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Reduction of dissolved hydrogen sulfide and mortality of white leg
shrimp, Litopenaeus vannamei by Bacillus spp. microorganisms
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Dong-Hun Shin* and Kwan Ha Park’
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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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1997).
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Table 1. Composition of microorganisms

AE QA &4 A FARZl A B AF
25+ 5 go A ML vannamei)E T-J3k A
sttt A= APl 2 & F T4AY
< H3t7] Yt e} A (Cargil Agri Purina,
Inc. Korea)E "l 23](A 10A], &3 6A)) A5
o 2%H FESHAT AbSTEs 178(W) x 75(L)
x 55(H) cm Z71°] FRPFZE (5% 200 L +F 22
frAl, 2 25C 9= 25 pswolv] A&HoR £
7] SHA 1443 =A% F Aol AFgshth

MEE Bacillus% D|dE R A2 23

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 o] &3t 26 Coll A 4843t v F skt

L2 FASAHL TEEHE X B
S AT 4 =2 FE(1 mgl o1Xhe] &
EFslra B YL 71 E(Water Work™,

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
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Wi AR 26 mLE FAIZ AFH3HA 2023t 7
23 5 EFF=AE 01%0}04 FHas 43
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€ F4%e AU Base line 372 SRTE
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7Vt NET A B, CE 1 gl 52 25+05C
o) e A 4847 MFT F APl AHE

AT A A w S nRE & IATKS, 10
50 mL)= A H 3t A4 E2](3,000 x g, 5 m
TAE dAT. FAE PBS 1 mLol| 343} 8]4]
H AAE 50 mLE ZA3 283543 mg/l)
G Tt F3lrie] FEHEE SHE
At AAE T BAIE TS vl Fd 50 mLE A F
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TF 207 B Al FFER(SF2 25 £ 05C, pH
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A= AI@ELCA FFE A7) AL ANEE 8§t
ATh AlEC( gL)E ATt A2 S 48413
Hj < g é% ¥, 88 rL TEE I mgll
zol IA FIUEFS W 13 =2 4
A o7 ATYAE 20mH Y 8L AL
S 100 Lol A 29k o 2 Ageitt BEE2
SAS 14947 sl o NP7 T s
shA] ekt

SAE|

A AAde Bt + FFHA (mean + S.D)E
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S 93] ANOVAEA] & Dunnett's multiple compar-
ison 7474 post-hoc test= ARE-3FATE P ko] 0.05
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3] =m Contol A SN B =2 C
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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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Brart AZE AT 28y B4 2A-EA 1,
2 % 6AIZEll = AlFTtColl A 50 mL Bkl o] He)
73 A& o] M 953 L2338} A
e UEth(Fig. 2). 23A o2 A YATA, B

C T AEFC7t A g v 7h 9403t %

gi5s A%ES UED

[e]

=

SICt2 M0 et BHateAc] S
Fopao] w2 E Ak AT A A

A& 8EHSTLE TR, 2, 4, 8 my/LoAA]
717k 8, 13, 12, 20%= YERRTHFig. 3).

AYEZCI} &alriol =EF 202 ARl ME
of oxl= &

LEH}TFAE | mgle FEE ALZHOR
RS W 29 A FE dzTollA Aok Ag-
o] XA} WA 3E7] Al 2L thFig. 4). FFAI ' Al
AEE ANAA iz s FE3] AATE A
LEYoUY AFTCE FYT APTe xR
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.

o F

3l (HS) 7H S FU1A 204 B
2 TR =S Yol dojdth ol T &
Sl aE A4EeHE AWl v AER Pseudomo-
as3s, Citrobacterss, Aeromonas<s, Salmonellass
=59 o] dHA Aok ixH o= I
AF Bilste VA E Fol Bacillus VA
o] &# A 9 Th(Friedrich et al., 2001). ¥ A+
= Bacillus%2] P E©] A ERolA LAY S
galga Tt AeS Bg A (Jeong et
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

b

HEs - oA

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
& FITHAFAY FAE AT Aol
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}
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