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Antimicrobial Activities of Scutellaria baicalensis Georgi Against
Various Pathogens and Spoilage Bacteria Isolated from Tofu

In-Taeck Woo, Kyung-Nam Park and Shin-Ho Lee'
Faculty of Food Technology and Service, Catholic University of Daegu, Gyeongbuk 713-702, Korea

Abstract

Antibacterial activities of Scutellaria baicalensis Georgi (SBG) extract were examined against spoilage
bacteria isolated from commercial tofu and various pathogens such as Listeria monocytogenes ATCC 19115,
Pseudomonas fluorescens ATCC 21541, Staphylococcus aureus ATCC 29737, Salmonella Typhimurium ATCC
11806, Vibrio parahaemolyticus ATCC 17802, and Aeromonas hydrophila KCTC 2358. Four kinds of spore
forming organisms were isolated from commercial tofu and identified as Bacillus sp. KN-4, Bacillus sp. KN-6,
Bacillus sp. KN-10 and Bacillus sp. KN-20 using API CHB kit. The SBG extract showed high antibacterial
activities and significantly inhibited the growth of the isolated spoilage bacteria and pathogens. The inhibitory
effects against the organisms increased as the concentration of the SBG extract increased. The antimicrobial
activities of the SBG extract were maintained markedly after heat treatments (80°C/30 min, 100°C/30 min and
121°C/15 min). The minimum inhibitory concentrations (MIC) of the SBG extract against the organisms ranged

from 1,000 ppm to 5,000 ppm.
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FZ N8 3| dhe] 40°CH A 7;}%}'1':* 71(BUCHI Rotavapor
R-114, Switzerland) & A}-8 - F5slg o, 555 =225
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1 &8 Listeria monocytogenes ATCC
19115, Pseudomonas fluorescens ATCC 21541, Staphylo~
coccus aureus ATCC 29737, Salmonella Typhimurium
ATCC 11806, Vibrio parahaemolyticus ATCC 17802,
Aeromonas hydrophila KCTC 23585 AM-g-8lglov, A
i x| += tryptic soy broth(TSB, Difco, USA), J#5F &3
2 BFIE vl 2= tryptic soy agar(TSA, Difco, USA)E
ALg-3t 9 ot

5 Rufre| 22 ¥ 83

Algoll A it 24 T8 8EF-E 37°C incubatorel 4]
29 HIA3le] o XML Belfoer Al4-&te] nutrient
agar(NA, Difco, USA)el| 747} 0.1 mLA =%sle 37°C in-
cubatorel| 4] 244] 7} wjekgt F Z+2b2] colony e W A7
TR BH3tY 1659 #5F REsidoh EeldTe
spore A4 = gram 94& 3] A7 (LR 66238C, Zeiss,
Germany) 2.2 &b 542 fabstela, A3std §4
2 Api CHB kit(Biometruix, France)& AH&3l¢.2. 9, Api
CHB V40 system& ©|-4-3}e] 5339 cl.

TEM U s ME X =1
Al gl g 842 paper disc &
o]-g-slo] HA 3l on, 10% 7 N F5F 40 uLE
paper discoll F-3Fod 4°Coll 2447} b & F 37°Coll A
2427k wjoFstod clear zonedt A fF& st #
9] Ao g EAL =259 HEFE0)0, 005 01,
0.15, 02% = =% x4 g tryptic soy broth®} nutrient broth
(Difco, USA)e WA w3t Ak T8 39 vl &S 242}
one loop#® % &3}ed 37°C incubatorsl| A 24417} EaF ulef
3t A 12417} AR AFSE S s

°H og

Aok A& &4 3k7] $)4l %‘L‘%

%

&<t 747 A A=) gk F paper disc method® F-A] 5ol EH
& &4 3o =9} vl wEdeH15).

ek Bl

w2 5ol gt AR A = Farag 59 ¥
(16)ol wet AAssc}. &F o5 &2 HLFr=7}
0.1, 02, 03, 04, 05%7} B =% 243 WAl E2| 55
Zhzk A shed 72417k Fok wioFsha A QA S el
A 9F-8 2w 2 4R # X (minimum inhibitory concen-
tration; MIC)2 &t}

vl Eol & 3o FaE) 47
Sl

EAFEA L SPSS software package(ver. 12.0)5 2183}
gdov, 7+ a7k #-94 732 Duncan’s multiple
range test® o}-8-3te] A4 31 v} (p<0.05).

Tl Fte] 25°CollA] F-3& fFmsle] o]
E AEZ 39 FolTS Felsta 4] ohE T4 16
T2 FAE BEkch ¥8 ¥ % nutrient brothel]
A 7o) wlaA] ofzata, EAE A Eelsle] A
2 o} & KN-4, KN-6, KN-10, KN-209] 47¢F& A5}
Api kitZ o] &3] W WES FAstod Api data base
2o} FE} v12g A3} Table 1014 Bz ule} 7o) 4735
23| gram A ZHFo R XAE YAsigd o 28 A
2} KN-4, KN-6, KN-10, KN-20 -£3) Bacillus sp.& EA =

gk 2 'S Z‘r%@

Fis 15} fAkshedeh
szl S5l 9

rescens, S. aureus, Sal. Typhnnunum, Vzbrzo parahae=
molyticus, Aeromonas hydrophiladl W& 32 oetg &
2 10 mm ©]A9) clear zoned Al sle] 73l S EAS
vetigles, B2l #1695 F KN-8, KN-9,
KN-14¢ d&) A= clear zoned ¥A3HA) ¢otrt. Yang 5
(17) Staphylococcus epidermidis, Bacillus cereus, Pseu-
domonas aeruginosa®] W B5 &89 J7EA L
A A S5 FrEE Gehdsdvhe Rkl

SEY 2EldFe 47 oM ot

225 Bacillus sp. KN-4, KN-6, KN-103} KN-20°}|
et g oivhg FEES T FuEAd-S Table 304
B uke}l 2o} Bacillus sp. KN-4& vl ok 244 75 Ad4=
10' CFU/mL ©]8}& b3, Bacillus sp. KN-6& 33

&g FFE 025% o] 4] sellx] AAe] A= o] vl
oF 24412 5 ol 1= AdAbe] AMEA] edgkr} Bacillus sp. KN-
103} Bacillus sp. KN-20-2 33 o|&te %% 005% ¥%=
A= wloF 12417 o] F3e] Aol Fhabx]z] ofol Hulgh
Ty 3o vl Bell ik 3 ol|vhe 2E8-0) AR oA
a3 vhe 7k s Jehdsich

Table 4= W94 Pl A Eol| 3 33 ofehe 2529
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Table 1. Identification of selected strains isolated from tofu

Api CHB assay jtralg Kll\g N‘;‘O Api CHB assay ftralg Kll\g N‘;'O Api CHB assay ftralg Kll\g N(;'O
Glycerol + + + - Inositol - - + ~ Inuline - - + -
Erythritol - - - - Mannitol + + + - Melezitose - - - -
D~ Arabinose - - - = Sorbitol + + o+ ~  D-Raffinose + + -
L~Arabinose + + + - a Methyl-D-Mannoside - - - Amidon + - +
Ribose + + + + a Methyl-D-glucoside + - + - Glycogene . +
D-xylose + + + = N Acethyl glucosamine + + -+ Xylitol - - - -
L-Xylose - - - = Amygdaline - - + ~- B gentibiose R
Adonitol - - - - Arbutine + + + -~  D-Turanose - - F -
B methyl-xyloside - - - - Esculine + + + + D-Lyxose - - = -
Galatose + o+ o+ Salicine + + -+ D-Tagatose - -+ -
D-glucose + + + +  Cellobiose + + + -  D-Fucose - - = -
D—fructose + + + +  Maltose + + + +  L-Fucose - - - -
d-Mannose + 4+ + + Lactose + + + - D-Arabitol - - = =
L-Sorbose - - - - Mellibiose + + + - L-Arabitol - - = -
Rhamnose + + - = Saccharose + + + +  Gluconate - - - =
Dulcitol - - - - Trehalose + o+ + 2 ceto-gluconate - - - -
o s Strain No.

Identification KN4 KN-G KN-10 KN-20

Shape Rod Rod Rod Rod

Gram staining + + + +

Spore staining + + + +

Tentative identification Bacillus sp. Bacillus sp. Bacillus sp. Bacillus sp.

Fig. 1. Antimicrobial activity of Scutellaria baicalensis
Georgi ethanol extract against KN-4 isolated from tofu.

TEE FFEAE Jepd Aaet} 3 dge 225
0.05~0.2%2] =M P vl Ee s A4 A &
e vebdile. 2T 12407 sjek F 10° CFU/mLE
veluil e}, L. monocytogenes, S. aureus L83 P,
fluorescens= FF A ¥& FEEF 0.05% °|AFY] F LA
AAQA Z23-F et 9daz, Sal. Typhimurium=- 0.19%
o2} V. parahaemolyticus, A. hydrophilas 0.15% ©]4+2)
FRolA AAbel JA=E LM, 02% sl M= V. para-
haemolyticus, A. hydrophila, S. aureus®l W& A4 &3}
7} A=) Shin 5-(18)2 32 $FF &%) Esch-
erichia coli ATCC 19215, Cryptococcus neoformans 184A,
Candida albicans B311 52 WA v Q&2 AA-S o)
ARevw, 2 J9A A= 52 37t w54 wet ohz
oty 23389 2, Kim#} Cho(19)& 3+ 5% % 0.1% ]

Table 2. Antimicrobial activities of Scutellaria baicalensis
Georgi ethanol extract against various pathogens and
spoilage bacteria isolated from tofu

Strains  Clear zone Strains  Clear zone

KN-4 + KN-12 +
KN-5 + KN-13 +
KN-6 + KN-14 -
Spoilage KN-7 + KN-15 +
bacteria KN-8 - KN-17 +
KN-9 - KN-18 +
KN-10 + KN-19 +
KN-11 + KN-20 +
Listeria monocytogenes ATCC 19115
Pseudomonas fluorescens ATCC 21541
Staphylococcus aureus ATCC 29737
Pathogens

Salmonella Typhimurium ATCC 11806
Vibrio parahaemolyticus ATCC 17802
Aeromonas hydrophila KCTC 2358

+! clear zone diameter>10 mm.

Yo+ o+ o+ o+

Al A V. parahaemolyticusel Aol x| 9l o F3)
A P A (TEM) 2.2 323 A#) A £90] stz =]e] 4
ZU-EEEo] $E5HY FFEAN) el Aoleln By
shsdoh

FEF9 gordEy

g7 g FE25S dAE A AdgdaAz &
4 7FeA S dotry] b, FF ke FEE dA
& ZAR S olwhE FEEE 80°Cak 100°Cell A 2
Zr 30 min 28] 32 121°Coll 4] 15 min D=2l &k g, E2s
T - vl A E HAA vl Al Eo digt clear zone A
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Table 3. Growth of Bacillus sp. isolated from spoilage tofu in nutrient broth containing various concentrations of Scutellaria
baicalensis Georgi extract at 37°C

(log No. CFU/mL)

Incubation time (hours)

1 H [+)
Strain No. Concentration (%) 0 1 o
0.00 4.43+0.04"% 8.41 +0.03° 8.24+0.04°
0.05 4.30+0.04™ 6.68+0.02¢ 7.95+0.01¢
KN-4 0.10 4.95+0.04° 5.43+0.01° 6.71+0.03
0.15 4.350.04 5.10£0.01° 6.60£0.04°
0.20 4.200.04° 4.95+0.017 5.08+0.01%
0.00 4.43+0.03° 7.76+0.03° 8.46+0,02
0.05 4.41£0.03° 7.13+0.02° 8.24+0.02°
KN-6 0.10 460+0.03° 5.89+0.01° 7.59+0.04°
0.15 459+0.03° 5.60=0.03" 7.59+0.02°
0.20 4.46+0.0% 3.69+0.03" 7.41+0.01°
0.00 3.75£0.03° 7.23+0.03 7.37+0.04
0.05 3.6920.03 ND* ND
KN-10 0.10 359+0.03° ND ND
0.15 3.43+0.03° ND ND
0.20 3.24+0.03 ND ND
0.00 3.41+0.03 7.35+0.03 7.15+0.02
0.05 3.35+0.03° ND ND
KN-20 0.10 3.43+0.03 ND ND
0.15 3.60+0.03° ND ND
0.20 3.41+0.03° ND ND

YMean=SD (n=3). ?Mean within each column with no common superscripts are significantly different (p<0.05).

UND: not detected.

Table 4. Growth of various pathogens in tyrptic soy broth containing various concentrations of Scutellaria baicalensis

Georgi extract at 37°C

(log No. CFU/mL)

Incubation time (hours)

3 3 o)
Strain No. Concentration (%) 0 12 o1

0.00 5.61+0.01" 8.89+0.01% 8.67+0.01°
Listeria monocytogenes 0.05 5.61+0.01 856+ o.ozf 8.68+ 0.01‘:
ATCC 19115 0.10 561 +0.01 737+001° 813=0.11°

0.15 5.61+0.01 7.04%+0.01 7.25+0.09
0.20 561+0.01 5.63+0.14% 653+0.13
0.00 5.26+0.06 8.74+0.22° 8.46+0.19°
Pseudomonas fluorescens 0.05 5.26+0.06 824+ 0.02; 831+ 0.102i
ATCC 51541 0.10 5.26%£0.06 717+0.10° 7.05+0.03°

0.15 5.26+0.06 7.29+0.18 6.67+0.20
0.20 5.26+0.06 6.06+0.02* 5.43+0.20°
0.00 5.75%0.08 8.95+0.07° 9.09+0.11°
Staphylococeus aureus 0.05 5.75+0.08 837+ 0.08? 845+ o.13f
ATCC 29737 0.10 5.75+0.08 7.70+0.05° 7.96+0.12°

0.15 5.75+0.08 6.37+0.07 6.36+0.09
0.20 5.75+0.08 7.06+0.02° 4.49+0.32°
0.00 5.17+0.01 8.62+0.22° 9.03+0.02°
Salmonella Typhimurium 0.05 5.17+0.01 854+ 0.04f 8.63+ 0.065
'NTCC. 11806 0.10 5172001 7.280.03° 8.04+0.04°

015 517+0.01 7.05£0.01 757+0.17
0.20 517+0.01 6.14+0.08° 6.52+0.18"

0.00 471+0.18 851 +0.13° 8.40+0.05°

Aeromonas hydrophila 0.05 471+0.18 856+ 0.062 8.96+0.07°
KCTC 9358 0.10 471+0.18 831+0.13° 830+ o.1o€b

0.15 471%0.18 4.40+0.36 4.98+0.06
0.20 471+0.18 3.57+0.31% 3.24+0.24°
0.00 464+0.11 851+0.13' 8.12+0.07°
Vibrio parahaemolyticus 0.05 464+0.11 812+ o.o4z 8.01 io.23j
ATCC 17802 0.10 4.64%0.11 8.080.09° 7472003

0.15 464+0.11 4.22+0.06 4.69+0.20
0.20 464%0.11 3.29+0.07% 3.30+0.15°

UMean=SD (n=3). ?Means within each column with no common superscripts are significantly different (p<0.05).
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Table 5. Effects of heat treatments on antimicrobial activities of Scutellaria baicalensis Georgi ethanol extract against
Bacillus sp. isolated from commercial tofu and various pathogens

Clear zone diameter (mm)

Strains A B c D

Bacillus sp. KN-4 15 10 9 11

Spoilage bacteria Bacz:llus sp. KN-6 19 10 9 9
Bacillus sp. KN-10 9 10 11 10

Bacillus sp. KN-20 14 11 1% 12

Listeria monocytogenes ATCC 19115 17 12 10 11

Pseudomonas fluorescens ATCC 21541 25 15 10 11

Pathogens Staphylococcus aureus ATCC 29737 27 20 11 15
Salmonella Typhimurium ATCC 11806 18 14 2 12

Vibrio parahaemolyvticus ATCC 17802 26 21 14 15

Aeromonas hydrophila KCTC 2358 25 22 17 18

A: Control, B: 80°C for 30 min, C: 100°C for 30 min, D: 121°C for 15 min.

2 54 A3 Table 5ell4] Mz vhe} e} F4 3o

WA E HYAA A Zel o s FEA-2 dA
Ao wpe} ol BlE|A FAF Aty ot =2 St
AL AT AR 3 R FEEL e
F3 5y vl AE 2 Bacillus sp. KN-200 disf] 713 =2
A Jeliddeh dAe 3o 7 duE FE2EL

S. aureus, P. fluorescens, A. hydrophila, L. monocyto-
3}

aid

g}

il

genes, P. fluorescens, Sal. Typhimuriumeol A% 53
clear zone& A3l FE2E9 kA Ado| vlwH &5
Ao g vetytoewy Salmonella Typimurium} Aeromona
hydrophila®] W8] ¥]2A F-& SH%%H o g-x)5}5dc}, o
2]gt AR vl Fo] Mo} &g ofwt
o AdgFadLA 2 Aol 7
52002 £ HEg FEES 100C
gAdo] Attty B F , Seong E(21)-2 80°C ¢
A 2w FEE9 A4 719 315}7} Adgle »}
100°C A 2§ Lvlat
e vebli sl e, Park
o] A F A v ‘Eif’ﬂ
oA FHd| 938% A%l

o &

XMolls=

o mfAEH WA A A S A FF oEE
259 FH2AHFZMIC)E Table 60 & npe} 2t}
=8 Hal v 2l Bacillus sp. KN-4, Bacillus sp. KN-6,

T 1 T3

Bacillus sp. KN-10 28] 31 Bacillus sp. KN-202] MIC+

P

N{N' 4t p

0.19%0]1 0.7, WA wl A Bl g MICE T5ofl whe} -
tha Aelzt qgdovt, FF A FEE ATFEL

05% A3=2 eyl S. aureus, A. hydrophiladl . th&h
MICE 05%, L. monocytogenes, P. fluorescens; Sal.
Typhimurium, V. parahaemolyticus+- 0.5% o] Akol| A} o}~
u] kg colony 7t HEE <,
F&E9] MICE 05% olA4d A
MIC A=

o= webEch X AP

)% FFol WY FF R

T e o Al vl v w2 A%

Table 6. The minimum inhibitory concentrations (MIC) of
Scutellaria baicalensis Georgi ethanol extract for Bacillus
sp. isolated from tofu and various pathogens

MIC (%)

0.1
0.1
0.1
0.1

>0.5
>0.5
0.5
>0.5
>0.5
05

Strains

Bacillus sp. KN-4
Bacillus sp. KN-6
Bacillus sp. KN-10
Bacillus sp. KN-20

Listeria monocytogenes ATCC 19115
Pseudomonas fluorescens ATCC 21541
Staphylococcus aureus ATCC 29737
Salmonella Typhimurium ATCC 11806
Vibrio parahaemolyticus ATCC 17802
Aeromonas hydrophila KCTC 2358

Bacilluis
Sp.

Pathogens

KN
=

vehl, o] = Park 5(22)3 Lee 5(23)°] A1 &4 &
B9 e S Vel sE7F dAwiA B} A el R
oAlA A velyeln B3gt Ao}l f-2bsksdvh
& % g T A el A E T A
AAAZAE et gl o,
d =gl iéﬂl vtebt A AEHEAR
770l "ﬁ“% Ao s g} B3] T ek =
FEE] ¥ Pt Fot 7] A TJH s}
29 7o) & T A S
T AH/MERAY o8V & AR A}gﬂ
15 AgAos 837 sl 71 nEA 34
A7t Aol & Hog kgl

3}

==

o
o b ox

H

__:lzl

o

"3€°ﬂ
I &7 137
wHale —'f*—tu'——‘?‘
ol visho] 3 ot
AA "l LJrEM]‘}i
KN-6, KN-103 KN-

=
=

=

=)

—7F 75,‘?& @ﬁ} KN-4,
cillus sp.2 F4H ).

E°



o wa) ol AR WA Cl gl AT B

g7 o|ehg FEEL Listeria monocytogenes ATCC
19115, Pseudomonas fluorescens ATCC 21541, Staphvio-
coccus aureus ATCC 29273, Salmonella Typhimurium
ATCC 21541, Vibrio parataemolyticus ATCC 17802,
Aeromonas hydrophila KCTC 23584l W3] &+3xd-S 1}
gl o, 05% ol FxellA AAre] A=At S+
of|eh- =522 80°Cell A 30 min, 100°Cel 4] 30 min, 121°C
o4 15 min A2 &), FAFT HT G A <]
b ghadhs dAS Yetdislov daje] Fole 73 &
Hul A ET FA WA vl Sl e FEEAdS T
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