNGINNTEADY LRAE 31.35+3.62 NARLNAT (17.41 - 46.50 HAALNAT)

-

Wuiingay 19ae 26.28+10.49 NFu (5.20 - 80.90 n3) wudn wARawalugnduneile Aaugunus

9¥UI19ANNNEINTEARY (CW) Autiudngds (W) wulugilannis w= 12.8635 CW**" Lazil

¥ =

ANANNUSTUae 19 lTad1ATY (p < 0.05) 8RdaunA (fpaila) winfdu 1.02 Ae 1 ANENRWS

al

srndnaAaINngienszaesiuac nanysnlwAgeuaniwaliy uldninannis
Y = 1/(1+ exp 22 quapaouninanseaestesylussaranysalna Seaaz 50 Wiy 37.80
a a o ool . P o = A o Y &
aAIUAT UATHANANTUGH 1 199 seudnapauiuenaunuAausinANYest TeduiusiuFunneu
sl Anfufiesdnnisrauaunisduuanlugauaniug aougiunisinetgaauiienanudiu
SN

AdATY : Yuan Tomen Uhaneiau a1alneni

Abstract

Some aspects of biology of the mangrove crabs, Episesarma mederi (H. Milne Edward, 1853)
in the Pattani Bay were investigated by collecting crabs from the local fish landing port from August
2013 to July 2014. A total of 2,490 mangrove crabs were collected. Average sizes were 31.35+3.62
mm (7.41- 46.50 mm) in carapace width and 26.28+10.49 g in body weight (5.2 - 80.9 g). Size of
male was larger than that of female. Relationships body weight (W) and carapace width (CW) of
represented W = 12.8635 cwo?r (p < 0.05). Sex ratio (Male : Female) was 1.02 : 1. The relationship
between maturity of female proportion and carapace width showed as a logistic equation: Y = 1/(1+

(26.004 —0.0237X))

exp . Average size of first maturity (L,,) of female was 37.8 mm. Breeding season occurred

once a year during September to December and related to rainfall. Therefore, regulation of mangrove
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crab harvesting in breeding season need to be controlled together with the mangrove forest
protection in Pattani Bay for sustaining of this species.

Key words: Mangrove crab, Episesarma mederi, Biology, Mangrove forest, Pattani Bay
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AraAgna e (Figure 1) WuidrgraiauseuenaTanifilseunn 19,997.2 14 (Yeemasae and

Y A

Lertpongsombat, 2015) Wugldatiawiu 16un Tnanialudn snsunzia §2919 wansna wazuanmn

Kl
'

°

(Pechkeo, 2007) ATALAGNALNELNDUUANAN WaTnaE wazaneazyss Aadailnanil
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Figure 1 Sampling site for mangrove crab (Episesarma mederi) collecting in Pattani Bay
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ANNTDADDLLTILEL
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o &

% QI =l
NAINNIEABILTNLTNALNUTY (L)

AzHANL - alb
= \ = o | = o
Anwgeeldzesuan Tnaiansnnannisimunzesladluszasi 4 uazuaniilivannszaes
2.3 N33Rz iiiaya INaNIANNANRUEIZUd19AINNANNNIEABIALLENUEN LaEANANTUE
1 3 [ dl a o e dy dl 1 = v
szudesraznisimuiredliiuggniaielssifiugguaniugresuanluiungdanil Inald

T1lsungu R (Zar, 1996)

NANITANEILAZIANTIUNA
Yuan (Episesarma mederi) §A2INNANNIEABITLNGNN 17.41 - 46.50 HARLNAT AN
nIzmBaLaRY 31.35+3.62 AaAMT WAEHIUIAAIINNANUBINTTABITENGN 17.41 - 45.47 HARNAT
ANNNAN9NITABYAAE 31.91+3.07 DaAnT wazAlETIuNAAINNA19I99NTEARIIENIN 20,80 -
46.50 fiaAwInT ATNNENITABAAY 30.77+3.12 AadiuAs (Table 1) Fogaziaua lunnandaidielu
niAeuLuasimingzmdng 5.20 - 80.90 ni tininiads 26.28+10.49 n¥u AR minsTudng
5.20 - 80.90 N3 uaztMINIAAY 29.14:12.03 N3N daumedefiminszving 7.20 - 78.50 N3 uas

Pminieas 23.35+7.63 N5y (Table 2)

Table1 Carapace width (mm) of mangrove crab (Episesarma mederi) in Pattani bay collected during

August 2013 to July 2014
Total Male Female
Month Carapace width (mm) Carapace width (mm) Carapace width (mm)
Max  Min Mean  SD Max Min Mean  SD Max Min Mean SD

Aug 2013  37.24 20.80 30.80 257 36.77 2456 3120 247 3724 2080 3042 261
Sep 2013 46,50 23.70 32.08 3.31 44.03 2422 3261 349 4650 23.70 3166 3.10
Oct2013 4349 1741 3146 3.85 4349 1741 3193 424 4290 2293 31.01 3.38
Nov 2013  40.71 2265 3069 3.39 40.71 2265 3086 3.71 39.97 2441 3055 3.1
Dec 2013 4168 2198 30.77 326 4086 2284 3094 331 4168 2198 30.63 3.21
Jan 2014  40.70 22.75 30.28 4.02 40.70 23.07 3090 4.57 3967 2275 29.76 343
Feb2014 3965 2045 3088 4.16 39.65 2045 3157 446 3623 2146 2990 348
Mar2014 3991 2291 3133 324 3991 2291 3171 354 3587 2320 30.89 281
Apr2014 4547 2254 3162 4.08 4547 2254 3227 444 3835 23.04 3074 3.36
May 2014 4216 24.45 3223 347 4216 2448 3290 4.09 3829 2445 3150 245
Jun2014 4136 2425 3219 364 4136 2425 3316 411 3731 2517 31.09 263
Jul 2014 3992 2317 3149 364 3992 2317 3221 385 37.71 2386 3063 3.19
Total 46.50 1741 3135 362 4547 1741 3191 397 4650 2080 30.77 3.12
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Table 2 Mean + SD, Maximum and Minimum of mangrove crab (Episesarma mederi) body weight

during study period

Total Male Female
Month Body weight (gm) Body weight (gm) Body weight (gm)

Max Min Mean SD Max  Min Mean  SD Max Min Mean SD

Aug 2013 46.70 11560 2515 7.12 46.70 13.60 2863 7.09 42,60 1150 21.81 535
Sep 2013 78.50 10.50 29.23 1048 77.10 11.00 32.16 11.79 7850 10.50 26.88 8.62
Oct 2013 79.80 11.30 2819 11.92 79.80 11.30 30.54 1355 7290 1220 25.93 9.62
Nov 2013 7040 950 2545 10.07 7040 950 2745 1158 5290 11.50 23.87 8.39
Dec 2013 67.00 8.70 2399 854 67.00 870 2594 979 5480 9.60 2240 6.99
Jan 2014 6520 7.80 2360 1129 6520 7.80 26.77 1360 47.00 850 20.95 8.06
Feb 2014 53.30 520 2407 9.71 5330 520 26.14 1086 3510 7.20 21.08 6.76
Mar 2014 5440 850 2501 8.81 5440 850 27.04 1006 36.10 9.90 22.63 6.30
Apr 2014 80.90 850 26.33 12.07 80.90 850 29.65 13.71 4520 8.90 21.84 7.33
May 2014 60.40 1040 28.46 10.68 60.40 10.40 32.31 1247 46.70 10.80 24.30 6.04
Jun 2014 68.40 11.20 2841 1148 6840 11.20 32.66 1345 37.00 11.80 23.61 5.79
Jul 2014 57.80 9.10 2598 1044 5780 9.60 29.14 1181 3720 9.10 2225 6.93
Total 80.90 520 26.27 1049 8090 520 29.14 1203 7850 7.20 23.35 7.63

ANHNAWNNIZADY UATUIMTINAIDILUAN LHBLLNTNANNNAWNI0INTz ALY 6 199 Aa <25,

25-30, 30 - 35, 35 - 40, 40 - 45 uaz 45 - 50 AaANAT ANAIAL wudiuandaulugiaauninemes

NIELABNTEUIN 25-35 NANLNAT

a a

(%

(%

AnLilu 49.04% 2eaifyiaunn (1,221 #) Tnadnnmingzndne 12.3 - 58.8 nu (Table 3)

WANMNNAWBBINTLADINHA WU UANNINNGARAD 30 - 35 HAALNAT

Table 3 Percentage of carapace width and body weight of mangrove crab (Episesarma mederi)

collected from Pattani bay during study period

Carapace N=2,490 Male (N=1,254) Female (N=1,236)

width (mm)  Body Weight (gm) N % Body Weight (gm) N % Body Weight (gm) N %
<25 5.2-33.7 96 3.86 5.2-20.6 55 4.39 7.2-33.7 41 3.32
25-30 8.1-54.4 792  31.81 8.1-54.4 330 26.32 9.4-31.1 462 37.38
30-35 12.3-58.8 1,221 49.04 12.3-58.8 593 47.29 16.4-43.4 628 50.81
35-40 18.8-60.4 355 14.26 18.8-60.4 254 20.26 21.3-52.9 101 8.17
40-45 48.7-79.8 24 0.96 48.7-79.8 21 1.67 54.8-72.9 3 0.24
45-50 78.5-80.9 2 0.08 80.9 1 0.08 78.5 1 0.08
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d o & A ~ ! " a a \ S e e
uanaztiutinyuanlunundadnni wudrmeindryduas Anussnueatiite 4amdn
A (WA 29.20 FadLumAT 111N 16.95 NdH) (Poovachiranon and Tantichodok, 1991) Tutlszina
dl 1 a a = o a % a a .
z:g‘ﬂqu (111 A 38.30 HaaLum?) wazluleidgnziuaantaaalsl (AU1m 40 HaaLNAs) (Marine
Species Identification Portal, 2015) waRTWIALENNINwaNNF130anULTILINBayNIlsINIg
antiog (1u1m 33 AaAwwAs) (Machjajib, 1973) UwnAiHauinaunsaaenszaesuazimtinindiaes
o o o p ! A Vo A o o
unnuludandnaynsanns Iaasanyuaninaieluaidaniidsuinlvaindiyduaundandn
1 % dl v a o 1 v =l 091 o dl 1
ANNTAIAT LATWLINTUIAANNTNNTE AR tneane InALAeNTUW uiluganinaAg aziiviniedsgandn
o - v ey e o -2 .
wAde esaninesssumimy A arinuin e ndnnaiy Seruinvesylusssuaisti azuansna
o a A o . a & P g =
NUATNOUN DY DAL (Tiensongrusmee and Pratoomchat, 2002) PFununelulunun wazd
AINNANAUSTTLAINANY TILITHARIMN S T Ua AR
Yuau (Episesarma mederi) a9 2,490 Aia HANANAUSIEUT1NANNNGINNIEABIAL
wntinga luglannis W = 12.8635 CW**" wilailumag a1uaw 1,254 fa anuduiugazdneans

0.2677

ndensemesiutnmings lugilannis W= 13.1589CW**"" uazinalis AMuau 1,236 6o HANANAUS

v
FLNINANNNENNITABIILUNMENFL AINENNIT W = 11.6954CW* ™
AMNNIFIATITINNATA WLFINAANTUDIFIUUUNTDANBLITIEUIENINAIINNGNNTZABIL

o o

UMINeeY Tanue wazinANANdNRUEAUANNE NN zAtsRtNRTEAIATY wazwudninaLile

o o

v
ANNNANNTzAReTLEIVTN AAduduiusiueenaldadAtynieada (p-value < 0.05)

Table 4 Linear regression analysis of carapace width and body weight of mangrove crab

(Episesarma mederi) during study period

Variable B SE P-value

Constant 22.83 0.081 <0.001

Body weight 0.32 0.002 <0.001
Sex

Female 0.37 0.030 <0.001

male -0.37 0.030 <0.001

Krudmananune wudnuanianaanuney semadie windu 1.02: 1 Geluheuganay
a o '

2556 TNNNIIAN 2557 INAGRERIIAMWARINI WAL E WANAIAINTL Nad199anudmARNALNNE

BRFNAIUNAGINIT (Figure 2)
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Monthly Distribution of Sex Difference of Mangrove Crab in Pattani Bay
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Figure 2 Monthly sex difference distribution of mangrove crab (Episesarma mederi) collected during study

period
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a o o

1 6ie 1 8N NBBAIATY (p<0.05) WATWLINTINABUNIILIINAIBENHANNANAUS AU ATDIL] LA

% o v

atneldudnAtyfae (p<0.05) mmﬂﬁmﬁuqLmuﬁzﬁﬂm@ﬁﬁmmmﬂg WUIRAYNIAIAT (1:1)
(Chitarasing, 1976) ynziagim Scylla olivacea (1: 0.79) (Koolkalya et al., 2006) i uax i1

(Geosesarma krathing) (1:1) (Ruengphrathuengsuka et al., 2009) LLﬁiLLﬁmﬁiNﬂ’m‘lﬁ’mmu%ﬁm Uca

4
o o

perplexa nsdamnaliidulinunguaessssus Inenaeaisldndaumag azgendnlumeile
24 2 1911 (Mookui et al., 2012)

Yuanwaaanuay 1,234 fa dsznaudoaiuanluszazlianysalina a1uau 801 s wax

Yuanluszazanysaling 433 69 HaU1AAINNENNTEABITENTS 20.80 - 46.50 HARLNAT X

ANANRUTILUININAIINNEINIZABINUARAIUAIINANYIDILWATDIY LA LNALN I AIANN NS

Le

Y = 1/(1+ exp® 0 qynparuniienseaestestuannisasauiug luscazany sniwe Sag

]
=

az 50 WAL 37.80 HAAWNAT UATAINNANNIZABAENUINA LN UG TR 1 uaNnA e AN NgANE L
uannszAan Winy 22.97 Aadwas linndnuaniisinalasenisdnsnauuas Wi asuniaiumnas
AniDedluilesnnaInnezsn s (28 adwng) (Singkam, 2009) Tudauaasgganala wudidy e

s = 09/1 ng/l oA o =X A o A o =
anyIndne 35.03% 1e9iiwAlleviannn Asusinaunuenaw Daneusunan Inaluheunuenaul

B Al e NanysalwANIN?ga (Table 5) T9danARaITLNANITILATILINISATIA NAN2AD

Yy al

Yuanmadsanysodwaluninen winufeusy 36.53 (Euaua) Inafilumeuiuena - fua1au &

Yuannaieeg lussasligandnaAnenusn Tuansiineun auq 8AR1n97 (Figure 3) aaanfesriu

a
' ¥ 2 '

Bl ui NN w g R doadanali B sz iaa1mng waztladan NAIWINAaN 11U
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o o/ 1 1

AHANWUS (Koolkalya et al., 2006) Wanwn3sla gzl 1aeapfaseu uazwausyHsuannaunTy

Q U

¥ o

Tug99 ganndesiusnnnunadia ludaaidninndunag dounisdnunuanlunungu - wuday

oA

= o o A \ Ay & o : | A 9
LL@NNQ@]N@NWHﬁW?@Qﬁ\{Lm LL@xNimu@ﬂﬂigﬁﬂﬂmﬂﬂﬂ'ﬂ\iﬂ WEINU 2 TrN‘V]Nﬂ'J’]Nﬂ!ﬂﬁN I/LmLLf‘I LTI

3

TnansfneniseuaziaLndumadenuandnidosuilesnainnszsas s audnnaanT uas
9alagagusn ‘Luq@c]u%miﬁ@uﬁmmu faieunanen uazaad 2 wuludasmiiuge (Heufluiau -
W#MI) (Singkham, 2009) Tt Tiensongrusmee (2009) WLANH 2 199 AB TIUTNIABULNENEIN
~ nangeN uazmae 2 fugneu - woARnneugesd N matugege uazilatimziaduas 1
%m?}'@umiﬂim‘iﬁLLé’f;fn:”Lﬂﬁa@ﬂ@@ﬂ@jmﬂLuiﬁyq waznsvanagnziasia bl

o

Seianflangaansldvienquaniugiuyaiadunudn seandesiugaansldaeyuly
(Varuna litterata) (Srivilai et al., 2008) LL@xiJJﬁ’mﬁ’m‘ﬂﬁm U. (Deltuca) forcipata (Pahurat, 1983)
Tuanriiaenaieiudad 2 19909214 1091 uaNTiNY19 (Episesarma versicolor) WAz nziaTiin
Scylla serrata (Kongchai et al., 2013) LL@z@gjiwdwq@mﬂﬂimmﬁ’mmmﬁm U. perplexa (Mookui
et al, 2012) waz U. (Deltuca) dussumieri spinata (Pahurat,1983) walANsANiLngene e uang iy

(Geosesarma krathing) (Ruengphrathuengsuka et al., 2009) WusL

Table 5 Percentage of sexual maturation female and immature mangrove crab (Episesarma mederi)

collected from Pattani bay during study period

Sexual maturity female Sexual Immaturity female
Month Ovarian stage Ovarian stage
% %
Berried female 4 3 2 1
Aug 2013 15 12 2.18 20 23 32 6.07
Sep 2013 106 17 9.95 16 7 15 3.07
Oct 2013 63 1 5.18 11 7 20 3.07
Nov 2013 94 1 7.69 3 2 12 1.38
Dec 2013 75 0 6.07 9 4 22 2.83
Jan 2014 13 0 1.05 16 9 71 777
Feb 2014 1 0 0.08 0 7 74 6.55
Mar 2014 0 6 0.49 32 21 33 6.96
Arp 2014 1 11 0.97 12 16 45 5.91
May 2014 3 12 1.21 27 12 42 6.55
Jun 2014 0 0 0.00 7 17 70 7.61
Jul 2014 0 2 0.16 5 12 72 7.20
Total 371 62 - 158 137 508 -
% 30.02 5.02 35.03 12.78 11.08 41.10 64.97
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Percentage of sexual maturity female crab
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Figure 3 Show 95% Confidence intervals for predictions of female sexual maturity of logistic regression and
percentage of month of female mangrove crabs. (Female crab could not be caught in June, red line denoted

overall mean, blue line denoted 95% confidence intervals for female sexual maturity)
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The study of natural food in the stomach of spotted catfish from the local fishery
community in Thasaan village, Phawong subdistrict, Muang district,

Songkhla province
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UNAREa

NNTANH121UN38TINTR Wnszinzeesdannaialus (Arius maculatus Thunberg, 1792)
ANN9UsEaNutinuLTgNTUE19 s eTinuinarEu Auanas eneLies Samdnasan Tuas
& A \ & o \ 2 ! 2 =~
NUNNZRANLAII1ADUAN TEALATRE19LA1NIREUITNINRBUNNTIANDINUIAN W.A. 2558

1 a 1 v v a o =S o 1 I a o/ I
NUINUAINIBIAABLENSINAALNAY LAZHANITANEIAIUIT INTE s Uanasialdanuqanfudng
AMWanfia iy (crustaceans) Wuanuisnan tneesazaonuiaesarunsusiazsiannulunssnie

a

2919180 Usznaumae n1lumaden (Tanaidacea) LLMF’NN (Upogebiidae) mnﬁ?‘iqm 2B9ANNIAD
flatiy (Amphipoda), fiaf adu (Alpheidae), lailan (fish egg), fjatAel (Mysidae), LHAIAILNE LA
(Isopoda), wagaase (Bibalvia), Uardaaai (fish larvae) wasuuausanan (Nematoda) AMNANAL
TuanisesaraesBunnavsusazainlunssimizlan wudnintluanides NI NG

v

a A = 1 vy o o g o
NEA TAIAINTAD NI Taitlan MNAATY LHAIAIUNTLA PRAANNT UAN9880U WAL VUAUAINAN

q

14 v
=2 o a

ATNARIAL ANNNITANHIATIL LA LA UINARIN TN AWLT AN 1T A NANIBIL AN AT TN
TUNTa AN UAIANADUAN

[ %

AEIATY: NEAATLATAIAaUAN tainaralus asAlsznauresanslunszinig dnduiinmu

Abstract
The study was aimed to determine the natural food in the stomach of spotted catfish (Arius
maculatus Thunberg, 1792) from the local fishery community around Thasaan village, Phawong
subdistrict, Muang district, Songkhla province in the lower part of Songkhla lagoon. The fish
samples were collected monthly from January to March 2015. Zootecnical data revealed that the
fish collected each month showed similarity of the total length and wet body weigth. Crustaceans

were mostly the major composition in the stomach contents of collected fish. The high percentages
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in frequency of occurrence were tanaidacean (Tanaidacea) and mud shrimp (Upogebiidae),
followed by amphipod (Amphipoda), snapping shrimp (Alpheidae), fish egg, opossum shrimp
(Mysidae), isopod (Isopoda), bivalve (Bibalvia), fish larvae and nematode (Nematoda), respectively.
Moreover, high percentages of numerical composition were tanaidacean, amphipod and opossum
shrimp, followed by mud shrimp, fish egg, shapping shrimp, isopod, bivalve, fish larvae and
nematode, respectively. The overall results showed that bentic fauna play an important role as a
major natural food for spotted catfish in the lower Songkhla lagoon.

Keywords: Lower Songkhla lagoon, Spotted catfish, Stomach contents, Benthic fauna
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nziaauasradunrasinaualunniddnld ludowsesuduaulvgyidnunialinauais
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1 v 1
ga9tlszwAng F9liHaNANEILAZANNFINU TN 75 NTALNAT WAz 20 N1ALNAT ATNAIAL
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Aunindszunn 1,040 aeeilamns Asauaguat]lulaNuRdIdinasa L g Tnanziaany
o . 4 ad o .
A9ANNANHUTUANANNAINNZIAAIUBU ] Hesandiunutiaeanidu 3 491 Ao nlaa I uABuLY
NZIAATUAAUNAN LATNZIAATUABUAN Tanziaanuacua9gaiinniadaaangnznaalna i
anwoizidusastivdalnudin denaliunlunzisaruasaan liFuaninaannszuatndutn a9ain
nzialla saueunanLazinvinanuHuAR Y NZadNUAIIa1 3 491 AUANNIANTAIUN LGRS
Usnnwansiuiuediuggniasarszazneinduazlnaaininnziaany duivasBanssuuiiog
UNASHNAN LI #91818771 (Songkhla lagoon) (Angsupanich, 2012) Taeinns@nunluaiaiils
a & A | dad A A o« o = a A
wanwunAnE lwanziaauasraneuaaninungoulafseglulndamdnasean daduizonni
AYINLANTBINININNG ALY °] wsi TudaengluaunsnanaliinNANT8NaAAIa9TedaINN"g
\99a1990911an IELduiu (Riamcharoen et al., 2013) Taaia1291UANNLANTEUN IUNZLRAIUAITA)
! a gy > ) o ° o o o P = & p
AAUANUINUNUATINWINIZEe Laziinuinardnu anailed a9udnasaan darnutAuaasiiilusauil
¢/1u199 0.9-32.3 dauluiugdau (part per thousand; ppt) (Tassamakorn and Angsupanich, 2014)
Neaa1uaIaNAAL U U UTALNASII NN AN ANANYSDITRIULNAST AU (plankton)
muiﬁwmmimai (macroalgae) WATNTLN (macrophyte) 1ALIRNIZNZLA AL AITATNDUANATHITONL
1na1e1181 (mangrove forest) (Angsupanich, 2012) $auVNNTHNANNINUTMELE L wegnedndy

(Halodule pinifolia), W ﬂ:j Mlunezn 30 (Halophila ovalis) & ¥4 tﬁ Muwng (Halophila beccarii)

1 k4
= ' o |

(Angsupanich, 1996) el udATyluunasateAe unaeaIuIs unasaenaRugIIdnduuas

ARTUN WERNTINLLAFNUAIIAN U UT LU ALN AN R AN U Fau a9 a1 3N N3N wse

2 o '3

o a | \ s o & o Y A
ﬂuLﬂuVIﬂﬂ "l TﬁﬁlLTNQ’]ﬂgqumﬂ\‘iﬂqxﬁsﬁﬂﬂHN@mLU@Qmu@’]WQﬂLLW@Qﬂm@uW% (phytoplankton) kN

warnuatasia tdun lnesmeu (diatom), a1us18@13aa (green algae), laluunaiaaian
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(dinoflagellate), @118 & @eaunN1NRU (bluegreen algae), @138 ATIA1ALNNTNES (goldenbrown

algae) WAzYNAUDEA (euglenoid) (Angsupanich and Rakkheaw, 1997) uazf13lnadusinlungs

q
v

unasrimaudns (zooplankton) Mlsznaullfiasdn i liinsegndundsauiaidn wu dndarnanfielis

& s

(crustaceans), dnditaainea (protozoa), 1sRwad (rotifer) wazilandaeay wufiu (Angsupanich,

b2 2
o A = .

1997) 39NN 9dRnIAULAN IR FendnTaniiaindndniinmw (benthic fauna) tawn l&maunzia

)
(polychaete) wazdndarnanfielna lusiu (Angsupanich et al., 2005a) T9ZINTARWALTUNUN

q a

o o

Adnyiueinissssnanfaesdnduiuiuisila nelififiaaugananysnintedaon nluszuuiing
NUARIUEITA wazdntin lHiNn191UsznavadnLseaafNutinun in s9udndununiidinalumasqze unas
AnnneffuLEngeU o NUTNEIaa1Ua9Tan (Boonprakarn et al., 2013)
ANNN1941999189A U ER BN LI IAIATA TUIIASNALIHEY AINTRAITAT LASTNTUINLRUAN
NNN13U LB UNURAIUANIZED LAZATLANEIY BUNBLNAY A9UTARIUAT AANITDNLAUNITAN
o/ rogl ai o % 1 1 o 1 o 1 dala
PNTUNTUIFANNLAAILRIUAIPUAN 11U Uanesialue dainaiaan Uainalae dannszuan
danemeaa darmendu dannseiuu feiouds fevinadi fanznia fawadias fefiaunas uazyan
% £ 1 b4 dJ a = [~ v v
fu Tnannzguaurnlszaatinuinaséu seinislsenavenandszasauiaianluguaufiosnis s
A A & e Ao p \ , o & ” » ”
LATANH AT NN UTINUN R AN ML FULNNE 11U aduaas 111 aaU ui 1Wia wardadudneeni14ew
Ansunsaanisldussanuanluasaumiadundan naainnisd199aludiaafunudndainaiialus
(Arius maculatus Thunberg, 1792) unaudnNdAtyaInn1snndezasiutinuiznusinann wazl
991899 ld T uuasas s TuaNunguaugiadssisiuiinuiznatituiniasdu aruangas
o = o o o 1 K o o o dl v Y Y o d’j £
anaLles Aaminasaan dannaialisasaniiudandrAnynanunsoadreme ifinumadssuaiudinn
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' a o o

andaaslutiznnusananq lfiduesem saunisAnenesslsznauaasatniglunsznnzilainasinlya
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k2 1 1 !
19991M134R51UN IR ANNA A lunzieauasaaiaauany uaranisaimenlangniseuinuna et
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1. msiuAatdanaialal
= - v oy Ao yy & o a

nisAnmesAtlsznenlunszmizamisresdainaialisndulfainnistssneiiutinuiznn
NTRALAAIRBUAN A NUNAdRaaan TEANsAnTiuntsiuetnalan Tudaakeuunsan
NUAIUE uarHuIAN W.A. 2558 AuuaNuiiuAetBnagNautialssaafudinuluaniinu

o ¥

) o o ° = o o & & o o e =
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lunszinng mnﬁ”uﬁ’]ﬁq@ﬂwﬂmmﬁm RANLAINIUT LY HaUNNTTRANNENTRYLANR N aNEgATaq
9

Fuianataneing (total length; LEUAWRAS) wazdarinuinga (wet body weight; n¥u)

2. Mgz TasAlsEnaurasanmslunseiwzlainaialaa
NN uARTlE faulasunannnisinenaes Angsupanich et al. (2005b) lagLfiusaaging
dannasialaie?i demnslunszmnzaaysalauau 30 faiieu annsszusiluiiusugury
1qUsENatinuvinasiu Auanzas eneled sandnasran tnefusaetedanduman 3 wweu
FLNINABUNNIIAN NNANUS UATHUIAN W.A. 2558 femauiaednaanianin 90 i AaeAszEzIaAN
nsAnEn annviinsEnietanailiausasin udaFaANsITaNTNTAZIENaMN TN TN
yanundaanisaninndudneadluauie aniamanisnesiiatinsanmnsfaanaiingy 10 weidus
uwiaetedinananinageukazdnaunngunte lindesqanseail fanisifFauinaudugau
ANEIRINBNANIENBINNITINIG w’é@mﬁqﬁuﬁwmumﬁﬂ@xﬂ@ummmm’azﬂ@iuﬁwﬂumqumm
Uanavaliausazda udaAuInmatazANLATese LAz Te LaiaeazaedBuIneN s UA
azaiialunsznng Tnadigasannisaiuans sl
2.1 nMsAnsnfagazaNtirasamsuAssaRaiwLlunsswnzlainaialale
Frequency of occurrence = 100 x Np/N'
il N, An ANNLBIN I Z AN P
N An Saunszinzlaime 7 s e i luusaz Ao
2.2 nMsAnEfagazraBunneamsuaasana lunsziwnzlainavialsianiiedn

Numerical composition = 100 x p/P

Wa  p, AD ATUIUFITBNANUN TR |
P A AUIUANT89E NI NTHATINAY
NANIFINE

1. AMNENILAENNRNURIURINANALNG

UarnaaldanninisiAusqataiadnsiaaflsenataiuislunssiniafan lFnian1sda
& o o o = & , o = a o \
Yrunlndlean (nFN) wazdnANe Wt ARLAL a1 AuRel a8uNe (EURWAT) 3991lanfqasia
79U 30 AReK nuddainadalusiauldlunsasinaudAonaawdaaaslnamaeiu Ine

Foativresdanduliludosfaunnaan nua1Wus waziuian acineamiuniafe 22.67+2.29,

©

22.97+2.98 WA 21.83+2.18 WIUANAT/FQ ANNA1FL Tesatinalainaia i anduldsausminauuns A
DaluANINLA1Fa81999UNA 90 A VAN IIUTALAAE 22.49+2 .54 [WURLNA/FY (Table 1)
lurnuehdayatuindadanaesdainaialisduimineasdesudnawinludesheunuaiius

(130.00+46.85 N51/617) 309898 Ul a1 Nau1Fludq9AauunsIAN (120.33+37.48 NFN/FD) WAL
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] ' 2
o K o 1 o o

Au1AN (99.00427.99 NFu/60) ANAAL TeFmatinetannaraldenduldfausiAaunnsANialiAy

)
= O’J o/ {
i

sauLlaFaesineianNe 90 Fiv Ariminsdadaniads 116.44+39.97 n5u/sa (Table 1)

Table 1 Total length and wet body weight of spotted catfish collected each month during January to

March 2015 (n=30 of each month)

Total length (cm) Wet body weight (g)
Sampling times
(meantS.D.) (meantS.D.)
January 22.67+2.29 120.33£37.48
February 22.97+2.98 130.00+46.85
March 21.83+2.18 99.00£27.99
Average 22.49+2.54 116.44+39.97

2. gRanazlEuIuaIuns lunszinzdainaiialag
neAneEnluATsiinuassssaf lunszinzaesdainai llsdaulunidudnduiinauainan

Ay a

fay Ui ur nlunden 4 NI TR TNAATW WATUNAIATLNTLA u@ﬂmnumwummm"l,umivmﬂmu
wasaaw 1 16w flavne neasdeln waznuaudana Tuanuedlidanuazilandeseunuiiunniios
Tunszmnzemnseslanafing lnaainuanisAnusesazadnuagesa nisurazaiia finyly
nszinzilainaialis Usenaudion nlunidew (75.56+10.18%) wafieil (71.11+13.88%) mn%?'llzgm
sa9aIN T uRLEU (36.67+12.02%), 9B ATU (24.44+17.11%), la1l a1 (13.33+3.33%), fjaiat
(11.11£11.71%), WNAAIUNZLA (4.44+1.92%), o096l (3.33+3.33%), Uarduaaus (1.11£1.92%)
LASWURUFAINAN (1.11£1.92%) AINAAL (Table 2) Iummﬁ]‘ﬂWiﬁﬂ‘m%@mmmlﬁémmmmmmx
1in lunszinizilannaialas wudndmnlusiden (27.59+12.95%), flawbiu (25.78+34.36%) wasfisiag
(25.51422.22%) unnfiga savasnndufafl (11.48£3.70%), l91an (4.25¢5.32%), §ef ndu
(1.4040.93%), LWHAYAILNZLA (0.32+0.18%), wasaadn (0.09+0.08%), Uardaanid (0.02+0.04%) Ay

PUBUAINAN (0.02+0.04%) ANNATAL (Table 3)
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Table 2 The percentage of frequency of occurrence of stomach contents collected from spotted

catfish during January to March 2015

Frequency of occurrence (%)

Stomach contents MeanzS.D.
January February March

Tanaidacean 66.67 73.33 86.67 75.56£10.18
Mud shrimp 60.00 86.67 66.67 71.11£13.88
Amphipod 33.33 26.67 50.00 36.67£12.02
Snapping shrimp 43.33 20.00 10.00 244417 .11
Fish egg 10.00 16.67 13.33 13.33+£3.33
Opossum shrimp 0.00 10.00 23.33 11.11£11.71
Isopod 3.33 3.33 6.67 4.44+1.92
Bivalve 3.33 0.00 6.67 3.33%£3.33
Fish larvae 0.00 0.00 3.33 1.11£1.92
Nematode 0.00 0.00 3.33 1.11£1.92

Table 3 The percentage of numerical composition of stomach contents collected from spotted

catfish during January to March 2015

Percentage of numerical composition (%)

Stomach contents MeanzS.D.
January February March

Tanaidacean 21.96 18.42 42.41 27.59+£12.95
Amphipod 65.36 8.33 3.64 25.78+34.36
Opossum shrimp 0.00 35.92 40.63 25.51+£22.22
Mud shrimp 9.27 15.75 9.41 11.48+3.70
Fish egg 0.43 10.33 2.00 4.25+5.32
Snapping shrimp 2.35 0.50 1.35 1.40+0.93
Isopod 0.51 0.17 0.29 0.320.18
Bivalve 0.13 0.00 0.14 0.09+0.08
Fish larvae 0.00 0.00 0.07 0.02+0.04
Nematode 0.00 0.00 0.07 0.0210.04
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AaUnNTU sz UTINL LAz A sl an et iulinadn i apea s U AN N RA NN AN
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22901 Anddarnaialidsnnnndidanatingu i Wasunannaninaresuinsanilasuntagllnng
nanIaasinnulariafiuinludasngiuaesnnt luanen Tassamakorn and Angsupanich (2014)
| A , o o1 a o & o ] ]
218 UIUANATAY (Arius sagor) wazlanarialis HAdugngnasiananaenyial winudnlaing

o

Wagau (Osteogeneiosus militaris) finHANgNgN U ANTANAzTURBNIREAMUe luTwNaITRaY
FANANTNNANNAAUNNAIRUE aein9lsfimINAINN19971297U B89 Angsupanich et al. (2005b) W41
danavineanuazdainavinlislunziaanuasatrendisgnguludos geluaunalaneggelu ey
1 all OD = =3 =X 1 Yo % 1 dl 1 v o 1 oy al'd
T91aNIRANNANANAY AsaNNsananladlainadaliaduilanAeuinegeuenduet lurinid
ANLAN ALY N9RN WelFauauiunisAnEae9 Musikasung et al. (2006) s1ea1udnlainzniy
(Scatophagus argus) Tunziaguasaanauisnatdeeg 1 luwnasinndaanuianlugoaniag

o va o e ¥ . . o d . y
(euryhaline) Aanulé U3 nunianuAnsAaumAl sz 9-24 douluiudiu deanunsaunsnszanelé
TULAATLTMINEIAA WINT0E WATHILAN ATNE29087 0gNIa LazAAINENALANF19iuTY
wananiludasggieussudrufeununiiuinaunetmaulausrianaunsanuaNiAn 1w
1 v dl o a 1 o = 2 Ql o a 1 %
daenieiendeegiBnunzaaiuasaaineuansinasiniseneniinatugulldmziadngnalne 1§
\TUr U (Chesoh and Lim, 2008)

a o 0’: d’l ¥ o 3 I3 o 1 09/1 A

n1isaluaetlaninisdneesAdsznaulunszimnzemnsaestlannawa ldafausiney
UNTIANDIRUIAN W.A. 2558 ananuiusaetatlainadalierianus 90 fa wudndanaulsludas
& o ool v | = a a a o ad o
waununuslaunfesdnglug Tnafiaouemiioniedt 22.97+2.98 LIUAWASE uardnmin

d‘ o o A A o v o1 Ao Yy A

@AY 130.0046.85 nFu/Aa Wanauiuruiareslannaialueanqauliluineunnsan (22.67£2.29
MURNAT/AY WAT 120.33+37.48 NFU/A0 AINAIAL) LATRUNAN (21.83+2.18 LIURLNAT/FHY LAY
99.00£27.99 nFN/Aa ANANAL) BarniBauiauiun1sAnEn1e9 Angsupanich et al. (2005b) TawiL
faat1atainm 2 1ia AreLAgN 3 AN M fgieu faruaniies uazgaHuanuin wudlainemia

goulunzIag1UaNIA ABUANE AN NN (fork length) lwARatflutas 20-21 wURLWAI/EY LAz

Huwinedseg ludos 103-123 nfu/sa lwsneidainainlianduliannziaaiuasaaineuuuiay

v 1
o o

pauANHANNEaNNINeAtIzN0L 18 LURLAS/EY wazduivinieata ludes 95-100 nFu/F9

Tuaaus? Angsupanich and Siripech (2001) 3189113 tanaialdandulalunziaanuasraineuuu
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Anelaseaieiugaanilscainsaaslainszuan (Liza subviridis) aRATIEHMAATANTL
Arrziananuanuanaresasuiandle nd luluinaeusraasndueidnuneuinsasauaug
596 - 606 ALLA WiLA8L19AN 6 AndR Aa Aaninans SanTnns Faudansed RNIALAR U5
Waan uazdaudnszues 4uauianan 115 § wudn Sualnalnilianus 89 uatnalni Uszneuan
shared haplotype 15 walwalni way rare haplotype 74 walwalni An haplotype diversity LLa g
nucleotide diversity §A1 0.990 ka¥ 0.032 AMNAAL NAFAL neutrality test WLINAN Tajima’s D A%
Fu' Fs f1An -1.595 uay -23.941 uariiadndynieadidadaauullaind1aiandenis neutral
evolution TufiAnnsfuansdns=ansiannszuenlunziasuniiuesiinisasanaauin uadeu nas
npdey mismatch distribution Wudn Uszannstnaziinistenaeuinsnyszanas 110,000 Hikamanly
galnaalndu nsmageulasaieiugAianitlszainsfionds AMOVA wudn Useannsdainszuanlu
nznduniuilassadenisiugnisn Tnaudadunguilszansdunduneuaisuaznguilszansdunn
LI m@m?ﬁﬂmﬁ%q?:mmmﬁﬁmgﬂ@msl%Lﬂul,l,mwMun’]iﬁmimﬁ@”mmiﬂmm:mniumL@
funduls
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Abstract

Population genetic structure of the Greenback Mullet (Liza subviridis) along the Andaman
Sea coast of Thailand was analyzed based on the variations of the nucleotide sequences of the
mitochondrial DNA control region (mtDNA CR) with a size of 596 — 606 bp. The mtDNA CR sequences
of 115 individuals collected from 6 sampling sites : Satun, Trang, Krabi, Phuket, Phang Nga and
Ranong province, were analyzed. A total of 89 haplotypes, consisting of 15 shared and 74 rare
haplotypes, were identified. Estimated values of haplotype diversity and nucleotide diversity were
0.990 and 0.032, respectively. The results of neutrality tests, both Tajima's D and Fu’s Fs statistics,
yielded negative values (-1.595 and -23.941, respectively), which were statistically significant
deviation from the neutrality, indicating that the L. subviridis along the Andaman Sea coast had
experienced population expansion. Mismatch distribution analysis indicated that a possible
expansion that may occur 110,000 years ago during the Pleistocene glaciations period. The AMOVA
analysis also revealed genetic differentiation of L. subviridis between the lower and upper coast of
Andaman Sea populations. This study gave necessary information contributing to efficient strategies
to conserve this species along the Andaman Sea coast.

Key words: control region, genetic variation, demographic history, conservation
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-8

anszuen (Liza subviridis) Wudanfendaminansdaiznalansan Wqﬁmmmiauﬁuﬁq
1as1anszuanazinisansnainiaaauguuaaefaiiesled (Chang et al., 2004) nasainansla
Foaauaret luszazunasinaunaza Ao ndiuaadelnaenAuni9AR e unAINNILUATN LTI
meifeaudingsreydaiu (uvenile) ﬁq'jwﬁﬂﬂﬁu@jﬂwwL@uLL@zL@?mLﬂuﬁQLmﬁm’ﬂ (adult) (Chang and
Tzeng, 2000) A1NANAIN170 NNTUNINTZANEIRIF g auTLAReWN LA luszaznieaniani 1l ng
= o | v 9 =2 o gual a | o o
waniazuansiugnasuszndnalsvansiiiies awinlidlenaianisuisueniasea3eanisiugnasu

semdntlszansliige Tnaennzaasnuuaaadmeiadundugalnuni i alugngalu
Usznalng (Juntarashote, 2003) $913x81zN1N3v8N0 900 TlALNAT ATALAGNNUN 1,764.86 AN919
a S e e =2 o o 4 A . & A =
AlaasaeuAfIninanatedesndnscuadelinunusntaananaiui (Aungtonya, 2000) a1atiluan
ladtmilsnnaliiinlaseaianisiugnssuaesilsesansilainszuanls
danszuenidudaassgianieussinaiiasainaunsatiumindueims lfvataatin an
foyansatmilszaalul w.a. 2553 wudrlanszuennaulfiiizunuanas (Fishery Statistics Analysis

nd Research Group, 2010) A4sin1s13u1sannistainszuaniive lilddss Teaillfasnadatinaay

QO

[

AvdAty Tandusiesideyanisiugnesuiailuuuonielunisdnnis dagilsrasiaeanisianaiail

A =

WeAnwlassaisiugAanilszansuazlsrdfitszrnsaesainszueaniendunuuuitna dansia
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o

funsiu Ine lfansuiardle ndluluinaeussaanisuietinmaeuingasiagy (control region) Taiflu

1
a AaA o o & °

UTIRUNTAATINITNANLN UG "3\‘1Lﬂquﬁuiuﬂ’]ﬁ‘u’]&l’]ﬁﬂﬂ’]ﬂrﬂﬂLLﬂﬁ‘ﬂﬁ‘QquﬂﬁuﬁﬂTﬁ‘Nﬂ’mlu

]

o

dszans uanandudadinistneneawugnasunaud asanwuziuianaes s dsaunsnlilszaans

| (2
a [

WeAns luanuiutieandinisldesesunnaiugnssnauainalunlutianasals (Boore, 1999) B0

=3

ra a a o o :// A A o 1o ¥ =2 ! ¥
VLNLﬂm?ﬂ@N‘LILu?]u AUGNAINA TLINaUAL LY VIWSLWZQ’]N’]?DFTT]H’]LL‘l_J‘]_lLLNuﬂ’]ﬁ‘D']EIV]'ﬂﬂVLﬁIﬁEm?\T

U
¥ v
o o

(Avise, 1984) nan1sAnuiassdatntsnttfiaganliidunuanislunisiansandanisdseains

danszuanlusssuanslfesnallszdninnuazaslisnnnunainuananieiiugnass

o aa
AUnsluaraang

© a 1
1. NMTLNURAIRENN
=

Ausaetelainszuannaa e dansiaguaduaindasndnans Sandnnis aandansed

RMTANIRA FIMTANT BATAINTATTUBY TINTUNARIUIL 115 Fia (Figure 1, Table1) wisaatinglu

' '
= a

v 1
wudsudatidetiaafrmRnaeiuinengumugi -20 esrgaiieaieninisinaziisaly

Rinong S Gulf of Thailand

Phang Nga

Andaman Sea

Figure 1 The collecting localities for L. subviridis along the Andaman Sea coast

2. Msanamawe MannlBnumiduanhrnawsznismansuionalalneg
mﬁvmﬁLﬁummmﬁ@ﬂmimﬂ%ﬁmmﬁm Tissue Genomic DNA Extraction Mini Kit (FAVORGEN,
BIOTECH CORP.) Asiisuazduneuiiuuusniugaaimindiunniifuedmngidnnneuinggs
AweuaansnUiAsengnidanednesalng i forward primer LSCR_H1 5- TCA ACT CCT ATC TAT
AGC TCC C 3’ wag reverse primer LSCR_L15- GTC CAT CTT AAC ATC TTC AGT GTC 3’ (Suppapan,
2015) WintBun A E e mun e lunaeaidans Ussnaudag 10X Tag buffer 5 lulAsans, 25 mM
MgCl, 7.5 lulmsans, 2 mMdNTPs mix 4 1uTAsans, 10 M primer forward 2 lulAs@ss,10 £ primer
reverse 2 VLNTMEM?, Tag DNA polymerase (RBCbiosciences, USA) 0.5 lulpsams (2.5 unit), DNA

template 5 lulAsART (50-100 ng) waz ultrapure water 24 lulAsans santFuRsianun 50 lulasans
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nldneaiNasafonLATes Mastercycler, Eppendorf (Germany) Usznaufog 3 TunauAe

—2
=
l

£9)
=b
ab
m
D

2>

a

(1) UuNgomMAH 94 BIANTATHA WIW 4 WIT AU 1 901 (2) UNNQUUNH 94 asAaaifiag Wil 40

U

U grUNYH 54 a9ANTAITYA WL 1 WIN LATAIUNH 72 SIAEAITE WK 1 WIT A9 35 981

WAz (3) UnNgruungi 72 a9A1lgalmiad Wi 10 WA A1U0U 1 581 LEIRIIRABLNANART IAAaNATIAG
ianmslwsdaluaaaznilg 1 Lﬂfm?l,ﬁ‘ﬁuﬁﬁwamammﬁﬁﬂﬁu?qw%rﬁw Gel/PCR Purification Mini Kit
(FAVORGEN, BIOTECH CORP.) mmﬁ%’%mzﬁumuﬁLLuumrTusqmﬁqmmam‘lﬁu?@m%r aniiudiEy
wLRguEn L auilanalendmisgiinng 1 Base Laboratory tszmasniaide
3. NMFAANTTRUAUAZNITANHIAMNUAINUANEN NN UFNTTN

3.1 NM5IATISRAMTNUAINUAIEN W UENTTH

L%m[ﬁifﬂ%mﬂ@%”uzdfméﬂﬁuﬁfaﬂm@iwﬁdqu 5 war 3 1asuiazsiaatiesioaldsunsy CAP3
software (Huang and Madan, 1999) N1 multiple alignment Aaaldsunsu ClustalW version 2.0.12
(Larkin et al., 2007) LLz’ifmm@mummqﬂﬁ@\iﬁqamﬂm%nﬂ% FATIAAMNNANUAILNNAUGN TN
1AINAT nucleotide diversity () (Nei, 1987), haplotype diversity (h) (Nei, 1987) la¥A1 mean number
of nucleotide differences ﬁ‘zvn"mLLEIIW@VLVIﬂV%ﬂMNmfﬁfmmﬂmw DnaSP version 5.00 (Librado and
Rozas, 2009)

3.2 MsAATIEAlATIRF N ugAERTUszTng

AAgzilaseasaiugA1anfilszainafiagds Analysis of Molecular Variance (AMOVA) e
WrauiauszAuAMNaINuaNenRugnasun e luiazszudntlszanslaelElsunsn ARLEQUIN
version 3.5.1.2 (Excoffier and Lischer, 2010) TneidiasnziiAn F-statistic tHun @, @, uay @, 1¥n1s
findn 10,000 permutations Wi4N133tATIEATN 2 wuy Tnanisaiarziuuuugn wisdszanngiiu 6
nguALSInSaTiiufeting (single region) THur dwminana Sandanis Swmdanszd dmdnguia
FINTANI BATIININTTUD mﬁmm:ﬁuuu%mLLﬂqnz\jmﬂi:mmmmLLmﬁu@zﬁgm THun ngu
dszanslunziadunidiuneuans dsznauficadandinana S9ndinnis Famdanszd WATAIMIANIIR LAz
nauUsza N lunziadua I uRaULY Usenauftg aandniee basaandnseuad LATTRsst LN
WugnIsuseninelszsinefaeds pairwise £, 911491 10,000 permutations Tae 14 Tusunss
ARLEQUIN version 3.5.1.2 (Excoffier and Lischer, 2010)

3.3 Mmeaagiznlsedbszaing

Arrzddsedfdszannslnelinnsnaaey 43516un (1) nadeu selective neutrality Tl
AAIIZIAN Tajima’s D (Tajima, 1989) uax Fu's Fs (Fu, 1997) Lﬁﬂﬁ/]ﬁm‘ﬂ‘i_lﬂ"l?l,ﬁﬂﬂL‘]_Iu‘ﬂ‘ﬂ\'iﬂ%‘ﬁ"lﬂﬂ‘@’m
neutral evolution (2) 3LAT124 mismatch distribution L‘Wl@ﬁm:f’mﬁ?mﬂﬁﬂmum"nmﬂim’m?ﬂwiﬁ
Zﬁm\lﬁﬁs’m sudden expansion model TagldAmagaay Harpending Raggedness index (Harpending,
1994) anagaunnainiulaesAmagaLiUAIAIAYS WAL sum of squared deviations (SSD) il

nAAaL goodness-of-fit )N3aN153LATE N394 10,000 permutations Tae 1 Tisunss ARLEQUIN
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version 3.5.1.2 (Excoffier and Lischer, 2010) (3) Usziluaunnnasiszainsfioanisiines 6, uaz 0,
Wa 6, uay 0, winriu 2NU \Wa N AnAN effective female population size (4) AMuatdIanlun saene
wuntlszans (1) Iaaldgns ¢ = 24 158 7 A8 expansion time WAz 244 = 4 X generation time X

number of bases LA L ABAY mutation rate WATAAILYINAL 3.6 % per million year (Henriques et

al., 2014)

NANISAAE

1. ﬂ'J’]Nﬂ@']ﬂMﬂ']EIV]’Nﬁutjﬂ‘iﬁ‘N

v
o o o o

avdutanalalndresdainszuenudazfalaALILARILE 596 - 606 AILA HALU align

o o

sites 585 ATLMUY WL U monomorphic sites 390 ATWUUILAE polymorphic sites 195 AILAUS
(singleton variable site 91 ALMUS LAY parsimony variable site 104 ALUU) sznauldéqy 89
wanalnil Inendunainalnilefin shared haplotype a1uau 15 walnalnil wiiadu shared haplotype
Aeludszanng 9 uanalnil uaz shared haplotype seudnatlszanns 6 walwalni Inaualnalnil Ha1
ﬁzﬂm?ﬂnﬂfmLwi@:ﬁiﬁuimmﬂﬁqmﬁ@ 3 §andn Mundmdanszd Swmdaean uazdaminszues douus
Tnaniliflaundnaindamin 2 i S81uan 5 uatnalnil 1EuA HO2, H14, H15, H20 wa H25 (Table
2) wuuaTnalniliiily rare haplotype Suautanun 74 uatwalngl uiiadly Jmdnaga 15 ualwalnil
(HO1, HO3, HO4, HO5, HOB, HO7, HO8 ,H09, H10, H11, H12, H13, H16, H17, H18) ayudamia 13
walwa'lnil (H21, H22, H23, H24, H26, H27, H29, H30, H31, H32, H33, H34, H35) 49nianszdiia
walwalnil (H36, H37, H38, HA0, H43, H44, H45, H46, H47, H48, HA9, H50, H51) daudnanifin 13
walwalni (H61, H62, HB3, H64, H65, H66, H67, H68, HE9, H70, H71, H72, H73) AaNudAN<NN 7
walwalnil (H52, H54, H55, H57, H58, H59, HE0) waradndinszuad1d walwalnil (H75, H76, H77,
H79, H80, H81, H82, H84, H85, H86, H87, H88, H89) A1 haplotype diversity #AN0g ludag 0.784-
1.000 taeiANe991l92a1N9998A8 0.990+0.004 d21AN nucleotide diversity 1At lutas 0.020-0.037
TnefiA1ge9tlszainssanma 0.032+0.001 ArAmUAINUAIENIRBgNITN Hun Auauuainalnd,

R1191 polymorphic sites, haplotype diversity (h) Waz nucleotide diversity (z) wanslu Table1
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Table 1 Collecting localities, number of individuals per sampling locality (N) and summary statistics

of genetic variability for L. subviridis along the Andaman Sea coast

Locality N No. No. Haplotype Nucleotide diversity (7r)
haplotypes  polymorphic sites diversity (h) (mean + SD)
(mean + SD)

Satun 18 18 85 1.000+0.019 0.034+0.001
Trang 20 17 80 0.979+0.024 0.033+0.001
Krabi 19 17 71 0.988+0.021 0.031+0.002
Phuket 19 18 96 0.994+0.019 0.037+0.003
Phang Nga 19 10 119 0.784+0.098 0.035+0.009
Ranong 20 16 53 0.974+0.025 0.020+0.003
Total 115 89 195 0.990+0.004 0.032+0.001

Table 2 Share haplotype distributions of L. subviridis from 6 localities along the Andaman Sea coast

Haplotype

Satun

Trang

Krabi

Phuket

Phang Nga

Ranong

Total

HO2
H14
H15
H19
H20
H25
H28
H39
H41
H42
H53
H56
H74
H78
H83

1
1

1
1

2

N N NN O D OO NN W NN DN DNDDN
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2. TaseadenugAransilssans

= v o o o o A a
"Q’]ﬂﬂ’]ﬁ‘ﬁﬂ‘]ﬁfqiﬂ?\‘lﬁ’iﬁﬂwuﬁqﬁq’&m@ﬂ?ﬁ‘ﬂ’?ﬂ?ﬂ]‘ﬂ\‘iﬂﬂqﬂﬁ‘zﬂﬂﬂiu‘V]zLﬂﬂuﬁWNu WadAsziiilag

[~3 o '

, ' o o o | > o - I
wiiszainaidu 6 nguaINAIndaNALFAqet1e nudiilAaTaiugAIansUsTans Inaien @,
WY 0.032 (p= 0.004)(Table3) Lﬁ'ﬁmﬂw“lﬁmﬂLm'\‘m@:mﬂi:mnnfluﬂ@;uﬂﬁézmﬂﬂummﬁumﬁu
RAuANN uazngulszanslunziaduniumeunuy wudnilasasiugatanilszains Tnaidn @,

Winriu 0.047 (p= 0.036)(Table3) HAN1IILATIZINAT pairwise Fg, ‘W‘udﬁﬁmwumnﬁiwmqﬁuqmm

a o

gN9N1E 4N A

o

UTENINUTLINIMIAAR AT LAINTANI, TIMTARRATLNNTATTUBY, AIUTARTITL

D

o o o o o v o o o

FIMTARNN, AINTARTIAUAINTATzUY, S9udansdiuaandnszuny, UTAYANAURINTARI,

FNFAARALAINIRITURY UATAINIANNNTLIINTRTTURY (Tabled)

Table 3 Hierarchical analysis of molecular variance (AMOVA) of L. subviridis

Source of variation  df Sum of Variance Percentage of p-value
squares components variation
1) Single region
Among populations 5 75.801 0.309Va 3.24 D, = 0.032
Within populations 109  1006.938 9.237Vb 96.76
Total 114 1082.739 9.547
2) Lower and Upper of Andaman Sea
Among groups 1 34.489 0.468Va 4.80 D = 0.047
Among populations 4 41.312 0.057Vb 0.58 @ .~ 0.006
within groups
Within populations 109  1006.938 9.237Vc 94.62 &= 0.053
Total 114 1082.739 9.763
xsignificant differentiation (p<0.05)
Table 4. Population pairwise F¢; values of L. subviridis in Andaman Sea
Satun Trang Krabi Phuket Phang Nga Ranong
Satun -
Trang 0.007 -
Krabi 0.001 0.012 -
Phuket 0.031 0.001 0.002 -
Phang Nga 0.050* 0.044* 0.017 0.042* -
Ranong 0.086* 0.105* 0.085* 0.061* 0.049* -

'significant differentiation (p<0.05)
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3. Uszamlszannsg

f«mﬂmfmmmuﬂiziﬁﬂa‘:‘mm%mﬁq‘i(1) N1IMAA8L selective neutrality 83838 neutrality
test WUA1AN Tajima’ s D HAAnaulunndandn tnadAaedilseaingsan Ae - 1.595 (p= 0.025) uay
AN Fu' Fs dendnaulunndandnlaaiiAimeslseainasaune - 23.941(p= 0.013)(Tables) (2) MmagdaL
mismatch distribution WU31AY SSD 1891921119598 HA1 0.002 (p=0.458) WazA1 Harpending
Raggedness index 1841/szan 3990/ 0.002 (p=0.771) (Table5) (3) AMwIsdtmaF 6, a99tlszang
39uHAN 0.005 uazAn 0, 19315ra1n999:1A1 70.619 e lunndandadan 6, uannda 6, (Tables) (4)
Aunszezinanlunisrgnaanalsransadniin s e ann fussazingn 116,125 iknumn

(Tableb)

Table 5 Parameter indices of mismatch distribution analysis, neutrality test and expansion time of

L. subviridis
Locality Tajima’s Fu's Fs T 9, 0, SSD Rag Expansion
D time
(year ago)
Satun -0.753* -6.058* 6.787 0.021 405.517 0.007 0.017 301,162
Trang -0.595* -2.331% 6.125 0.000 99999.000 0.015 0.023 271,787
Krabi -0.431* -3.379* 6.640 0.000 264.462 0.023 0.019 294,639
Phuket -0.848* -4.141* 2.000 2.932 138.110 0.009 0.013 88,746
Phang Nga -1.619* -4.255* 1.001 0.000 99999.000 0.657 0.073 44,417
Ranong -0.659* -2.907* 1.816 15.960 99999.000 0.046 0.062 80,582
Total -1.595* -23.941* 2.617 0.005 70.619 0.002 0.002 116,125

*significant differentiation (p<0.05)

T = time in number of generation

002 preexpansion population size (9022N0/J)
0,: postexpansion population size (07:2/\/7;1)
SSD = sum of squared deviations

Rag = Harpending Raggedness index

ANTTUNANNGIAE
1. AMNUAINUANENNWUENTTH
anuan1sAnEnLdlszanslainszuenlunziadunniulANuaINNaEN19RLENIINAY
Tnedaonudsdsaunisiugnasunialudszaansanannan 90 waedifus uaznudnluynilsyainstiuuy
WEUANNANRUEURIAN haplotype diversity WAL nucleotide diversity LMlauiu AaNA1 haplotype

o

diversity §1nN31 nucleotide diversity lunnasudn dawulflulszainsninidsinisaaiaauin
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(Watterson,1984) Tnaianmsinaininisnanaiuguazinisazansesuanalniluuululetnasanii
ganpfesiunansfunzaziaanlunsaesnadszns inudnszansdainszuenlunziasi
psTupefinnsaeneruaniiedszana 110,000 Tfunn TnsuuuwnudansianulEludninza
wangaiiaidu Ui (Xu et al.,, 2009) dainszuan (Liu et al., 2009), Uanzniu (Supmee, 2015) uay
e Ny (Suppapan and Supmee, 2016) g LaneRNENLINa NS uauLaTnalndma e 89
watna'lnil 1l rare haplotype 411w 74 uaTwalnil uaasin s wsnuatnglnilifanuunnsneiu
W uAIUIUNIN (Lewontin, 1974) tanandnanszuenlugna fansiaduansiul Avnamainvane
mwﬂ“uqmiuqqLLmﬁﬂmmxmﬂLWﬂLﬁﬂ‘ﬁ'ﬁmmumuf]miunﬁﬂmﬂﬁuﬁ:lﬂu%ﬁmumn wazdanudnd
orivate allele ailunalnalnilfinuanizluudazdamdnsuiu 83 ualwalnil tnearunsald private
allele izqumqﬁmmmmﬂﬁuﬁjﬁﬂmemqﬁuﬁqmm (genetic stock) 1§ (Xu et al., 2009)
2. Tnseadniusaansilszans

HanNIAnEIAsvaT IR ugAanilszansfiaeis AMOVA wudndanszuenlunzinduaidiui
IageasaiugAtanilssansudaiuaainguilszans Tnsuwtaudulszanslunziadundunauang
dsznavsicudszrinsaindsudnags Samdnmni Saansedl uazAmdnin waznguilszainslunsia
Supnduneuuy Usznaufaadsrainsandamdnien wazdminszues uazidewtouifisuaas
WANENN R UgNIsNLTUIEAMIRF9ERD pairwise FSTwud’]mmLLmﬁmmqﬁuﬁqﬂﬁmﬁquﬁlm;iLﬁm“fu
7erd9tsEa N lUNgUAMIAN AT UANTUADUA M LATNGNIIUTANZ AT UAI NN B UL fenannins
AunaniamaaeulaseadrsiugAanilszanafionds AMOVA mm&;ﬁLﬁm‘llmmgéwﬁuﬁ;mamﬁfﬂa‘xmm‘
duaasnguiszains drazifinaingy Lmumiauﬁuﬁmmﬂ@m?:U@ﬂﬁﬁmwmuﬁuﬂmﬂmmwiﬂﬂé’

| a

- o d a 4 o - S - o
vanedanduunasiegimn wazillasgauiasayiivinazdnatindinimnuuazendaludmnaau
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Possibility of using aquatic worms to dispose of waste at the bottom of fish pond

under aquaculture system with sustainable and environmentally friendly condition
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Abstract

The study was conducted on the possibility of using aquatic worms to dispose of waste at
the bottom of fish pond under aquaculture system with sustainable and environmentally friendly
condition by culture catfish combine with different quantity of aquatic worms in 4 treatments 3
replications (catfish with 0, 300, 450 and 600 g aquatic worms) for 12 weeks. It was concluded that
the use of aquatic worms could be used to dispose of waste at the bottom of the pond because of
decreased organic matter in the soil and deceased ammonia in the water compared with using only
culture catfish (p<0.05).

Keywords: Aquatic worms, Aquaculture system, Sustainable and environmentally friendly
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4. Fnenaag paaanaie N Fanueeniaunazansin e lussitlinnda 5 faaniusia
a | g
am9 TUIEUINNTALN

5. AnmAnaNTAI89UN TuIzINaNImMAReY AT

5.1 Ainavinantifrasinyndu 1an 08.00 u. Inaiuiueaniiauiaraiein (dissolved

vaal ' A a o 1 _a Al A ] v i .

oxygen) 135 lamen wiaailuladnfuredns muRannaadnslae Duangsawasdi and Somsiri (1985)
wazanuni (temperature) e sludiwmesuuuuviauia wiaedniuasanaaiies

5.2 AnsnzinuaNtiReiimn 2 4Ua19 1an 08.00 W. Inapansdunsaduss (pH) 14 pH
meter 8718 HANNA §14 HI 991001 A9I8N3EANN (hardness) uazAMxLduAng (alkalinity) 14935 lomsn
e ufadnfuned nsrasiAa@eNANSUe A AMNIETNINaN819TAY Duangsawasdi and Somsiri (1985)
Pannnuunanlufiason lulnedt lumse uaz Weawn dalaaiAses spectrophotometer &1 HACH 1
DR/2000V #itatiilu aaniusaans

6. LUFREENIAUNOUENHUNNINARDILATUAIRUAANITNAADY Bt AN ENIANMTY
neaLluangluAy (pH) a138uviadsan (Organic matter) Weaanesanidselaail (Available-P) Tulnsian
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1. msasyaularaslaian

1.1 AUAINENT

a1 AINENNEUELRREWINTL 7.63£0.11, 7.66£0.12, 7.62£0.04 Ua 7.64+0.10 iR A3
ANAAL Lﬁ@ﬁyu@ammﬁmmﬂuﬁﬂmﬁﬁ 12 ﬂm@nﬁmmmqmamvhﬁu 13.38+0.15, 13.47+0.07, 13.53+
0.09 ua 13.62+0.15 LR AT MUAWL WariuiAeesiAmeadi wudn ﬂmaﬂﬁﬂd@ﬂuﬁmﬁmm
ML 120 Fasemnmamms wazld 14 1A euinantsunni0, 300, 450 uar 600 ni AAanenaaat
wAnswriuae W ldad AN Nan A (p>0.05) LLm'ﬁm'ﬁmﬂm'ﬁﬂmﬁ;ﬂﬁﬂmﬂuﬁmﬁmﬂwml,uiu 120 FpiD
AR W esag 1R aaad el e d 1Aty niealif (p<0.05) ANENR LA A T UT A AR
0.0639+0.002, 0.0646+0.001, 0.0657+0.001 WAE 0.0664+0.002 1AUF LNATF AL LATAAIINITATEYLALITA
AUNZHUANNENIN AL 0.62+0.02, 0.63+0.01, 0.64+0.01 LAz 0.64+0.02 il fusmadis muasy
lariunAinaziAmneatia wodn ﬂmaﬂﬁﬂd@ﬂuﬁmmmwmLL‘Liu 120 fariamN319iung? uazld
TiewindnBannisineu 4 sz (0, 300, 450 uaz 600 ) Hanuenaiinadasedi uazdasnig
Wwanyiuinawzinuauena lluansuad e ldadAtyn1ea s (0>0.05) (Table 1)

1.2 Fuiwin

ﬂm@ﬂﬁffmﬁnféuﬁum?mﬁﬁu 2.5327+0.0678, 2.5353+0.0755, 2.5344+0.0882 Uaz 2.5319+
0.0899 N¥ ANE AL HleviunAineiTAmeaia wudn fwﬁﬂSuﬁum?q'mmﬂmqﬂslunﬂmmi
g uansniuat WA AT 9aTA (p>0.05) Lﬁ@@yu@mmammmiuzﬁ’ﬂmﬁﬁ 12 ﬂm@ﬂﬁi’r’mﬁﬂ
a;mﬁwmalawhﬁu 11.445120.1128, 11.5145£0.0747, 11.6591+0.1020 Uz 11.9011£0.2394 NN ANNAAL
lariuAinesiAmieaii wudn ﬂmaﬂﬁ'ﬂd@ﬂuﬁmmmwmLL‘Liu 120 Fiafan131aNns uazld
WiFewindaiiunns 450 uaz 600 N3y fdwniniede lsuanansiuetnaltudnfunsada (0>0.05) uAid
m"]mnﬂf.hﬂmQﬂﬁﬂd@ﬂuﬁmﬂmﬁwmLL‘Liu 120 Fasiammamns uazldliHeuinamBunn 0 uaz

o

300 niu aeelTldNATYNI9anA (p<0.05) Tmﬂ‘ﬁlﬂm@nﬁﬂd@ﬂuﬁmmmﬂwmLuiu 120 FFIRRANTINLNAST
naz 1l A eurinantFunns 0, 300 uax 450 n3u Hriviniedslliuansneiuetneditad Ay nieaia
(p>0.05) dminifiedasedullAnmingy 0.0990+0.0018, 0.0998+0.0017, 0.1014+ 0.0020 LAz 0.1041+
0.0034 NTUFDTU FANNANAL Lmzﬁmmmm?mLﬁuiméwmwz&imﬁmﬁﬂﬁ AYINTL 1.68+0.04, 1.68+0.03,
1.700.05 Uaz 1.72+0.06 wlesifussesy detudnszhamneada wudn shmindueisseduuay
’é/ﬁli’m’ﬁm?ﬂalLa‘lﬁﬁl@o’]LW’];‘iﬁﬁuliﬁﬂﬁ/ﬂﬂlﬂﬂﬂ@’]QﬂﬁLﬁyﬂ\ﬂu’é/mﬁ"]ﬁﬁ’mﬂu’nl,‘liu 120 Fivpiam1saNRs wazld
iFeusinan Brnnsinaiu 4 sza liumnsnaiuesSvddumnaadi (0>0.05) (Table 1)

1.3 8M3INNTTDARE

Lﬁ'@a”u@imma‘mmm WU ﬂmqﬂﬁﬂzﬁ@ﬂuﬁmmmﬂwmmeu 120 FpBAN1NRAS (40 Fa) Tu
NNYANNINARDY AaTAA 40 f9 AATIUERIINNIIaAAE 100 tlafidus detandnesirimeatia
WU ﬂm@nﬁlLﬁyﬂﬂuﬁmmmqwmuﬂu 120 Fasiemsams uald [EiAeuina s Bannisinai 4 sou

o o

femannasanmelulunnsnaiieenaliadAyunneata (p>0.05) (Table 1)
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2. mawadivtarasléifaudran

THAewindniinminGuiiuedsmiaiu 0000000000, 300.0277+0.0037, 450.0120£0.0008 kaz
600.0110+ 0.0017 n§n MNATFL EleAugan1mans TR auind afliuingafinaiad ofl Ay
0.0000£0.0000, 348.4725+6.5906, 526.3777+8.3220 Uay 707.2139+9.8021 NFU ANAAL ‘Lil’ﬁ)i‘l:fﬂl,ﬁlﬂ\lm?ﬂlﬁl
sladul AL 0.0000£0.0000, 0.5383£0.0732, 0.8485£0.0925 WA 1.1911+0.1089 NFusadu ANAIAL
meﬁmqmavﬁmLﬁuimﬁqmﬁ:ﬁm{mﬁfﬂﬁm'wwhr’fu 0.00+0.00, 0.17+0.02, 0.17+0.02 Whag 0.18+0.02
wlefiussedu dlevmrimssiAmneain wudn 1 euina e ldluBunn 300, 450 waz 600 N3
iwdwmilﬁ”ﬂqﬂmaﬂuﬁ FI9NANMLILLL 120 ARpaRNII9HAT HE | mmmilﬂ?mLﬁuimﬁﬁmﬂ:ﬁmﬁwﬁﬂ
vadliiFenrinanl uaNEINg U TR NATUNNEDR (0>0.05) (Table 2)
3. pruaNtiRTaNiszwinImMsNAnas

AINNANTNARDIT1GY Lﬁ@ﬁf-mﬁm@mmuu“mm{qiwdwmwmm@”mﬂmaﬂhﬁmmmm
PUMUY 120 FAFBANTINAT (40 6in) wald B aunina A Bunnusinaiu 4 5280 A 0, 300, 450 LA 600
nFu Wlusraziogn 12 41Uani wudn Qmmuﬂﬁmmﬁmnwwmﬁwmi“awdwmwm@m@g"lwﬁfmmmsﬁﬁ
mmmwi@milﬂ?m&lLﬁuTmmzﬁvmfiﬁﬁ fqmugﬁﬁyﬁiwdwmwm@m@gﬂuma 26-28 aaAnIaTEd U5uns
@ffm%mu‘ﬁ'@:@m‘tfwzudmﬂﬂiwm@mfmﬂuﬁw 5.16.3 finanusieans Awidlunsadludsninszwing
manaaeseg luga 6.1-7.5 wanluiflusyudwnamaaesiAag luga 0.043-0.356 Haaniusedans ulnsi
sTUINNaMAaRsiAnat] lutag 0.002-0.075 HadnFusiaans dauadlumsnseudnanimaaesiiaet o
0.005-0.353 HadanFuseans WeanaiasendneniamaassdlAneg]lutag 0.005-0.113 Faaniu ANlusng
SN NNNINARDINAEE T3 114-134 HAANTUFANIVBIUAALTINATLBLUE LATANINNIZHWITUIN
nanaaesiAeEluma 92-126 HaANTNARATLEIWAALTINAITLIDILA
4. ANANLAUDIAUTENINNTNARDY

AINNANTNAREE 195 @mmuﬂ‘mmﬁud@uéuﬁuﬂwm@mLL@zE”umqmmwmam@yﬂmmﬁ;ﬂu
SPTANNIIIL 120 FaReRsemIns (40 5) uald L Fenninda Bunausinai 4 52U A8 0, 300, 450
uaz 600 nFu uszazinnn 12 dulanyf Weriwrdiaaziamaad s wody ANANTRLRIRUY NN A WeT

o o

(enuansauizdisnlufn) YianeuBusiunmesesuasduganmaaesd An luansaiuet 9 g A7y

NNADA (p>0.05) UAHAAUAANINAASY WU A1saurFd s uAnRA sz uI N angnludms
ANNNUUILLL 120 Finsam3aimns wasld & mauinaniEunnd 300, 450 WAy 600 NFN NA1 N uAnA19AY

' A o o o aa S A |alldy = 1 = 1 A o o aa
A WNULANATUNWNADRA (p>0.05) LL[?]NV'W’]‘L&@EIWD’WIL@ﬂﬂﬂ@’]@ﬂw\lﬂ\iﬂﬂW\?Lﬁ]ﬂ’)@ﬂ’]\muﬂ@’]ﬂQ,JV]’]\‘IZQE][51

(p<0.05) (Table 3)
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Table 1 Mean£SD of initial length, initial weight, final length, final weight, daily length gain, daily weight gain,

specific growth rate in length and weight and survival rate of 120 catfish /m’” combined with aquatic worms at

4 different quantities for 12 weeks

culture catfish 120 species/m2 combine with aquatic worms (g)

Index
0 300 450 600
initial length (cm) 7.63+0.11° 7.66+0.12° 7.62+0.04° 7.64+0.10°
final length (cm) 13.38+0.15 13.47+0.07% 13.53+0.09% 13.62+0.15°
initial weight (g) 2.5327+0.0678" 2.5353+0.0755" 2.5344+0.0882" 2.5319+0.0899"

final weight (g)

daily length gain
(cm/day)

daily weight gain
(g/day)

Specific growth rate
In length (%)
Specific growth rate
In weight (%)

Survival rate (%)

11.4451+0.1128°
0.0639+0.002°

0.0990+0.0018°

0.62+0.02°

1.68+0.04°

100°

11.5145+0.0747°
0.0646+0.001°

0.0998+0.0017°

0.63+0.01°

1.68+0.03°

100°

11.6591+0.1020%
0.0657+0.001°

0.1014+0.0020%°

0.64+0.01°

1.70+0.05°

100°

11.9011+0.2394°
0.0664+0.002°

0.1041%0.0034°

0.64+0.01°

1.72+0.06°

100°

Remarks: Different letters between the horizontal differences are statistically Significant (p<0.05).

Table 2 MeanxSD of initial weight, final weight, daily weight gain and specific growth rate in weight of

aquatic worms cultured with 120 catfish /m® combined with aquatic worms at 4 different quantities for 12

weeks

Aquatic worms

culture catfish 120 species/m2 combine with aquatic worms (g)

0 300 450 600
initial weight (g) 0.000+£0.000 300.0277+0.0037 450.0120+£0.0008 600.0110+0.0017
final weight (g) 0.000+£0.000 348.4725+6.5906 526.3777+8.3220 707.2139+9.8021
daily weight gain 0.000+£0.000  0.5383+0.0732 0.8485+0.0925 1.1911+£0.1089

(g/day)
Specific growth rate

In weight (%)

0.000+0.000°

0.17+0.02°

0.17+0.02°

0.18+0.02°

Remarks: Different letters between the horizontal differences are statistically Significant (p<0.05).
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Table 3 Mean+SD of pH, Organic matter, Available-P, Total Nitrogen and Extractable forms
potassium at the beginning and the end of experiment in 120 catfish /m’ culture combined with aquatic

worms at 4 different quantities for 12 weeks

culture catfish 120 species/m2 combine with aquatic worms (Q)

Index
0 300 450 600

At the beginning
pH 7.07+0.21° 7.0740.12° 7.1340.15° 7.0740.21°
Organic matter (%) 2.75+0.16° 2.77+0.20° 2.75+0.18" 2.78+0.08"
Available-P (mg/kg) 35.33+1.53"  35.00+2.65" 35.67+1.53" 35.33+2.52°
Total Nitrogen (%) 0.11£0.03° 0.12+0.03° 0.11+0.03° 0.11+0.02°
Extractable forms potassium 87.33+1.53"  87.33+2.08°  87.33+2.52°  87.33+3.79°
(mg/kg)
At the end
pH 7.17+0.06° 7.20+0.10° 7.1340.15° 7.10+0.10°
Organic matter (%) 3.35+0.09° 3.17+0.05° 3.13+0.10° 3.05+0.08"
Available-P (mg/kg) 39.67+2.52°  39.33+1.53° 39.67+2.08 39.67+1.53
Total Nitrogen (%) 0.24+0.02° 0.23+0.03" 0.22+0.05 0.22+0.04°
Extractable forms potassium 87.33+1.53° 87.33+2.08° 87.33+2.52° 87.33+£3.79°

(mg/kg)

Remarks: Different letters between the horizontal differences are statistically Significant (p<0.05).
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snuriu g & R euinan Banmsnariu 4 720 A 0, 300, 450 uaz 600 N luszezinan 12 dasf wudn
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