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ABSTRACT - In order to optimize the supercritical fluid extraction {SFE) conditions of ginger oleoresin (GO), we
conducted an evaluation of quality properties such as yield (%), color, volatile flavor compounds and gingerol com-
ponents. The extraction yield gained by SFE increased as extraction pressure and temperature increased. The highest
yield was 8.96 + 0.68% at 500 bar 65°C extraction condition. The total color difference (AE) values decreased at high
pressure. In case of the 100 bar pressure conditions, AE-values increased as the temperature went up. The analysis of
the 6-gingerol, 8-gingerol, 10-gingerol, 6-shagaol and curcumin contents decreased at high temperature conditions of
identical pressure and increased at high pressure conditions. The volatile flavor compounds were detected in zingib-
erene, B-sesquiphellandre, -phellandre, ay-curcumene, 2,3-butandiol, B-bisabolene and so on. Also volatile compo-
nent contents showed difference in each of extraction conditions.
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Table 2. Hunter color values of ginger oleoresin by supercritical
fluid extraction at initial stage

e L W s @
100 bar, 35°C~ 17.78+0.17 —-5.87+£0.04 12.73+0.60 0.00
100 bar, 50°C~ 10.88+0.24 -2.35+£0.10 4.25+0.19 1149
100 bar, 65°C 1048 +£0.30 -1.60£0.19 2.65+0.25 13.16
250 bar, 35°C  17.66+£0.74 —6.15+0.15 19.33£0.32 6.61

1826+0.12 —6.14+£0.18 1929+ 0.21 6.58
17.38+0.22 -5.86+£0.02 1842+0.12 5.71
20.18+0.87 —6.68+£0.10 21.98+0.29 9.59
19.82+£0.26 -6.35+0.13 21.67+0.21 9.18
22.39+0.40 —-6.91+£0.02 23.31+0.07 11.59

250 bar, 50°C
250 bar, 65°C
500 bar, 35°C
500 bar, 50°C
500 bar, 65°C

NS —*—75 g A= Table 29} ﬂE} @4011 et
7Ur 7ol &9l 2oRETFE ¥ Lt = bt
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Table 1. Yield of ginger oleoresin by supercritical fluid extraction AL, WAL aghe F7RRE B HEMiZlen,
Extraction condition ol Z¥ °ﬂ 93 Aoz H ‘?]_'53_‘:]' Al S (AE)Y
Extraction Extraction Yield (%) Ej '?032 3s°cE 1% T D34, 500 bar 65°C
pressure (bar) temperature (°C) FEL g A 11.598 78 & zolE Jeh
100 35 377067 At} Jo T9E Aol ER-E gingerolo] A7 o] =EL]
0 . 172050 ABEA PEVEE AT 22 ) U,
100 65 6.08 +0.75 e F2i= 2UN FIPA] LR Lovaluesh
250 35 7.36+ 0.61 brvaluets SIS avaluet ZshE AHS e 2
0% Mo} gulsl Qo] F2E RS T + YA
250 50 7.60+1.04
250 65 8.09+0.77 M7} Oleoresin B
500 3 7.80+0.98 A7} oleoresin®] FL2 84452 6-gingerol, 8-gingerol,
500 50 7.90 +0.89 10-gingerol, 6-shogaol & curcuming #4]3t Z 3+ Table
500 s 896+ 068 33 2k 294 #2ES A Y 9 2NE 3
Table 3. Components of ginger oleoresin by supercritical fluid extraction (%)
Extraction condition
Components 100 bar 250 bar 500 bar
35°C 50°C 100°C 35°C 50°C 100°C 35°C 50°C 100°C
6-gingerol 18.76 £ 0.09 10.88 £ 0.09 5.35+0.08 18.38 = 0.08 18.95 + 0.07 14.35 £ 0.05 13.76 = 0.04 14.98 + 0.03 11.35 + 0.05
8-gingerol 534+0.06 2.69+0.06 1.30+0.05 535+0.09 546+£0.03 4.06+0.05 3.93+0.07 430+0.04 3.35+0.03

10-gingerol
6-shogaol

curcumin

431+£0.07 1.79+0.11 0.64+0.07 4.60+0.06 4.79+0.10 3.52+0.08 3.39+0.06 3.84+0.05 2.96%0.11
242+0.08 299+0.02 1.76 £0.13 2.50+0.07 2.42+0.08 1.91+0.06 1.81+0.09 1.98+0.07 1.54+0.06
0.63+0.07 0.00+0.00 0.00+£0.00 1.24+0.05 1.56+0.07 1.17£0.03 1.07+0.01 1.19£0.02 1.10+0.04
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Table 4. Comparison of volatile flavor compounds identified in ginger oleoresin by supercritical fluid extraction

Plgzl.{ Flavor compounds MFD Mw? = ;;;ak area(?é)ﬁ) 7
1 Acetic acid C,H,0, 60.05 3.66 2.19 4.95 5.32
2 2,3-Butanediol C,H,,0, 90.12 31.18 13.91 14.10 24.34
3 6-Methyl-5-hepten-2-one CH,,0 126.20 0.49 0.74 0.98 0.81
4  B-Phellandrene C,,Hy, 136.24 4.66 6.26 8.20 6.52
5  Eucalyptol C,H,,0 154.25 0.95 1.27 1.53 1.31
6  Terpinolene C,Hyg 136.23 0.43 0.66 0.68 0.54
7 Cumic alcohol C,.H40 150.22 0.32 0.47 0.57 0.48
8  Borneol C,,H 0 154.25 0.08 0.11 0.12 0.09
9  a-Terpineol C,.H,0 154.25 0.64 1.34 1.13 0.83
10 Bornyl acetate C,H,0, 19629 0.43 0.64 0.49 0.43
11 2-Undecanone C,H,0 170.29 0.22 0.39 0.29 0.24
12 Cycloisosativene C,H,, 204.35 0.87 1.09 1.08 0.92
13 a-Cubebene C,H,, 204.35 1.25 1.52 1.17 1.36
14 2,4-Diisoprophenyl-1-methyl-1-vinyl cyclohexane C,H,, 204.35 0.95 1.30 1.16 0.97
15 y-Elemene C,H,, 204.35 0.84 1.13 1.04 0.87
16  B-Famnesene C,H,, 204.35 0.76 0.79 0.75 0.72
17 oy -Curcumene C,H,, 202.34 9.41 12.32 10.92 9.58
18  Zingiberene C,;H,, 204.35 24.40 31.60 29.05 2548
19 a-Farnesene CsH,, 204.35 5.45 5.35 6.90 6.13
20 [(-Bisabolene CH,, 204.35 4.09 5.34 5.09 439
21 P-Sesquiphellandre C,H,, 20435 8.92 11.56 9.79 8.66

YMolecular formula

YMolecular weight

A : Ginger oleoresin treated by SFE at 100 bar, 35°C
“1B : Ginger oleoresin treated by SFE at 100 bar, 65°C
C : Ginger oleoresin treated by SFE at 500 bar, 35°C
9D : Ginger oleoresin treated by SFE at 500 bar, 65°C
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Fig. 1. GC/MS chromatogram of volatile flavor compounds identified in ginger oleoresin by supercritical fluid extraction.

A : Ginger oleoresin treated by SFE at 100 bar, 35°C
B : Ginger oleoresin treated by SFE at 100 bar, 65°C
C : Ginger oleoresin treated by SFE at 500 bar, 35°C
D : Ginger oleoresin treated by SFE at 500 bar, 65°C

oh Z2UA & 100 bar 35°CY 270A 713 A A&
E 2,3-butanediol®] 7% acetaldehyde, ethyl acetate2} 7
AuE Y RS ZE £57] S7F (simultaneous steam
distillation extraction, SDE)o|A] #8]3}7] ol&l & 3]ikAd o]
A BEZ gEX AP 29YA 227 100 bar 65°C
FE2E F8 3Py FIAE-S zingiberene, 2,3-butanediol,
oy-curcumene, [B-sesquiphellandre, PB-phellandrene®  z}+zt
31.60%, 13.91%, 12.32%, 11.56%, 6.26%% e} th o] =
zingiberene®] A4 ThE YA FEFE F 7MF A4 g

v AL 319 Zingiberened 34E % 3o g
AREE O] stom, HE Aol Fuolg 2, AR
2 gAd g3yt E2lE vf AP, =8 A7} S/ F8%
FNNEER EB T neral, geranial, o-terpineol, bornyl
acetate, zingiberene, B-eudesmol, B-sesquiphellandrol 5] )
om® o] F B Ay ERIE a-terpineol, bonyl acetate
9} zingiberene®] ko] 24z} 1.34%, 0.64%, 31.60%E Z
YA F227 5 100 bar 65°C 27NN 718 A Uet
v RAE A = AUk 500 bar 35°C FE2E] FaF



Quality Properties of Ginger (Zingiber officinale Roscoe) Oleoresin by Supercritical Fluid Extraction 41

7188 A9 A% zingiberene 29.05%, 2,3-butanediol
14.10%, oy-curcumene 10.92%, B-sesquiphellandre 9.79%,
B-bisabolene 5.09%= LFENSto W E3] B-phellandrene a-
farnesene©] ZHZt 8.20%9F 6.90%2 thE F&z2 A3 H|w
st A AEHAD 500bar 65°C FE2E] F2374
B 249 4% zingiberene, 2,3-butanediol, ary-curcumene,
B-sesquiphellandre, B-phellandrene©] Z}z} 25.48%, 24.34%,
9.58%, 8.66%, 6.52%2] =& UeRAAL, thE F&27
} H|5LE}S acetic acid®] @Eo] 532%2 BA JERG A
< I SFEHCE sty 94L& A7} 2259
A YIRS G 2 FESIE doT)A] ol A
Aes & 7 Ao, o

=i
© SFEH2Z Aeg 87] FEedMe fAE 23S

& A7olA = 4B (100 bar, 250 bar, 500 barj? 25(35°C,
50°C, 65°C)x=7g duEldte] 2UA fA =23 AY
oleoresin®] 7} &7 U3 +&, A% FPrIAHE 2 &
SHES AHEYT 2UA A 2 A oleoresing
&8 FEUEH] IS E T80 F2uT BEF
FETE0] A U, 7 52 2 £8L B
712 500 bar 65°C 270l 358 FEE2 5280] 896%
2 Uehsith A7 oleoresing] Mg 4% A3} 22
Hol| &5 AukdQl AT (AER] #Asai, 5%
g 100 bar 249 9= 22257} 2S4S At
AMZ(AERE] S71eke S BT 294 £4 323
A7 oleoresin F 2] 6-gingerol, 8-gingerol, 10-gingerol, 6-
shogaol 3 curcuming 43 23 59U 4F 2HAME
FELLT EE5E FE8AE Ui Padlke
BT &Yl B2 AR o
S YERARICE A7 oleoresin 59 F7|44E-S 41351
F8 ¥-2= zingiberene, B-sesquiphellandre, B-phellandrene,
oy-curcumene, 2,3-butanediol 2 B-bisabolene S°] A& Y
2, %4 FEx204 g2t )98 g Jol2 Jehidnh

fo

BN o>

z
)

e B
0,

I‘
P

-

o

Ol

b
o7

=

H ol
o

rlo

i o
&

O

2 AFERS FUSVAETIN AW 578
PARY AP PO YR ATAFY AN o
of A=Y,

1. Kim, D.H. and Lee, Y.C.: Quality changes in minced ginger
prepared with frozen ginger during storage. Korean J. Food

10.

L

12.

13.

14.

15.

16.

17.

18.

19.

Sci. Technol., 36, 943-951 (2004).

. Kim, 1.S., Koh, M.S,, Kim, YH,, Kim, M.X. and Hong, I.S.:

Volatile flavor component of korean ginger (Zingiber offici-
nale Roscoe). Korean J. Food Sci. Technol., 23, 141-149
(1991).

. Lee, .Y. and Ahn, M.S.: Changes of antioxidative properties

according to the heat-treatment of ginger extracts. Korean J.
Soc. Food Sci., 10, 63-70 (1994).

. Chen, C.C.,, Roesenm R.T. and Ho, C.T.: Chromatographic

analysis of gingerol compounds in ginger (Zingiber officinale
Roscoe) extracted by liquid carbon dioxide. J. Chromatog.,
36, 163-169 (1986).

. Lee, C.H., Chung, K.Y, Lim, S.C., Choi, D.Y,, Kim, C.J. and

Choi, B.K.: Studies on the antioxidant activity of capsacin
and oleoresin from red pepper in grounded bacon belly meat.
Korean J. Soc. Food Sci., 26, 496-499 (1994).

. Kim, Y.P.,, Lee, GW. and Oh, H.I.: Optimization of extrac-

tion conditions for garlic oleoresin and changes in the quality
characteristics of oleoresin during storage. Korean J. Food &
Nutr. 19, 219-226 (2006).

. Connell, D.W.: The chemistry of the essential oil and oleo-

resin of ginger. The flavor industry. 1, 677-693 (1970).

. Lee, 1.Y.: Changes of antioxidative properties according to the

heat-treatment of ginger extracts. Sungshin women's Univ.
MS thesis (1994).

. Kim, M.H., Kim, MK, Yu, M.S., Song, Y.B., Seo, W.J. and

Song, K.B.: Dehydration of sliced ginger using maltodextrin
and comparison with hot-air dried and freeze-dried ginger.
Korean J. Food Sci. Technol., 41, 146-150 (2009).

Suckawa, M., Ishige, A., Yuasa, K., Sudo, K., Aburada, M.
and Hosoya, E.: Phamacological studies on ginger. . Pharma-
cological actions of pungent constituents, 6-gingerol and 6-
shogaol. J. Pharm. Dyn., 7, 836-848 (1984).

Kim, E.J. and Ahn, M.S.: Antioxidative effect of ginger
extracts. Korean J. Soc. Food Sci., 9, 37-42 (1993).

Connell, D.W. and Sutherland, M.D.: A re-examination of
ginger, shogaol, zingerone. The pungent principles of ginger.
Aust. J. Chem., 22, 1033-1043 (1969).

McHugh, M.A. and Krukonis, V.J.: Supercritical fluid
extraction, principle and practice. Butterworths Publishers,
London, UK, p181-195 (1986).

Dzievak, J.D.: Innovative separation process finding it's way
into the food industry. Food Technol,, 46, 66-69 (1986).
Brunner, G.: Gas extraction. Steinkopff Darmstadt Springer.
New York. USA, pp 179-192 (1994).

Lee, S.H., Cheon, J.K. and Ju, C.S.: Lipid extraction of sea
tangle with supercritical carbon dioxide. Korean J. Food
Eng. Prog., 4, 19-24 (2000).

Kim, K.J. and Lee, Y.W.: Supercritical fluid technology for
green food processing. Food Sci. Industry, 43, 35-52 (2010).
Ari, K., Smith, R..J., Aida, TM.: Decetralized chemical
preesses with supercritical fluid technology for sustainable
society. J. Supercritical Fluids, 47, 628-636 (2009).

Jung, S.H., Chang, K.S. and Ko, K.H.: Physiologicat effects
of curcumin extracted by supercritical fluid from turmeric



42 Myung-Hee Lee, Kyoung-Hae Lee, Sang-Yoon Choi, and Kyung-Tack Kim

20.

21.

22.

23.

24.

(Curcuma longa L.). Korean J. Food Sci. Technol., 36, 317-
320 (2004).

Reverchon, E.: Supercritical fluid extraction and fraction-
ation of essential oils and related products. J. Supercritical
Fluids, 10, 1-37 (1997).

Woo, GY., Kim, K.H., Lee, M.J.,, Lee, Y.B. and Yoon, JR.: A
comparison of volatile compounds in pine extracts obtained
by supercritical fluid extraction with those by simultaneous
steam distillation and solvent extraction. Korean .J. Food Sci.
Technol., 31, 1268-1274 (1999).

Lee, H.C., Seo, H.Y,, Shin, D.B., Park, YK., Kim, Y.S., Ji,
J.R.. and Choi, H.D.: Supercritical fluid extracted of volatile
components from strawberry. Korean J. Food Sci. Technol.,
41, 615-621 (2009).

Schwertner, H.A. and Rios, D.C.: High-performance liquid
chromatography analysis of 6-gingerol, 8-gingerol, 10-gingerol
and 6-shogaol in ginger-containing dietary supplements, spices,
teas and beverages. J. Chromatogr. B., 856, 41-47 (2007).
Jo,K.S., Kim, J.H. and Shin, H.S.: Major components affect-
ing nonenzymatic browning in ginger(Zingiber officinale

25.

26.

27.

28.

29.

Roscoe) paste during storage. Korean J. Food Sci. Technol.,
28, 433-439 (1996).

Lee, B.S., Ko, M.S_, Kim, H.J., Kwak, LS., Kim, D.H. and
Chung, B.W.: Separation of 6-gingerol from ginger(Zingiber -
officinale Roscoe) and antioxidative activity. Korean J. Bio-
technol. Bioeng., 21, 484-488 (2006).

Chen, C.C. and Ho, C.T.: Gas chromatographic analysis of
volatile components of ginger oil (Zingiber officinale Roscoe)
extracted with liquid carbon dioxide. Korean J. Agric. Food
Chem., 36, 322 (1988).

Kim, M.G, Lee, B.E., Yun, S.E., Hong, J.S., Kim, Y.H. and
Kim, YXK.: Changes in volatile constituents of Zingiber offi-
cinale Roscoe Rhizomes during storage. Korean J. Agri.
Chem., 37, 1-8 (1994).

Lee, J.G., Jang, H.J., Kwag, J.J. and Lee, D.W.: Comparison
of the volatile components of korean ginger (Zingiber offici-
nale Roscoe) by different extraction methods. Korean J.
Food & Nutr., 13, 66-70 (2000). '

Millar, J.G.: Rapid and simple isolation of zingiberene from
ginger essential oil. J. Nat. Prod., 61, 1025-1026 (1998).



