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Abstract

Pine twigs with buds were cut into 2~3 mm long pieces and about 18g was used for each experiment. Pres-
sure and temperature ranges employed were 100~300 bar and 35~55°C, respectively. Volatile compounds of
extracts were isolated and identified by gas chromatography and mass selective detector. Twenty three com-
pounds from the extracts were identified. Limonene and B-pinene were found to be the major components
with 32.6~43.4% being limonene. Extracts obtained by supercritical fluid extraction were lower in monoter-
pene and higher in oxygenated terpenoids than those by steam distillation and solvent extraction (SDE). Sen-
sory evaluation showed that the pine flavor extracted using supercritical carbon dioxide was much better in
quality than that of SDE. In conclusion, it was found out that supercritical fluid extraction can successfully

be applied to extract high quality flavor from pine.
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Fig. 1. Flow diagram of supercritical extraction system

% PR &A4E 4] $3le sampling
tubeE- dry ice/acetone dewar ¢hol] A1Xdlg o 3
¥l o]Ab3lebs¥ rotameter (RMA-21-SSV, Dwyer Ins-
truments, Inc., Mich. City, [ndiana, U.S.A)2} BAF H
24 (Wet gas meter, Model No.,, WNK, Shinagawa
Seiki Co., Ltd. Tokyo, Japan)yE £3}o] H53 Fako)
ZA =9 vhFig. 1). SamplingA] o]Arsletio] Hu)-f
4 4Std. Lmin ©)3}7} H=5 218190}, Sampling
wbeol AHE F2EE AF F 5mi®] methanols- 7}
Ble] Sallslal U Eel FAE 93 AEE AN
shedvt.

ZYHITH FEAL FErE

FE25-E-2 3087t samplingdls F9F gojAl 7 B
HE g FZol A3 AR Fapo T F
A WEER 3] Tl

Likens-Nickerson HX|& O[&8 &t &

2 AT k] 4ui3EA] dHes de] A}
4% = Likens-Nickerson #* (Simultaneous steam
distillation and solvent extraction apparatus, Catalog
No. 523010-0000, Kontes, US.A.YE Ahgsle] o] F
o] uhel et & F& F2sAt

ek 20| MY - MEEA

GC-MSD °ff 9zl F2jd 207 e AE F
12708 & BAE Fsted A Aol AR
o &5 4 F o 7B $844<] limonene,
B-pinene, B-myrcene, o-pinene®] FxTAARE GC-FIDE
At FpEAle] FEE AAlsle AR 1g 7 7
A ug 2 AR sl o) ) HE ol
212] peakell HHElAME limonenes 7]E2E 3l FE
£ ulgAez F3jgg

Gas chromatography (GC) 2| ZfE%71

GCeE (HP-5890 plus)®] &&= 27L& 27)&%E 30
‘CE SEZ A F 3C/min®] $E2 20000714 %
238 F 200°Cl| A 587 #2156 ARHEEF column
2 DB-530m lengthX025mm 1D.X025um film
thickness)Z B]=4 columne AR5} ).

Mass selective detector (MSD) &| ZH=2x74

A 2ol FAHL mass sclective detector
(Hewlett Packard 5972, Avondale, PA, US.A)S AM&
3} 2 NBS75K.L (NIST/EPA/MSDC)2] mass 7]



1270 A ER A A 31 A 5 E (1999)

g} wim BA3le Zzbe) LA RS 3ol
gk MSDY 253712 jon source ¥ 280°C,
ionization voltage:= 70eV, mass scan®] 4 $(mass/
chargey= 20-200 am.u.©|%1 scanning rate 1.0 scan/
sec, electron multiplier voltage® 1670 Veolgict.

sZAL

TERAAME oot 3lal - AJEFIE Y
A F AAHAAE 913 7| EFAL obA 1599
HrleME e E & gozMY Vs AEE A
HEWE A3l BEPAE AAT B7dAl
A G s FAEAMET Duncan®] tHE H|@
£ Ak

F- R -

AT FEAL FEST Y T2

E dFdM #gitedd &% (35 55C) H oH
(100, 300 bar) HY A 2YARAR 223 & 22
o 88 A8E olatslelhol oFcrH el o3}
o Z&sle (Fg. 2). 35 £55 32 e o
Aalgdont Fdo) Aol ule}l sl AFE Y
episie}. ojefdt Adke B AlEA] gl 24
A Aol ogt AR F2edME Jehla gle
10 Lol ER Bl 1A BHEC] ol 23k
Ay 713t Aoz A=l

2482 300bar, 35°C ¢ 300 bar, 55°C8] 7%
7247} 5.0%2} 5.3%019.2.8 100 bar, 35°C2} 100 bar,
55°Cl A 724 37% W 2.8% °olgie} o] 2F o

| —@— 100bar, 35C
s 6 —O— 300bar, 35C |
S |
=~ ||—w— 100bar 55T
9 5 —7— 300bar, 55C
KR
@
£
Q" I
e
[S)
° 2
2
>.

(=]

50 100 150 200 250
Cumulative CO2 Flow (g)

Fig. 2. Extraction of pine oils in supercritical CO, as a
function of pressure and temperature
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Table 1. Physical characteristics of pine extract obtained
by supercritical CO,

SCE conditions Color* Physical state
Temperature Pressure  (yejjoun Off-flavor  at room
() (bar) temperature
35 100 3 absent liquid
300 | absent solid
55 100 3 weik liquid
300 2 strong solid

*Lower value means more yellowish in color.
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Table 2. Profiles of pine extract volatiles obtained by supercritical CO, at various pressures and temperatures.

" Chemical 35°C 55°C
No. Compound Formula 100bar 300bar  100bar 3000w “°F
1 Carene’ CHi, tr tr tr tr 0.4
2 o-Pinene’ CH, 6.9 53 11.7 10.1 12.0
3 Camphene” C,H, 0.6 0.5 tr 0.8 1.5
4  B-Pinene’ C.H, 125 108 185 15.6 19.1
5  B-Myrcene” C, H, 122 1.5 17.3 133 120
6  o-Phellandrene’ C H, 0.2 tr tr te 0.6
7  o-Terpinenc” CH, tr r tr is 03
8  Limonene” C,H,, 38 %6 34 35.4 371
9  y-Terpinene” CH 02 r tr tr 0.3
10 Terpineolene” CHy 0.8 038 r 0.8 0.8
1l (-)-Thujone’ C,H,0 tr iy tr w 00
12 |-Methyl-4-(1-methylethyl)-2-cyclohexen-1-ol” C,H,0 tr tr tr tr 0.3
13 Borneol” C,H,0 05 r r tr 14
14 4-Methyl-1-(1-methylethyl)-3-cyclohexene-1-ol® C,H;0 0.3 tr tr tr 0.5
15  Terpineol® C, H,0 r tr tr tr 12
16  4-(1,1-Dimethyl-ethyl)-benzenemethanol” C,H,0 L1 1.3 r 1.0 09
17 Bornyl acetate” C,,H,,0, 1.7 2.1 1.8 L5 24
18  a-Cubebene” CH,, 0.6 0.5 tr 0.5 0.2
19 Copaene” CH,, 1.6 22 r 1.4 09
20  Longifolene” CH,, 1.1 14 tr 09 0.3
21  B-Caryophyllene® CH,, 19 25 1.7 17 12
22 unknown 03 0.5 tr tr 02
23 o-Humulene” C,H,, 0.5 tr tr 0.4 0.3
24 Germacrene D' C,H,, 9.3 11.3 5.6 6.7 2.6
25  unknown 33 2.4 tr 1.4 1.0
26  derivative of Naphthalene 5.0 3.7 tr 23 0.4
27 unknown 1.7 1.5 tr 1.0 1.1
28  derivative of Naphthalene 39 9.1 by 54 09

YT : Compounds tentatively identified by GC-MS

P : Compounds positively identified by GC-MS and injection of pure compounds and matching retention time.
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Table 3. Relative percentage of various classes of com-
pounds in volatile pine oil obtained either by super-
critical extraction or by simultaneous steam distillation
and solvent extraction

Supercritical Extraction

35°C 55°C SDE
100 bar 300bar 100bar 300bar
Monoterpenes 67.2 614 910 76 84.2

Compound
Class

Sesquiterpenes 149 18.0 7.2 IS 5.5
Oxygenated 36 34 18 25 67
terpenoids

Miscellaneous

14.3 17.2 0 10.0 3.6
compounds
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Fig. 3. Ratio of total volatile substances to extract with
extraction time during supercritical extraction
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