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Preparation and Stability of Resveratrol-Loaded Pickering Emulsion Stabilized by Walnut Protein/
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Abstract: In this study, walnut protein/Cistanche deserticola polysaccharide (WP/CDPS) composite nanoparticles were
constructed and employed as a stabilizer to prepare a Pickering emulsion. The nanoparticles and the Pickering emulsion
were evaluated in terms of particle size, polydispersity index and zeta potential. The effect of WP/CDPS mass ratio on the
interfacial tension, storage stability, thermal stability, encapsulation efficiency, microstructure and oxidation stability of the
Pickering emulsion was investigated. The results showed that with the increase in the proportion of CDPS, the zeta potential
of the WP/CDPS nanoparticles gradually decreased from —22 to —37 mV. The Pickering emulsion (C1W1R) with a mass
ratio of WP to CDPS of 1:1 had the smallest average particle size (5.927 pum), the lowest interfacial tension (11.88 mN/m),
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good storage stability and thermal stability. After 480 h of storage, the proportion of the emulsified layer was 95.6%. The
particle size of CIWIR had the smallest change with temperature. The results of confocal laser scanning microscopy
(CLSM) showed that the WP/CDPS-stabilized emulsion could effectively encapsulate resveratrol (RT) with an encapsulation
efficiency of more than 85%, which was higher than that of WP-stabilized emulsion, and the encapsulation efficiency
reached 92.9% after 35 days of storage. Pickering emulsions stabilized by WP/CDPS offer a promising alternative carrier for
steady-state delivery of resveratrol in the functional food industry and other related industries.
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Fig.1  Average particle size, PDI (A), droplet size distribution (B) and
zeta potential (C) of WPN and WP/CDPS composite nanoparticles
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Fig.2  Interfacial tension of Pickering emulsion stabilized by WP/

CDPS composite nanoparticles



32 2024, Vol.45, No.23

E6miltl Z

XA MY

2.3 Pickering ¥y 1 H =R

WE3Frax, WPRHIRTIGE3S d)E @3 2
65.6%, XKW H—WPIERFLAFINRTHA — & 117
P 1EH . WP/CDPSHE & 40 K MUk [ £ 2 [ Pickering FL K
TERT F I 2R 3 85%, = T"WPR. *4WP/CDPS
LbAgl g4 1F13: 20, RTIEE35 dJF (196030 2 5989.2%
88.6%, WP/CDPSLU{FI A1 :4F12: 30, 535 df5 B2
I35 986.2%F187.6%, Tilk-iH35 d, T WP/CDPSH:
fLb ], 11N R R, N92.9%. Zhang Yali%s™!
AR K B I R /3% SR ORL B2 52 (Y Pickering FL R AL 1
RT, SRUGHIE B Z P 1 ZRT 1508 YA ZE REPE XA T )
— WK AR URT . A S256 h WP/CDPSH I &:
N1 IERT, PickeringFL il H AT ¥ I 1) B 2L 15 Bk
TEPEL EEE ) KRR EE, W LN WP/CDPSYMINE N
1 L& — R R A s A B i 1% R 4

—#—C4WIR —+ C3W2R —+— CIWIR
~—*C2W3R —+ CIW4R —< WPR

0 5 10 1I5 2I0 25 30 35
T A/d
Pl 3 DEn ]k FL i I RT AL A ) 5 0
Fig.3  Effect of storage time on the encapsulation efficiency of
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Fig.4  Appearances (A) and proportion of emulsified layer (B) of
Pickering emulsion stabilized by WP/CDPS composite nanoparticles at 25 “C
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Fig.5  Particle size change of Pickering emulsion stabilized by WP/

CDPS composite nanoparticles

2.6 PickeringZLE AR FUA L AR e M

T BB AT = 2 W s FL I A AR ME IR R A
2P e, BEAE T A A IE K, AN L
WP/CDPSHE & 4K Fiikif & [ Pickering FLE [FIPOV 1%
WIE N, XA R B 3 A S . B CDPSELAI
hn, FLPOVIEH Rk, FRAHCDPSHA L g A
3R, HBEECDPS LGRS N, AW HPOVE
Wi n: HWP/CDPSHLI 91 11 (CIWIR) , FH
POV IR AR . T ARCIR 4% 2 By-Te My 9 K Bk A
€ PickeringFL, 9T R I 2 M e . 35 PR AR AL P i)
POV, AL T HIREMN, X5AT L IRAHRT.

—=— C4WIR —+ C3W2R —— CIWIR
35, 7 C2W3R —+ CIW4R <« WPR

=]
L
S g
£ g
E
>
o
Ay
25 30
Ty i ) /d
6  ASFIWP/CDPSEL A AR MURL M E R (M Pickering FL i i
30 diJPOV

Fig. 6 POV of Pickering emulsions stabilized by different WP/CDPS

composite nanoparticles as a function of storage time up to 30 days

2.7 Pickering LR I 45 44

FIH CLSM W % it 2= L v 1: 1) WP/CDPSHil %
Pickering 7Ly, H:Pickering Ly i HOML 46 #4) L RTLE LK
AP HI AT . ETANAEA88 nmAN633 nm [F Ik
THMESRESER, BN e (GEeaarsing
), WE2E|WP/CDPSTE AL i (Y 2 25 4, 1
Al e T WP/CDPS Z [A] () i AH HAEH . 7B IR
FE488 nmy KHOEHA T FIFITCE [ Y5 4L )5 (IWPN
ek g, KWMEIMFEWPNEEER. F7CER
T1E633 nmFOL IR e B A et 5 IRTA A 14 .
7ECLSM &4 A LAWY 52 2| WP/CDPS Pickering 7L i
IR . EEMTOLRME SR, RT (LLEH
1) HEEEFIWP/CDPS (&350 W%, RWPFEL
1= 1\ WP/CDPSREW Y 75 i 7K S 1H - %0k ¢ Pickering
FLi. Yang TangZE! R 50 7 i B4 vl £ F (14 =0 P9 FE 2L
Ji2 R AR 1) 22 - B DR A AR LA s e, fEREIT
W 5% 2 FL AR ERTE 20 8K

AGIFEIG; B FITCEARFLNEE; CIeP LRI EE.
Bl7  CIWIE A AR BRI M Pickering 7Lk CLSM ]
Fig.7  Confocal micrographs of Pickering emulsion stabilized by

C1W1 composite nanoparticles

3 4 #

K FWPHICDPSH)E T WP/CDPSE & 4K Fiki, Ll
FAE ke ) & Pickering FLR, IR — DR H AR e
PE K RTH)ELHE2E . WP/CDPS S & 4 K Uk (1) 0% R~
B 82 /N T WPNR 0 <, CDPSERAE T WP )2 1 ATE



34 2024, Vol.45, No.23

E6miltl Z

XA MY

giky, AT MPIaRE R A, PSR E T .

5WPL AT T WP/CDPSHE & 4 K ik 5 S 2= 11

Hrp

WP 5CDPS/Fi & 1 Jy1: 1 Pickering FL ik (19T 350 K0 4% B />
(5.927 um) , FHGKFEAK (11.88 mN/m) , HEAF
R IR e pE A R e v, 40480 hit ks, FL1k
EAEN95.6%, TEAFNRE F#eEEfEH, CIWIR
1) LR A% il W P ) AR A B/ . CLSMUAS I 285 SR R
WP/CDPSH A U 3HRT . WP/CDPSE & 44K ki £ 5E 1)
Pickering FLUN RT I A3 4 14 85%, 3475 T-WPRALIK,
I35 dJiE HIRTALHE K 53592.9% .«

ZE -

[1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

TIAN B R, LIU J Y. Resveratrol: a review of plant sources, synthesis,
stability, modification and food application[J]. Journal of the Science
of Food and Agriculture, 2020, 100(4): 1392-1404. DOI:10.1002/
jsfa.10152.

HHEAS, FZIR, XA Z, & AR BRI EDEE RSk 25
FUHERE[I]. B dhRN, 2023, 44(1): 371-379. DOI:10.7506/spkx1002-
6630-20220308-104.

XIE Z F, CHEN X. Healthy benefits and edible delivery systems of
resveratrol: a review[J]. Food Reviews International, 2023, 39(7):
3879-3905. DOI:10.1080/87559129.2021.2013873.

KUMAR S, CHANG Y C, LAI K H, et al. Resveratrol, a molecule
with anti-inflammatory and anti-cancer activities: natural product to
chemical synthesis[J]. Current Medicinal Chemistry, 2021, 28(19):
3773-3786. DOI:10.2174/0929867327999200918100746.

HUANG X L, LIU Y, ZOU Y, et al. Encapsulation of resveratrol
in zein/pectin core-shell nanoparticles: stability, bioaccessibility,
and antioxidant capacity after simulated gastrointestinal
digestion[J]. Food Hydrocolloids, 2019, 93: 261-269. DOI:10.1016/
j.foodhyd.2019.02.039.

d AR, RIS, A, L INE AR O-RE TR-HEMEILREY
f AR PEAN BT A PRSI (D). B RR, 2022, 43(16):
135-144. DOI:10.7506/spkx1002-6630-20220320-235.

CHEN F P, LI B S, TANG C H. Nano complexation between curcumin
and soy protein isolate: influence on curcumin stability/bioaccessibility
and in vitro protein digestibility[J]. Journal of Agricultural and Food
Chemistry, 2015, 63(13): 3559-3569. DOI:10.1021/acs.jafc.5b00448.
QIN W L, TANG S T, CHEN C W, et al. Preparation and
characterization of cinnamon essential oil Pickering emulsion
stabilized by zein/carboxylated cellulose nanocrystals composite
nanoparticles[J]. Food Hydrocolloids, 2024, 147: 109321.
DOI:10.1016/j.foodhyd.2023.109321.

EE W A AR R L B AR I FLAG PR BT S (D). T
VLR A5, 2023, DOI:10.27169/d.cnki.gwqgu.2023.002027.

B9, WAhR, /1277, 5. KG5 BE a - S5 e A 4
PR FLT]. & AR, 2019, 40(12): 9-15. DOI:10.7506/spkx 1002-
6630-20180625-464.

AL, B TE, B, & GOKET RN AL E [ Pickering FLIK
[ BERF FTLT]. Hh ] 2441, 2020, 20(6): 166-172. DOI:10.16429/
j.1009-7848.2020.06.020.

WANG R, ZHOU J. Waxy maize starch nanoparticles incorporated
tea polyphenols to stabilize Pickering emulsion and inhibit
oil oxidation[J]. Carbohydrate Polymers, 2022, 296: 119991.
DOI:10.1016/j.carbpol.2022.119991.

CHENG N, WANG H, HAO H F, et al. Research progress on
polysaccharide components of Cistanche deserticola as potential
pharmaceutical agents[J]. European Journal of Medicinal Chemistry,
2023, 245: 114892. DOI:10.1016/j.ejmech.2022.114892.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

RI3E, 2%, I, 55 M E PRI A T2k 2L hae
PRI, £ TR, 2023, 44(2): 241-252. DOI:10.13386/
j.issn1002-0306.2022040141.

YANG T, LI X T, TANG C H. Novel edible Pickering high-internal-
phase-emulsion gels efficiently stabilized by unique polysaccharide-
protein hybrid nanoparticles from Okara[J]. Food Hydrocolloids, 2020,
98: 105285. DOI:10.1016/j.foodhyd.2019.105285.

GUO X, WANG X R, WEI'Y B, et al. Preparation and properties
of films loaded with cellulose nanocrystals stabilized Thymus
vulgaris essential oil Pickering emulsion based on modified tapioca
starch/polyvinyl alcohol[J]. Food Chemistry, 2024, 435: 137597.
DOI:10.1016/j.foodchem.2023.137597.

MRERER, wEHT, MEai, &5, EmE AR K BRI N 2 R E
G REE(T]. AR, 2023, 44(21): 14-22. DOI:10.7506/
spkx1002-6630-20230428-277.

LI Q, WANG Y X, WU Y H, et al. Flexible cellulose nanofibrils as
novel Pickering stabilizers: the emulsifying property and packing
behavior[J]. Food Hydrocolloids, 2019, 88: 180-189. DOI:10.1016/
j.foodhyd.2018.09.039.

AL L0 R A R I PR R A AR B AL B FE[D].
B WL RS K2, 2022, DOI:10.27462/d.cnki.ghzhe.2022.000395.
TR, MR, SRENAL. A5 2 By X v By e 4 oK UL S HL AR E 1
Pickering LI E R IS ARk D FE 4R, 2022, 38(17): 303-310.
DOI:10.11975/j.issn.1002-6819.2022.17.033.

CUI S, MCCLEMENTS D J, SHI J L, et al. Fabrication and
characterization of low-fat Pickering emulsion gels stabilized by zein/
phytic acid complex nanoparticles[J]. Food Chemistry, 2023, 402:
134179. DOI:10.1016/j.foodchem.2022.134179.

AR, BRI K, 4R, &5, SO0/ 20 A E AR AGNTE
B 5 R FCRE (D). Bo il TolkAHY, 2024, 45(7): 360-369.
DOI:10.13386/j.issn11002-0306.2023060080.

YANG Y X, NIU F G, CUI S W, et al. Spray-drying microencapsulation
of citral with soy protein-soy polysaccharide Maillard reaction
products: stability and release characteristics[J]. Food Hydrocolloids,
2022, 132: 107842. DOI:10.1016/j.foodhyd.2022.107842.

ZHANG Y L, XU X, WANG Q, et al. Preparation and characterization
of colloidal particles synergistic with emulsifier stabilizing Pickering
emulsion[J]. Integrated Ferroelectrics, 2017, 180(1): 24-36. DOI:10.
1080/10584587.2017.1336420.

BT K E A5 B A R IR S A s R A v A A AL
Wit £ ) R HI[D]. ot TR K%, 2021, DOL:10.27169/d.enki.
gwqgu.2021.001006.

ZHANG N, HAN J, CHEN F L, et al. Chitosan/gum arabic complexes
to stabilize Pickering emulsions: relationship between the preparation,
structure and oil-water interfacial activity[J]. Food Hydrocolloids,
2022, 129: 107532. DOI:10.1016/j.foodhyd.2022.107532.

FAN S M, YANG Q F, WANG D B, et al. Zein and tannic acid hybrid
particles improving physical stability, controlled release properties,

and antimicrobial activity of cinnamon essential oil loaded Pickering
emulsions[J]. Food Chemistry, 2024, 446: 138512. DOI:10.1016/
j.foodchem.2024.138512.

WU B, GU LY, WANG W J, et al. Skin targeting of resveratrol-loaded
starch-based Pickering emulsions: preparation, characterization, and
evaluation[J]. Colloid and Polymer Science, 2021, 299(8): 1383-1395.
DOI:10.1007/s00396-021-04856-z.

WU D, GENG Y, ZHANG Y Q, et al. Features and drivers of China’s
urban-rural household electricity consumption: evidence from
residential survey[J]. Journal of Cleaner Production, 2022, 365:
132837. DOI:10.1016/j.jclepro.2022.132837.

EOEE, L R O ERRIRKR-ZREA LAWK
Fa g M R M AL [T]. B RLE, 2021, 42(8): 1-9. DOI:10.7506/
spkx1002-6630-20200406-069.

Ss ¥, 50, IRE, & p-W1E b KX Pickering L IR
AL AR R U], &8 Tk B, 2024, 45(17): 131-138.
DOI:10.13386/j.issn1002-0306.2023110246.

EAR. L T-TERT YR B TE Pickering FLI ORI ], B ABHE,
2023, 44(24): 81-87. DOI:10.7506/spkx1002-6630-20230412-113.



