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Abstract: Pyroligneous liquor as a byproduct from charcoal production of bamboo sprout produced damyang-
gun has the broad benefits such as improvement of soil quality, plant growth control and is mainly used
for the treatment of atopic dermatitis, fungi and many other skin diseases. In this study, flavor compounds
of pyroligneous liquor from bamboo sprout produced in Damyang-gun were analyzed and compared using
three different methods including direct analysis (DA), headspace solid phase microextraction (HS-SPME)
and stir bar sorptive extraction (SBSE). Simultanecously, the analytical conditions of GC-MS for the
determination of volatile compounds were optimized. Based on volatile organic compounds detected by GC-
MS, SBSE and SPME methods showed higher sensitivity than direct analysis. Major compounds of
pyroligneous liquor were cresol, guaiacol, p-ethyl guaiacol and syringol. These phenolic compounds are

reported as the useful chemicals with medicinal activity.
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221. Direct analysis (DA)

ZRaol 20 vi 34 E Fx29d 1 uLE GOMS
Yol FPate] B4 At

2.2.2. Headspace-Solid phase microextraction (HS-
SPME)

HS-SPMEE ¢ ¢t SPME holder ¥ F® fibere
Supelco (Bellefonte, PA, USA)AI &S AL4-31th =
Z Qo] g7 E EA LS polydimethylsiloxane (PDMS)
fiber (50/30 um DVB/CAR/PDMS)E AF&3}%1 0w
fibere 240 °CollA HEAIA EEES AAT F A
&3tk SHTE 20 W) M Fx2A 20 mLE
headspace glass vial (20 mL)oll ¥ 3. polytetrafluoro-
ethylene (PTFE) A} & 2] septum capoZ "LHAZ &
Gerstel twister (Twister, Gerstel, Mullheim a/d Ruhr,
Germany)ll &8 T2 F 424 450 ipme] £E=2
1 A17F 59 magnetic stir barS 3] AAIA 3wAd &
717482 fiberoll FHAIZ T 2ol $RE SPME
fibere SA] GCMS FYT-oll 2o} 240 °CollA 1 &
2 gakstel g4,

2.2.3. Stir Bar Sorptive Extraction (SBSE)

SBSEE $13 magnetic stir bar= Gerstel (Mullheim a/
d Ruhr, Germany) Al &S ARS-3F3ATE. SampleS =3t
7] % magnetic stir bar (PDMS, 0.5 mm film thickness,
10 mm length 24 pl, Gerstel, Mullheim a/d Ruhr,
Germany)S 250 °CollA 30 ¥7F A4 7k22 AZRAA
o SRl 20 W) 34 F F2H 20 mLE F ¢l
glass vialoll ¥ 3. PDMSZ coating® magnetic stir bar
S Y2 ¥ screw cap (silicone layer/PTFE lamination,
Gerstel, Mullheim a/d Ruhr, Germany)2. 2 =o}5%)
t}. Sample vial2 Gerstel twister (Twister, Gerstel,
Mullheim a/d Ruhr, Germany)oll €8 ¥ ¥ 429
A 450 ipm £E=Z 1 A7 magnetic stir barg 3
ANA FEF I ES FHANAT F2o] 54
stir bare straight tube (GC liner)] @] sampler
(Gerstel, Mullheim a/d Ruhr, Germany)ol]l #-2FA] Z T}
Stir bar= on-line Gerstel thermal desorption unit (TDU)
oA d= &2A]7l ¥ cooled injection system (CIS)
oM Atz SHAA o F 12 Cmine 2 2
TE 250 °C7HA &7 GC FYel FHsitt Tbu
L% program Z7]% 40 °CollA 0.2 min & %] 3t
& 600 °C/min £E=2 260 °C7HA] &3] 2 min &
25 magnetic stir barol] F2E 7S &2t
% TDU 255 40 °CE Utk 2 & CIS2=
programS %7]2% 20 °ColA 02 min A X3 &
12 °C/min £%=2 250 °C7HA] 238t GC FYU7
FAstdrt.
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Table 1. Relative percentage quantities of the compounds identified by GC/MS in Pyroligneous liquor
Relative percentage quantities
P;ng R.T. Compounds KI*  Similarity DA SPME SBSE
Area % RSD Area % RSD Area% RSD
Phenol
19 6.09 p-Xylene 95 - - - - 0.01 18.64
30 10.46 Phenol 94 7.98  8.88 7.03 299 478  7.63
35 1148 (lp“;rf:lfy"lya;‘;‘ghyl benzene 1023 90 ; - - . 005 2126
39  12.80 2-Methyl phenol (o-Cresol) 1060 96 1.71 15.61 382 317 3.69  8.68
41 1350 p-Cresol/m-Cresol (isomer) 1082 96 647 1244 649 343 4.62 10.65
42 13.87 o-Guaiacol 1094 97 495 820 762 244 1150 856
43 1436  2,6-Xylenol 1110 97 - - 079 351 1.34 540
46 1539 o-Ethyl phenol (Florol) 1142 95 0.09 12.88 086  4.30 091  6.01
47 1570  2,4-Xylenol 1152 97 0.44 18.90 320 416 325 4383
49 1631 p-Ethyl phenol 1172 97 205 844 1076 296 1052  1.63
50 1636 m-Ethyl phenol 1173 95 - - 0.78  8.50 - -
51 16.57 3-Methyl guaiacol 1180 70 - - 1.02  5.64 - -
52 16.76  6-Ethyl-m-cresol 1186 91 - - 0.13 1343 - -
53 1679  6-Methoxy-m-cresol 1187 94 - - 054 455 0.95 10.17
54  17.02 2-Methoxy-p-cresol 1194 93 229 938 547 252 812 263
55 17.25 1,2-Benzenediol (Pyrocatecol) 1202 94 431 18.17 045 10.54 - -
56  17.30 2,4,6-trimethyl phenol (Mesitol) 1204 95 - - 034 935 040 1448
58 17.85 2-Propyl phenol 1224 93 - - 0.14 456 - -
59  18.02 p-Isopropyl phenol (p-Cumenol) 1230 91 - - 0.87 345 - -
60  18.13  6-Ethyl-o-cresol 1234 91 - - 0.33 5.48 - -
61 1833 4-Ethyl-m-cresol 1241 91 - - 148  4.00 209 235
62 1845 5-Ethyl-m-cresol 1246 94 - - 023  7.60 - -
63  18.88 4-Propyl phenol 1262 90 - - 046  4.63 037 254
3-Methoxy-1,2-Benzenediol
64 1899 (3-Methoxy pyrocatechol) 1266 96 195 17.19 098 546 - -
65 1913 2>>-trimethyl phenol 1271 94 - - 030 201 050 670
(Isopseudo cumenol)

66  19.49 p-Ethyl guaiacol 1284 94 087 5.54 913 318 1317 1.64
69 1993 Thymol 1300 91 - - 0.18 10.92 0.22 21.03
72 20.37 2,5-Diethyl phenol 1316 76 - - 052  3.77 072 1.19
73 20.42 Methyl syringole 1318 90 - - 028 797 - -
75 20.69 4-Ethyl-1,2-dimethoxybenzene 1328 96 - - 022  8.65 0.30 13.05
77  21.47 Pyrogallol 1,3-dimethyl ether (Syringol) 1356 95 6.70 11.52 738 235 7.56  0.87
78  21.59 Eugenol 1361 97 - - 0.88  4.39 - -
79  21.68 2-Methoxy-4-ethyl-6-Methyl phenol 1364 81 - - 031 571 - -
81  21.85 2-Methoxy-4-propyl phenol (Cerulignol) 1370 91 - - 1.87  3.00 286 503
83 2224 4-Ethylcatechol 1385 86 026 15.71 - - - -
84 2256 3-Acetylphenol 1397 95 0.06 14.64 - - - -
87 2292 Isoeugenol 1411 95 - - 022 11.12 0.40 1548
89  23.89 4-Methyl syringol 1451 93 1.05  16.97 299 481 249 281
97  27.63 4-ally-2,6-dimethoxy phenol 1606 99 - - 0.67 525 054 223
98 2779 4-Propyl syringol 1613 91 - - 234 392 206 1.80
103 32.44 4-Propionyl syringol 1829 80 - - 0.15 1233 - -
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Table 1. Continued

Relative percentage quantities

f;\(;zk RT. Compounds KI* Similarity DA SPME SBSE
Area % RSD Area % RSD Area% RSD

Ester
1 0.52  Methyl acetate 83 - - 0.41 10.99 1.10 15.59
2 1.18 Methyl propanoate 90 - - - - 0.69 14.74
5 1.91 Methyl isobutyrate 91 - - - - 0.06 879
7 2.38  Methyl bytyrate 94 - - 0.04 1592 0.38 16.09
10 5.22  Methyl isovalerate 91 - - - - 0.07 18.55
13 4.85 Methyl pentanoate (Methyl valerate) 94 - - - - 0.12 1944
14 498 Furfuryl methyl ester 95 - - - - 0.04 594
21 7.17 Methyl-4-methylpentanoate 87 - - - - 0.08 26.01
29  10.10 Methyl-2-furoate 95 - - 037 498 048  6.63
76 21.11 Methyl anisate 1343 70 - - 024 233 0.09 1097
92 25.60 Methyl vanilate 1522 91 - - 0.17 2343 - -
94 2594 Guaiacylacetate 1536 86 047 19.77 037  5.63 015 335
95 2646 Methyl-p-cumarate 1557 91 - - 0.18 10.61 - -
102 31.33 Methyl syringate 1778 92 - - 034 998 0.17 1.65

Ketone
6 2.04 2,3-Pentadione 97 - - - - 0.03 748
9 3.38  1-Hydroxy-2-butanone 72 037 1335 0.06 19.68 0.07  2.09
11 5.42  2,4-Dimethyl-3-pentanone 90 - - - - 0.02 12.70
12 5.52  Cyclopentanone 91 - - - - 0.19  7.98
16 5.31 2-Methylcyclopentanone 90 - - - - 0.10 975
22 7.62  2-Methyl-2-cyclopentenone 94 0.59 29.92 0.23 6.64 057 11.53
24 7.96 Butyrolactone 90 245 1581 029 948 0.10 3341
25 8.21 2,5-Hexanedione 80 0.10 5.81 - - - -
26 8.77  2,5-Dimethyl-2-cyclopentenone 90 - - 0.04  6.06 0.19 1239
31 10.74  t,t-3,5-Heptadien-2-one 91 - - 0.09 10.84 - -
33 10.87 2,3-Dimethyl-2-cyclopenten-1-one 1005 97 - - 0.14 9.6l 0.37 12.64
34 1121 2-Furyl ethyl ketone 1009 78 - - 0.13 10.14 024  9.10
36 1185 o ibdroxyS-methyl-2-eyclopenten- 0 o596 1374 041 1638 - -
one (Corylone)

40  13.04 Acetophenone 1067 94 - - 022 14.62 028 16.96
45 14.78  3-Ethyl-2-hydroxy-2-cyclopentenone 1123 90 037 13.37 0.35 7.76 - -
48  16.04 2-Hydroxy acetophenone 1163 93 - - 0.05 9.25 0.11 2.73
68 2095 1-Indanone 1298 98 - - - - 073 7353
71 20.18 2,3-Dihydro-2-methyl-1-Indenone 1309 96 - - 0.22 1.84 0.25 4.88
74 20.57 1,3-Dihydro-1-methyl-2-indenone 1327 95 - - - - 026 774
82  22.08 2,5-Dihydroxypropiophenone 1379 91 - - 059 237 058 255
88 2370 p-Hydroxyacetophenone (piceol) 1443 94 0.07 35.05 - - - -
Aldehyde
15 5.16 2-Furancarboxaldehyde 90 2.60 9.39 398 526 280 940
27 9.48 Benzaldehyde 95 - - 0.06 3.83 0.11 16.84
38 1219 2 ivdroxy benzaldehyde 1046 98 - - - - 042 834

(Salicyl aldehyde)
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Table 1. Continued

Relative percentage quantities

E;\(;zk RT. Compounds KI*  Similarity DA SPME SBSE
Area % RSD Area % RSD Area% RSD
g0 2173 Denzaldehyde, d-hydroxy 1364 96 011 2121 - - - -
(p-Formyphenol)
85 2264 SMethoxy-bhydroxy benzaldehyde 309 gy 14 1920 017 819 - -
(Vanillin)
96 27.14 2-Ethoxy-4-anisaldehyde 1585 83 - - 0.11 8.83 - -
99 2887 Syringaldehyde 1664 95 0.09 26.60 - - 0.05 16.19
Alcohol
4 1.55 Acetol 90 3.68 10.64 0.16 25.77 0.08 18.18
44 1459 Maltol 1117 80 0.83 3.50 0.19 13.57 - -
Pyrazine
8 2.93  Pyridine 91 030 15.56 0.01 3890 0.02  12.29
17 533  2-Methylpyridine 84 016 10.87 - -
32 11.14 3-Methoxypyridine 1004 87 020 29.63 - - - -
Acid
3 1.22  Acetic acid 90 3891 924 3.09 1840 - -
101  31.31 Homosyringic acid 1776 81 0.44 2471 - - - -
Furan
20 6.13  2-Ethyl furan 76 - - - - 0.05 1241
23 7.81  2-Acetyl furan 91 039 7.58 052 924 074  8.16
37 1215 2-Acetyl -5-methylfuran 1039 90 - - 0.10 20.21 - -
Other compound
18 5.79  4,5-Dimethyl-1-hexene 72 - - - - 0.07 4.99
28 9.64  5-Methyl 2-furfural 97 0.37  10.89 0.54 858 0.19 16.08
57 1746 111045 : :6-Dianhydro-alpha-d-glucopyra- )5 ) 078 2696 - - - -
67 19.84 3,4-Dihydroxytoluene 1295 98 0.86 19.66 - - - -
70 20.01 2,5-Dimethoxy toluene 1309 89 - - - - 0.06 6.07
86 22.81 3,4,5-Trimethoxy toluene 1406 99 - - 0.39 2.98 0.47 5.66
90 2475 D-Allose (Hexose) 1486 90 1.13 3856 - - - -
91 2484 Acetoguaiacon . 1490 89 021 3422 023 651 015 417
(Acetovanilone, Apocynin)
93 2584 2,3,5-Trimethoxy toluene 1531 95 0.60  3.90 431 436 381 233
100 3045 Acetosyringone 1738 95 022 2391 - - 0.05 844
SUM 100 100 100

*KI: Kovat index

224. Gas chromatography-mass spectrometry

Zzole] Fuy P7) AR EALS AT By
o HAst 2 A=, AA A2 Agilent 7890 GC
system/Agilent MD 5973 quadruple mass spectro-
meter (Agilent Technologies, Middleburg, OH, USA)E
AHgEtATh 2 AEe £8E 91¥ GC column
HP-5MS (5%-Phenyl-methylpolysiloxane, 30 m in length,
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0.25 pm id., 025 pm film thickness, Agilent Techno-
logies, Middleburg, OH, USA)E A}&3}%1t}. Carrier
gasZ+E helium (99.999%)2 AFE-3le] 1 mL/min®]
&5 FAFRCH FYT 22 240 °CollA 10:1€]
split modeZ AHE-3FA T} Column 2E Z7|2=& 40
°CollA 3 min BX|g £ 5 °C/min SEZE 260 °C7HA]
%23t 1 min A |33t



"

304 Eunsil Lee, Hyejin Jang, Songjin Lee and Jacho Ha

MS transfer line, ion source &%=& Z}7F 230 °C,  CA, USA), #3 #3122 v|w I3t
150 °C2 FASFA L™ 70 eV electron energy =
full scan modeol| 4] 35-350 m/z A £ H=Z & 225. Statistical analysis
g APttt F2H U] EIsHS 7 2743} Aol compounds?] S e ¥ =
AE EFEZ mass spectrum3} Wiley 275 mass SRRYH A2 ZiF < A3 W& (normalized peak

spectral database (Agilent Technologies, Santa Clara, area, %)% YERSITE
2400000
2000000
1600000 4

77

1200000

800000] af?

400000

5.00 10.00 15.00 20.00 25.00 3000 35.00 40.00 45.00
(@)

49 66

1000000 1 47 5 1?%3
0 SO0 1000 1500 2000 2500 3000 3500 4000 4500
(b)
46
7000004 47 44
6000004
5000004 9%
4000004 s 4
30 a7
3000000 | 3
223 hz
2000004 3 . 338 p 6 9
1000004 J4 133 |2 9 10l
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(€)

Fig. 1. TICs of pyroligneous liquor using gas chromatography-mass spectrometry at different sampling methods; (a) Direct
analysis, (b) HS-SPME and (c) SBSE.
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3. &n # n#

3.1. DAHol| 2olst =xoio| FUME

Fz 9] GRS B et WH SR dynamic
headspace sampling WH-2 2 d &of TFH 52
of o W= AdstA] et ARAER] FHE
o] g ABS BAMsl= o g FAJo] H|wF
22 HP-SPMEE Al§-3l= W3} PDMS7F =
5o} 9= SBSEE A A WA a8HoE
ey FNPES FEY F I wE 2 A
FAME F2A] JWPHAES A BA A5
(DA), HP-SPMEZ #-2gF 79 3 SBSEE #4]%
A-E sty FxH Fof WP ES MY =
EXOF AT F U= WS gystaAl st

Fig. 1(a)= DAYHOZE Sxd9] JUPJHYES ¥

213} total ion chromatogram (TIC)S YERH Atk DA
oz FxAS FA3 7= phenol, 2-methyl
phenol, cresol 5 phenol 15 Fo] 2 EHUL 7P B
& JHE S 2= phenold syringol©] Z}ZF 7.98%%
6.70%% *}A 3t} Estere] 7
TR AAL ketone

=

butylrolactone -5 771 %

49 guaiacylacetate 7}
+ l-hydroxy-2-butanone,

A% 5 2tk Aldehyde?]
7% 2-furancarboxaldehyde, 4-hydroxy benzaldehyde
5ol AZ&= At} Alcohol 7+ acetol3} maltol©] &
=AU acetic acid”} 38.91%= 7+
SHrE o] AT

-8

3.2. HS-SPMER 0]l

o|st =ZxoHo| F|utM

= = Q_E_
HS- SPMEB“’ﬂ ogt Zxdo JUPHYE T HE
E phenoliF= DAY &€ &3 vl$- FAFS
o} DA‘:H 02 AEHA && RO ZE 2,6-xylenol

Z} m-ethyl phenol, 3-methyl guaiacol, methyl syringol,
eugenol 5°] AN F 37F°] AE=H ATt SPMEH
o2 &4 phenolJE T B FHFL A= A
F O 2= p-ethyl phenol, p-cthyl guaiacol, o-guaicol,
syringol, phenol 522 Z}7Z} 10.76%, 9.13%, 7.62%,
7.38% 2 7.03%7}, esterd] O 2= methyl acetate,
methyl-2-furoates 8 &°] AE=HAL 2 FHF o2
ZEE0l vlste] vl Ykt Ketone®] 74-5- DAM
I Hwste] o Be Ao AEH 12 Fol A&
Aoy 2 e v wF ZHUt} Aldehyde?| 739 2-
ethoxy-4-anisaldehyde, vanillin, 2-furancarboxaldehyde
7} 8.83%, 8.19% 3 5.26% AT}
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3.3. SBSEH0]| 2 2

SBSE®R 9l 9]¢t Fx9¢] 3y
phenolf{F& & 26 E°|0 3L p-ethyl guaiacol, o-guaiacol,
p-ethyl phenol, 2-methoxy-p-cresol5-©]  Z}z}  13.17%,
11.50%, 10.57%, 8.12%% B2 ¢S 2A]313Ath Ketone
ol 749 23-pentadione, 2-methyl-2-cyclopentanone, 1-
indanone 5 % 16 F°] &= DAY} SPME
Hell vlste] HlwA @ AdE9| ketoneF7F HEHS
t}. Aldehyde®] 7% DAM 3 SPMER# Zo] 2-
furancarboxaldehyde”} 2.80%% 717 W2 & X3}
At

34. X9 I

x| FFE Ae WY IR A
phenol§F, ester¥F, ketone¥, aldehyde = &
2]l alcohol, pyrazineF, acid, furanf 2] &% 9]
v gF 2 3= o] Qt). Direct analysis oA 42 &,
SBSE "HolA 69 %, HS-SPME '3 oﬂ A 72 %2] 8t
g=ol AEHJUTE F2A F
guaiacol, p-ethyl guaiacol, syrmgol% T4
o] 1o direct analysisol| A= 4 oy
Aoz LHZ acetic acid7F H=F 40%= F 74
oz BEAFQLLT viH DAMPHETH o 2L 3}
o] Z1&% HP-SPME, SBSE¥H oA = A3
&of 713k acetic acide] o] AA
i@#uﬂ HS-SPME, SBSE ®W'# & o] &3 &4

o{w

2 W 1E oo ox
X oo M oMo Moo

= TAAES] 80%°]d°] phenolic compounds® 73
5= & 1Ak o= HS-SPME ¢} SBSES
o] g3t & 321 phenolic compoundse] A&
& &3zto] 715 e AL B F T Phenolic compounds
= dRkd o R Fxd A xA gyl EAlskE
ad Ao EREAEdA 719dsk i 7ls
F4E el Aoz Bl QIoh® Guaiacol,

syringol 72 polyphenolic compounds+ antifungal 2}
PR AL, FEH
EA3A ste 42

antidermatophyte activity S
smoky3} 2 medicinal 3+ YA &
o]t} 20 3k =M 9| alcoholFF, ketoneF, aldehyde
 compoundss-& FE°|H A= Fo 27 WE9
ARAATL FF4L &olgA she &8 S v
W Fxde LUl =R/ g3t BHEE
YA 3= phenol, cresol 52 TIA |

235l Qo2 guld o g glEARo] &=

YRl X st v go] ol Fxeo
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