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S S N ] 6 R DR S R e TR T ) T TR 45
JE I, I 1) CSTBL/6 /) Bl ) WA ] k1) 45 4y i It
LRV U B S WA = N =1 S U /3 B A
b fi i d O VAl ORIl - A R R A5 A I J %)
C57BL/6 /)N I AR A, D e 8 9% &
R SR AR B4 F1 B R o < B B0 A 4 A 2
REPEEL i A IR B SR A B Al

1 #REFEE
1.1 #R5iF

¥ S5 PE A8 Wi 8§ Lipozyme RM IM, #
Novozyme INF KRR SN, LR R IR A
B AR (598%) , 22 wi MR AE AL BHEE A R A
Al Ok FRNEE AT T RS AL 2
VA A 23 300 A BR 28 ) 5 s B[ B (TC) A 2 46 3k
F & H I =R (TG) & A ik 7] &, b st & 3k
FARM A B A % R AR 8 F IE [ B (HDL-C)
I 5 A % B I AR PR B (LDL—C) I 2
W &, B R ) TR ST T 5 N R
RO (ALT) i) & R 14 2 MR 2 FE 5% 74 | (AST)
W&, LR ERHE AR A
12 NEE5EHF

fE I 7K ¥ 55 (HS=3001) , R G i BHEde b
I3 T (UVmini—1240) , H AR B EA R 4 A
A M (BS-350E ) , 143 B 23 7l 5 vk ¥R U0 7 L
(CM1520), T8 Leica 2~ ; BANRIKA, EHE
Thermo A F] 5 & # & 7R & HL (Micro centrifuge
5415) , #%[ Eppendorf 23 H ; % {355 (Bx51), H A&
olympus A F] ,

1.3 ZHIBERMNE&

BURR LR 121 R G A A IR T 25 mL
HEE M, 75 45 CF A 12% (3% i & 1)
Lipozyme RM IM g 5, LA b 8% (1% JiE ¥y ot it
T K F8 %345 il 4% 22 h #E47ERk ,4 000 1/
min Z5.0> 10 min BR LG W8, JF8 O™ P it 47
TE e 7% 22 LBk 220 b 1 OE C b, 15 81 MM 7Y &5
FIRR TR A4, SR e SR FH B A6 B 92 >f 25 Bk
S5 KR8 5T U B N T IR
1.4 Z5HIRE R RAE
141 Z5HIRR M &t 28 Shimada %1
R 1) B A5 U 1 4 A BB TR 0 | ok 2 il % 5 A

I J5 v f 3 5 T A

142 Sn-2 i EAENFRINE 2 M Speranza 55
(49 75 1 SR R A6 TR T oy g 7K i 7 323000 7 ik BB 79 Sn—
2 {57 5 A 1D R 4 1K o

1.4.3 it f5 B H il =Rl sl H b =1k
) 2 B8 fb 2 IR Jennings SEUSY J 2 WA €0 i
J7iEE

1.5 ZHPXE

1.5.1 SEER/NEL CSTBL/6) /NRU 2 0
AW R B A BE DR FIE REAE 5L A A
PES | WA R M A, LRk
C57BL/6] BI/IN BRI ) b 5t 24t 38 ) 42 52 50 3l ) A7 B
N TE TG R AR (SPR) 210 F 251, % 1 M
F 2 H0 T S R /N B H R DR R
REARDEL A 20 BRSO, HE b s AR DR A B A I i
B T H R R

1.5.2 sesmieit  Fefm R, R PR R
18~22 °C, {2 JE 50%~60% , /N H kK , 73 4h
B 2 d EE R 1 IR, BUE S K S ATk

1 ZTHARBERABMKSER (S 100 g&E)
Table 1 Composition of experimental daily feed

(100 g basis)

ER % o Flg
K <10.0
KRG =18.0
LA oy =6.0
HLEF 2 <5.0
HLAR 4 <8.0
45 1.17
X 0.93
AR =0.97
B BRI R R =0.98
E )] 4.3
) 4.5
%4 Z K 2.0
HAF A 2.0
v B 0.19
LR 0.3
%A FE By, 5.0
4 8.5
4] 1.1
3 0.22
4p 0.66
4h 0.26




2% H 4 X & - AR M 2T CSTBL/6] < e B Xt 49 3% v 85

KRG A B 100 wI/10 gAY/ /N AR ) | 52 HAR A, e gLk 3 Fis .,
g BN 4 4L A 5 R LB SR FE AR

®2 XBWIRBEEABRSER(E 100 g2 E)

Table 2 Composition of high—fat feed ingredients for experimental mice (w/w, 100 g basis)

ER 30N Sl #t 2 /kcal
B % 8 (80 Mesh) 20.0 80.0
L—PE A& B 0.3 1.2
X 3 M 10 12.5 50.0
R 6.88 27.52
¢ 4 & BW200 0.5 0
3.k 25 225
M 24.5 220.5
A 45 4 i S10026 1.0 0
g W 1.3 0
B BR A5 0.55 0
FeAL R 47 (1 H20) 1.65 0
H 44 % V10001 1.0 0.4
RPN W 0.2 0
&t 77.385 405.7

®3 SB/MRSE

Table 3 Grouping of experimental mice

4 B 4y 2/ R R A4 HH A
38 49 A+ £ 32 3 K 28 (DF+NS) 5 38 49 #F 438 5k
% M5 49 #4245 A RS T 41 (HF+LaSLs ) 5 5 44 BB K it (A A B A 5 H AR R
38 4 F+ K 2k 20 (DF+S0) 5 &8 43 £ K 2k
38 43 F+ 25 M B 28 (DF+LaSLs) 5 38 47 A R K i (R A B A 5 H 5T )

153 PESHSEOHE SCREMSTWE, A BBEE(ALT) RITA R R A 5% F R (AST) B .
RS/ N RS R 24 h T CBERRIERIBCHITIE B 1.5.6 JF IR A €48 b IR BT iy $2 7 i AL 4R

U o P DR O 42 R 2 2 (1) T30 45 48 48 Folch S5 WO A 1) 77 12 42 W0/ BT JIE 40 28 4 v i)
vie ™ 100 ) NEFT. 15, 0.1 g AFME, BYRRALEY IR e b 2 5%

M, A 1.5 mL S5/ B2 1, R B ) 1A o s 8 1%

A VI—EAR 38 50, % ;M 7N BN REWIE 4 CTFA) S min, E& 1 500 t/min &0
Fift g M,— /NEUATE g, 10 min, 75 2 A A, TP BERK (121, R BLUE)

154 /NBUKTAISEMFRMOM R g5 | o TTORFTRTHOCR I 12 W0 ORI, SO
FoNECE KU RS 1 d s w1 A0 AR R BB

R 2 d R | O, L SRR I : AFRA e VR IR 1Y
. AN BT BHE BB B 0.1 g, oA

155 IL75 454 2 ALT AST e se  fiiRek DRI LW RFRE AR B SR O i
B, 4 000 t/min B0 5 min AL, femlaik 157 /DBUFBEAIZUHE Be@ Sy v B ik A0 A 7

0 P 00 M3 bk SR (TC) f PRALI FIRSRANGR YA, BN BUSFAE AL
WS (TG) 7 % B S 76 (1 0 A B (HDL—-C) fif  4%Z RWE, MEA120h i m B PEBE R, i AKCH]
% NG 7B 11 00 1 (LDL—C) 42 174 S R A L 5 AR R P B R P ) LW RN BRI B R 58 4
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AN AT AL I 6 1 4 A 8 B 5 1)
AHLEDI R VIR SO R T b e
CAEREFE TP LT . HE G (A1, 2 o I = W R AL 2
JB AT SRS A VR B SRR B LB
W, & n IR ARKS - D40 (H&E) e 0, B g &
o
1.6 #HIESH

S G R TR Ry OV S A v O 27 e 2H S
B A 3 U B A B K 7 2253 BT R T GraphPad
Prism 5(GraphPad Software, La Jolla, CA, US-
A) LK SPSS 19.0 Geitr M fF 4, KA
BFOR HAT M E R (P <0.05),

2.1 SEHARE MRS RAER 42 B 43 #

F 4 W T R ELIMFNS I B AL 45 A8 IR 5
140 B 15 TR 2L T, R 3 v 3 A R AN TR R g T TR
b By i i e 2 R (C18:2) , 20 1 54.51%+
1.12% , Feyk 23R (C18:1) , 24 5 26.43%+0.56% ,
T BRR (C18:3), 2915 7.61%+0.06% , i 45 B 1 &5
Fa g 0T 32 B R B e S W R (C18:2), Z/N
40.71%+0.44% , H H: 12 (C12:0) £ 5 29.17 %+
0.57% , 12 (C18:1) , 29 7 15.79%+0.41% ., 5k,
— LG R R AN AE S5 M AR BT P Y Sn—2 7 B B AS
£ 45 B JE IR (C18:0) , 2915 5.23%+0.10% , H FE R
(C12:0), 2515 4.89%=+0.79% , LA K 111 55 ik (€22:0),
2515 2.92%+0.06% .

2 HR5HH
x4 HHMERPEREHBREEMUR Sn-2 L E EEHBRH S (%)
Table 4 Regiospecific distribution of the fatty acids at the Sn-2 position and total fatty acids of structured lipids (%)
o K &k 25 M)
B2 R Sn-2 pS¥i: 95 Sn-2
C12:0 - 29.17 £ 0.57 4.89 +0.79
C16:0 5.54+0.13 1.42 +0.01 5.64 +0.09 6.04 +0.07
C18:0 2.51+0.01 3.10+£0.02 523 +0.10
C18:1 26.43 £ 0.56 20.67 £ 0.04 1579 +0.41 23.05+0.16
C18:2 5451 +1.12 72.08 +1.21 40.71 £ 0.44 50.50 +0.78
C18:3 7.61 +0.06 5.83 +0.00 3.53+0.35 5.99+0.71
C20:1 0.71 £ 0.03 0.60 + 0.07 1.34 £ 0.06
C22:0 0.51 +0.01 1.09 +0.10 2.92 +0.06

- FR AR,

22 HHMERMEH=EEARSH

& 1a A1 1b 43590 Sk 7R 17 K 9 RN 4544 fig T
Il = ER AL A AR 5 1A, LRl R ALK
W/RTESR 5 MFK 6 AW g 1R 4 I 2 i
e B30 0, 33 0 DA 72 B A 4 AR 2R R ] 1 H 9l = g
J5, HARER S R) 5 BT B ST A L R SR B
LRPER R, RO T H I R E O (A v
R — 7 0 1 DR R R o o YRR AR
ECN= CN-2n(CN il J5 T i, n 0 AN R 5L
), YA B e B VR R Y AR AOK 1Y
S BRI Ok 3 A RO [R) A B, RUERE A
(18 I TR 0, LR 5 U 1 A i T 06 AR R A
T I = G A v A I A T A ) =
JI AR 2B o G v R v Y R R e

SRR , SR 5 — PR R ST R H Il R
— IR VMR | — PR AR R Y R H I =R, K
- H R TR A R 25 K A T 43 T A IR
P Fh 25 ECN M 36~48 Z [a] , SUFUY 19 H i =5 5
SE RN 66.06% , HUHBCCH 0 =R A S R
29.47%.
2.3 MR /MNREETHAF I

P 2a F I 30 d A4/ R IR E BN,
ATLAE M2 AR A B 255, B/
B B 1 AR A A 2 B AR TR 52, 1] 2D
JRE T 30 d AS [R5 Ak i 5 400 1) /0y BRUIR o 1 A5 fk
5%, % DF+NS HF+LaSLs .DF+SO .DF+LaSLs
AL MR /N RAEA T b, R AR 3R /N BRI 1~
10 d, 4 41/ BUAEE 7 3 K 34 AR — 2, i 10~
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Fig.1 Liquid chromatogram of TAG
®5 KREHBHB=ZEAMK
Table 5 Triglyceride composition of soybean oil
ER 2 Eid 38 40 42 44 46 48
LLnLn LLLn LLL LLO OLO SLO
LLP PLO 0PO
SLP
& /% 3.49 24.48 37.93 23.06 3.11 4.75
P AEAER S, RERRRR 0. iR, L. WAMER ,Ln. WHKAZ
®6 KREH-AEMSEHMERHH =AM
Table 6 Triglyceride composition of structural lipids
ER X T 36 38 40 42 44 46 48
LalnLn LalLa LaPLa LaSLa LalS OLO SLO
Lalnla LalnL LaOLa LalnS LaPO PLO OopPO
LalnP LaLP LaOO SLP
Lal LaLO LaPP
& /% 10.71 35.71 19.64 11.61 17.86 2.13 1.57
i La. AEERR,P. FEHHAR ,S. MEARAR,O0. W2, L. WilAR , Ln. SEJRRAR
-o- DF+NS
45r | .o~ DF+NS 20 | ™ HF+LaSLs
-#- HF+LaSLs -+~ DF+SO
a0k =+ DF+SO 21} |~ DF+LaSLs
%D -¥- DF+LaSLs &0
i 3 % 20f
< £ 35 g
L ) £ = 19F
2 30k 2
18F
Y] T S S R S S S S S S S S 17 “nnnnnnnonnonn
0 246 8101214161820222426283 0 246 81012141618202224262830
IiF ] FiF 1]
Time/d Time/d
(a) (b)

B2 AEMEARSFEI0 dHNMNUIREEMEEHNETN
Fig.2 Dietary intake per mouse and body weight changes of mice eating different feed during 30 days
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[ &2 0K 25 B2 B B B2 7K F A9 %2 i

mE 3 s, /NRIESE 30d 5, kB & A
ZE M I B 1Y /N BLZH (HF + LaSLs 1 DF + LaSLs #H)
Y I 77 O T P A H v = ER K B E KT DF + SO
M/, JEEM TG K FAH T (108.2+3.82)
mg/dL, TC /K355 T (87.92+1.65)mg/dL, i 4
AN HDL-C K P 5 25 5, Hirh DF +
SO 41 HDL-C /K-F-fefm, iK% T (72.14£1.13)
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TE /N BUAS N 25 iR AR I 7K T B 3 22 S AR ] 7 RO

B3 ZHERMEM=0(a).2EEEDb). SFELRELE (c)FRZEERERBE(d) /KT
Fig.3 Effect of structural lipid on the level of TG (a), TC (b), HDL-C (¢) and LDL-C (d) in mice

2.5 ZERE B XT /N R BT Ih BE O B i

4 21 ALT 1 AST {40 1E 4 fi7s . DF+
NS, HF + LaSLs I DF + LaSLs 412 [a] & Ifi. 7% ALT
WIEEA W25 N (23.24+3.58)U/L £ (26.46+
1.82)U/L, 8K 1fi Lt DF + SO 4H )3 #4 7K F (29.03 +
331U/ K 15%., [A¥E ,DF + SO 41/ AST {H #ix
=, M (126.14+4.25)U/L, H R & HF + LaSLs 41,
7 (109.59+5.12)U/L, #5321 # MR/ LA, B
DF + NS 21 il DF + LaSLs 4H 34 & W 82 31| 4 3%

5, ZH BB R AST ) & I 0 (104.47+4.28)U/
L f1(101.82+4.69)U/L, 43 %! tt. DF + SO 41X 5%
1 19.27%(P<0.05),
26 ZEHMERM/NRIFEMEFERIERSE
7K FHI R0

Bl 5 SR T 4 dUis A R /N BT IR Fn
FEMP R EIED R, 53R (DF + NS,
DF + SO, DF + LaSLs ) # H g ), Ik 5070 M 55 1) /1
BB SR I v S B 1 R e, A 17.78%+0.48%,
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Fig.4 Effect of structural lipid on the level of ALT (a) and AST (b) in mice
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N Q Q"\/
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H DF + LaSLs 2H (1 2 0 v B8 7 & & 5 e (12.2%+
0.19% ), H: ¥k J& HF + LaSLs 41 (11.48%+0.44% ) ,
WEHEES T HEWNH(P<0.05),
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Fig.5 Effect of structural lipid on the level of the total fat in liver (a) and in feces (b) of mice

2.7 E5H3RE Buxd /N BR A 2548 B HY =2 0

4 A~ S50 2 1 TR AR R BEE AR R I AR K
FUFIESE BOKF 70 5 4 6a~6d Frs ., fE 14 H
BGTT R, T WA R R B A /N BRI 45 4 K0k
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O 123
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FHHEHZ A WER 2R, HFTEE
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Fig.6 Effect of structural lipid on the level of the visceral index in mice
2.8 Z5HRE Bxt/NERATRAE Y] A BO R i

&7 3 s 2 AN [ Gk SR T /I BRUFF JIE
Y] R HE Y5 X0 IR, 5 DF+NS 4144
L, DF+SO 2H A 3R 5t 19 B 7 2 6, JHF 240 ik 51
ZAL, UL RE TR BRI & S . 5 DF+SO 4148
L, HF+LaSLs 20 "1 B i 25 s sk /b, 4t i HE 51 A7
— 2 MR, DF+LaSLs 2H 19 J7F Bk b g B 2 9 48
B AT E  HEP A TE , UK - A AR
S5 K0 R 0 RE 08 A R0/ IR TR TR G B

3 itk

FERX A I, ) F AR 4 S0 56/ R A
AT DA B A I R R Y R - A AR R 45 A
BB, AT LA i AE 2 T E 00 s A 2R 1 A
TN, I R R R AR S ek B L FR 3 4y
FREWFRR AN 1 o0 F HImMBER 4L, ©Ai12A N EE R
1 FZRIE . TG AT 5 8 A% O, 76 1 LA
JRE ALz, H il =S 2 R & = A e
JBE o R BEAE AR A 2 )12 B A BRAE SR
ao 5 A 2 R B AT B AL, X ATLAA S A AN
Sl e g B IR LA R R KA P B Y
I3 F RN R, DRI % s 1 R A L
% N 7 R AE 15 b B 5 R e TR R E T A
PG B B /N B HF+LaSLs 20 19/ BROF30A T
T ek v R M B A T g ARG LA RCH I R
i, AT I e gt ST AR T R A
M EHE (3-F2E-3-H 3 —BE-CoA) I 1 [%
fi% . #%Z SLARE /N (HF + LaSLs 1 DF +
LaSLs) A9 I 7 AE & B A0 H il — g KPR T DF +

(a)DF+NS (b)HF+LaSLs

(¢)DF+SO (d)DF+LaSLs

7 NRATRERREE S0 A E (200x%)
Fig.7 Pathologica change of mice liver (200x)

SO 41/, PTfESE S LCT Mk ,MLCT HA &
A AR 2 8 = K M, T /INBY 43 F T i
B BRI 224 AN | AR HE + LaSLs 4019 /)
BRZE B W O T B B T e, O
I =R KA RGN, 53X % B MLCTs e LCTs
15 8 I R RO T

B  2% B 1 I [ LA Bl 3N Uk 0 R
B Ak, B AL Co e 5 SE R VE . Tl L-DLC & “ A
) L P AT | RS A 7 S AR 0 A 2
mE 3 frs, TESCE TG 2 A MR i 1 R4l
(DF+LaSLs 1 DF+S0) 5 DF+NS A L , & % 7
JIEL ] i A R 25 R (P> 0.05) , 3 LDL-C
AP, MR AE A /N (DF + LaSLs 1
DF +SO)5 DF + NS ZHZ [H] Jo i # 22 %, 5 DF



5224 4 W

K 2 b - AR B 45 MR8 R xT CSTBL/G] > RRE F ARt 0 % ve 91

+ LaSLs 4 #f [t ,DF+SO 20 Y LDL-c 7% & I 2%
B, W LaSLs A LA &5 i AL Py 6 25 B IR
[ P P B4 I R R T R (SCFA) 38 2o 3l
YHCB T 2 J 0 A 40 ) /0N g R I v 4 JOEL [ S
B, SR, o BE R T R (MCFA ) X 1t 75 JIEL 361 e )
YEFIBLE = A AR, w e i — 2D 5T

S R 2B 58T AR g O /s UM RE 1Y 52
M, JHC o N 24 R 2 BE e R Tl (ALT) AR 1] & R
SRS (AST) , 2 T 2 REAG I B 9 F ZE 48
ALT 7776 T4 M MO N 10 AST F 24716 T
YT 2R R BL . 7R F AL 40 BUIR A 35 4043 155
B JFF 20 B P il 2 R BB v, S B R
it 1 71 i 220 FERR ST HERR A1 IE 5 B
AR A LR O LA S (155 T, AT LA o 5
Ak B A% Tl O M % R A ke A T R U Y el B AR
MBI ABFREM, fEMEE LaSLs /N ALT
FLAST WK P B 225

KHB > B B A WM | F3fige R BCERAE
e B, AERX TS RS RIS AL
B9 RE 5T, {H 2 HF + LaSLs 41/ U AIE A9 818 7 &
HU BT IE®RENREMWmA, 55, DF + SO
ZHFN DF + NS 4 2 rp g 105 & 0 1 I 35 2=
S, " H Y E T DF + LaSLs 41, 26 W K - A 4
TR 235 ¥4 g S0 A A 1 R BV Ak, 920 g I HE R A %
B, 5 KBEPRTRR (LCFA) AT ,MCFA A5 EAE
12 i o A v 5 R I T R R O LB Tk
A [ e AT e e DL 5 2 A BOE sG]
DLELEE A L R Al Wi, AR5 3 a1 e kR
HEAMA, M8 T R E . Rk,
MLM #9285 ¥4 g 5 547 ek 20 i Joi 3 B, 40 ok JES Joe i
R S5 1 1 131

JERAIE oo JIE 5 U 0 JHF R 6 AR P 490 i o AR
B, R AEAE AR RS I 3R AR 2 R
PRI A J5T 14 A= 7 A A3 i AR A v ke 1 Al Y
YER 76 g A Z5 AL, 1 Jot 25 76 0 v e FR
JSC U S5 S ) A R0-2050 - LT I 6 R 1], AR
HF + LaSLs 2H /) /Iy BRUKC& b & A K6 19 R T Ak
O3 ARJE I T AR AE R - RERR 45 49 g 5, T Ik
AL RS Z 1 NE BT Takeuchi FFMF5E T &4
Fh g R B N D7 2 19 3 SR BT 6 44 AE R T
SEMR R R I HRHCH W A8 Ak, 53 Ak, 5 DF + NS

ZHH1 DF + LaSLs 41 ,DF + NS 20 #1 DF + SO 41 ,DF
+ LaSLs 411 DF + SO 0 AH L, K G M 37 19 /8 B
20 JFE U 5 5 T S B, AR R A S R o
A ER KB/ R Z B T B 2 7 (P < 0.05),
H I % B K I - H RE R 45 44 IR AN & 52 i 28
M IEF LA, R o] 42 3 B o2 ) 7 Ak AR A
77 32 3] 4 il AR i A 80R

4 #ig

iRk N D I NCRIEIE R i &y 1
i ST e e AR A, DA T 3k 0 40 o A
FIPE T o TEAHE S B LU B LR AT LA
il /N B EE RIS, 3 BEAT A3 5 /0 UM P 1T
B A B LA BT RIE 0 26 A2 P i 07 8% K- TR
I AT H St R B A 2L . NI, ASBIFSE R B
11— H LR 45 R iR T A el A A i T o A i B i
T 0410 1) A e AN 5 1 A 8 A P 580 2 £ T
S 0 S A S A

& % x #

(1] #hi, X, wescte, S, opoie b =8 T W 2
T DR A 100 i 0 I 35 25 M s R (Y SZ R ()], b AR Il
KB FRZGE, 2007, 15(5): 289-294
SUN J, DENG B, LING W H, et al. Effect of
medium chain triglyceride on blood lipids and free
fatty acid in patients with type 2 diabetes[J]. Chi-
nese Journal of Clinical Nutrition, 2007, 15(5):
289-294.

[2] feFE, MKW, M. ZEAEREEI L6

an (Y K 100G A R[], & A BESE L 2014, 35(17):
220-225.
XIONG S, XIAO M T, YE J. Hypolipidemic effect
of functional foods containing dietary fiber from edi-
ble seaweeds[J]. Food Science, 2014, 35(17). 220-
225.

[3] Apmg, TREEL e R & AL BT S SR,
DR IE R, 2013, 34(2). 182-185.
YANG L R, ZHANG H M. The blood pressure
control of obesity—related hypertension[J]. Advances
in Cardiovascular Diseases[J]. 2013, 34(2). 182-
185.

[4] MUMME K, STONEHOUSE W. Effects of medium-



92

O &

= 4 2022 455 4

(5]

6]

[7]

8]

9

[10]

[11]

[12]

[13]

chain triglycerides on weight loss and body compo-
sition: A meta—analysis of randomized controlled tri-
als[J]. Journal of the Academy of Nutrition and Di-
etetics, 2015, 115(2): 249-263.

KHALESI S, JAMALUDDIN R, ISMAIL A. Effect
of raw and heated flaxseed (Linum usitatissimum
L.) on blood lipid profiles in rats[J]. International
Journal of Applied Science and Technology, 2011,
1(4): 84-89.

GRUCZYNSKA E, PRZYBYLSKI R, ALADEDUN-
YE F. Performance of structured lipids incorporating
selected phenolic and ascorbic acids[]J]. Food Chem-
istry, 2015, 173:. 778-783.

AKANBI T O, BARROW C J. Lipase—catalysed in-
corporation of EPA into emu oil: Formation and
characterisation of new structured lipids[J]. Journal of
Functional Foods, 2015, 19. 801-809.

PANDE G, SABIR J S M, BAESHEN N A, et al.
Synthesis of infant formula fat analogs enriched with
DHA from extra virgin olive oil and tripalmitin[J].
Journal of the American Oil Chemists” Society,
2013, 90(9): 1311-1318.

MOREIRA D K, SANTOS P S, GAMBERO A, et
al. Evaluation of structured lipids with behenic acid
in the prevention of obesity[J]. Food Research Inter-
national, 2017, 95. 52-58.

KANJILAL S, KAKI S S, RAO B V, et al
Hypocholesterolemic effects of low calorie structured
lipids on rats and rabbits fed on normal and athero-
genic diet]]J]. Food Chemistry, 2013, 136(1): 259-
265.

ZHAO M L, TANG L, ZHU X M, et al. Enzymat-
ic production of zero—trans plastic fat rich in a-
linolenic acid and medium —chain fatty acids from
highly hydrogenated soybean oil, Cinnamomum cam-
phora seed oil, and perilla oil by lipozyme TL IM
[J]. Journal of Agricultural and Food Chemistry,
2013, 61(6): 1189-1195.

SHIMADA Y, MARUYAMA K, SUGIHARA A, et
al. Purification of docosahexaenoic acid from tuna oil
by a two —step enzymatic method: Hydrolysis and
selective esterification[]J]. Journal of the American Oil
Chemists Society, 1997, 74(11). 1441-1446.

Wi R, EBERE, XY, % KOH BEK W5 5
A AL #5A IR BT A AT ST (7). P E AR, 2012, 37
(8): 39-42.

PAN X K, WANG Y Y, LIU J X, et al. Purifica-
tion of structured lipids by KOH-hydroalcoholic solu-
tion[J]. China Oils and Fats, 2012, 37(8). 39-42.

[14] SPERANZA P, MACEDO G A. Lipase —mediated

production of specific lipids with improved biological
and physicochemical properties[J]. Process Biochem-

istry, 2012, 47(12): 1699-1706.

[15] JENNINGS B H, AKOH C C. Characterization of a

rice bran oil structured lipid[J]. Journal of Agricul-
tural and Food Chemistry, 2009, 57(8): 3346-
3350.

[16] FOLCH J, LEES M, STANLEY G H S. A simple

method for the isolation and purification of total
lipides from animal tissues|J]. Journal of Biological

Chemistry, 1957, 226(1): 495-509.

[17] LIU J, LI Y, SHI H, et al. Components character-

ization of total tetraploid jiaogulan (Gynostemma
pentaphyllum) saponin and its cholesterol —lowering
properties [J]. Journal of Functional Foods, 2016,

23. 542-555.

[18] HOFFMAN D R, BOETTCHER J A, DIERSEN-

SCHADE D A. Toward optimizing vision and cogni-
tion in term infants by dietary docosahexaenoic and
arachidonic acid supplementation: A review of ran-
domized controlled trials[J]. Prostaglandins Leukotrienes

& Essential Fatty Acids, 2009, 81(2): 151-158.

[19] SKAHL, Xdefe, £, % bR EERD R M

e AV 8 o e il = 7 A8 A o i RV 28 B I 2R 1 I
WE K F BB 52 (0] P B e 4, 2010, 10(2):
20-27.

ZHANG Y H, LIU Y H, WANG J, et al. Study
on the medium-and long—chain fatty acid in dietary
oil decrease blood triglyceride and LDL-C in over-
weight and primary hypertriglyceridemic chinese sub-
jects[J]. Journal of Chinese Institute of Food Science

and Technology, 2010, 10(2): 20-27.

[20] WIRKOWSKA -WOJDYEA M, BRYS J, GORSKA

A, et al. Oxidation kinetics and melting profiles of
the structured lipids used in infant cookies|J]. Euro-
pean Journal of Lipid Science & Technology, 2015,
116(11): 1546-1552.

[21] STAMATIS H, XENAKIS A, PROVELEGIOU M, et

al. Esterification reactions catalyzed by lipases in
microemulsions: The role of enzyme localization in
relation to its selectivity [J]. Biotechnology & Bio-
engineering, 1993, 42(1). 103.



5224 4 W

K 2 b - AR B 45 MR8 R xT CSTBL/G] > RRE F ARt 0 % ve 93

[22] BOMSCHEUER U T. Enzymes in lipid modification

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[J]. Annual Review of Food Science and Technolo-
gy, 2018, 9. 85-103.

sk, XjBEAe ) EBL, S b KRR NR DR B T
AN TR BMI 53 1 v H i = T8 0005 4% B 7 09 5 [, 552
TG B2, 2008, 15(5): 1395-1398.

ZHANG Y, LIU Y H, WANG J, et al. Effects of
medium —and long —chain fatty acids edible oil on
body fat composition in male hypertriglycerideamic
subjects with different BMI[J]. Practical Preventive
Medicine, 2008, 15(5): 1395-1398.

MATSUO T, MATSUO M, TAGUCHI N, et al. The
thermic effect is greater for structured medium- and
long—chain triacylglycerols versus long—chain triacyl-
glycerols in healthy young women|[J]. Metabolism —
clinical & Experimental, 2001, 50(1). 125-130.
ZHOU S, WANG Y, JACOBY ] J, et al. Effects
of medium— and long—chain triacylglycerols on lipid
and gut microbiota composition in
C57BL/6] mice[]]. Journal of Agricultural and Food
Chemistry, 2017, 65(31): 6599-6607.

ARG e P JIL I TR JEE T S I [T]. o 0 7 9 Bl
IR CRHE ), 2013(2) = 60.

LI J H. Effects of HDL-C on the heart[]J]. Preven-
tion and Treatment of Cardiovascular Disease, 2013
(2): 60.

LONG Z, PANDE G, AKOH C C. Infant formula

fat analogs and human milk fat: New focus on in-

metabolism

fant developmental needs[J]. Annual Review of Food
Science and Technology, 2016, 7(1): 139-165.

LI X, CHEN J F, YANG B, et al. Production of
structured phosphatidylcholine with high content of
DHA/EPA by
alyzed transesterification [J]. International Journal of
Molecular Sciences, 2014, 15(9). 15244-15258.

WANG B, FU J, LI L, et al. Medium—chain fatty

acid reduces lipid accumulation by regulating ex-

immobilized phospholipase A, —cat-

pression of lipid—sensing genes in human liver cells
with steatosis[J]. International Journal of Food Sci-

ences & Nutrition, 2016, 67(3): 288-297.
BROWN J M, RUDEL L L. Stearoyl —coenzyme A

[31]

[32]

(33]

[34]

[35]

[36]

(37

[38]

desaturase 1 inhibition and the metabolic syndrome:
Considerations for future drug discovery[J]. Current
Opinion in Lipidology, 2010, 21(3): 192.

AKOH C C, YEE L N. Enzymatic synthesis of po-
sition—specific low—calorie structured lipids[J]. Journal
of the American Oil Chemists Society, 1997, 74
(11): 1409-1413.

YANXIN W, BRYNN J V, SUMITHRA U, et al
The human fatty acid synthase gene and de novo li-
pogenesis are coordinately regulated in human adi-
pose tissue[J]. The Journal of Nutrition, 2004, 134
(5): 1032-1038.

TUCCI S, BEHRINGER S, SPIEKERKOETTER U.
De novo fatty acid biosynthesis and elongation in
very long—chain acyl-CoA dehydrogenase— (VLCAD-
/-) deficient mice supplemented with odd or even
medium —chain fatty acids[J]. The FEBS Journal,
2015, 282(21): 4242-4253.
SHINOHARA H, WU J, KASAI M,

domly interesterified triacylglycerol containing medi-

et al. Ran-
um- and long—chain fatty acids stimulates fatty acid
metabolism in white adipose tissue of rats[J]. Bio-
science, Biotechnology and Biochemistry, 2006, 70
(12): 2919-2926.

PAULAUSKIS J D, SUL H S. Hormonal regulation
of mouse fatty acid synthase gene transcription in
liver[J]. Journal of Biological Chemistry, 1989, 264
(1): 574-5717.

NUGRAHINI A D, SOERAWIDJAJA T H. Directed
interesterification of coconut oil to produce structured
lipid[J]. Agriculture and Agricultural Science Proce-
dia, 2015, 3. 248-254.

SALIE M J, THELEN ] J. Regulation and structure
of the heteromeric acetyl-CoA carboxylase[J]. BBA —
Molecular and Cell Biology of Lipids, 2016, 1861
(9): 1207-1213.

TAKEUCHI H, KASAI M, TAGUCHI N, et al. Ef-
fect of triacylglycerols containing medium — and
long—chain fatty acids on serum triacylglycerol levels
and body fat in college athletes|J]. Journal of Nutri-
tional Science & Vitaminology, 2002, 48(2). 109.



94 b

g
Eo

= 4 2022 455 4

Effects of Soybean Oil Based Structured Lipids Containing Lauric Acid on Lipid Metabolism
in C57BL/6J Mice

Wang Zhigao, Wu Ying, Wang Bo, Yuan Jian, Ju Xingrong, He Rong
(College of Food Science and Engineering, Collaborative Innovation Center for Modern Grain Circulation and Safety,
Key Laboratory of Grains and Oils Quality Control and Processing,
Nanjing University of Finance and Economics, Nanjing 210023)

Abstract The aim of this study was to prepare a new kind of structured lipids consisting of soybean oil and lauric acid
aimed at studying their effects on lipid metabolism and obesity inhibition of C57BL/6] mice, thus providing a theoretical
basis for the development of structured lipids that can effectively control obesity and reduce related diseases. The MLM-
type (medium-long—-medium chain) SLs were synthesized by enzymatic interesterification from soybean oil and lauric acid.
Twenty healthy C57BL/6]J mice were selected and divided into four groups by feeding different feeds, ordinary feed +
normal saline group (DF + NS), high—fat feed + structural lipid group (HF + LaSLs), ordinary feed + soybean oil group
(DF +S0), and ordinary feed + structural lipid group (DF + LaSLs). The changes in body weight of mice after feeding
for 30 days were observed. Some values including serum triglycerides, cholesterol, high—density cholesterol, low—density
cholesterol and organ index were detected to analyze and evaluate the influence of soybean oil lauric acid SLs on im-
proving lipid metabolism and preventing obesity. Studies showed that the addition of soybean oil-lauric acid SLs can af-
fect the absorption of mice receiving a standard diet or a high—fat diet, thereby effectively preventing the weight gain of
mice. The levels of triglycerides, total cholesterol, HDL-C and LDL-C in the serum were effectively regulated, and
there were no significant change in the activity of aminotransferase (ALT) and aspart Aminotransferase (AST). Addition-
ally, the results indicated that the new structured lipids obtained had good potential for controlling obesity and would not
produce side effects.

Keywords structural lipids; soybean oil; lauric acid; lipid metabolism; weight control



