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Abstract

Supercritical carbon dioxide extraction was carried out to
extract sulfur compounds from garlic(A/ium Sativum L.) at
different conditions with entrainer, ethanol and methanol. The
extraction system used in this study was a semi-batch flow
type extraction unit which was equipped with 300 mL of
vessel volume made of stainless steel materials designed up
to 350 bar. The ranges of temperature and pressure applied
were 40°C and 100 - 200 bar respectively. Garlic powders
were prepared after freezed—-dried and 30g of the garlic
powders were contacted with supercritical CO> and entrainer
for 60 minutes.

To identify sulfur compounds in the extracts recovered at
different extraction conditions GC-MS was performed. In the
extracts by methanol the content of sulfur compound, 24.4%
of  2-vinyl-4H-  1,3=dithiin, was slightly lower than
supercritical CO; extracts. In case of supercritical COz
extraction with methanol, 18.4% of allyl trisulfide were

contained in the extracts at 40°C, 200 bar.



12.3% of allicin were extracted by supercritical carbon
dioxide with ethanol at 40°C, 200 bar. The kind of the sulfur
compounds extracted by supercritical CO. with entrainer were
allyl  disulfide, allicin,  3-vinyl-1,2-dithiocyclohex-4-ene,
3-vinyl—-1,2-dithiocyclohex—5-ene, 2-vinyl—1,3—dithiane,
trisulfide and ally! trisulfide. We found that these results were
similar to those of methanol extraction.

The sulfur content extracted using methanol was more than
that by supercritical carbon dioxide. But, extraction of
organic solvent has the problems such as heat-denaturation,
extant solvent and many unit operations to purify and
remove the remaining solvent. Therefore, to improve the
add-in value of drug and functional food, supercritical fluid

extraction method is suitable.
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Table 1. Typical physical properties of supercritical fluid

Property

Density (g/cm®)
Diffusivity (cm?/s)
Viscosity (cps)

Phase
Gas | SCF Liquid
(0.6~2.0)x10°  0.2~0.9 0.6~1.6
0.1~0.4  (0.2~0.7)x107°|(0.2~2.0)x10°
(1~3)x107° (1~9)x107? 0.2~3.0
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Table 2. Supercritical solvents and their basic constants

Solvents B.P.(C) — : C(itical data

T(C)  PcdMPa) pclg/em)
CO2 -78.5 31.3 7.38 0.448
NHa -33.4 132.3 11.27 0.240
H20 100.0 374.4 22.97 0.344
Methanol 64.7 240.5 7.99 0.272
Ethanol 78.4 243.4 6.38 0.276
Isopropanol 82.5 235.3 4.76 0.273
Ethylene -103.8 9.3 4.98 0.217
Propylene -47.8 91.9 4.62 0.232
Ethane -88.0 32.4 4.89 0.203
n—Propane —-44.5 96.8 4.25 0.220
n—Butane -0.5 152.0 3.80 0.228
n—Pentane 36.3 196.6 3.37 0.232
n—Hexane 69.0 234.2 2.30 0.234
2,3—Dimethylbutane 58.0 226.8 3.14 0.241
Benzene 80.1 288.9 4.89 0.302
Toluene 110.7 318.6 4.11 0.292

-11 -



0
N
s

r

70
Hr
aF

J4
<
wl
[

A

JHMHEOICH Sal =

ety

il

2Ol Al=E D RUCH

3

KO

02 Jt

ol
IH

Rr

ANzt =8

HAHION A =

=&

2 0IFHALCH

%0
)

il
Ju

3
<
<)

t

ot ANlz=s2l

r

dotA &

IS0t A= &

X

A =

J
o

B

9]

o0

Ok

ol

K
o

ij

cleHHNA 20 s/t

TIALE BK

b

=
e

=EHAZ M=

SRR

0l
R
i
il

ol
IH
0
0
uir

K0
n

FAIZA Al

3]
il

Ol
1

1o

00

H

A2

A =

ol

o

OO 2 ZelSHHUA =

UCH

AL
e

ioll
K
KF

IH

10J

00

]
ol
bl

01

0%

A
X

iofl
Uk
I3

ol
il d
X0

o)
il
Ll
Kk

ZOrHOA VI

20 ol X

H0

0lo

h&0l AL, M2

ol
K]

ol
<
4

Ul
IH

o
0
Kk

ou
ill

-~

70

It

o)

HoHl

oy
sl

Wl

Al

= Ecdl 0850 U

=l 2 A0

st

o

=
[=3

Hz 0

(=
TT

& Al

K4

_12_



K
0lo

H
D

e

<0
ol

—_

nJ

010
)
Rl
00
I
o]
BJ

i0J

[}

7
Klo

JU
Ak
o

XtCF &
O O

el DN =5st

= &0l

o
A

210

ol

70

ol
<H

=&

=
al

-

ol

R’
&l

=)

-

<t

ol
KO

KO

ol
il

F& Ot

A

1T MEHOIAM M2E &fEfe] o XxA

U

i

Jjo

H
0o

0l

o
K

ol
ol

oln
o

b, ol

= Ol

s | D

AL
nE

ol A

Ll

IH

0l
Al

ﬂ
H
K+

UE
KIO

2201 2

AlLE & Xl

A

It

<J
)

b

OHE A

0
il
Kt

E Al

010

Ho

oy

ol

ol

oK

Olotd

192 ME0l 8

SRR

(=)
[

ujn

00
KHI
KF

1
00

o
54

=1y

<

o
o

ol
OH

%0
J

K

oll

o

=l &=
o1

o

H22 Az

a It

O

Al

Z A

o

10
o

Ol
Hd

ot
lof

I
Kl
-
O
il
Kk

- 13 -



Xl

A =

ol

Uk
KIO

Uk
DK

o
O
Ll
KF

o
Al
K1

ol
ar

=
o

ol0

0}

0f0

ol
Ul

=0t |4

PNS
oo

Hed JbAl

5t

H =H =22 0ld

Ol
=

S

Ol

OlE8dAM =&

Ol

=
=

K+

0.
50

[[@)]

I AZ20tE]

X

<O
TT

A

M,

[}

e =8C=

o1 flet &

el

=
—
o

2SS0 =2HELD UCH

Q

ulo
H|

i0J

P

&

ZO0HHA 2-5H=

=14
=L

ol

104

<

0
Jo

15
R0
H0

ol

KU
K

ol

oD
ol
oi0
100

P

o

- 14 -

FHZ 1 018ds SUHAIILR

elst FIIHA

PN

I
@,



Table 3. Application areas for supercritical fluid extraction

Chemical
and

food industries

Fractionation, Por

ous, Swell polymers
Chemical fiber

Chemicals from coals,
metals isotopes, alcohol
Spice extracts , Aroma and essence
Lecithin , Fat free proteins
Vegetable fats and oils
Animal fats, Fat refining
Natural coloring substances
Catalyst treatment

Reduction of alcohol in beverages

Pharmacy

Alkaloids , Sterines, Antibiotics

Recycling of residue

Used oils, Polymer wastes

_15_
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Fig. 2. Flow diagram of supercritical fluid process.
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Table 4. Operation condition of gas chromatography & mass

for analysis on the Gallic

Gas Chromatography

Instrument Hewlett Packard 5890 series |l
column HP-1 fused silica capillary column,
0.32 x 30 mm

65C (1min)-57C/min-2307C(10min)
Carrier gas N2,1 mL/min
Split ratio 1 :50
Injector 250°C
Detector(FID) 270C

Gas Chromatography Mass

Instrument Hewlett Packard 5988 |
column HP—1

25 mm x 0.336 m x 0.2 mm
65C-5C/min—-300C

lonization voltage 70eV

MS range 30~33 m/e

_22_
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Table 5. Proximate composition of garlic

(dry basis)
Composition Content (96)
Moisture 60.41
Crude ash 1.3
Crude fat 0.5
Crude protein 1 3.1
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SIIZEMME 01830 U=2FH F=st SEpet=2 total
ion chromatogram® Fig. 31 220, =22& 2 =22
GC/MSOll <loH &ftelst Zite= Table 61 &0 &0l A28 7
JbX2 0l=0l Z2d Al2b2 7.7, 9.9, 10.0, 10.3, 10.6, 12.3

2 HluH #H2 MIUALH, 1 5 g &

2132, 15.6 min
0l &R0t UAs A2 2-vinyl-4H-1,3=dithiin 24.4%, 1 C}
= 3-vinyl=1,2-dithiocyclohex—5-ene 8.13%,

3-vinyl=1,2—dithio
—cyclohex—4—ene 7.20%, allicin 5.93%, allyl disulfide 4.79%,
trisulfide 2.37% =0IU2H, & HE22 HdFE Ally trisulfide

2.02% = LT ALE AL
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Table 6. Sulfur compounds identified from garlic by GC/MS

Peak Compounds Methanol
No. Area %
1 7.7 Allyl disulfide 4.79
2 9.9  Allicin 5.93
3 10.0 3-vinyl-1,2-dithiocyclohex—4-ene 7.20
4 10.3 3-vinyl-1,2-dithiocyclohex-5-ene  8.13
5 10.6  2-vinyl-1,3-dithiane 24 .4
6 12.3 Trisulfide 2.37
7 15.6  Allyl trisulfide 2.02
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Fig. 4. Gas chromatograph analysis material extraction
from garlic using supercritical carbon dioxide(40°C, 200 bar,

methanol; 1 mL/min for 1 hr).
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Table 7.

Sulfur compounds identified from garlic with

methanol by GC/MS

Peak MeOH-CO>
R.T Compounds
No. Area %
1 7.7  Allyl disulfide 1.12
2 9.9 Allcin 3.10
3 10.0 3-vinyl-1,2-dithiocyclohex-4-ene 4.14
4 10.3 3-vinyl-1,2-dithiocyclohex-5-ene 3.66
5 10.6 2-vinyl-1,3-dithiane 3.10
6 12.3  Trisulfide 7.09
/7 15.6  Allyl trisulfide 18.38
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Fig. 5. Gas chromatograph analysis material extraction

from garlic using supercritical carbon dioxide(40°C, 200 bar,

ethanol; 1 mL/min for 1 hr).
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Table 8. Sulfur compounds identified from garlic with ethanol

by GC/MS
Peak EOH-COq
R.T Compounds
No. Area %
1 7.7 Allyl disulfide 6.62
2 9.9  Allicin 12.34
3 10.0 3-vinyl—-1,2-dithiocyclohex—4-ene 712
4 10.3 3-vinyl-1,2—-dithiocyclohex—5-ene 8.26
5 10.6 2-vinyl-1,3-dithiane 2.49
6 12.3 Trisulfide 1.04
7 15.6  Allyl trisulfide 4.0
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