\r‘\VwJ)jJé;\Oe)jb‘Vio)Lmi u.ﬁ\.)&@@j(’)lﬁ

39 Ol (S (Wiilw 08 3) (98 ) (9 P94 oF Sl (w9 9
AB) gk il g 3 4 (oSl youls I g (il SLapled

vd)\.l.?:- S > c*va-\.‘\ CU Coeg 86»\.«:-‘ oyle

Ozl ol s o ot 33T o823 gy = sl s 5 Aty (W18 3150 (5 J5S0) ol o s psle 058 ki)l b8 (g smedils -
i Dol (($355LES ndige 5 (5 Dot s (i mibis Slidosd i (oo Sla e -
Ol g S «308leS s s Sl
Ol el ol 31T oS gy = el 5 Aol (UL ol 5 5 05 8 bl 1
QUL W SR LA AR NS SEY 1)

s S

o3l Ly Sty il dge s OLadl Cadl 5 B2 S nl 3 oge (28 4 Aien BL OV s 1 s b Sl LS s 5 Lo e
SLas, sl 035 el ol 0 (IS L SAEALl Ll 3l Sk Laim 5 65106 hate 4 o J 28 SaS 4 oS ol (5513wl s
S i e g Sl S Slacs b Bl kS Jheal] s 4 (St 3 a3 5alS 50 51 ealinad OIS 5 (555t iU ol
3 S ol 56 5 I (A o5 53 b anly i el b suai 3008 30 ol tass 53 ol atle al 31 s cn) Ll
les 3 Jlad e 4l x5 jieesl 5 (LATO+7Y e Np)  «(£.602+7¥CO; +74YNp) (7.£02+/ACO2+7MNy) (558 Cilees oS 5 £ A
i Ol e B el PH  flome b slsn 055 GRS il (K334 5 ot S5 o La Sl (e 4203 0
LSS a3 5 ol Sl = b LB s S Gl el s oS 5 YA (b s 5 S slel 5 ba eSS S IS ool
ol GBIl s 5l 5 CodS B e Bl i e b sty 3 (S e S (ISl 4 a5 L3 S 13 0sa3l 35
Gl st i3l Bi g sloul o (L£O02+7ACOH7AMND) (638 oS 5 ol a4 G 5SS (51468 & i3 S J peaes
SPH Jdos dalr sl ye 055 Sl et A5 SALS 3 amg 53 S kS aher 1 (S gl ladyT 3 03503 A4S Eoly 5 S par S
olast ml 53 g aie 5 SIS 5 S s, Sen 5L 5 (S T Gls 1S ST s 3 5 Lol ple i o 15 B

A3 S sdalis

S oy U s (AT S il i el (st (S e S 1015 S

behjat.tajeddin@yahoo.com o gy ”



Sl Ol 03 S5 S S LGS e g

{)b&‘uﬁ} éw\ ")Lé-.’

S sgi e awlS ojleder I ot a4 ejlede U
el D3 BU sl U alde 53 O sl 51 S Bl
Caslie 5 SO ol 3 g ((SHISIL ol Sl
Lgdis o 5 23S Ao Sl any LSl s
el Sl s cole S (sla e s L 015 e 1 Laeslackr 56
o Bl 55 o Sy 53 D3 U Sl eslial 5 S W) s
Sl 508 Lol SuS Cwiles Cunls s
Al (Ghtiny Lol 3ol Ll Sl e Sl S
e e el glasl 38y bl Gl e sl

L8] ol gdyatn cslio ol Ol L
53 ek Gl Spar S AS barls sy
b ohonih o oo Se 00 Sl b sl L lagls
GoB b 5ay N 3l e a8 sl OLE ey SKs YO Cliss
53 Wl 3 eld (ki Gladigel A4S Sla e ls
S 5o [0] 505 e b e s lad Lol
Aol odd SRS el Bl il 5y (S S cuisS
0 Calis b alil b sla ks S eslinl) @l i
522Gl AE e b 53 el (5SS 5 Gl
G S5 el JaS s @l ek aed) el S
c@kj wargs b ad e p I8 4 (£00+/¥CO2+74YNR)
5 Al (3L S Jols S g S AS sla e ls
0t IS jhadl Ll 3 55 165 (b e phons ol 3150
Grmes [ A3 iz Bl o il 4 o
Ol o oslital 5 aly o pheal] 53 S ber S (o)l
5 =W s andl o8 e ol DL (65wl
4 S 1y Sl i b a8l i el U ol s
oslinad 36 imgs s V] il e bis g dals les
A oge S ol 5 BAL Kl 56 goane
N3 s 350 Gy 80 570 00) (6l 0553 4w b
m om0 sttty ol ) sl (s 4 e b2 S
5 &S Pl b e et b alie 55 0l
syl [A] il e ese B e 15
Gl 3 (S5 har S (SIS oS sls LS Oliie S0
G S5 LWl s el By @
ol los b iy s s (18024+/ACO2+/AAND)
53 8T s e 2alS (oSS s b 1 S per S 05

dadio —)

(Lycopersicun esculentum s b b S e S
« <.l (Solanaceae) olilwesl o3l sl 51 oS L)
S Sl 03 m dre 55 s asls ol 5l sl Jds
Glooses aLs 53 wlidelS o 55 5l a0 ool
3k polie shls (Kpar S ol sdd sduaib o5
O S 5 o Ol bl sy 0 SI 5C A ol
el KparsS oS0 a8 S Libe ol
oy ol pl S Lbe G5 IS Y gl
D] el odis O Kbt G pas ol 3

S g il Sl ey WS 5 o Sl 4 a5 L
“oly 035 My lsde SukS S3l e 5 oeld ol 5
ol kS b s Bl by Bl gl el
SYsb Glr s rAdsle ol e sl SV e
G ot il 36 Y pame (IS ee 05 S
i Sl e VU el b, b kil s
ks S jheall 3 oIl & Olg e Sos sla
i endl bl 5 ol LSS Al s (g)la0L]
@Bl ed ded] 3 s S o,lil (MAP) el
33 6 S e U e b Tl Sl T
Jems kS S Jolas oS ol i SO 5D
sod Y] ol S (guaian slse 3o b 5l W38 sl
el g5 & Gt 3 ealiial 55 sl 3l ds s A
s IS8 (Sl pdoilasdl slagks 1 4Bl i
502 O & vl (1358 51 mews aals 3lse o
w23 MAP s s glasls « ~hslzl NS
Sl Jlie Ale Lo (glagssbd 05y el V] S s
Logtoatey sy 03 bl pmelSsl @884 5 055
S gla S b pladbud 5 OISl bl ks il
$Uosh Sasles S slml 1y 2138 5150 5l ey wals sl
sl

Gl s Jgb bl Lo bl s g lS

;u.L‘J.G }')A Shodiwn Cxno B

RSO P Y

A A s e @ sl

1. Modified Atmosphere Packaging (MAP)
2. Active Modified Atmosphere Packaging
3. Passive Modified Atmosphere Packaging



\Yav Q—lj)ﬁj'é No 69> A3 o)Lo.,.i:

dl\.l.b @W;(}lﬁ

53 g bl s fes Clg 5n 5 A0 S e
e oaes Lo 57 G oo Os LS (Jlad b By
o=l Jsldze avais Ol cdals [l gl Ll s
35 sle Flogme VB 5 LI L b e L 50V
el g gl pled Sylg s 28 S 1S eslind
0 las Ly slailrs o ay i 550 les Jlad lesl 5t
22 LS e o )3 A0 e by 5 e g a0
033 LS Ao i Jald i s g0 glalpo3T aslsl
oled i LB el PH Joloms dalr 3150 S et 500
Ao 535 03 e 5SS ioled 5 aeedlS 15 S S
Slais, o3 G s (b ramen (huate 5l 1)
5(D21) <, 5 oy (D14) a5, (D7) i
A el ot e (sl sad (555 (D28) x5 s

" s Ol S0l V=Y

s Je) g i ol b S e S s Ol
033 g3l ol plmil sl s (s S a3l QLT el
Sy b S S 53 (K per S 0 e Sl s
e S COp st g 23513 50 4 3588 B2
ealie B s esls 13 alaime 05,5 o3 g abaile oS S 4
o elal 5 Ol .S (6, 805100 1, COp lake
oS el 0Lay 52 COp il 05 5
el o S5 AS o S SIss s s
INTas 3,058 (MLCO,/Kg.h)

T ges 059 el A ys (g S0kl —Y-Y
oS O35 dlaas sad 035 LS A Osasl elnil 5l
Sl slasys3 0L 53 5 SlesT a8 555 55 baay
505 e S ) 23 b b 5515 b s Gl e
235 anlous (V) Aol 51 O35 L2alS Ao ys o80T .05 o

Y]

035 =l Ao = adsl 55— 50 Oos/adsl X Ve

3. Rate of Respiration
4. Testo
5. Weight Loss

J)#))MAM oy e‘)'U 0 40 LS.L@MJKJ_'AM
J:AS d;j J:.MS [~ a&.:.l.:.u B oJZr Q\)J )JLI 6}[;-

DT 8 dals &gl 4 Cad Jsames
S eSS el Sasn oo wedd pike sl 4 xS L
W5 s st s MAP L g s s 2,
—rl:é)'\ _;\i)&wul:;l‘jb oo 4 (g ey SL LgLar.L_é
s ol (03U Y peamn ghuatas 53 Jsldie (5 mals sla
S S AS Sloarls (g oles ol SIS 2

Wb 8 JE sy 50 ST e b o3l S

Lhufbjj K] :‘y -y

e 3 Sk e 53 WAL UL 53 g ol
S o35 505 S S plndl 2 S (6555l
Glaar S s 5w SblS 5l G cnl 5o eslizad 35
(SAdl s a8 5n 05y 5 (ST 86 (ST 0p) WL
oilesl L (slos 3 5 pined O L LT ples 5 Sl
L S

L ik ot ol oo cl D3 eslinal 5550 slagdd
S ok 5 05K 8Y Sl S e il Al
Sl U S 5 51 05 S VY Gl 4y 58S jaly
3o L st (0 JS08) 13 8 g8 (012 1,0) S
b g 50 5l el g GlaanS 000 BN E 5 s
5l 4l i endl Sy 50 4 oS pedi Bl 5 (s ey
SIS S 5w Jld gy s LS gt b 8
«(/802+/ACO2+/AANg) Lol ji a3l L oyl iz
Sy (JA O/ Np) 5 (/.602+/¥CO2+74YNy)
Syso ds0dd ;S5 58 glacS 5 S 1E ealitl
L) 0 lasdiden 3 Sl s) 50 slado s b S 5 o
(05l 0L, J 55 oS % 5148/888 oyl 5 LY s
Res am Loy Jlasl 5l aslsl 530S 4y O,
(ks cslw Ss5 8 Sy Joe) | pedSios 5LS 55

3ol Sl e ) st 0 4 i s 5e 538 LS 5

1. HENKELMAN
2. Boxer 42



kit OBl (35) S35 (SO par 58 CokS o)

O‘)&AA} éu\.«}‘ G)L@..:

B@.RAkY XE@. 8k

SE@nm

Fig 1 Image of Electron microscopic of (a): Polyethylene polymer and (b): Silicone nano-polymer

Table 1 Treatments of research

Row Treatment Explanation
= 40, -
1 T ng‘/ggé' %0, Silicone nano-polymer with 1% GasMix (4%0O,+ 8%C0,+88% N,)
2
= -50, -
2 T2 '\13%22:05 %0, Silicone nano-polymer with 2" GasMix (5%0,+3%C0,+92%N,)
2
3 T3=Nano-HOA Silicone nano-polymer with 3" GasMix (80%0,+20%N,)
4 T4=Nano-PMAP Silicone nano-polymer with 4™ GasMix (PMAP)
= -40, -
5 1 '-8'3/556‘ %0, Polyethylene polymer with 1% GasMix (4%0,+ 8%CO,+88% N.)
2
= -50, -
6 10 e %0, Polyethylene polymer with 2™ GasMix (5%0,+3%CO,+92%N,)
2
7 T7=LDPE-HOA Polyethylene polymer with 3 GasMix (80%0,+20%N,)
8 T8=LDPE-PMAP Polyethylene polymer with 4™ GasMix (PMAP)
9 T9=PET Observation: Perforated Polyethylene Terphethalate
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4. Metrohm
5. Titrable Acidity (TA)
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Table 2 ANOVA indicating the effect of modified-atmosphere packaging using polyethylene and
silicone nano-polymer films and storage life on different properties of tomato

Mean Square

Source df Rate of Weight TsS Titratable VG YMC
respiration loss pH : acidity fu/ ful
(MLCO,/Kg.h) (%) (Brix) (%) (cfulg) (cfug)
Time 3 2730.239**  82.141** 0.832**  1.616**  0.105** 80119776.543** 547.565**

(Film+GasMix) 8 510.514** 40.813** 0.0116*  0.326** 0.00636** 39565352.315** 547.938**
Timex(Film+GasMix) 24 58.619** 4.466** 0.00499* 0.0602** 0.00235**  4509075.154**  42.947**
Error 48 0.287 0.012 0.002 0.004 0.0001 230.594 0.457

** singnificant at 1% (P<1%) , * significant at 5% (P<5%)

Table 3 Mean effect of storage life and MAP using polyethylene and silicone nano-polymer films on
changes in quality of tomato. Values with different letters on each column differ significantly (P<1%)

Effected mean Weiaht Index VT
of N Rateof €19 - Titratable TVC
s loss H TSS (B iy cfu/
Day*Treatment respiration (%) P (Brix) acidity (%) (cfulg) ( )u 9
D7*T1 3 51.73u 0.22 tu 4.25 opg 6.57 s .730b 800 z On
D7*T2 3 53.34t 0.33t 4.26 opq 7.07 gr .674d 840 z On
D7*T3 3 48.41v 0.29 tu 419¢q 7.27 op .751a 997 x On
D7*T4 3 54.81r 0.98r 4.26 opq 7.17 pq .649 ef 1153 w On
D7*T5 3 52.84 t 0.12u 4.34 mn 6.97r .738ab 880y On
D7*T6 3 59.93n 0.34t 4.28 nop 7.13¢q 730 b 900y On
D7*T7 3 54.95 qr 0.60s 4.21 pq 7.33n0 734 b 1260 v 21
D7*T8 3  56.18p 0.38t 4.31no 7.47 jkim 649 ef 1970 q 21
D7*T9 3 57.800 2.04 0 4.26 opq 7.43 kKImn 695 ¢ 2897 n 10e
D14*T1 3 67.64 ki 1.14qr 4.45 Kkl 7.13q .657 e 897y On
D14*T2 3 76.12 f 2.11 mno 4,40 Im 7.13q .644 efg 1127w On
D14*T3 3 74.38 g 2.26 Imn 4.53 hij 7.50 ijkl .602 hi 1200 w On
D14*T4 3 8546¢ 3.12j 4.55 ghij 7.43 kimn 636 fg 1597 s 6i
D14*T5 3 67.38 1 2.22 Imno 4.52 ijk 7.13q .606 h 1203 w 0
D14*T6 3 77.86 ¢ 2.05no 4.48 jk 7.43 Kimn .593 hijk 1347 u 21
D14*T7 3 75.44 f 3.27i 4.55 ghij 7.37 mno .598 hij 1800 r 8¢
D14*T8 3  8856b 2.431 4.56 fghij 7.57 ghij 593 hijk 3207 | 8¢
D14*T9 3 89.51a 6.13d 4.60 efghi 7.80 bc .585 jkI 4100 e 14 d
D21*T1 3 55.32pgr 1.21q 4.54 hij 7.47 jkim 653 e 1443 t 1im
D21*T2 3 55.95p 1.47p 4.60 cdefghi  7.40 Imn .631g 1600 s 1m
D21*T3 3 68.74 2.94j 4.60 defghi 7.53 hijk .585 jki 3597 ¢ 8¢
D21*T4 3 78.41e 3.64 gh 4.65 bcde 7.77 bed .589 ijk 3973 f 9f
D21*T5 3 66.25 m 2.64 k 4.60 defghi 7.53 hijk 572 1Im 2157 p 3k
D21*T6 3 69.80 i 3.56 h 4.61 cdefgh 7.73 bcde 572 1Im 2200 p 5j
D21*T7 3 71.52 h 272 k 4.61 cdefgh 7.60 fghi .593 hijk 3843 ¢g 10e
D21*T8 3 73.73¢g 5.55e 4.62 cdefg 7.57 ghij .585 jkI 4800 d 10e
D21*T9 3 81.69d 9.60b 4.62 cdefg 7.83ab .580 kI 8997 b 29b
D28*T1 3 53.80s 2.26 Imn 4.58 efghi 7.77 bed .649 ef 2800 o 21
D28*T2 3 55.87 pq 2.281m 4.63 bedef 7.43 klmn .554 no 2997 m 3k
D28*T3 3 55.69 par 3.51h 4.65 bcde 7.63 efgh .546 no 3300 k 9f
D28*T4 3 68.47 jk 3.83¢ 4.68 bc 7.83 ab .546 no 4800 d 10e
D28*T5 3 58.07 0 3.261i 4.63 bedef 7.67 defg 5420 3697 i 6i
D28*T6 3 57.610 4.84f 474 a 7.77 bed .559 mn 3797 h 7h
D28*T7 3 60.13n 3.48f 4.66 bed 7.70 cdef .555 no 3997 f 14d
D28*T8 3 71.24 h 6.64 c 4.64 bede 7.63 efgh 572 1Im 7197 c 16 ¢
D28*T9 3 7753 e 11.93a 4.70 ab 7.93a .508 p 13000 a 38a

D7, D14, D21, D28 are storage life respectively and T1 to T9 are type of packaging films + different gas
mixture respectively.
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Fig 2 Mean effect of single factor (a) storage life
(b) film+gas mixture on respiration rates of tomato.
Values with different letters on each bar differ
significantly (P<1%).

(Nano: Nano film: LDPE: Low density
polyethylene; PET: Observation; PMAP: Passive
MAP; HOA: High level oxygen)
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Fig 3 Mean effect of single factor (a) storage life
(b) film+gas mixture on weight loss of tomato.
Values with different letters on each bar differ

significantly (P<1%).
(Nano: Nano film: LDPE: Low density
polyethylene; PET: Observation; PMAP: Passive
MAP; HOA: High level oxygen)
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Fig 4 Mean effect of single factor (a) storage life
(b) film+gas mixture on TSS of tomato. Values
with different letters on each bar differ significantly
(P<1%).

(Nano: Nano film: LDPE: Low density
polyethylene; PET: Observation; PMAP: Passive
MAP; HOA: High level oxygen)
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Fig 5 Mean effect of single factor (a) storage life
(b) film+gas mixture on Titratable Acidity (%) of
tomato. Values with different letters on each bar
differ significantly (P<1%).
(Nano: Nano film: LDPE: Low density
polyethylene; PET: Observation; PMAP: Passive
MAP; HOA: High level oxygen)
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Fig 6 Mean effect of single factor (a) storage life
(b) film+gas mixture on pH of tomato. Values with
different letters on each bar differ significantly
(P<1%) in fig 6(a) and (P<5%) in fig 6(b)
respectively.

(Nano: Nano film: LDPE: Low density
polyethylene; PET: Observation; PMAP: Passive
MAP; HOA: High level oxygen)
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Fig 7 Mean effect of single factor (a) storage life
(b) film+gas mixture on Total Value Count of
tomato. Values with different letters on each bar
differ significantly (P<1%).

(Nano: Nano film: LDPE: Low density
polyethylene; PET: Observation; PMAP: Passive
MAP; HOA: High level oxygen)

.Muwg)‘jﬁywdbﬁ)ba)b@d{'l&:‘y
:\)_A‘J_:Swnw&\.l_éﬂfyuwlf)\}& S
s esle Ol s 3 L5 o oIAE eale slud 5 sl
'MJﬁM‘f&LP}&ﬂQ&ufcwgfmélj
So 55 Olpe a5 el S IS Sl S 50
bl s O g (g3 Jelgs a4 s 0,y lae osle
5 Laose glslagls (Ko (gdin slge g3 5 ol llad
e oa el s YL anal 5 cusby sl e e
Sl 5 Ksd o Sy 5 Skl Sl gT Osls cews 3l
;:j@fwyjungbﬁfu)w
S AU G i 5l A 5 VL S S s



\Yav C)'.’.J)Jj'é No 69> A3 o)l.a.,.i':

s mlo 5 psle

Stz I8 Sl Ve S Sl b aly O3S
L2640 c,_.‘il:ﬂ)’\u«_;a)}:):c,_:j.;lé_bj‘ﬁ)l_}
Dls s s a5 ees [T el 108 56
(LPDE) o5 LS Ly il ol 5,5 o8 ol ool
e S5 ) lagg ;S slad o8 Slpd SU sl

IrE] das o Sials 1)

(S S 4o —4

Bl o el L st 5 )08 b il Gt 5
=S e s Sk ey U 5 I G e e
+/4YN2) (/£02+/ACO+/AMNp) (o5 F i lise
b i aeasl 5 (JAYO+7Y«Ny) (7605+ /vCO,
Slagatli 5l e a3 0 Slos 3 (Jd 2
48 5ls QLA gl ot oo (e S oot S b
SIS S el e s S el S L
il i 5 sl s 4 (£602+/ACO2+/AAN2)
Sl 0 ped 1S Lol (S par S () sl
g, LS s e 53 s S i de 5l (S sl
A J2B il 5 PH o il sl5e 055 D i
Olpmr (eS (B b 5o J 550 bl plo o
ol 53 5 e 5 SIS 5 S s S L 5l S
s 56 stk 53 D3l sy A8 sdalie Lo
St o e o I s 4 1 LT e
Jlsd szl b3l b izman 5 o2l (ol (o Seir
O, bl lase LIy Ll 28Ty s ol opl 53 mbans
Sla S5 Ll s ool OF et oS A e 20y
S A ol 5 @Al sE Sl pat (SIS
RCIUW S PP P AP VRCINIR S A ERP T

‘5J|J'<ML;~0 -0

S s Glsas e adlie ool OEAS Al at
ST lor Sl Jl b S 13 p e e 5 OY pone
Oli) ele 5 s (o slaalen ol 4 OB 5L ki
OLaby5 5 0N prs ode Slin e sliael imnn
s A GaslaS edige 5 (23 Dlido s go e

Als

Yo

5 KS ioled s ialS dons AV el Ll 4 o
Sobed i & sl Gillae romes sl OLES s e
5 Sz o 3 (PET) wals Sl s Lo e 5 S
S35 03 O JMie i eS Ll €fUIG) YA Ll 5 onia
5 @8 il SLS S L 050 ol slasles s s 2
5 s J 38 S5 e bl b ol

A odalice axlllas

@ 15
< 12a
: 9b
&
=
z
Z 3 d4c
E 24

1] 7 14 n %

Storage time (day)

Veast and Mould Count (efu/g)

o _\,‘\-u:

ot ot o AT s AT Al
T T o L T
ot e AT g

Film+GasMix

Fig 8 Mean effect of single factor (a) storage life
(b) film+gas mixture on Yeast and Mould count of
tomato. Values with different letters on each bar
differ significantly (P<1%).

(Nano: Nano film: LDPE: Low density
polyethylene; PET: Observation; PMAP: Passive
MAP; HOA: High level oxygen)
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Fruits and vegetables are the most important horticultural products that play a key role in human
nutrition and health. The Modified Atmosphere Packaging (MAP) technology along with controlled
temperature is used to preserve and extend the shelf life of perishable foods. Modern technologies
(e.g. nanotechnology) allow use of nano-composites in MAP, offering new opportunities to better
exploit the advantages of this technology. This study analyzed the effect of MAP using two types of
film (i.e. polyethylene and silicone nano-polymer) and three different gas mixtures (4%0,+8%CO,+
88%N,, 5%0,+3%C0,+92%N,, and 80%0,+20%N,) as well as passive MAP (at 5°C) on qualitative
properties of tomato. The effects of above mentioned treatments were conducted on the weight loss,
TSS, pH, titratable acidity (TA), rate of respiration, yeast and mould count (YMC) and total viable
count (TVC) during 28 days of storage. A factorial experiment in a completely randomized design
with three replicates was used to conduct the experiment and data analysis. Results showed that MAP
of tomatoes helped preserve their quality and extended their shelf life. Accordingly, silicone nano-
polymer in combination with gas mixture (4%0,+8%C0,+88%N,) provided a desirable atmosphere
for tomatoes and hampered metabolic processes including respiration. This in turn showed better
results in reducing variations in weight, TSS, pH and TA than other treatments. Moreover, the lowest
YMC and TVC belonged to this treatment.

Keywords: Tomato, Packaging, Modified Atmosphere Packaging, Low-Density Polyethylene Film,
Nano Polymer Film
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