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Abstract

In order to conveniently estimate an air-dried specific gravity and a chemical abundance such as alco-
hol-benzene extractives, holocellulose and lignin content of sugi (Cryptomeria japonica D. Don), the par-
tial least squares (PLS) method was done on the basis of spectrum values got from Fourier transformation
Raman spectroscopy and the prediction accuracy was confirmed. In the following, the results of examining
prediction accuracy of calibration curve in 20 unknown samples are shown, after calibration curve is made
in 43 known samples.

(1) In air-dried specific gravity and holocellulose content, correlation coefficients between measured
and predictive values in the known samples were 0.97 and 0.99, respectively. However, either correlation
coefficients were 0.88 in the unknown samples.

(2) Inthe alcohol-benzene extractives content, the correlation coefficient between measured and predic-
tive values in the known sample was 0.98, and was 0.96 in the unknown sample. However, it was indicated
that attention was necessary for the application of the PLS method since the relative prediction error was
about 20%.

(3) In the lignin content, the correlation coefficient between measured and predictive value in the
known sample was 0.93, and was 0.92 in the unknown sample.
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2.1 M

FRE=SM=58E (Mishima) & FEREMREILICETE (Sanpoku) @ A ¥ (Cryp-
tomeria japonica D. Don) #& 5 EETOBE LY. i, WEHNI»L 2 bhcHEOLE
MEXKEBEOKPHADOGAL D, B-LISFEE TRRBEAM L L, Th X vIEE R
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ZEEORBITLL DR LIcHBEYREIHEL, chih 7 ey 7RORBE RxT
xL=2cmx2cmx32cm) #{EHE L. zhboREMAELYER - BEEZE (25°C, 60%
RH) CH4fBLE, HBREOTERVERYEN LKIFELERZRD .
2.2.2 {tERFSOEE

SELEXYRE LT vy 7ROBEBRELHL, 402 » ¥ . BRAES P {LERSEE
Bk E Lic. BfHi=%27 —n - SvEvRBABK (BRI 1:2) ZHVT6RHEER
WL, 7ra—n - XvEvilYeaEERERD . BREAEEK, HERBERS IO
Tappitiic X hhreAmr —AB IO 7= vEFRERDI:.
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SELEZRE L7 v » ZROBBEEZHEL, 202 » ¥ - BBES % FT-5 < v 2
<7 b ARIB . KRR EY NMR B = — 7 icggd, FT-5 v A7 s A2 HIE
L. FT-5=v A7  VAIEEBIIL, Ge 128, Nd: YAG v — ¥ —%{ % 7= Nico-
let Raman 960 spectrometer Z{#FfH L. BIESAFLBIERE 1064 nm, 180° HFmEEHEL, v
—F—H 450 mW, SHREE4 cm™l, A¥* 4 v[EFIL256[E & L.
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Fig. 1. FT-Raman spectra.
Note; M-1a; Mishima, ID. No.1, ridge side, mature wood,
M-1b; Mishima, ID. No. 1, ridge side, juvenile wood,
M-1c2; Mishima, ID. No. 1, valley side, mature wood,
M-1d2; Mishima, ID. No. 1, velley side, juvenile wood.
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FOERAROhGA (Fig.1). £ THABE T, HIE LA 100-1800 cm~! 5 < v/ A
7 P VERIE LRI A .
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O\~ C Partial Least Squares (PLS) ki X » BIRGHT 1T - 7. 43500 BEanakt & L
PLS BRGHTIC & D REREFARXRER L. ¥, REHE T AROFHENREE 220
RoRMFR*AVCTHRE L. vk, SZEEMIT X Unscrambler 6.0% X 017.01 (Ca-
mo A/S) w{FER L.

3. MRRUEER

3.1 BEAEE & RAEE 0-ER)

43D EMRIFBUARRE (BEADEK! : calibration set) & 200DHREARHE FHER GRAFHR
prediction set) % ZEH Licts, MRARBEMCORRMEOHHARBRERC LS X5 IRV S
e, BEABRE & RSN 313 B REREE X B ERED FHE L ER(RZE Y Table 1 R
L. BrbBLM X 5, BEAMaR & RMAR OB K& inE 37, Ao
TR D D ey ol 2 E3G 0 5.

3.2 BIHREHC & 2REBBRIER

Table 2 I EEAIEFHT 36\ T, REREECRIE LA 0 EHIfE L, PLS @RS X
STHELACHEERETAVC L VERIWCTRMEE ORTHIERELR L. ©2T
Standard error of calibration (SEC) 3BE&nEkHC V) % PLS ¥k X % FHRHEOFRZE DELE
RETHA. ok, TS WEERT) o, RERETAOTFHEBENR/ IS LS
CRE Lic. FRFOTFHE L RAMEDZED 2 {OM (FUEREFHT) 27 ry 15
L, B—ERHD XS KERRAFORTRLAMLE, B DET OB TR ORI
BATEISECD DB, B TN IAE D L EORTFEIBIIEEFHCHS. hil LB
FREPTEHEROMIMI VS /A XAHE LY, BH LT A»BEE S & /e 5 TREkE
DB, AR CIX, ERIEE FREROHEBREIL, RS ORNRE ERI LSV hr

Table 1 Specific gravity and contents of wood chemical component measured by conventional

method.
Calibration set Prediction set
n=43 n=20

Average S.D.® Average S.D.
Specific gravity 0.39 0.045 0.39 0.042
Extractives® (%) 1.3 1.1 1.5 0.9
Holocellulose (%) 72.4 2.1 72.7 1.8
Lignin (%) 33.7 14 33.8 1.5

Notes: @ S.D.; Standard deviation,
b Extractives.; Alcohol-benzene extractives.
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ZPEEE OBRERE T AR BT, FHEEZEOHENPISEME % T 5 10 H%F
BIEEER RS, FOfEE%Y Table 3 IR Lic. N FREEZIRER €7 LT 5 FHIE
DBZEDFEHFH %, EAEOFHETHR LIEE -~ v T — O TERLELLDTHS.
TDENDT NI = - XX VBB OENTFRRERENLT.7% L, MoOBEEE &
LCEREDHINAZI N Ebvbhd. DI EiX, 7TAa—L - VL vEMEERIZ
AMOERS THDHARLLE— AR 7= VEFR LI UCIEEE T, FHEEE
ITFREIC R EL oot EL DA, LIt -T, 7ra—n - XVYEVHEBYO X 5 R
MEHEEL»ETh W VWERSEOHEC PLS v BATA - LI EEYET S &
DG h D, Lichih, —20RBEEROBENLHETCREEEL T 7 va—L - Xy
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TER LIcBRER = 7 A A TFRIR IS T A0 E 5 2w FHET 5 7edic, BEAERRHCIE- 7o
ERYRAFRCER L TRERET VO FHRBEOBELX T -7, FHELFR LIKRE
METFTAEROANCEE UCEE LICTRIE L OEHRER %Y Table 4 iR$. 7nds,
Standard error of prediction (SEP) 13R4150kNc 3517 % PLS Hric X 5 FHRIEDOFRZE DZE#E
RZETHD. Table2 DER LI TH L, Tra—n - XVvEVHHPELY) 7= vER
DWTE, BERUERTH 1P, KEHEE AR L r —2ABIOWTE, BEaER X
DA FRKEEIET Lic. BRAER CBE LBER = T b ERS 0N, 74
2= - RVEVHEYEL Y V= VETRREREL A Arie —2B X Dl o7,
Tz ki, ERLICEERETVOEBREN/NIWEE, 2% ) ERG ORI
E, TORERET NV ERMBNCHEE LB TRNERE L 52 ENTESLEE L
bh.
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Fig. 2. Calibration of specific gravity and alcohol-benzene extractives, holocellulose and lignin con-
tents (Fit of PLS model).
Legend: []; Mishima, @; Sanpoku.
Note: Extractives; alcohol-benzene extractives.
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Table 2 Statistical results in calibration (n=43).

a Numb f d
D SECY umPeCrc)oS use
Specific gravity 0.97 0.01 7
Extractives® (%) 0.98 0.23 6
Holocellulose (%) 0.99 0.31 8

Lignin (%) 0.93 0.52 6

Notes: @ r ; Correlation coefficient, ® SEC ; Standard error of calibration,
9 PC ; Principal component, @ Extractives ; Alcohol-benzene extractives.

Table 3 Relative error of calibration (n=43).

Mean of o Relative error

measured value RMSEC® %
Specific gravity 0.39 0.01 2.8
Extractives? (%) 1.3 0.23 17.7
Holocellulose (%) 72.4 0.31 0.4
Lignin (%) 33.7 0.52 1.5

Notes: # RMSEC; The root mean square error is caluculated for calibration samples,

b) Extractives; Alchol-benzen extractives.

Table 4 Statistical results in prediction (n=20).

@ SEPY
Specific gravity 0.88 0.02
Extractives® (%) 0.96 0.25
Holocellulose (%) 0.88 1.05
Lignin(%) 0.92 0.60

Notes: @ r; Correlation coefficient, ® SEP; Standard error of prediction,
© Extractives; Alcohol-benzene extractives.

Table 5 Relative error of prediction (n=20).

Mean of

Relative error

measured value RMSEP? %
Specific gravity 0.39 0.03 6.4
Extractives® (%) 1.5 0.30 20.0
Holocellulose (%) 72.7 1.10 15
Lignin (%) 33.8 0.58 1.7

Notes; ® RMSEP; The root mean square error is caluculated for prediction samples,

b) Extractives; Alchol-benzen extractives.
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Fig. 3. Prediction of specific gravity and alcohol-benzene extractives, holocellulose and lignin con-
tents.
Legend: [J; Mishima, @; Sanpoku.
Note: Extractives; alcohol-benzene extractives.
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