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Abstract — Enzymatic ethanolysis of wheat germ oil with immobilized lipase was investigated for enhancing the func-
tion of wheat germ oil. 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 99.90% ethanol using 1~5 wt% immobilized lipase as Lipozyme TL-IM and Lipozyme
RM-IM and the reaction mixtures were incubated at 40~70 °C with 120 rpm shaking. In pressurized system, the enzy-
matic ethanolysis was carried out at various condition; immobilized lipase concentration(2 wt%), reaction time(24 h),
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 relied on the reaction temperature and the concentration of immobilized lipase. The optimum condition
of enzymatic ethanolysis in non-pressurized and pressurized systems was at 50 °C and 100 bar.

Key words: Wheat Germ Oil, Supercritical Carbon Dioxide, Immobilized Lipase, Enzymatic Ethanolysis, Monoglyceride,
Diglyceride, Triglyceride, HPLC
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Fig. 1. Shematic diagram of the apparatus for enzymatic ethanolysis in supercritical carbon dioxide.

1. CO, tank
2. Pressure gauge

3. Cooling bath
4. Main pump

5. Safety valve
6. Heat exchanger

7. Electric thermometer
8. Reactor

9. Sample collector
10. Pump controller
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Packard 589011) 41 S-3ll Aol AAE 4 A2 HE 863.3
g/molZ 3T, H]- G2 (solvent-free)ol| A1 2] BE AL 25ml
o] AztE kel Walloliel a4 2 olehE&e] 9] § shaking
incubatorel A 120 rpm®] £E 2 HESSISITE Hkgo] a9 Hks
B2 GaRdE $18k] filtration - samplingd}iTh.

222, %97 o)aksleka AofA] Wuljoli-o] F47 oeke3) ukg-
B AoA ALgE AY AR]= Fig. 13 At} "gazERE U

& ohrlsleaE WS FEl sty Hsle fAle 1eEE
(Thar Design, USAYE &3l RES7]1Z Y= Sict. kg2 n]gn)
J(solvent-free)l| A & P23} FUsHA 3= o efe
75, 100, 150, 200 bar Z=710llA] =aslGict, REE7]= ~E|Rle] 2~
31622 A2 Y3 W3] 55 ml(WW7E 2.5 cm, °] 11.2 cm)
olw ¥h371 A, ep-E el R AAEY WRE E 5
SHoich W3] Ule] ofee mehu g Abgate] dergiom,
5= magnetic stirring bar® WRESISITH RES-7] U2
K-type = 5EAIE E3ll 543193 2%A4]013] (FLUKE,
USA)E AREsto] Alofs3it, Z-2 filtration & —15 °C
W are] Rysigltt.

2-2-3. Adsorption Chromatography= ©]-8-3F 7] 2] g4 74

= A HPLCEA Ol 283 TG DG MGe] 71k A73s}
| AgEojo} sh= A3o]™ AOCS(Cd 11¢-93; D. Firestone,
1997) A& Fraste] A=t Aol ARgE A2 W]
7 2 em, 0] 10.50 cm©| ™ HBXZE Lab AllianceA 2] seriesllS
o] g3t} AlZ= Uallolt 5 g Lipozyme TL-IM 0.10 g ©|
43197 60 °C, 120 pmellA] 17417F 52F REZ8E A& ARg3Iict. &
o silica gels T318F7] 180 10 g2 silica gel= 20 ml] petroleum
etherol] Yol dENS w531 Ao £ F petroleum ether’}
B EHUE 4 QS stk U A& 0.30 g= chloroform
I mlell =91 $ Z§] Aetel] FYsISith. o] s7d2] §%> 2 mlmin
o7 HAsi o gu] 21 Table 13} Zth o] F AHS 53
s SulE B FFs 3% Sl sF7E ol 89l sF3t
STh AlE & 0.05 g& 2-proparol: hexane 5:4(v/v) Imloll o]
PTFE syringe filter(25 mm, 0.2 um, Whatman, USA)S ©]-83}]
o ZA)Z1 F HPLCE #4513}

2-2-4. HPLCE ©]-8-8 /334

TG, DG MG 84 - g% 25 $15}¢] HPLC(Waters, Waters
600E, USA)S AM8-519127] column Atlantis® dC18 5 (4.6
150 mm, Waters, USAYE ARE-3F5It}. 7% 715 UV Detector(Waters
484, USAYE AME3191 0w HPLC?) #4] 2718 Holcapek 5[19]

o I

2R

=
o
E‘l"— h=i

o

o

Qe

Table 1. Operation condition of Adsorption Chromatography with Silica
gel column for analysing lipid mixture

: EYELA DC-1200
: Lab Alliance Model series 11

Instrument
Control pump

Column : 2emx10.5 cm (Lab Alliance)
Sample : 1 g of lipid mixture/30 ml of chloroform
Condition : solvent flow rate : 2.0 ml/min

Fraction I 10% diethy! ether in petroleum ether

FractionIl ~ 25% diethyl ether in petroleum ether

Fraction Il 100% diethyl ether

Hl473 M52 20094 102

sjstgat

B AR

Ao

Table 2. Operation condition of HPLC with UV detector (at 205 nm)

Instrument : Waters 600E
Column : Atlantis® dC18 5 ;1 4.6x15 cm (Waters)
Columntemp  : Room temp
Injection volume : 20 pl
Detecter : UV Detector (Waters)
Condition : flow rate : 1.0 ml/min
time methanol isopropane-hexane (5:4, v/v)
0 100 0
15 50 50
25 50 50
30 100 0
& FE3.01 Table 200 WERHSITE. A 255= 40 °C2 44

31932 methanol(£ A)¥} 2-proparol : hexane(5:4, v/v)(E By
ol F o E ARG oW 5L 1 mimin®l Itk AR 9 5 15
B %ot A9} BE 0:100014 50:50(v./v)Z HIAH 1L 1550
A 258 7HA] A AT 2587 5 Sl ASE BE 0: 100(v./
VIO =Z HISIAIZ O F AR 30:20] Tt Z171e] A8 30 uLE
Sl A 1 mLell 3143}l PTFE syringe filters ©]83F0] oJ3}A|7]
B 20 ul T3] BAIEk)
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Fig. 2. Retention times of lipid standards in HPLC-UV (at 205 nm).

T
800



Z| ohlsiekiols daoltol g oekEs) Hke 54

MG

0.00 AN

T T T T T T T T T T T T T T
200 400 660 $00 1000 1200 1400 1600 (800 2000 2200 2400 2600 2800 3IO0

0353 DG

0.103

200 400 600 900 1000 1200 1400 1600 1900 2000 2200 2400 2600 2800 30.0
Mnutes

TG
0.0
050

2

<<
0.0

0204

0.00-

060 660 1009 15 2500 000

) 2000 35.00
Mnutes

Fig. 3. HPLC-analysis of lipid mixture separated by Adsorption Chro-
matography.
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Fig. 4. Characteristic of enzymatic ethanolysis at T=60 °C, 120
rpm, 2 w% of Lipozyme TL-IM, 24 h.
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Fig. 5. Effect of ethanol mole ratio to wheat germ oil in conventional solvent-free system at T=60 °C, 120 rpm, 2 w% of lipase, 2 h.
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Fig. 7. Characteristics of enzyme load on ethanolysis in conventional solvent-free system at T=60 °C, 120 rpm, ethanol mole ratio=1.0, 2 h.
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Fig. 10. Enzymatic ethanolysis using Lipozyme TL-IM in supercriti-
cal carbon dioxide system.

sttt

H]guj ol s & s 1uigcdulo} 5 g, ETOH 0.33 mil)ollA]
MG, DGS] A &&°] 7FF =952 Lipozyme RM-IMS 28l<=
ol A8 TAeplar, 2522 PIES 60 °CollX MG 9.43% DG
34.92%% FHo S YERIIAL 70 °ColM= ARl FhA
sFolch. gt A ARgEel wE FEe 3% E HdHgo] St
o}t 7 o]F HEES Ao Wt glgl o, vhg Algke] 4
2 Lipozyme TL-IM& ARE3E HES-ollA= 24713 F9F A& 0
2 Z7V8F9 9 Lipozyme RM-IMS ARE-3H RS-0 A= 12A17F
7 AEA 07 Frretthrt o] Folli= dgkgo] 2a fhast
k.

v gujPdol| ] Wajohf-2l 13} s o835t oeh&3s) Whgol
A @40 FHel e Y Lipozyme RM-IMEU} Lipozyme
TL-IME AHE-3E 9ES-olA] MGS}F DG A/d%o] o =9kor, &

Korean Chem. Eng. Res., Vol. 47, No. 5, October, 2009



iﬂ HEgois 250 ke

Aol Hulglem 60 °C
R 7S 9FE o] 100 bard W] MGS}
100 bar ©]%9] 948 2= MG
o] WERstom, vk AlRke] JEke
ZrellA A wko] 7t = glom vlE-
F& ke vEhiglen,

g] oJaRe. u}g

oﬁ.

i%‘ A o
50 °C, ‘1}%%@ 100 bar,

b & Aol 2
B dollx o] RESH} mE
ARSI AL, Huljol-E o]

Rt} Lipozyme TL-IM©] 1'0* gGyEel ghds & Q%o
ZUA) o A3FEAE o] 83 EANESolA 200 bar o149 E T}
60°C ool 5 T78]al & Frge] W) 5 2 Aol 38t
A 3 27004 9] G5 AF7} olojd eyl L7H)
& At
3 QA AR g} AARY 7| AR Aejsal Q1o
A1 9 7108 skl B/ QIS A
Afow 5aE AFAeln ofd] A=A},
Sk
1. Sauer, D. B., “Storage of Cereal Grains and Their Products}

American Association of Cereal Chemists, inc, 14-22(1992).
Rural development administration national rural living science
institute., Food composition table., 20-21, 434-435, 532-533,
582(1996).

. Dliveira, J. and Vladimir, O., “Enzymatic Alcoholysis of Palm
Kernel Oil in n-hexane and SCO,, J. Supercrit. Fluids., 19,
141(2001).

.Lee, J. S., Jang, Y. and Yang, T. H., “Low-calorie Structured Lip-
ids Synthesis by Enzymatic Transesterification, Ministry of Agri-
culture and Forestry, Seoul, Korea(1999).

. Akoh, C. C., Food Liquids. Chemistry, Nutrition. and Biochem-

istry. M. Dekker Inc., New York, USA(2002).

Maki, K. C., Davidson, M. H., Tsushima, R., Matsuo, N., Tokim-

itsu, L., Umporowicz, D. N., Dicklin, M. R., Foster, G. S., Ingram, K.

A., Anderson, B. D., Forst, S. D. and Bell, M., “Consumption of

Diacylglycerol Oil as Part of a Reduced-energy Diet Enhances Loss

of Body Weight and Fat in Comparison with Consumption of a Tri-

acylglycerol Control Oil; Am. J. Clin. Nutr, 76, 1230-1236(2002).

. Watanabe, T., Sugiura, M., Sato, M., Yamada, N. and Nakanishi,
K., “Diacylglycerol Production in a Packed Bed Bioreactor; Pro-
cess Bio-chem., 40, 637-643(2005).

. Park, R. K. and Lee, K. T., “Synthesis and Characterization of
Mono- and Diacylglycerol Enriched Functional Oil by Enzy-
matic Glycerolysis of Corn Oil; Korean. Food Sci. Technol., 36,
211-216(2004).

9. Rosu, R., Yasui, M., Iwasaki, Y. and Yamane, T., “Enzymatic Syn-

2.

sjstgat

Hl473 M52 20094 102

A7k

- B - %
thesis of Symmertrical 1,3-Diacylglycerols by Direct Esterifica-
tion of Glycerol in Solvent-Free Systen, J. Am. Oil Chem. Soc.,
76, 839-843(1999).

10. Kang, S. T. and Yamane, T., “Effect of Temperature on Diacylg-

lycerol Production by Enzymatic Solid-Phase Glycerolysis of

Hydrogenated Beef Tallow)’ Korean J. Food Sci. Technol., 26,

567-572(1994).

Kwon, S. J., Han, J. J. and Rhee, J. S,

Separation of Mono- or Diacylglycerol Catalyzed by Lipasein n-

hexane, Enzyme Microb. Technol., 17, 700-704(1995).

Yang, B., Harper, W. J., Parkin, K. L. and Chen, J., “Screening

off Commercial Lipases for Production of Mono- and Diacylg-

11. “Production and in Situ

12.

lycerols from Butter Oil by Enzymic Glycerolysis, Dairy J., 4,

1-13(1994).

Rosu, R., Uozaki, Y., Iwasaki, Y. and Yamane, T., “Repeated Use

of Immobilized Lipase for Monoacylglycerol Production by Solid-

Phase Glycerolysis of Olive Oil; J. Am. Oil Chem. Soc., 74, 445-

450(1997).

Randolph, T. W., Blanch, H. W., Prausnitz, J. M. and Wilke, C.

R., “Enzymatic Catalysis in a Supercritical Fluid, Biotechnol.

Lett., 7, 325(1985).

Hammond, D. A., Karel, M., Klibanov, A. M. and Krukonis, V.

J., “Enzymatic Reactions in Supercritical Gases, J. Appl. Bio-

chem. Biotechnol., 11, 393(1985).

Nakamura, K., Chi, Y. M., Tamada, Y. and Yano, T., “Lipase

Activity and Stability in Supercritical Carbon Dioxide, Chem.

Eng. Commun., 45, 207(1986).

Van, E., A, M. N,, Dejong, J. P. L., Doddema, H. J. and Linde-

bom, “Enzymatic Transesterification in Supercritical Carbon

Dioxide; D. R., in perrut, M(ed.), Proc. Int. Symp. Supercritical

Fluids., 2, 933(1988).

18. Pasta, P., Mazzola, G.,, Carrea, G. and Riva, S.,
lyzed Transesterification in Supercritical Carbon Dioxide] Bio-
technol. Lett., 9, 643(1989).

19. Holcapek, M., Janadera, P., Fischer, J. and Prokes, B., “Analyti-
cal Monitoring of Production of Biodiesel by High-performance

13.

14.

15.

16.

17.

“Subtilisin-cata-

Liquid Chromatography with Various Detection Methods] J.
Chromatogr. A., 858, 13-31(1999).

20. Shimada, Y., Watanabe, Y., Sugihara, A. and Tominaga Y.,
“Enzymatic Alcohlysis for Biodiesel Fuel Production and Appli-
cation of the Reaction to Oil Processing; J. Mol. Catal. B. Enzym,
17, 133(2002).

21. Zaks, A. and Klivabov, A. M., “Enzymatic Catalysis in Organic
Media at 100 °C? Science., 224, 1249(1984).

22. Kamat, S. V., Beckman, E. J. and Russell, A. J., “Enzyme Activ-
ity in Supercritical Fluids} Biotechnology., 15, 41(1995).

23. Yutaka, 1., Norio, S., Masahiko, A. and Harvy, W. B., The Jour-
nal of Physical Chemistry., 99, 8941(1995).

24.King, J. W,, Eissler, R. L. and Friendrich, J. P., “In Supercritical
Fluid Extraction and Chromatography, ACS Symp. Ser., 366, 63-
88(1988).

25. Zeljko, K. and Maja, H., “Compressed Gases as Alternative Enzy-
matic-Reaction Solvent a Shot Review,’ J. Supercrit. Fluids., 23
(2001).

26.Lee, H. S., Ryu, Y. W. and Kim, C., “Hydrolysis of Starch in
Supercritical Carbon Dioxide} Annals of the Research Center for
New Bio-Materials in Agriculture, 4, 66-73(1995).



