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of Astaxanthin Nanoemulsions

ZHU Qianer, LIU Xiaoqing", CHEN Xiaoyu, ZHANG Yue, LIU Chengzhen
(College of Life Science, Qingdao University, Qingdao 266071, China)

Abstract: To enhance the bioaccessibility of astaxanthin (ASTA), this study constructed astaxanthin nanoemulsions
(ASTA-NEs) using high-pressure microfluidization technology, with methyl linolenate (ML, esterified modification),
flaxseed oil (FO, rich in unsaturated fatty acids), and coconut oil (CO, rich in saturated fatty acids) as the oil phases,
respectively corresponding to astaxanthin-loaded methyl linolenate nanoemulsions (MLA), flaxseed oil nanoemulsions
(FOA), and coconut oil nanoemulsions (COA), with astaxanthin-free methyl linolenate emulsion (ML) serving as the
control. By characterizing the emulsion structure, stability, in vitro digestive behavior, and ASTA bioaccessibility, the
regulatory mechanism of oil phase composition on the performance of the delivery system was revealed. Results showed

that all emulsions exhibited a single narrow-peak distribution, with a polydispersity index (PDI) below 0.2 and negative
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Zeta potential, indicating stable and homogeneous systems. Among them, MLA had the optimal dispersion uniformity. The
stability of emulsions with different oil phases was affected by pH, Na" concentration, and temperature. Within the pH
range of 5~9, MLA showed a smaller PDI value (P<0.05). For ionic stability, in the range of 0~300 mmol/L NaCl, the
particle size of ML increased significantly with the increase of Na® concentration (P<0.05), while the particle sizes of MLA,
FOA, and COA remained stable. In addition, the thermal stability of different samples was evaluated within the temperature
range of 30~90 °C: At 30~60 °C, MLA showed no significant change in particle size (P>0.05) and exhibited the best
thermal stability. At 90 °C, the particle sizes of all samples increased, but MLA still maintained a relatively small particle
size (<195 nm). During in vitro digestion, the emulsion structure remained stable in the oral and gastric phases. In the
intestinal phase, the particle size of COA increased significantly (P<0.05) due to the rapid hydrolysis of high saturated fatty
acids. After digestion, MLA had the highest ASTA retention rate, with a bioaccessibility of 26.8%, which was significantly
higher than that of FOA (24.8%) and COA (22.4%) (P<0.05). This study clarifies the regulatory mechanism of oil phase

properties on the performance of astaxanthin nanoemulsions, providing a theoretical basis for the rational design and
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industrial application of functional lipid delivery systems.
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SN WS, R, A AR Ik RGN
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FL (14000 r/min, 10 min) . K il £ 15 2 09 4 FLAE
100 bar il &R HT 5 U, RO &5 21 51 4R 0F
TR MV RER H ER AR ZLIK (MLA) | 7128 1Y
M RRAFIM A FLI (FOA) 6 4R MR 75 22 A8 T-Trh 4
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RAA), e 5 min, ZR)JERFEE TP A F, 3%
_EEEPEA, TR T K 488 nm AbBEAT BAMOWEE
1.2.3 ®ifE . Zeta HLA7 FIZ 534844 (Polydispersity
index, PDD) Ml %2 #R #f& Inthamat 5 P22 B4 J7 =, HL
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A FLIRRE SR B SR SR A o BB S E: TR
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1.2.4 ZLRMESE ST

1.2.4.1 pH FeEtt il 0.1 mol/L A9 HCI Fll NaOH,

P ALHPESR S pH AP Z 3.5, 7. 9., 11, Z=iEF
B 30 min, WEAFE pH TEESMIVRIAR . Zeta HLALFN
ZrRFeE0, JriklnE) 1.2.3,

1.2.4.2 BErimEERvEM i NaCl BEIE A
ER B R EERSEE A 0. 50, 100, 200, 300 mmol/L (1

Fefh, ZIRFE 30 min J&, TEARFEEE P51
TRESAORIAE . Zeta AR . FHZKFRRE 100 £ 5 H
BidR . Zeta HUALFIZ 53 HEEEY, JrikF] 1.2.3,
1.2.43 #F@eEtE HRIE Xing 2P Fll Zhong £512¢
BT s, FEVEE L, #F 5 mL ML, MLA ., FOA. COA
FRAIRFI OB I A, 43 517E 30, 60, 90 °C —Fps%
AT /KIEWEE 30 min, FEAHIZEEE)S, WEAF
TR T ARES RIAR . Zeta WA RN 2243 BFE &4, 7k
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1.2.5 ZLMASMERLNEIL R INFOGEST {44
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Table 1 Composition of electrolyte reserve for each part
gy, "ERCSSE)RRE FIR(SGE) iR Wil (SIF) it
pH7 pH3 pH7
KCl 15.1 6.9 6.8
KH,PO, 3.7 0.9 0.8
NaHCO, 13.6 25 85
NaCl 13.6 47.2 38.4
MgCl,-6H,0 0.15 0.12 033
(NH,),CO, 0.06 0.5 -
HCI 1.1 15.6 8.4

TE: RPER W VKRS K FH INFOGEST fARSIME AAR YL il;
B g 5 HL AR ZHL O FEE (mmol/L); “~" FR R4S AR .

FT R B B B S mL 75 i AR U, e AR U
A 4 mL SSF i &% . 0.075 g B9 o-TEBI M. 20 uL
0.3 mol/L CaCl, ¥ 975 pL /K, IRA G TEFR IR
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BB B 10 mL & B BEAORE S, AR A
8 mL SGF £ . 5.3 ¢ B EHMFF 5 pL Ay 1bss
VR, ITIZK 2 20 mL, 4 pH 83 % 3.0, IR & 514
¥EIR F(37 °C, 100 r/min)¥RE7% 120 min.

/NMABEE: 7] 20 mL B BRI AT 13 mL
SIF fif & W . 1 g BEEFFI 40 pL 0.3 mol/L CaCl, %
W, LLS#E T 3 mL SIF fifi 5 1 IHER (0.001 mol/L) .
FEHNZKZE 40 mL, ¥ pH PWIEZE 7.0, IRG TS 7ERE R B
(37 °C, 100 r/min)$¥E7% 120 min, JH 0.45 um JER T
VERIRZL, BIAS B S 2H TR A SR A
1.2.6 7 ki B2 v 2L W 0 4O TR 25 U 5%
CLSM WELZL IR, JriklE] 1.2.2,
1.2.7 AL FRRLW BkiAs | AN N 2243 Bl
A AT R SORLEE AN R FLAR R4 . AL A=
SYHFEEL, rikEl 1.2.3,
1.2.8 FLWHIFERAEY AT M S3RI1EC 1 mL 8y
ML, MLA . FOA., COA K s54HRES AL S BOTR -G
A, B S 4 mL B FNR A (& be: FHEE=2:1),
B0 (25 °C, 5000 r/min, 15 min), BCEHLAH, FI4E4b-
Sy YRR AE 488 nm Ab e H G EERY, Rl
P HILE I AC A [ BE B0 85 22, hl 5 prn il , Hgk
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A LU A LR ARy ] S Ef 7 e
AT B = 2 x 100
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1.3 B
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SERIEbRHEZE . ) SPSS %4 (SPSS 20, Chicago,
IL) X S8 B A 751 o, SEATHA R 37 22 One-
way ANOVA 34, 3R Tukey’s BT HIPH FLER
53 BT, P<0.05 # A B g1t X, £ KR
Origin 2021 A%
2 BERSH
2.1 FLERILEHIRAE
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FHARE R, AMUEI S ML 2B 2557 . 53 4h
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G SRR ESE I TR 2R 1 S ECIRAS 5 A R
PEBT . AN 10 FroR, PURPZLIRRE S 5 PR 04 4y
A7, ULEH AT 5128, SR CLSM A48 PUFP LK
R E 1e~El 1f FioR, #2500 2L o e
o SWER K I, PR T R A S B TR T
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b 0] ——MmL
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151 ——coaA
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o 101
k;:é
5 o
0 Hosoosoocattootd SO
10! 102 10°

it (nm)

20 5 2
0 um COA 0 pm

204m FOA

El1 ML.MLA. FOA il COA FLIE MR (a) | R FE A5
(b) 1 CLSM &% (c~f)

20 MLA

Fig.1 Appearance (a), particle size distribution (b) and CLSM
images (c~f) of ML, MLA, FOA and COA emulsions
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FHIE, WIRRIR F P8 L 070 R s ]S, 3XFpbr
IR INATRE 5208 N 3R AR AT R i 454
FESEA P, i SR A B AR 1A kP, 5
ML #1 MLA #H kb, FOA F1 COA 1 F X5k 42 55 K
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& 2b 7R, BFERESH I PDI MG T 0.2, FBHMRRERE
A RS AR R BAT S BB —E, AR T LR

a 250 4

200 4 7z
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H o
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720 .
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Fig.2 Average diameter (a), PDI (b) and Zeta potential (c)
of ML, MLA, FOA and COA emulsions
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2026 4 5 H
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Fig.3 Average diameter (a), PDI (b) and Zeta potential (c)
of the emulsions under different pH
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