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AAT RS SN e B  BEAT AL SO (IR )
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FRAT]; GCT890F St il , [ ifg KERAAUAR
AR
1.2 AL BTG REE A EREMEENE K

TEFIA RS, FRfLONFE 25 mL H9€ = fi)ffi
HEAT, WA G H R R A AL B K BE R (3
FiAR/NTF 0.1 wm) , JIRERRAE R (b0, Tikb s
WS ARG N 1 5. KPS RREG,
JMA 5% 1) Novozym 435 i fififi}, 65 °C i 5,
FERTIRE AT, ROV, Tl RO AR & oA 10
mL, 95% ) Z B T FERRVE R BRULVERT . DLy ™
P o SR (14 A R R 3 it TG K 2L IR R VR PR 25
75 CHEFZEE. BET/5 0. 180 mm {157 W14 [
SEALNE I EETIRIG , .
1.3 K BN AR B =B E MBI & R

W — e A BEFR 40 BUE 30 mL ) £ BV
(AR %080% ), FFZZ18 I A — & & 1) NaOH/
PREE AW E R (T5) B A TR
g, A& 5 B RE i Novozym 435 E fiAb 7],
£ 3 000 r/min [ H T A HPE 1 min, 1520EA
P5) AR BB B I R A T RO, SR FH T Bk
Iy =g 30 s [E]RE 3 min |, EEHE Y 5 min )
PSR, RN RS, AT ECN 80% 1 2
P S A PR L SHUERR 25 A RO I H AETR , K =4 H
FERR VE A RS T S X TR T (105 °C, 2 h) #it T
FIEE, HHTE A ERIER IS . B, o
0 . PRAT, AT AR S AS .
1.4 NaOH/ [R £ B & A RELE T H

B—Em T ol 2 RN FR Z A F
FESF R P EC R B B 9% 1) A AL AN/ IR R TR
BV, BETUKFEPWREIZE-10 CAA4, et
FERMEEIIA 5% T3 T oKTEr, ket s
REEY . MRS, IR, 18
23 N TC oK ZBEAE JE A ULTENT Y, 95% eV I
TR EOR HE AR T, TR e L%
KA, 50 CHZTHE AT
1.5 Fgik b EEEH

FREC 100.00 g T3 £ K JE Ky B F 500 mL S Jif
i, A pH {H 4. 6 FUBEIR S —N-Frig RS2 vhiR
200 mL P& 5 T 45 °C (R fE IR K B AR ik 10
min. AEAAFREC— 2 5 OB AL TG A o-JE A I (A
Pk 3 1), FHZE wh i e i AR R A3 50K 2% 1
FETRC, 5 B ) e 1) AR T I A B 5 b 2 T i 5
HERRTTS. PR 24 h JG A 5 mL 5 ik &y

40 g/L B S EALINZ LS, K5 B IRAE 3 000 1/
min FFEET B0 S min. ZKER B, 19 N2 D05
Pr i A TR AR 28 K e R B0, W2 3
U, BT ICTE D) R e A BT 50 C B8 TR AR
gt T AR, AR R LR I, RIA AL B Ry
R

1.6 BRI R AL IR E #

B10.00 g JR3EHR T 50 mL BEMH, SinA 40
mL ZEEREPEE 2] il a5 UBE R 7L, B TR A BT A
MR , 7E—EHRT, BRAARE 6 s, [HkF
9 s, RNy 15 min. 8875 A0 FHG FIZEIR/K UE i e
B, e, TS0 TR I FARENTE , A
= TEr
1.7 R ERME

RS @ REE AT P AR R, o
XF AT R AL AR A EERR R, Jd i R 0
T30, DATHR IR D P B 7 R IR T i 1) o
MG H FERR A 5. T A0 R 04 FH L 1 v 1
0 AR TE R R O U
L7.1 Y Hlete O ERRVER I 30 mg fIA
#0.5 mL —HEE P FEATEM, RIEMA 1T mL
0.07 mol /L {4 B4k M BEATIR 7. IRB WA
50 CRHEFEINR 60 min, W1, SRIGHIA 1 mL 2
BN mL IEPERediR; 1 min, §FEIURE, b2
AAURE RIS A R H S
L7.2 5@t BOAEERRIFER 0.5 mL, il
A S0 pL, 1 g /L WARPIMER B Rt A7 U @3 o3
Hr. e ARIEAT A IR TP R A e, BB R
BRI B, HRYE Amol C. Kshirsagar 559771424
PR R AR B -
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A nJy AORE TR BE B R P OH BEIR 19 W Y
H/mol ;
M- e dl Y S g5
M, -y i A M R AR RS 73 /162 5
M, - A AR Y JEE 7K Jo4E/200. 32.

g% F: A5 FE . DM-FFAP 138 B A8 T,
30 m x 0.32 mm X 0.25 wm; fE7E 220 C, 5L =E
‘75’1};%: 250 C; Tﬁ{ﬁ'ﬂ%%{ﬁ'ﬂ}f 260 C; ﬁ/ﬁ %@%‘/ﬁ,
W : 2.0 mL/min; BWEHE : 40 mL/min; &Y
P :35 mL/min; 2R : 350 mI/ming 73 LE
50 ¢ 1; JEREE 1 ul.



14

FoOHAE . PR DAL H BRI R B A AL 69

1.8 Jz Rz #)3& FE il 7E

SN IR BE , SR T E A R i /b 1 vk
ME. RN HEATE] 4 h BRI E (s J) R 1 %
F<5% ), IFRALETE] (h) /B4 5T (mg) il
P AR Ak B 0 T AR H R R 1Y) JEE ZR %K (mmol ) 5 2R Jz
RERTE R, A mmol + h™ - (mg) .

1.9 BRt R TZ & Hmfiik

TER ARG HEA b, X (A) L Ak
WA (B) | B 5 Novozym 435 By #- il (C) Al
S REHF ] (D)4 AR I 3 KO, ZHE Ly( 3%) B
e (K1), DIBUREEE N fEhs.
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Table 1 Orthogonal factor level table of esterification

Factors
Level A B C D
microwave power /W amount of lauric acid/% amount of Novozym 435/ % time/min
1 200 30 5 24
2 220 35 6 26
3 240 40 7 28

2 #ERE5TIR

2.1 SE AL IR X BE 4L = L B9 220

FOKVER 24 P X IE i i Novozym 435 (14 fi
FRTE = AR T AR KW RE I, AN [5) 11 Ak 38 5125 ) A
PTG HE R R AN, AN 2 iR,

M2, WL EKTER S NaOH/ JRZR A
VA0S . A AR P P AL BRI A B S , IR
VAP £ S I A0 8 R £ 7 ) BB 75 381 B
(3. (H NaOH/ JR 2R A 1A B0 i A FRAICR I
RFHEWR 2, X B d TR A %k N
WA T A ORI R DS, &l 1(B) iR
it A B o R AR T R B T A A LR,
VA A WOk K. T4 NaOH/ R Z IR A VA BOEAL

FS VER IRPRLAR RO AR 28 46 9 K i T HL Ak,
TES R T B R R SUE (AN 1(C) ). ER BORLRL
TSN G I Y H 5 ARG 107 16 1) 422 AL
DT B vy B Sz 7 S R M BOFCRE . S ] 2
7R, £ NaOH/ JRER IR A Vs AL B T AN Uk
BN, ERy s A BURSY V, B, S5 8
24.821% [#{KF] 10.323% , 45 5 B iR H TS &
TG 2, MTTAEIE #3005 PR 2 0 78 00 22 B, ROR
P ve 1 AL S A R AN ) O RE L el A T A
Ak S AT 33 0.2331x10 *mmol - h™" - mg_']’;EE'f%]
F]0. 0211 mmol - h™" « mg™", 7 ¥y BUAL BE 1
0.5321x107° 34 m %] 0. 0105. Iy, 76)5 Lk s v
JI A 3 3 45 0 2R Fl NaOH/ PR 38 TR 5 V8 W02 Ak 3
JE B EKTEN, LAT Bk R B FRGE RS .

R 2 AL FT A XS BB E 4 BR ER X FE AN BB AR [ R 4 BE Y S

Table 2 The effect of pretreatment method on the DS of lauric acid starch ester and the initial rate of enzymatic reaction

Pretreatment methods

Degree of substitution (DS)

Initial rate of enzymatic reaction/(mmol + h™ + mg™)

Native starch

NaOH/urea 0.0105+0. 009"

0.0035+0.012*

enzyme

ultrasonic wave

0.0026+0. 023"

0.5321x107 0. 004x107*

0.2331x10*+0. 006x107*
0.0211+0.011"
0.0122+0. 002"

0.0083+0. 003"

Reaction conditions: weight ratio of pretreatment starch to lauric acid is 1 : 5, catalyzed by 5% Novozym 435 lipase at 65 C , 180
r/min for 24 h or 4 h. The data in the table is expressed as the mean+standard deviation (n=3) , data within a column with dif-

ferent small letters indicate significant difference (p<0.005) , the same small letters mean no significant difference (p>0.005).
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B JEVER (A) | BRACEIVEN (B) | B AL PIVER (C) F1 ZAALEN- IR R IR G WAL BVE R (D) i R
Fig. 1 SEM images of native starch (A) and treatment starch by enzyme (B), by ultrasonic wave (C) or by NaOH-Urea (D)

Intensity

P2 JRtiEds (A) (B FRVER (B) EAS B Ab B FER (C) FI
- IR R IR B WAL BRFE R (D) B9 X-SF 2 AT 5 151
Fig.2 XRD patterns of native starch (A) and treatment starch
by ultrasonic wave (B) ,by enzyme(C) or by NaOH-Urea (D)
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[ 3 Sy NaOH/ FR 2 B AL BEVERY (a) B Ho 5 A
TR E DRI A B S IR OS2 17 5 B 4y ) R R B A
(b) FILTAMEE (FT-IR) . 2T SME B 45 F 1 )3 I -
AR AT O—H 4R RS 1E 3 426 ~3 648 cm ™" [if
iU C—CH,—C Ay ARX R AR SI7E 2 931 em™ Fiff
AT 1 D - IR 5 2 A Y -5 RS AR 1) C—O (1R 5
7E700 ~1 100 em™ Z &), @A LAE L, Hikk
HT KBRS 28 A RER I AL el MRS 72 1 735 em ™ BE
TR AT 3R B I R AE S 0, A T TR
A . XU, TERR B T, DL mER R A
JERAE IR R, I8 Novozym 435 1] LUk
P B FE R 5 7 LR % AR 1 A0 5 A= i R 1R T
K.

TE A HEAT MR B, B 7 B A 14 2 o
ZRAF T OB 24 b, AR TE K R A B B A
0.0105 (P& 4). 11 FF AW 4 56 12 BEAT o B4 S )57 I
{LAE 26 min P A R U B3 R 19 BROCAR B T LA Gk )
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Pl 3 NaOH/ bR TE AL BEVE RS (a) FIA HERRTEH TR A LA 14 (b)

Fig. 3 FT-IR spectra of pre-treatment starch by NaOH/urea (a) and lauric acid starch ester (b)

0.012
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0.003
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th

P 4 b AU e H R BB 1 7 i
Fig. 4 Enzymatic synthesis of lauric acid starch
ester by oil bath heating
Reaction conditions ; weight ratio of pretreatment starch to
lauric acid is 1 : 5, catalyzed by 5% Novozym
435 lipase at 65°C, 180 r/min

2.3 WK R ER RIS 00

0.0278. 3 ihd B A B 4 1 T LA 88 v A
TR UE o g 1) TR B8 R R 4 e S 1 ). {FL
T A S (R T e 2o 0 ) AR R VE B B i IR 3 7 A=
BAEZ. WE S BiR, MIRNF 240 W, H
TR U A9 R 1) TR B2 B T 38 g 4 R I 1 . (R,
MR T 240 W DLS, P KIS R K
REETRE. X FEZHRT, MO RERN, &
LA R TR A R0, g 7 S 1 Ak PR ARG, )
R, AR TR ECS 4> TR, fEdt
FEREIN. R, DS, BN N 4k
HshaE, DhE Tl S sae, 5280 aU b
2, BT IR, BTG ERRAC. [ RN i
S R A R R A R [ R, ASFI T SR S A B
IR s, BUH BRI, BRI, SR 2Rk
ThEE R 240 W.
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0.01 g

0 1 | | |
120 160 200 240 280 320

Microwave power /W

P S B D380 AR R VE A T A B2 /) 5 )
Fig. 5 Effect of microwave power on the DS of lauric
acid starch ester
Reaction conditions: amount of lauric acid is 30% |,

reaction time is 26min, amount of enzyme is 5%

2.4 RAEERE NN E 3B B9 2500

TEAE KA o R B AL AR AR SR, [ 5 AL it
LKA ) 231 A LUAF A SR R . A
BE R e B 2 R BN e TR 6 4 AR T, 2

0.03

DS

0 1 1 | 1 1 1 | 1 1 1
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Amount of lauric acid /%

P 6 JTAERR i 0 JT AR IR UE M TR MU URE AR )
Fig. 6 Effect of the amount of lauric acid on the DS of
lauric acid starch ester
Reaction conditions; microwave power is 240 W,

reaction time is 26 min, amount of enzyme is 5%
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HURERR A T S B I Y 30% ~40% i), B
BERR; MR T 40% mf, BURE R FRE. A
TR A8 2 SO R A 2, HL R R R I R S
Yy, SCES THFIRINE. 50 A H i n] DL
Hd R AUA, IR R B, AR TR
PR BEAT. AHR A i i 3 R i) 1 B by b
RS NE RS T oL 2. I, fE)E2E
15 H EERR 1 TR 2 30%
2.5 fgHifk Novozym 435 1 R EXTEUK E B #2008
SURPIA I —SE T A R A
JRPI A A BRI  — A BN R fE 7 R,
/i Wil Novozym 435 BJ IR T 5% W), 741 HK
FRBE R A BN B ST M . {E M B Y s &
TE 5% ~T% 3X A3 Bl B, 7= 400 1 BB B A % A
T, BV AEIN. XU, FE—E R BRI
Tit ) P ] UARDXE St 40 o B ) T) , AEAS BE Al S B
S R AR A ARSI I A, T U
JE R B R RS X AT b T AR & AR T
SR EZ IR I -5 1R 105 Bl 0% 2 O A 1 k. DRI
TE S B2 SOV A B A IR 2 5%

0.03

0.02 -

DS

0 1 2 3 4 5 6 7 8 9

Amount of enzyme /%

P 7l P 0 AR TR o T A U 1 52
Fig. 7 Effect of the amount of enzyme on the DS of
lauric acid starch ester
Reaction conditions: microwave power is 240 W,

reaction time is 26 min, amount of lauric acid is 30%

2.6 [ RZET ) 3T BUAK B A B0

2 B ) AR Ay 55 i £ 2 S 1Y) — D E S
AR SR B ] 14 6005 Big D7 T8 Novozym 435 11 it
TR VR A T 55 A T2 (Y 5] SN I [) XoF )
FERR TE A TR RE 2 an &l 8 B, H FERR UE K
ik ) BB B2 Bt o 5 1, i ] A 6 B T — BBk ] 7
VA7, 7E 26 min BB ME, M e RS S
B BE T UG A, ARl Xo) A 075 T 0% 2 1 52 M 2 L T

YRR, E—E DA SRR S I AT, g A i 7 e
M TR IR, S EOG TR ER, S
DLEYIES G L, AR RYHE I 1 B . (Hoad
R [ AR BB A S 2 A B P Y — A A, 51k
JIRBEARIWTSRE. BITLL, S ZORE SONI [B] € 2 26 min.

0.03

0.02

DS

0.01

0 1 1 1 1 1 1 1 1

16 18 20 22 24 26 28 30 32 34
t/min

Pl 8 fiz oy B [V Xof ) A R Ve A9 i LA B2 1) 5
Fig. 8 Effect of the time on the DS of lauric acid starch ester
Reaction conditions ; microwave power is 240 W,

amount of enzyme is 5% , amount of lauric acid is 30%

2.7 WU B AR E KT EREME S RN O
AR B R G DR A AR R &L iR i
Novozym 435 ¥ fi& Fl e i s [A] 4 IR 3 /K4
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FEFE 3 o T HEFR VE Ry BRI EE AR 25 R{E Y
A E)FE 0.0002 ~ 0. 0043 [H] NS5, f i 2 2 19 52 )
K, HRAEN 0.0043, 17 H AR F & 1 52 i i
/I, RAEZH 0.0002. &9 B4 B S i T i o
RO R R R R SO R ) Xk ) R R A
BRI EE 2. DT AR TE 93 18R 1) 1 28 I B0 25 44
AT LAAS B I i AR R 1k B iy 1 e R T A
H: Ay By Gyl Dy, B YIER R 240 W, AR
&R 30% , BEIMAE R 7% , SH}E] 26 min.
WA T E AR BT AR M e L2050 Ty
240 W, HEERR H &80 30% , BN AN 7% ,
S VEEFE] 26 min, PEAFHGIFIAEE. 7R A AE R ]
DL AR EE A 0. 0311 [ 3 AR F K TE K S,
R R, A S B AT L A1
S EA ARSI —E. b, A& E
PR ET , oA R & I W B Novozym 435 {4k
AEAAL N/ PR ZIRA T W0 AL R JE # 5 H KR
P A 52 £ B R TR U A9 R 1) B A T8 2R o ke
NE 240 W, AH:ER A 30% , FEMAR 7%,
R B[] 26 min.
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Table 3 The orthogonal experiment results

Experimental scheme

ndex
Number A B C D
microwave amount of lauric amount of DS
power / W acid / % enzyme / % time / min
1 1(200) 1(30) 1(5) 1(24) 0. 0266
2 1 2(35) 2(6) 2(26) 0. 0268
3 1 3(40) 3(7) 3(28) 0.0270
4 2(220) 1 2 3 0.0272
5 2 2 3 1 0.0268
6 2 3 1 2 0.0268
7 3(240) 1 3 2 0. 0278
8 3 2 1 3 0.0272
9 3 3 2 1 0. 0266
K, 0.0804 0.0810 0. 0806 0.0800
K, 0.0748 0.0808 0. 0806 0.0814
K, 0.0816 0.0804 0.0816 0.0814
k, 0. 0268 0.0270 0. 0267 0.0267
k, 0.0249 0.0269 0.0267 0.0271
k, 0.0292 0.0268 0.0292 0.0271
R 0.0043 0.0002 0.0025 0.0004
major factors ACDB
optimal combination A,B,C,D,
0.028
. 0.027 - .__J/. M H/ ./.\I
0.026 -
0.025 ' : . ' : . ' ' . : : ' : '

Al A2 A3

3 &g

B1 B2

B3 C1 C2 C3 D1 D2 D3

Factor and level

KPNSESSEELIS N Skl

Fig. 9 Factors and index trend chart

FA T ot —Fh ek i AL BT 3% (R Ak
B/ PR TR G KR GE ) X TOKTEA R4 T PLAL B,
0 A PR TR 4 ORARE A A0 et A5 ) 1 9 Ay ) T A6

FCREIEPE R RS i LA A R P AL B3 A3 O D
o, NN Novozymd35 Sy ARG, 353l LU I
AR i A7 AT H R e o M P e 5 B2 ol
FT-IR B TH0E , JEREEAI a5 A T A B
FRARFEIL IR AL . 5 s i P R S A L
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Lipase-Catalyzed Esterification of Starch Using

Lauric Acid under Microwave

WANG Yan', XIN Jia-ying'*, SHI Jia', XIA Chun-gu’

(1. Local Key Laboratory of Food Science and Engineering , Harbin University of Commerce, Harbin 150076, China;

2. State Key Laboratory of Oxo Synthesis & Selective Oxidation, Lanzhou Institute of Chemical Physics,
Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract; Lauric acid starch ester was synthesized by using immobilized lipase Novozym 435 as the biocatalyst un-

der microwave. The esterification activity was been improved by pretreatment. Several factors, such as the micro-

wave power, amount of lipase Novozym 435, amount of lauric acid and esterification time has been investigated. A

novel GC-based method was used to measure the degree of substitution (DS) of lauric acid starch ester. DS as the

research object was adopt to optimize the reaction conditions. According to the results of the single-factor experi-

ments, the perpendicular experiments were designed to optimize the parameters of the reaction. The results showed

that the optimum reaction conditions were as below: microwave power was 240 W, the amount of lauric acid was

30% , the amount of lipase was 7% and the reaction time was 26 min. A degree of substitution of 0. 0311 was ob-

tained. The structures of products were characterized by FT-IR spectra.

Key words: starch pretreatment; microwave irradiation; lipase; lauric acid starch ester



