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ABSTRACT
Abstract I-Menthol is widely used in food, flavor, medical, and cosmetic in the industry. Its activity mainly depends on its pure
optical type. The yearly demand of menthol is about twelve thousand tons in the world. I-Menthyl acetate, a colorless liquid with
fresh fruity peppermint odor, is prepared by esterification of I-menthol with acetic anhydride. It is able to reder peppermint
fragrance in nonaqueous systems. At present, I-menthyl ester is mainly prepared through chemical reaction; however, its productivity
step is inextricable, time- consuming, and more dangerous. Therefore, the major purpose of this study is to catalyze directed
esterification of I-menthol and butyric anhydride in anhydrous organic solvent by the stereoselectivity of Candida rugosa lipase
(Lipase AY-30). Response surface methodology (RSM) and five-level- four- factor central composite rotatable design (CCRD) were
adopted to evaluate the effects of synthesis variables, such as reaction time (2— 10 hr), temperature (25— 65 ?° C), substrate molar
ratio (I-menthol:butyric anhydride=1:1— 1:3), and enzyme amount (10— 50%), on percentage molar conversion of I-menthyl
butyrate; to find the optimum conditions of I-menthyl butyrate by contour plots analysis. The results showed that reaction time,
temperature and enzyme amount have marked effect for molar conversion of I-menthyl ester. The optimum conditions of I-menthyl
butyrate synthesis was:reaction time 8.7 hr, temperature 37.1 ?° C, substrate molar ratio 1.0:2.6 (I-menthol : butyric anhydride),
31.7% enzyme amount, and the highest yield was 72.6%.

Keywords : I-Menthyl ester, Lipase, Response Surface Methodology, Optimization
Table of Contents

OO0 oOoOooOoooOoobo.coOdOo.vDODoOoOvOOviiODOviiOOOxiODO xiOOO OO0 1000 00
00421000 421100000000 42120000 52200000 62210 000000000 72220000
000000 8230092310000000 1023200000000000 112330000000000000 12
2340000000000 142350000000000000 15236Candidarugosal 000 16240000000
ODO000000 192500000 (Response Surface Methodology; RSM)O DO 0O0O0O0O0000O0 222510000000
0 23252000000 (Central Composite Design)242.60 0000000000000 25270000 (Canonical
Analysis) 26 000 00000 33310000 3331100 3331200 333130000 34320000 3533000
0 35331000000000 3533110000000 (Karl-FischeD OO 3533120000000 363320000
00 363321000000 373330000 3733400000 38335000000 383360000 383.3.6.1SAS
000003000 00000 4641000000000000047420000000000000 4843000
00000000 4844000000000000000 494500000000 65046000002w00061000
OO05 000060000 0000000067000 SASOINPUTOO 72000 000D00O 0 11000DOOO
0000000000000 000302-100000sn-0000000 300 2200000000000 310 2-30
g000d0O00000O0b0o0o0b0oD0Oo 3203-10000000000D0DOO0OOO 4041000000000
0000000000000 0D0 000000 000000110000050%0000035?C540 4200000
0000000000000 0D00D0000S0430000000000000000000O00DO0OOO0ODOOO
oose04400000000000DOCO0O0ODOOOODOOOOODSTO4S0000000O@COOONEOODO
cooooooooooOoUooooOooooo0obooooDOoo0o oD ooDoobDOooOoDbooOoOoDoo
OO00000O0sS8000 0210000000000 0O0O0 270 220000000100gPO 280 230000000
0000290 3-1000000000O00OO000DOOO00DOOO000.4303200000000O0000DOOO
00000000000 4041000000000000DOOO0O0OD 20 42000000000DOOOOO
OO000oOooOoOoooogoo 53

REFERENCES

O0O0OC0 100001990 00M0O0000000000000031:10-19020000200200000 (LipCOCOOCOOOO
gboboooooboo:gr-8o0boboboboboooboboboboooooosobooboboboooo1eezounog



0000000 Streptococcus faecalis 0 0 0 0000 000000000000 O00DOOOONOS30:264— 2720 4000000000
00019900 00000000000000000W00000000000008(2):27-360 5.000000001992000
00000000000000000000000000039:3-180 600001992000 0000000000O0O0O0O0O0O0O
024(3:32—- 410 7.00001940 00000 OO0 000000000000 DODOO00O0OO?26:19- 280 8.00 002000000
0000000000 00ooo00oooo0ooo:.0M4000000000000000000000000O00 9.000 020020
0000000000 000ooo0o0oooO:Os8-660 0000000000000 0O00O0O0O0OO0OO100.0000000
019970 00000-0000000000000000044:71-840 11.000020040000000000000000000
000000 (S)-Naproxen morpholincalkylD 0 OO0 0:01,7200000000000000000000OC00O0O00O0O 12000
040 00000000000000000D0O00 000000:021-330000000000000000 000000 O0n
00 1800001993000 0000000000025:25-310 4000000002000 000000139-157000000
0000000000000 0000000000000 00D0000DO00O0000O000200100000000 0198 1990
0000000000000 0D0OO0d 16.Amano enzyme company. 2005. Product information of Lipase AY.
http://www.amano-enzyme.co.jp/pdf/food_e/ cat_food_LAY-30_e.pdf. 17.Athawale, V., Manjrekar N. and Athawale M. 2001. Enzymatic
synthesis of chiral menthyl methacrylate monomer by pseudomonas cepacia lipase catalysed resolution of (+ )-menthol. J. Mol. Catal. B Enzym. 16:
169— 173. 18.Azerad, R. 1995. Application of biocatalysis in organic synthesis. Bull. Soc. Chim. Fr. 132: 17— 51. 19.Babali B., Aksoy H. A., Tuter
M. and Ustun G. 2001a. Enzymatic Esterification of (-)-menthol with fatty acids in solvent by a commercial lipse from Candida rugosa. J. Am. Oil
Chem. Soc. 78: 53— 56. 20.Babali B., Aksoy H. A. and Tuter M. Ustun G. 2001b. Enzymatic esterification of (-)-menthol with lauric acids in
isooctane by sorbitan monostearate-coated lipase from Candida rugosa. J. Am. Oil Chem. Soc. 78: 173— 175. 21.Bianchi, D., Cesti, P. and
Battistel, E. 1988. Anhydrides as acylating agents in lipase-catalyzed stereoselective esterification of racemic alcohols. J. Org. Chem. 53: 531

— 5534. 22.Bowman, L. and Geiger, E. 1984. Optimization of fermentation conditions of alcohol production. Biotechnol. Bioeng. 26: 1492— 1497.
23.Box, G. E. P. and Wilsnon, K. B. 1951. On the experimental attainment optimum conditions. J. Roy. Statist. Soc. B 13: 1— 45. 24.Burgess, K.,
Henderson, 1. and Ho, K. K. 1992. Biocatalytic resolution of sulfinylakanoates: a facile route to optically active sulfoxides. J. Org. Chem. 57: 1290
— 1295. 25.Chen, S. L. 1981. Optimization of batch alcoholic fermentation of glucose syrup substrate. Biotechnol. Bioeng. 23: 827— 1836.
26.Cheynier, V., Feinberg, M., Chararas, C. and Ducauze, C. 1983. Application of response surface methodology to evaluation of bioconversion
experimental conditions. Appl. Environ. Microbiol. 45: 634— 639. 27.Dordick, J. S. 1989. Enzymatic catalysis in monophasic organic solvents. Enz.
Microb. Technol. 11: 194— 221. 28.Dastoli, F. R., Musto, N. A. and Price, S. 1996. Reactivity of active sites of chymotrypsin suspended in an
organic medium. Biochem. Biophys. 115: 44— 47. 29.Faber, K. 1992. Biotransformation in organic chemistry. p.2— 4. Springer-Verlag, Berlin,
Germany. 30.Himmelblau, D. M. 1970. Process analysis by statistical methods. p.230— 292. John Wiley and Sons, New York, USA. 31.Jianhe, X.,
Jie, Z., Kawamoto, T., Tanaka, A. and Ying. H. 1998. Comparison of acid anhydrides with carboxylic acid in enantioselective enzymatic
esterification of racemic menthol. Chin. J. Biotechnol. 13: 263— 269. 32.Jogiekar, A. M. and May, A. T. 1987. Product excellence through design
of experiments. Cereal food world. 32: 857— 868. 33.Jones, J. B. 1986. Enzymes in organic synthesis. Tetrahedron. 42: 3351— 3403. 34.Kamiya,
N. and Goto, M. 1997. How is enzymatic selection of menthol esterification catalyzed by surfactant-coated lipase determined in organic media?
Biotechnol. Prog. 13: 488— 492. 35.Kloosterman, M., Elferink, V. H. M., lersel, J., Roskam, J. H., Meijer, E. M., Hulshof, L. A. and Sheldon, R.
A. 1998. Lipase in the preparation of 3 -blocks. Trends in Biotechnol. 6: 251— 256. 36.Laane, C., Boneren, S., Vos, K. and Veeger, C. 1987.
Rules for optimizations of biocatalysis in organic solvents. Biotechnol. Bioeng. 30: 81— 87. 37.Maddox, I. S. and Richert, S. H. 1977. Use of
response surface methodology for the rapid optimization of microbiogical media. J. Appl. Bacteriol. 43: 17— 204. 38.Meijer, E. M., Boesten, W. H.
J., Schoemaker, H. E. and Balken, J. A. M. V. 1985. Biocatalysts in organic synthesis. Elsever. Amsterdam. 135— 156. 39.Moresi, M., Colicchio, A.
and Sansovini, F. 1980. Optimization of whey fermentation in a jar fermenter. Eur. J. Appl. Microbiol. Biotechnol. 9: 173— 183. 40.Shieh, C. J,,
Akoh, C. C. and Yee, L. N. 1996. Optimized Enzymatic synthesis of geranyl butyrate with lipase AY from Candida rugosa. Biotechnol. Bioeng. 51:
371- 374.41.Shimada Y., Hirota Y., Baba T., Kato S., Sugihara A., Moriyama S., Tominaga Y. and Terai T. 1999. Enzymatic synthesis of
I-menthyl esters in organic solvent-free System. J. Am. Oil Chem. Soc. 76: 1139— 1142. 42. Thomson, D. 1982. Response surface experimentation.
J. Food Process. Pres. 6: 155— 188. 43.Villeneuve P. and Foglia T. A. 1997.Lipase specificities: potential application in lipid bioconversions.
INFORM. 8: 641—- 651. 44.Wandrey, C. and wichmann, R. 1987. Production of L-amino acids in the mermbrane reactor. Biotechnol. 1: 85— 92.
45.Wang, D. L., Nag A., Lee G. C. and Shaw J. F. 2002. Factors affecting the resolution of dl-menthol by immobilized lipase- catalyzed
esterification in organic solvent. J. Agric. Food Chem. 50: 262— 265. 46.Werkhoff, P., Brennecke, S., Bretshneider, W., Guntert, M., Hopp, R. and
Surburg, H. 1993. Chirospecific analysis in essential oil, fragrance and flavor research. Z. Lebensm. Unters. Forsch. 196: 307— 328. 47.Wu, W. H.,
Akoh C. C. and Phillips R. S. 1997. Stereoselective acylation of dl-menthol in organic solvent by an immobilized lipase from Pseudomonas cepacia
with vinyl propionate. J. Am. Oil Chem. Soc. 74: 435— 439. 48.Wu, W. H., Akoh C. C. and Phillips R. S. 1996. Lipase- catalyzed stereoselective
esterification of dl-menthol in organic solvents using acid anhydrides as acylating agents. Enzyme Microb. Technol. 18: 536— 539. 49.Xu, J. H.,
Kawamoto, T. and Tanaka, A. 1995. Heigh- performance continuous operation for enantioselsective esterification of menthol by use of acid
anhydride and free lipase in organic solvent. Appl. Microbiol. Biotechnol. 43: 639— 643. 50.Yori, J. C., Manuale, D. L., Marchi, A. J. and Grau, J.
M. 2004. Liquid-phase hydrogenation of dementholized peppermint oil on Pt/AI203 catalysts Part I: A study of catalyst performance. Applied
Catalysis A: General 275: 221— 226. 51.Zaks, A. and Klibanov, A. M. 1988. Enzymatic catalysis in nonaqueous solvents. J. Biol. Chem. 263: 3194



— 3201. 52.Zertuche, L. and Zall, R. R. 1985. Optimizing alcohol production from whey using computer technology. Biotechnol. Bioeng. 27: 547
— 554,



