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Abstract: Protein-polysaccharide complexes exhibit promising functionality as encapsulation wall materials to enhance the
stability and bioavailability of bioactive components during delivery. In this work, zein-peach gum polysaccharide (PGP)
nanocomposite particles were fabricated via antisolvent precipitation. The interaction mechanisms and microstructure
organization of zein-PGP composite nanoparticles were systematically investigated using multi-technique characterization,
while their antioxidant capacity and colloidal stability were concurrently evaluated. The results showed that the primary
forces driving the formation of nanoparticles between zein and PGP were hydrogen bonding and hydrophobic interactions,
which contributed to the stability of the composites. At the meanwhile, the incorporation of PGP significantly enhanced the
radical scavenging capacity of the complexes (P<0.05). When the mass ratio of zein to PGP was 1:1, the composite
particles exhibited optimal stability, with a particle size of 156.73£5.17 nm, a PDI of 0.15+0.01, and a Zeta potential of
—31.434£0.44 mV. The relative contents of a-helix, f-sheet, and f-turn in the composites were 45.0%, 12.0%, and 15.0%,
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respectively. Additionally, the presence of PGP enhanced the quenching of zein's intrinsic fluorescence. These findings not

only provide a new perspective for the combined utilization of zein and PGP but also lay a foundation for future

applications of composite nanoparticles in delivering bioactive components in food industry.
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BRI LIS R A T 52 21 e al
YIS LAY B 3800 5 430 HE SR A e By o, S Bk
LT A B B AR (O [ AR BOERT M ke i 3228 i o5
WA (A, Horh 20 B BRI RS . RS . R
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Al EhiR . AEALEN  Srbral, =258 bAoA
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RV10DS96 AUJiEF% 25 & L . HB10S096 BUE 7 /K its
By L RAUERE A PR ] 1S20 #Ud B 2148
T EEFEE RHIRBHE AR SUS010 Ay &
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VERAE 100 mL 80 % (v/v) ZEE/KIEE W, i FE =58
EVRE, AR TN 10 mg/mL 1Y Zein- 2L BEE
W, 45 B H L Zein B W R N SRS 41 5 0.02,
0.05. 0.1, 0.2, 0.5 g By PGP ¥ T 40 mL 4iizk b, i
PEE VR, 1SR BT S 0.5, 1.25, 2.5,
5.0, 12.5 mg/mL %) PGP #¥; T 10 mL (1 Zein-
R G SN AT 40 mL BNk ZHEEw T,
% Zein-PGP i & kb o 5:1, 2:1, 1:1, 1:2, 1:5,
1:0 M _onE G5 alis R (AR Lb i =2 59057
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TR (1000 r/min) ELANFE 2 h, 7E 45 °C K 5&
P TS B TERE 75k 2R O WE . BRI AS R b
F 4 °C VKA I TR R, He AT SRR e
—80 C R URZEWI 12 h, 2RJ5 HA5 R R T (=50 °C)
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1.2.1.2 2AMRBOEIENE  >RA UV-6100 L5}
53 CEHRSE Zein Al PGP BUAHE AR, ¥ 1.2.1.1
il A AN RS LU 9 43 O RS 10 4%, [RIRS B il —
REWREEN) Zein- SFE/KI WA PGP-7KIFF UK, il 585k
S CEETFRA T AT, S0 e A i 1 B8 A M
WG, & 200~600 nm HI3E TS, 200 nm/min
TR AT, DAZE/KVE 2 X g .

1.2.1.3 (HHEIFZIIMERE T SRS B AR 4T
HISCREAGNRE Zein, PGP DL Kz 1.2.1.1 HI45 B[R] 5
kb Zein-PGP B G522 45H4 . AELTHMNT ML
KT, HL 2 mg A 558 VR AR TR & Y ST
(EEBZS 1:100), FEARERIRIFFMZE, LA 4 cm™ 43 HE%
TE 500~4000 cm™" PG FBIN XA T HE T3
1.2.1.4 B A5G350 K 1.2.1.1 Hl & 0 AR [H
it b Zein-PGP B & WIS H EE F/RMREE
0.2 mg/mL, Ff LI B FRAE s T BRI TR —
SEREM A o FHGEER N 1 nm/s, FIG KL FE R
200~260 nm, 7 P~ 2.0 nm. X Pro-Data Viewer
AT BEATEARAL P, 32 ] CDNN J5 345301 85 1 R
Y LMY 4H Y, 8 i AppliedPhotophysics 14 CD
Spectra Deconvolution &R,

1.2.1.5 260 iE 4 A B 1.2.1.1 6l &5 09 A [H]
Jii i Y Zein-PGP & G )AL 228 FoK R R =
0.25 mg/mL, F DL B8 /KR AVE R Zs X B 7245
FEIEM A . FE 280 nm 3 & P T I 2 AN [RRE & 11
PR (250~500 nm), MAEHLE A 1 nm.
1.2.1.6 OS54 K 1.2.1.1 8 1R TRESL
B EFEASE RS & _E, SRE T a9 4, R A
g B G T AR AE 5 KV N F T
K 50000 FEXEEHE S ITOIIERS o

1.2.1.7 FHpRifE | Zeta M FNZZ 53 HFE £ (PDI) il
E OB 1.2.1.0 IR FE R B L Zein-PGP Z 51
e ZEE TR BEE 0.1 mg/mL, FRAARE Sl I
10000 r/min F53E £5.0> 10 min J5 W8 Eis, 14
SEHEFEASCIN KA BRI A% | Zeta FESZ AL PDI, SRS
M EE R 90°, KPTHTHA 1.33,

1.2.1.8 HiLA4bsrHr DPPH [ i 57 R %K. ¥t
0.002 g iy DPPH A JG/K Z B E 25 & 50 mL, 15 %
0.1 mmol/L DPPH Z B - FEZ IR T kG F4
1 h, BT 4 CyKFAHEAFH. B 1 mL Bis 451
F5:1.2:1,1:1,1:2,1:5. 1:0 1Y Zein-PGP £E 5k
5 2 mL DPPH ZBEEERIR S 20 s, BOGEHE 1 h, 78
517 nm P FMERSGE . LUAFICERES 2 A

DPPHH Ha%i%&%%(%):(l—%)xloo =x (1D

o, A FESRIROGEE; A 25 X RRIRO\GEE

ABTS'H 3L 7E R R 1 0.0406 g 11 ABTS
10 mL 48 2l /K %5 i, 459 2 ¥k 28 7.4 mmol/L 119
ABTS - 1 0.0141 g i3 6RAREH A 20 mL #E4li/k
VA, A5 BT M 2.6 mmol/L Y BRARBI ML . B
RECHIY ABTS Al GREREIAM AT 5 mL R4, #E
G4 T I BE 12~16 h, 3548 ABTS T /EW - HX
2 mL TAEWBEATFE RS, fTILAE 734 nm &L 0y WG
{E>4 0.70+0.02, H¥ 1.5 mL A[EFEE A Zein-PGP
HEEFET S 2.5 mL MBS ABTS T ARG
SR 5 min, 7€ 734 nm PR P08 A S R OGREEAE S
DIZEFMCERES R 2s AR RE, A0 (2) 15 ABTS'
I FH S R

ABTS*QHH%?%IL’%%(%):(1—%)><100 2 (2

2, A FESRIROGEE; A 25 I BRIBOGREE
1.2.2 Zein-PGP E-&5WkE 4T
1.2.2.1 WOEFEE MR AT AR K 2 P o
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YIS, £ 4 °C A N BAE 28 d, 43 I RESS 0. 7.
14, 21, 28 d BEMRMFERARE . Zeta HEAV AT PDI.
1.2.2.2 #FEEMEHT LA R KB R e
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WIS, KRR A B TR KSR TR, IndR R Sy
H 4 30, 40, 50, 60, 70 °C, hn# 3 hiY, BE )5 8 o
10000 r/min P 5.0 10 min EERUTTE, T E 8.0 )5
VEWEEIRIAL . Zeta HLAZFT PDI,
1.2.2.3 B FimERENE IR KEES & T
Sy 2.5 mg/mL 4% Zein-PGP Biig bl 1:1 ES
WIVRW, S35 H)E N 0, 50, 100, 150, 200 mmol/L
1 NaCl ¥R SHARFRIR G, Feor P e e =i T e
3 h, )5 iE 10000 r/min #£3EES.C> 10 min ZERUT
VE, MR8 B0 S USRI~ kiA% . Zeta LA PDI,
1.2.2.4 BROEFEEME AT DL ECKEAE M ek
BE A 10 mg/mL 45 Zein-PGP i tb - 1:1 9
EWVEWR, FAHIE N 1 mol/L 1 HC1 1 NaOH &K
FEI R S Y pH 435 JE R E] 4. 5.6, 7. 8, 7
Sy P PR TE R IR EE 3 h, BE)5 @13 10000 r/min %
HEGC 10 min ZBRUTTE, W2 B0 5 W -3k
1% Zeta LA PDI.
1.3 IR

TR s /LB AE 3 IR, T A BRI N
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2.1 Zein-PGP HREURIHILEHI M BRFRAE
2.1.1 BRAMBICIE ST SRS G RPN AR
Ah G IR TR A RT SE T BE, B ARSI AT A T 8T
PIBCAI . 4T SR U BAE BT, SR8
TG I K B B PR BT EE T RE A A ARk, a0
& MU ISCIEEAN RS Sl B S SRR ARk

iE 1(a) s Sk K B 8 1 ARk IS Z2 W8 109
He SN R G TS S5 R . Zein BY 4R AE W Wi g 7E 210,
280 nm BT, X5 F KR 85 I E S s i i g
e — 230 330 A W AT G 43 1) SR TR T 1 R
(C=0) M n-r" BRI DA B 55 T A JLR R 3L (&R . @
RIRFZENEIR) Y 7 BRAT 425 PGP 7E 290 nm
BT AT — AR AR A4, 3 AR E 2R i) B G % 3
BRI, & 1(b) MAET L Zein-PGP 2 A Y1004
HIGRELE R 5B Zein AH L, Zein TE [ 2025855
FRP A G AR T oA, WO R A T B AR,
FRIEM B PN 210 nm F£ 3 2 290 nm KT, iX AT &
e R A S IR | (o0 SR RN DR U IR 2 0 A TR S Rk 1
FRILFTADTHIARTE A= T DA BB A P AR i, A
T & A R A W A 4T 8% o 3 3k 40 BT A [] 5 A Ll
Zein-PGP & &G AR mT i, 52459 i W Iieide
EjHL— Zein MW 25 S L, WIS G SR T
B, BEYIWSCEEH B, v T Zein 1£
FI 20 2% o s e 55 2 b X AR B AT R AR A S e AR
24 PGP 5 Zein MYBi/K 2 FERRER FAH B AE AT, 23l
FB AT R AT PR L (0BT AT T R 55 (a3 A

(@ 30 ——Zein
55 ] ——PGP
204 1
i \
215
10
0.5 1
0 | e S
200 300 400 500 600
WK (nm)
(b) 147 —=— Zein-PGP, |
1.2 1 —e— Zein—PGPzzl
101 —+— Zein-PGP
—v— Zein-PGP
f%( 0.8 1 —+— Zein-PGP |
= 0.6 1 —<— Zein-PGP,
04 -
0.2 '[ s IO e Th —
0
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1K (nm)
El 1 Zein, PGP(a) FIAN[FF it kb Zein-PGP & AW
(b) Y LI IO

Fig.1 UV-visible spectra of Zein, PGP (a) and different
Zein-PGP complexes (b)

FIE A RS Ry W 2 748 RN SNT(TE: )| W N L
FEPT, [fizE PGP UShnE pysgin, fRhrigsm B gk 201
K, FBH Zein PGS K4 T 248, I H. PGP 5 Zein
KA THEEN. X5 Zein FRE TILEEEE T
iz fis (EGCG) AH 5.1 FH W 58 v i 45 5 — 2K, Zein-
EGCG o= &4 Al H BT i i g7,
2.1.2 (LA G REE LTSGR AR
AEDGEAST 5 L Sh AN A5 B 1) 728 Ak (B 3R oyl 55 )
B T Sy lal AR AR FH A5 R, DR s B 2T A% il
FHF 324 85 i S 20 = A AH BAE P
& 2 AN [FIRE o B8 B 21 A1 6 1% 45 SR &, 3100~
3500 cm ' JL B Y B35 T PR ¥R L A0 4n iR 30, i
TR B T A FmERE 1452, mhae 147 2 h
C=0 FRF C-N FEH B HRAEIR SIS (AL, FELTAM GRS
R S BHCARERE A0, TR B T IERE T 7 i 4er
iE, T ERE I 87 00 33257 N-H JEH 925 PR shfn C-
N L P Y A 48 Bk 20 52 i, 53X PR R IR 3 04 B B il
T ERE T 15 AR AE T S4B, SRZEAM B Zein £
3325.19. 1656.71 1 1534.48 cm™' &b & 75 HY 4% 4iE
W, 28 I AL PR S, 3K e A R 2 3317.62.
1656.35 cm ™' Fl 1533.67 cm™', B, 3L HR shik
LI | MR 1 A LT R, Wil T+ (IR By R A%,
XA A Zein SR A TARME, a5 4T
ANTF BT 5 L Zein-PGP & G- 19 2140 St i €1 AT 40,
PGP INAJG, BRIEAMGEIRS W & 2L T H B iERE, 5
RIFLENZEE 3321, 3336, 3344, 3349 F1 3394 cm ™', %
ZEIRFRI, Zein 5 PGP Z (Al & A TAHEAEH, nlfE
ST PGP BRI FL S Zein ALY
TR 2 [ A T Sk, B2 PGP @S i g,
T S R i B R I 5 . B PGP A, Tk
T R AN 11 H7 A A0 Fh P 1T A8 B i AR A28 1T
R AIE W 5 AR B 2 R AIG, X T REJZ B T Zein 5
PGP Z A B /K A HAE ] BT Zein 19 2045
FZEAEE . PGP AU E B 2T SMFAE G IS K] 5 Chen
ZEBY R F ST 45 R — B, FE 3418 em ! ARAY TEATAT T
& F-OH il C-H My 430, £ 1614 cm™' &by 4F
A W 155 8 5 114 F TR FILAS SF Bk 1 P PR s A o, AE

WHGEE (a.u.)

4000 35I00 30I00 25I00 2060 1560 lOYOO 560
PHL (em™)
K2 Zein, PGP K ARk L Zein-PGP E A1)
LM R
Fig.2 Fourier transform infrared spectra of Zein, PGP
and different Zein-PGP complexes
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1036.55 cm™" ZbPYAFAEIEN] 5 C-O H A4 A OC .
il of WEE Zein-PGP -5 W 1006Gi1E, vl LLE 5] PGP
IMAJE, 248 WTE 1000 cm ! Iif VT L T —AHTHY
C-O-C JREN I, X 2] PGP 5 Zein FYIEH &4
TAHER, —UF T B Z R EAE A . 25 LT
iR, Zein 5 PGP Z 0] (AH B AR EAEIL MY, 222
38 3of S EEATEE /K AH B FH S E

2.1.3 B EESHT Bl g — s R
FA SR e 25 A 1 RABCPRER 7 k02, 1R s e g
T RAFE B OREEE R (IS5, I Bl HAL 45 M 5
UGB A S I A R TR I
REEFF R, W a-IRHELSHITE 208 F1 222 nm Ab&s
HEL GG, T S-PTrE LS FI7E 210~220 nm Ab&sHBLIE
W, 30 3o XS BRI 37 B A ARk, T A AFEIN 25 11 0
THREGEMIARAE ., BIE 3(a) AT IE Y, B— Zein 1Y)
B — 56 B AE 209 nm A1 223 nm [ T4 P> 17
U, 7E 202 nm Zb B A —PFAE AT, XKW Zein H
A D oM EAYEEFERAERY, X SRR AR pUFSE
SEIR-—3, ¥SHN PGP J5, Zein & F W GIHEIEE & 4
ANEFRE R AL, L HJEFE 209 nm #1223 nm Ab
T 23R 240 X 5 25 ARk, W) Ak (R i 5t R A T AR Ak,
K ZBEIINASEN T Zein MU S, S
WEERG N R A T AR ST X SR T Zein 11 PGP
Z I EA S FAHEAE R T, 280 E A 7%
FATE I L AT, FTRE T 4ERF o-BEIE 45 44 114 i v S 185
&l 3(b) 2k Zein-PGP & & W 4549 5 LL &l .

—=— Zein-PGP_

@ ] ~+~ Zein-PGP,,,
—4—Zein-PGP |

20 | v— Zein-PGP .,

s \\\ —— Zein-PGP] 5
ﬁ] 0l —<— Zein-PGP,,,

»— Zein

[l

200 210 220 230 240 250 260
P (nm)

e e

—~
o
~

43 HE (%)
3 g

+
%
N
(=)

.

%
[y)
(=}

0 4
Q50 R R QY /Y QL
L LLLE LV
WA a4 S
K3 Zein AR L Zein-PGP & A#H B — (G4 E
(a) P G0 25H di b (b)
Fig.3 Circular dichroism spectra (a) and secondary structure
proportion (b) of Zein and different Zein-PGP complexes

Zein AL 32% o-IRNE. 18% p-P1& . 17% B-5%
AR 36% TCHLINE I, 3X 5 RS0 AEPY FoT2s SR
FALL . 24 Zein-PGP f4 JiT & Ltk >F 5:1 B, Zein 1Y a-
HELE AR X B i R R 2R 28%, S-HT B AHXT & i hn ==
19%, JCHLI G th 5 N 2 37%, B-55 FA7AE0E /)N, 3X
Y5 Zein-PGP [ i & bk 1:5 BT I &5 R AHRL . 24
Zein-PGP BB HEFb 2 2010 1:1 Fl1 1:2 B, Zein B9
a-WR TiE 25 A AH X B & 43 B TR E 43%. 45% Fn
48%, T JC IR D] A X5 g st 2>, SR 9%
ZEAARAS EINAT PR B A ik A 4k SR — 2
BT Zein 5 PGP ZAlfAEEAEA .

2.1.4 FOEIESTHT B A POGR HIXT OA EE
MR REURR, PRI G TS E 4T TRIAE B AR
FHWEZ T H, SEARNEBES IR (Trp) . (U=
(Tyr) FEEN R (Phe) Y HAT RARZE, X LLFRILAE
FREP K R g hodt. Hr, Trp iR A
HFEA7 T 348 nm, Phe £E 282 nm, Tyr £ 303 nm, H.
YR N Trp>Tyr>Phe”, T Zein H Trp &1
AR H. Phe 1952577 A%, DA B 322 A0 3 7 Fh 2
FLWE B S CRE A RIXE, SRTT Zein &7 /K Tyr 3%
H, HizFRILAE 280 nm K ML T RS =B 5%
. B, ASSZEPERE 280 nm VE NI R I K, LI
E Zein FINIETEDEG, FH5048T PGP BUNIIARTE TN
PR G Y SE R, SETTTRIE & i ah 6 7=,

Kl 4 JAIE T Zein-PGP 24704 PN R
TECICIRELE R, 45 R IR, Zein 195 IR WS A7 T+
304 nm 4b, HIE FAMZIGHRERR, X —45 1G5 %
KIS ER A I AR TR Y, S PGP & =3,
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Fig.4 Fluorescence spectra of different Zein-PGP complexes
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