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Conditions Optimization and Kinetics Analysis of
Lipase Hydrolysis Assisted by Ultrasonic of Safflower Seed Oil
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Abstract; In this paper,the effects of ultrasonic time,ultrasonic temperature ,pH and enzyme addition on the hydrolysis rate of

fatty acid were investigated by single factor test.The lipase hydrolysis conditions of safflower seed oil assisted by ultrasonic were

optimized by the response surface test. The changes of kinetic parameters Km and apparent kinetics in ultrasonic assisted

enzymatic hydrolysis and water bath hydrolysis were compared.The optimized parameters were as follows : ultrasonic time 10 h,

ultrasonic temperature 35 °C ,pH7.0, enzyme dosage of 220 U/g, water/oil ratio of 1.6: 1.Under this condition, the hydrolysis

rate was 94.47% .In addition, the apparent kinetic parameters Km and Ea of safflower seed oil hydrolysis assisted by ultrasound

were respectively measured as 4.63 mL/g and 2.05 kJ/mol, which were less than those of controlled trial 14.93 mlL/g and

2.40 kJ/mol and suggested that ultrasonic could facilitate the lipase hydrolysis of safflower seed oil.
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Table 1  Different conditions of enzymatic hydrolysis of Lipase
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Table 2 Facters and levels table of
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Fig.1 Effect of different lipases on hydrolysis rate
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Fig.2 Effect of ultrasonic time on hydrolysis rate
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Fig.3 Effect of ultrasonic temperature on hydrolysis rate
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Fig.6 Effect of amount of lipases on hydrolysis rate
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Table 3 Results of response surface experiment

TR A B C IKfEAR (%)

1 0 0 0 90.57

2 0 -1 -1 84.26

3 0 -1 0 90.54

4 0 -1 0 95.64

5 -1 +1 0 85.22

6 0 0 0 93.22

7 -1 0 +1 89.69

8 0 -1 +1 80.00

9 0 0 +1 86.65

10 +1 -1 0 80.91

11 +1 0 +1 85.67

12 +1 0 -1 87.61

13 +1 +1 0 84.53

14 0 0 0 91.30

15 -1 -1 0 83.50

16 0 +1 -1 85.98

17 -1 0 -1 79.95
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Table 4  Analysis of variance of regression equation

KB Ji EH A ¥J5 FAH Prob > F N
HAY 289.20 9 32.13 5.30 0.0194 *
A 0.016 1 0.016 2.673E-003 0.9602
B 23.50 1 23.50 3.88 0.0897
C 2.22 1 2.22 0.37 0.5645
AB 0.90 1 0.90 0.15 0.7111
AC 34.11 1 34.11 5.63 0.0495 *
BC 6.08 1 6.08 1.00 0.3501
A 54.67 1 54.67 9.02 0.0199 *
B? 109.98 1 109.98 18.14 0.0037 .
c? 35.92 1 35.92 5.93 0.0451 -
T 42.43 7 6.06
2 4135 23.35 3 7.78 1.63 0.3164
aliiRas 19.08 4 471
s 331.63 16
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Fig.7 The response surface graph of interaction effect on hydrolysis rate
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Table 5 The datas of Michaelis constant determination

[STEYIK &

(mLg™) V, vV,  1/[S] 1V, 1/,
10 0.038 0.0775 0.100 26316 12.903
20 0.052 0.0900 0.050 19231 11.111
25 0.058 0.0965 0.040 17.241 10363
30 0.066 0.0985 0.033 12579 10.152

2.05 kJ/mol,  FeAss P A Ab B8 5 5 bR I T B T i 1)
UL AL RE RS T 7K ¥ il A, I8 2 X 2 UL 7% L fiE
SN, 15 AL RE R B B2 07, G S 3 S5 H80O0T il BE F)
ARAEE I U

6 TG ILRE S I K

Table 6 The datas of activation energy determination

T T 1/T
S1 logS1 S2 logS2
(C¢) (K)  (/K) o8 o8
30 303.15 0.003299 84.590 1.9273 87.060 1.9398
35 308.15 0.003245 85.630 1.9326 88.610 1.9475
40 313.15 0.003193 87.610 1.9426 89.230 1.9505
45 318.15 0.003143 88.230 1.9456 90.640 1.9573
1.960 -
y=-107.1x+2.2936
1.955F R*=0.9767
1.950 F
o 1,945
]
=~ 1.940 |-
=-125.31x+2.3405
1.935 Y -
Lozl &K S\ [F09640
PO i g i

0.0032  0.00325  0.0033 0.00335

UT(1/K)
KO mafAN a7 U logS/T &l
Fig9 log S/T diagram of two enzymatic hydrolysis methods

3 #Hig

SR JH i) 7 TAT 925 X8 R P 02 A B A 00 1R A A 20 A6 K
T T2 EEAT AR, a3 T AR i 5 i [l ) A Y
HZAE AL A /K A 28 B RN, T 25 280l 75 i) []
10 h,#8=R EE 28 °C, pH7.0, BEAS &~ 280 U/g, 7K
L 1.6 1, 75 e 28 8 1 21 48k ol 59 7K M 35k %)
94.47% +0.33% , 5F BRI Z5 R AH T, HE— 2B Bk
TAZAREAL A AT AR 3 K Ty AR I T K
ik A I N7 14 2K BB 20 K F1F8 WL TG AL BB Ea 4351 4
20.44 mL/gF1 2.40 kJ/mol 5 75 I fify By P e S I Fr) K
FQHEL Km AR GG L AE Ea 7351y 4.63 ml/g F
2.05 kJ/mol, LA Ua W, # F J5CAl B s s i 6 it BE AT
S ARE BELTAEHFIH A A o

S 3k

(1R FEH e T kP agmRIKRE RZ[T] x5

1.925 L
0.0031 0.00315

166 2018 51341

ok &) &5 ,2011,28(3) . 12-14.

[2)BALE A5 3 4o FoAT il M R ¥ v BRI 5 B AT R
[D]. R & REHHE K F,2010.

[31FH=, At Lo ieAy ey 57 Lt & [J]. & & T 3k, 2016,
37(6) :218-222.

(4] 34, B &, Tk AR 7 4 B0 K B ik 4 BT FEAT i 0
TEHRLI] b B F 4k ,2014,29(7) :63-67.

[5]BME BB AT HRRY R LRRE 5> &R
[D]. R X#EHH KX #,2010.

[6] @R, A48, W AR 5 o 2w @ sk AL vt AT i A8
#%58h LVK fs W ide i T 2] A % T A3 ,2015,18(37) .
238-243.

(7)1 4 %, FAHE, ML, 5 BEH S n-3 $ RibFEH
BRCH i B A9 AT Lt [ )] M R R BE 5L, 2005,26 (5)
98-103.

[8]H &3 . T i A B A LR & P B W B4 AL 3 Ig 2K 8 R
EAFFD]. B AR5 #758 K 5 ,2006.

(911 B 2, 3% &4 v 52 & i HhAC G W Bl 0 B] 2 AL A0 40 A 3L
KRR i 0 BT R[] ] A e ,2012,33(3) 1 184-189.

[10] 4k 1R ae, B3, ) 525 4k MRS W Bl K A6 MUK i 3 ) 5
B A )] 2 A 42 ,2010,31(15) :55-59.

(11 ]8R 5B, M 5 A, 5 AR 75 0 40 B0 s W Bl /K 8 2% ot
A iy FAF e AL B ) FAER[T ] A e 5 AW T3k, 2015,41
(2).141-146.

[ 12 ]Ramachandran K B, Al-Zuhair S, Fong C S, et al.Kinetic
study on hydrolysis of oils by lipase with ultrasonic emul —
sification[ J ] .Biochemical Engineering Journal, 2006, 32 (1) .
19-24.

[13 ] Meenal S P, Virendra K R, Aniruddha B P. Enzymatic
hydrolysis of castor oil process intensification studies [ J ] .

Biochemical Engineering Journal ,2006,31(1) :31-41.

[14] B3k, E2dh, T A F, 5 AR F R HRIRLILAT 0
IZEZHR[I] AL T4 ,2015,36(20) :44-46.

(15 ]k, M35, B3R 16, 55 KRR b g B Bl 7K AR 4 1 09 41
AEr )] E kA ,2013,38(7) :56-59.

[ 16 ]GB/T 5530-2005, 5 4 4% b fig R 1A Ao BR M 2 [ S]. b
P FARENE 2 54,2005,

[17]GB/T 5534-2008 , 3 4 4% ith fig 2 A AR 69l 52 [ S]. 4L R :
P B R AREE A T 4 ,2008.

[18]E 3,54l 27,5 KE As-W6 IE e 5 &
SR B ERAR[]]. RS T kA3, 2015,36(18)
37-30.

[19] Eng - Tong Phuah, Oi - Ming Lai, Thomas Shean — Yaw
Choong, et al.Kinetic study on partial hydrolysis of palm oil
catalyzed by Rhizomucor miehei lipase [ J ] .Journal of Molecular
Catalysis B:Enzymatic,2012,78.91-97.

[20 ] Oumpanioti M, Stamatis H, Xenakis A.Microemulsion—based
organogels as matrices for lipase immobilization[ J ].Biotechnology
Advances,2010,28(3) :395-406.



