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Utilization of Herbal Extract for Reducing the Bacterial Population and Disease
incidence of Chinese Cabbage Soft Rot in the Infested Soil and Analysis of

Bioactive Substances from the Best Herbal Extract
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ABSTRACT

The utilization of ethanolic herbal extracts for reducing the population of Pectobacterium
carotovorum sub sp. carotovorum (Erwinia carotovora sub sp. carotovora), the causal agent of Chinese
cabbage soft rot, in the infested soil was studied. Twenty kinds of herbal crude extracts were tested for
their bioactivities against bacterial soft rot agent by paper disc agar diffusion on double layer nutrient
glucose agar (NGA). Eight crude extracts including clove fruit, nut gall fruit, beleric myrobalan fruit,
cheburic myrobalan fruit, pomegranate fruit peel, mangosteen fruit rind, betal leaf and guava leaf could
inhibit the growth of bacteria and show typical inhibition zones. However, the first 3 extracts showing
the widest inhibition zones including beleric myrobalan fruit (0.41 cm), nut gall fruit (0.33 cm) and
pomegranate fruit peel (0.25 cm) were selected for further studied. Each herbal crude extract at the
concentration of 10,000 and 20,000 ppm were mixed with the artificial infested soil in greenhouse
condition. Fourty days old Chinese cabbages were transplanted in the treated soil. The bacterial
population was determined by soil serial dilution and viable plate count on Endo agar at 5-day interval
for 30 days. This experiment revealed that beleric myrobalan fruit crude extract at 20,000 ppm could
reduce bacterial population from 3.2 X 10cfulg to 2.5 X 10°cfu/g within 30 days while that in the
control plot was 9.87 X 1050fu/g. The application time of the beleric myrobalan fruit crude extract was
studied. It showed that soil drench with 20,000 ppm beleric myrobalan fruit crude extract for 3
applications at 10-day interval could reduce bacterial population to 5.55 X 1060fu/g and the disease
incidence was 17.5% while in the control treatment, the bacterial population was still as high as 1.96 X
107cfu/g and the disease incidence was 82.5%. Furthermore, the bioactive substance in beleric
myrobalan fruit crude extract was separated by Quick column chromatography and partially purified by

Thin layer chromatography. Five interesting fractions, FS1 to FS5, were observed. The inhibition test
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showed that FS2 fraction could inhibit the growth bacteria and showed the widest inhibition zone of
0.85 cm. The FS2 fraction was separated by Quick column chromatography and retested. Sub fraction
FS2-5 provided the widest inhibition zone of 0.85 cm. Sub fraction FS2-5 was purified by Preparative

thin layer chromatography and produced 1 band that R; values of 0.50 showed yellow sediment
characteristic.The structural elucidation of FS2-5 compound was determined by nuclear magnetic
resonance (NMR). It was found that the 1H NMR spectrum showed several proton at 2.5 ppm for
hydroxyl protons; 3.7 ppm for methoxy protons and 7.0 ppm for aromatic proton. This proton pattern is
similar to methyl gallate. It may be concluded that the bioactive compound against P. carotovorum sub
sp. carotovorum, the Chinese cabbage soft rot agent, of beleric myrobalan fruit extract is a kind of

methyl gallate.

Key words: bacterial soft rot, Pectobacterium carotovorum, Erwinia carotovora, beleric myrobalan,
methyl gallate
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817115 NGA ﬁqm%qﬁ 55°C lugasiiie 1 ml
#881%13 9 ml WNYIUAILUH basal medium J8 b
gy sudsauasuin lu 1 aviug

nnasavlagls paper disc agar

diffusion 17lulasdilad au1a 10 1L noass
FNARLIVINNNTUARZTRAA AINNLTNTY 1,000
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nwnaslunesuiawa 2 x 30 cm lagld
silica gel Hiwiniiln 25 Wihwasansanalsuen
\@u chloroform Mitdunaant wardseslhlna
aan AuLRAe silica gel Uszanm 1 cm LANANT
ANARLILAINANAFNANLANRI b TeanTaae
chloroform L.azmethanol ﬂ%awOOml ANEIAL
ﬁ'\‘lﬁ chloroform  100%, chloroform-methanol
(9.5:0.5), chloroform-methanol (9 : 1),
chloroform-methanol (8.5:1.5) W8 methanol
100% eu&1eU tiussfie lddin (fraction) ag
100 ml sasudaz fraction lunagaunssuds
L% 8 P. carotovorum sub sp. carotovorum lasi%
paper disc agar diffusion Laan fraction 7ilAHaa
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2@ 1x30 cm 14 silica gel Himsinidu 10
(M28981380A  SueuTEean  chloroform-
methanol (8.5 : 1.5) @%3az 50 ml sudaz
fraction MnagauMItuETalagdTaunuan
A%3 W fraction AigusaTald mﬁﬂﬁu'%qﬂfg
a18naia Preparative Thin Layer
Chromatography(PTLC) wazinludiasedt
laseagi19lae  nuclear magnetic resonance

(NMR)

MInAaasfis nMsiarzdlaseaiienisad
maamsaanqwéé’wméaa Nuclear Magnetic
Resonance (NMR)

WaseananisusIde fraction FS2-5
mﬁﬂﬁu?qﬂﬁg Mmunaila TLC plate lasld
320U CHCl,: MeOH (9:1) ¢ Rf = 0.50 @38
msu?qn%ﬂummzmﬂ Acetone-d6 uaatin'ly
SazAlaseaacieLa3a 300 MHZ Nuclear
Magnetic Resonance (NMR )lsfu 'H finne3mn

LATA S INENFRAT NRIINLIRUNRAR

AMFULTANWFUFININGT J39INET UasTad
mam%@nﬂ%‘smﬁuuﬁm‘fegalu Bergey’s Manual
of Determinative Bacteriology, 9th Edition Wy
Lﬂ%LLUﬂﬁL%UEﬂi’NﬁE}u;% LNINAL LTARE BN
fafuadu8d safranin-O 1iaviFASNty 3%
KOH iiaanwmzilaniniteiniatdaidugs
m?wﬂi@mﬂﬁﬁma manitol, raffinose LR
lactose W6 luLAa phosphatase activity — ba1%
‘ﬁymma sucrose 4&314 indole Gﬁd@idﬁﬂu
f UV AV L% 8 Pectobacterium carotovorum
sub sp. carotovorum (Erwinia carotovora sub

sp. carotovora) (Holt et al, 1994 )
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Table 1 Morphological and biochemical characteristics of ECC19 compared to E. carotovora.

E. carotovora

Characteristic 7
ECC19 E. carotovora™
Gram stain reaction Gram negative Gram negative
Oxygen relationship + +
Shape short rod short rod
KOH test + +
Acid produced from :
sorbitol - -
manitol + +
sucrose - -
raffinose + +
arabitol - -
lactose + +

1J‘Cited in Bergey’s Manual of Determinative Bacteriology, 9" edition

Figure 1 Soft rot symptom in various test plants after 48 hours inoculation with
Pectobacterium carotovorum sub sp. carotovorum, isolates ECC19 showing watery
decay, enlarge rapidly and has putrid odor.

A. Carrot B. Cabbage C. Potato D. Chinese-cabbage E. Onion
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B e

Figure 2 Pectobacterium carotovorum sub sp. carotovorum (ECC19) was tested by

Gram stain and 3% KOH.

A. The Gram stain showed Gram negative, rod-shaped bacteria stained with safranin-O.

B. 3% KOH solution test showed vidcid slime.

[ U U
NINAaDIN 2 nadauilszansnInsasgITENaAREILIINNT RS UEITalagIS

paper disc agar diffusion
Wavnsssnanguanie 20 oiia lu
maaunwsﬂ'ufu%aim"s% paper disc agar
diffusion WURNIENAINAT 8 e N&w1TD
fdugmaasny
ya9u0e ldun HANUNE WALUQYNTE WA
FUBWLAN WaaNa ny WRennanufiy wWaenwa

199@ Iuwg uazluelss Taw 3 §10uuINNIvNad

ppen

& 1,000 ppem

0 ppen
g control

pem 5,000 ppen

‘ﬁq@"l,@i”uri RIIFNANILINNARNANLAN LFan
narufin waznaumil AledsuSimsusin
1,000 ppm %@ 0.41 ,0.33 uUaz 0.25 cm
aNAIAY  (Figure 3) ROAAADINLINLIIUYDI
AATIUAZAWAN (2548) WUIIEIIRNAREILAN
wWianuariufinuazaguafinna w1 Tnguos
N33y aaL%a Ralstonia solanacearum '\l
A ULTUTHA IR 1,000 ppm awly

¢ / . @

® <]
50,000 ppen ® 1000 ppn 50,000 e M9 LOUEER |

control control

000 ppem S, 000 ppen 10,000 ppen 5 00 ppen

ppem

1,000 ppen
comrol

0,000 pmn. 5 g

L
&

Figure 3 Inhibition zone produced by plant crude extracts of 1,000 5,000 10,000 50,000 and

100,000 ppm against Pectobacterium carotovorum sub sp. carotovorum by paper disc

agar diffusion on double layer NGA.
A. Pomegranate

E. Beleric myrobalan

B. Nut Gall

F. Mangosteen

C. Clove D. Chebulic myrobalan

G. Betal pepper H. Guava
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l=ll tﬂy a A 1 a o a tﬂq‘
N1INA[DIN 3 msaml‘%mmmau,nﬂmsslmmqfsmmLas‘luﬂ%mammmmﬁa

Taalgarsananaiuainiiy
NMInadgaulIzaNSNINVBIFITENA
andizlunisandSanaiia 9nn13iians
ana 3 é"mi”uLLsﬂﬁlﬁwaﬁﬁqwluﬂ’ﬁmaaaﬁ 1
ldun asananeuInNNagNaNLAn  1WRanHa
AU LAZNALUNG ANTUTH 10,000 Uaz
20,000 ppm ﬂqﬂluauﬁhaaamsﬁm%a §UATI
ﬁfuﬂ?mmmau%ann 5 Suasudiudt 105udu)
A97UA 30 390 7 A9 WUIENTARAIINNARNE
WLAN 20,000 ppm su1TaaalSummde
LLmﬁL‘%Umm@ﬂmluﬁﬂﬁﬁﬁq@ lasySuom

v
adda A

P ILTAIWAWIUN 30 VaINTINATHANRILAR

(3 a

250 x 10° cfulg uszfilasidudnisiialsn

@"hq@ 175 % flawfiuny control luggiaa
Lﬁmﬂ”uﬂ'%mm%asﬁmagﬁ 9.87 x 10° cfulg
waziefifudmiiinlingaga 97.5 % nysuAEh
Wwaﬁsaaaam"[@?uﬁmsaﬁ%ﬁﬂ@ﬂauﬁ’aslmi
RNANLIUINNNATNANLANUAZHALL NI
10,000 ppm USanomdaluind 30 Indideaiu
agjl 3.82 x 10° cfulg uaz 3.80 x 10° cfuig
Wasidudnisiinlsa 32.5  %uaz 37.5 %
audey  ad19lsRandSunaudeunaiisy
mm@ﬂsﬂluﬁmamnmm%%ﬂ'@magjsl,mm”ugd
wolazrlwinmeadoaUiugasonnislsain

e le (Table 2)

Table 2 Bacterial population in the treated soil with plant crude extracts at 5-day interval for

30 days after treatment and percent of diseased plants.

Population of Pectobacterium carotovorum sub sp. carotovorum (cfu/g)

Plant Crude %
Extract ppm Day 1 Day 5 Day 10 Day 15 Day 20 Day 25 Day 30 Disease
Pomegranate 10,000 3.20x10'u” 6.02x10°c-h 4.40x10°af  9.20x107-  6.60x10°d-i  3.25x10°abc  5.65x10°b-g  65.0
20,000 3.20x10'u  6.50x10°d-h 1.20x10°nop  1.75x10°qr  6.80x10f  3.10x10°ab  7.72x10°gk 825
Nut gall 10,000 3.20x10'u  1.96x10’rs  1.05x10°k-n  9.40x10°kI  9.00x10°i  4.70x10°af  3.80x10°a-e  37.5
20,000 3.20x10'u  1.60x10°pq  2.03x10°s  2.09x10°s  5.40x10°b-g 5.37x10°b-g  6.72x10%j  70.0
7 6 6 6 5 5 5
Beleric 10,000 3.20x10'u  1.62x10°q  3.20x10°t  1.61x10°q  8.60x10°h1  2.30x10°a  3.82x10°a-d 325
myrobalan 20,000 3.20x10'u  2.11x10°s  1.07x10°k-m  6.60x10°e-j  1.06x10°Imn  2.20x10°a  2.50x10°a  17.5
7 6 6 6 6 6 5
Control 0 320x10'u  3.01x10t  1.22x10°mn  1.52x10°0pg  1.12x10°Imn  1.26x10°mno  9.87x10°kim  97.5

! Means within a column followed by the same letter are not significantly different according to LSD Test (P=0.05 )

nsAn®1ISn1slTs1san eI NNy
A U a a a
WaldfidszansnngegalunisandSam
walwAnnazniatialsa  9INNIRIRIIENG
a v v A
RUILANNINONLANANLTNDY 20,000 ppm T4

o a A o & a &
I%Nﬂ@‘ﬂq@l%ﬂ’]iﬂﬂUx‘iﬂ’]iL'ﬂiQ.J"llﬂdL“ﬁﬂ

P.carotovorum sub sp.carotovorum Tududalde
INMINAsaITIIen IdAnsenuiizasmsld
LﬁaiﬁLﬁ@ﬂizﬁﬂ%nwwqaﬁg@ lagaaidu 5
NITAT FMIFULALA 0196 {NaATIINY

USuradanuafiisuludunne 5 7% aauaIun 1
q
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(Baisue) A95ui 30 Taomsindadnadinn
i1 soil serial dilution LLaz viable plate count U
91151889158 Endo agar S mamU3unoade
luduudaznssnds wWlsuifisunucontrol wuin
nﬂmm%%mmma@ﬂ?mm%@luﬁuaﬂﬁ lag
vldSunandeludnudazdlaanasdinin
control uaztlafiiudnisiialsadinda control
ﬁ"l,&ivl,@i”ﬂqnmsaﬁ'@ n33N35A 2 ﬁﬂqﬂmsaﬁ'@
NNg 10 1% 0 3 a1 Usunondeluind 30

]
=

aaadtnie 5.55x10°cfulg luameAl  control

, e o , d 7
1%"1?']\1L’Ja’lLaU’Jﬂ%UGﬂGEj’GE}QV]'].96X10 cfu/g

a aa A

uazludumsifialse n37udtn 2 Suesidud
mSLﬁ@Tsﬂ@"i']ﬁq@ 17.50% luvmszdl control
Lﬂa*i’Leﬁu@TﬂﬁiLﬁ@Tiﬂqaﬁq@ 82.50% (Table 3)
INANNINARBINFEANBINUTI I HYDIAF DS
(2546) Ansinisanisduiiasndsuinde
Erwinia carotovora mm@;kmﬂ%awadﬁﬂm@
FendaluaninlssFon lagldiananonuuas
mnuasds 5 sia laud wWlenvivfin luwg

W RaNFNLT BRI ﬁu@ﬂl@ﬂﬂ waziURanua

diga  aanasludunwudmnniwitauninaa
Usinondaluduasld Taovnliusunondeludu
MLL@]’&zﬁ%ﬁJ@ﬁﬁ&@aﬂua”m']ﬁggaﬂ’h control 1
floi 5 ﬂ%mm%@luﬁunﬂﬂﬁw?%ﬁﬂ@ﬂ
AT AR ULAZNNUBINT aaadlnae 0.23
- 0.47x10° cfulg Twameisunandelududidu
control ﬂ'\‘lmag‘ﬁ 0.15x10" cfulg

A laimslezsanansruanis
ﬂqnﬁaimau’l,mmmﬁmﬂﬁiiﬂi:ﬂﬂ@uwﬁau
aTnaaUsun TN sves e uuaisea
a@mﬁm?{'mm’amnﬁ@ﬂsﬂLLaza@mmgmLia
maaisﬂiuﬁmﬁﬂgﬂéﬂmﬂﬁ frfin1sAnu
WuLdaie3tnin Wl luanwudaslvifa
ﬂszﬁﬂ%mmjaqw?aiﬁauﬂ”ues%ﬂ']i’éiw,‘*ﬁu
msmsarsanniofidulse mslowdnnaudn
ANLAA msﬂgﬂﬁm%quﬁﬂu azifadszload

aﬂ'wﬁd@iamﬁymmua:@uﬂnﬂ waztdw

'
A &

A & A a @ a
NNLRDNRUNIN D Uﬂ@ﬂi“']Mﬂ']{L?jﬁ']iLﬂN'ﬂLﬂu

w“mm:a@ﬁunumwﬁ@mvlﬁ

Table 3 Bacterial population in the treated soil with beleric myrobalan crude extract of 20,000

ppm in various application times compared with control and percent of diseased plant.

Beleric Population of Pectobacterium carotovorum sub sp. carotovorum (cfu /g)
Myrobalan %
20,000 ppm Day 1 Day 5 Day 10 Day 15 Day 20 Day 25 Day 30 Disease
T 3.20x10'0Y  4.25x10°abc  4.00x10°abc 4.27x10°abc  4.22x10°a-d  4.25x10°abc  1.11x10%§  22.00
(1 time)
T2 3.20x10'0  6.47x10°dg 6.47x10°d-g 3.87x10°abc 4.95x10°a-e  8.27x10°hg  5.55x10°b+f  17.50
(3 times)
T3 3.20x10'0  5.67x10°%cf  1.33x10'k  3.45x10°ab  4.60x10°ad  7.30x10%fg  7.57x10%fg  37.50
(6 times)
T4 320x10'0  6.87x10°cf  7.25x10%fg  3.45x10°abc 3.32x10°a  4.90x10°a-e 6.80x10°efg  40.00
(10 times)
Control  3.20x10'0c  10.22x10°%fg  1.66x10'm  1.59x10'mi  1.41x10’Kk {78510 mr 1.96x10'n  82.50

! Means within a column followed by the same letter are not significantly different according to LSD Test (P=0.05)
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N1SNARBIN 4 ASUBNEIRVBIANTENANEY Quick Column Chromatography Wasnaday

Usranamnlunssusinsieiyzanie
AMNNIITHIFITENARLTUVIINATN D
winnldusndiua e Quick Column
Chromatography @15 33 fraction (Figure 4)
#R1suAae fraction lUaTIagau@ls TLC wad
399 fraction feseniusalnaiidn 5 fraction
WanaseumMIsusada lagds paper disc

agar diffusion 8nAT3 WUIN fracton 71 FS2

(F11-F16) sansndudansiasyaeadelsd Tay
AeuSmgusante 0.85 em soeasunldun
FS3 (F17-F20) uaz FS4 (F21-F25) LNQUILITH
§US3 075 war 0.32 cm ANAIGL 89 FS
(F1-F10) uae FS5(F26-F33) lanansanaldiia

UL UE LA (Table 4)

Table 4 Quantity and characteristic of beleric myrobalan fine extract after the Quick Colum

Chromatography and average sizes of their inhibition zone.

average sizes of

Fraction Quantity(mg) characteristic inhibition zones (cm)
FS1 (F1-F10) 957 Dark green sediment 0.00 ¢
FS2 (F11-F16) 1,145 Brown sediment 0.85a
FS3 (F17-F20) 2,413 Dark brown sediment 0.75b
FS4 (F21-F25) 825 Green - brown sediment 0.32¢
FS5 (F26-F33) 264 Yellow - brown sediment 0.00 d

1Means within a column followed by the same letter are not significantly different according to LSD Test (P=0.05).

Figure 4 Physical characteristic of 33 fractions (F1 - F33) extracted by Quick column chromatography

MNNIMRIIINARLIY FS2 (F11-F16)
ALENAY Quick Column Chromatography ‘ﬁl
HINTTLAILAIRIRLALLTLIRN1ALINN hexane,
chloroform, methanol LLa:‘Iiﬂ sgﬂgﬂﬂii‘l Lﬁumiﬁl

lolanananassd vaaaaz 20 ml b@&13 15

fraction @9u@ FS2-1 fi9 FS2-15 (Figure 5) %0

’1Iueazfraction NINARBUNITHULHINIILATY
&

VdILDD P. carotovorum sub sp. carotovorum

lasis paper disc agar diffusion WUI1813 FS2-
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a

5 fuszantawlunsgugadelddniaa (Table 5)

q

Table 5 Quantity and characteristic of beleric myrobalan fruit extract fraction FS2-1 to FS2-15 and

average sizes of their inhibition zones.

average sizes of
inhibition zone (cm)

Fraction Characteristic
FS2-1 Hyaline 0.00 "
FS2-2 Hyaline 0.00 ¢
FS2-3 Green- yellow turbid 0.21e
FS2-4 Green- yellow clear 049 ¢
FS2-5 Yellow clear 0.85a
FS2-6 Pale yellow clear 0.620b
FS2-7 Pale yellow clear 0.254d
FS2-8 Hyaline 0.03 f
FS2-9 Hyaline 0.03 f
FS2-10 to FS2-15 Hyaline 0.00 f

1Means within a column followed by the same letter are not significantly different according to LSD Test (P=0.05).

FS2:1 FS2-2 FS2-3 FS2-4| FS2-5 FS2-6  FS2-7  FS2-8 FS2-9 FS2-10

FS2-11 ‘F52-1 2 FS2-13 Fs2-14 FS2-15

Figure 5 Physical characteristic of 15 fractions (FS2-1 to FS2-15) extracted by Quick column

chromatography of beleric myrobalan fruit extract.
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Resonance (NMR)
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yaolusfuile ayuldias Fs2-5 fugnldan
NaauaﬁLnﬂLLazaﬁuﬁsﬂs]”us]%mnﬁtymam%a

wuafiiiosungliauinie: Jansusdyyim

ARURTT methyl gallate (Kane,1988) (Figure 6)
BIRANKDINUINITNT DI Chung  Wazame
(1998 ) WU1N tannic acid, proply gallate L&z
methyl gallate AiANALTNTH 100 — 1,000 mg/ml
aanInsudInsesyrendeuuafisolud |
l6fe 8 ofia  UAzIILNUVEY Choi UAAMME
2009) le@nmrgninsduuuafiisouaaans
methyl gallate ﬁan”@vl@i”mnei”u Galla ( Galla
rhois ) W91 methyl gallate MiszeLAMMTUTY
I 250 ppm Jwld mmsm]”usﬁm’mﬁfgmaa
L%‘y auuafiL3e Enterobacter cloacae, Salmonella

minesota Wax Escherichia coli b6
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Figure 6 Comparison of "H NMR signal of FS2-5 extracted and purified from beleric myrobalan fruit

with that of methyl gallate

A. Signal of "H NMR from methyl gallate (Kane,1988)

B. Signal of "H NMR from FS2-5 purified from beleric myrobalan fruit extract
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Bergey’s Manual of Determinative
Bacteriology 9" Edition (Holt et al., 1994 )
wudwqmawu"ﬁmau%avlaimaﬂ ECC19
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o &
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wanil dAedsusadusifnanndutu
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MUS1A
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snangNULaTMNYaIRTINaaa U5 H 04
L% 8 Erwinia carotovora subsp.
carotovora A LIALLLAZTBINNNG
WenUa. Inenansriuniuan
1 (1):110 -18.

AADY g‘@ﬁatﬁmﬁ. 2547. YIENTANVRIRNT
aﬁ'@‘vﬁmumnﬁmm‘!ﬂwﬂumiﬁuﬁ'@

NN3LAIYVBI Erwinia



13 IInemaasuazinalulad unInenapnsasmans i 3 aUuf 1 2557 16

carotovora subsp. carofovora Sk Holt, J. G., N.R. Krieg, P. H. A. Sneath, J.T.
mmqiimmmwam‘”ﬂ. Inenans Staley and S.T. Wiliams. 1994.
ANWWILEY 2 (2):72-81. Bergey's Manual of Determinative

- A A e ¢ Bacteriology, 9" ed. The Wiliams and
AADTT INITUTE LLAE RNIW ANUWTT. 2548.
’ . ) ) o Wilkins Co.,Baltimore. 787 pp.
MIRNALAZNINARDUUIZANTAINW

YassnsanannuInATlwINTEUS Choi, Jang -Gi, Ok-Hwa Kang, Young-Seob
msm%tymau%a Ralstonia Lee, You-Chang Oh, Hee-Sung Chae,
solanacearum mm@ﬂsmﬁimmm Hye-Jin Jang, Dong-Won Shin and
NBINA. INIRITTIUNILEY Dong-Yeul Kwon. 2009. Antibacterial
3(2):11-26. activity of methyl gallate isolated from

- . m v . Galla rhois or carvacrol combined with
AADY IIWTY LA FWIAW FAUWDI. 2549.
! o o " nalidixic acid against nalidixic acid
NMILUNFIBRIIFNAINNLURANNA
resistant bacteria. Molecules, 14(5),

1773-1780.
Received 22 August 2013

NUNVLAZHARNONLANBAZNAROY
drzAninwlumsdugnisaiyaes
'8 Ralstonia solanacearum mm@ﬂm
4 “ a Accepted 14 January 2014
LAYIVOINZLYDLNAANYIRAS

LWL 4(1):15-26.

Qs QE a e Qs
fna E‘!%‘Y\iﬁdﬁ.2537. Iiﬂ“lladNﬂLLazﬂ’]i‘]jadﬂ%
ﬁﬁ%@.ﬂﬁﬂa“ﬁﬁliﬂﬁ“ﬁ AINBATAEAT

NAINYINDLN A TEN s"’{@{ NIINNS.

Chung K.-T., Z. Lu and M.W. Chou. 1998.
Mechanism of inhibition of tannic acid
and related compounds on the growth
of intestinal bacteria. Food and
Chemical Toxicology, 36(12), 1053-
1060.

Kane, Cynthia J. M., Jay H. Menna and Yun-
Chi Yen. 1988. Methyl Gallate,
methyl-3,4,5-trihydroxy-benzoate, is a
potent and highly specific inhibitor of
Herpes simplex virus in vitro. |.
Purification and characterization of
methyl gallate from Sapium sebiferum.
Bioscience Report. Vol. 8, No. 1,

1998.



	สรุป
	การทดสอบความสามารถในการก่อให้เกิดโรคของแบคทีเรียที่แยกได้จากผักที่เป็นโรคเน่าเละ พบว่าแบคทีเรียทั้ง 5 ไอโซเลท สามารถก่อให้เกิดโรคบนพืชทดลองได้ โดยเชื้อไอโซเลท ECC19 ก่อให้เกิดอาการของโรครุนแรงมากที่สุด เมื่อศึกษาลักษณะทางสัณฐาน สรีรวิทยาและชีวเคมีของเ...

