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AZAGEZHE FiE FE5E9] Botrytis cinerea w50l 3k A

ABSTRACT

The aim of this study was to attempt the efficacy of antifungal activity of the wood extracts
against Botrytis grey mold. Wood chip derived from Quercus mongolica was obtain from steam
explosion process and extracted by hot water and methanol and ethanol. The conidial germina-
tion was maximum growth with the application temperature for 20 and 25°C. In pH test, we ob-
served the maximum growth in pH 50 and 7.0. Antifungal activity was the best in the hot water
extractives against Botrytis cinerea. The separation of the antifungal substances was performed
using a silica-gel column (7-hexane : chloroform : ethyl acetate : formic acid = 12 : 17 : 8 : 0.2,
v/v/v/v), TLC and UV-Spectrophotometer, and isolated 6 fraction group. The result of antifungal
activity in 6 fraction group, fraction group | and fraction group Il were the highest antifungal
activity against grey mold with the present study. Three peaks in fraction group | and Il were
detected by HPLC and this compounds were suppose to effective of antifungal activity.

Keywords: antifungal activity, wood extracts, Quercus mongolica, Botrytis cinerea

1. B 2 FAE Aske] B9 FE AR FrE L
otk olel whet shEtnlE B 58 A A o ALES
Agrsh= W3 FHol HAER AT JHE L gl
H HAEY FEFEAE 4884 2 I3 Ak, 1 A HAT7E g A FAE S 7HA
B A3 AF7F Bol o] FolA L AU}, FEF I ATk 53] FakE A Al B s 3ol d
o] FETE o], i, dF 5o A4F of BE rdoRr O A FAE] o AA
g zh-go] dom, ujg- FHLsHA &2 5 U o] gitt. WA Tt E FFold ARAE
(Kim et al., 1999). =5 2 AzLd 24L& = Al vAEAA L 38} Foks st A At
o FFgAS 7R B e (Min, 1998: SAEY ¥4 Astes st AFo] At
Park et al., 2005), FEFEE0] I kA, 454 FSAEY AAAAN Al FBe] B e AA
ol vlaslH g st e o] AR o)A AN2psk o 9l o™ (Beever and Pakers, 1993),
=47 AT =4 Sl vlastd =2 A4S E3] AU FFo|w-> HEE 2~ (Botrytis spp.) s
yepdtha el A vk (Park et al., 2001; Yigal et FFold o3 HAE = HAE A BE Aihe}
al., 1996) Agoll AEH, 58] & YAHR o]fatE A
FEOZRE It aye] HuZe AR E R k20 QoM AAH 48 28k WS F
H g3 s 7= FEEA] ¥ (Lee et al., 83 Yoo}, Al FFoly e BT &b
2003), =EUFo] AA FEE B "] 53 FolZA, 7] Foll gA BAtE e tEe] X
5,59, 8 R FEHE L FEEEY ¢ 215 FAdsted HE 229 i o gL o
g 2 A &4 AEEe] o] Had vk gl NS FAste] EFS BN E LAET ST
oH(Kim et al., 2000). °1& FHFEES 5 A4 = Jduh. HYAHe 2~30°C Abololl A et
stElo] AEFEo] FAIE I Jon, o5 AH¥Fe| o 10°C o]3te] Aoz ggo] Sz A-(0
T v e s SF5A7]3 T ~10°C) A A F2 AEAdE B FillE Y
St AT Ao AAlo] WolxHA FHA Aot BT HA A AEAE D BE 1y
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Stuebler, 2000).
Fulsld oz AnEgels] PAE sl ofel
7HA At AZE AA E AL QAR ] A A 7}
benzimidazole, dichloran, iprodion, captan %I
o A ERIZTE ol Aol Hsiel b

%D}(Rosslenbrmch and

A4S Yelitha HaEan (Talma et al.,
1989: Faretra and Pollastro, 1993, Koo et al.,
2006).

upeba] ol At AlE ] EA Ol tigk 913 o] Unt
Qo] #Ale] Har glom 53] AAF= 6]
ol TS EA7F Hof, Foks AREEHA A,
HAFo R ARG A AR fE AvAE
o] @7} HA AA I Uk, gk Frb o R FEd
g soRAEe] STbR Qe AT ofAl AR
Bow ofgE et Hal 1 ARl Algho] whE
Al Elo} tietor AEAA|7E ale] wH i gl

v Y&l o8 AHEHuA = TrichodermaZ ©]-&

o]
gl Al sgolof tjgh WA & 37} Nelson 5 (1988)ell
o3t} Folx|o] AFrtsAdo] AFHolFAwt o}=]
A 283k Hx1) Esla 9 AAo|tHDaulagala
et al., 2003). = Pikss

w3t
&8 okl

=2 A8d HaE A
v ARStF AR E ZE A Eete] =2 s S &
At AbdlE A9 fItHByun and Choi,
2003).
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(1991) 0] E&3v-oF Zxhye] ¢ —%%%Oﬂ* =
2 e
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s filter (Pyrex Japan) 2 014%0}01 F=
Atk FEH2 50°C9] rotavapor (Si-
bata, Japan)oﬂ/ﬂ A FE7HA Ax2=A v
freeze dryer (Ilshin, Korea)& ©]&3slo] 5271
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A, WEgE dEke FEE2 121
7+ WirE PDARIAI S 50~60°C7FA] 23]
250, 500 ¥ 1,000 ppm FE= PDAH|X]l
Atk ZA"E PDA wixel A wjgd Botrytzs
spp. &8°] 3F 25 E 27 10 mme| pelletS
#sko] HEstm 25°C w70l A 5L wjEl o}
+ %o AR (mm)S 85t PSS vhee]
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gk H]gfé 37 l developmg solution (n- hex—
ane : chloroform : ethyl acetate) &2 2% 5oF 2
/MAIA  mobile phasesE <13} 3L mobile
phases¢} TLC plateel UEFH fraction®] Rf %<
WS SA3IA T E3F n-hexane © chloroform :
ethyl acetate®] Z+z+9] H]&of wE mobile phases
87} 7V S8ttt AdE = devel-
oping solutions AEl3te] 1 solution®l formic
acidE 9A4¥ &= 715t mobile phasesE THA|
gelstar, TLC plateol VERS fractione] Rf 3t9]
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2.6.2. Silica—gel column chromatographydil

I
olgt 23 £

FEE B2 2959 silica gelS 83 F 749
FENA dFFEE] silica gelo & FHEA 3}
o

33L, silica gel (particle size 0.063~0.2 mm,
Merck, Germany)3} developing solution®] #$]%
2 column (2.3 x 40 cm)ell 1 g& AHEAAT}
Fraction< test tubeoll Z}7+ 10 m¥ =385 ow,
fraction®] #3-& 4dH2-S 1 setZ AL, 1 set
ANgE FE2E 1 g0 FYYUESE 33

2.6.3.

22 o

+

fraction2 group™

[ o

mo Mo
o

3% fraction> TLC® UV spectrophotometer
(U-3000, Hitachi, Japan)& Al-&3lo] E4& €<l
8FaL Z+2+9] fraction groupo & TE3IA Y. TLCE
sﬂlca gel column chromatographyol] &3t 44 +

=% fraction (1, 5, 10, 15, 20, 25, 30, 35, 40, 45,
50 and 90, fraction number)9] fraction group?] #
Y& flsto] AH&E ST TLCA 93l Rf #te] H ¢
& &73ka UV spectrophotometer= 280 nm, 325
nmollA FFEE S48 S fraction group

o AoiA zHzhe] UVEZE7F HdlQl fractions
TLC plate® AF&3stel AJEISHATE. UV spec-
trophotometerS ©]-83 4% 3 TLC plateE
o] &8 2}7}9] fraction?] Rf #t& M2 w3l &
A3t Zdolgta FHEE fractions FolA Y
fraction groupS& d+¢It}. Fraction groupd] &
2 849 7+ fractionS T groupl 2 gk T}
o, A FEHE FRTE dAE FYste] &3
Al 53}04 Hzx column chromatog-

A FEEY THS VTR T
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2.7. Fraction group?l &

I

H al o

Fraction group %< 1,000 ppm 55X = PDAH
Ao &3 & AhulE Botrytis spp. o5 3%
o Z5EH 10 mm #A} pelletS #E]ste] HFg

Q- Rl - A -

84 - A7

S 25°Coll A B Fsleitt. olu] thxTe FEE0|
ANE A e wiR S ALgE R A, It EAd-e ok
2 19 o ABI AAEG o, FAMY TS FA]
TF 359 HukE HFghe AFREA
2.8. HPLC &4

HPLC #4]1& Kang 05)2] Wl o Azl
A ATt A4, UﬂEJ 01]‘%}% FEE 9 frac-

tion group WE-E= 8 ﬁﬁ 3lo], memberain filter
(0.2 ym, Germany)fé At F Tt ol 20 uE
TSK gel ODS-80Ts column (4.6 mm x 25 ¢m, 5 um,
Tosoh)°] &2¥ HPLC system (Gilson, France)?l
loadingAl Z th. UV 280 nmoll A A&3H 2L, mo-
bile phases™= Hy0 : CH3CN : HsPO4 (600 : 400 :
5)¢] &3t solventE AME3t99 2™, injection ¥
solvent= 0.6 m¢/min®] H]&Z loading 3+t

EARNE Astel 7 A% 5urE o] EEAA
ov], 7k AYF Aelel FelgE SAS

= UERRS
Corporate Statistics GLM2] Release 8.01< ©]-&3}
o] p < 0.05 =94 Duncan® multiple-range

test® A3k T}
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3.1. Botrytis cinerea®| Z&M%

r

Botrytis cinerea®l 3% 55 PDAMIA|| HF
st O3 A2 E 7] deElste] dAM A S
=43 A= Fig. 19 JeERRAT. A= 20°C
9} 25°CAlM Y] HAMEE AL 3 BT 5% T
ol Al fe el YA eikom 30°Coll A= A}
Argol Azt B AFAI) dAY H A%
= 20°Ce}F 25°CE #HE o (Fig. 1).

pH #3ld W& 3% #59 #AAY A4

mo ofN

Ao =
= =



100

02T O225T W30T
a a @ a 4

40

Growth diameter (mm)
o

0

Botryris cinerea Bowryris cinerea Botrytis cinerea
KCTC6973 Mensan Kunsan

Fig. 1. Effect of temperature on the mycelial
growth of Botrytis spp. on PDA me-
dium.

4% A3} pH 3.09] wix]ol| A A2 pH 5.09]
FAAA 7ol e oF 65%°) e ehle.
pH 5.03 7.0 WA A 7bg S5 T4 S
ERulet. olwl pH 5.0% 7.02-8] A} A% Aol
oA frelg e 1A ke (Fig, 2),
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Table 19| &% 3%92 Botrytis spp.°l ta &
724 S ekt Table 1914 Botrytis cinerea©l
e 4 FEE9 A2 125 ppmol Al oF
29%3 Heton F&&5 F59 S/t uebA 3
7}515 Ae JERIARE 500

= FLhodMe ool vEREA
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Fig. 2. Effect of pH on the mycelial growth
of Botrytis spp. on PDA medium at

25°C.
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Table 1. Antifungal activity of wood extracts against Botrytis cinerea
Antifungal activity, %6+

B cinerea (KCTC6973) B cinerea (Munsan) B cinerea (Kumsan)
Hot water extract
125 ppm 296 + 69b* 131 + 23c 134 + 20c
250 ppm 329 + 33ab 169 + 24b 204 + 41b
500 ppm 356 + 40a 194 + 52ab 239 + 37ab
1,000 ppm 376 + 34a 239 + 88a 274 + 63a
Methanol extract
125 ppm 255 +37b 133 + 88c 135 + 49¢
250 ppm 251 +52b 146 + 37b 194 + 27b
500 ppm 338 + 50a 194 + 41ab 227 + 29ab
1,000 ppm 345 + 78a 228 +19a 252 + 23a
Ethanol extract
125 ppm 188 + 28b 65 + 69¢ 57 + 70b
250 ppm 230 + 148ab 112 + 55b 87 + 54b
500 ppm 270 + 48ab 155 + 51ab 157 + 47a
1,000 ppm 285+ 14a 206 + 22a 208 + 22a

* Antifungal activity represents percentage of growth inhibition over untreated control and each values represents mean
+ standard deviation (n = 5).

* Mean followed by the same letter within the column are not significantly different at P < 005 according to Duncan’s
new multiple-range test.

FEES HPLCE AHEste] #4138 Ayfo|t}. &+ iprodion®] A Fo] thaled 500 ppmell A 23/

FEEAAE N BE, vEE FEEAAE o] A& ZaE Uehdithe Zdaket vwsigls o 3

B4 R s FEEANAE Y E2o] £ AFEE T AL 3oy slalabat Ao} A 9] H]

o] Atk AS F2l8k3l AL retention time 4.4+l Pls ?%94 235 vetdida AztEd, d5¢ F

Uehts 549 d3e d5 FEE 9 e F EE2%% 1,000 ppmoll A Botrytis cinerea (KCTC

50| e FEEEY =/ YET 5 F 6973) 37%. Botrytis cinerea (Munsan) 23% %

Z &A= retention time 5.0 UrE‘rUr‘C_ =4 Botrytis cinerea (Kumsan) 27%°] w84 4+

o] MerE FEE % dghe FEEAE THHA o gleloFEol o3t WA g H T v f2FEol ]

o2 As st Tk 38tk AL SRS EY v AAEEA
Al Fgolol thd Origanum® AFE &3 Z-go] 7lHh

A &3 A7 (Mohamed et al, 2003)o] <]3}d

1,000 ppm F%E9] FEolM ARFFold dsted 3.3, Yy =229 =i

=2 Aagys Jehdttay HuE v gown,

Nikos & (2007)& Af FEE°] ALFFolo o Botrytis cinerea 5o thate] A4S g}

st oF 30%9 FEAES YEbttn Rl W 44 589 2 fractions #2]3817] 91

olgdt A= B A Ae] st A SA} 41, mobile phases @ RfFHS Fig. 49} Table 291

3l ol vl 3 Gabriela 5 (2005)2 At A<l UERH A, n-Hexane, chloroform 2 ethyl ace-
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Fig. 3. HPLC chromatograms of hot water extracts, methanol extracts and ethanol extracts.

tate?] E3HE&S ZElste] % 8719 mobile
phasesE AF&3l9tl. Fig. 4914 n-hexane3}
chloroform®] &3&H]&9] ethyl acetate 2t} =29
= mobile phasew™ oFF-Fell EAISHI L nhex-
aneZ} chloroform®] E3H]&0] ethyl acetateX. T}

&4~ = mobile phases”} —‘H&Oﬂ Yely= AL &
Q& 4= A}, o] et o] = n-hexane} chloro-
form= H| =74 &ufjo] 23 o}ﬂ, ethyl acetate= =
gl b, TLC plate®] Aol s dale
silica-gel& HIF/d el &317] wjEoleb AHE
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Fig. 4. TLC screening of mobile phases studi-
ed. The plate numbers correspond to
those in Table 2.

o 542 S99 JgE s A bS53 v S
A7 FEE S 7R B2 v F54 90 435 n-hexane
3} chloroform®] Hl&°] =&45 A sili-

ca—gel® 33pgo] AABR o) FIE £& E
ato] EZo] ol o YERUA EH Atk AZhE
t}. Table 291141 n-hexane : chloroform : ethyl ace-
tate o H]&o] 211118, 10 : 12 : 10 121 16
D22 04 (/)L 2,5, TR Sulloll A= 2709] frac-
tione] UER, olwl Rfe] Wel= 47 0.68~
0.84, 0.12~0.20, 0.08~0.20°11t}. n-Hexane :
chloroform : ethyl acetate ©] H]&©°] 8 : 7 : 129}
18 1 28 1 2 (v/v/v)Ql 4, 8¥1 &1ll= 3719] fraction
I 7+7} 0.16~0.567} 0.08~0.16 219 RFFS Y

Table 2. The mobile phases studied

13]9F - HwA] - kAl A

l [¢]

Ebith. 470¢] fractiono] YERS &u) 1¥ (n-hex-
ane : chloroform : ethyl acetate = 1 @ 1 @ 1,
v/v/v)# 39 (n-hexane : chloroform : ethyl ace-
tate = 4 : 3 : 16, v/v/v)= 2z} 0.16~0.567} 0.28
~0.769] Rf#S YeElH o 71 #2 fraction (6
W)el veEbd €ml 69 (n-hexane : chloroform :
ethyl acetate = 12 : 17 @ 8, v/v/v)<] Rfgk-2 0.08
~0.522 714 & FEEHE AR AT

6" &1 (n-hexane : chloroform : ethyl acetate
=12 : 17 : 8, v/v/v)°ll formic acidE A A &=
Zd7}8ke] 21 mobile phasesE #9138t om H7hg
formic acid®] H]&2} Rfgk2 Table 3o YERST

Table 3941 formic acid®] #7}8]&<] 0.29] 6-4
Ho] F27F 7Hd &= 1AL formic acid 37} vl &)
0.5, 0.4, 0.3, 0.19] A Foll A= RiELY 2 Aol 7}
3Tt

Ao R 45 FE=9 E4w8 = developing
solution?] n-hexane : chloroform : ethyl acetate<]
Hl&o] 12 1 17 @ 89 AM&wi7F 71 -k,
A&l formic acidg 2% H7FA1Z] A (n-hex-
ane : chloroform : ethyl acetate : formic acid =
12:17:8:0.2 v/v/v/v)el BAEL 717 2 a4

71e ALZ EAHA
AFFEES silica-gel column (2.3 cm x 40 cm)
o s E&% Z+zte] fraction 10 M= TLCe %

2217 developing solution (n-hexane : chloroform
: ethyl acetate : formic acid = 12 : 17 : 8 : 0.2,
v/v/v/v) mobile phasesE ¥R 3 UV

No. Solvents Eﬁﬁgﬁ; Ra?gg}géu}g; of
1 mhexane : chloroform : ethyl acetate =1:1:1 (v/v/v) 4 016~056

2 rhexane : chloroform : ethyl acetate = 2:1: 18 (v/v/v) 2 068~084

3 mhexane : chloroform : ethyl acetate = 4 : 3 : 16 (v/v/V) 4 028~076

4 n-hexane : chloroform : ethyl acetate = 8 : 7 : 12 (v/v/V) 3 016~056

5 n-hexane : chloroform : ethyl acetate = 10 : 12 : 10 (v/v/v) 2 012~020

6 n-hexane : chloroform : ethyl acetate = 12 : 17 : 8 (v/v/v) 6 008~052

7 rrhexane : chloroform : ethyl acetate = 16 : 22 : 4 (v/v/V) 2 008~020

8 n-hexane : chloroform : ethyl acetate = 18 : 28 : 2 (v/v/V) 3 008~016
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Table 3. The mobile phases studied of developing solvent by addition of formic acid

No. Solvents Fraction Range of Rf of
number compound
61 rhexane : chloroform : ethyl acetate : formic acid 5 016~056
=12:17: 8:05 (v/v/v/V)
62 n-hexane : chloroform : ethyl acetate : formic acid 5 012~052
=12:17: 8:04 (v/v/v/V)
63 n-hexane : chloroform : ethyl acetate : formic acid 5 014~054
=12:17: 8:03 (v/v/v/V)
64 mhexane : chloroform : ethyl acetate : formic acid 6 006~052
=12:17: 8:02 (v/v/v/V)
65 n-hexane : chloroform : ethyl acetate : formic acid 5 014~052

=12:17: 8:01 (v/v/v/V)

spectrophotometer?] 325 nme| 3% =S 7o
2 ko] 6709 fraction groupo = #2]3FA T}, Fig.
59} Fig. 6914 R vl 7Fo] fraction 1~1097}
A= E4do] EASHA vhrt 15l Al 7o =
Aol el 10~15% Alojoll = E4do] &A1

T UE Aoz FZHFYon 15~95We] TLC
plate’del Al &Fdo] ZEHE AL AT F AN
A gk S AR = o] FojX|A] 2 How A
ZtEd}, 23y 7 fractiond] UV 454 1d
st s o2 YEREe™ o]E fractione
6719 fraction group L& 28 = AATHFig. 6).

N
rr

Fraction group I-VIo| JojA 738k UV &
fraction group I} Mol YEREO ™ LA frac-
tion group I, IV, V, VI= oFsl Z4Z5 velych
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3.4. 2&l=l Fraction GroupQ &ty
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Botrytis cinerea it tjg Z+7+e] fraction
group &84S Table 50l LFEFHSITE. Fraction

group I, III, IV7} Botrytis cinerea (KCTC 6973)
o giste] ¢k 50%<] T3S YERNSITE Botrytis
cinerea (Munsan), Botrytis cinerea (Kumsan)©l
tste] fraction group I 2 ZHz}b 35, 42%= TF&
fraction group®t} ¥ FTEAHES Yehgi o
fraction group M+ Z+7 33%9} 36%2] SEAS
el Fraction group I 3 I+ Botrytis cin-
erea ol Ulste] MA AR =& FPTAHS
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FEo e AE FJTd 4 ATt Fraction
group Iollx= 6W3 89 FhFol =haL, frac-
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3] fraction group I I 3} I oA retention time
7.68%o YElv= £2 649 (fraction group I)3}
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Fig. 6. The chromatography of a hot water ex-
tracts separated by silica gel column
(2.3 x 40 cm, silica-gel 60: 45 @).

Fraction 40 Fraction 43 Fraction 50 Fraction 55 Developing solution was n-hexane

I chloroform : ethyl acetate : formic acid

(12 : 17 : 8 : 0.2, v/V/V/V).
Fraction 60 Fraction 63 Fraction 70 Fraction 75

Table 4. The yield of fraction group from 1 g
of hot water extract by column chro-

matography
Fraction group Yield, mg*
I 803 + 348b*
il 1040 + 250b
il 973 + 377b
Fraction 80 Fraction 85 Fraction 90 Fraction 95 v 820 + 115b
\4 3247 +1002a
Fig. 5. Separation of compounds from hot wa- VI 1170 + 467b
ter extracts by column chromatography * Yield was based on the 1 g of oven dried hot water
(column: 2.3 x 40 cm, silica-gel 60: 45 extracts.
g) and thin layer chromatography (TLC * Mean followed by the same letter within the column
plate: silica-gel 60 Foss, 0.5 mm, are not significantly different at P < 005 according to
MERCK). The elution solvents for col- Duncan's new multiple-range test
umn of the hot water extracts was
used as 12 : 17 : 8 : 0.2 of used n-hex- 4. 2 &

ane : chloroform : ethyl acetate : for-
mic acid. The TLC was performed us-

ing mixture of n-hexane : chloroform : _

9 . . ) Botrytis cinerea®l] W3l &+&A
ethyl acetate : formic acid (v/v/v/Vv) in -
12.17 .8: 02 S FFo] WAA YREA ALE7HEA

B oATE 2aAdgonny 234 SyEe
592 3
o
=

A AEA AT FAG AR By e H7



Table 5. Antifungal activity of each fraction
group (1000 ppm) against Botrytis
spp. for 7 days

Antifugal activity, %*!

Fraction - - ;
group DB cinerea B cinerea B cinered

(KCTC 6973) (Munsan)  (Kumsan)

3250 + 420b** 3538 + 314a 4233 + 052a
5089 + 075a 3322 +1359a 36063 + 154b
5056 + 094a 1430 + 068d 403 + 194e
5160 + 378 1978 + 220c 1185 + 138d
2650 + 715bc 2444 + 315b 2528 + 151c
2156 + 392c 2158 + 126bc 1463 + 262d

=< 235848~

! Antifungal activity represents percentage of growth
inhibition over untreated control and each values rep-
resents mean + standard deviation (n = 5).

*2 Mean followed by the same letter within the column
are not significantly different at P < 0.05 according to
Duncan’'s new multiple-range test.
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A &5 20~25°C WY E vehyten pH W3}
of ut& % o] #AME S pH 5.0 pH 7.091

AUF25E Q"% —Zr%%‘_ 1000 ppm«] =
o| X Botrytis cinerea &% °l°l tste] €55
oF 30%, WE-e —ir%%% oF 25%, g F

& YeEtl o™ Botrytis
pp.o TFol webA g Skt Apolrt
t}. n-Hexane : chloroform : ethyl acetate : formic
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column chromatography®} TLC 2 UV Spectropho-
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Fig. 7. HPLC chromatograms of fraction group | and II.
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