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Abstract : Medium — and long — chain triacylglycerol ( MLCT) is a kind of modified product of natural
oil. Because MLCT not only provides energy quickly and efficiently for the body without causing fat accu-

mulation, but also provides essential fatty acid (EFA) , it has become the research focus in the oil field.

Physicochemical properties, metabolism characteristics, preparation methods and the application in food

and pharmaceutical industries of MLCT were described, in order to provide useful reference for further re-

search of MLCT.

Key words: medium — and long — chain triacylglycerol; physicochemical property ; metabolism character-

(1. School of Resource, Environmental and Chemical Engineering, Nanchang University, Nanchang 330031, China;

istics; preparation method; application

AR SEALMAA T B 1) = RE TR R Z—, X Hl
PRI FERE R 7 R E 2, LT B4 1) foe B B AR BT
REE AP RE R AL TERITIR . BEH AN 2%
TR BB S5 PR TR A R A2 A SR A
i H 538 22, BRS04 1 B IE Ji
i R DRS ILAG B R e i S s DR AT

FS E #2017 — 07 — 25, {&[E F #8:2018 —03 — 26

EEWB : HEEFRHL A EETI H (2011DFA32770) 5 £
m A E SR E K E AR S H AR S m o H (SKLF -
77A -201303)

EEE A R(1991) 55 WA S AR OF ST s ) Dyl I
Ak (E-mail ) 13672243289@ 163. com,,

BEEE  GH R, 24%, 11 (E-mail ) zlzhengjx@ 163. com,,

TFUG K TS FEBR I B A T ke e A 77 b KB i
—fig(MLCT) ,MLCT RE ] DALRFFEL R SR IR 1 78 7
B 3R] DL REAIG T B i, IR B4  T A B
e BEZGAT 0 i B, © B A 3 i BF 5 43 g —
fa

SRR L phy R AR A A B H T T
TilAS , B30 A R 7 BR A L 1) e A8 e A H i = e
v T AL 7 R A e SE BN A IR, (H IR RS2 L
ol 1 PR BITR A T P 45 MR DR, B
HER T OB RAR MR 230 85 o R tE b, 18 B A&
GRAGAE BN REAN S FR NS o MLCT & —2Kr 7
Y2 G I, o FH BB A 107 TR ( MCFA ) 1K Bk 4 g
iR (LCFA) 254 F Rl —H il 7 LR .



68 CHINA OILS AND FATS

2018 Vol. 43 No. 7

P = PR B 2R BB 3 R IR Ik BE R
225,70 MLM %Y MML % LML 7 LLM %
/E\:q:' M Fﬁ?‘%T MCFA( Cs:o ~ Cl2:0) ,L Fﬁ%‘:{T LCFA
(Copd E)PT,

MLCT 45 i 44 5 | 44 i 7 Fn el 58 2888 2 1 1R
7 THD R B R S, S — 2SSy A4 i AT R i
SEAG PR B AR A . Kishi 2 BT T RS
A EERR TR A MR 1Y 4 B[R A AL ) MLCT X
KB VE Hh =mEiE R R 9 E ], e T R R
X 4 R RLAR , R Y H I =R B I R R R
HAZ =g i B8 4k, & ik B KX MLCT
AT R A AR I R AT, Rk AR 7 B & H
N, A FE AT AT B, T DY e Al T R B
B ANA R — 2583 . AR SO MLCT 1) B4R 1 5T
FCIHRRAE 85 7 1k DA B i B B2 Tl iy
Iop HIEE T T AT 253 , DU 36 MLCT 7 i 1)
RIS ST E MLCT R T my & &
1 MLCT B MERE R

KBEH M =l (LCT) % s & T4 R0 &
FHAR AU IE & AR KR B SR T IR IR
B LCT 75 I 5 Hh 7K fif 38 58 K 8 B 3 258 3 AH X 4%

1817 R A T LA B R . BRI = g
(MCT) {4 Ak % 8 LCT fY 4 45 Ak 22 ) S
10 75, BEAS 4R 5 WL A 2 B 4 ) 25 - e 1t
I RE R, fHE MCT &5 AR T I iR , Bt
J 77 A A R S T (R 4 e i P =, DR G DU 3R
B R TR

MLCT ) B4k M ot S AR i R 5 MCT (LCT A
SRR (WE 1 K1), MLCT Wl T
MCT A5 o i I B O S6J g, () Bsf e £ 17 Pkt 2t
RERYDE A2 MLCT AT LS 518 5 2 19 ] 25 38
HoEe 1A i 5L 48 LCT MCT #H L,
MLCT 7E 35 FR A 5 T A FE 15 2 U0 3 an B AR I 7
H =l HE B 59008 F s, (2 2E RO
PO PN I & AR P2 R e T RE | R AR E XU
At R R AU R I I R A B
KRG v KRR H i =R T T AR, 45 SR
KA MLCT ] RLREAR /N BB TG (CH il =) .
TC.( AR EE) (LDL - C ({i % F Jig 2 11 0 [ ) /K
-, BAT AR LA 9 Dh sk I PRBIF STt 2 9, MLCT
AT IR A B A B BB, K 0 A AT R ) A
VR

%1 MLCT 5 MCT.LCT B MRS Rt

i H MCT LCT MLCT

KR ik " B

A 5L ik " B

A T MR J El f

IK A PRIE, AT WIS R 1S A K 18, AT BIRER PR R K R PRI, TN I U T K A,
fift , BEAT N7 Tl R K A% A MR 7 gt m] K it

AT I D R R A LB

W GEINRL T SRR & IR R, roioe st
YRR M IR R %ijﬁtﬁ,@éma%éﬁ%gﬁw
feig TAbiH i 38 5 1 i BRI IEE 1, IR E L R S 1 s A E
B iz
M Podt, RIKBUABESE RS 0 RIS RBARHE RS Pl RIREBUN LIS RS
MCTH ¥ MCFA LCTH I LCFA 2 MILCT BE&HE
ana \%iﬂ;ﬁg% Hﬁ@swlﬂﬁm MILCT g — 7 80 1 245 4 Mg ) 4 7 ok 8¢
[ERIERANCE

[l iHE [ MCT
i L T Tl
FFA

H%H% \fm@m

REIE M ERLS

/N

LA - CO, AN

FFACK A | 2-MAG(KH
Sn—1,31)  Sn-21y)

= B TR

7L Bk

MR 1\ L

Rl I e

!
FFA = JIFJliE

1 MCFA 5 LCFA R &KEHERE

%o M SOV AR A 22 55, A0 MLCT i) % 7
I3 AR ERE:
2.1 ek

A 2F i 26 MLCT, 32 222 ) FH Ak 27 4 £k 75 4
Ak B AR B IS LR A R R AR L) B A B T e
FTBEMLER S e . Hv B gl LA 52 o7 3 A1 A Ak
B0 R AL A, R LR B AR 1R 2# TR 52 e 4 b
FINT S Ak B AR R AR R R oA 5 5
T A P 0 o (B 257l £ MLCT JRA77E
BN, U S i B 5 B DT R 25 40 e S 25



2018 A 2H 43 %R T H

S A EC!

i 69

T SR AR HR AT 77 AN o s aligb EE 2 ] fig
A FEY R
2.2 Bk

AL AR L, B A MLCT L i, 1
AU PERE A e BV 5 L S S5 IR T HL
JIT A 7 i S 08 3 o3 AR B IR HL 4 3 ey L TIo gk
BTGy R BRI T A A . R
ANTEL ) S B AILBE, P B o0 R B R AT B I
i BRI AN — BRACH L
2.2.1 HHEBRE

EIEARILTEJE DL MCFA (LCFA FH 30 ok J5RE,
FEIS B LL BT, R FH G 7 B L HE AL IR AL &
& MLCT 19775 6

Yang | Novozyme 435 [iff H {45, 78
TCIEFEAE T AL IR 5S8R AN H- i ] 45 2=
MLCT, fEAR TR 5 H M BE /K LG 3+ 1, I fig it 4. 8% ,
SN BE 90°C K Wi Bf[a] 12. 37 h {254 B [ i f:
ZeatalifbJ5 158 MLCT 2550 72.19% . EAb2E#
A WA B RR fL s £ MLCT OB % 32 B4E Th 1
Jifk— 2 R AL RN S B 5 A 223 A5 A D T o
Koh %21 ] Fij i 17 i 4 Lipozyme RM IM il i 1L,
AR AR (3¢ B2 FIIM R ) £ MLCT, fifi LR 2%
A 70.43% , Iwasaki 25" 43 A5 g AL R |
EPA 5 HyliAE s MLM & MLCT, & 5E, ZE /g 1E
T, HIMAERR A 4l A 80% 1 1,3 — H i ; H
WK E TR 1,3 - T ZEE A1 EPA & 2t
7 90% B MLM %I MLCT,

EIEFR BB, 2P 52 i, HAn ™) & &
w H oo o B H T IEORR Al R 5 m IR DR,
BT AR AR, AN T RS Tl A Ak 7=
2.2.2  BERRERILE

Pt i A v 2 B2 A A1 LCT = MCT #1
HH O, 2 B A S SR H R el H e, S
RENTBR R4 B MLCT

Muiiio 25 SR FIRSARBRALIETE 1,3 - Hr VLR
1AL PRSI £ T MLM BUSERG AR i, 14 50 5 A i
A A ol A A 2 - B, ke B alifk
LR IR B 87 % |, B 5 W H M FEIRTE 1,3 - K¢ 7
YRR AL T U A MLCT, 285 4k {453 MLCT
SR 38 95% o

P % TG A 10 00 B W A0 B , i A AR B HL ™
i ANy o B Al A g AT, BRTASGE T
B A R/ Howm B INE B g5 4 g T, B LT
MLCT (46 i o
2.2.3  [RfEk

fii i vk 35 LCT Ml MCFA 5% # MCT Al LCFA
FERFOIVERR (LT S BESE B 8, Al MLCT (93
Fio MRS58 S H Il = 16 7E 1 1 i 1k
Ve K ff A CH B DL b R R R G S
B A TR SV o

Wang %[23] oY T1E 1 ,3 - 5 Lipozyme
RM IM R fE RS, BRARSFFIM AR G i MLCT,
SRS SRR EE R LG 1:4 Nl 10% , 7E
50 ~60 C FEH 15 h, Ay = R4 A % 55 i o FLE
JEHERS R IR A%, Kim 257 23 53R A Lipozyme RM
IM F Lipozyme TL IM Jg [j iff X} 4% 751l 5 2 R i 47
i fif A B MLCT , fifF 5% & B8 DA IE C g R I I s, 76 e
FERMET, F R IH A R &, 43 38 48. 5% A
51. 4% , ITITIE A 7 1E O e A 75 5770 B 1) Ik 3 2 5 o
LT HAIAR R T o

P it e S M M R & — , I ELRB B 9l &y
BT FEARRAEANAE | G U B A v R e R i R
P, IR R MLCT [ 25 ik o (H R B IR i
S A R ) B R R R S R, DT R )
A 2 R Sk ) oy g alifk .

2.2.4 [ - PRACHRE

B — BEACH i 2954 MCT 5 LCT Z e & 5
N IR e A B 0 R TR ) B4 o 6 1 47 =108
A AL B At A

Zhao %5 LI Jig 7 Lipozyme RM IM i {L A% 4
FRAIMAAS I PET TG — BEsCHe , R AR 5 25T
JEIREE A 12 1.5 W IEH),10% Jnfil &, T 60°C T 2
M3 h, MLCT ;=% 55. 81% , Khodadadi 25" ¢
1,3 — K¢Sk Lipozyme TL IM FYE FF X =R
HOR SO RRAFA i AT 4 A & i MLCT , MLCT 7=
Yrf CLnC, CLaC 1 COC #4 7Y 153 3R 43 Jl] ik %
35.34% ~ 35.45% ,4. 09% ~ 4. 19% ,8. 44% -~
8.53% ,

B — R3S #3242 72 MILCT, b ik )2 i
SRR 2 A, B M) 2 8 T e B e
FMLCT )45 18, S8 1T A5 7= ) ) o B e S v 3 22
PR AN BT 1 4 b 2= 254 1 MLCT,

3 MLCT g9h7 FH

MLCT 1k — Tl 5k 10 45 44 g I, < 300 i IR 52
BT R ARG RIE R, Ea) 2 T
ah B Tk, I HESNE S 3 T AR

MLCT 7= 5
3.1 AT LegEA
30101 AT N N

Resetta J& 55— FIALHY MLCT 7, & i H



70 CHINA OILS AND FATS

2018 Vol. 43 No. 7

7% Nisshin Oillio 2 ] 4 7= B —Ff MLCT i1, 3% T
2006 4F4 35 [E £ 25 0 4 B R) (FDA) DIIE % 4>
o 1207 8 S S RF Il B il B AR A Y
Mg A2 e B B 7 A T H =R B AL 2 S i MLCT
(49.5% ~52.7% i) LLL.37. 3% ~39. 6% /] LLM
8% LML 8. 6% ~9.34% f) LMM 5{ MLM #10.1% ~
0.2% ft) MMM ) , 4 5 %5 5, 75 200°C T 4445 30 min
RIRFAE VBN AT M4 T B AMEED, Koh
228 DRSS R b SRR B T I T AT
i) MLCT, #F 58 2 B ok B O 520l A9 1< 5% i 7 R (il
TR , 7.1 1R F1 I JBRR ) 2755 1 MLCT [ /5. Koh
5O RIS T SR R g MLCT, Hod 48 1k ot
JiE B R I EL S 7R 180 C LI b, R B A AT
T R, RO g 3 B AR il DA
MLCT iy sl e i ALK DRE o 22 5
3.1.2 Ny Rk i

MLCT Hh f 2R W R o5 B4, I HLBRAR P ot
FEARNT N TE Wt 0 RS R, PR A o 4 T A
WL BRI ML RE b . Adhikar 2677 o
PERR AL A, LASE 4 S K 5 B -0l KopE
R JEAENG B MLCT , ] 45 32 A v i 107 1R o7 - [ 4%
PR 2 S I s 4 A A T el AR R e s R M R
B AR LR, P tA U MLCT A A3 95
WA B

Caprenin 4/ 32 [E Procter & Gamble 2\ &] JT &
ARBERNRNT , T 1996 AEL 2N g 2 4y ot , 448
I BRI AN SRR A T P S A A T A
£ Caprenin H1 111 8} R & 5 290 45% , F IR & & N
20% ~25% , B8R N 25% ~30% , bR & &
2)0 A% , e & A D B RERR AR IR AR
DU R o PUBRBE R SE . Caprenin (1 - 3£ -
2 - B8R -3 - kR HhER) o A 3
NRIVTTR , 73 53] DAy v Btk 5% i 75 TR R R K g 55 I D7 TR
(Cono) , WP i D5 R , BV = R A0 58 1R 1) A3 15 i
TR PIARARL , AN T B i i 107 R A 2085 = ik R
HRED i B AR, R o3 1 4 i i 1 i A
FAARE s, AT Caprenin G i FUA7 3% 38 g 7 19—
2 24519.25 kJ/g  Caprenin FTMIE TR , Va2 1
9, FT RS ARR, Al ik FH ) 4 2 9 W AR
RS (H HCAR AU, MR PR 5 22, Sy e B A 1Y
PR 7 il A = 5 s 9 LLM LML LLL ()% 5 v/
FEFEBARA Ko Meneill 2572 38 5o fh 2 s i
AL G L Caprenin, B 5GIE S ST IR ¢ IR A — &
HAKAEE B (3) BT H R , AR i HIX T
A R B DS T P ) i T S b B S i 17 IR I A 32 )

RIS b AE SOC WG & /KR S. 5% H ik IR IR
F Geotrichum Candidum ) 5 5 i 5 7] DL 3E 55 22
e AFRNAERERT 75% 1) LMM, SR J5 R How T
IK T R TR J A PO, , 3ok g, Jim AHT it ik
M, IEAEL 2 MPa JE )R 246 0.5 h, FIZK R k2
W, T 4s , R4S Caprenin,
3.2 EHTLGER
B 0 LA S — T Bk 3 4 LR, #iz  H

Tl RANE 7%, FEM TS 2 T IHEA
A W DR I o A SR E RS AL, fa R A
2L AR W L 1 2 LA K S o UL A 4% 1T
I, 7 20 128 60 AR AR E 20 H T il R, {5
JE R FERBT , LA S0 Ay bty i) i D 5L A A7 7
ot Z B Z ARG DT , 25 R AL G5 D) g 3 U0
5,85 % 1] RE S SO PRt AR fE L IR AE R
MLCT R HI TR 7 LR — s R st Ry
W s E FRBF 9 6 B0, MLCT F4 i 195 3L 300 7] 2 2 %%
AT ARG AP RE L, i ) MLCT Jhy bt i)
S5 e 7 L0 B O AR I S E 37 321 FE R
i R

Yang %" SR Fi A= 0 1 A A AR A4 4k H ok A
e ABIREE N DR TR AL w5 2 H] MLCT 8D 5L,
WFFEUEN] & 0 MLCT 5 Ji 4= 7 /) FE73403 Z544)
N0 L300 o 8 i 17 R 2H BB AR — B, H i, 7R BE
b [ AR 4 P A4 DL MLCT Sy 52hi i 45 14 g i 7.
PR B F ML Structolipid 20% ' Fil FE73403
Structolipid 20% - 250 mL #} #&% & 5 285 JG,
FE73403 s I SE &y o [ A AR AR DGR 1D L7 i 22
A e T i 25 9 43 3C (Structolipid , Fe AR Sk A T8 [ 2%
BRI R LA F]) o Structolipid € 287 i #t \ J122 |
Y kA2 P E A 18 AN [ K B
F 2007 #£ 8 AZEHE ETi. Structolipid 1 K 7 #h
B (PN) B2 o) B T SR LA T
AIRE SN, I R BILAA 32 (4 A4 AT A 35 P ) 34X
T B Z ARG T R , B7 Lk LA 055 i 107 1R 1)
BRZ o I PRATSE 7R, Structolipid % £ 8 1 P JH e
NI RESE T, e A AT, il v i) Sl 2 s
TR (FFAs) K MCFA i B B4R, 2 BT HOK A 4R
e E R, XCE BEHLAYIE RSB, Struc-
tolipid f) RHECEH L T BE A RFLA

FARE A B4 MLCT (1 i i 5L 70 76 8 , (3
FEINRERL ST H b EAh O, A S 7 LA L
FAXS R 58 4R 2%, JF HAH W98 R 2 B0A 15 i
TEE R ARG H I = & i SRR 48 A
S PRAVAE AR 5 T A 228 I 3K A 3 2544 H il =R 0



2018 4 55 43 15 55 7 1] T

i i

2R Y o T E A A AR S H I D FL L
AR BRI i 3 5 T E AR T A, i)
DR HB FIR ] 5T DAY R 22 7 114 R SR A A PP T e
LRI H =R W) FRHIh B A5 A4 I 17 FL AR A R
il PR _E BRI, 4R — A SR AT AR T

ZINE DK
4 LERIE

MLCT 5 MCT \LCT A Lt , HA ke i) AL A Joi
PR 28 g NS AR5 IR 107 R 1475 77 7
P, 5 EL AT LA /0 P PR 17 B 3BT 38 3 DS
MIRCR . ML T Aok & M MLCT, Bk HoA W]
AIOLH (B2 MR AN 4 B D2 HE A R B, HAG
141220 BT SOA R i O 4 R e S <0 2 S A S D L L 2
AIBFFE R Z B T - $0 52 B ol 47 19 A ) il R 2R 7
MLCT Jf45 H S iz s F B il S R 25 Tl
Sk
[1] Bz, glifigfess[ M. dEat A Dl i hiedt, 2009.
(2] KRkH, BAntk, M, 55 FPEREENR TR H b =k

MW e e [T ], ' OF 585 JT &, 2007, 28 (7):

150 — 153.

(3] BEE, R4, B ML Sl & MLM A4S
MAREIETELI ] hIEAE, 2013, 38(4) :39 -42.

[4] HAMAM F. Specialty lipids in health and disease[ J].
Food Nutr Sci, 2013, 4(9) :63 -70.

[5] LEEY Y, TANG T K, LAT O M. Health benefits, enzy-
matic production, and application of medium — and long —
chain triacylglycerol (MLCT) in food industries; a review
[J]. J Food Sci, 2012, 77(8) :137 — 144.

[6] KISHI T, CARVAJAL O, TOMOYORI H, et al. Structured

triglycerides containing medium — chain fatty acids and lin-

oleic acid differently influence clearance rate in serum of
triglycerides in rats[ J]. Nutr Res, 2002, 22(11) ;1343 —

1351.

BCIIA, TEF, BE4ED]. AR LA BTSRRI ].

FRABIG R E 372448, 2008, 16(3) :184 - 191.

(8] Bhol, &%, THBEEL, S5, SEMNRBTAYA RS NI T].
e 5 TR, 2015(8) 11 -4,

[9] JEUKENDRUP A E, ALDRED S. Fat supplementation,

(7

[

health, and endurance performance[ J]. Nutrition, 2004,
20(7) :678 —688.
[10] ZFEEIE. AR BRI 07 R H b =T i) A ) 2 5 7 B 4
eBisE[ D], G AT R, 2012
[UL] fupfde. b H il = 1 1 2l i o s AR08 e i FIBE 5
[J]. W EAR, 2004, 29(1) .14 - 18.
[12] KOH S P, LONG K, TAN C P, et al. The use of enzy-
matically synthesized medium — and long — chain triacylg-

lycerols ( MLCT) oil blends in food application[ J]. Food

Res Int, 2011, 18(1) :355 - 366.

[13] MU H, PORSGAARD T. The metabolism of structured
triacylglycerols [ J ]. Prog Lipid Res, 2005, 44 (6):
430 —448.

[14] RUBIN M, MOSER A, VASERBERG N, et al. Struc-
tured triacylglycerol emulsion, containing both medium —
and long — chain fatty acids, in long — term home paren-
teral nutrition: a double — blind randomized cross — over
study[ J]. Nutrition, 2000, 16(2) ;95 - 100.

[15] B, WanZe, 400, 5. hREENRIIIR Hmh =k
W AR A A SE [0 ). = b g, 2016, 41 (7):
53 -56.

[16] MATSUO T, MATSUO M, KASAI M, et al. Effects of a
liquid diet supplement containing structured medium — and
long — chain triacylglycerols on bodyfat accumulation in
healthy young subjects[ J]. Asia Pac J Clin Nutr, 2001,
10(1) .46 - 50.

[17] FEfErz, G WiRMERFUT & LT]. e 5
g, 2001 (6) .36 -38.

(18] AR TS [AE TR i T A A A R 3ok K 23 ol 75
PR IEEST IR R (D). B BE K, 2014,

[19] YANGKZ, BIY L, SUN S D, et al. Optimisation of No-
vozym —435 — catalysed esterification of fatty acid mixture
for the preparation of medium — and long — chain triglyc-
erides (MLCT) in solvent — free medium[ J]. Int J Food
Sci Technol, 2014, 49(4) :1001 - 1011.

[20] KOH S P, TAN C P, LAI O M, et al. Enzymatic synthe-
sis of medium — and long — chain triacylglycerols (MLCT) ;
optimization of process parameters using response surface
methodology[ J]. Food Bioprocess Technol, 2010, 3(2) :
288 —299.

[21] TWASAKI Y, YAMANE T. Enzymatic synthesis of struc-
tured lipids[ J]. J Mol Catal B — Enzym, 2000, 10(1) .
129 - 140.

[22] MUNIO M D M, ROBLES A, ESTEBAN L, et al. Syn-
thesis of structured lipids by two enzymatic steps: ethanol-
ysis of fish oils and esterification of 2 — monoacylglycerols
[J]. Process Biochem, 2009, 44(7) :723 -730.

[23] WANG Y, XIA L, XU X, et al. Lipase — catalyzed
acidolysis of canola oil with caprylic acid to produce medi-
um — , long — and medium — chain - type structured lipids
[J]. Food Bioprod Process, 2012, 90(4) :707 —712.

[24] KIMTH, KIM H, LEE K T, et al. Lipase — catalyzed ac-
idolysis of perilla oil with caprylic acid to produce struc-
tured lipids[ J]. J Am Oil Chem Soc, 2002, 79 (4):
363 -367.

[25] ZHAOM L, HUJ N, LIH Y, et al. Enzymatic synthesis
of medium - and long - chain triacylglycerols — enriched

(F4% 81 W)



2018 4 55 43 15 55 7 1] T

i 81

WA, PRI PSP =3 (3R 5 ) 8 T AN & KT 6 kDa

AHEXS 73 B ik IR B PSP -2,

3 & #®

T L R AR AR S B OB 2 Bk PSP, 22 6
kDa 1 1 kDa Ft i 18 I8 1 i 45 21 3 FhoAH X705t

WM A 1) 2 ik PSP — 1 PSP -2 1 PSP -3, #k

=2 IR HOTTE R SN A A S 30 h S 3R B P AL

RES) , H BT AALRE Ty 5 AR 231 ot o3 A1 % V) AH

%, HH X F /T 1 kDa ()2 3K EA T

PréafLRE S . PR, JE R B R Al A RO R 7T

JIRBE, w BN 23T B/ T 1 kDa RSB

K, 3% —45 5 AT A 2R A R SR R

B3 30K :

(1] EZEMmE 2. he NRIEFEZG M ] Je st i
B2 25 Bl AL ,2015.277.

(2] BRbERE. B R A oy AR s s [ D . b
B ALE AR 22 B, 2014,

(3] J52E%, BREr e, b 42 B X 44 8 455 20 /)N B I 26 21
SOD,GSH - Px {1t H MDA &1t 52 [ T]. o [ 5256
T2 ,2012,18(16) ;236 —238.

(4] BONE. B A= R P2 B E IR R IE TR [ ] ek,
2007,19(2) .130 - 132.

[S] BUKNI, B EE, X, 55 h 2B A or s siot [T ], m
P B [E 24 ,2011,22(9) 2262 —2264.

[6] YOLANDA S V, ALBERTINA C,JUAN A R R, et al. Su-
percritical fluid extraction of peach ( Prunus persica) seed
oil using carbon dioxide and ethanol[ J]. J Supercrit Fluid,
2009,49(2) .167 - 173.

(7] Gyt 2R, R PR 5, 5 S R R S R B R
HIIRERFPE LB Or5E (1], A [l g, 2011, 36 (3) -
28 -32.

(8] Sptsls, i AEH, B RGHE , 55, JHURHDERD I 1 K Y $2 0
Jer: BRI REWE 5T Bk [T ]. [ A, 2017, 42 (2)
120 - 124.

(9] FER, Tt , G4 B TR R IR Y i 7 B oy B el
[J]. P EhAg,2016,41(2) .20 - 24.

[10] CRISTINA T F,MARTADEL M C,ISIDRA R, et al. Identi-
fication and characterization of antioxidant peptides from
chickpea protein hydrolysates[ J ]. Food Chem,2015,180:
194 -202.

[11] SHANMUGAMABV P,KAPILAA S,SONFACKA T K, et
al. Antioxidative peptide derived from enzymatic digestion
of buffalo casein[ J]. Int Dairy J,2015,42.1 -5.

[12] TODD S. Isolated ultrafiltration ;its origin and early devel-
opment[ J |. Artif Organs,2013,37(10) ; 841 —847.

[13] PANSARE V J,TIEN D, THONIYOT P,et al. Ultrafiltra-
tion of nanoparticle colloids [ J]. J Membrane Sci, 2017,
538.41 -49.

[ 14 ] ARRCHE , B ST , PhGESE, . 9B e R 2 ko B alifk
R FHT]. &Rk ,2006,27(2) 192 - 195.

(IS EA L, KGR, ERUE 5. AR Bt/ N R £
JRA M A BT SR A TS A [ ] Bl B4, 2013,34 (7))
275 -278.

[16] WIRIYAPHAN C,XIAO H,DECKER E A, et al. Chemical
and cellular antioxidative properties of threadfin bream
( Nemipterus spp. ) surimi byproduct hydrolysates fraction-
ated by ultrafiltration[ J]. Food Chem,2015,167:7 - 15.

[17] S5, REmeles , 5Kua , S5 AN [RAH X 70 JROFF L Aep
TZIRPUAARE I BT L) ] & ol R, 2016,37
(9):74 - 80.

[18] LIU J B,YAN J,JIN Y, et al. Purification and identifica-
tion of novel antioxidant peptides from egg white protein
and their antioxidant activities [ J ]. Food Chem, 2015,
175:258 - 266.

(&% 71 )
structured lipid from Cinnamomum camphora seed oil and
camellia oil by Lipozyme RM IM[J]. Int J Food Sci
Technol, 2014, 49(2) .453 —459.

[26] KHODADADI M, KERMASHA S. Modeling lipase — cat-
alyzed interesterification of flaxseed oil and tricaprylin for
the synthesis of structured lipids[J]. J Mol Catal B —
Enzy, 2014, 102(4) :33 -40.

[27] ZHOU S, WANG Y, JIANG Y, et al. Safety assessment
of medium - and long — chain triacylglycerols containing
30% (w/w) medium — chain fatty acids in mice and rats
[J]. Regul Toxicol Pharm, 2017, 86:42 —43.

[28] KOH S P, ARIFIN N, LAI O M, et al. Oxidative stability
of palm — and soybean — based medium — and long —
chain triacylglycerol (MLCT) oil blends[ J]. J Sci Food
Agric, 2009, 89(3) :455 -462.

[29] ADHIKARI P, SHIN ] A, LEE J H, et al. Crystalliza-
tion, physicochemical properties, and oxidative stability

of the interesterified hard fat from rice bran oil, fully hy-

drogenated soybean oil, and coconut oil through lipase —
catalyzed reaction[ J]. Food Bioprocess Technol, 2012,
5(6) :2474 —2487.

[30] BXER, XEss, hEAEN . SRR R H b
FITF AL (1) LA MCT Sy 322248 B 53 I 2544 T
MG L] Al LS &AL, 2005(3) <17 -20.

[31] RHise. [E A e U7 T 02 M 52 45 S i 41K BE 2t 7T 7]
NEMBFFELD]. TN AR HL LR, 2012.

[32] MCNEILL G P, SONNET P E. Low - calorie triglyceride
synthesis by lipase — catalyzed esterification of monoglyc-
erides[ J]. J Am Oil Chem Soc, 1995, 72 (11):
1301 -1307.

[33] Mg, 227, wlkm AR R ]. sk

SN ESR, 2011, 18(4) 244 —246.

CHAMBRIER C, LAUVERJAT M, BOULETREAU P.

Structured triglyceride emulsions in parenteral nutrition

[J]. Nutr Clin Pract, 2006, 21(4) ;342 -350.

[35] SR2E0. MR MG ZLAA A0 o R BIR B Lk e [T ], 4EI
KB4k, 2001, 9(4) :203 —204.

[34

[



