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ABSTRACT
Objectives This experimental study was performed in order to investigate the antibacterial effect of
bio—fermented Galla Rhois extract,
Methods : The Galla Rhois extract was fermented by Streptococcus thermophilus, Saccharomyces cerevisiae and

Lactobacillus delbrueckii, and their products was tested for antibacterial activity against six pathogenic microorganisms
namely, Bacillus cereus, Bacillus subtilis, Staphylococcus aureus, Vibrio parahaemolyticus, FEscherichia coli and
Salmonella typhimurium by paper disc diffusion method,

Results :
more effective antibacterial activity than not fermented extract against Bacillus subtilis and Vibrio parahaemolyticus,

The Galla Rhois fermented extract by Lactobacillus delbrueckii and Saccharomyces cerevisiae showed

Antibacterial activity of fermented extract using especially Lactobacillus delbrueckii and Saccharomyces cerevisiae
was proved that it was good with even 2 percents concentration, Antibacterial activity of Galla Rhois extract
within pH 3 to pH 7 had been safe regardless of pH but low over pH 9,

The growth of Bacillus cereus, Staphylococcus aureus, and Vibrio parahaemolyticus had a tendency to decrease
depend on the increasing concentration of the extract, EtOEt, EtOAc and n—BuOH fractions of the Galla Rhois
extract had a high level of antibacterial activity against Bacillus cereus, Bacillus subtilis, Staphylococcus aureus
and Vibrio parahaemolyticus, respectively, Surprisingly, EtOAc fractions of the Galla Rhois extract showed higher
antibacterial activity against Vibrio parahaemolyticus alone, And antibacterial activity against six pathogenic
microorganisms had a tendency to increase depend on the increasing concentration of the fractions of the Galla
Rhois extract,

Conclusions : Bio—fermented Galla Rhois extract, efficiently inhibited the growth of Bacillus cereus and Vibrio
parahaemolyticus,
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sodium metabisulfite, G424 5 ciefst FAREEIF A7)
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oA sfiA=olof & A7l Foldl= A L, FEo] oF
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1. A=

Aol AREE 2uAH(Galla Rhois)= 2008 10¥€7
o A o a9 A=A oA AFHI & FHEATw
SPA ek et A AL, o8] Ho ExES A
At Azxste B Tof 4CoN dF B & &8
A|BE ARESHAT

2) A& & 3 HiX|

A¥o] AMESH #F= Gram positive w9 Bacillus
cereus KCCM11204, PRacillus subtilis KCCM11316,
Staphylococcus aureus KCCM12256, Gram negative
Q1 Vibrio parahaemolyticus KCCM11965, Escherichia
coli KCCM11835, Salmonella typhimurium KCCM40253
2 AFHEE A AEEZANE A EoFdtol ARESFS
ow, B cereus, B subtilis, E coli = Nutrient agar,
V. parahaemolyticus= 3% NaClo] Z7}¥ nutrient agar

2 Agstart,

3. 4y

1) biXt =22 H=E

Sujzp Eak Ho09] FAHlES 1 0 10(W/V)2& st
120ColA 3087 #BY the A=E 13 AR F o3A
(Whatman No 2.)2 oustgtt o]AL rotary vacuum
evaporatorg o|&3dlo] =3t & EAAZ gt =2 A
23 BE-2 3 BHaste] Ao AN

2) 2Rt FE20| s
9ol A=Y oM FHEL olgstel TRt 2ol WE
22 Az,

(1) 284 24 | a—Herbzyme 3 gl 54 100 mLE
7¥staL 50 ColA 247 HE & o AXE 1 AE
T AR Z ATAT] XS 2EABOZ ALGSIGTE

(2) B2 AxZ izt B 0.9 gol 2849 2.2 mLE
A7l 50ColA 247 B4R A7 & 95T, 10
B2+ d4siact

(3) Steptococcus thermophilus, Saccharomyces cersvisiae,
Lactobacillus delbrueckiis Z¥YZy 0.1 mLA HZ3s}
o] 30C shaking incubatoro|A 4947t Hj3t & 6
0cColA 20&7F EA ]84t

(4) BZ2A= A7l g 4+1CoA I BHste] Ao
AHE-3FATE
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3) M= & =

FAld S A5t Y8l slantol widd ZF 45 1
WFolg 3l 100 mL brothvfz]ol FFadte], 24417 FF
A5t A7l & AREStETE A 9 em?l petri disho] 20
mLe] iR E £ FHuA| Qo 2 FF9 2493 | )
FH 0.1 mLE AYE b A2 FEIdRE vz Yo =
12 HAEE =i, 52 AxAF o BEE A=
o] BkS A2 3As e 1%, 2%, 5% D 10% =2
ZAISt Z pore size 0.45imQl membrane filterE Fi} A
71 o "+E paper discoll FFAIFHT. oAS 77 &
2H plate ®HO B2 § V. parahaemolyticus, E,
coli, S, aureus= 37°C, 8|1 B cereus, B subtilis, S
typhimurium £ 307C incubatoro|A] 48A)7F vj9Fsle] disc
F9 BAE clear zoned FF(mm)E SHstY AT
4E& AT

1) ZE20| YUY MR B &

=4 ARAZ BEY 20ge H.0 400 mLe}t HEAZ =
n—hexane, Ethyl Ether (EtOEt), Ethyl Acetate(EtOAc),
n—butanol(n—BuOH) ¥ H,02 Z4o] ZF& Lujjor =&
|2 £3Ho2 AF Btk Fig. 1. £2E 2¥E
2 Xo} rotary vacuum evaporator® ©]&3}e] =319
1, EAX F paper discHoE FAFEES 2ARHAT

Extracts powder

n-hexane H.O

I 0-BuOHH-O

[ oo | [ w0 ]

Fig. 1. Scheme of extraction and solvent fractionation of ethanol
extract of Galla Rhois

4. FAA

EA A gl= DMRT(Duncan's Multiple Range Test)& 3}
fom, P<.05 A F9Ao] e AL At

Z2 3

1. 2ujr Ha5 &9 IJAF EA4

O} 22BS S thermophilus(FST), L, delbrueckilF1LD),
S cerevisiadFSC) & 3%9 WAAFE 0|85 YHES
10%9] s=2 AT & 2FFY A B cereus, B
subtilis, S aureus, 1B MlH?l E coli S typhimurium,
V. parahaemolyticus 5 6% AEFHA D 4S5
gt FAF A4S AR 1 Ay, FLDF FSCol 9
St WRES B subtilisdl] ol FAFEF0] =%,

Uz AERAF 9 4S5 gt FAFEAELS vds
B ztol7k AL yehtA] ggtth, FSTo| gt daES A
Q8}al B cereus, S aureus W V. parahaemolyticus Y
3 FAFEA2 HEEET Aol ¢gd, ASAHEY] A
o] 14.0~19.0 mm=Z FANFd&o] & ALE HFHL
dhe] FSTol| o3t HaEL vdaE ¥t £ colel tigt
FAlFEol A 2AE ™, FLDSF FSCol o3t IasE
< vEET v|stAY WA UEt S typhimurium
o i3t IANFEAEL daAFe| Zfol7b ¢ltHTable 1).
AuFo g ouz TR g INFEAHL YadFY TFRY
i AERET 9 ASEFY SRl "t 7] Aold A
o2 zAE LY, FLD9 FSCo| o3 wage] AL B
cereus, B, subtilus, S aureus B V. parahaemolyticus
T 439 AEFRF 4 I35l dEiAe BEEE 2o
=AY 22 FAFEES T 5 Aoy, FST st
HaE2 vgaERY Ot B2 JAFEAdE UElT §F
Hell E. coliof] thet FAFZ/d2 FSTO| gt LaEo| H]
daE Boh A vesen, S wyphimuriume] He A
AL dE AT BE o9 BAY A gle AR TF
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Table 1. Antibacterial activity of fermented Galla Rhois extract
against six kinds of bacteria

Inhibition zone(mm)

Treatment
BC? BS SA EC ST VP
NF 18,0 12.5° 18.3" 10,0 9.0° 16.8"
FST 15.8" 10.8° 13.0° 11.8° 8.0° 14.0°
FLD 16,2 15.0° 15,5% 9.0 9.0° 19.0°
FSC 15.5% 15.0° 18.3" 8.0° 9.0° 17.3°

U NF: Not fermented, FST: Fermented with Streptococcus thermophilus,
FLD: Fermented with Zactobacillus delbrueckii, FSC:.: Fermented
with Saccharomyces cerevisiae

2 BC B cereus, BS . B subtilis, SA . S aureus, EC . E coli, ST :
S, typhimurium, VP . V. parahaemolyticus

¥ The same letters indicate Duncan's multiple range grouping which
do not differ significantly at 5% level, Values were average of three
replications, Dilution degree was 10 fold, A size of paper disc was
included into an inhibition zone

2, U YA E = FAFEA

FST, FLD ¥ FSC & 3%9 5o 9% euja 4a5ES
1%, 2%, 5% D 10% =2 ZA5t] B, cereus, B subtilis,
S aureus, F, coli, S typhimurium R V, parahaemolyticus
T 639 AEFRuT ¥ A5l i FAFEES 2AF
=g

oufz; HEEY FAFEHLS T YEHOE Hashe=
S YelYigla, FLD ¥ FSCol o8t ra&El 2% 5%
A B subtilisdl] e FAFEAEL vidaE Hoh 718t
QI E3 1 % B=TR| V. parahaemolyticus®l| Wot &
Mg vdarg Frkete o2 ZAMERI FSTO
o TaEL 10% =AM E. colio thet AT
HEEE 2ok #4 2AESCY, O oJst &A= A
+&49] Zpo|7} otk WHH B cereus, B subtilis, S,
aureus, S, typhimurium 9 V. parahaemolyticus®l| W3t
FAFEAEL HEEERY 258 FastAY daEl 5%
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Table 3. Antibacterial activity with pH of fermented Galla Rhois
extract against six kinds of bacteria

Inhibition zone(mm)

Treatment pH

- . - 2)
= PAFA Fol7t 9 & S Ygiek B BS  sA EC ST WP
3 1609 127 15.0° 8.0° 8.0° 18.0°
Table 2. Antibacterial activity of fermented Galla Rhois extract with 5 13,5 9.0° 14 9° 3.0° 30 17 0%
various concentration against six kinds of bacteria b . ) Y .
NF 7 13.5 9.0 12,7 8.0° 8.0° 16.0
C Inhibition zone(mm) ¢ b ¢ a a cd
Treatment O(Zin' > 9 9.0 8.0 9.0 8.0 8.0°  10.0
b, BC BS SA EC ST VP 1 9.0° 8.0" 9.0° 8.0° 8.0° 8.0’
10 180Y 125 183" 10.0° 9.0° 167 3 15.2°  11.0° 145  13.0°  16.0°  16.0°
- 5 150" 100" 140" 80" 80" 130" 5 135 11.0°  135° 90" 155  13.0°
2 13.0° 9.0° 13.0° 80" 80" 105 FST 7 12.5" 11.0° 12.5" 9.0 15.2° 12,0
1 11.0% 9.0° 11.7° 8.0 8.0 8.0¢ 9 9.0° 9.0 9.0° 8.0 8.0 8.0¢
10 15,5" 107" 13.0" 11,2 8.0° 140" 11 9.0°¢ 8.0° 9.0° 8.0° 8.0° 8.0"
5 12,5 1000 115" 80" 80" 102 ‘
FST 9 11.0° s 0 10.5° 30" 80 9.0 1) NF: Not Fermented, FST: Fermented with S thermophilus
’ ) ’ ’ ) ! 2 BC : B cereus, BS : B subtilis, SA : S aureus, EC : E coli, ST
1 10.0° 8.0" 9.0 8.0 8.0° 8.0° L S typhimurium, VP . V. parahaemolyticus
3) . . ' . . .
a a a a a a The same letters indicate Duncan's multiple range grouping which
1 16.2 1 1 1
0 6. 5.0 5.5 9.0 9.0 9.0 do not differ significantly at 5% level. Values were average of three
5 13.5° 12.0° 13,7 8.0 80" 160" replications, A size of paper disc was included into an inhibition
FLD 5 110° 9.0f 190% 80" 80° 140 zone, Dilution degree was 10 fold.
1 9.0° 8.0° 11.0° 80° 80"  9.0°
0 155 5o w2 80 00 12 4, WA 25 BB FHZHA
5 13.0° 13.0° 12.2° 80" 80" 162 -
FSC ) e 00 120 80 80 190 2ujzE FE2ES Il ©UE {71890 n-hexane,
. 9'0(, 8'00 9'00 8'06 8'08 g'od EtOEt, EtOAc, n—-BuOH ¥ E2 &x1xoz H3Iste 3

U NF: Not fermented, FST: Fermented with Streptococcus thermophilus,
FLD: Fermented with Lactobacillus delbrueckii, FSC. Fermented
with Saccharomyces cerevisiae

2 BC : B cereus, BS . B subtilis, SA : S aureus, EC : E coli, ST
1S typhimurium, VP . V. parahaemolyticus

9 The same letters indicate Duncan's multiple range grouping which
do not differ significantly at 5% level, Values were average of three
replications, Dilution degree was 10 fold, A size of paper disc was
included into an inhibition zone,

3. 2z} HAEFS] pHYS | W FAFEA

2R FEE i FAFEE EEY pH LS
ST 2%, 2uf Hagd HEaE 25 pHol e ¢
FE e AoE AT evjx vdEEe AS B
cereus, S, aureus R V., parahaemolyticus= pH 7To]3}]
A HRA 22 FAlFEFo] BERENOY pHY FoHESE
FAIEZdol YehtA] gktem, £ coli®t S, typhimurium
= pH #Agle]l FAFEE0] fle ALE A
FSTe| 93t HaES] Holles £ col AT pH 304
N84 o] Yeltal B cereus, B subtilis, S, aureus,
S, typhimurium, V. parahaemolyticus®| W sjX+= pH 7
ojsto| M= FAFEAFo]l Uit vH, O ool FA
o] gl Aeg A ATH(Table 3),

MNHd&EE =AY, B cereus, S aureus | V.
parahaemolyticus®| e FAM|HFZAHL H05S ALt &
HSollA w2 AR RAEG O, B3| V. parahaemolyticus
o tfgt IANFEAEL EtOAcTY B EAA 7 =4 UE
Sttt B subtiliso] HE FAFEEL EtOEt, EtOAc E
n—BuOH 3¢ £8E4 4 Ueoen E3] EtOAcE9
EENA 7P =A JUEtdY. B subtidisol gt Al
AL n-hexanedt H0ZFE A|JSt EtOEt, EtOAc ¥
n—BuOHS9 EZEo\A =4 vetdem I F EtOAcE:
EIEY FAFEol M w2 AR 2AEGHY S
typhimurium® W3t FAFE/dL EtOAcTS E=oA T
= Ui vz EgEoAs 84& UEA ge
o, £ colid] HAE n—-BuOHZ E3EoA <Fzte] A
&G0l ANS #oln U £YE9] FAFEEL ¢l
tHTable 4).

Table 4. Antibacterial activity with fractions of Galla Rhois extract
against six kinds of bacteria

Inhibition zone(mm)

Solvents
BC? BS SA EC ST VP
n—hexane  14.0"? 9.0° 13.2" 8.0° 8.0" 13.7°
EtOEt 19.5° 15.8"° 16.3° 8.0° 9.0° 19.5"
EtOAc 20.7" 18.7° 16.7° 9.0" 14.0° 23.2°
n—BuOH 19.0% 14.7° 14.7% 10,7 8.0 19,5
H:0 8.0° 8.0° 8.0° 8.0° 8.0" 9.0

U po B cereus, BS . B subtilis, SA . S aureus, EC . E coli, ST

_ S typhimurium, VP @ V. parahaemolyticus

? The same letters indicate Duncan's multiple range grouping which
do not differ significantly at 5% level. A size of paper disc was
included into an inhibition zone, Values were average of three
replications, Dilution degree was 10 fold,
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5. 2HjA} F2F 2YEY =¥ IAEEA

S

LHjR =259 EEE F A % ALE YEid
EtOEt, EtOAc ¥ n—-BuOHZ ®#IE9 Hix Y F=&
1%, 2%, 5% L 10%2 27Aste] AFHuld U S5
g 2859 =2 IANFEAEL EF sIHTable 5).
2z} FEE BIEL F coli & AYsta YA AER
o 2 55 deiMe T AEH o2 FAFEA
R Zol7t e ALE A Y EtOEtSY £8&
2 B cereus, S aureus @ V. parahaemolyticus®l o3l
A= 2% =714, B. subtiliso] HeiAE 5% =714 &
Aldg/dol UL, EtOAcE: £YE2 B cereus 2 S
aureus?| WHAHE 1% E=7A, B subtilis D V.
parahaemolyticus®l WA= 5% H=7HA] gl S
typhimuriumel] M= 10% sZ=ANAT FAFEFo] 3
= 222 Uyt n—BuOHZ #¥E2 B. cereus R V)
parahaemolyticus® WA= 2% =7 18]l B
subtilis B S, aureus®| WA= 5% FZ=7HA] FAM|FZA
o] Q= ALE Ueyt iR 2EE EIET AERT
o+ 2 AFEAY FF gEkA Uehte FAEEES Zlol
7t = Aoz RAESRICH I FoAE EtOAcT #3=
9] FAlFEgo] 7MY 55 ALE YET

4

Table 5. Antibacterial activity with fraction concentration of Galla
Rhois extract against six kind of bacteria

onen, Inhibition zone(mm)
Solvents
(%) B! BS SA EC ST VP
10 19.5” 157" 16.3" 8.0° 9.0 19,5
15.0° 12.7° 135" 8.0° 8.0 16,7
EtOEt ]
12,2 9.0° 11.8° 8.0° 8.0" 13.0°
1 9.0 8.0 9.5° 8.0° 8.0° 8.0
10 20.7° 18,7 16,7 9.0° 14,00 23.2°
172" 142" 152 8.0° 9.0 19.5"
EtOAc !
13.7° 9.0° 12.7° 8.0° 8.0° 8.0°
1 12.0" 8.0 11.5° 8.0° 8.0° 8.0°
10 19.0° 147 147 107" 8.0° 19.5°
16.0° 120" 13.0° 8.0° 8.0 15,0
n—BuOH

13.9° 9.0° 10.2" 8.0 8.0° 12.7°
1 8.0 8.0 9.0 8.0 8.0° 9.0

VB B cereus, BS . B subtilis, SA . S aureus, EC : E coli, ST
1S typhimurium, VP . V. parahaemolyticus

The same letters indicate Duncan's multiple range grouping which
do not differ significantly at 5% level, A size of paper disc was
included into an inhibition zone, Values were average of three
replications

2)

o

B2 A1 iR =EEL S thermophilus, L,
delbrueckii B S, cersvisiae® WA st WHAAT ZAAYAE
o2 i g3 A= TR Aol AERg 9
044 ASEL B9 s RSN B cereus, B
subtilis @ S, aureus 5 351 AYE L AF5=3 #H
/AN V, parahaemolyticus, E, coli R S typhymurinum
of thet AlwEdS Ak

2Rt 2EES S thermophilus, L. delbrueckii 2 S,
cerevisiae & 3%°9 WAEAE ol&ste LRA F B
cereus, B subtilis @ S aureus = IAZFIAIHI £ coli,
S, typhimurium Y 'V, parahaemolyticus 5 IHZ/3A|o-
of thet FANFEAES AR Ak, FLD9F FSColl &g <uf
A A EL B subtilisol HaiAe HLAEET FAHZ
o] gtew, 53| V. parahaemolyticusll tHal FAltE
AL HEEERY 5k YEHOR 5% PAAELE F
A& 4 Uik YA FA] AERYF 2 AFEA] RE
FAFEAEL daEd vdas2 Zol7t AY vEr] g
A 288 #A2stasd ol F 579 dyxAnet faket
ot FLDSE FSCOll gt HaE B subtilisd] dejx= A
A A T2 AZEERY UL FET FAH] Ue
Aog #wotEtt ESt V. parahaemolyticus= SFA 1
SRR F A B )R g2 EES T3 AAC
AHEAY, FauiEgede] o8 LFH g AAH o
o Rof HEE, ibEdA WA= AFEY Fadh 9
% e gEA o). webd 2uiRt L delbrueckii B
S cerevisiaed]| &gt WHEL H|HEF HEFT 59 HF
5 WS AXAFIAY AEY ARE Y Y FHeE
28 7Fs/dol ltkal AlsdET

E. coli®t S, typhimurium T 2%9 Aletol W3t A<
g2 eujAr daERgt ofyzt vidtadAE HaEY F
Zof BAJYe] FAHLFol YA @t B cereus,
B, subtilis, S. aureus R V. parahaemolyticus 5 4%
g HEEQ FAAEELE T YEHOE AP 5=t =
S48 A vt pHol w2 FA] AERHT 9 4F
o gt TS FEEY YR R FAFY F
Foll wabd §3k Zolzt QS A¥EHeE pHYE W2
ZoA FAFEAE0] =2 ALE Y=, ol FAEY
g EEo] SR & AAsi pH7L WoldaeE Aol
AAEGE ALE #Ho] & AR AREHH, E3 o
A9 FQ FHFEZ9<l tannin 3gHEC| pHE W3l E<HY
37] WRoletn g Buelw AP ez AR} <
Hj2L =259 AR R EA4E AR I o
£ §7]89<9] n—hexane, EtOEt, EtOAc, n—BuOH ¥ &
2 £a8 o g 23dto] IAFEAHES RARE 23k EtOAcT
o] T #¥Fol Hg AFIAELt A vEHed, &
3t wix] W B=E 1%, 2%, 5% 9 10%= A5t FA
4E EA3 ZH EtOAc EZEA= BE FxoA &
AMlg/do] sk LRt ethyl acetate EEE2 4
H = tannins methylgallate®} gallic acid7} F¥ 3IoE
Holet ®ug vt Qled™ o3t JRE| FAFHHL U
s FoE42 AlrEY e dadsy TR AE
Roldt 9 S5 TR wet AR o 24 W
3 A7t FHH R Fath Ao=E wuEH,

oo Aug FHslY BHY, e FE2=F% dadF
9l S thermophilus, L. delbrueckii R S, cerevisiaeZ ©|
|3 AFAZ AL LB Aol 3l % FMTFELE
IS = QS olo] g A&KHJA A7 o Bag A
o2 g, T FHRERE AV AT FS AW
S84 5 Ao I AV A|EHEA FAJ0] ofF W
A A9 gle FABEA Ex= AFEEASS YA &




26 KRR 2 f R —

Ve AHFEEAZ 82 7 S A= Adn,

A=

=

AAANFREA LY 7|z2ARE Rt oz &=
E5S S thermophilus, L, delbrueckii @ S cerevisiae
52 0|83t WaES B cereus, B subtilis B S aureus
S OHSFAAFT E coli, S typhimurium D V.
parahaemolyticus 5 IE2/A7o] Higt IA+ZAAS

2 2 e 2

1. L.delbrueckii®} S, cerevisiaed| 23t 2ujx} WHaE
2 B subtilis®t V. parahaemolyticus®l| tjsle] vk
BE Bt 5= YEFHOF AFEAo] kg e,
E3| B cereus, S aureus ¥ V. parahaemolyticus
ol dalide WA W EaEEY] s=7F 2% H-el
T fogt FgAFEAgol ATt

2. S thermophilus®] 23t LH|X} WEEL F colis
ALt BE FAHl st pH 3 ~ 79 HYol|A
FAFEdol YeT

3. 2z} 2&E9] EtOEt, EtOAc ¥ n—-BuOH Ed&%2
B cereus, B subtiliss, S aureus L V,
parahaemolyticus $°| < FAAZAHL UERHT,
&3] V. parahaemolyticusd WX = F= JEHS
2 ol$ B& ARl tehdn,

weby, B Q3 L delbrueckii R S cerevisiaeE o1&
3 2HjRE WaAlZl B B subtilis®t V. parahaemolyticus
of s =% FAFEAAS A=, ok YT olF
ol-83t HAAZEEA T Aax) 249 7|2 ARE FE
gt -840l Stk AlmHrt
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