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Abstract: [ Objective] To improve the physicochemical stability of walnut polypeptide liposomes (WP-L), delay walnut polypeptide (WP)
release, and conduct bilayer polysaccharide modification on the WP-L using sodium alginate (SA) and chitosan (CS). [Methods] The
effects of modifications by CS and SA in different mass fractions on the physicochemical properties of WP-L are investigated. Then, the
structural morphology of the liposomes is characterized by transmission electron microscopy (TEM) and Fourier transform infrared (FTIR)
spectroscopy. Additionally, liposome stability under long-term storage conditions is examined. Finally, polypeptide release rates, release
behavior, sustained-release characteristics, alongside bioactivity changes before and after digestion are evaluated via in vitro simulations of
gastrointestinal digestion and release experiments. [ Results] When the mass fractions of CS and SA are 0.6% and 0.5%, respectively, the

encapsulation efficiency of WP by the prepared SA-CS-WP-L is up to 90.67%, with a {-potential of —17.10 mV. According to TEM
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observation, SA-CS-WP-L exhibits a spherical vesicle structure with a smooth surface and a core-shell structure. Changes in TEM image
contrast indicate successful deposition of CS and SA onto the WP-L surface. In FTIR results, SA and CS form stable complexes on the WP-
L surface through hydrophobic interactions and intermolecular hydrogen bonding. During the 19-day low-temperature storage experiment,
SA-CS-WP-L still exhibits a high polypeptide encapsulation efficiency (70.77%) and stable physicochemical properties. In vitro
gastrointestinal digestion simulations and polypeptide release assays demonstrate that SA and CS modifications effectively delay WP release
during digestion while maintaining their sustained inhibitory efficacy against angiotensin-converting enzyme (ACE). Furthermore, WP
release follows Fick diffusion behavior. [ Conclusion] Bilayer surface modification of WP-L using SA and CS effectively protects WP and
achieves sustained-release performance.

Keywords: walnut polypeptide liposome; bilayer polysaccharide modification; in vitro simulated gastrointestinal digestion; sustained-

release property; sodium alginate; chitosan
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Figure 2 Effects of SA mass fraction on physicochemical properties of SA-CS-WP-L
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Figure 3 TEM images
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Figure 5 Physicochemical properties of samples before and after storage at different temperatures
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Figure 6 Polypeptide release rates of samples in simulated gastrointestinal digestion and in vitro release experiment
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Table 2  Fitting results of release kinetics equation of WP, WP-L, CS-WP-L, and SA-CS-WP-L in simulated gastric fluid

B AT G REA R’
WP FHIR M/M,=0.468 9t+54.316 8 0.142 8
— IR MM, =(1—¢ *3*11)%94.826 4 0.999 8
Ritger-Peppas J5 72 M/M,_=93.413 80 ° 0.999 9
Higuchi J5 i M/M,=7.430 0¢"°+32.448 2 0.489 7
Hixon-Crowell J5 1% M,/M,=0.000 47 —0.084£+5.262 3t+10.270 0 0.674 0
WP-L FH IR M,/M,=0.300 6¢+27.936 7 0.269 7
— I MM, =(1—e *1°"1")x53.499 5 0.992 6
Ritger-Peppas )7 & M/M,=41.396 1£°° 0.999 3
Higuchi J5 Fi M/M,=4.480 01>+ 15.690 7 0.6157
Hixon-Crowell 75 12 M,/M,=0.000 27 —0.043 0°+2.762 01+5.263 2 0.724 0
CS-WP-L RN M/M,=0.249 2t+23.790 8 0.250 0
— MM, =(1—e *17) X 45502 5 0.995 2
Ritger-Peppas )5 72 M/M,=34.670 1£°3 0.995 5
Higuchi J5 72 MM, =3.767 1/*+13.306 4 0.607 0
Hixon-Crowell J7 M/M,=0.000 17 —0.035 34+2.334 2r+3.935 4 0.783 8
SA-CS-WP-L LRI M/M,=0.169 9t-+16.771 0 0.2319
— IR M/M,=(1—e *'7%)X31.359 6 0.994 6
Ritger-Peppas J5 4 M/M,=25.913 3,044 0.995 5
Higuchi /5 72 MM, =2.571 6¢"+9.602 0.578 1
Hixon-Crowell J7 & M/M,=0.000 1£—0.026 87+ 1.683 6¢+3.020 5 0.728 4
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Table 3  Fitting results of release kinetics equation of WP, WP-L, CS-WP-L, and SA-CS-WP-L in simulated intestinal fluid

FE it WA WA RIKR R?
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Hixon-Crowell J5 2 M/M,=0.000 47 —0.082 87 +5.204 2¢+10.254 9 0.667 7
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Ritger-Peppas Ji i M/M,=55.718 8! 0.999 2
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Hixon-Crowell 77 4 M/M_,=0.000 3£ —0.054 157 +3.363 4t+5.949 5 0.726 0
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— )i M/M,=(1—e *'6'%) 332297 0.991 4
Ritger-Peppas J5 & MM, =25.594 3,07 0.998 8
Higuchi J5 & M/M,=2.789 9¢°+9.704 8 0.6192
Hixon-Crowell J7 M/M,=0.000 17—0.027 47 +1.741 8:+3.167 6 0.741 6
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Figure 7 ACE inhibition rate, DPPH free radical scavenging rate, and reducing power of WP, WP-L, CS-WP-L, and SA-
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