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2 HE Bacillus subtilsS 28t HO|RE2 ¥4 J|&Biofloc technology, BFT)& 0|83t0]
CHsAO|(Leiocassis ussuriensis) BA Q| 7+sd2 &Qlstr| sl 902 St WE, HEX|=et
Mg =Ho| HzlE AL s40lE LASI| © BFT = MZEE Qs dys=0|
Atzet SUS HMIlst = B subtilisE ™SI 4027t RS OHYSIAIZIC AYZDY, s
0|0 MZESE ChRT 927+32%2} BFT METL 958+33%2 XALL|QUCE SHS Cfx=F
118.1£9.0%2} BFT MBI 197.7+156%2 HYUD, A7 MESS fZT 0.87+0.5%, BFT A
T 121+006%2 LIEIGICE A28 8-S CHETI} 437+2.6%0|4 1, BFT A= 701+4.1%E
ZHC|0] BFT AYTO| AIRR 80| O £2 ZHo=Z ZAI|QICH MEI|7t S0t 47 HE
ENo 2t pHE CHETQL BFT AT 25 LHALUD, MISSE CHETOA B3IE 2O|X]|
URAX|TE BFT MM 0LMEE [Folst 78 EUCH NH,-NeH NOy-N& CHET
Ol A 30YMEE 2Tt Z7HE EROLL BFT HETOAM = HBIE 2O0[X| QUL 22
HOR B subtilsE 8% BFT A|AEE l=40] & 1ol M85 A, +=H2 g%t
ol g2 BEQ0, YEES RS E2 AT sl =2 ASE ZANZ[0] 3FER &
7t A Ho = SHQIE|RALY,

Abstract This study observed changes in survival, growth performance and water quality
for 90 days to confirm the possibility of Leiocassis ussuriensis farming using Biofloc
technology (BFT) using Bacillus subtilis. Feed and molasses were added to the experimental
tank to produce BFT water before planting the experiment, and B subtilis was inoculated
to stabilize the water quality for 40 days. The survival rate of the experimental fish was
92.7+£3.2% in the control group and 95.8+3.3% in the BFT group. The Weight gain (WG)
was 118.1£9.0% of the control and 197.7+15.6% of the BFT, and the Specific growth
rate (SGR) was 0.87+0.5% of the control and 1.21+0.06% of the BFT. As for the feed
efficiency, the control was 43.7+2.6% and the BFT was measured at 70.1+4.1%, indicating
that the feed efficiency of the BFT was higher. As a result of measuring the water quality
change during the experimental period, pH was reduced in both the control and the
BFT, and Mixed Liquor Suspended Solids (MLSS) did not show any change in the control,
but the BFT showed a significant increase at 90 days. NH4*-N and NO,-N showed a
significant increase from the 30 days of the experiment in the control, but showed no
change in the BFT. In conclusion, as a result of applying the BFT system using B. subtilis to
the process of cultivating Leiocassis ussuriensis, the water quality tended to stabilize, and
the growth rate and feed efficiency were found to be higher than those of the control,
confirmiWng that it had a positive effect.

Keywords: Leiocassis ussuriensisttl&sZ0l), Bacillus subtilisin2=w"), Biofloc technology
(HFO|2EEH 7]&), Growth(d &), Water quality(=Z)
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Fig. 1. Change in concentration of ammonium nitrogen (NH4*-N)
in the tank to make BFT water for 40 days.
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Fig. 2. Change in concentration of nitrite-nitrogen (NOz-N) in
the tank to make BFT water for 40 days.
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Fig. 3. Change in concentration of nitrate-nitrogen in the tank to
make BFT water for 40 days.
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Fig. 4. Change in concentration of MLSS (Mixed Liquor Suspended
Solid) in the tank to make BFT water for 40 days.
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Fig. 5. Changes in water temperature in Control and BFT water
tank during the experimental period.
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Fig. 6. Changes in pH in Control and BFT water tank during the
experimental period.

2H RoMo2 S/tE(AN, A 90YME 0294007 mg/IRE
SII5IRACE BFT H oM H”7IZH S 0.10~0.17 mg/I2
2 2 Bi3lE LIEILIR] RUCHFig. 8). NOy-N2 CHZ=TO| FL,
HEE7| 016002 mg/ICE ZHEYUCH, M 302M 031+
008 mg/IZ2 715t 1, M 60LM = 026+0.08 mg/I22 of7t
amr t7h A% 90LME 038+0.12 mg/7HA| 4&3IRACE 12
BFT A& AME 016~022 mg/lZ TALEAT, HE7|Zt &
= g2 EoL |oXQl X0 LIEHLIX| RUACE

Nos'—NOI 42, HzFoM HEET| 6.0+1.6 mg/I0|A2Lt A
& 30YMSE 1925£649 mg/22 ROIXQl BIIE 2oH,

http://jmls.or.kr



200

10 4
9 4
> 8 a a a
£ a
= 71 a a a a
&
2 64
X
o 5
bl
)
=2 4
o
7]
L3
(=)
21 —e— Control
—0— BFT
14
0 T T T T
0 30 60 90

Experimental time (days)

Fig. 7. Changes in dissolved oxygen in Control and BFT water
tank during the experimental period.

0.40

0.35

0.30 -

0.25

0.20 -

0.15 -

0.10 A

Ammonium nitrogen (mg/l)

—e— Control

0.05 1 —O— BFT

0.00 T T T T

Experimental time (days)

Fig. 8. Changes in ammonium nitrogen in Control and BFT water
tank during the experimental period.

0.6

0.5 q —&— Control

—Oo— BFT

0.4 4

0.3 4

0.2 4

Nitrite nitrogen (mg/l)

0.1 4

0.0 T T T T

Experimental time (days)

Fig. 9. Changes in nitrite nitrogen in Control and BFT water tank
during the experimental period.

=5 SkA
5245
180
160
—@— Control

140 4 —0— BFT
) b ®
£ 1204
s ab
oy 4
N 100
e
- a
Z 80
[9]
3
g 60
Z

40

b b
20
a a
0 T T T T
0 30 60 90

Experimental time (days)

Fig. 10. Changes in nitrate nitrogen in Control and BFT water
tank during the experimental period.

1400

—

=

(o2

£ 1200

12}

k=]

S 1000 q b

n

3

o 800 4 a ab

% ab

Q.

S 600 4

(%]

=

S 400

k=)

-

- —e— Control

Q200 A —Oo— BFT

2 ‘a Aa Aa -a
0 * * . y

0 30 60 90

Experimental time (days)

Fig. 11. Changes in MLSS (Mixed Liquor Suspended Solids) in
Control and BFT water tank during the experimental period.

A 90eME 26124695 mg/MHK| S7tstE AgS 2L BFT
ATOME HEXT| 770641119 mg/0|ALt M 7|ZH S0t
A& BI1810] A 60LRY 1216142458 mg/l, A %.%‘E Alof=

1259041296 mg/I2 Z7F5tFCHFig. 10). MLSSE
102~162 mg/2 2 H3IE HO0|X| UUYOL} BFT *EE-?LE e
7|12t B0t B7t5to] A 0YUMEE RoHol FIIE
ChFig. 11).

B subtiisOf 2|3t LAIE
1 Qler, OjMEe ZAlo

2 Hsto kst ool 21|
oIl £Z=0

olgl| =5 (Gomes et al,
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Table 1. Microorganisms detected in the BFT tank at the end of the experiment

B. subtilis BIO| QE 20N ATt CHsZH0|(L ussuriensis| H& U AMg4 £F H3|

Genus

Microorganisms

Activity

Reference

Acinetobacter

A. bereziniae

Aeromonas A. veronif Llower disease risk Hao et al. (2017)
Azotobacter A. nigricans Anti-fusarial activity Nagaraj et al. (2016)
B. amyloliquefaciens Water remediation Xie et al. (2013)
Disease protection Llario et al. (2020)
B cereus Growth improvemen Rodigues et al. (2020)
B. clausii Growth improvement Sun et al. (2010)
Enhancing immunity
Bacillus B laevolacticus Survival at low pH Nithya and Halami (2012)
B. pumilus Growth improvement Sun et al. (2010)
Enhancing immunity
B subtilis Growth improvement Olmos et al. (2020)
Disease protection Rodigues et al. (2020)
Water quality recovery
B. thuringiensis Disease protection Anyanwu and Ariole (2019)
Candida C tropicalis Nitrogen removal Gao et al. (2019)
Exiguobacterium E. acetylicum Antimirobial activity Jinendiran et al. (2019)
Micrococcus M. luteus Enhanced growth and health El-Rhman et al. (2009)
Morganella M. morganii - -
Neisseria N. flavescens - -
Paenibacillus P anaericanus - -
Pseudomonas P oleovorans - -
S. putrefaciens Stress reduction Tapia-Paniagua et al. (2014)
Enhancing immunity
Shewanella S. xiamenensis Lower disease risk Hao et al. (2017)
S. basaltis - -
Staphylococcus S. wameri Improvement of skin health Musharrafieh et al. (2013)
S. salivarius - -
Streptococcus

S. thermophilus

of g7t Bagjn Qlof 2 A

Z0fet YK|SH=

MEAIZ Al BFT &S0 8 subtiis 152 TBEAIZE, &

HZ 2 A0 = Bacillus 65, Shewanella 35 3¢ Streptococcus 25

O] AEE|QD, Acinetobacter, Aeromonas, Azotobacter, Candida,

Exiguobacterium Micrococcus, Morganella, Neisseria, Paenibacillus
3! Pseudomonas &2 ZtZt 15X HZEE|QICHTable 1). O|& 72

O B subtiisS HMelet ROl OEE52 HBAR 40

ALt S0 ZEE/US A= FHELL Wu § (201602 M AT
| o 8 subtiisS Z=7Fet < bacteria == microalgae 52| O|ME
29| Ctg0| Z751 Vibrionaceaet 22 Held O|ME9|

BItE AFetcta E-T‘-3P95'\Ef.
BFT MHLZ0|AM AZE Bacillus £ O|ME 7}20 B subtils
B cereus, B. clausii B pumilus X B thuringiensis= ¥AE =4
M Zap W ofLal dAEES WHE U HESS FUAT
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Table 2. Growth performance and feed efficiency of juvenile Leiocassis ussuriensis reared in Control group and BFT group for 90 days'

Groups Survival rate (%) Initial weight (g) Final weight (g) 2NG (%) 3SGR (%) ‘FE (%)
Control 92.7+3.2 3.57+0.12 7.77+0.26 118.1+9.0 0.87+0.05 437426
BFT 95.8+3.3 342+0.15 10.17+041" 197.7+15.6° 1.21£0.06" 70.1+4.1

'The data correspond to the mean of 3 replicates + standard error and *superscripts in the same row are significantly different (p<0.05).
2Weight gain=(final body weight-initial body weight)><100/initial body weight. 3Specific growth rate=(Ln final weight of fish-Ln initial
weight of fish)<100/days of feeding trial. *Feed efficiency=fish wet weight gain<100/feed intake (dry matter)

= Aoz ENEACKSun et al, 2010; Nithya and Halami, 2012;
Anyanwu and Ariole, 2019; Olmos et al, 2020; Rodigues et al,
2020). 3t 2 MHM SHE B levolacticus= ¥4 2O0FO|A
e AAl 7t OH|SIX| T pH 250 M= RNl MEES
H7| WE0f(Nithya and Halami, 2012), &= Probiotics2A] &
ToloF & Harh ATt W2t

CHETR BFT HT0IM AMSS Cisd0lel 4EE, SHE,

U7t MEHE Y AIRE 22 Table 20f LIEHLARICE MEEZE Al A
Z82 =T AP 927+32%0(% 1, BFT M¥FE= 958+33%
2 LIEPEOLE foF 0l Xtol&= AL

ML X+ £ 21, ZE S=0M KX X
Ct SHE Zots tHET 1181£32%=2 SHE HHHof !

= 1972+156%2 FEEO 67% O =4 ZALEIACH Lzt
Y52 tET7H 08740.05%0| 4, BFT AT = 1.21£006%=
40% P O =ACL AERE AIE IET 437:26%0(RA2LY,
BFT A TLE 701+41%2 E™E|0 60% B Of A LIEHLCE
Honsheng (2010)01 2™ B suptilisOf 2l O1F ELO| As}
270 SIHEO| M2t SHE AREE0| SIFeCtd Est
1, Ridha®t Azad (2012)= Bacillus spOil 2|8l LY Atz A0|
o[ B7tE[0f AztE0| FTE A2 HEE F40| 0[F0
A 4 QUCtD 218U Adorian S (2019)2 B subtilis?t B
licheniformisS F0JSIAUS I Asian sea bassC| A& E7} JHME|
ALt BNSHRALCE EBH Xue & (2015)2 Litopenaeus vannamer
larvaedll B subtilsE FO}S [} $EZ0| SHEUCtD Hd}
R}, John & (2018)y2 Macrobrachium malcolmsoniPll B. subtilis
£ FORS I SHE0| 7Lt 25t CY,

Bisht & (2012)2 Guprini carpiodll B subtilisS FOI34E I &
S7|H vt Bt YHEL SRES BEstil,
Purwandarill Chen (2013)2 Lpinephelus coioidesIN B, subtils)
Fo= ZU DdEZe 718 FEMES 2050 2 A7

aef FAFSH ZntE ERICE
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