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Reduction of dissolved hydrogen sulfide and mortality of white leg
shrimp, Litopenaeus vannamei by Bacillus spp. microorganisms

Jun-Ho Choi, Ji-Hoon Lee, Jung-Jin Park, Min-Sun Lee, Jun-Sung Bae,
Dong-Hun Shin* and Kwan Ha Park’

Department of Aquatic Life Medicine, College of Ocean Science and Technology, Kunsan National
University, San-68 Miryong-dong, Gunsan City, Jeonbuk, Korea
"Shindong Control Center For Aquatic Animal Diseases, 21, Seokdong-ro,
Eumam-myeon, Seosan City, Chungnam, Korea

The utility of Bacillus spp. organisms for reduction of dissolved hydrogen sulfide (H,S) in white
leg shrimp (Litopenaeus vannamei) culture was tested with different combinations of Bacillus spp.
microorganisms: combination A (B. subtilis + B. licheniformis);, combination B (B. licheniformis +
B. amyloliquefaciens); combination C (B. subtilis + B. licheniformis + B. amyloliquefaciens). Of these
3 combinations, C was effective in few hours after addition whereas B needed longer time to be
effective. The H,S-reducing effect of combination C was dependent on the amount of microorganisms
added to H,S-containing test solution. Exposure of white leg shrimp to H,S at 8 mg/L for 7 days
led to survival of 80% and 1 mg/L for 14 days it was 82.5%. The survival rate was 97.5% when
combination C was simultaneously added to shrimp tanks during H,S exposure at 1 mg/L for 14
days. It was demonstrated that combination C microorganisms (B. subtilis + B. licheniformis + B.
amyloliquefaciens) can reduce dissolved H,S concentrations, and this effect can be utilized to protect
white leg shrimp from H,S toxicity.
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a o] F FHFo R A SATHKIm er
al., 2017). A= & 5ol wlal
AuiAel a1, AREC] wan EIF Hlo]2 2
off ¥1ZFd %l 75 (specific pathogen free, SPF) A9
o] ojn] Fs} Hi e § BT FH s
A 54E 7HAAL lo] ARl vF B ofy
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Ho]th(Bonn and Follis, 1967; Adelman and Smith,
1970, 1972; Donavon and Llyod, 1974a, b; Kang et
al, 1995a, b). Aj-f-ollA Yet= &8ss F55
2 A =" (Back gill disease)>-Z o}7}u]7} HAA W&
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Table 1. Composition of microorganisms

61241 [e)

AE QA A 252 Fa oA Bt AT
AN L. vannamei)E TH3+A A

B3 At AP T2 & F FAAY
S 13}7] 95t FEv; AFS(Cargil Agri Purina,
Inc. Korea)E "l 23](A 10A], &3 6A)) A5
9] 2%¥ FHATE AFSFTFEE 178(W) x 75(L)
x 55H) cm 27|12 FRPFZ (5% 200 L 522
FA], F2 25°C 9= 2.5 psu)olH A &EHOZ 2
7] FAA 1497 X T & AP AE3EA T

N8 Bacilluss: WA= 5 AET 2A

B AFoN M= Bacilluss2) B. subtilis, B. lichen-
iformis 2 B. amyloliquefacienss 37}A] ZZ o2
T8t AHEstdT & HETS AFHAE 2
A &%, AT A= B. subtilis &} B. lichen-
iformis EZAA o] a1, N @ B B. licheniformis
9} B. amyloliquefaciens®] SFAA ol Al FT C
+ B. subtilis, B. licheniformis 2 B. amyloliquefa-
ciens®] S A A o] tH(Table 1). +FE2 ATCCO
A A T FF(B. subtillis ATCC 23857, B. amylo-
liquefaciens ATCC 23842, B. licheniformis ATCC
14580)= BHIH| A (Difco Laboratories, Detroit, MI,
USA)E ©] &3t 26°Coll A 48413t wiF &kt

Y -1
EEFF LA L FEERE A B4
S AT 94 =S FE(1 mgl ©1h)e] &
zgslrs B A8 71 EWater Work™,

481197-20, Industrail Test System, Inc, USA)S} &%

Groups Microorganisms Ratio (%)

Control None None
Combination A Bacillus subtilis + B. licheniformis 50/50
Combination B B. amyloliquefaciens + B. licheniformis 50/50

Combination C

B. subtilis + B. amyloliquefaciens + B. licheniformis

33.3/33.3/33.3




F=AE BET BAYEE 1dstd SAHEA
o o] 4 7| EE SHH o E HES SA5IE
E AZE Ao|A v A8 &I A SAHE
el 2 7| EE o] &3ate] 93] B8-S &
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2o &E33 A A adel A M -S(Litopenaeus vannamei)©l 2] F 43

St T Al A Bl gd S wnk & AATES, 10
50 mL)yS AF 3k PAE(3,000 x g, 5 m
TAE AU} #AE PBS 1 mLol 34slal 34
H AAE 50 mLE ZA3 283543 mg/l)
Lol Bty iyt FEHE A3}
Ak AN E T BA TS Wl 50 mLE A F
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g 20mk A Al 4#% 25 + 0.5°C, pH
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Atk AFFC( gL)E Atk $-9 3 484131
g 9 4 5 823354 FES I mgl F
o] HA %@ME%% My 13 w3y} 2zt
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Fig. 1. Hydrogen sulfide(H,S) reducting activity of 3
different combinations of Bacillus spp.. Microorganisms
cultured for 48 hr in LB medium. Initial amount of mi-
croorganisms was 1 g/L. H,S was added at 3 mg/L con-
centration (N=3). "Significant difference from control at
P<0.05 as determined by Dunnett's multiple comparison.
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HN
ot

Brart AZE AT 28y B4 2A-EA 1,
2 % 6AIZEll = AlFTtColl A 50 mL Bkl o] He)
% 7‘(47].-3]- /\] 84-?0] 7].74 [e] /*-8]- B.&i]—;?ﬂr_/,:_/,\_ x-]
s S YEFATHFig. 2). 23H o2 AJFFA, B

C T AEFC7t A g v 7h 9403t %

galrsh AdsS YL
Acte) Aol et Fapaan] =4
Fotrddd =29 Ao HF v A

Ao 8233544 BT} 1, 2, 4, 8 mg/Loll Al
717k 8, 13, 12, 20%= YERRTHFig. 3).

1=

R

Ll

AR Cr} Sslino
Hx]= ek
SEYFAE | mgle FEE A&KZFHOR
RS W 29 A FE dzTollA Aok Ag-
o) A A7} A &) Al 2SS ThFig. 4). PFAIEE Al
AEE ANAA iz s FE3] AATE A
LEAOY APTCE FYT AP+ vz
iy g Af$-2o AEE]  E}TH(82.5% vs.
97.5%).
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Fig. 2. Effects of different amount of microorganisms
added to hydrogen sulfide-containing solution. Microor-
ganisms were harvested from different volumes of cul-
ture media. Microbial pellets were added to H.S (3 mg/L)
solution containing. A-50, microorganisms harvested
from 50 mL A combination; B-50, microorganisms har-
vested from 50 mL B combination; C-5 - C-50, micro-
organisms harvested from 5 - 50 mL C combination (N=
3). "Significant difference from control at P<0.05 as de-
termined by Dunnett's multiple comparison.
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Fig. 3. Survival rate of white leg shrimp to hydrogen
sulfide (H,S) exposure. Twenty shrimp per each group

were exposed to different concentrations of H,S (1-8
mg/L) for 7 days once daily.
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Fig. 4. Effects of microbial combination C on survival
rate of white leg shrimp exposed to hydrogen sulfide
(H,S). Microbial combination C (1 mg/L) and shrimp
were put into a tank at the same time and cultured for
48 hr. Shrimp were exposed to H,S at 1 mg/L for 14
days (N=2). Data are mean values from duplicate tests.
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al., 2017)° Ztate] Aj-o A {53 &3]}

2

S

<
2=
T
=
=

Fome fo =

BRI

= stk Algstith =t o
&3ra Ads =
=

of oo

o] AttejAl -2 AE&ol
A=A A skt
B AT A= Bacillus%: P ES A PTAB.
subtilis + B. licheniformis), A &B(B. licheniformis
+ B. amyloliquefaciens), A 8T C(B. subtilis + B. li-
cheniformis +B. amyloliquefaciens)®] ZF o2 AE
sttt Fig. 1> ZH2he] Al +A1 & 48413 &<t
HjF & kol 3 mgl FF2 FIriE T2
g Aol F3tra e F 2T 24307t
A §EHE L FETF AASA &t 12413
o= Aastdnt AdTAE F3tra T2 5
= Fol3k ZFol7F RIAARE 12413 wfoll =
3l F7FstAnh ol A@wAY ¥l &
stra T Addee a3t fla 23y 74
)l FHo s AR A gstrlde AHeA &
Ao = ARHY. AFTEBE &34 F
F2NRNA §EZE L FEVF AR R
A AZHA FUAT HEH o=
AL AFTCE TAHSE FolT &
Fstrs FasS e shAIRE 12243
daee UERol 88

o
ANETZO

A

>
o

Fa i) AFTCEY =A B3 HE A
2 AREY dEEEH7E T2} =004 st

o] mAEo] FE3lA 2718 HAEo] HIAUS
7MAE gk Aldlgt 3k Mt 713 (generation time)
ol Iwj7tA] AEle NS Eoh Adr|zhe
&, M 21 Foll et th=2(Lee ef al., 1999)
D Fu A ol A Al P@TCZF BET Rl =] F4
o] O Al&dte ge FEVE 7S &8 A7)
A= FZ7] W vAES] T S5(HF7]) =
gH ek A 12413l 23] AP wBYF tiET
H| &E33rah ool fold sle® ARH
o S APECY 3F =Fol 5 Wl T &=
Gotra Fasol M A&
il 7t

AT 8 GFRA Foizh
5]

s
>
=
o0
£
o
2
x
o
-

iy
o
rE
o



46 HED o] AE - AR - o]

R R < 54 AFig 2) HET A
A B BARTE 78 zol7t gl Adwcet
o] frolstAl 8 f%"@r‘/ﬁi Az el &
3] 6AIZHA] A EaC BElo G &EFITA
Azso] Yo v o202 Yeh AIFT
Ce &3 T4E 953 A= ﬁo]ﬁ]";’i
ok o] Alg2 AlgFA F2o B8 84
AAG FH AP AL =E Fig. 13+= #ko] 7} 9}\0%
ng o 4 £5 9 APEAIR] F3trd 5
o Aztell #Ho] e Ao = AndY. o] A
e FHARE, AFTCT 2710 SEH3
2L AZsol % JoE Kol NPT CE
FEdd gt 5 W 7Y AEART Y
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A7Vl F o= aa2Ql g4 Agad
E 710 = Y& ASE ARAG Yot B A
TFoll A Bacillus$ VA =2 234 A&7
F 3 v &9 Zol7} mE L AS FEFe 71A
Z1o 2 Holw F7Al A7t Fastokal At
o} =3 gslr4E BAse P E A=
Lo &I a A (547 mg/L)stoll A A
o] 3] A BDhs B I(Reis ef al, 1992)7}
ATE oMY AHA| ALHES] F3tiol o5 A&
AAZ} FA = e ekl B AFoA = o
H Ald & T3l v Eo] Al WA g 5
AA AAA FFollA drbH oz By T ¢
Z9 13 mgLE A3t AstAT
ol iF o 2 S Fenneropenaeus chi-
nensis)e] HALES A@g AFA §EF3)
2 EE 005 mgLYE AEES D AFE] pm
AT ZA 77} th(Jee and Kang, 2004).
E 08 AT diskes 8EF3T4L 5 0.2
mg/L ©]7FFE] #HAE AR O] 4 mg/Lol A= A
& H A Fth= Barrt 91 tk(Shigueno, 1975). 3f
A B AFolMe AE HarsEQl 8 mg/LollA
20%%] 2 H ApRto] WA S A TH(Fig. 3). ol= A
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