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Construction and Properties of Alginate-based Trilayer Composite
Film Loaded with p-Lactoglobulin Nanoparticles

FAN Wenting', LI Kangjing', SONG Jie', JIANG Zihan', XU Haotian', ZHU Junxiang'?, WU Hao"*"

(1.College of Food Science and Engineering, Qingdao Agricultural University, Qingdao 266109, China;
2.Qingdao Special Food Research Institute, Qingdao 266109, China)

Abstract: In this work, a trilayer composite film of alginate-polyvinylpyrrolidone-alginate loaded with f-lactoglobulin
nanoparticles was prepared based on the layer-by-layer assembly. The formation of S-lactoglobulin nanoparticles was
induced by adjusting the ambient pH and temperature in combination with binding apigenin. The formation pattern and
storage stability of f-lactoglobulin nanoparticles were investigated by particle size, polydispersity and Zeta potential. Then,
the S-lactoglobulin nanoparticles were loaded into sodium alginate-polyvinylpyrrolidone-sodium alginate trilayer composite
film to investigate the effects of nano-loading on the mechanical, transmission, optical and thermal properties of the film.
The results showed that f-lactoglobulin nanoparticles with good stability could be obtained by adjusting the ambient pH to
7.1 and heating the temperature to 75 °C under the protein/ligand molar ratio of 1:8. The mechanical properties and water
vapor barrier of the films were significantly improved when the nanoparticles were added to the trilayer composite films at
concentrations of 0.2 and 0.3 mg/mL. Moreover, the addition of f-lactoglobulin nanoparticles improved the light

transmittance and thermal stability of the trilayer composite film. In conclusion, the trilayer composite film made of alginate
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loaded with f-lactoglobulin nanoparticles exhibited good packaging properties and high application potential.

Key words: alginate; polyvinylpyrrolidone; f-lactoglobulin; nanoparticles; layer-by-layer assembly; composite film
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Fig.1 Effect of pH on size, PDI, and Zeta potential of f-Lg
nanoparticles
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Fig.2 Effect of temperature on size, PDI, and Zeta potential of
p-Lg nanoparticles
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Fig.3 Effect of molar ratio of f-Lg/apigenin on size, PDI, and
Zeta potential of f-Lg nanoparticles
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Fig.4 Effect of pH (a, b, c), temperature (d, e, f), and molar ratio (g, h, i) on the size, PDI, and Zeta potential of 5-Lg nanoparticles
during storage

2.3 B-Lg AKRFRIZEETT SA-PVP-SA B & IRHUHEF
TR

TE 2.1 F1 2.2 S5E3ERE I, Fiase e n p-Le
WK PRI IAZ] SA-PVP-SA =ZE &b, 3 1
I, I 0.1 mg/mL 19 B-Lg KAk 23 F I8 — )2
AR TR L, 591652 G REn0 s, (AiE—20 42
= B-Lg KUk 75 inh:, SA-PVP-SA = )2 & &I
PTG BB R 238 . eAh, AR 1 I8 RN, iE It
AR PVP Hh p-Lg QAR T N, — )25 A5
P | TR e ST A 34 B B S RS )
Pk MEINELE 0.2 mg/mL Fl 0.3 mg/mL A,
B-Lg GHKRITORE 2 TR HT 14 1 MR L A T AT 45-F SA

KMV, INZ B-Lg KRS /)N, ZEEH PVP
SRS, IS SA ZMERIZFT PVP Hhfa] )22
(] A 235 5 B IR %, AR e s B A ) 2 g i
(P<0.05), Horh, Prhism B il ik 62.48+10.42 MPa,
FIMERR AT 5 663.10+£11.35 MI/m*. 4 B-Lg 4K
Bz hnE BT 0.3 me/mL B, g-Lg 99K F0k 5 A &
AT A IIRE, F 3O (1 1E ML A Bl A
PR, 1 HL, BRI T B-Lg 9Kk fE PVP JZ2 PS5
PR, PRI TC 1A R R FE AN KSR AR, 1% e LR 5
FERHIIE B3 FR%(P<0.05). Oymaci Fl Altinkaya™!
B A TR KR (ZNP) i A B FLIE 2y B i
PR, [RIRE 2B T ARRISS 18, 7410 ZNP 20 T,
FLIF OB B U E G S R U

1 f-Lg GORMRCHE NS SA-PVP-SA &5 A7 Tt | i | Wi SR R Pk Ay S

Table 1 Effect of f-Lg nanoparticles loading on Young's modulus, tensile strength, elongation at break, and toughness of
SA-PVP-SA composite films
ey P EA it (MPa) PR (MPa) WERCR (%) ik (MI/m)
SA-PVP;-SA 12.26+0.12° 47.95+5.15° 15.03+0.30° 456.89+2.45°
SA-PVP, -SA 8.71+0.07¢ 48.637.55° 2377117 463.09+8.34¢
SA-PVP,,-SA 12.89+0.11° 52.45+3.65" 21.23+3.00° 663.10+11.35°
SA-PVP(;-SA 9.61%0.08° 62.48+10.42° 22.29+2.50" 625.72+22.12"
SA-PVP,-SA 7.7140.07° 27.2540.78° 11.28+0.30° 189.99+1.12°

T RPN A 7R RoR 2257 1.3 (P<0.05)
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X HEZH 25 g AR 45 S0 N B0, K &5 G Re I FRAR, 5
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o X RS MR S e & B, 5T 0.2 mg/mL ES N
N EHRT SRR, 3 AT R AR DR Ay v vk B 4R A0k
P T AR A 1 EEVE I, TS 2 27K 53 i AR
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SURL S 0 52 B0 11 S RS B i a3, SA-PVP -
SA Fil SA-PVP, ;-SA F I H 58 1 7K 25 SRR P -
X AT RESE KN B-Lg 9H K IORL 3 BTE R RE 5T R B il
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251 [ A4ak g WP

L e N T )
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Fig.5 Effect of f-Lg nanoparticle loading on moisture content
and WVP of SA-PVP-SA composite films
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Fig.6 Effect of f-Lg nanoparticles loading on the light
transmission of SA-PVP-SA composite films
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Fig.7 The TGA curve (a) and its first-order derivative (b) of
trilayer composite films with different adding amount of f-Lg
nanoparticles
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