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Effect of Extractives on Color and Properties of Dipteryx odorata Wood
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Abstract: This study focuses on the effects of extractives in Dipteryx odorata wood from South America on the color and
dimensional stability of wood, offering a theoretical foundation for the efficient utilization of Dipteryx odorata wood. Em-
ploying the CIE 1976 L'a"b" color space system, colorimetric parameters of diverse wood colors of Dipteryx odorata wood
were quantitatively analyzed. Fourier transform infrared spectrometer (FTIR) and gas chromatography-mass spectrom-
etry (GC-MS) techniques were used to characterize the chemical composition of extractives, analyzing the influence of
the composition of extractives on Dipteryx odorata wood color. The existence positions of extractives within wood were ob-
served via microstructure observation. Additionally, the impact of extractives on dimensional stability was analyzed by
testing wood's wet swelling rate and equilibrium moisture content under various constant humidities. Results demon-
strated that the color differences in Dipteryx odorata wood was mainly influenced by the types and content of chromogenic
substances in the extractives, especially phenols, flavonoids and analogs, heterocyclic compounds, and terpenes/resin
acids, that the higher the content of the extractives, the higher the a” value and the lower the L value. Ray cells were
one of the main locations of extractives in Dipteryx odorata wood, affected radial moisture transport, thus having a signifi-
cant impact on the radial dimensional stability of wood. The findings provide technical support for regulating Dipteryx
odorata wood color and enhancing its overall properties, and laying a theoretical foundation for the high-value utilization
of Dipteryx odorata wood.
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G, R CIE 1976 L'd"b (a5 2 (AR A AN E] B AL R
H @SS B TR AT, A5 S B R NG
(fourier transform infrared spectrometer, FTIR) FI S H
ﬁé - }:y"iljé:ﬂiéﬁﬂ (gas chromatography—mass spectrometry,

GC-MS) B, 2 GEfiAT T f2 W 8 73 1 2540 S AL~ 40

J%, B SEN AR A B B OB T D o I A
F B84 (scanning electron microscope , SEM ) WIS iz
PIFEARA O ESF T ) 93 A7, I E AR A9 RST R E
e, RT3 B S P BT Kb TR 5200
N @GR B 22 AR A SRS R

1 #R5EEE

1.1 s

ARl F G AR TR E AR EERA
L, E AT EENE(F Y , Dipteryx odoraia) , FE
AARPEE 3 N LA G328, W& KRN
13. 2%+1. 3% ; &AM (NaOH,, 534748 ) . K (Benzene,
sy al) W B R R IR A E R A oK L
(CH,CH,OH, 73440 5 R S TSN TARAF]
1.2 i{IeXES

HL 7 R F (SQPLFE 2 AR s (AL ) B IR A
] ) ff B AR e 21 40 Y6 3% (X (FTIR) (Nicolet 6700,
Thermo Fisher Scientific) ; 9 fffi B - & 1% & (SEM)
(CXS-5TAH-119402, COXEM) ; F £ =X M & (X
(157600, Il = B R L B R 2 Al ) U1 /AL
(SM2010, Leica Microsystems Ltd) ; A JREEFH GC-MS 1Y
(7890A-5975C, EEZHARIFEERAH) ; BME
(Axioseope 5,Carl Zeiss) o
1.3 Meelid5RT
1.3.1  BiEE

#HE CIE 1976 L'a b B F 5 AR A | f FH - RE =00
SO S R SR T B T 3R AE . SN EE 1 AT
St o 3 A A% 10 B, BB s itk — Rl 43
TR DX 5 R X, 43 R B PRt i R 8 X Ik
5k X I B 20 I & S gE AT, DU R T B
XfECAT AT . Hod L FRARBA RS £ A 0 (FE A1) £ 100
(Hf);d RARAG AR (+o" RRHEIALLE, —a
FoRMASRA) ;b RN I A TR A (b SRR [
bR ) o
1.3.2 ST

fE FYI A LA G I SR R N 50 pm [E
BV R, HE H 4L T (Safranine T) ¥ Y] B b7 4%
(RS N SR AM R840 AR A
MU 3l A i R T A TS0 A o 2R T R T g
SROEE {d F SEM E 12~15 KV Il B & T3R5 B,
PR AR B B ST,
1.3.3 IR

AR HHEE ) A S BB KRl A= 0 SR JORE 73 A 75
2 HHEY & BRI E ) (GB/T 35816—2018) FIAH IR



%141

DiEME HREYN ZBEAMBRERRIRELNEI 57

EHT. FEMHHPUK HE T 1% 1 NaOH 5 7K -
LIEBERFNHATHIEE . SBEAERHEY =T

X,,:%X 100% . (1)
b om, AR T TR TRE , ¢ m, N G40

AW e, go
1.3. 4  HH$RUIMLFAH 73 K A5 FRAE

1) fE MR HZL YN EIE 34T (FTIR) o 45 3 FHARH
(2 - FEAMERIAE 103 “CA&E R T TR SRR AR
Ao SR M AR H LT IS H T o34, M e
N400~4 000 em™" , FHIGRECH 321K, 73 HE 4 em™

2) AAE - S B 74T (GC-MS) o Rk
FEZTH1. 0 o/ L ZR- Z B VA TRIEIT 0. 22 pm AYFY
FLUEREER A DB—17MS B3 4E (30. 0 m, 250 pm,
0.25 pm) o, HEAFELARENYIAIEIRBEE N 60 C,
%4% 2 min, {5 LL 20 °C/min A3 R FFE 2 220 °C, FF
{2552 min; ZJGPAS “C/min B3R THE Z 280 °C, R
FF 10 min, S AR E 250 °C LR EN
300 °C, &A%k &S (He) , &N 1. 0 mL/min, 5%
A, HERERN | ple B b S e A5 fd A
HL 1 2% tfi (electron impact, EI) i , H 7 GE = X E N
70 eV, B FUEIREE N 230 C, TYARATRE N 150 Co
2R A 2 (scan) 7720, HH FETEEIREN
35~500 m/z, I FRIGACHE 72 NIST1 1 AR BE B (I %f A
MRS T EEEE . KA — AT
T, BIPASS %78 Bl oy BRI THI AR 5 B A 4508 B4 DEg T
LRI E e E RS R, BARHEARN

A.

€= A+ A, + ...-'l-Ai + .. tA,
A CE i DY A BT AR E 4 b A RS i
9 T8 BT BV TR AR s n S B HE RO B AN B AL +
Ay + oo + A+ o0 + A RS TE BT IO E AR 2
1.3.5 RSFRaE g

DRz AR o LA RS D9 20 mm (B[] ) x
20 mm (1217 )x20 mm (5% 1] ) , BFAHSEA TR 151, 4k
FUHRE IR (S)REFEZE 0. 01% , Z BTt/ MR FE AR )
B RG22 8 BB 4y IR AR MR 22 ) (GB/T
1927. 8—2021) HEATIE

2) &M o MW AE RS 20 mm (i) )
20 mm (1217 )x20 mm (5% 7] ) , A TIAE 151 8
FE T 24T 5 73 BIRATRE R 25 °C+2 °CVEEN
&£ K 33% 56% 76% 93% HIER T I 8 i AL A 2] E
EI R, 58 ORM EAREARHRIE R S fa i TS
WIS ) (LY/T 3222—2020) # 1 7IE —# S ZEHEE

x 100%, (2)

JET B S KR

2 ER5HSHh
2.1 HEYN _BEAMEEHEIY
2.1.1 ZHHEEESHT

ORI RIE 2N B 1 (a) 2B 3
ANTF B ) — S R L AR R MR R 3N
6 (BT) AL (RT) LB (YT) . T 38 E MR
L R 22 S e L 5 R R e 2 (SR 3 A it )
RMB TS EORE IR A =48 S K TEM
T, WIE 1(b)FiR. BTEUERIIFTHL, L'=51. 66+
5.68.a"=8.95+1.47.b"=15.70+3. 35, H L' 5 b G IEHH
K, RTL S5 FRAMfEEGEEMEXES, KL=
51.42+5.58.a" =12. 44+2. 14, b"=15. 12+3. 54, YT Ji
ESEI R, L'=60. 24+5. 17.4"=9. 642. 78 b =
24.04+2.27, BT5RT ~EWM L' 5 Bl —EmE
FES M | BT Bl e O oy — PR 2 BEBOK 1 YT R L
5o 2mAFM . BT 5 RTHR G 5RO 21
BN, 1(d) Fiw , (B2 3 X Y L 22 4E(
1(c)) 50 ZE(E 1(e) ) HE R T YT, $2 BT 5 RT
R XIS E R K. YIS (ENENLE
AR AT AR B bR T R AN AT . DRI,
X S TR BRI SIS BRI BERE BT NEEA- L
5o, R E AR R KIS ZE, 53 RTR T 5%
TEL 5 b0, I REEAR PR o (AT B2 FEIK
2.1.2 HERYIRE S B T

MY A BRI AL LR RIS
LA AR R E G5, 2 S EORM Bl 2 71 E
TN, REVAFIR RIS A Sl R
B WE 2R RTHUK R 1% ) NaOH
K= T R T = 1y BUA  T BT A YT, Bk
2 ATV KA R (TER R TR CENLER) - 5
B0 1% 1 NaOH B T BB SEBGOKTA B o, 6
TSRS NORE SR DA B B IR IR S . R - et vl
75 i B8 AR Y B 5 RM A By A
SRL, R R R P R ) A T (2 3o FTIR 534
R TR 3R T W S R A R A O B
BES WME 3T Hdr,3 320 cm™ b8 IR HL 15 XF
i F—OH B4 4R0, 1 718 cm™ &b HY IR g Ig ] I A
FHEHPEBEAAE C—O M ZaiRsn" s 7£1 614 cm™ Al
1 594 em™ &b B R HACIES 73 TR 7 5% 2 BB 2 R 4R 313 AT
5 C—0 BRSNS, RT 01258 73 U6 A 3
&= BT 5 YTHFEY) , iIX R IA I R AR R R A FLE
EZHEEEMINAE XK. 1447 em™ ZE AR HIE A



58 O I iE

E42E

(a) G AK
(a) Image of Dipteryx odorata wood

RE_HT

Yellow Dipteryx odorata

oMt CRAN e 2=

Brown Dipteryx odorata Red Dipteryx odorata

TS
Yellow Dipteryx odorata

‘ (b) M EL =AYz (] (U 531
(b) 3D color space distribution of Dipteryx odorata
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Fig. 1 Chromatic distribution of light and dark regions in Dipteryx odorata wood
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Tab. 1 Compound composition of Dipteryx odorata wood extractives

REDSH/%

e A=t FREE R [E]/min Relative content
No Compound Retention time

BT RT YT
1 l-ethyl-3-methyl-Benzene 5.5 — 16.09 23.89
2 Hexanoic acid 5.75 5.82 7.73 —
8 1,2,3-Trimethylbenzene 5.85 15.99 11.32 20.93
4 1-ethyl-2-methyl-Benzene 6.25 7.48 4.71 6.25
5 o-Cymene 6.36 2.23 2.51 2.49
6 2-Cyanopyrazine 6.46 — 1.29 —
7 l-ethyl-2,3-dimethyl-Benzene 6.57 6.50 2.43 6.24
8 1-ethyl-3,5-dimethyl-Benzene 6.66 2.75 2.84 2.53
9 1-ethyl-2,4-dimethyl-Benzene 7.03 4.78 1.60 2.74
10 1,5-Hexadien-3-yne 7.29 1.66 — 0.67
11 Mequinol 7.37 = 0.82 2.24
12 1-Methyl-2-(2-propenyl)-benzene 7.51 — — 0.87
13 Barbaralone 7.72 0.70 — 0.68
14 Tetradecane 7.94 124 0.77 0.89
15 DMI(1,3-Dimethyl-2-imidazolidinone) 8.05 3.06 1.35 3.23
16 4H-1,3-Benzodioxin 8.22 0.95 — 0.79




60 o N - RYRC
gkl
B /%
WS & R B[] /min Relative content
No Compound Retention time
BT RT YT
17 N-Formylmorpholine 8.32 3.18 2.09 1.89
18 Methyl 2-pyridyldithiocarbamate 8.40 — — 0.67
19 2-(4-Morpholinyl)-1-phenylethanone 8.61 1.05 = 1.05
20 Heptacosane 8.69 2.15 1.25 0.85
21 2-Methoxy-4-vinylphenol 9.12 1.19 1.20 0.76
22 DMPU(N, N’-Dimethylpropyleneurea) 9.21 5.42 1.98 5.42
23 Resorcinol 9.28 — 1.57 —
24 3,4-Dihydropyridin-2-one-5-carboxylic acid 9.58 0.87 0.70 0.70
a5 2,6-Dimethoxyphenol 9.67 329 0.69 1.35
26 Butylated Hydroxytoluene 9.79 1.42 0.80 1.07
27 2,6-bis(l, 1-dimethylethyl)phenol 9.85 0.73 = =
28 Isononacosane 9.90 0.82 — —
29 1,4-Cyclohexadiene-1, 2-dicarboxylic anhydride 10.02 1.04 — —
30 Vanillin 10.19 1.88 1.35 1.08
31 Octadecane 10.38 11219 0.82 0.79
32 Isoniazid 10.51 0.64 — 0.63
33 17-Pentatriacontene 11.10 1.33 1.07 0.61
34 Heneicosane 11.72 116 0.67 0.58
85 3,4,5-Trimethoxyphenol 11.78 1.84 1.86 1.24
36 Hexadecanoic acid, ethyl ester 12.57 1.05 — 0.87
37 n-Hexadecanoic acid 12.63 0.84 1.06 —
38 Bicyclol4.2.0locta-2,4-diene-7-carbonitrile 12.71 0.70 — —
39 Benzeneethanamine, 4-methoxy- 13.22 1.52 — —
40 3-Methyl-4-nitrophenol 13.22 — 1.14 —
41 2-methyltetracosane 13.53 = 2.95 =
42 Propyl 4,4-dimethyl-3-oxopentanoate 13.66 — 1.10 —
43 Methyl acid, 3-(4-hydroxy-3-methoxyphenyl) acrylate 14.05 — 1.57 —
44 3-Ethyl-3-octanol 14.25 — 0.67 —
45 Tricyclol6.4.0.0(3,7)ldodeca-1,9,11-triene 14.43 = 0.70 =
46 1,2-Benzenedicarboxylic acid, butyl 2-methylpropyl ester 14.54 1.39 2.05 1.35
47 2-(2-(2-Butoxyethoxy)ethoxy)ethyl 2-methylbutanoate 14.62 2.20 0.84 0.78
48 tt 14.84 0.99 1.44 —
49 Furfuryl butyrate 14.94 0.74 0.85 =
50 3-Heptyne 15.07 0.64 1.25 —
51 Hexanedioic acid, bis(2-ethylhexyl) este 18.04 1.09 1.12 1.83
52 4H-1-Benzopyran-4-one, 5-hydroxy-7-methoxy-2-(4-methoxyphenyl)- 18.87 0.91 2.25 —
53 12-hydroxyoctadec-9-enamide 19.45 0.65 == —
54 2,2'-Methylenebis(6-tert-butyl-4-methylphenol 21.27 0.68 1.67 0.68
55 Bis(2-ethylhexyl) phthalate 21.52 = 1.17 =
56 cis-13-Docosenoamide 2511 2.61 2.14 1.34
57 6H-Benzofurol3, 2-cllllbenzopyran, 6a,11a-dihydro-3, 9-dimethoxy-, (6aR-cis)- 25.75 = 1.05 —
58 4H-1-Benzopyran-4-one, 2, S;SLZﬁ?I?:g_,;iTgf;?xnyf(4fhydroxy727methoxf 32,60 o 997 -
59 Isomucronulatol 32.81 — 1.99 —
W A

Note: “—" Not detected
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AR S ERERN R GEAMBGEH,
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[ &R 73 B =i N 20% 5 BT HI BT 73 B00 14. 22%, YT

M FE R A EYRES BRI, XN 10. 8%, X—
LR GEEERY A (E 1) DL R YRR
EOB(E2)EE R —58, KR, A @ o
RV B P By RRESENIE S
AREe =T 6 (o AN B | dit o R
AR SR R B 5y R 75 SR B RUPEERAR "s AHE
TFFFEERAA , B ) (0 H 2 B 2 By R AR A &)
JR R B AP LD b i X S 1 (e) AT 1
(e) &5 5AHTT

x2 FEREGBLKSEY

Tab. 2 Main chromogenic compound

B /%
eS| HE Relative content B EHH
Type Compound Coloration mechanism
BT RT YT
A — 15— BEEMREEERRRK
esorcinol
HIREEE — 082 224 WEESEEETATEEERRK
equinol

2, - —HEEKRH
2, 6-Dimethoxyphenol
3, 4, 5-= HEHEKE

B ED 3, 4, 5-Trimethoxyphenol
Phenolic compounds FExE
Vanillin

3-F EL-4- g B
3-Methyl-4-nitropheno
2,2 - FREL X (6-3X T He-4-F ELKE )

2, 2'-Methylenebis(6-tert-butyl-4-methylphenol

4-ZIHE- - EERH
2-Methoxy-4-vinylphenol

T-FREE-5-RE-4 - A EEE

3.29 0.69 135 HEESHEEIGERIRETKE

1.84 1.86 124 ZAHEEGEBE TN, NREE

A RSN, AR A RS EEAD
FAZfE

HERIR AT SEENFATE

1.88 1:35 1.08

0.68 1.67 0.68

FEE SRR B T BRI

119 1.20 0.76 AR SEHEEADEER

4H-1-Benzopyran-4-one, 5-hydroxy-7-methoxy-2-(4- 0.91 2.25 — HEXEHRSERENeREFER
methoxyphenyl)-

6a, 11a- —&-3, 9-— A HE-6H- K FHF Bk MF(3, 2-cIZEF Mk g

6H-Benzofurol3,2-cll1lbenzopyran, 6a, 11a-dihydro-3, — 1.05 — EXrHGENTS LG BEEHE

E B ES L)
Flavonid compounds
and their analogues

9-dimethoxy-,(6aR-cis)-

I E-4-FR

4H-1-Benzopyran-4-one, 2,3-dihydro-5,7-dihydroxy-3-
(4-hydroxy-2-methoxyphenyl)-3-methoxy-

7.2 -ZRE3 A -“HEERER
Isomucronulatol
2/ EE MR
2-Cyanopyrazine
2" MM — i = E F R 2 B
Methyl 2-pyridyldithiocarbamate
A B
Isoniazid
45-1 3" FH AR
4H-1, 3-Benzodioxin
T ERHRER
Furfuryl butyrate

RIMEED

Heterocylic compounds

Barbaralone

525 /M g ER S
Terpenoid compounds/
Resinic acid compounds

WIR[4.2.012-2, 4-—Js-7-H i
Bicyclol4.2.0locta-2,4-diene-7-carbonitrile
=3/6.4.00(3, 7) I+ k-1, 9, 11-=4E
Tricyclol6.4.0.0(3, 7)ldodeca-1, 9, 11-triene

2,385 7T- "R E3- (4R E--HRERE)--HEE

HEA S ZRENE R @ (K HEW
Z514)

SEMESMARTERRMBEEAREE

Mk TR 2 5 L 1 [ 1 3 (2 6

MEBEFR % &, BiJR FBh &

MELEFR + S & &, B ER A5 B e

FH SRR GERES LA

IRIEIAH e m AR AT L@

AR SmE R EE

KR SEHENEEE

HIERERE




62 O I iE

E42E

BT 5 RT i $2 ¥ 25146 I 20 4% v o &= 73 B A9 1 2
FR(BT:5. 82%,RT:7.73%) . IEC.EREIRAEDTIE
PEBRYE 77, 7B 000 ) 5 S A A i R Y AR Y i
AR T S A8 11 X S e B T T
P& (i B R R R O, FRIAZL AN e W ST
MR ST ERE . X 2 Fgi e HiEY
HRA R R T R E Y R (L&) 52.58) B FRRER
W, KBRS EAHUE A E R HH R AR R
HAEAERUS XORR I I GR A 2 A R R
RAET =N IT . 783 Mg = SR i
YRR & A — S E A B A YIS RS, Wi
TR AL &) N— B R EL gk, 2R A S IR Y
K A% 5 BRI DO AE | B8 0 HR AR SR A AR P 1 4=
2, N, A — A UE M B A B 2K Bk
GV, W3,4,5— =HFEEERE R BT
R EFIR XA &YX AR B A R AR
fEm™,

(b) Ray parenchyma cell

(b) 5

(o) A

2.2 HEYXNZEIS KRR
2.2.1 HHEYIE T ARM A4S AR
NAESRFARE MG ARM YRI5
TRRHIE, R A R 567 BE e,
458 SEM By 77 L T 40 4T B SRR 5 FfiR . e
AMPEEREMEDHETEEETSER(ES
(a)) B 2 e e 2 it (11 5 (b)) 5 i ) 965 B2 40 (1R 5
(). SFEMNMETEY S I B A BOREEH , X
Feh P2 S HRRAE 1T B8 5 B0 A9 A - 2l R AR 77 =0
5K AR 2 IR AR =Y R T L. SEM E&iE

i B R T PR S AN I RE R 5 5 SR, R AT
N oIz i ) EE E , R E AR R TR S M AR
MEBELSTH AN RSEINSEREME Tt
FER R R ER TR, JF B — e RO R ER M. FHXS T
SEYE S M EE R M b KRR R R TR 28,
e S RE AT ol £ R DTURMELAR D M 25 4 1
R B FERT SR

(c) Longitudinal parenchyma cells

5 ZREAMMUWSIEIE

Fig. 5 Microscopic structural characteristics of Dipteryx odorata wood
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