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Table 1 Cross—sectional comparison of common functional factor delivery systems
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Fig.1 Application of LBL electrostatic deposition to prepare multilayer emulsions™

bEE X 2 2 FLIR TR AR, BHFA G
I AN TR e e %08 380 P, 20 < Lim S5P92R HY
WPIL (Whey protein isolate ) 5 B $i7 {11 e £ 3 (1) 2%
RS2 FLWE, 45 REW], 76 pH 0.9~1.8
EOLT , 207 A A RELE 1B AR IR M PR T 4k 5
IR EE R (R 8 P . Zhang SR FH 56 P78 i v 3
& 2L SPI (Soy protein isolate) -5 7 R BE A It
FHBUZ FLW, 5 SPT FLR  SPI- 2R M 3L Wk
HEAT T OB A R R W] IUZ LR AE AR Rl e e M |
ﬁfﬁﬁﬁﬁﬂl o Acevedo—Fani FFPIFH FL 2k H -

i“AﬁEE%P@?ﬂF?LML ﬁﬁ*@%ﬂﬁlﬂ
ﬁ)ﬁ’@aﬁﬂ:ﬁttﬁ,, R B2 LT Ty E A
EELH 73 A R4 VR F o Lim 5575 2o X6 L
JE T 2 F T4 K T e 2 7K T4 L YR 98 3 A i
DE Z2 ZE MRS 1R G Wy X it v 3 Fl 4 e X B b
R ERE MM SRR, B2 R FLIR
FREHE R AREME, UESET LBL A iE 2 nT DL
SR TC 7 £ i FH B 2R MR R AR 4 SR AR A )

WAL P IR E T

4 [EERERBAE A R

fi5] 1 B J53 #%0k7 (Solid lipid nanoparticle SLN)
SR RAR GG S Y i D5 R 2 B, 2 — Fh
A TR AR A A A B ORE BT R B 2
PIARZSVE AH By 2B Ak AN e DRAIERE 285 B A7 2L
AR AR, DT REAR T A R Y )
RS DLFLAR TR Ay BE A 0 [ A I 2 — oK A FL A
O LA A IS B RC LAY e R AT DL
T [E AR PR B S oA, ik ik R b
faf o3 A ST VR B BB i A T AF B BT AR
S IREAR R ZAE ARG AR T B A e 5
iof R A B RS W R HLRL 43 iR B DS T [
AH i BT ASURL S 32 7K 1 R 2 R 1 24 ) 40 2R R
T SEE 245 0y %) TS0, i o 985 21 1) 2 1 PR
RN B HAR A B LA IR DI fE, RPN
e ABUR A DR A, A0 52 R R 3R A il



448 HOE '

PRI I AR A B 0RO L R AURAE &,
ThE B O PUAE R AR IR A5, LI 2 {5
Pk, S OB i I [ Bt m] LRI A 3 A
Pis PR AKS), Singh SFUORGEE T IR 40K 45
H AR B AT E I T b B OBCR M i 2, %
AR B i T A% T ) L B RORE A T AL B, K
BB EG% 32  Chen S5 & 1 R Z AR MR, T
Bl PRI R IR TT

5 BRI E A

TG JE e — b R VA R v W b LA AL B 2 5 T
TR BA 3 18] AR 548 10 & o 0 B, AR
OFEA BRIz ik 2 B RO ERERE T AR T
et M R4S T R B R R R A LR AT AR R Y
ANTR]SO - pl T e U ZK AR 8 A B R P | ok B
FirEAR S, A=A TIATEEYE, B RE#R
Bt RA SULIEF AP, B B ARG IR KM
FE M, AT AR BIAR G 1Y P4 A g2 BEAE T, AT LA
VES —Fh D BE A ¥ 15 3 2844, e i 5 1 0% P 4 ot
FL LR, LA B BE I A 1) 2 A I
B 5 A HRAE T, R i BA 2R R AR 1
2R LA TR B BT T I O o, 3k B 22 4%
B RORS i T H AR BUR e e P4, M
B FLBR BE X 5] I FE & (R 2 AR 2T
R Akt it S5 AR B 1)z By R

5T e AR, 28K A R A 280 b e e i S B K
B AR REARTRE EW) A B A ) A,
S I8 OISR Y v s X9 B B AR, o L 3 0 B A
i SR ) v A R L R R E PE Y Pickering FL
WK 3, Jiao SFXILUAEA: 70 B8R H 5 % AL 5%
Tit Ay JsORE SR FH v 44 o o R 1 i £ 1 R A
THORE 3 Tl 5 52 R i 40 S 1) 1) 24 5 4 41 45 L R
N BESS, Bon RS 87% B HIMAR & & .
Fardous 5857 JF & 1 — i A2 58 I LW AE R i K2
WP ARG, IR [ E BB R A i a8 K LI S
BUOE N L R S N T v, 4 SRR B 3 12 1 FAH e
K T AL L REE S P AT 47 (19835 A 2

6 EHERERMIWFHIEA
6.1 MRIKBEHERERMBIT LN
AR FUIRACE — 2 B T T AR AR

3 2024 £ 6 4]
;ﬁf’f}ﬂ; EDNR] G BB Lt
'— g \\ “_ \\

2 DREETFEHEREMELEZRTES
Fig.2 Functional factor transport system

in vitro digestion experimental procedure®

Biopolymer

solution

Gelling
solution

B3 B EHEH A & R A
Fig.3 Preparation of gel particles by high—pressure

homogenization technique P

Yy FREEAETT A AR &R i T AR E L oy
B 2) ORAR /N A, AR SR AE Bl Tolk Fh A3
TTZ I LI B AR AL A AR R B R TN T
1B i il N4 34 S Ny 1 Bl B2 I T A 1 6
R, AR I REN TR R R A
K FLARI R — b AT ol P | i IR A 5
e AW PR B ok RGeS S TP
G KA IR BT R AT R 2 ™ b
AR BT R P L RS ) M 2R BE Y R R R
BT T AE B dh b A A7 30 18] £ B A i PR
W, AT L e (R PR 38t oA 72 B it ) S LT 11 IR R A
JELh XUR RSP, 9K FLAR AT T3 B A
3B 1K 4% Al BLAT AR AL BT T I PR D RE A T,
PUB T I A T 5 240 i A5 1) s i 2 il 5 1k
IRICES AR RE | DT 5 A g 24 A sE T, d i
I 8 VAR PR 2R RO AR R R A Y TR, SE
FLOR U, LUK B it R R PESE . Guttoff 45
R A K FLACE S & — B E s e R D
K AL AR FLI . Otoni SF%ER AR i 5 A



F24% H ol

BRI E TG ERKRRZARLERS S PR 449

il Tl RS AR YUK LR, 1IE T
TZREAE S (0 £ I R T
6.2 ZEIARBEHERERRIUHMEZA

ZEFRBEA RIFM e Es, e T
G K VAL G W W e R AR R
I, ZREFURBEA L E L R AL
H R R AR B SR R L3 U Bt
AL VBRI ARG SIAE R T EN,
JEHUS T 2 HA R W R iR, 227
AR AT LI R 7=, B TR BB e D RE
TP AR RS E AN, R T RN T —
S RO KU IR E O R L AN, 2 2E
PR IBVR TR AR L 3 LA 25 R 2% 1 R ) BT P
U AT DA SR AL B — S v 0 S, CaE T R 4
KA B T, s T LA S R Ak B R A Y
A YA FH o Xu Z8C7E pH (Hh 4 554K R
FH L A A 22 3 2 FLICEL A B e e
] B B A 99.99% I 245 48 5 FAE W) R AT % . Wang
103 oo ) HE 22 N AR AN A R 1 22 )2 FLOR 2R
M, $EE T 2N AR I R 0BT AL 1 A A
MR T
6.3 EMkBERBKIER M T W H R A

PEAER SLN i F LA HE 1) 3o 2 e T & B
R B MR A E A R SRR R
7 FH H e SR a7 BT ST, AR IR R
AR TENR A R Ry AL A
Pl e R e R AR B S T e R %3, 0 -3 i
I R B B A4 R A5 e HGE G T W AE ot
FErp % B Ak R IR W L &,
B-TAE N LR SR LK NN g
g SR S AIURE I — R LA — s Y LAY [
T B TR AR AN AR £ N T sk G T R
B oy J2 PG 00 77 A e AR A A R0 0
TE) LI R, AR VK I A 3k 32 38 81 B R A= 0 0
B A4 B A T, il AR T 1 o R ) R
W 9 S5 R LA SR I -SLN AR R 3044 | 85 36 IR %
PEYI I a4 F B4 38, HAL R AT 3K 95.11%, i
58 I FLA Sl SLN AL AT LAAE by g i 1 2 fig
Wik, ReAEE L EERYE, Singh
S5 O 3 T 0 41 3 A K 25 F I T R A S
A% 32

6.4 BREREGHNER®RIWAHELNR

BT HIVEZL AR ARG e ), ARk 2 L
W R ARG R E Y, H T Pickering FLVR il % |
T8 R 7 XEVE A, 75 o A S TR R0 3ot X D g
DR HEATHE RS T 48, AT DA o L i 1k 5 b e Ak
P | B i 32 PR 52 e B 2 ) AR A ST o
ik 2 B 1) T e A - RO BRI, bl T HORR AR Y O
ARV TR IS A T BT R E VR S T
A2 7z BN, R R AR T RE A 1
(2 i R G0, BEBORL T RE 0% 0 £ W) &R 40 Hh (0 Rl
PES o3 A 157 | [ i 3 e S 2 R4 B A E
FEAE T Ak F 6 b i 28 ER A2 Bt AR W T P )
T, DT i A R T 319 RO 2 1 5
IR A5, WU A, 2 oRi Ak T 200 T, 45 2 i
WKL 5 B JC =, HLHA R 09 XU 5] 3k 471
DLZFLE 8 E O JSURE R 30 6 22 il B8 e ok, T
AR NE W5 B W W IE ], BT ) s TR 43 R 4 IR TR W3 1
JREVPE A 20, Leon S0 55 T FLIE
3 T AR P/ TR B O R S AN R UKL O B
SR Y2 W) T TS 0 B e e R, R T R R
L) R L RE M SCSEEL TR R £ AT 4E R far
B, A AR

7 HitE5RE

FL R A0 D R R T8 Ak R R
Ah TR B, MR R LA T B IR R i
Ha B A5 LB 7 v TP A7 4% o B H AR 1 ) 2
Wi 7 T K 22 WIF 5 2 7 B B R0 35 W R AT 1, B
= AR 5 Bl S B AR S R TR L A AT
B, DURE PR TR I 3 168 AR R AR TAE S E R
A ZR ELA B A AR VR Lk
DIRE TH A R, LR S I RE R T AR 1 2
W) 2 B S BT R PR T B R, S
TR IER AR T A RS B 55 ) T e
£t Tl A B AR B BT AT 5 . B T 2
YR EFRRIBET R A 253K, RER Tiz
i R RBF T C R — TR, AR B A
SR L0 F) R e £ T BE DN A R i R
JUANIFH 1) N T HE— e e TiE R
Pk R TE T RE R S AU S ST ), B UUR R
eV T R I AR R P R T R T



450 R E ik 2024 4E55 6 1]
] m] GEAH AR FHBOALHI BT S, AWtk &R 58%r (6] HU B LIU X, ZHANG C, et al. Food macro-
T B ] 336 125 32 2 A4 R 0 25 O v B AE A HLER ) DA molecule based nanodelivery systems for enhancing
SKEIA RS R I E I T B e . s the bioavailability of polyphenols [J]. Food Drug
e o — Anal, 2017, 25(1): 3-15.
EAAREENHARO AW, Dty Shayg e 20 ( ;MINK T
R, USRI F R g, k) PO ot el dncson o
I SR 2 5 10 B . extracellular matrix molecules and necrostatin—1 in
Oy RAR I IR R 2 AR GE Y BERCRFE , ik 20 the intracapsular environment of alginate —based mi-
e 8 ] 3 WA 1 R5E
BIDIREE N AR Ak . 3) 7R IAT I A T Ak crocapsules synergistically protects pancreatic 8 cells
fifi b, PR BARR RS, BRI against cytokine—induced inflammatory stress[J]. Acta
AR TR E 3 R T AR A 7 R S B Biomaterialia, 2022, 146(1): 434-449.
i Tl AR PR AT R S SRl TR R . (8] BR R, B, Bk, % RAEEYZmMAKE
GRS R B , 7S 4 | R LS A AT E]. € SR, 2022, 38(4); 8-
FH TS 06 7 i 9F 5 4
CHEN Y L, JIAO Y, CUI B, et al. Research
s 2 x B progress of protein—based plant polyphenol nano-de-
= livery carriers[J]. Food and Machinery, 2022, 38
(1] VEBIE. B 3 0 S TS SR e % A
. 2022(20): 116118 [0 te, WARE. B3 E SRR E IR A RE A
’ ) ' TORS ] B MR RR AR, 2017, 35(3):
SHEN S T. Study on food nutrition and health in 16-24. 49
the new period [J]. China Food Safety Magazine, . .
002020 116-118 Al H, CHANG C Q. Research progress on nutri-
5 IVF%S* )}A@K _Ejrf'ﬁ B e s 1A O tional components and functional factors in sports
YRAEE, R, sk, SF. i HE :
2] Eﬁ“'#}@; Ei\ﬁnlk;lt %20221) 201 118 nutrition food[J]. Journal of Food Science and Tech-
It 3 . A ) N ) : -
11;L1- Ul " (1) nology, 2017, 35(3): 16-24, 49
' [10] s%F#, Watd, BWIR, 45 BEI0RE e )Rt &
CHEN G L, XUN, ZHARG Y, et al. Rescarch GIFSHE ], fEh R, 2022, 43(1): 269-277.
progress on cervical sub-health of college students .
GUO Z N, PAN J J, HE M J, et al. Advances in
[J]. Health Vocational Education, 2022, 40 (1): . .
118119 research on cholesterol ~lowering functional foods[J].
3] q:J':':F' 'ﬁ%$ SR A o A I Food Science, 2022, 43(1). 269-277.
Vo, W, H i . " vat e e e
w;mﬁ*‘#%] L “”2014“ 35(11) (V1] B4 5, sl ol A 3 o L 4 A 945 0 0
] I . LR 5 ) :
) JLRIEL T BRFEE LT, SR AT, 2021(16): 40-43, 49.
X.U DX CAOY P. Ol Y M L Devel ZHAO J Y, ZHANG P. Research progress on the
B ’ , et al 2ve >nt
¢ food functional Q el oA Teve opr:efl regulation of functional food on intestinal flora [J].
of food functional component delivery system[J]. Sci- Food Science. 2021(16): 40-43. 49.
ence and Technology of Food Industry, 2014, 35 .
). 4 [12] HE W, LU Y, QI J P, et al. Food proteins as
\ FJE;: Bi%&n L 5 B o B novel nanosuspension stabilizers for poorly water—sol
4] ; Zﬁ{é}%lJ oro 19”“ g e uble drugs[J]. Pharmaceutics, 2013, 441(1/2): 269—
;;OU H<23AO Y ; iz ’ .f h 278
’ P T OF TORRER O S 3] bRk, eBedE, KSWRRE, . KEAEEA-KD

traction methods of several functional factors [J].
Modern Food, 2019(19). 51-53.

[5] s, REME, BWH, . Utk s
BERRI] BACETEL, 2022, 28(12): 79-81.
LITT, ZHU Y H, LI H J,

Modern Food, 2022,

et al. Research
progress of functional food[J].

28(12): 79-81.

R AT HI A 1L 25 i 98 K 2L B0 v A 5.
0 TR, 2020, 41(22). 27-34, 42.
SUN Y X, ZHENG X Y, ZHENG L L,

Preparation of Camellia oil nanoemulsion by soy

et al.

protein isolate—tea saponin compound emulsifier and
properties of nanoemulsion[J]. Science and Technolo-

gy of Food Industry, 2020, 41(22). 27-34, 42.



F24% H ol

R B F e iE Bk R B AR S P ey 5 A

451

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

JIBRIL H, ABUBAKAR S. Basis for classification of
functional foods: A review[]]. Bayero Journal of
Pureand Applied Sciences, 2021, 13(1).: 138-144.
GALANAKIS C M. Functionality of food components
and emerging technologies[J]. Foods, 2021, 10(1):
128.

FERNANDES S S, COELHO M S, DE LAS MER-
CEDES SALAS -MELLADO M. Bioactive compounds
foods:
carotenoids, peptides from animal and plant sources
new|M]. UK: Woodhead Publishing, 2019: 129-142.
XI'Y K, ZHOU Y X, LUO Z G, et al. pH-Re-

sponsive Emulsions with B -cyclodextrin/vitamin E

as ingredients of functional Polyphenols,

assembled shells for controlled delivery of polyunsat
urated fatty acids[J]. Journal of Agricultural and
Food Chemistry, 2019, 6437. 11931-11941.

LIU Y, LI X, SANG S, et al. Construction of
functional soybean peptide —cyclodextrin carboxylate
nanoparticles and their interaction with porcine pan
creatic a—amylase[J]|. Food Research International,
2022, 162: 112054.

WOOSTER T J, ACQUISTAPACE S, METTRAUX
C, et al. Hierarchically structured phase separated
biopolymer hydrogels create tailorable delayed burst
release during gastrointestinal digestion[J]. Journal of
Colloid and Interface Science, 2019, 553(6): 308-
319.

YALCINOZ S, ERCELEBI E, SOLANS C, et al.
Screening of extra virgin olive oil —in-bitter orange
juice (O/W) nano—emulsions stabilized with different
food —grade surfactants: A model system for natural
daily use salad dressing[J]. Ttalian Journal of Food
Science, 2020, 32(4): 873-892.

VRPN, AU, M, . GURFLIRH S AR K&
Urhe N R ). TP E e S5 E SR, 2017, 23
(6): 33-38.

JIANG L Z, LI J N, JIANG N, et al. Research
advancement of preparation and application of na
noemulsion[J]. Food and Nutrition in China, 2017,
23(6): 33-38.

GASA F A, ODRIOZOLA S I, OMS-OLIU G, et
al. Impact of emulsifier nature and concentration on
the stability of B —carotene enriched nanoemulsions
during in wvitro digestion[J]. Food & Function, 2019,
10(2): 713-722.

(23]

[24]

[25]

[27]

(28]

[29]

(30]

[31]

[32]

VINEET K R, NIDHI M, KULDEEP S Y. Na-
noemulsion as pharmaceutical carrier for dermal and
transdermal drug delivery: Formulation development,
stability issues, basic considerations and applications
[J]. Journal of Controlled Release, 2018, 270(11):
203-225.

ARBAIN N H, SALIM N, MASOUMI H R F, et
al. In witro evaluation of the inhalable quercetin
loaded nanoemulsion for pulmonary delivery[J].

2019, 9(2):

Drug
Delivery& Translational
497-507.

MAZONDE P, KHAMANGA SMM, WALKER RB.

Design, optimization, manufacture and characteriza-

Research ,

tion of efavirenz-loaded flaxseed oil nanoemulsions
[J]. Pharm, 2020, 12(9): 797.

ALMASI K, ESNAASHARI S S, KHOSRAVANI
M, et al. Yogurt fortified with omega —3using na-
noemulsion containing flaxseed oil: Investigation of
physicochemical properties[J]. Food Seci Nutr, 2021,
9(11): 6186-6193.

CHEN X W, CHEN Y J, WANG J M, et al. Phy-
tosterol structured algae oil nanoemulsions and pow-
ders: Improving antioxidant and flavor properties|[J].
Food Funct, 2016, 7(9): 3694-3702.

N, HEe, SF, % Ailg kI HHE &
TR A g 5 RoE )] R BB A i, 2018,
49(10). 387-395.

JIANG L Z, XI Y M, MA C F, et al. Formation
of fish oil
nano—emulsion [J]. Transactions of the Chinese Soci-
ety for Agricultural Machinery, 2018, 49(10). 387-
39s.

HU M, XIE F, ZHANG 8§,
noemulsion particle size on the bioavailability and

J Food Sci,

and stability enriched  biocompatible

et al. Effect of na-
bioactivity of perilla oil in rats[J].
2021, 86(1): 206-214.

ALKHADER E, BILLA N, ROBERTS C J. Mu-
coadhesive  chitosan nanoparticles  for
the colon [J]. AAPS
Pharm-SciTech, 2017, 18(4): 1009-1018.

DORDEVIC V, BALANC B, BELSCAK-CVITANOVI

—pectinate

thedelivery of curcumin to

C A, et al. Trends in encapsulation technologies for
delivery of food bioactive compounds|]].
neering Reviews, 2015, 7(4): 452-490.
LIU F G, WANG D, SUN C X, et al. Utilization

Food Engi-



452

O

B

= QYA
=

R 2024 455 6 Wi

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

of interfacial engineering to improve physicochemical
stability of B-carotene emulsions: Multilayer coatings
formed using protein and protein—polyphenol conju-
gates[J]. Food Chemistry, 2016, 205(2). 129-139.
A E . pH MY B-H N XU TR o S
PEREWFF[D]. J7IN . fER R, 2019.

SHENG B L. Preparation and properties of pH re-
sponsive B—carotene bilayer emulsion[D]. Guangzhou:
South China University of Technology, 2019.

LIM A S L, ROOS Y H. Stability of flocculated
particles in concentrated and high hydrophilic solid
layer-by-layer (LBL) emulsions formed using whey
proteins and gum Arabic[J]. Food Research Interna-
tional, 2015, 74(4): 160-167.

ZHANG 7Z Y, WANG X B, YU J, et al. Freeze—
thaw stability of oil-in—-water emulsions stabilized by
soy protein isolate—dextran conjugates[J]. LWT-Food
Science and Technology, 2017, 78(12). 241-249.
ACEVEDO-FANI A, SILVA H D, SOLIVA-FOR-
TUNY R, et al. Formation, stability and antioxidant
activity of food—grade multilayer emulsions containing
resveratrol [J].  Food Hydrocolloids, 2017, 71 (5):
207-215.

Lim, A S L, ROOS, Y H, et al. Carotenoids sta-
bility in spray dried high solids emulsions using
layer—by—layer (LBL) interfacial structure and tre-
halose —high DE maltodexirin as glass former [J].
Journal of Functional Foods, 2017, 33(3). 32-39.
WANG T R, XUE J Y, HU Q B, et al. Prepara-
tion of lipid nanoparticles with high loading capacity
and exceptional gastrointestinal stability for potential
oral delivery applications[J]. Journal of Colloid and
Interface Science, 2017, 507(7): 119-130.
SHTAYR, SCHWARZ K. Development and charac-
(SLNs) made
of cocoa butter: A factorial design study[J]. Journal
of Food Engineering, 2018, 231(3): 30-41.
MILSMANN J, OEHLKE K, GREINER R,
(SLN) in

surfactant stabilized o/w emulsions[J]. Colloids and

terization of solid lipid nanoparticles

et al.

Fate of edible solid lipid nanoparticles

Surfaces A —physicochemical and Engineering As-
pects, 2018, 558(5): 615-622.

LR, XERHE, SPIE, F.OIFHFRNEYIIK
Bz Bk A OSBRI & A5 &R T, 2019,
45(13): 7.

JIANG Y R, LIU K K, QI X Y, et al. Biological

[42]

[43]

[44]

[45]

[46]

[47]

48]

[49]

activities and delivery systems of astaxanthin[J]. Food
and Fermentation Industries, 2019, 45(13). 7.
XIGEdE, B3Ek, FhVENIT, 4. TR A CO, it
Vi AR B AR 114 22 B K AN BTN R AL ST ()], 2 H
2019, 42(7): 1621-1624.

LIU X J, JIA J F, SUN L F, et al. Study on cur-
cumin solid lipid nanoparticles based on supercritical
CO, antisolvent technology [J]. Journal of Chinese
Medicinal Materials, 2019, 42(7): 1621-1624.
MOHAN A, RAJENDRAN S R C K, THIBODEAU
J, et al. Liposome encapsulation of anionic and
cationic whey peptides: Influence of peptide net
charge on properties of the nanovesicles|J]. LWT-Food
Science and Technology, 2018, 87(8): 40-46.
LEWIES A, WENTZEL J F, JORDAAN A, et al
Interactions of the antimicrobial peptide nisin Z with
conventional antibiotics and the use of nanostruc-
tured lipid carriers to enhance antimicrobial activity
[J]. International Journal of Pharmaceutics, 2017,
526(1): 244-253.

CHEN P, ZHANG H CHENG S, et al. Develop-
ment of curcumin loaded nanostructured lipid carrier
based thermosensitive in situ gel for dermal delivery
[J]. Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 2016, 506(6): 356-362.
SINGH A, NEUPANE Y R, PANDA B P, et al
Lipid based nanoformulation of lycopene improves o-
ral delivery: Formulation optimization, ex vivo as-
sessment and its efficacy against breast cancer[]].
Journal of Microencapsulation, 2017, 34(4). 416-
429.

CHEN Z, LI W, SHI L, et al. Kidney—targeted as-
taxanthin natural antioxidant nanosystem for diabetic
nephropathy therapy[J]. European Journal of Pharma-
ceutics and Biopharmaceutics, 2020, 156(9). 143-
154.

Tmie, fRm, S, S RN TSR B R
1B b N E 5T R M SR D] B R A,
2015, 40(4): 66-70.

MAO L J, JIAN J L, GAO Y X, et al. The appli-
cation and research status of solid lipid particles in
food industry and expectation[]J]. Food Science and
Technology, 2015, 40(4): 66-70.

AR, WEE, W, S LB K ) e B
LR A5 BEJE[T]. v R f a4, 2018, 18(11):
268-276.



F24% H ol

R B F e iE Bk R B AR S P ey 5 A

453

[51]

[52]

[53]

[55]

[56]

[57]

[58]

et al. Research

FENG Y N, SU C X, YE ]J,
progress in the mechanical properties and application
of emulsion—gel[J]. Journal of Chinese Institute of
Food Science and Technology, 2018, 18(11): 268-
276.

WU W H, KONG X Z, ZHANG C M, et al. Im-
proving the stability of wheat gliadin nanoparticles —
effect of gum arabic addition[]J]. Food Hydrocolloids,
2018, 80(1): 78-87.

LEHMANN M, KRAUSE P, MIRUCHNA V, et al.
Tailoring PNIPAM hydrogels for large temperature —
triggered changes in mechanical properties[]J]. Colloid
and Polymer Science, 2019, 2979(4): 633-640.
HOU J J, GUO J, WANG J M, Effect of

interfacial composition and crumbliness on aroma re-

et al.

lease in soy protein /sugar beet pectin mixed emul-
sion gels[J]. Sci Food Agric, 2016, 96(13): 4449-
4456.

ARAIZA-CALAHORRA A, AKHTAR M, SARKARA.
Recent advances in emulsion —based delivery ap-
proaches for curcumin: From encapsulation to bioac-
cessibility[J]. Trends Food Sci Technol, 2018, 71
(11): 155-169.

DICKINSON E. Microgels—an alternative colloidal in-
gredient for stabilization of food emulsions[J]. Trends
in Food Science & Technology, 2015, 43(2): 178-
188.

e e H . FLIE 2> B A g oKk UKL 0% ) g S AR

Pickering FL W (W WF 52 [D]. dbmt . v [ ek K 2%,
2017.

WU X J. Preparation of whey protein isolate
nanoparticles and study on stabilized pickering

emulsion[D]. Beijing: China Agricultural University,
2017.

JIAO B. High —internal —phase pickering emulsions
stabilized solely by peanut—protein— isolate microgel
particles  with multiple potential ~applications [J].
Angewandte Chemie International Edition, 2018, 57
(30): 9274-9278.

FARDOUS J, YAMAMOTO E, OMOSO Y,

Development of a gel-in—oil emulsion as a transder-

et al.

mal drug delivery system for successful delivery of
growth factors[J]. Journal of Bioscience and Bioengi-
neering, 2021, 132(1): 95-101.

INGERK, BREIEE, FEFE, 5. B ah ZEEIR MOk Y
w KR ST 0 ()], £ A Tl BB, 2020, 41

[60]

[61]

[62]

[63]

[64]

[65]

[66]

(1): 7.
SUN W Q, CHEN Y L, REN S, et al. Research
progress on the preparation and application of food—
grade gel particles[J]. Science and Technology of
Food Industry, 2020, 41(1): 7.

GUTTOFF M, SABERI A H, MCCLEMENTS D J.
Formation of vitamin D nanoemulsion — based deliv-
ery systems by spontaneous e-mulsification: Factors
affecting particle size and stability[J]. Food Chem-
istry, 2015, 171(171): 117-122.

OTONI C G, MOURA M R, AOUADA F A, et al.
Antimicrobial and physical -mechanical properties of
pectin/papaya puree/ cinnamaldehyde nanoemulsion
edible composite films[J]. Food Hydrocolloids, 2017,
63(10): 735-735.

XU G R, WANG C N, YAO P. Stable emulsion
produced from casein and soy polysaccharide com-
pacted complex for protection and oral delivery of
curcumin|J]. Food Hydrocolloids, 2017, 71(5): 108-
117.

WANG C X, SUN C X, LU W, et al. Emulsion
structure design for improving the oxidative stability
of polyunsaturated fatty acids[J]. Comprehensive Re-
views in Food Science and Food Safety, 2020, 19
(6): 2955-2971.

iR, %, S, & RS o F W AFLARR
T IR I T3 A oK UKL B4 ] o S SR AE[]. B B
2021, 42(18): 7-14.

YANG Z, LI M, MU H Y, et al. Preparation and
evaluation of shea butter solid lipid nanoparticles
loaded withau—tocopherol[J]. Food Science, 2021, 42
(18): 7-14.

EHEL M RRORT R 5 0 R 1R 4 FLODR R v il i 2R AR T
Jig i AR B R I [D). MR . ARAb gl K2,
2018.

WANG C. Preparation

and

of whey protein isolate

nanoparticles study on stabilized pickering
emulsion|D]. Harbin: Northeast Agricultural Univer-
sity, 2018.

Xl FUE O D AU B g T R T [D).
e WEAORE, 2014,

LIU D R. The preparation and application of whey
protein based fat replacer[D]. Jilin: Jilin University,
2014.

LEON A M, AGUILERA J M, PARK D J. Me-
chanical ,

rheological and structural properties of



454 oE B A R 2024 4E55 6 1

fiber —containing microgels based on whey protein (11): 571-579.
and alginate[J]. Carbohydrate Polymers, 2019, 207

Target Delivery System of Food Functional Factors and Its Application in Food

Yao Qingbo'?, Liang Yantong'?, Wu Jiamin'?, Liu Xintong'?, Liao Lan'?,
Wang Langhong'?, Zeng Xinan'??, Huang Yanyan'?
(“School of Food Science and Engineering, Foshan University of Science and Technology, Foshan 528225, Guangdong
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Abstract With the continuous research on functional factors, the essential components in functional foods, numerous
functional factors have been developed and applied to functional foods. For instance, unsaturated fatty acids, polyphenols
and carotenoids have their own low bioavailability due to their special physicochemical properties, thus restricting their
application in food. Therefore, the development of functional factor transport systems to improve the utilization of func-
tional factors in food organisms has become an urgent problem to be solved. In this paper, we systematically summarize
the physicochemical properties of nanoemulsions, multilayer emulsions, solid —phase lipid particles, and gel particles
based on recent research on functional factor delivery systems and explain the mechanism of action and application of
various delivery systems. The target delivery system could help improve functional factors” problems and achieve the con-
trolled release of targeted action sites in vivo. Conclusively, this paper aims to lay a theoretical basis for developing and
applying targeted delivery systems for functional factors in the food industry.

Keywords functional component; delivery system; targeted delivery; slow controlled release



