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SUMMARY

I. Subject
Development of new scutellaria baicalin complex by the bioconversion
technology which has anti-inflammation and immune modulation activities

against fish pathology

[I. Objective and necessity of research and development

We develop the product with the preventative effect to disease of the
cultivation fish and it will be able to substitute the treatment of antibiotics
and synthetic antiseptics (formalin etc.). Also it propagates the natural product
manufacture technique which is competitive power to the relation industry.
Quality increase of the cultivated marine products leads the export increase
and the import-replace effect on the market. Also it will decrease an
antibiotic resistance of the pathogens and contribute to the health

improvement of the citizens.

III. Research and development contents and scope
- Subjective agency
e From natural herb medicine resources fish disease preventive and
antibiotics extraction process optimization
e From formulation optimizations and pilot production process optimizations
production of prototype
- Coordinated agency
¢ Investigation of the growth rate, body ingredient, blood ingredient and
immunity power of the flatfish and the catfish which it feeds with the

natural antibiotics

IV. Research and development result

- From natural herb medicine resources fish disease prevention and



therapeutic antibiotics extraction

- From formulation optimizations and pilot production process optimizations
natural antibiotic prototype development

- In cultivation of flatfish and catfish the natural antibiotics showed an

affirmative effect on immunity power

V. Research result and result application plan
- launching of natural and/or substitutional antibiotics for cultivation of fish
- lauching of natural hygienic antibiotics for the tanks in sliced raw fish
eatery
- Launching of the natural hygienic antibiotics and moss inhibitor for the

ornamental water tank
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o o]t clA|oAe] ZEnkg-o] FA| Mol A7) % WA (Solomons, 1978), EUS F402 A4

FAA AR e A SR o] =ofEE 5 Aol S - ks A

At Eokoll A dAA7EA] Ad A diAA == A Al (probiotics), &R A (yeast

culture), &4A(enzymes), 24| (hormones), 1L && 322 A A (high available minerals) %
FHE ¥33 HAXY B E A (natural bioactive materials) S°] THWenk, 2000). ©] ]l =
=] ozt 9oy 2Eluy, fUAtE 2o A 2AA|, daAlg Al A fAA A

AZHL Ak FAA AATE ZEojof & xHow AN ket AW E9E &

oln] o HAFE ArEde A oA Edel dEiME B AUF olFojHon,
TUle]H oz FAA dAARA 7 B AFo] aMEHATE Leol kg =T oA
=% A Yoyt FE polysaccharide &2 E°] 43t & v &3t Jdow, g
AtAES W3St Ho Felete] ddAA e oy EFS TS AAEe] dF aE
v 9lth ©]F oregano extract, clove oil ¥ cinnamon F&E9 Fw|AE Fyr} Z LA HA

CFE AE] FAEe] Tl REQAT HzolE T ARzl FEH R

Ay 7| AL U § A Ed o] &8s
o] o =) Aoty A A g E Alo] probiotics A &3}
AA At S 2 715 e st =
© X] Al 3L ’ ’ ’ SIPN ioti
& = i 2+t probiotics A3 3}
o Bu AR A A )2
L ghnjo] 9 =) FEGA FEAAA A=A FHAA ALAETY TF
kel HAAXEA] oAded st FAA A dALLLAF N
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5 library: random selection®l] ¢]%F

Tl A AFHE EGAFERZHEE TUdst £/ vAES Eostn Ao
gaugozoel H3ke] #oJEE  biocatalytesE A= EHAFE
AMstat. dagAd HAALE 93 screeningoll= B AFAo] ®WAFQ Staphyloccus

=2
aureus ATCC 25923 #FZ o] &3ttt 1 99 Ado] A3 E AJekS EP (extra

LR B I R

B nAEe Bd 9 #F9 sporulations $3ke] ISP #4 w]#| oA oatmeal®] 10%
A7tE 3 wjA 7 AlEEAY VxR Eazd HES 93 B vAES dF e
ISP #4 ¥R ZA A agar’} H7IEH A F2 viAE 7oz ste] 250ml flask (broth
volumn 50ml, triplicate)elAl 30T, 180 rpmel ZH oz Fa3Tt. F5o wjka

BES Sate] ALgH o WA 2L Tew 2
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p ISP #1 WA : Tryptone - yeast extract broth

Bacto-Tryptone (Difco) 5.0g
Bacto-Yeast Extract (Difco) 3.0g
Distilled water (DW) 1.00 ¢

At pHE 7002 274

P ISP #2 WA : Yeast extract-malt (YM) agar

Bacto-Yeast Extract (Difco) 4.0g
Bacto-Malt Extract 10.0g
Bacto-Dextrose 4.0¢g
Distilled water 1.00 ¢

pHE 730 % %A% Bacto agar 20.0gS #H7}sla @t3ko}

P ISP #3 v A : Oatmeal agar
Oatmeal 20.0g
Oatmeal 20.0gE ZHFFo 120 Y 2087 A T AR oS 3t thA
THTE 7tste 102 2AsAh
Add trace salts solution 1.0ml

NaOH=Z pHE 722 =4 % Agar 180gS H7lsta EHat

ot

o},

P ISP #4 vl A : Inorganic salts— starch agar
- Solution I : starch suspension
Difco soluble starch 10.0gol] #ES A% 7}3t] paste AHlE £33, sAE3 &
#HF F97F 50m7t HEE SHRFE 7eith

- Solution II: Inorganic salts solution

K, HPO, 1.0g
MgSO, 7H, O 1.0g
Nacl 1.0g
(NH4)» SO, 2.0g
CaCO3 2.0g
Distilled water 500.0 ml

_13_



Trace salts solution (1) 1.0 ml
pHE 7.0774% ZA 3}

solution 13 D& &%3 & agar 200 g #H7}sta Eyf 3o},

P ISP #5 ¥ A : Glycerol - asparagine agar

L- asparagine 1.0g
Glycerol 10.0g
K, HPO, 1.0g
Distilled water 1.07¢
Trace salts solution 1.0ml
pHE 707742 %274 % agar 20.0g= #H7}star Hrsio

P ISP #6 ¥l A : Peptone - yeast extract iron agar

Bacto-Peptone 15.0g
Proteose peptone 5.0g
Bacto —Yeast Extract (Difco) 1.0g
Ferric ammonium citrate 0.5¢g
K, HPO, 1.0g
Sodium thiosulfate 0.08¢g
Bacto- Agar 15.0g
Distilled water 1.07¢

i d pHE 707728 =4

_14_



=

HAAE library

BST No. Broth FT A FATEA H a1
BST-PLT0001 MeOH ND ND
BST-PLTO0002 MeOH G+ ND
BST-PLTO0003 MeOH ND ND
BST-PLT0004 MeOH ND ND
BST-PLTO0005 MeOH ND ND
BST-PLT0006 MeOH ND ND
BST-PLTO0007 MeOH ND ND
BST-PLTO0008 MeOH G+ ND
BST-PLT0009 MeOH ND ND
BST-PLTO0010 MeOH ND ND
BST-PLTO0011 MeOH ND ND
BST-PLT0012 MeOH ND ND
BST-PLT0013 MeOH ND ND
BST-PLT0014 MeOH G+ ND
BST-PLTO0015 MeOH ND ND
BST-PLT0016 MeOH G+ ND
BST-PLT0017 MeOH G+/G- ND broad spectrum
BST-PLTO0018 MeOH ND ND
BST-PLTO0019 MeOH ND ND
BST-PLT0020 MeOH ND ND
BST-PLT0021 MeOH ND ND
BST-PLT0022 MeOH ND ND
BST-PLT0023 MeOH ND ND
BST-PLT0024 MeOH ND ND
BST-PLT0025 MeOH ND ND
BST-PLT0026 MeOH ND ND
BST-PLTO0027 MeOH ND ND
BST-PLT0028 MeOH G+ ND
BST-PLT0029 MeOH G+ ND
BST-PLT0030 MeOH G+ ND
BST-PLTO0031 MeOH ND ND
BST-PLT0032 MeOH ND ND
BST-PLT0033 MeOH ND ND
BST-PLT0034 MeOH ND ND
BST-PLTO0035 MeOH ND ND
BST-PLTO0036 MeOH ND ND
BST-PLT0037 MeOH ND ND
BST-PLT0038 MeOH ND ND
BST-PLT0039 MeOH ND ND
BST-PLT0040 MeOH G+ ND potent G+
BST-PLT0041 MeOH ND ND
BST-PLT0042 MeOH ND ND
BST-PLT0043 MeOH ND ND
BST-PLT0044 MeOH ND ND
BST-PLT0045 MeOH ND ND
BST-PLT0046 MeOH ND ND
BST-PLT0047 MeOH ND ND
BST-PLT0048 MeOH ND ND
BST-PLT0049 MeOH ND ND
BST-PLTO0050 MeOH G+ ND

_15_




% 2. F=EA4E9 library
BST No. FEE3 Fars &4 FaE4 vl 3
BST-PLT0001 EtOH ND ND
BST-PLT0002 EtOH ND ND
BST-PLT0003 EtOH ND ND
BST-PLT0004 EtOH ND ND
BST-PLT0005 EtOH + ++
BST-PLT0006 EtOH + +4+
BST-PLT0007 EtOH ND ND
BST-PLT0008 EtOH + +
BST-PLT0009 EtOH ND ND
BST-PLT0010 EtOH ND ND
BST-PLT0011 EtOH ND ND
BST-PLT0012 EtOH ND ND
BST-PLT0013 EtOH ND ND
BST-PLT0014 EtOH ND ND
BST-PLT0015 EtOH ND ND
BST-PLT0016 EtOH ND ND AEATTE BA
BST-PLT0017 EtOH + ++
BST-PLT0018 EtOH + ++
BST-PLT0019 EtOH ND ND
BST-PLT0020 EtOH ND ND
BST-PLT0021 EtOH ND ND
BST-PLT0022 EtOH ND ND
BST-PLT0023 EtOH ND ND
BST-PLT0024 EtOH ND ND
BST-PLT0025 EtOH ND ND
BST-PLT0026 EtOH ND ND
BST-PLT0027 EtOH + ND
BST-PLT0028 EtOH ND ND
BST-PLT0029 EtOH ND ND
BST-PLT0030 EtOH ND ND AEATT A A
BST-PLT0031 EtOH ND ND
BST-PLT0032 EtOH + ++
BST-PLT0033 EtOH + +
BST-PLT0034 EtOH ND ND
BST-PLT0035 EtOH ND ND
BST-PLT0036 EtOH + +
BST-PLT0037 EtOH + +
BST-PLT0038 EtOH ND ND
BST-PLT0039 EtOH ND ND
BST-PLT0040 EtOH ND ND

_16_
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(D) F==2 24, 44

Sephadex LH-20 column chromatography 2Al3F A4S ®HA MeOH =7}
S7tste 8 FRbRo] mulgdy REo] HEHE Zo® Hol 48w o] FUt

g Eo7t F7HE e Aow #uEth Sephadex LH-20 column
chromatography &2 1694 195 3433, HPLC(high performance liquid
chromatography)& dAlste] AN ES w8 - 54 2y Fao=ziyg ks

ngg el o ST er Feld &2 baicalingl Ae® F1HA

3

o

P 2

c

o}

>

> 1

]
O 1 1 1 1 1 1 1 1 1 1 1
1 3 5 7 9 11 13 15 17 19 21 23

Purification No.

Fig. 1. Silica gel chromatography spectrum for Scutellaria baicalensis extracts. The
sample solution was applied to the column (2.0x100cm) equilibriated with 20.0 mM

phosphate buffer (pH7.0) The flow rate was 10.0 ml/hr.
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1 23456 7 8 9101112131415161718 192021 22232425 26
Purification No.

Fig. 2. Sephadex LH20 chromatography spectrum for Scutellaria baicalensis extracts.
The sample solution was applied to the column (3.0%x30cm) equilibrated with 10.0 mM
phosphate buffer (pH 6.5) and then eluted with 0.01-0.2 M NaCl-10 mM phosphate
buffer. The flow rate was 15 ml/hr.

_19_



(2) &84 Fx&E4

Sephadex LH20 chromatographys AAlste] A2 &7 & Hola] HPLC &41&
2 A1 8+9 31, Proton nuclear magnetic resonance spectrophotometer((H-NMR) spectum-<
Bruker AM-300(300MHz)$} Varian Unity 500(500MHz) spectrophotometerS A}-& 3} o]
543 Ades o3 ZokFig. 3). oldY ARE nEoRE FaFEEY F
AR goA Fes nWaHdEZDLS baicalin A FgHRkolE EZA Ao=

k= Aok (Fig. 4).

AN

Fig. 3. NMR Profile of Scutellaria baicalensis activity ingredient (baicalin).

'H NMR (300 MHz, CDCI3): 455 (dd, 5.6, 11.0, H-6); 2.66 (dd, 11.0, 13.2, H-7B); 0.78
(t, 7.3, H-16); 1.09 (d, 6.4, H-17); 3.01 (dd, 7.6, 145, H-18A); 3.16 (dd, 6.8, 145,
H-18B); 5.07 (m, H-19), 1.64 (br s, H-21); 1.70 (br s, H-22); 1.22 (s, H-24); 1.39 (s,
H-25); 492 (br t, ca 6.5, H-27); 1.70 (br s, H-29); 157 (br s, H-30); 1.05 (s, H-31);
507 (m, H-34); 1.60 (br s, H-36); 1.64 (br s, H-37).

_20_



Fig. 4. Flavonoid structure of Scutellaria baicalensis extracts (baicalin).
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Algdd, AyE Fehd, WAdr|Y, AE7]9Y library ¥ oE A EAS

AAE FEEES 8% ol FRINEL XL Aom Ush} s slaw

BST127& AMaS=dl, olsolA 53 BSTI279 Ao 7ME 2 zo=
Uetskth 2elstel BSTI27¢] gt wids AAlsta &

BST22, BST48, BST127¢] A=x% @42 Table 3 YeEbH AT
Table 3. Bioconversion activity of BST22, BST48 and BST127

MIC (ug/ml) activity (times)
library
S. aureus E. coli S. aureus E. coli
BST22 2,000/1,000" 1,000/250 2 4
BST48 2,000/500 1,000/500 4 2
BST127 2,000/250 1,000/63 8 16
Control 2,000/2,000 1,000/1,000 - -

* .

MIC values of before conversion /after conversion

Broth dilution method assay was carried out to determine the antimicrobial activity

of bioconversed ferment extracts against Staphylococcus aureus and Escherichia coli.
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The results showed that BST127 was higher in antimicrobial activity against
Staphylococcus aureus and Escherichia coli. than BST 22 and BST 48. These data
suggest the potential advantage of bioconversion process to improve the antimicrobial

efficacy.

2. =48 24AA

T T

pE =

I

v Hde

Ol

BST127¢] WglowRE o AX zTiAL 27
30%14 80%71A AN v oleammiEaue A ofns ANstd AAE
AAEST A% 58 11%0] 3 GRS 1108] Z7H5k310H Table 4),

HFDANA ] AATES AFsAGAM  AAA s HEo] il AA BT
&

kol 7] wjzeol Ak Il AEsrlol= oeE Aem dohdEv. 1E|dte] A

P>
2
o
ot
a
e
kol
o
e
s
o
e
2
>
ofo
ol
38
vl

297 aerEE A o) B4 2%

Table 4. The process of enzyme purifications

Specific
St Activity Protein activity Yield Purity
e
P (Unit) (mg) (Unit/mg (%) (fold)
protein)
Crude broth 225.0 264.7 0.9 100 1
Ammonium sulfate
precipitation 92.2 25.3 3.7 41 4.1
(30—80%)
DEAE-Sephadex A-50
31.1 0.9 34.6 14 39
Ion Chromatography
Sephadex G-75 Gel
23.8 0.24 99.1 11 110

Chromatography

One unit of activity was defined as a change of 0.1 absorbance unit at 280nm. The

specific activity was expressed as the number of units activity per miligram of

proteins.
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3 A=

L

ol

SRR

AEHAS ZetH o= HPLC 38 2=1& gHste] #3844 2 34 Solvent +
Acetonitrile : 0.5% Phosphoric acid(27:73, v/v)E A}&3+%3L, u-Bondapak C18 silica
column(3.9x30 cm)S AFE3G 2 &viZAS 15 ul injection, 280 nm detection, 1.0
ml/ming AHE3FATH A7) BEAzHAe2 HPLC 4% Ay 7Eudd HEHs dd

v A2 baicalin A€ FeH wol=g FAHHAHFigh).

Chrom Type: HPLC Channel : 1

0.5

6.71

0.4 -
0.3 -
: |

0.2 4 l

\

0.1 \
ER
4 ~N

"
0.0 ‘f——x "J . I
U M MR N R R S N U UL L NN LM USRS
0 § 10 15 20 25 30 35 40 45 50 55 60

Intensity (AU)
1

Retention Time (min)

Fig. 5. HPLC analysis of Scutellaria baicalensis extracts. This figure showed that
HPLC  profile  before the  biloconversion  process. Solvent system of

MeOH-acetonitrile-water (85:5:10) of the conventional method was used.

ddS S A G A9-9 o] Hadd FEE It dHE Tkt
Ao 2 YETHFig. 8)
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Chrom Type: HPLC Channel : 1

0.8

0.4

0.3

0.2

Intensity (AD)

0.0 54—,
N N N MR N R N N N e U N N M U U N U MM L N R U L]
0 5 10 15 20 25 30 35 40 45 50 58 60

Retention Time (min)

Fig. 6. HPLC profile of fermented Scutellaria baicalensis extracts. This figure showed
that HPLC profile after the bioconversion process was transfer the peak profile and
improved the antimicrobial efficacy. Solvent system of MeOH-acetonitrile-water

(85:5:10) of the conventional method was used.

a b

Fig. 7. Antibacterial activity of fermented Scutellaria baicalensis extracts (BMB) in
the bioassay. It showed higher activity than in the before fermentation. a. before

fermentation, b. after fermentation

_25_



O green tea ext.

W BHT

O before fermentation
O after fermentation

100

80

60

CIIECLL 7o)

40

20

0.0125 0.00625 0.00313 0.00156
Concentration(%)

Fig. 8. Antioxidation activity of fermented Scutellaria baicalensis extract (BMB).
DPPH radical scavenging activity of BHT, green tea extract, before fermented
extracts and after fermented extracts. The radical scavenging ability of varying
concentrations (0.00156-0.0125 %) of test reagents was analysed by measuring their
inhibitory effects on the absorbance of the DPPH radicals. Absorbance of the reaction
was measured at 517 nm. The results were expressed as mean £ SD of % inhibition
of the absorbance of the DPPH radicals. DPPH, 1,1-diphenyl-2-picrylhydrazyl, BHT,

butylated hydroxy toluene; BMB, bioconversion multifunctional biocide.

5. BEHg eI 24

7}. Decolorization & Deodorization

F AJRFig. 9). 53] 22 AA|-FAHS silica gel chromatography & 33 FH=F

AAFAe  Sephadex LH20 chromatography ®AolA @57 EAo A3
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Final extraction<--- 2nd extraction <---1st extraction
Fig 9. Advanced effect of sensory and properties on process. This figure showed that
decolorization of BMB after process (step 1 to 3) was achieved. Step 1: hot water
extraction and concentration process, Step 2: fermented bioconversion process, Step 3:

UF purification process.

=52 o e2Y 1,3 butyleneglycol, 1,3 propanediol 18] =] Ao
A A Z+E &vfel] diste] &slEvt % o= UEYTHFig. 10).

olgd AxE nlgor WA FFFETEL UIFT AFAGA WiF AHE&Al

EtOH 1.3-BG  1.3-propanediol  Glycerin

Fig. 10. Solubility of fermented Scutellaria baicalensis extracts. This figure showed

what solvent is suitable for BMB.
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Fig. 11. Antibacterial activity mechanism of fermented S. baicalensis extracts (BMB).
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Table 5. MIC results of fermented Scutellaria baicalensis extracts

Microorganism BMB Benzoate M-paraben GSE
B. subtilis ATCC21770 0.078 0.039 0.039 0.078
S. aureus ATCC29213 0.156 0.078 0.078 0.156
E coli ATCC25922 0.156 0.156 0.078 0.156
Sal. Typhimurium ATCC14028 0.039 0.039 0.078 0.039
P. aeruginosa ATCC27853 0.156 0.078 0.039 0.156
S. serevisiae A'TCC24858 0.200 0.200 0.200 0.200
C. albicans ATCC32354 0.039 0.039 0.200 0.039
A. fimigatus ATCC90906 0.039 0.039 0.200 0.039

The antimicrobial activity was higher than other synthetic preservatives and much

the same with GSE (grape seed extract).
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Table 6. Effect of pH on antibacterial activity of fermented S. baicalensis extracts

MIC (%)
Microorganism pH
5 6 7 8
B. subtilis (ATCC21770) 0.078 0.156 0.156 0.156
S. aureus (ATCC29213) 0.078 0.156 0.156 0.156
E coli (ATCC25922) 0.156 0.156 0.156 0.156
Sal. Typhimurium (ATCC14028) 0.039 0.078 0.078 0.078
P. aeruginosa (ATCC27853) 0.156 0.313 0.313 0.313
S. serevisiae (ATCC24858) 0.020 0.039 0.039 0.039
C. albicans (ATCC32354) 0.039 0.078 0.078 0.078
A. fumigatus (ATCC90906) 0.078 0.078 0.078 0.078

MIC method was carried out to determine the change of a antimicrobial activity
against various microorganisms on different pH. The results showed that the activity

was not different according to pH.

Table 7. Effect of heating on antibacterial activity of fermented S. baicalensis extracts

MIC (%)
Microorganism Heating condition
control  80C/60 min 1000(?/30 1200(_3/20

min min
B. subtilis (ATCC21770) 0.156 0.156 0.156 0.156
S. aureus (ATCC29213) 0.156 0.156 0.156 0.156
E coli (ATCC25922) 0.156 0.156 0.156 0.156
Sal. Typhimurium (ATCC14028) 0.078 0.078 0.078 0.078
P. aeruginosa (ATCC27853) 0.313 0.313 0.313 0.313
S. serevisiae (ATCC24858) 0.039 0.039 0.039 0.039
C. albicans (ATCC32354) 0.078 0.078 0.078 0.078
A. fitmigatus (ATCC90906) 0.078 0.078 0.078 0.078

MIC method was carried out to determine the change of a antimicrobial activity
against various microorganisms on different temperature. The results showed that the

activity was not different according to temperature.
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Table 8 MIC results of fermented Scutellaria baicalensis extracts for various bacteria

MIC (%)
Strain Potassium  Sodium BMB

sorbate benzoate
Acinetobacter calcoaceticus S21 0.500 0.500 0.063
Citrobacter diversus 2046E 0.250 1.000 0.250
Citrobacter freundii NTH 10018-68 0.500 0.250 0.250
Enterobacter aerogenes 37 1.000 1.000 0.250
FEnterobacter cloacae P 99 0.500 0.500 0.250
FEscherichia coli 078 1.000 0.500 0.125
Escherichia coli O 157:H7 0.500 0.500 0.125
Klebsiella oxytoca 1082 E 1.000 1.000 0.063
Klebsiella pneumoniae F11035 1.000 0.500 0.250
Klebsiella pneumoniae ATCC 10031 0.500 0.500 0.031
Proteus vulgaris 867 0.500 0.250 0.250
Gram Pseudomonas aerusinosa 9027 >1 >1 0.500
-) Salmonella typhi 0.250 0.125 0.031
Salmonella typhimurium 0.500 0.500 0.125
Serratia marcescens 1 0.500 0.500 0.250
Shigella flexneri 0.250 0.500 0.031
Shigella flexneri 83DH40 0.500 0.500 0.063
Shigella sonnei HO11 1.000 1.000 0.063
Shigella sonnei H710 0.250 0.500 0.063
Vibrio cholerae 569B 0.250 0.250 0.063
Vibrio cholerae C6709 0.500 >1 0.125
Vibrio vulnificus MO6 0.500 0.500 0.125
Vibrio vulnificus YJ016 0.250 0.250 0.063
Bacillus cereus ATCC9634 0.500 0.500 0.031
Bacillus subtilis ATCC6633 0.500 0.500 0.016
Listerta monocytogenes 1.000 0.500 0.031
Miocrococcus Iluteus ATCC9341 1.000 1.000 0.016
Gram Staphylococcus aureus 285 1.000 1.000 0.008
(+) Staphylococcus aureus 3553 >1 >1 0.031
Staphylococcus aureus CCARM >1 >1 0.031
Staphylococcus aureus MS15009/1258 0.500 0.500 0.016
Streptococcus faecalis ATCC15041 D >1 >1 0.016
Streptococcus faecium D >1 >1 0.031

Broth dilution method assay was carried out to determine the antimicrobial activity
against pathogenic microorganisms, including a total of 19 Gram-—negative and 7
Gram-positive bacterial species. Potassium sorbate and sodium benzoate were
compared as controls of chemical preservatives. The results showed that BMB was
higher in antimicrobial activity against both Gram-positive and Gram-negative
bacteria strains tested than chemical preservatives. These data suggest the potential

advantage of using BMB as preservative for food and cosmetics.

_32_



Table 9. MIC results of fermented Scutellaria baicalensis extracts for various yeast

MIC (%)
Strain Potassium Sodium
sorbate benzoate BHC
Candida albicans A9 >1 >1 0.063
Candida albicans CA-1 >1 >1 0.063
Yeast Malassezia furfiur 0.004 >1 1>
Malassezia pachydermatis 0.004
Pityrosporum ovale >1 0.031 0.031

Broth dilution method assay was carried out to determine the antimicrobial activity
against pathogenic microorganisms against 4 yeast species It inhibited at low
concentrations the growth of 3 yeast species which are resistant to the chemical
advantage of using BMB as

preservatives. These data suggest the potential

preservative for food and cosmetics.

Table 10. MIC results of fermented Scutellaria baicalensis extracts for various fungi

MIC (%)
Strain Potassium Sodium
BHC
sorbate benzoate
Microsporum canis 0.016 0.031 0.063
Fungi Trichophyton rubrum 0.125 0.016 0.125
Trichophyton schoenleinii 0.125 0.125 0.125

Broth dilution method assay was carried out to determine the antimicrobial activity
against pathogenic microorganisms against 3 fungi species. Potassium sorbate and
sodium benzoate were compared as controls of chemical preservatives. It was

comparable with the chemical preservatives in antifungal activity.
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Fig. 12. Antibacterial activity of fermented Scutellaria baicalensis extracts by agar
plate method. Agar plate bioassay was carried out to determine the antimicrobial
activity against B. subtilis, E. coli, P. aeruginosa and house isolated bacteria and
fungi from cosmetic formula or manufacturing process. Test solution was loaded on
paper disk of agar plate with 20ul volume then incubated on the 35T incubator for
48hrs. The results showed that BMB was higher in antimicrobial activity against B.
subtilis, E. coli, P. aeruginosa and house isolated bacteria and fungi from cosmetic

formula or manufacturing process. than chemical preservatives as sodium benzoate

and methyl paraben.
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M-paraben

GSE

Pityrosporum spp. Propionibacter acnes

- Bioassay agt. Pityrosporium & Propionibacterium (10%, 20ul loading, paper disk method)

Fig. 13. Antibacterial activity of fermented Scutellaria baicalensis extracts for
Pityrosporum ovale and Propionibacterium acnes. Agar plate bioassay method was
carried out to determine the antimicrobial activity against Propionibacter acnes and
Pytyrosporum spp. Test solution was loaded on paper disk of agar plate with 20ul
volume then incubated on the 35C anaerobic jar for 48 hrs. The results showed that
BMB was higher in antimicrobial activity against Propionibacter acnes and
Pytyrosporum spp. than methyl paraben and reference preservatives such as Citros,
GSE. These data suggest the BMB have a potential as a natural antimicrobial

ingredients of acne and dandruff formulas.
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BMB Citros BMB Citros BMB Citros BMB Citros

Fig. 14. Antibacterial activity of fermented Scutellaria baicalensis extracts for
antibiotics resistant bacteria. Agar plate bioassay method was carried out to determine
the antimicrobial activity against drug resistant pathogenic microorganisms, isolated
from clinicals. Test solution was loaded on paper disk of agar plate with 20ul volume
then incubated on the 35C incubator for 48hrs. The results showed that BMB was
higher in antimicrobial activity against drug resistant pathogenic microorganism than
Citros (chemical preservatives). These data suggest the BMB have a potential as a

natural antibiotics for clinical fine chemicals.

_36_



A 44 AAEF ArH(pilot scale A4

ol Syttt
Ly
Ausd
$2iwe 22 D mampm St “_Efﬂ;

ETR-Flavonoid
EED DR
e 4 =3

BME

_37_



Mo

gl
X

ali
=
N

e A
e BN

N
N

- BMB flavonoid (baicalin)
3}

- Flavonoid (baicalin) Z&431] A &}

oy

) X o

<" oy B0

G 0 <

4r iod A

B G my

| | |

o

_ X T 3

X o ) ra "

K s 7 oy )

o) o

il =0 i %2 o
Jo Nd 3
;QL

ot

=K

)

TEMPERATURE & HUMIDITY

7.

T1IRE, 270, 67 Y Sow

WA s pHE W 52 ZAsd

ki3

g

=%
=

]
=

=

i B

S

o

7 el st

D

14

st HEV|IHS

AL

=
=

CHAMBERS

=i
=

_38_



(2) %

ol

!
T

X

N
Jlo
W
3
1o

el
oo

il
H

ﬂo
Ho
0

—~
fife)

vzl
_Z?

el
Ho

)
T

N

oy

4T, &=, 37T, 45TCelA 6701

e}
™

o] A3

2RI

Al S
= =

(1) ¢HA4 A (Stability)

Q)
=

Pl et Aol 1

A

A

=
RS

sto] 7]

o

o]

3

Gk
N

st
W

71l B

olo

7]

I

~

@ HEY
@

7HA S

2

hy:

L

3

(2) <+ A (Stability)

T o | e | o | oo | oo | o |
o oL | TR | KO | BB | R | KO | KO
= "R |2 | %% | o) | oY
OB | R R || R R
RIT [T |2 | %" |2 |2
Ol || R e | R R
SIx | % || %R || o
£ | BE | RO | RE || RO | RO
o= I - o B < B o B s
O | 8| B | RO RE | BE | RO RO
< | R RRT | oY | oY
IH
o — | T
e RN | w | R W .M.L ol
w |l | ' Y 0
al mhy
ok
o )
He DY N ﬁ
— | h ® o =
" | =o = 3

_39_



AT

°

3

[

S 2=
= T

5)

)=

Al
=

=

°©

3to] E. tarda challenging

S

O do =

=

=
% monitoring

9
yl

s 7 A

(0%t =+, 05%, 1%, 2%, 3% 5%) AU

Al AE

=
el o $4E Ao eyt 8%

L
-
™

594 =]

i=i}
=

=T (FH 7, 3%

)

s
T

T
Tor
B
B

)

Tor

ey
T

AL

[e)

bl s

O]

H]

A% E. tarda 7

}

0
pad

g

PN
T

=

Toll A w Tl

thAt o & challenging test

d57] Al

pzs

=

=

Al

F g =

kel

=3
T T

A
60417156 A7

K

A}

T8

el
;OO
J_AO

(1 A

A
H

Mo

3l

2 2

F 11%)= 1

S}
=

WA 3

o

N

o 54%, A4

Al

)

Fslom 3072 (A 4]

°©

il
-
o
ol

A% F e A

bl o,

S

B3 3 68L/min &=

al

AN

(e ]
FA T

=
T

<]

OX]

i

21.5+1.71°C 2. &

o
_40_

oL

T X = aerationS T3t

At

RY2

AFSR S 18.4724.4°CH 9] 2 A]



11
il
iy,
X
X3
Aoy
=3
i
i
o
=
=2

>,
o
o
2
fols
e
)
f
kr
o
i
o
e
e
[\
X

A7 el A

A R ARLTE ANNE A9} Aol

R I I 4%

e R AT ) A zea TA A gel BT m= ek
MRS g T MO B 8 en 37 oAz Y ek ous
N A 2 Al A) ° Ok —Efo:)ﬂ

~J
—
V)
(=

o =7 37 30 151 50 30 985 328 834 278 552.3 100.0

49 30 151 50 30 1034 345 883 294 584.8 100.0 805.0
61 30 150 50 30 1028 343 878 293 5853 100.0 816.0

Ht 150.7 5.0 10157 339 865.0 288 5741 100.0 777.7
A} 0.58 0.02 2673 089 2696 0.90 1890 0.00 57.13
LA} 0.33 0.01 1543 051 1557 052 1091 0.00 32.99

BMB0.5% 38 30 150 50 30 992 331 842 281 561.3 100.0 721

50 30 149 50 29 83 98 340 8453 290 5846  96.7738
62 30 148 49 30 1029 343 881 294 5953 100.0 742

3t 149.0 5.0 1002.3 33.8 856.1 288 53804 989 7337
A} 1.00  0.03 2329 064 2163 068 1735 192 11.15
LA} 0.58 0.02 1345 037 1249 0.39 1002 1.11 6.44

BMB 1% 39 30 150 50 30 948 316 798 266 5320 100.0 727.0

51 30 150 50 30 1067 352 907 302 6047 100.0 793.0
63 30 150 50 30 959 320 809 270 539.3 100.0 750.0
150.0 5.0 9880 329 8380 279 5587 100.0 756.7

o
gl

_41_
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el on, GOT 2 GPT oA ¥/t gle o= B o dads SdHeolE
2E22AQHNE 3520 Aeldon A 4L MAA e Aow AJrAn
2o} 24o) ASE WHe Aol e g
ALT
(GTP)
9 g L-alanine + a-ketoglutaric acid -—— ALT --> pyruvic acid + glutamic acid
Pyruvic acid + NADH --—- LD --> lactic acid + NAD
NADH ¢ §3% #4&&S 543t ALTe @4x& A= ot
& 1D : Lactate dehydrogenase
Al oF Pureauto S ALT (DAICHI, JAPAN)
7 1] HITACHI 7600-210 & HITACHI 7180 (HITACHI, JAPAN)
AST
(GOT)
4 g L-aspartic acid + a-ketoglutaric acid —— AST --> oxaloacetic acid + glutamic acid
Oxaloacetic acid + NADH --- MD --> malic acid + NAD
NADH ¢ F%% #A&&S SAste] ASTe A& A gt
& MD : Malate dehydrogenase
Al oF Pureauto S AST (DAICHI, JAPAN)
ZF M) HITACHI 7600-210 & HITACHI 7180 (HITACHI, JAPAN)
Triglyceride
4 g <Reaction 1>
Glycerol+ ATP---GK--aGlycerol-3-phosphate+ADP
Glycerol-3-phosphate---Glycerol-3-phosphateoxidase——a
H>O»+Dihydroxiacetonephosphate
Hy0O,---Catalase--aH>0+0O2
<Reaction 2>
Triglyceride—--Lipoproteinlipase--aGlycerol+fattyacid
Glycerol+ ATP---GK--aGlycerol-3-phosphate+ADP
Glycerol-3-phosphate---Glycerol-3-phosphateoxidase—-a
H>O»+Dihydroxiacetonephosphate
HoO2+ESBmT+4-amminoantipyrine-——POD--areddish—pupplecompound
& GK : Glycerol kinase
POD : Peroxidase
ESBmT : N-ethyl-N-sulfobutyl-m-toluidine
A ¥ Reddish-purple compound® &3 =S =733} Triglyceride?d v =5 A 23k},
Al eF Pureauto S TG-N (DAICHI,
JAPAN)
ZF H] HITACHI 7600-210 & HITACHI 7180 (HITACHI, JAPAN)

Cholesterol, total

2 g Choleaterolester—-——CHE--aFreecholesterol+fattyacid
Freecholesterol+O——-CHO--aCholest-4-en-3-one+H203
HoO2+ESBmT+4-amminoantipyrine———POD--aReddish—purplecompound
& CHE : Cholesterol esterase
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CHO : Cholesterol oxidase
POD : Peroxidase

ESBmT : N-ethyl-N-sulfobutyl-m-toluidine

2§ A ¥ Reddish-purplecompound 9] &3 = &5 3Fo]  Cholesterol § =5 A% o),
Al oF Pureauto S CHO-N (DAICHI, JAPAN)
ZF W HITACHI 7600-210 & HITACHI 7180 (HITACHI, JAPAN)
Protein, total
4 g Protein ——— buiret reagent ——> colored product (reddish—purple)
Alkaline$ 9 2 ol A & 47)) 9] peptide 2 3 o] Cu®’ 9hchelate 2 5} o 2} 41 320 sl
HEL/\J‘JE Uzh::i z/a O}oq protein ] = x% 2 a:;}]:}.
Al oF Clinimate TP (DAICHI, JAPAN)
ZF W HITACHI 7180 (HITACHI, JAPAN)
w2 doata A BA
Algd ;ﬁ%’ Protein, total G(II?]%%S)e AST (SGOT)| ¢ ﬁ-[;rf) Cholesterol | Triglyceride
[e)
g/dL mg/dL 1U/L IU/L mg/dL mg/dL
) = 37 2.9 61 22 8 161 263
49 3.1 86 28 15 195 568
61 3.3 75 36 18 215 547
avg 3.1 74.0 28.7 13.7 190.3 459.3
std 0.16 10.23 5.73 4.19 22.29 139.09
se 0.09 591 3.31 2.42 12.87 80.31
BMB 0.5% 38 2.8 33 42 22 177 512
50 2.7 66 31 15 176 319
62 HAA R
avg 2.8 495 36.5 185 176.5 4155
std 0.05 16.50 5.50 3.50 0.50 96.50
se 0.03 9.53 3.18 2.02 0.29 55.71
BMB 1% 39 2.7 63 37 15 145 327
51 AA R
63 2.0 33 21 3 124 195
avg 2.4 48.0 29.0 9.0 134.5 261.0
std 0.35 15.00 8.00 6.00 10.50 66.00
se 0.20 8.66 4.62 3.46 6.06 38.11
BMB 2% 40 2.5 b5 17 5 157 292
52 3.2 75 58 20 210 359
64 2.8 47 33 13 186 485
avg 2.8 59.0 36.0 12.7 184.3 378.7
std 0.29 11.78 16.87 6.13 21.67 80.01
se 0.17 6.80 9.74 3.54 12.51 46.19
BMB 3% 41 2.8 48 26 7 166 253
53 2.7 61 76 43 176 385
65 3.0 40 68 33 171 381
avg 2.8 49.7 56.7 27.7 171.0 339.7
std 0.12 8.65 21.93 15.17 4.08 61.30
se 0.07 5.00 12.66 8.76 2.36 35.39
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Table 1. Ingredient and chemical composition (2%, DM basis) of the experimental diets

Experimental diets
Con SB-02 SB-05 SB-1 SB-2 SB-3 SB-5 Cp
5

Ingredient (%)

Fishmeal 45 45 45 45 45 45 45 45
Dehulled soybean meal 105 105 105 10.5 10.5 105 105 105
Dextrin 5 5 5 5 5 5 5 5
Wheat flour 30 30 30 30 30 30 30 30
Squid lLiver oil 15 15 15 15 15 15 15 15
Soybean oil 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
Choline 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Vitamin premix’ 2 2 2 2 2 2 2 2
Mineral premix” 2 2 2 2 2 2 2 2
Scutellaria aicalensis’ 0 0.25 0.5 1 2 3 5

Commercial product 0.1

Nutrients (%, DM)

Dry matter 90.4 90.3 89.2 89.3 89.3 90.4 89.6 89.3
Crude protein 45.1 456 46.8 46.1 45.4 42.0 441 45.0
Crude lipid 114 115 11.8 114 12.1 11.6 12.1 11.6
Ash 8.2 9.0 8.8 8.6 8.2 8.4 8.3 8.5

Witamin premix contained the following amount which were diluted in cellulose (g/kg
premix): L-ascorbic acid, 121.2; DL-a-tocopheryl acetate 18.9; thiamin hydrochloride,
2.7, riboflavin, 9.1; pyridoxine hydrocholoride, 1.8; niacin, 36.4; Ca-D-pantothenate,
12.7; myo-inositol, 181.8; D-biotin(5%), 0.27; folic acid, 0.68; P-aminobenzoic acid,
18.2; menadione, 1.8; retinyl acetate, 0.73; cholecalciferol, 0.003.

“Mineral premix contained the following ingredients (g/kg premix): NaCl, 43.3;
MgS04-7TH20, 136.5; NaH2PO4-2H20, 86.9; KH2PO4, 239.0; CaH4(PO4)-2H20, 135.3;
ferric citrate, 29.6;ZnS0O4-7H20, 21.9; Ca-lactate, 304.0; CuCl, 0.2; AICI3-6H20, 0.15;
KI, 0.15; Na2Se203, 0.01; MnSO4-H20, 2.0; CoCl2-6H20, 1.0.

SScutellaria baicalensis (SB) was supplied by Beautiful Science & Technology Co. Ltd

(Gyeonggi-do, Korea).
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Table 2. Survival (%), weight gain (%) and specific growth rate (SGR) of Korean
catfish (Silurus asotus) fed the experimental diets containing the various

concentrations of S. baicalensis extract for 8 weeks

Experimental  1pjtig] weight  Final weight Survival Weight gain 9
dets (g/fish) (g/fish) %) (g/fish)’ SGR
Con 0.96 £ 0.01 435 + 1.17 98.1 £ 0.95" 426 £ 1.17° 6.81 = 0.06"
CP 0.95 + 0.00 44.0 £ 1.40 99.1 + 0.95" 43.1 + 1.40° 6.85 + 0.05"

SB-0.25 0.95 £ 0.00 447 + 142 98.1 £ 0.95" 438 + 1.42° 6.87 £ 0.06"
SB-0.5 0.96 = 0.00 448 + 4.06 98.1 + 0.95" 43.8 = 4.05° 6.85 = 0.16%
SB-1 0.96 = 0.00 46.4 + 3.40 96.2 £ 1.90° 454 + 3.40° 6.92 £ 0.12°
SB-2 0.96 £ 0.00 454 + 1.73 93.3 £ 5.30° 445 £ 1.73° 6.88 £ 0.07°
SB-3 0.95 £ 0.00 441 + 143 95.2 + 252° 432 + 143" 6.85 = 0.07°
SB-5 095 = 0.01 459 £ 2.60 9.2 + 0.95" 450 + 2.61° 692 + 0.11°

Values (means of triplicates £ SE) in the same column sharing the same superscript
letter are not significantly different (P>0.05)

"Weight gain (g) = Final weight of fish — Initial weight of fish

°SGR = (Ln final weight of fish - Ln initial weight of fish)x100/days of feeding trial.

bR ol g4 24
Mol vleld AR 4AE ARARELEFER) L GuAEHEPRS A8 T

o]l 2ol 7t fldtHTable 3). 28y @A A3 5 & (PER)S SB-3AL5 &5 7ol A
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Table 3. Feed consumption (g/fish), feed efficiency ratio (FER), protein efficiency ratio
(PER) and protein retention (PR) of Korean catfish (Silurus asotus) fed the

experimental diets containing the various concentrations of S. baicalensis for 8 weeks

Experimental diets Feed consumption FER! PER® PR’
Con 46.7 + 1.20° 091 + 0.00" 202 + 001" 30.26 + 0.40°
Cp 456 + 1.73° 0.95 + 0.01° 2.10 + 0.01° 31.07 + 0.22°
SB-0.25 470 + 1.64° 0.93 + 0.01° 2.04 + 0.01%" 30.27 + 0.72°
SB-0.5 46.7 + 5.03° 0.94 + 0.02° 2.01 + 0.03™ 2041 + 1.44°
SB-1 49.7 + 363" 091 + 0.02° 198 + 0.04% 29.82 + 1.11°
SB-2 50.2 + 3.14° 0.89 + 0.03" 1.96 + 0.08 2843 + 0.40°
SB-3 474 + 1.98° 091 + 0.02° 217 + 0.06" 32.03 + 0.45°
SB-5 481 + 1.98° 0.93 + 0.01° 2.12 + 0.03% 3243 + 1.04°

Values (means of triplicates £ SE) in the same column sharing the same superscript
letter are not significantly different (P>0.05)

'Feed efficiency ratio (FER) = Weight gain of fish/feed consumed

Protein efficiency ratio (PER) = Weight gain of fish/protein consumed

SProtein retention (PR) = Protein gainx100/protein consumed.

S|

=]
E}'. ?:_1?_/‘6] RLNRe

A

877kl AW FRF F7e Fxeld AEH 7] sehA e T st

e Y 5, oHwriel g e Ale dojAll dig dRbdES AOAC (1990)

gz wel BAstdth 2dW AN x 6252 Kjeldahl method, %A %S ether
FE, F3RE 550Te 3R oA 4A7 o HE T AHEsgon, SRS
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w7l kS AR dojAle i, 2uwAs 23E R e FE, 2dWd H
AT FH2 Ayl woAHd AolE Holx @dtH(Table 4). 4

Table 4. Chemical composition (%, wet weight basis) of the whole body excluding liver

and liver of Korean catfish (Silurus asotus) at the end of the 8-week feeding trial

Experimental Whole body excluding liver
diets Moisture Crude protein Crude lipid Ash
Con 75.0 + 0.19° 149 + 0.16" 6.8 £ 0.23" 2.3 +0.02°
CP 766 £ 1.18° 14.7 + 0.02° 47 + 0.14 2.1 + 0.10°
SB-0.25 75.0 £ 0.13° 147 + 0.27° 6.3 £ 0.15" 2.5 + 0.06°
SB-0.5 75.7 £ 0.41° 145 + 0.84° 56 + 0.40° 2.3 £ 012"
SB-1 745 + 0.52° 149 + 0.48° 6.3 + 0.20™ 2.4 £ 0.09"
SB-2 774 + 0.69" 14.4 + 0.39° 56 + 0.11° 24 + 0.15°
SB-3 76.0 + 0.43" 14.7 £ 0.18" 6.4 + 0.11° 24 + 0.19"
SB-5 754 + 059 152 £ 0.31" 5.7 + 012 24 + 0.10"
Liver
Moisture Crude protein Crude lipid
Con 659 + 097 12.1 £ 0.27° 15 + 0.09*
Cp 65.5 £ 1.48" 125 + 0.38° 1.3 + 0.09°
SB-0.25 66.5 £ 1.04 124 + 0.20° 1.6 + 0.24°
SB-0.5 64.8 + 0.50" 12.3 £ 0.51° 1.5 + 0.16
SB-1 64.3 + 1.18" 125 + 0.12° 1.4 + 0.10°
SB-2 64.8 + 1.27° 12.4 + 0.22° 1.4 + 0.05°
SB-3 66.4 + 0.05" 12.6 = 0.07" 1.3 + 0.15"
SB-5 63.3 £ 0.03 11.8 + 0.31° 14 + 0.30°

'Values (means of triplicates * SE) in the same column sharing the same superscript

letter are not significantly different (P>0.05)
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(1) 23 w4H
8F7te] A SAHY FTEA AES dWr]e dAAFGEH FA A, total protein,

glucose®} triglyceride®] &S A3 7to] Fol& el zo]= HolA ¢rAdtH(Table 5).

o
T A W7 GPT 3o 2 nE AF e H|gte] Horozm =2
#s HAT 53] SB-025BAIRE FEE AdFAA H#Hre GOTe GPT #2

A 7MY W we Btk

¢
it
o

8ol ASAY FRF 199 AHF Az Fxmeld AEH W7 suhH S
T dustel nPguea PAe Adste] AL Pesgon o AL
o] &3t dFAAgAstH FAS AASETE. @49 total protein, glucose, glutamate
oxaloacetate transaminase (GOT), glutamate pyruvate transaminase (GPT)<}
triglyceride ¥ %S automatic chemistry system (Vitros DT60 II, Vitros DTE II, DTSC
II Chemistry System, Johnson and Johnson Clinical Diagnostics Inc., New York,

USA)E ol&3dte] A8kl .
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Table 5. Serum chemical composition and lysozyme activity of Korean catfish (Silurus

asotus) at the end of the 8-weeks feeding trial

Experimental Total protein Glucose GOT GPT Cholesterol Triglyceride
diets (g/dL) (mg/dL) (/L) (1U/L) (mg/dL) (me/dL)
Con 23 =015 oot PO 123 os® 1027768 000
cp 27 = 017t 29 e 130268 98015y OO0

+ +

SB-0.25 25 + 0.10° 1147 £ 876" 463 + 9.02° 100 + 1.15° 11177.‘313 Eﬁiiga
SB05  zeoor ol Lonw wosze® LS TO0S
SB-1 23 + 0.24° Zggjlf lgggaf 160 = 379" 957 + 1452° 38601.'005

SB-3 25 + 0.09° 12561"145 152;\:370}5 137 + 145" 1103 + 9.60° 36765..593

SB-5 22 + 0.03° 198.3 = 70 = 160 + 153 930 + 6350 o207 *

12.45° 20.01" B 62.73°
Values (means of triplicates £ SE) in the same column sharing the same superscript

letter are not significantly different (P>0.05)

th. AliF A A (Challenge test) 23

8T A5AE TS AES HrE YR st ZF Fxd 10vEA S
TR FEsle B a9dATAd Vibrio  anguillarum  (3x107cfu/ml) 3}
age Al Streptococcus inlae (3x107cfu/ml)S Q19 H o7 FA L] ZAAH oW,

V. anguillarum= 7ol 2097kA19 FAHAAE R} S inlaes FolF 3097kA 9]

FANAEE 22 St

8F 7ol Atsae Fu A AED Wr|E YAOo R st V. anguillarum®t S, inlae®)

A4 FelolF ol5el AMAE WHE A7 Fig 13 Fig. 20 YT V.
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anguillarume A olF 3YAFE FAAZE #ZEH7] A ASEGon, Aol
O] FRE X (Con)ell HEe] RE AF P FAHHALEO] feoH e
vebwttl. V. anguillarum 3G 0lF 204 A=tz ol AH HAalslglow, SB-0.25
56.7%, SB-05 56.7%, SB-1 46.7%, SB-2 46.7%, SB-3 43.3%, CP 40% % SB-5
36.7%9 wo 2 FHHAES B

TRl S inlae® AQOIF 20ANE A A/ AFsGOm, ATFEG]
0UARE  FHAT B2TF(Coml Mste] RE  AFTFNML A &o]
fFolHom i Uugth S inke AAF 0UA UEFA FAAANEE
53.3%0°]lem, CP 33.3%, SB-3 33.3%, SB-05 33.3%, SB-1 30%, SB-5 26.7%,
SB-0.25 26.7% % SB-2 23.3%°] o2 FAHAIE S HATH

100
80
60

40

Accumunlative mortality (%

0 5 10 15 20

Flapsed time (days)

|—Con —-CP —5B-025 —#-3B-05 ——SB-1 {+SB2 —A—SB3 —0-SB-|

Fig. 1. Accumulative mortality (%) of Korean -catfish (Silurus asotus) fed the
experimental diets containing various concentrations of S. baicalensis (SB) for the
following 20 days after V. anguillarum infection (means of triplicates + SE). *

indicates that the accumulative mortality of fish fed the CP, SB-0.25, SB-0.5, SB-1,

SB-2, SB-3 and SB-5 diets was significantly (P<0.05) lower than that of fish fed the
Con diet.
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Fig. 2. Accumulative mortality (%) of Korean catfish (Siurus asotus) fed the
experimental diets containing various concentrations of S. baicalensis (SB) for the
following 30 days after S. inm/ae infection (means of triplicates + SE). * indicates that
the accumulative mortality of fish fed the CP, SB-0.25, SB-0.5, SB-1, SB-2, SB-3
and SB-5 diets was significantly (P<0.05) lower than that of fish fed the Con diet.
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