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Antimicrobial Effects of Water Soluble Silicate and Improvement and

Productivity Growth in Litopenaues vannamei(L. vannamei)

Geun-Seop KIM  Hong-Kook KIM - Yeong-Ho CHOE - Byeong-Soo KIM
(KongJu National University)

Abstract

This study was conducted to investigate the antibaterial effect of water soluble silicate(Na,SiOs10H,0,
WSS) against gram vibrio bacteria Staphylococcus aureus and gram negative Escherichia coli, Salmonella
typhimurium, vibrio harveyi, Edwardsiella tarda and effect on productivity about growth, feed conversion
ratio(FCR), survival rate in L. vannamei. The WSS showed better effect on gram negative bacteria than
on gram positive bacteria. The minimum inhibitory concentration of WSS 1.625%(v/v) for E. coli, Sal.
typhimurium, V. harveyi and 0.8125%(v/v) for E. tarda. The shrimp were feed with or without WSS
supplement(1m¢/80L ~ 0.01ml/80L) for experimental period. The initial total mean weight of shrimp is
3.04+0.02g. The final mean weight of shrimp is 7.99g on 1 m¢/80L group and 6.48g on without WSS
group. The difference of body weight gain between 1 ml/80L group and without WSS group is 1.5g. FCR
in all experimental groups was 3.19 ~ 3.55, but 2.89 in 1 m¢/80L group. WSS had no effect on survival
rate. The Superoxide dismutase(SOD) activity of all WSS supplement groups were higher than without
WSS group. These results suggest that WSS can play role of antibaterial supplement and improved
productivity in shrimp aquaculture farm.
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ﬂ_ﬁtﬂﬂ_z ]oig]_o% X—]Z-l%]_ z,:;dﬁ_ﬁ_J ZAe
Slste] 24 H7HAe] AbgRt AR Ag 2o
3& Slstol @AAEE ARl A7l ARt
AE A oItH(Lim et al., 2004).
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X ZoE HAEITHKUCUKBAY et al,
2008; Sahin et al, 2006). 3t F3Fo]] A4S
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spp, Enterococcus faecalis,
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<Table 1> Composition of Water soluble silicate’

Ingredients Contents
Moisture (%) 5329 £ 0.51

K (ppm) 362.95 + 29.64

Na (ppm) 67,884.01 + 823.98

Zn (ppm) 1.29 £+ 0.19

Fe (ppm) 70.63 + 0.44

Mn (ppm) 1.17 £ 0.22

Si (%) 26.33 £+ 0.06
Cl (ppm) N/D?
Se (ppm) N/D

1) Each of values were described mean + S.D
2) N/D : Not detected
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T8 A AHEEANEe T
ARQ2012)5 wet Al o AlFel At
EWEE Daphnia magnas A&
TAFE Y F5E 50 mg/lL, 250 mg/L, 500 mg/L=
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ANHdTE 12 FATR! Staphylococcus aureus
KCTC 19273  2%54<l
KCTC 1682, Salmonella typhimurium ATCC 13311,

Escherichia  coli
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Vibrio harveyi KCCM 40865, FEdwardsiella tarda
KCTC 122675 =Y E2F Al E](Korea Collection
for Type Cultures, KCTC), $t=rn]EREA1E
(Korea Culture Center of Microorganisms, KCCM),
American Type Culture Collection(ATCC)ollA4 H<F
wol  Abgalc

Escherichia

Staphylococcus aureus,

Salmonella
Mueller-Hinton broth(MHB)Z
o] g3sle] 37ColA wFsll a1, vibrio harveyis
Marine broth(MB)E ©]-&3to] 26 CellA] Hijetst3i
U EE Wi 3712 0R A EgITh

coli, typhimurium,

Edwardsiella tardat:=

4. C|A3 EHAPH(Disk diffusion assay)

37°CellA 24A13HE< MHBS} MBeA wjj kgl
A {55 H % Phosphate Buffered Saline(PBS)
o] McFarland 0.5° 2¢3](Optical Density 625nm =
0.1) @g3to] Muller-Hinton Agar(MHA)2} Marine

Agar(MA, BD, USA)°|l s H  paper
disk(8mm) ol 84 TFAA 50 wE HES )
o Staphylococcus aureus, Escherichia coli,

Salmonella typhimurium, Edwardsiella tarda= 3
7CoAA 2477 W8I L, vibrio harveyi= 2
6 CollM 2477 w2 T
I~ =

TE AR o, S NFETOZE = Cefotaxime

Sodium(Sigma, USA)& AME-3}91tt.

5. FAMFAMsE SHMIC)

CLSI®] 7]Z(CLSI-A10, CLSI-M45)°] whebA]
F8A TS 13 x 100 mm tubeo] S8 T
AP A S Mueller hinton 11 Broth(CAMHB, BD,
USA)E  ol&3ate] 2wy wA g Aete]  13%,
6.5%, 3.25%, 1.625%, 0.8125%, 0.40625%% <=H]
sFlom, 37CeA 24A17HE2F MHBS} MBell 4|
Hleyel APt E ¥ Phosphate Buffered
Saline(PBS)°ll McFarland 0.5¢] %3 (0D625=0.1)
HAESE ¥, CAMHBE o] g-3to] 10v] 3s]4st &

7I_:L/é4 RAk-d==
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bex= 37ColA 20A17F HjSFE}o]
2 #FEsa o] st

A=
FEE A2YPAASER Y

6. AFIAIE

Aol AREE Al$-= T el AT &
vl qlnjzel A Q)sto] ARg-shglom, AbeFal
g ol 599 =277 FAT AFFA DS
120L9] Zet~E el F9 EetelA 20 mol
Al oahEl sS4 80LE A AFEEHS o,
T 23] 40L¥ ofFellE o] gate] Hnky g
o} 3 FRALE AFAT 27 T 2579
A5 9a, g8 dojdold ZAE T
Hlsto] 6047 AES A on, Ay 3]
E olg3te] V]9 REE 2802TE FAEHS
o ARFARHZY] AMEE @014 x 2 BP AFE(C],
o] g3kl 1Y 23](08:00,
% wol3klTt.

& wF 13 a5E = A9y

N oiN
3 0&1‘
oY, 1o,

219 W 28] ALSHCF0) %
|78 AFRRHCFS AAbste] Abs
FrHeR Agste] A

<Table 2> The Growth parameter calculate of
shrimp

- Weight gain (g) = Fianl weight (g) - Initial weight (g)

- Total feed given (g) = Initial feed given (g) - Dry
feed resideu (g)

- Food conversion ratio (FCR) = Total feed given (g) /
Wet shrimp weight gain (g)

- Survival rate (%) = Total number of shrimp survived /
Initial number of shrimp stock x 100
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AtEA ROl FRE F AEOFHEE
A5 3k E AFsklen SA8] dA7bA -
20CAA B Wds A$-9
100 mgS Phosphate buffer saline(PBS)ll ¥ 17,
Al A E o] &ste] ZA stk et
AZE 47T, 6,000go4 A2 ste] I e
S 65TCAA 587 FUh(Mcecord & Fridovich,
1969). A-$-2] Suoeroxide dismutase(SOD) 2]
Ransod kit(Roche, Switzerland)E ©]-8-3}o]

ol e WS sa] Slstel &

ifi% AFolAd et 1.5m0 FEO A
500 93l 005 mM xanthine?} 0.025 mM
2-(4-iodophenyl)-3-(4-nitrophenol)-5-phenyltetrazolium
chloride(INT) 50 mM CAPS (pH 10.2), 0.94 mM
EDTA7} X&% 8% =2l mixed substrate 170
102} xanthine oxidase 25u0E 2l WHSAA 5%
% 505 nmeol A &4 H7F F 30%9) 3% FHE
g FAs%ler, sope mEFME %
Standard= Ransod kitE
SODE 50%2] xanthine 7ol %JS_} go=
EEEEREDRIE SIS z

O Pk B
S th(Biagini et al., 1995).

|

o}d ol
—|~ F[O

>

forl e

8. SAIXze]

Ao Ay Hdag + TFoX2 YE
ek SATA 594 41> Student’s t-test

EF S TH(P<0.05).

<Table 3> Acute toxity of Water-soluble silicate on

2 S| MR (Litopenaues vannamer) 4AtA wis)

d
it

W S(Daphnia magna)s ©)
ZHise GRS
Qg 540 1

S. aureus KCTC 1927, E. coli KCTC 1682, Sal.
typhimurium ATCC 13311, V. harveyi KCCM
40865, E. tarda KCTC 122679 50ub/disks 4%
e Ay, g3 S awreusolA  12mmE)
AN, aFFAAdEelME Sal

clear zone©]

typimurium ~ ATCC ~ 133119141¢]  clear zone©]
2mm®  7HE &d7E fHowtow, olo] .
harveyi KCCM 408652 73 20mm, E. coli

KCTC 12267 19mm=z &7} eyt A=

ko] AEAH}IE Yoon et al, 2010;
Nordstrém et al., 2011°] R8s A9l H]L=3h
AYE g 4 Qi olE EUE 844

kAol gkt Btk aESAel US|
It Hojyrty sdHe] wEl E coli KCTC
12267, Sal. typhimurium ATCC 13311,
KCCM 40865, E. tarda KCTC 122672 A4S <
Al HAANsEE sty 23 MIC test

o 1=
2 Ayt

V. harveyi

Daphnia magna

Group 50 mg/L 250 mg/L 500 mg/L
10 min 30 min | 720 min | 10 min 30 min | 720 min | 10 min 30 min | 720 min
ECso - - - - - - - -
TU! - - - - - - - - -
1) Toxity unit : 100/ECsy (%)
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<Table 4> Antimicrobial Activities of Water-soluble silicate by Disk Diffusion Assay

(Unit : mm)
Gram(+) Gram(-)
Group S. aureus E. coli Sal. typhimurium V. harveyi E. tarda
KCTC 1927 KCTC 1682 ATCC 13311 KCCM 40865 KCTC 12267
Negative Control' N/D* N/D N/D N/D N/D
Positive Control® 30 31 25 30 33
WSS® 50.0/disk 12 19 22 20 12

1) Negative control : D.W, 2) Positive control : Cefotaxime sodium, 3) Water-soluble silicate, 4) N/D : Not detected

<Table 5> Minimum Inhibitory

Concentration (MIC) of Water-soluble silicate against Gram negative

bacteria
G Water-soluble silicate MIC Concentraion' (%)
rou
P 13% 6.5% 3.25% 1.625% | 0.8125% | 0.40625% NC? GC?
E. coli
- - - - + + - +
KCTC 1682
Sal. typhimurium ) i i i N . i .
ATCC 13311
V. harveyi ) ) ) ) + + - +
KCCM 40865
E. tarda
- - - - - + - +
KCTC 12267

1) MIC Concentration : %, V/V, 2) NC : Negative control, 3) GC : Growth control
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. 13% ~ 0.40625%°] T84 Akl 7
sEoll dish HrAdles gl 4
KCTC 1682, Sal. typimurium ATCC 13311, V.
harveyi KCCM 40865°1 4= 1.625%%] &57}4]
Alde] 44e AR oH, E tarda KCTC
122678] 7% 0.8125%2] F=7kA] Aol A€
2L #18 th<Table 5>). 24 i TolAE
A A S 5 gldlon, A dix

o =2
A TH<Table 4>). 84 AR 1%
of e FBHE el 53] s duteolal
E. tarda®t V. harveyioll tist @37} Holuh

E R $98 5 Aglk

84 atakdol lab-scale®]  ANFARFA D
S Ao WskE gelaty] flste] Ald
7, 14, 21, 28, 35, 42, 49, 56, 604 29] A9
A Ft Ass SHsHATK(Fig 1]). A8 A&
o 7} ATt B ATs AT A9, dx
T 3.08g, 1 m¢/8OLTlA 3.09g, 0.1 ml/SOL
3.09g, 0.02 ml/SOLT 3.04g, 0.01 ml/SOL-ollA]

e 2 o e
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9.00

5.00

Total shrump mean weight (g)

3.00

Experiment date (day)

[Fig. 1] Total shrimp mean weight in difference
water soluble silicate additive

3.06g0. 2 HAEN o F Ao H FA
T 3.0840.02g 0.2 57 ¥ 3 TH<Table 6>). A7
Al 79Ake FAE SAS Ay, B FAE L
ml/80LS] Aol 3.68go® FHEUOH T
T 345g0. % SAHHQTE ARIAIE FA
ol 35929 AT Iml/SOL A HT 6.09 g 0.1
nf/80LT 5.88 g, 0.02 ml/8OLT 5.30g, 0.01 ml
/80LT 5.20g, THZT 4.99gC % 1% A3¢l
1 me/80L79] FAI7F vhz23) julse] 1g o]
o] Apolub= A etk Al F5UQ! 60
Jzate] 7; Aol FA Ha o3 6.48g, |

ml/80L 7.99g, 0.1 m¢/80L 7.24g, 0.02 ml/S0L
7.14g, 0.01 m¢/80L 6.76g ©.Z =7 ¥ th<Table
5>). tizw oiv] 24 AP FAFS 1 ml/so
ol 15g =2 AS FAlsiglon, v o&7

R

ol e Holr 0.1 ml/80LT¥ 0.02 ml/80LT

0.76g7 0.66gC. 2 45 %1°H 0.01 ml
0.28g2. % A}o|7}  u|u|s}Sl th(<Table
Al& & &(FCR)
Fe HeERsioH
27 3.55 1 ml/SOLT 2.89, 0.1 mé/S0L- 3.22
0.02 m¢/8OL" 3.19, 0.01ml/SOLOA 3.47S 7]=3}

= = 2‘0 o o Holdle wEgTE 54
sholth glzell A AEES 76%=E YES S
o, Fo] FEHZ 247} 80%, 80%, 76%, 12%%
LERSTH<Table 6>). =84 A9 S o3 1
o 289A & "2 AGTAE vlaske]
E o], lab-scale AFFA]Zofx 3|

Fol= ATt Aol adrt ol
oA},

(e}
o A

N
o
>

5. SOD &ty

Aol M el sobe e wAEel ofst
, 8] ‘ﬂi} 501] 71%;}{— Abgl ~Ed Ak

Lok RSl B 488 b Aow o
Eﬂ]?q 8l th(Campa-Cérdova et al., 2002)

<Table 6> Growh performance of the Ljpopenaues vannamei depending on different concentration of

Water-soluble silicate treatment’

Group Initi‘ileigﬁ?l (gean Fin:ieit;)}tljl (gl)ean Survival rate (%) | Weight gain (g) Fo;);ioco(nl;/g;s)ion
Control 3.08 6.48 76 3.40 3.55

0.02 ml /80 L 3.04 7.14 76 4.10 3.19

0.1 ml /8 L 3.09 7.24 80 4.15 3.22
m /80 L 3.09 7.99 80 4.90 2.89

1) Each of values were described mean (total shrimp values / total number of shrimps)
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T8 tatd 7k wE soD &4
o] zpoli= of# e [Fig. 219k 2ol yERgTh o
Z79 SOD FAEE 2.71+0.51 unit/mo] o w,
A= A HUMSE sRoEH O
Uehs 43S Btk 1 ml/80LT 4.81+1.37
unit/mf &2 LERE O W tfFte H]ste] SOD &
AE7F 210 unit/ml o7 YElstor
(P<0.05), 0.1 m¢/8OLE 7Fst A& soD &
AT 3.85+1.61 uni/mlOE YERFOL 2ol
ol zfo]= glith 0.02 ml/8OLE TFAFI-S 7}
3 AFTE 376£0.64 unimlE  UERFEOH
(P<0.05), 0.01 ml/8OLC.Z TFAFES 713 A
T A Fo)A 3.01£0.39 unit/ml S E SOD FAL
o] zpol7} wlmlgk A& & & QUth 84
2Ha el Fol= e Ale-¢] SoD EAEE Eo
AJ9-2] Al AR 9GS e AL

N
g,

J|II

0.01mlifmL 0.02ml/80L 0.1 ml/80L

A

O
AL .

i

SOD unit/mL
ra wa I wn =)
i ®

-

1 mifgoL

[Fig. 2] Superoxide dismutase (SOD) activity of

Litopenaeus vannamel/ with or without
each of concentration water soluble
silicate("P<0.05)

O]'L]E]' 5H Hé
harveyi®} Edwardsiella tarda™| et 3+t 235
L glow, AvkEAlg-o] A FelE S
Al dFs A= Zlow Belrh uEhA
A e AHEe Akl Qe el

7I_:L/é4 QA k=2==
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