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ABSTRACT: Fully ripe tomato fruits (Solanum lycopersicum “Izmir”) were collected and stored at 20
°C. Unpacked samples and samples packed in different packaging materials (polyethylene film,
perforated polyethylene film, cellophane, perforated cellophane) were stored for 8, 15 and 22 days at
20 °C and 95% relative humidity. Weight loss, color and texture measurements were performed in
four replicates for all packaging materials during all storage intervals. Sealed samples showed only
slight decrease in weight of less than 0.1 g/day with the same trend during the whole storage interval,
however non-packed and samples packed in perphorated films were characterized with the highest
weight loss. No visible change in color was detected during the storage period. Quantitative and
qualitative properties of tomato stored at the conditions characterizing fresh produce market during
three weeks storage period of variety Izmir depend on both: selected packaging material and applied
packaging solution
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INTRODUCTION

According to available data more than
30% of harvested fresh fruit and ve-
getables are lost due to inadequate
postharvest treatment with the losses
being even higher in less developed
countries (Aulakh and Regmi 2013). From
the postharvest point of view processes
that are involved in deterioration are
starting immediately and are more ex-
tensive due to specific respiration pro-
cesses in fruits (Irtwange 2006, Kantola.
and HelEN 2001, Pinheiro et al. 2013, Ali
et al. 2010, Majidi et al. 2012). In order to
decrease losses and preserve quality of
fresh fruit and vegetables appropriate
postharvest handling solutions are opt-
imized and applied: storage under optimal
temperature (Irtwange 2006, Ali et al.
2010) and relative humidity conditions
(Kantola. and HelEN 2001), treatments

with approved chemical and physical
treatments or modification of composition
of the storage atmosphere (Fonseca et al.
2002, Séetar et al. 2010). However, fac-
tors influencing postharvest shelf life of
fresh produce like moisture loss, develop-
ment of pathogens, respiration rates etc.
can be further decreased by packaging of
the fruits in packaging units providing
optimal equilibrium atmosphere and pro-
tection to stored fruits (Workneh et al.
2012).

Tomato is climacteric fruit and fully ripe-
ned red fruits have relatively short post-
harvest life of up to 2 weeks, since many
processes affecting quality loss take place
after harvest. Control of postharvest pro-
cesses in tomato fruit through the use of
optimal combination of temperature and
humidity as the most commonly used and
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the cheapest approach, is limited with the
fact that low storage temperatures which
are reliable for retention of freshness and
extension of shelf-life by reduction of res-
piration rate and thermal decomposition,
result in chilling injuries of tomato fruits if
the temperature lower than 12.5 — 8.5 °C
(this temperature depends on variety, sta-
ge of maturity, duration of storage, gro-
wing conditions...) is applied making thus
the issue of prolonging of shelf life of fresh
tomato even more delicate.

Development and selection of appropriate
packaging system through selection of
adequate packaging materials and the
manner in which tomato is packed repre-
sent other possibility for prolongation of
tomato shelf-life in controlled storage con-
ditions (Irtwange 2006). Packaging ma-
terials being reported as suitable for pa-
ckaging of fresh tomato include conven-
tional packaging materials such as poly-
vinyl chloride (PVC), polyethylene tere-
phtalate (PET), polypropylene (PP) and
polyethylene (PE) (Mangaraj et al. 2009).
Materials produced from renewable sour-
ces like cellophane, reported to be suita-
ble for packaging of fresh fruits and vege-
tables can also be considered as possible
solutions for improvement of tomato pro-
perties during its shelf life. Regarding pa-
ckaging solutions perforated films and
sealed packages (Kantola. and HelEN
2001, Mangaraj et al. 2009) providing dif-
ferences regarding water permeability,
atmosphere composition inside package
and protection from external influences
and contamination can be applied to ex-
pand shelf life of fresh produce including
fresh tomato. Modified atmosphere pa-
ckaging (MAP) is technique widely used
for vegetable products (Kantola. and
HelEN 2001). Application of MAP as the
technique enabling further improvement of
postharvest shelf life properties of fresh
produce including fresh and fresh cut to-
mato is commercially limited with require-
ments for special equipment and additi-
onal production costs (Irtwange 2006,
Kantola. and HelEN 2001, Pinheiro et al.
2013, Fonseca et al. 2002, Mangaraj et al.
2009). As applicable solution, reconciling
optimal storage costs and beneficial ef-
fects of convenient storage atmosphere

the possibility of development and pre-
servation of the most convenient equili-
brium state atmosphere obtained by selec-
tion of appropriate packaging material,
and storage conditions influencing the fruit
respiration rate is being extensively invest-
tigated (Irtwange 2006, Kantola. and
HelEN 2001, Pinheiro et al. 2013, Ali et al.
2010, Majidi et al. 2012, Fonseca et al.
2002, Workneh et al. 2012).

The goal of this research was to compare
changes of quantitative (weight loss) and
qualitative (color, texture) properties of
fresh tomato variety Izmir during the sto-
rage under controlled temperature con-
ditions in different conventional polymer
packaging materials (PE, cellophane) with
perforated and sealed packaging solutions
at the temperature conditions character-
rizing common situation at the fresh pro-
duce market.

MATERIAL AND METHODS

Plant material

Fully ripe tomato fruits (Solanum lycoper-
sicum “lzmir’) were collected from glas-
shouse from early winter production in
November. The temperature in the glas-
shouse during the production was main-
tained above 13 °C with daily oscillation in
the range from 15 to 20 °C. The produc-
tion was conducted according to good
agriculture practice for late tomato pro-
duction, including irrigation, controlled fer-
tilization, bumblebee pollination, etc.

Tomato packaging and packaging
materials

Tomato fruits were divided to five equal
subsamples. Every individual fruit was
marked and four of them were packed in
selected packaging materials: polyethy-
lene (PE) film, perforated PE film, cel-
lophane, perforated cellophane. Perfo-
rated packaging has 20-25 perforations of
5 mm diameter, per replication. Packaging
materials were purchased locally and their
thickness was 40 and 10 ym for PE and
cellophane respectively. Non packed to-
matoes were used as control. For each
packaging material four replicates were
formed and stored under controlled sto-
rage conditions (temperature 20 °C (+ 1
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°C) and 95 % RH (x 5%)) during 8, 15 and
22 days.

Quality parameters

Weight loss during storage was calculated
as the difference between initial and final
fruit weight for observed storage interval
and expressed as weight loss per day
during the storage intervals.

Surface color was measured with Konica
Minolta Chromameter CR-400. The* (red-
green) and b* (yellow-blue) were read
using a Des light source and the observer
angle of 2°. Tomato fruit surface color
values were measured at two predeter-
mined points at the middle of each fruit
and average value was calculated. The
changes in color for tomato fruit was
reported with value a* and b* Color
difference between two samples (AE,,*)
was calculated according to Young and
Whittle (1985).

Texture measurements were performed by
TPA (Texture Profile Analysis) tests of
tomato samples using a TA.XT Plus Tex-
ture Analyser (Stable Micro Systems, En-
gland, UK), equipped with 30 kg load cells.
In the measurements of texture profile
(TPA.PRJ), the fruit samples were com-
pressed twice with a 100 mm diameter
stainless steel cylinder (P/100). Both
instrumental settings (GRP1_P2;
TPA.PRJ) were taken from the sample
projects of the software package (Texture
Exponent Software TEE32, version 6.0,
Stable Micro Systems, England, UK).

Weight loss and texture parameters were
measured in four replications while a* and
b* were measured in eight replications per
packaging material per sampling day. Ob-
tained means were compared by ANOVA
while differences among individual means
were calculated using DUNCAN’S multiple
range test.

RESULTS AND DISCUSSION

Analysis of influence of tested packaging
solutions on properties of fresh tomato
during its shelf life included comparison of
tested packaging materials (PE and cello-
phane) and comparison of packaging so-
lutions (with perforation and sealed) regar-
ding quantitative and qualitative properties

of packed tomato. All tested packaging so-
lutions were compared to non-packed
fruits stored under the same temperature
and relative humidity conditions.

Quantitative properties

Quantitative properties of tomato fruits
were characterized with the gradient of
weight loss of stored fruits during the shelf
life period presented in Figure 1. The lar-
gest difference in weight loss gradient was
determined between samples packed in
sealed packaging materials (PE and
cellophane) at one side and non-packed
samples and samples packed in per-
forated films (PE and cellophane) at the
other side. Sealed samples showed only
slight decrease in weight of less than 0.1
g/day with the same trend during the
whole storage interval. As expected non-
packed samples were characterized with
the highest weight loss due to undisturbed
evaporation process of tomato samples
stored at 20 °C in spite of high relative
humidity (95%) which was maintained
during the whole storage period. Another
important observation is that the weight
loss gradient is higher during the first
week of tomato storage ranging up to 0.8
g/day, during the second week it is almost
halved indicating that equilibrium sur-
rounding conditions and tomato evapo-
ration is reached. The weight loss gradient
increases slightly again after relatively
long storage period of over two weeks,
pointing out at possible initiation of degra-
dation processes in non—packed fruits re-
sulting in additional free water generated
by biochemical processes involved.

Regarding weight loss tomato fruits pa-
cked in perforated PE film expressed si-
milar behavior like non-packed tomato but
at approximately 0.1 g/day lower level.
Oppositely, weight loss gradient of tomato
fruits packed in perforated cellophane was
stable during the whole storage period and
significantly lower in the first storage week
in comparison to non-packed samples and
samples packed in perforated PE.

Qualitative properties

Qualitative characterization included color
and texture properties changes. The most
important parameter that describes color
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of fully ripened fruits and vegetables is
value a* which indicates the changes from
green to red color (KevreSan et al. 2009).
The value b*, indicating intensity of yellow
color of the fruit can also be an indicator of
both: visual appearance of tomato, as the
first property observed by the consumers
at the market, and the changes in pigment
composition of the fruit. The changes in
value a* and b* are presented in Figure 2.
Regarding the a* value the most intensive
increase of intensity of red color was
determined for tomato packed in sealed

cellophane packages, while application of
all other packaging solutions resulted in
gradual increase of red color intensity,
similarly to the non—-packed samples. The
least expressed increase of red color in-
tensity was registered in the case of to-
mato packed in perforate PE. Measured b*
values point out at slight decrease of
intensity of yellow color during the initial
storage period. During prolonged storage
the intensity of yellow color increases with
the most expressed ant the most rapid
increase in the case of tomato packed in
sealed PE packages.
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Figure 1. Weight loss gradient of examined tomato samples (g/day)
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Figure 2. Color measurement value a* and b* during all storage intervals for different packaging
materials

Table 1.

Color differences (AE,,*) between first and 8", 14" and 22™ day.

Packaging system AE..,* (8"day)  AE.*(14™ day) AE.,*(22" day)
Control 3,6 5,6 6,8
Cel+perf 1,6 3.9 4,5
PE+PERF 3,0 4,2 6,3
Celofan 4,3 3,3 4,2
PE 2,7 5,6 7,5

Color differences (AEs*) of examined
samples packed in different packaging
materials with and without perforations
were individually calculated in comparison
to the initial color of the tomato fruits. The
value of AE,* indicates the degree to
which the color changes are noticeable
with bear eyes. According to Young and
Whittle (1985) AE,,* value in the range of
0-0.5 signifies an imperceptible difference
in color between two samples, 0.5-1.5 a
slight difference, 1.5-3.0 a just noticeable
difference, 3.0-6.0 apparent difference.
Calculated AE,* values are presented in
Table 1.

Obtained results indicate that packaging in
sealed cellophane results in the most
expressed color change during the initial
storage period, while the other packaging

materials allow better preservation of color
in comparison to non-packed samples. On
the other hand, further prolonging of sto-
rage of tomato fruits in cellophane does
not cause further color changes while all
other examined packaging solutions result
in additional color change.

Texture measurements comprise of three
parameters significant for characterization
of fresh tomato fruits: hardness indicating
the resistance of fruit to initial pressure,
springiness pointing out at ability of the
fruit to recover from the initial pressure
and cohesiveness indicating the degree to
which internal structure is destroyed by
initial pressing of the fruit.

Results for texture measurement are
shown in Figure 3.
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The most expressed changes in textural
properties of tomato during the initial
storage period are the decrease of the
hardness and cohesiveness of the fruits,
which occur independently of the applied
packaging solutions. During the prolonged
storage period sealed packaging solu-
tions, both PE and cellophane result in

better preservation of hardness while PE
packages, both perforated and non—perfo-
rated result in slightly better preservation
of cohesiveness. Sealed packaging solu-
tions result also in more expressed de-
crease of springiness in comparison to
perforated packages and non-packed
samples.
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Figure 3. Texture properties of examined tomato samples (hardness springiness and cohesiveness)

CONCLUSIONS

Qualitative properties of tomato stored at
the conditions characterizing fresh pro-
duce market during three weeks storage
period of variety Izmir depend on both:
selected packaging material and applied
packaging solution.

Packing of tomato in sealed packages
results in lower weight loss and stable
weight loss gradient during three weeks of
storage. Application of sealed packaging
solutions result also in better retention of
fruit hardness during prolonged storage,
but it also contributes to development of
slightly more intensive yellow tone of the
fruits and to the more intensive decrease
of the springiness in the initial storage
period.

Perforated packaging solutions generally
result in slower increase of intensity of red
color of the fruit in initial storage period in
comparison to non-packed and sealed
fruits.

Application of PE results in slightly better
preservation of cohesiveness of the fruits
in later storage periods regardless of ap-
plied packaging solution.
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YTULIAJ PA3JIIMMUTUX CUCTEMA NAKOBAHA HA KBAJIMTATUBHE U
KBAHTUTATUBHE OCOBUHE CBEXEI NAPAOAJ3A COPTE ,,U3MUP«
TOKOM KOHTPOJIUCAHOI' CKNTAOMUWTEHA Y TPXXUIWWHUM YCJITOBUMA

Tara W. Pagycun®, XKapko C. KespetaH®, JacHa C. Mactunosuh', AnekcaHapa P. Hosakosuh',
Ennsabet M. JaHuh Xajhan®

lyHl/lBepsvlTeT y HoBom Cagy, HayuHu MHCTUTYT 3a npexpambeHe TexHonornje y Hosom
Cagy, 21000 Hoeu Caa, byneBap uapa Jlazapa 6p. 1, Cpbuja

Caxetak: [lotnyHo 3peo napagaj3 (Solanum lycopersicum ,A3mup“) je npukynibeH wu
cknaguwTeH Ha 20 °C. HeynakoBaHu y3opuu Kao M y30pLUM ynakoBaHu y ojabpaHe martepwujane 3a
nakoBatbe (nonetuneH (MNE), nepcopupanu MNE, uenodaH, nepcdopupann uenodaH) cy cknaguitTeHu
Tokom 8, 15 1 22 gaHa Ha 20 °C, ca penatuBHoM BnaxHowhy oa 95%. N'ybutak mace, 6oja 1 TekcTypa
Cy MepeHUn y 4eTuMpu NnoHaBrbaka 3a CBe HaBedeHe maTepujane 3a nakoBahwe TOKOM AedUHUCaHOr
BpeMeHa CKrnaguwiTera ca KOHTPOMHMM Y30PKOM KOjU je TOKOM CKrnaguwTewa OMo HeynakoBaH.
XepMeTnyKk/ 3aTBOPEHU y30pum Cy Nokasanu HesHaTHe npomeHe y macu (0.1 r/gaHy) ca npnbnwmkHo
UCTUM TPEHAOM TOKOM YMTaBor UHTepBana cknaguwtewa. C gpyre cTpaHe, HeynakoBaHu y3opum Kao
MU y3opum ynakoBaHu Yy nepchopupaHe ¢uIMoBe Cy nokasanu 3HadvajaH rybutak mace TOKOM
cknagmwTewa. [NpomeHa 6oje HUje youeHa BU3YEriHO, Uako Cy M3MepeHe BpeaHocTu Boje nokasane
u3BecHa oAcTynaka TOKOM KOHTPOMMCaHOr cknaguwrtewa. KeanuTaTMBHE M KBaHTUTaBHE Kapak-
TepucTuke ceexer napagajsza copte M3amup noa KOHTPONUCaHUM YCroBMMa CKnaguliTeswa 3aBuce
Kako of ogabpaHor matepujana 3a nakoBake, Tako U 0 cucTema nakoBaka.
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