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Abstract: In this study, chitosan nanoparticles (NPs) loaded with DL-3-phenyllactic acid were incorporated into a
gelatin (GE) matrix to fabricate gelatin-nanoparticle composite films ( GE-NP). The effects of different chitosan nanoparti-
cle concentrations (0, 2%, 4%, 6%, 8%, and 10%) on the properties of the composite films were investigated. The re-

sults showed that, considering mechanical properties, ultraviolet (UV) barrier properties, oxygen barrier properties, water

vapor barrier properties, and antimicrobial properties, the
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716 KK AR5 00 T ( E-mail) wangcheng@ jaas. ac. analyses revealed that the interactions between nanoparti-

cn cles and gelatin molecules enhanced the crosslinking

gelatin-8% nanoparticle composite film ( GE-NPy, )

exhibited the best performance. Low-field nuclear magnetic
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volume, and made its structure more compact. In the fish preservation experiment, on day 10 of storage, the red-green val-

ue (a”) and yellow-blue value (b ) of fish treated with GE-NPg, were found to be closer to those of fresh fish. On day 10

of storage, compared with fish treated with polyethylene film and gelatin film, the pH value, total volatile basic nitrogen

content (TVB-N) , thiobarbituric acid content (TBA), and total viable count (TVC) of fish treated with GE-NPy, in-

creased to a lesser extent. Meanwhile, the decline in texture parameters such as hardness, elasticity, cohesiveness, and

chewiness of the fish was also less pronounced. In summary, the GE-NP, composite film can effectively slow down the

quality deterioration of fish and extend its shelf life. The results of this study can provide a theoretical basis and technical

support for extending the shelf life and maintaining the quality of aquatic products.
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1.3.2 #AIR-# KT A6 B (GE-NP) ¢ #1 & K
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W, VMG E (ATTR) M 2 db, #5358 B M1 ~8 MHz,
VL MnCL, AR ERE S i A TR U
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T, C Ve g BEYE I, 2R WA 52 G REER THT 1 S /K M3 5 R
RE VML B 52 B FE 4 T i 32208 O B A R
HR R A ) e R R AR R B A e
1) N1s i b, 7T 395. 7 eV .396. 0 eV H1397. 7
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Fig.1 X-ray photoelectron spectroscopy of GE-NPg,, composite film

2.2 GE-NP,, EGRMRHZHEIRMTIFHZH
HIRS

B S R A] ( T,) W] LA B GE-NP &2 & i
SRS B R Ky T M 25 S B T (RN,
TS G B v B Y AR R B R, AN BT 2A BT
7, SRR L, GE-NP,,, & A FE 5 A i) 5th 752 i 1)
W, RGBT AT T GE-NPy,, & A i
BRI B, 3 3 IR DR R A AR R I A
3 L B AR A B AR X Rl AN AR F AT LA
A AR v IR A T 1) S IR B E RN AC KSR EE

A A28 A F R ) LA RS A v st 7R )
(T,) , #EMPEAE A B B R BRI BEL R e e, n
&l 2B 7, bifi 2 i 37 5% B 9 384 n, BH S BB FN GE-
NPy, B A M EI YN 0] 5th 74 1) ] S IR R AR R 34, Besh,
TE1~8 MHz W58 BT, GE-NPy,, & & JE A 9\ 1]
ST [R] /N T B RIS, S W] GE-NP, &2 5 50T B H

PRBUINT W BB 3 J2: R A G KR 5 4 T3
HL0F ] ) 38 38 3, HLA K 1 R i 40 1 =22 )
(AR ELAE FHE GE-NP,, & A B s, I i it —
AU N H HARFR
2.3 GE-NP E5EMHFEHEED T

TE 2 IR PR B I AR 3 %8 50 mm/min [ 25 /4
T, 4F GE-NP E A B Jy 2 gt A7 ik, ansk 1
FIE7R , U8 0 4% K ki ¥ B9 GE-NP,, . GE-NP,,, . GE-
NP, .GE-NP, .GE-NP,, & & & 6 Hr i o 1 | W 54
R A Ffbim W ) 35 0 3 i T I ( P<
0.05) . A5 W fise 22 0] A9 AH B A FH BE 6 FE 1L
IV 77, NI SE BRI A5 B 3 5 S5 38 8] . GE-NP,, &
AR B b B B K, R (92.55+2.43) MPa, GE-
NP o, B A B0 P50 5 2 A I 1% 1. 98 £ ; GE-
NP, 525 B B 244 A e, 8. 13%+0. 38%,
GE-NP,, 5 A BRI Wi 240K 2 S B I IS 1 1. 57 %5
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GE-NP ., & 15 JE (9 4 [ #5E 6E Je K, R (2.38+0. 11)
GPa,GE-NP,,, & £ JE 4% [ A5 5t oy WY S JE 14 1. 65
173 GE-NP,, AW 24P P i K, R (4. 49+0. 19)
MJ/m’ ,GE-NP,, 5 & B (1 W 244 1 kg BH JC S 1) 3. 01

] 7 B

GE-NP,,

GE

2 0 1 2 3
TR [R] XL (ms)
GE : A ; GE-NPy o, : BANE-8% 4K T A B

Fo GE-NP,, 543 [ A Wi 24 R M R o
T GE-NPy, A, 1 0] BRI N g 9 A T4 I i
W2, FEURTRGOARL RN BE HAZHR
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Fig.2 The low-field nuclear magnetic resonance spectrum (A) and variable-field nuclear magnetic resonance spectrum (B) of GE-NPg,,

composite film

F1 BER-HXKHF GE-NP ERRMNSIF1E8E

Table 1 The mechanical properties of gelatin-nanoparticle ( GE-
NP) composite films

B PURSRE BRI W2 BE
(MPa) (%) (GPa) (MJ/m*)
GE 46.78+2.13f 5.18+0.12¢ 1.44+0.09d 1.49+0.09¢
GE-NP,,, 54.81+1.35¢ 5.79+0.25d 1.73+0.18bc 2.04+0.15d
GE-NP,;,  62.83+1.41d 6.47+0.13¢  1.62£0.14c  2.53+0.09c
GE-NPg,  82.89£2.64c 6.85+0.21b 1.91£0.06b 3.43£0.12b
GE-NPg,, 90.41+1.38b 8.13+0.38a  1.83+0.08bc 4.49+0.19a
GE-NPgs,  92.55£2.43a 5.94+0.19d 2.38+0.1la  3.25+0.28b

GE: BRI ; GE-NP,,, - B -2% 94 Kb 5 ; GE-NP - B IZE-4%
YKL FE G GE-NP gy, - B KE-6% 94 K KL F 5 & B ; GE-NPy,, «
J52-8% 4 K bi T2 A K ; GE-NP o, : B Z-10% 4K i 2 A, [H
— IR E A RNG FREFRR 27 B3 (P<0.05)
2.4 GE-NP E5EMEIEDH
P B AL R T SR, B
FRERIPIEHE . A2 SED L7 R 0™ N
CLLRAH, o " EBR, SRIIFEABRET ;0" e W, b
{ER , R R Sl ™ &l 3 BT, B 40K
BTN B30, GE-NP B AR L™ {EM o™ &
NG RE A B SE B LR ; Bt 20
KETIINE AN, GE-NP 2 AR b (H 5% Tt
B RIS IR B, 5 WA L, GE-
NP & & REE LA TR BRI 5]
RSN, 7T TR e
2.5 GE-NP E 5IRHIFT I 5 LML BEFRIERE S H
aniEl 4 R I GE-NP,,, A5 I (GE-NP,,

A B GE-NP, & A i GE-NPy, & & i, GE-
NP o, 5 A B 58 406 (200~ 400 nm ) F1 7] Ik
(400~500 nm ) A% i F8 22 e/ TR IR R AT Ot
EIL R 85% , TEEINKIH T, BME Sk
A PR T AR R A T %, R G BH B S8 MR B
ke JIE ) T R, W GE-NP,,, & & 5 |
GE-NP,,, & A K .GE-NP,, A  GE-NP,,, & A
GE-NP ., Z & X UVC WFHFR R L & 2% H
(P>0.05), GE-NP,, Z & GE-NP, & & GE-
NP, 2458 GE-NP . & & BEXT UVB Fl UVA [ FH
BRI T 2 25 5% (P>0.05) .
2.6 GE-NP E6EMESSKESHERBERESHT
X AR SCRIK 28 Y BELIR P R A O i R 17 o
REFE bR, PRAE A5 B 47 (4 BELIR R B A B T4 1 i o 4
b, SE KB SRR, W SA PR, BiE 9 KR T
NI AYIE N, GE-NP & & B S i ok F 52 T %
B R B R R E o Rl 6.45x 107
em® + em/(em® « s - Pa) , ZR BB R0 S0 BHL PR
AB 85T, IMAGKE FINE GIE BT R R E
T I (P<0.05) . GE-NPy, 52 5 5 Y 8 Uik
A GE-NP ., & A L B E 27, KES
175 1k 2% Ay B IS (v 3 ek BP0 TR I P K 78 R
TP R K Z8 S B PR e . Ani&l 5B T
TN B RRLFUS INE 3En, GE-NP &5 5
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Fig.4 The visible light and ultraviolet barrier performance of gelatin-nanoparticle ( GE-NP) composite films
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Fig.5 The oxygen permeability and water vapor permeability of gelatin-nanoparticle ( GE-NP) composite films
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Fig.6 The antibacterial rate of gelatin-nanoparticle ( GE-NP) composite films
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N TVB-N M (0. 067 3+£0.003 2) mg/g( %5 0 d)
- THE)(0.526 8£0.022 1) mg/g( 55 10 d) , 7655 8
d i}, CK kb3 PE AbFRAN GE 4bFH 4 AR TVB-N

x2 BRETEHBENHREETWL

Table 2 The color changes of fish meat during storage
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