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Abstract

The present study aimed to compare the effect of biofloc technolgoy (BFT) and outdoor open-field
farming on water quality and the growth performance of the giant freshwater prawn (Macrobrachium
rosenbergii) during summer (June to September, total 119 days) in South Korea. At the end of the
experiment, ammonia and nitrite levels were found to be more stable in the BFT treatment than in the
outdoor open-field; however, total suspended solids and nitrite tended to gradually increase. In addition, in
the case of outdoor open-field farming, fluctuations in water quality were observed owing to inflow of
water during the rainy season in the summer. The growth and survival rate with BFT were similar to those
with outdoor open-field farming: total weight, BFT 36.7 £ 0.92 vs. outdoor 36.0 = 1.42 kg; survival rate,
BFT 75.1 + 1.88% vs. outdoor 82.9 + 3.23%; and feed coefficient ratio, BFT 2.7 £ 0.07 vs. outdoor 2.3 +
0.09. In addition, BFT showed a good effect on individual growth: specific growth rate, BFT 3.9 + 0.08
%/day vs. outdoor 3.8 + 0.04 %/day.
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.M 2 thA}-$-o] Th(Kim et al.,, 2013, Frozza et al., 2021).
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ZA AV AN S-(Macrobrachium  rosenbergii)y= & W A3 A A e 7]_; oK([Fig. 1)).
dorlobs THom TasH, AHAMEE T agaees 29 715 e W A

2 FxolA wol <A QItkNew, 2002; | e | S PR %Eﬂ(Wowor and Ng,
FAO, 2020). ZX8A"ANS= W& A5 & 7HE 2007)’ SAGAANA A7t Hd 7€ 715A
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o|MEZ (Biofloc) AlAEIIMS 2RAHO|MR (Macrobrachium rosenbergii) 2 Aztnl =Auistof zist AF

ofte} At WA= 7= 99 T Y
= olefst Aejd 5A4S &85t ofs AHE
3toF2) (Integrated  Multi-Trophic
IMTA)S 243 A7 Badnt QIohWilder et
al., 2000; Asaduzzaman, 2010). a}-A] %k 2 7 1) )
G S Adlel A& At slth

Hlo] @ Z2FoF](Biofloc technology, BFT), =3
o] Z}oF2) (Recirculating  aquaculture  system, RAS)
4l F2kek2) (Aquaculture) 2t =73 Al vl (Hydroponics)

5

Aquaculture;

9 &
< gEAQ WA A FAWHo|TH(Van Rijin,
1996; Avnimelech, 2006; Buhmann et al., 2015; Yu
et al.,, 2023).

53], BFTY RASE AlolA o] FojA= &
WHoR J1E FAPHAFA, 454, PR
A Syl wa) AtAeR mUE Aol Al
o 9§ do] o} Aol EatAoltt
(Hargreaves, 2006; Asaduzzaman et al., 2008). 1%
L} RASS] 49, BFTS} vlua] s AJito] 7}
SokARE, AP ek ofnx Adu], FAAM
5 AlAdvgo] =2 Tl SIth(Losordo et
al., 2004, Engle et al., 2020).

BFT %42 &5 9 A5 mgs 4
3 gomM 129 ARt s shen)
& A5 MES ARE, A BE 5 7
e 7 U= 38 A7)0 tH(Avnimelech et
al., 2006; Emerenciano et al., 2012; Park et al.,
2021).

BFT AH5 ol fEYotd] A= ARGS
E A3k Bacillus Sp, Pseudomonas Sp 5 EF7}
& 9k Al 7F (Heterotrophic  bacteria)®] -3 -81]
AEE Y PAEZ(Biofloc)o] ¥ FHrH(Wei
et al, 2016). wfole&eto] & {GAEAF Qe=
AA7F f7]ea YU (Carbon, O THIAET
AHFFU el A kR Yot 5 3F4-8-(Ammonification)
of WAk, ojuf FEYolrl wEA AAHT
(Browdy et al., 2012). ¥EYo} F3lz-8-& FAk

o Al AZFT DA AN B o

1>

P

¢

2

Hols wEA AAste] Mgd Fdo A7)
715 8tH(Avnimelech, 1999; Crab et al, 2010,
Jang, 2016). W3 A W] AEFE ARFAY =]
F7HAQ1 Holgo] ol Atnad Wik FdH=
o]xo] SQJtKCrab et al., 2012, Emerenciano et al.,
2012; Fischer et al., 2020).

BFT ¥ siAl¢-#E i o® AdE f
22 JEEold  gkO w(Avnimelech, 2006), =
o= allS-FA A S-(Litopenaeus
vannamei)©| -8kl 87704 AN el
BFT 2 om oFA%-s +9skal 3lth(Back
and Jeong, 2019). °JF9 A%, 4 €Helyo}
oz ezt M 4l(Clarias
gariepinnus), FY(Cyprinus carpio)2} -2 Joj3}
] §(Cyprinidae)°ll thgh A7} FakabAl W=
o]z} $kTh(Jatoba et al., 2019; Minabi et al., 2020;
Vyas et al, 2020). 3FAIRF AW A9 kAo
ojA AujellA BFTY 22 A&7k

(Oreochromis  niloticus),

2l Wes
ggato] AR AFAE ofd HaE wh ¢l

BFT 4 o}9)
BFT A}S$4:%= PP 93¢
x H 0.8 m)%} oFSJARSA] (
W 25 m x H 0.6 m)E o]&3t3or, 6¢ 24 ¢
2lEto] 99 30U7HA 165 (1199)
=

BFT A2 vpo]eE&=he] S 9] 9

3to] 7t 3E7)(Aeration)$} TFEE(F AL 90 W,
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[Fig. 1] Comparison of external

rosenbergii (A, Juvenile;

Female).
GANHE gt A NAE RE
or], NBAbAg ALEHNE o) §to] WaE
FTaste] FEAAE 5 mgll oS AR
£, AR A 2 fAE S8 2 kW S
E] (OKE-HE-100, Sewon OKE, South Korea)& ©|
g3t A7z Bk 28C A 22 A5}
At} BFT A9 Avnimelech (1999)9} De
Schryver et al. (2008)%] AlAF ¥ ol wla} F-Z35k
Hade gUS Tl was Ax HE

(FEA)E 1512 FAY 27] s B4

shape of M.
B, Male; C,

l

o

S 93kl BFT-ST (S A9 BFT-CT (%A
(ecotechservice, South Korea) 30 ppm< &3}
on, AYIEY FELE AES AAFAT
OFAIS A= SES 1Y 13]3(100%)0] HE

A

~

/\1 &

BFT AHGF= AIRE Aol whet 249 A
o] F7Fskd pH7F FrASHA HER, AEFS
pH7} 7 mRto® WHolxx] dLx FEAEER
(NaHCO3)2 3 7}3FS th(Hargreaves, 2013).

Macrobrachium 2] Al-$-&= 7 7ke] A4 o]
Aot 9945 7HAA §H, 32 (Cannibalism)
b= Ba7b QltHKimpara et al, 2013;
Thanh et al, 2009). webx F2lel &gt HALE
WA 5] S SAAE Ak BET A5
Z9 A%, W74 100 mm PVC Io]ZE <F 20
em A7|&E ZEh 38 50708 BFT 730 43
sto] WA S HEFAUTh ok AREA 9 At
A et ol FANES SAHE o] &
T AeERE wWE 2AXE RSk Fgkon,
N E(TAH T, 5o s =] Sl
AA Ze g Bxs A8 TH(Fig. 2)).

tlo

o N Flo
o Hu r>

[Fig. 2]

BFT rearing tank
farming system (B).

(A) and Outdoor
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o|4=25 (Biofloc) AlAEOMel 2AHO|IMSR(Macrobrachium rosenbergin 2| A%

2. 5'\_x| _E_A-I

A
<, pH, &4 (Dissolved oxygen, DO)= U
= TAZA7](YSI-650,  Yellow  spring
instruments, Ohio, USA)E ©]&-3}o] Alx ¥dF
d el 10Ae  SAEAT. AasEE
(Nitrogen components)Q! & EU oA A A (Total
TAN), oFdAMd A A (Nitrite

Arkd A~ (Nitrate nitrogen,

ammonia nitrogen,
nitrogen, NO;-N),
NOSN)S| e AbE BE A w2 104
of ste] B Ak (Merck KGaA, Darmstadt,
Germany)@} &7333 =7(Merck KGaA, Darmstadt,

Germany)& ©]&% B[S Fsto] B4k
E3 & FA 12FE(Total Suspended Solids,

TSS)<= APHA (2017)°] "3l whet A5k Ab5
1 LE A HEE 226 dxzAA AF

FE ool A

3. IR0 Al 2l MAEAM

Aol o] & FAAVANE= F3 5 3
A A% 394 + 637 mm, FEHE 120 + 1.78
mm, A5 0.6 + 032 g A3t o] &3t A
o 1,000k (602 + 438 g)E 2ol 3wk
T AAEs stk A8 A AEES
WA 38.0%; AW 7.0%; ZHE 1.5%; 15.0%; %
A+ 3.0%; Q! 2.7%, Suhyup-feed, South Korea)E
A s%E WA 2 104, 144, 184l U7
01 :Lo] }oﬂrjr /ﬂ;d—oﬂ LL}E /\]_E_J_:La]: X%B‘c<>

flsto] s ol gate] w4 30‘3}3]?— A3 st
Rom, %‘?:._ U A BES SR
Adatela s o =39 ‘(EE& A & A
AstATh AT HAAA2(MW-200, Cas, South
Korea)% AHEsl] SAsIAH AEEE & F

S(Total weight, T.W)3} vle|<+E 13513
U%, Z A % (Weight gain, W.G), L34 E(Speaﬁc
growth rate, S.G.R), =& (Survival rate, S.R) X
AYSA|S(Feed coefficient ratio, F.C.R)= = 7

A S o) gte] ulasteleh,

W.G (kg) = mean final weight (kg) - mean initial weight (kg)
S.GR (Yday) = (In (final weight) - In (initial weight)) / days x 100
SR (%) = Final individuals / Initial individuals x 100
F.CR = Feed intake / (Final weight - Initial weight)

4. SAHEA

BFT ¥ ofex&# + A9 443 54
A Ay g £94 15 SYSTAT &
E 9J|o](Systat version, 18, SPSS Inc, Chicago,
Illinois, USA)E ©]43}0] ttests 31310, T

84 [ FFEE p < 0.052 27gskoich

m. ¢4t A1}

&2t BFTS} ofJARSA| 8] Hat -2
< 28.5 £ 049C ¢} 287 + 1.71CE YEML
o pHO A 74 +0.15, 79 + 0.11, DO 74
8.5 + 040 mg/L, 9.0 + 0.54 mg/LE LtEFTh
<, pH % D09 A% F HAFIFNA 79

&t zpo]7b FEREA] QESkTH(Table 1, p < 0.05).

TAN, NO,-Ni= BFTYIA | mg/L "o = <t
A gho] fHAEGOH, ok AMFA ] A g,
A7 F 42~779 Atolel]l BFTel H|3) 74
O® F %S YEHITH(Fig 4. A, B]).

AR %
)

7}7)

<Table 1> Water condition parameter in the BFT
and Outdoor treatments during culture
of M. rosenbergii

BFT Outdoor
Temperature (C) 28.5 + 0.49 28.7 £ 1.71
pH 74 + 0.10 79 + 0.11ns
DO (mg/L) 85+ 040 9.0 + 0.54ns

The data correspond to the mean of 3 replicates +
standard deviation (p < 0.05). ns = non significant.
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BFTS] NOy-N¢} TSS9 #2 HA F7lskala
OFQJAREA] o] 79 NOy-N< g oz A o}
ERsith ob9]ARSAI Sl TSS= TAN, NO,-N# 2
o] 42~774 7|3bel] YA AR FolA = Aol
UEFSCK(Fig. 4. C, D).

2. MAH|

AdA, {14 457258 BFT A8 A%
I FFE] Aol ofgAbE A ws) Mgk o
W, 12534 o] 7 AP el o] #9
Sk Zpol7b vpebwtth JRAE AdAde A9 BFT
(TL, 1565 + 8.17 mm; HL, 49.0 + 2.80; BW,
488 £ 7.94 )7} OFJAFSFA|(TL, 148.1 + 439
mm; HL, 43.0 + 7.07; BW, 434 + 631 g)xt} A
ol e Aol yERth(Fig. 5). T A
(T.W)Q] 7%, BFTE 36.7 + 0.92 kg, oF&IAFEA]
360 = 142 kg, SAFHW.G)S 4% BFT+
36.0 £ 0.92 kg, ©FAFFA= 360 £ 142 kg2
etk dA94E(S.GR)S BFTAIA 39 =+
0.08 %/day, oFJAFSAE= 3.8 + 0.04 %/day®
A, A% 9 dd8FES 7 APT BT
H5est Arb vebseh 2y, AEESR)Y
7% BFTE 75.1 + 1.88%, OFSJASAI= 829 +
3.23%, AFRAGE BFTOIA 2.7 + 0.07, oFAMS:
A 2.3 £ 0092 AEE ALRASTAA F-23
2to] 7k YEFETHp < 0.05) (<Table 2>).

<Table 2> The growth performance of M. rosenbergii
in BFT and Outdoor

BFT Outdoor
(Tk‘g 36.7 + 0.92 36.0 + 1.42%
‘(’;’(g 36.0 + 0.92 353 + 1.42%
(.%%g;) 3.9 + 0.08 3.8 + 0.04™
%}5- 75.1 + 1.88 82.9 + 323
F.CR 2.7 £ 0.07 23 + 0.09°

The data correspond to the mean of 3 replicates +
standard deviation * superscripts in the same row are
significantly different (p < 0.05). ns = non significant

TAN (mg/L)

7 14 21 28 35 42 49 56 63 70 77 84 91 98 105112

Days
B
2
—a—BFT ——0Outdoor
=]
g
z 1
&
-
0
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s
7
6=lI]I]
-
50
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150
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Elﬂﬂ
w
0
e
50
0

0 7 14 21 28 35 42 49 56 63 70 77 34 91 98 105112

Days

[Fig. 4] Comparisons of nitrogen components and
TSS in the BFT and Outdoor treatments
during 16 weeks culture of M. rosenbergii
(A, TAN; B, NO2--N; C, NO3--N; D,
TSS).
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o|4=25 (Biofloc) AlAEOMel 2AHO|IMSR(Macrobrachium rosenbergin 2| A%

A

—=—BFT ——Outdoor

200.0

-
h
=
=)

Total length (num)
[
[—]
[—]
=

50.0
0.0
Initial 4 8 12 16
Weeks
B
100.0
—=—BFT —<Outdoor
fg $0.0
= 60.0 .
B :
£ 400
=
o
&
=200
0.0
Initial 4 8 12 16
Weeks
C
100.0
—a—BFT —<Outdoor
. 80.0
8
7‘-;., 60.0 4
=
z
& 40.0
5
A 200
0.0
Imitial 4 8 12 16
Weeks

[Fig. 5.] Comparisons of growth in the BFT and Ou
tdoor treatments during 16 weeks culture of
M. rosenbergii (A, Total length; B, Head 1-
ength; C, Body weight) (p < 0.05).

v.ZE

[

B AT M= ZAAUAS X2 BFT A&
o] olAlslo] ofQANS A oA kA AT} v W
Skt BET A9 75 ofglabgAel uls)

4
AR gt maton £4 B4 Azl
A grmuel, obdagel i WekEol ok
AgA s Ao FAHE AFE Tl
shaict.

SAANANSY AP Aol KAl 7

u, oA ko] w2 AMRE AHAT A
37o] w=vkal e A Qi tk(Ballester et al., 2010;
Camarin et al., 2023). APAT] M=H FAdx
A9l FAAVANEY] FA AU AEA
oF 35%°] oA kS TH AMRE HolA
AU FEL 324 + 0.01%/day, BEEL 80 =
1.63%% YERST B g chMurthy et al.,
2012). & A9 AF Ao A= BFT AlAHe]
A ZdM A (Crude protein, CP) 38% AlEE ¥F
39S W UMNAES 39 + 0.08%/dayE LIEF
U Agd AztRg A Jebsioh

BEES 75, BFT 28 ZAAN¢Y 4
Ego] 751 + 1.88%%E OFSJAREA| A ARSEE
A7K82.9 + 323%)Htt A YERRTE A
Ao A okSIAREA ] g EATIIH429~T77
Ad)F9ot TAN, NOs-N 181l NO,-N A7} &
°‘D}7P oA = AES BHIAT AEE
/\11410015/\]—0— 34
273 —?—fﬂﬂlﬁ kAol 1
Fige é o] gtk UWET} HE
Ez

Okﬁwvﬂ] MA L Aoy AT T AFEE
BFTS} foA o= Ao|7h gldlov, ArsATE
Hlw3sk A3} 23 + 0.09% BFT (2.7 + 0.07) KU}
A dEbsth AlREEe] Ae OkﬂA}vzrﬂ 2
7o AWAFA 7 BFT AR} vol &
ojgo] Z9AT AFREES BFTET =7 UEl
skt

SAARANG-S] S H8 AAE el
AR AE T 54 A, okAEA e &
o o (Hydrophilus =70 (Cybister
EA 2K Muljarus  japonicus), HEALE]

acuminatus),

Japonicus),
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BEEA . O|HE -

o

& (Orthetrum albistylum), Alo}A 8l (Ranatra
A S (Branchinella  kugenumaensis),
T M$-(Triops longicaudatus) 52 FAAE0]

A2skaL Qs AE gelekslh([Fig. S1)).

chinensis),

A g ||IB C

[Fig. S1.] Aquatic insects in Outdoor treatment (A,
Hydrophilus acuminatus;, B, Cybister japo
nicus; C, Muljarus japonicus; D, Orthetru
m albistylum (Larva); E, Ranatra chinensi
s, F, Laccotrephes japonensis;, G, Branchi
nella kugenumaensis; H, Procloeon pennul
atum; K, Triops longicaudatus, L, Procloe
on maritimum.

w3, FAAANTE FAAEE e AFEe
AElstd EA(Wilder et al., 2000) #do] 1S
Aoz AlgHY FF A5 Fal| okAEA
A8 AT AUEE A 59 ATt
das Aoz ke

SUES] F7hs A A%l 9%
= "AE 8oz A 2§35 Frk(Long et al,
2019). oFSIARE Aol Bl BFT 28 &4 A A
o A AU ETE 2o, dEe mE AE
A 58 QRle wow /‘huigoﬂ nel

AR Qe F9e Aot
=

H
o gt
>
>

AgPATo] w2 FAARAL] A4 42
20 £ 2TE o5H 1uF20 okYArASAE T4

o

2450

0!

sto] FAo] 7hestthal KoalE o 9] th(Kumaresan
et al., 2016). 3FANE 109 o]F F20] 73}E =
A7 dsS S8l Adlelse] dgAolt. §t
Ak olx2 91§ EE (A FHAe A v
FAR QIS EeiA 7t s tk(Strange et al,
1977). ol ®bsll BFTE: AMGA] ©]5o] Hag
i, A B 9] IR e & PES A dob
AF Aol 7hsst o]FHe]  SItH(Avnimelech,
2006). & A7~ Aol ofstd AEES oFALS
A AGTNA oF 7% E=A YEREARE 527
ol AHKA MEE FYF Tw Y =4l
£ efsthd BFT+ oFJARGA| oA A3 1]
Wk w e olHET HAsl kAl H
23} 5)= 7FHYkKim et al, 2014; Baek and
Jeong, 2019; Hwang et al., 2021).

FARAAN =T s YEde AR
?l TSS9} NO5-N&| 7% ofeAhsA| ¢l H] sl
BFTeX = ¥ 7170l Aolxel we} F7tshe
7o) Yelgtt 18S9 IS & A aff st
IFE(250-900 mg/L)e] HAFANOY)S A
T SA8AE B FEVAAEY i dF=
I 4 A Qlth(Madsen et al., 2000). 3}A| %k
BFT A9 49 NO;-N $A7} 150 mg/L
olshz fAse] H4ol AYHA gke Row
deranh, el 4717k Soltel Wt Tss

5o
HE

Y R

SN

BOAAANONS TR HE wopd slow
Fese], FF A7elM= BFT 24 A 347
1 TSS, AAAMNOS A Wl Bl AR Y

o fﬂ}% 27 Wre] g3t ofe] mE AEY
F7h49 77k Ao Row
Aok TS 0 AAGle] Fhael mHA
QA A)5E JR obFolEYAE Mg A%
2021; Pinho et al., 2022; Kim et
g T A

(Hwang et al.,
al., 2022) &717+ 31017{13] A
£ F As Ao Almdrh

ATl E AT XeH39.4 + 6.37
mm)ol| A F7HF g o] ©@A(156.5 + 8.17 mm)7kA]
AY BFTE #&3ate] du2ox ARSailth &
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o|MEZ (Biofloc) AlAEIMS 2RHO|MR (Macrobrachium rosenbergii 2l AZtnl =Zluistof

AT AL oRARAS FYE A%
o3 BA7] olF B FAS F8Y 5 UL
Zolth. # A9 Av Ay 2AAT A
W OBFT A48 g8 Jzdre 288 5 oL
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