International Journal of Biological, Life and Agricultural Sciences

ISSN:

Vol:4,

2415-6612
No:4, 2010

Supercritical Carbon Dioxide Extraction of
Phenolics and Tocopherols Enriched Oil from
Wheat Bran

Kyung-Tae Kwon, Md. Salim Uddin, Go-Woon Jung, Jp&un Sim, and Byung-Soo Chun

Abstract—Supercritical carbon dioxide (SC-GOwas used as a
solvent to extract oil from wheat bran. Extractiovese carried out in a
semi-batch process at temperatures ranging fronto460°C and
pressures ranging from 10 to 30 MPa, with a carthoxide (CQ)
flow rate of 26.81 g/min. The oil obtained from wléran at different
extraction conditions was quantitatively measumedntestigate the

production of plant extracts is currently limiteg fafety and
regulatory constraints to the concentration of¢masidues of
conventional organic solvents [12]. Supercriticaluid
extraction (SFE) has been widely employed as altamm of
organic solvent extraction. The application of S grown
continuously because it showed several advantages o

solubility of oil in SC-CQ. The solubility of wheat bran oil was found classical extraction processes with organic sote@Q is

to be enhanced in high temperature and pressuescdinposition of
fatty acids in wheat bran oil was measured by dasrsatography
(GC). Linoleic, palmitic, oleic ang-linolenic acid were the major
fatty acids of wheat bran oil. Tocopherol contentsil were analyzed
by high performance liquid chromatography (HPLCheThighest
amount of phenolics and tocopheroks &nd B) were found at
temperature of 60°C and pressure of 30 MPa.

probably the most widely used supercritical fluechause it is
nontoxic, nonflammable, and noncorrosive, inert rmst
materials, cheap, and readily available in bulkngity with
high purity [13]. Due to low critical temperaturgl(1°C), CQ
is applied in SFE processes at near-environmesngbératures
thus minimizing heat requirement and thermal dameme
bioactive compounds [14]. SC-GQan achieve extraction

Keywords—Supercritical carbon dioxide, Tocopherols, Totalyields for tocopherols and phenolic acids simitatraditional

phenolic content, Wheat bran oil

|. INTRODUCTION

hexane extraction. The production of oil from rize&an and
wheat germ with high contents of tocopherols uS68gCQ has
been reported in several reports [13], [15]-[17]thAaugh

HEAT is a significant crop in many countries andphenolic acids and their esters [18], [19] are Isielin SC-CQ

worldwide cultivated grass. The milling processvbieat

produces large amounts of bran as by product dingsisf 14.5
wt% of rough wheat grain [1]. Wheat bran is notyoalgood
source of dietary fibres [2], [3] but also a rickusce of various
natural antioxidants including tocopherols, phenaltids etc.
[4], [5]. Antioxidants modulate cellular oxidativ&atus and
prevent biologically important molecules such as ADN
proteins, and membrane lipids from oxidative damage
consequently reduce the risk of several chroniceaties
including cancer and cardiovascular disease
Tocopherols, phenolic acids and other antioxidamtssheat
bran are generally believed to be primarily respgador its
positive effects on cardiovascular disease [2], [8]. It has
been suggested that these compounds of wheat khdrited
significant capabilities in scavenging free radicathelating
metal ion oxidants, and reducing lipid oxidationdifferent
conditions [10], [11].

Conventionally, different antioxidants obtained nfrlant
sources by organic solvent extraction. But the afserganic
solvent is not environmental friendly. Beside thithe
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[6]-[8]

without the addition of a co-solvent it has beewegi less
importance on SC-CQextraction of wheat bran oil with high
content of phenolics as well as tocopherols.

Therefore, the aim of this study was to extractatlan oil
with high content of phenolics and tocopherols B+&0, and
also to compare the yield at different extractionditions. The
solubility of oil in SC-CQ was also measured at different
extraction temperatures and pressures.

Il. MATERIALS AND METHODS

A.Materials

Wheat bran was provided by Young Nam Flour Mills
Company, Busan, Korea. Pure £(9.99%) was supplied by
KOSEM, Korea.a- and p-tocopherols were purchased from
Sigma-Aldrich, St. Luis, Mo., USA and Supleco, USA,
respectively. All other chemicals used in diffdranalysis were
of analytical or HPLC grade.

B.Sample Preparation

After drying in oven at low temperature, wheat bsamples
were crushed in a mechanical blender and sieve@ (60) by
mesh. The sieved samples were then stored at 2PQsaa for
SC-CQ extraction.
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C. SC-CQ Extraction

The set up of a laboratory scale of SFE proceshasvn in
Fig. 1. This apparatus can be operated at preapu®30 MPa.
Twelve gram of wheat bran samples was loaded ih®
stainless steel extraction vessel which was 50milolume. A
thin layer of cotton was placed at the bottom ef éxtraction
vessel. Before plugging with cap another layer attan was

2415-6612
No:4, 2010

E. Total Phenolic Content (TPC) of the Extracts

The TPC was determined by spectrophotometry accgtdi
the method described by the International Orgaisimafor
tStandardization (1ISO) 14502-1 [21] using gallicidaas
standard, Briefly, 0.1 mL of the SC-G@xtracted oil was
mixed with 5.9 mL of a 1/10 dilution of Folin-Cioltau’s
reagent in water. Then, 4.0 mL of a sodium carb®satution

used at the top of the sample. £®as pumped at constant(7.5% w/v) was added. The mixture was then alloteestand at

pressure into the extraction vessel by high pressump up to
the desired pressure for 2 hrs. The pressure of @&
maintained by a digital pressure controller. Arctle oven was
used for maintaining the temperature of extradtoe flow rate
of CO, was constant at 26.81 g/min for all extractionditons

and CQ volume passing through the apparatus were measure

using a gas flow meter. The oil extracted by SGQ@s
collected by a glass separating vessel. The anmufuextract
obtained at regular intervals of time was establishy weight
using a balance with a precision of £0.001 g. Txteaeted oil
was then stored at -40°C until further analysis.

room temperature for an hour and absorbance wasureshat
765 nm (UVIKON 933, Kontron Instruments) againsri. A
calibration curve was made using gallic acid ar@ TRC was
expressed as gallic acid equivalents (GAE) in mgigat bran
oil.

q:. Tocopherols Analysis by HPLC

Tocopherols analysis was carried out using a Wai&isC
equipped with a model 600E system controller, aapevative

light scattering detector (ELSD, Softa Corporatiand a
Eclipse Plus C18 column (5um, 4.6 x 250 mm, Agjl&i$A).

The effects of temperature and pressure on Sg_céocopherolswerequantified by an isocratic mettegibrted by

extraction of wheat bran oil were studied at terapge ranging
from 40 to 60°C and pressure ranging from 10 td/B.

1.CCy tank
I Pressure gauge
& Chiller

< Pump

£ Safety valve

« Extractor

Fig. 1 Schematic diagram &C-CQ extraction process

D. GC Analysis
The fatty acid compositions of wheat bran oil esieal by

Leray et al. [22]. A mobile phase consisting of hagtol and

water (98:2) was eluted 1.5 mL/min. The drift tubmperature

of ELSD was fixed at 60°C and the pressure pfidéd as spray
gas was 50 psi. The amount @f and B-tocopherols in the
extract was measured based on the peak area sfaheard

tocopherols.

Ill.  RESULTSAND DISCUSSION

A. SC-CQ Extraction

SFE curves of wheat bran oil at different tempeesu
(40-60°C) and pressure (10-30 MPa) are shown inXa&)-(e).

The highest yield obtained at pressure of 30 MPd an

temperature of 60°C was 2.69 g/12 g of wheat biidre
solvating power of SC-CQOwas significantly changes by the
applied pressure and temperature variation. Depgnain the
pressure and temperature, the oil yield was inectagth the

increasing of C@mass. At constant temperature, the amount of

oil extracted from wheat bran was increased wittréasing
pressure. This happened due to direct increasensdity and
hence the solvating power of SC-£0he increased solvating
power and the strength of intermolecular physingractions
considered as belonging to the effect of pressigg, [24].

SC-CQ were determined by GC using a Hewlett Packard g&smilar pressure effect was reported in SC,@Rtraction of

chromatograph (5890 Series Il GC system). The fatty
methyl esters were prepared firstly according toC8Xfficial
method Ce 2-66 [20] and then separated using atemgi
DB-Wax capillary column (30 m length x 0.250 mmeimtal
diameter, 0.25 um of film). Nitrogen was used aswaier gas
(1.0 mL/min) of fatty acid methyl esters. The ovemperature
was programmed starting at a constant temperatdr@8C for
3 min, and then increased to 240°C at a rate of@ifGand hold
at 240°C for 10 min. Injector and detector tempees were
250°C. Fatty acid methyl esters were identifieccbgnparison
of retention time with standard fatty acid methstezs mixture
(Supleco, USA).

green coffee oil [25].

At a constant pressure, the oil yield increasech wite
temperature from 40 to 60°C. The solvent densityaexreased
with the increasing temperature. However, despitethe
decreasing of solvent density, the oil yield waséased with
the temperature which can be attributed to theeame of the oll
components vapour pressure. Herein, the increassolate
vapour pressure was dominated over solvent dersigvedo
et al. [25] reported the similar effect of vapouegsure on
SC-CQ extraction of green coffee oil.
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Fig. 2SC-CQ extraction of wheat bran oil at different pressuaed
temperatures. (a) 10 MPa (b) 15 MPa (c) 20 MP2%dyIPa (e) 30
MPa

B. Solubility Measurement of Wheat Bran Oil

The solubility of wheat bran oil at each extract@mndition
of temperatures and pressures were calculatedtfreislope of
the linear sections of the extraction curves showrFig.
2(a)-(e). Table | shows the oil solubility at diffat extraction
conditions. It was found that the highest valugvbéat bran oil
solubility was 2.26 mg/g C£at 30 MPa and 60°C. Solubility of
oil depends on density of GGand vapour pressure of oil
components as described above in SG-€Rraction section.
At similar temperatures and pressures, Sovova. §2@] and
Ozkal et al. [27] reported higher solubility of dibm black
currant and apricot seeds, respectively. The vanabf
solubility might be happened due to variation ofmpée,
extraction unit, sample size, flow rate of £&c.

C. Solubility Correlation

The solubility of wheat bran oil in SC-G@vas correlated by
Chrastil [28] model. It was revealed that Chrastidel is useful
to correlate vegetable oil solubility [26], [27]hiE model was
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based on the direct relationship between solulilityolute and ros

density of a solvent. The correlations based origrapdensity o wc
are very useful to determine the solubility of deland liquids te4{ O 50°C
. . . . 60°C
in compressed fluids, as they are both simple andod require Y Calcutate rom Crasil model

physicochemical properties of the solute. Desgstémitations, te 7

the usefulness of equation has proved in &BE and is easy to
use. The experimental values represented by paimtsthe

calculated solubilities by lines are shown in Rg.lt clearly

showed the isotherms and the effects of temperandesolvent
density. The correlation of oil solubility with s@nt density
was obtained from the equation (1).

8e-5

6e-5

Oil solubility (mol/mol)

4e-5

2e-5 1

Y= Pg, exp{% + bj @ , s ,

200 400 600 800 1000
Density of CO, (g/L)

. . . Fig. 3 Experimental data of wheat bran oil solupiéis a function of
the density of CQ T is experimental temperature (K) and a, kL0, density and calculated results from Chrastil model

and k are empirical fitting parameters. The soltbilata of
wheat bran oil were fitted well in Chrastil modeldause at a

where Y is the solubility of wheat bran oil (mol/mol., is

TABLE Il

given temperature, almost a linear relation betwébe MAJOR FATTY ACID COMPOSITIONS OF WHEAT BRAN OIL AT
solubility of oil and solvent density was obtained. DIFFERENT EXTRACTION CONDITIONS
Pressur¢éTemperatur Fatty acids (%)
TABLE | (MPa) (°C)  |Palmitic] Oleic [ Linoleic| y-linolenic
SOLUBILITY OF WHEAT BRAN OIL IN SC-CQ AT DIFFERENT 40 220 126 564 71
TEMPERATURES AND PRESSURES 10 50 18.8 14.3 55.8 7.0
Temperature Pressure Solubility (mg oil/g of CQ_) 60 186 141 56.2 7.6
°C) (MPa) Wheat | Black currant Apricot 40 16.0 12.6 48.4 6.0
bran seed seed 15 50 17.4 15.1 56.5 7.4
10 0.21 60 18.3 14.6 57.3 8.0
15 0.71 1.3 1.1 40 18.3 15.9 56.8 7.0
40 20 0.87 3.0 20 50 17.4 15.5 56.8 7.3
25 1.04 60 1553 119 45.4 5.7
30 1.22 40 17.73 152 57.1 7.2
10 038 25 50 17.83 118 56.8 7.1
15 0.86 0.59 0.9 60 20.03 149 56.2 6.7
50 20 1.28 2.4 40 17.3 15.3 57.1 7.1
25 1.30 30 50 17.8 15.3 57.1 7.2
30 1.47 60 17.8 15.2 57.3 7.2
10 0.67
15 0.99 :
60 20 201 E.TPC of the Oil
25 2.08 TPC of the extract obtained by SC-C&re shown in Table
30 2.26 lll. The highest TPC (3.57 mg/g of wheat bran oifas
'Sovova et al[26]; “Ozkal et al. [27] observed at temperature of 60°C and pressure b3 TPC
of the oil obtained by SC-COextraction increased with
D. Fatty Acid Compositions increasing pressure. It is reported that solubibtyphenolics

increases with increasing pressure [18], [19] tawylan
light odour. The fatty acid compositions of wheaarb olil increase |n phenolic yield [2_9]_’ [3O]j The effecbtp?(_essure on
obtained SC-CQextraction are shown in Table II. The rnajorthe solubility of TPC was similar with the solubjliof wheat

fatty acids of wheat bran oil were linoleic, palimitoleic and brz:\n oil. £15. 20. 25 and 30 MP i
y-linolenic acids. Linoleic acid was present in léghamount t constant pressure of 15, 20, 25 an ashebility

and it was present in the ranging from 45.4 to % total of TPC increased with increasing temperature. Simo@asing

identified fatty acids. Within saturated fatty agighalmitic acid the tgmperaturg dgcregses the VISCOSItY and iregetts
was present in the highest concentration rangiog ft5.53 to diffusivity resultlng_ln an increased extractloner..aBu.t at 10_
22.0% of total identified fatty acids. The fattyccompositions VP2 the solubility of TPC decreased with incregsin
were remarkably changed at different extractiorditions. The temperature. Similar results were reported thastiebility of

solubility of fatty acids in SC-COmight be affected by _phenoll_c acids and their sslters r']n SCLOecreased with
extraction temperatures and pressures. increasing temperature at below the cross overspreg(<15

MPa) [18], [19].

Wheat bran oil was characterized by a yellowislogoand a
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F. Tocopherol Contents

ACKNOWLEDGMENT

- andp-tocopherol contents of wheat bran oil obtained by This research was financially supported by a gfiamh the

SC-CQ extraction are given in Table Ill. The highest aimis
of a- and p-tocopherols were 1481.05 and 735,09 olil,
respectively at 30 MPa and 60°C. High tocopherotets of

roasted wheat germ oil obtained by SC,@&traction at higher

pressure was reported by Gelmez et al. [31]. It fsaad that

botha- andB-tocopherol contents increased while the pressufg

was increased. This effect is expected becauseriémssure
increased the density and hence the solvating pofM8@€-CQ

Ministry of Knowledge and Economy, Korea Industrial
Technology (KOTEF) through the Human Resourcesningi
Project for Regional Innovation.

REFERENCES

X. Xie, S. W. Cui, W. Li, and R. Tsao, “Isolationdcharacterization of
wheat bran starchJFood Research Internationalol. 41, pp. 882-887,
2008.

. . ; [2] O. Alabaster, Z. Tang, and N. Shivapurkar, “Infidsi by wheat bran
which allowed it to dissolve more solutes. At camstpressure, cereals of the development of aberrant crypt fol eolon tumours,”
a- and p-tocopherol contents increased with increasing Food and Chemical Toxicologyol. 35, pp. 517-522, 1997.
temperature. Increasing the temperature decrelasesscosity [3] M E. Moller, R. Dahl, and O. C. chl_(man, “A podsibole of thfe dietary

. . . . . . - fibre product, wheat bran, as a nitrite scavengeogd Chemistry and
and increases the diffusivity resulting in an |rasgd §o|ub|l|ty Toxicology vol. 26, pp. 841-845, 1988.
of solute. Imsanguan et al. [17] also reported lsintrends of [4] B. Halliwell, “Antioxidants in human health and dises,”Annu. Rev.
solubility for a-tocopherol in SC-C®from rice bran. Nutr,, vol. 16, pp. 33-50, 1992.
[5] A.S. Truswell, “Cereal grains and coronary heaease, Eur. J. Clin.
Nutr,, vol. 56, pp. 1-14, 2003.
TABLE Il [6] B. Halliwell, J. M. C. Gutteridge, and C. E. Cros&ree radicals,
TPC ANDa- AND B-TOCOPHEROL CONTENTS OF WHEAT BRAN OIL antioxidants, and human disease: where are we ribwgb. Clin. Med.
AT DIFFERENT EXTRACTION CONDITIONS _ vol. 119, pp. 598-620, 1992.
Temperaturq Pressure] TPC Tocopherols{g/g oil) [71 S. Y. Wang, and W. Zheng, “Effect of plant growemiperature on
(°C) (MPa) | (mg/g oil) a-tocopherol| B-tocopherol antioxidant capacity in strawberryJ. Agric. Food Chemuvol. 49, pp.
4977-4982, 2001.
10 1.23 377.15 252.98 [8] L.Yu,S. Haley, J. Perret, and M. Harris, “Antidaint properties of hard
15 1.46 515.39 304.75 winter wheat extractsFood Chem.vol. 78, pp. 457-461, 2002.
40°C 20 1.81 605.63 345.28 [9] M.F. Andreasen, P. A. Kroon, G. Williamson, andTMGarcia-Conesa,
“Intestinal release and uptake of phenolic antiariddiferulic acids,”
25 2.06 774.49 420.45 Free Radical Biol. Meglvol. 31, pp. 304-314, 2001.
30 2.39 967.81 621.79 [10] L. Yu, S. Haley, J. Perret, M. Harris, J. Wilsonda\l. Qian, “Free radical
10 1.08 514.3 344.2 scavenging properties of wheat extracs,Agric. Food Chemyol. 50,
15 1.66 868.03 411.79 bp. 1619-1624, 2002 = . . .
500C 20 198 993.96 588.75 [11] K. K. Adom, and R. H. L_|u, Rapid peroxyll radlcailgglenglng capacity
: : : (PSC) assay for assessing both hydrophilic anglipie antioxidants,”
25 2.36 1290.48 623.27 J. Agric. Food Chemvol. 53, pp. 6572-6580, 2005.
30 2.89 1143.93 647.2 [12] N. Sanders, Food legislation and the scope for increased use of
near-critical fluid extraction operations in the dd flavouring and
10 0.98 713.66 370.26 pharmaceutical industriesin: M.B. King, T.R. Bott (Eds.), Extraction
15 1.87 943.27 415.22 of Natural Products Using Near-Critical Solventtad&ie Academic &
60°C 20 229 1143.93 629.37 Professional, London, UK, pp. 34, 1993.
[13] Y. Ge, Y. Ni, Y. Chen, and T. Cai, “Optimizationtbie supercritical fluid
25 2.92 1222.76 689.21 extraction of natural vitamin E from wheat germngsiesponse surface
30 3.57 1481.05 735.09 methodology,”Journal of Food Scienceol. 67, pp. 239-243, 2002.
[14] G. Brunner, Gas extraction: an introduction to fundamentals of
IV. CONCLUSIONS supercritical fluids and the application to sepadocst processe$

Wheat bran oil was extracted in a high pressureaiaps

using SC-CQ at different temperatures and pressures. In the

conditions performed in this study the highestdief oil was
found at 60°C and 30 MPa. The solubility of oileedhted from
extraction curve was also higher at high tempeeatand
pressure. Wheat bran oil contained highest pergentaf
linoleic acid in all extraction conditions. The TP&hda- and
B-tocopherols were found significant amount in whgran oil

obtained by SC-C@extraction. The identification of species

cultivars with high level of antioxidants, as wadl in tracing of
biological activities is important for human anchet living
organisms. Therefore, antioxidants in wheat braghmbe

Springer, New York, USA, 1994.

[15] Z. Shen, M. V. Palmer, S. S. T. Ting, and R. Jrdfaiigh, “Pilot Scale

Extraction of Rice Bran Oil with Dense Carbon Ditej” J. Agric. Food

Chem, vol. 44, pp. 3033-3039, 1996.

[16] G. Panfili, L. Cinquanta, A. Fratianni, and R. Cdba, “Extraction of
wheat germ oil by supercritical GO Oil and defatted cake
characterization,Journal of American Oil Chemists’ Socigtgl. 80, pp.
157-161, 2003.

[17] P.Imsanguan, A. Roaysubtawee, R. Borirak, S. Fopbai, S. Douglas,
P. L. Douglas, “Extraction ofi-tocopherol andy-oryzanol from rice
bran,”LWT, vol. 41, pp. 1417-1424, 2008.

[18] R. Murga, M. T. Sanz, S. Beltran, and J. L. Cabg&dlubility of some
phenolic compounds contained in grape seeds, ieretifical carbon
dioxide,” J. Supercrit. Fluidsvol. 23, pp. 113-121, 2002.

[19] R. Murga, M. T. Sanz, S. Beltran, J. L. Cabezasg|u$ility of three
hydroxycinnamic acids in supercritical carbon déel' J. Supercrit.
Fluids, vol. 27, pp. 239-245, 2003.

quantified by SC-C@extraction for proper using in biological [20] AOCS, “American Oil Chemists’ Society,” Champaigiinois, USA,

purposes.

1998.

[21] 1SO 14502-1, “Determination of substances charetterof green and
black tea. Part 1: Content of total polyphenolem Colorimetric method
using Folin-Ciocalteu reagent,” 2005.

192



[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

International Journal of Biological, Life and Agricultural Sciences
ISSN: 2415-6612
Vol:4, No:4, 2010

C. Leray, M. Andriamampandry, G. Gutbier, J. CavaileC.
Klein-Soyer, C. Gachet, and J. P. Cazenave, “Qtaiveé analysis of
vitamin E, cholesterol and phospholipid fatty adis single aliquot of
human platelets and cultured endothelial cellsJournal of
Chromatography Bvol. 696, pp. 33-42, 1997.

A. Morita, and O. Kajimoto, “Solute-solvent intetimn in nonpolar
supercritical fluid: a clustering model and sizetdbution,” J. Phys.
Chem, Vol. 94, pp. 6420-6425, 1990.

D. S. Bulgarevicg, T. Sako, T. Sujeta, K. Otake, Tékebayashi, C.
Kamizawa, Y. Horikawa, and M. Kato, “The role or ngeal
hydrogen-bonding interaction in the alvation precesf organic
compounds by supercritical G@-alcohol mixtures,Ind. Eng. Chem.
Res, vol. 41, pp. 2074-2081, 2002.

A. B. A. de Azevedo, T. G. Kieckbush, A. K. Tashirf®a S. Mohamed, P.
Mazzafera, and S. A. B. Vieira de Melo, “Extractioihgreen coffee oil
using supercritical carbon dioxideJ. Supercrit. Fluidsvol. 44, pp.
186-192, 2008.

H. Sovova, M. Zarevucka, M. Vacek, and K. Stran§Bglubility of two
vegetable oils in supercritical GO J. Supercrit. Fluidsvol. 20, pp.
15-28, 2001.

S. G. Ozkal, M. E. Yener, and L. Bayindirli, “Thelsbility of apricot
kernel oil in supercritical carbon dioxidéyit. J. Food Sci. Technolvol.
41, pp. 399-404, 2006.

J. Chrastil, “Solubility of solids and liquids irugercritical gases,J.
Phys. Chemuvol. 86, pp. 3016-3021, 1982.

I. H. Adil, H. I. Cetin, M. E. Yener, and A. Bayiittl, “Subcritical
(carbon dioxide + ethanol) extraction of polyphenfiom apple and
peach pomaces, and determination of the antioxidativities of the
extracts,”J. Supercrit. Fluidsvol. 43, pp. 55-63, 2007.

I. H. Adil, M. E. Yener, and A. Bayindirli, “Extrdion of total phenolics
from sour cherry pomace by high pressure solvedtsarbcritical fluid
and determination of the antioxidant activitieshs extracts,’'Sep. Sci.
Technol, vol. 43, pp. 1091-1110, 2008.

N. Gelmez, N. S. Kincal, and M. E. Yener, “Optintina of supercritical
carbon dioxide extraction of antioxidants from teaswvheat germ based
on yield, total phenolic and tocopherol contentad aantioxidant
activities of the extracts,J. Supercrit. Fluidsvol. 48, pp. 217-2240,
2009.

193



