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Antimicrobial Activity and Composition of
Extract from Smilax china root

Food and Drug Analysis Division

W. K. Lee, H. . KEwon, H. ]. Park, S. ]. Kim, J. M. Kang,
K. S5 Cha and 5. T. Ha

Abstract

Antimicrobial activity of five extract fractions from the root of Swilgx ching was
investigated by disc diffusion method against several microorganisms, A. ritzogenes,

A. tumefaciens, C. ulilis, 5. cerevisioe, B, megatersum, B. subfilis and E. coli Solvent



extract yield of the powder of vacuum dried Smilax chinag root was 13.10% of methanal
fraction, 0.54% of hexane fraction, 0.20% of chloroform iraction, 0.83% of ethylacetate
fraction, 2.73% of butanol fraction and £.71% of aquecus fraction. Methanol extract
exhibited potent antimicrobial activity against A. rhizogenes, B, megaterium and B.
subtilis. Chloroform extract exhibited antimicrobial activity against A fumefaciens,
B, megalerium and B. subtilis. Ethylacetate extract exhibited strong antimicrobial
activity against A. rhizogenes, A. fumefaciens, B. megaterium and B. subtilis. Butanol
extract exhibited antimicrobial activity against A rhizogenes, B megaterium and B.
sublilis. Extracts that showed high antimicrobial activity against A. tumefaciens, B,
megaterium and B sublilis are ethylacetate and chloroform extracts at 235 ppm.
Methanol, chloroform, ethylacetate and buthanol extracts were analyzed by GC/MSD.
Methanel extract was including phenolics(8.86%), furan{16.04%), alcohols{0.83%),
acids(36.10%), ketones(13.07%), aldehydes(0.20%) and sterols(153%). Chloroform
extract was including phenolics(29.13%), furans(1.96%), alcohols{8.23%), acids(7.
22%), ketones(4.40%), aldehydes({1.75%) and benzenes(10.17%). Ethylacetate extract
was including phenolics(45.99%), furans(4.03%), alcohols(1.17%), acids{27.80%) and
ketones(44.21%), Butanol extract was including phenolics(18.96%), acids(4.88%),
ketones(3.84%), alkanes(3.51%) and sterols{7.27%)

Key words | Smilax ching, antimicrobial activity, root extract, GC/MSD analysis
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g EASE $FEL A P42 Mitscher™ Fo] 10739 SFA A
ethanol +& 29 FTR4E AL, Leven” € 437 1003 HENY +
44, methanol, dichloromethan ¥ petroleum ether &89 9284 & =48y
4, 459 ganrt TTEEE 71AY, 75%7F BAT4 BA4E Tectzn Rast
ek ¥EEIS FAn gTEdd R e ATE £ (Paenia suffruli-
cosa)™™, T 717} (Lycium chinense)™, 871 (Sinomenium acutum)} 72 (Glyeyrrhiza
wralensis)™™, X2 (Gardenia jasminoides)"™™, 77 o) (Plantago asiatica)™™, %
(Phellodendron amurense), T3 BT (Cudrania tricuspidata), 271235 (Phwus
rigida)"™, 2.3 (Chaenomeles sinensis)™, SR I (Uimus davidiana)™, 2 (Lithos-
permum evythrovhizon)'"™, B4 (Salvia multiorhiza)™, 1ot (Sasacoreana)™, 14
ol (Cariding denticulats)™ 2 T8 2 (Chrysanthemum zawadskii) ™" S2] Aok
T2 dsis ol Fojxz gld.

A 5o EAtle STEALE I 5] alkaleidF, flavonoid ¥, terpene’, phe-
nolZt T, quinone® ¥ i V7Y B9 AdARIEC|AY B O =
AR geiA o 7S 2 alkaloid T Strychnes gieliis] F7] W o4
2] E bisnor-dihydrotoxiferine, bisnor-C-alkaloid H % Caracurine V7F Strepiococcus
& o)fge] diatel grEEAde] Uckm EIH o oo™ Taberanemontana
chippire] 4 =& 45717 2] alkaloid 7HE 9 dimeric voacamin® 2] alkaloid”F Gram
AT e Y YTFEAE 7l FHos BagUu™, ®ok ojd} he-
nzylisoquinoline alkaloids, dehydroglaucine ¥ liriodenine 5% $o&dE fa8H
U™ Flavonoid®o $191ME Salvia polgesting™l A &% flavonoid Fofl A
cirsimaritin®] Staphylococcus awrews, Staphylococcus epidermidis, Escherichia coli, Kle-
bstella prewmoniae, Proteus vulgaris 9 Psendomonas aeruginose 59 ©] 4o o] &l
e gEwAde] e, Glyoyrrhiza glabra®l X £8% isoflavoncid 5 A Staphylo-
coccus aureus®t Mycobaclerium smegmaiiso] tdhe] ¥R EHE A Jog B
Yo, g4 E 2 phenold SHEE2E Magnolio grandifloras) ¥ 3%
T magnolol, honokicl, 3.5'-diallyl-2'-hydroxy-4-methoxy biphenyl F° Gram
sk el didio] fEEdo] 2T, Acer ginnala 48 T4 acetone FEFolM



H2 8%9 phenold HLER Aralia elata®lM F& 4-hydroxycinnamic acid”t
gEe4g4E e 208 v o™, 28 Echium lyeopsis®) callus 5 kel 4]
%39 quinone FEHN F Sessafras rendgimses F2leld FFE neolignansT™
FTEYE R RRHAGT,

2 dFold ABE AHET Yol Y2 (Smilex ching) & 8 % (Liliaceae) o] &
g gEA BEoE 33 JeE vEE 2, Yie] g $Een, Ak
o AEA, =, ol 45T ¥ YT hemoglobing F71E #ASEH
o WA g Az AHgsta o™ gk olual, A e YTd A7
A7, 20% wed s AT 4R, FET, 3T T ] 2493 oA 2o
gokn @A Ad™ ey Aol gBe] P YRR @ Are £
Fol gJ&M 9 =28 28459 FTEAH AP Rast & Lol
A3y B Smilax & Ao A A= Smilar menispermoidea®] 73 ¢4 M steroidal
saponing] -2l 9} Sweiler lebrunii®] YLE]ollM 22§ stercidal glycoside Fo] EX
slgiey eld7A) ol F FA¢ U 4B f4e FASA gV,

ks 2 dFcdMe i 9 AR A AMgEI lE AojdH"IT W
gl28E Y& methanol 8%, methanol $85 54 chloroform, ethylacetate, bu-
thanol ¥ S84 22§ A8 Gram ¥4 T, Gram &40 ¥ £2 o
GF Y& £AHHD, GO/MSDE o) &8s I SAEHATE] & HYsA

I, As 2 4y

1. 4¥A=

E A7 AHEE Avdgay $e AGdE T 4 Ao ae
¥, Adste Fusiqc A=d YvjHPgE e H2AF Food mixer (KMF-361,
Daewoo Co., Korea) & AH8-81ef v 5t of4f# £ 05m A2 A2 obg 2 228
-20C YER Myt L4985 HEdR2 A



2. £4E8 £€

o) H&A ol AvlAPEs] 5250909 methanol(1000mE)E 718hd a4]k
@€ d & membrane filter(0.45um, Millipore Co., USA) 2 o Fate] methanol &
5§ 992, o]F rotary vacuum evaporator{RE-114, Buchi Co., Switzerland)Z
24k, FS, A2 A2 F methanol FHEF 2500f HiO-methanol(9 : 1) 4]
Ag st of 7ol 25088 hexane® 713t hexane FHER FE44 FEEE £
&l hexane $EEFS 91, &84 ®Ho chloroform{250mé)& 713 chlo-
roform $#8& @2k &l 84 L Hl ethylacetate ¥ butanol2 £3}FH oz
MHrete] A EHOE putanold S84 FEEE £20ch Hexane, chloroform, ethy-
lacetate, butanol ¥ &4 $#2F & protary vacuum evaporator® HY s F&,
A=z89g HFig 1)

3. e Mgk o ulA

gar A S| ALEE Agrobacterium rhizogenes, Agrobacterium tumefaciens, Ba-
ciilus megaterium, Bacillus subtilis, Escherichia coli, Candida uhlis, Saccharomyces ce-
revisioe T2 PFEHA7EATY 4HFHATLE FHAAEDAM Y Bof AE
sk, 2 vl ge) Wke £ 5wl whah s0TolA Wskach

4. AR ES VEEH 54

2} 2228 E Ui $TFRAYL disc diffusion PE & o S8 SAHHCL T
FEEL I g AL I $2F2 FEF W5ppmlE s BT H
disc(S & S antibiotic-assay disc, 1/4 inch, Aldrich Chemical Co., Inc, USA)«] 3
A o, FA) M Sl E @A HEAF D e FA Do) FE ager plate
Abef gl ) YA A JgneA 123 YA SR Baallus &, E coli, C. uhilis
R S, cerevisiges 30T WiSk7lsl A 16-17A1 T o FEHE L, A rhizogemest A. fume-

_TE_



faciense= 30°C ¥l 9d7|e)A] 36417t ¥l F inhibition zoned] A HE mPHE S
Aste] HFY G vy,

5. €& U AH# 77 0§ FEF9 G4

Anjg S Naley 2e 7} 25BE 404A 35U A4 £ disc diffusion
dez e %A

6 g &89 GC/MSD &4

Gas chromatography/Mass slective detector({GC/MSD)el 2 8lef z} X328 F
£&9 #wd 4EF 2498590 GC/MSDE HF model 6890A geries GC system}
AZ ¥ HP model 6890 series Mass Selective Detector® AME-#t3ch Columns
HP-5 crosslinked 5% Ph Me Silicone capillary column{50m length * 0.32mm id. *
1.05um film thickness, Hewlett-Packard Co., USA)-& AFE8}Ho™ gven £%&
methancl® ethylacetate $&&2] Aot wWCAM 58T 4 ¥ 50/mineZ
28l 12004 1830 FAAHLen oA 280T77] 150/ mine 2 289t
Chloroform $& &2 40T 4 58t &4 ¥ 5T/ min2 2 & 28of 175TH4 4 158 10
FAAT F oAl 150/ mine. 2 280T71A ¢ 2850209 butanol $E 52 80T AH
RN #7 F 5C/mine 2 &8s 180CNM 108 FAA L F A 10T/min
sz 290tMA $£289c)l Injector B interfaces] 252 Tz} 270t} 2902
#9 }. Carrier gast He 1.0ml/min, split mode {ratio=15. 1)& ¥ A8 LsplS
Fl stk MS2) EM Volts® 1890, 12]3 scan ranget 35-T00amu2 &En
GCAM 2218 ZF peaks] AEL Willey275. Lol 28t FA3}gc.
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Fig. 1. Fractionation of antimicrobial substances from Smilax china rool



m, 2= 2 23

1, £A2YEe] 2358

AEE AojdgSy] Py 23F methanol X ZF 4L HE8 562
Table 1o vehgic), 50g8] =g Av|AHF Wl Al 65592 methanol
F2Ed ¢¥gon 2F5FE2 1310%°1%0th Methanol F&E] ¥ hexane,
chloroform, ethylacetate, butanol | +&4 #8 & F8E2 T2 0.54%, 0.20%,
0.83%, 273% % 8T1%22 chloroform®] F&58¢] 714 @gton 284 26

#4 g0 =4 JdEhdct

Table 1. Yield of each fractions extracted from Smilax chinag roat

Fraction dried weight(g) Yield (%)
Methanaol 6.55 13.10
n-Hexane 0.27 0.54
Chloroform 0.10 0.20
Ethylacetate 042 083
n-Butanol 137 273
Aqueous 435 £71

dried weight of extract fraction, 9
Yield(%) = — >0 100
dried Smilar ching root, 509

2. Belell X R2EY £XEHEL S84

A, rhizogenes, A, lumefaciens, B, megaterium, B. subtilis, E. coli, C. wtilis % 5.

—El_



cerevisige®] € HojglE LaloA 22 methanol FHE R methanol 3554
chloroform, ethylacetate, butano] % T84 E & &2 4T84 L Table 25 Fc.

Table 2. Antimicrobial actvity of extracts from Smilax china root

Inhibition zone, mm

Microbes
Methanol Chloroform Ethylacetate  Buthanol  Aqueous

A rhizogenes = - 120 9.4 =

A, tumefactons E 100 135 . -

B. mepaterivm B0 125 12.0 - -

B. subfilis a0 11.0 115 10.0 &80
E. coli = - - - -

C. uiilis g a = -

8. cerevisige = = = -

concentration of each extract, 235 ppm : -, not measurable activity

ety 582 FE8 235ppma 2 S I oo i F FTEEE ST
A7, methanol &2 F5 B megaterium ™ B. sublilis®] dlde] 22 Yagde
Baov A rhizogenes® H|EF o2 o4 S s 2] BAHA %
el o9k g P £ Fol nod Ar g 28 methanol RSS2
AT v)aste] A rhizogenesS A tumefaciens®] TR e] He|A] ghgbs)
o| A& methanol &Y SA%t ¥TEAY FE7t F& HoR 429 2
2|3 chloroform & e oYL A tumefociens, B. megaterium™ B, su-
biilis®l A e AL, ethylacetate 88 & A rhizogenes, A. lumefaciens, B. megaierium
W B sublilizo] dizte] & FFE v 5t 2o A5 e E 2o g2
T dfMHe o EdE Hol BUh Butanol FEES YT EAL A rhize-
genesSh B, subtifise] A e 84 FEFFL B osubbilis M T YFREE B
RedH B subtilisd| o§ FEY F5E5] $TEY L butanol FF RS 8] 8
woid FojHge Ree F 2259 FTRAL B osubilsd dH#ME 2E
80 YT E4E EUI, butanol®t FE4 FEEF AP OB FEEFL R



megaterium ™ thdte] ST A5 JeERRACE oY Al A AR g 2
28 F2Fs 47 B0 e ez Y9100 Methanol 2352 F% 2 4
of 3 ] 4-&°| chloroform, ethylacetate ® butanol®] &9 vl dls] ot §FE 5
Aol 22 g@e| o} methanol FEEF Y FT Y ) ohE EAHEH F R v) 8l
Wi gles Add 28 ¢844 2222 A5, 78499 methanol 585
HlEte) @& 32 B Smiex & 488 Fi4 FEES A FAE AAE
golm A, §FEAe] F4 Svld) & $FH4Y L ethylacetate>chloroform
»butanol % methanol> T84 TEES T£2LE, o8 F& FAds 29 methanol
FEEY 28N JehtE Anst fFapsigoh

3. #2849 HA44

oS oM 28T 4 2o 325 F 4T JF DA 359U Bag
of % FEEY FEF 235ppmeE =YY F As vjdEd diY EHAg
54 ZF= Table 3¢ Jehilg.

Table 3. Stability of extracts from Smilax china root during storage

Inhibition zone, oo

Microbes
Methanol Chloroform Ethylacetate  Buthanol - Aqueous
A. rhizogenes - - 110 - -
A. tumefaciens - 1040 13.0 = =
B, megaterium 7.5 11.5 125 7.5 =
B. subtilis 75 115 120 8.0 75
E. cofi = - - - =
C. wfilis = = = = =
5. cerevisiae 5 _ - = =

These results showed the antimicrobial activity of extracts from Smedlax ching root
stored at 4T for 35 day.
concentration of each extract, 235 ppm : -, not measurable activity



WAER o2 §7849] dite 34 Eo)|] SUth Methanol #8852 B
megaterium =t B. subliliso] ot Sdi#de] Y2 chloroform 2 A
tumefaciens, B, megaterium ¥ 8. subtilis<l 913, ethylacetate 82 A rhizogenes,
A, tumefaciens, B. megaterium® 8. subilise] thd}sd, buthanol 582 B megate
rium¥ §. sublilise] tjEle YEGHE Lgon, £44 22 EL S sublilizd M
FodAdE 2o 35497 AR FAE ethylacetate FBF2 A7 AR =
HAAE 2 FEFE ¥ 3 A rhizogenes A fumefaciens, B. megaterium = B,
subtitisol d&he] A VTP E 2ok o|HF Wiz Heol I 2EHEL P2
Histele G E AT wEts o= HAx kHA) e ez 47
L2

4. e 559 YEEH

Aol s el M €2 methanol +FE8 2o 49 GC/MSDEY A==
Fig. 2 © Table 48} Ecl Methanol FEEolE 477172 Ly HEgEe] J&
Heloo o] &4 4 §FE A A acidF71 36.10%, furnantt?T 16.04%,
ketone 7t 13.07%, phenol®7F 8.86% TH-= o slao 284 alcohol &, aldehyde
D sterol FEE] FHH Uk AcddEE quinic acid”t BN FEE 9 21.36%2
7t o] A5 1 hexadecanoic acid?} 5.64%F A F 1 glem, furand HEEF
5-{ hydroxymethyl) -2-furancarboxaldehyde?t 1551%2 713 B E4sdey §
FEHEo] EA Ptz 33 phenolf+2] HF-4 = benzoic acid{3-hydroxy-benzoic
acid, 4-hydroxy-benzoic acid)?} 4.29% EA Ao, o go A= £ Fol B
I Aol Es 2] 8] methanol FF&ES] A 44 v)sie W} g2 39
F# %t Chloroform 282 A4 (Fig. 3, Table 5)el& 827179 &% &5+ I
#5913, methanol FFE 5 ¥ 28 benzene® 2| HFEe] FE2n, phe-
nol’d EE-Eo] 20.13% ¥HH T T FRE methanol FEE v te] cfgk
gsict 22 furan®l 8EEe] =ZA Fiee 23-dihydro-benzofuranthe] HE
= gich Ethylacetate TSEolc 2471318 Y& &S UHFig 4, Table 6).



Aa3E A HEEL 45999%7) phenold ATEER olF 7353%7F 1,35 benze-
ntriol® 2-{tetrahydro-2H-pyran-2-yl)naphthalen-1-ol®| 51eh. £% acid 2§
07 80%2 OF ZAHYD. ButanolF&EclE 377HR Y #iEc FEHIUEH
phenold #§HEe] 1896%2 AR Fo] 2L sterol HUYEE 72T% T

A {3 {Fig. 5, Table 7).

a3

14 Jl AT

.! d )
6 g - II h’qﬁ\ﬁ WJ L\' 42 2
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Fig. 2. Gas chromatogram of methanol exiract obtained from Smilax china rool
Peak numbers correspond to those listed in Tabla 4.
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Fig. 5. Gas chromatogram of butanol exfract obtained from Smilax china rool
Peak numbers corespond to those listed in Table 7.



Table 4. Compounds in the methanol exiract from Smifax china root

Peak No. RT(min) Area{%)

Compound Name

] B es = EHEER

EESEERES

11

14

15.750
16.108
17.870
24535
24,606
30523

5.195

6.853
17.624

18,453

-28.681

27,186
27.975
28,569
28,722
289.060
20203
30.995

5,850
8.061
11.245
11583
14.726

7385

M.732
35.152

0.396
2444
1.619
2331
1.960
0.114

0.172
0.357
15.511

(0.563
0.267

21363
5.2
0.648
0.657
6.761
0.756
0.266

0.243
0.130
0.8638
0.004
11325

0.196

0.307
1.227

Phenolics(8.86%)
4=vinylphenol

1.2-benzenadiol
4-vinyl-2-methoxy-phenol
J3-hydroxy-benzoic acid
4~hydroxy-benzoic acid
2.4-his( dimethylbenzyl) phenol

Furans(16.04%)

2-acetyliuran

a-methylfurfural

5-(hydroxymethyl) - 2- furancarboxaldehyde

Aleohols(0.83%)
1.2 3=propanctriol, 1-lactone
1-hexadecanol

Acids(36.10%)

quimc ackd

hexadecanoic acid

heptadecancic acid

{E.E}-9.12-octadecadiencic acid, methyl ester
linoleic acid

octadecanoic acid
2-hydroxy-1-{hydroxymethyl) -hexadecanoic
acid, ethyl ester

Ketones{13.07%)
2-hydroxy-2-cyclopenten—1-one
1,2-cyclohexanedione
2,3-dihydro-5-hydroxy-6-methyl-4H-pyran-4-one
24-hexanedinone

2 3-dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one

Aldehydesi0.20%)
pentenal

Sterols(1.53%)
(3. p.. 22E}-stigmasta-5,22-dien-3-0l
{3. B., 245)-stigmasta-5-en-3-ol




Table 5. Compounds in the chloroform extract fram Smifax china root

Peak No. RT({min) Area(%)

Compound Name

2
g8
10
12
23

27
35
65

dE88 8% w

HHEEE S

56

11623
18.237
18.903
21299
26.971
28.107
32.489
56.067

57.634

15.801

12.033
33.003
37.280
55.005
60.347
61.381

14.B80
18.596
24.667
28834
20.714
32837
45.788
82.106

52.300

(.179
13.482
1.595
0.115
0.729
2818
7.531
1.217

1.468
1.9549

0.412
1399
1.674
1.569
1.931
0.947

0.131
0.678
0.484
0.355
L.BST
0.976
0.260
1.178

1.297

Phenolics(29.13%)

2-methoxy-phenol

4-vinyl-2-methoxy-phenol
2,6-dimethoxy-phenol
2-methoxy-4-(1-propenyl) -phenol

2 6-dimethoxy-4-{2-propenyl) -phenol
4-{3-hydroxy-1-propenyl}-2-methoxy-phenol
F-hydroxy-4-methoxycinnamic acid

2 3-dimethoxy=5-[2- (3-hydroxy-4-methoxyphe-
nyl)ethenyllphenol

2-methoxy-4- (methoxymethyl) -phenol

Furans(1.96%)
2,3-dihydro-benzofuran

Alcohols(8,23%)

phenvlethyl alcokol
y-phenyl-bezenepropanol
2-[2-(2-methoxyethoxy) ethoxy l-ethanol
(3.p)-24-norchola-5,20(22),22-trien-3-ol
3.4-dimethoxy-benzenemethanol
15-nonylphenyl-3,6,9,12,15-pentacxapenta
decanol

Acids(7.22%)

butanedioic acid, dimethyl ester

isopentyl 3-hydroxy-2-methylenebutancate
dodecanocic acid

decanoic acid

methyl Terulate

hexadecanoic ackd

5,8 11-heptadecatrienoic acid, methyl ester
4-methyl-1,3-benzenedicaboxylic acid,
dimethyl ester

1,2-benzenedicarboxylie acid,
bis(2-ethylhexyl)ester




Table 6. Compounds in the athylacetats extract from Smilax china root

Peak No. RT(min) Area(%)

Compound Name

13
15
20

i

9.299
18.927
21.521
22.810
24.264
25.854
34.481
J6.542
41544
42,998

18.372

17.766

37144
a8, 127
40.860

44.205

4.193

0470
3618
0.047
3224
0427
0.559
1021
10.262
1.905
23.552

1.0265

1.163

15.937
11189
0667

3.768

3.507

Phenolics(45.99%)

phenol

1,2-benzendiol
4-ethyl-2-methoxy-phencl
4-vinyl-methoxy-phenal
2-methyl-1,3-dibenzenediol (Resorcinol}
2-propyl-phenol
34,5-trimethoxy-phenol (Antiarol)
1,3,5-benzenetriol { Phloroglucinol)
2-hexylphenol
2-{tetrahydro-2H-pyran-2-yl) naphthalen-1-ol

Furans(4.03%)
2 3~dihydro-benzofuran

Alcohols(1.17%)
1,2,3-propanetriol

Acids{27.80%)

quinic acid

3 4-hydroxy-3-methoxyphenyl}-2-propenoic acid
1,2-benzenedicarboxylic acid, monoester

Ketones(44.21%)
(5,0)-androstane-3,11,17-trione

Miscellaneous{4.19%)
tetradecamethyl-heptast loxane




Table 7, Compounds in the butanol extract from Smilax china root

Peak No. RT(min) Area{%)

Compound Name

2
4
)
10
12

14
15

18
22

Be

BEEEREDw

37

13

16

6975

B273
13.812
14.128
15.130
16346
17.072

22753
33.000

4.788

14.619
42.231

7179
30.564
37.735
39.032
40075
40.964
41.761

44.290
45279

15.712

18.778

7.738
0.766
0.117
0.395
3.196
2590
4.153

4.783
0.095

3.168

0300
0.360

2,133
0.038
0.065
0.322
0.519
0.275
0.162

6.826
0444

3.181

18.010

Phenolics(18.96%)

1,2-benzendiol

4-vinyl-2-methoxy- phenol
2,5~dihydroxy-benzoic acid, methyl ester

2 6-dimethyl-3- (methoxymethyl) - p-benzoquinone
3-hydroxy-benzoic acid
4-hydroxy-3-methoxy-benzenacetic acid

2 6-dimethoxy-4- (2-propenyl) -phenol

Acids(4.88%)

hexadecanmc acid
1.2-benzenedicarboxylic acid,
bis(2-ethylhexyl) ester

Ketones(3.84%)
2,3-dihydro-35-dihydraxy-6-methyl-4H-
pyran-4-one
1-(4-hydroxy-3-methoxyphenyl) -ethanone
1.4-dimethyl-2(1H) -pyridinethione

Alkanes(3.51%)
1,1-bis-n-butoxy isobutane
2,9-dimethyl-undecane
hexadecane

pentadecane

oetacosans

dodecane

tridecane

Sterols(7.27%)
(3.p..25R) -spirost-5-en-3-ol
(25R ) -spirost-4-en-3-one

Miscellaneous(21.19%)
2,6,6-trimethyl-3,4-benzotricycle[3.2.00(2,7) ]
heotene

1.6-anhydro-f-D-glucopyranose( Levoglucosan)




oG E s T £A4LY I8 AEF GCMSDE /&3t 4@
A7 FEEAL JYehie EE2 €27 phenold #{HEe] ohd Seof AR,
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