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Characterization of Oils Extracted from
Sesame Cake by Supercritical Carbon Dioxide

Department of Food Engineering

Graduate School Pukyong National University

Abstract

The sesame cake contains a . high ‘content of valuable
polyunsaturated fatty acids and polyphenol which have 'the antioxidant
characteristics with great potential health benefits such as reducing the
risk of cardiovascular "disease and cancer. Polyphenol are generally
further subdivided .into tannins, and phenylpropanoids; lignin’s and
flavonoids. Previous studies. showed that the use of high temperature
required for organic solvent extraction-was not efficient due to the
materials oxidization. However supercritical carbon dioxide (SCO2)
extraction can offer a non-oxidative environment due to the low critical
temperature (31.05°C) which makes it suitable for processing the
thermal sensitive materials. In this work, the extraction of sesame cake
oil using SCO:. was performed under the conditions range of pressure
and temperature of 15 to 25 MPa and 35 to 55C respectively. The

flow rate of carbon dioxide (23 ml/min) was constant entire the



extraction period. The maxwaum oil yield was found at the higher
extraction pressure and temperature (25 MPa and 55C). The solubility
of sesame cake in SCO; was found to be increasing with the increase
of temperature. The fatty acids composition was analysed by Gas
Chromatography (GC) and the extracts showed a high amount of the
saturated fatty acids especially palmitic acid. For the unsaturated fatty
acids, linoleic and oleic acid showed the highest percentage in all
extraction conditions. Also, polyphenol was quantitatively analyzed using
UV-spectrometerly -anathe extracted oil at. different experimental
conditions. The total phenolic content (TPC) in “the extracts was
compared with that obtained by hexane extraction. The highest TPC
was 722 ppnaat’' 25 MPa and 45T, SCO; extraction. However, it was
267 ppnain the extracts obtained by hexane extraction. On the other
hand, AV ‘and POV of hexane extracted oil were slightly higher than
that extracted by SCO: showing 'high amount of polyphenol comparing
with the hexane “extracted oil.' In rancimat test, sesame cake oil
extracted by SCOq had longer induction period than obtained by hexane.
The longest induction period was 10.2h at 25 Mpa and 35C. The result
of DPPH radical scavenging effect was excellent. In general, sesame
cake oil showed appreciable free radical scavenging activities. And 25
MPa and 45T extracted oil had strongest radical scavenging. These
results caused by high amount of antioxidant materials, such as TPC.

The oil obtained at 25 MPa and 45C showed high antioxidant activities.
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Table 1. Process design- protocol

Preparation of feedstock

grating, grinding, rolling, wetting, drying

Extraction Conditions

Pressure, Temperature, Solvent/Feed Ratio, Superficial velocity
Recycle effects, Entertainer ‘and Co-solvents, Extractor Size, Shape,

Configuration, Processing Modes(Sub/Supercritical COz . Dry/Wet Extraction)

Separation Conditions

Pressure, Temperature, Fractional Separation, -Adsorbent Separation.

Others

Screening Unit Testing — Assessing Technical Feasibility
Process Development Unit Testing - optimizing process

performance and economics
Pilot plant testing — Scale—up verification

Commercial plant design configuration
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1. CO, tank

Pressure gauge
Chiller

Pump

Cosolvent tank
Cosolvent pump
‘Water bath
Extractor

Electric thermometer
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S

Hitting exchanger
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12. Sample collecter
13. Flow meter

Safety valve]

Check valve

Check valve

o

Fig. 1. A schematic diagram of SCOg extraction process.
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Table 2. Operating conditions used in the experiments of SCO, extraction

Parameter Conditions
Sample Sesame Cake (50 g)
Solvent Carbon dioxide

Temperature 35T, 45T, 55T
Pressure 15 MPa, 20 MPa, 25 MPa

Operating time 1 hours

Flow rate of carbon dioxide 23 ml/min
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F=9 Al5v ACACH 93l 0.2 g& 37 W7ol Fzhd s Zetx
t}. 10 ¥ 10% BF3 in methanol(Fluka Co.) 7 ml& 7}sk3it). 58 % 6
mle] SAbS Thete] 2wt WA o] s Zel ool &1 & 23 NaCl
LN 2 mlE 7Feke] 30%7F shake & WA TH ASS wElste] Wx|g),

oflze Wiow FzaM the 9F% Pl FRFE Astelel EFW

N

% SF4E AASH anhydrous sodium sulfateZ o}
S AAZ 31 wE Table 3. 3 & ZASE gas—chromatography
(Hewlett Packard 5890I)¢ FU3dke] 41381t} Gas—Chromatograph®l
o] ZAFAA FEEC AHRAF AL FFEZ(lipid standard : fatty
acid methyl ester mixture : Sigma, 189-19)¢] peak$} Hlusle] A Wil =

e BT,
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Table 3. Operating conditions used 1in Gas chromatography the

experiments of supercritical carbon dioxide extraction

ltem Operation condition
Instrument Hewlett Packard 5890 I
Column HP-Innowax(fused crosslinlinked polyethylene

glycol capillary column, 30 mx0.32 mm |.D.
0.15 um film thickness, Hewlett Packard)

Carrier gas N> 1 -ml/min
Split ratio 641
<Temperature>

Detector(FID) 300C
Injector 250C

Oven temperature profile

150C, hold 10 min ; increase 3C/min-to 201C, hold 12 min ;

increase 3C/min to 210C, hold 15 min

_14_
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2. 5. 3. &g &4 54S 93 Rancimat test
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2. 5. 4. DPPH radical 2A% &4
1,1-Diphenyl-2-picrylhydrazy(DPPH) ZAA 282 4H Q&1 A 2ko]+= 7hch

13l HAHH o8 E3] phenol¥} aromatic amines®] @4H3l Ao =

sk Ak
Aol wWo] Algsl= ot} AE9] 52l diphenylpicrylhydrazys= AAlo]
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phenol?} 2 F4au HAAE AF
T A ZHE AA} hydrogen radicale AASHA Pk ol &4 wlx A}
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methanolg ©]-83}] blankE WE 5 =Aste] vt AXbAe tpre-3t
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C and CO; flow
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C and CO; flow
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€ and CO; flow
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Table 5. Fatty acid compositions in sesame cake oil obtained by SCO; and

hexane extraction

Fatty acids (%)
Pressure | Temperature
(MPa) () Cl14: | C18: | C18: | C18: | C20: | C20:
0 0 1 2 0 1
35 8.9 5.6 38.7 46.0 0.6 0.2
15 45 10.0 53 39.3 447 0.6 0.2
55 11.4 5.2 42.4 40.3 0.5 0.1
35 10.0 6 1 38.7 45.6 0.6 0.2
20 45 9.7 6.3 45.0 38.2 0.6 0.2
55 9:5 6.5 45.3 37.7 0.7 0.2
35 9.2 6.2 44 .4 39.3 0.7 0.2
25 45 9.6 6.4 47.7 39.5 0.7 0.2
55 9.4 6.0 44.3 39.5 0.6 0.2
Hexane 9.2 6.3 44.5 39.1 0.7 0.2
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Fig. 7. A calibration curve for measuring polyphenol concentration.
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Table 6. TPC in sesame cake oil obtained by SCO. and hexane extraction

SCO, TPC
Pressure Temperature

(MPa) (C) (ppm)

35 598

15 45 632

55 587

35 647

20 45 672

55 609

35 666

25 45 7 2

58 634

Hexane 267
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Table 9. Induction periods of sesame cake oil obtained by SCO: and

hexane extraction

SCO2 extraction conditions at 25 MPa

Hexane
Temperature a5 45 55
(C)
Induction
) 10.2 8.5 7.4 6.4
periods (hr)
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Table 10. DPPH free radical scavenging effect of the sesame cake oil

obtained using SCO: and hexane extraction

SCO» DDPH free radical
Pressure Temperature scavenging effect

(MPa) () (%)
35 69.1
15 45 73.4
55 72.5
35 74.5
20 45 79.2
55 75.7
35 80.8
25 45 oF 4
55 83.8
Hexane 57.0
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Fig. 13. GC spectrum of sesame cake oil obtained by SCO. and hexane

extraction A) hexane, B) 25 MPa 35T, C) 25 MPa 45T, D) 25
MPa 557C.
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Table 11. Component of GC analyzed volatile organic materials from

sesame cake oil obtained by SCO, and hexane extraction

Area
Chemical name RT (%)
(min) Hexane 25 MPa/ | 25 MPa/ | 25 MPa/
35C 45T 55¢C
2:37Dihydro- 1 5 g03 | ND 4.6 6.1 0.8
furan
Acetaldehyde 3.223 ND 0.2 ND 0.5
Methanol 3.306 ND 0.2 6.9 ND
Oxirane 3.477 ND ND 4.0 0.6
Ethanol 3.824 43.7 364 32.4 47.4
Acetonitrile 3:99 1.9 08 % ND ND
2-Propanone 4.118 ND 0.3 6.4 ND
Acetic acid 4.815 1.6 ND 4.0 1.6
2-Methyl 5,165 407 0f 0:2 ND 1.8
propanal
3—Methyl pentane | 5.986 3.8 5.6 ND 4.1
23-bis propylestgr| o B NENNE 6.0 6.1 1.0
lauricacid
2=CyeloprpTid |7 7034 W12 1.5 ND 12.5
pentane
3—Methyl butanal | 8.614 1.9 0.3 2.6 ND
Cyclohexane 9.404 2.5 11.1 b, W ND
2—-Methyl hexane | 9.806 38.4 24.2 181 22.1
3—Methyl hexane | 10.421 0.2 39 ND 3.3
La=Dimethyl 1 07 5 5 0.9 ND ND
cyclopentane
Methyl 13.035 | ND 2.1 ND 0.6
cyclohexane
Hexanal 16.127 0.9 0.3 1.9 1.1
Methyl pyrazine | 17.663 ND 1.3 6.4 2.3
Styrene 19.653 ND 0.1 ND 0.3
26-Dimethyl 1 o4 561 0.5 3.0 ND
pyrazine
100 100 100 100
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