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Abstract An antifungal active substance was identified in the woody part of Diospyros melanoxylon to
develop eco-friendly agricultural materials against Botrytis cinerea, the causative agent of gray mold. The
methanol extract from the woody part of D. melanoxylon was sequentially fractionated using hexane, chloroform,
ethyl acetate, butanol, and the aqueous layer. Biological activity tests revealed that the hexane fraction
exhibited the strongest activity, leading to its isolation and purification via silica gel column chromatography.
Finally, GC-MS and NMR analysis identified the HSC-8 subfraction, as 5-methoxy-2-methyl-1,4-naphthoquinone. The
ECs, value of 5-methoxy-2-methyl-1,4-naphthoquinone as an antifungal active substance against B. cinerea
was 49.12 ppm. Therefore, since the wood extract of D. melanoxylon exhibited antifungal activity against
B. cinerea, this extract has potential as an eco-friendly agricultural material.

Key words: Antifungal active substance, Botrytis cinerea, Diospyros melanoxylon, 5-Methoxy-2-methyl-1,4-
naphthoquinone

M B A= 7Yse] 2dE AR AEZ AH APEA7 L,

Botrytis cinerea (ARFFoldt)y= A AAZ SR 473t (Paul et al., 1998). A-2T53h 3704

Az A T sME, W), BviE, 2 5 dolgwe] w8 S8 Tl A AupE o, 53] AR el A4S vzt A
Aol & =4E& ZHstL Ath(Prins et al, 2000). AU a2 WL A5 W) g5t BT Qo
B. cinerea ¥874& 212 3% WA S| o] 2AR 7t A2 7)% wglel uhE Al A o] e} weradt

o
WA FHEL, 2 ~ 39 Wl 7|54 E HAR St 7ol oz AdFFo|re] WA Niee} Fa) Frrt
(Williamson et al., 2007). ©]2]gt A} U+ (necrotrophic)y> < =0}A 3 9Jth(Romanazzi and Feliziani, 2014).
B. cinerea®] A= AR A A5 717 w9
AL 2 = 3Ke] A El= &4 HE = Ol F5
*Corresponding author dAAE F71HeE sk s WAl F2 o=
E-mail: ychoi@knu.ac.kr STH(Li et al., 2018). L2yt 54 AlT AAlS ¥4 A
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RS AS Diospyros melanoxylonR 22 SEIZZ0 |7

22 Abg W okg oz o] oA gk A aA WA)
#7F WEA SdsIaL glom, FARE W 2R skl tig
2HIZES] RPAA 98 TS AEHoE A|EIL Q)
(Rosslenbroich and Stuebler, 2000). ©]2{gt 3}3H4] WA <]
FAE FHE] el 71 At ARSFS FolwA WA
S =Y T e I A A e e s}
WA o] B 22]7F A =53 ITHAbbey et al., 2019).

ol7} 37 =4S Hisela U T A9e 2EH
o=z 7] 98, 71¥ st AHAE A A Bekst
T e AE 2 FAE (natural products) AA| 719k} 31
73 WA 71 Jige]l e tigte® FERL gtk
(Yigal and Shtienberg, 1995).

E AT AM8-E Diospyros melanoxylon Roxb2 7t
3 (Ebenaceae)e] ThAA HEo= el ~g#g7} 5
Azd duj-old] 7% Aol AAYSH(Saraf et al.,
2024). G F& A 15 m7A] A=k F7F 3719 #EA
R, 7xstal Axgk 9uE P4k Aol SAolt
(Chandrashikha, 2021). 9-& 34 F& Ao g 2AsiH
FHoj dol= 35 emell ©]23, £ ARz o] 2pgolF
Pe|E Holth(Kalpana et al., 2014). D. melanoxylon-
A ofg] 248 AY A% AT oA AA o)F,
Feetet 22 &3P 4 718Ad, HE, ol 29
59 HehS A Fshs Aol RIHS] ARS-E] o™ (Rathore,
1972) DiospyrosZs 2& 22| naphthoquinones] 3}3H=<1
plumbagin, diospyrin 5~ THFeh 215U X 9 Aol
sl -3t ast &S veRlo] w4 Wl Aldg flg
A A=A B A A AAEA Y] e o]
28 vF Ath(Lajubutu, 1995). o213k HA A=A F=
AEL W7o EA} ol oA & 2A} A sl &3t
Frote] AAl AE Wl AR RS AL 7FeAo] A&4
o2 QFH I AUTKRyu, 2012).

w2 AFelr s AdFFol o] stehy WAlE tiA
s17] f1ste] 21873 A NS EH OS2 D, melanoxylon
E’“‘?—EHH 753 13sgolw WY B. cinereadl] UgH
o

of (
sz E;i

T

=T

>

HE al I:IQI-EH

MEN=

2 dA7e gAEE HAE S WAHFTE B. cinerea
(KACC 41008)5 AH&atHon, #5+ A=
2l &) ekt Frg ekl Aol A EoFtol Althugste] A

s34t

NEANER] D. melanoxylon ZAF-E U1 A dolA
T ARSI, FE A EE %%ﬂ%ﬂﬂ ek AVE 3
Al 2"} A AES Ao Bt Fol

(Botrytis cinerea)df thst &7ld E8E22 2] ¥ &2 7E 201

D. melanoxylon 8

B Aol AREE A EAE SRR A AL S o
717} Qo] A7) AR} A4S B8l A EAE F783I%ih
A2 542 $5te] ZAHEE FMacrogend] XEOZ 9
3152, genomic DNAE FZ3}9] rbcLa-F and rbecLa-
R primers (Kress and Erickson 2007)& A-8-3}%] Geneious
2O F ¢p DNAE AEAS 23}, D. melanoxylonﬂ-
99.89%, A 5/\40] ﬂOIE]O] Az /\ltﬁoﬂ /\]._Q.z;]- E ZH
D. melanoxylonZ. 73 31T},

Al & 717]

0223} silica gel column chromatographyol|A] AM&-%l
methanol (MeOH, 99.5%), n-hexane(95.0%), chloroform
(CHCL;, 99.5%)2 EHPes-(Samchun Pure  Chemical
Co., Ltd., Pyeongtaek, Korea), ethyl acetate (EtOAc, 99.5%),
n-butanol (BuOH, 99.0%)> FEAFFEF (Duksan Pure
Chemicals Co., Ltd., Ansan, Korea)2] extra pure gradeZ
AHESIAL, HOE 25 A2 2Al8ke] ARE-asitt.
Bioassay®ll A-8-%¥l Potato dextrose agar (PDA)= Becton,
Dickinson and Company (Sparks, MD, USA)2] wj#] &
AFEEI e o] 7E1] (300 mmd, No.2)= Advantec (Toyo
Roshi Kaisha, Ltd., Tokyo, Japan) #|&-2 ARS8}, petri
dish= SPL Life Sciences (Pocheon, Korea)Al Al &S A
319}, Silica gel(7734y= Merck (Merck KGaA, Darmstadt,
Germany)*} A<, cartridge columne Watchers (IsChem,
Seoul, Korea)AF] flash cartridgeZ, NMR #2480 & AR
g chloroform-d (CDCL)= Sigma-Aldrich (St. Louis, MO,
USA) AlE-& ARE-3I5ITE NMR spectrometer= Varian Bruker
(Bruker BioSpin GmbH, Rheinstetten, Germany)*}2] DMX
600(600 MHZ)S: 0] &5} 7, 1R HZEDE tetramethylsilane
(TMS)S AH&-31912.H, chemical shift= ppm o2 YERS]
t}. Gas chromatography-mass spectrometry (GC-MS)= Agilent
Technologies (Santa Clara, CA, USAAFS] 7890A 7152,
columne HP-5MS capillaryE, detector= Agilent 5975CE
AH8-3190 ™, library= Wiley (John Wiley & Sons, Inc.,
Hoboken, NJ, USA; WONOS.L)E AM&-3l3ith SAREA o=
SAS (version 9.4, SAS Institute Inc., Cary, NC, USA) L&
TS ARSI

Y HTo e =A
B. cinerea Y8-9¢t2] W WiA = PDAHIAIE petri dish
(60 mm x 15 mm)ell B35, FIA S wHEo] 35t
cork borer(8 mm)Z | F3te] wj=] 2]
25°C incubatorol| 4] 7¥7F vf<kst

B. cinerea HYTS
l-oﬂ ]/\]- /\]7

At
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MeOH E0F&

2% D. melanoxylon ZA% 1,750 g&
99.5% MeOH 3 L& d-2olA 247} 31A],
AR e} FEAAE 33 HHESINY FEES o
S A3 40°ColA rotary evaporatorZ 3]
319 MeOH F&5 60.43 g2 A3t

A v F
sg.om
A2
A

N e

W

2

MeOH FZE 6043 g& T/ 500 mLoll AT &
hexane, CHCL;, EtOAc, BuOH &1l -2 717} 500 mL% 3
3] WhE-slo] g i358T} 21 A3} hexane fraction 7.53 g,
CHCl; fraction 17.16 g, EtOAc fraction 2.62 g, BuOH
fraction 24.13 g ¥ aqueous layer 8.99 g& AT}

=
] A8 918ke] 121°C autoclaveol] 15%7F
JQPEw#e & PDAMIAE SF 45 ~ 50°CE 23t} 79
Hehe FEE2 1,000 ppm, 228 2 chromatography

E2 Z17F 100 ppm FE7F HEE H7VE 3| petri
dish (60 mm x 15 mm)e]l &5 FWWRE Azt B
TFE cork borer (S mm)ZE A5l BjR] Sl HEs 2,
25°C incubatorol| X 4947k Wi & #50] G S5 B
G &Y ARE 2RI

ghrlm EMEE 22 ¥ "N

MeOH FZ2E-5& A4 02 Gulliglate] 7t7}e] 8=
g 1t GAS AES 23, A=A 7P 840
738 hexane fraction® ZHE] Pzl S ELS Fe A
Ask7] Y35kd open column chromatography (50 mm x
860 mm)E 33} T}h. Columne silica gel (7734) 650 g
< n-hexane®] HEAIA 5215 (wet packing method)OZ
7%t & hexane fraction 7.53 g loading 3122, 1|4
(hexane : EtOAc = 7 : 3, viv)& isocratic *2] 0.2 8-Z3]o],
200 mLA 467119] fraction (HS-1 ~ HS-46)2 AUt} o]&
S)E-3S bioassaydt 23, 4L ebd HS-24 ~ HS-
26 SEES F5st] B 110 mgS AU

Open column chromatographyollA] 8- =7 #3
HS-24 ~ HS-26 110 mg< silica gel 30 go] FXE 54 mL
cartridge column®] loadingd}2Z v A (Hexane : EtOAc =
34, viv)E &E3l] 15 mL 50702] subfraction (HSC-1
~ HSC-50)2 LAT}. 50709 subfractions bioassayst 237}
HSC-8 subfractionol|A] EAJo] vpelyton, FHEzo=
HSC-8 subfraction 15 mge] T4 EZHL AL}

O_O'I_l

by oA
N =
et ufor

Y48F 7z 7Y
= ZAEA 2 223 HSC-8 subfraction®] 3}e+12+=

<)

MO

=
S

Bh

=5

MS9} 'H-NMR, "C-NMR #4 02 siet=e] 725 si4st
Atk GOMS E241& HSC-8 subfractionS 100 ppm 527} =
== acetone (HPLC grade, B&J, USAY] 8413 § HA]5}0]
EAFEHIMI Ol mz 20298 ER13HATE NMR 2412 HSC-8
subfraction 10 mgS CDCLel = #4315t

Yellow solid; EIMS m/z 202 [M]"

'H-NMR (600 MHz, CDCL) ¢ 2.14 3H, d, J = 1.4 Hz,
-CH;), 4.01 (3H, s, -OCH3), 6.74 (1H, g, J = 1.6 Hz, H-3),
7.29 (1H, dd, J = 0.9, 8.6 Hz, H-6), 7.66 (1H, dd, J = 7.6, 8.4 Hz,
H-7), 7.77 (IH, dd, J = 1.1, 7.6 Hz, H-8); "C-NMR (150
MHz, CDCl;) 6 15.8 (-CHs), 56.5 (-OCH;), 117.7 (C-6), 119.4
(C4a), 120.0 (C-8), 1344 (C-3), 134.6 (C-7), 137.9 (C-8a),
1454 (C-2), 159.4 (C-5), 184.5 (C-4), 185.8 (C-1)

TALYE oK AH

HF T3 PR stEe] Adgoldte] tgk A&
oAl g3E Hrkebr] flsted HEt ¢ PDARIA| &
%70 ppm, 1 ppm, 5 ppm, 10 ppm, 50 ppm, 100 ppm®]

=5 SRHES 718k petri dish (90 mm x 15 mm)o]
o YA E e s 287 FehAlel cork
borer (5 mm)E AF g ALFFo|d #F5 WA Sl
A%¢8taL 25°C incubatoroll Al 427F wieF g 5, 5] A
FEEE B AR Al Al

>
Qk

2 e 3Row FREglon, dojxl A
SAS 293 o|&ste] FA At A Fkd
B. cinerea®]l A A AE&S HIROE Probit &
(Probit analysis)yS AAI3t] 50% A A3 = ECs
(effective concentration for 50% inhibition of mycelial
growth)yg 2F&319 T

rr

i)
i

T
1%

=}

Zdn g nE

=
D. melanoxylon Z25-2] MeOH FE22 AL FFo|y

WLl B. cinerea®l ™3] 1,000 ppm Sx=oA A=

3et A7} 80.9% FAH| JAlI%-S VERATHFig. 1).

Fig. 1. Antifungal activity of MeOH extract from the woody
part of D. melanoxylon against mycelial growth of B. cinerea at
1,000 ppm concentration. (A) Control; (B) MeOH extract.
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Fig. 2. Antifungal activities of each fractions of MeOH extract the woody part of D. melanoxylon against mycelial growth of B.
cinerea at 100 ppm concentration. (A) Control; (B) Hexane fraction; (C) CHCI; fraction; (D) EtOAc fraction; (E) BuOH fraction; (F)

Aqueous layer.

D. melanoxylon EAF-Z5E I %Lﬁ%’é]:%
A D. melanoxylon 5352 MeOH
CHCL;, EtOAc, BuOH, aqueous® &7
SEES tde=E 100 ppm°ﬂ*1 f%‘%l&
A7}, hexane fraction®lA 7F& 7
T2 2 CHCY, fractionol|A] 733t &% 5].0_ eI cHFig. 2).

7F% 7¥et 43S YR hexane fraction THAMO 2 SRR
FHEAS 2 2 HAFLA hexane fraction 7.53 g&
silica gel 650 go] %% open column chromatographyl
charged} 3L hexane : EtOAc (7 : 3, v/v)2] 89l A2 isocratic
207 =3} 82310] 200 mLY F 467119 fractions (HS-1
~ HS-46)S At} 467 fractionsg TIFO.2 37+ &4
AA e A3} HS-24 ~ HS-26 fractionoll A 733t E4S Ue}
Wit

HS-24 ~ HS-26 fraction 110 mg2- silica gel 30 go] 7%
54 mL cartridge column®]] loading}3. Hexane : EtOAc (3
24, viv) SUlAIR 8E31d 15 mLY 50709 subfraction
(HSC-1 ~ HSC-50y2 AUt} 50702 subfractionS 77
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474X 3 A3} HSC-8 subfractiono| A &Alo] vteh}
HEH o R P =4 HSC-8 subfraction 15 mge
oS Res!
= AA

HEH o7 PR FAEHRE He]dk HSC-8 subfractionS
GC-MSZ #4438t A3}, GC chromatograml 4] 14.26 ol
e peakZF BT 97.9%% FG = 2™ (Fig. 3), Mass
spectrum©l| A m/z 202914 M' peak (base)’} AEEHNL F2
fragmentation®-Z m/z 187, 173, 156 5°] &= Ack(Fig. 4).
HSC-8 subfraction® alA|7{ NMRZ
TEEMsICt.

'H-NMR spectrume 413t A3}, aromatic 9% 6 7.77
(dd, J = 1.1, 7.6 Hz), 7.66 (dd, J =176, 84 Hz), 729 (dd,
J =09, 8.6 Hz)°A vicinal trisubstituted aromatic ring, J
6.74 (q, J = 1.6 Hz)°A alkenyl proton, 6 4.01 (s)°14
methoxy protons, d 2.14 (d, J = 1.4 Hz)lA] allylic methyl
doublete] #HZE O]  methoxy”]9F methyl”]7}  X|$HE
naphthoquinone -F =2 F4 =T},

CDCLENZ

TIC: 60901009 D\dete.ms

- —

Time—> 6.00 8.00 10.00 12 00 14 00

Fig. 3. GC chromatogram of HSC-8 subfraction.
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Fig. 4. Mass spectrum of HSC-8 subfraction.

Fig. 5. Chemical structure of 5-methoxy-2-methyl-1,4-naphtho-
quinone isolated from the woody part of D. melanoxylon.

BC-NMR spectrume 128+ A3}, 127] carbon®ll “d-8-3}
£ peak’l AEFN2™ 6 158914 methyl carbon peak”},
6 56.59141 methoxy carbon peak”}, 6 134.6, 134.4, 120.0,
11779141 methine carbon peak’}, & 185.8, 184.504
carbonyl carbon peak”}, 6 159.4, 145.4, 137.9, 119.4 ppm
ol Al quaternary carbon peak ZF AT},

'H-NMR spectrum3} "“C-NMR spectrums #2413+ A3}

D. melanoxylon S2F-2 56 2] $F HSC-8 subfraction->

5-methoxy-2-methyl-1,4-naphthoquinone®. 2 1% 5733
O m(Fig. 5), ©] 3FHE2] 72342 Okuyama et al. (1999)°]
SESRETELT

2ARERY ALFPY AAF

D. melanoxylon

ettt e e R e BERRY T
30 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 2%0 ZIISD 2%0 Zéﬂ

I S N R R S N AR R ER R EE RS R R T

B. cinerea®l| W 87t S-S UERH S-methoxy-2-methyl-
1,4-naphthoquinone> naphthoquinone”ll <=4 241 t] %4
ol Ag)&4d HAEZ plumbagin (5-hydroxy-methyl-1,4-
naphthoquinone) 392 58 9A]° U= hydroxy”|7F
methoxy”| 2 X|3HH plumbagin methyl ether 3}3Eo|t}.
Tezuka et al. (1973)] <3| D. melanoxylonE5€ 5-
methoxy-2-methyl-1,4-naphthoquinone  3}g-E0°] *So=2
e E o] A AT 28l AF7HA] D. melanoxylon
A EA ZHE #elso] 123]4E naphthoquinoneZ] 313}
=2+ 3,3-bis[6-hydroxy-5-methoxy-2-methylnaphthoquinone]
(Sidhu et al, 1973) 4,11-Dihydroxy-5-methoxy-2,9-dime-
thyldinaphtho[ 1,2-b:2’,3"-d]furan-7,12-quinone (Sankaram et al.,
1981)°] B =Tt
5-methoxy-2-methyl-1,4-naphthoquinone 3}3-&°| 2] &H
A FFo|#el  Alternaria tenuis, Helmin-thosporium
spiceferum, Colletotrichum dematium, C. gloeosporioides)*]
Fapato} oA g o] B % tH(Sankaram et al., 1975).
D. melanoxylon HAF-2Z5E &5 £2|¢k 5-methoxy-2-
methyl-1,4-naphthoquinone  8}9H=<] A rgoly A+
B. cinerea®| W8t X1t S8 AA8| ete] FAA
AT ES st

5-methoxy-2-methyl-1,4-naphthoquinone®] #%5%=7} 0 ppm,

Fig. 6. Antifungal activities at various concentrations of 5-methoxy-2-methyl-1,4-naphthoquinone isolated from the woody part of D.
melanoxylon against mycelial growth of B. cinerea in vitro. (A) Control; (B) 1 ppm; (C) 5 ppm; (D) 10 ppm; (E) 50 ppm; (F) 100 ppm.
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Table 1. Effective concentration for 50% inhibition (ECs,) of 5-methoxy-2-methyl-1,4-naphthoquinone against mycelial

growth of B. cinerea in vitro

ECs, value (mg/T)
Average Minimum Maximum
5-Methoxy-2-methyl-1,4-naphthoquinone 49.12 46.85 52.30

*Figures were ECs value (mg a.i. L™)

1 ppm, 5 ppm, 10 ppm, 50 ppm, 100 ppm HE== HiA =
23t iR Tl AR oA v FE B. cinerea Y
oS AISIL 25°C incubatordl| Al 4U7F vy & R4
S-S HAASAHFig. 6). T3 FF S st
ECsy %2 2F=313TH(Table 1).

1 A3}, 5-Methoxy-2-methyl-1,4-naphthoquinone 3}3H&-2
50 ppm EE= 1A B. cineread dAF AEE AA|sH=
R GBS JERNQOH, ECso 7S 49.12 ppmOZ 2F
=AU

webA, D. melanoxylon A5l A 2|3 5-methoxy-2-
methyl-1,4-naphthoquinone AL FFo|H#2 B. cinerea
AAS Aslsle 2HEE T shUE IlHeH, &5
F7HARL in vivo WA &3 A7 B AR A7t FRkET
Al ggoly WAE feh 2187 AAE fel A=A
2 7FsAol U Z o AlEEL
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