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Ak ZnO BRI 73 0N 5% i, %A AR
A BB RE . M SR 1 RIS
¥ (layered double hydroxides, LDHs ) F#& 1k fik 44
K4 (acid treated carbon nanotubes, aCNTs) Z4fbtf
BHE BB 6 5 PVA 2 bR, SCongs LR,
PVA AL A MK R AR T 24 58% . L ERIFFY R,
YRR FAE PVA JEIATh G A, x5z 1 3 By
PEREFET T B MR Y T RE, PR G far X 44 K A5
() 3 PR A 7 e A E R

T Lot R AR AW A fHUE R d Pl
G, BT DUCRELE AR MR fiAk g ] A BRBE 7 5
ARG S EE N R, AR LXK ZnO
1He LR, PR R E R BE a0
492k ZnO (La*'-Zn0) 5 PVA /K i TRk il 45 &2
BRI, N A 0 S DR B R B ) A 2 e A
AT, b A OREEHE I A BB . BoTR SR RE
DU R B R BRI 22

1 325§
1.1 SZIRMEENE

1) EEHK

RO, PVA-1799, wE A4k F iAo
Cilachaa

4k ZnO, b L TA BRA Wl A

LS (LaCle7H,0) , BHEBRAL2E A R
A

KW (ATCC 25922) , 4 v 0, 7 45 Bk
(CMCC(B) 26003 ) , HeRHAbERFN, SR
FHEAT IR A A7

FRE . B, s,
FAE A A R Rl A

BORE, WAFRRINTT R G IX FAg S 5

WERATE, BB E, A& B B4,

2) FEAUL

M YEPL, 1990QTD, Il X R #8i%
HABRA A

BRI, TSY-T1, R ZeHEEAS
B S w5

7 AR, OX-TRAN1/50, 3 MOCON
WNEIAE

X B & 17 5 1L ( X-ray diffraction, XRD) ,
XRD-6100, HABHA A,

S e (vl P )

6k BE 43 M7 AL (laser particle size analysis,
LPSA ) , Mastersizer 3000, % [E o /R AU #R AT PR
AR

% &F B %% (transmission electron microscope,
TEM ) , JEM-2100, HAH FHRaHEA Ak

ER KGR 4, PSHS25, TT-ALTH & Vi B ML AR5 45
AR E ™
1.2 SARHEEMNEHE

1) La*-ZnO ffil#%

FRIGE F 44K ZnO A 2851 /K v, A b B
1 h, TG PR n(La™): n( 99k
Zn0)=1:20 N A AL, 1E 80 C HIHIE I H 2
R R SE4; ¥R IS W TE A ot T F AV I T4
i, FE 110 C T4 4 h, FRAFEXHEy S, 7
700 CRBkE 2 h, WUBBTEE, i 200 HRIFE La™-
ZnO, HHH.

2) PVA GPKEEIEHC ]

e il B 20 B 10% B9 PVA I, fiifEss5),
AKiETHE R 95 CLL L, PRI E R EAT 28, 4
BIIIAGIK ZnO ., La™'-ZnO, Bl Bt /3500 0~2%
(1 PVA KU, 4+ 30 min #4 4L 2 30 min,
HI 3~4 R, HEIARAI I,

3) KA TR A

K VS W Be BUE il 45 S 5 PR BRI . JEH PVA
YUK RS E T 2 TEAFE A, AR5 e T 2R DU 3
CHEREET R R T 2 d, B E T 50 CTE
FrhEE 24 h, B9 ARG,

1.3 FRIESHM

A XRD 43 51 i 72 44 K ZnO #1 La’*-ZnO 1)
X ST, FE R 10° ~60°, FAHEHE R
5 ° /min,

FF LPSA 43 51 % 44K ZnO Fil La™-ZnO fkE
o

FHT TEM 4353 WL 44 K ZnO FiI La™-ZnO F 1
WIS AR, HORAEECH 107 fi5.

G GB 1037—1988 (MLBHHREFI M7 K75
PEIRES L) B RN R A PR R ) K R R
7% ('water vapor permeability, WVP)

HR4E GB/T 19789—2005 (L brh} KRBT
M AAREI MR TR ) ey ek
A PR T IR Y 35 S8 (oxygen permeability rate,
OPR) .
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AU BRI /N 5] B E — B, TCHLR
PO R E RS, L8 ANl 14, AT 5
A, AR AR S E SR e EE, 5
4l PVA TS G0 2L (X IR AL A7 b, o g A s
SRR FRRAE R PR . PRIk
Z:RESCHR [18],

ARG 1F . T . KANVERIEEA

—H R 2 7~8 S AR IERATY, DL 1A 141,
SEATIEES S A, FHASSCHI A R A IR R, I
5514l PVA S8 0T BR A T HO A, i e WA T
(RS FEE | 2 E AN PP 2 AE A (4 (R S8R
WA FHOC R (3R, FLAAIN 2 Ty 742 DL Sk [10].
HAE LY/T 1696—2007 (HAAT ) H T 5128 i) 45 il 4
b, EEEABR. BEREE . Bf . RSk BRAREE S WifE R
B TEN AR AR, BTSRRI R 4 ANEH, W
20 4%, W10 NALRUBCE P /N, B H T 3 IRTF
5y, VEOMARHEANSR 1 FiR.
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Table 1 Scoring criteria for sensory evaluation of agaricus blazei
B b
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W AT SRR [FANNELLBIR GRS WAL, JRTRH AL INERG TV JryiR A 2 2
RN W WAL, R RIS U RLEOT4 U EAERE, EEA 1
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Fig. 1 XRD of nano- ZnO and La*-ZnO
HIE 1 ATLAE e 7 20=28.1° 4b i BUHE 1 R AE

frstig, XYW La'™ BLIIRTNK ZnO S 75 4%k
ZoM LB RS, AR ZnO AR AEATT S 08
B BELER, X EEIZMAK ZnO 1 ks I K 22
gk, FERIRBREIERT, 40k ZnO Shig gk, La™
PEA SIS SEIB 24T, BEYK ZnO S E— IRk
iEH 2 La’ AR

2.2 La’-ZnO BRI MA
2k ZnO F1 La*-ZnO A LPSA 5 il 25 F tn 1] 2
fffzn, TEM Kzt SRAni 3 i
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Fig.2 Size distribution of nano-ZnO and La*-ZnO
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b) La’*-ZnO
3 #% ZnO. La*'-ZnO K TEM
Fig. 3 TEM of nano- ZnO and La’*-ZnO
HHIE 2 AT B2 PERT, 99K ZnO AYkIAR
LAPAIAE 45~55 nm; BAMIENS, La’'-ZnO Rife s
AN, EBAEPRLE 30~40 nm. —BORBE, RN,
RESIIRAVE NP S A Sl 01 €y .4/ S TN
La*"-ZnO {5t B s,
FH 3 AT EPERTAN K ZnO SR ™, A
BRI R SFIE KT 100 nm, #H T 90K R 5
I La®*-ZnO A3 434 73 2 T LASY 3%, 43 a1 51

She=x

%E[Eo

23 EARSHEMMERERES T

YK ZnO A IR La®-Zn0O & 4 K 75
AELRNE 4 PR, EBERWME S PR,

i I&l 4~5 AT

1) La*'-ZnO & &I BHFRERE U T44°K ZnO
RAAWM, EEFEHE A —hE, BT La-Zn0 K
HHE R LR E, 76 PVA LA R a] 77 24k oo il 52
FRAZAERS, DT La®*-ZnO 5545 T i 45 # 55 h 3
B, XK T KRR IE R S — i,
M La’"-ZnO M4k i ly, HoAe PVA SLihsm
TS 5K i L EERE T 5 R AR Rl A AL
R, HHEBEAEERK, WM T La¥-Zn0 &4
WK RSB R ANE F R

2) La"'-ZnO & & A K 8RB FMiBEE
it 5 4 KA A e 1 34 i 2 B S SR T B IS 2818
FHEGEaH . 24 La¥-ZnO B INT 0N 1.2% B,
La’'-ZnO & & I /K 78 S8 1 R 08 A R A8 B i
/N, 54 PVA A EL, 4> BIREAR T 2 42.7% Al
35.6%. 4 La’'-ZnO WIH NN &5 50K T 1.2% K,
HAWRERIKERE L BB AR ENEE T
B DR T AR T ELAT A R 1 2 T RE AR 1Y)

WRMPERT, s mt, Rk 2 A R
PG, XEEH B N PVA JEIASK IR, BR T
PVA W S BUR NS5 1, RBUKZERE L RS
AT MUK ZnO WIS INT 7 FOR T 0.8 B,
YK ZnO KGRI /K 78 RE 1 S Al 3
MIF-IG, X T — 7 U T 490K ZnO 35 A5
HAMHEAR X La’'-Zn0O.
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Fig. 4 WYVP of composite films
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Fig. 5 OPR of the composite films
24 BEARBFEONEEEI T
DK ZnO SAHR( AL ) La™-ZnO K4 E( B
4 ) 4l PVA I (X HRZH ) FEARTRDE IR A% R
T T G B (R A BR TR A I A N 25 R 3% 2.
*2 IHERMRAERRISR
Table 2 Antibacterial rate of the 3 types of films %

P KB SRR BRI
RO AL IO EE AR BAME
A4 879 88.5 97.8 92.1 92.8 98.6
B4l 921 96.9 99.6 94.9 99.3 99.9
XTHEZH 0.4 0.6 2.2 0.2 1.7 5.8
i 2 AT

1) ARDEIAET, AW AR SCR Y 2



BEAE, F

06|

XA, X TR AWK Zno g
BT AU A CHE LB A B R VE T, ELAR
B AATHERAK ZnO S PURTE PERRCR .

2) JEUEXT YK ZnO ML PERE A — 2 S .
WOLRMT, T E&EE FIERILENER, 9
K ZnO HA KA PLHAE S ASORRMT, 40k
ZnO & A W BT R 5 R4 R 2R K,
XA R PR B 9K ZnO R BEA ROR T E AROGIR LA
G/ =B L P10 N 80583 N N <= X A ] B
YERIBIAINA, 49k ZnO RYSTHE1E R B8 .

3) BB 2Rk ZnO BB B B AR
VEFT . TE#REGCSME T, La®-ZnO 524 I Ay i 1 2
590K Zn0 B4 HBAM L, A —ERE, XUl
Lo’ n[Ret k¥ T @B FHimfEM; AT,
La’-ZnO & A 5T K FF B R 4 6 €00 48 7 Bk B 114
FUE R4 BAF] 96.9% F1 99.3%, k1B B2t e
4ok ZnO REFIH A 2REIR R HE M P At RE, 5 A
J& La’ £ ZnO fikg TP | ABREGOL, i S A% AR
S A SR XTI E S, A RUE R T R R A
SR A, [FIB AR S T ZnO MR,
P T 9K ZnO MGG RI R L ERIMERIFT,
La’-ZnO & A W ME T K FF B8 R 4 6 €00 48 7 Bk B 114
U R T 99.5%, X it — Ui L iAo B 2y
P T YK ZnO HCHEAL BT TG

4) TEARRDCHRAAE R, AR 4 o a4
BRI AOPTE R T . XU R 2 A o A 240 B B 4 A
BRI o 4 v 0005 TR T AN AR 5 R SR il
BERR , H.5) FoKARANRES G . FRAHT R 0 A B J 22 R e
%, WA, FERSANEN . BHER. B2
WEFING 2 5, DRI LR A DRI o [R) e 4 o 0 2
2P ey AU G S D770 i D et AW VA
FE SRR AR, B I M A T 2
HLAT, RIS S 000 4 B vl O 2 b 4 i A BR
W8 A, REEHE IR AR .

25 EAEBEMESZSHRENEIN

TR R R, l AL A AN ZE K A
L A SRS HK, SECRIALS ML TR
HEAEWE, 2L RIS, HARIOE,
NI NS = R P N N S E s 71 S R
ZnO E A MM, 45 PVA Wl (X HR4] ) B HiAg,
FARSAF R 13 d, AR MR R, A
ZERINE 6~7 FiR .

BB RN Zn0 ESRECREIRAF FREMEENR
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Fig. 6 Rotted rate of the strawberry
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Fig. 7 Weight loss rate of the strawberry
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JEHEALHLEL AN 175 LR AY B W) R T R
TR, DGR T R Y IR

2) %4 La’-ZnO & A WA 5 (1 FAE R BRI/
xR

3) %4 La’-ZnO & AWM EE, AT
MSdIERKE 10d A4

A UL, La’-ZnO & £ M I RE 451 il 552 15 4h 3
MRS, FRAREERE A IFIRR I, Ik 7R &
2 PO T 48, La®-ZnO A MR X AR 1R
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WA, FEOEASEE AR U, R, A
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Fig. 8 Browning degree of agaricus blazei
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Fig. 9 Weight loss rate of agaricus blazei
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Table 3 Sensory evaluation of agaricus blazei

5345 IR 2K HEIK FHI4KRK HSK
La*-ZnO A7 19.7 19.1 17.2 15.0 11.4
X HEZH 19.0 15.1 9.2 5.1 1.8

Hy & 8~9 Al 1, La®-ZnO & 4 1 I B A 5541
Bt A8 Sl D AR AR RO . IR = H—, B
A HERERE 1E T 48 A RS B A3 ) T R R AR
TRAER, RISV SRR, SRS REIR VR
BHAE T e 2o, La” W5l ABRE TH
K ZnO WIZEAIRMERE; H =, HT La" fB 59K
ZnO 11 W B 0 30 3 & A A 22 Oy, X — R R
R A AU . I A R PET,
W T H BSR4, DATTAESE T WE FA TS

PRGN A

MR 3 AL, FENEAEE 3 K, X REZL A amAa s
RS TP BRGNS, HEN™E, e
REEHMESE W ME; (A4 La™-ZnO & A HK
LB FAEAEI 3 4 d S REIRIS 42 = 0 1E 4,
MAEFR ORI 2 d SERK & 4 d A4, X B A S
751 La*'-ZnO & 4 M e U R B hy

3 i

AL & T BB 240k ZnO (La™'-
ZnO) ki, ¥ La’*-ZnO 5 PVA /KB HHIR, 4
TR D54 La¥-Zn0 AR IEH IR . 76 = TR
BAEFT, La™ Ik A9k ZnO fA%, 51 H &
M BRI , T 42K ZnO kA2 75 /)N, FARES K,
YRR R . A DR ERE R I BT A R A

1) KA PR r RS PR pe A SR s,
La’-ZnO (¥R NG &/ 80k 1.2% B, 524 s BH b
PEREfHE, 54l PVA WA L, HOK RSB R
KT 42.7%, BEFFEILT 35.6%.

2) EAREER PR RNAZ R B R, L
BRI T8 T ZnO XIS AR FTER, La¥-ZnO
A PR EETEIAE B SR 6 T X KA B AN 4 B (A 4
BRI PLIRR20i5 5] 96.9% 1 99.3%.

3) fREFSIIGZE LKW, La¥'-ZnO &4 [
REA S SRR I A A SR E T L PRI AN
ARG, o BRI A A 51 KA R (R4
5 La’"-ZnO 2 A O fef 8 B T A7 0 i SR A7k
PR A SRS R R, DI AR T
APEBTIN 5 d SEKZ 10 d 243 FERT ISR amas
LR A WA FITRARE, AHA S A s
W FAATIIM 2 d SEK E 4 d 224,

g5 TR, ARSCH A I A R AE La’'-Zn0 %
HARAEOLT BB RS H I 1 B B 1 B A bt b 1
fig, ACE|RAFIIRERPOER . AN SO A DR EE TR Y SR
B AR S PR ERVE LR AT HE R AREIRA, AR
TN S, DA RO 531

Bes, I LR aERE.
S 30k
(1 B H, VR, X ¥R, SRR EE A
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Abstract: Lanthanum doped nano-ZnO (La’*-ZnO) was firstly prepared and dispersed into PVA sol to produce
packaging composite films by solution pouring method, and its preservation performances for strawberry and agaricus
blazei were investigated. Characterizations of La’*-ZnO were done by XRD, TEM and LPSA. The distortion occurred in
lattice of ZnO with the particle size reduced, surface energy increased and dispersibility improved, all caused by doping
with La®". Barrier performance of the composite films was improved by adding La’*-ZnO, and it was revealed that the
composite films obtained the optimal barrier performance with mass fraction of La’*-ZnO being 1.2%. The water vapor
permeability and oxygen permeability were decreased by 42.7% and 35.6% respectively. Utilization range of spectrum
for ZnO was widened by lanthanum doping, so that the antibacterial rate of the composite films against E. coli. and S.
aureus reached 96.9% and 99.3% respectively in natural light. The strawberries were well preserved for 10 d at room
temperature with the composite film, while the rotted rate and weight loss rate were both controlled below 5%. The
shelf life of agaricus blazei was also extended from 2 d to 5 d at room temperature, since the composite films slowed
down the browning, autolysis and other phenomena during the storage of agaricus blazei.
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