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ABSTRACT

This study was carried out to study the rtesistant substances to pine needle gall midge and seascnal
variation of phenolic compounds in pine needles among susceptible and resistant species to pine needle
gall midge.

Free and water soluble phenolic compounds contained in pine needles showed seasonal variations
among pine species. But, catechol, wvanillic acid and syringic acid including phenolic compounds
showed no variation between pine species, even the amount of those component varied by the seasons.

Salicylic acid in pine needles showed 140ppm in Pinus vivginiana, 35ppm in Pinus thunbergii and 72
ppm in hybrid pine, Pinus thunbergii~ P. vivginiana, but traces in Pinus densiflora on May and June,
hatching season in larvae of pine needle gall midge.

There was high level of salicylic acid in resistant species to pine needle gall midge but traces in
susceptible species.

As our previous researches, the necrosis rate of larvae of pine needle gall midge showed high level
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cn the solution of phenolic compounds extracted from needles of P. virginiana and salicylic acid, and

there was no gall formation in P. wvirginiana, so that salicylic acid in pine needles seems to have re-

lation with those results.
Therefore,
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it is estimated that salicylic acid is resistant substance to pine needle gall midge.

salicvlic acid. gallic mcid.

necrosis vale, pine wneedle gall midge, vesistant substance
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compoundst  FEggEAl A FERA ok
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2 1973 ; Torssell, 1983 ; Vance %, 1980)
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= #ygiolv}. (Goodwen and Mereen, 1983) 12
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Gara (197D 2]8l%! spruce weevil( Pissodes
sitchensis)2- Sitka spruce®] #F3Eo| pESRS 3
monoterpenes) myrcene2| &l WS it
GEel A & vhx|ol pEgEEse] FEshvlw &)
olv}, -re]®E myrcene 4180 TEMEME =
e olrk, sreivh ol ETe]o] HalA terpe-
noidsiz #&#dlolvd BREMEWE) obd AR
e gleh. (Son %, 1996)

Phenolic compoundell 2]&t wEH] EH
Beol 4 Lee(1981)2} Han(1980)-2
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1. gtEaE

£l Zala]o] @Fte]l 2 AW (Pinus den-
siflora), N3 (Pinus thunbergi)= IEHME HiFE
al WAt (Pinus  virginiana), 121
ALRRS 2vF e, ddxyAY ol
o $#EAN A5tz 9l phenolic compounds
ol &dEate]o g I HEE AEIA
t},

2. KBAE

-7 $H#ER 4] free phenolic acid¢} water
soluble fraction®} alkali soluble fraction A}e] &2
¢li= phenolic compoundsE F#73l7] ¢l Khs
H #&¥e A #8F ¥ Fig. 17 7o) S
skl ok, 22l alkalieo]l 28 £3]= & phe-
nolic compound= €% &ae] 482 83 =

DEFATTED FLOUR

Distilled water{3 x 200ml}
extration for 3 hrs
Filter

==

concentration(40x1T) Alkaline hydrolysis(1NaOH}
centrifugation at 4,000rpm, 10min Filter

=5

Acidification(PH3)
Extraction with
EA(3 x 50ml)

SUPERNATANT RESIDUE

Acidification(PH3)
Extraction with EA(3 x 50uml)

Alkaline hydrolysis
{2N NaOH) Dehydrate(NagS0
Acidifition{PH3) Filter

Extration with EA Dry up

EA PHASE

Dehydrate
(anhydrous sodiua sulfate)
Filter
Dry up

FREEZ PHENOLIC ALKALIT SOLUBLE FRACTION

BOUND PHENOLIC ACIDS

Dehydrate

{anhydrous sodium sulfate)
Filter

Dry up -

WATER SOLUBLE FRACTION
PHENOLIC ACID ESTERS

Fig. 1. The extraction and separation of the free,
esterified, bound phenolic compounds and
their hydrolysis to phenolic acids
* EA ; ethyl acetate

A AgE FA ¢g Ao AzEo He F
Aol AES BRE BRAstd.
(1) Free phenolic compounds®] #id:
¥Rl 2+ free phenolic acidsZ #5317
A Bigd S EEsl FEK 200miE 3
A7 Eot wubzl2 1507pm/mine. 2 3EH K&
stol HIE F KBS BEstn, BES 40*1
CollA kY F A Eelsly BEwS Bk
1 IN-HCIZ pH 322 FALGT £ B doAFE
FIAste] ethyl acetate S50m/= 3 HiHEF obS
T4 NapSOgell 93] 24417 BAkAzl F ofz}s}
32 40T 1°ColA rotary evaporater® M, K5
g F E&slgdct,
(2) Water soluble phenolic compounds?
i
Free phenolic acid®] iy o5l ethyle
acetate® free phenolic acids® T HES
2N - NaOH=Z 2447} alkali koS 5 oA
3mol HCIZ pH 3°.2 #-€¢ FET & ethyl
acetate 50m/2 3m #HyEstAch, T EK
NaSO4E 2485 BRAKADN F A3l BE,
B F E&gstsict,
(3) GC ¥ GC/MSell 2% phenolic acids®}
53 5
R HEE B F GCl 23 phe-
nolic acids& #4737 ¢13te] RobertH kol 2
3 TMSIEA1Z F GCol 2ulE @At st
ok, Aad AEE pyridine 1mbll 23] &
A 25 NEEEYE 24 pyridinedl B#ES 4
-chloro benzoic acid 3mgs H A3l BABHE
o B2 YE] 20/ H3te] 2] N.O - bis(trime-
thylsilyl) acetamide® FHAZF 70T A 537
TMS3} A 71% GColl o8 sifrstdct.
Chromatography 49l £1it&#<] peak: 12
#{Lo#2] retention times} w]wslAv} Z3}
3H£-S co-injectionA| A1 F peake] —EHE Lo u}
2} &qlslgdct, = GC-Mass?| spectrum pattern
o ofs) FA, s},
GCo| Srinfeir-2 oo 2o,

Column : glass column 210%0.4cm
Column packing material : OV - 101
Detector : flame ionization detector
Carrier gas : Nz, 30mi/ min
Injector temperature : 290C
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Detector temperature : 300°C

Column temperature : initial temperature :
120°C
program rate : 2C/min
final temperature : 280C

e Bkl mas EEslhr] flste] GC-MS
o) TS o3 bt

GC-MS model : QP 1000A
PR : 10T

F. temperature : 280C
Injector temperature : 290°C
Flow gas : He 40m!/ min

R U EE

1. $t3%A free phenolic compounds® ##k
£ H#5 $13AS phenolic compound el

ethylacetatesll o3 A4 ¥ free phenolic
compound®] W5 FHH WMLE £ 1~5A
o} 2ol HifEMol FEHHZ MRS} Uk, F@m
A2 1, 5, 6, 11A F#FET A F04 587 6
Al phenolic acid?] maoles ZR7 glov
Bolle da R/ siddd, srEEdM R
free phenolic compound®] gas-chromatography
il A BE#E {L&%eke] co-injections] 28}
#A8 (LA J= 9EEE fEEdon o
el b kae] {batpel stz sl

F 52 {tAa#edl= monomer¥ clE dimer &
< trimer o]4be] {b&dpel ol TS e
7108 FZE0, o)9} 72+e 7L water solu-
ble fraction(Table 5-8) ¥ alkali soluble(Table
PNl = E—3stadct.

Free phenolic compoundel| X # 8% 72 ca-
techol®] &&°l 5B & #HIHSR 714 A4 v
var 6 e BAEed 11As 43 #ad
+ % 3z o3 FAF2 $ERS pheno-

Table 1. Phenolic components of the free phenolic fraction from pine needles in January(Unit : ppm

based on dried pine needles)

Component Species P. densiflora P. thunbergii  P. virginiana. P.thun. < P. vir.
benzoic acid t t t 15
p-hydroxy benzoic acid — - — —
catechol 6,910 7,120 21,900 33,380
gallic acid - - - —
salicylic acid t t t t
vanillic acid ? 870 250 20
syringic acid — — - -

ferulic acid t t 20 t

caffeic acid t t 26 t

# t : trace(blow the 10ppm)

Table 2. Phenolic components of the free phenolic fraction from pine needles in May(Unit : ppm based

on dried pine needles)

Component %les P.densiflora P.thunbergii P.virginiana P.den.> P.thun. P.thun.~ P vir.
benzoic acid 45 40 28 49 30
p-hydroxy benzoic acid - — — — -
catechol 12,030 ? 19,763 15,406 10,871
gallic acid | t t t 34 21
salicylic acid t 35 140 31 72
vanillic acid 1,381 3,126 2,092 285 7,023
syringic acid 570 98 226 t 260
ferulic acid - — — — t
caffeic acid - — - — t

% t : trace(blow the 10ppm)
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Table 3. Phenolic components of the free phenolic fraction from pine needles in June(Unit : ppm based
on dried pine needles)

Comp;];;?\§§\aes ‘ P.densiflora P.thunbergii P.virginiana P.den. X P.thun. P.thun. » P.uir.
benzoic acid 62 20 16 23 16
p-hydroxy benzoic acid 68 21 82 18 20
catechol 1,285 962 832 820 769

gallic acid 68 t 12 32 t
salicylic acid t 36 133 20 120
vaniilic acid 1,808 1,371 732 826 540
syrirgic acid 914 632 730 89 74
ferulic acid t t t t t
caffeic acid t t t t t

% t : trace(blow the 10ppm)

Table 4. Phenolic components of the free phenolic fraction from pine needles in November(Unit : ppm
based on dried pine needles)

T:M\\'\\\\ Species P. densiflora P. thunbergii P. wvirginiana P.den.x P.thun.
Component ™ _ N N I N 1 N I
benzoic acid | t t 30 82 t 63
p-hydroxy benzoic acid 78 67 58 63 t t
catechol 126 142 183 164 1,192 138
gallic acid 319 282 121 130 310 110
salicylic acid t t 22 40 63 t
vanillic acid 4,973 1,376 1,688 1,262 5,060 236
syringic acid : 140 100 126 86 476 t
ferulic acid t t 89 130 126 t
caffeic acid t t 106 187 132 t

S t:trace (blow the 10ppm), N :normal, [ : infested

Table 5. Phenolic components of the water soluble fraction from pine needles in January(Unit : ppm
based on dried pine needles)

- "*\\_\\\\Speaes P. densiflora P. thunbergii P. virginiana  P.thun.x P. uvir,
Component e 3 o
benzoic acid 1,082 283 5% 604
p-hydroxy benzoic acid 3 t t t t
catechol t t t t

gallic acid t t t t
salicylic acid t t t t
vanillic acid 10,218 17,475 25,013 13,148
syringic acid ? 5,697 1,190 1,186
ferulic acid 384 976 172 36
caffeic acid 272 314 - 123 94

%t trace (blow the 10ppm)

lic compound®] @ {EMANA] catechole] FifE# o] &} A A0 HHA LpFeolA:
B thE batpE BLE Zle) ofdrl = BobstA wa slE, wAYetau el e A
=l (Chevrier %, 1981) ko] ¥ o] gl 11Ao+ o1 B WA

Salicylic acide 18l gHERC Az ikt glvb, ols} e ke 5, 6A £d5ses}
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Table 6. Phenolic components of the water soluble fraction from pine needles in May(Unit : ppm based

on dried pine needles)

~—~____ Species

Component " __

P.densiflova P.thunbergii P.virginiana P.den. = P.thun. P.thun.> P.uvir.

benzoic acid 184
p-hydroxy benzoic acid t
catechol t
gallic acid t
salicylic acid 20
vanillic acid 950
syringic acid 818

ferulic acid : -
caffeic acid -

79

t
t
t

26
8,239
146

236

26
63 16
t t
t t
39 36
2,162 6,743
282 110
62 t

t t

[ trace (blow the 10ppm)

Table 7. Phenolic components of the water soluble fraction from pine needles in June(Unit : ppm based

on dried pine needles)

T Species

Component

P. densiflora

P, thunbergit

P.vivginiana P.den.xP, thun.

P thun.xP. vir.

benzoic acid 532
p-hydroxy benzoic acid 575
catechol t

gallic acid t

salicylic acid 32
vanillic acid 1,303
syringic acid 324

ferulic acid
caffeic acid

81
243

48
100
t
t

99
434

209 48
156 129
t t
t t
171 143
609 522
t t

% t : trace(blow the 10ppm)

Table 8. Phenolic components of the water soluble fraction from pine needles in November(Unit :

ppm based on dried pine needles)

T Species P. densiflora P. thunbergii P. virginiana P.den.x P.thun.
Component — N I N I N N I
benzoic acid t t t t 42 t t
p—hydroxy benzoic acid 90 80 68 59 t t 86
catechol t t t t t t t
gallic acid t 119 t 85 248 43 120
salicylic acid 29 44 356 77 63 t 82
vanillic acid 2,591 339 146 2,070 4,320 ,863 3,692
syringic acid t 371 181 163 83 490 186
ferulic acid t 52 t 82 t 89 63
caffeic acid t t t t t t 48

"% t: trace(blow the 10ppm), N :normal, I : infested

PEOR: Zhahel MHbHiel —EEHA Hnw sali-
cylic acideh £ &atelel A3 EWHREWE =

HEBAR 7 2l R
## A2 salicylic acid®)

7t o},
Be 5, 6Bl s %

2} 35ppmell HEle] vl Yo} b
b5 3 @lg xR ol ) F2)

140ppme]
R TR A

T2ppme. 24 #&ell Hsle]l 2 |ol Wi A
o4 EAEk dehar gl
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Table 9. Phenolic components of the alkali soluble fraction from pine needles in January(Unit : ppm

based on dried pine needles)

C(W\Spemes P. deunsiflora P. thunbergit P.virginiana P.thun.x P.uviv.
benzoic acid 32 40 34 65
p-hydroxy benzoic acid 65 126 32 81
catechol 76 314 20 96
gallic acid 92 32 t 20
salicylic acid ’ - 36 72 25
vanillic acid 255 1,338 t 250
syringic acid 708 6,216 7,231 5,342
ferulic acid 57 t t 36
caffeic acid t t t 827

# t: trace(blow the 10ppm)

ozl as) BHEM 5, 6H6 M o4 gallic acidrh el Ae EEE WEF

ofAnt7o] $tEERC salicylic acid 8¢ &3
WA ol A} 2] g3l A gl phenolic com-
pound®} salicylic acid ##INA £ Fue]
s AT BE B¥Ee] 2 AN —sE
o wg WA ol g = Fodol
Er= 2] oo sl x 3111‘40}_’:\_"}—‘?*"1]*%5 Ak
5 2 aEel wisle] Fod o] byl = A
%022 aalicylic acid7t & E=te|e] M
W olels 7ol JZ= k. (Son %, 1996)

2. $t%A water soluble phenolic compounds
o 4tk

¥ el water soluble fraction Abei2] phe-
nolic compound+= #f#EHol HHE ApEE(gly-

coside) A+l phenolic compound®4 #& 5~8
3} zFo) iR, FEIHIA #MLE Febliz gt

Soluble phenolic compoundel| 4]+ polyphenol
o] BTEME ) (Torssell, 1983) vanillic acide}
syringic acid: 2HiElA Adad Jehlal cate-
}e}

=4

c

chole free phenolic compoundell 4 Abed=F
v}l 7o) soluble phenolic compoundell 4] &
Tto] Vel 9lE 71e catechole f2l® 3
2 o2 pEs 3 A 5, ldAls #4504
e Aeg &5}, Gallic acide 1, 5 ,68
e EFwte]l Yehtz 11H & Faee
BES “é% g 9 dEe] gEdMd e A
- Holed vld] EEE LA ¥e &

Foll A& EaAvte] vielubar vk, WA oband
Fob sl F xR ot R E FES
W] e #HEAME e et gl &
el dbolla] ol Eale]e] EEE W2 g

oﬁt
£

L

SHERA KEtER A 2ste] A%
Azt
Salicylic acide 1Rele &3ube] viehyz,

e

5Rel 4% vehdi 6Fed= Aol av
4, ﬂl%xﬂill‘%"}ib}f“r‘ﬂl*i“ I g&e] #m

st x 11Bol= 2 &o] WAsidut. &£9&9
2] f3° BbEsia 5, 6A <) salicylic acid”}
RN Sl S Rel EhiMETE
ql Wz ol it iolli= At Bol HFEDUE
AP-E gtollA /A HAYolav R i
off ¥%3 HU STl 24 WItEe] w279
—HEte g £9 50 EREHEE F550.

Water soluble phenolic compoundt Ao#Es2)
Fre2 el BREe] slv AR FHFne
free phenolic compoundell H3le] #EMolvt B
#oll gk AAAd HEE A& HAE ATy
v} water soluble phenolic compound #iell sali-
cylic acidv EoHESR HelolM B -glucosidase B
Foll 98 free phenolic acid= #i= 2 £9)
Se]d o i\ MRV e HeE 47
o},

13 ol alkali soluble fractionellA HgH =
phenolic compound(& 9)+ &% #MlegE ol

TSl WHEEA MREEBRES Y ester #&
2 slx glewg Eo|u} ethyl acetate®} #-2
FEEZE e 5 e BEIEER el B
el EIHERRE 717 dsig AR
i a 1=

12)vd Alkali soluble fractionoll+ F4n2
2-JFEERE o)Ak {bAdpel " Weol mEE

gl Hoew Hol #HEES polyphenol ¥HEel



mEASEEE 850K, 199%4F 9A 379

alkaliell ol&) &S HAe® 2=y phenolic
compound®] ERlE HRY W3 Mol gle A
2.2 fllr=le] FEHE] S #RE BRAsisdch

® W

Y4 413 R S phenolic compounds®] R
grell A 3 EEGN LS RES Ko
o e 2ol el BE Wk,

gHERN fFEs =
% water soluble phenolic compoundsel|4} cate-
chol®} vanillic acid ¥ syringic acide Ab=t=F
ol vielvla ol oo} BifERe) & ERA dla 2
< EAelEts FHIE ERVE A oF
phenolic compound# == H o2 F3Fr},
%3] catechol free phenolic compoundel 4=
Abedek ehul 3 9l et soulble phenolic com-
poundoll d+= A& Vel A2 o8 HEE 8
#x1710] opdrl A7, oy ol HMEe
RS EiET IEPUERERNY 2RV dlornz
ol Eabelo] o3t HEHMEWE-S old A2® A}
= Eh:}_

$FEAS] free phenolic compound¢} soluble
phenolic compoundell A salicylic acide €Y%
2] $h#&e el 5, 68 WA oAU F
ol 140ppm, &A= 35ppm, NE <=
Lol Aol M 2ppm, VT s T4
gt el n 2 salicylic acid®) &8&e] £9&34
2] 9] RAEMREY EHEaERY EE7F ol
., £ Evele) H#S salicylic acidet ® =
obavtE Mol sEI R (Son ZF, 1996)
thagel BstEEe] & A} wAvjolatio
salicylic acid®] &8l =& Zds —HEE o2
salicylic acid’} £9l&x }34"1] g RS E
2 &3, oea LR sl A et
119 salicylic acid &) =& 72 wWAe}

o] BE7F RAE AR AdgEw A%
BES 4avs 9 alEel Hsle] ukitel =] o
Lo EHEWE L wReln 55l

#1252 soluble phenolic compoundt HHE
o 8-3]% ECMERSo] = free phenolic compound
o ] fEfelyt Bakol gk AAdAqd &
Be A&z A7sy soluble phenolic com-
EopERR 2 4 p-gluco-

phenolic compound % free

e

pounds®] salicylic acid+

sidase BE#<l 9l free phenolic acid® ##ks)

D2 FYEIed o EHRMEIT deAe

2 Alasc),
gallic acid+=

1 5, 64l ZHHENA L& v

bt 118 $9FHEE Bo) ol vehide
A Ed B gt HaAdEAe] oid Ao
FE&5E 7 owyr £ 3gy) 3¢ gallic acid

okt Aol x Zhihel Besbo) 3L
srakel (Son 2, 1996)

-1N o
A2
&
k4

F2) #FRel o] salicylic acid% L i
E‘l"ﬂ HE EBIHEHEE 55 o] 22 9
& EHEE] 2o EAmA ﬁiﬁﬁ% 3}
deAle B Eu HIerl =HoAxel & 7log
A zbE e}
3 A XK
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