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Comparison of Dietary Protein Levels on Growth Performance of Far
Eastern Catfish Silurus asotus and Water Quality in Biofloc Technology
and Flow-through Systems

Hae Seung Jeong, Jun Seong Park, Hyeong Su Kim, Dong-Gil Lee and Ju-ac Hwang*

Advanced Aquaculture Research Center, National Institute of Fisheries Science, Changwon 51688, Republic of Korea

Biofloc technology (BFT) systems provides an additional protein source for fish by converting waste in microbial
flocs. Therefore, we aimed to determine the difference in the protein levels of the diet of Far Eastern catfish Silurus
asotus reared in BFT and FW systems. We applied a two-way (six protein levels X two aquaculture systems) ANOVA
design. We formulated six experimental diets to contain different protein levels (CPs)— 20%, 25%, 30%, 35%, 40%
and 45%-referred to as the CP20, CP25, CP30, CP35, CP40 and CP45 diets, respectively. We randomly distributed
900 fish into 36 (18 each for BFT and FW), 300 L tanks (25 fish/tank) with three replications of each diet for 4 weeks.
The weight gain (WG) and specific growth rate (SGR) considerably improved as the dietary protein level increased
in the formulated diets. The BFT fish showed higher growth performance with any experimental diet than the FW
fish. The growth performance of the fish fed the BFT-CP35 diet was higher than that of the fish fed the FW-CP45
diet. In conclusion, the cultivation of Far Eastern catfish (S. asotus) in BFTs can be carried out under reduced dietary
protein levels.
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AR SR Qo] X[&A 3] F7IE Qs ThalS AT 9 Z2H(biofloc technology, BFT) ¢}4]o] F2&411 9lth(Crab
’\A]-/“E-oﬂ tf5t 4= 7h Sojubar QITHFAQ, 2020). $2AHEC] et al, 2012). BFT 4] 20004t =JH AR9] A=t
=9 85 SF3P7] el FA AAl e ofelefl o qpagri o R FAIAZ A EE PR e D AL
gt *é‘é}%k 1986176 1995 714] 3t 640TH=0llA 2018 2#77]5 B7Fd g mlAYES ol 8sto] AIATRe =M AR
| 1,2009H2 0.2 Z71et gk AlA| 4= 4ol SJgh A 2 vg]x] ga A&H o7 AR 4 9l AEA- AT oF

AFES 1986 HE] 1995 7HA] ot 860RHE] A 2018 3
ot 5130802 F435] S7Fsto] U Aol SR80
A4 = AEHFAO, 2020). SHARE, o] 2f7E ¥4 9] A4
A2 FA ol A A= wiEE Qg A48 AEfA 1)
= AA QD 2 A1) Z3tE o]o]Z|aL YITK(Cripps and
Bergheim, 2000; Pillay, 2004). <=AFFA]  of| 4] WEAY &= 317

A]7]&o]th(Azim and Little, 2008; Khanjani and Sharifinia,
2020). BFT oFA12 95 2w 9.9 o 2 HE] obd e, ARS8
W A== flocs A= EV\] A ASHA SO = A AbmH]
Fat 4= 91, 97 AR AGReRA ALY
—’F = 7lgO]E}(Lee 2018; Lee et al ,2019). = Y
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E3] u)7] 4 A AAA R BFTY| Wol &85 o]Fo|t}
(Avnimelech et al., 2015). ™| 7|(Silurus asotus)= ™| 7] = ] 7]
sho] MBI A, S| 1 s 540] 21 vhefol it o]
A3, e egolu el ARE 917]7} wor, B3] vud 9
ulEh ghago] Fstol ey 9 wale] &7} 9l 2021
| =y ol 7] FAABARES 3,783 0.2 S Y4 ofF &F
KABAIFR] oF 1% A3t glow, Wae] theo® e
A ArEES A FTHKOSIS, 2022). 0] 7ol Qlo] AbR W o oka
eFouA|d A F= A =9 bR o] 84l FF= mlAl=
Z 93t 94 2 shto|tiKim et al., 2013). £3|, vjgAlE W)
SRS o] AP H O dS vlAE AV Fad ol
oluf, ) A9 7o) vy el AR HrlelE 3%
S 1| A 4= 9lth(Lovell, 1989). whzhA] A2 o1 vjghALR 7Hdt
2 919 Ak U] SR S 5 a5 e solof 3 Aol
tH(Kim et al., 2013). 2A W 7](Parasilurus asotus) X 1& &
4] A 280l 85 Fok AR A@E A3 u7] Kol Wi
KRR ] 2 e oF 4% 0.2 Wit v o}
(Kang and Jeong, 1993).

QUPH © 2 BFT AlA8Io) 4 GFAAES A5 49 AL
W o] o] A 2 A g-go] 57| ool BE ofFof A AL
U] Sl S 771 Ao B e v} glekSilva et
al., 2018; Hisano et al., 2019). Jatob4 et al. (2014)2 3]t}2] Af
SAFEY T ASEES 24.3%, 30.3%, 32.9% 123l 36.7%
O 7 77} A Z5to] BFT AlA® 2 SA|4] A28 v o
b AT E huld herolA] BFT A|28lo) A A3k 2lch
2] AR97F 2R A2 Eol A ARS Blcke] ARt 2 A
FES UERTh 37 H7] A& BFT Al&" o)A 55 &<t
AT A H7] 2ol 8- uidAbE W A7 Tl ke
34-38%721 A 2 2 LEltH(Khasanah et al., 2017). L&Y
S24) A 25503} BET Ao 4 9] v 7] oAb of 214 choy
2 ol w2 vl 7= B aE vl gick wheba 2 ol
A= BFT Al&g oA v 7] vighibe Wf T gkako] w79
A, Aol g4 W 4o m A oEE 4] A 2ela v)
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Table 1o] LR gict. o
& gejstel § 6550 AR AT AR
WAL 2 of i, Thul, 4x k) RS ALY
o, BRSO R B R, Ak, 2URS 8o,
AL R E2 AFE ST 2H AR AL A AT 45
7412 23(09:00, 17:00) &0 & vhE o 2 F3519ch,

Mzlof o ARE

dRlole Sttt AT ASAE A A TAF A
sto] BFT Al&goA] ARt WAE ARl om, A9
7] A7A] 42F A HARGE Sl ARSAE Sl A3Al
ok vheld s 80.0 g2 Wl71S 36709 320 L ARZHR(S
%, 200 Lyoll 27} 25uke)4) 3ubeo & wf 2|5t aL, AR A
& 45 53 JE T G2 ARl AskE AR RS
™, 200 L/day® S 2L, A et 8241
Ax(dissolved oxygen, DO)E F-4]3}17] 98l ool &S AA
SkSITh BFT A @ Lol A= A8k& 3w ohA] §aL, 155 13]
AA A=9] 20%E A AT 5 A sk& F71sko] ghpsl] 5

Slom, A MAYY|E Bol A AeE FEE %

e

A = =
LUEY BA

of

Apg0] 57 412 S18) A7 712 54t vhed DO (mefL),
pH, $-2(0)% 273508, AAlshEel Sy olNH, -

o

nom, 2
N), oFAAHNO,-N), HAHNO,-N)& = 23] 743513t} DO,
pH, 22 th&E4 =4 &4 7|(YSI-556MPS; YSI Inc., Yel-
low Springs, OH, USA)E AHE-8}9 AL, fmyof, opaAl, A
AR B A9 (Merck Inc., Darmstadt, Germany)®} £330
A (PROVE 600, Merck inc.) ©]-8-3F H| AR o &2 BLA5}¢I T,

ORISE o R4

A7) ASAY FRA 54 A 24407 A AR $ tricaine
methanesulfonate (MS-222; Sigma-Aldrich, St. Louis, MI,
USA) 89 100 ppm.2 w3Al7 2 4979 HE5AE
S7stonh AdAR Y] AN R4 AOAC (1990) 32
A vlo) whek =22 105°C dry oven (JSON-250; JS Re-
search, Gongju, Korea)ol| A 24417t Ax & A5l on, %
hal A2 auto kjeldahl system (Kjeltec 2100 Distillation Unit;
Foss tecator, Hoganas, Sweden)2 AME-5}0] HA5HKATE 24
AL 22 AFZ7](Soxtec TM 2043 Fat Extraction System;
Foss tecator)& AFE-5}0] ether2 &3 & SAs1¢ oM, =
Sl-2- 550°C 2|3}z of| A 4A17F 3]} & S48l
SHEA

[ |

Two-way ANOVA-test [6 (HIEAI=EY THlASEF 20%,
25%, 30%, 35%, 40%, 45%) % 2 (A A 28: BFT, 9-4:4])]
2} Duncan’s multiple range test (Duncan, 1955)24#] SPSS 24
program (SPSS Inc., Chicago, IL, USA)S o]-8-31o Z} gL
HAH 7943E AAskeIoh WEg Hlo]
Gro A4¥stol B BAssl.

= arcsine ¥

M

o} 2 7E

Nae 24



uto] @ S} fraA o Af v 7] Abm ) ekl ghefo]

BFT % 4] ARszoA il ghks gejsto] 45
AR Al 719 AEE, oAlS 571 AEAEE, Alras
(feed efficiency ratio, FER) % o243}k 5 S-(protein effi-
ciency ratio, PER)Z Table 20 UrER AT

AR 717F EoE B AR AEES 100%E A1
o &2 8l Aol 7 GATHP>0.05). AT S7Het dU/%
B2 A AL A ot JaFs e Ao g UEon
(P<0.001), BFT A|28]& o]8-5to] ARt A7ltoll A
A Al 2E ol A ARSRE AR B e AolA oAlS 5
Jhe} el g ol F7hEhe Ao e ofele ATke
BFT A 28]0] o]52.0] 4J230] g v] Ak Be A7 2z}
2} ARl UG tH(Moriarty, 1999; Rengpipat et al., 2000,
2003; Kim et al., 2015; Liu et al., 2019; Wang and Gu, 2010).
Hisano et al. (2019)2 U< € e}ts] o Oreochromis niloticus)

H] . ot 543

il

Hu

2 EAA U (Macrobrachium rosenberginys A2
2 %2 factorial design (BFT A| 281} 2 &5lko 9haFA] vs T4
FA B BGFA)S A8ote] AR Ay, st Al
83 ARTET BFT AlATE Ag5}0] Thalop 9 Bt
A2 0| 83 BTN Bt 24 W FERo| b 20519
T} 3 Liu et al. (2019)2 7]W 2] @ 5-0i(Carassius auratus-
gibelio) 9 JoY(Cyprinus carpio)ys LHF oF2] FAA oA 5
&2l (pond water) % BFT A|2~812- 2]-8-5kof Aolgh Ay} AU
AL 7PHE o Bolo| A BFT (1.98+0.15 %/day)7} 2t
SFA(1.37+0.15 Y%/day) ot A UEbg o, QJol+= BFT
(2.78+0.09 %o/day)7} LRE2F41(2.3540.10 Yo/day) HLrt =7
Ut 2 Aot frAket A S et

BFT A|&dlof| M ARE S71e] A BFTZ7F A=l
71242l Ho| F-¥o] E3l(Burford and Lorenzen, 2004;

o2 X

Table 1. Ingredient and chemical composition of the experimental diets (% of dry matter basis)

Experimental diet

CP20 CP25 CP30 CP35 CP40 CP45
Ingredients (%)
Fishmeal' 18.10 20.00 20.00 20.00 20.00 20.00
Soybean meal’ 0.00 1.20 5.50 10.00 14.10 18.50
Tankage meal’ 0.00 0.00 2.50 5.00 7.50 10.00
Poultry by-product meal 0.00 0.00 2.50 5.00 7.50 10.00
Wheat gluten’ 0.00 5.00 5.00 5.00 5.00 5.00
Starch’ 9.00 9.00 9.00 9.00 9.00 9.00
Wheat flour 57.50 50.10 42.20 34.15 26.50 18.50
Vitamin C 0.50 0.50 0.50 0.50 0.50 0.50
Vitamin E 0.50 0.50 0.50 0.50 0.50 0.50
Vitamin mix? 1.00 1.00 1.00 1.00 1.00 1.00
Mineral mix® 1.00 1.00 1.00 1.00 1.00 1.00
MCP* 3.00 2.50 2.00 1.50 1.00 0.50
Choline 0.50 0.50 0.50 0.50 0.50 0.50
Soybean oil 6.90 6.70 6.30 5.85 5.40 5.00
Cellulose 2.00 2.00 1.50 1.00 0.50 0.00
Nutrients (%)

Dry matter 90.75 90.99 91.39 91.79 92.17 92.58
Crude protein 20.04 25.03 30.02 35.10 40.01 45.04
Crude lipid 10.03 10.01 10.05 10.04 10.04 10.08
Ash 5.90 5.72 6.00 6.30 6.57 6.87

'Fishmeal, soybean meal, poultry by-product meal, wheat gluten and starch were purchased from The Feed Co. Ltd. (Seoul, Korea). ?Vita-

min premix contained the following amount which were diluted in cellulose (g/kg mix): L-ascorbic acid, 121.2; DL-a-tocopheryl acetate,

18.8; thiamin hydrochloride, 2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8; niacin, 36.4; Ca-D-pantothenate, 12.7; myo-inositol, 181.8;

D-biotin, 0.27; folic acid, 0.68; p-aminobenzoic acid, 18.2; menadione, 1.8; retinyl acetate, 0.73; cholecalciferol, 0.003; cyanocobalamin,
0.003.*Mineral premix contained the following ingredients (g/kg mix): MgSO,-7H,0, 80.0; NaH_PO,-2H,0, 370.0; KCl, 130.0; ferric ci-
trate, 40.0; ZnSO,-7H,0, 20.0; Ca-lactate, 356.5; CuCl, 0.2; AICI,-6H,0, 0.15; KI, 0.15; Na,Se,O,, 0.01; MnSO,-H,0, 2.0; CoCl, -6H,0,

1.0.*Mono calcium phosphate.
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Burford et al., 2004), 23}34] 9] Allit-Z(bacterial flora)2] ¥
B2 QIg 4815480 Z710] o5t Aom naw v gt
(Venkat et al., 2004; Yousefian and Amiri, 2009). E3t, 7]
& AR Y T kol wet o AlF Skt Y8 E
o FoJg GRS WSLO|(P<0.001), #1718 AL T
A Fego] HoHE ofAlF S0k AR B FTHEIE
0.2 pehteh oliz Al el slefo] AL AR S| 4
of| FaFE pl X ths B At Ak} frAkskA UrEbstH(Kang
and Jeong, 1993; Lee et al., 2000; Seo et al., 2008). E3F, A
wb 0. A T leo] Z7keh olge] Aol
He Aoz dyA QJIem(NRC, 1993), Lee et al. (2000)=>
‘A | (Paralichthys olivaceus) X]©1-& wetAl= ] chal 2l ol
= 30%, 40% 9 50%2 2427 A7 sto] AR elet At wh
4 ggo] %842 S 9 FER| %7 Uepdeh 11
aaict.

7122] W|7|(P. asotus) T @ 15k A1 (Kang and Jeong,
1993)0ll 4 At} Tl ghefo] S7kekp= w7 o] 7ol 3F
=] o] 45% AR TRl Al 7 =2 S Helow, & ol
A 7] A bl gl 200l 4] 45%2 S71ao] o
o} 7] o] Z71elodm, Als Thld sheo] 4591 Al

£ sae AdolA M =2 A YEbleE E3L 5
gk T S A AR E Bl o) e Al
TollAl BET A|2H)9] Ad7do] 4] Al2jlH T A Urebgt
T}, £, BFT Al28jo] A ARz el gteo] 25%¢] AR 2

&5 BFT-CP25 A37-2] oA 5 5717t frsd] Al gl of|A]
Hal 2 45991 AFR S BT FW-CP45 A3 e}k -1 291 2}
of7H UERAA] oot o, oo} 2 Ak AResuf vl Eol
A RA Fgo] H7] wZef ARl T e haA]
A olvke o A Aot FARBA UErsT

=

4527 AR F 2 A W] 7] 9] FERY} PER- Table 2¢] 1
ERY itk FER 9 PER-S ARS-4=2] 27 ol A] -G-2) ot ook 1t
2 707 Yepom(P<0.001), BFT A|AES o] 85}0] AL
FAZ A 5 o] 85ko] Agt AT Kk FER 9t
A Agago| F7tE= AR ey
£3], BFT A|ARIOA] Al ThlE FheFo] 30%<] AHRE

P AFT7E FA] Al A" oA T SRS 40% 3
P AR JA-ET FERO| =94t o] 9t -2 A7h= BFT
oA FAREE AT A AU nAES el
A 2] Tl A 2 4] Z-g-o] B]7] wiZefl ARy T
W] SRS oSk 4= Stk At Auket Y A8 THSilva et
al., 2018; Hisano et al., 2019). B $FALE U thal 20 A 2to] 2]
Ao 2 g nA = 7 F e e bo|w, thil ] Y=o
7t o] Bla7] wjzol] BFT A|ARIOA] ARSA] f4=4] AJ2H]
of| A ARSSh= S Hot AbR @S HoFs 4= IS A0 A}
FEcHLovell, 1989).
H|7]-& vigAtE W Tl gheFol whe} FER % PER 59
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Table 2. Growth performance of fish fed the experimental diets in biofloc technology system and flow-through system for 4 weeks

Experimental diet  Initial weight (g/fish)  Survival (%) Weight gain (g/fish) SGR' (%/day) FER? PER?
FW-CP20 80.0£0.01 100.0+0.0 25.2+1.32f 0.98+0.040f 0.9410.010° 1.87+0.100°%
FW-CP25 80.0+£0.02 100.0+0.0 37.941.33¢ 1.3810.043¢ 1.05£0.012¢ 2.25+0.083%
FW-CP30 80.0+£0.06 100.0+0.0 40.0£2.17¢ 1.450.064°% 1.07+0.011¢ 1.98+0.1040%
FW-CP35 80.0+£0.02 100.0+0.0 42.5+3.28% 1.52+0.093¢% 1.0940.029« 1.80+0.139¢¢¢
FW-CP40 80.0+£0.07 100.0+0.0 44.7+1.63~ 1.580.050* 1.11+£0.015°  1.66+0.064%
FW-CP45 80.0+0.06 100.0£0.0 46.411.45b 1.6310.049° 1.13£0.015%«¢  1.53+0.051¢
BFT-CP20 80.0+0.04 100.0£0.0 29.142.84f 1.11+0.091 0.96+0.046° 2.1640.217%
BFT-CP25 80.0+0.03 100.0£0.0 42.942.73 1.53+0.082¢¢ 1.10£0.027°«¢  2.55+0.1682
BFT-CP30 80.0+0.08 100.0£0.0 45.5+1.02« 1.61£0.030 1.1240.0120«¢  2.25+0.055%
BFT-CP35 80.0+0.10 100.0£0.0 49.5+1.11%° 1.72+0.031b° 1.16£0.0122c  2.10+0.051
BFT-CP40 80.0+0.06 100.0£0.0 52.442.31° 1.80+0.0612° 1.1740.0172° 1.95+0.090°«
BFT-CP45 80.0+0.04 100.0£0.0 59.0+1.902 1.97+0.050° 1.19+0.026° 1.95+0.064°~
Two-way ANOVA

System P<0.001 P<0.001 P<0.001 P<0.001

Protein level P<0.001 P<0.001 P<0.001 P<0.001

Interaction P>0.377 P>0.573 P>0.879 P>0.986

ISpecific growth rate (SGR)=(In final weight of fish-In initial weight of fish)x100/days of feeding trial. *Feed efficiency ratio (FER)=Weight
gain of fish/feed supply. *Protein efficiency ratio (PER)=Weight gain of fish/protein supplied. Values (means of triplicate£+SE) in the same
column sharing the same superscript letter are not significantly different (P>0.05).
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S 9Lo.B](P<0.001), Bl7]§ Mk ALE) Thald e
ofU42 FERS 27151 2.0 2 Uefyte}, 53], BFT A|
AElo] A v gAY Tl SheF 25%%0 AR S 358 BFT-
CP25 A -0] FERO| §4-4] Al 8ol 4] sk Afee) bl
g 45%2] AR E 539 FW-CP45 A @ 19] FERY} £-9]
A1 o] 7} LFERA] QEATH(P>0.05). wHehA BFT AlA/S
Hgao] AT A9 924 A2EolA AT A9l v
4] AR T ke MoKt 4 918 A0 TeEr,

PERS MR Tl Tpol 25% AR BE A
HollA] 744 A Uhehda bR e slego) ol
U ZhaEi A0 Uedth ofF The PERS 714
1|(Pleuronectes platessa), 7= A|(Ophicephalus argus)®] 7
o gl gheko] 40%2 ) 714 S g b, L ol
of ehld Slakg F71eke 24T 208 BISIITkCowey
et al., 1972; Wee and Tacon, 1982). ¥, Kang and Jeong
(1993)2 | 7] At Tl 25-55% H ol A T gleko)
ST E w2 e UEtlo] 2 AF 23t fAHA ek
Tk BFT A|2glof A Hetu]obS AR 3S o v Ak f Tl
Aol W&4-5 PERO| A Uehyten], ol= of 79 uijet
A T ko] s iy o FEf = o] thal ul
=o| 57Fst7] wiiZof PERo] @& 2o & B s3I th(Silva et
al., 2018). T=3h BFT A|Ag] o A AR n] A28 A &0 o}
A] i4jgko. 24 Tz A S-4o) 5] ulo] PERO] 4
Al A 2B ETE =7 U A o2 AR E tk(Silva et al., 2018;
Hisano et al., 2019).

AXIH
_I_ET'__A—-|I

477 AR B ARG S29 DO, pH 2 =2(C) 2 &
g3t Ak= Table 3o Ueb on, fp2]o A DO= 2e A
B LolA] 524021 mg/L o|AFo & LERG T, BFT A|AES
A L3t BHE R0 AL 9.240.20 mg/L o|AFe] &= Alawr
o] Uelgth pHE 4] AIAHE 2835 e A ollA
6.9+0.35 o]/F<] pHgko| Wb L, BFT A| A6 485t HE
A% Lof| ] 5.1+0.38 ©]AFe] pHEHS: UFERIT 2o m = A4
3 Lo A] 23.420.96°C o]AFo] 422 UpeRY L)

Choi et al. (1992)2 A5 20.68+5.64 g2] H|7|(S. asotus)S
3.5,4.5 4 5.5 ppm DO 270 A AR 45 3.5 ppm2] A}
G271 oA = |71 9] o] 7hssitial Hal Hup glon, 2
Aol e ARl A 5.15 ppmolte] DOE HERfo] A
SAY 717FE <t FEeh oFo AkAvt FEE ik TekE T

T3, o] 72 -9 Futch th2 Ak pH 4.0 o]stol A= A&
514 %518 pH 5.0014 pH 9.0 B $Joll A RS 7153kl pH
11 ool A= HARA 7L A stoh= A2t Bars vf 9l
th(Thorarinsdottir, 2015). & Al Fof| 4] BE A% 4= pH 5.02
o] gk vrebi o] w1712 A 71s pH H 9] ol Al ARSAE
o] XY =|qlrt.

o
i o2

FAE] Tl At W Abe #7719 f7]E 2ol
of oJsiA] Fmyolrt A wm, fry ol skl o3
A Abste] o] opzl ko] A E Tt TS, QP U of B op Aol A}
S Foll SA = Al ol ol AP A1 1] 3| E = rh(Schoore
etal,, 1995). 45°7k] ARSATE F2F U oHNH,-N), o}
AHNO,-N) & Z4HNO,-N)& 543t A1+ 217} Fig. 1, Fig.
2 9 Fig. 3o Yepon, NH,-N& 2E AFofA 4.520
mg/L o|5}9] S-S LR 0, NO,-N-2 & A F ol 4]
0.890 mg/L ©]3}2] 247 LERHal, NO,-N-2 44.9 mg/L
olste] S gke ekt

AN A ol(Hat AlE 15.0+0.23 g)9 49 pH7tF 25
NH,"-N¢| 54 &/do] 7| bt e, pH7H6.12+0.51 9] 41
96A17F 5%F NH,-NE 48.92 mg/L s=olA 94 54 =1
o 12 A] HARE-E 0%7} e tHSohn et al., 2015a). AR
Aol Z3g ol whet BFT A28l 4 ¢ NH, N §%=7}
A A 2R T A Uehube A Eo] Uebt o BFTO2 2l
SRS dojdt Ao & whekE|n], NH,*-Noj| 2J3t
29l o] AL Ao = ek

gkl NO,-N+= pH7} B&4+5 NO,-No| 34 542 &=
7 YeRg o, pH 6.18+0.54 @ NO,-N 12.4 mg/L Z719]| A
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Table 3. Water quality (DO, pH, temperature) of biofloc technol-
ogy system and flow-through system (Mean+SD)

DO'(mg/L) pH

Experimental diet Temperature (°C)

FW-CP20 5.840.75*  6.9+0.102 23.7+1.55
FW-CP25 5.640.55*  6.9+0.35% 23.8+0.85
FW-CP30 5.910.55* 6.9+0.15% 23.7+0.68
FW-CP35 5.310.35°  6.9+0.062 23.4+0.96
FW-CP40 5.240.21°  6.9+0.302 23.4+0.45
FW-CP45 5.3+0.31°  6.9+0.35° 23.7£1.01
BFT-CP20 9.9+0.44>  5.3+0.25° 23.7+0.83
BFT-CP25 9.910.30°  5.2+0.21° 23.7+1.15
BFT-CP30 9.24¢0.15¢  5.1+0.38° 23.7+0.74
BFT-CP35 9.9+0.40°  5.3+0.25° 23.8+0.36
BFT-CP40 9.5+0.36*  5.3+0.31° 23.7+0.60
BFT-CP45 9.2+0.20°  5.3+0.25° 23.5+0.50
Two-way ANOVA

System P<0.001 P<0.001 P>0.835

Protein levels P>0.162 P>0.989 P>0.998

Interaction P>0.246 P>0.999 P>0.989

Dissolved oxygen. Values (means of triplicate+SD) in the same
column sharing the same superscript letter are not significantly dif-
ferent (P>0.05).
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Fig.1. Changes of water quality (NH,"-N) of biofloc technology
and flow-through system for 4 weeks.
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-w-BFT-CP30 --a- BFT-CP35 --+- BFT-CP40 --- BFT-CP45

Fig. 2. Changes of water quality (NO,-N) of biofloc technology
and flow-through system for 4 weeks.
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Fig. 3. Changes of water quality (NO,-N) of biofloc technology
and flow-through system for 4 weeks.

(Sohn et al., 2015b).
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