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The objective of this study was to investigate the effects of bio-floc system that is composed of effective microorgan-
isms (EM) on the microbial composition and water qualities in rearing water and the growth of Chinese white shrimp,
Fenneropenaeus chinensis. To investigate the microbial composition according to the bio-floc levels, the study was
conducted at 100 and 150% of bio-floc after 5 and 10 days in bio-floc system. The results showed that total bacteria
count (TBC) and the counts of Latobacillus sp., Bacillus sp. and Rhodobactor sp., were significantly decreased after
5 days in bio-floc system. To assess the growth of F. chinensis according to the concentrations of bio-floc, the study
was conducted at the bio-floc concentrations; 0 (control), 60, 80, 100, 120 and 140% of the prepared bio-floc for 90
days. The growth factors such as daily length and weight gain were considerably increased at the concentrations of
bio-floc 100, 120, and 140% after 90 days. As water quality indicators, the values of total-N, NH,"-N and PO, -P were
analyzed, and they were significantly decreased at 120 and 140% of bio-floc, compared to the control. The results
demonstrated that combination of EM showed the synergic effect on removing N and P.
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o

Fojgte & 2 Tofl= B iz 3ok W E ok Mg A

olr ek A o] E+H ¥ Bio-floc technology (BFT) = Hfo] 2
Sokeh A oFALe FAA] FAIol A WEOFH W ek A|AE (bio-floc system) GF4]0] S w1 9Jck(Bashan

2 o|Fojx| 1 glom, A 207t AFfers Aoz wE and Bashan, 2010).

A Z78191011, 20021 o] FRE L Aol ke A 7 wjo] 2Bt A28 (bio-floc system)S: AAMY TS 915}l

225131 thJang et al., 2007; Kim, 2010). 7L o]f+= o2 22l = wSA7IA] 97] wiZell BRel A B Aol ] QdskA] &

M OE

o] QAR vpolA/d Y, 5| Snbuto]2{A(white spot
syndrome virus)of| 2Jgt tiaFuAbE wjEQl F oz oA 9]
tHChou et al., 1995; Jang, 2009). E3}, A oA of| 4] vl &
= ARR AA7], diabiE 9 oA SollA] e U
O] A, oA Wl o Ljofe} Zhe M A HL2- ARg4=0) o
et} ofof whE A otelE 2efisty| el At 3 7t
A A E AL Q= A olth(Liu et al., 2004). o] 2 gF Ao o

sh, oh2 SHH OB FA A& sl EA 42 58 nE E
= B @F n8ES o] 85| wiol 5o fr1E et oF
Lo} Fo] autA o8 A|AE o] AR wel §lo|e 42
S A3ket 4= 9= A o] 9ItH(Emerenciano et al., 2013). T
Sh ARG ] A A Rol| A A n|AEo] FA A& 7}
CH A = A =0 ol 7} &|7] w ol HA| oF4] Hl-8-<]
50% o2 Ak A|ok= AL HI-8-2] RS 7 0= AR = ¢l
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Th(Peterson et al., 2012). Bio-floc 7|%&2] Y&+ 7Hds}A] 9t
o] 7]&¢] YRbAQl 7|0l B skal, FA7|e T T A|AE]
tfgh o]sf|7} 5517 wf2oll AA| oFAlef A8t AL 4
-2 ol th(Hargreves, 2013). Cho et al. (2010)= A 4]
of| ©]-§-== bio-floce] 3lof BF7FFSAlIRF2] 233} 759
et A= AFsiotal skglon, o] = Bt ARt el ti i
-2 ool B7Fss Al o2 Hrg o] v o H7] Wi
olgtaL sk3ict. 53] 54 nld=o] E2(floc) oAl -8 vl
AE2A Y a7 5 US0H] HloliAl= B2 A8 A+
7} 48 =] o] oF 31 (Fuller, 1992; Crab et al., 2012), 4] 4]
T ARSR Yol 2414 21 bio-flocs B/d3H7] flaliAl+= vl
et oyl ot 7, AT =, 27 R Ad s = 4 UE
A E fesfof gttt o] o] bio-flocs: B4 Y&
12 o] oy, oju] 3-JH bio-floce T gl SlojA®=
Aet 07 @ FFHEtH(Pérez-Rostro et al., 2014). wheta], 2
Aol A= oln] L axprt Rl §-8 ndEES A 26t
o] bio-floce APIA = FPAIH 2 - FAlofl 2|23}
%l bio-floc A|2HlE THE7] fI5to] AE S AAISHIT

& M ES SE AR A AbRoll Edsto] FofskolE 7
-, TEY S S7HAI7IAL WY Al LS A=5to] Ao
gt A wol= 4 2ol o8 T& ARGl ARE-E o]
ka1, F ol of i E Aol i A e A-7F X3 AL 9l
THALL, 2000). <AF QFA oA =2 ARS-E= 78 v]Eol=
Akt v 2]oW Lactobacillus, Carnobacterim sp. 5-), Bacil-
lus sp., Vibrio sp. ¥ Pseudomonas sp. 5-°] THVerschuere
et al., 2000). Lactobacillus«= B At %2] sl g Ao
A QA FQF ARE-E| 9 o1, Black tiger shrimp, Penaeus mon-
odon®|| LactobacillusZ 4713k AL& Fof A, 2] 357}
AEE-o] AA = 1o, Vibrio harveryiol thet A3}d =
As] 571 ekl Stck(Gilliland et al., 1980; Uddin et al.,
2013). Bacillust= 2~31%o]| A thoFst Al| 3£9] & 4 (exoenzyme)
£ wjelo] fol@s Aol Ao AEEE Bolrhs
B 317} ¢l e, Black tiger shrimp, P. monodon} Indian white
shrimp, P. indicusol| A /374E1 HE&0] S Hlrk= 1
117} Qlck(Rengpipat et al., 2000; 2003; Saeed et al., 2005).
Rhodobactor= F3/ w02 714 SA FdE 8t
™, Ao HA 55 0]-8-8to] AL, ARk A ol A A
1A 7= Eofol S8t 4TS TrhRyan et al., 2004).
M- FAoll A 3T ool thet A= Rhodopseudomonas
palustriss: Sthe] A9 FAlo| HEAIRS o, 9] &7t 5
7}kl Al P,N 2 COD (Chemical Oxygen Demand) A7 H]-&
o] Z7}8H5ith= B 17} 9ltk(Luo et al., 2012).

B A Lo A= tis), Fenneropenaeus chinensiss WA 0.2
olu] &HA 8-& n|WEE =, Latobacillus, Bacillus®} 333}
A3 vtg|g2]oFel Rhodobactor MAYE2 Al Z3F5}1o] bio-floc &F
Al A|2" o] J&=517] 918to], o] 5 nAE L] E a4~ St

o

2 AT, 0] AHES 2AL] -8 MRS o]
3F bio-floc 9F4] A|28e] 2§ 7Hs 42 A A|5tiAt sheck.

SAd=E

HEHE chinensis)y= AHAFAAFA A T-2x0| A 29 1o
A oA 25 ol A AL F, Y AE
A7 KRR, 1.5+0.3 em; AZ, 137+12.5 mg)= Al
stof AR 10mke] Y =gskqinh A7 5 elv
ALR(Cargill Agri Purina, Inc. Korea)E | 23)(24 9A], &
T 6A)), A5 3%E a0k, AT LS 95hr] $lsto]
PETHZ o]-&sto] 7 4=853lom, A3l ko= 4

o2

e e

e AT F2AQ0+ 1T)olA AABHAAL, 3 em 7FEE]
e} 7} upetol] 2] Y4240 X 40 X 60 cm)e] 35> 180 L
S A9 AskE A sHlaL, Aol ARGE 272 Table
132} et Ao AR5 bio-floc> 8148 E<%] Bacillus sp.,
Lactobacillus sp. (EM, Korea)?} Rhodobactor sp. [(FF) T4+
ol H] 4], Korea] W 2, H]E}R] 52 B5}0] Table 29}
%o bio-floc E/ & Al =5H3t. o2} #o] A|zH bio-floc
/44 1 L= 50 ton 3f5=0]l 3|4 AX F =5 100%2 45k,
o]& tHA| dl42 34 T= A5} 0, 60, 80, 100, 120 W
140% S22 gHEo] s} AR ALY SE2 AHg St Et,
Bacillus sp., Lactobacillus sp. ¥ Rhodobactorsp. v-52] 5=
£ 1x10° CFU/mML 0|40 §A8 4 Qe 548 7|2
bio-floe AL A £5H0] 909 FoF AU HE AAIaHAL.

Old= At

ARSAE S AJAFSE7] A, bio-floc EAJHE A xehA] 5Y 3t
102 39| bio-floc 5= 1002} 150% -7t tidke] Y& =

Table 1. The chemical components in seawater used in this experi-
ment at initial experimental condition

Test parameters Value
Temperature (°C) 24.50+0.50
pH 8.00£0.50
Salinity (psu) 30.50+1.00
Dissolved oxygen (mg/L) 7.10+0.30
Chemical oxygen demand (mg/L) 1.13+0.10
Ammonia (mg/L) 0.03+0.01
Total nitrogen (mg/L) 0.37+£0.13
Phosphorus (mg/L) 0.04+0.01
Suspended solid (mg/L) 1.2240.50
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Table 2. Microbial composition used in the bio-floc culture systems in this experiment

Component Composition Culture condition Culture period
Seawater (580 L) +
EM Bacillus sp. Freshwater (380 L) + 14 davs
(Effective microorganisms) Lactobacillus sp. Molasses (20 L) + y
EM (20 L)
PB Seawater (99.4 L) +
. . Rhdobactor sp. Vitamin (0.1L) + 3 days
(Photosynthetic bacteria) PB (0.5L)
Qo 2y

35 2SI Z47He] ol A Afgesto] Ht Ae] A S
= 10814 ©HA| s Akl w g SRl wet 217] o2 HiA|
of ZJslsto] 35T, 48h Hi Tt T Alat F 2t 5 2RI

Total bacteria count (TBC)= 1% NaClZ % 7}3t Nutrient
Agar (NA, Difco, USA) v x| of] T4 243t Al 2E 2]5}5}o]
weret Al et 48 2Astec

Lactobacillus sp., Bacillus sp. ¥ Rhodobactor sp. 2|42
T A B A e 5o FEfeHA S of whEh e i
=] sholst 5 API-test kit (20E & SOCHB & CHL, BioM-
ericux, Los Angeles, CA, USA)E 53t IRIAIES A A5t
ofgfe} Zro] Z}zte] Aetuf|of THA| A%t Al mE A 5}stod]
weret Al et 48 2Astec

Lactobacillus sp. w2 1% NaCl-2- 4715 MRS (MRS broth;
Difco, Detroit, MI, USA) v X, Bacillus sp. < 1% NaCl
< A7t MYP (Mannitol-Egg Yolk Polymyxin; Difco, De-
troit, MI, USA) wljX]¢l, Rhodobactor sp. v MB (Malate
basal broth; Difco, Detroit, MI, USA) 8] o]| {2kt & Z}z}
Ao W2k 58 2Aks ot

AHEZ T

2, pH, £E44AFHDO), P2 YSI-85 DO meter (Yel-
low Springs Instrument, U.S.A.)¢} pH meter (Istek, Inc., Ko-
rea)2 ol g3fo] uje) SAIY o0, ALgLE UjF: Hto]
ARSI H(EES G, 2010)00] whe} okek4] 4
A8PEHCOD), F-HEA(SS), FAL(IN), Frjol A
(NH4™N) 51 Q4] Q1(PO,-P)E 415},

A /7%= (Daily growth gain) = (W, —W,)/ day
W, = Final length or weight
W. = Initial length or weight

1

A A Auto] gt FASH 79432 SPSS 54 221
Z(SPSS Inc.)S ©]-8-510] ANOVA testS A A|31aL, AR A
© & Duncan’s multiple range testS 53l P<0.05% uj 1243
o] Sl AL R 7hEsaitt

21

2

i

¥

Bio-floc A|2H]of| o] 5= & P E F TS F7I
A PER R4k B 714 2HA f71ES el
FAR 2] S NSk 7150l tH(White, 2000).
o] d+to]| wp= ™, Bacillus sp., Rhodopseudomonas sp. X
Lactobacillus sp. 72] =7} 1-4x10° CFU/mLY o], A%
Al 2 A AV e TS b 9L, ol A%
59| 2715 Btkal $tk(Luo et al., 2012; Wang, 2011). ©k
2hA], & AFoA =, =2 nE o S A8 = 7Y E
7S 4 AR 1 X 10° CFU/mML 527 E44 Y o2
TSl t50] AR A AF YollA o] FEE FAIE 4= Q)
= 717k GrRIZHE: ot 7] 9]sto] A|7E ol whE o 4
£ =A3}9ith Bio-floc AN A% 547} 10¥ &, Bio-floc
5= 1003 150% -3te] tisto] njAlE o 5 AR At
= Fig. 13} Zt}. Bio-floc 3= 100% -7 097 & #5=7}
4.7+0.1 x10° CFU/mLo]| ¢l 2}, 5 $of=0.03+0.1 x 10°
CFUmLE 2435313l 109 $-ofl= 0.001+0.1 x 10° CFU/
mLZ A3} tH(P<0.05). Bio-floc &= 150% -7 0L A
% #4571 4.8+0.1 X 10° CFU/mLo| glon, 547} 102 3o
7+7+ 0.05+0.1 X 10° CFU/mL, 0.005+0.1 x 10° CFU/mL=Z
ZHABFFTH(P<0.05). Bacillus sp., Lactobacillus sp. 2! Rhodo-
bactor sp. wt I F wt<=eF v IR 2 5U R Al THAaE
HI1(P<0.05), 1084 oll= o] Aol AE= A HStch(Fig.
1). o]9] A= F¥ bio-floc Z/d M A £ 5 5¢ o] 3 m|A&
9] %7t 54 3] "olA= As 2RIE 4= 913eH(P<0.05),
71 AZEL bio-floc = 100%K = 150%F+7Fo] 2Rttt
u}2A], K A -Lof| A<= Bacillus sp., Lactobacillus sp. 2 Rho-
dobactor sp. 752 == 1x 10° CFU/mL oA} 2.2 F-A|&t
4 9l 711 5U& F712 bioflocd 28 U FEE 24
5to] bio-floc system= 083t Hish ARFA & AT
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Bio-floc ARS<=2} AR ARg=of| tshE Y Al5kaL 45U 90
A A 3 As Wf 4 HskE 4% Avb= Fig 29 2
t}. 8& A(DO)E} 318HA] Al @ FLEH(COD)L bio-floc %
T 9 AR UgoL TA glo] o3t MItE HolR] gttt
T A9 FA ol A AR W F o A Ao 42 7 A
329l & sluto]H(Cho et al., 2010), €EA}-$-, P monodon
9] 7%, A|stell Gk v A A] = F YHEYOKTAN)L} o}
AHINO,-N) 9| QFA &%= 72} 3.71} 3.8 mg/Lo|tH(Chen and
Lei, 1990). &2 Aol A, & Aa(TN)= & 17k A 0.6-0.7
mg/L 4220 & bio-floc H= 120%71A] = §-9]3t W37}
ZHE]A] eFor oL, 140% Y o= 90 2 $of 0.5 mg/L ©]
stz HolA the R 1-9)8HA AT P<0.05). &F
o} A4(NH,"-N)+= th o] B]sto] bio-floc 715H &
= FelA 0.1-0.3 mg/L 20 2 F-ol6hA W gk Hal

d . 100 %
1 150 %

[«2])
T

S

Bacterial count (x 10° CFU/mL)

Period (day)

Bacterial count (x 107 CFU/mL)

e
b
5 10

Period (day)

THP<0.05). QAFRI(PO,-P)Z AR5 45UA, 140% &5 3¢
oAtz vlste] FostAl FhAst 2 LH(P<0.05), 902
A t2tEoh W ol o o2 A A FhTt
(P>0.05). F-F22(SS) ti=3toll A= 45Ul Histo]
90 grol FelstAl =k HH(P<0.05), bio-flocs H7Het
TP = ol Aol 7F W E A AATHP>0.05) (Fig. 2).
Luo et al. (2012)9] A-Fol|A] 3335Hd wH(Rhodopseudomonas
sp)2] HEES 4x10° CFUML 2 348 1, Aj$- oFal4:9)
oFAHNO,-N), 4AHNO,-N), Fi ot FA(NH,-N) 5L ¢
(TP)9] =27} Aastgictal Rt o] & oLete &
ARk Btolu, 2 Al A 5 HA(TN)= 140% 12 A <]
stare §-oJ5t Zpo| 7k glglt) o] Kim (2014)2] AA7ojlA],
bio-floc 7} A154=2] 9HLL{OHNH, )2} O AHNO, 1 74

£ B3 o}, WAHNO,)O] bio-floc 7} ARGEoll A 22

d

B —
E 6
=)
e a
O
cco .
x 4 L
= _ e
=}
Q
&)
8
=
2
3]
®
om b

0 | | L
0 5 10
Period (day)
8
d
D =

Bacterial count (x 10° CFU/mL)

Period (day)

Fig. 1. Changes of total bacteria count (A), Bacillus sp. (B), Latobacillus sp. (C) and Rhodobactor sp. (D) microorganisms in bio-floc experi-
mental solution (100 and 150%) for 5 and 10 days. Vertical bar denotes a standard error. Values with different superscript are significantly

different as determined by Duncan’s multiple range test (P<0.05).
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9.5 7
—e— 45 days —e— 45 days
00 L —o— 90days - —O— 90 days
D 6
-y E
D o
E 851 S
c € 5
o) 7]
g ©
g 80 5
3 4
g 7.5 é T
5 75 L =
& 8
a €
o 3
70 )
a a
65 1 1 1 1 1 1 2 1 1 1 1 1 1
Control 60 80 100 120 140 Control 60 80 100 120 140
Bio-floc concentration (%) Bio-floc concentration (%)
0.9 0.5
—o— 45 days
—O— 90 days
0.8 - 04
g > 2
=g £
E 07| z 03}
c [0]
[ (o))
o) o
O =
= c
< 06 © 02|
© c
e g
<
0.5 —e— 45 days 0.1 -
—0— 90 days
04 1 1 1 1 1 1 00 1 1 1 1 1 1
Control 60 80 100 120 140 Control 60 80 100 120 140
Bio-floc concentration (%) Bio-floc concentration (%)
1.2 18
—o— 45 days —e— 45 days
c —O— 90 days —0— 90 days
—~ 1.0 16 |
<
g’ ac -
= c =
» 08 ac ac ac g 14
2 =
_8 °
o °
8 06 - g 12
< (]
o ©
) a S
- [0]
T 04| 2 10 -
% >
e} ab ]
< ab
o 02 8 -
ab ab
b
0.0 1 1 1 1 1 1 6 1 1 1 1 1 1
Control 60 80 100 120 140 Control 60 80 100 120 140

Bio-floc concentration (%) Bio-floc concentration (%)

Fig. 2. Changes in water quality of the breeding water exposed to bio-floc concentrations (%) for 45 and 90 days. Vertical bar denotes a
standard error. Values with different superscript are significantly different as determined by Duncan’s multiple range test (P<0.05).
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A2 §AE AolA AAE 2E 4 9)
AAHNO,-N)TH 4] ALANO,N)E F4sto] 2481
EAEE PR UOoKNH,-N) & == 748k o 5 A 4(TN)
o] 5= WoP} QIlthe 212 oFdAHNO,-N) 5-& HAKNO,
N)9 5= 2715 58 4= Aot Avnimelech et al. (2007)
o] At wk=H bio-floc AR AAHNO,-N)¢| 527} =
A §A5H 2L bio-floc AHG42] FE 49l S74o|0i, Kim
(2014) bio-floc Abs4>2] H-2 pH g2t A/do] Sl& Zlo|
2hal wzkskeleh 1y Aol A A 715 pHY
Q1= Bt 7.9-8.12 Bl QPP A 0]l aL, o= & Aol A] A
&2t bio-floc {Hol, F-&RFES] Q191A 1 7} glo] AHd
2 0 = 3l bio-floce o|-§3F 7|9 Wi Tte th=7] wie
ol Jloz Az,

Cho et al. (2010) bio-flocS 24J35}7] ¢5te] -8 u| Y=
& o] 3R] YL, AR it Aol A 273 Y(photo-
autotrophic, autotrophic) A€ol AR5 E}7}FY U(hetero-
trophic) -8 e ALA7]LL, B SAIREEC] 71E
7} Agsle] v AYEZ(microbial floc, bio-flocyS &4 A|7Ith
(Hopkins et al., 1999)= & 2ketsto] 3lche] Al$-, Litope-
naeus vannamers A0 2 A& A AT TSt Cho et
al. (2010)= o] P A B E MBETS 765 | A 22
B2 ARgSE7] wfj 2ol £hA9} A 4 H]-E(C/N ratio)& 24 sto] ¢F
HUols A& 02 A AT = Qlrkal A A o, A 2
¥}, G4t H]o] 23t FE Yo} F=710.1 mg/L o] sh= Af¢- A&
A Aol FaFe nIAA] SkaL, obAA = Hato] 13.6
mg/LC & AYET} 7ol 4123t Fok A A & Al o=
cslgiTh. 3FA15E, Cho et al. (2010)2] =2 B4 ghe =2 oL
AR O R o)== 2 Aol A 371242l bio-floc &3
WS Tt Adks 2] AR gk WA o2 ARSI of
=Y AY Aot

Bio-floc system AR&o] W2 2]5}o] 2L 2719} H]

|
3} Fig. 33} o] Yepgth A2 49, fi277k o4 =
71,5.57+ 1.5 mg/dayol| H|5} Q)4 T 45U7H-2 AR 4
o To& Qlsto] Hd AEHE o 90Y o] Fel=
34+2.6 mg/day S 2 53+ AAAEE H &} Bio-floc AF
S Fiof 2 g5t AF AHAES AR, 45U AR
9] 74%-, bio-floc &= 100% o]/Fol| A e 2Tt -2J8HA &=
2 RS BT, 120%001 4] 22.5+0.9 mg/day = | th2 73
SFATHP<0.05). 90 o]0 &= 100% o142 5ol A 25}
A = AL B, 120%14] 60.7+6.5 mg/day= Htj
2 stk A A= Alse A2k fAksHA 100% o]
Fo] FroflA] tfz2to] H]3 ook w2 S Belo,
120% T-71ol| A 2|12 -2 472 1 A thFig. 3).

Bio-floc A28 ARS-9] A Atm v]E A= QAL &
=y vhE AR A9-9] 2717 Atk AE Stk F, bio-

flocoll &3t 52| S7h= oM 9] Aol A Harg v gl
CH(Moriarty, 1999; Rengpipat et al., 2000,2003; Wang and Gu,
2010). Wang and Gu (2010)= Bacillus coagulans= A3t
white shrimp, Penaeus vannamei®] 4 &-8-2 &-2Jat W37} ¢l
o, dd Aol FofsHAl S7Fskaitkar Barsteict. o]
ARE S7H] HelE AFARES bio-floco] F712 4] H o]
o] H %3 (Burford and Lorenzen, 2004; Burford et al.,
2004), 431 9] AltE(bacterial flora)o] H3}2 <13t 43}
B229.0] Z7}o]| o]t A0 2% B 1 QITH(Venkat et al., 2004;
Yousefian and Amiri, 2009). Moriary (1996, 1998)+= Bacil-

lus sp. 7] &8 A4E Bughtt 215491, Saced et
100
I 45 days f A
[ 90 days I
% 80
g e
()]
‘E’ 60 °
£ de I
(o]
5 P
S 40 |+
2
=
2 c
O 2t b b
0
Control 60 80 100 120 140
Bio-floc concentration (%)
10
N 45 days B
[ 90 days e
= 8r I
®©
nd
e d
§, cd d T
- o1 b be bed T
.g C b
c b
()] 4 +
E a a ab
=
‘©
o L,
O 1 1 1 1 1 1
Control 60 80 100 120 140

Bio-floc concentration (%)

Fig. 3. Daily weight gain (A) and daily length gain (B) of the Chi-
nese shrimp, Fenneropenaeus chinensis exposed to the different
concentration of bio-floc after 45 and 90 days. Concentration ra-
tion 100 is 1 L bio-floc per seawater 50 ton. Vertical bar denotes
a standard error. Values with different superscript are significantly
different as determined by Duncan’s multiple range test (P<0.05).
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al., (2006)%= o] &k 9} 5] F s} SFAIREL] -3k 9] 4
SR A4S BATIO] AR ERO] F7FH9E Aol 1, 1 At

2 AEE Y AEE] SIS AeolEkaL ﬂi“iﬁ} ESH 2
Aol A o] 8- A, 2% oo -8 =S A Hl
ool A& AsshiE wl, 8ol Foklnhe Halk Qlok
(Gatesoupe, 2002). 0]= &-& n|AEE0] G5 n|YES AA|
sto] Ary o] sHkE WAsH, WY 7] 5e Ao = AlS-
O] 27 ezt FotAl7] Wi Zlofetal Frh(Abidi, 2003;
Hai et al., 2009). #qt ofu g}, tish= 341 3= E40] Q)
<, o] Brar s FAE0] moA AEeo] WoAl= 2
e 2Rk A2 vAEY FH A AR, w7le &
= A(SS) Sl 2AshA gt 2 A 01]*1‘— 1x10°
CFU/mL A% 9] g#o] 37} bio-floc A g et A5
A 7155 g Qo] 4] 'R o uhE Akl SHlofl a4
o Zloletal AYzieict.

ol gel Ak, Al AMEE -8 mAES ol83t A
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i3} x|o] 9] Aol FL& ATtE HQ A O R Hof o] A| ARG
i3l AS 7| &2 B-e 4 9le Aoz 7| rgi.
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