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Fig. 1 The sequential reaction sequence of transesterification of ethyl ferulate with oleyl alcohol
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Fig. 2 Reaction scheme of lipase-catalyzed transesterification of EF with oleyl alcohol
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Table 1 The effect of fatty alcohol on lipase-catalyzed transesterification of EF with fatty alcohol
fatty alcohol physical state the melting point( °C) temperature ( °C ) yield( % )
1-Hexadecanol crystallization 50 60 35.7
1-Octadecanol crystallization 59.4 ~59.8 60 40.5
Oleyl alcohol liquid 0~5 60 53.2
1-Docosanol crystallization 68 ~72 60 0.0
75 32.8

Reaction conditions: aw <0.01, 5.0 mmol fatty alcohol and 1.0 mmol EF catalyzed by 70 mg Novozym 435 lipase at

200 r/min and 60 °C for 96 h
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Fig. 3 Effect of normal pressure and vacuum-rotary
evaporation procedure on transesterification of EF with
oleyl alcohol
(Reaction conditions; aw <0.01, 5.0 mmol oleyl al-
cohol and 1. 0 mmol EF catalyzed by 70 mg Novozym
435 lipase at 200 r/min and 60 C for 96 h. )
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Fig. 4 Repetitive batch transesterification conducted under
normal pressure and vacuum — rotary evaporation procedure
(Reaction conditions: aw <0.01, 5.0 mmol oleyl alcohol
and 1.0 mmol EF catalyzed by 70 mg Novozym 435 lipase at

200 r/min and 60 °C for 96 h. )
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Fig. 5 Effect of aw on transesterification of EF with oleyl alcohol
(Reaction conditions: 5.0 mmol oleyl alcohol and 1.0 mmol
EF catalyzed by 70 mg Novozym 435 lipase at 200 r/min and
60 °C for 96 h)

00 T AT R T oA R B 5 R
WP, QTR KBRS T
MUK L G4 TR 3 T IR, B
PIRK I 5 0.05 B, 7S kRs , HLA T ik
ERR D RSB0 51 S B K B <
0.01 WEAFTHEREALIZRL, 18 S K b 30
A,
2.4 B RRBAE AL AR P BB AR O R
AERAEALI o, SELIE T BER 2 WO RE L
PERTRGERE . W02 R R4 47 EIR | 867
S el are SIS S IO S AUITES
A 1 35 M L e 21
EEERHE. WS PR R 40 CIHE
51 60 °C1H 127 B LY TR T K, S0

50

40 t

Yield/ %

30

20

10

0
35 40 45 50 55 60 65 70 75

Temperature/°C

P 6 i B2 X R i S 4 5
Fig. 6 Effect of temperature on transesterification of EF
with oleyl alcohol
(Reaction conditions; aw <0.01, 5.0 mmol fatty alcohol
and 1.0 mmol EF catalyzed by 70 mg Novozym 435 lipase
at 200 r/min for 96 h)

JEIRF] 60 CHfj= i 5 (53% ). X EE &l TRl
TR, BTG TG0, (R SN A o R B R
I, MBI ws N A TR BT SR Ak 2L T
R EE BRI TR, X E 28 BTk e I R (A
A R PR, AR SCIERR 60 °C ORI R 1) B
TEMR L, X5 [ E AR Vi Novozym 435 1 feiii i
J&h 60-70 C i PEAH—3k.
2.5 hniEg =Xt EE I BB #2

TESZBR Tl AR 7 v il 1) A J 2 S fd oy H 52
FUBRM ) —A FEH R, T 0 M L B 5
[ B 2 T 7 SR ) — S EE R 2R, iy LAK) B
W TR, WE 6 PR TERYIWR
—ERTEOL Y, FE T BRI MRS . Y
W 2% SEIMEN 5% (w/w) IF, FR0ER i g
7 R Z 3, 7E R 5 R B ol 5% (70
mg) [ PRI B K (48. 6% ). 3 Ul B Y LN Y
it S o P AAR G 1) 79 o R S I A% 2R 1) PR 4 5B
VERL. YEGRASINE M 5% k2883 7% , &R
THEERR 7 2 R MA BT T4, IF AR R N BTELER 1Y)
ST i EEE . X AT RE R TR R A — 2
KARSZE, A Z gL 2 A R sl Al 2 1)
K, ISR 3 ) 4 /K35 FE 4 v, BT 2R IR £ T
o 25 2 ek P P ) 7K A S N 3G 5k, S50t B 2 1 ok T i
=R TR X B 2D U] 1 RS A
AXFEN A N S, FESERPRR B b AR5 o S -
iy, BRI, 1R E A WS N AR DL S S i Lo
5% H'H.

")
—
a)
=4

—m— hydrolysis rate of ferulic acid

wm <
S S

1 2 3 4 5 6 7
Enzym loading(%)

>
e

i 9
g 1
= =
% —— Yyield of oleyl ferulate 502
= =
E 40 40 13.
<30 30 &
% S
= 20 20 2
g B
= 10 10 2
2 Z
- 0 —"
= 0 0 E

£

P 7 o o 4 i S I ) )
Fig. 7 Effect of lipase loading on transesterification of EF
with oleyl alcohol
(Reaction conditions; aw <0.01, 5.0 mmol oleyl alco-
hol and 1.0 mmol EF catalyzed by Novozym 435 lipase
at 200 r/min and 60 °C for 96 h. )
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Fig. 8 Effect of substrates molar ratio on transesterifica-
tion of EF with oleyl alcohol
(Reaction conditions; aw <0.01, 1.0 —8.0 mmol oleyl
alcohol and 1.0 mmol EF catalyzed by 70 mg Novozym
435 lipase at 200 r/min and 60 °C for 96 h)
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Fig. 9 Effect of rotation speed on transesterification of EF
with oleyl alcohol
(Reaction conditions; aw < 0.01,5. 0 mmol oleyl alcohol
and 1.0 mmol EF catalyzed by 70 mg Novozym 435 lipase
and 60 °C for 96 h. )
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Lipase-Catalyzed Synthesis of Oleyl Ferulate in Solvent-Free System

DONG Li-feng', WANG Yan', XIN Jia-ying"">* , CHEN Lin-lin', XIA Chun-gu’
(1 Key Laboratory for Food Science & Engineering, Harbin University of Commerce, harbin,150076,China;
2 State Key Laboratory for Oxo Synthesis & Selective Oxidation, Lanzhou Institute of Chemical Physics, Chinese
Academy of Sciences, Lanzhou, 730000, China)

Abstract: Lipase-catalyzed synthesis of a new-type of antioxidant in solvent-free system was studied. Using No-
vozym435 as catalyst, transesterification of ethyl ferulate ( EF) with different fatty alcohol to form fatty ferulate in
solvent-free system was investigated. According to the yield of transesterification, ethyl ferulate ( EF) with oleyl al-
cohol (OA) was chosen as the optimized substrate. The influences of reaction temperature, the ratio of enzyme to
substrate, agitation speed, reaction time, water activity, the molar ratio of substrates, vacuum-rotary evaporation
procedure and the stability of enzyme on the yield of oleyl ferulate were studied in detail. The process was optimized
for the enzymatic synthesis of oleyl ferylate using a vacuum-rotary evaporation procedure under following conditions ;
5.0 mmol oleyl alcohol, 1.0 mmol ethyl ferulate, 70 mg Novozym 435, water activity (a,) <0.01, at 60 °C, 200
r/min agitation and 0. 001 MPa for 96 h. The optimized conditions applied to the transesterification of ethyl ferulate
with oleyl alcohol obtain oleyl ferulate yield of 65% . The enzyme can be reused several times without significant
loss of activity.

Key word : ethyl ferulate; fatty alcohol; fatty ferulate; Novozym435 lipase; solvent-free system



