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25 LT IR AW T AT X A0 AR B U I TR B
RN B 7 A )R, 3 O M 0 o 1 TR
Jit ) R A A R B S B o e 2K, e A A R R
Yy ORI T AR T T BEIEL

1 MRERE
1.1 #HRS5iKH

IR AT RE DU 2B B TR (Al =
98% ) .75 T (4L =95% ) . FLAH S IR (4l fF =
97%) £T 4 K i (50 U/mg) R BE (500 U/mg) A
JNAR 1 (800 U/mg) , 14 F L ifg s nt £ Wy BB A
FRAF B & AB IR, B Sigma—Aldrich 23 7
iy ST S N e SR W B L T
12 EE5EE

WRH-100TB1S #IE T ML, T A @i {5 52
kA BRZA ] ; DL-400B 5 BEME 75 VS s, LI
fE XS4 FR A 7] s NU-C200R-E AR B0 0L, K€
(hE) BRAAER A B2 W) 5 T25 digital ULTRA-
TURRAX®H AL, 3R ()7 )AL 28 i 2 A BR 2
A] ;SHHP-57DZM-600 & #3545, 1L 78 = 7K ]
BF 57 B4y A BR 2 7 ;NVC-2200B H 25 ig 6 1% , L
T % WA A A BR A 7] s DF-101S 46 B X 1 3 i
WS, L RIS B R A
HWS-24 R KSR, Bil—ER 22 E
MR ;UV-1900i 55853000, HA B HEL
F] ;Malvern Zetasizer Nano ZSE 44 K42 i v 43
Bri¥, = E Worcestershire 2 7 ;CX41 A= ¥y i 1
Bi, R A (AL BHEARA A
1.3 Fi&
13,1 JrUBHATAR IR BUAIORE A AR R 2 2R A L
LRI E T 50 CTHEE T8, g5 80 H
i,k A AR AE TR AL £
1.3.2 3P o 1 B R 5 0
1.3.2.1 &MY BRYH E

1) MBI RS 22 SCk(8] )y ik g AT
s, RERFRIC 10 g A48 KRy K F 500 mL e Y
M, A 250 mL 70% W BRI AT, 320 WO 7R 4
B 30 min J5,12 000xg, &0 4 min, 2 BRE% UK
B 128 WL, B h A0 R 0% T ) I A

2) R ERIGE S U9 B B A R
B, BB — & AR R AR RE S48 1%

— B BRI LI A 58.2% £ B /K W BRI L R 1
41 ESFEH R TFRAGERSERE, T
SR ] 583 MPa J&i £ 1K 2 min ; 1 1R 258 15 &
775 WUHE 3k 0 BRS04 A R 0 P I R TR e
HEDL AR 4R B 2 W5 A I $2 BOR .

3) EHESEHL S SCHER(10)J7 3 W64 28
K& FRECA M KK 5.0 g, BT 250 mL T H§ 4
T AL A5 i 5 2 53 BOR 3% (44.2%4T 4E 5
fitf 31.6%F- S A1 24.2% A JNEE B ) , FEN A 8
MR ER 22 b (pH 5) 2 BHE LE R 1:18,50 “CoK i il
fift 4 b, SOV S5 7 BRAE K o KB 10 min, il
UEIEE AR E 100 mL,
1.3.2.2 2 & il e

DEEFBRREMLNLEH H0.04 g BE
TR A A K S i 0T E 25 3 1000 mL 25 R
15 5] 0.04 mg/ml B T RSER T, FH%
K B B — o A B B Uk R g Bl
0.008,0.016,0.024,0.032,0.04 mg/mL (4 3% £ 1R
VWL o o W RS WA 1.0 mL T 10 mL H2E
WA T I 2 3 AR AR B R 2 mL, #8550 )5 43
SIMA 10% Na,CO; i 2 mL, M RAGHEE
T G E 60 min, T 760 nm WA GAE , K
TR TR o Vi B (X)) 5 BT DA B IR O AEL (Y )
ekt mla 15 50 Lk v F R e 5 2

2) HREUR T Z W& R R RO
T — B A5 A, ¥ 1R AR [F] A0 BRI o O (H , #ic IR
SRR 2 W A v R, T AT A 2 4

B2t &, DR TIPS & ER (mg-
GAE/g).,
A (mgGAE/g) = CXVX1 (1)
m

e R 22 My I g vk B (LLIRE TR T
R ETE) ,mg/mLso 3R BOR SR, mL;n A
BEAGEm AR AR B g0
1.3.2.3 B & 5

1) M TARAEM Ll AR T bR i
10.5 mg, 1} 70% W BV fift OF € 28 2 50 mL 25 Bl
o HIAR 0.21 mg/mL B2 T W, 43 m B T
%9 0,1.0,2.0,3.0,4.0,5.0,6.0 mL & T 25 mL %
BT, KB A 5% NaNO, 5 1 mL, #2413
6 min, A 10% AL(NOs); & 1 mL, & 2] i
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BEH6 min, MA 4% NaOH & 8 mL, SRJ5MA
70% W B2 W 45, $2 50, CE 15 min, 7 508 nm
W A I W B DAY B (Y ) 6 T R (X))
23 LAy IS

2) PRMOR IS W RS TR
B — AN, R 5 WOBORE SR 2.0 mL T 25 mL
T He FRAR R 2D BRI e I OGAE AR AR
e M2 7 BT S B I v R, R AR A
TR B i DU T S i ROR (mgRE/g)

B & (mgRE/g) = % (2)

e SRR A R O R S mg/mLse R
OB TR mLsn S Wi B B8 s m Ry A0 AR KM R 1Y
JiH ,mg.,
1.3.3  HraE b e
1.3.3.1 DPPH H HFEuE bR Bk By 0.129
mmol/L [¥) DPPH TAE# . & H A 1 mL AI[H
[ (8~40 we/mL) ) VC BRI/ A 1 B 3
WO 4 mL DPPH T AE W, =5 ik B DG & 10
min, T 520 nm Zb P02 WO BE (A1) o 1 mL Jo7K S
B VC I W/ A 188 Bz B IO 5 V5 YA ) TR
HE (Ay),4 mL K ZBACE 4 mL DPPH T4E
TR R TR VR ) O BEE (A ), 152X (3) TSl 1Y
DPPH - % B % , I115 1Cs0 105 FRF HTHBR R A
2| 509%H] T 5 BRE O BRI B RO BT
AL PR

DPPH 3% (%) = (1-4=42)x100 (3)

1.3.3.2  ABTS*H HIHEFERAF MR 300 pl A A
[ WE (0.02~0.1 mg/mL)VC 7 /41 A8 Kz 32 B
WA 6 mL ABTS* TAEW H IR G 1 5), = i ikt
JEHE 10 min J5, T 734 nm &I H KO B
(A7), LA 300 pL Tk B AR VC ¥ i/
A1 R B B ORI FE AR 2 (AL, BA 6 mL ZE 1R KA
[FARFRR ABTS TAEW I E 358 (A;) . #xL(4)1T
BRI ABTSHHBR R
ABTSﬁ%%¥$(96)=(1—5%54L)x100 (4)

1.3.33  GukJE e 78 1.5 mL A & ik 2
(0.02~0.1 mg/mL) 1) VC/ 41 # Bz 42 B 7 %o
A 1.5 mL pH 6.6 )82+ 2 o i ,1.5 mL
KsFe (CN)g %W ,50 C/K 7% 20 min, HCH 5 A

1 mL 10% Cl; CCOOH ¥ ¥ ,4 000 r/min &5 .0> 5
min, U 1.0 mL B3, RKIA 2.0 mL 2518
K. 1mL 0.1% FeCly, #& %% 1R & J5 # & 5 min, 700
nm AT B WG LA VC A A o 4R BR o 2R
IK A2 X R

1334 REAHMEHRE 2081 mL AR
JFEHRE (0.2~1.0 mg/mL)VC 1% /A7 A8 5z $i B
W, MWKMA 1 mL 1.8 mmol/L. FeSO,.1 mL 0.09
mol/L. H,0,, #}&¥H IR, T 37 *C/K¥ 30 min f5 , /Il
A 1 mL 9 mmol/L K#gla- 1, %R, T 37
CKW 30 min, FEPEH 510 nm R CHEE A A
FH 1 ml 26 B R BARIMNR W, e OB
Ag; H2mL LB FKEM 1 mL FeSO, l 1 mL
H,0,.1 mL ZBEZ AR W2 - £l D W' B2 Ry
Ay %K (5)1HA-OH IEBREET) o

_OH WK hE T = (L-éifiioxloo (5)

0
1.335 BAPEFERE 728 RO A
4.5 mL pH 8.2 1 0.05 mol/L Y Tris—HCI Z& i
0.1 mL AN FEEE (0.02~0.1 mg/mL)VC %/
A1 B IO, 25 CCOKTA T 20 min, G A 0.4
ml 25 CHE AT H AT 2.5 mmol/L 4B 7 = W 7,
Ak 25 C/KUS S 4 min, ITA 2 7#% 8 mol/L. HC1
Lk SN, 7E 300 nm Kb 7 WO BEAE A, LLZE TR
K BRI WA WG (E A g; DAZEAR K BUAR 4B
K= ARG A VC AR BIPEXS
O B (%) = (1= )x100 (6)
0

1.3.4 W/O FLM KI5 B—& A& 0.7 mg/mL
A1 Bz B U A AR R KA W 76 & i
A 5% (V/IV )span80, 2 J& % i F HE+E 15 min J5
il AR O, ZJ5 K KA W A O TR A,
1E 10 000 r/min T T 2 min, 53] W/O FLK .
1.3.4.1 WK HoRE ZLICES 8 PR 52 m 1 26 48
VR TR AR, R A A 18 Rz B O, LA TS it oy
5% , VI AH AR AR Fe g G K ) 9:1,8:2,7:
3,6:4 W ARl K Ho o FL RS S P AR
1.3.4.2  SHMmAEX FLM R E MR 2 m 2k
WKL R 901, ZLAL RIS N2 5%, Hb AL 58 46
FNR L LR e PRI 5E

1.3.43  FUbRIma s 2Lk fa et s m



170 hoE

M

2024 “F-55 9 #

HUE AL AE AR, S K R 901, FLAL A in 2 oy
AT 1%,5% ,10% , AF 7% Hob 2L ke 1 1Y) 52
M
1.3.4.4  SALBES X FLBAR e e e ik
HUE AL I AE AR, S K R 901, FLAR G in 2 oy
WA 5% , 76K HH I i NaCl(0,5, 10 mmol/L) fif
FE X ZL R Y S
1.3.5 W/O/W AWK Hk, ¥ 1%3liEER
(WPL) T 1%/ Fig S e (LM) 20 Bl T 28 7K &
BTFHFE 2h, ZJ5ET 4 CokFbtn, ¥ WPI
LM IR G FE 1 h, dil BA KA 78 Sb 2K AH o
Al #5459 W/0 %131 ,7 000 r/min R ¥4 /5 2 min,
il W/O/W FLI
1.3.5.1  WAMNERTFLIAR EPERY 2 W/0 LI
YE AR, AR K HE A WPI-LM IR A%, 5B N A A
AR KA LB (AR ) A 1:9,2:8,3:7,4:6, fF5%
AN T) PN 1 L X 2L Ve T I 5 )
1.3.5.2 WPT Fl LM 8 /il 2 X0 FL ke e Pk 1% 52 1)
AR KA 25 b R, K A L ) WP I WA
LM AR G (1:1,2:1,3: DIRE , A
(7] LY A8 95 e o 2L R AR P S T
1.3.6 LI RAE
1.3.6.1 fHOWSSH W OGS s LR B B A |
sy, P A 5 7E 6 WA T W
gZ, Horp W/0 LW 4 5 5SS, WI0/W FLik
JH 10 15w ge
1.3.6.2  Zeta—Hi (i FRI AR5 K 2L B 4k
Mike—EE, 18 25 C& M F H Zetasizer M 5
Zata HL 7 FURLAE
1.3.6.3 FLALIE AL EEIE 8 40 pl
WZFM S 8 mL 0.1% SDS % iR &4, 1
500 nm P42 WO Ao, 60 min J5 FRK I E
WG RE Ago 220 (7) 2 (8) 155 3L W TG 1 45 2L
(EM)*H%‘L{{&*%%@*E‘;&(ESI)O

AN
Eu=2x2303x- 00 (7)
304,

Ey= PO (8)

AN MRS, B 200;C S W/O/W FL
W R A AKCRH S 0 B4 2 1 B 9 ot 9K 32 o/l
0 F XUZFLI AT B R %, %

1.3.6.4  ffHURE TR 2 H A8 4 i FL TR = R
THCE 1,3,7,10 d, FHAHLIC SRR BIR A,
1.3.6.5 URZABPERTINE SR S ARG E W/
OW FLV& I i A8 M 5, B 1.5 mL LIS T H4% 40
mm EAT R Z IR, R ESEC I ERBE N 1 mm,
T EE R 25 °C, 5Y Y) s 2835 [ 0.1~100 57, LXK
AR R R R 2
1.3.6.6 AN E B2 mL ZLIEAE 15 000 1/
min F &0 10 min 5, FHE S SCE T IZE R, o
0.45 pum U8 BEA FI U8 I 48 J5 R FH AR MR I 125 00 2 0
W 2 &

IR EE(%) = ATA*ﬂxmo 9)

.

A S TE N KRR TS N 0 A AR 2 T
i ,me ;A N BT B A Y OB FL R i RS B Ak K
AR A1 2 2 B0 R &, me
1.3.7  BEHEUASNEL  H BB 100 mL # 2
KAFIMA 0.2 g EALENFT 0.7 mL ¥R R R = T 58
G A AU E W, 5250 T IR T 40 min K
0.032 ¢ H E B A BB E Wb, =R T
il 25 AL W T AW

1 Ak [y BE 0150 mL B4l Kk inA 5.5 g cacl2
M1 32.87 g NaCl 78 73 it +F i 15 17 18 W AR
mlL 5 mmol/L. PBS £ i (pH 7.0) 1 m A 5.357
g IBER TEE IR T P gl #5 IH AR . Wi
R FT 30 min 7£ 100 mL 5 mmol/L. PBS 2& Wi (pH
7.0) A 2.4 ¢ Btk g AR G & BR 107 B
W o

TR ST T, K FLWRR B 10 1%, e AT TAE W
37 CHIH 10 min, HU 10 mL ¥ 5 FLRVEAT B
b, B A 1 mol/L £ R K 8 W TA/E W pH (H M &
1.2, 10 mL B TERSHMIWIRSG K5
JH 1 mol/L. NaOH ¥4 pH {H %= 2.0,37 “Ci#E K%
100 r/min ZELEHEFE 2 h, HJi H 0.25 mol/L. NaOH
M pH A2 7.0, 58 E BELIHB B, B S
ml LR Ak S T — BB Ak, A 3 mL B
AT 7 mL BRER W, 1570 0.25 mol/L. NaOH 4 45
pH % 7.0, WMi)J5A 5 mL }8 5 B 8,37 Clt
JE/K 100 r/min 3 ZEHEFE 2 b 5¢ U BLNE AL
R A 58 S B 2 mL WAL 5 2 mL 280K iR
Ji€ , 15 000 r/min 250> 10 min, WA JE W T 0 Hr
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I 2 A1 88 Bz 22 B B3

1.3.8 B it 5000 S5 B R RO
Graphpad Prism7 YEE], % SPSS26 #47 T 22 47
Bro KM Duncan 31T i #4047, P<0.05 £oR
S E . A BRI AT E 3 IRIER

2 H#ER5ITE
21 EHEYREE

M ] 1a 0 LU AN [R5 2 52 BT 45 40 R 2
Z W ECER S A TR B 2B HE T
il B AR TR > T A B BOE > # = TE SR U, 2 &
BRI N 250,175.55,123.00 mgGAE/g, #% il & &
WK H9 49.65,36.00,10.25 mgRE/g, Hi M nl 201, #
B B I R T A 22 R B e T e R
WOT vk, 3t sk o 0 42 174 5 DL 2 ML AR 1 8 AR
W 1 23 A0 n 1T IR H RO RO B R G
B, DT 2 R 2 5 A, R A st 38,

— A

3
f=
=3

iz
41

100

Content/ (mg/g)

-
R T B G3ES e AR
Ultrasound-assisted Enzyme Ultrahigh-pressure
alcohol extraction method extraction
ENGE GRS
Different extraction methods

(a)

0

7 il B T U R 1 i 2 R R ) v 1 2 i R
PR | — b R B BT M S ) ik i an
oK B B SR R () 5 vk B MR B v ) BT A
HH 2538 2R P R IO P U R A N PR R A
R MR BCRY & FH ek,

JEOAh A By OR], A4 5 AR T
TR AR R, & b a0, A TR TR, &
T AGE TR A S, S B R A R TR
TR AR, 2 WA RN 250 mgGAE/g, JE R T
AbBR 22 T Y 1.48 i, i B R LG i I IR ]
FE AN MR SR AF 5 T A B S S 2 W
RS HREE — 2, R R T R, — T
It 22 B Wil R VA R BOER Z W A%, 59—
O RN R A B 2 B S g, R R By
B R EZMEEREERN, M2 A b
KW G , Z B s AS FRo i, 3 A LR & RO 1Y
BBt , M 2 B T

300p=

200

Z Wi

Polyphenol content/(mg/g)

[=3
=3

Bt AT
Drying Undried
AN TRV T b 2R 7 v

Different pre—treatment methods

(b)

B1 AERHAX Q) AEAWAEFXb)MENAEBETEYREEH N
Fig.1 Effects of different extraction methods (a) and different pre—treatment methods (b) on the content

of extracted active substances of pomegranate peel

22 ALK

2.2.1 DPPH HHEIFERE ZEEAH DPPH BEF
T 38 B A7 FE DR AR T P T A R AR AR
R €0 B B R LRI AR ) BE R, R 2a i
7N, TE 8~24 we/mL JEIE N, A H7 Kz #2 Ukt DPPH
VR R SR T b T 5 T Y SR M B Ol 24 pug/mlL
i, HXF DPPH ¥ Bk %635 B i KON 65% 5 442 L)
e B HE— L3 mist, HXt DPPH 5 BR R H BT %

e (A5 VC EBREE T A E S U DPPH H
AL VC BEFTERRAE ) . A T A
M K $2E B Xk DPPH 1 ¥ B AE H 1 1C5=17.64
pe/ml, XPERAEML I A HEOFE 2 15 25 1 43 XF DPPH
THBRAE Y 1Cs, A 110.356 wg/mlL, 2 1 iz 41 5
P 6.26 A%, 1 A 18 B H 2 8 25 553 %5 DPPH
B A 69 1Cso A 171.987 wg/ml, Fb A7 1 Kz 32 BU)
e HORE I 10 A%, 26 WA IR B AR LE L e 0 BAT 8K
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Fig.2 Antioxidant study of pomegranate peel extract
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222 ABTS'HHZIEERZE I 2b Al , H[H
WET, AR ABTS RS BRSUR & T
VC HL R v B 038 in 3k Rl Bz i i oK, 2
F W A7 MR Bz 3 U X ABTS LA B & 1 375 % fiE
I3, B TREXS B VC, AR B 42 U X ABTS
TR 1C5=39.66 pwg/mL, 754 3% &0 58 &
I RE P EEXT ABTSE BRAVE % 1Cs M 56.0 g/
mlL, X 56 B X ABTSE BR AE H 1 1Cs,
FHEE

223 RAFEIME DS L #EFe,(Fe(CN )]
Z A AR R AR bR R DA BT AR AR R B A 5
TE 700 nm &b A FREAE W SO0 W O (B A e /R A
(R i g B, W 2¢ B, 7E 0.02~0.1 mg/mL
i e FEYE R Y, A R R AR O A VC IO R
H5EARBREEHHLE R, Hi Ve Lk
PETFE N v = 5.875x + 0.0075,R* = 0.9999 , i B 4
LT R y = 6.335x + 0.1243 ,R> = 0.9856, Bfi
W I R I T s RUA R BRI A
VC XF Fe?Id J5t g 77 B v B2 1 14 o 328 i 185 508 5 HLAH

Wl BE ™, AR R SR U I 3 5L RE ) Es T VC,
X 57 [ 75 AU BIF 5 45 2R

224 FREHMBEERE  -OH RN AMAE BA
Al A48 405 v i T B A R B DR T ] A A 9 b
2 Y R A A RN 38 AT 5 g R
A g E A SRR D) RE 45 K A s
WA 2d Fis , 78 5 R H O 0.2~1.0 mg/mlL 75 Fl
BEE VC FLA AR R U e 23S I, %5 BR-OH
MRE ) B TR AR R S U X -OH ¥ bk
Y F 9 1C5=0.6209 mg/mL,VC X} —~OH ¥ B 1 H
1C5=0.8555 mg/mL., H1 L 1] Ul A4 16 iz $2 B X -OH
R T VC,

225 MEPBEFIERE 0, B —FEAYIK
PO R = AR A i, TR A R S A
R RIS -OH &54, AR 4N i
DNA Fi 3 AARTIRER =08, H Bl 2e AT, 75
0.2~1.0 mg/mL JEE N, A1 BEE AT 0, 1T
e 23R ok 3 38 i AR AL R R B B VC X O, T BR
R RN e 1 THE TR YRR T
0.4 mg/mL B A7 18 K2 48 B 0 W B fie h EE T
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VO e HE— BB hn, VC X 0,15 KR g 132 Wi o
TR R R
23 ABEEMEYRENBRSKEIE

AR R TR B AR, A R AL
B it A o KR AR, HLE AR A ) 1) B 3541
Xof L A 2L 97k 6 S0 B AT DL s R i v A A
FHEE AR B 2B B R K v 2 W, R ok 1 ek
FH WO R Z 5% Kb 7 A,

3 e A K HESh 911 A 8:2 B FLUE K
BREKEBIADZE, I LFE IR F it — 2 Hr
HFLfAEt:, oKLk 8:2 1 9:1 #il 45 # W/O
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Fig.3 Different storage time W/O emulsion
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Fig.4 Effect of different emulsifier additions (a) and different NaCl additions (b) on the Eg of emulsions
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Fig.5 W/O emulsion microscope images
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Fig.6 W/O/W emulsion apparent image
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Fig.7 W/O/W emulsion microscope images

VR 22 [ e W B SRR R LR A, DA T B AR FL AR
PeRg. 53— R 8a AT LU th, MoK AR T
WPL:LM=2:1 if, B8 Sh K AH B9 o5 Lk LA AR,
SEME AR K, #E 51.26~69.20 m¥g 36 FEl 4 3
1M 7E A 7K A 5 T 60% i FL 2 B B/ Y

EAL, N 51.26 m*g. A BF 5% 2 B 5 1 ok g izl Ak
A FLACPERE AR &, B IR v] BEJE T
A LM BAE 7708 T WPI Uk 2 (B (R 5, 2R
W Z WG KEEA M T el Smlngs, %
M 1 LA RE

&1 WPI-LM AERELL  AEFHMEI WO/W ZL ik 2L FE M50
Table 1 WPI-LM different mass ratio and adding amount on the stability of W/O/W emulsion emulsifying activity
B/ () S A AR I e %

W 90 80 70 60
WPI:LM=3:1 73.29 56.09 63.53 61.36
WPI:LM=2:1 69.20 57.43 61.84 51.26
WPI:LM=1:1 42.47 38.94 29.88 37.46
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80p=
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al
b
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: I

3 o
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=< O

o

= a0f

0 0
90 30 70 60 WPLLM=3:1 WPL.LLM=2:1 WPL.LM=1:1

WPI-LM Jfi &
WPI-LM mass ratio

WPI-LM % Jin
WPI-LM additions/%
W RRE BRI R R (P00s),
8 WPI-LM REHME (WPI:LM=2:1) (a) AR ETE Lt (4M K18 Gt 60%) (b) 3 W/O/W ZL ik FL 4L iE 89 % 1
Fig.8 Effect of different additions of WPI-LM (WPI:LM=2:1)(a) and mass ratios (60% of external aqueous phase)(b)
on the emulsifying activity of W/O/W emulsions
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# 2 WPI-LM FERZ (A EFHMEIT W/O/W ZL i 2L 4L 2 E 4 5 % Mg
Table 2 Effect of different mass ratios and additions of WPI-LM on the emulsion stability of W/O/W emulsions

Y1 IR A8 T e E %
Eg/min
90 80 70 60
WPIL:LM=3:1 142.71 130.29 352.10 315.78
WPIL:LM=2:1 239.21 167.14 209.21 178.19
WPI:LM=1:1 789.79 1 053.49 2 047.48 3047.78
300 a
3000
3 =
m
oz £ _ 2000
®E 1 E
£ 100 B 1000f-
B [
b b‘
0 WPLLM=3:1 WPI:LM=2:1 WPL.LM=1:1

90

80 70
WPI-LM 7
WPI-LM additions/%
(a)

60

WPI-LM J&i & b
WPI-LM mass ratio
(b)

AR F AR B W22 R (P<0.05)

B9

WPI-LM A EFmE (WPI:LM=2:1) (a) A E B2tk (5h K18 Gtk 60%) (b) 3 W/O/W FL ik L 4L #3 E 14 89 8 i

Fig.9 Effects of different additions of WPI-LM (WPI:LM=2:1) (a) and different mass ratios
(60% of external water phase) (b) on the emulsion stability of W/O/W emulsions
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®3 WPI-LM REREZ AEFMEH W/O/W IR iE Y Ra 1B E
Table 3 WPI-LM encapsulation rate of active substances by W/O/W emulsions with different mass ratios
and different additions

SR AR A F %
&3 & /%
90 80 70 60
WPI:LM=3:1 30.68% 45.11% 86.65 86.99"
WPI:LM=2:1 9.22™ 51.73% 85.23% 90.08*
WPI:LM=1:1 35.77% 70.97* 84.67™ 77.96*

TE AR BRI TR S K AR B3 04 R A7 7 35 P 22 57 (P<0.05) s A TF/NE FRHUR AR i 1L F B 3512 5 (P<0.05)

x4 AEMEEEE WO/W ik EHE

Table 4 Different storage time W/O/W emulsion particle size on average

SN IR A8 T %
#3 42 /nm
90 80 70 60
WPIL:LM=3:1 0d 165.97 + 10.9% 156.47 + 1.16* 156.27 +2.5% 291.4 +7.01*
7d 229.53 +20.95™ 207.3 +5.16™ 224.33 +2.35% 268.27 + 0.9
WPI:LM=2:1 0d 135.33 £ 0.12™ 157.97 £ 2.01% 223.5 +1.73% 218.93 +2.25%
7d 204.77 + 13.2% 233.83 + 14.61% 201.07 + 3.79% 186.5 + 0.95"
WPIL:LM=1:1 0d 156.4 + 1.7% 151.25 + 1.65% 198.9 + 7.3% 299.15 + 4.15%
7d 23333 +19.11™ 233.67 + 5.46% 266.53 + 1.64% 231.53 + 1.48™

T ANE RS P RACR AR F SN KA BRI R AR 835 1 22 53 (P<0.05) s A F/NG “FRHCR AN R BT i He R BAT 835 14 25 5+ (P<0.05)

400 p= = 0 d 400 p= — 0d
7 d I 7d

w2
(=3
=3
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(=3
S

200
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Particle size/nm
(3]
S
=
L]
(¢}
(@]
itz
Particle size/nm

(=3
S
—_
(=3
=

0
90 80 70 60 WPLLM=3:1 WPLLM=2:1 WPLLM=1:1
WPI-LM ¥ Jii WPI-LM Jii & Lt
WPI-LM additions/% WPI-LM mass ratio

(a) (b)
AR F AR R AT B2 5 (P<0.05)

B 10 WPI-LM AEFHFM=ZE (WPI:LM=2:1)(a) AR RE Lk (5h7k 8 &tk 60%) (b) 7 B 4% 5 B 18 W/O/W L& #L &
Fig.10  WPI-LM with different additions (WPI:LM=2:1) (a), different mass ratios (60% of external water phase)(b)

and different storage time W/O/W emulsion particle size
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60%F , WPL:LM=3:1 Al 1:1 HAKRKRARS AR HE R BAr . 4338 2k 3% L2 A0 099 5m A Wy
(291.4+7.01 )nm F1(299.15+4.15)nm, 1M 2:1 B9 W/ K. B—J5 0, BiEEEA WA 25 4 RB4E K
O/W FLIE A #B/NRIAE (218.9322.25)nm (P< TR A SRR /N B A5 2, N b, 76 IF o 72
0.05), XAlfEfE T LM i py A [F S 80 22 ) H T BT R FU IR T8 1 B R R R 2 R A
5o FLW PDI ZERRAE 0.2~0.5 Z 0], RPRAE A WM RSHRER . 76 Tang S0 il £ 40 B T4 A1
BONHLI(£S), LR WIO/W FLIBAFFT bt 15 2 A0 W] A9 25



178 RIS E ST S

2024 “F-55 9 #

AR RN GRE R IIA —ERR R
T 9t 1 A R 23 1 A5 ZLIROR R AR AR /N R
B TR T AR N O e A S Wi E
J 525K, WPL:LM=2:1 F1 1:1 Ah/KAH & i
/B (70% ,60% ) 4 25 53] H BRORE A28 ek /I Y B 52 4
Al fe i F Span80 A1 WPI J& W 557 1, FEFETES

T b A AE B K AH AR A 306 D[R] BRI A TrT 5K T
HCE 1 JE G WPL:LM=2: 1 FLI bt 75 735 7K A6 L 1]
SRR 1Y YAy A N U < A N o o - 0 5 B R
TS R B I0RT AR K A LM 3G SR
Diaz—Ruiz 2™l 2 W/O/W FLW A T3 i X A
R EEE R AR B T R AR

5 NEfEHE A E W/O/W 2L PDI
Table 5 Different storage time W/O/W emulsion PDI

PDI Sh K AR e F %
90 80 70 60

WPI:LM=3:1 0d 0.3537 = 0.03™ 0.2633 £ 0.01“ 0.2873 £ 0.03* 0.4117 £ 0.03*

7d 0.4213 £ 0.05™° 0.5217 £ 0.05™ 0.4223 £ 0.01™ 0.4633 £ 0.01*™
WPI:LM=2:1 0d 0.2683 +0.01“ 0.338 £ 0.01™ 0.417 £ 0.01™ 0.4157 £ 0.01*

7d 0.5627 £ 0.12* 0.4337 £0.01™ 0.3913 £ 0.01™ 0.347 £ 0.03™
WPI:LM=1:1 0d 0.379 £ 0.03" 0.263 £0.01“ 0.4117 £ 0.01* 0.4793 £ 0.02™

7d 0.4783 + 0.04** 0.4563 £ 0.06** 0.399 + 0.02* 0.459 +0.02*

W A F RS PR A [ SN K AR TR0 A7 7E 35 P 25 53 (P<0.05) s AN R/INE R R AN [F) 5T b R BAT 3 M 22 5% (P<0.05) .

244 WPI-LM A[EBiar b A [ i ) 2L
Zeta—HL 7 520 Zeta— HE A 2 B Sz e 2 VR TR T
() AH ELAE FH B RN, Wi ) Bl e 5 | 38 R 2R
Wi Az A | Zeta—FiL AN 246 o (LB /a7, 7 1 [ 11
LR WK FLI AR e ™, R 6 A [R it
JECER 18] W/O/W FLIK Zeta—FL A7, O d AYFLIR RV 46
XHEAE 30 mV LA L, AICE 1R DL A 48 5% (5 AT
FITREAR, 7F 25~30 mV JE [l sh, &l 11a B H Y
WPL:LM=2:1 B ,0 d A9 2L 0 H A7 48 X0 E AR fL A
W J L A8 Ak B AT S 1 5 U Y B 3 7R AR K AR R
it 80% ), H A J KM A LXE R (34.47+
0.35)mV. JCE 1 J8J5, AT 4XHER —EBRE T

R, DU & SR A KR 5 Eb A v v L v P 7 & 2 B
R, RO B kB SRR AR L e
Pr e XHE T ORI AR KA & R
LV VR A3 IO B AR R R DR X DS
PLAE X KA —E BRI T, X 52545 P it
FEAE A — 2, E 11 YA KA G = 2k
60% ) , WPL: LM=1:1 B (1) LI H A7 55 14 HE A 46
SHE M (36.2+1.32)mV , WPL: LM=2:1 1 3:1 §JH
D7 4 X AR 22K, AHXS T Y WPL:LM=2:1, 4k
KA 5 E 609% 1 FLIOECE 1 FA R 5 A2 R B i
FLW AR E

* 6 A EfEEEE W/O/W 32L& Zeta—F i
Table 6 Different storage time W/O/W emulsion Zeta potential

1K AR A F %
Zeta—%, 45 /mV
90 80 70 60

WPI:LM=3:1 0d 30.63 + 0.7 342 £ 0.4 29.93 + 0.385 29.43 +0.32%

7d 18.7 £ 0% 27.03 £ 0.47* 17.5 + 0.6“ 26.23 + 0.68*
WPI:LM=2:1 0d 30.87 = 0.46™ 34.47 £ 0.35™ 30.73 £ 0.31% 31.03 £0.93%

7d 22.47 +0.64% 22.9 +0.46% 27.73 £ 0.15% 31.23 £ 0.23%
WPI:LM=1:1 0d 33 +0.1™ 30 + 0.46% 29.6 +0.82% 36.2  1.32™

7d 25.03 £ 0.47% 23.47 + 0.55% 29.7 +0.17% 25 + 1.28%

T AR - B AR AN TR S AR TS I N A7 78 S 235 1 22 5 (P<0.05) s A TR/ S BR[O B B8 351 22 5+ (P<0.05)
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Fig.11

WPI-LM with different additions (WPI:LM=2:1) (a), different mass ratios (60% external aqueous phase)

(b) different storage times W/O/W emulsion potential
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Fig.12  Viscosity—shear rate curves of W/O/W emulsions with WPI-LM=2:1, different additions of external aqueous phase(a),

60% addition of external aqueous phase, and different mass ratios of WPI-LM (b)
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Fig.13  In viiro gastrointestinal simulated digestion

release rate of W/O/W emulsions
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Abstract Pomegranate is a medicinal food, and a large amount of pomegranate peel and other by—products are produced
during processing. In order to improve the utilization of pomegranate by-products, the active ingredients of pomegranate
peel were extracted by different methods and their antioxidant activities were investigated in this paper. Subsequently,
these bioactives were steadily encapsulated by water—in—oil-in—water emulsion (W/O/W) emulsion and the effect of W/O/
W on the stability and bioavailability of polyphenols was investigated. The results showed that the ultrasound-assisted al-
coholic extraction obtained higher yield of polyphenols with 25% than the ultra—high pressure extraction and enzymatic
assisted extraction. The DPPH, hydroxyl radical scavenging and total reducing power of bioactives extracted from
pomegranate peel was better than VC. While the ABTS* scavenging activity of the bioactives was not significantly different
from that of VC. And its scavenging activity of superoxide anion was higher than that of VC when its concentration was
lower than 0.4 mg/mL. W/O/W emulsion could improve the storage stability of the bioactive extracted from pomegranate
peel, and protect the active substances in gastric digestion to targeted delivery and release in the simulated small intes-
tine. This study provides theoretical reference for the further processing of pomegranate peel by—products.

Keywords pomegranate peel; polyphenols; antioxidant activity; W/O/W emulsion; steady state encapsulation



