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ABSTRACT KEYWORDS
Eucalyptus urophydisisthe main dominant Eucal yptus plantation species Eucalyptus urophydis;
in China. However, rich extractivesin E. urophydiswood leadsto serious Wood extractives,
processing defects and the extractives is considered as the key negative Molecular characteristics;
factors. In order to further utilize the wood resources, the molecular GCMS.

components and leaching characteristics of wood extractives of E.
urophydis was investigated. The result showed that: (1) Among three
extracting solventsincluding methanol, benzene/ethanol and acetic ether,
the optimal extraction timeto reachthelargest leaching rate of E. urophydis
wood extractives was 3h, 3h and 12h, respectively; during the different
sequential extractions, benzene/al cohol-methanol-acetic ether displayed
the best extracting effect whose leaching rate was up to 12.39%.,
meanwhile, each sequential extraction displayed gradually increased
leaching rate, whose total leaching rate was larger than that of single
extraction. (2) The methanol extractives of E. urophydiswood had amain
retention time between 20-30 min and contained 47 components
includingy-sitosterol (17.41%), (z)-9-octadecenoic acid methyl ester
(16.33%),, etc; the acetic ether extractiveshad amain retention time bel ow
20 min and contained 73 components including cedarwood oil (25.68%),
ethyl propionate (22.34%), etc; the benzene/ethanol extractiveshad amain
retention time between 10-20 min and contai ned 49 componentsincluding
cyclohexylbenzene (37.56%), 3-methyl cycl opentanebenzene (4.06%), etc.
(3) The functional analytical results suggested that E. urophydis wood
extractives had huge potential in biomedicine industry.
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INTRODUCTION Chinasince 1980’s. Now the area of Eucal yptusplan-

tation reached morethan 300 million ha. Among Euca-

Eucalyptus has been gradually introduced from  lyptus plantations, Eucal yptus urophydisisone of the
Austrdiatodl overtheworldsince 17708, Especidly, fastest growing treespeciesin China. E.urophydishas
Eucalyptus has been planted in large areain South  many useswhich has madethem economically impor-
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tant treesinmountain area. And E. urophydiswood is
mainly usedin pulp, paper, fiberboard, plywood, and
so on. The products are lower value added. What’s
worse, richextractivesin E. urophydiswood |eadsto
serious processing defects and the extractivesis con-
sidered asthe key negative factord?. However, Re-
cent researches showed that E.urophydis wood ex-
tractives could be devel oped into good medicinal re-
sources®. Therefore, themolecular componentsand
leaching characteristics of wood extractives of E.
urophydiswasinvestigated and analyzed in order to
further utilizethewood resources.

MATERIALSAND METHODS

Materials

Three 5-year-old Eucal yptus urophydiswere col -
lected from Yangjiang Forest Farm, Guangdong prov-
ince, P. R. China. The sample chipswere processed
from fresh material, and dried to absol utedry with ro-
tary evaporator in 55°C and negative 0.01MPa. About
40 mesh powder was sieved out using AS200 Sieving
Instrument (Madein America). Benzene, methanol,
acetic ether and ethanol (chromatographic grade) were
prepared for the subsequent experiments. Quantitative
filter paper, cotton bag and cottonweredll extractedin
benzene/ethanol solutionfor 12 h. The benzene-etha-
nol solution was mixed accordingtoV IV ¢ ere 2
double.

Methods
(1) Singleextraction

ethanol

Weighed 24 pieces of wood powders, each was
about 2g (0.1mg accuracy) and finally parcel ed by us-
ing thequantitativefilter paper andtied by using cotton
thread, and Sgned. Extractionwascarried out in 150ml
solvent by the Foss method. Sampleswereremoved at
different times(3h, 6h, 9h, 12h), Solventswere metha-
nol, acetic ether and benzene/ethanol solution (V .,/
vbezene—2)» F€Spectively. Methanol extraction, acetic
ether extraction and benzene/ethanol extraction were
done under the condition of 75°C, 85°C and 95°C,
respectively Parallel sample number was 2. After ex-
traction, sampleswere baked to be absolutedried and
weighed. Finally, theamount of dissolving extractives

BioTechnology — o

wascalcul ated.
(2) Sequential extraction

Weighed 18 pieces of wood powders, each was
10g (1.0mg accuracy), and finaly parceled by using
the cotton bag and tied by using cotton thread, and
signed. Extraction was carried out by large-caliber
Soxhlet according to different orders combined by
methanol, benzene/ethanol and acetic ether. Parallel
samplenumber was 2. After extraction, sampleswere
baked to be absolutedried under 105°C and weighed.
Finally, theamount of dissolving extractiveswascal cu-
lated.

(3) GC/M Scondition

Each 1.0 mg wood extractivesof E. urophydiswas
andyzed by onlinelinked GC/M S (gas chromatograph/
mass spectrometer), respectively. The GC/M S anay-
siswascarried out on aGC/M S-QP2010 (Shimadzu
Corp., Japan), which waslinked to amass selective
detector. Anedasticfused silicacapillary column DB-5
(30mx0.25mm) was used. The carrier gas was helium
and the injection port temperature was 250°C. For
methanol extractivesand acetic ether extractives, thesplit
injectionratiowas5:1, the GC columntemperaturewas
programmed asfollows: 8°C /min from 50 to 200°C,
5°C/min from 200 to 300°C. For benzene-alcohol ex-
tractives, thesplit injection ratio was 3:1, the GC col-
umn temperature was programmed asfollows: 20°C/
minfrom 50t0 90°C, 2°C/min from 90 to 200°C, 12°C/
min from 200 to 300°C. The program of MS was
scanned over the 35-335AMU (m/z) respectively, with
anionizing voltageof 70eV and anionization current of
150uA of electron ionization (EI). The flow velocity of
heliumwas 1.0ml/min. Theprogramof M Swasscanned
over the 35-335AMU (m/z) respectively, withanion-
izing voltageof 70eV and anionization current of 150pA
of eectronionization (El). Theflow velocity of hdium
was1.0ml/min.

RESULTSAND DISCUSSION

L eaching characteristics of E. urophydis wood
extractives

Theleaching ratetrend of E. urophydiswood ex-
tractivesindifferent solventswasdescribedin TABLE
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1. Itwasobserved that during methanol extraction, the
leaching rate of wood extractivesfirst decreased and
then increased, and reached the maximum (7.48%)
when extraction timewas 3h. During acetic ether ex-
traction, the leaching rate of wood extractives de-
creased, and reached the maximum (6.58%) when ex-
traction timewas 3h. During benzene/al cohol extrac-
tion, theleaching rate of wood extractivesfirs increased,
then decreased and increased, and reached the maxi-
mum (7.78%) when extraction timewas 12h. The ob-
served result wasnot fully in accordancewith the theo-
retical time-adding increase of leaching rate during
Soxhlet extraction. It wasthat during solvent extrac-
tion, extractivescouldleach out fromwood toincrease
leaching rate, but solvent could react with wood to de-
creaseleaching rate. Anda cohol, methanol and ethanol
could al react withwood to form ether bond or ester
bond, which woulddecrease the leaching rate.So the
optimal extraction timeof methanol extraction, acetic
ether extraction, and benzene/d cohol extraction were
3h, 3h, and 12h, respectively.

TABLE 1: Leachingrateof each singleextraction[%]

Extraction Methanol Acetic ether Benzene/alcohol
timefh] extraction extraction extraction
3 7.48 6.58 6.25
6 6.67 6.22 6.20
9 7.40 6.05 6.52
12 7.45 5.68 6.66

L eaching mode of sequential extraction on E.
urophydiswood

Based on therespective optimal extractiontime,
different sequential extractionson E. urophydiswood
were carried out by combining methanol, benzene/d-
cohol and acetic ether, which showed different leaching
rates(TABLE 2).

TABLE 2 : Theleaching rates of each sequential extrac-
tion[%)]

Stage of extraction
1$ an 3rd
254 358 450
264 449 526
238 325 421

Solvent of Sequentialextraction

Methanol - Acetic ether- Benzene/alcohol
Benzene/al cohol- Methanol - Acetic ether
Acetic ether-Benzene/al cohol-M ethanol

Thedatigticd resultsshowed thet theleaching rates
of E. urophydiswood extractives by methanol-acetic
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ether-benzene/alcohol sequential extraction was
10.62%, 12.39% by benzene/a cohol-methanol -acetic
ether, and 9.84% by aceti c ether-methanol -benzene/
alcohol. Comparingwith TABLE 1, it was observed
that theleaching rate of each singleextractionwasless
thanthat of TABLE 2, suggesting that the solvent effect
also existed in the leaching periods of wood extrac-
tives. TABLE 2 a so showed that both the three se-
quentid extractionsdisplayed gradudly increased leach-
ing rates of wood extractives, which werelarger than
that of any single extraction. Wood extractivesexisted
mainlyincel gap, cell cavity, grain pore, etc, thiswould
jam permeability channelsof inner extractives. During
the sequential extraction, wood extractiveswould be
eas |y leached out by widening permesability channels,
andfinalytoincreaseleaching rate. So benzene/aco-
hol-methanol -acetic ether extraction wasthe optimum
extraction modefor theleaching ratewas 12.39%.

Componentsof E. urophydiswood extractives

During methanol - acetic ether- benzene/d cohol se-
quentid extraction, threesolvent extractives (methanol
extractives, acetic ether extractives, benzene/d cohol ex-
tractives) wereobta ned respectively. Thetotd ion chro-
meatogramsof three solvent extractivesby GC/M Swere
showninFigure 1, Figure2 and Figure 3, respectively.
Relative content of each component was counted by
areanormalization. Analyzingthe MSdata, the NIST
standard M S map by computer, open-published books
and papers, then componentsand their contentswere
identified.
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Figurel: Total ion chromatogram of methanol extractives
from E. urophydiswood by GC/M S

Accordingto GC/M Sresult, 47 componentswere
identified from methanol extractives of E. urophydis
wood. Theresult showed that the main components
were y-sitosterol (17.41%), (z)-9-octadecenoic acid
methyl ester (16.33%), 9,12-trans octadecadienoic
methyl (7.74%), trans-9-octadecenoic acid (5.9%),

s LBioTechnology

An Tudian Yourual



562

Analysis on molecular characteristics of wood extractives from Eucalyptus urophydis biomass

BTAIJ, 7(12) 2013

FuLL PAPER

palmitic acid (5.21%), sitosterone (3.6%), methyl li-
noleate (2.55%), methyl hexadecanoate (1.73%),
1,2,3-phenoal (1.1%), dibutyl phthalate (0.71%), me-
thyl octadedanoate (0.55%), methyl tridecanoate
(0.54%), oleamide (0.42%), 10-methyl oleste (0.41%),
azabenzene (0.36%), 4-hydroxy-3,5-dimethoxy
acetylbenzene (0.36%), and so on.
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Figure?2: Total ion chromatogram of acetic ether extrac-
tivesfrom E. urophydiswood by GC/M S
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Figure3: Total ion chromatogram of benzene/ethanol ex-
tractivesfrom E. urophydiswood by GC/M S

73 componentswereidentified from acetic ether
extractives of E. urophydis wood according to GC/
M S result. The result showed that the main compo-
nentswere cedarwood oil (25.68%), ethyl propionate
(22.34%), isosorbide (5.69%), 2-butoxyethanol
(3.04%), 2,6-di-tert-butyl-4-methyl phenol (2.28%), (-
)-al pha-terpineol (2.25%), palmitic acid (2.11%), 3-
methyl-2-pentanone (1.21%), y- sitosterol (1.12%),
9,12-methyl linoleate (1.03%), trans-9-octadecenoic
acid (0.95%), isobutyl acetate (0.94%), 1,2,4-
trimethylbenzene (0.94%), stearic acid (0.71%), n-
hendecane (0.67%), 4-hydroxy-3,5-dimethoxybenzal -
dehyde (0.65%), a-cadinol cedrelanol (0.56%), 3,4,5-
trimethoxy- phenol (0.47%), a- cedrene (0.44%), and
soon.

49 componentswereidentified from benzene/etha-
nol extractivesof E. urophydiswood accordingto GC/
MS result. Theresult showed that the main compo-
nents were cyclohexylbenzene (37.56%), 3-
methyl cyclopentane—benzene (4.06%), acetal (1.47%),
diisobutyl phtha ate (0.95%), bis (2-ethyl hexyl) adipate
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(0.8%), 1-methyl heptyl-benzene (0.73%), diisooctyl
phtha ate (0.61%), 1,2,3- trimethyl- 1h-indene (0.58%),
cedarwood oil (0.54%), phenol (0.51%), 2,5-
diphenylhexane (0.4%), 1-methylphenyl- pentane
(0.39%), 4-phenyloctane (0.34%), and so on.

Chemical distribution characteristic of E.
urophydiswood extractives

Therichest components of methanol extractives
werey-sitosterol (17.41%), (z)-9-octadecenoic acid
methyl ester (16.33%), etc; and therewere 16 kinds of
water-sol uble compounds (35.84% of thetotal peak
area), 12 kindsof acid compounds(18.17%), 13 kinds
of resin compounds (44.24%), 3 kinds of hydrocar-
bons (0.80%), 3 other substances (0.95%).

Therichest components of acetic ether extractives
were cedarwood oil (25.68%), ethyl propionate
(22.34%), etc; and therewere 25 kinds of water-soluble
compounds (46.32%), 7 kinds of acid compounds
(4.4%), 10kinds of resin compounds (26.02%), 28
kinds of hydrocarbons (5.01%), 3 other substances
(0.76%).

Therichest componentsof benzene/ethanol extrac-
tives were cyclohexylbenzene (37.56%), 3-
methylcycl opentane- benzene (4.06%),, etc; and there
were 23 kinds of water-soluble compounds (46.17%),
2 kinds of acid compounds (0.28%), 5kindsof resin
compounds (2.67%), 16 kindsof hydrocarbons(2.1%),

3other substances (0.84%).
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Figure 4 : Chemical distribution characteristic of E.
urophydiswood extr actives

Theretention time of each solvent extractivesof E.
urophydiswood showed aparticular rule. The metha-
nol extractives of E. urophydiswood had amainre-
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tention time between 20-30 min, which accountsfor
43.65% of thetotal relative content; however, therda
tive content of below 10 min retentiontimewasonly
0.59%. Theacetic ether extractiveshad amain reten-
tiontimebd ow 20min, therd ative content of below 20
min retention time was 70.62%, but that of beyond
30minwasonly 3.27%. The benzene/ethanol extrac-
tives had amain retention time between 10-20 min,
which accounted for 42.77% of thetotal relative con-
tent, but the other retention timedisplayed awidedis-
tribution of componentsand their rel ative contentswere
very few (Figure4).

Resour ceutilization of E. urophydiswood extrac-
tives

Therewere many biomedicine componentsinthe
wood extractives of E. urophydis biomass. Because
of itsofficinal value, vanillin wasused asaflavoring
agent in foods, beverages and pharmaceuticals. a-
Cadinol, which acted as anti-fungal and as
hepatoprotective, was proposed as apossi ble remedy
for drug-resi stant tubercul osig*®l. Vitamin E brought
many benefitsto human body and promisesamazing
cosmetic results, and its series productswerewidely
used infood, medicine, cosmeticsand feed industry!™.
Cedarwood oil had acalming and soothing effect on
themind, and astringent effect on acne, oily skin, hair
and dandruffl®, a- cedrene and B- cedrene were used
for theraw materid s of advanced odorants¥. Squaene
could res st fatigueand strengthenthebody’s resistance,
protect liver, and improve human immunity. squalene
was used in nutraceutical and pharmaceutical indus-
tried?. And squalenewas used in cosmetics and vac-
cines. Especidly, y-sitosterol could reduce serum cho-
lesterol and had effect on atheroscleroticlesion devel -
opment™. According to the relative content of bio-
medi cine components, the methanol extractivesof E.
urophydiswood was suitablefor the extraction of y-
stosterol, and the acetic ester extractiveswassuitable
for theextraction of cedarwood oil.

What’s more, the others from wood extractives of
E. urophydis biomass a so contain many components
of bioenergy, solvent, and so on. For example,
Cyclohexylbenzenewasafine chemica raw materids
and pharmaceutical intermediates*?. In addition, the
extractiveswereused for add bioenergy. Generdly, the

extractives of E. urophydisbiomassarenot only fine
bioenergy but also high value-added chemicd raw ma
terids.

CONCLUSIONS

During singleextraction, among threeextracting sol-
ventsincluding methanol, benzene/ethanol and acetic
ether, the optimal extracting timeto reach the largest
leaching rate of E. urophydiswood extractives was
3h, 3hand 12h, respectively. Duringthesequentia ex-
traction, each sequential extraction displayed gradudly
increased leaching rate, whosetota |eaching volume
waslarger than that of singleextraction; benzene/a co-
hol-methanol-acetic ether extraction displayed the best
extracting effect whoseleaching ratewasup to 12.39%.

The methanol extractives of E. urophydiswood
had amain retention time between 20-30 min and con-
tained 47 components, especidly includingy-sitosterol
(17.41%), (z)-9-octadecenoic acid methyl ester
(16.33%) and 9,12-trans octadecadienoic methyl
(7.74%). The acetic ether extractiveshad amain re-
tention time below 20 min and contained 73 compo-
nents, especially including cedarwood oil (25.68%),
ethyl propionate (22.34%) andisosorbide (5.69%). The
benzene/ethanol extractiveshad amain retentiontime
between 10-20 min and contained 49 components,
especialy including cyclohexylbenzene (37.56%), 3
methyl cyclopentanebenzene (4.06%) and acetal
(1.47%).

Thefunctional analytical result suggested that E.
urophydiswood extractives contai ned rich pharmaceu-
tical componentswhich had hugepotentid inbiologica
medicineindugtry, especidly including vitamin-e, vanil-
lin, cedarwood oil, y-sitosterol, and so on.
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