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Abstract

Present investigation was carried out to find out the
influence of type and thickness of packaging films on quality
attributes of 1-MCP treated tomato (Solanum lycopersicum
L.) during cold storage. The packaging films used were of
polyfilms of low density polyethylene (LDPE) at 40µ, 50µ
and 75µ and polypropylene of 40µ thicknesses along with
control (plastic crates). The tomato fruits (var. Punjab Ratta)
harvested at breaker stage from a crop grown at Vegetable
Research Farm, Punjab Agricultural University, Ludhiana,
India were treated with 1-methylcyclopropene at 18 mg/L of
distilled water. The treated fruits were modified atmosphere
packed and double sealed using paddle operated sealer
machine. The modified atmosphere packed fruits were kept
in cold stoarge maitained at 13±20C and relative humidity of
85-90%. During storage fruits were analysed for quality
parameters like color (a*value), hue angle, titratable acidity
(% citric acid) and firmness(N) at weekly intervals i.e. on 1st,
8th,15th, 22nd  29th  and 36th  day after treatment. Tomato fruits
packed in LDPE of 50µ and polypropylene of 40µ thickness
showed lower a* values than the fruits packed in LDPE of
40µ and LDPE of 75µ at all the days of storage. At 36th day of
storage, tomato fruits packed in polypropylene of 40µ
thickness were in red-ripe stage (hue angle 55.12°) while,
fruits in LDPE and control were in near over ripe stage.
However, fruits packed in LDPE at 40µ, 50µ and 75µ proved
to be better in retaining higher titratable acidity and firmness
over control.
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Introduction

Tomato (Lycopersicon esculentum L.) is highly perishable
crop and even after harvest, tomato fruits are biologically
active and carry out transpiration, respiration, ripening
and other biochemical activities, which deteriorate the
quality of the produce. Packaging has a great significance
in reducing the wastage of fresh fruits and vegetables.
Modified atmosphere packaging (MAP) is a simple and
cheap method of prolonging shelf life of many fruits
and vegetables including tomato (Geeson et al. 1985,
Exama et al. 1993) through creation of a modified
atmosphere that has higher levels of CO2 and water vapor
and a lower level of O2 than ambient levels due to the
respiration and moisture loss from the commodity (Pesis
et al. 2000). Use of an appropriate packaging film and
storing at an appropriate storage temperature resulted in
higher ratio of carbondioxide (CO2) to oxygen (O2) due
to the interaction of the fruit respiration and gas diffusion
through the packaging film. Packaging film also acts as
barrier to movement of water vapour and helps to
maintain a high level of relative humidity (RH) which in
turn helps in checking weight loss of the product.
However, maintenance of an excessively high level of
RH inside the package can result in moisture
condensation on the commodity creating conditions
favorable for pathogen growth and increasing the risk
of fruit decay (Polderdijk et al. 1993). So, MAP involves
the use of packaging films which should be selected
appropriately according to their gas permeation
properties. Many factors influence film permeability, of
which polymer type and film thickness are the most
important. The choice of packaging films can be from
four basic polymers: polyvinyl chloride (PVC),
polyethylene terephthalate (PET), polypropylene (PP)
and LDPE for packaging of fresh produce (Mangaraj et
al. 2009). Guan et al. (2008) reported that at 29th day of
storage, minimum lycopene content (6.08 mg/100 g) in
mature-red tomato (cv. Pinky World) fruits  was
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observed when packaged with MA film of 0.03 mm at
5°C storage while, maximum firmness (0.49 Kgf) was
recorded when packed with MA film of 0.06 mm at
0°C. Similarly, Vanndy et al. (2008) reported that modified
atmosphere packaging of tomato with LDPE of 25 µ
and HDPE of 25 µ thickness resulted in more reduced
weight loss % than the polypropylene of 25µ thickness.
However, decay incidence was higher in HDPE than in
LDPE, suggesting for large volume of fruits, films less
permeable to water vapor like HDPE, are not preferred
since, increased accumulation of free water inside the
film favorable  for decay development. Tomato
transplanted during Dec-Jan comes to harvest during
May and June and ends by first week of July at prevailing
higher temperature conditions of Ludhiana, Punjab. To
extend the availability and shelflife of tomato, the present
study was conducted to investigate the influence of type
and thickness of commercial polymeric packaging films(
LDPE and polypropylene) on the quality attributes of
breaker stage tomato (1-MCP treated) during cold
storage at 13 ±2° C and RH 85-90% along with plastic
crates storage as control.

Materials and Methods

Tomato fruits fruits of uniform size and weight harvested
at breaker stage from an unreplicated experimental plot
of tomato crop cv. ‘Punjab Ratta’ raised at Vegetable
Research Farm, Punjab Agricultural Univers ity,
Ludhiana, Punjab, India during  2012-13 season were
brought to the Food Packaging and Tranportation
Laboratory, Central Institute of Pos t-Harves t
Engineering and Technology, Ludhiana, Punjab, India
and washed by dipping in normal tap water to remove
the field heat and blemishes on the fruits. Then fruits
were air dried on the table and kept overnight at 20°C in
cold store. The following day, the fruits were dipped
completely in aqueous solutions of  1-MCP (“Soyoung”
@ 3.2% active ingredient, Shanghai Soyoung
Biotechn.Inc., China) prepared at 18 mg/L concentration
for one minute. The entire procedure of 1-MCP
treatment was done as per the procedure and care
followed by Choi et al. (2008). After one minute dip,
the fruits were taken out and air dried for 5 minutes.
Then fruits were packed in selected packaging films
and sealed with paddle operated heat sealer machine.
The packaging material includes two types of materials
of different thicknesses namely LDPE 40µ, LDPE 50µ,
LDPE 75µ and Polypropylene 40µ along with plastic
crates (control). The LDPE 40µ, LDPE 50µ, and
Polypropylene 40µ thickness films were punctured with
3 pin holes  of 0.3mm diameter whereas, LDPE 75µ
was punctured with four holes. A total of six MA packs
each with tomato fruits of 500±50 g were being

maintained per treatment and kept in cold store at 13±2oC
and RH of 85-90% for a period of 36 days. Each MA
pack was drawn at weekly intervals i.e. on 1st, 8th, 15th,
22nd  29th  and 36th  day of storage and  analysed the
quality parameters color (a*value), hue angle, titratable
acidity (% citric acid) and firmness(N).

The experiment consisted of three level packaging
materials viz,. plastic crates, LDPE and polypropylene
with different thicknesses arranged in Completely
Randomized Design replicating four times. Statistical
design for ANOVA was done using the SAS GLM (v.9.2)
and least square means separated by Tukey’s test at P
d” 1% significance levels.

Firmness was measured using TA-TDi texture analyzer
(Stable Microsysytems, UK) equipped with a 50 kg load
cell. For the penetration of the tomato fruit 5 mm
diameter flat head stainless steel cylindrical probe was
used to pierce 5 mm deep from the fruit surface with
test speed of 1 mm/sec. For each measurement, three
tomatoes were taken and each tomato was punctured
two times at opposite sides of the equatorial axis of the
fruit. Colour change on the surface of fruits is the most
widely used criteria to describe tomato ripeness (Lopez-
Camelo & Gomez, 2004). Changes in surface colour of
tomato were determined using a Mini Scan XE Plus
Hunter colorimeter (D/8S) with a standard C illuminant
taking the b* value as a measure of degree of yellowing,
L* value as a measure of surface lightness while a*
being the measure of red colour. Black and white
calibration plates were used for calibration and the values
were expressed by the CIE L*a*b* system. Readings
were taken around the equatorial point of the fruit at
four places and average was taken. In each treatment,
average of value of three fruits was recorded. Hue angle
was calculated using the formula h° = tan”1 (b*/a*).
Titratable acidity was determined by titrating 2 ml of
fruit juice against 0.1 N NaOH solution using
phenolphthalein indicator. The appearance of light pink
colour marked the end point of titration. The percentage
of titratable acidity was calculated and expressed in terms
of % citric acid.

Results and Discussion

Color (a* value): a* value regarded as the colour for
green to redness of tomato fruits. As the storage period
proceeded, fruits in packaging films showed  significant
lower a* value at all days of storage except at 8th day of
storage than in plastic crate storage (control) and data
is shown in table1. Fruits packed in LDPE of 40µ and
LDPE of 75µ recorded positive a* values from 15th day
of s torage whereas, fruits  in LDPE of 50µ and
polypropylene of 40µ from 22nd  day of storage indicating
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LDPE of 50µ and polypropylene of 40µ packaging films
retarded the red colour development better than LDPE
of 40µ and LDPE of 75µ packging films. Aborisade &
Ayibiowu (2010) also reported that 20ì thick LDPE
inhibited colour development by 57.5%, 56.4%, 19.6%
and 29.2% in mature-green, breaker, turning and pink
tomato fruits respectively. However, at 36th day of
storage, fruits packed in polypropylene of 40µ
maintained the significant lower a* value (17.68) than
in other packaging films and plastic crates storage. Reuck
et al. (2009) also indicated that gaseous 1-MCP (300nL/
L) treated Litchi fruits packed in Bioxially Oriented
PolyPropylene (BOPP) packaging film was the most
effective treatment in retention of colour after 14 and
21 days of cold storage.

Hue angle (H°): Irrespective of packaging material and
thickness, hue angle started decreasing progressively
during the period of storage of tomato fruits including
storage in plastic crates (control) barring a non-
significant increase in LDPE of 40µ from 15th to 22nd

day of storage (Table 2). Fruits packed in packaging
films showed the significant higher hue angle than in
the plastic crates storage (control) at all day of storage

but, at 8th day of storage, fruits packed in LDPE of 75µ
only showed the significant higher hue angle than in
control. Fruits packed in all packaging films retained
the fruits in acceptable red-ripe stage (hue angle 55°) till
29th day of storage whereas, in plastic crates storage
(control) upto 22nd day of storage (67.98°) only, there
after a sharp decrease in hue angle was noticed reaching
close to overripe stage at 26th day of storage (41.32°)
(Hurr et al. 2005). At 36th day of storage, tomato fruits
packed in polypropylene of 40µ thickness were in red-
ripe stage (hue angle 55.12°) while, fruits in LDPE and
control were in near over ripe stage (hue angle 40°).
Higher hue angle in fruits packed in different packaging
films indicated that ripening was delayed by MAP films
than that of open storage in plastic crates (control).
Similar results were also reported by Aguayo et al.
(2003) that tomato slices stored in polypropylene of 35
µ thickness showed a greater decrease in hue angle than
in control.

Firmness (N): Data in table 3 showed that the firmness
(N) values  progressively decreased with the
advancement of storage period in all the treatments
including control. Non-significant differences in firmness

Table 1: Influence of type and thickness of packaging film on fruit colour (a* value) of 1-MCP treated tomato during storage
at 13±2°C and RH 85-90%.

(Data in column followed by different letter superscripts are significantly different at P d” 1%)

Day of storage Treatment 
1st 8th 15th 22nd 29th 36th 

Plastic crates storage(control) -1.18 -3.58b 14.48a 17.88a 38.57a 33.13a 
LDPE@40µ -1.18 -0.31a 1.13b 1.765c 27.65b 20.70bc 
LDPE@50µ -1.18 -2.97b -0.918bc 9.68b 13.89c 26.10b 
LDPE@75µ -1.18 -5.32b 0.195bc 0.978c 11.02c 21.98bc 
Polypropylene@40µ -1.18 -2.90b -1.78c 0.675c 12.23c 17.68c 

 

Table 2: Influence of type and thickness of packaging film on hue angle (H0) of 1-MCP treated tomato during storage at
13±2°C and RH 85-90%.

(Data in column followed by different letter superscripts are significantly different at P d” 1%)

Day of storage     Treatment 
1st 8th 15th 22nd 29th 36th 

Plastic crates storage(control) 92.76 97.65b 71.17c 69.78c 41.32c 36.01d 
LDPE@40µ 92.76 91.28d 88.89a 89.22a 57.70b 50.62b 
LDPE@50µ 92.76 94.22c 90.57b 77.82b 74.50a 48.75c 
LDPE@75µ 92.76 99.65a 88.64a 89.46a 84.84a 48.44c 
Polypropylene@40µ 92.76 93.35c 92.75a 89.03a 78.88a 55.16a 

 

Table 3: Influence of type and thickness of packaging film on firmness (N) of 1-MCP treated tomatoes during storage at
13±2°C and RH 85-90%.

(Data in column followed by different letter superscripts are significantly different at P d” 1%)

Day of storage Treatment 
1st 8th 15th 22nd 29th 36th 

Plastic crates storage(control) 30.35 28.77b 23.02c 24.87ab 17.77b 2.57b 
LDPE@40µ 30.35 27.46c 24.26c 27.04ab 20.30ab 3.64a 
LDPE@50µ 30.35 29.89b 31.05a 21.76b 21.90a 3.08ab 
LDPE@75µ 30.35 31.74a 28.78ab 29.63a 22.58a 3.24ab 
Polypropylene@40µ 30.35 25.87d 26.69b 25.83ab 21.33a 3.41ab 
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between control (storage in plastic crates) and other
packaging treatments was observed at 22 days after
treatment. Tomato fruits packed in LDPE of 75µ
showed significant higher firmness over control at all
the days of storage except at 22nd day of storage. The
decrease of firmness of tomato fruit is correlated with
the weight loss rate and reduced lossess in firmness
was recorded when tomato modified atmosphere packed
in LDPE film of 0.02mm thickness by Superlon and
Itoh (2003). Similarly, Akbudak et al. (2007) also
reported significant higher firmness values when cherry
tomato fruits packed in polyethylene of 50µ and given
hot water treatment which was attributed to slower rate
of softening.

Titratable Acidity (% citric acid): Data presented in
table 4 indicated that significant higher titratable acidity
(TA)  was obtained during 15, 29 and 36  days after
treatment when tomato fruits packed in LDPE of 50µ
compared to plastic crates storage(control) but non-
significant at 8 and 15 days after storage. At 36th day of
storage, fruits packed in LDPE of 40µ, 50µ and 75µ
thickness showed significant higher titratable acidity than
in polypropylene of 40µ and plastic crates storage. The
higher titratable acidity in  LDPE packed fruits than in
polypropylene was attributed to slower rate of oxidative
breakdown of acids and reduced respiration induced
by modified atmosphere packaging (Rokhade et al.
1995). It was observed that a lower titratable acidity
was recorded in tomato fruits packed in polypropylene
of 40µ film throughout the storage period  than in the
control and  Gaspar et al. (1997) also reported similar
findings of low acidity in treatments packed in Bi-axially
Oriented Polypropylene  bags as compared to those in

control. Present study conclude that the packing of
tomato fruits in polymeric films retained the quality of
tomato fruits compared to storage in plastic crates during
their storage at 13±2°C and RH of 85-90%. However,
LDPE proved to be better in retaining higher titratable
acidity and firmness values than in the control and
polypropylene but, polypropylene of 40µ maintained the
fruits with higher hue angle (red-ripe stage) compared
to other treatments at the end of the storage period (36
days).

TSS (0Brix)): The significant differences were observed
among the treatments (Table 5) at all the days of storage.
Of all the treatments, the LDPE@40µ maintained the
higher TSS contents at all the days of storage followed
by LDPE@50µ while, polypropylene @40 µ showed
higher TSS contents up to 14 days only (Gaspar et al.
1997).

Lkkjka'k

VekVj ds “khrxg̀ esa Hk.Mkj.k gsrq iSdsftax fQYe ,oa izdkj dks
Kkr djus ds fy, orZeku v/;;u fd;k x;kA iSdsftax fQYe ds
:Ik esa de l?kurk okyh ikyhFkhu ¼,y Mh ih bZ½ ikyh fQYel
ftldh eksVkbZ 40 ekbØku 50 ekbØku o 75 ekbØku ,oa ikyh
izks&ikyhu dh 40 ekbdku dk iz;ksx fu;a=d ¼IykfLVd ØSV~l½
ds lkFk fd;k x;kA VekVj ds iztkfr iatkc jRuk ds Qy csdj
voLFkk esa izkIr dj 1& esFkh ,oa lkbDyksizk sisu dh 18
fexzk-@yhVj vklqr esa Mkydj “kksf/kr fd;k x;kA “kksf/kr Qyksa
dks ifjofrZr okrkoj.k esa iSad fd;k x;k rFkk gLr pkfyr flyus
okyh e”khu ls nks ckj flykbZ dh x;hA ifjofrZr okrkoj.k esa iSd
fd;s x;s Qyksa dks “khrxg̀ esa 13 ± 2 fMxzh lsUVhxzsM rkieku ij
j[kk x;k rFkk lkis{k vknzZrk 85&90 izfr”kr cjdjkj j[kk x;kA
Hk.Mkj.k ds nkSjku Qyksa ds xq.koÙkk ?kVdksa tSls&jax ¼, oSY;w½] g~;w

Table 4: Influence of type and thickness of packaging film on titratable acidity (TA) of 1-MCP treated tomato during storage
at 13±2°C and RH 85-90%.

(Data in column followed by different letter superscripts are significantly different at P d” 1%)

Day of storage Treatment 
1st 8th 15th 22nd 29th 36th 

Plastic crates storage(control) 1.1 1.32a 0.93b 1.01a 0.97b 0.75c 
LDPE@40µ 1.1 1.08d 0.93b 1.18a 0.59d 0.87b 
LDPE@50µ 1.1 0.91a 1.29a 0.98a 1.33a 0.97a 
LDPE@75µ 1.1 1.12b 1.01ab 1.12a 1.04b 0.88b 
Polypropylene@40µ 1.1 0.99c 0.92b 1.29a 0.76c 0.72c 

 

Table 5: Influence of type and thickness of packaging film on TSS (0Brix) of 1-MCP treated tomato during storage at 13±2°C
and RH 85-90%.

(Data in column followed by different letter superscripts are significantly different at P d” 1%)

Day of storage Treatment 
1st 8th 15th 22nd 29th 36th 

Plastic crates storage(control) 5.03 5.36d 5.36c 4.93d 4.83c 3.86d 
LDPE@40µ 5.03 5.90 b 5.33c 5.63a 4.56d 4.60a 
LDPE@50µ 5.03 6.23 a 5.33c 5.13c 5.23a 4.63a 
LDPE@75µ 5.03 5.90 b 5.90b 5.40b 5.00b 4.36c 
Polypropylene@40µ 5.03 5.70 c 6.16a 5.60a 4.40e 4.46b 
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,afxy vuqek[; vEYkrk ¼izfr”kr flVfjd ,lhM½ o dloViu
¼,u½ dks lIrkg vUrjky tSls “kks/ku ds 1]8]15] 22] 29 o 36 fnu
mijkUr fo”ys’k.k fd;k x;kA VekVj ds Qy tks 50 ekbØku ,y
Mh ih bZ o 40 ekbØku ikyh izksisfyu ekVkbZ ds iz;ksx ls **, oSY;w**
esa ,y Mh ih bZ 40 ekbØku o ,y Mh ih bZ 75 ekbØku ls Hk.Mkj.k
ds nkSjku de ik;k x;kA VekVj ds 40 ekbØku eksVkbZ okys
ikyhizksisyhu esa iSd Qyksa dks yky&ifjiDo voLFkk ¼g~;w ,afxy
55-12 fMxzh½ ik;k x;k tcfd ,y Mh ih bZ ,oa fu;af=d esa T;knk
idko voLFkk ns[kh x;hA rFkkfi ,l Mh ih bZ ds 40 ekbØku 50
ekbØku o 75 ekbØku esa iSd Qyksa esa mÙke vuqEkkT; vEYkrk o
dlkoViu] fu;a=d Hkh rqyuk esa vPNk ik;k x;kA
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