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Abstract  Diacylglycerol, DAG, because of its multifunctional and nutritional properties, attracted considerable attention
recently. Enzymatic synthesis of diacylglycerols from linoleic acid was investigated in a solveni-free reaction in a continuously
operated fixed bed reactors containing Lipozyme RM IM. By appropriate manipulation of the fluid-residence time, the relative
propontions of the various acylglycervls in the effluent siream can be controlled. In addition, the presence of excess glycerol is
effective for the removal of water produced during the esterification reactions. Under the conditions of molar ratio of linoleic acid
to glycerol of 0.5, the immoblized enzyme maintained high stability and allowed the reaction to continue for 10 days without
significant deterioration in enzyme activity. It was determined that the conversion of fatty acid, content of 1,3-DAG and volume
efficiency of reactor reached optima under the conditions: a packaged-bed reactor{ with a ratio of packed length to inner diameter

of 7.8), reacting temperature at 65°C, molar ratio of linoleic acid to glycerol of 0.5, and feeding flow rate of 1.2mL/min,
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56 7~ WAL 5 AR 0600 P B, 60 R K R P A v A AR
B EEY, M4 1,3-DAC THER MM D
O M RBRE R T ERSWISE. R,
BIEBEO. SONEN. MRS, HFx
EWH AN BHRAHNEERBE 1,3-DAC £
YFEM.

L3DAG W@t FENEER BFEFEER
P T R B RN R R ' — R SR A ST A
. WEL RS ERAG THRENR . H e
L& B 1, 3-DAGC #47T T B F" . SR & KA 8 a0
A ERBREMEEHERERMEY  UE
RIEERBWEBA AR, EEESEP HER
BT ERM TN K CERMEPELH
BEMAROPTHORESBRSUEEEME ISR
AFEE PR EIREY,. K5 hE
FERABPEE, ERENTDKE SR EE
W B R A B E LR, SRS TS BRSO fE R F
. B REREKGZHHM. BEHRAFTE
FEHESHEERAK R OB LK 4T 5w
RTFSXEBHRATRARIERE" Y, A1
MPRAESRNE, LATEHNZIFTAREHR
B, ALBRHNTEENEERESBLEN PEE
HW R E AR TREYE, IRERME ST NH A
OB RELEN 1,3-DAC RN BEEHSH
oA EEE M RN E R .
1 #HEMF %
1.1 &8

Lipozyme RM IM{Novozyme Co.j M AR EH
BOEMRABHFEAMHRAE)  HM(ARE, L
HFERB L) HMEBEHESL ( Sigma Chemical
Company, St. Lonis. MCG)., & B R W H (26mm x
400mm, 16mm x 400mm), M EH E (120m x
400mm, 7.9mm x 40mm), E B HHHEHEFE LT,
SOt R EEEBRAKBHR. LETRHE 812
PHER & AR, DS EARMEET  HL2D FREK
BERE. LHBPRSHNE ST ;TCL-16e G X5
D, ERRERENETSHZ 22 KBRS S, K
GEF R MA 40 HoH K 4 8 52 ¢, Sartorius 2%
a,7%.
1.2 &
1.2.1 HELEBENERAES . HEEREER
WB BB EABR R, REW 10g T
Lipezyme RM M FH A HAME N EBERAE S,

MEHEHEEAEERE, I EWRA SR
RANBEEHRE, RNBERSRBIRAS. »
THUOE BXBEHRMHR ST EFTRELBT
K, AR P Lipozyme RM IM f) 25 (K BIE
Hh1.80cm' /e, BRER Wg(BR 21 EHER
PAE PR UR BB B [B) o VT Fh ROV B RO ZS (R v, 53
BEEERE FHEEKS. 2B D Liporyme RM
IM f)EE 55 0 940EU/z, 1IEU RRTE LB E R, -
EBREFTT, B8 HEE lpmed THMHTEY
Mo, MLENBE S % U7,

1.2.2 ESMrE - o ENBATHEMR

C NMRE EAORARS HNAERE U —ERER

ARNBHBAD , AR EnE, FEBELREE,
BBV EREL 2V NEYRAH(RXED
BEOMERME., MEMEEAAEFEEAENEY
Smin( f2 R 3545 BT o (8] D K2 RF 40 7 40 3% kb S 2y o
BrE), AL BB T RS EYREXDMENR
e, ER BB, ERRERSL T 5v,.8
Wi Vo IRER R S PL M, R 1 Y,

1.2.3 P58 77 B (HPLC/ELSD #5) 1 A Hewlent
packard 1050 HPLC, Column, Shim-pack HRC-Si I,
{25¢cm x 4.6mm), Alltech ELSD2000, drifi tube temp
0T, MIMECK RAM.ZBIE, AREH
ERRESER A0CS Cd 114-96'%

1.2.4 HMSHECMEPRAKZRBRYEL. B
BHm EYSAR TR TRES T8, FHe
BR-EE2Ee B ERE AEHHTWHE K>S
. 7R -cEHM.BVR BB TERE
TR ERMEER BN A, &, FUENEET
A, 2000/ min F I FE 1h, R 3000d/min B >
Smin, 750 & H KT F R,

1.25 XS SEMWIFE: x> 88F%B
Sartorius 23 BHEY MA4O B8 K- 50 58 (0 8 5

2 ERE53

2.1 EEHAENELENEN

REHR T & F LA Lipozyme RM IM AT E
12.5cm R RE 60°C TETHES . HMiEE R LK 201,
REE 2ein HEF T ARANBHENELE
WERELENE N, REHRIE 1 AR,

BERMT S FEEAEEERES HAREE
EERENEENENBEANAHB SR,
ElREREHAE DRV BEYEHELE,
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", A REERARE, RHEESRMERR
ZHEBEMEE, A FF Likfedr. Bl
TREHEAAR 1.6em BMRMH,
22 REREMEN

REBRINE 2 fra. L. HwEREN
2:1,REHE 12min, M L8 45 R AR B MW B
YRR L B S 3R B R R R o T A Ao, X A R i R
BRAIR B T & T KSR, B RRRE L
mEHSRKR A" EE—B, 5 AR KR 70C
R EERT 60C, AMREREAERET
HLBRAE Xt B A8 S 1 R o, e B R 9 i A K 0E R
KWL HEERLRRE
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Fig.2 Effects of temperature on linoleic acid conversion
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MAG.

ERAM, YRR LA AR, 1
FUBANNESRYEEAXL, WIF ST R E MM
THRIBEKERT —EXE. YEE+H W Ee,
HAFENCRMEASEE, BT HHRERR.®
5 W U R AL B2 R 7= A B K 41, B B T RE R T S
PIRBR K. AR MR . H WA ERE Y
0.5 B , W MREELBEE N 65.02%

B4 F#0,B8fb R DAG REE ™. DAG
BEAMNERVTEREOT:BHBRSHME CER
MAG,MAC RBIFHALN, FEHFATH KA@
ab Bl 2 — 2 BR b A R 1,3-DAG. DAG Mt
BARSEEEEmKAE L, WEE B A WA
g AR A4 R TAGM™ o i 4b 1,3-DAG F8E (5
R HERAER TAG, M E#&Eid 1,3-,1,2-DAG
B, 2d 1,2DAC AR, GEEERLER
1,3DACHIZ R, EFETMBRHEMERKE 1:2 4
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B, 3 R T A R e K L K IR B R R
T RAEHW,
2.4 R X SRR AL I RL AT N

EERE, RN EFHEREOFRT (KR
B 65°C, LM BR H M EE K EE 2 1:2) B8 5 K H #e i
IS, MR R, SEREES, R
Bk ik ER BB, X—SEMS L&
REEREW., AMERERSHSELRELE
o 52 1 B () SR AR A B IR R BUHLOE 1. Sml/min i}
P REALE E £ K 0 5.92mmol FFA/g/ho
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Fig.6 Effects of flow rate 1o glvcerides composition

N T1AG:C 1.2-DAG; I 1.3-DAG; (5] MAG.

2.5 SRHMBEKKROHR
2.5.1 AREFMEMTHRKERNIR . FXE

2R AL EH mBEEBRAERNKST. BAKAH
B — J7 TR B AT R 4R {5 s Ak R fef 5 A 1
B mEAR RN EEENRARELEER
BOK , EEMIERE, TR E LML,
BEELBE F(65C)HHM KT HERERAER
BEH , BB TFNBR K RTEFSERANE®
Hol. RN 2 2 b B Il R KR B R R
MRFEHEMRE, KRBT 70T EDL
.

7] R B LR e, AT AL R AF N 25mmol T
JH B . 12.5mmol H M (BE/R L& 2: 1), 0.2445g
LipozymeRM IM (3% ,wt% ) ,65°C 5L~ . {8 ik
B H o SE 2 Bk, 2 4 K 25mmol (0.45g) 7K.
7.75¢ HiMBER & . &AL E L 7.755 DAG .,
0.45g 7K ,0.2445¢ K {& B LipozymeRM IM HRE#
R FEdy, fE s Eal b I 0,12.5(1.158),
37.5(3.45g),62.5(5.75g) ,87.5 (8.05g) mmol H i,
BRI MR HmEER L S 2:1,1:01,1:2,1:3,
1:4BF HETE IR 4 J5 65°C,2000/min KBRS 1h, R
EERBELE UMKk EE. GRITE L

&1 HBROFMEKSSHEER
Table 1 Effects of amount of glycerol on water distribution

Molar ratio of lineleic acid to glycerol
2:1 1:1 1:2 1:3 1:4
Lipozyme RMIM (¥ %) 31.33 2218 9.73  8.42 8.0

Water/ %

Water mass/g 0,077 0.0347 0.0042 0.0010
0il phase( W &) 4.82 262 242 1.08 0.8
Water mass/g 0.373 0.203 0.1876 0.0837 0.0666
Water phase ( W % ) - 18.45 T.84 6.36 4,76

Water mass/g - 0.2122 0.2582 0.3653 0.3832

Note: Lipozyme RM IM with initial water content of 8.0% , «il phase with
initial water content of 0.1% , glveerol with initial water content of 0.12% ,

water mass refer to weight of water ahsorhed .

WA MR 2:1 B, BRI SE & IR
Fit B HMAE, Btk e " AR
R . A E e AL AR K 4 & B 31.33% , A
K s 4.82%. FR K R ohH i A B
mEFMAFRKSEEABED. REHEFRKHE"
kS Bt BE R TR, (H H 4 RS 0% B 2D TR R
B, 2:1 BE B9 Og #E 0N 1:4 B #Y 0.3832g, & 5h
## Novozyme 2% 7] 7= 5 ilt B Lipozyme RM IM 7K 7+ &
HIE 8% ~ 0% ARG RE. WELRPHE
WAl R B, e BRI 12 BRI B
REAR AR R KM B, (REE R R AR N1, R AT R &
F2 R 2% 004 R FVRL S B8 U R A 5 SN P R AR
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HHEMERLA 1:2,
2.5.2 FHEERIMTIEHMX Lipozyme RM IM &
EERE B 7 R R N A8 2 8255 1T 240h 5
BRSO EAEL. XREAHADT AR 16mn,
Ka0em WHHAN , M EBERRE 10, HESH
12.scm(z§{zliﬂlgml.) FIBE 65T, T . Hi
BEIREL A5 R 1.5: 1(KBREH ) (1 2GR 4H ) , b 8
iiE 1.2mL/min. 5 24h ] —XEEEN. BPHE
EEMEBRAREUREER, HR28K, XHBR
B, EWERLY 1.5 8, R EHRSE, T
e FRIL=E Ak IR B R R E T

100
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Fig.7
the stability of Lipozyme RM IM in fixed-bed reactor
® R-0.5: CR=15.

FEEEAT 1045, BIERAER - M
HiME (BN 1:2) KBS 1 {51 80% LA &, EE
Al WL, 3B P HE R A% Ao B H B R O S B
hEYEAEFGEEEENN.

3 & i

TiEM AT HER R E PR A Lipozyme
RM IM fE{L &R B 425 B8 1,3 DAG BT AT
B, TREHARNSHKZL RNBE JEHER
b Lt SO A R v B T I B S b 3R T LB o e
MR . ASFREHIBEREDEHRKEES

fr,A AR B EBHE T, E8iETT 104
F B3TE{N7E 80% LL b, W X BB AH { K 52% .
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