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Abstract

BACKGROUND: The aim of this study was to investigate
the antimicrobial effects of the ethanol extracts from
various medicinal herbs against plant pathogens to
understand the possible the crop protection agents.
METHODS AND RESULTS: Among the tested medicinal
herbs, Zizyphus jujuba ethanol extract had the potent
antimicrobial activity against Phytophthora capsici,
Erwinia carotovorum subsp. carotovora, Pseudomonas
syringae pv. syringae and Ralstonia solanacearum. The
major constituents of Z jujuba were identified to
eugenol(40.45%), dodecanoic acid(18.40%), [-caryophyllene
(10.05%) and isoeugenol(9.85%) by GC/MS. Eugenol and
isoeugenol had strong inhibitory activity on spore
germination against P. capsici and growth against F.
carotovorum subsp. carotovora, P. syringae pv. syringae
and R. solanacearum.

CONCLUSION: In this regard, eugenol and isoeugenol
were found to be responsible for the antimicrobial activity
of Z. jujuba ethanol extract against plant pathogens. In
addition, Z. jujuba ethanol extract, eugenol and isoeugenol
can be used the potent antimicrobial agents.
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Table 1. Medicinal herbs used in this study

Korean Name Scientific Name

Korean Name Scientific Name

T4 Diospyros kaki
752l Viscum album
g Caragana sinica

T 7] A Lycium barbarum
I A% Maclura tricuspidata
o Catalpa ovata

94 F Zizyphus jujuba

= Aralia cordata

7 3 Eucommia ulmoides
T Liriope muscari
I Mentha piperita

L Rubus coreanus
A E Selaginella involvens
Ay Cornus officinalis
A= Acer tegmentosum

A % Saururus chinensis
A7 Lindera obtusiloba
A x Agrimonia pilosa
oA % Houttuynia cordata
2 " & Schisandra chinensis
¥+ = Achyranthes aspera
& 7 Coix lacrymajobi

A E T Lonicera japonica
224 Perilla frutescens

2 ok Paeonia lactiflora
HEH Sambucus williamsii
PR Plantago ovata
EI Ligusticum striatum
ST Hovenia dulcis

g = Scutellaria baicalensis

g}, dazel gk okl gso] 4EA AthYu, 1999; Yu
et al, 2006). 52 <F&AFCE alkaloid, saponin,
triterpenoid, polyphenol &°| A glow, 53
triterpenoid= A4, 3t 9 39S 5 oheks A=dt
A B34S AT e Ao HaHA SltKLee ef al,
2004; Kim and Joo, 2005; Yu ef al, 2006). 1211} 21&H
Aol tigt o FHFEE 9 7 AT SrEAS of
2 Barg vk gtk webs] 2 ATteas HAes o] &t
S AtAlE sl flske] 8559 SRR E A
AFEEe A dtel gigh FgAS AAsIH =

G Ui FAFEEY TS BAska o
TS SN AAS ArGte] AR Al
S Qs 71xATE AAEISI

o
:

A;

=Ll poh N 2

Al

2 YA AR AEHYATS dIY T (Sclerotinia
sclerotiorum, KACC 41065), A5+ Fusarium oxysporum,
KACC 40032), <"83t(Phytophthora capsici, KACC
40158), LUAFH S (Rhizoctonia solani, KACC
40101) % ©AYHH(Colletotrichum acutatum, KACC
40042) 2] 5% A=A FFole}t AN H(Pseudomonas
syringae pv. actinidiae, KACC 10582), 75" (Erwinia
carotovorum subsp. carotovora, KACC 10225), Hlx/3
5S84 (Pseudomonas syringae pv. syringae, KACC
18392) 4 EwlEWH(Ralstonia solanacearum, KACC
10666) 2] 45 AEPAN Alfs sEXTH 4kl
Ei(Korean Agricultural Culture Collection, KACC)=*-
B 2oF vl ARESIGlth A=Y w80l Potato

Powdered EtOH extractin DW

| Partition with Hex

Hexane fraction Aqueous Phase
l Partition with CHCl
CHCI, fraction Aqueous Phase
Partition with EA
EA fraction Aqueous Phase
I Partition with BuOH
BuOH fraction DW fraction

Fig. 1. Partition procedure of ethanol extract from Z
jujuba by solvent separation.
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Table 2. Conditions of GC/MS analysis

Instrument GC/MS(Agilent 6890/5973N)

Column DB-1(30 m x 0.25 mm i.d., film thickness 0.25 pum)
Carrier gas Helium gas

Flow rate 1.0 mL/min

Injection volume 1 ulL

Injector temperature 250C

Oven temperature

Initial temperature at 60C

Raised to 270C at 7C /min

Total running time
Library NIST

30 min

Ql benzaldehyde, benzyl acetate, [G-caryophyllene,
(-)-caryophyllene oxide, cinnamaldehyde, dodecanoic
acid, eugenol, hexanoic acid, a-humulene, isoeugenol,
linoleic acid, octanoic acid % tetradecanoic acid:
Aldrich(USA)ellA] 418t ARE-8F3iT)

Agldido] 7P 938t 5 hexane ¥-8E9 FHES
wA817] Y3l GC/MSE AHEEFS om 4312 Table 2

o= 0O Oo
AEHAA Fgolol dist drane] AFES Sl
PDA W7} -5 petri dish(90 x 15 mm)°] 500 ug/mL

ANE FENE FHAZ paper disc(8 mm, Tokyo filter

Co., Japna)2t 5 mm =171°] A=t agar discE HE
sto] wlekatal 3% Fofl YA A A H(inhibition zone)2
715 FHst] 3t GAS ARSI AEH A Aol
tistol= Al NB HiA oA 24417 i QRAIZ] 5= Al
HEHNS Nutrient Agar(NA, Difco, USA) HI#| 9ol
loop®E &% th 500 pg/mL FE%0] F2¥ paper
disc(8 mm, Tokyo filter Co., Japan)E 217} &4 28°C
ngE w1l 247 AR 5 NA uix]ef] vpepd 44
<(inhibition zone)?| =715 B7F3th

=

N2 jyuba) TRFE= U FE=%(eugenol 2
isoeugenol)®] AP, capsici KACC 40158)°] tit 3f
AISOAl s flste]l WA PDAE SRSl &3llsta
HE(121C, 158) F wiAe] £5E 50T HE=
137, dimethyl sulfoxide(DMSO)°ll 5?1 Al5& ##] ¢}
3lo] HEE57} 500, 250, 100, 50 2 25 pg/mL7}
3t &, petri dishell 20 mL #5-51¢] PDA £3uA|&
Stk 1 AEH Y] A ol AEH TS
WA Fotoll w7 AE-7F A SRS X 5 mm
9] agar discE HFoo] FAEA25C, FL 75%) A 1

ML

]

24 M1l
PNt mot

Aztel whet 5-1297F wjeksigith At d A wieE
A2l FAPAAIEC] 80 mm7t 2 w7k wjeket 5
ARAAEE FAsI e BE AL 39k A3s}o]
waks A¥gte s Fapleh dARAAES v
2of| o]ate] AFEEHItHShin, 2002)

o o M -n
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gy (PRET BMRAEADT PAHIAD)

%) Helze] AT 00

ZAr Ml &S
(Minimum Inhibitory Concentration, MIC)

g5 $455E 9 el dist HaAslss B4
& MA A 34 (Mann and Markham, 1998)< AF&-a}
o] a3lolth AlE5 DMSO®| 10~500 ug/mL2] SE=E
Aty 217t #5E ODsg=02% 3|43 5 2 A3
o AMEEIILE f2 AlEEe] o 34N 1.8 mLI} 7}
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At H (P, syringae pv. syringae) % FrFa At
(R solanacearum)®l t|sto] AX¢Y F7]17}F 15 mm ©]42S
2 58 JAadE YepftiTable 37 4). Hgk 7Hel
(D. kaki), = C. ovata), U5 (L. muscari), B+ HR
coreanus), SP12KS. chinensis), €5-(C. lacrymajobi), A4
A(P. frutescens) X ZKP. lactiflora) T3F552 55
W(E. carotovorum subsp. carotovora), Mea"84(F.

oxysporum), A1 (P. capsici), Y&AFHPFEEHH(R solani)
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Table )3. Antifungal activities of the ethanol extracts from 30 different kinds of medicinal herbs against plant pathogenic
fungi®

Inhibition  zone (mm, mean =+ SE)b)

Medicinal herbs

C. acutatum F. oxysporum P. capsici R. solani S. sclerotiorum
Acer tegmentosum nd” nd nd nd nd
Achyranthes aspera nd nd nd nd nd
Agrimonia pilosa nd nd nd nd nd
Aralia cordata nd nd 113 + 2.1 nd nd
Caragana sinica nd nd nd nd 105 + 0.8
Catalpa ovata 10.1 = 0.8 nd nd nd nd
Coix lacrymajobi nd nd 134 + 1.6 nd nd
Cornus officinalis nd nd 102 £ 1.2 nd nd
Diospyros kaki nd nd nd 125 + 14 nd
FEucommia ulmoides nd nd nd nd nd
Houttuynia cordata 110 + 14 nd nd 104 + 2.0 nd
Hovenia dulcis 10.8 + 0.6 nd nd nd nd
Ligusticum striatum nd nd nd nd nd
Lindera obtusiloba 112 + 1.1 nd nd nd nd
Liriope muscari nd nd 124 + 2.0 nd nd
Lonicera japonica nd nd nd nd nd
Lycium barbarum nd nd nd 112 £ 1.6 nd
Maclura tricuspidata nd 100 = 1.5 nd nd nd
Mentha piperita 103 + 14 nd nd nd nd
Paeonia lactiflora nd nd nd nd nd
Perilla frutescens nd 122 + 0.8 nd nd nd
Plantago ovata nd nd nd nd nd
Rubus coreanus nd nd 106 + 1.2 nd nd
Sambucus williamsii nd 114 + 26 nd nd nd
Saururus chinensis nd 105 £ 1.2 nd nd nd
Schisandra chinensis nd nd nd nd nd
Scutellaria baicalensis nd nd nd nd nd
Selaginella involvens nd nd 113 £ 19 nd nd
Viscum album nd nd nd nd nd
Zizyphus jujuba nd nd 152 + 1.4 nd nd

? Each sample was treated at 500 ug/mL and each treatment contained three replications, ” Results were expressed as
mean + standard error (SE), © nd,notdetected.

FUEHT(R. solanacearum)®l T3] AXY A77F 12 ojate] oksl & T A3 rddS YERiA otk o
mm ©°]Ql T A aE YeEhigith 2ey 215 SHek 2hA] 2 ATtellxE o] 7 =W tISN(Z jyjuba)
A FAFEES Al diste] A4 2717} 12 mm TRAFEES 8ot YA capsia), TFEEI(E
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Table 4. )Antibacterial activities of the ethanol extracts from 30 different kinds of medicinal herbs against plant pathogenic
bacteria®

Inhibition zone (mm, mean =+ SE)b)

Medicinal herbs

E. carofovorum subsp. P. syr{hga? pv. P. sm}?gae R solanacearum
carofovora actinidiae pv. syringae
Acer tegmentosum nd” nd nd nd
Achyranthes aspera 114 £ 15 nd nd nd
Agrimonia pilosa nd nd nd nd
Aralia cordata 106 + 1.1 115 + 09 nd nd
Caragana sinica nd nd nd nd
Catalpa ovata 122 £ 1.6 nd nd nd
Coix lacrymajobi nd nd nd nd
Cornus officinalis 114 + 09 nd nd nd
Diospyros kaki nd nd nd nd
Eucommia ulmoides nd nd nd nd
Houttuynia cordata nd nd nd nd
Hovenia dulcis nd nd nd nd
Ligusticum striatum nd nd nd nd
Lindera obtusiloba nd nd nd nd
Liriope muscari 105 + 14 nd nd nd
Lonicera japonica 112 £ 2.0 nd nd nd
Lycium barbarum 113 = 1.9 nd nd 105 = 1.1
Maclura tricuspidata nd nd nd nd
Mentha piperita nd nd nd nd
Paeonia lactiflora 125 £ 25 116 + 1.8 nd nd
Perilla frutescens nd nd nd nd
Plantago ovata nd nd nd nd
Rubus coreanus 11.8 £ 1.8 nd nd 132 + 1.3
Sambucus williamsii nd nd nd nd
Saururus chinensis nd nd nd nd
Schisandra chinensis 135 £ 1.6 nd nd nd
Scutellaria baicalensis 114 £ 25 nd nd nd
Selaginella involvens nd nd nd nd
Viscum album nd nd nd nd
Zizyphus jujuba 164 + 1.2 nd 155 + 0.7 15.0 = 1.8

% Each sample was treated at 500 ug/mL and each treatment contained three replications, ” Results were expressed as
mean + standard error (SE), © nd,notdetected.

carotovorum subsp. carotovora), /3753 E 1 (P. WH(Z. jujuba) THFZFEENH Do FH=5 ol &
syringae pv. syringae) % EPFEHIH(R. solanacearum) ato] EIH(P. capsicl), TEET(E. carotovorum subsp.

off tigh ered=del gl AFskalth carotovora), N 3RFHAEI(P, syringae pv. syringae)
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Table 5. Antimicrobial activities of various fractions from Z jujuba against plant pathogens®

Inhibition zone (mm, mean =+ SE)b)

Fractions P. capsici sis?rocgiZ?;zIo];a p]:/ S%‘? :e R. solanacearum
Hexane fraction 155 + 0.8 16.5 = 0.9 156 = 1.3 155 + 15
Chloroform fraction nd? nd nd
Ethyl acetate fraction nd nd nd
Butanol fraction nd nd nd
Distilled water fraction nd nd nd

® Bach sample was treated at 500 1g/mL and each treatment contained three replications, ® Results were expressed as

mean * standard error (SE), 9 nd,notdetected.

’”MMWWWW

Time (minisec) 82000 16:40.00 250000

Fig. 2. Chromatogram of Z jujuba extract by GC-MS

-

1 FulE (R solanacearum)®l et IS AL
A¥Table 5), 5 hexane % 500 ug/mLe] FEol
A (P capsicpel Wil 155 mm, FEHI(
carotovorum subsp. carotovora)®l W3l 16.5 mm, A3t

=

ARAFHHI(P. syringae pv. syringae)°ll t3ll 15.6 mm,
FEH (R solanacearum)©] Tt 15.5 mm2] AX| LS
YeRitk 22y chloroform, ethyl acetate, butanol %
distilled water &3&clA= AA o] Hs] YeR}A] oko}
ard/do] ERIEA] it kA AEH A el iEl
5t A EAS B3l U5 hexane T3 EZHE I
A=

= hexane E2E2| FHE &4

ggAo] 71 94731 )5 hexane #E &9 AL &
Aap7] flete] GC/MSE ol 8513l thFig. 2). 1 A, 1552
dito] FRIElon, o] F eugenol(40.45%), dodecanoic
acid(18.40%), [-caryophyllene(10.05%), isoeugenol(9.85%)
So] AR o7 15t Table 6). Al-Reza 5 (2009)°]
o3k tjF=FE acid, alcohol, aldehyde, amide,
terpene, ketone & THFeH At A8, 2 AtellA

32000 41:40.00 5000.00

% acid, aldehyde, alcohol, terpene & 1552] Aito] &

Q1= ATk

i hexane 22l FY=20i thet &y
5= hexane T3E2 IHBAHELS 3] S5t

13E FLEAS Tt om, PP capsic), TEH
(E. carotovorum subsp. carotovora), A3 A5-EH (P,
syringae pv. syringae) 2 EvFEHTH(R. solanacearum)
of st IS SHSIGItHTable 7). Eugenol ¥}
isoeugenol> WP, capsici), 58 1(E. carotovorum
subsp. carotovora), AAFFHEIE(P. syringae pv.
syringae) 2 FPFEHIH(R. solanacearum)©l| thato] #|A]
$ke] A717F 15 mm oo e e vEhigl
U AP, capsic)¥ F-518I(E. carotovorum subsp.
carotovora)®ll thsto] benzaldehydew AA|$+ A7]|7} 12
mm ©°]R] FZF A EIE B OH, cinnamaldehyde™
12 mm oJst oFgt It dAlS vEhlth ey 1 9] 9%
O] Hd=dS Aol U g A vehiA
&3tk

o] Aol w2, eugenol> HAFIN T (Lenzites b
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Table 6. Chemical composition of volatile constituents from Z jujuba by GC/MS analysis

RI” Compound Mass spectra % of RA”
984 Hexanoic acid 27, 29, 41, 43, 45, 55, 60, 61, 73, 87, 116 0.68
1008 Benzaldehyde 39, 51, 50, 52, 74, 77, 78, 105, 107, 106 1.69
1264 Benzyl acetate 43, 65, 77, 79, 89, 90, 91, 107, 108, 150 3.37
1272 Octanoic acid 29, 41, 45, 55, 60, 73, 84, 85, 101,144 0.12
1388 Cinnamaldehyde 50, 51, 52, 77, 78, 102, 104, 103, 131, 132 0.29
1397 Eugenol 55, 77, 91, 103, 104, 131, 137, 133, 149, 164 40.45
1412 Isoeugenol 55, 77, 91, 103, 104, 121, 131, 133, 149, 164 9.85
1418 B-Caryophyllene 41, 69, 77, 79, 91, 93, 105, 107, 120, 133, 204 10.05
1496 &Cadinene 41, 81, 91, 95, 105, 119, 133, 161, 189, 204 0.54
1580 Dodecanoic acid 29, 41, 43, 55, 57, 60, 71, 73, 85, 100, 129 18.40
1594 (-)-Caryophyllene oxide 41, 43, 55, 67, 69, 79, 81, 91, 93, 95, 220 2.30
1598 Hexadecanoic acid 29, 41, 43, 55, 57, 60, 61, 69, 71, 73, 256, 2.33
1667 a-Humulene 41, 43, 55, 67, 80, 91, 92, 93, 121, 147, 204 0.74
1706 Tetradecanoic acid 41, 43, 55, 57, 60, 69, 71, 73, 129, 185, 228, 1.77
2150 Linoleic acid 41, 54, 55, 67, 68, 69, 81, 82, 95, 96, 280, 0.35

3 RI, Retention index was relative to n-alkanes Cg to Cy on DB-1 capillary column, b) RA, Relative amounts were the

peak area relative to the total peak area.

Table 7. Antimicrobial activities of the volatile constituents from Z jujuba identified by GC/MS”

Inhibition zone (mm, mean + SE)b)

Compounds L. E. carotovorum P. syringae
P capsici subsp. carotovora pv. syringae R solanacearum
Hexanoic acid nd? nd nd nd
Benzaldehyde 135 + 1.8 128 + 1.2 nd nd
Benzyl acetate nd nd nd nd
Octanoic acid nd nd nd nd
Cinnamaldehyde 114 + 25 105 + 1.3 nd nd
Eugenol 205 + 1.4 185 + 1.1 204 + 0.8 195 + 1.2
Isoeugenol 182 + 1.2 155 + 14 16.5 + 0.9 154 + 2.0
B-Caryophyllene nd nd nd nd
Dodecanoic acid nd nd nd nd
(-)-Caryophyllene oxide nd nd nd nd
a-Humulene nd nd nd nd
Tetradecanoic acid nd nd nd nd
Linoleic acid nd nd nd nd

* Bach sample was treated at 100 pg/mL and each treatment contained three replications, " Results were expressed as

mean + standard error (SE), 9 nd, not detected.

Ol

etulina ¥ Laetiporus sulphureus)®l W&to] ¢ 34t
FA(IC50 = 36.9 pug/mL 9 629 pg/mL)°] &= Fo=
44 SItHCheng et al, 2008).
isoeugenol 2] WP capsicl), 5810

¢

SHARF eugenol ¥
(L. carotovorum
Al AFHEIN(P, syringae pv.
PETs

subsp. carotovora),
syringae) X FPFEHIH(R. solanacearum)®l t$t
dA= ob4 gt glrk

TAMSS AN S0t

AP, capsicn©l tiste] 73 etads yERd
WH(Z juyjuba) T785%%=, eugenol ¥ isoeugenol®| X
e I dd e FEE dokr] SfE dAPISAIA
&S T3 tFig. 3). Eugenol& 25, 50, 100, 2503}
500 pg/mL FEl® A o, #AMEEEC] 61.2, 387,
16.5, 11.07} 5.8% % YEFS.H, isoeugenol> 25, 50, 100,

i)
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Fig. 3. Inhibitory activity of Z jujuba extract, eugenol and isoeugenol on spore germination of 7. capsici KACC 40158.
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