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Abstract ; In order to explore the green and efficient oil processing technology, the principles of enzymatic
oil production, enzymatic refining, and enzymatic modification, the types and properties of enzymes
involved , and the current status of research were briefly outlined. In addition, the development of enzyme
technology in various fields of oil processing was prospected. Bio — enzyme technology has the advantages
of being green, healthy and specific, and its application in oil processing is conducive to optimizing the
oil processing process, enhancing the added value and competitiveness of oil products, as well as
reducing the wastewater and wastes generated by the processing. Enzyme technology holds significant

potential for application in the oil industry. Future research and development in this field will focus on
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cellular fats and enzyme — modified oils.
Key words: oil processing;

enzymatic modification

CEX7/11 5 o N (B R L PRI St 7Seow/ v 3 1]
I TEARLEMIE I TSP C2A 78N Iz
FH it 325 1 ol B o R I A 1) g S e A

Y #m B #A:2023 - 05 - 27 ; & [E] H#A:2023 - 08 - 19

EETB 0 m Tk K5 808 5 4 3 X & 50 %% B)
(2020ZKCJ10)

YEE R XN (2000) , 55, 730+, WF 5 7 1] o i a4k
22 b5 1 % (E-mail ) 2956296711 @ qq. com,

BIEEE e 2, Z4% (E-mail ) bylzry@ 126. com,,

enzyme technology ;

enzymatic oil production; enzymatic refining;

A TR ARAE NG I v B T, AT RO
— PR g SN AR B SN AT RS A e T L
Al AR T 200, 19 DA BT, B ™ ah 1 o
T FIRREANAEL , 080 il B TR S 7 A
—ETREE DR T ARSI T LA W AR
K, ARV BT M LM HE 24 TR
Mk, B A o 3 18 I OB 1T T 2Rk, e
Sivakanthan 25> 5 00 T -+ T AF 19 08 1 B
BRI N FHBUIRHEAT T80 PR A9 2334, (H X [



32 CHINA OILS AND FATS

2023 Vol. 48 No. 12

4 S AR UL B A/ 5 T 4 4 45 o Wt 1 i e AR
AT T 288 AR SO M oM SE 3 TR T3
BRAEN X 2010 45 ARG AL b g T 458K i R
FHHEAT T (0 S BORESE 205 (ERE R I & R, A
Bl H A L T Sh REPE A NG . BT B0 IR 45 #4) N 258 37 45
B, HENAD R R 5 B e EAREA TEK
(R BEA o AR SRR - 4F B AR LE IS 0 T A g
W RS e = K T BRI 9T 5 1 P17 0 AT A
R I AN AR SR S AT R, B A
WA T LA R RS2
1 sl ims R 7E g 47 i i B2 R A%
11 BEkdlob T2 b 2540 0 6 Bfh £
1oL L 400 B it

REL 0 40 LT B TS T e A 00 20 B ) 4
ZEREY (SR A 240 L PN 9 R R B 1 S SR L B K
ok, UE F 5 S 3 ORI T — 25, Hu 250
DAT 5 52k skt (P AS ) o 28 10 il 2 77 7K e 1 i
TS5 B, AR B4R R R N T 4 R
fif > 2 4E R W > RICHE > AW, AT, AEE
BB Kb RS R A TE 25 57, T BB 2 4 B b Ve TR0
BERGEARE SRS O 5 R
1.1.2 EHANE

P T L 7K A 40 i B R L TR TS 1 45 ) 2R
1, DTS 200 L B 1 D AR 25 44, BTG AL T AR A A
P, [ IS 40 4 255 1 R S5 A 78 A5 A, DT A ) T
JE R AT AR AR T TR R A Y A A
TR 55 19 2 R [, S [0 2 1 7t 3ot 41 B 2k
WA 2T, IS BE5E T A R 2 B K G
VAR ST 3R 0 , 45 50 B, TE R 2 1
BRI , R 15 5 5 i, 4 73. 08%
1.1.3 H47H

TEREY I O B R AR R, R [ 2 0 Tl 2
B 4 H U SR S U f0 8 SR . Hou 4500 (f i1 2f 2F
Ae 2 A YE R TR B 525 B HOLLR 723 , 45
BRI, A AL TSR A SR IR (79, 36% )
W T AR R L. AW K R G
(Viscozyme L) j&—Fp HA £F 4L Z g 2P 4 R 1
ARRWEHGH B — 1 Tl 45 2 T -0 1 10 52 A Tl
Diaz — Sudrez 2% {5 7K R 6 o 43 59 4 T 2F
UE BTG P T A 2 R Viscozyme L 42
JFRAFIH , 45 5 & B, Viscozyme L 21 17 fE 15 2 fp 3
T HADRGLRTERGAL. 7T UL, S A RS g 1
SR AT LA AR A B RE OS5 4, B s T 1
R A WL AR AR R 55 R 2R 5 T £ % 37
(53 Tt , BT BGA 7K R T el o B T ) B P A

1.2 Bgkalib B AR IR

SERON K B MR B0 5T © 2 LA
Jis, Lamsal 25" (2006 4F) fil De Moura 2!
(2009 4F) S % K B A H2 UK Sl k4T 17 /i A
SN R (2 kg) , 45 SRR W], Zad W fo i B
SRR e 7 0 B ik 88% i 98% , M4 HUAT KL T 1) 5k
W, R G SR BB AR, PR AL T 450 S 4
HRIREN, B — 17 IR E g S T TS T
SBGE , FERHIEHR IR TIAL B AR | [ P iR kT
KOS REan R &2 55 1 7K B v i B R AT T
FE s E i 2R o IR e AR AT
T LR AT A B A T I R B S AT TR
b, e o Pt oK N T . SR, 7K Bl
THUAETE B 550 s e AR S IO P TR R S ik i,
TR s A, S HAR R B EOR A S S W e —
AT, W R i — KRB AR, HR A
L 7 JBEO0T A ) 240 B 45 4 1) 5 A sSOR, 5 P [l il
A0 M B ) B A bR A Y R T Y
Han'"" Huang *' %5 43 53| L T K 31 0K 31 4y BF 5
XTS5 IR, 8 A I B AT IO K B AT e AR
PR, 2 58 S i Bl 15 2. 55— Kk
AH LY , 8PS T B 7K s 42 BORE P v Rl A A 355040
SNE ] B R AR AR A . AEK BRI T2
ey A58 1Y) ) — B L PR R T A R i L, el TR
H R RCEYER, FE4 Il 72 b i S el K sg Fad
TE R 1 BT - il 2 A Y 2 iy 2LV, S 3 i
NEAS 3, A T LA . WF5E 3R, K BERA S )
ISR GREFL R L E A Y . WL 7 L
AIAr R BRE (LG V2 UR A RO 55 ) bk
(EOFE BRI TCALER A DLV R 55 ) FG L (RS .
M) WA EIR T A, DUORTSAr
AR FLACH, o Lu 251 {57 P 8 75 AR I Ca® "
) FRUA By 3k X 7K il 12 B JBC LD 255 it ol A R LAY L
PR TREFL AT 38 535 78. 03% , & JC 55 N %
R RIS Ca®" T Ak B A4 X B 4L (45. 62% ) (1)
L7 A%, RL & & (1. 5% ) WAL X BRZH (5. 3% )
1) 28% o 3 A b 3P A5 AT A Rt 4t T 7K il 2%
PR Seik ik FL AL B 7 A F T 2K Bl )
TS R R FI N o

SR, H AT RS TRk i K B T T 234k
WE5E s B B, FE 3 A M B AR TH 2= R
5o TKBEREAE N A5 b BT it ABE AR
PA UL A (HR AR — LB BRI, 1. /K
il T A R K A2 A B[Rl R 25
T PR AR 75 G T AR TR 1% 200 R R ik g AR A5 1Y



2023 4 5 48 %5 5 12 1) el

iR 33

I TRV , AN TR ) Talb A A= 7= BT, B AR A
HAt BRI B B B A VF 25T, HXE T )1
VA AR B i A R K R I A ZEH AR R
14 R 1 ol 0 R A R T REARR e A 7 AR
5 5 PR R R B LI 2 R IR 15 3, 7 F
FHEZ R R FLAL BT 5 . B, K )
IEARIETT ZEIE R T, ME AR K B AR S XE LY
I v, KB i R — RE REAE R il ek rr il

PR ERBOER .
2 BERIEAEERRORTEHAE 1T e s Y B A ELR
2.1 BEgEBLIR

FT T I P D e e e, T UG AR A i
P BTV P B 9 ) AL e i R e R L e
PR LIAG S o AHXT T AL G B T5 35 , TRk It Je 1A
FEYPEE UBEAR , AT ARl A R L , > Fr i Y
U, HAS T REEE LIRE = 02 H 8 14 T A 2R
TR R AR DR A ol L 5 s AR A i A 2
TS FERARZ
R P R 2O HIh RS , LA H il
M (PA) (WS L £ BEltk (PE) (BRASIEAEGL (PC) |
WRARIEILEE (PT) (BEAR M H il (PG) (BT 22 2R
(PS) S AR 55 iR A2 AF A 8 B AR TR, 7T
Fewh 5 Wi 23 o4 W i A AL (PLAL) | B 5 B A2
(PLA2) \WligH B(PLB) (@NRHEE C(PLC) KM is i
D(PLD) , 4nf& 1 fir7n . PLD (84 FH A A5 7 B TR
PEMEENRIR , HARK VRS, A M T ) SR %
PEZR TR A BERS , St B I AEE o

Al

1 BiARERERE Y F EMERAGS

2.1.1 PLAI1 #1 PLA2

FI AT, BB i) T S Wi S Tl T2 2202 PLAL
A PLA2 , B AT A Ok P50 A g 3 1 FH A5 R s A AN [, T
TR 1 s,

PLAT J& H i BT iz s e mg , HAEH T
Wihg sn — 1A, A &5cb 7K S A 0 it vl v 1) 32 22 6
g PC.PE Fil PA, Lecitase Ultra J& Novozymes 2\ ]
WHE I B ATE 2 il AL PLAT, HBA L)
W PEFIRRE N, © 8ol T 2 Ml s R ek

{H1E 28 A4 ) S 45 O IR v, 29 B R4 13
PERIT AL LA B
1 —L A FAEHA PLAL f1 PLA2

(£ E k[ 28] %32
. e
Ly KB Ty e BEEPH

Lecitase 10L  JHRAE A2 65~70 5.5~6.0 —/i

Lecitase Novo F. oxysporum Al 40 ~45 4.8 it

Lecitase Ultra /"800 1 50 55 4.8 Aeaif
F. oxysporum

Rohalase MPL &R T#Em A2 35 ~45 4.0 JEHE

PLA2 4 f 5] T A B e v, 0 e )it 3
5 PLAL KL, /EH T BEAR sn - 2 i, &%)
Novozymes 2~ & BF %& i) 75 &b 46 ) PLA2 ( Lecitase
10L) ZEK VR | A< 55 J7 01 A 1 2 BRI, IF B 15 2]
B B W F o B S T2 W Sk R Y PLA2
K, AR 7= AR B TR R 4R T 72, ) AN S 21 AR
BT A A AT (7 PLAR TR A I 74 B A v £
JEIRSE , A B AE THh F #5 REFA 3 10 mg/kg AR

— SO RGN S HOR S IR R, 7R K R
WGBS A 2B AN B 28R, 40 More 255 R £
T P IR AR GE DR I D i ) S G J I T
GERFW] AR FMR (34 °C) N, AR S5 1 17
fif 2.0 mL/L, pH 5 JKffif 5% FI#E R = 100 W,
WA T IR IBERL Ry 98. 38% 5500 mL 1 1 L fY 75
KA e BRI R 53301 93. 63% F191. 15%
RO A Nl . B A I S8 4R A W R 8RR 1Y
PLAT 1 PLA2 (%5 % RN, B R A8 B2 b B AIG T il
T2 TP 1 AR R T A T I MO RS A Tl T R RS A
Wz R Sk A Rk B 45| AT PLAL il PLA2
(RS T2 IS T AN BSOR  Ja 2 n] 4kt
FEPER AR EG PLAL F1 PLA2 ()36 M, F— 25 BRI E
FERAS (AR R U T 2B iR AL G T2
2.1.2 PLB

PLB J&/EH T#EAE sn — 1,2 {57 (R R B 7K i
it , FCAE N ARFN S 0 1) ¢ 2 240 Jf AR | A A R B TR
R AEAE S o KT PLB K T2 A BF ST vERE
B> (RIS TR Y] PLB 7E B IR rh A 3K
(AP 0, 3 g2 LK gk S5 I 1 =8 2 7= 40 kg H b
WENR , HIm B IR A WA 23, B B I i g 5
R, WIS} B 55 45 7K 235 5 T R, DR e I g s w4 il
SR A LV i W AR R, B R
PLB [ B A5 2%6 H PLA 5, Huang' ™' Jiang'®
S5 6 5 R ' Al B A BT AR 52 AR T B i 2 b 338 S
T PLB, i $E AL 5, F PLB T K &Ll A4



34 CHINA OILS AND FATS

2023 Vol. 48 No. 12

PRI TS , B 2 A5 0 A I S ot b e BN T S
meg/ kg, L5 TR 19 PLB, AT L% 6 9 1% I 25
SRR, i PLB BB, HoAiE 4L PC A1 PE /K i
SR 43 e H R NS TSE AR B ( GPC) A1 H i
Mot LTI (GPE ) 33 19 ) 5 S A A 7 S SR 17 8 1Y
PR, FEARHE IR 5 2 O f R S 3 75
AEITAZ 3 4 D5 T AT — B RORDY . G, 4l
PLB A5 o It , 7T f 75 31 £ 1 g LA O 25 e B
i, S B A TS
2.1.3 PLC
PLC £ I T WG sn -3 {7 Wk H -5 B iR bt
P 22 6 A e, 2 R R R £k L L P iR 4k
DTk ARA S MG A BRI , T H A B b
PEIHAZESY , AT A2 A 0 g 15 2%, PR PLC 72 i
VAR BLAT B BT R B. (EJR, i AR 4
Sk PLC JoiE/K i PT A PA PR g 8 4 390 v s 5
S B T RERCR AN, T 5 HA i A
A 72 A 0L Y PLC o K 7 S R T R B
ZERFRH], PLC BB RCR BT TR R 46 1F
I JSe e e 2 P A 2 1. 00 mg/keg, FL I I F) B
BRI FIAR X 5 4 5 SR L TG BB 25 5. 0
PO TR ] PLC Xk 5 3 R AT I I B I, %
PLC FE e 5 15 3 MUK AL JBE 38R TP A
&), (E BRI He MK AL B 1. 38 T4 . Hh
AT L, PLC AEIHSIBEIE H 5 I, HOBE e o B4,
X SIS (4 B B R 2L S AR X 5 TG S S R
Bl R I 7 AT LA SR B — B i 41, 3 71 3
it 22 B A B0 A T 2K R R A R AR
Rodrigues 257 fifi Jfj PLAL \PLC B iR 9005 I Jie oK
B W S AR S S mg/kg, Dos Passos 2% fif
H Purifine © 3G(PLC ,PLA2 [PL.C - PI VR ST ) Xof
R JEM AT BEE OB , 375 MR A AL TBE IR vk
B I BE AT T X LE, 45 R W, W Ok B R Ak R
(98.5% ) #8 33 7k 16 B I8 (92. 6% ) Fl R ¥ it 1Bk
(96.8% ) , ELIMAS ity H — s e BS NS D I & i 5
UK AL BUBEA 23 31 1 JF T 0. 16% F10.97% , A
LA S 5 BT T LA A BT B PO ISR
T, B % B DB AR IO A , B R IO 2 2T
B S TR R S B T2 e, e P
J& PLAL \PLA2 8§ % Wi % & &, i PLC th T M 4%
it , KA 50 2%, L 08 ASLE MU o T Hp e
Fo BRI g — R R RERE RIS Y RS R 10
LI 5 , AN AT A AE AS ) B AR 14 4% 15 00 F 5
AP ) v L3 T O 40 B ) e
SR, I AT VA P I ¥ o 56 2 R, B A

=k e AR TR R R A, TR DO 2 A W i
LA, ANER F IR DI T 255 A e Ailb
B LR PR AN FE 53, BR T L3 AR 80N

BRI 22 S R ity e iR 2E B0 22 S , 3 U I T 1Y)
ISR e A 25 5 o PRt Bk H TR #oR L 4))
IR EAE AL BT ARAS YR IR AT IR AT,
Ok ok Z B BEROT &, E 2l HH R
Y A 2% s T IR BRSO AT 81 ok
2.2 BEEMBLER

2 515 20 il — R o A — o i AR
TR , EAT T2 g iR 7K A BRI, 7 A /N3 1 B T
i IR 45, 5 i A KU, SR IR 1B AE . 172
I bR UE P ER TR ML 2 T TR B TR Y0 L, PR ok
SR LORE 25 MR DT PR I R , X — TP B o I IR
H i, G A HL H A A T ik e 1y B 2 1
JUR R TR IR o P B2 TR I I B P e J L I
PR ABIR 1% R B Sl BB B T RE , — RS B
I FH T € 3 A R g 11 1 Ak 3L, 5 S T 5 e
RS o BRI R 2 Xt i v 8 AR 78 5 1 5
B YRR EE WA R, B s S b ik
A SRR S I R A 3R, (W] I 57 A B R FE )
IR VAL BT PP 5 2% | i I 15 e S [ R

UTAERAME AR T AR WY BEER IR BT 58 p) P08, H
Jir BRI FH R 107 T e A B vh 0 AR TR 5 H il Ak
S FEHT AR CH =, 2SR ) BR A e I,
WR B ] B — Bl A R )5 . Bi 7 ST R
B, J5 450 N IR W Novozym 435 i b K ik i
TR IR (C8 ~ C18) LA S iR (C18: 1) 5 Hr i
TERY R AL R KT 95% , H = Wi & fE 0K 90%
Bhattacharyya 25" F| FH I8 5§ Lipozyme TM X & i
(BRGNS A T 8 5 10 R , 7 Boe A 2% A (JE ) 1. 33 x
107 Pa, J R 36 B 70 °C, Bl U8 0 O 3 5T
10% ) T 5O 7 b, m B BRABE M O1. 3% Y7 B3 A5
WilR . BEEIIR G R 2 B iR B 23R A 1 2D
B RIIR M AT B ] o X R ARE A S S
(AR R 7 AR T A D7 vk REAE AN TS ey 1) HIF TSR
KRS A T Bt A AR A4 . (HJ2 H i
P18 il 2 I SRRk v A AR, [ e it 179 935
AN IR AN 1R, (575 i I R AR o R A R %
TR M AKE R b K, AR X SR S0 S e
Tt 32 15t PR A SR B BRAT R R 7 3 Jh 0
2.3 EpkMLE

Jsah b B B RE S AR B TR B R R
ROK, IR W PR PR, XA R



2023 4 5 48 %5 5 12 1) el

iR 35

SRR R i S RIARURE 1, ST ik AR R I
TR AT o F R TR A 39
i 875 Dy B G 3 , IV 3 R 59D e | T
(AR R 3 R SR R Y AR Dk
JBEBR o

Pl Fd 5 2 A0 U AR 1Y 10T AR, L T
eI IS (R AT RONE, (5 1 2 1A AL &
AR, DLk BB R H . 1 an i 17 A A
(LOX) , B R LLHs B — W1 b 3 A 35 3R 25l i
O H LR AL, X SR B A —E IR AR
Pt 0 8 — B P — S (8 R s At i L W
v it AR MR (0, 28 56 4 B Bk 3 21 JC €0, i il 5
FRH AN, RE R ARG A
TR £ 8 L FH AN Sl A 1 1 25 R B 50 4
i HIC#ICH , 5 T (HIE H sk B oo 3%
ABNT A 3R d TR RHL IR A
ARXEFR X (R A T — PR, KR BRI A AT
RES A A AN TR R B S, 3 LOX n] BE 2> falt i lig
A e A TR WA 5 3 A, TR T 48 1) 1A
i i, AN B R I (.52 2 R TG R AR
2
3 BEEIEUUMERORTE AR 1T Al v Y Bz A ELR

KRN O 2EL BN 25 FA) AN RE 58 SE b A2 Toll e
T S BB B Y BT A s oK G I A T
ko FRT, AR A A ik i A H ey R

Jedi 1 AL Y T — Pk ik LA s D e
ST AR & B

il B i A9 2 2 I U 1 ( Lipase,
EC3.1.1.3) , H B A R 0 4 S5 4 0 S AR S i fig
T3 ML AE H = ERR IR IR, 2 AF T A
SRS SR A B b, BT R 2 4 ORIET
Z AR A B AR 7R Tl AR
PR R G ot 2R L AR 1
OB AL R, LU X T [ 2 it FoR7E
TARAT M 4 B BUIR AT T2 48
3.1 B ARACH) & Al H b B
3011 H—BEAH

H—M (MG ) JZ 5 i RAR s, h THR
GFIRCEE, 2 W ik FLARSR . H 8 (DG)
JE A PR ITRR B H M , 5 AR A AT 00 ) i 3
Hh i i A T R A B A Y U R R AR AR
Py R Aot it Tl H HG T DA 4 7R R R L
Tl e

H— R AH R4 a3 2o A B AR
R P R L/ TN AN a0 S 2 f
Ak SR A A I O A 105 e A R A
PR (RN R IR ) R JEC W ) o B A R 5 254 1 H —
WEECH e ER BRI A e R
Z R A H g 3 , BIVH b A0 H = a7 B A T
S BRSSO, S SHLAR AN 2 B o

O
Il
O  H,C—O0—C—R, H,C— OH N H,C—O0—C—R, O  H,C—OH
| | sn—1, 313 5 7 it | l
RZ—C—O—(le (0] + ClH_ OH —MMMM@@@@™> HO_ClH (0] + R,—C—O0O—CH
H,C—O—C—R, H,C— OH H,C—O—C—R, H,C—OH

B2 Hil@EsEE . H RO RER

Hh R = S 4y s RONE B ) Je S e 7R
WIS T A A8 BN R iz R . AL LUl
i it} Novozym 435 Sy {4k 5], 38 1 H- i i 12 DA 1= 1R
(BRI R0 H 31 A SRk il 4 — g, T — e R K™
R 66.82% o AR H I 5 K B[R] LA TH 2 il i
FR A J A ) 52, T FE 9 LA 75 oMb A 78 7 5] ( Novozym
435, Lipozyme TL IM %) A= 7 (1) JC 5 47 R 48 75 [
HNATFITF A AR, HLJGIE R 3 S [ 7= A A
U it , T RS T I 5 o A R M 2 L= [ e AT B
DA HE LA S B ACRILASE A 777 58 ] 131, 3K 88 i) 51 /2 7] 24
H—EeAH B R EERE
3.1.2 HRKhkEE H =g

T s H = (MLCT) J&—Fof R 2544 1
IHAREVEIMAG , MR & A KB EENR IR , )& 5% Tk
W ) R R B 7 1R, T AE — 8 R 45 i g 5 7

MR E B . 6T ERE AR MLCT #0528
AW, ARSI 45 LS % ) 45 19 5 & OPO
OPL {454 B FVREF 3 > JEORE, LR 17 i NS40086
VEMEAL B 2 5 B MLCT, 85 5 =W, 76 IR (45
JI§ SHBF-) MR A 0. 8: 1 IS WA I 8%
NERRE 65 CHUR ] 6 h 254 T, =4 MLCT
TN T0. 4% L& it — PR Al 158 T
MLCT {552 97. 22% K7™ &b, W] UL %45 i MLCT
RBCR R PRIIL, A A B MLCT J& ARk 2540 A
A R T
3.1.3  AFLIEEAC S AZE AT Al i

NFUAE & AL i B2y, 7 o LR R
A R TR Y R B 3 BB A% Sk LRI DA TS 1 i R
F— Lo fle B IR . A 35 DL R 1 8
WELIRHH =BREs A, NFLAE T EZ A H =FRAh 2k



36 CHINA OILS AND FATS

2023 Vol. 48 No. 12

& 1,3 = TR -2 - PEHBR Hh =R (OPO) , Bl sn -2
PLor AT AR R (C16:0) , T R o3 Al H =
BRI sn -2 AR AR TR . 22l % OPO, b2
Fi 22 46 X Ll A2 20K, AT O 16 sn - 2 7 S A5 A R
(C16:0) IR sn — 1,3 (745 5 i 107 1 5 7
FRHEAT IR S 4 e >k 52 B, H I, T I 44 Ak i B
OPO E AL WFIE M . Wei 260" {iff J 3 o 2
A [ 7 Ak sn — 1,3 4 574 JIg Wi i Lipozyme
TL IM il Lipozyme RM IM, 43 511 75 A [ 1) ¥ 7 14 5
HEfb il %5 OPO , 25 R W] : iR i Lipozyme TL IM
M Lipozyme RM IM 43|35 ] T4 ¥ A R F TSI
FMRZRTEIE C ek & i, i R Y B i 10% 1Y
JIE V5 Lipozyme TL TM ( JIE#) 2y 5 56 25 il 5 1 e 418
FE PPP S5yiliR) , 7E Y o i) i b 1: 8 R EE 50 C
ZAF R 4 b, P2 OPO &5k 32. 34% 3 1E
JCs AR Z v, il IR W) 8 T 4 12% 1 BR Wi i
Lipozyme RM IM (Ji&4) [F] A% Ay 5 5 =5 ¥ 4% 14 o 40 3
PPP 53R ,FENCYIY iy it b 1: 6 JREE 60 °C R
N4 h, = OPO 5 50y 40. 23% , H ™ fh 7E
sn =2 (V54 85% LU AR . LR PIR TiA
S5 o s () A s e, A A i B OPO (1% 7 X3E 1
B AERE, Lin 20 # FHNE I Candida sp. 99 — 125
AL ZE DI IAR R T A R AR - IR A 2D
% OPO, ZF—H B EE Candida sp. 99 - 125 {4k
PPP 2Bl 5 2 — MAG, 38 52 5 77 3 $2 47 25 4k
2 - MAG( 4] 98.01% F11532R 78.03% ) ; 55 — 4,
TETHEFRRR T I5 i Candida sp. 99 - 125 {4k
2 - MAG 5iliR gL il £ OPO, =y OPO & &h
65% ,75% IR L F sn -2 fii. BHER B
TH#EONB il Novozym 40086 F1[E 7= g Jifj fitF VI.O89
HEALTH R 5 FF A A IR il 55 OPO [RICAR, 25 S %8,
TE4 B B AEZRATT , Novozym 40086 14 52 F K%L
(4 %) T VI089 (1 (2 1K) , Novozym 40086 i %
OPO )72 %(22.22 kg/kg) 5 T VLO89 4 (18. 72
ke/ke) , {H VLO89 [ #r #% 1X & Novozym 40086 [¥]
30% . A UL —SE [E] 77 il 5 AR B G, AL OCR A a0
Novozym 40086, {HL4 45 [ 45 4% L 3%, 4 7] o &
g B VLO89 4 1k il #4811 7 fh & AN kb Novozym
40086 71> 16% , Tl Ak A 7™ v il T AR 45 Ji Rk A g
AR R TE BE PR

FENATTH 25 35K 0 27K Fl ot i 2R il
A B AFUEEREREREA T aEENTY
W1. BARBEEG R ML mARZ  BEAKER
K2 HWE 5 A FH 10 e S 1 s s 350 B A, AR
Jies , M HATE N 8 sn = 1,3 Ak e PR i A 1

ANEE R PR  (EL T A 15 P RN & 2 A H AR I R o
B 5 8 R AR 45 R A1 2 WF 9 4% 4 1 e
W FoE B — R A e SRR T LR B
IR B | R SH ATy T A 2 v 1 225 T 07 R 361 2 AL R
P, W0 1B A FERE W AR A B2 IR ABRSE T
Bt RGN KA L KSR 47 4 25 5 T Il i L B 2 4k
RCRAES (8 RRH  T 5 fb o A Y —
PR LR 8 B T ] 2 167 1 BB i T %, AR T
DA AR 3R ] H AT A OSSR B
3.2 BEERAEACH & A AL R B £

BHE AL AR 32 5 T I RETE A2 24 B T i)
Hil %, LUF ABE NS BE 22 28 /R (PS) TR 25 B SR 1) 45
i o Ay A5 1 B T e L 1) 5 P R A
3.2.1 Ihfgtkwhg

Tl I 2 Vil g o B 32 22 ) P Bl 4, S5 A AE T
S0 40 L 14 A 0 T D5 A B v, ) A A LA F) I
WA EE A . PSRRI 24
YUMIZT I ER A SEATERE S B, PS 1888 A X T i By
ARG B E LB S RTINS A —
SETRE . PSR A CE AR PR RS 461
REE AU (PSR RS A 5 T 46 52 e R . PLD
SR T RIS 2 T B MR B 2L b i — Fh Bk g B, vl
B TR A AR PS, AL 2 K B A5 mE A 6 ( PC)
FERENRBE AL A2 B PST . {H il TEY PC 5 PLD,
L — 2258 BRI W 1 2 I 5K, W L 7 4l K A B 2 A
LA AW S 17, DR 7 AR R P T s 7 3 5 ot
JSEPR AT A o Liu 2555 F) P 5 R 6 o e £
JRINFEIAT PLD, Gy T —Ff LA 4 Ak 00 1
HR 2 T EEE A B PS 2% 0 14 2 A DL R
F TR A P R KR B o, KPS Y
AL N 53% e KK R PR 4 Wa, HXF
FERMIRARAFAE 40% LA |, Jy PS Tl AE =424t T
— PR S Ak T 4lk H  PLD fi
Ao PS I T2, [RVRE B 0 T A HLIE 30 A, 7
AR FFAET PS #Ab 323K 5] 96. 7% |, F 74 PA
A AR 0. 2% |, WA B s A Ak TG 149 L O 4%
= RO B RE PR R PR A T 0, Bl AR
F il 2GS R SR B H 253, AR Al
B AT TR S RIT S 7 T4
3.2.2 B FTBRR 45 F B T

PRI ER IR & — P R AR PSR, BT 2 AEY)
TEE, BT RALFIT R RE ST o SR, BTBRRRTE K
PR ERE A T I A B A 22, ME DAAE B I
JEFH o KBTI S H = T (LI BT 45 4 N R
T fifp ok — A1, % P8 B i R 1) S A P A



2023 4 5 48 %5 5 12 1) el

iR 37

BEHA O UL B T2 A5, Sun %1 i
BT £ 15 AR BRI TR ek i ) ok I 52 48 S
T BRI AL TR A 7, TE SRR A F (S I
NP 20% , S EE 74 °C) R RN 23 h,
BUBRRR 216 9 5% A % 98. 3% . Zhang %' i i
BRIR OIS H = Ba A D 18R S #0519 , i i I
VS 7R P TIUAL B o A T BT B RR 45 M B B, 45
R SEGHURE AR L , BUBRIR £ BE e AL Y 1k
BEM 50.0 kJ/mol [ Z 40.7 kJ/mol, FE W BN J128 %
BT 13 5 LA E, BT BRIR £ W 10 e AL AR 2 1
92% L) b5 5 sURHAH L , & 25 BT BRIR 1Y 45 K4 )18 Jo 119
PUAAACTE P B2, A5 R i o nl 3z B T 20
REFL b I 20
4 & iF
B AAE IR A8 T BB ORI R S5 D7 TR A A
BNV O A B AU A ) 20, Aok
RRIBIF & T o) 2 2 e i AR T AR SO it AR 55, i
BORE ST AN T A B it e s e rE b s
BT ATRE, R e 2k T 58 T 2 ik T 225k
TH. P, 2455 2 a0e TR0 R A5 2 A 75 7%
ST RO FIUCKR, IR T & [ 7 1) A Wy R e AT g
BRI FSAS , R i 5345 5 2 A 0 Jo il ok 2 i
DRt VERE . RS ARORBEAE B K AR A HOR K
Tt o] 2 A 7 3 S5 B AN BT 5 35 K%, ) I I 4 5 )
IR RE RS 13 2 A R
B2 30k
[1] ZHOU J, LEE Y Y, MAO Y, et al. Future of structured
lipids: enzymatic synthesis and their new applications in
food systems[ J/OL]. Foods, 2022, 11(16) ; 2400[ 2022 —
05 -27]. https://doi. org/10. 3390/ foods11162400.
[2] SIVAKANTHAN S, MADHUJITH T. Current trends in
applications of enzymatic interesterification of fats and oils:
a review|[ J/OL]. LWT — Food Sci Technol, 2020, 132,
109880 2022 - 05 — 27 ]. https://doi. org/10. 1016/].
Iwt. 2020. 109880.
[3] T#E%, sk, BAREE. AWy TE i AR il B b
FLI]. M 5lAg, 2005, 18(11) : 33 -35.
[4] EBERE, 2882, BURF, 5. BEEORLEMAR I Tolk A i
BIALT]. wiEhfg, 2010, 35(7): 8 - 11.
[5] HU B, LI' Y, SONG J, et al. Oil extraction from tiger nut
( Cyperus esculentus 1.) wusing the combination of
microwave — ultrasonic assisted aqueous enzymatic method —
design, optimization and quality evaluation [ J/OL]. J
Chromatogr A, 2020, 1627 4613802022 - 05 — 27 ].
https ://doi. org/10. 1016/j. chroma. 2020. 461380.

(6] ®AM, MRAA, skiisy, 55 MR ERY bG5S &

FSR G e v TR BT e (1] fr ki 5 0T
&, 2017, 38(19) : 205 -210.

[7] ROSENTHAL A, PYLE D L, NIRANJAN K, et al.
Combined effect of operational variables and enzyme activity
on aqueous enzymatic extraction of oil and protein from
soybean[ J]. Enzyme Microb Technol, 2001, 28(6) : 499 -
509.

(8] WMin, VLB, 25, 55, & EEA K EEE SR BOR S
g B A BRI S L] A DAL B, 2009, 30
(10) : 240 -243.

[9] HOU K, YANG X, BAO M,

characteristics and antioxidant activities of fruit oils from

et al. Composition,

Idesia polycarpa using homogenate — circulating ultrasound —

assisted aqueous enzymatic extraction[ J]. Ind Crop Prod,

2018, 117 205 -215.

[10] DIAZ - SUAREZ P, ROSALES - QUINTERO A,
FERNANDEZ — LAFUENTE R, et al. Aqueous enzymatic
extraction of Ricinus communis seeds oil using Viscozyme
L[J]. Ind Crop Prod, 2021, 170(10); 1 -9.

[11] LAMSAL B P, MURPHY P A, JOHNSON L A. Flaking
and extrusion as mechanical treatments for enzyme —
assisted aqueous extraction of oil from soybeans[J]. J Am
0il Chem Soc, 2006, 83(11): 973 —979.

[12] DE MOURA J M L N, JOHNSON L A. Two - stage
countercurrent enzyme — assisted aqueous extraction
processing of oil and protein from soybeans[ J]. J Am Oil
Chem Soc, 2009, 86(3) . 283 —-289.

[13] by, VLHEM, Vi, % STRCHUREEDKFRESRIBOR
A TR ] g, 2009, 34(6) : 6 -10.

[14] GAOY, LIU C, YAO F, et al. Aqueous enzymatic
extraction of peanut oil body and protein and evaluation of
its physicochemical and functional properties[J]. Int J
Food Eng, 2021, 17(11): 897 —908.

[15] NIU R, CHEN F, LIU C,
rheological properties of peanut oil bodies from aqueous
enzymatic extraction[ J]. J Oleo Sci, 2021, 70(3) ; 375 -
383.

[16] ke, B30, i, 5. KERERBHE Tl T 210
NIRRT ). P EDAg, 2022, 47(7) : 22 -27.

[17] EWHE, Pohe, %8, 55 W7c K iRk 52 5
LA ST ] MR, 2022, 47(5) : 1 -6.

(18] 2R, HeAl, XU, 4. /KEHEFEMEA K
R & BOZ I R OF st e[ ], il 5 R L,
2023, 49(9) : 365 -372.

[19] HAN C, LIU Q, JING Y, et al. Ultrasound — assisted

aqueous enzymatic extraction of corn germ oil: analysis of

et al. Composition and

quality and antioxidant activity[ J]. J Oleo Sci, 2018, 67
(6): 745 -754.
[20] HUANG W W, WANG W, LI J, et al. Study on the



38 CHINA OILS AND FATS

2023 Vol. 48 No. 12

preparation process of rice bran oil by the ultrasonic
enzymatic extraction[ J]. Adv J Food Sci Technol, 2013,
5(2): 213 -216.

[21] mEM, Ao, wh, & KERE SR R el Jr
RO R[], AT 5T K, 2021, 42(14)
172 - 177.

[22] LU Y, HOU R, SHAO S, et al. In - depth potential
mechanism of combined demulsification pretreatments
(isopropanol ulirasonic pretreatments and Ca’* flow
additions ) during aqueous enzymatic exiractions of
Camellia oils[ J/OL]. Food Chem, 2023, 414 135681
[2022 - 05 - 27 ]. https://doi. org/10. 1016/].
foodchem. 2023. 135681.

[23] SAMPAIO K A, ZYAYKINA N, WOZNIAK B, et al.
Enzymatic degumming: degumming efficiency versus yield

increase[ J ]. Eur J Lipid Sci Technol, 2015, 117 (1)

81 -86.

[24] Heffo>s, g A=A TM ). Jbat: feof Tolk i RAE,
2005.

[25] thmte, FEGL, 2F, 5. BHEBEAEARYH AR

g R (D], Rk TR 44k, 2015, 31(23):
269 -276.

[26] VIRGEN - ORTIZ J J, SANTOS J C S, ORTIZ C, et al.
Lecitase ultra; a phospholipase with great potential in
biocatalysis [ J/OL ]. Mol Catal, 2019, 473. 110405
[2022 - 05 - 27]. https://doi. org/10. 1016/j. mcat.
2019. 110405.

[27] GOFFERJE G, MOTULEWICZ J, STABLER A, et al.
Enzymatic degumming of crude Jatropha oil; evaluation of
impact factors on the removal of phospholipids[ J]. J Am
0il Chem Soc, 2014, 91(12) ; 2135 -2141.

(28] EBERE, 2880, MRV, . BHORTEMREEY R N T
IR CT /7 Db A= 2l R o 25+ Ui 2R
LB RS CE. e P ERRIRA SR
4r4x, 200931 - 34.

(29 ] Wh2pdF. AREY T HERE A LHOOL = f AR PH I A S HE R 1
P4 PLA TR B B T A B[ D ] iDL Ak
K2, 2011.

[30] MORE N S, GOGATE P R. Ultrasound assisted enzymatic
degumming of crude soybean oil[ J]. Ultrason Sonochem,
2018, 42, 805 -813.

[31] Z=HAZN. WRNRHE B B m RGRK FEG M BT 20 A e Ho N
MBFFELD ] KA KRR, 2017,

[32] HUANG S, LIANG M, XU Y, et al. Characteristics and
vegetable oils degumming of recombinant phospholipase B
[J]. Chem Eng J, 2014, 237 23 -28.

[33] JIANG F, WANG J, KALEEM I, et al. Degumming of
vegetable oils by a novel phospholipase B from

Pseudomonas fluorescens BIT - 18 [ ] ].

Bioresour

Technol, 2011, 102(17) : 8052 —8056.

[34] WANG Z, HAZEN J, JIA X, et al. The nutritional
supplement L — alpha glycerylphosphorylcholine promotes
atherosclerosis[ J/OL]. Int J Mol Sci, 2021, 22(24) .
134772022 - 05 — 27 ]. htps://doi. org/10. 3390/
1jms222413477.

[35] 2%, fwed, Jnili, . BRNREE C xh R S lstuh Bt i
HORIIBTFELT ] R, 2022, 47(8) : 19 -24.

[36] B o, S e e S B [T ). b [l s,
2016, 41(8) . 107 - 109.

[37] RODRIGUES M S, DOS PASSOS R M, PONTES P V A,
et al. Enzymatic degumming of rice bran oil using
different commercial phospholipases and their cocktails[ J/
OL]. Life (Basel), 2021, 11(11): 1197[2022 - 05 -
27]. https://doi. org/10.3390/1ife11111197.

[38] DOS PASSOS R M, DA SILVA R M, DE ALMEIDA
PONTES P V, et al. Phospholipase cocktail; a new
degumming technique for crude soybean oil[ J/OL]. LWT —
Food Sci Technol, 2022, 159 113197[2022 - 05 -27].
https : //doi. org/10. 1016/j. Iwt. 2022. 113197.

[39] BIYL, CHEN J, LIU T, et al. High efficiency
enzymatic synthesis of triglycerides with varying chain
length and degree of unsaturation in a solvent — free
system under vacuum [ J]. J Chem Technol Biotechnol,
2020, 95(7) : 2009 -2016.

[40] BHATTACHARYYA S, BHATTACHARYYA D K.
Biorefining of high acid rice bran oil[ J]. J Am Oil Chem
Soc, 1989, 66(12) . 1809 —1811.

[41] KURTULBAS E, TOPRAKCI 1, PEKEL A G, et al. A
model study for decolorization reasons: B - carotene
removal and its kinetics and thermodynamics behaviors
[J]. Biomass Convers Biorefin, 2023, 13(9). 7755 -
7761.

[42] skil, FEBEME, XUE 5. AEY) AR B B AR5
JELT]. IR ok R2A 274k ( B AR B2 R , 2018,39
(1) 121 -126.

[43] VAZQUEZ L, BANARES C, TORRES C F, et al. Green
technologies for the production of modified lipids [ J].
Annu Rev Food Sci Technol, 2020, 11 319 —-337.

[44] KIM B H, HWANG J, AKOH C C. Liquid microbial
lipase: recent applications and expanded use through
immobilization[ J/OL]. Curr Opin Food Sci, 2023, 50:
100987[2022 - 05 — 27 ]. https://doi. org/10. 1016/].
cofs. 2023. 100987.

[45] ALESSA E R A, RAMIRO B J, GARCIA HUGO S.
Preparation of curcumin — carrying nanoemulsions using
mono — and diacylglycerides enzymatically structured with
bioactive fatty acids[ J]. Biocatal Biotransform, 2020, 38
(2):93-103.



2023 4 5 48 %5 5 12 1) el

iR 39

[46] ABDRNN, GEW L T, PERES Y, et al. Statistical
optimization and kinetic modeling of lipase — catalyzed
synthesis of diacylglycerol in the mixed solvent system of
acetone/tert — butanol[ J]. Ind Eng Chem Res, 2021, 60
(39) : 14026 - 14037.

[47] ThAE . R KA TR T 0 R S 48 S o B LA o
TEEMIELD]. B Al o, 2013.

(48] EA6A, A, BUE, 5. H RO KA T
BFFCHERELJ/OL]. I , 2022, 1 -20[2022 -
05 -27]. https://kns. cnki. net/kems/detail/11. 2864.
TS. 20220720. 1543. 006. html.

[49] WANG B, FU J, LI L, et al. Medium - chain fatty acid

reduces lipid accumulation by regulating expression of

lipid — sensing genes in human liver cells with steatosis

[J]. Int J Food Sci Nutr, 2016, 67(3) . 288 —297.

tRoCH, 2R, EAN=, S BRE S P RREE HHh

=WeLT]. AR, 2019, 44(8) : 51 -56.

[51] WEI' W, FENG Y, ZHANG X,

[50

[}

et al. Synthesis of
structured lipid 1, 3 — dioleoyl — 2 — palmitoylglycerol in
both solvent and solvent — free system[J]. LWT - Food
Sci Technol, 2015, 60(2) . 1187 —1194.

[52] LIU C, ZHANG Y, ZHANG X, et al. The two — step

synthesis of 1, 3 — oleoyl — 2 — palmitoylglycerol by

Candida sp. 99 —125 lipase[ J]. ] Mol Catal B — Enzym

2016, 133, S1 - S5.

TR PRI T il R S A B A 1 i 4 OPO I

SR EZ M EBETE LD ] RN g ol ok

#, 2022.

[54] CIEH N L., MOKHTAR M N, BAHARUDDIN A S, et al.

[53

[

Progress on lipase immobilization technology in edible oil
and fat modifications[ J/OL]. Food Rev Int, 2023 1 —47
[2022 - 05 - 27 ]. htips://doi. org/10. 1080/87559129.
2023.2172427.

[55] HASEGAWA ], UCHIDA Y, MUKAI K, et al. A role of

phosphatidylserine in the function of recycling endosomes
[J/OL]. Front Cell Dev Biol, 2021, 9. 783857[2022 -
05 -27]. https://doi. org/10.3389/fcell. 2021. 783857.
[56] LIU Y, ZHANG T, QIAO ], High - vyield

phosphatidylser ine production via yeast surface display of

et al.

phospholipase D from Streptomyces chromofuscus on Pichia
pastoris[ J]. J Agric Food Chem, 2014, 62(23) ; 5354 -
5360.

[57] MAO X, LIU Q, QIU Y, et al. Identification of a novel
phospholipase D with high transphosphatidylation activity
and its application in synthesis of phosphatidylserine and
DHA - phosphatidylserine[ J]. J Biotechnol, 2017, 249 .
51 -58.

[58] LIU Y, HUANG L, FU Y, et al. A novel process for
phos phatidylserine production using a Pichia pastoris
whole — cell biocatalyst with overexpression of

phospholipase D from Sireptomyces halstedii in a purely

aqueous system[ J]. Food Chem, 2019, 274 535 - 542.

e, WENREG D A E AL RIS KA W Al w6 o

femt 222 /R D]. {15 Joth . LR R, 2019.

[60] SILVA' T M S, SANTOS F P, EVANGELISTA -
RODRIGUES A Phenolic

[59

[

, et al compounds,

melissopalynological,  physicochemical analysis  and
antioxidant activity of jandaira ( Melipona subnitida )
honey[J]. J Food Compos Anal, 2013, 29(1); 10 - 18.

[61] SUN S, SONG F, BIL'Y, et al. Solvent — free enzymatic
transesterification of ethyl ferulate and monostearin:
optimized by response surface methodology [ J ]. J
Biotechnol, 2012, 164(2) ;. 340 -345.

[62] ZHANG H, ZHENG M, SHI J,

et al. Enzymatic

preparation of " functional oil" rich in feruloylated

with  solvent - free ultrasound

Food Chem, 2018, 248; 272 -278.

structured  lipids

pretreatment[ J | .

(L% 19 )

(12] W7 S3 , T, 0, 2. 3 FORPhE X I8 LA it
PR3 0] 3 A He T A 18 48 1996—2015 4F K46l
BT Al BURAE TS, 2017,38(6) 1921 -929.

[13] EFHM. BPSERA= 5 H 0S5 05 D]. B 4
% PUALAMRL R 2, 2012.

[14] GRA B RIS, KISA AT = A X 3 2 AR
P UL A SRt T [ 1] Al Ak iF 5, 2017 ,38
(3): 502 -509.

[15] ZRim ik 91 R, BN I 2K GEUR AT 50 A1l T BRAR B Jie
BT 7 PEARALRL,2009,40(4) 1450 - 454.

[16] O, MARME, ARTLWL, 2. MBI SR SR [T ]

H A RFEEAFSY ,2009,13(5) 459 - 465.

[17] F/NE XDEIR, B . [ E s Tl A K i
FEFRIE L) ], #iiy Hh P ,2020,40(5) :868 - 880.

(18] B2 bty , B Hok 55 T E B AR 7 X3 L3
AR ILF M E R A [T]. b EAOL R 5 XA,
2018,39(5) :137 — 144.

[19] Zet. rhEARA & RN M S PR3 [ D]. BEVY 4
V2 PHALA MBI K% ,2015.

[20] FEAEIC, WA, A, 5. IREN Ao i 5 & e
X[ T]. hEm g, 2021,46(7) :104 — 108 ,113.

[21] JESEHE, b BB SRR A 2L TR B L BOR
BEX[T]. & m)E,2009(11) :31 - 34.





