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ﬁ. W OE. RACBEANRF R RS S R Rk, £ B F e A sk b i@ 3d Plackett-Burman
PRI R BRI I A vd B @RI AR &4 S AR AT R R RR SN RELE
CHEN Liang S K S IPEEAS 240 mg, K LI BEAS S B4 BRI (X, ) A 3. 11 1, K 2 905k 5 AL AP AT i
JREW(X,) A 4:1,20i2-80 A E(X,) H 20% (VAR 297 B & 31) ,PBS & 7 ik pH 1E (X, ) 4 6.9, 42 F K AF A B )
(X5) #13 min, # F R FHF (X, ) A 180 W, EMHA T ELEMH T AP AT B ISRk L3Z H X 75.26% , FH iz
137.4 nm,Zeta 454 —19.3 mV, % 54 Z % (PDI) 40.219, 2% 5+ & 4% T L) AL AR i B R AR 2 /R 3098 B9 LT
BRE A AARRGAERAANL, BT RELERZI AT aERABERTREYSARK,4CT
BIRIGAFASRE MR T 25 #2440 C; £ 4 C THER 15 RuF, 32 F 0 75.26% F %532 61.45% ,pH L% T %, -F 3442
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Preparation and Stability of Eucommia ulmoides Oliv. Seed Oil Liposomes

CHEN Liang'?, ZHAN Guiping’, LU Ying', LI Jiaxing'*, YU Ji*, MA Chengjin'>, YAO Maojun'"’

(1.Key Laboratory of Hunan Forest Products and Chemical Industry Engineering, Jishou University, Zhangjiajie
427000, China; 2.Institute of Food Science,Jishou University, Jishou 416000, China)

Abstract: Eucommia ulmoides Oliv. seed oil liposomes were prepared by a combined technology of ethanol injection and
ultrasound, and the stability of liposomes was also evaluated. The optimized conditions and the encapsulation efficiency of E.
ulmoides seed oil liposomes were investigated by Plackett-Burman design, the steepest ascent design and response surface
methodology. The results showed that the optimal conditions selected were as follows: the mass ratio of phosphatidylcholine to
sitosterol (X, )3.1:1, the mass ratio of phosphatidylcholine to E. ulmoides seed oil (X,)4:1, dosage of tween-80( X;) 20% ,
phosphate buffer solution pH value (X,) 6.9, ultrasonic time (X;) 13 min, ultrasonic power (X,) 180 W. Under this
condition, the actual encapsulation efficiency, average particle size, average potential and poly dispersity index (PDI) of E.
ulmoides seed oil liposomes were 75.26% , 137.4 nm, —19.3 mV and 0.219, respectively. The particles showed irregular oval
shape and smooth and complete morphology via the transmission electron microscopy observation. The stability experiments
showed that E. ulmoides seed oil liposomes were significantly affected by the temperature, and the stability of all indexes at 4 °C
was better than that at 25 °C and 40 °C. When the E. ulmoides seed oil liposomes were stored at 4 °C for 15 days, the
encapsulation efficiency decreased from 75.26% to 61.45% , the pH value decreased slightly, the average particle size increased
from 137.4 nm to 160.9 nm, and malondialdehyde ( MDA) increased from 0.023 2 mg/g to 0.033 1 mg/g.
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st MEARSE MR R B AR I B A RS HEAE 5 RS A AL TR M LAY, T A et
MR R EIh AR D a-WRRAR 3k 61.049% ' ORANRERS SR G 1 BUR U, i HLiR 2
A T AR IR | S O B A R AE % A el R T A R R TR A
LA 2009 AF 12 5208 o HHE AL fioRE il DR £ af JRORL, BOCH AT D 25 B F . AR i AL frhoks
2 A A TR, A i S AR T, PR T A B b Tolk B R R AR IR 28 23 T A AR BT 1)
TEF TN 5K G T AU —FhERR B 1R —Fh 9Kz i 8, g A AS 0T A 5 s K 4 0 o
KV 28 K A AN AR P A, DT 8 5 LR | B 1k S i, T B T LR v K A Al
WP WS A I TR 1 4% G2 5 TR LA MEBR AR TR W A AR LR TE AR
LR A A )y s A R TR A M % e (ELARAE A DLV R R B REI R 7 R AR R R AR
TEVEAERR B , CBETE AR R I3 K WA 25 i S5 JIEE B A0 0 38 P 35 P 0 o — A 8 T C K
W FH S I A 8 R DR A B KR H el R e 2 28 A B 25 L, 4 8 P I PR RN o R Y
Jik  BRAE R L FERTD BICRERIEA . 25T Ul AT R FH s -8 75 ko) % A ok F S B 44
PAGLIE AN FEAR AT i £ T ZHEAT LA, 9175 SRt APk g B A O ASE 1: , DUIBIAR s A Ao i £ S A AR 2
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1.1 FERGEH R ALER

FEAPREI, PG AR M A A R A BR A IR, K EZORBEAR (L1 =97% ) B-4% (i, 1 1fF
i A PR A RN 7 5 T80 , LR 4 (L Ak 2= i A BR 2 W) B A B bl 22 1R, 1 2 46 Ak 2430 A R
ONE] TR CEE R A (R 60 ~90 C) R EE AT AL,

JY- 1L DN U 5 20 R R BRBIL, 77 0T 22 AR W8 W) 5 UV-2450 48 0h-0] DL 4366 BE T, H AR B A
F] ; Talos F200x ¥ & 58 5 fL - b S50, €K IR A W) 5 Nano-ZS90 SOG KL BE 43 4%, 9% [ B /R S0
] TDL-40B R 8.0 HL, IRl ZDI-4A 8 [ S Ari @ AL, FIOR R g A
1.2 #FHERENSEIZHK
1.2.1 FRFRE R OEEER AR B A Aokl Ag Bk, dEfARIUOC IR BEAR 240 mg, 5
—5E FLBIAY B-45 (85 st AL Alokrah At JE-80 FICK 2R & KB IR o PR , TR i it e
FHTCTR 71 55 26 N5 s W e A RIBR IR EE (PBS) S vl b o AR5 KRR S A MR B BT 5 3 B RIS B, /K
TR FLAS e 25 R B 2 G W T A5 FLIRHEA 7 7 0 A 3, L 2208 L ST IR AR LR

AR GRS B- A SRR L (2:1 ~10: 1) R BRRENE 5 A fokr i B & b (201 ~
6:1) . E-80 FHE (10% ~30% , A K GERBEAR B iT) \PBS 2P pH H (6.0 ~8.0) M P A If
[ (5 ~25 min) P I DI (60 ~300 W) 25 %5 K- AToFh A 5 A4 A 1R i 520
1.2.2  Plackett-Burman X3 7E 8L 250 19 EAE [ R H Plackett-Burman (5535 7k, 555 ik 6
ANHE (n=12) KRR AR AR B AR G 3R 5 I 0 6 1 B B PR 2R
1.2.3 RBERIKXE 8T Plackett-Burman U5 B (1) — R BLE T , T4 0 35 U2 B9 I8 Iy m) 1
R i A B R W A0 R
1.2.4 v p @ikt A o4 KA Box-Behnken i385 11, (b B3R X A0 HE 2R E2 0 I 2 a9 IR 2%, @
i R I ARG 856 T 25500 Bas VR 28 HAE A, B A ok r i B o o4 sl 2 dee £ T 28 2% A
1.2.5 A2  ffi[f] Design-Expert8. 0. 6 FR{F X K A 75 A1 22 5T /13 5047
1.3 H{hiFmiEREE B RN E
1.3.1 AR egzes) CRoFbAvkeh R G ONBENE B-4% B Mo S i Tk b DA ik oy A5 ok
HE,7E 200 ~400 nm PG N4, R4 S R K 302 nm,, FCE BT EREEE 2 1.0.2.0.3.0,
4.0F15.0 g/L (AR AFRIATIMBEA T, 78 302 nm AR e AN [] ¥ B AL ofra 4 S Bk v i 0 oG B, AR
VR I BEARAR () WO EE(E AR (y) A3 FRUEIZ 7 RN 5 =0. 104 8x - 0.003 4,R* =0.993 1,



70 LS A T N4 5540 &

1.3.2  @3zFeyme S HSCRY R UG om 2 H AT AR AR S B 10 mL BRIRIA T
B A 10 mL A1 ik JRA 157 ,4 000 ©/min B0 15 min, B FJZ A 0B E T 25 mL K&, #
SEREB 2 WG, A A T EER, I A T Bk o 2 2B 20, DA ik ok 25 16 B 76302 nm A 52 i
JEE(Ay) o PEH 10% Triton X-100 YRR R FLA, S B2 EFL (23 96 W, 10 min) |, [F¥E I iR
UG W AR W GRE (A,) o B AR A, 43 B A bR i e 7 AR, 330t U 8 L (o ool o e R
(Cy) FIE A3 AL Aok R B (C) | IR () i = €,/ (C, + C,) x100% |,

1.4 #fhrrmERENESSEES

1.4.1 BAHAENL RAAGREE Y IERIERIANREIZS, H PBS Z it B R 10 £5,
Y O i B/ TR A B VR, FE R L A5E RS 2 i, SRR IR A 2% BEESAR 2 min, I FH AR T, 7E
BEHFHREE T IS FL AP AR I OIS

1.4.2 kEME AT A0kt fokr i A B A8 07 W, 3 B — B (58U |, 78 25 °C U A
90° 254, R PO B2 AU 2 Ak Ao F o A B R R AR K/ 2 3 B B (PDT) K Zeta HLEAEL,

1.4.3 ARG R T 240 AL AOorH IR B A B PRI, 2 T2 BN, 0 5 BT 4 .25
F140 C LM NEDGHRATE 15 d, 550 3 d BURRIEE 1 IR, ARIE kR I pH {H H B (MDA) &
TR FR AR O PP SRR e, P DL MDA & i B AE A oS B b BN i AL R
SHRSCHR™ ik RABRAC B 2 BRYA I MDA 4,

2 RS54

2.1 AH{RAFIMBE RS & FFHREK

2.1.1 $FEFRBLERSH HEHEKRTIBEIE S B-F BRI L (X, ) K OBERR 5 porr il 57 i
Fo(X,) JhiR-80 FH & (X, ) \PBS ZZiif pH (B (X, ) B A AR I ] (X ) FEE A5 I 38 (X ) W H 4
BT PR XA Aok B T R A R A 52 , 45 R DL 1
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a. m( KIZINBEAG ) /m (B-4% 51 1 ) m ( phosphatidylcholine ) /m ( B-sitosterol ) 5 b. m( K HIBERE ) /m (FLATFFIH)
m( phosphatidylcholine ) /m ( E. ulmoides seed oil ) ; c. HE-80 FH i tween-80 dosage; d. pH {&
pH value; e. #875 I A/E B} A] ultrasonic time; f. #75 J T 2 ultrasonic power
E1 AREEMEAFRERESIERA N
Fig.1 Effects of different factors on the encapsulation efficiency of E. ulmoidesseed oil liposomes
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B S WAL LN 2:1 ~6: 1, 7% [£3) Plackett-Burman 83835 11 K 2 ) KL BT, 75 8 6 75 B
M ER VPR RS ] HRREE R K, BT LB R G Opw IR 5 B-1 M BTt Lk 3:1 ~5:1,
[FIEE, H & 1 (b) ~ & 1(E) AT, RSB BEAR S5 AL ok 59 JBRE L ik J-80 HIHE  PBS Z2 il pH fH
PR ] A P R BIFE 311 ~5:1.15% ~25% 6.8 ~7.2.6 ~14 min 160 ~240 W [X [a] Pyt
Uiasiil RN Tb SIS 3=

2.1.2 Plackett-Burman iX 338 it fh it X4 B & 7RSI R IR AR I, R Plackett-Burman % %515
Tk, 588 T R DR 26 A ok i Al 5T AR (0 3B 30 A 52 i, OO 0 1 Sk 3 R e PR 3R 1 DR 3R R AR
(= 1) FdE (1) AR, PBIREG I I R g Wk 1,

%1 Plackett-Burman {38 iZit R &R

Table 1 Plackett-Burman design matrix and corresponding results

L X X, X3 Xy Xs Xs @ﬂﬁ%_/% .
No. encapsulation efficiency
1 5:1 3:1 25 7.2 6 240 69.92
2 5:1 5:1 15 7.2 14 240 68.97
3 3:1 3:1 15 6.8 160 65.72
4 3:1 5:1 25 7.2 160 67.79
5 5:1 5:1 15 6.8 240 68.13
6 3:1 5:1 15 6.8 14 160 66.44
7 5:1 5:1 25 6.8 6 160 69.48
8 5:1 3:1 25 7.2 14 160 67.55
9 5:1 3:1 15 6.8 14 160 67.24
10 3:1 3:1 25 6.8 14 240 61.62
11 3:1 5:1 25 6.8 14 240 64.59
12 3:1 3:1 15 7.2 6 240 65.35

MR 1 IRE Bt as R, 34T Zoe A5 RS A7 220007, 45— 1A 52 Y = 0. 348 5 +1. 648 x
107°X, +6.667 x10 °X, —1.500 x 10 *X, +3.850 x 10 >X, —=2.079 x 10 *X, —1.567 x 10 * X, , %} J5 &
BEAT T 200 W B A I SR R 2,

% 2 Plackett-Burman i 3% 75 & 21

Table 2 Analysis of variance for Plackett-Burman

J5 2R il A ¥y FAH PH LT3
source sum of square df mean square F value P value significance

BRI model 5.607 x10 73 6 9.345 x10 4 11.52 0.0084 ok
X 3.260 x10 73 1 3.260 x10 3 40.02 0.0014 o
X, 5.333x10°* 1 5.333x10°* 6.58 0.0504
X3 6.750 x 10 ~¢ 1 6.750 x 10 ~¢ 0.083 0.7846
X, 7.115x10 4 1 7.115 x10°* 8.77 0.0315 *
X 8.300 x 10 * 1 8.300 x 10 ™* 10.23 0.0240 *
Xs 2.651 x10~* 1 2.651 x10* 3.27 0. 1304

5% 7% residual 4.055x10~* 5 8.111 x10°°

BIRZE cor total 6.013 x10 73 11

HH % 2 A0, B P AR 0.008 4 <0. 01, Ut [ENE R e R il B, BRI REU R =0.932 6,
PHEEHISE R RS, =0.851 6, {5 LL (SIN) 2y 10. 516, BENTIZARRA R4 (0 1S9 | REF#E 85. 16% IR i
AL, A B R AT, PBS 2l pH E (X, ) JEFF IR I E] (X ) XAk Aok T g o A G 3 3R 52 ) dd
F(P<0.05) , KEINBEE S B-7F S B L (X, ) S 3 (P <0.01) B R AR B3,
b, 78 5 252 50 S 56 R AN 8 3 PR R B R R ARG e A K, BDK G BR B A S5 AL Aokl S o 401
- 7E-80 Ik 20% MEFS TR K 180 W,
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2.1.3 R RAEF oL MR Plackett-
Burman B85 (M7 B 3 A8 E AR (XX Xs) 1y Table 3 Steepest ascent design and results
R O R @Iy m AR Horp X, X, O IERL o S
PG IR 7K 5 X R SA800E , I 2 BCHAR K- BB No. o 4 X5 encapsulation efficiency
TER S Bt B I 3, fi 3 AT B S ol s P
FARA B RAE S 2 Ak B e, U BH 2R 2 41BN A2 7 2 3501 69 12 71.81
s e IEA m (R TZIPBEAR ) /m (B-A (ilF)3.5: 3 401 7.0 10 68.31
1 .PBS 0 pH {8 6.9 75 P A HIISE] 12 min 0 ;_‘ :zi ;; i ZTST
o7 T R o i, R T e O TR A — -
2.1.4 @Ayt GG HREZRRE PB iy MR BEES X5 45 2R , R H] Box-Behnken {51511
3 PIER 3 K3 17 i, w7 RS B S R AR 4

%4 Box-Behnken iXIi%it R &R

Table 4 Design and results of Box-Behnken experiment

®3 REREAEZITRER

¥ X, X, X, W%
No. ; encapsulation efficiency
1 3.0:1 6.9 14 73.43
2 3.5:1 7.0 10 68.59
3 3.5:1 7.0 14 68.03
4 3.5:1 6.9 12 73.80
5 4.0:1 6.9 10 69.43
6 4.0:1 7.0 12 67.01
7 3.5:1 6.9 12 73.99
8 3.0:1 6.9 10 72.16
9 4.0:1 6.9 14 68.76
10 4.0:1 6.8 12 70.39
11 3.0:1 6.8 12 71.86
12 3.5:1 6.9 12 73.58
13 3.0:1 7.0 12 72.42
14 3.5:1 6.8 14 71.14
15 3.5:1 6.9 12 74.17
16 3.5:1 6.9 12 73.50
17 3.5:1 7.0 10 69.19

8K 4 IR a5 R, #A7 Zou A 7 LG My 25001, 18 HAS B IR Z TR A )5 f2. Y =
—128.6 +1.617X, +36. 14X, +0.356 1X, —0.197 0X, X, —4.850 x 10 ° X, X, —3. 138 x 10 > X, X, —
3.361 x 10 °X,> —2.548X,> =5.057 x 10 °X,°,

i 7 AT G0 AR A 5 25 40 A 5 SR Lk 5 i 38 5 ml i, [l A RUAR 2 3% (P <0.000 1), Bif R? =
0.994 2 ZREASEPRAE -5 FUINAE — 2, ORI B RH OC 22 R, = 0. 986 8, R W IZAE AL v i) )i {8 19 72 £k
98.68% M Tk HAZ f e , i — L Ul B2 B R GRS MERR TN R e AR S A AR R Z AR o Py =
0.513 7>0.05, A3, RIABIAI R 228/, Al H T H0 SE 0 25 58 . 25 LRk B AU R B R 4F, Al
FHT AL Aok Em I B AR B il 25 T 22001k

— IR X, X, , KT X2 X2 X2RAZHIN X, X, X, X, X, X RRE AR g oA fu, 15 5 ) 5% mi A W 3%
(P <0.01) ,—KI X XFAHAEZ IR L2 (P <0.05) ;MR35 FE A 2R a8 0 R N R E
UIEERR S B-A S BERT I L (X, ) > PBS 22l pH {E (X,) > @S JA/EHBHE (X;) .

HR YA ] ) J7 F8 SK A5 FE APoFF I B B il & i A0 Ak T2 5 A K GO BE IR 5 B-4F M BELL Ry
3.1:1,PBS ZZ b pH {0 6. 93, #875  VE FHIHE] A4 12. 52 min, 78 RE A A4 A Aok 3 B B A4 i #1384
N 74.41%
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x5 HAFTEAESN

Table 5 Analysis of variance of regression equal

UE-23 SEJ5 A 1 e ¥iJ5 F1H P1H e
source sum of square df mean square F value P value significance
B model 8.975 x10? 9 9.973 x10~* 133.76 <0.0001 Kok
X, 2.549 x 10 3 1 2.549 x10 73 341.88 <0.0001 Kok
Xy 5.330 x10 ~* 1 5.330 x10°* 71.49 <0. 0001 s
X5 4.950 x10 73 1 4.950 x 1073 6.64 0.0366 #
XXy 3.881 x107°4 1 3.881 x107* 52.05 0.0002 ok
X, Xs 9.409 x 10 3 1 9.409 x10 73 12.62 0.0093 ok
Xy Xs 1.575x10 4 1 1.575 x10* 21.12 0.0025 ok
X, 2.973 x10°* 1 2.973 x10~* 39.87 0. 0004 ok
X’ 2.733 x10 73 1 2.733 x10 73 366. 57 <0.0001 %
Xs? 1.723 x10 73 1 1.723 x10 73 231.06 <0.0001 %
5% 2% residual 5.219 x10 73 7 7.456 x10 ¢
JAUTI lack of it 2.108 x 10 ™3 3 7.028 x10 ¢ 0.90 0.5137
4R 2 pure error 3,111 x10~° 4 7.777 x10 ¢
SR sum 9.028 x10 3 16

SR BT N T 45 SR A AT REE AR R HEA T 3 IR . SR bk T 2w AR Bk, %
LR OL , ORI 240 mg, e R EIPHENR 5 B-4 (B LE R 3. 1: 1, R G IR BRI -5 A oA il 5
HEER 41, iR-80 5 K IE NG T i 4 £ 20% , PBS 2w pH {E R 6.9, 8 7 P VR FH S [A]13 min,
P A2180 W, il A I AL ATORF IR BT A1 Y A R 5y 75. 26% , 5 BB (A YA XS 1% 22 41, 129% , 5
X B A5 3 5k 2 AR P T T 1 R I B A B R I, AR LR A
2.2 MAPFFEBE RS RRE S

B L IROUA T A A A ARORF S A B 3 IR i T 3 S L B T LR T BRI 25 45 2R L
B2, B2 Al kb ARorah i B A b WL L BHEBRIE | -1 S B, o IR B MIBE R S A I B S . &l
FALBRJS AL AAE T AR o A1 B 2 kAR /T 100 nm,

SR FHPRIAE 3B ASCI 5 A AR bR AR FROREAR A G5 R LI 3, H &1 3 mIRN AL ok R AR - 24
KiAEH 137.4 nm o)A H5) HELER M, oAk, 200k AokFm AR B 1Y Zeta A7 -19.3 mV,
PDI 2 0. 219, 9125 F W T il 4 0O AL flokF i g B AR E v R4

a b
I i0 100 1000 200 -100 0 100 200
Fife/nm Zetarfi i/ mV
2 HfhFFiRBE BFE ST R R E B3 wirmBERERRE ST (a) & Zeta BBALE (D)
Fig.2 TEM micrographs of Fig.3 Diameter distribution(a) and Zeta potential (b)
E. ulmoides seed oil liposome of E. ulmoides seed oil liposome

H1_F 3R 3BT AT R 37 A HL R SR AR S AT (SO S AR AR 2 SRR AT 22 S 3 AT R PR kA 43 B S
AL foRF it IR B A AR , DU R K Ty 2biAs AR Il RAR B 5 55 AR, 325 23 vl B [T i
R 20 T IAR S, oAb, 2 P e 7512 (9 TR AT 7 22 55, O BE 43 BT S RURL R 2 19
THARE TR A5 ORI BB 2o X 8 51 A T
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2.3 fHhFFmEEREMNIREES T

AR SRR pH (E A MDA &t 40 B AL AORF I 48 K B8 B A 19 i iR e M FEAS W)
SRR T, A A AR L SR AR A AN 4 (a) T, F AT TR s R P oRr Il i3 H g™
AR 7E 4 C AR, 65 15 d B IRE 75.26% T REE] 61.45% , T FEEIBAHXT T 25 F1
40 CHIR R, X P REJE R Ry bl T 0 7 8, B I A RS b 14 43— s sl ikt | g o 8043 )25 1) e ik
% AT HEF B TC T, 5 35006 5 P 358 e A 2 A8 A R A A, I B D TR 38 o, X001 2 ) TR st/ | BB
shtEsn, S S A AT fPAT IR

H &L 4 (b) FTHLFE 4 CAMFT At 15 d BEREfPoRe i B4 B i W pH (B WS G0 T B T 25 #1140 °C
FAF NOEK 15 d B pH (E FRERA ., X2t TREE R R TH e, e T #EAR 1) SRR, K A = 2k
UFES AR TR VA IR A B A5 s = 4 AR A, S SO iR Sl B TR A TE A R b pH (R
R, I et — 2B oK g Ak

HIFE 4 () I, HE 4 CTF Bl T B) ) 2 1 | AR 4R (R R A8 S22 S0 O /N B 34 1058 9 R
mPREAR T 137.4 nm FJH5) 187. 8 nm, 7656 15 KIPRAR FFEF] 160.9 nm, 7E 25 F140 °C T, Jg Bk it ki
Pt R FERER A HBEE TR TR IR AR RTIP R AR Ko 2, X2 AR AR B2 R Fa e
ARG TR R T Z AR R IR K BEIR I 2 () 5y & ARl RS IS RER R A K Ak B
b Ao A k85 K A, Vi B A R ) 2 B PT A3 Y R Al L A VT (R R R i 5 (H R
IR ARSI ST AR T R 2 R 4800 2 26 A, DR SR M R e, S 3B IS R A /N

801 , 701 4
6.
< 6.8
s =
3 T
% S 671
el
6.6
6.5
1 1 1 L 1 64 1 1 1 1 I
300 3 6 9 12 15 0 3 6 9 12 N
figcis el/d Al e /d
300p 0.045 ¢
270 0.040
2401 P
£ t 0.035
((\H L en
210 g
5 = 0.030
< 1801 a
B =
0.025
150f
]20 1 1 L L J 0020 L 1 1 1 )
0 3 6 9 12 15 0 3 6 9 12 15

g st i) /d I ) /d
—0—4 C; —0— 25 C; ——40 C
a. fUHR encapsulation efficiency; b. pH {E pH value; c. Y42 particle size;d. MDA
B4 ANEMEREGRE T et fhasih s R B T4

Fig.4 The change of E. ulmoides seed oil liposome with various times under different storage temperatures

Hi&l 4 (d) AT A1, 8 % (MDA ) & s fERE UM ] £ 8 B R B TP o mmA M B, H 4 <
TARBRE MDA 5K T 25 F140 C R EIMEE, 4 CHAEBLLS d i, 9 8 0.023 2 mg/g ETHE
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