creative
commons

C O M O N § D

Ol2Xt= otele =2E 2= R0l 8ot 7S

o Ol == SH, HE, 85, Al S L 58 = U
o OIXH MHEZSE HdE = UsLICH
Ol HE=Z2E gl SH2=2 0188 & UASsLIT

MNETEHAl Fotes BHMEHNE HEAIGHAHOF SLICEH

o 7lot=, Ol M&A =2 MOISOILE HHESl F<, 0] A =0 HE= 0SS
S T E 6t LIEHLH O OF & LICH
o MNAEAXNZRE EE2 5lIIE 28 0l2lg £2HSE2 HEL KX ZSLICH

AEAG CHE 0182 Hele f128 LWS0ll 26t gets 2 X ZSLICH

01X 2 0l Ed = 772 (Legal Code)S OloiolIl &l kst 23 & LICY.

Disclaimer |:|._'|

Collection



http://creativecommons.org/licenses/by/2.0/kr/legalcode
http://creativecommons.org/licenses/by/2.0/kr/

o] 3 A A3 9] = B

Bio—floc A|2=¥S o] &3k s},
Fenneropenaeus chinensis®] AAHA o
w3k A

20159 2¢¥

I I T AR T |

o

R I IC R

Collection @ pknu



€)Collection @ pknu



o] 3 4 A3 9] = F

Bio—floc A|2=¥1S o] &3k s},
Fenneropenaeus chinensis®] AAHA o
w3k A

20159 24

Collection @ pknu



22

24

2015

Collection @ pknu



= ;z} ...........................................................................................................
Abstract .....................................................................................................
I /\1% ......................................................................................................
. AE L HEE
1. ABALE 2 AF B oo

D, BFZ] BELAL o
2-1 _/’:;é] .E_Aj' ...................................................................................

o
T
[\
e
Lo
a2
2
[
o
4
ot
(@)
@)
S

e}
L
&
i
3!
wf
S
oX,
X
B
Z
I
I +
=

2-2-1. Total bacterial count (TBC)
2-2-2. Lactobacillus sp.

2-2-3. Bacillus sp.

2-2-4. Rhodobactor sp.

3-2-1. proPhenoloxidase (proPO)
3-2-2. Lysozyme (LYS)
3-2-3. Serine Proteinase (SP)

3-3 Ag ﬂ@-%@' ................................................................................

3-3-1. Superoxide dismutase (SOD)
3-3-2. Catalase
3-3-3. Glutathione (GSH)

Collection @ pknu



=

1-2-1. Total bacterial count (TBC)

1-2-2. Lactobacillus sp. count
1-2-3. Bacillus sp. count

1-2-4. Rhodobactoer sp. count

2-1-1 Daily weight gain
2-1-2 Daily length gain

2-9 ﬁg ..................................................................................................................................

2-2-1. proPhenoloxidase (proPO) gene expression

2-2-2. Lysozyme (LYS) gene expression

2-2-3. Serine Proteinase (SP) gene expression

2-3 xgﬂ.s_}%/\j' ....................................................................................................................... 34

2-3-1. Superoxide dismutase (SOD) activity

2-3-2. Catalase activity
2-3-3. Glutathione (GSH) level

Collection @ pknu



A study on the productivity of Fenneropenaeus chinensis with bio—floc system

Min Su Kim

Department of Fish pathology, Graduate School,
Pukyong National University

Abstract

Effective microorganisms have been used since before its wide range of uses.
Especially, many studies have been conducted for increasing the productivity in
aquacultre.

One of them, the objective of this study was to investigate the effects of 90
days exposure to bio—-floc (0, 60, 80, 100, 120, 140%) that is composed of
Bacillus sp., Lactobacillus 'sp., Rhodobactor sp. on water analysis, microbial
composition of shrimp tanks and growth, immune related gene expression,
antioxidative response of shrimp, Fenneropenaeus chinensis. Concentration ratio
100 is lliter bio=floc per seawater 50ton. Compared to control, Total-N, NH; -N,
PO, -P of water were improved in 120, 140 bio-floc concentration in shrimp tank
through the water analysis. I found bio—floc concentration that changed a each 3
type microorganism for Sdays and 10 days. and It is decreased and bio—floc was
inserted every 5 days to maintain 10° bio=floc concentration in day 5. Daily length
gain and daily weight gain were significantly increased in 100, 120, 140 bio-floc
concentration respectively for 90 days. proPO, LYS gene expression of immune
related gene were significantly increased at 120, 140 bio-floc concentration in
hepatopancreas. But no change was detected in SP gene expression of immune
related gene and it was significantly increased at 140 bio—floc concentration only.
SOD activity was decreased at 80, 100, 120, 140 bio-floc concentration in
hepatopancreas. And catalase activity was significantly decreased at 120, 140
bio—floc concentration in hepatopancreas. GSH level was significantly decreased at
60, 80, 100, 120, 140 bio-floc concentration in hepatopancreas.

In conclusion, It is the most effective to growth, immune gene expression,
antioxidative activity, water quality improvement in bio—floc 120% concentration,
10° cfu/ml of bio-floc TBC and insert bio-floc in every 5 day. Then, I think it is

contributing to increase shrimps productivity.
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T =] AR HA g A8l AW 1 &
of olgo] HATt. 1Tt EYNE & &

thoofy] 7hA] Bavb QAR T Fell A el vt dtkeE dF ARt Artt.
FEPAES 19709 FEAIZT T AMEH XL At FEAEL ARE &
gt TEo 44S F7MA7IaL Aol st A S FolEd HHo] o= oy et
oMM Lactobacilli %2 FF&WAA=S Ab&ste] W9 Axzdle] A=5E & 5 dvk
(Fuller,1992) o]&3t 8 wAE9 o|HS A, #A, A&, A9 < 98 A8

ANE AR A &R B E L] ALEo] iAo R AT} wpebA
Fa AEES Fol7] f1g o] 7HA] A5l MaAEo A gk o]
(Ali, 2000).

RS TRode gdFeA BAR 1 FolA & Aol ARES #E& Bacillus,
Lactobacillus, Rhodobactor®] 37}A] =0t}

Bacillus ¢ EA& o3t exoenzymeS #H]3 (Moriarty, “D.J.W., 1996) ol
Ao mA FallitS Aot FEHAES] HAHS Tl AEES S/ B3 4
o -9 AstdelA colonizeg & ¢ 9lal, Vibriowt thil ol SAFo2A AEE
2t} (Rengpipat et al, 1998a). W%~ t}%ak antibiotic compoundsE A o2 Al
gk Af$-9] 43Tl A lipase, protease, amylase®] FX4S SV} Al7lE AHE 1A
® (Moriarty, D.J.W., 1998) Aj-5-oll Al AMEAF A WA & ot @48 714 #H4d
of A&dAHS Fol AEES ¥UY (Rengpipat et al, 2000). F3F granulocyte?]
phagocytic A& AZFA|AH Ao HIAPoFZA %3t} (tami et al, 1998). Penaeus
monodon WA F&PABES Bacillus #& &3l ¢ AESY PSS HYE AT
A7 o™ (Rengpipat et al, 1998b, Rengpipat et al, 2000) Indian white shrimpe®ll
A Bacillus #& ©]-&stH &3t W Bacillus o] EAlste] Astas @48 Folal AE
&, AFEY FFE vEkd 437 Aok (Saeed Ziaei-Nejad et al, 2005).

Lactobacillus #9 532 ALkt o st =zA - (Daly C, 1983, Stadhouders J,
1974, Stadhouders J, 1974) 1 th& TgaFol 27] wjdA =AM et ARgH o A
gtk (Jay JM., 1992). olelst wao AEES Ao 2 bAs AFHER &8 &
AANZ1 = S gt (Gilliland, S.E., 1985). ©1& 3 Lactobacillusi2 A< &, &, ¢
o] 91+ Escherichia colif o5+ 9&E o™ FopAdA] E.coli 5425 TIANATH
(Gilliland, S.E. et al, 1980). 3t Lactobacillustt S| A A AtR H7MAIZA &5 A
2 TAFA]7]2L serum cholesterol®} amineE Z=ojFE 9IS 39 (Gilliland, S.E.,
Nelson, C.R. and Maxwell, C. 1985) # (Garvie, E.I. et al, 1984), S (Barrow, P.A.
1998, Fuller, R. et al, 1981), sA] (Jonsson, E. and Henningsson, S. 1991)o]4 243}
8-S FAAI7]= hydrolytic enzymes AAFgHTh o]ef o] FAbQlel gk F& Ap#E EA]
Penaeus monodon| 4| Lactobacillus 15 Atsel #H7tete] A5-& #ZsS o A4E
I} yEgo] AA A HQow, Vibrio harveyiE challenge testdte] 10¥7F &#&3 2
Fol| M= Lactobacillus -5 &% M99 #HAFES 0%, control7-3roll A& 74%°] HAME

of, A, 2ol 4
48317 A=t
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2 7]E3}9tF (Wannipa Phianphak et al, 1999).
Rhodoabactor sp. 3t =, 344 olghal st o] o] 54 A4 oy v 4
T A st (D, White, 2000) 8714914 FE4dS 3 oxygen, nitrate,
trlmethylamme N-oxide (TMAO), or dimethylsulfoxide (DMSQO)E A}-&3to] A3t}
(S.J. Ferguson, J.B. Jackson and A.G. McEwan, 1987) FAFFAA F7]8E o9& #A
EET £ 9= F93 98-S sl (T.N. Ryan et al, 2004) £3] tiAlA o2 tpEA ol
kg 2o} & sl E A (A, Hiraishi, J.L. Shi and H. Kitamura, 1989) carbon dioxide&
T A AR, F71E Ead ¢&] biomassE F7HAZIth (G. Najafpour, H.
Younesi and A.R. Mohamed ,2006). 4t47F &A1 wjo= & o3& duAE HE
W, t}kdl carbon-containing compound, sugars, lignin monomers, methanol &< &
AES wallstet (N Ryan, 2004). 33 ol tigk A5+ AgolA Rhodopseudomonas
palustris @& FEH2 JAvpe] A§ F2lo] HEARAS ol o 527F S7Fe webA P,
N, COD F%X7} #HA&shH AlA vl&o] F7133lth (Wen Luo et al, 2012).
At 24 F9F ARG AANA T mEA FEske A" AQAe] 48R e
)] o-oF 2

kAl e wjd 16.8%% F7}star At ‘ﬂ“ﬂ World Band reportol] w2

¢

=

gom 5 ARSI

Aol we g Edolo] AR 300 Selo =i ATk ekl va) A

e 7HAE wheotel s AR Agol R Aol o] 27 5] W] uH
Q.

FEu AL ALgo] FHS T3 bk (Vaseeharan B and
Ramasamy P, 2003). 342 A4 AN 718 W=7 S7hsks A% Ak 2
24 95 fJosty n tpekstEo] A3l ot (Bondad-Reantaso et al, 2005). whebA &=
G ol Arke] dstel FokrdA e Skl il A4S @ M-S YA st /S
AA 71 A AE] Bl ollgl =7EA 2 BokAol yjar =7t oFAA] AA-d AlE F
3 HolgF WAYUZ /i So] DRt} (Subasinghe, R.P et al, 2003). =L ol #H
e Ak Aabel Ao R Y AsIAeRE T E FARS Lot (Q et al
2009). A7t FAFEAA CAlmRlE g)FEe] FAoFol A 2 9H] 89 7T0%7HA St
(Muzinic et al, 2004). wekx FAE ojFe] FHo]l mEdS FdA71L A4S S7H7
7] 9 Absel A3 Fo] WHol oS aEEold dart ok wepbA 2R o) AT
oA HZo] o] Feof A9 HAA~HS FIHAI7]7] fleiA & PIAES] Fao] AW W
AL F9E F Juar ¥eHa At (Kim, D.H. and B. Austin, 2006), (Mohideen et
al, 2010), (Wang, Y.B. and Q. Gu, 2010). &3 AR 84S wAF1 S T/
Aoz g2 vlge ARS 7HAHL Ak (Wang, Y.B. and Z.R. Xu, 2006),
(Soundarapandian, P., V. Ramanan and G.K. Dinakaran, 2010), (Faramazi, M et al,
2011), (Mohapatra, S et al, 2012), (Peterson, B.C., N.J. Booth and B.B. Manning,
2012). AWt FAs= BEAES FIA7] A 718 nAES FEE T
o OALRS] @848 Fol olfF A el Tldstes AdE HA 2t AT
(Boyd, C.E. and A. Gross, 1998), (Verschuere, L et al, 2000), (Ngan, P.T.T. and
T.Q. Phu, 2011) (Nimrat, S., S. Suksawat, T. Boonthai and V. Vuthiphandchai 2012).
aelEE v 92 tiel FAlol o5l e dselA flelA AHEE FE&RAdE
= o]&3ste] oA 7HA #FE st L JFAQL bio-flocs o] &t A5 WoE
= AT BAEES STHAA RV A S EAAA A Abglel oS
A

A5 A7} S et Aol B ATE ARE 9,

2
[€]
F

A

£
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AAF o B WS U3}, Fenneropenaeus
chinensis® 173 £AAZ $ A4 1.5cmul &), A5 0.00575g°] #|3tE AF&-3k3lth
A¥E JRAIE 400x400x600mme] €38 = U d4 180LE A9 dAsida 2HE
3em7bg A9 Wolth A9& A 2% E 24.5£05CE dASA Ao, 29
of Ahgd sae] 482 Table. 13} 2t}

Bio—floc AF&S 8l Lactobacillus sp., Bacillus sp. (EM, Korea)v 20L, B2 20L,
8l 580L, 4= 380Lel &gste] 253+ 37C wl® 2 Rhodobactor sp. (F)%FAte]
sH|=¥, Korea)w 500mL, s 99.4L, BIERl 100mLE-Zsto] 347 wid 45 &
sto] " bio-floce] FX7F 0, 60, 80, 100, 120, 140 7} =% 743}tk 50ton]
<ol 11| bio-floc®] §%=E 100%= 7IEo= 33l

Table 1. The chemical components of seawater and  initial  experimental

condition used in'the experiments.

Item Value
Temperature (C) 24.5+0.5
pH 8.0£0.5
Salinity (%) 30.5%+1.0
DO (mg/L) 7.1£0.3
COD (mg/L) 1.13£0.1
SS (mg/L) 1.22%+0.5
NOz -N (zg/L) 1.3£0.3
NO3 -N (zg/L) 11.48+1.0
NHy =N (zg/L) 12.5+0.7
POs -P (ug/L) 1.5£0.5
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2-2 Md=E =4

Bio-floc?] =7} 100, 150 T+%Fell 5, 10 F<] wAE ZAo] wpg} 7h7he] x4
/\1 —% jHTO}'O:] 1OHH/W ‘/]/\40}-0:] ]— Lﬁ]ﬂeﬂi 1ml /}_&_]' O}EHP/] El]/‘g‘j % Oﬂ [q_‘:q_ HHX]
o BF3ko] 35C, 48h & Fete] 2 x2AEIIT

HE

2-2-1. Total bacterial count (TBC)
Total bacterial count™ 1% NaCl, Nutrient Agar (NA) 23gS& 1L 3xF SHFol o
Z H

9l 3 1217C 15+ Autoclaveo] 1%t Het A1tk 21 & petridishol] F-&
o] AlRE @A Mt Fe 5 g

2-2-2. Lactobacillus sp.

Lactobacillus sp. < MRS/ Broth 55g, 1.7% Agar, 1% NaCl& 1L 3z Z&/FS0] ¥
o] & 1217TC 15% Autoclaveo] 28t W A|ZIth. 71 & petridishel] & & 7+ =
o] ARE A A5t FJgo & dQlst. APIE & 50CHB & CHL) 59 As}st

A testE E3}o] M-S AT

2-2-3. Bacillus sp.

Bacillus sp. <& Mannitol-Egg Yolk-Polymyxin (MYP) Agar 46g, 1% NaClS 1L 3

2} FHG0] Wo] = & 121T 158 Autoclaveo] 22t H Al 7it), 45-50CAHE 23]
% 12.5ml Egg Yolk Enrichment 50%%} 4.1ml Polymyxing Yo]& &4 Aoz 1

o3
=
5 petridishell & & 7} s ARE @A g5t F=he] 5 F2lgth APIE &
50CHB & CHL) %9 A3}st4 testE E3ato] Mg gelsdnt.

2-2-4. Rhodobactor sp.

Rhodobactor sp. T2 Malate basal brothel 1.7% Agar, 1% NaCl& 1L 32} S/
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=

Ag-o] 7HE el WY F-dA EHS =AHs7] 98 Trisol® teflon-glass homogenizer
(099CK4424, Glass—-Col, Germany)E ©o]&3teod %S #2339t 2 5 Chloroform
S 718k vortexing Al F ©]3& 4T, 12000g2 15%3F 94 #Este] Jede &
glatoitt. AF A3 539 Isopropanols Wil 47T, 12000g= 1583t U4 #elste] 2
{HETh 80% ethyl achol® #7F $ 4T, 12000g% 1547 Al ste] A2 s},
NFWZE o] &3l RNAZE 33X & 1ug/wl AFEFst] cDNA 34 7]1E (Promega, MADI,
USA)E ©]&3te] cDNARE FgAXtt.

A El cDNAZ o} Table 2 o] W& primerE AFE39 2™ House keeping genel

22X B-acting ARESFITE primer®] A2 primerd X RIS o]g3ste] AF &

o

)
tlo
=]

bioneero 4] primerZE ¥ 5ttt

TOPreal gPCR 2X Premix (SYBR Green, Enzynomics, Korea)® real-time PCR
(Roche)& ©]83}o] Relative mRNA expressions 2Helslith. PCRe Z4d-& Table 33
2o

Table 2. Sequence of B-actin primer used in this study.

B-actin Sequence (5" 'to 39
Primer Forward CGA GGT ATCCTC ACC CTG A
Reverse CGG AGC TCG TTG TAG AAG G

Table 3. Experiment condition of Real time PCR

Temperature (C) Time cycle
Pre—-incubation 95 10 min 1
Denaturation 95 10 sec
Annealing 60 15 sec 45
Extension 72 25 sec
Melting curve 95, 60, 72 10, 15, 25 sec 1
-8 -
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3-2-1. proPhenoloxiase (proPO)

Table 4. Sequence of proPhenoloxiase (proPO) primer used in this study.

proPhenoloxiase
Sequence (5" to 3

(proPO)
Primer Forward GAT ATC CTC GGC GAT GTG T
Reverse AGG GTC ATG CGA GAA AGC T

3-2-2. Lysozyme (LYS)

Table 5. Sequence of Lysozyme (LYS) primer used in-this study.

Lysozyme (LYS) Sequence (5" to 37)
Primer Forward GTA ACA AAC GCG ACC TCG A
Reverse CCG TGC CAG GCT GTA TAT C

3-2-3. Serine Proteinase (SP)

Table 6. Sequence of Serine Proteinase (SP) primer used in this study.

Serine Proteinase
Sequence (5" to 37)

(SP)
Primer Forward TAT GTG GCG GAT CCC TTA T
Reverse GGT GAT AGT CCC CAA GAC G
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Ao 7 Ao 54 S =AY Yall £2S washing buffer (0.1M KCl, pH
7.4)% AlZ 3 homogenizing buffer (0.1M PBS, pH 7.4)% teflon-glass homogenizer
(099CK4424, Glass-Col, Germany)Z ©|&3to] @3}ttt o] ZAS& 47T, 10000g% 30

B3k A elstel 45 Agel Agakalt,

Electric Co. Ltd., Japan)o] H.¥3s}t}.
Z29] A skeke Bradford (1976) WHS ©o]8-3F kit (Biorad. Co., Ltd)E ©]&3}
o] At

3-3-1. Superoxide dismutase (SOD)

SOD activitys chromagen reduction® inhibitor rate® =743} SOD Assay Kit
(Cell biolabs Inc)E o]&3t3ith 7k A5NS 59 |44 0.1mM PBSZ 34 & 233
CAE olgdte] FFLE 490nmeld] AT =A O Z inhibitor rateE T5HY

unit/mg protein®. 2 ¥ AT

* SOD activity (inhibition %) = (ODblank_ODsample) / (ODplan) x 100

3-3-2. Catalase

Catalase activitys A3l 49 B9 v & W& catalased] FXol tste] Holgl
E kgl 4o HESElE oFS A8t Catalase Assay Kit (Cell biolabs Inc)E o] &3}
ATh 27FA] Reaction WHg& &dto] LFF=AE o]&oto] 3% 520nmelA 578353
t}. Catalase activity assay standard curveE ©]&3te] ODgtol tidt Catalase activityE

=43} 3L unit/mg proteino. &2 3EA| &S T}

_10_
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3-3-3. Glutathione (GSH)

Reduced glutathione EH<S Beutler 5 (1963)9] HWHS o]&3}%tt. Asdd
precipitation solution (metaphosphoric acid, NasEDTA, NaCD)< Hr}sle &3 =
4500gel 10w7F A2 sklek. L Adsoel 0.3M NagHPOs,& 931, 0.5mM DTNB&
HAA A BAA AR 412nmolAd SHLEE SAHSYY. GSH S reduced

glutathione standard curveZE ©]&3l] =43}, nmol GSH/mg protein® @ A5}

.

4. %9

o,

el

ol

A8 BA Aajo] i3t EAEA Fo)Ade SPSS 54 Z =¥ (SPSS Inc.)S o]&-3dtd]
ANOVA testZ A A8t Duncan's multiple range testE® 3 P<0.05 ¢ w §2]4o]

AE Aoz Fssith

_11_

Collection @ pknu



m. 23

Abgaeel el Wsks 454, 90 Foll SAsk=l, L AXE figure 1 ~ 69 U
& 5 tixateh valske] i

>
o
5
[of
i
N

9t} Total-N, NH,"-N % PO, -P¢] <
A eI shARE bio-floce] sl wE R WS Holx] &tttk

e =

_12_

Collection @ pknu



9.5

—&— 45days

8.5 1

8.0

DO (mg/L)

7.5

7.0 1

65 T T T T T T
Control 60 80 100 120 140

Bio-floc concentration (%)

Figure 1. Changes DO in breeding water exposed to bio-floc concentration for 90

days.
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Figure 2. Changes COD in breeding water exposed to bio—floc concentration for 90

days.
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18 -
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Figure 3. Changes SS in breeding water exposed to bio-floc concentration for 90

days.
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Figure 4. Changes Total=N in breeding water exposed to bio—-floc concentration for

90 days.
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Figure 5. Changes NH4 -N in breeding water exposed to bio-floc concentration for

90 days.
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Figure 6. Changes PO4 -P in breeding water exposed to bio—floc concentration for
90 days.
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Figure 7. Changes of Bacillus sp. microorganisms in sea water exposed to bio—floc

100, 150 concentration for 10 days.
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Figure 8. Changes of Lactobacillus sp. microorganisms in sea water exposed to

bio—floc 100, 150 concentration for 10 days.
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Figure 9. Changes of Rhodobactor sp. microorganisms in sea water exposed to

bio—floc 100, 150 concentration for 10 days.
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Figure 10. Changes of Total bacteria microorganisms in sea water exposed to

bio—floc 100, 150 concentration for 10 days.
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Figure 11. Daily weight gain of shrimp after 45days and 90days, Fenneropenaeus

chinensis exposed to the different concentration of bio—floc. Concentration ratio 100
1s lliter bio—floc per seawater 50ton. Vertical bar denotes a standard error. Values

with different superscript are significantly different " (P<0.05) as determined by

Duncan's multiple range test.
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Figure 12. Daily length gain' of shrimp after 45days and 90days, Fenneropenaeus
chinensis exposed to the different concentration of bio—floc. Concentration ratio 100
is lliter bio—floc per. seawater 50ton. Vertical bar denotes a standard error. Values
with different superscript are significantly different (P<0.05) as determined by

Duncan's multiple range test.
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Figure 13. Changes of = proPhenoloxidase (proPO) gene expression in

hepatopancreas of" shrimp, Fenneropenaeus chinensis exposed to the different
concentration of bio—floc.w Cencentration ratio 100 -is~1liter bio—floc per seawater
50ton. Vertical bar denotes. a standard error. Values with different superscript are

significantly different (P<0.05) as determined by Duncan's multiple range test.
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2-2-2 Lysozyme (LYS) gene expression

atel 7+ W LYSe e fAdx 2d A4S Fig. 149 veERY
o wal felF 712 Ye,

Bio—flocel] =% oj
Ak LYS &AL iz Hluste] bio-floco]l F7+e
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oA Held F7hE w,
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Figure 14. Changes. of -Lysozyme (LYS) gene expression in hepatopancreas of
shrimp, Fenneropenaeus ~chinensis exposed to the different concentration of
bio—floc. Concentration ratio 100 is-lliter bio—floc per seawater 50ton. Vertical bar
denotes a standard error. Values with different superscript are significantly different

(P<0.05) as determined by Duncan's multiple range
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2-2-3 Serine Proteinase (SP) gene expression
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Figure 15. Changes of Serine Proteinase (SP) gene expression in hepatopancreas
of shrimp, Fenneropenaeus- chinensis exposed to the different concentration of
bio—floc. Concentration-ratio-100_is lliter bio—floc per seawater 50ton. Vertical bar
denotes a standard error. Values with different superscript are significantly different

(P<0.05) as determined by Duncan's multiple range test.
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Figure 16. Changes of Superoxide dismutase (SOD) activity in hepatopancreas of
shrimp, Fenneropenaeus  chinensis exposed to the different ' concentration of
bio—floc. Concentration ratio-100 is 1lliter bio-floc per seawater 50ton. Vertical bar
denotes a standard error. Values with different superscript are significantly different

(P<0.05) as determined by Duncan's multiple range test.
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2-3-2 Catalase activity
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Figure 17. Changes of “Catalase activity in hepatopancreas of shrimp,

Fenneropenaeus chinensis exposed to the different  concentration of bio-floc.
Concentration ratio 100.is 1lliter bio—floc per seawater 50ton. Vertical bar denotes a
standard error. Values with different superscript are significantly different (P<0.05)

as determined by Duncan's multiple range test.
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2-3-3 Glutathione (GSH) level

tate] 734 W reduced glutathione &% Z¥3E Fig. 18] el
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Figure 18. Changes of GSH 'level in hepatopancreas of shrimp, Fenneropenaeus
chinensis exposed to the different concentration of bio—floc. Concentration ratio 100
is lliter bio—floc per seawater 50ton. Vertical bar denotes a standard error. Values
with different superscript- are ‘significantly different (P<0.05) as determined by
Duncan's multiple range test.
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FAGAN 53 NSRS ol QoA we o] Aary BA F, ofAMA Ak, A
W Az, GEUoky FaER Q BAT WAL olf @¥E i) 2t S
53 2hak @l o8] #4190 EAR wol WAsL 2k (C. Liu et al. 2007).

webd oleld EARL AAs] A AGF MW Fol Tel, weh, YRS Wy Sl
A ABFHoE AL /e MAPES olgste] Rass WES Hagd LE et

1=

S walsto g FHS JfMEE IS St} (A, Hiraishi et al. 1989). g+
AFANAME FFHATE o83t Ay FxrEE 4

4 532 9L W FFT FEot
Z7Fstel whet Q1 ofdAlk, A4k, Yol gro] feldoer A AS BT o
W FRAE] FEE 4 X 10° CFU/ml & @ 7P 2 5945 e o I
(Wen Luo . 2012). 9] =24 & & AFME bio-flocs A}2313< uw 10°

0
Rl oeiA obdt, Al Yol F=7} bio-floce A2 sA &2 T

[¢) L

2 ATelA 04, 54, 1097 A7t mAlEe] & Wsl Fol& A A= 59 o] %9
HolxE AL AT = YA}, Bacillus 79 FEE 4.8 x 10°
cfu/mlo] A]Zke] F2 59,102 Hell= 425 X 10°% 1.1 x 10°, Lactobacillus &%
AN 747k 4.05 % 107, 4 % 10" , Rhodobactor @%= ZtZ+ 1% 10°, 9 x 10°,
1 % 10° o2 HFE "AE go] Zol=Et AgS BIATL TBC % IA 77 4.7 X
10°, 3 x 107, "5 x 10° Z - &=t} 8 AFAE  Bacillus coagulans,
Rhodopseudomonas palustris;. Lactobacillus acidophilus i< <oje] Alzol Aolxd &
Az 10° cfu/g o149 7o) FxolA AFEd A F93 TS Yebd A7) )
. (Yang. 2011) WAE dEvtth A8 == w9 $7F 228 2 At Ads &5
10° cfu/mlel &3p7}F Qe Ao serdnh, g #3vig 445 79 F27) o
Ak BoAge] A 75 10° cfu/mlell 371 JE Aow dohdth webA oA
T=x2 Bacillus, Lactobacillus, Rhodobactor d°] 10° o] wl a3/} b= #Fa
ato] & Aol 5drttt bio-flocs 298] =S AT A Tl 53] sk
S 7ML = o] U Brow olu|dk FAde] o EobA AEEo] Yol
Aol wtth= AL HAES EAE, {71 &, SS Toll o9& yEbeu 2 Aol A
= HA=Y el wet S AFEvar AZetar o] Fate] 2HE SRk webA
10° cfu/ml o] o] AR #F2 YojFu ngEe g o& Fdo WMiS 7kA 5
o] o] Ate Al 10° o]atR o] Wolx B R 5Unttt F7|& bio-flocs FY F4 T
£ 4945 vEd Aom A7ZtE oz

e AT 2H2HS AFEste] A AEES vlugt A4ES BWol B 7 ok dukA
o7 HFEuUAES ALES¥S Wl E3|, Lactobacillus sp., Rhodopseudomonas sp.,
Bacillus sp.it& AH&3& o AFEI AEE] control#} vluste] o A7} wokth
Rengpipat et al., 1998a,b. Aol = Bacillus S P. monodon®| &3 A%x <r3l

2o rlo

o L

.
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Aol diske] 27)o] AW AE& AolE WASTh EF old ATNAE FEE
$8VIARS FANAL W control o WA AEEol O A Uehli AT Ansol

a1t} (Nikoskelainenet al. 2001; Chang and Liu 2002; Newaj—-Fyzul et al. 2007). 3}A|
7k YANBO WANG and QING GU, 2010 *olAx & P. monodon®| thste] AEF|
A= frofgh WatE sk 1 A% AT T olfe 2 Al=EeA Q1AL F
L5 A FA Zeol FAAQN AFE 7o Azetar vk wHHel  Bacillus
coagulanse AH# g A= dd AT Sl diste] fFelg ¥yt AFEHATH
T3k 8 FEuAEQ Enterococcus faeciums AFESES u]l €EldjofoA A AF
7t HF Asol S/ AdE Bl AFARE k. o] AE A FliAe o
Zogx AWM g ZL3 Ao=x wWltl (Wang et al. 2008). P. monodon®)
larvae”] 44& X7 ES HAES AHEAS Wole vd A9E ddd 5+ A
th (Maeda & Liao . 1992). tt& A Aol A= Bacillus 3] $H] 45 wH|FO=
A (Moriary 1996, 1998) &3t WellA Astais @43t ato] Atmado]l F7hshy A
ZAEF AELo] ZU/Fe= Hak Yt (Saeed Ziaei-Nejad et al. 2006). sFA%F 3t}
g Aol A -83¥ Bacillus i< ©]&3t AFEIN WEE9] Alol7t glvk= whfe] o
T A3x BuErt (Shariff et al. 2001, Mclntoch et al. 2000). Lactobacillus sp.&
AF838te] P monodond| AtEeF AoAA AHAS W V. harverdl il challenge testE
g o AE=E&H AEE dioFeogt F2E HAv= A7 Tk (Wannipa
Phianphak et al. 1999). ¥ dAFlAe dd AT F7HE0] bio-flocs ]34 ¥
control TR 100 % o749 s=d tiste] ol F7HE JEide. w3 {oe 2
71E YA = AR & 1A E bio-flocs AFE3H FitollA HHAHo= & A
T /S Ron aga 99 AF F7Ee] dglsiAE ¢ Al control T-3FETE bio-floc
= AH&E el A A A o R F7HE S BROH 100 %ol sRolA Fo% F
e AT Sholl A Augh thE AT Ao A A {8 vAESY & ofF ¢ F
TAHAME A AEEe diste] freolg A3E vehdls 497 Biudrh o 23
& wFEol% bio-floc HAI %= 27} | S A A AlF o2 H Il A
Ag distol e A AFS Azl AR E 7P

A-A-ZHH hemocytes AFA st WSS FA k= 3ol E7Fssir). webs WY
# FAAel proPO, LYS, SP¢ &S SYBR green real-time PCRE &3l #Alst=
He gakdlth Alg-= FEFSEREA B[54l AARkES 7HA AL Atk (Sakai 1999,
Bache're 200). wepx] #alolvp HASTHA 22 AFolA= So] WAl thste] #&
712kl vt & 37F vk (Sung et al. 1996). o]¢f thxAo® g2l FE&uAE A&
Eato] Ao FollA e MAstar A A WgEy AA4F wAE STV 23
E 7HA A vEolAd AW BE diste] o A 28-S ¢t 53] Bacillus sp.®] AHES
tiger shrimpoll Al A3} A A Wl o] A4S T3l AW diets A3E 7HA 2
t} (Rengpipat S et al. 2000). T ©& AdAFoM+= Indian white shrimp ¢!
Fenneropenaeus indicus® M$| Bacillus 5 AFg3te] A3t o EIXE HET
271 M5 &sp#elA Bacillus o F7F F7FEOl e Be®E HIH (Saeed
Ziaei-Nejad et al. 2006). ®3+ Bacillus 72 ©E ol H|&] JFHo=z FHHo =
AAE 4 dE FolH, antibioticsE LS F3 UE S 9lHE 4} (Moriarty,

1998, Verschuere et al.,, 2000). 8FA %t nauplius?]ol 4] post-larvae”] ©]A7[A &= &3

i wx o mE N
S o
{0, :‘o
i
lo
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=]

7F A[ARE FA AN oA E Bacillus 9] colonization® H|&o] ul§- Yol 1
a7t BEEHEItE A 23 % Ut (Saeed Ziaei-Nejad et al. 2006). w5~ t}k3h
antibiotic E&o] AAH OS2 Bacillus ol 28] AWAHEAAY Bacillus w°] =Z°] <ty
AL W= tE o] A 3l 7FA17] dE ASR Btk (Moriarty, 1998). X3
Bacillus v M3X7A, AN AGg-3S 43 A1A WdA dste] AFES S7HAA
-2 =SS FHA7E AT 2FE ATt (Rengpipat et al.,, 2000). #7274 proPO
systeme Wo ¥go 71 FQ3 98-S 3t} serine proteinasec]| 234 proPO7}F
POE Ag¥E=d (Soderhall K and Cerenius L. 1998), serine proteinase’} PO¢ A
I dkSo] A3E T3 @giholtd (Perazzolo LM and Barracco MA. 1997). Bacillus
coagulans, Lactobacillus acidophilus, Rhodopseudomonas palustris < AF&392S o

|HA =S ARESHA & el HIsiA Z+ZE phenoloxidase o &Aool uYERT
(YANBO WANG and QING GU, 2010). t& d7olx= gdia] A9 larvae A7)l
Bacillus subtilisE AF&3t9S W T2 AFE3HA] &L F7te] H|5to] proPO gene
expresstion®] oA+ AE¢S HITH (Kuan-Fu Liu et al. 2010). #& nAES A&
sto] Aglgk AdolA A5 Agutgo] T7ks 437t o B2 dA5E0] Ak (Chiu CH et
at. 2007, Tseng DY et al. 2009, Rengpipat S et al. 2000). “Chiu CH et at A -olA=
L.. vannameiol X L. plantarum & AM8-3to] A5 FolE &3l V. alginolyticuss T
ANRE o Aol ik A3d qudﬁ}%ol 7k = 235 B3l 12/ Rengpipat et
al. Ao M= Bacillus ¥ FYe & Pmonodon®] PO #A 3 phagocytic activity”Z}
S7HE At A ARE 1ok Al $-oA © & phagocytic activityE $13%F granulocyte
o] g o] WM 7| TS FES= Ao] Bacillus w8 ¥l gl peptidoglycand
Ax]o] Quriar AZkeke} (Itami T et al. 1998). B 2 A FolA = Akl  B. subtilis
TS H7V8ke] L. vannamer juveniledl #FS Wl V. alginolyticus® WL nlAE] o3|
AW AgAES 715 o1, PO activty®} phagocytic activity, clearance efficiency ¢ ® <
ukgo] =718 A9k total hemocyte count, ' superoxide “anion, . superoxide dismutase,
glutathione peroxidaseo] t3l FoAd2 WA A] & AF Ay %: Ut} (Tseng DY et
al. 2009). kA9t B. substilisE 713t AEE A7 Af$olA] PO activity®t proPO
gene expression® F7F= X O Serine proteinase expresstione FojAlo] gl
(Tseng DY et al. 2009). &= & <oA= iz M99 larvae A7l Bacillus
subtilisE AFE3IRS u oE AFESHA] @2 F7h| H]SFe] serine proteinase gene
expresstion®] 23k 2}Fol7F gl AL BT (Kuan-Fu Liu et al. 2010). antibacterial
protein ¢! Lysozyme F&F F&E9 AHH WY A|x"HloA T3t JRo=Z HI &
oo, &34 FFS V2R = wideltt (Jolles P and Jolles. 1984). HEgh
G8u|MES A st L. vannamei postlarvae”Z]o|A] Lysozmed] Wdo] Z7l¥ 4]
antibacterial activity®] o2 2% F oz 7+FFHoJR Y} (Taoka et al. 2009). 3l
AN9-9] larvae Al71°l| Bacillus subtilise AH&3t9 & o #& AFESHA] &2 F+7kel| H]s)
o] Lysozyme gene expresstion®] #olA|= 2SS BT (Kuan-Fu Liu et al. 2010).
w3k gty olo| A Lactobacillus w3 Bacillus 72 AF&3tY] Lysozyme?] 43 B|nL3)

Hek=t control F-7bell |3} Zbzbe] o]l tisiA Lysozyme®] &/do] F7hsh BEFE W
g om o] T7}Z] 7S 23883 w7} control FHEWE ol gl Z}Zte] #S AP IS u)
BU ¢ £ Lysozyme? &4& HE St} (Salah et al. 2008).
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o
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e
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Aol A AelA BZo] E AFAE proPO, LYSS &4& B2l A% bio-floc Ul
o] Bacillus 13} Lactobacillus w°] &2 = Qlaf A9 W 1H317e] &do] wobAaL
s okl M 5ol% WYso] FFEIYA, F& HAEdE =, o
WE bio-flocoll ¢J&ll Serine proteinases & A ST Z A F=3Pqt W {03 zjo] S

o] A= 2 4ATE proPO gene expresstiong T7H7F UERtoH WY fHztel] FA AR
FFE 717 Aoz A7ZhE R

Superoxide dismutase (SOD)E A X9 &3l Hro] H 7l Eeo] F93 93-S slr)
SOD &9 xde A=dhA A28 i Ak} 2Eg e digh 27] Ax=, A3t a4
%= oxyradical AL At AA EAlo et A Ho]do=m m#E AT (Firat et al,,
2009; Li et al.,, 2010). ¥ A7l = diste] 11 W SOD €4 S48t 1 4
I AAH =2 controlel H|&|A bio-flocs Yold 3olAl 80, 100, 120, 140 FXolA]
Fogk g4 BAE Yeplt dubdo g SODE TaEolyd SAEH wEF Al &4
S7tete AdE BT AlE W el B ad, A4k Ao B4 o A Al
EZ AMEES oplskeE @44kAE (ROS)S AT -ROSS #=2Z¢ &+ reduced
glutathione L Hl&4A% &A3EZ (Zirong and  Shijun, 2007)3 superoxide
dismutase (SOD), catalase (CAT), glutathione reductase (GR) &< aAk3t &4 (Orug
and Uner, 2000)¢] @At} gsol o5 AT fjolA AFdxe] AE ol d 43t ~
Ed 2o & st &35S st 8 343 @4 = superoxide dismutase (SOD)+=
superoxide anion< hydrogen peroxide (HpO.)& W2A|7|H, catalase (CAT)= H.0.5
B9 At #A82 FdAZIY. E§ glutathione peroxidase (GPx)+= Hy0.¢F lipid
hydroperoxide X7 #-UAZ1th (Nordberg and Arnér, 2001; Almeida et al., 2007).
Glutathione S-transferase (GST)& 53 A2 EE 7|4 Ao EA3H, WA
I 94 71EE tripeptide GSH & Aate] A 45 gty ado=y 7|45
reduced glutathioneol] Z3A|7] A1} glutathione disulfide A o= Y = oA =2
WA 71t} (Vuilleumier, 1997 ;Kim et-al., 2001; Vuilleumier and Pagni, 2002). T3+
A& Hike] hydroperoxide$t o A 34kt BAS A7 sk 7 dvkar e A
ATt (Hayes et al., 1995). AlZS 2 non-protein®l glutathione<> xenobiotics,
oxyradicals, metal cations®] =/del tgt ME Woje Fofgi} (Meister and Anderson,
1983; Segner and Braunbeck, 1998). g <1

acidophilus, Rhodopseudomonas palustris < AF&315 S W FE&81AES AFESHA] &
& 3ol msiA ZH7E SOD 9] &deo] Stk A4S WERINAL (YANBO WANG and
QING GU, 2010), ]9k HszstAl kel A-ollA bacillus w5 A-&RE o w23 At
E Yetd A% AATh (Gullian et al. 2004) 3HARF A4 = SODQ <ol
controlel HI3 bio-flocs |3 7oA Fe]How HAE Aol A= o= &
Jrka =, ROSE] Ao control -3kl H]3l] Wolxl oz A7t ojx|m o] e}
e = Hy009] o] FolEWA catalase® ¥x Folv o= HATh Hgh =gk 2H&-

2 e GPxE 94 Zo]5WA ofe] A8k GSHel o] 7avh AR F3u o]

T-ol A+ Bacillus coagulans, Lactobacillus

=
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At} o] control F3Fe] bio-flocs Heldh FHHTE =4 Qo] AfA WA ~Eg s
Fr71 2ol o3k A3patgol o3 Aoz A7t AT},
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V. 89

Y Bacillus sp., Lactobacillus sp., Rhodobactor sp. A 74 < Z%gslo] whe
bio-flocs 50,000:1¢] H| &= 3]A&te] o]& 100 %= s, olwl &= At F& 10°
CFU/mlolit}h. A&e] Ab83F bio-floc ¥ %+ ZHzF 0, 60, 80, 100, 120 % 140 % 6

Hs ARSI ZH2Ee] bio-floc XAl 3719 wo] WSS E1g Ay, Algte]
ALFE 9] FE7F Fashs Aol dEREaL, bio-floc) &AL 54z 10°
CFU/mIe] #%7F A= =Z 54vtt} bio-flocs 71t} Bio-floc 7Fel w2 ARS:
7 2 ARG (B, WY, abstas) 242 45 2 90U A AT

et AT T dEHEF dEYol v E F54% A bio-flocs A g F1to] o
27 Hry 9A yEepd Ao&Z Hol bio-floc HE7F FEE MG ZoR Hlt fishe
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