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Catalyzed synthesis of hexyl acetate in immobilized lipase bioreactor

YAN Qian-yun' LI Ling-ling' ,CONG Fang-di'* ,LIU Hai-chen’,
ZHOU Xue-yong' ,XING Ke-zhi' , KONG Xin-yue' ,ZHAO Rui'

(1.College of Basic Science, Tianjin Agricultural University, Tianjin 300384, China;
2.College of Life Sciences,Inner Mongolia University for Nationalities, Tongliao 028042 , China)

Abstract: To efficiently improve lipase-catalyzed synthesis of food additive hexyl acetate in nonaqueous phase, a
simple bioreactor was prepared by immobilizing Pseudomonas cepacia lipase on inner wall of conical flask via
physical adsorption and with carboxymethyl cellulose as stabilizer, and used in catalyzed synthesis of hexyl
acetate.Results showed that the reaction began after hexanol and vinyl acetate added in this reactor at 37°C and
150r/min, and the reaction stopped once reaction mixture powered off it. Comparing with lipase power, the
immobilized lipase in bioreactor could cause 7 -fold increase in transesterification conversion rate of hexanol
reacting with vinyl acetate after 7h.After 48h,the conversion achieved more than 99% .Moreover, stability of lipase
also was obviously strengthened for CMC-stabilized immobilization. After ten times of catalyzed recycles, total ten
days of contacting with organic phase, CMC - stabilized immobilized lipase still kept 52% of transesterification
activity.And under the same of conditions, water—modified immobilized lipase only left 12.8% of transesterification
activity.lt was obvious that the reactor was not only easy in operation but also available in enhancement of
enzymatic activity and stability , fitting in nonaqueous catalysis.

Key words: Hexyl acetate; Pseudomonas cepacia lipase; immobilized enzyme bioreactornonagueous phase;
nonaqueous phase
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EALALE, P S B 0o A IS e, Sk, IRATAE T A B
G SE A M LR B L 2T 4E % ( Carboxymethyl
cellulose , CMC) & % 5 57 , 38 42 4 35 W B, ¢ g U5 Tt
Pseudomonas cepacia lipase ( PCL.) [#] %& 15 #E JE i PJ BE
IR R i A S N g L O T O R S
LR ZIF TR R TG SN, W T B A 5OR .
1 B T
1.1 HR5{EE

PCL W ¥y M T H A K B il 25 #k X < 4k
(33U0/mg) ;CMC ka2 (O RE) AEMEARA R4
AR I O B O BR £ M e M H A R B o 4y
Hréati,

[ e b #5846 A1 Ak S R FI AR &% 2 18 IR %
R HZQ-X, IR ; 3l J1 72250 WA a Jy SOAH 3% L
{35 A90, | i 5 M A S K ORE A I A AN A1 AR A
(SE-30 30m x0.32mm x0.33 um) ,
1.2 PCL &¥RMB/HIFI &%

SR PIRTEIETE S Be Pk PCL A % g i 1k
o SASZEG T, 3E A 10mL BHEIE AR N B 21 7S
#%o N 10mg ) B Ky A1 0.2mL 7K (2% 0.05% 1)
CMC KW ,AEF IR, BEE Al 37°C
150x/ min 10h , & % T LA ST Pt 445 5 b W52 B T R 110
PEE [T L8] &) 1 [ 58 Ak PCL B A= ¥ SO 4 o
1.3 RMFENHERELTZ

[ 1k PCL filg 2E ) )2 i 4 0, i A — @ AR
EOEES MR OMBRIR G, 558 0 %I A= O
JEEsE =, FERR IR v, £E 37°C AT 150/ min (1 45 1F T i
AR o 2N — BB S R # , 2  BP Zal s 1k, 2
R TCHG L Uk, BVAT 43 Mo S g s JH 2 &G T
ke s, AT AR S T R IRER SO . 2 R T S
WIS A , A M B BE U IS, TR A 0.2mL 7K, &

A [ 58 A7, AT (6 R vk 1) TG R B TR AR
1.4 HENNEFWHE

S #s R TR s N — B BsF R A4 52 8 T, BRCH
20pL, JH 0.5mL (19 1E & ke H B, T A % ( Gas
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K(04MPa, 53 i b 20:1) o S HrFE)F: 135C £ B8
1min, ) 50°C/min FFEZE] 200°C , FF5 58 2min, #EFE
FIAG DU R B2 43 1) S 280°C F01 300°C , IR I EAL 3,
18 3 He g OE O WS 2,1 1F B e i T AR T
2 #HR5H®
21 PCLAEYRRMZES KK R

PR Ay Tk 2 P, LA SR K M, IR I TR B R
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T RSIAA AR R i MO EE TRV, U0 Tl
AR PR T 0 [ Ak, B R B AR 2 A AN 8
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FHREALKAE I B o RN IR R 1F OB, 76 PCL i
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IR A2 e 205 B [ & A0 o S, A 7 30 I g
AT AT o R TEI AR K R AR 2R, YA K Y
Z 5 A B, T AR5 R pH B2 o SV 5
JEZEAR , BV AT 5 25 T 4% 14 20 1R 2 s BE A 20 |, 757
Yy, fEJH 10mg ) PCL B}, B Sofiifb 2mL 2 W W
SN 120 MRS A 32, I35 i 2 X AT 8 Hb va 20 Pk £k
A A B, A 2 IE © A 2 B8 2 s TR O AR B L o
(R D), RIG, EXDLH R, AT,
MR, I 2% 18 B L 0T G Hi 32 = 1R 1k S R W
PR B 58 S5 07 T H 1E © I RN 20 R 2 94 g 1) 44 R
o 15mL(E2), FIEt, AFEALRTT LG H B 1
WEHERMR(ER D)
2.2 PCL EZEWHHKH1ER

MR RS D B A6 55 T 3 RN ) 4R 3 B BE 5, AT
Tt (A G M 5 AR S VAR OG , Tl A 5 5 =45 & 1
AT KA T BB AR C T 3 SR R,
T IR ATF 104 1 FH 2 4 5 1 2R i IR A 42, LK
WA o DA AR YR , BeAT T LA A K g s ), 1 gk [
EACHRAE K 10mg PCL W B 7E HETE I N BE |, 224
BIIK AT BN R B o SRR, HE I N AT, A=
JZ N £§ T PCL AL RN, Th, IS5 ALy 39.9%
AT T WA AL B S M F LR 5.4% 3 T 7 %
Z Y ROV AEAL N 480, 503 =99 % |, T i)

R RYRBU XA AR 1 52 0

Table 1  Effect of substrate volume ratio on conversion
ECBE: R KR (viv) 1.1:0.9 1.0:1.0 0.9:1.1 0.8:1.2 0.7:1.3 0.6:1.4
AL (% ) 9.0 115 11.6 10.5 10.5 10.1
K2 SIRAARTR B AR A 5
Table 2 Effect of reaction solution volume on conversion
1O + R )T (ml) 0.5 +0.5 0.75 +0.75 1.0 +1.0 125 +1.25 15+15 1.75 +1.75
AL ¢(% ) 13.8 12.1 11.6 11.5 11.2 10.8
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Fig.1 Kinetics of transesterification catalyzed by

native and water—modified immobilized PCL
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Fig2 GC analysis on reaction mixture catalyzed
by water—modified and native PCL after 7 h
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Fig.3 Conversions of reactions catalyzed by

water—modified immobilized PCL for 24h each time
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1E LR B9 (U RE EERE 55 , 1 CMC F2E /Y PCL AL 5L 15
B LR IE O R ) (3 IR AR B (181 6) o AT UL, 1
X TFAUAGE K B 2 1k, CMC F2E L iy PCL AR ) [z
I, AR A AR FH B9 A5 1 I S Tk s R, 22 Ol
HJE  BE MR AT IE S A 0.2mL K, 5 A [ i A4
Vo AL 2 WRIZ o Xt A= ) SO i ol 6 7 A, $AE 1T
5, AR 5 1 IR S PR S I T R G A [ E A
AR T it 2 AR AR AR i [ s AR R eMC
FERE P [T A Tl B DR A8 R 5 DA T 3% AR AL 2 1) oy )52
SR IR ] 53 A S AR AR K AR e R R
JIE FU il SR 305 A 1) 3 2 AL, B — Al A [ E AR L
KGR CMC F2E AL B IR 5, 2 — AR SE I
B AR B KA FHFT I Bl I A2 b 0 5 1, S Tl 5
AT UL i g B 1 2 AR D T A ) S N A H A B R Y
IVASER(= I

3 CMC IR X R AL A 52 ) (AL SR ] 24h)

Table 3 Effect of CMC concentration on conversion( reaction catalyzed for 24h)

CMC ¥R JE (% ) 0.01

0.02 0.03 0.04

0.05 0.06 0.07 0.08 0.10

AR (%) 86.9 83.9 84.7 89.6

934 87.7 89.9 79.0 80.0
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Fig.4 Kinetics of transesterification catalyzed by

CMC-stabilized and water—modified immobilized PCL
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Fig.5 Conversions of reactions catalyzed by
CMC-stablized immobilized PCLfor 24h each time
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