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Abstract: The natural full-fat rice bran is reported to contain 84 to 147 wt % lipids, but thc amount and composition of bran depend on the type
of rice, quality of paddy, pretreatments to paddy such as parboiling, type of milling system employed, and the degree of polishing. These lipids arc
usually mixtures of scveral class fatty acids containing palmitic acid, linolenic acid, linoleic acid, oleic acid, stearic acid, tocopherol, squalene, etc. In
this study the oil rich essential fatty acid (EFA) including squalene was extracted from the domestic brown rice bran using supercritical fluid
extraction (SFE) and cosolvent induced SFE process, respectively, And the extracts were analyzed with GC-MSD. The extracted amount of rice
bran oil was dependent upon the operating pressurc and temperature, and the fatty acid composition of oil was varied with the reduced density (o ;)
of supercritical carbon dioxide. About 70~80% of rice bran oil was extracted in 4hrs. The cosolvent induced SFE process shortened the total
extraction time, extracted greater amount of oil than SFE process. Especially squalene which was not found in solvent extract phase was identified
in SFE and cosolvent induced SFE process.
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Table 1. Solubility Parameter and Symptoms Caused by Solvents
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Table 2. Solubility Parameter of Fatty Acids

Solvent Symot Solubility Parameter Common name (Molecular formula) Solubility Parameter (&)
olven! yrptom (6) [MPa'] Systematic name [MPa™]
Chloroform Nausea, Headache, Fatigue, 188 Palmitic actfi (CIM) 168
Anesthesia Hexadecanoic acid
Irritation of Eyes and Respiratory, Oleic acid (CisHyO2)
Cyclohexane Dermatities, Coma 168 9-octadecenoic acid 173
Ethanol Light Giddiness, Nausea, Fainting 26.1 Linoleic acid (CigHz0-) 171
Ethyl Ether Headache, Muscle Weakness, 9,12-octadecadiencic acid
Giddiness Linolenic acid (CigHzO2) -
9,12,15-octadecatrienoic acid 155
n-Hexane Headache, Muscle Weakness, 149 e
Dermatities ’ Squalene (CsoHso)
e . 2,6,10,15,19,23-hexamethyl- 14.8
Headache, Fatigue, Lost of Sight, T Sy .
Methanol | Irritation of Eves and Respiratory, 296 26101418 22-tetracosahexane
Death
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1. COz cylinder 8. Liquid pump

2. Gas booster 9. Ethanol

3. SCC reservoir 10. PID temperature controller

4. Pressure gauge 11. Cold trap

5. Forward pressure regulator 12. Flow rate controller

6. Premixing column 13. Wet gas meter

7. Extractor 14, Composition data generation

Figure 1. Schematic diagram to design SFE process.
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Sojoll o3t 829 8352 x parameterd] o3 HAHQA o
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=
sol -

S = ethanol®] H7he

4 olgael AR,

A WAk} solubility parametero]th, B &l tol A
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meter®| 2, &

invi81
6mix = X, (6)
A7 x5 ZUA o1AHs 49 ethanold) #oE&olch x para-

metergte] 050lstel® 1 8o djdk HAF Lojo] Heo] o
Folgutn & 4 9ok Table 3& Z+ AWk td x para-
meterE AN Aol x parameters FT&vio] 3 £49|
=S YehllE goz F&u9 #Hrbel wel x parameter?
e asty HA4GE AX dA F7180 x parameter7t HA
FE 715 o 4o Ui fojo] gz FJugs Y B
AFodME dFEY =ddA 05 o8k 7|Esn Yok w3
squalene®] 75 ohE AWHatel B8] W& x parameterZ UERY
o] squaleneFZo| A% EgLujr} AL Aog HoAch

4.2, ZUAITA FEH0AMe HS
3.3. HolRel Alua x4 24 7 2o 271 N 323 did @2 Figure 20 bl
dulgo] TP Auple] ZAHS RAFs] 8 GC-MSD Aok 74 274 W &9 dulfd FAMWE J3 FEFW,
(Hewlett-Packard Co, HP 5890 I[/HP 5972)7} AH&-sIglom, =286 g)o 8 vrold gduiEd glow ISt sUE &x
palmitic acid (Ciso), oleic acid (Cisp), linoleic acid (Cus)% oA FERE 4ROl m Aoz risFom, 500 psich
squalene (Czo6)%} ]"“} i%‘% (Sigma Co., purity = 99.9%)°] 6000 psicfAl 2= EYL LEIL FUhEl met FEFe P
EZE2AE ALY 22Te GC MSDe| 57 dAd 05% HAL, 50 T olslollM F2FE aA Zasdck wakd 50 €
hydrochloric acid$} methan -4 e 2 mLol F29 FEE2 B3 lﬂf’iﬂoi Aeshs Aol Zaldel sle Ao Atz
& Eastel B CTAA 3027 WA dhe] o 25 2sks o] 5%l Figure 3& 50 TollA Altel] W& FE%o] WS Jehd A
NaCl 9 5 mL2 d2dl28s 2281 5 mLe hexaneS ¥ 2 o 10~80%9 Arlf7h 4A%E <hel #38 RAE AAL F
W AA £33 T 3% KNO; £9 4 mLE A7bete] Adst ARk AT LRl E dBo] FNLFE FEA70] ©EH
1:]- Ao LR1 70 CollA %% 5 € *%%‘—Ei 320 C7t S AT £ AUTHI-101 2BolMG 2o] FF &S FZA71
7 £259on A&y LEE 20 T2 42590 GC-MSD e} zutele Agog ZrlelA g Zut = Hal 2Aa%s o
;4 FATe 271 4om ALY ZPLS HP-1 (30 m length T Atk
X0.2 mm LD., Hewlett-Packard Co.)eIt}. Split ratio:= 1:100¢] FEEEI Zashy] AFshke AZRE A8 (transition time
T o)EAe HFo] AFLEYT} (twn))ol2k L Holsldon F&E9 90% ol4to] HEAZ Hol
Table 3. Calculated x Parameters of SC-CO: with 0.1% Ethanol and Fatty Acid
. 3000 psi 4000 psi 5000 psi 6000 psi
Fatty Acid ~ = = _
31315K  32315K  343.15K | 31315K  323.15K 34315K | 313.15K 32315K  34315K | 31315K 32315K  343.15K
CieHz02 0.3997 04139 0.4611 0.3802 0.3875 0.4103 0.3666 0.3704 0.3828 0.3600 0.3564 0.3582
CigHz10n 0.4938 05114 0.5696 0.4697 0.4787 0.5069 04529 0.4576 0.4730 0.4449 0.4403 0.4426
CigHz0, 0.4550 04712 05248 04328 04410 0.4670 0.4173 04216 0.4358 0.4099 04057 0.4078
CisHxO2 0.2016 0.2088 0.2526 0.1917 0.194 0.2027 0.1848 0.1868 0.1931 0.1815 0.1797 0.1806
CaoHzo 0.1227 0.1271 0.1427 0.1167 0.1189 0.1260 0.1124 0.1137 01175 0.1104 0.1003 0.1099
Fdste, A10d A 3 %, 199
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Figure 3. Percent oil extracted as a function of time of contact
in extractor at 50 C.
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Table 4. Extracted Oil Amounts[g] with SFE and Consolvent
Induced SFE

Temp. | Pressure [psi] SFE SFE with 0.1 vol % ethanol
3000 1.13 329
. 4000 117 366
0T 5000 1.66 445
6000 161 398
3000 1.28 487
—n o 4000 1.98 489
0T 5000 2.21 525
6000 21 501
3000 1.08 510
o 4000 1.92 5.22
0 5000 237 549
6000 2.86 5.34
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Figure 7. Percent oil extracted as a function of time of contact
in cosolvent (0.1 vol % ethanol) induced extractor at 50 .
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Figure 8. Percent oil extracted as a function of time of contact
in cosolvent (0.1 vol % ethanol) induced extractor at 70 C.
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Nomenclature
A, specific mass transfer area, [cm’ cm™)
4C,,  the algebraic mean of extracted amount which was
extracted in specific time from initial saturated oil
amnount, [g cm *]

D,  molecular diffusivity, [cm’ sec ']
d, : particle diameter of rice bran, [cm]
8 . solubility parameter, [MPa 3!
8, : dispersion cohesion parameter, [MPa ]
8, : polar cohesion parameter, [MPa'']
S . hvdrogen bonding cohesion parameter, [MPa]
F, : molar attraction force of dispersion group, [J cm’ mol™]
F,  molar attraction force of polar group, [J e’ mol ']
K partition coefficient, {-]
ke @ external mass transfer coefficient, [cm sec ]
M,  average molecular weight, [g mol™]
m(d  solute extraction rate at time t, [g sec ']
Re : Reynolds number, [-]
Sc¢  Schmidt number, [-]
scem © standard cubic ¢m per min. [em® min]
Sk : Sherwood number, [-]

« superficial velocity, {cm sec ]

V.,  total effect volume of rice bran bed, [cm’)

W weight of oil which was extracted in 1 hour, [g]

w?  fatty acid mass concentration of the i-component in
parent liquid phase,

wi"  fatty acid mass concentration of the i-component in
supercritical fluid phase,

i © viscosity, [gem sec’]

o : density, [gcm™)

o,  reduced density, [-]

U,  molar internal energy, [Jmol ']

@ * void volume fraction, [-]

z * contribution group
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