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Research Progress in Preparation of Nanostructured Lipid Carriers
and Its Application in Functional Foods

SHI Fan, YANG Hong’
(Yanjing Medical College, Capital Medical University, Beijing 101300, China)

Abstract: Nanostructured lipid carriers is a new dosage form in food industry. As a delivery system for functional foods, it
has a high drug loading and encapsulation rate, which can effectively increase the bioavailability and stability of fat-soluble
bioactive substances, improve the nutritional value and safety of food, and control the release of encapsulating materials, so
it has a broad application prospect. In this paper, the classification of structural characteristics (imperfect type, amorphous
type and multiple type) and several common preparation methods of nanostructured lipid carriers are reviewed, including
the process flow as well as the advantages and drawbacks of hot high-pressure homogenization, cold high-pressure
homogenization, solvent emulsification diffusion method, solvent emulsification evaporation method, solvent injection/
solvent displacement method, microemulsion technique, emulsification ultrasonic method, membrane contractor, phase
inversion techniques and super critical fluid method. The protection and delivery of nanostructured lipid carriers for
essential fatty acids, carotenoids, phytosterols, fat-soluble vitamins, polyphenols and other bioactive substances in
functional food field are summarized. The limitations and future research trends of nanostructured lipid carriers delivery
system in food industry are summarized and discussed, which would provide a theoretical basis for subsequent research.
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Methods for the production of NLCs

il A

RS

a BHERLIR A IR SR A, /8T A RIS R KA, SRS LI
b. 37 B FE(100~2000 MPa) i 20 TRFLIRGE 3 He4E, 765 SR I AK AT =7
T AR SRR T, K00 e e A R RLAR Y T Y o
c. WHIEZER, IR FLIRE LS I AINLCs

PREYEE R v

Do il PR RAR /N, A%, HLE S (AT DL
H, ARAERIE, 5 TR, A, R vk ar, G T Tolk
A=
e s BB AR PO IR T, TR
WeE S, ANIE JH TR ABRURR A 25 . I A B YR
SRR RS, SRR

a. MRS IR BUR S YRR A ST UK N [E A, f R LB

P ——— B GRE. TRk 4 38 P T X259
PIREIBEET o ot RSV 9 AT AT PR AR AT T B BORTINR ST B 77 2K BRI .
ST S IR B
a. HEFIS KRR A BUIRERL, LIS 205, PIRA DIV . A0
—— B R AL, (AL, SR 4 R, LB BESR A
A b AU BT R, (e300 FHFSRRERE, AR AL Bl R DAL, A BLR AR
i, FEHNLCs.
a. ML AR DL LD . SRCL B I A I e B S
A b. ERELEBERE FASATILTEA &A1 e mia A A AL AL UL PRREEIE, S5 T IREEZS00.
c. A BRHAT LA, BRIRULHENT th, JEHINLCs. A AL
ERILE A a AR ITE S KR 3D 05 55 P AL ELE P R
o b AP EHIGHLE A & 47 LA K T, T RNL. B ALFRIR .
a. JEAFIL A TR, BRI 209 FmbEn KA TIRRIRID . (L BREROL, RS A DL, L B
— A IR ST, 5 F ST =,
i b SEEMERE AP T BELATY KR T ALY, B AR K, NLCS B TR, 825
LT RNL ., L.
ARG U AT e, e,
U HES b AR AU FIRA AL, skt DO ME TR, (DRI R RS Skt

HEATHE 3
T it 5

AHEEALFARLS b. Z=ANIFIA HIFEFRN(85-60-85 °C), HEIK (0 °C)Fi ke,
JH 1AL BUNLCs
HBIGATAR  a. 294 SRR TR B, 7RI AL AR P, T R AR B IR AT
HAR b. i WEME AL, SR K, TR EIANLCs

a. SRR BB E LR AR S A [ LA 22 AL, TR0 N T o
b. [ /RAITETRE AR ARER, I M AL IR B, 2308 A5 SLNs.

a. TEREFE NIRRT, 254, K RIR IS IR &)

MR IrIE R A (o
et RS AR

Mo FTASBURL A T BRI R, ik G e A
AL JTIE B

R ARIE SZIE « RERAR B G2 PR Ips B ie XUS: 557
H R IFEZAVEPY, F2aHE — Tk T0ERR (EPA)
R ISIGIR (DHA) o -3 IR IRAS BB AR
G LZFUNET Y B, AH TS TR RRE i,
AR H P AEAN AR, BRI T AT R E £ 4G 19 0
FHCY, R Fe Bk 8438 1 2580 =0, AR e 1932
AR, FESE AN RAR . BRIRH P s & KEE o-3
A FING TR, Zhu 5552 {7 FHAS AR A A 1 A [
ARPg T, BB E MR ATETER, file T FA s &
WEHFIY NLCs, 33538 96%. WFFEEE R o,
AR BRI ZR 2R T 50 MR R 32 I A AT ES, )
AR M v, TR TR T T RE R
BEFE A RIRTE . FIAMEWITE LI, [RI 2P
i Z R RCE YT, A B TR S NLCs mEsE P,
Shahparast 253 BRI T & & -3 JEHER Y EIHAT a-
A= B RIS PE B E S X4, SRS RS FLAE
AR At 2 1) NLCs, 5T s Ak 1t
M o~ B 1y oA e P T s AT, ARGELE T w-
3 Rtz Ak
32 EE MR

FEHE MRE MK B R IIREN
KIROER, & FE2EAE MR sAgeen] Loz

TS Mg Y & AR (R, PSS N RS
MBI, ZE RIS AL A B P s il )3 22, 25 5 M i 4%
i, BEEAIR T RIS & B ™, FEAR R - FR il T
JEH S D RAETIREE AT N AR, RS R I, 4
HEATE K ER AR AT A OS2 N A A ]
JHEE I 32 2 22 B4 )1, Rohmah 25057 g #4408 JE 14
Jik g T4 p-iAEY N E MY NLCs, a4 H
JAHTEAASE R L B, NLCs 5 1 p-HE b 29497
FHEMPUEARIETE, 7T T g-918 N KRG ENR
AW OB . Shu 48P SR A& R
Yk, i BREEBEIRMEFLILRH & Ta8A s R
NLCs, fl3 R A 1k 94.73%. 1EARSNE 15 AL HF5E
H1,NLCs Hi s 2= B9ICRAE 3 h 4 50.87%+1.72%,
FEER H B n RS T, FERFE RSOV B R, AH ELEES
M-8 2= AR R R (5.29%+0.70%) , AR/ -2
HAYFIHE T IAE] 23.01%+0.62%
3.3 tEYEE

FE ) 55 B S — PP AR T A T 0 KSR TG
Joa, PSR 55 IR [ A 5 i SR AR 544, AT
AR H I [ PR 4 TR A 3 T A A AR PR R L ] P AT
RN TR 15t oA ARIAY T AT = IR Y
FAERERY D, (H R T4 (55 BT T K, M50



c 4 - TR

2023 4F 8 A

=, HoOmACE Wl B v 5 AR 0, AN B A i g
FHo WHIT R, PG IE BOPIK 2R AR AT 18 inAe 4 55 st
PR P, 32w HoRa 2 1, Valeria 280410 DL dn AR 2%
FEFFI . AR AN STy i D1 v A Uk, SR
JEA LS A 8% NLCs. 7E 60 d AURRE AT
FEH, FE Y S E NLCs BYR AR AEA6 5 Fl 2 148.23~
342.10 nm, Z5rHBHEEEEIIEFEIN 0.275~0.481, Zeta
Fa A 28 Ak FE BBl S —22.27~—29.70 mV, I H 1
YyEfasE . M AEN sl ad i R B R I AZ
T R RAAR N 5 ) A5 FH T3k | PR Al 4 S I NLCs,
Yy EiFe e M0 45 TR 2 AR ) £ AN AZ kT &2 e A9
NLCs 7E 4 °C N 28 d stk B A4r, 44 A E rT LA
TE 5~100 52 H AT RS, HA R Uiy iRta e v,
HEh 2% BIRERE T LIRS R TR ETE
34 RIEMHEER

MeEHE4E L R AT A.D.E.K 4
FRU 55 A SR e 2 DA DG, (ER 22 HAS 5
W AEARIEIR, 11 ARAE ) R 3 AIR), PRl kb3 iof 4ok
HFNF AR HEe e e b, A EZEME X, Akram
AU 3@ G P A WA T A 4EAE R A AR IR s
i) NLCs. LA Preciol /E A [E{ARR BT, =3 BREE M
WFE A BT, YAV VD AR S T 1 PSR, #4519 NLCs
HEF N 98.5%, BENLTE 25 C FTREMEW A,
Pem T YRR A TR ot SRR e v
Sung ZEH7 i FH 9 R AN AR i R H 9 PR A A B R
Y mfb sl g T #E 4i2E = D, 19 NLCs. 258
PESLEG (20 d) BoR4EA 2R Dy NLCs LA 30 4
F#(85.6%), ULBHZRIRIL 44 32 D, 95 53-8
N T L b, R e PR PR R R s R & 2k 2Bk sl
B AL I iE AL S gG H, 443K D, NLCs 7EAE
HUE W HRE IR R, PRI I Ak 8 h 54k
A FE D, AR 90% LU L, Won 44 ZE D, NLCs
IS RBERER -
35 ZWMENEY

ZmBI G YR —IEE A BA 20 W
IRGARET ), BAd RN B BN AEYENAL S
P, A IRSR PTEAL Y . PR PUIE e, iR
PERPTAEREVE RS, HT RS mobE g HAA e )
AFEPERY, (B T ARTRE PE S SRR ERY, BRI T
2 G IZ N . 1zza SFP WS T Z
(2 D2 M Al 2 2R A NLCs my%20E M
FHTEALTEE, Hl8 BRE bAoA Y03l A At
KRN, HEF 2 AR R RIFAiEe
PEo EITMEXT H RIS RGeS T, KIS
HH EE, AR Z W P AR TS B B4 5 . Huang
S 38 o o R TR AR Z AV RO P e [ 4
ZT NLCs 7, W52 B 2 2276 v SRRk A
I P 750 2 1A 2 A R B b A S A R R e T D
1300 %, 7€ 25 °C FaJF e i 3 -~ H LI L, [RIAIE
JRFFR S I s T iR R RS M A TS P .

3.6 HtEHR=E

BRLL_E AR RS T, AT RS IE
NLCs 7EZIREE s H i) iZ W, A andeli FH f ARl iR
T ANE RN AR ] A5 19 NLCs AR ddAnT LI
AT Q10 X B IRAPT AT PERY o AT AT JR RIS
TS Y 2 SEORE Tl NLCs, BEfEHE = L 5gobs il iy 21
e Ra e e BT PEAE Y SRR rh i H i —
Nl & 122 3 NLCs, SR, $e e A=A
BEFGHELT AR ETER
4 HRERE

BAITH 2, NLCs VB —Fh i 8L 26 R 5E, 762
REEAh BN BA WS, G PRI e e N A AR
Y E, FRPTA MR R L, PR, DA MR =
AEPIRIBESE . BRIKZ 41, NLCs WL H A2 H A (%L
SR B IC IR AR PR a il & MR AT 3% B FDA I/
B EMA HUHERE SR ETE MER R BT, BAT 8
2R DI ARZS P R AT R, AN 2 A AT il iE FAE
JHEN, bl gl B b ml AR S5 T RREAR T, kiR
DURERN ST IZ G, B INASE PEIE AR A IHBR . e TERE
JHCVR S T T S HA RS, 38 T SR EOE A R
PRI . LRI AERREBCRTE AR .
T NLCs 7EREE IR AR Y 5 o /Y
PEH, oA B 22 g T 8 R B e D RE B i AUk,
NLCs E RN FHEE TR FERT 5

SR NLCs 7EIREE i FSEIL AL T — 1> 4H
XSRS B, FEFVEFIN 5 TR s 2 7
AT, H1a0: a. 548 A iR, X HAh
WL XU | BT AN SR AR SER . b AEER T
U AP AL IEIA R BT, 25 BRals AR T
N 5 g A R U5 IR JTEL DT B A5 1 il S o e
NLCs W HE D RETEED &, B S sk 25 i K 2
SEE, AHN BN b 0 LR A E i i s
IR 2AT U, PRI HAZ2 S e 22
T ESE DL R, d.NLCs 1975l AR R A HE
AR, H AT A S R Bk nl LUt A 7, HA i 25
5l F R AR S 2 /K-, TCi S ISR IT S
P AR Ak, DR SR a7 {eE v s i il 45 7 2%
Vs dt—ARER .

B A5 B s T 45T B Z2 A DG i I e, ARAR
NLCs 7ELIREE & R A5 2 B0 Z N

S 3Lk

[1] RUMANA Y, NAOMI K F, THOMAS T W. Establishing
health benefits of bioactive food components: A basic research sci-
entist’s perspective [J]. Current Opinion in Biotechnology, 2017, 44:
109-114.
[2] PAUL D V, MARIJKE M F, MILICA S, et al. Encapsulation
for preservation of functionality and targeted delivery of bioactive
food components [J]. International Dairy Journal, 2010, 20: 292—-302.
[3] NOBARI AF A, PEZESHKI A, GHANBARZADEH B, et al.

Nanostructured lipid carriers: Promising delivery systems for encap-
sulation of food ingredients[J]. Journal of Agriculture and Food Re-


https://doi.org/10.1016/j.copbio.2016.11.016
https://doi.org/10.1016/j.idairyj.2009.11.008
https://doi.org/10.1016/j.jafr.2020.100084
https://doi.org/10.1016/j.jafr.2020.100084

%44 515

g L, A5 GORESHNRTEAR 5 MAEDIRE R Al P BRI T 5.

search, 2020, 2: 100084.
[4] FARDIN T, MOHAMMAD S, JALEH V, et al. Nanostruc-
tured lipid carriers (NLC): A potential delivery system for bioactive
food molecules[J]. Innovative Food Science and Emerging Tech-
nologies, 2013, 19: 29—43.
[5] MULLER R H, RADTKE M, WISSING S A. Solid lipid
nanoparticles (SLN) and nanostructured lipid carriers (NLC) in cos-
metic and dermatological preparations[J]. Advanced Drug Delivery
Reviews, 2002, 54: S131-S155.
[6] NGUYEN V H, THUY V N, VAN T V, et al. Nanostructured
lipid carriers and their potential applications for versatile drug deliv-
ery via oral administration[J]. OpenNano, 2022, 8: 100064.
[ 7] BELOQUI A, SOLINIS M A, RODRIGUEZ-GASCON A, et
al. Nanostructured lipid carriers: Promising drug delivery systems
for future clinics[J]. Nanomedicine: Nanotechnology, Biology and
Medicine, 2016, 12(1): 143-161.
[8] KT Z, Foeil. ARZBMIER B4 & KIER LA
5o AR 09 AT S (T, B R S 5 3R, 2021, 21(12): 311-322.
[ZHUZ H, LU X M. Preparation and characterization of nanos-
tructured lipid carriers and their research progress in food[J]. Jour-
nal of Chinese Institute of Food Science and Technology, 2021,
21(12):311-322. ]
[9] APOSTOLOU M, ASSI S, FATOKUN A A, et al. The effects
of solid and liquid lipids on the physicochemical properties of
nanostructured lipid carriers[J]. Journal of Pharmaceutical Sci-
ences, 2021, 110(8): 2859-2872.
[ 10 ] ANNITA K, ANASTASIA D. Solid lipid nanoparticles and
nanostructured lipid carriers of natural products as promising sys-
tems for their bioactivity enhancement: The case of essential oils and
flavonoids[J]. Colloids and Surfaces A:Physicochemical and Engi-
neering Aspects, 2021, 630: 127529.
[11] ELMOWAFY M, AL-SANEA M M. Nanostructured lipid
carriers (NLCs) as drug delivery platform: Advances in formulation
and delivery strategies[J]. Saudi Pharmaceutical Journal, 2021, 29
(9):999-1012.
[12] ANA B, ANA D P, ARANTXAZU I, et al. Nanostructured
lipid carriers as oral delivery systems for poorly soluble drugs[J].
Journal of Drug Delivery Science and Technology, 2017, 42: 144—
154.
[ 13] POOVI G, DAMODHARAN N. Lipid nanoparticles: Differ-
ent preparation techniques, characterization, hurdles, and strategies
for the production of solid lipid nanoparticles and nanostructured
lipid carriers for oral drug delivery[J]. Sustainable Chemistry and
Pharmacy, 2017, 6: 37-56.
[ 14 ] VEDANTI R S, PRAVIN P. Nanostructured lipid carriers
(NLC) system: A novel drug targeting carrier[J]. Journal of Drug
Delivery Science and Technology, 2019, 51: 255-267.
[15] GOMAA E, FATHI H A, EISSA N G, et al. Methods for
preparation of nanostructured lipid carriers[J]. Methods (San Diego,
Calif), 2022, 199: 3-8.
[16] X F&, B, BTH, 5. RS RRARET ER
A e S b 0y A AT SR (1], B R AL Tk, 2019, 49(10):
681-687. [ LIUQ X, XUM Y, WEN Z M, et al. Progress in prepa-
ration of nanostructured lipid carriers and its application in cosmet-
ics[J]. China Surfactant Detergent & Cosmetics, 2019, 49(10): 681—
687. ]
[ 17] BARROSO L, VIEGAS C, VIERIA ], et al. Lipid-based car-
riers for food ingredients delivery [J]. Journal of Food Engineering,
2021, 295: 110451.

[ 18] ALDEMAR G, CLAUDIA E M. Solid lipid nanoparticles
and nanostructured lipid carriers: A review emphasizing on particle
structure and drug release[J]. European Journal of Pharmaceutics
and Biopharmaceutics, 2018, 133: 285-308.

[19] LUISAL F, APARECIDA S M, GRIMALDI R, et al. Opti-
mization of high pressure homogenization conditions to produce
nanostructured lipid carriers using natural and synthetic emulsifiers
[J]. Food Research International, 2022, 160: 111746.

[20] VAN-AN D, THI-THAO-LINH N, HAN-JOO M, et al.
Nanostructured lipid carriers containing ondansetron hydrochloride
by cold high-pressure homogenization method: Preparation, charac-
terization, and pharmacokinetic evaluation[J]. Journal of Drug De-
livery Science and Technology, 2019, 53: 101185.

[21 ] HARSHAD S, VANDANA P. Long chain lipid based tamox-
ifen NLC. Part I: Preformulation studies, formulation development
and physicochemical characterization[J]. International Journal of
Pharmaceutics, 2013, 454(1): 573—583.

[22] LIU D F, JIANG S M, SHEN H, et al. Diclofenac sodium-
loaded solid lipid nanoparticles prepared by emulsion/solvent evapo-
ration method[J]. Journal of Nanoparticle Research, 2011, 13(6):
2375-2386.

[23] OLIVEIRA D, MICHELON M, FIGUEIREDO F G, et al. §-
Carotene-loaded nanostructured lipid carriers produced by solvent
displacement method [J]. Food Res Int, 2016, 90: 139—-146.

[24] JOSHI M, PATRAVALE V. Nanostructured lipid carrier
(NLC) based gel of celecoxib[J]. International Journal of Pharma-
ceutics, 2008, 346(1-2): 124-132.

[25] WANG W X, CHEN L N, HUANG X Y, et al. Preparation
and characterization of minoxidil loaded nanostructured lipid carri-
ers[J]. AAPS PharmSciTech, 2017, 18(2): 379-385.

[26] Bk, SHL RER, F. 25 it-a 8 &k d
Ao 41 7 4 R 2 M g R R AR 89 ) & (D). A S A, 2021, 42(3):
121-127. [MA Y Q, XIU W Y, LI C C, et al. Optimization of
preparation process for lycopene-loaded nanostructured lipid carrier
by central composite design-response surface methodology [J]. Food
Science, 2021, 42(3): 121-127. ]

[27] CATHERINE C, ASSMA E, HATEM F. Preparation of sol-
id lipid nanoparticles using a membrane contactor[J]. Journal of
Controlled Release, 2005, 108(1): 112—120.

[28] SUN M, NIE S F, PAN X, et al. Quercetin-nanostructured
lipid carriers: Characteristics and anti-breast cancer activities in vit-
ro[J]. Colloids and Surfaces B:Biointerfaces, 2014, 113: 15-24.
[29] LUDTKEF L, STAHL M A, GRIMALDI R, et al. High ole-
ic sunflower oil and fully hydrogenated soybean oil nanostructured
lipid carriers: Development and characterization[J]. Colloids and
Surfaces A: Physicochemical and Engineering Aspects, 2022, 654:
130039.

[30 ] DARIUSH M, JASON H W. Omega-3 fatty acids and cardio-
vascular disease[J]. Journal of the American College of Cardiolo-
gy, 2011, 58(20): 2047-2067.

[31] ZHANG Z P, ERIC A D, DAVID J M. Encapsulation, pro-
tection, and release of polyunsaturated lipids using biopolymer-
based hydrogel particles[J]. Food Research International, 2014, 64:
520-526.

[32] ZHU J J, ZHUANG P, LUAN L L, et al. Preparation and
characterization of novel nanocarriers containing krill oil for food
application[J]. Journal of Functional Foods, 2015, 19: 902-912.
[33] SHAHPARAST Y, ESKANDANI M, RAJAEI A, et al.
Preparation, physicochemical characterization and oxidative stabili-


https://doi.org/10.1016/j.jafr.2020.100084
https://doi.org/10.1016/j.ifset.2013.03.002
https://doi.org/10.1016/j.ifset.2013.03.002
https://doi.org/10.1016/j.ifset.2013.03.002
https://doi.org/10.1016/S0169-409X(02)00118-7
https://doi.org/10.1016/S0169-409X(02)00118-7
https://doi.org/10.1016/j.onano.2022.100064
https://doi.org/10.1016/j.nano.2015.09.004
https://doi.org/10.1016/j.nano.2015.09.004
https://doi.org/10.16429/j.1009-7848.2021.12.034
https://doi.org/10.16429/j.1009-7848.2021.12.034
https://doi.org/10.16429/j.1009-7848.2021.12.034
https://doi.org/10.1016/j.xphs.2021.04.012
https://doi.org/10.1016/j.xphs.2021.04.012
https://doi.org/10.1016/j.xphs.2021.04.012
https://doi.org/10.1016/j.colsurfa.2021.127529
https://doi.org/10.1016/j.colsurfa.2021.127529
https://doi.org/10.1016/j.colsurfa.2021.127529
https://doi.org/10.1016/j.jsps.2021.07.015
https://doi.org/10.1016/j.jddst.2017.06.013
https://doi.org/10.1016/j.scp.2017.07.002
https://doi.org/10.1016/j.scp.2017.07.002
https://doi.org/10.1016/j.jddst.2019.02.017
https://doi.org/10.1016/j.jddst.2019.02.017
https://doi.org/10.1016/j.ymeth.2021.05.003
https://doi.org/10.1016/j.ymeth.2021.05.003
https://doi.org/10.1016/j.jfoodeng.2020.110451
https://doi.org/10.1016/j.ejpb.2018.10.017
https://doi.org/10.1016/j.ejpb.2018.10.017
https://doi.org/10.1016/j.foodres.2022.111746
https://doi.org/10.1016/j.jddst.2019.101185
https://doi.org/10.1016/j.jddst.2019.101185
https://doi.org/10.1016/j.jddst.2019.101185
https://doi.org/10.1016/j.ijpharm.2013.03.034
https://doi.org/10.1016/j.ijpharm.2013.03.034
https://doi.org/10.1007/s11051-010-9998-y
https://doi.org/10.1016/j.foodres.2016.10.038
https://doi.org/10.1016/j.ijpharm.2007.05.060
https://doi.org/10.1016/j.ijpharm.2007.05.060
https://doi.org/10.1016/j.ijpharm.2007.05.060
https://doi.org/10.7506/spkx1002-6630-20200220-208
https://doi.org/10.7506/spkx1002-6630-20200220-208
https://doi.org/10.7506/spkx1002-6630-20200220-208
https://doi.org/10.1016/j.jconrel.2005.07.023
https://doi.org/10.1016/j.jconrel.2005.07.023
https://doi.org/10.1016/j.colsurfb.2013.08.032
https://doi.org/10.1016/j.colsurfa.2022.130039
https://doi.org/10.1016/j.colsurfa.2022.130039
https://doi.org/10.1016/j.jacc.2011.06.063
https://doi.org/10.1016/j.jacc.2011.06.063
https://doi.org/10.1016/j.jacc.2011.06.063
https://doi.org/10.1016/j.foodres.2014.07.020
https://doi.org/10.1016/j.jff.2015.06.017

-6 - £ Tl B4

2023 4F 8 A

ty of omega-3 fish oil/a-tocopherol-co-loaded nanostructured lipidic
carriers[J]. Advanced Pharmaceutical Bulletin, 2019, 9(3): 393~
400.

[34] RASHIDA A, ELSAYED M A, HUMAYOUN A, et al. Di-
etary sources of lutein and zeaxanthin carotenoids and their role in
eye health [J]. Nutrients, 2013, 5(4): 1169—1185.

[35] MAPELLI-BRAHM P, MARGIER M, DESMARCHELIER
C, et al. Comparison of the bioavailability and intestinal absorption
sites of phytoene, phytofluene, lycopene and p-carotene[J]. Food
Chemistry, 2019, 300: 125232.

[36] F#i#, hTT, 5RA T, 5. KR 45 2t 24 R 45 M e IR Ak
Pt F A AR E SRR D] A S A A, 2022, 43(12):
130-138. [LIX T, XU Y Y, ZHANG Z Y, et al. Regulatory effect
of matrix structures on bioaccessibility of lutein loaded into nanos-
tructured lipid carriers [J]. Food Science, 2022, 43(12): 130—-138. ]
[37] ROHMAH M, RAHMADI A, RAHARJO S. Bioaccessibili-
ty and antioxidant activity of f-carotene loaded nanostructured lipid
carrier (NLC) from binary mixtures of palm stearin and palm olein
[J]. Heliyon, 2022, 8(2): ¢08913.

[38] SHU X, ZHANG L, LIAO W, et al. Nanostructured lipid car-
riers (NLCs) stabilized by natural or synthetic emulsifiers for lutein
delivery: Improved physicochemical stability, antioxidant activity,
and bioaccessibility [J]. Food Chemistry, 2023, 403: 134465.

[39] MAKHMUDOVA U, SCHULZE P C, LUTJOHANN D, et
al. Phytosterols and cardiovascular disease[J]. Current Atheroscle-
rosis Reports, 2021, 23(11): 68.

[40] CAOW J,0USY,LIN W F, et al. Food protein-based phy-
tosterol nanoparticles: Fabrication and characterization[J]. Food
Funct, 2016, 7(9): 3973-3980.

[41] VALERIADA S S, BRUNO B B, ALAN A S, et al. Nanos-
tructured lipid carriers loaded with free phytosterols for food appli-
cations [J]. Food Chemistry, 2019, 298: 125053.

[42] WA, 2ok, KAk, . M & B Ao bbloh L Bue) sh K26
g B AR GG ] & B AR AT A0 [J/OL]. & de T Ak AHHE: 1-12
[2023-02-09].DOI: 10.13386/j.issn1002-0306.2022100279. [ HUAI
QT, LIU L, ZHANG J X, et al. Preparation and stability of nanos-
tructured lipid carriers loading phytosterols with walnut oil [J/OL].
Science and Technology of Food Industry: 1-12[2023-02-09]. DOI:
10.13386/j.issn1002-0306.2022100279 ]

[43] FANALI C, DORAZIO G, FANALI S, et al. Advanced ana-
lytical techniques for fat-soluble vitamin analysis[J]. TRAC-Trend
Anal Chem, 2017, 87 82-97.

[44] KONGL Y, WANG J Q, GAO Q P, et al. Simultaneous de-
termination of fat-soluble vitamins and carotenoids in human serum
using a nanostructured ionic liquid based microextraction method
[J1. Journal of Chromatography A, 2022, 1666: 462861.

[45] BENGU O, SANEM A, MUSTAFA O, et al. Nanoemulsion
delivery systems for oil-soluble vitamins: Influence of carrier oil
type on lipid digestion and vitamin D 3 bioaccessibility [J]. Food
Chemistry, 2015, 187: 499-506.

[46 ] AKRAM P, BABAK G, MARYAM M, et al. Encapsulation

of vitamin A palmitate in nanostructured lipid carrier (NLC)-effect
of surfactant concentration on the formulation properties[J]. Ad-
vanced Pharmaceutical Bulletin, 2014, 4(6): 563—568.
[47] SUNG JP, CORALIA V G, GYE H S, et al. Development of
nanostructured lipid carriers for the encapsulation and controlled re-
lease of vitamin D3 [J]. Food Chemistry, 2017, 225: 213-219.
(48] KA, 53R, M Avdd. Hidh % Bred 30 & IR L
Bon RS oy m A AT R [T]. R s T kA3, 2022, 43(24):
460-468. [ ZHANG J, DANG B, YANG X J. Research progress on
physiological activity, antibacterial mechanism of plant polyphenols
and its application in food preservation[J]. Science and Technology
of Food Industry, 2022, 43(24): 460—468. ]
[49] Rifpmd, 227, wHrk. Hidh % B T TR £ A AL 8
R R [T]. A & A 4w 52 3R, 2020, 11(21): 7721-7728.
[ SONG H Z, WANG F, SHEN X C. Research progress on the anti-
obestiy effect and mechanism of plant polyphenols[J]. Journal of
Food Safety and Quality, 2020, 11(21): 7721-7728. ]
[50] M50, a0k, B—WA, 5. M % B i EALH 69 BT Lt
[J]. & & T &AL, 2021,42(18): 461-469. [ HUANG X Q, CHU
Z,FANG Y M, et al. Research progress on hypoglycemic mecha-
nism of plant polyphenols[J]. Science and Technology of Food In-
dustry, 2021, 42(18): 461-469. ]
[51] EAE, KA 5%, AL 2 R 25 Mg R AR AL T PR AT v IR
A AR EATRT]. P 3 25,2021, 52(13): 3862-3871. [ WANG
X X, ZHANG Z Q. Formulation optimization of ellagic acid nanos-
tructured lipid carriers and oral bioavailability study[J]. Chinese
Traditional and Herbal Drugs, 2021, 52(13): 3862—3871. |
[52] 1ZZAN, WATANABE N, OKAMOTO Y, et al. Characteri-
zation of entrapment behavior of polyphenols in nanostructured lipid
carriers and its effect on their antioxidative activity [J]. Journal of
Bioscience and Bioengineering, 2022, 134(3): 269-275.
[ 53] HUANG J, WANG Q, LI T, et al. Nanostructured lipid carri-
er (NLC) as a strategy for encapsulation of quercetin and linseed oil:
Preparation and in vitro characterization studies [J]. Journal of Food
Engineering, 2017, 215: 1-12.
[54] NAHID A, KOBRA R, ALI R M. Therapeutic anti-inflam-
matory potential of different formulations based on coenzyme Q10-
loaded nanostructured lipid carrier: In vitro, ex vivo, and in vivo
evaluations[J]. European Journal of Lipid Science and Technology,
2018, 120(11): 1800232-1-1800232-10.
[55] FATEMEH K N, BABAK G, HAMED H, et al. Food grade
nanostructured lipid carrier for cardamom essential oil: Preparation,
characterization and antimicrobial activity[J]. Journal of Functional
Foods, 2018, 40: 1-8.
[56] HYUNIJE, YI H, HONG G, et al. Digestion stability of cur-
cumin-loaded nanostructured lipid carrier[J]. LWT, 2022, 162:
113474.
[57] DA SILVA M G, DE GODOI K R R, GIGANTE M L, et al.
Developed and characterization of nanostructured lipid carriers con-
taining food-grade interesterified lipid phase for food application[J].
Food Research International, 2022, 155: 111119.


https://doi.org/10.15171/apb.2019.046
https://doi.org/10.3390/nu5041169
https://doi.org/10.1016/j.foodchem.2019.125232
https://doi.org/10.1016/j.foodchem.2019.125232
https://doi.org/10.7506/spkx1002-6630-20210421-300
https://doi.org/10.7506/spkx1002-6630-20210421-300
https://doi.org/10.1016/j.heliyon.2022.e08913
https://doi.org/10.1016/j.foodchem.2022.134465
https://doi.org/10.1007/s11883-021-00964-x
https://doi.org/10.1007/s11883-021-00964-x
https://doi.org/10.1007/s11883-021-00964-x
https://doi.org/10.1039/C6FO00861E
https://doi.org/10.1039/C6FO00861E
https://doi.org/10.1016/j.foodchem.2019.125053
http://dx.doi.org/10.13386/j.issn1002-0306.2022100279
http://dx.doi.org/10.13386/j.issn1002-0306.2022100279
https://doi.org/10.1016/j.trac.2016.12.001
https://doi.org/10.1016/j.trac.2016.12.001
https://doi.org/10.1016/j.chroma.2022.462861
https://doi.org/10.1016/j.foodchem.2015.04.065
https://doi.org/10.1016/j.foodchem.2015.04.065
https://doi.org/10.1016/j.foodchem.2017.01.015
https://doi.org/10.13386/j.issn1002-0306.2022010070
https://doi.org/10.13386/j.issn1002-0306.2022010070
https://doi.org/10.13386/j.issn1002-0306.2022010070
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2020.21.013
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2020.21.013
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2020.21.013
https://doi.org/10.13386/j.issn1002-0306.2020090078
https://doi.org/10.13386/j.issn1002-0306.2020090078
https://doi.org/10.13386/j.issn1002-0306.2020090078
https://doi.org/10.13386/j.issn1002-0306.2020090078
https://doi.org/10.7501/j.issn.0253-2670.2021.13.010
https://doi.org/10.7501/j.issn.0253-2670.2021.13.010
https://doi.org/10.7501/j.issn.0253-2670.2021.13.010
https://doi.org/10.1016/j.jbiosc.2022.06.009
https://doi.org/10.1016/j.jbiosc.2022.06.009
https://doi.org/10.1016/j.jfoodeng.2017.07.002
https://doi.org/10.1016/j.jfoodeng.2017.07.002
https://doi.org/10.1016/j.jff.2017.09.028
https://doi.org/10.1016/j.jff.2017.09.028
https://doi.org/10.1016/j.lwt.2022.113474
https://doi.org/10.1016/j.foodres.2022.111119

	1 纳米结构脂质载体的结构特征
	2 纳米结构脂质载体的制备方法
	3 纳米结构脂质载体在功能食品中的应用
	3.1 必需脂肪酸
	3.2 类胡萝卜素
	3.3 植物甾醇
	3.4 脂溶性维生素
	3.5 多酚类化合物
	3.6 其他营养素

	4 结论与展望
	参考文献

