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Effect of Ag/TiO, Nano-Plyethylene Packaging Material on Quality of Stored Rice
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Abstract: This study was focused on exploring a nano-packaging material applied in the preservation of stored rice.
Rice was stored at 30 ‘C and 80% humidity using a polyethylene (PE) packaging material containing nano inorganic
antimicrobial. The effect of the nano-packaging material on the quality of stored rice was studied by tracking the changes
in fatty acid value, gelatinization characteristics, textural properties and growth patterns of molds. The results showed
that fatty acid and gelatinization characteristics of rice stored with nano-packaging material changed more slowly than
those of rice stored with ordinary PE packaging material (P < 0.05). After 90 days of storage, the quantity of molds was
1.5 x 10° CFU/g, less than 50% of that observed with regular packaging. It was indicated that the quality of stored rice was
better and the aging was delayed using the PE packaging-containing inorganic antimicrobial.
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Fig.1  Effects of nano-packaging and ordinary packaging on

fatty acid value of rice

BRARL R IR i R BN &R, TR ER (R
A R S B OK A S RAR R B 2 Rl R OK
TE30 C 264 T i#R90 dff s 7 B (5 A8 fh ka3 . i FH i
A0 25 4SRRI KK g I R 280 LG R R ke ss, H
1E1S dfG, IR EORERR, Mg (A 245 dif,
JIE W 2 18 £.94 11845 30.53 mg KOH/100 g (P<<0.05)
ZAE ORI ORI A A7 i 500 R Y HH RS 7 i A7 il o
el fabr—RERIRRE M “HA7” LR. ZJ5EREIRE
BWRK. XEHTARR. SEEET, KKHER
A FRIARAE SR K f e 25 i o R 3 22, HLKOKR i
HEPMAE S SRR, WFEEER B, SEOCKN
FRAE T MM BRE PR th TR K R B R A K
STHFENRITIR, MR IR 2 T R %

T A B B e AR 1 52 0, 28 8 A %) XK T s
E AT ENE, 60 dfF, FELA AR DT B E - T+
$124.65 mg KOH/100 g. 7£75 dJ RIBAE A TR 218 T
B o AER T 0 2 A it ek, TR L AHE A A
R o 2 BAAE S 9K P B AR B A A A AR
KIS, FTRE T 0K BUE M BHAETE, KoK & H A
KA AN, AE1F BT 25 R T AR D 2 51 RS 1 i 107 IR AL B
R FEAR LS, DR FH 0 B A Rk 2 4R sk XK mT L
ELZ IR G TR 578




il =

2014, Vol.35, No.24 ~ 329

2.2 KRB

5000
4500
4000

23500

& 3000
2500
2000

1 500 1 1 1 1 1 J
0 15 30 45 60 75 90

i k) /d

—— KL
—— W

EH2 FRESENICRE R
Fig.2  Effects of nano-packaging and ordinary packaging on hardness of rice

KRR AR R K & R EZ R R, FIH
SR 5 KK KRS . BEE . e LB,
AN B SRR T ROk, AR A5, HE
SRR AOK60 ik B KME, SRIFEBRE. RG]
W, oK IEEEl, SEAMRSGHCRRER, X
YRAERERE N, g IR B R NR, AN REARIE S
FORLSE RN, TR 5 ARG RA L, R 17 PG
TR A 35 R 0 KK AE90 dfi iyl i 2 B i b Tt
#, H ETHERMAZEE (P<0.05) , KU T RHFK
U E AR AT DLEZE K LRI 4575

AR KKERZ)G, KRS T GHE S
FIHE—RMEe S, SRERAE. K. BESRERS
5o FhE MR TR AXCLE 55 2 VR TR 45 I 14 S R BE b A ) 47
Yo FEMEARFMEEM T, . &O RS Z
KA MR E SO, SR B AR A
. HE3AT LA, KOKAE2 BiAS [A) 60 55 45 5 P g 4%
PEF, FAEMSEHER TGS, P amm K
KA B AR AAR X P22 (P<0.05)

0 —m— gRfudEas
—0[ 3 Wanwe
—60
—80

—100
—120

EME (ges)

Yo —140
= —160
180

—200

0 15 30 45 60 75 90
Tl 18]/d
E3 ARGENIORFE MW
Fig.3  Effects of nano-packaging and ordinary packaging on

adhesiveness of rice

ML 2RI LA M, 3 A 2 o e KK P i U TR L
ANBE LA B e BTHE T R RS, RBR AR
FEE IR N WIS BA B IR KRR, ORI S
Ul 228 g 17 il 01 P 0 At P8 ok A0 0 M TR i I A
P L AE ELBEVEAD I SRR S5 F (A RORAE ZE R Ak
Pt /K 7 CLIE I, 5 B0 by R A SR BE R I, AT 5

ALK R R 1 N B R I PRI Z 2 B IR s,
W A i BN TADSE A, V2B S 0 PR, B T s A
DRI, T B R R R, DA% IR M R L Ve By
Wi, EHZACINAE, SEREME TR, XA AR
MRACHI IR R . PRI, BT AS IS R T DU, RN
KU B B A AR L I AR AL AR P 2 R WK
EA TR A R A0 AT 21 T — € 4
23 ROKBIMLRRIER AR AL

RO R it i R A3 o G 0 DR oK i A ) A A A
PEAN, DU B E S M1 (rapid visco analyser, RVA) Fi
T BRUE R WA RE B AR A, BT DA e B IE AR
R FE A Sl A SRR rh, KO SR I R
KA — BRI

1 EEIOKBRVABSEMA
Tablel RVA Values of stored rice
L JoKRE Km%ﬁ jiﬁ% Wit j'iéis B . L
I 1) /d FiPE/cP ZhFE/CP {H/cP /P H/cP RFE/C

0 1611 1002 609 2136 1134 86.1
Pimd 1846 1259 587 2485 1265 869

WiEmAE 2019 1466 553 2897 1359 885

PiEEE 2026 1470 556 2755 1378 868

WimEmAE 2245 1714 531 2824 1385 883

60

90

MRIFTLLE H, Bl BT () K, V(AR
RIREE . BRER 2 B, BBUER . TR, XTI
T DU AR R A A X R 1 I (H
JEE A E R T K N 22 SRR it 5 SO 1 0 5 v A ok 2

RV E D T BB T B AR R (P s, BT E
MER G A KIIRET], [MHERIE T RRMZEZ
JBE 0TI 8 M A S LY 0 2 A R N 22 b R I — A
%, ERNER RS SRR P AR, REHE
K, VER M ZALRE K . B ARE ST 1 R e T
ABIY) A 2%, 5K b i 2 M 5 SR 2 IR A R,
AV By, DR T BRI S 3R 45 TUBR G, 285 SR AT A
A, FIHPUE GRS MR O E R R '
wb IR

B 2 B SR R OK AR AN I A 0 5 T B0 0 st i
MR 1. mAFEBK, RUAHNEEERETEZMhE
FUE B AR, AN T 72 S PR R A Al B o 3R 145 R m]
I, R I R 8 0 A A R T2 R A A — B
P B AL A R OK 5 5 8 B R A L, AT DAE R ROK
IARAL o RO TIP3 I PR K R 28 28 1 1) — A EE R FR R
RILERATH, BP0 AR S TR AR 90 dJE H A0 I %
N86.8 C, T WIGAMHE, T e £ 2 45 i R OK B AL Tt
B ETFT2.2 CisF88.3 C (P<0.05) - MIEAHIAL S
TESEER 25 AT LLE Y, R P B A A8 A0k, KR
FEROK ATt A R AT R



330 2014, Vol.35, No.24

KA ia

24 RKRIE B

ADKELS, BAREER,
4 FRAGSEBER AEHFKRBEELR

Fig.4  Moldy condition of rice in nano-packaging and ordinary

packaging after 90 d of storage

o
1

ST
351 o RS

Wﬁrﬂrﬂw

0 7 15 30
fil e [/d

5 FRGEMNKKRGESRAZm

Fig.5  Effects of nano-packaging and ordinary packaging on

N W
o wno
L

£ HEY/ (10° CFU/)
55
T T

e
W
T

o
o

mold quantity of rice

HE4TT LA, ORPMER L adE T, F0
BEME, X522 CHER161IRIE 3, £ /KEMLK
Kok, FEHMAME. BHESEE. NEHEEK
Hv] DUE H R 9K A 3 i ROk B 2 A TR A d
Bk oK . HHESTTRAUE H, &id15 dfgil)s, i
A0 SR ORI & B PRI T, T KB R RO
K& W FFREE XS, 15dEMEEENT T
ARG ORI — 02— (P<0.01) .

FihE. HmESERXKSGEEEYE T TEEAERE,
MG E (RE25~35 C, MXRE KT60%, H
OMRA) , BHESTEIOKRE KEM B, FH 0K
FIE TR, BARCKE AR ARSI min. mie
AT, BARTEREE KRB, FIE
WAL TG OR A FE AR I ROK B A o i g o (] 4E
KSR B MR AR E GRS K, S6H
B & Ag-TiO AN BT E M KL, BelE 52 K
I ErE AR E B (- OH) MIEMEE T (07 , A
BIRGRAIEAEE ST, RELEREI H] P B SR 55 1 () B B i
FAEAAAET:, MIMEEIIIE. PrEEm E e,

3 5 ®

AR K Ag-TIOL FLE L £+ PE G B (E 7S

W IR A SRR, WFIT T ARGk R P P
PR ROK AR RE ), S5 R0, 9Kt
fifg B FOK B A K AE — e FE B B 5 e hu
BRI AR S AR L, IRMTRR BB AL LR, 60 dfif
G B W72 A8 924.65 mg KOH/100 g, KT CHRIMAE A
JHE R o R A5 A o A% 148 A —— T 1D R A 1Y
CHAR” R, T R E A AR AR OK, R ER
30dfE O “EAF” BRI [RIE,  ROK BB S R
AR 5 TR 2 B 0 K e R 6, 2 A R P KoK £ A T
BRI IOK . PR 25 i ORI A 2% T
KAKBRUFNEAE, KT RKAE T -

2 30

(1] SKREZR, AR, AHRIA T A UK AR PR 1], Rl
MR, 2010, 41(8): 125-130.

(21 TiEa. RSB A RCE Y AR R M. 28R, bt R E R Tk AL,
2000: 2-5.

(3] B KORAk R 8 R HA AR 1 1) 5 ) B HCAH O Bk
AL FED]. B at: #E etk %, 2012,

(4] HARRH, XU, FERE. ROK A B R SR AR IR F i Fe ik e 0], MR fith
jik, 2009, 38(3): 22-26.

[51 17, RORUK, EZ&, & BEOKMBERE L EORBE AT & aEE,
2011, 32(8): 43-49.

(6] &M, SBARAL, MR, 4. o7 s B IR E FR A28 IR 52
WD), Ak TREA%4, 2012, 28(15): 251-257.

(71 HARPH, WEERK, FERE. —Fh A RSO K SR AR A BRI ).
R4k, 2012, 27(2): 1-5.

(81  JAEWH, AR, kER, & KK S 6 R BRI R
FRI S RH, 2013, 21(2): 71-75.

[9] LI M H, NORIEGA-TREVINO M E, NINO-MARTINEZ N, et al.
Synergistic bactericidal activity of Ag-TiO, nanoparticles in both light
and dark conditions[J]. Environment Science and Technology, 2011,
45(20): 8989-8995.

[10] JASON K, JENNIFER B, NICOLE H, et al. Photo-catalytic
preparation of silver-coated TiO, particles for antibacterial
applications[J]. World Journal of Microbiology and Biotechnology,
2002, 18(2): 133-139.

[11] ZR4L, J5onhl, 2R FR e, 5. TG T8 (76 M R 4 st Ko e B2 o
e IR ). A ERE, 2013, 34(21): 103-106.

[12] ARG, J& G5, 28K, JORBRAERE sh 4 8 1 5 JOK A R i
FIAZAELT]. PR 224, 2002, 17(2): 42-46.

[13] R, FSEE, R . it T 2O FE KR R AN I D7 1R R 5
MR [T]. ek TRE 244, 2008, 24(11): 260-263.

[14] SITAKLIN C, MEULLENET J-F C. Prediction of cooked rice texture
using extrusion and compression tests in conjunction with cectral
stress strain analysis[J]. Cereal Chemistry, 2000, 77(4): 501-506.

(151 4R%8, JEOUAS, £ 5ide, S 6] SRS G AT )5 v b AL AR P
FCI. B L, 2008, 29(2): 435-439.

[16] T30, BREN, Sk, 55, MR By 5 OREERTE ORI LBl ol R b o
FRL BT ST, £ kR, 2008, 29(3): 253-256.

(171 ER, k. ANIE a2 77 206 SRR EE R 1 7 (D). E3 1
F£, 2006, 27(5): 150-152.

[18] CHARLES F, HEINIG J. O;or O, and Ag: new catalyst technology
for aqueous phase sanitation[J]. Ozone Science and Engineering. Inter
Ozone Society, 1993, 15: 533-546.

[19] KANJWAL M A, NASSER A M B, FAHEEM A S, et al. Effects
of silver content and morphology on the catalytic activity of silver-
grafted titanium oxide nanostructure[J]. Fibers and Polymers, 2010,
11(5): 700-709.




