FOOD & MACHINERY EA1HE 128 BE 2008 | 2025F 12 A | ARSNM

DOI:10.13652/j.spjx.1003.5788.2025.80645

ABBAEMNFSEBFAF AR B H & RRIE

oA xER' F o EBFRE [{HFaR F Oz

(1. REEAR R AR 5 TR, REE 3003845 2. 1B ¥ b A i BF o2 B
TLPE L5e 3340005 3. S NAGAREN S5 AT S0 A BRAF] L, 5200 BRI 562400)

BWE(BWNITASREEG BT HARILRAZ, AT ARTN AT 28 (GSP)  RALRAMNEE BT ® [F
EIATHZAAE ERACT T (Mo M pnmmnn? 82 M umse M agss X S:5 K CEE A ATERA , Km=4), i iT
Zeta® 1o K GZAE LR AR EME Ky 5 H S IFM A RANER [ERITFAWORM KL RERZES
(326.5+2.7) nm, Zeta ¥ 4% 4 37 14 % (46.44+0.2) mV,PDI % 0.238, % F % 4 4.8 pS/em. # £ 1.5% GSP i, A &y K &
el £ 17.21%,DPPH A W A 5 ABTS A w1 A F R F 5 51 4 82.69%,71.18%, 2 &« (10 000 r/min) | % & (90 °C) A& 8
(—4C)A30dEBE Ry B, ELE>I58%  [HER]ZAAZEAZADEREBEL KB TH,

KB A ARSLR N AT BB AR E M’

Preparation and characterization of nanoemulsions of grape seed

polyphenol-loaded camellia oil

HAN Ying' LIU Jiabao' LI Hang' HUANG Zonghai' HE Xinyi' LI Yun™

(1. Department of Food Science and Biotechnology, Tianjin Agriculture University, Tianjin 300384, China;
2. College of Life Science, Shangrao Normal University, Shangrao, Jiangxi 334000, China; 3. Guizhou
Buyiliji Oil Tea Industry Co., Ltd., Qianxinan Prefecture, Guizhou 562400, China)

Abstract: [ Objective] To develop a highly stable camellia oil nanoemulsion system for loading grape seed polyphenol (GSP) to enhance its
antioxidant property and solubility stability. [ Methods] The formula is optimized based on the pseudo-ternary phase diagram method (m,; phase*
Mgyetactant phase— 8 * 25 Myeenso’ Mspnso=—2+ 5, absolute ethanol is used as the cosurfactant, and Km=4). The emulsion stability and water
distribution are characterized by Zeta potential and low-field nuclear magnetic resonance, and its antioxidant activity is evaluated. [ Results ]
The obtained W/O nanoemulsion has a particle size of (326.542.7) nm, an absolute value of Zeta potential of (46.43-0.2) mV, a polydispersity
index (PDI) of 0.238, and an electrical conductivity of 4.8 pS/cm. When loaded with 1.5% GSP, the proportion of free water decreases to
17.21%, and the scavenging rates of DPPH free radicals and ABTS free radicals are 82.69% and 71.18%, respectively. After centrifugation
(10 000 r/min), high temperature (90 “C), low temperature (—4 °C) and 30-day storage, there is no stratification, and the light transmittance is >
95.8%. [ Conclusion] This system combines high biological activity retention with long-lasting stability.
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Figure 2 Particle size potential of camellia oil nanoemulsion
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Table 1 Centrifugal stability of nanoemulsions at different

rotational speeds

BOHEE/(rrmin ) BRESE REEEM BHEER%
4000 b & 100.0
6 000 w w 99.2
8 000 b i 97.5
10 000 i w 96.8

272 MECEME BE2VAL L 90 CHiRA RS, LK
Teor )2 BIGHE>95% AR T B . X AT REIK Oy B i &
TR 97 4 7)) o A T P ek T R L v 3R 5 A 1 T A i
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W6 i o P T 205 A B R O T 378 Y6 23R o 90R E T R
TRE, RTRE 5 IGE S R R BN R ORI A C BR
T U Ak By — P

R2 MAABERREETHRBEEMY

Table 2 Thermal stability of nanoemulsions at different

temperatures
IR/ C RHITZ T B %
50 = i 99.7
70 fh fh 98.5
90 = i 96.8
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Table 3 Low temperature stability of nanoemulsions at

different temperatures

i/ C MR TR EH %
4 7 7 98.3
0 7 7 96.5
—4 7 7 95.8
2.7.4 Wk EE R 4T, 53 GSP Il ARl 4

K FLE AL T 30 d N A Hh B 43 2 sl M L 4 388 O R AL
T EE0.7%, KW F BA L S A K AR e . X
(R S 47 24 B8 1 40K FLIREE A AR 1 Pk ok 3 B B 2%
kil 5 GSP BT S AL B IRV T, 2 [l 4 ) T 0 2R 4 VA
PR i 2 2 A AR
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Table 4 Storage stability of nanoemulsions at different

storage time

[T T A <5 | ol I [ VA o S 5 |
d SrE B R% d rE B R/ %
0 T T 100.0 20 T T 99.7
5 i % 100.0 | 25 w o 99.5
10 & % 100.0 30 S & 99.3
15 & 7 99.8
3 i
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FETH I PER AR (5 20% , BT AR FLICR AR 8 —[ (326.5+
2.7) nm]  Zeta L 48 X = [ (46.4£0.2) mV] . PDI R §
(0.238) A 37 4% filk 43 M7 18 52 1.5% by Fi HE 2 45 k7 22 18 11
R B %R B R FLIOM DPPH [ i 3L AT ABTS [ i 2 7
[ 243 5 4 T+ 3 82.69% F1 71.18% (#25 45 5 3.5 %),
JEA% 25 T 0% FUT B I %R I BT A Ak M K & 8 — R TR
P IRIAE F, B 287 46 AT 22 19 1) 40 oK ZL 80 B0 1 B 1
PR E T

A B 0l A5 FF il 9 R FLI IR R, S 2 T 25 T g
PRSI YR BE Sk B A AU e T 2 28 W i [ A TR
R, R T T AR A A R v 0 S A O s O
T 2B ZRE DG RAR IR H R w4 T
TR B8 R 5 0 8RR S T Sy 22 T 285 B 0 5 L PR O 201 48 3t
T OB R S . BRI S0k B AR 24
WUE B R T A DR 5 T AR FL T AR
RARBTEALH T Tl Mg R 28 AR 55 b 0 £ 6 40 31
SE 2% AR AL AS T, O e SR AL FE S e | O R, T
VB Ry 2219 28 1 TR B4 R 38 3% R 40, R R Al AR b
il FLH A IS ' A O 2 I 2K Ty e A R Ak R T
Tl Ak R RN, 4 T T BE M 7 3R SRR A
HEERGE, ZERASRIFNEWHEE SRS
PE A EEAE R B K P 25 ) R AR T A 1 AR, T
25 W) 1 i e R MR 1) R PR BE L O T 2
TETEE 328 B o v (9 A

5% 3k

(1] 95 R L, 577, M e 38, A5 R 40 R 5 IO /25 22 1 X g 6 TR
B R S B RE Y R2 W (], B 5 R T, 2024, 50(13):
108-115.
JIANG Y X, FAN F Y, YANG X L, et al. Effect of grape seed
extract/tea polyphenols on performance of sodium alginate
nanocomposite films[J]. Food and Fermentation Industries,
2024, 50(13): 108-115.

B I% - AEEHFSHBFFRARI RS &R RE

(2] JH 1) W 87 2 12 B0 3 T 000 2 A FE A 0 2 T R W T
JE[T). & & 5L, 2023, 39(7): 228-233, 240.

ZHOU X H. Research progress in nutritional composition and
biological Food &
Machinery, 2023, 39(7): 228-233, 240.

BIWAIHE, EEM, REHE, 5. 7° 8 2R 408 2 18 E ik
Sh A s PSS D], B0 Tk BHEE, 2023, 44(16): 107-115.
FAN L J, WANG A P, SONG A K, et al. Stability and bioactivity
of polyphenols from cabernet sauvignon grape seeds in vitro[J].
Science and Technology of Food Industry, 2023, 44(16):
107-115.

[4] SALVIA-TRUJILLO L,

GRAU M A, et al. Edible nanoemulsions as carriers of active

function of grape seed extracts[J].

SOLIVA-FORTUNY R, ROJAS-

ingredients: a review[J]. Annual Review of Food Science and
Technology, 2017, 8: 439-466.

[5] 3 We A5, ol w3V, R 2 0BT, 45 . B2 B AR A8 19 90 K 3L B H
TRE JPE A R SUAPERE W S [0]. AR 2% Tl (P 3 30), 2025, 55

(6): 677-686.
JIANG X Q, ZHANG L Y, SONG X A, et al. Preparation and
properties of the nanoemulsions and nanoemulsion gels

stabilized with rhamnolipid[J]. China Surfactant Detergent &
Cosmetics, 2025, 55(6): 677-686.

[6] 2 AR, sk 3t, B 4, 45 . AEABUXUBR dih 2% b5 il ) o B33 K M
FRAr M 9], B A S ML, 2023, 39(5): 166-172.

LI D, ZHANG Q, HE X Y, et al. Preparation and volatile
compounds analysis of Camellia seed oil with Zanthoxylum flavor
[J]. Food & Machinery, 2023, 39(5): 166-172.

(7] XM, 8P, SCPb b, A5 . fF SR M il S RF T U 0RO

%% [JJOL]. " [ W1 J% . (2025-01-24) [2025-10-28]. https://doi.
org/10.19902/j.cnki.zgyz.1003-7969.240729.
LIU X L, HUANG D, WEN S S, et al. Study on storage stability
of fresh fruit pressed camellia seed 0il[J/JOL]. China Oils and
Fats. (2025-01-24) [2025-10-28]. https://doi.org/10.19902/j.cnki.
zgyz.1003-7969.240729.

IR Z7858 N o N R (e A L1 (i BP9 | B o N

Y 5 i [J/OL). [ i . (2025-04-01) [2025-10-28]. https://
doi.org/10.19902/j.cnki.zgyz.1003-7969.240686.
YANG S J, FANG X Z, DU M H, et al. Effects of three oil
production processes on the quality of Camellia sinensis seed
0ils[J/OL]. China Oils and Fats. (2025-04-01) [2025-10-28].
https://doi.org/10.19902/j.cnki.zgyz.1003-7969.240686.

(9] R A, MR, A F, A% B RO (3% — R AURA =R

B — QAT I E] BT I 0 S i 2k Y 3 AR S AR ] B Al S
HL, 2023, 39(7): 56-61.
PAN J H, CHEN F, BAI J P, et al. Determination of three sterols
in camellia oleifera seed oil by atmospheric pressure chemical
ionization ultra performance liquid chromatography-time of
flight mass spectrometry[J]. Food & Machinery, 2023, 39(7):
56-61.

[10] XIB AR, B4 SR, 2507, 45 A ke im A= s 2k o3 KU ) ot
B 20 i o ik SR (0], AR W Ak 2% T2, 2024, 58(6): 1-13.
LIU X D, ZENG W Q, LI L, et al. Research progress on the
bioactive flavor

components, compounds and lipid

43



44

E Al 33 FUNDAMENTAL RESEARCH

composition of camellia oleifera seed Biomass
Chemical Engineering, 2024, 58(6): 1-13.

[11] B e, ZRARAL, X, 26 . = PHBcAs 98 ok 3L BE e i i 4 S
X FPBR G 45 715 A 24 3P A (D). o BE B 24 2 2R L 2025, 45
(13): 1487-1497.

JIAM X, LI D H, LIU Y, et al. Preparation of Xiadan Sanjie

oil[J].

nanoemulsion gel and its pharmacodynamics for thyroid
nodules[J]. Chinese Journal of Hospital Pharmacy, 2025, 45
(13):1487-1497.

[12] SHARMA A D, CHHABRA R, JAIN P, et al. Preparation,
characterization, and biological potential of nanoemulsion

officinalis L. oil[J].
BioNanoScience, 2023, 13(4): 1 955-1 975.

[13]MA Y, LIU X Y, SUN H T, et al. Preparation of flaxseed oil
nanoemulsion and its effect on oxidation stability of flaxseed
oil and prediction of shelf life[J]. LWT-Food Science and
Technology, 2025, 217: 117404.

[14] DEGRAND L, MICHON C, BOSC V. New insights into the

study of the destabilization of oil-in-water emulsions with

from Rosmarinus essential

dextran sulfate provided by the use of light scattering methods
[J]. Food Hydrocolloids, 2016, 52: 848-856.

[15]KANG Z L, ZOU X L, MENG L, et al. Effects of NaCl and
soy protein isolate on the physicochemical, water distribution,
and mobility in frankfurters[J]. International Journal of Food
Science & Technology, 2021, 56(12): 6 572-6 579.

[16] 2 2l . A il 13 5L R A ) 2% B FC AR M A 5T (D], 3
B OE R, 2020: 23-25.

ZHU S Y. Reparation and physicochemical properties of
Eucommia  ulmoides oliver seed oil-loaded inverse
microemulsion[D]. Jishou: Jishou University, 2020: 23-25.

[17] Fv i, e 2, 4 5 04, 45 SCORE SR Tl 4K FLIRAY 1 A S ek
FAE[I]. £ 52 4 00 i A 442, 2024, 15(18): 180-189.
QIAO H, GAO H, CUI Y F,
characterization of the nanoemulsion of Xanthoceras sorbifolia
Bunge o0il[J]. Journal of Food Safety & Quality, 2024, 15(18):
180-189.

[18] #H52 A . AR B it 7K il 75 £ O R HG A R R o] 46 BF 5 (D). T
B TLE K%, 2013: 12413,

ZU T Y. Aqueous enzymatic extraction of rubber seed oil and

Wuxi:

et al. Preparation and

preparation of its
University, 2013: 12-13.
[19] 245, 2544, FIEREE, 45 . KU RIRE A — ML 45 W/O/W
FLI RS E PEWFFE [I]. R AL A4, 2022, 53(7): 395-403, 434,
LI Y, LI L J, HE M J, et al. Preparation and stability

charaterization of soybean lipophilic protein-methyl cellulose

microemulsion[D]. Jiangnan

W/O/W emulsion[J]. Transactions of the Chinese Society for
Agricultural Machinery, 2022, 53(7): 395-403, 434.
[20] 4 stk 1, o, A5 . PARE R T A oK LI 0 AR
SEPERFFE[I]. b DRI 2441, 2020, 35(11): 86-92.
HOU K H, FENG X, GAO C C, et al. Antibacterial activity and
stability of cinnamon essential oil nanoemulsion[J]. Journal of
the Chinese Cereals and Oils Association, 2020, 35(11): 86-92.
[21] KOPAC T, ABRAMI M, GRASSI M, et al. Polysaccharide-

HEE 2008 | 2025 FF 12 A | RR5UUR

based hydrogels crosslink density equation: a rheological and
LF-NMR  study of
Carbohydrate Polymers, 2022, 277: 118895.

[22]CUT H D, MU Z S, XU H Y, et al. Seven sour substances

enhancing characteristics and stability of whey protein isolate

polymer-polymer  interactions[J].

emulsion and its heat-induced emulsion gel under the non-acid
condition[J]. Food Research International, 2024, 192: 114764.

[23] Fh, S, £ 4R, 55 L T IRV 2 B B 56 0 3 S A

A Tl R 9 F 3 R[], £ T B, 2024, 45(7):
352-359.
WANG N, MA Y, WANG L, et al. Research progress on plant
polyphenols encapsulated by emulsion systems and its
application in food industry[J]. Science and Technology of
Food Industry, 2024, 45(7): 352-359.

[24] LAGUERRE M, VILLENEUVE P, BAYRASY C, et al. From
phenolic acids to phenolipids: a strategy to improve
antioxidant activity in emulsions and cells[C]// ACS National
Meeting & Expositon. Indianapolis: [s.n.], 2013: 246.

[25]ZHOU X, SHI J, YU N, et al

proanthocyanidins complexes stabilized Pickering emulsion

Casein-grape seed

gels based on Lycium Barbarum seed oil with excellent

mechanical properties and oxidation Food
Chemistry, 2025, 468: 142416.
[26] FANG F, GUAN Z, CAI Y J, et al. Fabrication of cellulose

nanofibers/epigallocatechin gallate complexes: insights into

resistance[J].

structure, antioxidant properties and enhanced emulsion

performance[J].  International  Journal  of
Macromolecules, 2024, 281: 136164.

[27] #E 0L, B M, 22 ), 45 . B2 22 8 1 Pickering FLI & AU i

XA PR R R R R R D], B AR 5 O R, 2024, 45
(13): 48-54.
CUIY, YANG P H, LI X D, et al. Effect of replacing fat with
quinoa protein Pickering emulsion on freeze-thaw stability of
beef meatballs[J]. Food Research and Development, 2024, 45
(13): 48-54.

(28] Wt 7, ARG, fif B 42, 55 . 3 F 3 1 F A R S Ak
FR B E B9 2 K SR ST AT 2 (0] B RE 2, 2024, 45
(23): 2 335-2 345.

YANG Y S, XIONG H S, XIE X A, et al. Molecular dynamics
simulation to study the oil/water interfacial behavior of

Food

Biological

nanoemulsions stabilized by different emulsifiers[J].
Science, 2024, 45(23): 2 335-2 345.

[29]PENG J N, SHI L L, ZHU S Q, et al. Antioxidant Pickering
emulsions stabilized by core cross-linked diblock copolymer
nanoparticles Colloid and
Polymer Science, 2025, 303(6): 1 047-1 058.

[30] 2R 2L, 2/, SR B, A5 | [ —Hh B T XU SSHE X R L4y
R 11 LB I e T B L B Bk VDS R R [T, £ SRR, 2025,
46(4): 51-59.

LUAN H, DOU S K, ZONG A Z, et al. Effect of Ca®'-

bearing polyphenol groups[J].

transglutaminase crosslinking on gel characteristics and
vitamin D;-loading capacity of soy protein isolate emulsion[J].

Food Science, 2025, 46(4): 51-59.



