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Compar ative Effects of Polylactic Acid Antibacterial Nanocomposite Film Packaging
on Chilled Pork during Storage

ZENG Li-ping, MENG Jin-ming, XU Shi-juan, YANG Yuan-cheng, FAN Ai-ping
(Honghe University, Mengzi 661199)

ABSTRACT: The aim of this work is to study preservative effects of different polylactic acid antibacterial nanocomposite
film on chilled pork. The solvent casting method was used. 9% lemon essential oil as plasticizer and inorganic nanoparti-
cles were added in polylacit acid to prepare PLA film, PLA/LEO film, PLA/LEO/TiO, film and PLA/LEO/TiO,+Ag film
to pack chilled pork. LDPE film packaging as the comparison, physical and chemical indexes of chilled pork packaged by
those film under (4+1)°C storage were analyzed. Results demonstrated thatthe preservative effect of polylactic acid anti-
bacterial nanocomposite film is obviously higher than LDPE film, PLA film and PLA/LEO film(P<0.05). Polylactic acid
antibacterial nanocomposite film can inhibit bacterial growth on the surface of chilled pork, delay oxidation of protein and
lipids and help to extend shelf-life of chilled pork. In a summary, polylactic acid antibacterial nanocomposite film can
ensure the quality and extend shelf-life of chilled pork, among which PLA/LEO/TiO,+Ag had the best performance
on chilled pork packaging.

KEY WORDS: polylactic acid; antiseptic packaging; chilled pork; preservation; composite film
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ARk, SEit i nT AR A2 A AR AR E &
AL U A A7 e . o, PR R R A
B R IR A —F LR PR, AR
PUr T, Mk B 2 A B i ST AR A H AT,
LR R — B UAE 4 08 U5 A JEOREG 100 A W v o F #
B, BA RGN TYE et YA RAY
Rfgrl, RS2SR (FDA ) bl
AP S A A RSO T PLA B EAT e
PERCC | 025 A (IR A e o, PRI RR ) T A o
T AR SR T ARG, KB T AR
IR, SR W B EEEUGE PLA WIREZES
PEAEN L AR, TEAKRBARIRAM R S RET,
YOREAIEEA T RAFRII B | BEBE b aE,
TEEY RS T AR s,

WA A TSE RS, SN S E0Ch 9% LEO
AT LB I 3 R PLA SR AY 2= M BE . 2 S0 5 DA LDPE
JE Rt B, BF PLA . PLA/LEO i, PLA/LEO/TIO,
fiE . PLA/LEO/TiO +Ag il i %64%, FIF (4+1)C
IEE N AR IR G, Jf R FH TRV S8 ¥R MEER 3
A (TVB-N) {i. BfCE L ZR (TBARS) fH. 4

FEFHEBRRVEAN S FLIR 94 KA T W A DR B AR
1 SLI§

1.1 #HREEE

FEAEL: PLA Piki (M, = 280 kDa, M/M,=
1.98), W H EEZBHIR /A F; LEO, W H At nt i
BAA AR 90K Tio,, WA LIHTEAA A ;
gk Ag, WA EEHTLELAF; (RBER O
E4$( LDPE ), W4 [ & M 38 B 7R 28 o A BR A W] 5
FEERE AN, WA AT ERRATE; &
Mt =Hom. k. |07, AfbsE. thie, Hi
g RE B ERFE R 2-B AR E LR L Bl .
FRE . AN, Bl W E 2R 2
HAA AR,

FEUAE . RW20 digital BUECT AL PE RS, 15
FE AKI 4wl ; HWS26 BRI HE KA, LifE—1H
B AR/ ; LDZX-50KBS K+ 2% S 78 5 K TH
. DU ZERITIEM) 5 SW-CI-1F Bid TAE S,
M ERERFEARARAF; FR-770 BEL Y68 A o)
SRORLE R B COAL, IR T L A DA PR A A
WSC-S Ml 2zit, Rk &R RA RA A
TU-1901/1900 H4XOEH LA AT W46 T, dbat
AT AR A R TR A A .

1.2 FHix
1.2.1 B A BEAS
Z MR [15—16], R REEG &2 S

JEE . 2 B, B PLA R T 60 C FHZ T 24 h
Je 75 F FREL 4 g PLA UKD 5T & 53 50N 9%11) LEO,
A 80 mL G P45 I AR fE RS D ik 8 h 2
SERV R, KRB 3% MK BRIR A T
PLA/LEO —H W BIR AW W, #EEIXME, 7
FIRAM T RIRA R AR UE B (200
mmx200 mm ) B2 T4, B H . o PLA 5 Jiiht
SR 9%11 LEO 1A 1) i Ay 44 A PLA/LEO i, %
PLA. /350N 9% LEO, i /%l 3% 40
K TiO, IR A ) 45 45 5 PLA/LEO/TIO, &, K PLA |
R 9% LEO ., Jii 43 50N 2% 40K TiO,
M58 1% 98Kk Ag IRG M 24k
PLA/LEO/ TiO,+Ag fI% .
1.2.2  PRIZERE A Y Ak 3

R B R A R O R B Tk e, e
ARG h LB AT E, B ELN 30 g
AR, BEDLT L 5 4, JFFRE 100 g 2247 B FE 4331
J LDPE . PLA &, PLA/LEO K. PLA/LEO/TiO,
il . PLA/LEO/TiO,+Ag FEiil B A LB 48 A T e
BT (4x1) CUKFHPIE, S 2 d 500Xk 5
HERE FE AR HEA T 5E o
1.2.3  $8ARAI0E

1) EAMES2ArERe e, Bl R 15
mmx150 mm K/, P FEL R, [ A = ] ) e
i, PA 50 mm/min B3 E 4T 6 YA, BOEIME.

2) &AM IR o SR FER T EGEN,
5 A R R AR SR EEAE 37 CHESE 24 h, B 10
mL FER T .08, L4000 r/min .0 5 min, 3
H BT, G TR A B ER 2K A0 b T R R
10° ~ 10° CFU/mL ( Bl ODgoo fE A 0.5 )o BU 2 g BYHERY
FEAE I 20 mL BRI, LA I R (%) AT B VA Sy %o
M. 37 CHHEREFE 12h, SRFH 1 mL FEW®, I
FAE R KGR R B E 1045 . 0 B UE 2455 B4 5L
PR 0.1 mL ¥501%4 T PDA Fa [, 37 Ck:
3% 24 h, PEHUE 5 KUE 30~300 CFU B9SEAGHE, #0
FRIFRARX T .

I= (Ni=N,) /N

A AR RE(% ); N X ETEEG N,
kB A i 1) TR T

3T T BB E o R TE S ES IR GB 4789.2—
2016 B i % 4 [ FObR E B A A W K 6 TR B
WE ) I BT INE o PEMARE: —REERN,
M B<41g (CFU/g); B, WK BN 4~6
lg (CFU/g); ZBJRIA, V% E%(>61g (CFU/g).

4)TVB-N {Hill%E . TVB-N {H 2 GB5009.228—
2016 (£ a4 4 E Al B R MR A B I
FE ) o e FUR I T E o PR BRI . — R,
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TVB-N {f <15 mg/100 g; " Z%&EP, TVB-N {4 15~
20 mg/100 g; ZZE A, TVB-N {H>20 mg/100 g

5) TBARS {HAYME . HRIE Nam 25 A7k
MR, HERRFREL 10.00 g &S BRI NEE, JTA 50
mL T 7.5% 0 A AR (S BRETE 0.1%
EDTA ), #i&% 30 min, i€ 2 K. BH 5 mL FiHH,
JMA 5 mL, 0.02 mol/L 2-HifC L HZ MRV, WK
HREE 40 min J54 21, LS4 5E 2000 r/min 5.0 5 min,
B B3, WA S mL &5 5EA, BrEFHSZ)E
B EVEW, A BU4E 600 nm A1 532 nm A8 5E TR SGE
TBARS {HiTH /A UTF: TBARS i (mg/100 g) =
(As3p—Ageo ) /155%726,

6 ) TR AR R E . ZBICHk[20], RAE
PR BRI A

7) A2ERIE o AR IR AP Oy AR 1
U, ff A WSC-S a2s it i, m2Eit LAbsiE A
B X=81.570, Y=85.995, 7=91.723 #47#:1E, MER
FER) LHMEA a*(B. LMER/N RN EEE, a*H%
N RIRE B Z1 BE AR o FH U8 AR 30 2 T Y 7K 0 5 TRULE
JCRTN, FEARRIEBALM 5 W, feE BB

1.3 HHESH

KH Origin8.5 B TARE w10 Ab B K AR A
1 SPSS Statistics 19.0 {647 & HE0Hr, Ak P<
0.05 A 22 55 g 2, SE B0 45 . I E PR E2E( x¢n, n=3 )
Foro

2 HRE5HMH

21 ERMERHZFEMkRE

SR PRIE A Y S8 R T R 2 4, TR s i ad
B ROZ A — 2 A HLBE R R AE R
RILRRAUK PR A MR F1 24 AR UL 1. ¥ LEO
WBERALT PLA MIPTHisEEE, H 61.80 MPa Jii/) 3]
37.99 MPa. BtAh, Wrifi a3 28 B3, H
4.86%NZE 48.05%. fE PLA/LEO FEHEs Mgk
TiO,, HprHhism BN 3, Mk KR g T
B, 54 PLA BEAI22 TR, 76 PLA/LEO FE N
TiOy+Ag, HArhism A2 51,  HW 24mi 24 4h

x1 RIABAKNEESEHNNFIERE
Tab.1 Mechanical properties of polylactic acid antibacte-
rial nanocomposite film

JREFR 2 PLHisRE/MPa B K R /%
PLA 61.80+3.80° 4.86+0.72°
PLA/LEO 37.99+4.55° 48.05+1.48°
PLA/LEO/TiO, 38.57+0.15° 5.43+0.71°
PLA/LEO/TiO,+Ag 46.06+2.09° 15.81+1.14°

e FSNG PR R 253 B (P<0.05)

KRB I & T4 PLA. 25938, 4l PLA BER9EdtE
R, RS I AR LSRR B A A I 2 A
AT 3 52 A ) 77 24 M RE
22 SEEEMWEEMY

RARMKYIEE AP E TR 2, 46
PLA BREXTHEHH P ( RIAFFE . & O maake ) 1
TCIHIVET, BSIFr RS IE Y PLA LR K%
FF TR R 4 B €0 B A BR B 34 DRI o X T RB R TR
LEO W&l 2e . B2s | Myas | WS, BEA L
A e A K22 B eALY8 K Tio, i PLA/LEO
LR RO T R A0 B B TR R 2 = T PLA/LEO
RAE, Hr, WInTHLgk TiO+Ag ) PLA/LEO &
TR FBE X6 K M TR 0 4 €0 8 28 K A 1 0 R R X
99%LA F, Ak Tio, A MR FECR, 41Kk Ag
A B BRI SCR , — 5 19454 5 R 40 s i
L SIS Ty NE

*2 BIABAAKANMEESERNINEHREMNE

Tab.2 Antibacterial activity of polylactic acid antibacterial
nanocomposite film

e, _ TR 2/ % -
K G VR O R 4 R R
PLA — —
PLA/LEO 38.2742.34° 67.67£2.65"
PLA/LEO/TiO, 77.78+4.11° 86.35+5.63°
PLA/LEO/TiOy+Ag  99.20+3.56° 99.92+3.14°

T FSNG PR R R 2253 B (P<0.05)

2.3 AHAETRBEEESHNTL
T A 0, %% 2L 1) T T R B Bt o T R ] A R
TR, WE 1, WS 4 d BF, PLA/LEO JEfY B
T8 BB F B U INAM E B4 i PLA BFT LDPE i
(P<0.05), XFEEREKNHK LEO TEAEMMHK, B
1.5

—s— LDPEfE
TOF —e— PLAJIE
6.5 —*— PLA/LEOJE
—v— PLA/LEO/TiO, it
- —e— PLA/LEO/TIO +Agffit

6.0

55
5.0
4.5

% B (1g(CFU/g)

4.0

35

I S s ]

1 DB 1) AN (v 2 0T ¥4 240 PA) T 7 A ) 2 i
Fig.1 Effect of different packaging films on aerobic bacteri-
al count of chilled pork during the storage
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2| B | BRSPS 12 d B, LDPE
B . PLA Ji. PLA/LEO JE 4 1 PA TR & e B 7 I
WM E T T 6.0 1g (CFU/g), i PLA/LEO/TIO, i
PLA/LEO/TiOy+Ag ¥R 6.0 1g (CFU/g). H.[F
WML, PLA/LEO/TiO+Ag FEAL%EVE HI A B B V& B
O BAL T HAb L 2 IR BV R (P < 0.05), 4
W], LEO. TiO, } TiO,+Ag FI I AREA &M 14 20
WRAWHEYERKMESE, H LEO 5 TiOy+Ag &
AR AT

2.4 RHREREEE TVB-N ERNTH

P 2 1 6 5 U I RE AR Y G 2 b bl T i R4
WVER, L8 A R AR i, O A s DL ke
KAFHTE S AAG Y, HA a5 0 I R
SR, A A HIA R TVB-N {E 78I #3Y 4
VoA B s g g, UL 2. RN, LDPE X
PLA i, PLA/LEO JE % RIAE 31K 30742 5 A I A 1
(TVB-N fH>20 mg/100 g), BH LA B0
I, 1fii PLA/LEO/TiO, i . PLA/LEO/TiO+Ag FEH i
PRVRE DN 7 — 2 fef PRV G, A I A R vk, HLAE TR
—IP N, PLA/LEO/TIO+Ag R4 (& ALY
ORI . SRR, RFLER G0 KPR B T DLk 2%
TVB-N WA BGH B, 98058 8 1 0 S B

28

—=— LDPEJ
241 —e—PLAJK
—a— PLA/LEOfK

T oagl = PLA/LEO/TIO, :
g 4
£ 16
=
= 12
-

8 g

4 1 L 1 1 1

0 2 4 6 8 10 12

I HsF 17l

P2 ) e AN ] 2 X v 20 A TVB-N {E #9501
Fig.2 Effect of different packaging films on TVB-N Value
of chilled pork during the storage

2.5 AHAETREEE TBARS EHEZ

FEVR IR AT, AR IS 2 PR T8 W 1 = 2 it
. AELRR I AR B 2ok v 2 0 PRI o 2 A IO PR
AU, DTS M A & R B R RS SR (B, PRI
TBARS B AT VE R PP ¥4 50 A i B (0 B B 5 % 15 A
TEW ], e A I RETY TBARS {8 247 Bt 5 1) 8] (14 4
K, ULE 3. XFHR4H LDPE Bif) TBARS {E3#
TS BE e H A AL R, 2555 3% (P<<0.05 ), 45 R %M,
7 LEO. TiO, M TiO,+Ag XN E Ak A —E Y
R, HIRl = N, PLA/LEO/ TiOy+Ag i

HiRESL Y TBARS (EIR K. RN RS R, YA
Kb fe &= A 2 A AL IE T T 05 05, PR 25 3 i
fg Wi By 44k, i LEO, TiO,, TiO,+Ag X} T4 ¥yt
AR BB — Ve, nT DL AR AR P X g o
’f&%ﬂ%ﬁﬁfﬁo

—a— LDPEJ

0.5} —e—PLAJ

—&— PLA/LEOJ

—¥— PLA/LEO/TiO, i
—e— PLA/LEO/TiO +Aglii

&
B
T

TBARS{/(mg-kg™)
(=]
e

0.2

0.1F

1 1 L

2 4 6 8 10 12
T 3E R[] d

P13 b ) AN ) 6 2 X ¥ 401 ) TBARS R 1452 Wil
Fig.3 Effect of different packaging films on TBARS Value
of chilled pork during the storage

2.6 RAAEVEHEHRRRENTHK
TEVILARAET , AN A e S PR T IR R
R TS, WK 4. TEREAS et 7 h, LDPE
5 PLA AT R R B #2257 (P>0.05),
1M PLA/LEO J . PLA/LEO/TiO, X \PLA/LEO/TiO,+ Ag
FECAS R O R B R AR T B 41 LDPE Ji¥ ( P<<0.05 ),
o PLA/LEO/TiO +Ag A TR R Fe fie Ik . 25 2R 3=
W, TN AR o i RO R R A 728 Ak 5 8 FH A
BRI TR PEREARDG , oA W B0 s R AR H 4 URN 240
LRI ZE M, DTS 35 R 2R R 3 -

12

| mmopEm
FZAPLAK
10F SIPLA/LEOR I
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Fig.4 Effect of different packaging films on the dripping loss
of chilled pork during the storage
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WHMLER EBEHNERZ —, ERMANT, A
Jer RS TR A B, ALY LA a (B 24 52 B0 R &
s, WK 3. [A—Is N, PLA/LEO/TIO, JiE |
PLA/LEO/TiO,+Ag R LE M .5 T LDPE 5

X, [Al—W eI, LDPE . PLA . PLA/LEO
BEP MR PR ZR AR E, H
PLA/LEO/TiO, [ . PLA/LEO/TiOy+Ag /Y a™ff B
E T 3 4, XU R FL R AR PR B A BT

PLA X (P<0.05),

X ] AE-S LR R B BH B A

DAOREF Al B B
# 3 TRHIE R G RIS H A B 2 E R

Tab.3 Effect of different packaging filmson chromatic aberration of chilled pork during the storage

¥ebr  IPTRHTE]/d LDPEJE PLAJE PLA/LEOf ~ PLA/LEO/TiO,Jli PLA/LEO/TiO,+Agfi
2 50.45+1.62% 52.16+0.11° 53.10+0.17* 52.88+0.07" 54.09+0.45°
4 49.05+0.70° 50.89+0.36" 50.42+1.17° 52.22+0.50° 52.5140.32¢
L 6 46.19+0.38° 49.50+1.41° 51.87+0.40° 52.3740.48% 53.05+0.36¢
8 45.54+0.87° 49.45+1.70° 51.26£1.25" 51.11+0.77% 51.89+0.71¢
10 43.03£0.41° 48.04+0.76° 49.10+0.86" 50.101.64% 51.58+0.16°
12 42.27+0.89° 45.86+0.74° 48.08+0.11° 50.88+1.04¢ 51.36+0.38¢
10.91+£0.23* 10.54+0.20° 10.64+0.71° 11.34+0.11° 12.50+0.23°
9.76+0.19* 9.83+0.94° 10.12+0.11° 10.57+0.49° 11.63+0.29°
a1 9.20+0.10% 8.92+0.56" 8.58+0.33° 8.84+0.56™ 9.51£0.05"
6.48+0.23° 6.62+0.10° 7.3040.11° 8.69+0.70° 8.800.16°
10 7.00+0.60° 7.54+0.44% 7.48+0.19%° 8.14+0.58" 8.94+0.21°
12 5.95+0.33% 6.83+0.35° 6.99+0.44" 6.23+0.61%° 7.69+0.43¢

e Ff/ NS FRARRR R 2 53 B% (P<0.05)

ERCEY . B R N IEFEVERTT , R HIRAR 0
WA 5d Ay, HAPRUEY G R & B a2
RHIRN M R R EWMHEE, HEwi A —E Mt
) A, 2 B G PR IE ¥4 00 PR i T3 1) [l i A R HE T 1A ke
FEEEAHP, Chsze Ll LDPE B4 B, BF5EA
[ 2R L R 9 K BT TR X ¥ A0 IR ) PR R R, S AR 3R
B, REFLER WK PTE AE T LA R il A W A K
BE . B MR E AL, PRERS E0 P B ECE i R
Yrfl, FERHE AR EIE 12d L . g al i,
K 3R FL R 94 K P o I 3o V8 1 5 N AR ek B — E
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