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A, 1R 2 A A BR A 7 LDZM Sz 3R
NIRRT, LW ZES M) ; ALPHA-T
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1.4.1.2 REMLFEN K1 emx
1 em) I HAZCE R LB A L X HZfir
SHLLL 26=10°~90° 1) 117 I #1 47 XRD 2007, £ =
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fief A 7 ¥4 At R R AN UL B (B 68 R RS Y
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Table 1 Sensory evaluation standards
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21 BKMERRERKNEHREN LN
s PLA/ZnO NPs (3%)
i
211 BUKPIEEMARZEO MR e rLazaONs 26 |
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C=0 Mt E, FrLAME e . PLA 7£ 1 450
em™ Fl 1T 364 cm™ &b H 304 PR 4> AH 41 L % 15 06
A3 SR VAT CH, B A X Bk A FR A8 2 4 3h 191
BIFFZE 1 180 em™ Al 1 079 em™ 4k H 1A B4
B A I R C—0 FE AT C-0-C & A1 4 1 45 Ik
N5 E K2 865 em™ Al 754 em™ Ab H B AY
W2 B PLA rp EAT IR 45 5 X A 45 i X2, A
1 ] LIE H ZnO NPs [IMA IR E A5 PLA &
A I SR B T RE T, T DA B BRI A
3, HJE5 PLA Z AP L T — L5 R 4 55 1
HEOR T L BE U Y R
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2 2 PLA/ZnO NPs )28 XRD El3% , 7] LLEDW A
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Fig.1 FTIR spectra of food antibacterial packaging

paper coating
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Fig.2 X-ray diffraction pattern of food antibacterial

packaging paper coating
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A Al R T3 B, BRI ZnO NPs 353 1%
B, 25 A 06 B S8 39 5 | IE 475 Shankar 552 5% 2%
B —F(,Zn0 NPs i B /NE, A B T

PLA/ZnO NPs SR B 45 0 B2, vl BB i PLA 1
A H4 A0 A 5 PLA A 40 K SE0RE 8 24 BUAZ 7], 388
3 T PLA 85U 45, SR ,Zn0O NPs 4k 2250
A TIRIZMEE R 5 b IS KT 2%
WE R ILT AR RS, 45RER/D K
ZnO NPs %M %] PLA JE i 8OR 2 2048 PLA 1)
mm R ZE R (2 PLA R4 W85 i HE 7 X bl % 94
KEALEEE RN E Y, nTRERE S B TR
BT KA S ARG AL T B A HE R I S
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Table 2 Crystallinity of food antibacterial packaging paper coating

5 g PLA/ZnONPs PLA/ZnO NPs PLA/ZnO NPs PLA/ZnO NPs PLA/ZnO NPs
IR /=
0) (1%) (2%) (3%) (4%)
2 5 % 4.1 4.6 3.0 2.8 2.6

2.1.3  HKPURAE AR PVLRPERE P R AL
58 I NG P R W ke 3 R A i AR, T L AT S
0 b o Hom A, B 3 R4l PLA f12%% 40HLAK
PEREAS TS, PUSK R 16.538 N/mm, %3 Jin & 54 /0
2 198}, Prok i k2 & K E 16.728 N/mm, i
i 4k S B A, Pk o B IR, X — L4 5 Murar-
iu AEPI 298 — B, R & R AL BEAY ZnO NPs Xt
PLA B2 — BRI KT 1%, 55 1 ML
B R B RS 4 R R TN 3R] R R R 4
KIEFEY) S PLA Z 8]/ A 1H RE R AIG , P ik A
ENIOE I LT TP WA N S & B iR o 72 S e Y 1
PE A A O TE A W 22 18] 7= A Al H 5 1) 43 F A
MEAE, RN i 36 kb P uk o 22 3%
T AL BRI ZnO QoK IEDRL, B AT B SR & PLA KR J5
P45 A BE | T0 4 B O T B B AL T A T A0
T R LS A T 22 R L G DT B TR
W 24 AR B i AR A S BTk B IE AP AR R, AR &
REFIR N R 1% , Wi R S R/ AT IR Dy 25
mnERRTHRRAR T IR Z e, BT KRS
45 AR AR I
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Fig.3 Mechanical properties of food antibacterial

packaging paper
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Fig4 Heat seal strength of food antibacterial
packaging paper
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JIACRT DA k23 5 o 2 1 A8 75 111 ™ RSP DA 42
WIZ MK AE S, KL S BT LU H 7K 2% fi £ Bl 44
DK IR o 8 R R R, 4 kA R DL DU S
T A i TR T R S 0 3R B 4%, U A 4K
(R 7K 42 fih £ 36 2 105.531°, I8 A 4% n] 1 Sl i
JKHEE, ZnO NPs B A B T3 o 48 i 40 i 18
HE T o

Cobb 1B AT LA 1542 [ B AR W K BE 1, AT
LLEH ZnO NPs )5, W A48 Cobb {H W i
AR /IN U U A AR A IR K PR RIS, TR i DA O 15 m
# 3%, Cobb 4EM 0.177 g/m® FEAK 2 0.139 g/m?,
TSI N 3% %] 49% , Cobb {E F14% fih £ 72 4k 5
LR, A PLA &R 5K WAR 2 B U iR )2
AT R 55 A WK, T TE ML KR R T LA
W0 A YRR, nT B AR K 2K B o 1 g
SR I 2 AR AP I A R R
2.1.6 BRI EMAUNIMIEEER  PLA B4R
AR S, 7 A SN, A1z, HL BHL B 1 2 22 PR
il CAE— LT TN o PLA 455 JF R e [
FHZR A B IS 7= v A R at S Tl A R 2
UL AA REBE L B 28 fE I AR 2, B’ 6 Rk T
PURACH GBS R 5 ZnO NPs I il s C R |

9020

4
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Fig.5 Water resistance of food antibacterial

packaging paper
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Fig.6  Grease permeability of food antibacterial

packaging paper
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R B B0 45 R 5 28 P URE AR BL, U6 B PLA A 5%
e 4 T B 35 1 o TR ZnO NPs Y 30AE Bl 73 0 12 184
YU RCR G W7 5, VS it 3k B 49 , 300w RCR
B, KM ZnO NPs R A 4CHE XL 6 h
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Fig.7 Antibacterial properties of food antibacterial packaging paper

2.2 BiKMER &SR i R G5 A
FTX BRI LR G R, AR SR
BURE R AU AR SR RPTE M, B
AW BE R ZnO NPs iR 4% & &2 40
AT —R 50
22,1 EEPITEVE BB P LE Y T T VR B
AN 8 B, i s [B) 38 00, 45 DAY it 11 R 7 4K
A5 TR, Hohas (gl ot B AL RRE 0 TR TR
MBS 6 KIgHE L 6.0 1g (CFU/g), L R7AE i
PR, 0 B X T e, 2 A0 B JOCR KA | 0 R R
BB Z | SRR AT T R FLIR B X B4 XK
) BEL B A R, DR R VA T I 1 R T R T
YUIRIA, MM T AN B S AR SR A
B XF AT R K G316 R B PR B AT AR 1 AR K PR 8
FEXTAZBR . AL S & I ZnO NPs (19425 4055
KSR Fi LA IR I FIK 53 B2 B R0 Fhe A
F AR, NER AT LUE IR 41 7E 4 8 K
6 [ TR V% BB 5.89 1g(CFU/g) A8y 4 i 1A
UL ZnO NPs i In A R F- 1 4 2 40 ) FR S 50 8L
2 B~ B R ICRT LA o] 2 R R A O 1 O i R
5, DT BB IR 448 A7 1 58 B MR8 55 AR SR AR Y
ZnO NPs 7= (856 5 X6 40 B A A5 38 08 16 300 41 3k
W IR T ZnO NPs B 60 255 248 % ff A A 4 fof
ORI,
222 #EW pHAEAE L #F P pH (E PF b i .
5.8~6.2 H—ZEEN ,6.2~6.7 J “HEER ,>6.7 N
AR, WL 9 BT fif IR FE VR T I, pHL (B 3 7
552 KT R SR e Bl s [a) B i b T 5 DR

L | A4l
—e— X4l
—A— R4l

7
i
E

Total number of colonies/lg(CFU-g™)

Vo IR ]

Refrigeration time/d
B8 HMmERKIENEEIBNHN
Fig.8 The effect of food packaging papers on the total

number of fresh meat colonies

PR H ) LR DI 26 T SRR i J 7 A LR, — R
PR 2 I figt ™ A ol TR ALY T2 46 T 1 0 okt 2 3 1R
) pH (B T B, 78 28 B R 9 09 Ak 2 0 i T (8
A5 TR 4 2R v £ 2 11 JO 4 0 T 2 7 A B S A M )
T, B pH (EAWT A B 6 KIFR, i 4
fif A pH A W K F HE 2 41(P<0.05) , % R4
25 FVAARE pH EX¥IRTF 6.7, )8 AR A, 1Ml 55
HEENTES 10 K pH>6.7, Bl ZnO NPs il A
FER T EE PR B ISR T 4 d.

223 # R TVB-N 4+#8r  TBV-N &l 2k ¥ o fif
PR R B B A0 i AR B B ) BT, AT AR TR A A
BB S 48R, W 10 B, B [ 38 0, 45
0 TBV-N [EWbZ EF, FE5 6 K, 25 HALM
XTREZH ) TBV-N {5 1 2 = Tl 30 4 (P<0.05) , 7
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i H TBV-N i KT 20 mg/100 g, © 78 i 28 Ji
B I HAEBCE bn] DL B — B8 Rk, il
HAEH 6 K TVB-N f°H 14.8 mg/100 g, ¥ HEE K
TPAEARMEEER , PLERER R fE R, i EL 7RSS 8 K

—a— FEY

pH &

pH value

V2 ST i)
Refrigeration time/d
B9 SmEREAXNER pH ENFIL
Fig.9 The effect of food packaging paper on the

pH value of fresh meat

224 SERBCEWE SERTEMAELET, B8R
TR i I SZ A W A i RN A SRR SRR T R
WUAR VIR AT RIS AN [R] 40 24 40t e PR 1 B
PEREAF SR M A 11 e, B i s e (a1, 3K
WAREFEMSU R E THE 24,755 6 X,
25 LRI AL R © A8 BT, A S5k, Bt s IR,
TR 20 B TN S GOKE T 4 G TN BRI FEER 10 K,
T2 2 S PR ISR A SR B A, T 2 4
O 28 50 4708 o1, WA R i ORGP S A, v o 4 ile
Ko BEMORE  EM I A R0 4B E T E 15 5
AR H B 2 ZHAR AR/, £ A R RN RR A b
PRAREGEE PR %) i BT, 908 7 5 R 1) TS

225 SERMEUES BT SR EE R B A E
fief PR T R P W T S e bR, B R B0
MALLLE A g, SR iLaEn 555
G555 AR L R AR i B I ) etk
— P SR T A 1 i R LAT B ), i R 2
BT LY(5ERE) ' (ZLFE) \b" (B FE ) ZHERAE A
TE LA DRV R ) B 6 T TR
M RAT LU H B R3S, L7 A o 28T b
FEGZAS G, A A R A R B R LR
dERZE THE 2 4, M H b" EEk iR A e
BESLE/N UL ER I ZnO NPs 195 K 30 3 £ i A
B ACRE A AR A i I 21 26 Ak, Ak i E K AR

TBV-N A5 A 1% £ 20 mg/100 g, ¥t ZnO NPs
A RS T A R TBYV-N AR G % T
i DAY 114 B DO o i A

TBV-N/mg- (100 )™

& L 1]
Refrigeration time/d
B 10 SmEFERAXEHR TVB-NHNFIL
Fig.10 The effect of food packaging paper on the
TVB-N of fresh meat
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Sensory evaluation score
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Time/d
B11 #H#AREITESS

Fig.11 Fresh meat sensory evaluation score

Jig el
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FEHST (B S0, A e AR A 2 o A VT VR R R 2
BT A AR 2 REER TR KR
HE WA A T 2% 5 1 35 (P<0.05) , 35 5] 9.91%,
hy R 26 2% THG b BB £ BE AR K PSR G, e 4
fiph 5 7 A v R 25 | 4R PR 2K e e TR
AN LA AR 2 PLA R mmm el Mo, % K B4 LB
PERGF X7 i P 7K 43 W B RE 7 R e e 55, XoF B 2
AR g6 21 1) PR T VRO R 2R 25 B AN 3 (P>0.05) .
Y ok AR v B TR B A AN TR i A B 5 A
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E 13 RmB8FRENHERTRREENZN
Fig.13  The effect of food packaging paper on the
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Preparation of Polylactic Acid/Nano-zinc Oxide Composite Hydrophobic and Antibacterial Food

Abstract

Packaging Paper and Its Application to Fresh Meat Preservation

Wang Feijie',

Wang Liqgiang"*,

Zhang Xinchang'*?

(“School of Mechanical Engineering, Jiangnan University, Wuxi 214122, Jiangsu

’Jiangsu Key Laboratory of Advanced Food Manufacturing Equipment & Technology, Wuxi 214122, Jiangsu)

In order to improve the paper’s poor mechanical properties, poor hydrophobicity and weak bacteriostasis in

food packaging, food packaging paper was prepared by compounding polylactic acid and nano-zinc oxide using a coating

process. The performance of packaging paper for food was evaluated by indicators such as tensile strength, water contact

angle and antibacterial, and the paper was applied to fresh pork preservation. The results showed that the samples of the

blank group and the control group had deteriorated in the 6th day of refrigeration time, while the test group still main-

tained good quality, and the samples of this group were not completely deteriorated until the 10th day. It showed that

the food packaging paper could effectively inhibit the activity of bacteria, maintain a better color of fresh meat, and

could significantly reduce the juice loss rate of fresh meat, and better maintain the sensory quality of fresh meat, there-

by extending the shelf life of fresh meat. Compared with the untreated food wrapping paper, the hydrophobic antibacterial

food wrapping paper had better fresh—keeping effect.
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