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B4 |, Infantes—GarciaGarcia 25" 18 A [\ 5 10 #4
BT O/W R ZLWE T R ik K A ok R B s e, 25 2R 3R
B, DR T2 53 B £ MU SR IR RS SE A0 3L RN R
Tit 1) K ik S8R B AT 35 22 5+ o Torcello-Gomez
G2 IR G0 SR R Jo 2 R ) B T o O P v R
S W %) 2 TRV R R A o IS HL vl /K A T 2 BEL A
JIELER i il BB AL T g IR R AR B
1 g I Tt VA A 810 i o VAR b o

VEIUAE, [ Y AER X5 R J5 28 326 4 R 1 AF 58 4
SRR T S B R A At iy vt is )
P AR AR E R B Y . AL H /a3
TE 7% 1 550 ) i 1% B — BT T B DL Sy ST 2 LA
55, W A T 1R 5 0 i 1R Mg e fr St T A A
P, 8 v 4 R VR 75 2 W TR A I Tl T K fie . F 5T
R, AWK o T 2GR B B B S
JEBEATAE M, T 5 S T2 R U B e H
ST PE R RE , SEIAR T RR | Ca?t LA K B AR D5 il
TE ST AP H, 8B T A b i g 1 R
RRPE AR SORE LG 23 B A FURI/N 23 7 R T
Fr ki 80 KM, A4 BB I XS T DL L A S
TET P P 0 2% 4 K 45 4 I T3 28044 (Lutein—-NLCs) , fff
5% 3 Fh S 45 R X6 Lutein-NLCs f 3% ke 0t
TR AN Sk | BT U BRI A A R B Y 5
M), IR I AR o e

1 MBEFZE
1.1 #ME5iF

M85 38 (48 >80% ) | 111 A R H I g |V FR AT
M. i 80 (Tween 80) . FLiE 4 # & 1 (Whey
protein isolate, WPI), I ifg 5 A= ¥y B A IR 2
A,

1SN NG T TR e AR T [ 1
AR 1 24 4 Ak 24 R A R | 5 AR D i
BT, B R A e AR R A BR A FD 5 A IR
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NICOMP Z3000 Z4 K47 B2 242, €[5 PSS
AL F] S Elx-800 i bR1X , 32 [E Bio-Tek /A ] ;
GI20 PRI AL R 48, WK F E ZRALES A

A 51200 & SO AR AT, 56 B2 FER RO R
N 3 BS224S HLF AT RO, db st 3R 2 R Rl 2
IHR S D JEM=2100 35 51 i 1 W i Be, H AR T
PR L4t FE20 5280 % pH 3, M 4S8 —4E )
AL BRS 7] ;MD200 AWK F14X, A Bk
LA AT BRZS 7] HT-HP FLii i A8 42, 35 [ 22 v
LT B AR AT BR S ] 5 85-2A K I A i )
PEFERS , WM IR ES) T LM20 fUR T a8 K
By, 55 E O R 3 T ALAT BRAS F] 5 TG16-WS
£ 20w B0 AL R AR DAL A R A A
DNP-9052BS- Il fi #Afe i 55 9540, LB i = 7
i B s AT BR A ]
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1.3.1 Lutein-NLCs Wil & 2% ft &S00 Jr
%, R E R S AT L 4 Lutein—-NLCs
RS 2B, B i R H T T RS PR AT il A I L
30:70 M LU TR A, 7F 80 COK IR EE T m#ikz 1k,
TR AR 78 B AL IS 248 Jn AN B R (6 A T
HOTEN 2%) , R 3 P T P T A
i T I AH R AR E] 80 SC A 2 T I 14 7R K
VW (B B 1%) Wi AR Al b 7
12 000 r/min 25 F$4E 10 min 615 WAL, K H
o R AU e T LR AT R S, ¥R R
1.4x10° Pa, fE¥F 4 WG, HESE T 4 CHEAFTR
S A 15 3] Lutein-NLCs, HoA 4K £ sp il AH T
AT EUN 5% , 3 G VK KA ) 5= 40 4K
N 95%., L)L Tween 80 b 310 1k P57 , il £ 2 A mi
Lutein—-NLCs, LA Tween 80 il WPI & RIE S A
W 5 2 A AL Lutein—-NLCs,, £ 5. %L1l Lutein—
NLCs i 5Eah I, in A S5 5 /9 WPL KA, #% 71 1+
(1000 r/min, 1 h)J5 42| A F M Lutein-NLCs, X
HE 2 387 38 290 DK 2L 1) il 45 < BRI — R B R (FE
AR TP ST S B 2% ) W R T RROFF Tl PO LYy
AR, 8 T A BN 5% A AT 95% 1Y 1%
Tween 80 KIFWIRA, TE 12 000 r/min 55 F 4
F£ 10 min JEBUUALWL, & R EO A BT (1.4
10° Pa, 4 9G350 )15 2035 W 90K FLI . 0145 10385 38 44
KFLE 6 B2 A X 20 #1 Lutein—NLCs # A
WEREYHR,

1.3.2 KR zeta—HL AL A0 AT  FEAR LR A1 75 4L
SRR A 5 B Us FL (Initial) . B (Stomach) |
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J%5 (Small Intestine ) i £& 45 5 A (4 115 £k V80 7 R A2
Il zeta— A7 o W2 AT A5 H 10 mmol/L W iR #h 2% nf
W (pH 7.0)#i B 10 £, I TRLAR I E o iR 1000
1%}5%? Zeta—EEfﬁfﬂ'J%o

1.3.3 QWHFHAREENNE HEESTEMN
o 2 BE A A BA 9T 2 57 11 HPLC J53iE0, Cyp (0
(4.6 mmx250 mm,5 wm) , HH 25 °C; Fsh A A
HH A H BE-MTBE-7K (K FLLE 70:25:5) ,B #1 A4 H
fiE—MTBE—/K (KB 10:85:5) 86 VR, i
0.6 mL/min,, K5I %% A — B A5 B 20 4G 00 4, G000 3gf
KM 450 nm,

S R PR IOM & BRI 2 % Hejri 5519
TR O . FREL 1 g Lutein-NLCs /= i T
10 mL B0 W, A 6 mL #7587, R 5
FHE A 3 000 r/min B0 5 min, IR AP (1
) N, R — i R, 4 045 pm A
PLUE RS 1t U, SR HPLC J7r ¥ i it 55 % & &

Ui 5 B AR ORI B A 25 Liu 507
JTE RSO %, FRH 1 ¢ Lutein—-NLCs 7= iy, 8
Jn 3 ml 1 2%, e I HETE 2,3 000 r/min #5.0 5
min,'&%ﬁ*ﬂfﬁ(i%)o HE A EE3 Ub\,%#
3WWCERMA N, N, T In A B, &
0.45 wm A HLUE AR UE >Rk ) HPLC J5 kA6 I - 3%
R & it R B A X (D) A
K (Q2)HH:

BEFE(%)="""2 %100 (1)
ﬁiﬁﬁ%(%):%xloo (2)
X om—M R B &, g;m, T B

%‘%/E\ﬁ ,g;m3—imﬁélé\ﬁ ,go

1.3.4  APgeRiie  SNES% Gorusupu-
di SEUS I RO R . B A PRI S ¢
Lutein—NLCs , ¥ 38 44 K ZL I A0 — it 35 R T 4k
B, m 10 mL B (3.5 mmol/L. KH,PO,, 10
mmol/L, CaCl, -2H,0 3.6 mmol/l. Mg Cl, - 6H,0 .6
mmol/L  KC1.,120 mmol/L. NaCl), H 0.1 mol/L
HCI #77 pH {5 £ 2.00 = 0.05, %1 3.2 mg/mL H
A, 8 N 37 °C L, %% 5% 120 r/min, 7E/K
SMEAALTIE AL 1 h,

i A5 . B8 R AR 0.1 mol/L. NaOH

JE5 pH A 7.0 £ 0.05, %0 20 mL 5 i 17 i JI0
TR ERIH AL (28 mg/mL 0 R E: , 30 mg/mL fi%
JIE 7 8 , F 0.1 mol/L. NaHCO; BZ i) , B TSNl
AT RS2 A0 4 b, TEARZS A K T T
ST RIFE 80 °C 24 T MK 1 min {25 7 | il J5 77
KK A B =R,

U5 mL R0 346 T 4 °C .10 000 r/min 5%
PFTFEC 1 h, BB AA , R h A A] i 5
mLIBEHBOR (V ponV 2pV wmens=10:6:7:
7)), RBEREST, B AR E A2 U N 3 mL 10%4i iR
WA S mL IECSE, HAARRE 10 min J5 R HL
FIEAAZ, EERIN S mL IEC b, IRIE T2
R EASGE T R Tt s AT LW, N, IR
TG A B 2 0.45 wm AT HLIE R B85
HPLC J5 A5 D0 i 2 28 14 & ik o 25 Wl 25 28 43 8 5
(3)iHE,

i%ﬂéﬁ%(%):%xwo (3)

A o m——IH A B P R R
g ym—— VIR L T R & i g
1.3.5  MREEEBEORE BRI E AR T 1k
SR, I AR ) Ok B3 e {E (7.5,15,30,45,
60,90,120,180 min £ 240 min)J& , W 5L 1 mL 14
FRWRE S, DA it i R i, RIEAK
()5t KRR,

Rt(%):%xloo (4)

Ao R—IH AL B[] ¢ B A i B3R R
R % ;m——IH AL ¢ B RS AW o R S
i, o M——A1 1f Lutein—-NLCs 9 I # R 1) % &=,
go
1.3.6 OWIEA kS B WO AR
Lutein-NLCs fJHOUWIEZ . # Lutein-NLCs ] PBS
ke 10 F%, B2 WL B B i m 20 v A e )2
4 I 1,30 s Je FH I AR 25 ik it i RE L SR S
19882 71 0% 90 s Bk, 75 200 kV 5044 T, i
75 G LT S A A A I RO S
1.3.7 Bk Jp e FLA R I T R R AE
TH/7K ST 9 5320 W B 2 25 ok IR R A U0 T i o %
T H LA Lutein—-NLCs 1 5, ] 3% 55 4% 5 s ohohn
A 26 mL Tween 80 /KW, VAIH &R+, 1F
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LA A /K S T BEEF- 4 (21 600 s) S5 A 2
mL JHVT R IR A (Tween 80 AU im0 50N
0.025% B+ 2 £6 e 2 o 5 R 5.6 mg/mLL) o %
F &4 B Lutein-NLCs 7K &, FL1L5 A Tween
80 FI WPI R 5 W , >R 5 20 5L R 22 A [m] ) 1%
Rt 2, X F AR Lutein—-NLCs 1K £ | [n] BE 55 #¢
SR 23 mL Tween 80 %W, LUH & %
W PE, 15 Tween 80 7E /7K 5t 1 W [ ik 31 - 45
(10 800s) JGlMA 3 mL WPL W, 750 £
(21 600 s)J& in A 2 mL YT R £ 7% W (Tween 80,
WPL ) e 2 o1 it 73 805308 0.014%,0.108%)
SR T AR AN, 3 3 s A K o R s
Rt i o [ 1 A2 A R A R Al et AN ] 2L A 0 AE Tk
KT O W R R L R SRR TR R A U B Sk
B S v, LA T KO R A BB A it v Sl
1o F A 4 o e g AR S AT R, TR
A FET A58 5 mL Al 14 mm?, K 735 57
e AR AR K R T ek
1.3.8  WURe e M B R o s O A 5
Lutein—NLCs I A2 2 1 . % Lutein—-NLCs #f
A 2R B (B i 0 B0l 2% WA R ) E T
8 Y55 7248 0 L 7E 45 °CTF BRI 14 d, 18] 4
B 1 d WEIRE S R RLAR R R R B R AR Ak, i

R R AL (5)ITE,
ﬂfiﬁ&%ﬁ%%’%(%)z%xloo (5)
K om—W G R R E RS E e

ms IR RN i N

1.4 HEBHF
ARG TS 3 IR, 45 R 5 DU 4 18 b5 o

2236, W Origin 2019 # A6, H SPSS 26.0

AR X B3 4T Duncan’s 2 1 R B #F E 4y

o

2 BR55W
21 REEMt Lutein—-NLCs B & R B
HEN M

S G5 A T Lutein-NLCs 143 355 5 FA &% 4%
WA L 1, 3 R B HIZ5H Lutein—NLCs Z [A]
LB RIAE R E 255 (P<0.05), HP W Hm
Lutein—-NLCs (35K 97.78%, B¥mTEE
B 1T A B LT Lutein—NLCs (P < 0.05) , 1 5 5 1fi
Lutein—-NLCs L 25 A%, K 96.37%, & & FH
FIAUAL T Lutein-NLCs [ 4 2080 3 10 3 & T 5
FH(P<0.05), i & F 1 Lutein-NLCs [0 FH
WA R, N 1.30%,

X1 AEFEEH Lutein-NLCs B HENELH=

Table 1 Encapsulation efficiency and effective loading content of Lutein—-NLCs with different interfacial structures

15 1% ERE &R d RS &
&3 F/% 96.37 + 0.01* 97.13 £ 0.04 97.78 + 0.18°
HAEEKZ/% 0.637 + 0.002* 1.299 + 0.013¢ 1.091 + 0.004"

TE ARG TR 1 3 22 5 (P<0.05) .

22 FHmEE#3t Lutein—-NLCs BI#iL 12 F0 FE {iL B
=)

AN T[] B 1 25 44 Lutein—-NLCs FJ 6742 (PDI Al
zeta—FELV A8 Ak UL 3R 2 WAL T Lutein—-NLCs A7
Fefe K, 24 180.86 nm, 23 T2 5 L1l Lutein—
NLCs(P < 0.05), 1fij 5 %L i Lutein—NLCs 98745
/N, N 127.60 nm, 3 Fi I 45 44 Lutein—-NLCs HY
PDI 2 35 HoRL A2 AH ] 9 228 {6 AL PDI (B /N T
0.3. A Lutein—NLCs FJ zeta— 3 37 %5 1% |
F-14.37 mV, & A F 1 AR Lutein-NLCs 1)

zeta— LV 28 YBT3 22 5 (P > 0.05) , {HL
HH S T IO (P <0.05), X R E A F
FUSUFTH Lutein—-NLCs FHAEFE () WPT X - 2 25 44
KA B SRR ) zeta—FL 07 2 MR B 35, X RURL IfT
Lutein—NLCs > i3, , 7 (9 i fap 17 0 32 22 i 5 Ah
JZ /) WPL #e 2 ® WPL )35 i 5 29k 5, 78 bk
pH (B T B A AR 5 (4 £ g2, DR G, 2 45 5L 1
XS THT Y zeta—FL AV, 26 XT38 5 Tween 80 1k —
Pk ey FREIEMER, —BAWHE, RAM
Lutein—-NLCs A9 P J& H Tween 80 7& P 3045
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Pz B 7K R Y SRR B8 T Bl Lutein—-NLCs WP A#7E
T R 0 2 2% o 5 | /22 [RT O L zeta— HE 67 4 X

fERAE,

®2 AEFREELH Lutein-NLCs RI#L1% (PDI #1 zeta—FE fir
Table 2 The particle size, PDI and zeta—potential of Lutein-NLCs with different interfacial structures

# 5 #2 42 /mm PDI zeta— 4 /mV

B R & 127.60 + 0.29* 0.23 £0.01* -14.37 = 1.60"
L& 165.72 +5.79 0.27 £0.01° -19.64 £ 1.79°
G 7 180.86 + 3.28¢ 0.29 = 0.01° -23.57 £ 1.89°

L ANFE/NG F R F R B2 5 (P<0.05)

2.3 ARFRELEH Lutein-NLCs BRI 7

K 32 5 H - I AR O 56 O ) BT 4 A
Lutein—-NLCs B OWIE A, @&l 1 fros,3 Fh 5t
45 M) Lutein—-NLCs ¥ 0 4h G B ERIA, &1

KA S B S <A A B < XU A LA, O HL
FORLAR /N T 200 nm, 31X -5 94 KR EE HL A7 A 15
RLAEEE R (R 2) FEA— 2,

(a) BT Lutein—-NLCs

(b)& 4 FHifi Lutein-NLCs

(¢) XML Lutein—-NLCs

1 AEFEZH Lutein-NLCs HE ST FRIZE (BB BRI X 40 &)

Fig.1 Transmission electron micrographs (magnificashion of 40) of Lutein-NLCs with different interfacial structures

2.4 RELEHITiH/KRENKARIEME

T D ORT: VY TR AR A R NS
N BA T Lutein-NLCs F) 4] 4 518 5K 77 e K
419.74 mN/m, 1117 B 5T RIS T Lutein-NLCs
W) 4 5T 5K AR, 2978 10 mN/m , Bl A5 TS
PR T 0 BfE T e T, B S T AW Lutein—
NLCs ¥ 5tk 77 il T [, 205 2 ik 217
M4 S g FL ok ) T B s g2t . X T
BLH Lutein—NLCs, 1A WPI J5 H 5 sk ik —
T W e 20 B T FIOSUA T % B T 5K AR A
[ R TR (S R S (TP = oy o2 B
WG B B, 3 Fh AL 1H 2544 Lutein—NLCs 1 3% I 15 14
FIA AT . BUFE THT rb  32% THT 14 55) UAT Tween
80, 55 FA S THT — B 5 1117 52 5 S 1 v %) 3 T R R R
Tween 80 F1 WPI FUIR & W, H-P, Tween 80 A%
F i B LB 7K R BB A — A TR Ak i 2 R
DRI T2 Y /7K SR T L R A R S R T

.« & 10
20k ¢ HAAh Z 2
- A U = e
‘E X G 22
: E £
Z 15t B 18
= ‘T 18]
ﬁ_é E o] 1251500 22000 22500 23000 23300
= 2 10 ]
B = Time/s
2
b lm @
38 5
=

0 1 1 1 1 1 1 1
0 5000 10000 15000 20000 25000 30000 35000
i ]

Time/s
T (1) R SR TR S 2 YOI 5 (2) IR FRERINAE
2 FEEHITH/ KFREKIERN
Fig.3 Effect of interfacial structures on interfacial

tension of oil-water interface

FURCH T8 0 w0 46 Ak AR H R B M S
Tween 80 fH L ,WPIfE b —Fp Ko FHH I, ¥
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IO B 18 | SO AR A 1T 5K T A R AR i
W T 2GR R R Ak K, ZETH
ZEEIIG

ISINRE T BRI, BT R AL G BT Lutein—
NLCs Y 5 1 5K F7 P B, 2R 1M, B 25 i () A 4
B, H G Ak 1 SO SIS I BR T R 6 1 A KSR
XU TET F) S T 5K ) B A, P4 e ) BT 5K
B TREA R, PIE RSOk S E T A
T, W] PR AN A AL Lutein—-NLCs )9t IR
TR R U BE 7 AR T ELSE T 0URL T B g R 1
/N T A A R IR PR R A v /K A T ) O AE
FH T 28 A 3 T R 1 52 il o 0O S B T A
A AR L, U I T 5K T R R, R
HAPUIR AR R B RE Ty e 55, e Al B AR
Pk £ 7% 5 W B A6 WU ST Lutein—NLCs | & 4= 5L it
AR AE L, A5 R 1 105 Tl WL B - 2% 26 7K it N WS
O R AR 5, PR B AR A A Lutein—-NLCs
149 5 18T 5K 78 Ak T R R AR 2o R Y S B 5 1
Bk SRk,
25 HRELE#HI Lutein-NLCs M EZ 4 Y7
BERNEM

PRIE T AR A 18 4544 Lutein—-NLCs H1 i 8% R
M P T 2 B L JE 5 B — I R W RLAOR L
W TS, 5 RUE 3, 3 Fh M4 Lutein—
NLCs it AR W) Al 25 22 10 3 v T i o 32 FN A
WK FL (P <0.05), AN[E FE1H 45 F4 Lutein—
NLCs "8 Z a4 27 8% (P<0.05),
Hopr, PRI Lutein—NLCs A9 M- 75 2 A= 9 n] 45 3%
e, N 63.10% ; 54 FL 1 Lutein-NLCs (1 #5 %
AT AR, M 31.85%, 5 LI Lutein—
NLCs #H It , &2 & 5 i A1 XL Lutein—NLCs H i
W AW AT 4RI AR, X AT RE R IR S U T
24 B Lutein—NLCs "1 (9 WPI &2 K4 F&HE M,
Tl B L ) AT 2, LA I ik R R B I i 3
K IH/ 7K L AL K f# Lutein-NLCs®
2.6 FmELHF Lutein—-NLCs M HEZRB M Zh
kA

It Lutein—NLCs 5 1 45 44 XoF - 25 25 B U4
PER R, 25 SR 4 FioR, BERLN AR R 3
Foft LT 4544 Lutein—-NLCs [ - 35 2B iR 5 i 5t
T > BT 1> A3 B AL, 7R 4L 30 min 9,3

Tl LT 55 44 Lutein—NLCs 4 I 55 2 B iR b ok 1
I ¥ T 28 AR S RS BRI 525 B T XL
S Lutein—-NLCs (1985 2 BR300 73.74%
45.75%F1 52.35% , M ¥R R IGHE AR 1 i AR T
YK FLI (P < 0.05), %] Lutein-NLCs E. A &
I g B, JF B A S AR T Lutein—
NLCs Ay o 22 B il i 2 3 I 35 7 0 A m
Lutein—-NLCs (P < 0.05) , % B X} Lutein-NLCs #£17
SR A A R R AR, XS
A FH Lutein-NLC AHEL, U Lutein-NLCs
AP AR T R £h B RE Ty 25 (I 2 o ), ffi 4 0L
T/ S T ) % TR 1 ) B R R R e i
i I Tt O o A vl /K B T kAR T
FOFATH Lutein—NLCs HA7 38 8 (1 1 35 R B iCR
LR DI .

801

70t
7/ 3

< 60f % . 7
82 5l
g2 7
:'%40.
3 30r

o} b

20

10

a
oLZZ2 7/ 7/ 7/ M7,

I WEAKAR NLC,, NLC;, NLCy  NLG,,

B3 AEFEEM Lutein-NLCs B £ AT 45
Fig.3 Bioaccessibility of Lutein—-NLCs with different

interfacial structures
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oL = BEAKAB
i._ o o HAM
‘T A FERE
j v WAE
0 L . . . .
0 50 100 150 200 250
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B4 FERT@EH Lutein-NLCs g T
MTEERMENTK

Fig4 The changes of lutein release degree of Lutein-NLCs

with different interfacial structures during digestion
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2.7 ABEFRM@LEH Lutein-NLCs 52 E 4 4
#

271 CRLARAEAL AL B Sa N AS[R] B 4
4 Lutein—-NLCs 7£ 56 9 [A] i 42 1) A2 A5 L . 28
14 d IS 52 G S E AU Lutein-NLCs
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Influence of emulsifiers and antioxidants on physical
Effect of Interface Structures on the Stability and Bioaccessibility
of Lutein Nanostructured Lipid Carriers
Xu Yayuan', Li Xintian'?, Dai Zhuqing', Zhang Zhongyuan', Feng Lei', Li Dajing",
Nie Meimei', Zhang Guodong’, Zhang Xing’®
(“Institute of Agro—product Processing, Jiangsu Academy of Agricultural Science, Nanjing 210014
2College of Food and Technology, Nanjing Agricultural University, Nanjing 210095
YJiangsu Aland Nutrition Co., Ltd., Taizhou 214500, Jiangsu)
Abstract In order to evaluate the effect of the interface structure on the stability and bioaccessibility of lutein nanos-

tructured lipid carriers (Lutein-NLCs), whey protein isolate and Tween 80 were applied to design Lutein-NLCs with sin-

gle—layer, double—layer and complex interface structures. The basic properties, interface adsorption characteristics, bioac-

cessibility as well as stability of Lutein-NLCs with differen interface structures were investigated. The results showed that

the particle sizes of Lutein—-NLCs were in the rage of 127.60-180.86 nm. The maximum encapsulation efficiency of

Lutein-NLCs could reach 97.78%, and lutein bioaccessibility of Lutein-NLCs with differen interface structures was signif-

icantly higher than that of ordinary nanoemulsions (P<0.05). Additionally, lutein bioaccessibility of Lutein-NLCs with sin-

gle interface structure was significantly higher than that of composite interface and double interface structures

(P<0.05).
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The release rate of lutein in of Lutein-NLCs with three types of interface structures was significantly lower than that of
ordinary nanoemulsions. Furthermore, the sustained-release effect of Lutein—-NLCs with composite interface and double—in-
terface structures is more significant compared to single—interface Lutein—-NLCs. During storage, Lutein—NLCs could in-
crease the lutein retention rate, and the retention rate of Lutein—NLCs with composite interface was the highest, which
was 12.06 times that of control group.

Keywords Lutein; nanostructure lipid carriers; interface structures;bioaccessibility ;stability



