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Abstract

Superecritical fluid extraction (SFE) of grape seed oil was performed to study the effect of various parameters such as pressure, temperature
and the particle size of the sample on the yield and composition of oil using an analytical-scale SFE system. Then the extraction was scaled up
by 125 times using a preparative SFE system under the optimized conditions of high pressure (30—40 MPa) and low temperat@}® (35-40
with medium particle size (20-40 mesh). The maximum yield of the oil can reach 6.2% with pure supercriticald>D0% more oil can be
obtained by adding 10% of ethanol as modifier. The unsaturated fatty acids (UFSs) make up about 70% in the oil on the basis of free fatty acids.
The grape seed oil was then subjected to separation and purification for free fatty acids after saponification by high-speed counter-current
chromatography coupled with evaporative light scattering detection (ELSD). The separation of 1.0 g of oil can yield about 430 mg pure linoleic
acid at 99% purity. The fatty acids were analyzed by HPLC—-ELSD.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction seed oil has been served as high-quality nutritional oil for
infants and elderly people or healthy oil for aircrews in the
Grape seeds contain about 14-17% of oil. The main inter- world [3].
est in grape seed oil lies in its high contents of unsaturated Meanwhile, grape seed oil can also be used for the pro-
fatty acids (UFAs) such as linoleic acid (72—76%, w/w), duction of conjugated linoleic acid (CLA), which is a mix-
which exceeds those in safflower oil (70-72%), sunflower ture of positional and configurational isomers afG fatty
oil (60-62%), and corn oil (about 52%}]. In addition, acid. Many studies have reported that synthetic CLA is an
grape seed oil contains a large amount of tannins, i.e. theeffective agent for inhibiting mammary, colon, forestom-
oligomeric proanthocyanosides (OPCs), at levels 1000-fold ach, and skin carcinogenesis in experimental models, due
higher than in other seed oi[2]. This makes grape seed to its modulation of lymphocyte and macrophage activi-
oil more resistant to peroxidation. Studies have shown thatties. Recent clinical and in vivo experimental data disclosed
grape seed oil exhibits many pharmaceutical activities, suchnovel biological effects of CLA, e.g. the anti-atherogenic
as properties against the oxidation of low-density lipo- and anti-hyperinsulinemic activities. Therefore, CLA may
proteins, prevention of thrombosis, inhabitation of cardio- be effectively used as a nutritional supplement in combina-
vascular diseases, reduction of cholesterol in serum, dilationtion with the food antioxidanl].
of blood vessel, and regulation of autonomic nerve. Grape Grape seed oil consists mainly of triglycerides, triacyl-
glycerols of fatty acid. Supercritical CGOs a promising
mspondmg author. Tels 1-301-496-1210: sqlv_ent for. extraction.and fractionatign of edible oil§ con-
fax: +1-301-402-3404. taining labile UFAs, since the extraction can be carried out
E-mail addressitoy@nhlbi.nih.gov (Y. Ito). at low temperature. Besides, the supercritical fluid extrac-
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tion (SFE) offers many other favorable features over the tra- Table3 1 '
ditional techniques, like steam distillation and solvent ex- Lo(3)” orthogonal test design

traction, due to the fact that it uses a clean, inexpensive, Test A B c
non-flammable and non—toxig: solvent. . no. particle Temperature Pressure
Several reports have studied the SFE of ediblg4b], size ¢C) (MPa)
essential oils and related products from different raw mate- (mesh)
rials, as reviewed by Reverch¢@]. However, few studies 1 A 10-20 B 35 G 20
have been focused on the extraction of oil from grape seeds2 A;  10-20 B 40 G 25
[7,8]. In this work, the effects of pressure, temperature and 3 A 10-20 B 45 G 30
particle size on the yield and composition of grape seed oil 4 22 ;g'ig B 4318 gz ;g
were investigated using an analytical scale (10 ml) SFE sys-, A 2040 2 45 6 20
tem. Then, the process was scaled up on a preparative scale As  40-60 B 35 G 30
(21) system. Subsequently, the separation and purification8 Az  40-60 B 40 G 20
of free fatty acids from the grape seed oil was performed 9 As  40-60 B 45 G 25

by high-speed counter-current chromatography (HSCCC)

coupled with evaporative light scattering detection (ELSD). _ ) ] ) )
HPLC-ELSD was used for analysis of fatty acids. three processing parameters including particle size of ground

Fatty acids in oil samples are usually analyzed as fatty 97@P€ Seeds, temperature, and pressure of extraction were
acid methyl esters by GC—flame ionization detection (FID) considered to be thg majorfa(?tors for effective extraction. In
after saponification and methylation. Here the analyses of €ach test, 4g of milled and sieved grape seed sample were
fatty acids were performed using an HPLC system coupled P/aced into the extraction cell. GQwith purity of 99.95%
with ELCD directly after saponification. We feel that latteris Was used as a solvent without modifier. After 1h of static
simpler as further methylation is not necessary. In addition, €Xtraction (no liquid flow), the sample was subjected to dy-
the sensitivity of ELSD is high enough for the detection of Namic extraction for 1h by flowing liquid Cfat a rate of
most of the free fatty acids from grape seeds oil. The meth- 0-4ml/min. The extract was trapped into a collection vessel
ods established for the extraction, analytical and preparativeCOntaining about 15ml of ethanol, and then analyzed after
separations of grape seed oil in this paper could be servedconcentration.

as a reference for oil samples from other sources.
2.3. Scaling-up SFE

2. Experimental Under the optimized SFE conditions determined above,
the extraction was scaled up by about 125-fold using the
2.1. Reagents same preparative-scale SFE system as used in our previous

study[9]. A 500 g amount of grape seed sample was placed

Carbon dioxide (C@, 99.95% purity) was obtained from  into an extraction vessel with a 2-I capacity, and extracted
Beijing Analytical Instrument Factory. All solvents and other statically for 0.5h and dynamically for 3h. The flow-rate
chemicals including ethanol, methanol, diethyl ether, sul- of CO; was set at 41/h and the extract in supercritical fluid
furic acid, potassium hydroxide, anhydrous sodium sulfate, was depressed directly into two separate vessels. The extract
hexane, heptane, light petroleum (bp 60289, ethyl ac- from grape seed was light-yellow oil. After saponification,
etate, acetonitrile, and acetic acid were of analytical grade, the oil sample was subjected to HSCCC separation for free
while methanol used for HPLC was of HPLC grade, all of fatty acids.
them being purchased from Beijing Chemical Factory (Bei-
jing, China). 2.4. HSCCC separation procedure

Standards of linoleic acid (99%), oleic acid (92%),
palmitic acid (99.5%), and stearic acid (99%) were  The present studies employed two different HSCCC units,

from Chem Service (West Chester, USA), while i.e. a Model GS20 analytical HSCCC system and a Model
linolenic acid (99%) was from Sigma (St. Louis, MO). GS10A2 preparative HSCCC system both manufactured by
Grape seeds were bought locally, and were dry and cleanBeijing Institute of New Technology Application, Beijing,
without any skin. China. For the analytical model, the multilayer coil sepa-
ration column was prepared by winding 0.8 mm i.d. PTFE
2.2. Optimization of SFE conditions tubing coaxially onto a spool-shaped column holder where

the B value ranged from 0.4 to 0.72. The total capacity was
An analytical-scale SFE system used for optimizing ex- 35ml. For the preparative model, the multilayer coil was
traction conditions was designed and fabricated in our lab- prepared by winding 1.6 mm i.d. PTFE tubing coaxially onto
oratory. The volume of extraction cell was 10 ml. As listed a spool-shaped column holder. TA&alue ranged from 0.5
in Table 1 an orthogonal testo(3)® was designed where to 0.75, and the total capacity was 230 ml. The detection of
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Fig. 1. Impacts of different saponification conditions on the recovery of
linoleic acid from grape seeds by SCF separation.

fatty acids was achieved by connecting the tail outlet of the
coiled column to a model 75 evaporative light scattering de-
tector (Sedere, France) through a split valve. An on-line filter

A two-phase solvent system composed of heptane—
acetonitrile—acetic acid—methanol was used for the separa-
tion of free fatty acids extracted from grape seeds.

The solvent system was thoroughly equilibrated in a
separatory funnel and two phases separated shortly before
use. In each separation, the coiled column was first entirely
filled with the upper stationary phase, and then the lower
mobile phase was pumped into the column at a flow-rate
of 1 ml/min under 1800 rpm of column rotation for analyt-
ical HSCCC and at 2 ml/min under 800 rpm for preparative
HSCCC. After the mobile phase front emerged and hydro-
dynamic equilibrium was established, the outlet of the coil
was connected to the ELSD system. Then the sample so-
lution (sample dissolved in the mobile phase) was injected
through the sample loop. Peak fractions were collected
according to the recorded elution profile.

2.5. Saponification and HPLC analysis

Fatty acids in the grape seed oil were analyzed using a
Shimadzu LC-10A system after saponification. Experimen-
tal conditions are as follows: column, Phenomenex Lupia C
(150 mmx 4.6 mm i.d.); temperature, 3%; mobile phase,
methanol with 1% HAc—water with 1% HAc (95:5, v/v);
flow-rate, 1 ml/min; detector, ELSD.

Meanwhile the influence of the saponification processing
parameters including the concentration of KOH, tempera-
ture and reaction time on the yield of free fatty acids was
tested. In each test, 100 mg of oil was sampled and saponi-
fied with KOH in methanol, and then the solution was acid-
ified with sulfuric acid—water (1:4, v/v) and extracted with
diethyl ether. After concentration, the extract was analyzed
for fatty acids by HPLC—ELSD.

3. Results and discussion

3.1. Optimization of saponification conditions

Fatty acids exist mainly in the form of triglycerides in

was used before the ELSD system to eliminate particulates.the grape seed oil. Because of the lack of UV absorption,

Table 2
Lo(3)® test results
Test no. A B C Oil yield UFAs (%) SFAs (%Y
0/ a

1 2 3 () Linoleic acid Oleic acid Total Paltimic acid Stearic acid Total
1 Ay B1 C1 1.9 54.8 12.7 67.5 4.9 2.3 7.2
2 A1 B> Co 2.2 51.9 11.0 62.9 3.7 15 5.2
3 Ay B3 Cs 3.8 57.2 12.3 69.5 3.8 2.2 6.0
4 Az B1 Cy 3.5 56.6 11.2 67.8 3.9 2.2 6.1
5 Ao B> Cs 5.1 63.2 14.2 77.4 4.1 2.1 6.2
6 Az B3 C 1.7 48.0 9.6 57.6 3.6 2.0 5.6
7 Az B1 Cs 4.2 60.4 11.6 72.0 3.8 15 5.3
8 Az B> C 2.1 49.6 10.4 60.0 3.8 1.3 5.1
9 As B3 C 3.7 48.6 9.4 58.0 3.4 1.4 4.8

@ The amount of oil/sample mass.
b The amount of UFAs and SFAs in oil on the basis of free fatty acids.
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Table 3
Analysis of Lg(3)? test results
Oil yield (%) Total UFAs (%) Total SFAs (%)
A B C A B C A B C
K1 7.9 9.6 5.7 199.9 207.3 185.1 18.4 18.6 17.9
K2 10.3 9.4 9.4 202.8 200.3 188.7 17.9 16.5 16.1
K3 10.0 9.2 13.1 190.0 185.1 218.9 15.2 16.4 17.5
k1 2.8 3.2 1.9 66.6 69.1 61.7 6.1 6.2 6.0
ko 34 3.1 3.1 67.6 66.8 62.9 6.0 5.5 54
k3 3.3 31 4.4 63.3 61.7 73.0 5.1 55 5.8
R 0.8 0.1 25 4.3 7.4 11.3 1.0 0.7 0.6
Optimal level A B1 C3 As B1 Cs A1 B1 Ci1
& kA =Y oilyield atA,.
b kA = KA/3.
¢ RA = max{k™} — min{k?}.
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Fig. 2. Effects of temperature, pressure,

Temperature (°C)

Pressure (MPa)

and particle size on the yield and composition of grape seed oil by SCF separation.

fatty acids are usually analyzed by GC—FID after saponi- covery of linoleic acid. Based on the results of the above
fication followed by methylation. Here the analyses of studies, the optimum saponification condition was deter-
fatty acids were performed using an HPLC system coupled mined for an aliquot of 100 mg oil sample as 2.5 mmol

with ELSD directly after saponificatiorzig. 1 shows the

impacts of different saponification conditions on the re- experiments.

KOH at 70°C for 1.5h, which was used in the following

Table 4
Results of scale-up SFE test
Test no. Pressure  Temperature Oil yield UFAs (%) SFAs (%)

MPa °C %

( ) ) 0) Linoleic acid Oleic acid Total Paltimic acid Stearic acid Total
1 30 35 25 57.7 14.2 71.9 3.7 1.3 5.0
2 30 40 31 58.6 143 72.9 37 3.9 7.6
3 40 40 6.2 55.9 12.9 68.8 2.8 14 4.2
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Table 5
Comparison of extraction efficiency between SFE and solvent extraction
Extraction Oil yield (%) UFAs (%) SFAs (%)

Linoleic acid Oleic acid Total Paltimic acid Stearic acid Total
SFE 6.2 55.9 12.9 68.8 2.8 1.4 4.2
Solvent 10.6 57.1 13.8 69.9 3.1 1.4 4.5
Table 6
Comparison of extraction efficiency by supercritical £&nd supercritical C®with modifier
Extraction Oil yield (%) UFAs (%) SFAs (%)

Linoleic acid Oleic acid Total Palmitic acid Stearic acid Total

Supercritical CQ 6.2 55.9 12.9 68.8 2.8 14 4.2
Supercritical CQ + ethanot 4.0 57.0 12.8 69.8 3.0 1.5 4.5

a8 The sample after extraction with pure supercritical JOas subjected to further extraction with supercritical Q@®odified with 10% of ethanol.

3.2. Optimization of particle size, temperature and the amount of each UFA and saturated fatty acid (SFA)
pressure for maximizing SFE efficiency by the HPLC method as mentioned above. Results of the
Lo(3)® tests presented ifable 2revealed that the maximum
The grape seed oil obtained from each test in analytical yield of oil was about 5%, and in the oil, the total amount
SFE was quantitatively analyzed for the yield of oil, and of UFAs including linoleic and oleic acids accounted for
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Fig. 3. HPLC chromatograms of free fatty acids in (A) a mixture standards and (B) a sample of grape seed oil. Samptey{K)alenic acid (4.13.9),

2 =linoleic acid (9.95.9), 3 = palmitic acid (5.78.g), 4 = oleic acid (4.66.g), 5 = stearic acid (10.838g); (B) 100 mg oil sample, diluted with

50 ml methanol after saponification and concentration, injection volumgi.Ilhe other experimental conditions are as follows: instrument: Shimadzu
LC-10A; column: Phenomenex Luna (150 mmx 4.6 mm i.d.); temperature: 3%; mobile phase: methanol with 1% HAc—water with 1% HAc (95:5,
v/v); flow-rate: 1 ml/min; detection: ELSD. (Note: This chromatogram is for demonstration, and a smaller amount of sample was injected forvguantitati
determination.)
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58-77%, while that of SFAs including palmitic and stearic sults indicated again that higher pressure is beneficial to

acids accounted for 5-7% on the basis of free fatty acids. the yield of oil. When the pressure was increased from
The results inTable 2were transformed t@able 3after 30 to 40MPa, the yield of oil was increased more than

orthogonal analysis. Pressure was found to be the most im-twofold reaching the maximum of 6.2%. Under the higher

portant factor, where higher pressure increases significantlypressure, the influence of temperature to the yield of oil

the yield of oil and the amount of UFAs in the oil as illus- was rather trivial in the range of 35-4Q. And gener-

trated inFig. 2 Although temperature did not influence the ally, under the high pressure and relatively low temperature,

yield of oil, higher temperature seems unfavorable for the ex- their influence on the composition of oil were also very

traction of UFAs. As the particle size was reduced, the yield small for the total amount of UFAs accounted for about

of the oil increased, reaching the maximum at 20-40 mesh, 70%.

and then decreased. This can be attributed to the fact that

the oil release was enhanced as the particle size decreases 4. Comparison of SFE with traditional

until the release way was blocked by fine particles. Finally, sglvent extraction

the optimum conditions of 30 MPa, 3&, and 20—40 mesh

particle size were used for SFE of grape seed oll. A 25g amount of 20—40 mesh grape seed sample was
soxhlet-extracted with 300 ml hexane for 6 h. The yield of oil
3.3. Preparative-scale SFE by solvent extraction was found to be 10.6% (3ebéle 3.

This indicates that the SFE efficiency is about 60% of that of
Based on the above SFE condition, the extraction was solvent extraction, while the color and fatty acid composition
scaled up by about 125-fold under three different pressureare almost the same. This result is still acceptable as only
and temperature conditions describedTmble 4 The re- pure CQ was used as supercritical fluid.
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Fig. 4. Separation profiles of free fatty acids from grape seed oil by analytical and preparative HSCCC with ELSD. The experimental conditions are
as follows: instrument: multilayer coil planet centrifuge, Model GS20 analytical unit (A) and GS10A2 preparative unit (B); column: 0.8 mm i.d. PTFE
tubing with 35ml capacity (A) and 1.6 mm i.d. PTFE tubing with 230 ml capacity; solvent system: heptane—acetonitrile—acetic acid—methanol (4:5:1:1
v/v); mobile phase: lower aqueous phase; flow-rate: 1 ml/min (A) and 2 ml/min (B); detection: ELSD.
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Fig. 5. HPLC analysis of individual fatty acids separated from grape seed oil by HSCCC. After separation by HSCCC, each peak fraction was collected
and concentrated, and then a small amount of each fraction was dissolved in about 1 ml methanol and injected into HPL(I ito ®x@fnine the
purity. Otherwise the analytical conditions are same as those descriligd. 8.

3.5. Effect of modifier to the yield of grape seed oil two-phase solvent systems including heptane—methanol,
heptane—methanol-acetic acid, heptane—acetonitrile—acetic
After extraction by pure supercritical GOfor 3h at acid, heptane—acetonitrile—acetic acid—methanol were tested
40MPa and 40C, the sample was subjected to further for the separation of fatty acids using analytical HSCCC.
extraction with supercritical C® modified with 10% of Among those, a two-phase solvent system composed of
ethanol for 2h, and 4.0% more oil with almost the same heptane—acetonitrile—acetic acid-methanol (4:5:1:1, v/v)
composition was obtained (sékable §. This made the  was found to be the best choice and used for the separation
yield of oil from SFE up to the same level of solvent ex- of free fatty acids extracted from grape seed oil.
traction. But the color of oil became dark-green instead Fig. 3 shows HPLC chromatograms of a mixture of the
of light-yellow. This may be attributed to the extraction fatty acid standards (A) and a sample of grape seed oil
of OPCs from grape seeds. The purification of these com- (B). HPLC analysis indicated that four fatty acids including
pounds may become our future work in the study of bioac- linoleic acid, oleic acid, palmitic acid, and stearic acid were

tive compounds from the grape seeds. the main fatty acids in the grape seed oil, where linoleic acid
were most abundanEig. 4 displays the separation profiles
3.6. HSCCC separation of free fatty acids of free fatty acids from grape seed oil by analytical (A) and

preparative (B) HSCCC. HPLC analysis revealed that five
The fatty acids in grape seed oil exist mainly in the individual fatty acids including-linolenic acid (which was
form of triglycerides. The separation for free fatty acids not detected from the mixture) were isolated (eg. 5).
was carried out by HSCCC coupled with ELSD af- Allthe fatty acids are of 95-99% HPLC purity. The separa-
ter saponification and extraction. Since fatty acids are tion of 1.0g of oil can yield about 430 mg pure linoleic acid
a group of lipophilic compounds, several hydrophobic at99% purity.
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4. Conclusion Beijing Nova Programmer. They are also indebted to Pro-
fessor T.-Y. Zhang of Beijing Institute of New Technology

The overall results indicated that the extraction of grape Application and Professor W.-X. Yao of Research Center for

seed oil is successfully performed using supercriticabCO Eco-Environmental Sciences, CAS for their kind coordina-

without a modifier. The yield of oil depends on the pres- tion.

sure and temperature applied during extraction as well as

the particle size of the sample seeds. The extraction effi-

ciency by supercritical C@is about 60% of that obtained by

the_ tradltlonal_solvent under the optimized SFE.COI’]dItIOI’], [1] C. Ghisalberti, PCT Int. Appl. WO 2001018161 A2 (15 March, 2001).

which can be improved to the same level by adding ethanol 2] p.u. Rao, Food Chem. 50 (1994) 379.

at 10% although the color of oil becomes darker proba- [3] Y. Liu, J.X. Yin, M.S. Zhao, K.M. Yan, H.M. Wang, Food Oil 10

bly due to the contamination of proanthocyanidin. There  (2001) 36 (in Chinese).

is not much difference found in the composition of fatty [4] I2.1P3apamichail, V. Louli, K. Magoulas, J. Supercrit. Fluids 18 (2000)

acids between oils from SI_:E and SOIVem_eXtraCtlon as_ ana_[5] H. Sovova, M. Zarevucka, M. Vacek, K. Stransky, J. Supercrit. Fluids

lyzed by HPLC coupled with ELSD. Individual fatty acids 20 (2001) 15.

with purity of over 95% were obtained by HSCCC sep- [6] E. Reverchon, J. Supercrit. Fluids 10 (1997) 1.

aration. The methods set up in this paper will be used [7] M. Paima, L.T. Taylor, J. Agric. Food. Chem. 47 (1999) 5044.

for the analysis and separation of fatty acids from other [8] T.A. Pan, L. Peng, Sci. Technol. Food Ind. 4 (2001) 22 (in Chinese).
.L. Cao, Y. Tian, T.Y. Zhang, Y. Ito, J. Chromatogr. .
sources 9] X.L. Cao, Y. Tian, T.Y. Zh Y. Ito, J. Ch A 898 (2000) 75
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