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B R HNEDBREEEENEPSRESEFRNN AR B EEERPRELS
WA ERENVELKEPFARMRS, #F 10 MFEHREF S EHES, B8 7 3t
O B B 85% I B Y Mucor michei, Candida rugosa ¥ Porcine parcreas Y JETHEE
T A EA PSRBT A B, T Mucor michei BERTBE I X LA BB 48 h S bR
A% LI b, 2887 K8 21.28gL. L NBR Z B 19.6gL L, THE 288 26.61gL ', IREE Z M
24.95gL. L, BB OB 34.60L 7!, TERF 108 30.76gL 7, Z MR R G 12. 765", [
B}, Mucor miehei 8B REEIE BT R A R B PR EE LA IF, S B 2. BRI R 12000, &4
MM ATREPE 140h. FELEARPBELERTIESTHRE L EXHEARE
HEETHEMNER.

XHiE g AheE, Meik, BB, S EM
RGBS Q939.97

HEFEBRE-RToEENFETLSY, EXRKEER, ENFrEZEETER.
BB Lk, BEMERNET T ARELI BT TFESRG FESHRENRL
HP P BREOTERER. REAZSHM T EETLEESY, BE AN XA™
0 R P B A ETER, XGRS R B YE F 25, Wi A R R R
FEWEH R ROTER, BRERFEDBAM T EER. AEURREF T4 0B
BHMAEEAAY, KPR FERANTUHAARERBRRAS S, WA
BRI AR KGR R EEESRATRS THEANTRET L, BERNERE
FET AR E. E+JUER, di FEETEIE KA SR 88 A BT ot R A1 A T i3 4 g B
BEER{L F BRI M BEA, BB A RERERMN T YRR RBH
9?[7“11.15]o

FIRSCHRGE T AMAES RS ARE R & PO Tl A LA s TR
BraismR. BEIRFHEYSRAEE,

1 B R 07 3%

1.1 #E 58

1.1.1 JBFiEE. MML{ Mucor miehei ) Novo Nordisk 2> &), CRL1( Candida rugosa ) Sigma
2:8], CSL( Candida sp. )E*, PPL{ Porcine pancreas)Sigma 2> 5], CLL{ Candida lipolyt-
ical ) LB BEWF I, CRL2( Candida rugosa ) Amano Seiyaku 2% 7], PSL{ Pseudomonas sp.)

WA E HH . 1997-02-19, & [F B #A. 1997-06-13,
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Amano Seiyaku 227, PNL{ Phycomyces nitens ) Takeda Yakuhin 58], MIL( Mucor javani-
cus ) Amano Seivaku, ANL{ Aspergillus niger )Novo Nordisk 28l

1.1.2  fbiRkFl: HREERM PG, SRR 3A 4 TRk,

1.1.3 K. HYG HHAERIEEISHE, LBES T EHRK.

1.1.4 G, SP-3700, L AH{LEE "

1.2 H&E

1.2.1 HRyEEKME AR ERSA. AR, 4ml 4% # PYARE I 1750) BN
FLALB A Sml 0.025mol/L pH7.0 BEEE 22 P Iml B8 W, 37C K Y. 15min /&, S0 15ml
95% Z. B L KR, F] 0.05mol/L NaOH ¥ W 2, BYEK A fm . — MRBs kR £ (L
BCHERERET, B4R 1pe 5 FREUIBKEE,

1.2.2 FBREEE REBERVER. 100ml EEZABRTE 0.2mol/L WHEHEHRRE
0.25mol/L Z.BEf 15ml IE Biki R B b 5 B 0k 2. In A HiR B B B 1, 30C &R AT 150
r/minfE¥ R . ERTRERMN,

1.2.3 [RHHEE& ALAE 1 B I B A a5 3 3. I RLIBE AR 100u] I 10ml K& #E
B, B 0.025mol/L (9 B EL B RBER LN A ISR, U 3 MAHE N 1% B
BOb R RA. THEAR NI RS BLE T,

1.2.4 BTN EHITEE Y, L 48k jﬁfi’cl:?k)if‘lﬁ‘lfﬂ ST IAFAVES W Y SR
FEBER G, RESFTRERT T KRN, Hes —#MKEs EE*—F!%ﬂ:$ S5 -3 0|
Bl AR REEE MR RN 5, H?‘Fﬁ']"ﬂﬁ‘%?ﬂ:?’* Al Z Fl o

2. 3031 ( )

R, E, AR EE & A L3, E WAtA . j5B & A% ﬂs&i, kd AR

1.2.5 SMEAESH AR, H25m K8 SE30 BHER, S GRS AEAR
S, EERTE 5.88 X 10*Pa, B 30ml/min, 3 &K 2 :50TC, 3min, 10C/min E 150C, &
¥ 2min. 2-ZEIE T AN, BN T H.

2.1 FEfyEETEARIEFLSHBP S KB EERIEDILER

fl MML, PPL, CRL1, CLL fEBiRG TE R # 4 T T ERRA KRB OB LB,
W NHE,

R, XETEEERPEESECBIETENEILER, T 2RV EERE Y
BB FEKMENEE R, Hd, MML 7 48h /5, ] ™4 13.98g/L Y 88 Z. B8, X BT
EMET AMEY RS IRATFEAVED, B RN HRIET-H A E S H 5
FEBshWER"S, B AHENBIEENEGT, ARYBRAL TR ERLE
Ho
2.2 SRFEERLIEDRMHE

HFRES, RIILMET 10 HAFRBEYRENIEHESTRCRIBHERNT .

t1s = 0.693/kd, kd =
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T1 BUOMEIERIKDERCHIBHELENDRE
Table 1  The degree of esterification and concentration of ethyl hexanoate synthesized by MML, PPL,
CRL1, CCL in n-heptane and water

Degree of esterification and Degree of esterificatin and ester
ester concentration in heptane concentration in water
Lipases % gLt % g-L™! % gLt % g'L™!
ih 48h 48h 168h
MML 62.19 8.96 95.73 13.79 7.10 1.02 21.43 3.09
PPL 9.5 1.98 90.00 12.96 “+7
CRL1 57.83 8.26 85.26 12.28 4.7 (.68 4.50 0.65
CLL 13.41 1.93 85.37 12.29 18.06 2.60 20.48 2.95

“ + "indicates trace.

Reaction condition: hexanoic acid 0. Imol/L., ethanol 0. 15mol/L, n-heptane 15ml, lipase activity:1200u, 30T

%2 FHTFTEENMEEESCHIEARLRNEHSEEH
Table 2 The esterification degree and relative activity of ethyl hexanoate synthesized by various microbial li-

pases
Lipases Degree of Relative AN Degree of Relative
esterification/ % activity/ % esterification/ % activety/ %
MML 93.50 100 PNL 18.19 19.43
CRL-1 86.25 92.25 MjL 16.00 i7.11
PPL 89.02 95.21 ANL 8.50 9.09
CLL 32.56 34.82 PSL. 87.06 93.11
CSL 61.2 65.45 CRL-2 30.23 32.33

Reaction condition: hexanoic acid 0. 1 mol/L, ethanol 0. 15 moi/L, n-heptane 15 ml, lipase: 240u, 30°C , 48h.

AELR:-ARMBHES FTORARENAN. CRZERILRXEREAM. HF
MML, CRL-1, PPL #1 PSL Bk & ¥R .
2.3 B EREEHE

AMEMZEERENRRHG MML &R OB 28, RRVHELE 1.

X-E BB =Y ES T (E 2).
2.4 HRGEPERSTESEER

MEF A, RITEET AREH®, ABE 584 MML, PPL #l CRL-1 =AM
XS ILR B & O bt R R A 26 PRMIEN B Z B U R Z A TR RS
WERNT .

M 3 ALUE S, F—HEa TREYBREBA AR, BRLEERAN. PPL IEHE
ZRAMPBAENEG CRZE . FMZEB. 2B REN S RELEEERE, ER LA 8
PR FEHMAE 85% LA L, CRL-1 IEMEE R RX Z M T Byse b HE{E. HE MML B
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BRI, XX C2-Co MRS L&
ZAeHES, HLRZBE. FARIE.C
MZEBHELERE 6% L 4H. B,
MML 2 b & 38 f) fiE b FT B8, siovd JL AR
SEHEH— R
2.5 IR RALIBPEIL R ENIBEY
2.5.1 FHHLMP MML &5 EEEES
MR e

wHEE MML Bl 52 E 5, Xt I l |
AEFHEE SR MBEH R HTER N & 0 2 y 6 8
R TE . o

M 4 PEERIRE, FER BRI B A B 2 N R
b B B BE & AR 69 B8 e vEAE W, C4 ~ Fig. 1 Time course ol esterification of ethyl hex-
Co MR EHFLMTAMER C2, C3 iR anoate
HEREHHERKISE, HP OB Z E§. i Reaction condition: 15ml of heptane with 480u of MML and
M ZES. OB 2B SR E 7 1000h A5 0.25mol/L of n-hexancic acid and 0. 25mol/L of ethancl was

shaken at 30T
Ho

T E——
]

7.58

100

1] o

60

Degree of esterification/ %

10.16

O\

B2 AN CREZ e A B
Fig.2 Determination of ethyl hexanocate esterification by gas chomatography
1.n-heptane, 2.2-ethyl butyric acid{inner standard), 3.ethyl hexanoate

2.5.2 FHHUAS MML @@BEeREE. AR S TTRURH. MML KEEG REE 5K
ENZMEEXRRTK KRENER BN TR EHTRTRE, AA%EH
1/10, HiEM /LA E, RESE TR, BIEE TR, kBRI HE BRI EeRARF
ftaZE . Wb RUEKRRE BRI R A M HEE & AT,

3 it W
EHRS, RIEZINFEFMHSEL I REERE Lk, RERHE
fei K BRI ER AL B — A R 77 16, EA R E R AR M ERNEERRE
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HPEEERLER, ISENMEIBEHEAWEN TG RNETESES
XU, B, BE AR B EE A ALAE 15 4 RE 2 IR 35 R MR (195 M, TE RIS T8
S A I TR A ER L IR IE S A RS, A RS AR MR E R
1% F7RE U B 7 A 1 ) S b E (E Bt — 2B B A

%3 REERASFHESARLENRE

Table 3 Degree of esterification and concentration of other short chain flavor esters

MML PPL CRL-1
Esters Degree/ %  Conce./g L™} Degree/ % Conc. /g-L7! Degree/ %  Conc. /geL7}
Ethyl acetate 96.73 21.28 23.33 5.13 6.50 1.43
Ethyl prapionate 96.07 19.60 31.40 6.41 91.88 18.74
Ethy] butyrate 81.77 26.61 93_80 27.20 87.50 25.38
Ethyl valerate 95.97 24.95 85.71 22.28 92.90 24.15
Ethyl hexancate 96.11 34.60 90.00 32.44 85.26 30.69
Isoamy! butyrate 57.35 30.76 93,51 29.55 95.77 30.26
[soamyl acetate 93.75 12.76 39.02 5.07 53.30 6.93

Reaction condition: acetic srid 0). 25mol/ L, propionic acid 0. 2mol/L, butyric acid 0. 25mol/1., pentaneie acid 0. 2mol/L,
hexancic acid 0. 251/L., ethanol 0. 25mol/L, pentancl 0. 25mol/L., Lipase 1200y, 15ml n-heptane, 32T , 48h

¥4 MMLEHAFEESAOHEIEE %5 MMLAXEERCCRZEES)HBEINBTEY

gLk 3 ¢ Table 5 The Stability of MML in Esterification and Hy-
Table 4 Half life period of MML in ester drolysis
synthesis Cycle Degree of esterification/ % Lipolytic activity/ %

Esters Half life period/h 100
Ethyl acetate 140 i 94.05 16.6
Ethyl ionate 275
Ethzl i::ate 1108 : 9348 o2
Ethy| valerate 972 3 91.78 7.50
Ethy] hexanoate 1201 4 90.49 5.38
Iscamyl butyrate 586 5 91.05 6.32
Isoamyl acetate 450

Reaction conditicon; MML 1200w, 15ml n-heptane, hexancic acid

. o 1
Reaction condition; same as Table 3 0. 25mol/ L, ethanol 0. 25mol/L, 48 hour a5 a batch

REDMAFEN SRR AN TR R LR T ERNEYE BRORETREEN,
MY BRBRR A, AR YERRR, B L BUR R A, B E M. BMBREURK, A EER
B, REEGT. R, BARBUIEMN, B EECR, TREREN SRR P RN
R ERRY.

A RITEREE T REEAP KO EEEEME SRV EER R, £ MML
U CRAEMAR Y, 48h RV JE, B EK 48h, MML LM Z B & B LR TR
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T 9.1%., Wi7ERM 48h J5, 3% 1g/15ml BIAZ T B B R 4 & I B K, Sk 3]
H95%F - 3.5% . MEA S EWBIIA 5% MK, e R bFR TR 0L,

s, BADRE— ST HERBEEEN&E, FRRETES TN THRIERR
(V40 5 AR

B #  AiH Novo Nordisk it 3 4 B & o ¥ AR M A H R K 25K | sk,
£ % X K

Armstrong D W, Gillies B, Yamazaki H. Natural Flavour Produced by Biotechnology Processing: Elsevier, 1389, 104~ 120
Gatfield I L. Bioformation of Flavour, Royal Society of Chemistry, 1992, 171~ 185
Gatfield I L, Sand T. United States Patent 4451565, 1984
Welsh F W, Williams R E, Dawson K H. Journal of Food Science, 1990, 55:1679~ 1682
Shieh C J, Akoh C C, Yee L N. Bictechnology and Bicengineering, 1996, 51:371~374
Langrand G, Rondot N, Triantaphylides C, Baratti J. Biotechnology Letter, 1990, 12581~ 586
Evgeny N V. Lipase: Cambridge University Press, 1994,271~ 288
T OFELHE . S TEFEN, 1995,11(4):325~331
Xu Y, Zhang K C. The Abstracts of 1st Global Conference of Young Chinese Biochemical Engineers. 1996:31:7~10.
Dordick J S. Pricinples and Applications of Nonaqueous Enzymology, Marcel Dekker, Inc, 1991:1~32
Halling P J. TIBTECH, 1989, 7: 50~52
Ruan W (}. The Proceedings of the 5th World Congress of Chemical Engineering, 1996, 2:398~401
Zaks A, Klibanov A M. Science, 1984,224:1249~ 1251
W K, BT, 1994,227~228
VR, A HEET, M, R TRE M, 1995, 11:288 290

=T - NN - LY LT o

e = T =
thh & W W = &

Flavor Ester Synthesis by Microbial Lipases in Heptane Phase

Xu Yan Zhang Kechang Wang Yafei
{ Schoo! of Biotechrology Wi University of Light Industry, Wuzi 214036)

Abstract Lipase mediated synthesis of flavor esters in heptane exhibited obviously higher producti-
vity as compared with that in aqueous phase. Screening ten commercial lipases showed that lipase
from Mucor miehei, Candida rugosa, porcine pancreas were more active in synthesis of ethyl hex-
anoate with more than 85 % of conversion. Among them, Mucor miehei lipase had more activities for
ester synthesis of seven common short chain flavor esters with more than 90 % substrate conversion.
Maximum production by MML after 48h incubation was obtained with 21.28g/L for ethyl acetate,
19.60g/ L for ethyt propionate, 26.61g/L for ethyl butyrate, 24.95g/L for ethyl valerate, 34.60g/L
for ethyl hexanoate, 30. 76g/L for isoamyl butyrate, 12. 76g/L for isoamyl acetate respectively. In
heptane, the MML. showed better stabilities for short chain flavor ester synthesis with the longest
1201 hour half life in synthesis of ethyl hexancate and the shortest 140 hours half life n that of ethyl
acetate. It was observed that the decrease in lipolytic activity of lipase had not direct effect on its es-

terifying ability in heptane.

Key words Lipase, esterification, nonageuos phase, flavor ester
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