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Preparation and Properties of Zein-Carvacrol Nanoparticles
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ABSTRACT: The work aims to protect the food quality and extend the shelf life of the food with natural antibacterial
agent. The carvacrol essential oil was coated through the self-assembly properties of zein and then carvacrol composite
nanoparticles were prepared with sodium caseinate as the stabilizer. The zein nanoparticles had a high encapsulation effi-
ciency (71.52% ~ 80.09%) on carvacrol and the carvacrol composite nanoparticles were uniformly distributed and spher-
ical, with a particle size range of 80 ~ 220 nm. Meanwhile, the nanoparticles coated on carvacrol had good resolubility,
storage stability and antioxidant properties, and showed good antibacterial properties against Staphylococcus aureus and
Escherichia coli. These composite nanoparticles can effectively improve the antioxidant and antibacterial properties of
food, inhibit food spoilage and prolong the shelf life, which has potential application prospects in the food industry.
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44 (GRAS) 2P, FAREREASWhSERE
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1.1 #REIEFH

FEMEL S . Car, 46[F>99.9%, LTS
MAMEHE G BRA R Zein, B, bR EEER
FABRAR; SC, 4N 99%, LGk Zibm T
WK JRABRAF; KBFFE ATCC25922 Hitk . 4
ORI ER I ATCC25923 Bkk, oA NRERE; H
MR, Ardral, 258 AR A BRA
1.2 EZE5M0=E

F A5 . Nicolet 6700 {8 2T 4Pk
{¥, Thermo Fisher; Lambda35 43066 E 3, Perkin
Elmer; Zetasizer Nano—ZS90 Gk E Y, Malvern;
SIGMA 300 ¥ & 1 L+ 545 , Zeiss; DSC-60 Z/R
R, BHEE; ZWY-2102C [EIR I F4R 7 0%,
R I A AT A AR A BR A F .

1.3 FHik
1.3.1 BFERHKRBR A G &

T 9K TR A 25 2 18 Littoz S 5256
Ik, IR T B, 0.2 g EAREEREMMO0.1 g
TR T 10 mL BERFU %08 80%1K) £ BEE W,

FE A5 CCTRHEFE 2 h, FRg M. SR)5HC2 mL
HHEWE M E] 8 mL LB 7K, 78 400 r/min 5514
FHEPE 5 min, 7 40 °CFEZE LA PR 2
B, JFAh T2 B FOK B, RIS R OKBEA B -
75 T 43 B -

PR — i B SR RN T 10 mL K5
TR, SRJEKE 10 mL 1 3 250 i i 1 15 25 1 FR AN
WWH, A pH £ 6.6, I T KEER & H /%
B RAA B 28 e I 1) 40 K OB 43 R o 236 ik e
zein 5 SC WAL LA M40 1.201.1:1.1:2,
FITAG B i 2V VR I8 5 S R R, &

1.3.2 HKHFHYE BT HRAT S LIE AT

R AL # R R TR D e BRI 2 A O i
(FT-IR ), ¥ XTI E AR T S H LR 1 -
100 #HATIR A, SR AR BRI ST A . H3
SR GIBIE R 500 ~ 4 000 cm ™!, BN
64 WK, AT HEFN 4 em ™' FIIRALER T F 1R Ry 28 FI 0 R
FEASFE S ISR AEE M R 5 FEE 3 K.

1.3.3 WMARMNFHEEHRHNE

YKL F 1) f3 3K ( Encapsulation Efficiency ) Y
5 2 1R Wang ZEU2RGM05E vk, IRt T, &
i B — BT Wb R T 2 0 ST« o) — o JO o VA
(10~50 pg/mL) MFFTM-LBEPRER R, LA
Ty R 82 R R A A, WG BE(E A AR, LA TS B
T R i) BR80T B R 9=0.0143 9x+0.006 1 ( R?=0.999 ).,

W 4 mL il & B8ORS 16 mL A MEHE S,
FEAEFE 10 min 5, B 0.5 mL A _FJZA WA FIA§%
3 25 mL #RGADfE ,  JF AR XUE R E 30 min,
e SE 2K . SRIG A 4 mL Jo/K £ B DLV i
WA BB . AN O E 276 nm
AT E WG REE, LAaC (1) IR EROR E,

Wo—Wh
Wo

Kb Wo RESIE; Wy R Il
1.3.4 YRBFHIRIZF Zeta BAL

KO R AL ( Zetasizer Nano-ZS90 ) & T
T By AOK R R AE | 2 ELA T PDIAE . PR AT
3 25 B TR B B AE Mk, R pH HM 6.6,
FE 25 °CCEE R 3k, BOFME.

1.3.5 MKFFHERHEHAR

B 20 mg TS M9 KR T T 10 mL 258 7K
W BT B — B S, R LU I B o
WA E Tk
1.3.6 WKKFHIRMEIESH (FE-SEM)

B O TG B AR Y 51 e U i b, IR EA s
4 o KU Zeiss SIGMA 300 37 & 5t 7 i (48 W
ST Ty 9 A U A S 25 40 I TE 30

E= x100% (1)
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1.3.7 MARBFHRBEMESH (DSC)

FHZEX A E R (DSC-60, HAZH) 4
Mr B I KR T I IR E P . FREUKRZT 5 mg IR
a, R — ARG S S, B, EREThO
1L, 7EIRIE N 30 ~270 °C. A H N 20 mL/min
T, SRS IE] 100 °C, P 10 min FRHE
30 °C, SRJGIMHAE] 270 °C, FE 5 EInH S 4 3%
5% 10 °C/min,
1.3.8 MKPFHMENLERERT

K F DPPH 3£ 52 7 7 By 4 AR m(zein)
m(SC)=1 : 2 ) IHTEALTE M. 18] 10 mL 37 AR
70N 3 mL (1) DPPH-Z S (R BE A 40 mg/L)
F1°3 mL A [R) 5 VR B 4N KR - B (0., 60, 80,
100, 120, 140 pg/mL ), IR21E, FEEREOLRMT,
PRGIFE 1 he WHL B, T 4=525 nm b WS
FEMERAS A, L) DPPH-Z FEIA IR 25 B Tk A Ry as
6 IR . B4 A6E P L DPPH W R 4845, 11550
X (2),

DPPHI 5% = MTT% x100% 2)

K Ao A AXTIRBY OB REME s A AT T
e E T T T 20 AR VA TR AR RO R {1
1.3.9 MAKFFHREMHEEFR

FHAP AR A0 A6 0 A 77 B 49 K R [ m(zein) -
m(SC)=1 = 2 JXF K FT B R4 5 (07 20 B T 1O B0 i 4%
o BB WYUK T T AR K, B A [H]
B (4390, 2. 6. 10 mg/mL ) B, 1
HHMT RS F KE 4, &H.

N I FF TR B 4 ¥ €60 7 2 K 1T 43 ol 4 o [T 4
BrgRdeh, fEMEE (37 °C) [H{BAAPHEFE 24 ho HL
TR FT PRI 4 € R 28 K PR B TRV E A TR VR AR B 7R
TP RIS IR 24 ho AR BRER KA RO K AN
10° CFU/mL, #RJ57E 8.9 mL HIRAE: 3234 0.1 mL
s B R BRI 1 mL S [ ol e VR B Rk I . R
D, Rk 24 h e, MBESENTREG
WATUR AR, FIHEEEOTEIE R, W (3),

A: A 100% (3)
0

A TR Ao A O BRAL T 75 5L

Ay AN TR 0 R R P PR T

2 HRE5H

2.1 @KRKFH FT-IR 47

IR ZR B 21 AP ETE 3 B mT LSS 5] 4 o 1) 1) &
M E AR . 20 AN AR () AR,
AN AR R . £ Ao TR A KRR FT-IR
S LR 1, TR R 1 AN R A RRENAE 3 440.66 cm™!

I:

13 448.51 cm™ Ab4r I EE T ARG, X B TR
MRS ; 2 PR AR AL IMERELE 1600 ~ 1400 cm™
X 385, 1) P e 6 ) £ AMERE I8 45 A AR LT, 1 630 em!
LA MR, 1 540 em ' A 4T WIRIEIH . 7D
FE 1650 ~ 1400 con ™' H F 2RI AY B 2848 3 A7 4 Wk
U, 7 3021.56 e Ab fr) W SO 55 R AS R A A
AR, YA BERAEAER, RICALEE C—H
W B — B, 2 960 ~ 2 869 cm ' &b M AT I Ay o ik
C—H g, YT KEAE A5 M E AR e, H
—OH FHFEIE #5383 43829 em ™', B E TG,
WEAE#E— 305 3 402.24 cm', ZIE(E AL R
T FORBEA T A 45 I BE S SC L Car W
FEAHEAER, il =& YR A A T 5 Z0 A AU
Zein/SC/Car 1, 7E 1 450.80 cm ' bW EEH]— R 5
U, R TR T A R R R S S R, i —2
UESE T A S D A A E AR FH . 2 920 em ™ &b
A U X6} 07 T K LI B 45 M B —CH Bk 8. L
T 2 A9 Kk Bk, —CH, AR 3 16 75 55 5|
2960.43 cm ' 4b, BT R OREEA E A 2 AR R Y
FKHEN ) FIRGEF KM, zein, SC Fl Car —=#F F
L o R RN K 3R sh A A B R R R
B WK ITRL
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Fig.1 FT-IR spectra of zein, Car, SC, zein/SC
and zein/SC/Car

2.2 WRHFEBRSH

L3RR G B AR B s i Jm o , B S
FERG B 5 )2 T B 2500 & B ARG A ST L,
At S e H i A Hb 2 ) 60 AR R ) R I o A T GE RO
B AR VR T B B s AT, 9Kk R L R
% zein/SC HAEMZ W WLIE 2, M 2 Haf DI& IR,
m(zein) © m(SC)=1 : 2 Af, HKkF R IR EA
F| 80.09%, I H K& & HREA BT 13 m, gk
T B B R B ETE I, Wang 2P0 kBT A AR
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B Ak a3 BAR m(zein) @ m(SC)=4 : 1 XFERFL S
RbgrEr, HHAREEME A AR 22 i B AR R
R BN AT A b 5 K B 26 /4 e i 4 K 36 T )
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Fig.2 Effect of zein/SC with different mass ratios
on encapsulation efficiency of nanoparticles

2.3 MESTHREBA

kR 1 ATLVEH, 7E pH A 6.6 B, FfiZF SC
B IR T BRI AR /D, PDIAE A 7R
/No HH R PDI B AS U B 77 W 1 R AR 23 A 3415)
P, AR PDIE R B 5] kAR o0 A o 5250 ir
4 B9 RE S ) PDL{E N 0.112~0.126, FHIR T/ 45
¥y, B EHRAE . Y m(zein) @ m(SC)=1 © 2 i},
TE BB 8 KT HORAE K200 130 nm, A AiEH
T zein, SC - FHIALERAH", Hi#E SC &
HEBEIN, LSRR SR AR, SRR
(A 240 KR R AR D/ HL A B3 5 o DAL 3 T L&
L, A6l zein/SC it Ho X 40 KA 7 L A7 () 5% 1 45 %k
KIAR M sE A Levp 22 5], B SC & imB i, 4k
LA B LA SEE KGN, 78 m(zein) @ m(SC)=1 : 1
I B R —40 mV, m(zein) © m(SC)=1 : 2 I
25°h-38 mV,

R®1 AE zein/SC RELMEEETHF B KK TFHRE
#0 PDI &

Tab.1 Size and PDI value of coated carvaterol
nanoparticles with different mass ratios of zein/SC

Zein/SC Jii [t Hi A% /mm PDI {
4:1 235.6+5 0.17+0.005
2:1 150.6+0.5 0.112+0.01
1:1 148.8+2.5 0.126+0.02
1:2 139.6+2.3 0.1170.004

T AR N P bR (n=3) .

S
i
i
10 100 1000
Hrf2mm
0
—-10 +
> a0t
T 20
:13
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Q
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Q ) o
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K3 AN[A] zein/SC 5T det X L s A2 T HL A2 14 52 Wi
Fig.3 Effect of different zein/SC mass ratios on
size and potential of nanoparticles

24 SRk

PSSR TR 5 AN AT LA A diniz Oy =X, [ HA
AT A R AR e 1 o SV A R TR R RE IR
M) — I B FEFE R . zein/SC/Car NPs. zein/SC NPs .
zein/Car NPs FIA[A] zein/SC Jfi & 11 zein/SC/Car NPs
YRR FEAR IR BT & B K i RS LI 4.
M 4 T LUEEE, KEHN SC Y zein/Car NPs ()4 171
2, MIKHAAAERKETE DA RN ERS; MR
I SC 1) NPs Wi ARBTG5 — B,
X5 Patel ZEP2HRIEMI—3. AIF zein/SC [Tkt i)
AR T8 Tk, B AR,
m(zein) © m(SC)=4 : 1 MEAHIARFLERIE | hJ5H
IRUTTE , FLAWRE S RS E PEE AT #1830 dJ5 , m(zein) -
m(SC)=4 . 1 W& A 9 Kb F 5 & VLHE , m(zein) -
m(SC)=2 : 1 Hl m(zein) : m(SC)=1 : 1 WE S KRT
WL T ARFRRENTE, HA m(zein) - m(SC)=1 : 2
(A KR T A S BRTTE , K IH T B I

2.5 WRBTFHIRUFESR FE-SEM
i FE-SEM WA & 9Kk T HIE S, WL
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5. BT E A 9K OB AT 58 28 1Y BRI 45
¥, A FURL R LT M BE X R O Y
WAEAREL T TR, K SO RS, TRk
BT B S5 K 75 5 B A gl 3m 0, N s T L&
L, m(zein) : m(SC)=1: 2 WE G KK TR 2K
80 ~ 120 nm, HYPKKF L), &K ik
1 AR R AN T DL S S A B BRI, KRB
B LA COO™, ik 7 HARHE R , R 5 H1 R .
I m(zein) © m(SC)=4 : 1 WE A HHKKLFRAE A5

zein/Car/SC =1h

e I -
3 e = ‘-v’ “‘ -

s : -

A, AE 220 nm~2 um N, XEHFH#HZ SC, ¥
OV M E G KR T AR E, 5 kA BRI
AW ik A
2.6 #HXKPFH DSC

PR ARRE (¢) PTLARBREMISE S+ R A
P IdeE tEREDY . KB E A . MEARM . &

BRI AKPURLE) DSC UL 6, zein Fi1 SC [ ¢, 5
B2k 160 °CHI 202 °C, X5 Pereira 288 —

zein/Car/SC

zein/Car/SC

G —_— —

e e

Kl 4 RIA] zein/SC ottt oA 7 e A0 KORE 1 (9 52 3 4 B CHG0 BIRR RE

Fig.4 Resolubility and dispersion stability of coated carvaterol nanoparticles with different mass ratios of zein/SC

El5s &S BYKR T ) FE-SEM

Fig.5 FE-SEM image of carvacrol-loaded nanoparticles
¥E: a—c N m(zein) : m(SC)=1 : 2, d—f N m(zein) : m(SC)=4 : 1,
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e R PR I 78 R S A o A7 7 e B A K AL
1E 158 °CH1 197 °CHFHE L T 2 DARIY 1, 5261 zein
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AR, FEEEAEN AN BN SR,

CA/Zein/SC
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KBS B H 1 DSC &

Fig.6 DSC curves of coated carvacrol nanoparticles,
sodium caseinate and zein

2.7 fEALIERE

PLZS 4H xR, DPPH [ H1 55 IR R 4545,
HRAEE AR T PR, hIE 7 W]
Y, BEE A E B AR TR RN 60 pg/mL
HnE] 140 pg/mL, PrEALRE B2 IR, el
54%7: 47, I H DPPH ¥ B3 10 A48 fb Ze bk ke ok
MIE W E L F] 80 pg/mL B, 49Kk 11 DPPH ¥4
BN 25% 7040, 5 e S PO AR ST AR . 45 R 3%
BH 5 B B A O W 2 KO T 7 BT R R N L

A R PCETE P, AT E S B, B gk
R BT AT PR

60
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DPPHIE R /%

101
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) J I
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60 80
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7 KEBE R ) zein/SC/Car 40K 111
DPPH 5%
Fig.7 DPPH scavenging rate of zein/SC/Car
nanoparticles with different mass concentrations

2.8 HEERE

AL T 7 TR A0 KL~ R R T R R 4 2 (5 8 35K
TR UL 8. Bl it vk B p3shn, ~FAl b
FEIE B DA T B /), WAL 7 i T 4 KR - XF
KT TR 4 B (0 A g BR A LA R APPSR, %
SO AR PUEZS R YRR T I IR
2.6, 10 mg/mL B, FE 55128 40% . 66%F1 80%;
XTRIGFFRPTRZE R . HGARR R TRy 2.
6. 10 mg/mL B}, FPERESHIHN 33%. 40%F1 66.7%-
TR T AARRLTXT 2 FPEE ISR ANR], AT
SERTT LA B0 0T 4 v €0 2 1R A T AR

b KGHE
Bl 8  AS[m) B Mk BE Y zein/SC/Car 44 K BT T 35 2R

Fig.8 Antibacterial effect of zein/SC/Car nanoparticles with different mass concentrations
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N A EERE HEA B R miE e e, £
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