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ABSTRACT

This study was carried out to investigate the antifungal activity of the water soluble essential oil
against Trichoderma spp. Water soluble essential oils from Pinus densiflora and Chamaecyparis ob-
tusa were obtained from GAP (Gas assisted process) extraction apparatus. When the water soluble
essential oil was treated, the growth of the conidial germination was maximum under the cultivation
condition at 25°C and in the culture medium adjusted to pH 50. The yield of water soluble essential
oil was 39% and 3.7% in P, densiflora and C obtusa, respectively. 24 and 15 kinds of compounds were
identified in water soluble essential oils of P. densiflora and C obtusa, respectively. The major compo-
nents in the essential oil of P. densiflora were «-Terpineol acetate and Terpinen-4-ol and those of
C obtusa were Terpinen-4-ol and «-Terpineol. Antifungal activity was the best in the 5000 ppm of
P, densiflora against Trichoderma barzianum and in 5000 ppm of C obtusa against Trichoderma

atroviride.

Keywords: water soluble essential oil, Trichoderma, Pinus densiflora, Chamaecyparis obtusa, antifungal

activity
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Table 1. Species of Trichoderma spp. originated from Canada and Korea

Origin

Species Species number
Trichoderma aggressivum UG 1565
Trichoderma atroviride UG 1550
Trichoderma harzianum KCTC 6426
Trichoderma koningii UG 2906
Trichoderma viride UG 2662

University of Guelph, Canada
University of Guelph, Canada
Korean Collection for Type Cultures
University of Guelph, Canada
University of Guelph, Canada

al., 1993)% B %At}

2125 terpene, alcohol, aldehyde 53} Z&
oe] 7 H3EetE R AEY oAt gAMIEH
QB gk AA Holr|Hor FAEEHE A
SAELR g, At T W EU) Holvta, &

o] 2715 F3f 719, 8 T WS dHEd
Aol Ap5& F7] Wil ~Ed 2=} 21735 2hshA
713 71983 WYES ST AeE dEA
U (Na et al., 1998). AuH-7 2] =424+ 60
~T70%<] monoterpene®] X o] il HES]
o (Price et al., 1995) HWUYF7} &3 S
Fae] AA A= g-thujaplicine] 2= &4

o] ZA gttt B %o vt (Erdtman and Gripen-
berg, 1948). 53] A GTTA 37, HIT 2
MU 59 32523 citrus Aol E 7S
(Caccioni et al., 1998; Cimanga et al., 2002;
Hassanzadeh et al., 2001; A &, 2003) 2 AZF &3}
(Baricevic et al., 2001; Chantraine et al., 1998)&
It AFH s

ARE B% 719 (Magei et al., 2009), 33
(Mossi et al., 2004) 59 oz FEHAT Hf

ox N

=)
Trichoderma 4 3t 85

S el WA s
PolA WAL AEE a7 F dFel FE
oIl WAl S8 9% 7| 2ARE vh

staLzk Al=s] it

2. M2 2 YH

21. SATF

2 Aol A8 2UEE 7+ Canada®] Uni-
versity of Guelph, Mushroom Lab. o Z3E 4%
(Trichoderma aggressivum UG 1565, Trichoderma
atroviride UG 1550, Trichoderma koningii UG
2906, Trichoderma viride UG 2662), =433}
ATFA FHAALAY FHARSR(KCTO) ZHH 1E
(Trichoderma harzianum KCTC 6426)& #|-&wto}
SATFE AL THTable 1).

- Malt agar (MA, Difco, France) v =]ol &
E3te] 25°C M 7] oA A2 o2 Al a3t
of AFe A&t

Trichoderma 5% v+t MAWIA o HZF 5 25°C
oA vt o, 47 wFAIzke] A g ol o

A9 A mokg wasg

2.2. Trichoderma & 12l2E=9 XX} 4l
A FE ZAL

HEHom A7} YA H Trichoderma 5& T
£ needles o]-&3sto] EFEfol=ag e HAAI71 0
o3 A Al oF(Lactophenyl cotton blue) & G215}
A ZFY2E 9 T Trichoderma 5% #5¢) FH)
2 B&s 9. Trichoderma 5% 59 #& 2 A

292 tAE oA 71 &R (TDI 200, Japan)
7} A2 3ekdn| 4 (BX-51, Olympus, Japan)<
4000 W&ol A A} B FFALS] KRoks 7
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A AR5 FE3F GC/MS (Clarus600/Claus600T,
Perkin Elmer)® #A3tdth. GC-MS 4 x71&
QEZEE 80°CAIA 27 FA, T°C/& 52, 250°C
oA 5°C/E &2, 280°Coll A 12.7%3F FA13+%

Carrier gast™ heliume ARE-3F$13L, ion source
temperatures= 230°C, injector temperaturex 275

“CE vk bR % AR S84 Fhel

¥ MAuIAT] 625 ppm, 1250 ppm, 2500 ppm,
0 ppme] FEE FH7}ste] vjAE AT
|4 457t A7Fa WAl Trichoderma 5% 5%
AEshaL 25°C m 7)ol 3¢zt a gt o 7%
o] A% (mm)& FAsAL, ol =t F84

Af7F A7bE A ek MAMIA & A3t

M
~

N
~
Ofm
xd
M

EAENE 9t &
office excels ©]&3ste] XFHAE Yo,
7k A T Abole] 9492 SAS Corporate Stati-
stics GLM9] Release 8.01% ©]-&3}to] p<0.05
o] Duncan®| multiple-range test® 22}3}3it}.

il

3. 21} 4 &
3.1. SAZFe| sinlg 2HE

Fig. 12 Trichoderma 5%¢ XA} A E ¢
Aol 471 %427k 4 2E HeA| L o] 3t
of o) Wl EoA ARG T Aol

Trichoderma 5&° Fejetd 542 Fig. 17 2
o] T. aggressivum, T. atroviride, T. harzianum, T.

koningii B T. viride®] JEeN4d 548 &A= 9l
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2 9 {284 ARE 08¢ Trichoderma spp.o] A7diAl &4
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T aggressivum

T atroviride T barzianum

O T W

1. koningii T viride

Fig. 1. Light micrographs of Trichoderma aggressivum, T. atroviride, T. harzianum, T. koningii and
T. viride.
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Atk &, T aggressivums Samuels 5 (2002)° 2]

o &3 5ol FE Ao ZA Enjx| o &
Eg}L Zzow oLaq;q 011;]_

o)A T. harzianum¥ <49 Fo| AWk, A7t
Wl 72| 2 9ol Phialide 22| T. harzia-
num¥= Z FEEE solitary FE|7 A
3] Ol F-2 PDAY, 25°CellA] BIAIZE U] 228

] vPﬂf} EA4o l?iﬁ} T. harzianume =

< ol it

W, HeH R T koningii®t A+
ningii®l BAEAS] RES A, M7
H, AnE 22 7S TAE 7% flol
o] Aol o & eyttt T. atroviride 2 T. viride
o] BA¥zIY = 48 A #e glgddow
T. ha1zzanumﬂr frabstut, &gk ko] Aol zlgh

£ (dark green)o.2 ul¥ T}, AL} 7
%Oﬂ E717F e T virideo) A ®F, E7]17}F §laL
H3PA A (smooth), AFZ A 2R (obovoid)
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3 FFgo] U T atrovirideZ ZHE AT
(Kubicek and Harman, 1998).
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o ZAIFe] A2 Hls=g 4
B 25°C7HA &= *ﬂz 27} F748hE 30°C o] Fe
M SR skl on 35°Coll A= Tricho-
derma 5% T EF AGsHA Kk

A3} H 07 Trichoderma 5% w52 & A
2T 25°C0H, 35°C o] Foll = o] o=
AMS & AT olEf g AR Tl & o
Trichoderma 5& w59 A% 7Fs& 5% 15~30°C
2 el o Trichoderma 5% T2 & 2 ujok
SEE 25°C2 FeE A

Fig. 3& Trichoderma 5%2] % A% pHE ©4
317] Yste] 242 pHE 2l sk MAvIA| Y #55
AES U 25°Ce] %ol A A7 & FAMAY
dolg &4 Axolrt. oy 2T 2= pHE =
AelA] 2 MAMAE ARE-SFTh

Trichoderma 5% 1 &l ZA§le] pH 5.0
A 7V =S EAE ol UEhiiek. pH 9.0%
pH 11.09] iAol = 71 wbe FAE ZHol&
el om, olelgt Ar= g% adE=e] S
&4 pHE 248t WRHE 7158 Z o2 Aoy

&S Ebsk o 15°CH

Table 2¢ 8-7F=7](GAP)ll o3}
WU Qo 2 BE F&H 44 Afe 78§
ER RA T

SUFo HuE Qo R RE &
o] &2 o 4% ol3t FEoE E Ao
H, HFH R §59 4fre] FE oF 570 mg/ 4,
540 mg/ ¢ Stk HUT o) (FE84) AR F&

Eoll gk o] Aol A Ya 5(2002) olshd
heating mantles ©]&3lo] AFS FEs9 =0,
3 ThEel A Huy ?—L = -’F%Q 79 167
g/M ExA 7H7F 4.0%, 4.5% :

AE| o AET ALl AFHAH Hur

i
-1>
op
o
o2

= 4.2%% 4.5%9 &S YEt Eié}‘}i‘:}.
2 AT A} vlugs o AL 44 A
9 =84 ARF= 0.3~0.8% @EO Z}Olé

— 590 —



100

50

1o

75

Growth diameter, mm
wn
=

=] o oo o=
A g Wi S84 ARE o

431 Trichoderma spp.2] A<l 24

O7F aggressivim

b

+

1m0
75
g
E}
o
g [
= 50 d
f
[}
25
] .
15°% 20°c
a OT atroviride
b b
c
d
15%C 20°c 23°C 30°C 33°c
Growth temperature
a A O7 karingii
— s
d
+
©
d
15°C T 25 30° 35°C
Growth temp erabure

5
Growth temperature

1o

75

50

Growth diameter, mm

25

100

75

Crowth diameter, mimn
-
=

in'c
a O7T harzianum
} b
c
d
e
15°C T 25 30° 35°C
Growth temperatire
OF viride
a
—E
b
c =
d
e
15°c 0% 25°% 3n'c EEN
Growth temp erature

Fig. 2. Effect of growth temperature on mycelial growth of Trichoderma spp. for 3 days.
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Fig. 3. Effect of pH on mycelial growth of Trichoderma spp. for 3 days.
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Table 2. Water soluble essential oils from leaves of P. densiflora and C. obtusa by the gas-assisted
process (GAP)

Wood species Moisture content of leaves, %*  Extraction yield, %* Weight of extracts, mg/L
P, densiflora 623 39 570
C obtusa 623 37 540

* Based on the oven dry weight

18 = ATt AyH oz GAP FXZHE F Table 3. Retention time and mass spectrometric

5% F e 784 AT total FE€2 heating data for water soluble essential oils

mantledl A AHE 5= Jde= FEEA FRet A9 from leaves of P. densiflora and C.
= 3

A o]Se] & obtusa identified by GC-MS
J

&4 FF % 2P E Aee R A VleE NO. Compound R* P densiflora C. obtusa
o] i elP ]
ol dasria dadn 1 «-Thujene 443 10 06
2 Myrcene 474 06 -
3.4, 28 HL9| stetg &M 3 3Carene 542 —b 06
4 Limonene 549 34 —
AU 9 A Jonny REH pgy g 0 ¢ lcpinene P
R e o o N 6 Terpinol 656 - 10
el AJT?E able 3°] LFERSITY. Avhof 45 7  Terpinolene 674 09 -
24714] gjtEo] HEHNoH F2 HEELS mo- 8  g-Linalool 717 - 08
moterpene® sesquiterpene?l AL <la 4= AU 9 B-Terpineol 741 18 40
o, U 284 ASolA momoterpened O 10 Camphor 813 - 49
11 (+)Borneol 879 10 15
0/0] 7] O )7 . o ok 9
i1'7f; )\;OE b]—olj]—%AJ;sesguliezi:le ; O"' 4. 8{: 12 Terpinen-4-ol 894 227 733
Al Ao FRIF ATt Ay el 74 13 Thymol 915 _ 09
0 2= a-Terpineol acetate”t XA 3t & 14 a-Terpineol 937 32 72
25.4% % 714 wol df-xo] o I Lo w 15 a-Ocimene 9.46 — 07
Terpinen-4-ol7} °F 22.7% 3% k. (+)-Iso- 13 ?f})‘fritld 1 1?22 125 (1)573
) Spero. . +)-Isoborneo . : .
201 neLolL«] DGO 14}()5/ o <7 Cubenol #} Beyerene 18 a-Terpineol acetate 1314 254 13
& A7 6.5%% AAEAT. 225 a-Thujene, 19 Caryophyllene 14.79 07 —
Myrcene, Limonene, «@-Terpinene, Terpinolene, /- 20 Widdrene 1507 33 -
Terpineol, (+)-Borneol, a-Terpineol, Caryophyl- 21 Germacrene D 1574 17 -
lene, Widdrene, Germacrene D, Cuparene, Cala- 22 Cuparene 1666 06 -
Codrol. @-Fud | Longicvel Seline- 23 Calamenene 17.02 0.7 -
menen‘e, edrol, udesmol, o—nf%lcyc ene», eline 2% Cubenol 1779 65 07
nol, Rimuene ® «-Bulnesene 3}3=29] #&2 7t 25 Cedrol 1899 14 _
7y 0.3~3.4% o2 AHATT. 26 @-Fudesmol 19.88 15 —
HuhuF dogiE 28 584 Afdale 27 Longicyclene 2178 03 -
15744 sibeel Agsiglon Fo Awomy B Scinend aam 04 -
) . 29 Rimuene 2616 04 -
—A- m _ o]l z¥z} o/
Terpinen-4-ol ¥ @ -Terpineol®] Z}Z} 73.3% 30 Beyerene 2680 65 B

7.23%% V3 Bol RN AR £84 3 4 Bulnesenc w5 04 -
.]

Aol Al momoterpene °F 93.3%%1 2% YE Reciiion time ” Not detected
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2-((R)r4-methylcyclohex-3-enyl)propan-
2-yl acetate

a-Terpineol acetate

Terpinen-4-ol

- Glen Alm - Danny Lee Rinker + %417

(R)l-isopropyl-4-methylcyclohex-3-enol

2-(Sr4-methylcyclohex-3-enyl)propan2-ol

a-Terpineol

Fig. 4. Chemical structure of main compounds in the water soluble essential oils from leaves of

P. densiflora and C. obtusa.

WY sesquiterpene ©F 6.7%¢ Aoz 3<lw g
th 1559 315HEF 13 59 @ -Thujene, 3-Carene,
Terpinol, B-Linalool, 8-Terpineol, Camphor, Thymol,
a-Ocimene, Piperitol, (+)-Isoborneol, @-Terpineol
acetate & Cubenol 3529 gF342 212}t 0.6~
4.9% FEo2 AU

v B HEE 9l 84 AflA a-
Thujene, B-Terpineol, (+)-Borneol, Terpinen-4-ol,
@ -Terpineol, (+)-Isoborneol, @-Terpineol acetate
2 Cubenole] 3EX o2 #HEHSW Terpinen-
4-ol9] Fhego] AupFellA 22.7%, HEILHROA
73.3%% B =A YERSETE Kim 5 (2005)¢0 ¢ s)
W 4~y ol AfolM @-pinene, B-pinene, cam-
phene, phellandrene, limonene, borneol®] Zt)
0.8%. 4.8%, 2.8%. 0.4%, 2.1%, 1.4% =] 3l
o, Z22]3L bornyl acetate”} 1.5% AL 5
ol Basle o, Yang 5 (2007)¢0 <Jshd Huln)
F & G4l a-Thujene®] 0.68%, Terpinen-4-ol
o] 4.11%, a-Terpineol acetate®] 13.71% &H+-% <1
Cha ® 3T} R A= HuUE 9l
(F=84) AfrellAl a-Terpineol acetate”} 13.71%
9] S YeEPARE B AT A e
| Ao E 1.3%0 @2 FEs
o]¢} Wk 2 Terpinen-4-ol¢] 32
ol A 73.3%=, HW
4.11%) B} =& S vEY

2w, g4 4ash #%%Ag

1::

]Z:o

2 A%

Fig. 4ol Avb-oF Hulupiy Qlea] 71 Wol 4
=% a-Terpineol acetate, Terpinen-4-ol ¥ a-
Terpineol®] %21 e}

3.5. Trichodermas 1l =0 Cfst o
L2 484 HRe BEEY

Fig. 5& AU % 2RE &9 584 AR
Trichoderma 5% w9 WA vA & J¢S
bl Atz O]“H x2t2es 784 478 H7t

shA] g8 MA A& AFE3lth. T, aggressivum
off thak U5 =84 Ao AR Ad) g3k

5000 ppmol A 41.7% 5 YEtWoH, Af L9 5
7kl whEba] TAME AS) fke ok Sk E A
e JERIARE 625 ppmo] FE7HAE YA Bl
F37F YA @okth 1250 ppm o] HEHE
TAREGe tgk f-91/3 0] Yebwth. T. atroviride
o tiake] 5000 ppm- °F 44.1%<] TAHYE AS| &
=5 Yo, 625 ppmol A& ?"Vgﬂ' Sk

Wb bR ottt 1250 ppmitE FE] whE
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