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Abstract: Chilled mutton was highly nutritious but prone to spoilage during storage due to microbial contamination and
lipid oxidation. A high-barrier packaging film for chilled mutton was developed in this study. A flexible graphene oxide
(GO)-grafted poly (L-lactic-co-butanediol itaconate) (GO-g-PLBI) was synthesized by melt polycondensation. GO-g-PLBI
was blended with PLLA pellets to form PGLBI film. A high-barrier PGLBI/GO-carboxymethyl cellulose (CMC) com-
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posite film was subsequently fabricated by depositing a GO-CMC layer onto the PGLBI surface via vacuum filtration. The

packaging properties of the composite film, such as gas barrier performance and its application potential in non-contact

packaging of chilled mutton were investigated. Results demonstrated that incorporation of GO effectively improved the

hydrophilicity of PGLBI, facilitating its composite with the GO-CMC component. Characterizations by scanning electron

microscopy and X-ray diffraction confirmed that a dense "brick-and-mortar" structure was formed inside the PGLBI/GO-
CMC film, which reduced its oxygen permeability from 41.9 cm*/m?-d of the PGLBI film to 0.5 cm’/m?-d. Additionally, the

composite film exhibited excellent ultraviolet shielding performance, with transmittances of 7.03% for long-wave UV and

1.45% for medium-wave UV. When applied to chilled mutton packaging, the composite film could inhibit microbial pro-

liferation, protein degradation, and lipid oxidation during storage. Compared with the commercial high-barrier
polyamide/polyethylene film, the PGLBI/GO-CMC film extended the shelf life of chilled mutton by 5 days.

Key words: poly (L-lactic acid); graphene oxide; lamination; barrier properties; composite film; chilled mutton; storage
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i, FLA(S %14 >R (Oxygen Transmission Rate, OTR)
1.6 em’/m?*-d, i AT 6 RBELRERT, f TR 2 i 4k
K& 16 do &1, GO 92K A = 18] i 58 - AH E.AE
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boxymethyl Cellulose, CMC) i, #% H: % F PGLBI
W #1145 PGLBI/GO-CMC -G8, o7 FH T4t
SER LR RS . AREE I IE LR e N
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FEASIREE (T,)  Z5 ML (T,) | KERRIRUEE (T,,) . K518
(AHD) SF#ESHT

1.2.2.8 X HFRATHHMIR (X-ray diffraction, XRD)
PGLBI. PGLBI/GO. PGLBI/GO-CMC #ifIfkES , XRD
K X SFRATHHUT Cu-Ka 585+ (1=1.5418 A)iC
o FESAS A 1 emx1 em, TSN 5°~60°, 1
FEE N 2°/mint',

1.2.2.9 SAKEFEMREME  PGLBI. PGLBI/GO.
PGLBI/GO-CMC. R BthE /5 £ Ji (Polyamide/Poly-
ethylene, PA/PE ) T i 114 375 S0P H 325 4030 e, 003
R R EHAR 10 em WY RDE MR, I:X567E 23 °C K i
17, O, A1 N, F4%a 712 0.3 MPa. 38 ¥ 2
K 28 X155 i Z ( Water Vapor Transmission Rate,
WVTR), MRS AN EAE 5 cm By [RIFE I, iXI6G7E
90% #H Xt #E )& (Relative Humidity, RH) F #4711,
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JEWIA =6.7,
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FFRIAFRE A AREEHE N W, DL LUE 43 LAY
JEAFoR, AT

W, -W,
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1.3 B

AR RSN 3 R, S5 R0 F B H bR v 22
R, fH1H IBM SPSS Statistics26 $F47 555145
BT, SR FH e/ i 350 22 ik RS B vk 04 T 2 4y
#T1, P<0.05 Frnz=5 2%, {#HH Origin 2024 1EE .
2 HBRE5ESH
2.1 SEERMRRIE
2.1.1 Zeta AT ZP UL E I/ N R %5
WSTEHE ST . ANE 1 H AT IR B FE GO-5% CMC £H
ZP {H°M—37.24 mV, X4 CMC #HInEH = GO i
i 10% Bf, ZP B S—42.76 mV, & 51K Z 1% 8 P

750 -

| |
(9% B
(=} (=}
L

Zetafi {7 (mV)
2

Bl 1 ASIF B GO-CMC 77 ZP
Fig.1 Zeta potential of GO-CMC suspensions at different
concentrations

TE: AF/NG PR BA BT S, P<0.05.

53] BT (P<0.05), (HiE—2E48 0 CMC &%
FETEMGE A . R RIGLAR IR =
Pk, GO 5 CMC [a] 458 (14 5 FL HEJF 7, A3 38080/
ISR Tl REtE, SIS 40, OGO,
PP GO-10% CMC 2HAHT/E 25 .

2.1.2 JK¥:fhsfasrHr B 2 5 PLLA 1 PGLBI |9
KA R, M 2 sl DIOWEE R PLLA 7K 322 il £f
S 77.2°, i PGLBI /K2 il /5 T B EI 59.5°, 3 Al
REIT AT GO R /K B R 5 | AWK T2 & Wi
SR KM . AHDCIFSE SR B, JE L 32T+ PLLA 11
SRR/, TR S 72 R )= A HERE .

100 -
30 - ‘/.
< 604 7
&
§ 40 A
20 -
PLLA

2 PLLA Fil PGLBI 7K 4l i
Fig.2 Water contact angle of PLLA and PGLBI

2.1.3 fHEHEZANCRES T i FTIR 4347363
Y fergh i . aniEl 3 B, BT A A TR AT L
WLZLE] PLLA fYy B AU A 45 P s 85 20, 46 2995~
2850 cm ' FY-CH fHi4a¥E3l . 1748 cm ' BYFEkIL(C=0)
RZEPR BN . 1180 cm™' 1 C-O-C XF FR A 45 & sh 21,
PGLBI/GO HiI PGLBI/GO-CMC Hiffi7E 3044~3625
11616 cm™ 4k HY BB W 250, 535115 GO 19-OH
1 C=C H:H i ga 3= 245 %1, PGLBI/GO-CMC
EEAE 3044~3625 cm ! ALY SRR T 55, CMC 5|
AT LRI, 1042 cm™! Zb-C-O IS B H2
151, AF7E CMC 1YWL, 2B GO-CMC 415U AF
TET AW, 52 T 7 PGLBIRYER iy 4123,
PGLBI/GO-CMC 5 PGLBI #H b, 1748 cm™' &b A1k
WL 2 1742 em™ ', FRAAFN GO F1 CMC = [a] 7=
AT P,

PGLBI/GO-CMC
PGLBI/GO

4000 35|00 30|00 25|00 20|00 15|00 10|00
WEL (em™)
& 3 PGLBI. PGLBI/GO. PGLBI/GO-CMC H
FTIR Y%
Fig.3 FTIR spectra of PGLBI, PGLBI/GO, PGLBI/
GO-CMC films
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2.1.4 EAMRT UGS SAAT & 4 RNk 1 VAL TR
YRR 7 I B N SR AR HERE . ] 4b~[&] 4d Ry
G RRA . WEE 1, PGLBI B 64.7% i
HH BE, 1 PGLBI/GO F1 PGLBI/GO-CMC # I 1 1%
B B AR 36.1% F1 34.5%, 33X 7 B2 i Tk il
181 GO Fl GO-CMC Wi AR, 4 5 PGLBI
HEREE I S 3UE A LA R IRN . 5 PGLBI #HLL,
PGLBI/GO 5158/ MR RH P4 RE W 2 4T, 1Kk sE
SR (UVA) Firpif 85426 (UVB) 4351l i 56.2% F1
48.8% [EZ 6.98% Fl 1.39% (3 1), iX2EFH N GO g4

K o SO LA, A IR R S H G SR g S AR
e 73,
a 757
PGLBI
60 4
N 45 1
B
= 30 A
PGLBI/GO-CMC
15 A
0 T T T . : s
200 300 400 500 600 700 800
Pk (nm)
c
d

14 PGLBI. PGLBI/GO. PGLBI/GO-CMC H#fisf 4841
AULOEIE R (a) FDE A IR A (b~d)
Fig.4 UV-visible spectra (a) and optical photos (b~d)
of PGLBI, PGLBI/GO, PGLBI/GO-CMC films

%1 PGLBI, PGLBI/GO. PGLBI/GO-CMC i 4e5hn] il
T AR E BT (%)
Table 1 Quantitative analysis of UV-visible spectral transmit-
tance of PGLBI, PGLBI/GO, PGLBI/GO-CMC films (%)

S UVB(280~320nm) UVA(320~400 nm) 600 nm
PGLBI 48.8 56.2 64.7
PGLBI/GO 1.39 6.98 36.1
PGLBI/GO-CMC 1.45 7.03 345

2.1.5 PifdrERESMT B 5 RE AR N TN AR
Mk, Hhr g BEfnmr i i sk 2 .
2% 2 A, PR ) BT R AR R LR AR 465.1%~
484.2% =z Ia], 2 GO FI1 GO-CMC i[5 PGLBI
A A A s R Bk, (25 PLLA (M
SRR FR 5.6% ) HH LA KT, L4k, PGLBY

GO #1 PGLBI/GO-CMC 5 i1 F7 et 58 B 43 531) i 5]
48.19 Fll 53.60 MPa, IXFFEL G 1Y & A K GO
A B gt B s i H RS B2, 1 PGLBI/GO-CMC
PSS FE I L o g P e i B 1) DR AT BB R A GO-
CMC #HIEd GO 5 CMC Z Al 1l it S 5 R 4% 4%
Fa), A5 RHAL 26 AN 53 PR 2R AR 2

— PGLBI
50 1 — PGLBI/GO
wl— PGLBI/GO-CMC

=

oy

S 301
10 -

0

0 100 200 300 400 500
N7 (%)
&5 PGLBI. PGLBI/GO. PGLBI/GO-CMC #hfi5f)
R fif g g - niy A2 £k
Fig.5 Tensile stress-strain curves of PGLBI, PGLBI/GO,
PGLBI/GO-CMC films

%2 PGLBI. PGLBI/GO. PGLBI/GO-CMC JifIFi[) J1 2425k
Table 2 Mechanical parameters of PGLBI, PGLBI/GO,
PGLBI/GO-CMC films

FEfh Wi 24 4. (% ) S ffsE Bz (MPa)
PGLBI 472.4+£9.4* 40.08+2.87°
PGLBI/GO 484.2£10.2° 48.19+3.50®
PGLBI/GO-CMC 465.1£7.3" 53.60+5.52°

TE: ARV FREROR AR SR 22 57 .25, P<0.05; Fe4lil .

2.1.6 SEM WL MIESR SEM B T WEE &
RS AR AR AAOWIES . & 6(a) . Bl 6(d) 4351
> PGLBI/GO #1 PGLBI/GO-CMC % I (14 #% 17/ &
A%, Bynl s 2| R R A e RS, B2 S
PGLBI 3&44 7] JC A 2 FLER, 33X T G 2 DA A dult g v A
SIA T GO KA “m-n HERR VR, IR T K
GRS ATET, B 6(b)~E 6(c)FE 6(e)~El 6(f)

RRVAT

Kl 6 PGLBI/GO il PGLBI/GO-CMC R AR .
FKHIEHE

Cross-sectional and surface morphology images
of PGLBI/GO and PGLBI/GO-CMC films
¥ (a) PGLBI/GO I ) #& il 515 (b) PGLBI/GO I (1) 2% Ifif
JESRIE; (c)PGLBI/GO $RE)F ETESR R KEl; (d) PGLBY
GO-CMC Wi I i #5171 145 (e) PGLBI/GO-CMC 3 i 1% 3% T 1
SiF; () PGLBIGO-CMC ¥ R4 2R RIS R i I o

Fig.6
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> PGLBI/GO 35 F1 PGLBI/GO-CMC i i 14 26 1
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Table 3 Thermal parameters of PGLBI, PGLBI/GO,
PGLBI/GO-CMC films

FE T,(C)  T(C) T,(C) AHU/g) X(%)
PGLBI 4927 9150  159.18 9.62 10.3
PGLBI/GO 53.64 9032 15857 9.73 10.5
PGLBI/GO-CMC 5435 8656  159.48 8.22 8.8

P g . PGLBU/GO #IRAE 20=11.61°4b/F1E
MSIRAT ST, R GO ffd=5 T HAAT 10 2R &5,
M X+ PGLBI/GO-CMC I, BE 4 ] =5 £ JE IR 2,
OEJE T CMC LA HTIEERY, HAE 20=11.61°4b
PRI T EG A BE PR A2 (26=11.05°) ELIGE 5 3 REAIR, X 2

E 2 GO HZMA T ESABIEIR, CMC 4y T4kl it
SR AJZ ], ¥R T GO BZEMEIRE, 774 T “nk-Te”
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F 2.7 cm’/m*-d, X & b LA g il & 1) GO
AR T B0 R 2454 . i PGLBI/GO-
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Table 4 O, and water vapor barrier properties of PGLBI, PGLBI/GO, PGLBI/GO-CMC films

B JEE OTR oP WVTR WVP
(pum) (em’/m?-d) (x10°® cm®m/m?-h-Pa) (g/m?*-d) (x107 g'm/m*-h-Pa)
PGLBI 67.0+1.8° 41.9+0.3* 11.65+0.05° 358.2+11.0° 3.82+0.57*
PGLBI/GO 70.1£1.2% 2.7+0.07° 0.75+0.04° 51.3+8.3° 0.55+0.08"
PGLBI/GO-CMC 70.5+3.4® 0.5+0.02° 0.14+0.01° 46.2+7.9° 0.49+0.05"
PA/PE 75.0£0.5° 8.70+0.2° 2.69+0.03° 3.42+0.4° 0.036+0.02°
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