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Orel& =&ot AtEolRULCH ot 20178 118 21 OJ’SJZ—!O:'AI rale]
OlA AMtEE R2E ME 95+1.45 cm, M= 10£2.26 g2 & 2,0000t2lE
UL BelMR= 201749 98 128 B MR AHARALUHM 22 22 post larva
HE 1.2+£054 cm, M= 0.01+0.004 g2 = 48 Otel2 20173 108 182 B
o0l ZalE A JHM M 135+0.67 cm, M= 25+ 1.10 g8 & 2,0000t
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HIO|2E2HBio—floc) AlAHO| AFS EHAIHM U
thsHFenneropenaeus chinensis)2| Gzl o|x|l= 2E
ol . pl@ek . X . PEE
SEHGT SUYHOT, VHSLAERIL FHYSUBS UL

Effects of Bio-floc System on Growth and Environmental Improvement
in the Chinese White Shrimp Fenneropenaeus chinensis

Min-Su Kim, EunYoung Min', Ja-Keun Koo® and Ju-Chan Kang!*

Deprartment aof Agraric life medictne, Pubvong Nattonad Dwverseey, Buseent 48513, Koren
Enseiniete of Fiviveries science, Prkvong Noational Universsey, Busan 458513, Korea
Anchean Ficheries Researeh Dnstifote, Deehwan 483103, Kaven

Ihe objective of this study was 1o investugate the effects of bio-loc system that is composed of effective microorgmm-
isms (EM) on the microbial composition and water qualities in rearing water and the growth of Chinese white shrimp.
Femneropensens Clunensis. To mvestizate the nucrobnal composition according o the o-floc levels, the smdy was
conducted at 100 and 130% of bio-floc afier 5 and 10 days m bio-floc system. The results showed that total bacteria
count (TRC) and the counts of Latobacifins sp., Bacillus sp. and Rbodobacror sp_, were significontly decreased after
5 days 1 o-floc systeny. To assess the growth of F clipensss according o the concentations of bio-floc, the smdy
was condiscted at the bo-floc concentiations. 0 (coutrol), 60, B0, 100, 120 and 140% of the prepared bio-floc for S0
davs. The growth factors such as dailv length and weight gain were considerably mereased i the concenfranions of
te-floc 104, 120, and 140% after 90 davs. As warer quality indacators. the vahies of toial-N. NH "-N and PO -P were
analyzed, and thevy were significantly decreased at 120 and [40% of bio-floc, compared to the control. The results
demonstrated that combimation of EM showed the synergic effect on removing N and P

Kev wornds: Chinese white shrimp, EM. Bio-floc system, Growth 1afe
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o] QIR vpajei A Y. B3 Hebue|dAiwhite spol
symdrome vimas)o 2§ i absl offgl e s ghele gl
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Hpel sl Al A g8 blo-floc systemb® H4HY ghE ata)
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9o L &et systemo]) 2AF TFANA A oS GBS

ch{Peterson 1 al, 2012), Bio-floc 7}$2] Yeli= Tishaut,
o] 7| a2 Ut 7lgpe] BalD oRaly| @l 1 Al e
cfgt o) &7t a7 iR HAf e ek A HE
&t Th{Hargreves, 2013). Cho et al. (20010} 45 54
of alf=l= biofloco]] gla| shrbgabalFo] Tl 7| iped
it e ARSIk 81 o, ol efFlskl e dis
22 wako| Bobstt MlFas kol oS ofgir| Wi
ofzta apgich H& 548 vjdEol Sehifoc) Well M F-8- 1|
AERAY AL UEehr] Helas oe Ay d
7hatl ol of Sl (Fuller, 1992: Cmb etal, 2012), 4] T2
Ede A dhofl <b 30| bio-floc® B48)7| 28l 4= 0|
Weaet obet Z8 U8 25 U N85S 50 Gy
glE fE ok ok of# ol bio-focs ¥ A AF e UE
S el ofun], ofv] #4H bio-flocd Pl H4E
Ahekt 30zt RtglcH Pérez-Rostro et al, 2014), wf2ha), 2
oo alie ofn] 1 iz} defd 8 o) BEEE  ailet
of bio-flocg 919508 a4 A 5] omiu 5 okajof Has
¥ bio-floc 4] A9 UHE 7| §)5he] AH & HAFaAc)

i v EE R ARl bR Eieie] RojEl e T
S AN ST 99 AR 2] Hey
gt gl e A w) 2] ofe] e AR AR
$hat, #Pofl= ol F 4 FhepRd] gy E do) HE T gl
Ch AL 2000), =t ska oA 2 AHREls 58 ojd S
FE e 2l el Lactobacillus, Camobacterini sp. ). Sacil-
fus sp.. Vibwio sp, % Psendomonas sp. 50| 0K Verschmere
etal,, 2000), Lacrobacilins= 24t 2] shubat dra| g«
4 ezt shas| 9 on, Black tger shrmmp, Pemaets mon-
odono|| Lactobacillusd 3715 AR o 4], 4 50 4287
Mago) 2o sl e, Vibno barverad]) of gt A E
Apes| Frpslsickn ScHGillibud ¢ al, 1980; Uddm et al.,
2013). Bacillusi= a:8lgbel 4| ot 221 S expenzyme)
& fulate fliaE Atatng oo Y258 4chs
g vk gl oo, Black nger shnmp. £ monodor Indian whire
shimp, P indicosol| 4 AAHES B2 80 448 Baicks &
7} A ehRengpipat et al, 2000 2003; Saeed el al, 2005).
Rhodobactorts 38 Fo2 #7140 934 S9H48 8
o b} AT F& obEdio] AdekaL S dakalel A Ha
st {7 g Saef Fadt SEhE Fol{Rym et al. 2004).
M- absle] o R el Chdt 95t Rbodopseudons
palusiris& Eoke] H9-4o] HEAREE o, 7Y g7 2
The A BN 9 COD i Chentical Oxyesn Demand ) 2 = @&
o] E71Etel the Btz lcHLuo etal | 2012}

i oo OiE) Fenmeropenens chimensis® Fos
ojo] g3 5% vl4EE = Laobecihs, Bacilleset 3%
4 eefelolel Rhodobactor v 582 A Z5eio] bio-floc %
& A Agle Hua7] fiala], ofF odEe) gdet = Hust

S FABELI, 2| YUEE A A3 0] 88 olE
o bio-floc 4] Al 2802 M8 7he4E A Bk 35

s W HHE

SMEE

theHF chinensisis H 4o ool ] ok o} 4
WA 23U 253 ol4f @2l A7) T 27y AESA ©
= A AE A 15400 em: 42 1374 125 mehs 4
watol AW+ 1ovte) ¥ gataick WYz Eek e
AE(Cangll Agn Puring, Inc. KoreayS ¢ 28](2.73 04], &
T 64]), HE2] 300 $uetA R, TR Halr] fstol
FETHHE ol8sto] i sEaigion, 492 igoa §
4|t

HEEN

BE US40t 1Tl A A S 5 om THES
Szt ubcho] T2l Q8] 2240 % 40 60 el H= 180 L
B A9 A5rE Y spEa U A 3 EUE Table
Lo} ek el AHERE hio-flocs f-8-v] 8821 Bacillins sp.,
Lactobacilivs sp. (EM. Korea)2d Rhodobactor sp. [(52) 544
off el =4l Korea] W . olefel 58 EH8t] Table 224
ol bio-floc FHAE G515 o2 Tol MEH bio-floc
FHE 1L LE 50 ton 8i4eof] ZA FEE 100%E AL
ol & cpa] sfe2 84w walE (60, 80, 100120 E
140% FE 8 vhEe] it AR HY g2 Abgabsich w5
Bacillus sp., Lactobacillis sp. 9 Rhodobactorsp. 752 %%
8 1«10 CFUmL o)4to 2 fajeh 4= gl =8 548 7@
bio-floc T3 A2 ate] D0 B2 AHHEE HA RIS

0|4E =M

AHREEE AH8E) A, bio-floc TS q2ea] 5UH
109 39| bio-floc &5 1002} 150% - 7kf| chshed v] #ig =

Table 1. The chemical coumponents in seawater used in this experi-
ment A initial experimental condition

Test parameters Yalus
Temperature [C) 24 50050
pH 8.00£0.50
Salinity (psu) 30.50£1.00
Dissalved axygen (mg'L) 7.10:0,30
Chemical sxygean demand (mgil | 1.13:0.10
Ammania (mag/L) 0.0320.01
Total nitregen mgiL} 0.3720,13
Phaspharue (maiL) 0042001
Suspanded solid (mg/L) 1.22:0.50
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Talsle 2. Microdral compositon ised m the bio-Aoc culture systems in this experiment

Companznt Compasition Culture condition Cultura pariod
Seawater (580 L) +
EM Baciiius sp, Freshwater (380 L) + 14 days
(Effactive micronrganisms) Lactobacilius sp. Molasses (20 L)«
EM (20 L}
P Rhdobacior i onivl 3
e . g i
48 Al 7zte] £R M Apete] WF Feads KoM HH

B 10wy gy g defar o) 5 SR ot v e A
of| Mdtdted 351, 46h dibet . M e =B 2

Total bacteria count (TBCH= 1% NaChE 47H Nutrient
Agar (NA, Difco, USA) o =[of g} 545t 4| 58 oo
ol - A e 8 2AR

Lactobacilius sp., Bacillos sp, 3 Rhodobactor sp, 42l
1 s a2 e 5o iefela S of) mietgaa dfakE|
SeA] S5 2, APItest kat (20E & SOCHB & CHL. BioM-
ericiix. Los Angeles. CA, USAYE B3 Bl A& H A et
ofgfje} go] Zhzte] Ao chafl B 4igE Al B e
Hfjerst 5 At e g 2aksigch

Lactobacalins sp. 72 1% NaCHE 3| 714 MRS (MRS broth;
Difco, Detrotr. ML USA) 4 %)ofl. Bacilles sp. -2 1% NaCl
& 7t MYP (Mamitol-Egg Yolk Pobymyain: Dafco, De-
troat, ML USA) #izlof, Rhodobactnr sp. F-2 MB (Malate
basal broth Difeo, Detroir, MI, USA) #i=lof uf okl 5 22
N2 2et -8 2Asigic),

+HEE =M

=, pH, #2thE5HDO), 952 YSEES DO meter (Yel-
low Springs Instrument. U5 A @b pH meter (lstek. Ine.. Ko-
rea) ol -3bo] g B0, AHE4E o] Hsiol
HjskabA A A e (S =R, 201004 et obats 4
ARFEHCOD), FEaiss), TN, gryst s
(NH4-N) 4 eLsb SIPO, Pl 2218tk
dEE =M

HHo AT sk dHd Bolrl) W HED NEE &
Hatgiom, 0,60, B0, 100 W 120, 140% == 2] bio-foc AR

ol Q14 v U 00 A F WY A5 S0
s ol Yo YU el

A4l A Daily @owth gam) = (W,-W ) day
W, = Fimal length or weight
W, = Initial length or wewght

U By Hopof g Sy FopL sPss F 2an
FHSPSS Inc. 1 o] 23ke] ANOVA 1e1 4] Alstan A
25 Dhmcaa's mdple range 1est5 548 P<0,059] of 524
o] 9jts 2 0B Fpaieir)

g2 ¥ oY

Bin-floe 4|2 flof o} L] le B8 ujAE 45 B4 0. 37
o opgEE Hidt Tl W)Y 26 g7 52 Haftjo)
A B S UE AR o] AcHWhire, 2000).
o e m2e Racillus sp.. Rbodopsendomonas sp. %
Lacrobacillus sp. 72 %57} 1-4% 10° CFUMLY o, 445
SRl 3 A e g e dole A4
Fo] #718 v9ola $elLuo et al., 2012 Wang. 2011}, 7}
e, o Ere A B E e o Fict Ais e 2 F
ErbebR s gl=|nk |« 10 CFUmL S Evb o) Hog
wrhaln, FEe| AHS A A8 o4 of B2 FA8 9
£ 717te| YofelrtE dopuiy| gisjo] A7) Hae] o2 3 5
& 2datglch Biofloc 49 H= St 103 %, Bio-floc
w5 1002} 150% e st vldE 2 =8 2ot it
= Fig 12 gk Bio-floc F= 100% 7R 03 & 2471
47100 % 10* CFUmLe| g2k, 54 Fofli= 0.03 10,1 = 1
CFUMmLE {hssisia, 109 o= 0001 £0.1 % 10° CFLY
mLE TEAFTH P00, Bio-floc ¥ 5 150% 7702 034
2 F47H 4.8+ 0.1 % 10° CFU/mL®| 2] 2uf, 5915 109] o]
ZHTH 005+ 0.1 % 10* CFU/mL, 0.005+0.1% 10 CFU/mL#
ThaEte)CH P<0.05). Bacillos sp., Lactobacitins sp. % Ribodo-
bactor sp 7 =5 3 et ehizba) 2 sqld Aegt gaE
SANP0.05). 109 ed= Fo| A2 & HciFiz
1). e}4ke] Z22 8 bio-floc 44 A2 59 ol F oilE
2| F57h S8 Yozhs JE H% 5 Y3l ad(P0.05),
3 728 iofloc 5 100%ECHS 1509%E7o] 25kt
wheba], & Wbl A= Bacillins sp.. Lactobacillus sp. 4! Rho-
dobactorsp. 229 F5E 1 2 10 CFUMmL o402 524
3 9= 717k SRS 5002 bio-focE FH ¥ FEE 2
1o bio-floc systeni o] L4 of 8F ALE-4 Y& A 89,
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Bio-floc Ab&-0} 2l AR50 o 318 ) 4lahar 45909 00
o A ARl AR ST H0h P 29t ¢
Eh -8 AkDoiet S A 878 00D R bio-floc
= 4 ARl yhg ol of §of# M s tola] ghaicl 1y
A ok o M ARG U YR U o) Albo] R T2 A
#ha 9l 4 #holuf(Cho et al, 2010), Y& Y2, P monodon
9] 39 Aste] P o2 ofs F HEYOHTAN)S} o H
HNO, N)2| ¢h =i 242t 3,73 3.8 me/LefthClhen and
Lai, 1990), 2 olqte] o, 2 UA(TN}= 25 74 0607
gl TEAE hiodloe FE 1200714 = &olgh digie)
457 gatert, 140% 9 v 908 27 3o 0.5 mel o
a2 Wolal o pitech fFolstd Fassrhpo0s). o
Bujop HA4NH,-Np= thE7e vsto] bio-flocd A7F 2
£ M 0.1-0.3 maL o folatd B ghs 1y

EHA0.05), SIAHSHPO, PR A 45U, 1a0te 55
ofl 4 efjto] wighod FojstH| st oLk P0.05), 0Y
M= g2k G2 ghe(olont fol4d2 elys gl
(P005), SL-EAES ) dZ2 7| AdE 45 Hel dlEad
ongls gte] folE st o LHP0.0%), bicllocd H7HE
Tt M= frofgt Aozt N E | pRicHP-0.05) (Fig. 2).
Lua et al (20122 #taf 4 SH4HY 3 Rbodopsendomonas
s8] BEE 4% 10° CFUML & 2% o, 4% 9442
ol 4HNO,-N), Y4HNO,~N), gEueh aNE N 2 ¢
(TP =317t Thteleletn fasiglct o= B oyels &
A HEo|Lh o ol 3 HATNKE 140% F7HE 49
SRl f208 Afef7} glgich ol Ko (2014)8] g4,
bio-floc 37F AHRS=2] RHRLo(NH, 12k oFH AHNO, 2 Tha:
& yolouk H4mMo, el bio-flocd U7k ARGrol Al 5
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Chinese shrimp Fenrerpenacts chimeast [mean length 186 = 015 om, and weight 1374 = 12.7 mg) were
reared inthe different concensrations of bio-floc [control, G0, B0, 100, 120, and 1490%) For 90 days. The
growth rate was signifiantly increased over 100% bio-lfoc mncentrations. In the mmunalogicl pa-
rameters, the gene expressan of pmPd and bysoryme was considerably increased over 120% bio-floc
amcentrations, The gene expression of 5P was notably elevated at 10% bio-floc concentration, In the

anticodant enymes, fhe actity of S0B was comsiderably decreased over S0 bio-lo; concentrations. A
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notabde decline in the actnaty of CAT wai olmened over 120 biefloc concentrations. The resolts
Indlicage that rearing of Chinese shiimp o bo-dloc system can induce the Inoedse of growih perloe-
mance, enhancenient of immune responses, and reduction of exidative stress.

© 2005 Elsevier Lid All rights reserved.

1. Introduction

Shrimp aguaculture has been growing rapidly with the growth
of aquaculture for decades | 16). Bait, shrimp aquacilturne production
15 depressed by crtical concemns such as pathogenic (white spot
syndrome virus, tura syndrome virus, luminowas Vibria harveyi)
and environmental proflems (water quality issues) 723 ] Bio-floc
technology (BFT) & one of the most effective methods as a pre-
ventive measure against the problems. because it is the more
environment friendly alernative in the condition of denssly
smcked ponds with limited water exchange |52 |, Bio-floC system is
a technoiogy for the madintenance of water guality depending on a
phytoplankton bloom, battena, orgaic aggregates, and microbdal
grazers |16], it can improve water quality by beterotrophic and
conirol pathogenic bacteria in microbial commumity [ 11,1]. Bio-floc
has advantage of a food source all day available, becawse it 15 mare
effective in animal groweh than antificial feed [52] a5 well as
enhanced animal health through the stimulation of immune e
tem | 27.50]. In bio-floc system, it is oritical to add carbohydrates to
the pond pericdically to sustain a density of heterotrophic micro-
tral in the floc for lunctioning properly, because 3 number of sugars

* Coresponding suthor, Tel: + 82 51 5044 ; foc 82 51 5008
F-mmd ik remi: |olong@piLec b (]-C Kang]

T by O VO Pl SO S TR T
MO O 095 Elsevier Lod ANl righin tesenied.

{ carbohydrates) are essential to the growth amd productron of the
microbes | 12]

According o previous studies, there are a number of benefcial
effects on the wtilizaton of effective microorgansms (EM) in
shrimp farming with controlling disease and emvironmental con-
cerns |51 Recently, EM such as Bocilfus sp., Loctabaciflus sp. and
fthadobacror sp, have a lof of amention in boratory and aquacul-
ture fickl 42,51 |. Rengpipat et al |38) demonstrated that Bociius
510 could be wsed as EM for the growth and health of Black tiger
shrimp, Pengeus monodon, Several lociobacillus spp. strains ae
used as EM in aguaculture due to metabolic benefits in host and
suppression of Escherchio codl [ 193520]

The immune and antioxidant systems m physiological role are
critical to shrimp o control their health and satisfactory growth
performance under the environmental sresses |55), The inflam-
matory responses against external pathogens Induce the immimne
stimulations and reactive oxygen species [ROS) production |44,
Antoxidant systems such as superoxde dismutase (500 and
catalase (CAT) are major enzymes to protect organisms against
oxidative stress [ 12].

Chinese shrimp, Fennerpendeus chinenst, B an coonomically
irajar species Mngely cultired in Asta, But, the study aboidt the bio-
foc culture system wsing EM in Chinese shrimp has been insuff-
ciently conducted. Therefore, the aim of the present study was to
evaluate the effect of bio-loc culture system [BFCS) using EM on
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griwth performance, immune response { proP0, hsozyme, and 5P,
and antiddant ability (500 and CAT) of the Chinese shrimp,
F. chinensis,

2 Materials and methods
21 Experimentnl shrimp and conditions

Chinese shrimp (Fenneropenaes chimensis) were obtained from
Incheon Fisheries Research Institute, Incheon, Korea. The shrimp
were acclimatized for 2 weeks under laberatory eonditions. During
the acclimation period. the shrimp were fed a commerdal diet
twice daily (Cargilll Agri Purina, Inc,, Korea)and maintained on a 12-
W2-h light/dark cycle and constant condigion at all times (pem-
perature; 245 + 0.5 °C, pH: 8.0 + 05, salinity: 305 + 1.0%). After
acclimatization, 180 shrimps (body length, 1.86 + 115 om; bodw
weight, 1374 = 12,7 mz ) were selected for the study, and randomily
divided inta 6500 L circular tanks (30 shiimips per each congen-
tration . Daily feeding rate was 3% of total body weight. The test was
carried out for S0 days,

2.2 Bio-floc e ot ion

The probistics used in this experiment, Bacifles sp. Locroba-
cillis sp. (EM Korea Co. Lid., Korea) for the shrimp growth and
Rhodobactor sp. ( Doosan EcoBizMet Co., Lid., Korea) for the water
quality Improvement were purchassd to make blo-floc stock so-
lutian, Bio-focswock soletion was prepaned as & mixture of thess
probiotics. The purchased EM and PB were cultured respectively
for 14 days and 3 days to make the proper density of microbes
{Tabile 1} After the cultivation, the EM and PB were mixed at the
rate of ten 1o one, The concentration of each problotics in blo-floc
stock solution was determined as the initial concentration at
1 « 107 cfu ml-" before wse, The 1008 of bio-floc solutien was
defined a5 the diluted sobution by adding bio-floc steck solution
1 L to 50 ton seawater. The bio-fioe concentrations were control,
60, BO, 100, 120, and 140% The mnk water was thoroughly
exchanged once per five days, and made the same bo-floc con-
centrations in the respective tank.

23 Growth

The weight and bength of Femneropemoens chinensis was
measured just before exposure and after 90 days. Growth rate of
length and weight were calculated by the following method.
Growth rate {5) = (W — WMW, « 100

Wi = Final length or walght

Wi = Initlal length or welght
24 Immunolegim! response enaiysis

Total RMA was extracted from hepatopanceas samples usng

RMNA purification kit (Real Biotech Corparation, Taipel, Tatwan), ancd
the quantity and quality of the tofal RNA were assessed vsing the
Ultrospec 3100 pro (Amersham Bioscience, Amersham, UKL The
260280 nm sbsorbance ratios of all samples ranged from 180 to
2.0, indicating & satistactory purify of the RMA samples, Purified
RivA was subjected (o reverse transcription m cDNA by ciNA syn-
thesis kit (Enzo Life Sclences Inc., NY, USA)} according 1o the re-
agent's instructions. For real-time guantitative PCR anakbysis of MT
gene expressien, the real-time qPCR primer of proPO, LYS, 5P and [
actin genes are shown in Table 2,

Retal-time PCR assay were carried out in o quantitative thermal
cycler (LightCycler® @80 I, Roche Disgnostics Ltd, Rotkreuz,
Swizerland) in 3 final volume of 20 pl containing 10 ul 2« Master
Mix LightTycler™ 480 SYBR Green | Master, Roche Dhagnostics Lid..
Rotkreuz, Switzetandy, 1 gl of cONA mix Gene-specific primers
were appleed 1o evaluate the mRNA levels of specific genes in
hepatopancreas, Reference f-actin gene was used as internal comtrol.
The real-time gPCR amplification began with 5 min at 95 °C. fol-
lowed by 45 cycles of denaturation of 10 s 2t 95 “C, annealing of 10 5
at 60 C, and extension of 10572 °C To anakvee the mRNA expression
level, the comparative CT methods (2225 method ) was wsed,

25 Antioxidant enzyme ondalysis

Hepatopancreas tissues were excised and homogenized with
10 volumes of ice-cold homogenization buffer using Teflon-glass
homogenizer [QO0CK4424, Glass-Col, Cermany). The homaoge-
naie was centrifuged at 10,000 g for 30 min under refrigerasion
and the obtained supernatants were stored at —80 °C for
analysis.

Superogide dismutase {500) activity was measured with 50%
nhibkor rate about the reduction reaction of WST-1 using 50D
Assay kit (Dojindo Molecular Technologies, Inc. & One unit of S00 is
defined as the amount of the enzyme in 20 @l of sample sohition
that inhibits the recuction reaction of WST-1 (2-(4-lodopheryl - 3-
{4 nitrophemyl]-3- 24-disulfophenyl)- 2H -tetracolivm,  mong-
sodium salt) with superodide anion by 505 50D activity was
expressed s unit mg protein ",

The catalase (CAT) activity was measured using the OxiSelect™
Catalase Assay Kit (Cell biolabs, Inc.). The gquinoneimine dye
coupling product & measured at 520 nm, which correlated to the
amount of hydrogen peroxide remalning in the reaction mixoure.
The CAT acthvity was expressed as unit'mg protein and one umit of
CAT is the amount of enzyme that will decompose | gM of H 0y per
minute at 25 "C

26 Statistionl anplysd

The experiment was conducted in breeding period for 90 days
and performed triplicate. Statistical analyses were performed us-
img the SPS5{PC + statistical package { SP5S Inc, Chicage, IL U5A]L
Significant differences between groups were identified using one-
way ANCVA and Duncan's rest for multiple comparisons or Stu-
dent's t-test for two groups. The significance level was zet at
P <005,

Tabile 1
Compauition of siock selution in the Bio flic culiure systema.
Component Conrmpond L Culture condition Culiwe period
W [ Effective microsogiiisn | Beicifles s, Legwate (580 L) & Freabiwater [380 1) o Molasies (30005 « B (20 LS i days
Lo rdaaeillues sp.
'H | Menesyenieti hacteria) Rhdlpbocrwr sp Semwarer (0948 L) - Vacamin [E1L) - P8 (05 L) 3 days
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Tahie 2
Sequence of primers wed m il expenment
Triimen Seqamoe (5 (o 3}
proFmabidne Fomward GAT ATEC CTC GOC GAT GTE T
Revese MGG CTC ATG OGA CAA AGE T
Lysneyme Feorward GTA ACA AAC GOC ACC TOG A
Rrversr OO TC CAG GOT GTA TATC
Serine prote e Fanard TAT GTCCLG GAT COC TTAT
REvirse GGT GAT AGT OO CAA GAC G
factin Fedvwakl CGA GGT ATC CTC AQC CTG A
Rrverer OG0 AGE TOG 176 TAG AL ©
1. Results ciiinensis was shown in Fig. 1. The activity of 50D was considerably
decreasad ower B0% bio-floc concentrations, compared to the con-
31 Growth petformance trol. The activity of CAT was notably decreased over 1208 bio-floc

The growth rate of Fenneropensets chinensis in the bio-floc
culture system (BRCS) was significantly increased for 90 days
{Fg 11 In weight growth rate, the considerable elevation was
observed over BOX bio-foc concentrations compared to the control,
and the highest rate was at 12006 bio-floc concentration The values
of weight growth rate (%) was 5417 + 589, 6322 + 477, 7416 & 1169,
B546 £ 124712524 + 603, 9605 + 1660% at contral, 60, B0, 100, 120,
and 140% bio-fioc concentrations, In length growth rate, the notable
imcrease was shown over 100% bio-floc concentrations, and the
highest rate was ai 120% bio-floc concentration (" < 0.05), The
vialues of kength growth rate ('6) was 483 & 76, 312 4+ 98, 538 4 78,
67 + 36,869 + 66, 664 + 51% at control, 60, 80, 100, 120, and 0%
bio-floc concentrations,

32 immunalogical respanse

The relative mRNA exgressions of proPhenoloxiiase | profdl
lysnzyme, and senne proteinase (5P in hepatopancreas of Fenner-
openaeus chinensis were demanstrated in Fig. 2 The gene expres-
sion of proP0 was significantly increased over 120% bio-foc
concentrations, compared to the control In the gene expression of
Ivsozyme, a considerable increase was observed over 1200 bio-floc
concentrations. The gene expresskon of 5P was significantly
elevated at 140% bio-floc concentration.

33 Antixidant ezymes

The antioxidant enzymes of hepatepancreas in Fenneropenoes
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Blo-floc nacurally forms i pond water 35 aggregates of nitri-
fying bacteria, organic matenals, inorganic flocadants, and s
pended algae. Bio-floc technology (BFT) has been appled i
shrimp Farming |6], However, there are few challenges m apply
the technology to commenrcial shrimp farms because of external
environmental factors. For instance, high level of solar energy and
intensity can induce the over productivity of microalgae, which
case oxypen exhaustion and water guality problems in open
farms [ 10,33,

A number of studies have demanstrated thar the bio-floc syseem
application in shrimp aguaculture can improve their survival and
growth performance |20 30,403 11, 28, [n addition, bio-floc system
enhance feed utllization of shrimp by supplementing esential
nutrients such & minerals, vitamins, and ligids and stimulating
digestive enzyme activities | H14.31.56.53), In this study, biofloc
culture system (BFCS) ucing EM has effects on the growth peror-
mance of Chinese shitmp, Fenncropenoews chinensts, which result
from the enhanced shnmp health by increasing immune responses
and antiexidant abidlities. Many authors repomed a significant in-
crease in growth performance of cultured shrimp wing bio-floc
system |213]

Bie-floc system functions as immunostimulation to enhance
the shrimp innate immunity, thereby improving their resistance
to parthogens [54,15], which is an aklternative strategy to defend
them against pathogens |41]. Bio-floc system using EM ¢nables
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Fig. I, Relathe miBA «xp af proPhe £ LAL lysozyme [8) dnd serine
jprotemase () of bepdtoganoes in Chinese shrimp, Fermmempenoes dhinmsis reamed
i e tidfecent congeniration of oMo e B0 deys Vales with different ssgersceipr
are egmificantly different (F « (L0 a5 devermined by Duncan's multiphe rango tos.

to provide more effective non-specific protection than vaccina-
tion a5 3 result of the enhancement in sérological mmunity
[45],

In non-specific immune system, prophenologidase (profO) is

ame of the major components in shrimp humaoral response, which
is trigeered by bacterial cell wall such as peptidoglyveans, lipo-
polysaccharides, and feglucans [3517) In shomp, proPO is
essential to defense against microbial pathogens such as Vibro
sp. |56L In this smdy, the mBNA gene expression of proPO in
Chimese shrimp, E cfisemses was significantly increased in bio-fioc
systemn using EM, which results from the regulathon in pheno-
lmidase actvation systems. Kim et al [24] also reported that a
significant prof0 increase of Pacfic white shrimp, Litopenoeus
vamnamed in blo-floc system. Lysozyme is a major antibacterial
protein, which Is well known a5 a component of the innate im-
mune system in imvertehrates. Lysozyme activity can be altered
by health condition, stress, sex, temperature, and toxic sub-
stances [43], In the present stidy, the lysoxyme activity in Chi-
nese shrimp, F chinensis was considerably increased in the bio-
floc system wsing EM, which is considered to involve an
enhancement of antibacterial activity. Taoka et al. [47| eported a
notable increase in lysozyme activity of Japanese flounder, Par-
olichthys elivacens treated with EM, Serine proteinase (SP) func-
tions as an essential role in converting the inactive proPO into its
active form of PO. Bio-floc system induced a significant increase
in the gene expression of 5P of Chinese shrimp, F chinensis in this
study. Rartanachai et al. [37] reported a marked increase in the
mAMA gene expression of P of Kuruma prawn, Marsupenaeus
Juponicas by immune response for peptidoglycan. These results
sugpest that the bio-floc system wsing EM may contribute to
improve the immunity such as profQ, lysozyme, and SP of Chi-
nese shrimp, E chinensis, considering the genes are known to be
assochated with the non-specific immune responses in shrimp
[BA8.2521)

Bio-fior system ako influences the physiological health of
cultured shrimp particularly in antoxidant defense systems [ 54)
The antioxidant defense systems are closely related with mmune
system [22.34), and it is recognized as a critlcal component 1o
maintain the balance of reactive oxyegen species [RO5) in shrimp
[0]. EM can affect a reduction of ROS and enhancement of delense
mechanisms against oxldatve stress |26]. Superoxide dismsase
{SO0] is one of the most important antiexidant spzymes, which is
preventing the formation of lipid peroxidation by catalyzing the
disproportionation of the lipid peroxidation inttiator |46], Tseng
et al [449] suggest that SO0 activify s closely related to the im-
munity of shrimp, In this study, the activity of 50D In Chinese
shrimp, E chinemeis was considerably decreased in bio-floc system
using EM. Dandapat et al, [14| reported a notable decrease in the
S0D activity of glant freshwater prawn, Macrobrachium resenbergii
by dietary vitamin E, which result from the decreased formation of
Hyz. Catalase (CAT) is also an antioxidant enzyme in shrimp that
acts a8 4 critical folé to protect ofganisms against oxdative stress
by decomposing hydrogen peroxide [48]. The activity of CAT in
Chinese shrimp, £ clinensis was significantly decreased in bio-floc
system: using EM. Castex et al |9] reported the decreased CAT
activity of Pacific blue shrimp, Litopenoeus stelirasiris by EM sup-
plement, which may cause lower free radical generation. B this
study, the antioxidant enzymes of Chinese shrimp, £ chinensis
such as SO0 and CAT was noably decreased in bio-floc system
using EM, which suggest that the system may influence the
reduction of ROS,

In conclusion, this: work demonstrated that bio-floc system
substantially affects the experimental shrimp, E chinensis The
growth performance of Chinese shrimp, £ chimensis was consides-
ably increased, The mmune responses ( proPo, lysoeyme, and 5P
were significantly increased, whereas the antioxidant enzymes
[SOD and CAT) were notably decreased. Considering these results,
bie-floc system using EM should positively affect the experimental
shrimp, Chinese shrimp, E clinenss,
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