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Characteristics of Wheat Germ Oil during Enzymatic

Ethanolysis in Supercritical Carbon Dioxide

Back-Sung Sin

Department of Food Science and Technology,
Graduate school,

Pukyong National University
Abstract

Enzymatic ethanolysis of wheat germ oil with immobilized lipase was
investigated for enhancing the function of wheat germ oil. As an alternative to
chemical hydrolysis, which is difficult to control, the biochemical ethanolysis by
lipase is uncomplicated to carry out. Lipases are highly versatile and efficient
bio—catalysts for these esterification reactions. With better reaction technologies,
the by-products recovered from food processing can be turned into valuable
products or at least converted into useful sources. It is possible to convert lipid
to monoglyceride and diglyceride by enzymatic ethanolysis. Monoglyceride and
diglyceride are widely used as emulsifiers in the food and medical supplies
industry.

Ethanolysis reactions were carried out in two different systems;
non-pressurized and pressurized system. In non-pressurized system, the
enzymatic ethanolysis was carried out in an erlenmeyer flask (25 ml) containing
a mixture of wheat germ oil and 99.9% ethanol using 1-5 w2 immobilized

lipase as Lipozyme TL-IM and Lipozyme RM-IM (based on w/w wheat germ



oil). The reaction mixtures were incubated at 40-70°C and shaken at 120 rpm.
In pressurized system, the enzymatic ethanolysis was carried out at various
condition; immobilized lipase concentration (2 w%), reaction time (24 hours),
reaction temperature (40 - 60°C) and reaction pressure (75, 100, 150, 200 bars).
The samples obtained from each fraction were analyzed by HPLC for analysing
contents of monoglyceride, diglyceride, and triglyceride.

The conversion of wheat germ oil increased with the reaction
temperature and with the concentration of immobilized lipase. The optimum
condition of enzymatic ethanolysis in non-pressurized and pressurized system

was at 50°C of reaction temperature and 100 bar of pressure.
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= o]&d F 9+ diglyceride(DG) ¥+ A7t 3134 FAES Fall Aol A
#He3 J.(Lee et al, 1999; Akoh, 2002). A#=zZ A KaoAle] Econa
cooking oil ¥ "= ADMA}C] Ecova cooking oil 52 DG & X7} A4k, Al
F¥ A Kwon et al, 1995). Diglyceride®} monoglycerideMG)E ZE A= 3
B ool Zhzy 29} 1709 A Hbite]l Adtx o] 9 HEE triglyceride(TG)Eth 4
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et al., 2005; Park et al, 2004), oJg1gt DGE MG & FA& AAs7] 2sA
ot e g AESHE JdiHE wsnkgo]l AR glth(Watanabe et al.,
2005; Park et al, 2004; Rosu et al,1999). ¥rtd o2 DG, MGE 220°C o]/
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AS AYA "ArhKwon et al, 1995; Yang et al, 1994). 919} & 38t A
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%A A (Supercritical Fluid ... SCF)& <3 FA19 A A(critical
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al., 1985; Nakamura et al., 1986), ¥3& La|9ka(Van et al, 1988), E 20
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Table 1. Supercritical solvents and their basic constants

Critical data

Solvents B.P.(C)
TAC)  P.MPa) pc(g/cm)
CO2 -78.5 31.3 7.38 0.448
NH; -33.4 132.3 11.27 0.240
Hz0 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 2353 4.76 0.273
Ethylene -103.8 S 4.98 0.217
Propylene — 4IRS 91.9 4.62 0.232
Ethane -88.0 R 4 4.89 0.203
n—-Propane -44.5 96.8 4.25 0.220
n-Butane =0.3 1.0 3.80 0.228
n—-Pentane 36.F¥ 196.6 o0 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
Dichlorodifluoromethane -29.8 111.7 3.99 0.558
Dichlorofluoromethane 8.9 178.5 5.16 0.522
Trichlorofluoromethane 23.7 196.6 4.22 0.554
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Table 2. Application areas for supercritical fluid extraction

Chemical
and

Food Industries

Fractionation polymer

Porous polymer

Swell polymers

Chemical fiber

Chemicals from coals, metals isotopes, alcohol
Spice extracts

Lecithin

Fat free proteins

Vegetable fats and oils

Animal fats

Aromas and essences(Coffee, tea, hops)
Natural coloring substances(Paprika)
Aroma transfer

Catalyst treatment

Active—-carbon treatment

Fat refining(deacidification)

Reduction of alcohol in beverages

Alkaloids
Pharmacy Sterines
Antibiotics
Recycling of Used oils

Residue

Polymer wastes

_12_
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3. Lipases
Lipasex 1849dH-E d¢# & A2 A (Daeseok et al, 1998), # A}
o] Fetalo] Aeol A triglyceride® ester A%S 7lEalste] glyceroldt A

WAk AdsteE E4E A SH(Park er al, 2004). olaiv F=9 FH oA

A E lipasele TAE )z AEA Huke] lipase’t 9] FxF ] dgo] &2lE
AtHLee et al, 1993). Lipasev 3202 Az gAv o] 283t 4A Ad
A TbEs] wkeolv Fr8w) Aol A A A oy st whrgo] AREET
(Hong et al, 2002). ¥ A3glo] AlE¥ Lipozyme TL-IM<S Thermomyces
lanuginosusZ5E 3 lipaseZ silicadl &3 A1#H 2™ Lipozyme RM-IM-&
Rhizo—-mucor mieheiZ%& ]3¢t lipaseES macroporous anion exchange resin
of A3} AlZ1 Jd& lipase olet. o] + ZkA€] lipaser TG w%¢] sn-13 3

o 91Ro] BolHom el TG ester AFE AT Adon 75y

[«
==

3t & thA] d o7 esterificationsts &S 71z thlee et al, 1996). Fig. 3
143} 49 dE2S ARESE TG @44 ofgt23F W3S UEld Holt),

rlo
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| 2 Lipase |

HFDDC zHs
HSCDC'C oHs

BH. —PC0R, CH.OH

Fig. 3. Enzymatic ethanolysis of triacylglycerol by immobilized lipase.
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1. A5 3 Aok

A &o] AFgE "ufo} 0ilS Wheat germ oil (Sigma, U.S.A) & A}-&3%
o A3} @i (Lipozyme TL-IM, Lipozyme RM-IM):= Novo Nordisk
Biochem. North American Inc.(Franklinton, NC, USA)Z5¥ FYsle] AL&3F3
oh =gk AR ALgH JdELIES B&IJAMS] £k 99.9%F AH&sklom TG,
DG, MG AAEAS 9ty XE+F==% Mono- Di- and Triglyceride
Mix(Supelco, USA)E FY3ste] AA| glo] vt=2 AL83sl3it). o] 5402 AE3H &
b oA R, HWEEE B&IAY £% 99.9%F ©]83+312m WhatmanAke]
nylon membrane filter(pore size=0.2 m= oj3#ste] AR&sAT. TLCE=
MACHEREY-NAGELAFS) ALUGRAM® SIL G/UVzss S plate® AHg-3tda A3
of AHgd Aok B&JAFY] £X 99.9%= ARSst3itt.

2. AgHry

2.1 Wuljo} Fo) Aat B4

:L
(@)}
S
o,
oy
D
<
[eb)
=)
@
52!
[0)]
oy
D
[y
[0)]
Q.
D
=)
=
=
o
O
O
rU 0
N
3
ol
o
2
\]
Hm
=
us
-
o,
12
o
M
12

of 7ol &tk £3} NaCl&d 2 mlE 7hete] 30%3F & 5 WA 5=

Telste] FolEth olglT 2 hexanelZ FE3W tha ST Fst

ko] 2% & &S A8 anhydrous sodium sulfate® o} A

25 93] AAGT. 1 wE sandwich 7|2 Table. 3% & ZHo=

Gas—-Chromatography (Hewlett Packard 5890ID9] FY3fe] FAs1% 0,
!

Gas—Chromatographyol] 9J3] SAHEAZ YAzl Auak 24 E+=EZ(lipid

=2
Mo
1%
_O,L'

2
iv

standard : fatty acid methyl estermixture ; Sigma, 189-19)3} H]
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Table 3. Analytical condition of GC/FID

Model Hewlett—Packard 5890
HP-INNOWAX
Column
(30 m*<0.32 mm>0.5 zm)
Carrier gas & Flow rate N2 0.1 ml/min
Injector temperature 230C
Detector temperature 260C
Air/Hs 9/1
Oven Temperature 150C — 2C/min — 240TC (15 min)
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2.2 Aol 143 &4 (Lipozyme TL-IM, Lipozyme RM-IM)E ©o]& 3k
Yol F4% oe-&s g

2 A AFEE AEAd U Eujolret olehEe oEhest vhES
1A 3 @4 (Lipozyme TL-IM, Lipozyme RM-IM)E Al&ste] Aldstgion, H
Hjolf-o] @& WS 918te]  shaking incubator(HB-201SF:Hanbaek
Scientific Co)E AH&SFATE AL w3 3 A + e ek Hajo}
ol Enua-5u), £%=U40T-707), &4 AMHZF1%-5% w/w), &AL
(IAIZF-24 A1 3h) 5 WISHAIA o&-&3t RBhg& T3kt dajolwo FAFE

BApge

I

gl Ze]Aetol =] Hxjeke] 7123kl 863.3 g/mol® %L, o g

lo

16 g/mol, Wejokfrel W 0.922 g/ml, o@Ee] W 0773 g/mle A
At B Aol ALEE Wlobfo} e ALgFel U Bu= Lol 5 g

o] Zujo} Foll 0.33 mle] A== stk AotollAel e AF2 25 mlo 4

\G]
w
P
ke
h-)
o,
>
Job
au}
B>
i
o,
ofo
(ot
iz}
)
o
4

lo,
fol
)
=2,
uuf
fiio
rﬂ'.
olo

VAo ALEH A¥ A= Fig. 49 2o a2 5EH U olilsie
e WAV E T At dAstdE {3+ HE(High pressure p-serise pump,
= .

Weo) el ggzae Qe 4L 7

—

AzZAA AFOE FAND & YATh VS 39

Atk WHETE 2HAHAZH(SS-316)02 AEHAL UFE-T 55 ml(WA 2.5
cm, #¥°] 11.2 cm)el™ wkg7] A, si= Astrez AAE WF-E & 5 3
A sklvh. WH = HokeAl, B2 SwegelokAl A& A&l om wh3-7] Wi
+ magnetic stirring bar® uHFE}IATH 2%+= water bath(Dongwon scientific

system, KOREA)Z A3}l on =542 FLUKE 52(FLUKE, USA)ZE Al&4]
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E- - T

=

H
7 I

CO; tank

Pressure gauge P30 P44

Cooling bath B _ o

Main pump " ,{.j.c /| %35 Vent Pan

Safety valve e —? ;; <l ?

Heat exchanger e / /' v:;ve

Electric thermometer / /i

Reactor —P;E /T : E

Sample collector / /! ; i

Pump controler e 7 B /: ‘/::-:
................................. - -I Nwle P-558

vaive

Fig. 4. Flow diagram of supercritical fluid process.



2.4 Monoglycerides, Diglycerides, Triglycerides ¢ 4
2.4.1 AYFA AHE o] L3 Monoglycerides, Diglycerides, Triglycerides®]
A EH
W ge HPLCHAY 228 DG, MG, TGY 7742 dgshzt s

ofof ak= Addelr AOCS(1997) &4 Rs Farste] A=At Al AHg=

s

A2 W7 2 cm, =°] 105 cm $2w HX = Lab AllianceAt?] serieslIE o]
L3ttt Alg+= o} 7 5 g¥ Lipozyme TL-IM 0.1 g& ©]&3}e] 60T, 120

rpmol A 17A17F &2t o

i

£33} wbEAIF T A ARl silica gelS FX18H7] 9
a 10 g9 silica gelS 20 ml9] petroleum ethere] Yol HAEN S TtE31 Ao
FHIH. F4 F petroleum ether7} 25 ZHUE & =S v 2 § AR
2o} chloroform 1 mlell o] A4 Acke] F3ich AXZE o] &
3l &vlE SHFEY olu %S 2 ml/min &2 AAFR o
Table. 49} 2t} AR S F7e &l E flactionB = ¥F 3t BHd Svle 55
715 o] &3] H=3th A2 0.05 g5 2-proparol @ hexane 5:4(v/v) 1 mlel] =
TLC #4& Fom A% 30 uEs S8 TLCS 22 &ujo] = HPLCE #43}
AT

2.4.2 Thin Layer Chromatography(TLC)dll <3 A3 &4

A= DG, MG, TG tiefAQl Ais ##etr] fla dasty A3
e tgy Ao WA- Alg 0.05 g& 2-proparol : hexane 5:4(v/v) 1 mlol
=o] 1 W FH3e] silica gel TLC plateo] A& star 789 cyclohexane :
ethyl acetate (3 @ 2 v/v, lower layer) 3522 H7/IAHY. dNE vzl TLC
platex= A-2oA AZx A7l 3 lodine vapor X3} B3o] o] Egd FAx =4l

DG, MG, TG9 spot= &2l & 4 At}
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Table 4. Silica gel column chromatography of solvent condition

Flaction

solvent (v/v)

I (triglyceride)

10% diethyl ether in petroleum ether 100 ml

II (diglyceride)

25% diethyl ether in petroleum ether 100 ml

III (monoglyceride)

100% diethyl ether 100 ml
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2.4.3 HPLCE o] &3 AR EAH

MG, DG, TGS AHA #4& 98] HPLC(Waters, Waters 600E, USA)
2 A3kl o columne Atlantis® dC18 5 1(4.6x150 mm, Waters, USA)E
ALY FHE7]+= UV Dectector(Waters 484, USA)E AFg31% o HPLCO

A ZZA(Holcapek et al, 1999)2 Table. 59 YEFHAT}. column =%+ 40°C

1

a4

¢

}SA 3L gradientE AHE-FS™ Table. 6 HWEFATEH +4] Z20S A9E

=
Y methanol(€"A)3} 2-proparol : hexane(5:4(v/v))(£7|B)S oAt &2 A&

&

dom F42 1 ml/min °|Th A8 ¢ & 153% &2 EujAet BE 0100 ol

_>.:

50t150(curve 6)F-IH] 2 WH3IA|Z 1 1584 258 71X F-X|A|FH T 2585

)

527 &7 A9t BE Ot 100(curve 6)o.= W3} AlZlom F WAPAIHE 303
oldct. Ztzte] Al® 30 ulLE €A 1 mlol 84453 PTFE syringe filter(25
mm, 0.2 pm, Whatman, USA)E ©]&3}o] o A7l & HPLCel 20 pl FY43kd
e A

<{
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Table 5. HPLC conditions for the detection of tri, di, monoglyceride

Instrument : Waters 600E
Atlantis® dC18 5 nu(4.6<150 mm, Waters,
Column
USA)
Column temp. : Room temp
Detector : Waters 484 UV Dectector
Wavelength : 205 nm
Injection volumn i 20 Pl
Flow rate : 1.0 ml/min
MeOH
Moble phase
Hexane : Isopropanol (4:5)(v/v)
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Table 6. HPLC conditions for the detection of tri, di, monoglyceride

] 2-propanol:hexane
time flow methanol curve
o 0
0 1e@®0 100 6
15 1.00 50 50 6
25 Js, (@) 50 50 6
30 1.00 100 6
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L. dujolo] Aat =74

Aol AL

i
(o,

5+ Wheat germ oil (Sigma, U.S.A)S At&3dlom 2w

o

Abe] A8 Table. 79 YERHATE. Tableo] veEbd A} o] B3} x| HHAl
linolelaidic acid+ AA| Xvkate] 47% 71 2R3t 20912 linolenic acide
8%7} sHrwlol addtt. EspAAkel Palmitic acid® 18%3- ol dglon o

ko] & Oleic acid 16%7} 5o 23t}

2. Monoglycerides, Diglycerides, Triglycerides ¢ #2443}
2.1 Thin Layer Chromatography(TLC)el|l <3t A &4

TLC A¥& Fig. 59 YeRUISIth TLC 232 vl 7hasldA e A
2l AEY ARES & g A &lFH gk Hlel B AEe 248 5 3
HPLCZ #4st7] dol| ddS 53 83l 4 flaction »kth 50 ml¥ w= £

3k 2709 AMEZ & W= o™ flaction | I (triglyceride)& A9} B, flaction I

o

D, flaction M(monoglyceride)= E¢} F o|t}, z+z}¢

1o
>,
il
d
g

(diglyceride)<

0oRedE AL #9990 FEF IS fiskel HPLCE °l &3

2.2 48714 AHE& |83 Monoglycerides, Diglycerides, Triglycerides<]
AAEH
Mono- Di- and Triglyceride Mix®] #4ZA3E Fig. 6] YeERAL.
A3 Monoolein 2.708, 1,2 1,3-Diolein 9.684, Triolein 19.897¢] retention
times 7FA oW b3 2L Ads B3 oo U2 AlRE9 s Asked 5
&9 A3E7F A Flaction I o ¥4 43= Fig. 7, Fig. 8 WetHiSdTh. Fig. 7

& HA%x 50 mlE BFHsto] 9L A7 AToln Fig. 82 Um A 50 mle #A
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Aztoltt, 2al 10+ o™ U A= A% MG, DG, ester 02 AR E

of Am TG T3 16&E5FH 26274 = AAstdot. fig. 9+ flactionI ¢ 2

s

Hol DGO T7HE 6EHEH 187X 2 AAsH ). flactionllle] A3+ fig. 10

of YepA o™ MG 47+ 2&5-H 3&7H4 27353t

’

2.3 HPLCE o]&3% AA &4
W24, 5o wWajolf-o chromatograme fig. 11 ¢} fig. 12¢] YEFAA

o} kS-S TGO e adlon MG, DG, esterd TS A A Z713 )

fo

= Wl el A= dAl ez faksto] 54 skl
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Table 7. Fatty acid composition(%) of wheat germ oil

Compounds Composition(%)
Palmitic acid (C16:0) 18.426
Heptadecanoic acid (C17:1 ; cis—10) 6.980
Stearic acid (C18:0) 1.155
Oleic acid (C18:1) 16.383
Linolelaidic acid (C18:2n6t) 47.053
Linolenic acid 8.186
Cis-11-eicosenoic(C20:1) 1.817
Total 100.00
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Fig. 5. Thin Layer Chromatogral.)hy.-..(Al.'Flactionl 50 ml, B: FlactionI 50

ml, C: Flactionll 50 ml, D: FlactionIl 50 ml E: Flactionlll 50 ml F:

FlactionIll 50 ml)

_30_
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i} 400 B.00 B00 1000 1200 1400 1800 1800 0OD ZZOD 400 2AOD
hinutes

Fig. 6. HPLC separation of Mono—= Di— and Triglyceride Mix. HPLC

method(see table.5), UV detection at 205 nm, flow-rate 1 ml/min,

injection volume 20 pl.
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Fig. 7. HPLC separation of a flactionI (triglyceride). HPLC method(see
table.5) UV detection at 205 nm, flow-rate 1 ml/min, injection

volume 20 pl.
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Fig. 8. HPLC separation of a flactionI (triglyceride). HPLC method(see
table.5), UV detection at 205 nm, flow-rate 1 ml/min, injection

volume 20 pl.
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Fig. 9. HPLC separation of a flactionIl(diglyceride). HPLC method(see

table.5), UV detection at 205 nm, flow-rate 1 ml/min, injection

volume 20 pl.
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Fig. 10. HPLC separation of a flactionlll(monoglyceride). HPLC method(see
table.5), UV detection at 205 nm, flow-rate 1 ml/min, injection

volume 20 pl.
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Fig. 11. HPLC separation of wheat germ oil. HPLC method(see table.5), UV

detection at 205 nm, flow-rate 1 ml/min, injection volume 20 pl.
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Fig. 12. HPLC separation of wheat germ oil/ethanol, 2%(w/w wheat germ
oil) immobilized lipase(TL-IM), shaken at 60T, 120 rpm for 24h.
HPLC method(see table.5), UV detection at 205 nm, flow-rate 1

ml/min, injection volume 20 pnl.
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3. Bl M a44 oet&3) vk
3.1 = o] %

Aol o gh&o] = o] wWE PEFS Fig. 13 Fig. 140 HERAAH.
Lipozyme TM-IMS A}&3F A$ oebx & $=F 1v5odq MGE 0.44%°1A4
9.84%, DG+ 12.55%°0 4 30.63%= <57}t TGE 87%N A 59.52%7%F A3}
AgEo] HiSAt). Lipozyme RM-IMol A= wpzb7px] 2 1afsroll A dgk&o] FH o)
Adom  MGE 0.44%°14 9.23%, DGE12.55%14 19.35%%2 F7Ftal TGE
87%AMNA 71.42%7 23k Att. o14ke] A4 ok 4 9l%e] Lipozyme TL-IM¥}
Lipozyme RM-IM EF & & 1Hlgdq Hd A3dES BP9 Lipozyme
TM-IM& AHES 2 & 3% 2¥ls =3 dixes ddzFo] =ik AT
Lipozyme RM-IM=2 28} o8 ko] @A s fHAHIH. o2 A=
e o] oergel ¥ ol AsjEH= Aom HolW o] I

Yuji(2002)9] A3t dA 53l

3.2 ¥k3 %9 9%

Fig. 15, fig 162 X9 w& MG, DG, TGS & vehd adol
40Tl E MG 8.31%, DG 29.43%, 50ColAE MG 9.84%, DG 30.63%= 1€}
wom 60TAE MG 9.43% DG 34.92%, 70ColHE= MG 9.32%, DG 33.83%
Atk ole} T A= 40THHEH 60T7HA TGS HFEo] A& F7tste] 60T

A Hd dEEE e 70Tl A A ste A4S UERHAT. o= 60T7}
A= @he &Aool Folx|trl 70TCol ol eE Adl dues AS & 5 AA &)
T2 o Lipozyme TL-IM©] Lipozyme RM-IMHET}F HA3Hgo] =& Ak HA

®

3.3 A AHEEY 9%
i AREEel WE MG, DG, TGS d3& dekdl I92 fig. 17, fig. 18

of YAt} Lipozyme TL-IM3} Lipozyme RM-IM REF &k AF&3o] 3% o]
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AAAE ABEe]l F7F gok T olF ABEES A Wsh Gtk olUw A

Y= BAA dEEst wheA Bh AREEE 3% ol 7 stdete MGY DG

w

4 ¥hE Ao 9F

Fig. 19, fig. 20& WkgA ko] W& MG, DG, TG S vehd 1o
th. Lipozyme TL-IM& AR&3F 9kgol A= 24413 5 AlLA 02 F7haste] MG
13.30%, DG 36.42%, TG 50.3%= A&=AT}. Lipozyme RM-IMES AR&3F uk-&-
AN E 1212 7R A&H oz Frhsted MG 10.87%, DG 39.62%, TG 49.51%
2 AgE o} o] Fo= HIEo] 2aH FAsH 2447 Foll= MG 10.79%,
DG 35.69%, TG 53.52% %k = 3lth. o2 3t A3+ Lipozyme TL-IM= 24A]%F
St S AgsteetE utb-go] Ao dojuhA| F AW Lipozyme RM-IM2

12217t o] F- Hutgo] XNPH= Aoz Al ZEE
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Lipozyme TL-IM
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Fig. 13. Effect of ethanol content on ethanolysis of wheat germ oil in

solvent—free system using immobilized lipase.
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Lipozyme RM-IM
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Fig. 14. Effect of ethanol content on ethanolysis of wheat germ oil in

solvent—free system using immobilized lipase.
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Lipozyme TL-IM
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Temperature [}

Fig. 15. Influence of temperature on the ethanolysis of wheat germ oil in
solvent-free system using immobilized lipase(TL-IM) at a molar ratio

ethanol/wheat germ oil of 1:1, reaction time 2h.
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Fig. 16. Influence of temperature on the ethanolysis of wheat germ oil in
solvent-free system using immobilized lipase(RM-IM) at a molar ratio

ethanol/wheat germ oil of 1:1, reaction time 2h.
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Fig. 17. Effect of the immobilized lipase content on ethanolysis of wheat

germ oil in solvent—free system.
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Lipozyme RM-IM
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Fig. 18. Effect of the immobilized lipase content on ethanolysis of wheat

germ oil in solvent—free system.
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Lipozyme TL-IM
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Fig. 19. Time course of the ethanolysis reaction of wheat germ oil in

solvent—free system using immobilized lipase.
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Fig. 20. Time course of the ethanolysis reaction of wheat germ oil in

solvent—free system using immobilized lipase.
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Fig. 21. Temperature and pressure course of the ethanolysis reaction of

wheat germ oil in supercritical carbon dioxide system using

immobilized lipase.
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Fig. 22. Time course of the ethanolysis reaction of wheat germ oil in

supercritical carbon dioxide system using immobilized lipase.
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