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A2V T AR AR U 2R = S5 ), PR T YR RS
PRV TRE OGP B v B R R L AN 9 3 AR
FEAE T BRI . R R AT 2 BE A iR K S 3R i 1k
WMk, RS TR M AR R BT B
YUK E FRIEF A E—MEZ/NT 1000 nm. 0] D%
ERVIRIGPRIA R, TEATYRR T PRI
IRH . KB MR RARFIGK R a8, gkog
AR RS HADE R ARG B E R
1 BA RSSO AN > AR w1 . KA AR
D)1 AN A= R N B s g S DT T
EFRMR AR E, 1R E RV AR R
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IR R IG5, TGS IR PR BOE FE 9 2 A1k
X IR R AR SR P, 3) AT DAY BRE R R 35 i
M, BRI RIEE RS MR Y. AT, BT
BRI GOKE FRIEE RO EMAHEEK, R
BRI R B S ), X PRI T gk E IR IE B A S
BRBLA o

FOKEEHEA (zein) A KERHUKERER, H
DA IR, RSB T K. KR,
M T BE KA 580 5 LA K 2 R HLIAEFIR
A, Liu V58N XATEEF zein 1) BAT045 H
KL, 1A zein & 9 NMAI RV E G AL, LA
SCPAT 5K o zein £E H BT TR I, 71
TAGRES ST zein 7 FRIR KSR, mATEMAIKER
TERLT o PRURBRRR I 3 7 458 Je B AH B, zein W]
BRI T I BARR R BT zein IOSE L AAE 6.2 7244,
zein PORPLFIE KM FARRE 2 R AERSE. 1AL,
zein QKR FLETE R 2 RGd e Hh 2 UK B DU, T8 s
TIER W o fRPRX — [ AR R % zein 9
KARLF P FER NN Z 08 Ja 28 R A B A R As e 7,
BH 11 L 7E AN A AR AL )3 — 25 TR 4R,

FeEME (chitosan, CS) NRIARE N T, KEEE,
A& ER, Horafmys, BALE. MEE. &Y
A AT RS A, FEH BE RIFH M. A
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FLRH, CS & zein KK TR R FRE ], nIHE s [a)
A7 FEAE F S i A AR S, A %77 1E zein 7E A1 2644 22
TG I RHEL), Chen SRS, CS AR AEBER
P FESRs e H 2R, 1 Hoo] DUE KSR AR — R e i B
R 45 B BT ), 30 sk LA R CH R 1 5 8 B feh R 3 in 4 ot
TR B A RORE

TR, RTEAZEEFRBIEKRRMNPHAZES
EEAWRE. SRR, EA5 20 ) S 9Kk 7
PERR A2 . Hu SR BN SR (6 T K R 2R (14K
Wi 2 () e gt =3 1) Ao BELAE FH RH & B HE e 4 R4 b+
FasE k. Chang ZPIFFT T R KERE R A M =R 20 (IR
e B EA R RAAED f&MEARZEES
MK RL T SRR o TR, RAIFR H R4 4t
REAR TR AT, A EE&RYPKR T . Luo
S ORI A 85 A 1A 7 BREGRR 7 R A 4R T
BB, HERT TKEEEDSREELGIN A E
()6 MR 2R T BN 71 52 . AH /DA SCREIRANIRFT R
T ZHEA R 71 20 B 2 PEGKRLT M5 57 3L
il 2

Z# & (Curcumin, Cur) FERIFETEREZHWEHE
MEEMRZE, BAPR. prEth. B, ushiicoh
FEREAL AP 25 2 FhThRE . SRTT, Cur & — M IRVAE TR
xR, HoKEMZ, N 11 ng/mL, KE3EANEKSG
MEEEHES, TR IR EK. th4h, Cur 552 6 FIHE
oM, ECRESRAT S 2 o R N BT B RR AN A B, AEAR)
2R TR E MR T BEE B N .

Rl AR AR N E TRy, Bk
FIBEE R PO EMARERML. RENREE TN
L, A SEFIGTE A zein-CS YKL T, 5 CS
. zein 5 CS i LGRS H AR % Cur PERE
HIsEm, RAEPURRL 450 Fae ERIgEREtERE, DA
NHBETBNLEE, YK E FRIG I R RER L EER IR

1 RS

1.1 #R5RF

ToKBEVAE A (40 98.13%) , HARMGaizg Tk
Aot FRERME GRX 2 FiiEHN 5%10* Da 5 1x10° Da)
RERDTTVEMBEARARAA; TRRE HX 5Tl
N 3.4x10°Da) , WHL &2 RAF .

TG Orfrdl) , RETERRIERAAA;
KR Cortral) , RETERREAFRA; 25
TR, RERHERH.

1.2 UE5EF

TR RS-232, FHAuHiAL I Tl izl IR
ANFEl; BHL: TDL-5-A, 2SRl AUEs] s fii
A HI-6A, WMTINUEAIRAF: BB TE
Bl: FD-1, dbERfBRMGRHEREARAR; BAKRS:
Milli-Q, %[ Millpore A#F]; HOKBPIEREE: BT-90,
FHRET RS E R AT zeta BAAZAY: Nano-ZS, JE[H
Malvem A #]; FHIHETEME: SUIS10, HAH LA
o4t HEMZLAMERE:. TENSOR 27, MG XS Al .

1.3 zein—CS KK FRYHI &

HERIRRE 1.0 g 1) zein ¥y A, & TR ECN 70% 2
B KA, BeHIRE N 10 mg/mL, FTERRR. AERRRE
NG TR CS (MX TN 5x10°. 1x10° Fl
3.4x10° Da, Zr#ln4 N LC. MC. HC) #¥K, 8T
R BN 1% B KIS, TR0 AR, ] BAN Rl
FE CS ¥ (0.1~0.5 mg/mL) . fEREFIHEHEE R, /] 5 mL
TR (3R S 25K 1 mL BER, DL 2 3 /s (38 B2 AN 2] 10 mL
iR CS i, R A zein/CS JRELL AN 2 1 1,
4:1, 6:1, 8.1, 10: 1. #H+: 30 min, B, zein-CS
LT ARIERL T CS 43 F RN ZE 5, fiy %K zein-LC,
zein-MC, zein-HC Z9KHi 1.

1.4 12 Cur B zein—CS KK FHIHI &

%, ¥ 1.0 g zein M1 0.1 g Cur 23 HIMIAZF] 50 mL 14
SN 70% ORI, TPt 780V R. TER I
PR, 4 Cur (1) ZEEA BRI zein R (FRIEE A
BAWREEA 10 mg/mL) , FFEHE 1 h, B0 (3 000 r/min,
10 min) R EAE LR, BB RT3 Cur W2 A RER,
NP B IR, 4 CHREAF& .. 8 5 mL MR AT 5 2%
¥ 1 mL ik Cur MEEEBRELL 2 /s B N2
10 mL AN[ERJE CS W (0.1~0.5 mg/mL) 1, {75
LK) zein/CS JRELL M N2 1, 411, 6:1, 8:1,
10 : 1. 5+ 30 min, B zein-CS 49K . 173k Cur
H] zein. zein-LC, zein-MC, zein-HC Z9K¥i T, 257l
4N Cur/zein, Cur/zein-LC, Cur/zein-MC, Cur/zein-HC.
1.5 zein—CS KK FRIKIE
1.5.1 %45 zeta ©.4x

188 FH 90 K BB FE DG 52 99 KR T R A2 43 A 1 22
HFEEL (Polydispersity Index, PDI) . f# [ zeta HLAL
CNE zeta AL, RIS KA (2540.1) °C, BT
P05 3 K, BCFHAME.

1.5.2 @3hidse

KH G T 2 EEDX AR AR R
(Encapsulation Efficiency, EE, %) Kfi# &= (Loading
Capacity, LC, %) #AT 7llE. BEFEERR zein BF
Cur &R, MEELL zein it, FRHFEEM zein i
1 Cur (& E. S Chen 2587 U535, Cur N
NEHN 1.0% (LA zein i) , MERHEE 4 mL FrHl&1gh
KRFRIFW, GTREEBET—EmENdomE,, ki
B 1 min, BJE, {FHECHL 10 000 t/min &0 20 min,
I B H AT IE U R, A -1 W et T
428 nm WEIFES Cur PIWIEREE (V) , it Z s B hrifEh
2R A3 ¥=0.346 3x-0.010 2 (R*=0.999 8) 1515 i B i)
Cur &, Cur [ EE fl LC @it LL R A5

My — My,

EE(%) = 100 (1

Cur

m, —m,.
LC(%) = —2—% %100 (2)
T
K m ABEMN Cur B8, mg; mw NIFE Cur 5
B mg: My N Cur [FEE mg; M e N7 zein [
Jii & mg.
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1.5.3 fatedF RM4e

s I B 7 AR (Scanning Electron Microscope ,
SEM) HBHMTHLKRRLFIEFIMES . #AET ik —Emak
R RIFRINE] 1 om?® (R/NBEESIR b, PR T I, H
RAT IR BL 2) SR b, BEAmieAbeE, s
PIGKRL T4 - st EgE, B 15kV.
1.5.4 1§ 5etersl g

B 1.0 mg 4K K %5 T8 K5 150 mg IRALEIR G,
BTN TS0 EE, TR . {8 B AR e 2 AR i
(Fourier Transform Infrared Spectroscopy, FTIR) {374,
AAEFE FTIR B R =R TS,
Y 400~4000 cm™, ZEEZE: 4em™, 2016 &, LA
RN, BXRERMATRY 5
1.6 zein—CS K FHIFE EE
1.6.1 pHAAA#hRAET 43R

BHTH & GO TR TR 10 1 SRR A,
BTG, WA EIFR pH E8 3.0~7.5, F 0.1 mol/L
NaOH 8¢# HCl VR4 pH BT % . H BT-90
WKL EECR zeta FLALASCRE A VRGN K AL TP 5 7E AN [F)
pH M T AR
1.6.2 B FREMARLETEYA

HE BT 2% [ AR 7 5 AN [A) 1R B2 1) NaCl s i S5 A
BE, RS I E AN R IR 38 04 1004 200 Al
300 mmol/L, 75 pH{E AN 7.0. FIRLEEAXHT zeta FHEAZAX
RS AR T RAEANE] pH (A (BT &K T
IAE1L
1.6.3 ARKETHRPMEIRTH

W25 AN 73 BOAE 25 CIAEEHTECE 60 do H
HLPESURT zeta FEAASCRST I EL BT 5 KR 1 o A4
1.7 zein—CS PRI FTRIERINAZD

FERAFREL— & &1 Cur, Fl CBEIER, FBEIR 22
Eh¥A W (PBS, Phosphate Buffered Saline) EZ, 152
100 ug/mL 1] Cur ¥R, FRIIFRERL 1~10 pg/mL
PLFH PBS Zeiinifii s Eonf i, 7R KR & 428 nm
b, CARBEAREARER, WOGEE (Y) NAARR, EESLhRiE
2k ¥=0.1916x-0.0251 (R*=0.998) .

B 10 mL & B3 Cur 9K K T B2, B T8
R8N 3500 Da EMNTEF, BHEKEITERA
200 mL PBS ZZ#fial (pHME 7.4) . BEAENER
MR ME T 37 CHEIEKBER T, BHEBREERA
100 r/min. 7EBE RIS E AL, HUH 3 mL B M R4 220
TV, RIS AR R AR 1 2 il

R RHCE %) =
K C HEI R R RRE Cur BIKREE, mg/mL; V
R Z) T ERERAAR, mL; M RHEPEE Cur K&
&, mg.

2 HBRESH

2.1 zein—CS KK FHFIES T
K SO FNITIE v 28 A K UL, zein M ZREAH 475

x100 (3)

BT KA, HEERMERSCESIR T zein T 1 EH A2,
T AN ] AR zein Y003 2 18] ) 56 S 10 250U 30 e P
HE RS, TR DR BRAR RN, A — ) zein
YUKk T . A TIRAGKRL T 16 & 1, AR HE 5
T CS MR zein-CS (1)) & EEXT 4Kk k42, PDI
Fl zeta AL IFEIA, W3R 1 BTN,

F1 CSHTFE.zein 5§ CS RE kX zein-CS KR FRIEZ M

Table 1 Effects of molecular weight of chitosan, zein/chitosan
mass ratio on zein-CS nanoparticles
N N T —
Types ass ’ratlo Avera}ge particle  Polydispersity Zeta potential/mV
(zein : CS) size/nm Index (PDI)
zein 137.33£11.55*  0.038+0.002° 20.86+3.30°
201 139.00£4.36"  0.040£0.001*  31.53+15.36°*
4:1 113.33+2.08"  0.036+0.003" 49.96+9.81%
zein-LC 6:1 106.00+6.56™¢  0.049+0.006" 64.41+20.44°
8:1 93.07+4.71%%  0.040+0.002°  49.33+11.93"
10:1  92.37£0.97°%  0.039+0.001° 45.70+5.34%
2:1 88.93+3.61°°  0.036+0.011° 44.98+2 88"
4:1 83.27+5.76°  0.037+0.003* 30.8442.74%%
zein-MC  6: 1 82.23+6.04°  0.036+0.003° 21.3444.63°
8:1 83.47£8.26°  0.038+0.004" 24.1942.55%
10:1 75.77£1.56°  0.035£0.009* 20.84+1.03¢
201 135.6748.50"  0.040+£0.006"  28.37+11.98%
4:1 95.30+5.80*  0.038+0.001° 49.35+0.49%
zein-HC 6:1 92.67+4.38"%  0.040+0.002° 62.94+11.13
8:1 80.13+0.96°  0.042+£0.013°  46.18+13.18™
10:1 87.10+1.85%  0.038+0.003"  39.16+6.21°

H: ARNEFERERRFA—fBr A REER (P<0.05) .
Note: Different lowercase letters indicate significant differences in the same
index(P<0.05).

SR RLAR 0 RLAR S A I 45 B — A R
LR AR HEAENSE. ST FER/IMI LC K
i, 2 zein-LC JREEL A 2 1 1 I, Bl & g Kb 11
SRR RN, TEULRIE T, CSKEE S, mtat
EREEASTHEHABEAS TR ESE, FHRNAEE
Frém; B zein-LC FiE LGN, 4 zein-LC 9K
P HFE AR A 139.00 Jd/NE] 92.37 nm, X T]RE A
T CS & B> AT 5D (IR R TE zein PO R% BISRTHT, I/
A TR EE . Liang 204738 3 W i fo AR B 7R
AIRES5IHE CS 5 zein 2 [AIF I 200 5 BORAR I
/No AN, Luo ZESHHGERA, BT zein MBR/KHE
YER, Pl 4 EGCG-CS/zein 44Kk ¥ 8%, Kifz
J/No XS MCy HC Kiji, BE% zein-CS Jii &= LL 1S
I, B & 9K SR ARt 2 IR B, H
MC 1 HC Frifil & HIgeRp1, HP ik afk ET
LC Pl & Mgkhi 1. B2k, Ccs »F
wBXT TSR A ERm, BT CS o TEK, 0T
Z A GHEFREE R K . Zein-MC RiAR AN BN BE S MC
ST ERGESERE 1A 5%, IS zein 43 2 [AIFH .45
AEMEE, SHHLLEMEE. YeRRFhiagN, 1EK
TR AR, AN 5 R AR N T gk
sEfE ke MM BE I gk 1, Tl R S e TAR
HHEATIRAIE .
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PDI F 3k 36 B SRR A2 13—, PDI e/, 8
FWRRLAZR 1) BOREFE ), ¥y — MRy, 78 PDI {4
T 0.060 I, 7] LA B0k kA2 2 S — 1 38 1
AL, B RES ) PDI #7E 0.036~0.049 2 Ja], FL
HARZ (R A HE AR Z RN, i DB B B R
Eb 1) 4% AR 0 Kok 1T 2 EL e — (1

zeta FEA7 AT LA SRR ALK RO (1) SR THT FELAT , — A
N, KARAR B A zeta BT KT 30 mV BN T
30 mV &R R, RIZEXHERO, Bk R e Ml
i o zein KT zeta ALY N 20.86 mV, F&E AR,
KA zein TEK AR, HRTREMZ. fEMA CS
2 J5, LC FI HC Al 45 9N KK T 1) zeta FEA S50 523
T, W MC BT A AN T A R, KB
PIREFAE 20.84~44.98 mV 2 [1], IXZFEH LC 1 HC Tl
e KL F B N fa i€ . B 5 zein-LC 5 zein-HC 7 zein !
CS JRE LI, zeta HALZY EBLLIGING FEAGES, H
1E zein-LC 1 zein-HC Fim LN 6 - 1 BhiA s KA E, 709N
64.41 5 62.94 mV. XJRERKCABEE zein S &GN, CS
FRID, zein R FHFE HATRHIE L, zeta HALEZ 1
T AEBEE zein W EZHTIGIN, 7F zein 55 CS LA 8 -

40 ¢ 40 ¢
230} <30t
s | S
g g
£ 20 &20
3 =
7 17

[=}
(=}
T

1 B, EAWRESESRERSE, BENEEA, BA~
A SN 5 PG AR, BFSTR I, zein-CS iR ARk,
25| R SN 220 b BT A A R ) LA s, i —
WM B % 2 B EIAH AR, AT 2 I AR K Rk
fkifs. PDI Fl zeta FAAHREBE 2 A, B zein 54N
[A5>F & CS bk, zeta HAT AL AR AT HE &
KA zein-CS E &2 Bita ], A5 CS TERHI M2
TRANE, TP B s A R R E
KRLF, JFEEAE Cur MIAKRLF AT 24
2.2 % Cur B RRLFHER T

J64 zein Al Cur 73 5V TARFR 735O 70% LK
FHHE IR FE A5, PRl = SR RUR A P HE 4
2 h, et zein A1 Cur KA YA EAEH, Cur # A Z zein
HIBK SRR, Bi% zein M EARGIFE, 48 Cur GEHEAE
T zein WEB. SRJE¥ zein A1 Cur FIVR &R INEIANF Fi &
LU CS BEBRZK I, PiFEidFE CS ¥ LRI A )
FHHT, DU CS F zein AZERRHL. S8 BKSEH ELARH],
5 Cur. zein FERE SHKBUR *0, T & R
IR Cur gekki v, BEARMAE CS 4FE. ANFEFEE
EEIRER Cur 9KK BRI T E , Wi 1 Fis.

401
8.1

30 F . % it Control
N . 401
3 1001 -
S20} -4 )
St
J-i:[l()-

0
20 40 60 80 100 120 140 160 180 200
#i % Particle size/nm

a. Cur/zein-LC 9K KT IIRIAR 20 Al
a. Particle size distribution of Cur/zein-LC

POyt

85 Control a
ab e b ab 5,
N ORE cd2C 1) 3
80 S o8 o [ o et

3
[

3
f=}
T

13.$} ZEncapsalution efficiency/%

N
w

X 201 4:1 6:1 8:1 10:1
Control  yein b5 Bl 1t H
Mass ratio of zein to chitosan

d. Cur/zein-LC+ Cur/zein-MC F1 Cur/zein-HC H 3%

d. Encapsulation efficiency of Cur/zein-LC, Cur/zein-MC, Cur/zein-HC

F: ARNGFEREORFERMIA 2 25 (P<0.05) .

O L L " " "
20 40 60 80 100 120 140 160 180 200
#i 1% Particle size/nm

b. Cur/zein-MC [IHi1% A5
b. Particle size distribution of Cur/zein-MC

zein-LC 1771 zein-MC 2% zein-HC

0 L n ) n )
20 40 60 80 100 120 140 160 180 200
#i{ZParticle size/nm

c. Cur/zein-HC FIHi42 5 #i
c. Particle size distribution of Cur/zein-HC

9.0

fi#% #Loading capacity/%
> =~ el e
o wn (=3 wn

-
o
w

SN
IS

o201 4:1 6:1 8:1 10:1
Control 7 ein 15 74 B i i it H
Mass ratio of zein to chitosan
e. Cur/zein-LC. Cur/zein-MC Fl Cur/zein-HC ] %1 3 &t
e. Loading capacity of Cur/zein-LC, Cur/zein-MC, Cur/zein-HC

Note: Different lowercase letters indicate significant differences between samples (P<<0.05).
B 1 K Cur 499K T4 A

Fig.1 Characteristic analysis of cur loaded nanoparticles

ME T R LEH, A TERAEAN 121 nm B
— MR ZE, B la i, zein 5 LC Fi&E LA GKRLT kL
B, zein 5 LC JREE N 2 1 1 HIRL TP
YRR, N 131 nm, {HI—MZE; B zein 5 LC
BN, 3 Cur 99Kk 7 HIFE R RIS R G
wWinpiass, fFERERN 81 IIiAFIHR/ME 852 nm.

1b 1, zein 5 MC Jifi & X 4 KL FRRLAR 20 A7 52
K, HAFEIRARDARAE 70.5~82.2 nm Z [8]. K 1cH,
zein 5 HC Jii & L9kl 7 kLA A A e ma i K, H S
la HAHFE AR GRS, RIBES TR LEI I, 4 Cur 44
KARLF kAR 2EE RSN, fEREIh 811
IR ) B /ME 65.9 nm, 5 AT & HLE R A B, R
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1w, ¥t

N7 FBRIEH CS T, zein 5 CS JlE R
REkv, tHEAEZE, fEES KR 1d. le i,
DL Cur/zein N7 HH, TEFEMAEZN 82.5%, HE
a4, BE#E Cur/zein-CS Jfi & LA N, Cur/zein-LC.
Cur/zein-MC 5 Cur/zein-HC KK F5F Cur I A7
B SRR BANINE KBS, fEE, fAEERK
A3 AAE] 81.92%- 8.19% (MEHT, zein-LC il A 8 & 1);
Cur/zein-MC A 80.26%. 8.03% C(ItFf, zein-LC itk
N4 1); Cur/zein-HC N 82.93%. 8.29% (I, zein-HC
etk N 8 1) o WWIANH CS 4 F &, zein-CS Jli gt
HIRL B PERE AT R0, zein 552 BMEAIELEI N 8 ¢ 1 B,
TR RN 8.29%, XF Cur AL HERUR K. Fitk, &
H zein 57 B BEKIELE N 8 ¢ 1 B Cur/zein-HC 4K ki1

AT R 8RR
2.3 Cur/zein-HC {AAKFIFRHIFTAE
2.3.1 SEM 547

K 2 ATBLE H, zein-HC 5 Cur/zein-HC 99K ki
BIRRMEERTE, H Ao sl . Cur BIIIAFHEA 5
ERL IS BRI, K2 HO0MR RAETE D 80 nm~
100 nm, WAFFEH/DERAZHE /NIRRT T HZPKE0E
LB SCI R AR IR T AFE TR, T SEM B,
RRT O B ARRT, RLFAAE T TR T, it
PR LA H FRIAR L SEM FE K. IXFREL B AR N
FIARWRAa LG, SRFAAE T, Ry —2KI0Z
P s, EAATERERES, KK ERBTSA,
YRR 2 IR B (1 K e 5227,

X 5.00um x10.0} 5
a. FORBEE R A -2 RO KR+ b. BWEHRMFKEIAEA-7R
a. zein-HC HEYR LT
b. Cur/ zein-HC
W zein SRR NS 11, TH.
Note: Mass ratio of zein to chitosan is 8 © 1, the same below.

B2 sRETeaseTR2MEE (5K 1000042 )
Fig.2 SEM diagrams of nanoparticles ( x10 000 times )

2.3.2 FTIR 947

WK 3 Fias, 3423 e AEWEE R T zein FOHFIEIE,
XA TR IR SRR, 7 zein I HC J5,
IR RS E) 3 323 em™, XKW zein M HC 2 [MAFEH
SHEMEER, X425 Sun PRS0
i) zein FANN Cur J5, $FAEEAMRFS 3 316 cm™, 19 zein
Al Cur Z [AIBFEELE A M. 76 1639 cm™ Al 1 540 cm™ b
MEEF] zein 1) FBAFAEWE, 43 AR T B 1 47 FIE%
I14#0%, C-O FHEA C-N HPIR M4 izsh £ 25 Tt
fie TR0, N-H 3EPIZ #hizsh. C-N P4z sh 5]
Bz 14052, i\ HC J&, zein-HC 1 I fiw #2 %)

1655 cm™ Al 1534 em™, X/ zein 5 HC [A)&HHAH HAE
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Preparation and properties of zein-chitosan nano-nutrient delivery
particles

Li Shuhong', Zhou Junjun’, Chen Guiyun', Qin Shaoshuang’, Li Heyu?, Chen Ye'*

(1. College of Food Science and Engineering,Tianjin University of Science & Technology, State Key Laboratory of Food Nutrition and Safety,
Tianjin 300457, China; 2. Tianjin Yibeijian Biological Technology Co., Ltd., Tianjin 300457, China)

Abstract: Low oral bioavailability has posed a great challenge on some active substances such as curcumin (Cur) in functional
food. Therefore, it is highly demanding for the high water solubility, chemical stabilities, absorption rate, but low metabolic
rate in the active substances for the high-quality development of food industries. Currently, the protein and polysaccharide can
be expected to construct nano-nutrient delivery, where the complex particles with the diameter of 100-1 000 nm can be
considered as an important way to improve the stability and utilization of food-active substances. Zein can also be used to form
nano-size spherical particles, thereby embedding into the active substances during antisolvent precipitation in the polar solvent.
However, zein nanoparticle is prone to aggregation and precipitation in the dispersion solution. Alternatively, polysaccharides
can serve as stabilizers in the preparation of zein nanoparticles. In this study, chitosan with different molecular weights was
complexed with zein to fabricate zein-chitosan nanoparticles, in order to achieve the delayed-release capability by the
anti-solvent precipitation. An investigation was also made on the effects of chitosan molecular weight (LC: 5x10* Da, MC:
1x10° Da, HC: 3.4x10° Da), while the mass ratio of zein and chitosan (2:1, 4:1, 6:1, 8:1, 10:1) on the particle distribution, zeta
potential, the loading Cur performance of zein-chitosan nanoparticles. SEM and FT-IR were selected to characterize the
microstructure, morphology, and phase composition, further to elucidate the formation mechanism of composite nanoparticles.
Moreover, the slow-release performance and the stability of Cur-loaded composite nanoparticles were evaluated at different pH,
ionic strengths, and storage time. The results showed that the Cur-loaded composite nanoparticles presented the smaller
particle size of 80.13 nm with a high zeta potential of 46.18 mV, when the mass ratio of zein to chitosan (HC) was 8:1. The
encapsulation rate and the loading capacity were 82.93% and 8.29% under the optimal condition, respectively. SEM
observation showed that most nanoparticles were in a regularly spherical shape and even distributed in the dispersion solution.
FTIR revealed that hydrogen bonding and electrostatic interaction were the main forces for assembling nanoparticles. The
formation mechanism of nanoparticles was that the Cur was scattered in the hydrophobic region of zein, whereas, chitosan
surrounded the zein via the hydrogen bond and electrostatic interaction to prevent further aggregation. The chitosan greatly
contributed to improving the pH, ion, and storage stability of nanoparticles for the extending application, such as nutrition and
drug delivery. Specifically, optimal zeta potentials (46.2 to 41.8 mV) were achieved, as the dispersity index (0.042 to 0.025)
decreased significantly during 60 days of storage at room temperature. At the same time, there were no significant changes in
the particle size. It indicated that the prepared nanoparticles behaved better homogeneity and storage stability, suitable for the
requirements of commercial application in the particles. The release results showed that the Cur-loaded composite
nanoparticles presented a low release rate of 34.27% at the first 2 hours, while the release rate increased to 75.32% after
15 hours, and finally, 76.90% of Cur was found to be released after 48 h. Sustained-release properties were found in the
Cur-loaded nanoparticles for the phosphate-buffered saline (PBS), compared with the free Cur. Consequently, the prepared
zein-chitosan nanoparticles with excellent properties can be expected to serve as broad application prospects for nano-nutrient
delivery in functional food and medicine.

Keywords: nutrition; models; zein; chitosan; nanoparticles; sustained release performance
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