DOI: http://dx.doi.org/ 10.22104/jift.2020.4206.1974

@

L
VYRl ST AV amio ) oyl A 0,90 o b g3 (slos sl anlilas %L;u

3

2 S9y SS9 pauilind vl g0 Wlyd gl (g9l diuwy Jil () y

295 9 o (RS Ol i g 5,B o

Ta0,8 M 36 cwledl (old ¥ g5 cymamo

ol s olLG1S (65,9l 0uSiils (o108 2Luo g pole 09,5yl dliw! ((panasi 5,555 .
dungyl oLLLIID «(5 59l 0uSLiilD (2138 auluo g pole 09,5 (Liils (pamaxi (5550 .Y
Mo (gD 8 olSLLIID ( 108 asluo g pale 09,5 ( 210C (G591 9ST g (ki (655 (Geinils .Y

OVFAQ/F/10 5 5b oy g, AYARLYTYA 1,555k v T oo« WARLT /Yo il ) s ,b)

oS
Gl Bae b paslid 9enSlsd 5 (59, wemST (29,50 05 S5 g (g3l i 3B s cRgn 00l ) o
SeSlgs s gl Gl glachile ol Sew GlSlh ol gsbaie (ul sln 09 59Kl s s Slrogee (5 B iLe
5 05 At s (o ieST pa, 5l oolizul b (LVD 5 7o IVO i) a5y dmsST 5 (VD o e ID v) posli
Ve Dot b @ 55l (b lapl (05,5 5 (oloord 5 (Kb (&S (olem daeld I b )sS0l g o (gt
LS ols las mls 8,8 18 ol 050 (JAD (cows Cagby g A=V e °C slod) cirio ail30 s byl i 1o 59, Yo g
le g ol gloged eli canwl (5e 8l Jolome dul> olae puii dsy (IS Gl gol> slapld 5l ol
550 5 o (929,50 5k Gl @le rizres i ol Sl eslitul g wald (laaiges | ieS oKl g o L (i
Ot polid anSTes TNID (sol> phd 5 0l (65l 0,98 Job )3 yedie 5 SIS 5 Cemgilo s slas SL Jals
S Al B 15 5b 05T 3mS160 0,3 (IS oo 4 el 135l 5 car (A5 sl Sy Lai (s, 1, 5T
S35 ST 0y 9 51 5550 5950l 5 o 6 Bl Sl g ohd (29,50 WS (leS Cushi )3 o8 g Logee (alierd
oIl Hokaie a4y (S gy S Olie 4 Wi oo badty g5 cnl Sl oslitul a5 3505 90l gy cnl @l g Jes
aals Jypame &S 2l p a2 B b 5 05 15 eolitul )50 168l 5 caw wdse 5 25T e 50 5, B e

sl

2o ol 9 S 38 (P19 (59 ST 03 9l (e guilid w65 0,3 gl (Jlad (gudydsuwy :lojly uuls
Sloyll

Zandi@znu.ac.ir :Jgtuwe sdims g *



(95w AS (il o AY] s owlidl
Ot 3l s Sl Jld oy (o5 @l3E lge
b Ll )lg Sn sy 50 23B Ll (20l sl
99,0 Gl slacu o (138 Slge (uiatay ;o BI)S ol
Jled sladins agd 10 dlge ¢ib 3l oolaiwl c | gladns jo
s el (Sialez ke Uy LS 50 (29,0 w2
ol amS188 9 (59 dmST AL ool ags slaatns
Slge gamaiey Gl 29,5 2o Gk ymly
oz 5l paslid uSlss 5 (59, deST ail o 213
35 eVl 5,See 05 cudlid s oS w13 5l
oz 5l beusdlEls See 1 oS bl
ol ablioe bog,B g (hie 05 e 05 lag L
05 L8 alie jo (peilins aSTeo logas) o3 4
Ol guedlilSgigd oo dled ran sljgle je8 oyre o
21 ol b ol omlS Al syl 5 e lesle
e 50 ok 5 2lde olge g cduly] olge dag,ls
Dvael cad sols 13 ol sy9e 1) oyl b s
5 9y ST DS b 298 wo il
ool g e aioe Lo.,_ea jep peilns aSTes
Gl Oygo w4 casl (S paansilSo ol o lae Dlalllas
loolil Jds 4y (09,5 Jobo slid 4y gilansT 25
5 05 gl Sl s @leolil b Jlé 5eST laaiss

Dyav] wat o plagdl 5 Jobo slec 4 Jlas!
S 5 A3 lant lapsilS ) 5 Sae wolud Jelpe (53,
Orires 1D dalys (S5, sleasd g olad I AU g5
i Sloylsl 5 SIS yoe (rlple wnleioe w528
Desb] wms o Gl 1) Gpas soslsl slaoges
B 5 Boges (goidiny o LS5l Sl ool
Gl 0 e bole gl 6yl e o b &S
WolS bS58 oole S el ST yles oS

IPAR 50l o) oyled oA 090 i (gi slacs,slis aslilad <> A

doddo .
. . Yoy )

Coedl g ddxie Bjlas JJo 4 Jeame 90 o aiil oo
@ Lo SVgame (picaesl bl (SO s, jo ladss
(85,3S DY game e aSil 4z b anloe et
sty jo wwl s e Slole ple SOl i
Vgame pogar & i (ol 4 arg Dlole Gl
Bl sl DN el Jlsye5 5 losg cuenl 51 2L
o Vb sl alSal, e (S (Bl S pas
5 dsene ssb s g wilise Sk o bapl G35l 5 kS
PHERACH Bgd oo oolatwl jalaie pl A (g pendy sloaiug
Sy Sl ()l 5 Ganaiws e Jpol Culs) pos
Wls g a0 bogee Sluls iulidl g ol Q\.\.J
090 & 4z g8 Sl ol (nl g 005 (o0 @ie 9 )Ll
AR 0 UL..,.; O )’1 O |) QYM Qi‘ (G
@i 555l g S SLadS sloogae atws 5l oo [F.Y]
e 0y S50 ) (cote 9 S9lS G badiny 09 54l
@ arg b ilide s ,h ol b o S s
3 e iy, glal g sslaul sas jo x> LS
s Bl a4 i 4> o U aiiie godi Cade
GBS, auS S oldé S game 5Ll solaiul
Js 4 alie olge Jlb gonaies Glapiew 3
(B abe Gl (Jgame sl 9)50 o Lolay yilsdl
Srae Sl e Cey Plaw anze 0 (5550 4
3 oolaiwl Lol a8 F 18 ol Azl 0,90 00iS
@l dlge 65l Sln g She) JLd g
Ghey S L5 eoliul Syee VAAY L o ' l5eY
il g Bl ploy el odle Jlb gunainn
ol Caz 2l g il Wb Geizmes (Jame olid
b onatay osms JoSis slge 5l S, [0] wab
L&bu] ‘_g)lfu\JLo 9 W) J"’Slj \))‘9 u’_‘\..\.c 60&Lo L: .\.u‘ﬁ.vso

1. Malus domestica
2. Vinifera
3. Labuza



Ol 5 (g0 uxo

70 o gl gl sty 3l g

S92 95w 9 berd Glapsesl plal jo eolinul
LgL:b)fui;.:Sb 9 LDJ)L'> RRAY LsL(bJa.:m )| f""" ‘av}m
o> Lo 0850l 5 009 (A LesT £93 ) cilises

9 59 S| (59l (50590l gL slapled wdgi V.Y
polind dpmSlgo

s U Ay sla Sl inio 5 (ol oy
oS awgs cais glocdale b ol gl ol mly
L (ol oo Uls ST Jaw) inio odead 05,5
ol 4 (0 JS8) Sdpdy plml sl (39 ST By,
) polid Sl b oslhen S LI 1 skt
VO oo polia 1) (ggy dwnST s (1B 5 /B o polia
g5 5l oolatul 550 oliws 0,8 eolaul (1 VO
9 VY CM gy lo b (sl Tyl (2o 99 yo9 5]
i 4y sl b sl o ¥ (LUD) kb 4y Jsb o
918 sled min sloaBBl @ axgi b g ooliiwl 5,90
G ed [0gnS] s Yoo V) bl o el
lal .as0,5 obesl V10 °C g \Y- °C V0 °C s
O OS¢l wead ool @yl> Ve °C sles b o gl 5
o bole JolS job 4 aids Vo Dow 4 g adlsl o]
gyaS| oKiws dhame 3o 4 balse ol aslsl o
H MM Cols g Ve CM oo b aVos old g Jiis
35 Jol> gy ©)9e &

S pels ragp se DAL cld eas asl
P gl S Oy 3 yordy 5l S jgelS sl
Galisee Glacans 1 (5, w5 pgulis anSlss &l
o Aoy bulpl 50 oSl g e (IS sl
56 g ad eslital (JAD cond Cugb, g A=V e °C sled)
B w2 y90 Jypazme 90 ol (S ol (59, 2 ag)]
o Pl b e 4 adlllae ol 2led S 285
@ dlgh a5 g0k 4wl gllas (5,0l sla T g
gl Sluls fals 5 Joame g0 cnl Bl (l3l

Sl g B SeS

L gy 90lee.Y

Ol e 9 (o booes S0 )Y

F1AYY griem® wils) S ol e silS
g O A e (gowig i S, 5l OVNVY °C Ggd alais
CS 0 5l el wSles 5 gy, ST 2l b
e B ws,S ol (i) oLl slse 5ib Ll
WS L8 solanul 050 CujemelSel sla ey Ay
o \}'5‘#‘" OM 085 05 o g (Bl 08, 6Kl (gogee
0 &L L o Sl pasite lawg aiy )l ol
@b g ) Sl oS Ll il gok sal> e
alolddl 5 wud Cuild 1 (W09 00w, 395 wglle CualS
Gl s 030 5 e oBigle;l & Siolos] plil sl
oBig,d Sy 5l egee ()l ogatee LIS Jeg b
Syge loed Slge (oled rizmen w3 )S A e

Gl By ;emalSsilb adss (o coliiwl 8 )50 cied g yinST olKiws (1) S5
Fia 1. Blower extruder used for | DPF nanocomnosite active nroduction

2. Theysohn

1. Golden Delicious



I R LT T .
Sow Gl slaaiay o WIS sy oo
)9 S5 5818 5l e ogee sladiny ab Guuaien
°C sloo) ail30 4 alolddl @ido VO Goe 4 jianl )
ks i 03l JULI (JAD (o Caghs, 5 A-Y -
4 6K (b ca 5 595l et 5 (b Sleogas
sl Ve Sl Jelsd L, 2

005 gy A0 s 33 (o (81D 033, Yo 5 (55

PRSI IENS

Cdl w9 39 Cdl 3o (5 S 03100 .0.Y

039 BUST i Sy olol  ladiged (59 8l (e
spley ;o 0ad 6, ladiges 5 adsl dged
D] 08 )5 cpns il
%WL =" x 100 M

Wo

5 (%) Sges adol (39 () (339 8l Rl Wiy Wo WL
Shoolatul b cdl b adb o T ley o digad (39
L3 6‘4.».4»» 95 SaS Lv (u‘)." ‘L,95) g,&l.: S 0w
w05 (et )5Sl sl IV CM g s 612 ¥ CM a8
Yo MM Gos b g 4l 5 e e V oty b ,Lid Jlos
o Sl g ab plodl 5ol 6l ¥ MM 5 o 6l
L) sl 8l S Jlre loie @ ogie ;3 355 (gl oY
DAY O] as 318 (e ol

g il 9 PH (Joloro sol> Slge (g S0 310l 5.Y
S yFosa] SaS L 58l 5 o O i) jslace 4y
Aol dlge lade al a8 5 (Il VP Jow 35 w)b)
by oS 4250 ey o g 8l Ol o Jaloe
S 503l YO °C sles 3 (¢nl oSBT (stwd jtagiST3,
5° (el salgiylie) yio PH S L 525 PH 50 s
05 Geend IS (b oo, Yoo Ve (Sley Jelsd
o 9595l Saiged 5 BB sanasul pSoslul sl
B Jly o) s 9enSg 000 b (geml s 5l oslinal L
MG &j0 4 g 0 g pSejlail ANV ol PH & o,
Sl oS ks g 565! <l ml 2 SebLE ]

Dalws s )5 com 0TV -+ 00 Sl

PR 50l o) oylad A 090 e (g slocs,slis anlilad <> 4

Y

$U Golo Gahdiug (29,5 pond (Pl (o 1Y

95 w9 paguilid dnSTg0 wi)d
8,35 s b (59, a5 pasilis anSlss &l
9 ‘5151_._.,,)“\ GAsboal, L“QT
Ve ol St cnl el ndy plonil Goghyol (095 oS shadlin
eils [(TSB) &l sgm S 5 2eiS awsms 51 1id Lo
o 2 Sl el V7 S 0 YV °C sloo yo g o
Vo Do s B0 e TPM )0 conis ols S puecsilS g ,Se
TSB ¢S b 5l V- mmaqng')*}ﬁ.é{)sjuc\},,éo
Shie O 5l solatwl b aslsl ;o g 08,5 adlol was byl
slol 4 Slakad aelsl jo ol 38, ol Ve byl
9P Db ;0 g 0ad o0y lapld 51O CM x & CM
Gol> ouls 5.8, cuiS Lo 51 O MM 0l ools 13

f < Al ‘~ B3 & .

Oliee ) ughysl wsS 95 ghdlinl o (ISL 51 (6 55T
35 0B 0938l wld Slalad 55, 4 (Vo '-)+" CFU/mI
wlie e b eSSl Celo VY @aw a4 YV °C sl
Olsre 4 09y plid diges W8 aS oulh 3.8, culS lare
Vo Sby Jelsd jo .cd)F )18 colatul o)90 aall aiges
onled g, 5l ool b o g xSL gleowsy oyl jae caieles
N0l 8,5 bl BT ey 5o et e 59, p (SolS

)‘ Caxilewo B

5185l s ladigad 5l plaS 0590 55 (05T ol

23900 93U sl L lrogio (guiaains F.Y
sleady> 5 ol gl S e L 5ol sl 5 o
9555 (Kb ol g sl 45558 5l g)le g CSES,
Sl b slai ;o alBlax job 4 (le slacew 5
g CTNO o 7210 o) poilis aenSTgo lyd ol (5ol
Glp ol gomaias (VO g7 < IYD ) 59, aS]
S Boyl po (Voo gr vgax) oSl aligs S5 jelate
sl 4 pogaste WIS Jag b slagim 5l Bras b
Sedly (59,0 (g 00 00l 13 VY CM x YY CM

1. Trypticase Soy Broth

2. Sigma, 6K15, Germany

3. Escherichia coli PTCC 1329

4. Staphylococcus aureus PTCC 1337



Ol 5 (g0 uxo

7V O S35l ol ot 73U o

A .
¥ oax o b (Sodl VY 5l S Y 4z o xhaw
TNe e 5l S 0 Az 5 e (Sogll 100 5l xS
gy Aolae 51 Sougy s Ao el ebas S04l

10] 05,5 4l
(%) (Sopmg ooy = ()
Z ;wﬁq)oXJ)oawolw % 100

(5) (Somg a2 yiSlas Xlo ogee S olans

Solel Judzxs Ao

b gk b et slagialel LB s iags ol
s aw 0 ploS e (WLd ge g0 b olas SLlS 5 L]
oy s peslis wenSles LVD 5 10 ) o,
bl )l oley F g (o, S VD g eIV
raL?u‘ Aalf‘..\.> Oyg0 A 0gun y t.g‘)'.’ ‘_g)l.oi }.».IL’T AA)JJJ
5 Wad plol 1S5 aw o Blas layse;l eled b pdy
Jidlay SeS Ly s Jow 5l eoliul b ol 5 Julos
o3es] épdy bl 720 Jlis! mlaw ;0 SPSS 26 (s L
b eSiloe o OS] 3929 sl (sl Sl (glaals Wi
A ooﬁ )Lig

oy g s Y
b 5195500 b Camols ALY

5 GoyeS Old gl jgas a5 ol gl s
3O Paes b Zawols obml el peilisannSlgs
oolisid 31 U3 5 Fhg ol el 3 5se Lagled
B 08 S8 sl 9ppe (i Slge gonate sl
sled ole sloamnil g, Se 03, 5l Coniloe 4o 5T 8
(V) S5 j0 a5 jeblan 0sd Jol> liebl olie olge
0o Cpols Wil s glaeld wosi e coslis
(19,54
3y wbos Gl Ggmmilimg ;3 005 (SlapanslSlg S
(P12 0) ol pld 08l wall diges b ol (5 Lel Ll

v loged sl cyats V.Y

L laogee o 5l e omlans (il loged alos (e sl
abdzo (59,0 9 (nl) VoD oo () mjes S5
loslital b s g 0B 485 S pgal Bl
gl b 5" L7 K) slaasls IMage 1l 5
DAL el ol (BI) oty sloged asles .o

BI = &= « 100 ™)
0/1752

_ (a+1/75L")
T (5/645 L*+a*—3/012b")

™

9550 5aIGT ALY
0k e sl et 9 SIS g 1S Lop slas ST
Sl oghie ol 4 wad Bled oSl g e (295
VA JspeslS ollS50 5 BT cils cody ot slalagms
oo 9SS 5 15 Loy slags 25l (o)leds 6l i 5 &
O 5l L s diges 5l a5 Ve a0 )8 oolanl

Oz At 3l g 9 0 Ll Sjgls by - M
ol 5o ab agg ol 5l Ll 050 slacd) (Jlge 8,
Vo Ml o> oyl lacads 4 <d, ,a 51 -/ mi
a BT Cils el cuS lase g ob e eSS s
@ VA Jopmds ohslSos 5 VY 7C slos o 5o, ¥ S
@ bt oS 4l ¥ °C gles 40 35, OB Y o
R3S AT Lged 08 (S Sl o, D jpe

Ivy]

(SoS o)) (Somwgs ol ALY
W B lid 5 (Forwn Gl GpSoll jslase o
bolyd jo aillaz sk @ ke 2 sl 565l g o (5>
Wogee ot Sloy Jolgd 13 5 00 (5 IS5 allbs
) oaz) Jold 4,0 0 4 (Sowg gl Gl pulol
SISl X az o (b S WS 0 (g



\V‘\ﬁﬁlﬂ‘\ o)Lo..i} A oy90 ‘Ls':ﬁ\.é BT &L:od)jbé aolilad 0 ZA

10
=
E 9 ==
< 3 Gl
> 8 )
S 7
S 6
E .
= 4 | =@ Pure culture
= = === Control
S 3| ..m- Ti02-0.5%
5 1 | —e—2Zn0-0.75%
%) 0 —k— Zn0-1.5%
. 3 5 9 12
Time (h)
10
)
4::——------‘

= =A== Control
-4+ Ti02-0.5%
—® - Ti02-1.5%
—— Zn0-0.75%
—a&— 7Zn0-1.5%

Survivability(logCFU/ml)
O P N W H» 0O1 OO N 0O ©

6 9 12

Time (h)

) 5 ISLa sl ae o5 655k @) 555 2 S35 35T 5 poeili 2T 5l LDPE oo alS sl slaplid g s i 55 (V) IS
sl 95 oS shSlinl Cte 05 655

Fig 2. Antimicrobial effect of LDPE nanocomposite active film containing titanium dioxide and zinc oxide on (a) E. Coli (gram-negative
bacteria) and (b) Staphylococcus aureus (gram-positive bacteria).
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dioxide and zinc oxide during cold storage
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Fig4. The firmness of (a) apple and (b) grape in LDPE nanocomposite active packaging containing various concentration of titanium
dioxide and zinc oxide during cold storage.
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Fig 5. The total soluble solid of (a) apple and (b) grape in LDPE

nanocomposite active packaging containing various concentration of

titanium dioxide and zinc oxide during cold storage.
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Table 1. The pH changes of apple and grape samples in LDPE nanocomposite packaging containing titanium dioxide and zinc oxide during
cold storage.
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Fig 6. The titratable acidity of (a) apple and (b) grape in LDPE nanocomposite active packaging containing various concentration of
titanium dioxide and zinc oxide during cold storage.
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Table 2. The browning index of apple and grape samples in LDPE nanocomposite packaging containing titanium dioxide and zinc oxide
during cold storage.
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Table 3. The mold, yeast and mesophilic bacteria of apple and grape samples in LDPE nanocomposite packaging containing titanium
dioxide and zinc oxide during cold storage

39)
Day
090! ogmo Sbosd 0 10 20 30
Analysis Fruit Treatment
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Fig 7. The decay rate (%) of (a) apple and (b) grape in LDPE nanocomposite active packaging containing various concentration of titanium
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Abstract

The aim of this work was to achieve of technological knowledge of production of antimicrobial
nanocomposite packaging containing nanoparticles in order to increase the shelf life of apple and
grape fruits. Low density polyethylene (LDPE) was chosen as base polymer and titanium dioxide
(TiO2, 0, 0.5 and 1.5%) and zinc oxide (ZnO, 0, 0.75 and 1.5%) nanoparticles were added to LDPE
matrix to produce nanocomposites by extrusion method. At the first step, the effect of nanoparticles
addition on physicochemical properties of nanocomposites were investigated. It was revealed that the
antimicrobial analysis showed that the nanocomposite films have good bactericidal activity and the
effect of titanium dioxide is more than zinc oxide nanoparticles. At the second step, fabricated films
were used for packaging of fresh apple and grape fruits. The qualitative parameters of fruits were
investigated during this period. Results indicated that the weight loss of fruits decreases by using
nanocomposites. Browning index and also, hardness of apple products in nanocomposite packaged
samples were more than control ones. Nanocomposite films controlled the microbial count of apple
and grape and the film containing 1.5% titanium dioxide showed the most effect on mesophilic
bacteria and yeasts and molds. Generally, titanium dioxide was more effective than zinc oxide in both
of improving physical properties of nanocomposites and increasing the shelf life of apple and grape
fruits. Resoles of this research approved that the using of LDPE nanocomposite active film containing
titanium dioxide and zinc oxide nanoparticles could be a good way for increasing the shelf life of
apple and grape during production and distribution.
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