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Kinji SHIMADA, Atsumi NisHIDA, Isao TakaNO and Kuninori
Usami : Chemical Characteristics of Discoloured Wood
of Sugi (Cryptomeria japonica)

Damaged by the Wood Boring Insects

B B:R¥/THhEbF3H %) (Anaglyptus subfasciatus), A¥ ¥4 / ¥ </Nx (Resseliella
odai) XUt/ A7 %5 U #H (Epinotia granitalis) 1 & D INEEZ - 3 MOREM OEES
BLUZOMOIOMBoMEES, 1% NaOH fii#), ) 7= v & L UBRKIM O LERARM %
At ZOHER, FOEFOBHEE LT, THRIOF VRV HOBSELIWMML, SFR (m/2)
208Dy ¥ 7y RUVEBERILEINTVAIL, 72/ —VESTRERDD / VY 7 F M
HA0 L, Agatharesinol MERETH 5T &, B &K, 1% NaOH il AL, #9722/ —n
HMEBATOLRIEENED ONI, EOHDI 5 v v ) F= vy BB IUBBREOMRILIE, LM
BEHB L THEESERBAD SNED - fo, HRMHE AR OB~ 7B Y BIESRERY
Mo, EHEHIC p-Hydroxybenzoic acid H & URESHEDIEE TS % Ischemipinic acid, Dehydro-
divanillic acid SfOWAICHA~RT, LR HEABED o0, WEOBERHELT, #VY 7=/ -
NVEOBEEVRE SN, £72, JOREYD GPC Hird SEREIE, Oligomer/Monomer H.h%
Bl MAESSVBEER I EMEES NI,

1. #

)

BEAX, b/ FERRCHLA 14+ 2V FOEAMERIC L IHEPNLENEN Y 205D KE
BRBEEN - TVE . TS OWEHIMEBEEPEAEEL, HEOFLVHLEE b, FIAL
DREURFER >TV S, WEM I F L FIMFHOERIC L D RO SHELEL L 5 LPHOH
KEanTWa?, G857 FEAHEHEEMOREUEACHME L TWARS L LTEE/ V) 75
VHOEEB I SWTHELTWS,

AHE IWEMOMER L LERS L OBERERO AT 2 L2 EANE LT, RENIBEEMS
B> T, MFEC L 3EERE LoD OHITIcARI L, EicitiRaB L0 7= v /U ElE b
DEHI O O THBRFT T - 1.

2.1, HH

AF¥/THFFH %Y (Anagulyptus subfasciatus), ZAF¥¥4 7 § </~ (Resseliella odai)
BLUE/,*+hvET)H (Epinotia granitalis) OMEAXSF - 3O R FHEMEHER & L1
AR OER, B, % Table 1 WRLE, SHEEMH SHEOMNBTHBE LY, EERBLUE
BEZYTORVEME, LMLk, v4 Y — v TEBEEL, KB (40~60 mesh) ZFEHL
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Fo RE/ TAF N5 H 3 X YHEM-1 0FBHIIOHMTEETY, hideTUM & 0 EBRERL 72,
2. 2. HERERHLH

Yy s AL —HEEEFHG, no~FH Y BETA Y A TENEN S HBRIH T - 7o, flH
YL RUE T TRARR, Forr— s —hicRELESEMTCEL T,

2. 3. HRIOTMIS57 4 —EE

A2y 075374136 GC-8A (FID BHH®B) TiT-te n-~F ¥ v, x5/ —AHiHHO
S, H o AAT A (100x0.2em) ICHERIE LT 3% OV-1 (on Gaschrom Q, 60/80 mesh) %
WL, BIE IR 100~250C (FiEEE 4°C/min) T, %&iWH®% Bis (trimethylsilyl)-
acetamide ¥ & U N (Trimethylsilyl)- imidazol T TMS {LalEE#&, 150~270°C (5°C/min) TH
WAEITofo ¥+ V¥ —H#HR (Ny) HREBRIVLVEFNS 50ml/min TIT-72, 7, BT BHVE
1LOHBA DT 1d 3% SP-2100 2 ML 72 150x0.2¢cm O HF 5 24 5 &3k D, 140~250°C (4°C/
min) TH-7, NEEEHE - LT A Y » FEEMEHL /S

2. 4 BYUHUEAUVELSR

BEHEML DHBL AR E Fig. 1 /- THFL, #EE O 0HED TR AIT - 1.

2. 5. Z0ft

GC-MS @ HAET DC-300 2\, 14 V{LEHE 15eV T/MHMF L7, GPC REHF Y — yHlikiEs
ow b2 57— (HLC-802UR B ic &b, # 341 G2500H8/G1000H8 %, /A3 THF
(1.0mi/min) 2 L, HTFRERY ZF L VicL3RBEL DR, “C-NMR ORIERAAK

BT FT-100 ic kb, F/, I CDCL #HWTIT- 7,
3. HRLEE

BREHEMD n-~* 9>, 25/ LR, 1% NaOH fittR, v s =v (& 7AoHh UANE

Table 1. FHKEIDEH, HEbs L UHH
Properties of samples.
x 0H BN oM | & & [ReEE Mo B OB
Sample Growing | Wood age| D.B.H Comments
district (years (cm)

2¥,)7Hharr5 1 (B W 52 18 BHEE (K) 280
7 F Y HEM Shizuoka Decayed (large)
Suginoakanetora
kamikiri 2 | R 16 9

Damaged wood
§§§4/97N1 ?Q%Q@L E/FATETVA

= = B

Sugizainotamabae L Y] 5 15 Decayed (small) o

Damaged wood | Kumamoto attacked partialy by Hinokika

wamoguriga

E/FATESIH BFs L
wEH A F ” Not decayed
Hinokikawa 13
moguriga Kumamoto

Damaged wood
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ARG
Sample (wood meals)
— n-~F4 —> PN

n-Hexane extraction neutral compounds analysis

AR/ — I —> 7/ ARG (VT F )RR

Methanol extraction Phenolic compounds{(norlignan})analysis
i EARRD - Fh KR
Extractive free wood meals 1 = Alkali hydrolysis

s7vrN =R
pgaan) =28

measurement of

FNLH YRR EER klason lignin,
g N:3 acid soluble lignin
Alkaline cupric
oxide oxidation Py
¢ Sugar analysis
A F AL (P A F VR . (709 VT 5E8)
Methylation (dimethyl sulfate) ~ (Alkali soluble fraction)

BT BN U LB
Potassium permanganate oxidation

B LK EBRAE

Hydrogen peroxide oxidation ,I,
(PEREREE ) GPC,'3C-NMR&#f
(Add internal standard) GPC,'3C-NMR analysis

AFMME(ST /A5 )
Methylation{(diazomethane)

GLC, GC-MS&#7
GLC, GC-MS analysis

Fig. 1. S¥hE

Flow of analysis.

HAE2ET) BE L CEHEEE Table 2 108 L1, ZEEMOMHYER IO LB L TOFHh I RIS
£, n-~F v CHBIE 8~12% L, DML 2.4~4.6 %, 2 5/ — VMBI 5~8% T,
DMEOL3~3.9E B LU TV ) AIEYHE 22~26% T, LMD L5{E%7R LTz, XEMRERSB &
U 1% NaOH B ARBO 7 5 v v ) 7= Y BIUIMBOZh EED L - 048, ERFOBA AN
U= BRUTAA VAR 7= v BIEETETO0.1~0.2%, HBETI~4% BML, BETHEFCHE
Boht, —F, BEEOMBL T, WM THEESERIED SN LT,
THRETAIFVMEM-1OLBE, BIEOHMBO -~ ViiibPOr 27 0%+ 75 LD—
Fl% Fig. 2 1R L7, /2, Table 3 RERSOHEEBY (m/z2) BLUEREOEE» SHEES LR
HEEn BB LR L, REFICED S IEAORBHLOMBO ZH & ZIFFLUL Toli, Lk



Table 2. BRER FYEAMBFRWEMOEBIE L ULOHERO/LEHR
Chemical composition of discolouredwood. (Sugi-damaged woods)
oW 23y V) T=y (C1% NaOH @) 707 ) &) | BRef7AYE ¥ O OK
Extractives (%) Klason lignin (%) B wmEY =y | V7= Sugar composition
B . n-~FHL| A /= |[AATAAY | B TAY

# B Mo oo oAE| o D:Alkali | Acid
Sample Location n-Hexane| MeOH A:Before | A:After |C:1%-NaOH soluble | soluble (Man.| Ara| Gal.| Xyl.|Glu.

NaOH NaOH Extractive %gnin lignin

extract. extract. (%) (%) (%)
;‘;/1737 b ’%isc%lofgd 11.78 7.20 31.28 29.35 26.01 9.65 0.6 |14.7] 2.5 | 4.9 |11.8]66.1
Bkt 4 o 0.30 1.48 33,21 31.43 10.75 5.14 0.3 |15.2] 2.0 | 4.5 |10.7|67.6

Suginoakane- | Sapwood . : : . . ’ : : . : : :
&”akamlkm ﬁ‘eaf{wfgd 4.98 4.60 3121 29.76 16.72 6.42 0.4 |17.0] 1.7 | 3.0 |12.166.3
f‘\,fﬁ”/’? %isc%lofgd 8.22 8.26 34.00 36.08 25.13 6.98 0.4 |14.1| 2.9 | 4.4 |10.0|68.56
g’ffi’fjaimta Sﬂapwooa 0.83 3.18 32.16 35.93 12,90 0.86 0.2 |158.1]2.6|3.2]| 9.3|69.8
(I;l)abae ﬁ\eaftrwc;%od 1.77 2.07 34,42 36.15 13.42 3.12 0.3 |13.6] 2.3 | 6.3 |11.6]66.2
57/].‘*77‘7’67" %“,Sc%loffd 11.27 5.48 31.69 31.26 22.11 7.34 0.4 |14.1|2.3| 4.6 |11.6|67.5
1.
%{%ﬁikawa z wooﬁ‘ 0.46 0.52 33.27 33.03 10.24 3.62 0.2 |14.3!1.6|3.3|108|69.9
; - ap
moguriga 'ﬁ *?{ (fﬂgd 8.20 4,30 31,11 32.87 16.13 3.54 — 13.1{ 2.6 | 5.5 |13.3|685.5
eartw

Note) % : AAMIE, 75 ) AEH) 7=~ D=A-(100—C) xB/100, based on wood, Alkali soluble lignin D=A— (100 —C) xB/100, Man: =~/ —X Mannose, Ara .
75 E/—A Arabinose, Gal: #"5 7 F — X Galactose, Xyl: ¥ ¥ 1 — X Xylose, Glu:@ 7 /v3 — X Glucose
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Fig. 2. ZF/ 7A %+ 54 3FVEHEM-10ZEES (D) BLUOHMEE (H) © n-~F 4 Ity
DHRIZB T T A

Gas chromatograms of n-hexane extracts of discolored-(D) and heart wood (H) separated
from Sugi damaged wood (Suginoakanetorakamikiri-1).

Note) Kod¥id Table 3 28
See Table 3 for the numbers in Fig. 2.

L, BRICEAEECHETICE, B, HBY (m/2) 26 053 FA4 4 v 28T 522 %7 VRV NS
BIAEhTOLE I EHWRBIICRL Sl Y7 A~y Bty 32+ 7 0~ Y HOLRIDOHERT
L1THa0icxl, ZEHETII LI EHZITHML, TS & LTE, Cryptomerion, 7-Cadinol,
Phyllocladene, Sandaracopimarinal, Sandaracopimarinol, Ferruginol, Sugiol % DHFEMHE
fhd& OHED SHRI N, MHBOTMERRICL 2L, ZERTIREEF S O = RYE»HE
T TV RRESBED LN, EEROBO—MIAS0r = KMHICHERTEbDEELAONS, X ¥
MO F L~ IR TREL 2 SILELSHRMSTON, SEORFOFESREIN T Y 2,
B/ BLUFLRAFFARVEICMY 5 RHENEHEIRO B,

ZAFEMD7 2/ ~ VESHEOHMOBIMET 5551 E LT, £ 0ol ILE#ENHLMcshTY
BT, 1, BHESRAFEEMOT =/ — VRS EFMICTL, Hinokiresinol, 1, 4-bis-(p-
hydroxyphenyl)-butadiene, Yateresinol ¥ & U Agatharesinol %® / V) 7' YL FEM OZ
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Table 3. RFHEM (RX¥/TAHARXRMSIAIFY) O n-~F 4 VHBYIORST

Chemical components of n-hexane extractives from Sugi-damaged
wood (Suginoakanetorakamikiri).

£ - 7 B 14 4 v t & M

Peak No. Parention (m/z) Compounds

2 Unknown

; } 04 (Sesquiterpene)

8 218 Cryptomerion

9 220 Unknown

10 204 Unknown

11 234 Unknown

12 222 r—Cadinol

13 230 Unknown

14 272 Phyllocladene

15 286 Sandaracopimarinal

16 290 Unknown

17 288 Sandaracopimarinol

18 286 Ferruginol

19 300 Sugiol

20 330 Unknown

21 | 300 Unknown

Note) t—7 No.: M2ZH
Peak No. ! SeeFig. 2

EHCHGRIE S BB EEREL TV, EESL, TMS BMEL Licx v/ — Vil O
GLC MR » S, —WM il L - HEsEBE s n, Fig. 3 B EMOEEIL.OHEEHE L
teHZosuw b7 AOERABERL L, ERDOETERESE OHES 57T - 2. Hinokiresinol,
Yateresinol, 1, 4-bis-(p-hydroxyphenyl) butadiene 2 ¥/ 7# 4 + 34 31+ U NEM-1 OER
WeIIDBESTH -0, £/ ¥H 7% ) ATk Yateresinol & Sugiresinol %3, XA ¥4/ %
<41 Tt Hinokiresinol, Yateresinol % & ¥ Buthadiene AN WML TWE I LpREH LN
t:o F 72, Table 4 255 L7 & 912, Sequirin-C: Agatharesinol ® R h & D EMOEEBHICH
EVEZER L, 2R 5id Agatharesinol BERMTHET 2 BRI THEILHEELLGN S,
Wiz, ) 7=y OBEOELERNE L, SEEEHORIEARIC VT, BE® cioBe v
VEEH U BRIEASEAEITG, DRERPORBAB I N7, THAX I H L VHEEM (R OBk
MR A F LT AFAD GLC O—Fl% Fig, 4 il 7, MRERME TN COEREE Table
5 L. RO Vanillic acid ® # F L {b#oREINE L 32~60 mg/g KT, BELOE? &
H# L T ENR E GE» S hiih o, £/, EIX Vanillic acid % 100 & Lk & 2 DKM OE
£7 L to ERO Vanillic acid OEBRBRBEHOBEIC L >T 5 Y + RSN, £/ A7 %
TYH, RESFA /5w~ FEMOEET GO L D {ENETH - 72, p-Hydroxybenzoic acid
BRESFA /) se " HEMERSE, TEHICEEDORK, &5, Syringic acid 8 & UHEAHE
#EDIEETH 5 Isohemipinic acid, Dehydrodivanillic acid $ZEBHICHENE S FELL T,
—J, p-Hydroxyl ek ¢ 2 MARELHE > RIS IABY DD ohidh -1, THHDFER




2 X EAMEREEMEOTOFAERYE (B - AH - 8% - THR)

Tabled. #WEM T =/ — S FDOE74 ) v-
CLETHY LY/, — DR
Ratio of Sequirin-C to Agathare-
sinol in the phenolic compounds.
) B W 2% 7= | 8-C/AD
i
Sample Location| MeOH
Extractive
(%)
A¥/)THE
FEAIFY Dw 7.20 1.2
#EH
Suginoaka- H®? 4,80 4,6
netorakami-
kiri
Damaged
wood
E/FATE
FNH DW 5.48 0.4
HEHM
Hinokikawa-| H®? 4,30 2.5
moguriga
Damaged
wood
ZF¥FAL )8
2 /N Dw 8.26 0.5
HEH
Sugizainota-| H® 3.18 2.1
mabae
Damaged
wood

Note) {1)Z #.8 Discolored wood, (2} 38 Heartwood,
318-C: 4«7 1) »-C,8-C : Sequirin-C, A; T#H %V Y
/ — v Agatharesinol

Fig. 3. BEAFEAHZIEEMELR
BLUODHEED » 7 7 — MY
TMS Lo 22 o=+ 75 4

Gas chromatograms of methanol ex-
tracts (TMS derivatives) of the dis-
coloured and heartwood separated
from Sugi damaged woods.
Hinokiresinol

Yateresinol

1,4-bis- (phydroxyphenyl)-butadiene
Agatharesinol

> W

Sugiresinol
Sequirin-C

®n n
Q

Hydroxysugiresinol
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AXSTFAXMTHIFVEEM-| S-C
Suginoakanetorakamikiri
Damaged wood-|
E & O MR
Discolouved wood Heart wood
S-C
A
A
!
H S| \Hs H HS
B S W
£/ FATESHHEM S-C
Hinokikawamoguriga
Damaged wood
EeR oM O
Discolouved wood Heart wood
A

A AFX YA/ 2T/ AATHER
E;! E} %d . Sugizainotamabae
iscolouved woo Damaged wood
O8O
s-C Heart wood
Y
H
B
—_ T T
5 10 15
RSNM (S)

Retention time (minc)



Table 5.

BEZ ¥ FAUBRESEMOEERB L O LIMEOR< v 4 B ) BALIERARRY)

Potasiumpermanganate (KMnQO4) oxidation products from discolored, sap and
heartwood of Sugi-damaged woods

oy ¥ RE/THFPITH Y FEM-1 L/ FATESYVL WHEHY REHFAL ) 2T HEY
Sample Akanetorakamikiri Hinokikawamoguriga Sugizainotamabae
Damaged wood-1 Damaged wood Damaged wood
£ ® M P R W B S V) N > - O I -\ <N | S STV 7 S - L VA Y - S S [ S - S (S IS~ B (S VA N -
Products Discoloredwood | Heartwood sapwood |Discolored-wood| Heartwood sapwood algg%lored‘ Heartwood| sapwood
p-Hydroxy- 4.03 2.48 1.32 3,23 3.10 1.28 2.35 3.13
benzoic acid (6.87) (5.09) 2.73) (10.17) (6.30) (3.01) (6.67) (6.84) -
1 Vanillic 59,95 46.94 48.28 31.88 49,25 42.59 35.47 45.76 —
acid (100) (100) (100) (100) (100) (100) (100) (100)
Syringic 0.67 0.38 0.47 0.38 0.40 0.44 0.41 0.39 —
s
acid (1.11) (0.81) .97 (1.19) (0.80) (1.03) (1.14) (0.85) —
Isohemipinic 5.72 4,03 4.84 3.38 4.32 3.70 2.73 3.35 —
1\
acid (9.42) (8.55) (9.28) (10.58) (8.80) (8.69) (7.70) (7.34)
2.87 2.54 3.08 1.81 2,82 2,38 1.75 2.18 —
V Biphenylether
(4.81) (8.38) (6.28) (8.71) (5.10) (5.89) (4.94) (4.78)
Dehydrodiva- 10,97 6.9 7.92 5.88 7.41 4,51 4.48 3.04 -
VI
nillic acid (18.28) (14.83) (16.40) (18.40) (15.0) (10.59) (12.67) (6.67)

Note) i3 mg/g KBETRT,

Figures show mg/g wood meals. Figures in parentheses show the ratio to vanillic acid (as 100).

() ABMER Vanillic acid % 100 & LROBEERL. ERA 1~V IN4 R

Products I ~VI: see Fig. 4
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1 cogculzl
COOCH, N
Jon | IS
OCH;
Vi

COOCH; COOCH3

v H:COOCH:

500CH, OCH:  OCH:

COOCH;
c@_@ I/
Y 0CHs
OCH;
| \
0 5 o 15 20 25 30 35 40 (min)

®HEBM

Retention time

Fig. 4. ZF¥/7h %3535 1+ )V HEM-1LBHOE~ v BY VR
Ly F vz —7 AAEY (A F D) OFRs a2 7
I 4L

Gas chromatogram of ethyl ether soluble fraction (methylated)

obtained from potassium permanganate (KMnQ,) oxidation pro-

ducts of the discolored wood (Suginoakanetorakamikiri Damaged
wood-1).

o, EEHFIC p-Hydroxybenzoic acid BEWVWERKNE LT, Thd) F=vh Sk LIt Ttidng
S, INY T F VEDENTFRATHERY 7 2/ - VELEEENICHELTTELLDOTHE &
BIUEEH) /= REMFEAELEVW EBHEESN, B 72/ —VOEEREBRIICT VA Y
SO Lo b EE N,

BV B BLARRERY D GPC BIFERT - 124&%% Fig. 5 WKL, ThoiBE—71~3
BOIY, RYRFLICkAREBEEOHED S, MEYTICIE 1~8 BADH TR OBADIEAE
LTWwWt, E—2 1idFIE/ = —THRD GLC TAWMS NI TH S, 2BELIED GLC THRA
BWHERRED, £&D50% Ll EicEL TWwin, Yo €/ v — & LU oligomer : monomer th
R% Table 6 IR L, ®/ 2 —HERYOBED 3K 20~31% T, EEBHLOIMHTRETERIIE
B 5N - f2hS, oligomer/monomer H3EBEBEIFVEE R, o OEREFIEDOE
BEHICEAEREVC L EEET IO EEL OND, £/, B A rvEh ) BILORBYBRREOE
H, FBETH/#®, ®C-NMR % NNE £ — FTHlE L, £/ +h 77 TMEHMOH% Fig. 6
kL, MR8 E -7 ORROEHEIER L OED» SRD 1, FERKERI 5D A b+
YN ERZBREOHTEOMBEEE LT, T~14% BEWEERLLZOIHL, AV EF Ly VEBRTR
ENBED SR -1 (Table 1) BIHEDFHREBEREIC p-Hydroxyphenyl #H£ 0T & &k {—H
LTW5,

wie, FRRERIBEBEFOTARLIH I FUMEHN-22H, BREL OB L EBOBEOR
AR O VTANET -5 R% Table 8 IKE &0t HEFMLEL SN IZBBEMEOE,ICE
LB omMEBIL IS BIZERETH - oL, FARICBHOA > tHWEBHTIE n-
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n
AF/THIT
HhIx Iy
Suginoakane- I3
torakamikiri K

I
T A
‘l

e/ FHTESH
Hinokikawamoguriga

R¥HfA /8T
Sugizainotamabae

Discolored
_.wood

Pk > 11
Spowo_od

f

i
oM =

1

|

Heartwood

30 10 5 T (x102)

FYZRFLroHFR
Molecular Weight of Polystyrene

Fig. 5. BEAFEAMZRHEEM OB~ v 7 v BA ) RILSIBESRMO GPC
Gel permiation chromatograms (GPC) of the products formed by potassium permanganate
oxidation of the Sugi damaged woods.

‘Table 6. B=vi VB2 )BItIRESHOE /) = —NRBLUA ) T=— 1 £/ —HR
Monomer yield and oligomer/monomer ratio of KMnQO4 oxidation
products from Sugi damaged woods.

H OB | RE/THREIAIFHY R ET A ZFHFA ) § 7T
Sample |# & # BEH #EH
Suginoakane Hinokikawa Sugizaino
torakamikiri moguriga tamabae
Damaged wood Damaged wood Damaged wood
4’:/7(;2)&33“’ D® 26.0 33.2 21.6
Monomer H 25.6 33.6 19.2
Yield" S 23.2 25,2 20.8
AYo=w—: % D% 128 104 136
/=R H 9% 95 130
Oligomer/
Monomerratio| S 99 101 132

Note) (1)% ; 31A¥} based on wood meals, (2D ; Z# Discolored wood, H; 24 Heartwood,
S; B Sapwood

~F 4 B 100%, £ 7/ — VAR 50% LR & B L T L 7o BIEREC R F
FURVEOMMIIEE2bDbd -1, BER Fig. TRROWZ3 L5k, ERO#ETIKEDAL
Agatharesinol OHXTHRMIE 1LY, Yateresinol, Butadiene O¥MbED SN, 75V v U S
= vBEFEEHHTORK TREBHSED IR > THY 7= v 25778, MEEFRHTRREALENR
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T e
Discoloredwood (NNE)

CDCl3

TMS
OCH;3;

c, Cs Cs C:

— Llw | 1“ WMJW

180 160 140 120 100 8 60 40 20 0

COOCH:

(ppm)
L #
Heartwood CDCis
TMS
OCHs
Ce C
PO COOCH:
Cs Ci
CC( CJ

180 (60 (46 120 100 80 60 40 20 h

(ppm)
o
Sapwood
T™S
OCH3
CDCl3
Ci G Gs G COOCH:
Ce C‘A Ca
" on I
180 160 140 120 (00 8 1 [ 0

80 60 40 20
(ppm)
Fig. 6. e/ FAvE7Y HEEMOB~ 7 BH Y BILMEHO BC-NMR 2~<7 b

BC-NMR spectra of potassium permanganate (KMnO,) oxidation products of
Hinokikawamoguriga damaged wood.



HESBBIERE HMUT S

BE2 FFAMEFRFEEM OB~ v 7 B ) BIEARYTD OB EHRRE L

A bV BBIY AVEF oV BREORR

Ratio of methoxyl group carbons, and carboxyl group carbones to aromatic
carbons of KMnO4 oxidation products prepared from the Sugi damaged wood.
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Table 7.

= ¥ RF¥F/THXRCIAIFY GEM | e/ 27700 HEW
Sample Suginoakanetorakamikiri Hinokikawamoguriga
Damaged wood Damaged wood
i f It @) N @)
Sampling location b H D H
A & VERFES®
75 BRRE
( Methoxyl group carbon) 37.0 40.1 42.6 49.7
Aromatic carbon
AnE+ P BRED
HEBRRE
(Carboxyl group carbon ) 22.6 22.4 17.8 17.1
Aromatic carbon

Note) (1)D; Zf4f Discolored wood, (2)H; L3# Heart wood, 13/ 13C-NMR & D I Measured

by 3C-NMR
P | TEI-A rei-s FEI-C
Heartwood Discoloredwood-A Discoloredwood-B Discoloredwood-C
. - A A
A S-C S-C
S-C
S-C
A
Y
. Y B
B
H ve J M H l\ H
T T V\'}; v N u V\‘\:\— T T T \\—\
5 0 15 5 10 15 5 10 15 5 i0 5
#® B B B3
Retention time
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Gas chromatograms of methanol extracts (TMS derivatives) from the different discolored
woods (Suginoakanetorakamikiri damaged wood-2).
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Y Yateresinol

B 1,4-bis- (phydroxyphenyl)-buta-diene
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S-C  Sequirin-C
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‘Table 8. AF/T#H+ b 7433 HEH-2 DFEE G O(LARK

Chemical composition of the different type of discoloured woods
attacked by Suginoakanetorakamikiri.

250N T=y B8 &
Extractives (%) | Klason lignin(% Sugar Composition
nNFHAS /v B R [dH O % | Man Ara Gal Xyl Glu Hemi./
n-Hexane| Methanol before after Glu®
extract. | extract.
ﬁ;ﬁv(ﬁid 0.29 1.20 34.0 34.2 15.2 2,5 3,5 13.0 65.4 52.3
ﬁ\aii-w%l}od 4,20 3.91 40.2 35.8 13.3 2.2 3.8 15,58 85.3 53.3
e m
%Efflﬁred 4.20 3.97 40.8 34.6 144 1.9 2.9 13.8 67.1 49 2
7 @)
%i%‘cgj)gl?)red 6.35 4.31 41.4 35.6 15.2 1.9 3.0 13,5 66.5 50.5
. (3)
EOHMC" | ses | s | 428 | 384 (147 2.0 3.2 136 6.7 5.2

Note) (DA ; FAZEBI  Original discoloured wood, (2)B ; —HHIZEEE Common discoloured wood, (3IC 5 FHH
KIBH DA > 1cHWEES  Discoloured wood surrounded by decayed wood, (4= ¥/ —Z Man ; Mannose,
Ara; 75 ¥/ — R Arabinose, Gal; #57 b — 2 Galactose, Xyl; # >0 —2 Xylose, Glu; 72 -2
Glucose, Hemi ; ~ { /o — X, Hemicellulose

Wolilliot, TOZEERMHBERO—HB Sy v ) F=vELTERINLLIZLZ60DEE
Ao, Y= vEROBROMERERVTT» TEMNTOBRIZEERTOR~I L va -2 TN
I — ALRMMOERAL & T 2~3% BVHEHBED SHch, THOOERIR>LWTRBRETTH %,

PLLo#ERD S, BEAFH I+ ) HEMOZRRO—RMARERLE LT, HRAERE L TART 5 Y
ZERATHBELREFFNSVE, 7=/ VSO VY 7 F Y HBLT 1% NaOH H5EY (Fic R Y
7z /- AED) BELIEMTSIEHBRBD oI, IHSORDOMBEEAGMOBILICE > TRET
BEBRELTHATVS bDEHESI NI,

AREEED DD, BROUS B L UEEL JHREE - R BREFIRGTRESE LEX
EIe RSB RS A5 U0, REHEEUC SV O RERRIBE S E RTINS, BLUN
WIS ORI E HBEE AT 2,
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Chemical Characteristics of Discoloured Wood of Sugi

(Cryptomeria japonica) Damaged by the Wood Boring Insects

Kinji SuiMapa”, Atsumi Nisupa®, Isao Takano™ and Kuninori Usami‘?

Summary

To study the chemical characteristics of discolored woods of Sugi (Cryptomeria
Japonica D. Don) attacked by the wood boring insects (Arnaglyptus sabfasciatus,
Resseliella odai, Epinotia granitalis), woods extractives, lignin and carbohydrate of the
damaged woods were examined.

Characteristic phenomena observed in the discolored woods were the high contents of
neutral compounds such as terpenoid ones (mainly sesquiterpenes) and phenolic compounds
consisting of norlignans such as Agatharesinol. 1% NaOH extracts including polyphenols
also increased in discolored woods. Klason lignin contents and sugar composition of
discolored woods, however, were similar to the other woods.

From the KMnO, oxidation products, the discolored wood showed rather higher
contents of p-hydroxybenzoic acid, isohemipinic acid and dehydrodivanillic acid, which
support that discolored woods have polyphenolic compounds and a condensed chemical
structure.

The results suggest that the sesquiterpenes, norlignans in addition to polyphenols may
be responsible for the discoloration in the damaged woods.
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