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K SiO, K TiO, i B AR IR IR ST ERVAREFIUR

1 o 1 12 v 12% 1 1
o & EXE, RWE Y, EFEE, £ F 5, UMW
(1. ExW SR ES ZamH TR AR R A, Rl R bR 20, 5 210095;
2. WAWIZE S SO REARAR, ## 215500)

W E: AROREENREREE, 12 CRAYIK SO, A TIo, 4 3% Biwm 5 24 (polyvinylidene chloride, PVDC) FN%
ZJEEE (polyvinyl alcohol, PVA) Mt A il & AR A BT Thst s SRR BAATE 2R, 52 FE o e 2 Hh A 16 BT
BRI BKE, TS PRI SR SRARARI AR, BTG R SR I DR AR SRR SR R . S5 R
T FEWE 22°C, MIRHRIE 75%+2%5% M4 FIGE 12 Flfa, SRR, 2 Fiss S8k mEik (P<0.05),
gkt PVDC 28 A AT BB L R IAMK 29.9%, 2IKECH: PVA B2 A MEMERR IR R R 32.1%; RGIHAMIEE
(AR T BRI 9~10 i 2 PSSR IE RN (AR RE AN, SRR D), R m U T I
B (P<0.05), [FIIFZ3EMH] pH LRI BB RS (P<0.05); IRMELAFAIE R AR, KUK R I B SR e
(P<0.05), FFEFFR AR AR (P<0.05), WARREE M HEH AR R F M= NERE (P<0.05), REAR
A WRIEAR TSR R AE RN, (R (0772, B 7045 FONAATE B IR (R BR ) B SRR 2%
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AR AL G (o R Y, 7 ik R R 5
] BRI R, BAIE R P S . B B
NG BIX 4 DN EE B R M ) B el e o
WA RGN EL EIMEEME, G EH K
SRR 5 T8UR, TERTHE, &N, SiEX
AP AR G S W AR S . RHRAE BT i I A e, B
TIBIEETAL, WS e, ST AR ik
IR AR AS B H R IRIEARRL 9. 1) RER
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JRAEE M RO R PR R AR T KRR, (S Ay Rl A
I, AEAEBHIBEASR, S IR I AR, A AR (0 2 ) 102

R )% (polyvinyl alcohol, PVA) 5T g H/<
PRBH R VSR, (5 2 RO IR I i RS S BAE, K
Fat, BERISCEME T BIN9KRA R B KA YL
AT R v B AR B L R M T e i ghk
KAk TIO 9 gk SIOM. gk a-Fe,04™. 44
K FeITiO, Mgk S +120%%, gk 7 HA RO bk i
TR R THI SONERE, IR T T it v o P 0 2 e R L
B, SR BRI, GO HE R Y, W%
PRAEE ARPTEL, i O 2 RO A, X AT WL B
A #1] SR IA E AR ) (A Kunimnatsu 1 FH FRE- VA A sV
AT, R KRR (P<0.05) &,
B T g AR AR Sh, Baker FI VA A B R IERS &, WIRHIE
RO ML), ] 5 5 20 i LA R AL 2 A Tk
DU 5 58 0 T BEL R 112, o Uik H P 2K SIO,s
TiO, Bt 3 I B A i 5 AR PRI 9K - o-Fe,0s
A TR 2 e R et A A R Y, L B R R
TR AR, X AT T S AR R Y I 3 U AR A R
(P<0.05) . i — & Z)% (polyvinylidene chloride, PVDC),
Jege Al SRR R AR ML R . Xt PVDC iR I (Rt (B
FALHGH PVDC FURIRIERD T, dEfehh 785> FiIA
PVDC LRI AR ACH SR 3 o JL BB %, {5 T 2 i)
TR T3 D o PV DC LB b R R F gl Ko 3o AT
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e, W Jomekian WF AL T A H A FLAE QK A AL R P
PVDC, ## 17 PVDC BRI EBE . i WA TE SRR
FRAREE ORI FE, B 22 AR T 7T IR L SR AA 16 8] A Fia b A
WG AR AR A, I R, BB, EkIE
B IR K T R0 S RA TS R IR R o R
PRI, A S hr i S BT, 3 A rp e o) i
FE o, ) 4% 1 R A 3 P N AN T b 28 1
KOH®, RFEFZEM4BE 70 Ca. Mg? 1 K534,
IMNGER LT R, sl i AR T L AT R
X FL IR, T I R A, SR IR X FA 18 B R
SR SR, IO 3 17 A S S5 R ORI T 3 o

AARIGAE MRS b, R K SO, Al Tio, X 5 2.4
B P A it A O IR AT R AT B, gk SIO, AN
TiO, DfE ek 58 207 e S it 4 e 58 A . P ik
TiO, gk SiO, %t Rl — & LI AU HE T e, gk
LTRSS AT T, SRR AR 4540,
1] 1 e BEL B 14 1) PV DC 240K et A ER AL R 2
RS A RN IE &, BT EAR G . 8 AR
ALK B NERAL SR FR AT 2 ST, EXHAAE R R
sl TR AR U R R AN (0 A5, IR AR I 96 A e 8 s
AT THETE, DAY iR A Fa 4 25 (R 6 20 SR A0 B By 5 o B
S B PR S

1 MRERE

1.1 #R5RF

ROIGEE, TOE 2499, WfEE 99% (H[EA1bEE
DU NEe 4] D 5 Wil oA, =19E 80 (Span-80) ,
HiE 80 (Tween-80) , fh4fl; Wil 54K, WFARE—
By, RGERFER, WKWy, =&k, ke IR
FREN, “EREMERA CIEERE, ofra; AT e
eal (H R ERFARAFTD 5 FhoH s (-
BB A IR AE AT 5 ARHERIYK TiOo Mk
(P-25) , fmAHH 87%NBIERW M. 13%NEL A, F
Brkife 20~30 nm, ELFREF(50£15) mPlg ([ i E 2%
HIRATD 3 SRAKMESARGK ZEARE, 41 99.8%, b
KA 380 mPlg, “FEIRIAR 7~40 nm,  (_EigSaidELL
B RBARAFD .

XS T F i TR W, YN IG 12 h i
AER, WEHIATSI PR . HOUR. KE, RiEERER
KI5 =Y, HfRERIIESE, HEiE60~6509.

1.2 (UE58%

85-2 BUTEIRME TSRS CHINE B EIRA
7)) 3 AUY 120 BUH 7 K7 (H A B A ) s KQ-400KDB
A CRgE A ERACR AR A D 3 E-201 & pH f&
v CRE EEHEIAAE D 5 Uv2600 2 UV-VIS 43
FeRET (HARBEAT) ; CS210 Mtz (hEE
WEAED 5 HSX-250 1 i 5 W6 (IR A8 v 4 )i
J7)s SW-CJIFD B8 N TR TAE & (IR
HIRAHE]D ; DHG-9053a BYak M MHE T4 O B XUk
WRARAT) 5 HP8183 BYHL KX, (fif 2% B 5 KAIH A

"D s TAXTplus B Ag{X (¥ E SMS A7) ; COF10/4-W
B e KA BIRILELTIMARAFD ;
HH-4 BECB AR IR KB5S (R RACBS R A R A D
2XZ-4 B Fr RE AR (LRI ERGEERATD ;
YALN-z03 BUHE AT (AR Z AR AL HLEC A 0D o
1.3 R E

13,1 RMERE R 6B &

1 Bl —F 9K Tio, 1 SiO, iR BB 1l 4%

B R IR H 4% T 2P, 1 % 13349
(1) =& L)%, 0.5 g WK Al 444.0 g i &2 530 10%11)
HAAMNPBEBMN = e, 75 60CHKHET, HASR
B 6 S8 R R L RN, PR 2 Wk, IR 31~
3BCHIES RIAMA LIE A 2) K 150.0 g KBS TIK,
2.6 g+ RN, 0.9 g FIEEY RA LR, 05 g
REBRERERA 0.2 g WARER EANINARE 18 & R &2,
PR — S AN RN R S N pP VR T pH BN 6,
HAJE NN 90.0 g W& £0% BRI 10.0 g A IR F S )=
FANBEAEFIE, JAI# 500 r/min ##E: 10 min J5,
FIN#E 50°C, [N 10 h B 75 2 5 4 — & 206 FLI T
3) Wil e 100 mL LK S 100 mL =5 /KRS G,
BN 0.015 g 452K SiO, A1 0.015 g 442k TiO, J&, FHTh %%
J5H 65 WL 78 75 A 75 7146 15 min, R ik 56
PVDC E9KE A IR IR -

2) 4K SO, Al TiO, Lhifig
A BRI 2%

15 5 o RSB B Fe L L Ak R T 20N
100 mL £B T /KM 5.0 g PVA IN#AE 85°CIAME, 7E
ARG 1K) PVA VAR PN 0.02 g 442K SiO, Al 0.02 g 442K
TiO, A 30 min, DJFE N 65WI/L. ¥4 0.63g Al
0.13 g Span-80 f1 0.13 g Tween-80 JR =] )5, MMAF] 0.35¢g
O A I i thR ), PR IR 46 16 5% 2 Ml
WIREIN, 85°CHit: 60 min J5HE A% 40C.

3) IAIEE MR 7%

FREKR R 1 1 BRI . KK ERE R
Fifn, DUKEE R E N 4.2%8 8080, 5%
F10.2%M1] ZnSO,- 7H,0 W fEEIA /K, HEII S fEiH
PIHEHI . SMEHIOA H B IR, BB BN
M, A 3 d AR MESIE N, ) EE AR
P LRI, A o) B 8 o138
1.3.2 ARBEAEFG %

VRS b A AR DR e, Bhik s 300 MU A R oE
SEMFERIC RS B IAT OGRS . B LAMEL 8 MR
SEFTH TR, HARIIEMILS N 3 4.

CK #H: Bi#E TIE AN 22°C, HXHEE N 75%+2%
P14 3 A v

A 4: ¥ PVDC 4K TiO, Ml SIO, 5 &4 I H IR
P30 min J5, HAATEEE TR AR 60 s 545,
WAMLIR T, BEE IR —K, AR fe R Rk
5, IRIEE B TR N 22°C, FXHEE N 75%+2%f(1H
TR TE R AR A

P 58 T e el A
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B 4H: 4K SO F TiO, i 5 L JdRE (PVA)
Wit A et A A RN AR A 80°C, HiEHE 30 min J5, BHAALE
FETWRBERTRE 60 sfit, AWMKNLRT, HEE
FIREAE W, BEEETREN 22°C, MXHREEN
75%:+ 290l 1) 1E I TE IR AR A K

ORI AT 8], & 2 J& 5 I E — i A A4
G —E E RS &, e & TR AR AR .

1.3.3 MEHHFEEFE

1) R

£ 2 R F RS 4 0.001 1 HL 7 RSP S5 4L E Y 8
MO B AT IR, O R R A, RER KR
o unr

_m

P x100% D

my

X PARERKE, % m NEIRATHIE, g m,
IR E R, ge

2) FEiE pH RN B R I

W 5E 7792 HE E bR GB/T 5009.47-20033%k47 . 8%
NERIBAAE R KA 2 LRIHE) (BREED ImAUK,
Hil A1, SRFEHL 15.00 g (AH24F 10.00 g ik FE) , ik
5], kA 150 mL, HXUZ2ARidyE, &=HC 50 mL il
pH {E . FREH 50 mL _FaRVEWR, 75PN T i+
w4 FHEER (0.1 mol/L) i el fiis. e 2w pH
B9 7 RS HEARIT:

3 C-(Vl—Vz)x40X
(10x50)/100

A X AFE RSB, mg/100g; 1y v i RE
THFEERMRFRUE VAV HO AR, mLs Vo 2 RIS T FE AL R AR
AE IRV AARL, mLs C ShERFRUER VAR S,
mol/L .

3 BAKEHNE

W58 772 18 [H b7 GBIT 5009.47-2003%853:47 . F R
SPRRENZ) 150 g e TRRE A, SRR N R ma,
BT (120C+2) CHHETERMAH TERERE (2 KK
B R EEME 00029 LN , o FRE my iHHHEA
XN:

100 (2)

y =27 100% (3
ms
K YRIREIKE, % me ATEERIRE, g mah
THEEFENRE, g.
4) FaTeER RIS Bl
FA € G 52 BB It 2248, SR L*a* b Lh b R 5,
Hp LoE R, HAEIKFR R ERESA, oMEHRT
FlIERRGEZRAA, pMERMBIERREAREA,
A5 FH A EAOR: TE B, (L*=98.03, a*=-0.23, b*=2.05;
white=100) 1“0,
5) IAEESEIEN TPA Fik 4T
FEERIA B A VIR B8 = %8 1.5 em BT 1R/
Yo FIRHBEAGHATIE, RA TPA Fifgsr# (texture

profile analysis) . W& 240 : WIHTH A 1.0 mmis,
WBRIEZ N 1.0 mmys, 5EEE N 5.0 mmis, E46EEN
50%, 2 KIEZEIAIRG 5 s, TR3KF B0 il [ A 0 e i 4R Sk
(Ef£36mm) o JFUHSECETE: M. ik, HmE.
SRR IE TR e

6) KM (R R AR 5 (A 5

R 10.0 g EIERESS AN 50 mL & FKE, #l8s
o FRLE 27°CR, 10000xg &0 10 min J&, SyEEE -
TE R R Ab-17 DL Y66 BETHTE 294 nm 3T I
JAH (Agoanm) » BAERIGEHIESMEOGAE, X E3EHFIA
AN W6 EEHAE 420 nm o KR I E WO AR
(Asgonm) » BRI BT HOHE AR 5 39,

7D S B

W JERE S S BRI E JE IR 4 10.0 g iMTER
HBEETEAPSEREKES, AYRENTRAY, |
FEZEH) 1000 mL. B 1.0 mL FiREIEAEE, IR %
REd, IMAEBETF/KE20mL, oA L.omL JFES%
19%f¥) 3,5- I E KRG IR, WK m#k 15 min j5,
R I AKRGEA A, B KE MR IZIE, SAa4H
FESL & T IEM I, R AERICN LB TR, UEA
W, FIFHRAN-TT WA J 6 THTE 540 nm A e W
FEo FH 1 mglmb [RV8 4 BRI S ARAE N 2R, FEAERRUE
i 2 S T IS PR 2B B, ms(mg), T R i
it A LN:

m -1000/180.16
10

RSC = (4)
A RSC NiGJEBES &= (CUEE T , mmol/gs ms
52 I B TE AR I 1l 28 6 R PR R 2R R i, mge

8) WA A e

W5 I7 A YR E AR GBT 8314-2013 B8 VE& 412, HY
125 ul ERF 001 g/mL MIEEHER, 5 20 mL K
0.2mol/lL pH {4 8.2 MR MKIRE)E, FHIMA
1.0mL 1 g/L ¥ =AHFEATERR (trinitrobenzenesulfonic acid
sol) VW, TR G S RG24 AE T 50°C /K In#A 30 min
J&» N 2.0 mL 0.1 mol/L VAR FRENVE T 1k e v, FRAE
FIFAEN 15 min. 2 AALRES ] & ML,
TEIEBAR 2 K, ARG R A-0T WA e e TN
420 nm K TG (Aa) > FIFH 1 mg/mL =4
P 1) Fe v 2, P A i 2 D52 RO (DT B 1) 52
AR me (M) o WEEER SRR AKX N:

FAC mel131.18 5
0.125x0.01

A FAC HFERER S & (L&) » mmol/g;
me A E FITR G FE AE Rt il 28 b A5 R &R o i, mg

9 EEHWE

SRR PR E AR E AR YR FE bR GBIT9694-19881%, -4y 1)
WNAGHE: B, AP, B, SRFIER (g 1 Fr
TN o IBE 10 AT EI & SRS T 2R A BT
T
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Tablel Characteristicsand score of sensory evaluation
A e S JF gL AN
Score Color Appearance Texture Odour Flavour
1620 HEaE AR A el GRE emmem sk E#, 5k
Y ellow, transparent Extremely Complete t00 oft. asti’c Strong scent Normal, not smelly
BRI B A A AT FAPEAR /N, BEBEAK BORRIA R A T y
11~15 Y ellowish-brown, M %‘%;ﬁﬁhﬁl o Moderately Moderately %S'ﬁmﬁfj;lﬁﬁ?ﬁﬁm
semitransparent oderaely compiete Elastic, hardened thick odour 1gntly  Tavor
610 b, 150 TR, BRAE  BRERA, SRS LT RAMEE R pURECLUTE
9 ! Less complete Very hard, less elastic Almost no odour vy ’
opaque dlightly smelly
. TR LR AR
os B, A TG JRILLT B LAk SO
Brownishblack, opague Dry, wizened alyr}10 < not elyasti c ’ No fragrance, Heavy smelly
musty odour

10) & BB E

Z I8 [H bR GB 4789.2-2010"Nl 5, 4 2~3 JHHL 4 4
FATEERIEATIN G o K BEANFAEEE LW BT, 3%
BRI . PRI 259 FESVE T RWBEAMAH, N
225 mL AR R /K, #F 6 000~10 000 r/min 214~
i 1~2min J5, BUH 1mL B350, IMARES omL L
AHEKMELE S, BHES, BELE LREESRK
— RYIAFIFRRE IR BE AT R IR, RRRBRIR MY 3
ANPAT, FEREEL 1 mL BESE AT R SR,
A 15~20 mL A1 2 46°C AR T e 73t , %
REFRMAEHIRE), AT RE I 75 B 25 (L R R
ABEFRILA s AR . SRR IR A G, B R 77 L
HISET (36x1) CHEIREFRFFEFE (4822) h ),
5 TR
1.4 BURAIE

RIEE 3 W, SRR haEERR, Irf
HEF|F Microsoft Excel 3 Fi#1T7 481403, F SAS9.0
AT T 20 (ANOVA) |, R [EISEYE 2 [ F] F 5
NEEMZER (least significant difference) J5HHT 25
EMEaHT (P<0.05) , NiF] Origing.0 # i

2 HBREHH

2.1 PEHEREERERAENEFTSKENTK
WE 1 FiR, SAHMAEERTE R Sk %
¥R BT (P<0.05) , BRI I /K% 0 35 P44k (P<0.05) .
O R A5 2R S DR N R A6 B R K 3 RTICR RT — e 1 1 il Ay
{107 3% HAUT AR 1 SR AR A SR AN s B K R R I AATE
I T, WO R, RIRIEH (CK 4D e
I B3R 3R KT PYDC 242K SiO, FIgK Tio, itk &=
ERIEA (A H) YK SO TiO, Btk PVA it
WA IRIRA (B 4D , m&/KENF A AR B4,
KRN FAE R AE R R rh, AR AR, &
FELER 2 B, ik E— BB AR S B S,
AT T RS 0 DR S DLJR 2 a6 B P45 18 40 [ A1 S ()
&K, RFEFATERI SR, B 12 A, A 4R E
TR ZA 4.93%, HEIEGKEN 77.91%, 5RIFMEEH (5
EHAFEN 7.03%, EIEE/KEN 70.54%) Lo 5IpE
ik 32.2%, Tk 10.4%; B 4F BHLFE N 4.77%, EE

EIKFN 76.85%, SARIBIEHA LT A 20.9%, F-&
8.9%, P EFENTRFIEL (P<0.05) . FAHMFAH
TR I 5 KR S A iR A BRI AA AL B2 5, 29 90 d
JEMIEERI R ER R E AN 5.5%, xR S5k RY
N 8.1%; HAZRPURIRILLF4EZ (NC) FKARI E A RsAt
RHRIEMTEES, W 3 H i EHRFELH 5.1%, Xt
TR IR RN 6.3%, 1T Firde FH i b 1 25 e 1 s
[EIASTR], ek PR35 IRV BEAN R, Aa e B 5T B I FLIR
KA, FHEAFPRES R T —&ER,

16 790
S
% 14+ =~ 185
gur M 180
= 10 175 ©
Ed L} 5
2 st T A P
e A |2
ii 6 “ B i/ 165 EF
= " %
g — 760 4
= ol /iy,,/;;.f//" .

P
o 4" . . . . 5o
0 2 4 6 8 10 12
I I 1) Storage time/weeks

M CKL A Rl B IR RIRIA . TRl — S LYK TiO/SIO, HE IR
AR CIFREHA WIS DK SOJTIC H A, TR: L=k
FRANFEBEIIEKE, THUZZNERFRA LR ERRE,

Note: CK, A, B indicate the untreated group, PVDC/nano-TiO, and nano-SiO,
composite film group, and PVA/liquid paraffin and beeswax/nano-TiO, and
nano- SiO, composite film group, the same below. Three fold lines in the upper
part of the figure represent moisture of each group, and three fold lines in the
lower part of the figure represent weight loss rate of each group.

B 1 AEERERYEN R EREFERETEKE
Fig.1 Changes of weight loss rate and moisture of pidan
during storage

2.2 MEHREMTEEEE pH EMFEEENTL
HIE I pH AE AN S AR AN SR 2 R . )i
TR B FRRE N, Fafe B RIE ) pH (BRI B0 5
g FTE, MRS E pH AN 115 A4, BRI R
$#99 450 mg/(100 g), X5 Ganasen!™ [ 45 BARKT. &
HMICERETEN pH (B AR T U7 25 070 I ot e 0 R 48
P (P<0.05) , A ZHA1 B 4H 2 85 535 1K) pH B A 25
L 2518 T CK 4H.(P<0.05), A 2% & T B 4H(P>0.05),
F ] PVDC 44K SiO, Fl TiO, 54 JE 1 %6 il P 48 % 1 4>
FIBEBEPEAR T 402K SiO, FIghK Tio, etk PVA gt
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AR R & . MBS IS, &I PR E R
o KRS AR KRN Strecker FEf# 55— R A AR
B2, A MEERA S 07 EIRL G RRA R EY)
SR, Hop g — SRR S A (. AR
RESED PSR B A R, fERAE R L FE o

AW AN 7 BT ALIR T A SN RS,
T ) pH R B BRE P A1, X Sl Ik 42 5 PR AL & W 3E
AL E TR B A IR R, Ed
1 FEAE AL AT AR 4 R 1 73 3 S DR AR AL 2R
AR

®2 WEEEPRIEEEF oH EMFEEE
Table2 Changesin pH value and free alkalinity of pidan whitein storage process

TPk ] Storage time/ i weeks

EiEL0 b

Index Treatment 0 2 4 6 8 10 12
CK 11.48+0.05*  11.03+0.05®  10.79+0.06®  1058+0.03™  10.28+0.04%  10.16x0.12™  10.02+0.04™
pﬂ"\'lﬁe A 11.49+0.04"  11.15+0.05%®  10.89+0.04®  10.73+0.05°®  10.62+0.05  10.56+0.09"®  10.50+0.097
11.5140.03*  11.12+0.05%*  10.82+0.03°®  10.68+0.05™®  1054+0.04®  10.49+0.07°  10.44+0.117
V. CK 449.18+8.74"*  361.97+9.56°" 315.46+11.36°° 274.76+6.23°° 217.26+8.45™° 194.01+23.497 186.91+8.07"
Fré;éxljkauliﬁi%// A 451.76+7.75"*  385.22+48.07°* 334.84+9.75% 305.12+9.16”* 283.80+9.75% 271.53+6.56"%  259.25+7.587
(mg-(1009)°) B 454.99+6.23"%  380.06+8.88%% 321.2745.92°% 29543+9.16™ 268.30+7.83% 258.61+8.025° 247.63+9.61™

¥ FFIBHE PR EARNE EEER IR % 7 35 (P<0.05), AT RS T BER R 2 5 1. 35 (P<0.05)
Note: In the same column different superscript small letters show that mean value exist significant differences (P<0.05), and in the same row different superscript capital

letters show that mean value exist significant differences.

2.3 TOEHAETE R RAR T

WK 2 Fin, SHMEEREENIEE. NE IR
EPELE I g R R R B . R IR RIS K
JE4iRT, TEARS B o RWEE T2 BN ) R JIZTE
HIE AW — KR4 AR T J5 BT R I R (0 5 — W 4
FIFHIXTHRPURE 1, W T BRI A BT LA (R AR B e B
RIENIIRE ST PSR SR P9 SR AN S (AL R
DUAHFI A . X 3 AMEH M ETEE AR &R ER
ZER ROV e FERRVE &N, BIEEAS TR
P, ZREEMBATIT, EORm LR T O, ME
Z AR 138, AE R AT A AR RS, 1
A S KE IR 2 (B AR AR 35, S M
H )T IR FL B BH B CIBE 1) 2 Ta) 2 DR L far W 77 A
FHTEERER MY, X LW 2 (] (¥ AH B A F A4S 2R3 e A T
FRBAAO s AR e, BRI L P 5 A LI 0 6 JE R
ATREZ: D & pH ERK, SREAS TR
AR, EAZEINFIIZAN, REREL R, FHM
e X 2 S A TR Ik s, AR TR R, REALIG N, 7EZ
BEORFIE I, hBE R M s gk e B, 2) &
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B R 2 W T ME R, T IR BLEE IS 3R 1 5 HAB Y 14
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HESEAN T R B, RIS AR S P I B AT R %
PR RUR T 50 5B L BB I U R e Y . B
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ik OFIASS BRI S YR TSR, o TRE
TS 5 RIS 2 o AR ) G r A g, A b
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T 0l 52 I8 B 5 347052
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FARMERE I, FiE pH HEmE X, HTFRE
BAAEYRYL, AKKIREE pH {E8 5~9, Tl 4 A&
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FEoG, RIRMEA TR B A AE AR, TR A FA
TR AR, FAEE pH E T, SRR
WG, EFEMGR, EICIMNERMELR, [ILEREE,
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A F] 160 CFU/g, i 5 72 &M BRI 25 ) tof 4 4 LAY
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Y RAE B B A W5 M RV B 3 B TR IR
(CK ) (P<0.05) . H B HMHMILS FH I VE o E
W T A 4 (P>0.05) , ATRES B 4111 S R R RIK.
FIK BRI A S . WATE R i R v o A 2y 4 g N AR
BT — RAVIRR T, AE A H TR 30 2 U
PR, Rt E R — ek, Ekka — Sl
fBRIRD , (E B2 5 BT, SE A S P A R R
VIR, RIS BR DA R, SRR, A 4 B

ZH KRR A ZEIR PP BT e B R R A ZH IR XUBR AT
RS =T B 41 (P>0.05) , KT A IR EHY)
BHACVESE 3, AT DL G FATE SR P R R Y o T
R (CK 41D FafEER I 34 1 S NAE EERLAIR,
KR A b, RO R e i gibe, AR5
BEHER, RANED, HFUER. FIMENER T
HIL— m Rk CATRE SR AR K , RS
BUOH XU FIZER PP (B 23T A 440 B 4(P<0.05).

#3 EHEREENRETS

Table3 Changesin sensory score of pidan in storage process

#6545 Characteristics 415 Group

I ] Storage timef & weeks

4 8 10 12

CK 41 15.1+2.0° 13.1+1.7%2 10.4+1.7°2 8.3+0.95%2

ita Colour N 12.6£2.1°2 10.8+2.252 7.642.3%° 6.4+15%

B4l 13.8+1.9" 11.3+1.8* 8.8+1.3%® 7.6+1.1%2

CK 41 15.3+1.3"° 12.8+2.6"° 10.6£22°%° 8.6£1.5%°

4N Appearance A4l 17.1+1.9® 15.6+2.4°5%® 13.8+1.95% 11.8+1.6%
B 4l 18.2+41.9" 16.4+2.1482 14.2+2.35 12.4+1.5%

CK 41 14.6+1.17°° 11.6+1.9°° 9.4+1.1%° 7.8+1.9%°

JF b Texture A4l 16.2+1.9"® 14.6£2.3* 11.1+1.2%° 10.8+1.5%2
B4 17442172 14.1+1.6 52 13.8+1.65 12.0+£1.6%

CK 41 15.6+1.5°" 16.7+1.8™ 15.2+1.7°%° 14.3+1.6%°
/=15 Odour A4 17.3:1.5% 18.3:1.8% 19.5+1.6" 18.7+1.3%%2
B4 16.8+1.95% 17.6+1.6 B2 18.3+1.9" 17.2+41.5"52

CK 4 14.2+ 2.0°82 15.2+ 1.5™ 13.9+ 1.35% 12.8+1.3°
Wik Flavour A 13.6+ 1.5 15.3+1.552 16.6+1.3*® 15.8+1.5"52
B 4 13.8+ 1.3 145+ 1,552 15.9+ 1.3" 14.9+ 1.8"82

e F—ARARRSIE P A E B bR/NG T RROR 2 57 35 (P<0.05), FTEME RS FREORZR B (P<0.05) .
Note: In the same column different superscript small letters show that mean value exist significant differences (P<0.05), and in the same row different superscript capital

letters show that mean value exist significant differences.

2.7 BRASS 2 MEEARA LR

RAPFIH T E AR R A, 1216 1.3.1
WEABRH & T2 E YK S0, Tio, Mt PYDC
BEEGWREE (TEAHZEERENENT) MR SAN
6579 Ju/t, IZE G MR, R TEETHFE 5
W2 3 g, MIEAN 0.019 JT/H; 49K S0, TiO, PVA
TR AR A S ST A IR IR A R Ay 1578 Joit, &
BRI, HATEERZIEHE 11 g, FHATEE
MIA N 0.017 JG. B ISR T s LR s sk
£ (0.05 Ju/S) , FFEAFEMPIE R E, FBIK TR
A, BLEWRBEARE AL, d&n] g 57
BNITRA . RIEJE PIRAE RSN E AR 3, PREFUR 4T,
LT BAT AL R LD, mTm s e Y s e,
DR A A6 R R LA T R T 5%

4 TREEEEMRESHNIE

Table4 Price of components of composite film materials

i % Name B4 ff Unit pricel/(7t-t)
g2k — AL HE Nano-SiO, 70 000
gk — 5L %k Nano-Tio, 450 000

R ZJ%EE Polyvinyl acohol 13 800
7] ¥E 80 Span-80 12200
i3 80 Tween-80 13200
WARA I Liquid paraffin 20500
%40 Beewax 18 000

7K Water 1.9
i A IR 12500

Polyvinylidene chloride

2 YR RN TE B 1) & TR AR5 L & B, B 4L RATEER (4N
K SO, 1 TiO, et PVA S et & 45 5D 10 47
e IR (A.77%<4.93%) (P<0.05) , HEiS/KEER
& (77.91%>76.85%) (P>0.05) , Jiiih. HMULAIE( Y
BT MERA (P>0.05) , FIZE AR I nT 5 17
FIAIE R PR B . TR S5iZE SR E B,
R G B R A A e, R T e T I T 7 T A
R[] A o R R v C— AN EE R 2 300 W I JRUATL IV XL
JE 70°C /A5 B i KO PR 3 min A 58T, {H BT R
KB IS SRR AR, SR A R A da
165 (PVDC %44k SI0, Al Tio, B &R ) 1S pH
{# (10.50>10.44) (P>0.05) At 2555 Jii &) %k (259.25>
247.63mg/(100g)) (P<0.05) B, SWRANZEMRIFA
W& (P>0.05) , XA RESE RN LT BRI B N e, &8
REdmi AR R IR H o b A R i T J8R ) 1) 46 5L
FEMRC—ANEE T EE 2 300 W I RULAS FF i 4 de ey X I
1.5 min BIRf IR+, FTRUBEAb I s, T B e g
TR, HKEMAGWIREE, HEER AL
Ji2 5 NaCl 2=t Bt AT - Coyes 17 Ra s 7 B
7 LT 2 TR FLIR R AR ) TR E B T 1
HlE AR &4 ki, 5 PYDCH41k SO,
A TiO, E ARG, W Bl b o AiEes,
SESEA TR, AR ECR, Rz E A
FECTR G RA A6 B R FE KT T R R ORI .« 2 BT AR %
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BRI, WAHRZELEE, BRI TR R R
BEAEILAES AL IR AL B &, AR AR T
ZHE BB Tk,

3 &

D YK SO, TiO, iR 21 (polyvinyl acohol,
PVA) B AR IAIEEE, 12 FEERRE
N 4.93%, FIEEKEN 77.91%, 5 ARG 5]
P 32.2%, JHir 10.4%; Ffw 5 ZJ% (polyvinylidene
chloride, PVDC) 41K SO, TiO, it & & R ig IR 5k
HIFATE B R B R RN 4.77%, EIFESKEN 76.85%,
R AL AR EE 2 59 A% 29.9%, THih 8.9%; 2 P i)
REE AR IME BAME 52 3, B IE BRI 2 (T A
P& LA 55 (1 1 A0 FE R B AN S 2R 4 )35 G

2) WRIEHIAL B SEPLAE s NAE 5 (HE AR s A v
[ =y m, EEEREREAES 'R , Sk
K (LHEA EREK, o EIID , BEAEE T (HR
T AR, (H 2 048 e B (1) 38 i (12 A5 XU 470 5t 1)
PR, R DU RE S AR R IR Y, A 0GR AN SR VT
SHERREE T RIREA (P<0.05) .

3) 49K SIO, Al TiO, BetE PVA oAyl 57 A k2l
(B 41) 5 PVDC 344k SIO, 1 Tio, ttE & &4l (A
4) ML, e 12 A, B AMIEEN R BRI
(B 4 4.77%<A 41 4.93%) (P<0.05) , &/K%EE (B4
77.91%> A 41 76.85%) (P>0.05) , JFith. AMMLFIZ (D
IV EMS = (P>0.05) , RIAYK SIO, Aghk Tio, i
YRS 20 W A i e i 525 B O e 31 1 A A6 2 R K 4 1
BUR, REFIMIEEIAN AT L, A AR RS pH
i (A #11050> B 41 10.44) (P>0.05) FIJFEHE (A
4H 259.25> B 41 247.63mg/(100 g)) (P<0.05) Jii &%
HA R, AATEERI AR, AMORIBE R BV 2 B R g
fm (P>0.05) , RIAEMWM - LEIK SO, M TIO, BE
VR BTG B T OR R A L6 TR AR BE AN XK

(& £ X #]

(1 HEAK. BEEECE N THEARKBE[Y. RS IR,

2007, 28(7): 93—96.
Tang Qinlin. Study on processing technology of Zinc
contained alkaline-preserved egg[J]. Food Research and
Development, 2007, 28(7): 93—96. (in Chinese with English
abstract)

(2] BRPHFSAE, i, x4, & REMTHRIMRE RE[.

i TR, 2009(4): 349—351.
OUYang Linghua, Feng Jianxiong, Min Hua, et al. Research
status and its prospect of preserved duck egg[J]. Science and
Technology of Food Industry, 2009(4): 349 — 351. (in
Chinese with English abstract)
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Preserved effect of nano-SiO, and nano-TiO, modified composite coating
materialson pidan

Ma Lei', Yan Wenjing®, Zhao Jianying®?, Zhang Jianhao'?*, Wang Fang®, Peng Kaiming®
(1. National Center of Meat Quality and Safety Control, College of Food Science and Technology, Nanjing Agricultural University, Nanjing
210095, China; 2.Changshu Yihao Food Packaging Materials Technology Company, Changshu 215500, China)

Abstract: Pickling is one of the oldest techniques in the food preservation as it not only extends the shelf life but also
enhances the flavor and acceptability of the product. Pidan is akind of traditional pickled egg with an extremely long shelf life.
Its pleasant and fragrant taste is preferred by most of the people in China, Thailand and other Southeast Asian countries. Pidan
is formed by the penetration of alkali through the egg shell and membrane, which leads to chemical changes and gelation of
egg proteins. Apart from the formation of gel-like texture, alkaline treatment can induce the degradation of proteins as well as
Maillard reaction to turn the color of pidan into brown during the processing. However, pickling could possibly destroy the
outer shell membrane of eggs, make the shell structure loose and enlarge the pores of shell, which causes water to evaporate
easily through the pores and the spoilage of fresh eggs. Therefore, coating pidan with composite film is one of the most
effective ways to preserve the quality of pidan. Polyvinylidene chloride and polyvinyl alcohol are 2 kinds of macromolecular
polymer with gas and water barrier performance, whose emulsions are used as based material to prepare nano-SiO, and
nano-TiO, modified polyvinyl alcohol based composite coating material and nano-SiO, and nano-TiO, modified poly
vinylidene chloride based composite coating materia. In this paper, pidans were pickled by soaking chicken eggs into
NaOH/NaCl/ZnS0O4-7H,0 solution for a period of time and then were divided randomly into 3 groups. Uncoated pidan was
chosen as control group (CK). Secondary soaking coating method was adopted to coat pidan. The coating process was that put
pidan into coating liquid for 1 min, then take pidan out and blow dry, and later the above-mentioned process was carried out
again. Pidan coated with nano-SiO, and nano-TiO, modified poly vinylidene chloride based composite coating material
(Group A) and nano-SiO, and nano-TiO, modified polyvinyl alcohol based composite film (Group B), and uncoated pidan
(CK) were stored under the same preserved condition whose temperature was 25C and relative humidity was 75%+2%.
During the storage the physical and chemical indicators included weight loss rate, albumen pH value, free alkalinity content,
moisture, texture characteristics (hardness, cohesiveness, springiness, chewiness and gumminess), chromatic aberration, brown
intensity, absorbance at 294 nm, reducing sugar content, free amino content, sensory evaluation, and total humber of bacterial
colony, which were detected every 2 or 3 weeks to determine the pidan quality. The results showed that physical and chemical
indicators of pidan in each group significantly changed (P<0.05). Two kinds of coating materials both significantly reduced
moisture loss and weight loss rate (P<0.05), retarded the change of pH value, free alkalinity content and textural properties
(hardness, cohesiveness, springiness, chewiness and gumminess) of pidan, inhibited the growth of microorganisms, and
improved the sensory evaluation of pidan. However, a* value, brown intensity, and absorbance at 294 nm of coated pidan were
higher than uncoated pidan, and L* value, b* value, reducing sugar content and free amino content were less than uncoated
group, which meant the development of brown color and the production of flavor substances were enhanced because of
Maillard reaction. This paper provides the reference for the application of composite film materials in the preservation of
pidan.

Key words: composite materials, quality control; packging; nano-SiO, and nano-TiO,; polyvinylidene chloride; polyvinyl
alcohal; pidan
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