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Abstract: Production of low calorie functional oil from soybean oil and propionic acid by enzymatic method in a
solvent—free system was studied in this paper. It was found that immobilized 1-3 directional lipase enzyme
LipozymeRM IM was better than Li—pozyme TL IM. The optimum reaction conditions for preparing of low —
calorie functional oil was determined based on the principle of Box—-Behnken design.temperature of 64.4°C,
time of 8.8h,enzyme dosage of 8.4% ,substrates/acid ratio of 3.3:1(mol/mol),under the best conditions,

propionic acid insertion rate was 14.85%.
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Fig.3 Effects of time on enzymolysis reaction

2.2.3 G DB OO AR SON R gt 4T g,
LE B IN & TH 2% 1 43 8% (i Bt ob , Be P v g v A 1R
B INAUR B . A S AR SR N, SOV AR R
S RNPN] [t =i e ) Y AR A N g o =~ i ¢ g = =R PN T
AE N N AT, ) S i o T B Lo 6 22, RS
PRI A, PE T N R S eI . SN — BN A S

176 0135 %005

A T

TR & oD, I FLR A 77 4 0k Wi 1) A% J BHL
FIGO, AT P v N RS ol o HEANE RS B i A
B o T A RS N e R B A X h 6%~ 10%

60 ——(C3:0 —#-Cl6:0 —4—CI8:0
C18:1 —%—ClI82 —*—(Cl183
20 \
S 4ot * X
i
4T 30
=
B 20
gm
o=
oF——
7—4 & A A
0 1 x x 'r
2 4 6 8 10
RN 0 2 (90 LU LE 1)

P4 IR 0l Pl R T kA S 2 T

Fig.4 Effects of enzyme load on enzymolysis reaction

2.2.4  JICHEE SR Lot AR S N R i S AT 4,
A RO R I EE SR L 201 B T 23, IR
FEE N R P, 24 A B R R 301, A R R B
S I RO N B LR D] BE Sk T R 1T W] 2 T
JERA R F R al PN ER S 5 3. DRIk dE f5 i
FIE AL S8 b, A b3 F 2:1~421 6

60 r
soF % X =
S
uﬁa;‘ 40 ——(3:0 -8-Cl6:0 —4—CI8:0
C18:1 —*—C182 ——C18:3
4T 30 ¢
&
B 20
gm
o=
10 §
" 4 A  ——o
0 . a 2 T
2:1 3:1 4:1 5:1 6:1

PR/ .31l (mol/mol)
S B 21K LU G IBAFAR S5 I T 5 1)

Fig.5 Effects of substrate molar ratio on enzymolysis reaction

2.3 MRz EKIER

FR Y 2R 15256 PR 3 MUK I B vl 3EAT2941 52 56
R, FEr 244 S BT DRI 9286 5, 5 v SIZER: R, DIk A
P T2,

X R2AEAN R S AF T A (1 P9 BR 3 N %<, il ]
Design expert 7.1FAFHEAT [0l V48L&, 74 2 DY R 46 A
FEH B T R -

Y=14.64+1.69X,+1.12X,+1.08X5+0.26 X +1.16X, X ,—
0.29X,X;+0.67X,X,-0.0075X,X;5+1.62X,X, +0.21 XX, —
2.10X,*-4.90X,*-2.03X5°-2.05X?

2.3.1 AERTFFZESSHNT R Design expert 7.188 11K
PEEAT ik Z JeInl A3 A, 19 21 [0 VA 5 R A 2 1 7
ZESF TN A 7 R R B VHE, WAR3.

EIVEWIE SRS SO E L AN TIVAERE A DR
P HH PR S6: K A W3 p FRAEL B/, DU g 3% A28 8 (1)
WA . A3 AT AN, PUAS PR ER X A R AN T
FEM NG 2 « TR AAR U1 P58 > TS o> Tl e I ) > Jic ) i
IR T ZE53 AT T LU SR Prob> F7/)s §-0.01, &



t w3 R Assiti]

Vol.34,No.22,2013

%2 Box-behnken® 117 58 M S 45 BHAZABE IR T PR vey J5 25, AN ) A 3L ) 17 22 S v A
Table 2 Box-behnken design plan and experimental results o B R FU I A Prob>F{1H0.6898>0.05 , #5574 J& 4L 15
ST X, X, X, X, Y NEIEAE (%) N, BN FES S . BT L, & B AR D206 R 2
1 0 0 1 1 12.48 o1 WYARL () 52 M AN A2 TR PRI 2R PE SR o AHOCRHIR =
7 0 - 0 - .03 257.74/262.82=0.981, R2,;=0.9613 Ui W] A FR 47 A\ 3 52
3 0 0 -1 1 9.38 B AE 55 TIAE 22 1] 2 A7 5 47 iR FOL 6 BE 5 A I i A 7Y
4 -1 0 1 0 10.34 R0 = s B U IR E RPN L8 EPANEE S G D ST = T
5 0 0 0 0 14.96 2.3.2  mapy AT S AL LA e AR
6 0 0 0 0 13,5 [F Y= 43 A 4t S, Al b e 7 T P an B 6~ 1. AT
7 -1 0 -1 0 7.52 N T 23 AT P RT AR B e A S U S5 S B2 TRl
8 0 1 -1 0 7.62 R TAEFH
9 1 0 0 1 12.36 L 1 6~ 1 11 T 0L 52 1 17 4% K1 2 o M A1 )
10 0 0 0 0 14.6 0o LSRG 2 I T R PR, FEE L IS DI e T AR I )
1 - -0 0 254 1R 420 L Xof PR P2 47 N 6 140 5% WA g b 5, 25 B0 g il
12 oo 13.16 LRI o TR N 5 [ R I T 8 S 22 T, DRk
i i ‘11 8 8 172-?368 5 AT 5L 465 77T 6 5 T 751
s 0 X o o . {i%ﬂﬂﬂ&%&gd\cgiﬁ‘r@aﬂﬁﬁE@'yaﬁr:%é&ﬁ: 1 i
6 0 | 0 | 10.83 Vi BE 64.4°C , IS N H 8.4% , I iR I 7] 8.8h, JES ) b
17 -1 1 0 0 6.04 152
8 0 0 0 0 1518 < 127
- - . LRSS AR
21 1 0o -1 0 11.52 % 7.925 ""‘;}.’IEI‘:}‘;:$$§§$$§§\§$§9§§“““‘“\\\
2 0 1 0 9.18 55 St
23 0 -1 0 1 5.68
24 0 0 -1 -1 9.42 10.00 0 . 70.00
_ 8.00 60.00
zz g 01 é 8 174.2927 w70 ¢ 05500000 MERRE (O
27 -1 0 0 1 8.33 6 BN N WAL S 1 A2 T AE
28 0 1 -1 11.67 Fig.6  The interaction of enzyme additives and
29 1 0 0 -1 10.71 enzymolysis temperature
3 [ RR T A
Table 3 Variance analysis of regression equation
7 2 KR Rt F Y5 FfE Prob>F
R 257.74 14 18.41 50.68 <0.0001 %
X, 34.14 1 34.14 93.99 <0.0001 %%
X, 14.99 1 14.99 41.26 <0.0001%*
X, 14.00 1 14.00 38.54 <0.0001%*
X, 0.82 1 0.82 2.25 0.1560
X2 28.70 1 28.70 79.02 <0.0001 %
X2 156.04 1 156.04 429.61 <0.0001%*
X2 26.69 1 26.69 73.48 <0.0001%*
X2 27.19 1 27.19 74.85 <0.0001%*
XX, 5.34 1 5.34 14.69 0.0018*
XX, 0.35 1 0.35 0.96 0.3442
XX, 1.82 1 1.82 5.02 0.0418%
XoX, 2.250E-004 1 2.250E-004 6.195E-004 0.9805
XX, 10.43 1 10.43 28.72 0.0001 7%
XX, 0.18 1 0.18 0.50 0.4923
P42 5.09 14 0.36
i 3.28 10 0.33 0.73 0.6898
PR 1.80 4 0.45
g 262.82 28

e R R (p<0.0D) 5“7 T B (p<0.05) .

20135 228 177



J/ﬁé:ﬂ%}&

Science and Technology of Food Industry

A T

16 15.2
S S
i 13.25 - Sr 13.725
N s SSSSRIN N aiates R
X105t L < 1225 P s SN
e Vs vE it edor oSS
Vs bolss ~ AR 3 N
8 175| f s & 10775 | JIH R RRRRRissss
5 LB 93¢ ":‘:;:0:0.0.%“
4.00 10.00 4.00 10.00
3.50 9.00 3.50 9.00
3.00 8.00 3.00 ~ 8.00
2.50 7.00 oo e 0 ~  7.00 gy
JEA L (mol/mol) 2.00 6.00 AtRAS N (%) JEA L (mol/mol) 2.00 6.00 PERAAE IS 6] Ch)
K7 AL RS R (5 LA BT e bl A I 1) ey A2 LA
Fig.7 The interaction of substrate ration and enzyme additives Fig.11 The interaction of substrate ration and
enzymolysis time
15.2
= .
< 13.25 . R SR RAFJT7R o
3 s SR
> Y sisen 35 IR R R
S WA HA  BAET EAMIIES R
705 . oy
& 935 s Table 4 Verify results of the best process conditions
i<
U b ) 1 2 3 P
WIRIAE (%) 1496 1514 1446 14.85
10.00 70.00
9.00 65.00 . NIE= - ™~
00 ol HI 24T LTt 15 DT A0 B 1 2 4 PFF P
mp T G 700 s 060000 R HE O A TN RT , D BERE 2P B0E T 9280 45 5.
= 14 ok S A
B8 A sl ) 5 A A FE (A A 2.4 1[‘&?3%3]‘5‘5']?&}35 E(J,#&ﬁ*ﬁ
, . . L S R T I S S T A f AR A
Fig.8 The interaction of enzymolysis time and RS 1.3.4 03 7 VR0 i B 7 AR I R 13 21
enzymolysis temperature JEUR LA AU 2 39.96M kg o
152 l4r B RN 8- 1%
IS Y o |
S 12775 Y i 12 38
ﬁ 1035 MJZZ?%%“"‘:':‘;‘?%‘:&:‘»‘» s 10 37 3
5 ,//IIIIIIIII”,,III[,I/," 19, ’,:‘:":““\ N S >
4 RS 3 =
& 7.925 IR AARIAARESS 8 6 =
. Q¥ 0 £ A
"""'t'lg")g.' ]% 4 35 K
5) 34
10.00 10.00
9.00 000 oL P
. — . 1 2 3 4 5 6
i N 7.00 —" 7.00 gy =
WA IR ) Ch) 6.00 6.00 WA I (%) R
: \ . e HE T B M e 3 %
PRl AR I ) R N RS HAE A K12 AR DD REME AR S B T R N 3 (R 58 &R
Fig.9 The interaction of enzymolysis time and enzyme additives Fig.12' Relationship betwee low calorie functional oil and
ropionic acid insertion rate
prop
15.2
8 3 TP 12T 61, 9T A 0 U 0 )
5 IR RN = Ny = R
Yol N L R I AIG PR D 3257 M ks, 15 A . AT L e
= ’ it e SRR “
5 sy BEAE T £018.5%.
£ 10025 GG N
= - ':,,z:z,::':,‘:’:‘ 3 FHik
A QLR i N SN s NN N
e AT LLK oyl -5 AR Ay e 1 365 J5T , i 3o 077 a2k

70.00 e AR FAR F h LA Lipozyme RM IM [i] 2 16 1-3 & |71
™ Ly JI 7 A AR A2 L0 790 1) 46 16 B 1y B v i I, ) P 22 5

JEHILE Gmol/moD 230 5 (oo 9500 g i o0 e A 0% A3 2 A R ) A e il B 1) I 07 19 4L
_ e Je AL DH 22 LI DU R 25 K ST 6 R S T 35 S 0

Fig.ﬁ“’T h"*i@t thﬁmr f{mﬁqfﬂﬁm il - 7T O R 4 TR 22 2 O SR L A
D] 252 508 T 19 5 R 00 O DI A« R A 30 3 > 1 %

B LIS 1) > R4 B AR Bl o 50 7 g 35 A BTG A f
3.3:1, PIMRHE A\ H 15.26% R T RS Tl S 1 B T M W AR UL FEE 64.4°C,,
HRR S R T 204, At 21 B0 TE P S 5, 45 4 (F#%1827)

enzymolysis temperature

178 013z %00



J@étﬂ%&

A T

Scence and Technology of Food Industry

AUBE R T, S 10d B 5 15d, R 2 (1 559 1
FEAATAT W L AR AL, BB R T TR B 30, ] 2
PR AR 11 0 4515 B SR AR T AE 116~25ku 2 1], £E25ku A
N, Al E B HAAB VR R I B B T4, VLK AT
B TUAS W Bt i T /N o TR .

S A IS TT AN, 21 B R B R TR A 1 T )T

oA T AR P AR 116~45ku, XU R B2 T4y TR
B A AR 116~25ku, XU KI5 T 0 43 AT
Yo IR v, v A B RS R 2, HLAR A TE
BT, PKIE LA TG T ST, U RO R R R
K FHERAENERMEMR TN FEam. £
TR G BE I8 , PR A 19 S5 AT 1 28 1 0T 1) B4t o
3 #ig
3.1 2l B /KA S 7 aA B S, BN BR I RE
He, Ho8x AT 7T BRI R B PR s X9 40 A %, 7T
PR e 5, v R B BT T RS 2P S
JIPIE BT, i R MR AR RN DK I8 R ) 5 21 i
PR A L R R .
3.2 AR R, Bk K B S 0 BB K, I
AL PR A W) s v A il e R, R R T R
FELT e 7 21 Il 21 (0 25 IR DL 32, 2 v K TR v 1) 411
JE , 3 DO S I R L A S B8N JiS 38 i B A, dB I SDS -
PAGE HLUK 53 #7, 5 1 e H B R B AH L2, BB R
W) 22 IRk 4c s e 22, 431 0L 0 A Y0 R e o, HL 4%y
I T 5 Ut W OO BT A 1 B A ) T B 1 T B

&0k

[1] @8, BEH. FREGAAS ZH LA RAEN] AL
HF4.,2009(6) : 78-84.

[2] B EE, SRR AL, 0 k. R BRI 8 R
[J]. &5 & 8 Tk ,2011,37(8):56-60.

(3] £ B ,HE, b, 5. B B AR iR SUBR T R B AR 09 T AL
[J]. P Bk ,2012,37(2):55-58.

(4] VrAk, BAm e, JUbR AL, 5. RO B A A B AR AR 5
FB AR AALR]]. S A BT 1 ,2009,35(8):59-63.

[5] 4 AR, A B AT k47 /EZBX 66030-87[S].

[6] Boucherba Nawel, Benallaoua Said, Copinet Estelle, et al.
Production and partial characterization of xylanase produced
by Jonesia deniirificans isolated in Algerian soil[]J]. Process
Biochemistry,2011,46:519-525.

[7] Mouna Sahnoun, Samir Bejar, Aida Sayari,et al. Production,
purification and characterization of two a—amylase isoforms from
a mnewly isolated Aspergillus oryzae strain S2[J]. Process
Biochemistry,2012,47:18-25.

[8] FAEARK Ao B H ZAF4GB/T 5009.39-2003[S].

[9] Miller G L. Use of dinitrosalicylic acid reagent for determination
of reducing sugar[J]. Analytical chemistry,1959,31(3):426-
428.

[10] A, A, REP. S EMASEORBEIRTHEFE
). e K BT 1 ,2010,36(4):75-79.

[11] 72 KB, M. Z O AL ARF MM b7 A5 BijA,
2000:77-90.

[12] Saleh H Salmen,Hameza M Abu-Tarboush, Abdulrahman
A Al-Saleh,et al. Amino acids content and electrophoretic
profile of camel milk casein from different camel breeds in Saudi
Arabia[J]. Saudi Journal of Biological Sciences,2012,19(2):
177-1383.

[13] 3F % %, 455, F X R stk ar vh Ak &b 6 BF A
[J]. &%AH,2002,23(7):84-87.

[14] K325, ST, K v 5 S AR 20 W 258 2 2L 5
KRR B e 5 £ BT 1k ,2008,34(9):37-39.

[15] RINE, L3, 2 F, 5. BLLSKIR Y EGE O F
L5 BB R[] R SmAt$,2009,30(3):249-252.

1111111111111 1111111111111 -1 -1 1111111111111 - - -1 -

(L35 1787)

Pifg i 1sF 1) 8.8, Wi V4% TN E8:8.4% , JIS M BEZK LE3.3:1. HE
I A F TR AR AR T B8 R I ) BS DY TR N R N
15.26% . HUF{EHTT1X14.85% -

JE LR S RGBT B AT S, S R T TR 1) A
NS B T REARG b 1B Fhi 1 D 2 AR AR Th BRI S
N AR LA BRI T £918.5% -

S 3k

[1] 4T, Eifid , R, F KA SR & E T
B[] B A ,2005(3):14-16.

2] RE MK, 5KEE X HW. KK F 0I5 a9 AR B[] Ak
A S AHHE,2005(6):19-21.

[3] 77 4R, B Ak ) B 25 A g JT 69 BF 52 — S5 4F b 84 SO D).
BT BT R ,2007.

[4] h#R, 280358 B E 5. RIEFIK R b BRI A R 2 MG
T4 AR AE])). P B @ Rg,2010(3):35-38.

[5] FRRUF TR 2. A ALis ) o B B B AL SF B 3 B 69 AR,
[J]. & dF+5,2010(15) : 44-49.

182 5013z %00

(6] Z=#7HF, T A, kA R A i g3 T 2 A )] TRK
A A, 2011(7):355-356.

[7] T, A, B &£, Bk Bk 2 b & MR8 R 69 5T
elJ]. &S5 ,2008(1):173-176.

(8] kM, B4, ¥ &R RE X 24 50[)] AR T ,2008
(4):36-38.

(9] #AFFT, BA T, L85, MBS R AT LR F B
fi&,2002(2) : 14-17.

[10] Halldorsson A , Haraldsson GG .
Chemoenzymatic synthesis of structured triacylglycerols by
highly regioselective acylation[J]. Tetrahedron,2003,59 (46 ) :
9101-9109.

[11] Halldorsson A , Haraldsson GG .
Chemoenzymatic  synthesis of structured triacylglycerols [J].
Tetrahedron Letters,2001,42(43):7675-7677.

[12] Soumanou MM, Bornscheuer UT, Schmid RD. Two -step
enzymatic reaction for the synthesis of pure structured

triacylglycerides[J]. ] Am Oil Chem Soc, 1998,75(6):703-710.

Magnusson CD ,

Magnusson CD ,





