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Abstract

This research reports on the physiological properties, anatomical structure, and volatile compo-
nents of the wood from Aetoxylon sympetalum (Steenis & Domke) Airy Shaw. The basic density, pH
value, starch and soluble sugar content, soluble protein content, anatomical structure, and volatile
components of the wood were determined by using “Test methods for physical and mechanical
properties of small clear wood specimens—Part 5: Determination of density” (GB/T 1927.5-2021),
“Determination of pH of Wood” (GB/T 6043-2009), Anthrone Colorimetric method, Coomassie Bril-
liant Blue method, wood anatomical method, and GC-MS method, to establish a scientific foundation
for its plant protection, wood identification, development and utilization. The results indicated that:
1) The wood of A. sympetalum is very hard, with a basic density of 1.956 g/cm3. Water tests have
found that it sinks into water. 2) The pH value of the wood of A. sympetalum is 5.95, which is weakly
acidic. The starch content is 69.403 mg/g; The soluble sugar content is 34.232 mg/g; The soluble
protein content is 0.086 mg/g. 3) The wood of A. sympetalum has similar anatomical structures to
the wood of the Gonystylus genus, but differs greatly from the wood of the Aquilaria genus: (1) The
former two have no included phloem, while the latter have island shaped included phloem; (2) The
former two are mainly single pores, while the latter are mainly radial multiple pores; (3) The axial
parenchyma of the former two are winged-aliform, cluster winged-aliform, and band shaped, while
the latter is paratracheal and forms thick sheath around the included phloem; (4) The wood ray
types of the former two are mainly heteromorphic or homomorphic uniseriate, while the latter is
mainly heteromorphic type III. The difference between the wood of the Aetoxylon and Gonystylus is
very samall, mainly due to the former has a common number of radial multiple pore (2~3), longer
vessel elements length (570~620 pm), mainly heterogeneous uniseriate wood rays, and rhombic
mainly, prismatic sparsely crystals; The latter has occasional radial multiple pore (2), shorter ves-
sel elements length (310~450 pm), mainly homogeneous uniseriate wood rays, and prismatic or
columnar crystals. 4) The GC-MS analysis results indicated that there are a total of 28 sesquiter-
penes and 1 alkene compound, among which 10 sesquiterpenes are shared with Aquilaria agarwood.
The volatile components of the essential oil are very similar to those of Gonystylus bancanus wood,
with the main components of eudesmol isomers (a-, -, y-) (relative percentage content > 80%),
with the highest content of y-eudesmol (relative percentage content > 50%). In addition, based on
the different configurations of eudesmol, this research speculates that its aroma type is more con-
sistent with the industry’s usual descriptions of “light moss and mud fragrance, soft pepper spice fra-
grance, and elegant floral fragrance”. Eudesmol isomers (a-, 8-, y-) have various biological activities
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such as antitumor, antimicrobial, and antihypertensive properties. The wood of Aetoxylon sym-
petalum has development and utilization value and application potential in natural fragrances, me-
dicinal plant essential oil, food additives, and preservatives.
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1. 318

[ A7 [Aetoxylon sympetalum (Steenis & Domke) Airy Shaw] e i & £H(Thymelaeaceae) [ A 7 J& [Aetoxylon
(Airy Shaw) Airy Shaw] - F @R, EE /A0 TN S, —— R F I, YinRrtEa, A TR
GRAEVE B AT AR BV it b [1] . T SO U BRI A L B R B AR [2], B SRR
(Gonystylus Teijsm. & Binn.). A JE(Amyxa Tiegh.)sE4 05 2% Y], =3 &% Hutchinson XIJJH—A> Bl )
FH3], Bl Gonystylaceae, Nowicke [ 75t S X — M i [4], BREAEA T EA MBI TER FMEEZE 1) o T Domke
[5]. Wagenitz [6]. Willis & Airy Shaw [7]. Cronquist [8]LA & APG IV [P &I TIHNEG & RH—ANEEL
Bl Gonystyloideae, 7+ 5717 J& (Aquilaria Lam.) F#L3{ 7 J& (Gyrinops Gaertn.) BT 7E 3t & IEAH Thymelaeoideag)
B SCUTAF IR B R IE 51 JEARTE . BAHARE S MAORE, AT LR U RAEZE & 5 B dr BHE H AR i
X3k, B KB AR | A B AEAT AN EZ B i A - DL SR A R = PN IR ) B2 35 (Internal Phloem) [4].

2] Airy Shaw T+ 1947 4E X FIL 7 Gonystylus sympetala Steenis & Domke (1934 4 & ) I JE A HHIE A
[ T RAEARJE AR A, HR H AR viZ)E T — A4, HY Gonystylus sect. Aetoxylon Airy Shaw, i f5 X i
IEFRAAR A, T 1950 IR MUK Z 4R T AR, 1B L A JE [Aetoxylon (Airy Shaw) Airy Shaw],
FEoR IR %8 SRR BRI 8 1) FE X HNAE T W SCEEMIKES, R AN R o) A Bl o A= HE
by AL, MR DLEAH /N AE . otk SRR R 5L [10] [11].

FREREY], AR SUTE )M EREIEEY (IR BT B)E R G E EROE, H5 )8 T 5
ERAFEER, HPrddE (T ) 5EG AT iE A A E . BT, B AHZERITE AR B
AN ] BERSAN G, (R RBONMRE, R, A0 B AT RO 2 S SHd, DURIZRB I
SR RE.

JERFMNAAH: EAEAKR, S50, AR A/ 41444 Gaharu buaya. Bouyawood. Kayu
bidaroh. Ramin buaya %5[12] [13], HA&Hi% &4 : White oudhoil. Oudh. Gaharu buayaoil 5. JEAF
THEMRAIAMBEGMESERE. BEEORZI0UK). SR SRR F s S, HA&<
R, TR P IE B  : RIRITE VRIS A RBEACE &R S . AHETRH, SRbERT,
J& A (Gaharu buaya) A — 4 At 19 75 B0k, (HB = FIEDUR B se s AL A& vk (Lemon) [14]. 53
Ab, TEARF EEH O AFINGE, R o B B0 B A 1 3 BERIE [15] [16].

Meidianto Z5[17]4R1E T 8 AR F 14k 2 50 M 4t A i (Coptotermes sp.) I AEDDiEPE, R AER =4
FEAFEEYIR. S, SR BERAm R A, Yuniar ZE[ 18106 A A R ZH 40 3T T B A0S
WA, &5 52 W 7 R 2 29 PR 375 1k B i (L Cso = 0.082%) »  [RIZ A 43 v & S5 W MRS AR DA AN (S AR 59, ok
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NENTHE S HBRPANE Cbtd 5 W IE CkEgH 5347 GC-MS 23, SLAi 2] 55 Fib &4, FES
N 4-5-6-F 48 3L -2- F LI IHR-8- /1% (16.02%) « 15§45 1#(5.94%)  1E 17N BE R (3.20%) A1 6-1 )\ B 5 2 (2.99%)
Wigati Z5E[19]3d it 75 R AR 1 2 (Jicama) JE 4 H R I A 5 4 7l (Aetoxylon bouya) 5 A FRES, TR Rk i m]
THBREERE, BRI B SPUEE .

FIHATALE, AXREARERFCHFHGE D, BT EIREERS. T asr, a5y
FIAM 27 AT TRIFFC[20] [21], ERAAGE RS A, HECEIE LAE Wb . 0 AL
FERNER OB R, ARSI TR WS . Rk, A SO M A AR 1 7 W05 1o 435 4 45 5 Tl
BT 7S, HSUIE RSB A G R IERAT I Lo b, 46, % FAH i e M o3 AT GC-
MS 7381, BTEABEARFHIARM RG] . AR Pl 27 52 257 T 3 — R NI T SR AR 3

2. MRS 7%
2.1, BHF

SARARMFERL T 2023 4F 6 Y H SR TUNE A, B A5 2309009 YMX202301., YMX202302. YMX202303,
FH A ] Ay ROl R} 27 e s AR WD R B 9L BT 4 BB 9T 51 4 8 A B A R (Thymelaeaceae) [ K % J&
[Aetoxylon (Airy Shaw) Airy Shaw]/& A7 [Aetoxylon sympetalum (Steenis & Domke) Airy Shaw], FEUEFRAS)E
T [ B LD AR 2 B Ay A AR T BT o

2.2. (LER5R

FHBYI A HLEEE Leica RM 2235); &g R Ase(H 4% Olympus SZX10); T &t (K
YRR L&A R AT AMAL3T): 1532 — BT R (FEZFIBHACER AL AR A F BP221S);
PR ([ [ 25 SR A IR A D) IAOREA S IR (WA IR AR MR AR BT KA IR A7) s R LG (kA0 2%
Oy 2 W R B (R M BB AR B R B IR A F ) GC-MS B A A (36 [ 22 #E48 BH B A IR A #)
HP6890/5975C); i i 1A% (35 [ Bransonic-BS510E-MT); A5 Hh A FH AR 7713 o 4 Wl ke (it
R BB A AIRAFD),

2.3. W&

2.3.1. RFEBFFMNES

KH CORMIEARZFEENE) (GB/T 1927.5-2021) [22].  (pH {EIIE) (GB/T 6043-2009) [23]. ZrMI &}
B LR ARA PR A B SR vk (RO b i) e S b & s RN RHME A R A IR A 7R s
Y (U Eb B2 I vV PERE s TR BHEE AR P AR IR 2 =150 S i B (5 S W= 8 v2) Il e T Vs PR B
TE.

2.3.2. KiIABHIZE %

FA A B4 25 By 2 BTl [ Wiy LI 101 A B2, SR BORA = DRI (BE YIS 52 VI A2 Vi), &1
TR B BT (RO A% B0 35 455) MLIN A IR 10 AN 7 R AL o 42 T 5 S (R A i) Fy 7325 [24]
Hl R =Y, A U0 BT R g R As IO, AR M R DI TR BRSO 40 fi5. 5% )
TH A VI 100 %, SO H IE e SR IO A 1 REAE o

2.3.3. GC-MS 953k

PSR UIRESS, if 40 B, 2 BIRSHRRRICRE L, JE4r A 30 mL IE QU A HREL 3 Ik, FRKEE 15
min, #E 5min J5IidIEA R IE OB RRIGE, A IF 3 IRKIBHUK, RGP, HEFIFRE, 2Rl
W CREIEFIAME N 1 o/l, F 0.45 um G HUMILIEREIE, BUOAFESER. Gl Al HP-
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5MS 5% Phenyl Methyl Siloxane (30 m x 0.25 mm x 0.25 um)#ik A4 S BANEFE; FHEREF: HHiE 40C, Ll
5C/min FHEZE 310°C, {-FF 10 min; 754 =R E 250°C ; S v E 4l He (99.999%); 3 < ift & 1.0 mL/min;
ANGRL, WEFEIRITE]: 6.0 mine BUHES&MF: TR EENS TR B THEE 70eV: B IRIEE 230°C;
VUBRAFIELRE 150°C; #2IRFE 280°C s fiig 2% Hi & 1512V Jii &4V il 30~500 m/z [25].

3. KRENH
3.1. EATHNARMERFYE

JEART ARA B FEARZ FE N 1.956 glem®; JEIEKIRRBIHARMUTIK. EAREAME pH H~ 5.95; &
&8y 69.403 mglg, FIVAMERES BN 34.232 mglg: R A& BN 0.086 mg/g.

3.2. BABNAMBESIFEMR

JEEAAR BN AL S I LA 1, oWl age IR UL IR 2, P ARMA IS RS AL SR 2 [ (op [ A 35D [26].
R 45 R -

Figure 1. Macro sections of the wood of A. sympetalum: (A) Cross section (35x); (B) Radial section (35x); (C) Tangential
section (35x%)
1. EAREFNAMENTIEE: (A) #EE(35x); (B) EYIE(35%); (C) ZEIME(35%)

e
= ‘{ * 390 "

f
o

section (100x)
2. EAFHAMHRIEE: (A) #EYIFE(100x); (B) EYIE(L00x); (C) 3% (100%)

ARAMEMIE: it ERE G, OAMKRPR, U AMEEKR. EKEAUE, K%
RUONHUILA o B ALIE R, RN WSS, FERORBE N ismial W B ALK/ — 2, s BN RIL
GEA RO, EE. RSO TR, EAPNEICR, DB R. ARG
2. BEUITH -SRI, IRAE s BORAR M

R BMEE: B, EILNEE. EE: $HRN 3~4 NMmm?;, BELUAE, BAIRELQ2~3
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ANV o E A, B FLIZAE 75~200 um, B LA KON G S A AR M, R IEE A AR 5
W: S8 K 570~620 um, 5L, FILRE. FRIGALRE Y. fhrdEsdsmE, &2, &
Ry R IR B D BZ m 2RI 72 A R (B0l 8 1~2 ZHAR), &M, RIAKIESAE, RIBHRHINE, HIFE
T, Famig), 7~9 fmm; SRANMECD, JEWIT I, KNS5, & 10~39pm, % 10~12um,
Uil AR /N 30~40 um, 8 6~10 pm, JEMTATL: ZHECAMERTE . KIEE, smAnieEgER, AR,
P B e FHZE T B AT df s S 28 Dl 5~25 411 (125~600 um), £ %4 10~15 4iiff(260~350 um);
STLRIRIIE 45~80 pm; FE S LESHLAFRIE AL, BEEMN & TR 4 5~10 /2, K 300~750 um,
15 150~300 um;  FEE A, B, HARHEFIEIN, KNS 17 pm x 20 pm.

3.3. EATELRMMSTH GC-MS 94

SR EARERET GC-MS S B PRI 3. XA BT B R ) A4 5 1 B R SRR A%t
Nist 2005 1 Wiley 275 FrifE B is ], FHAE % mm NS 7772281 [29], 456 s I 5 SOk b AT 0 i, JF
FHUETIRR A — 3215 H 68 R G 7 v PR R R B 8, 4 R MR 2 0 B R BRI | 7 & s LR 1.

FE
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Figure 3. GC-MS total iron charts of three wood samples of A. sympetalum

E 3. = EAREARME GC-MS BB FRE

Table 1. The volatile constituents in three wood samples of A. sympetalum

*® 1 ZHREARBEARMEEL RS

F5 e ¥ R HIXE E 4 6 B (RCI%)
No Compounds Molecular Molqcular
) formula weight Sample1l  Sample 2 Sample 3

(8R,8aS)-8,8a-dimethyl-2-(propan-2-ylidene)-1,2,3,7,8,8a-

1 hexahydronaphthalene4 CisH22 202 / / 1.21
(8R,8a8)-8,8a- — FI 3L-2-(5-2-F 3£)-1,2,3,7,8,8a- N A 254

2 a-humulened oI JFRfi 4 CisHas 204 1.70 0.61 0.14

3 a-selinene  a-J7FFIA CisHas 204 0.61 0.55 0.18

4 p-selinene®  p-7Flid CisHaa 204 0.33 0.36 0.14

5 (+)-calarene®  (+)-F1 Efii4 CisHzs 204 / 0.10 /

6 valenceneA?* FLAG M A* CusHaa 204 / 0.28 /

7 4oH-gudesmane® 4aH-14H kg4 CisHas 208 0.65 / /
4(15),5,10(14)-germacratrien-1-ol 4

8 4(15) 5. 10(14)- KR B0 —45-1-54 CisH240 220 / 0.28 /
6-isopropenyl-4,8a-dimethyl-1,2,3,5,6,7,8,8a-octahydro-naphthalen-2-ol4

9 6-% P B4, 8- — H1HE-1,2.3,5.6,7,8,8a- )\ 2 Z5-2- Iz & Ci15H240 220 / 0.59 0.90
(1R,7S,E)-7-Isopropyl-4,10-dimethylenecyclodec-5-enol 4

10 (R 7S.E)-7-5% P -4, 10-— 1 Fi JEFF 56547 1 A CisH240 220 / / 0.37

11 (-)-spathulenol®  (-)-gbLr iz A CisH240 220 / / 0.25

12 a-vetivolA# g-75 22 B A% Ci15H240 220 / / 0.61
2-methylene-6,8,8-trimethyl-tricyclo[5.2.2.0¢9undecan-3-ol 4

13 o 0 6.88-= FHE=H[5.2.2.000] | —£7-3- WA CisHx0 220 ! ! 015
valenca-1(10),8-dien-11-014#

14 [ He-1(10),8- —H-11-F A# CisH240 220 / / 191

15 a-eudesmolA?  g-fi I HEEA* CisH260 222 19.84 29.52 2741

16  p-eudesmold®  p-ficijh iz A% C1sHa60 222 1.77 1.18 1.07

17 yp-eudesmol4?  p-fiziH-jii Az A% C1sHa60 222 60.79 55.55 53.49

18  eudesm-7(11)-en-4-olA  Fi¢i-7(11)-4%-4-E A C1sHa60 222 / / 0.15

19  a-cedrold o-FHFAREA CisH260 222 0.39 / /
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20  hedycaryold ZEfEfEA CisHa60 222 / 0.25 /
21 elemolA® HiFEzA? C1sHa60 222 / / 0.35
22 dihydroeudesmol A - EEAY C1sH2s0 224 247 / /
B e cao, a1 o
6-(2-hydroxypropan-2-yl)-4,8a-dimethyl-2,3,4,6,7,8-hexahydro-1H-
24 naphthalen-1-ol4 C1sH2602 238 / 0.90 /
6- BRI T 54, 8a- — B N A5 A
25  arctiold /jEmzA CisH2602 238 / 0.30 /
26 cryptomeridiolA* iz —EEA* CisHzs02 240 / 1.49 3.96
o TERIEICATIREI e a0
R e e CoHaOs 28 076 od /
29 squalene” f&)E" CaoHso 410 5.79 / 2.26
&1t Total 95.10 93.18 96.35

e A fEERE T RES R % BUTEJE (Aquilaria) A AR A [27].

1) 3 AN 1 w] 50, =R ah RS H e s, 4050 95.100%, 93.18%71 96.35%. — 3% i FrI4E K M ik
o3t gE 29 Bk &, AN 11, 164 18 FLAY, /AP RIAr, BIAE G228 A FIidkE
Z(1Fh), HAH 10 MAEDITEDITE & (Aquilaria) FE ) BT = UTa i 2 B 458, SRS e mi 28 Ay o At
THEER) =Mk, B -k e SR IR -l B AT RSy, SR S E AT
it 80%, o -ty B A S B B (550%), o HHMERIR ., p-AE BN b . B4, =40kE
an HR A BT 9 6 Bl 3R eI  a- T T BT oK L BRI R AN - A
53 5 i RG] 85.04% . 87.77%I1 82.43%, AT BT — 3k

4. 7ig

AR IR AR BE R AM ) —FhJE I, RAEARMTEARE T NE R, MARERIAMEEAZRES 1956
Kg/m3, et i H E 40 4708 (13T 7 J8 (335~400 Kg/m3) A% #E A J (530~785 Kg/m3) AM I IE A E, i )8
TR, MEEETRBEAB0]. T A0 AT S &AW BRI AT ()0t DR IS
w2 Kz R

AR BRI 0T 32 2R H 3R A4 PORERERR AN SR . R R A 1) S5 B Ve S A AN 24 4t 22
TAHMRA, I EARMEREUE RS, SAW AR, Bt AR A AR 255, pH E
/NF 6.5 BIARMIAE FRRMEAS, pH EKT 6.5 MIAMIAE TIEAM, W BARM 88 O E T ik
AKM[31]. AT, EAREN pH (S AAKREK pH {H(5.40~6.06)MH1EL, ¥J8 SR PEAAN[32].

VERY . AT TR RN T FE R AR, KA E R MY ARSI E 7 [33]: A A ]
BYEE A REM AN EENBE RSN, SEWNAEKKE KudteE e, Hit, £ 2 4
FabnAE AT 0 BP0 BE R I B R HR([34] [35] A & WA FUARF AN [RIF SR T3 K 7 B4 13.16~33.85
mg/g, FIVEYERES &N 3.60~20.16 mglg, FIVEPEEE S &N 0.17~0.25 mg/g [32], HAHITHHE AT
b, SiRATRE B E T EORE, WAE A S EIT ARSI K 2 5 n] Re b AT HU)
KMEMAR, FHEA, TERFIREER R RN L

UERT, A2 R IRIE S AR AR ISR AE[21] [22], FE98 IS5 FARE AR 15K X BIE T8
Sy SR IRRT B3, T AR EAT « WA 2 R AR B AT E & AR IR AEEAT 1 ELEL, 40 Nordahlia
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SE[36] 8 FLA T R P A TR 3 R AR AE R 5 IR AR AR SR, TS R, DiEFEEA
P PR AL Rl ) R L 2R, AR YIRS ] BT BSOS s TR AT A 8 T S A BRR 2 SR TR A i 2
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b, M S5 UTE R ZERBOR(NE 2), FERIAE: 1) WIRTIEH: BAFEMRIEARBTL, MiiERa.
2) BALRM: EAFELEIL AT, BIEELER-3 M)EiE, KBRS T BIIESEELE
N, VIFEEIEEILNTEER6 ) BmILRE LS LA 3) Fm e EARE R NFIR, R
REAEEL I AETOR(TE 1~2 4000), MAEATERAEAR . REAREAFINHR(FE 1~2 40H), 10007 & WTE
PIIRTI R AR, BRR, Hb . 4) RETEREAL. [EAREBAKAEARB LIRS E, BiE TR

5, IR, JaE AR RS, WILRIERH], Wit E T

F1)(2~3 4 ) .

B, DERIE N, BEE%

Table 2. Comparison of wood anatomical characteristics among Aquilaria, Aetoxylon and Gonystylus [27] [36]-[38]

2. NER. BREKBMNEREEARMBEIHFIERLLE[27] [36]-[38]

75 FHE ViER & AT I AR
No. Characters Aquilaria Aetoxylon Gonystylus
2 " FOR. IR E D% 2 1o PRTAp T
e R, 00 TRRPEOEE e g o mekes
P AR, b APRCE 1-2 A1) 1-2 4H)
IR Scanty paratracheal and in Winged-aliform, cluster Winged-aliform, cluster
Axial parenchyma thick sheaths around the winged-aliform and a few as winged-aliform and irregular bands
- tangential bands (1~2 cells -
included phloem width) (1~2 cells width)
T N AY, ADECRTE N , L . .
g s ;ﬁfj; iy PRI, BREE RS, L)
5 ARSI ,H N - 1. fe Heterogeneous uniseriate, Homogeneous uniseriate,
Wood ray type het € erogeneOlIJls  Tew occasional homogeneous occasional heterogeneous
elerogeneous 11, uniseriate uniseriate uniseriate
2~3 to multiseriate (2~3 cells)
3-18 41
" 5~25 Ziff1(125~600 um), % N
s 2725 A(0~T69 um), 2% s ?,\j( Too1s éﬁ;};@) (90~460 pm), ZHH
3 . N 4~18 #fif1(120~465 um), 8~12 #Hif2(230~400 um),
Wood ray height 225 cells (70~769 um) (260~350 pm). 3-18 cells
2 5~25 cells (125~600 um)
(90~460 um)
. - 19 (e
4 PR B 35 %Z{E re%iiﬁfélsﬁijn%ffsf( fn % G. maingayi 4110
Included phloem section Absent Absent except in G. maingayi
BHTAFIL N (2~6 1), BN, RIILEAL o i
LSS TLE, %R (-3/M)ifE; %@ 75~200  BENE, BURIIEELQR
= 131~201 um um ™): 5%4% 100~160 pm
5 Pore Mainly radial multiple pore Mainly single pore, radial Mainly single pore, occasional
(2~6), occasional single pore multiple pores (2~3) are com- radial multiple pore (2); tangential
or cluster pores; tangential mon; tangential diameters diameters 100~160 pm
diameters 131~201 pm 75~200 pm
SFESTRE
6 Vessel elements 260~590 pm 570~620 um 310~450 pm
length
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renchyma
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SYERAmMa AR T ) v R
ML
Prismatic or columnar crystals
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A1 Meriandra bengalensis (K.D. Koenig ex Roxb.) Benth. [44]45 . #zi i S 0ik B 2 f B,
LK [45] PUistBR[46]. BUilE AL p[47] PuitEa[48]-[51] AMMuBEIGETE[44]-[52]. BUBd[42]. RWh[53].
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