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ABSTRACT

The effects of hot water treatment (HWT) and modified atmosphere pack-
aging (MAP) on the storage and fruit quality of cherry tomatoes (Lycopersi-
con esculentum Mill. cvs. “Alona” and “Naomi”) were investigated. For this
purpose, light-red cherry tomato fruits were dipped in hot water (54C for
5 min) and subsequently stored in plastic film materials with various O, and
CO; permeabilities. The cultivars used in the study were stored in a cold room
at 5-7C and 90 = 5% relative humidity (RH). The changing gas composition
within the films and quality changes of the fruits were evaluated during the
storage period. At the end of the study, HWT combined with MAP produced
better results than MAP alone in both cultivars. Therefore, the HWT + MAP
treatment proved effective with regard to fruit quality and delaying the matu-
rity of cherry tomatoes during storage. HWT + 50 micropolyethylene (UPE)
treatment produced the best result in the two cultivars at the end of the 28-day
storage with respect to the parameters evaluated in the study.

PRACTICAL APPLICATIONS

Tomato is considered a climacteric fruit, in which ripening is accompa-
nied by a peak in respiration and a concomitant sharp increase in ethylene
production, which accelerates quality loss through the physicochemical
changes related to this process, such as softening and color evolution. Post-
harvest heating is a noncontaminating physical treatment that delays the rip-
ening process, reduces chilling injury and controls the activity of pathogens.
Because of these beneficial effects, heat treatments are currently used com-
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mercially for quality control of fresh products. Modified atmosphere packag-
ing is another technique that has been used to prevent or retard postharvest
fruit ripening and its associated biochemical and physiological changes by
favorably altering the O, and CO, levels around the products. In recent years,
the use of combined techniques in the postharvest handling of fresh products
is increasing, and numerous authors have obtained good results using a com-
bined treatment. Diseases have the potential to destroy the market value and
utility of large amounts of fresh tomato annually. The present work evaluated
a prestorage conditioning treatment to protect against these losses. The results
will allow the long storage of cherry tomato, benefiting the growers, exporters,
shippers and distributors of this horticultural product.

INTRODUCTION

Postharvest heating is a noncontaminating physical treatment that delays
the ripening process, reduces chilling injury and controls the activity of
pathogens. As a result, heat treatments are currently used commercially in the
quality control of fresh products. Modified atmosphere packaging (MAP) is
another technique that has been used to prevent or retard postharvest fruit
ripening and the associated biochemical and physiological changes by favor-
ably altering the O, and CO, levels around the products (Lurie 1998; Day
2002; Trindade et al. 2002). In recent years, the use of combined techniques in
postharvest handling of fresh products is increasing, and numerous authors
have obtained good results using a combined treatment (Lurie and Sabehat
1997; McDonald et al. 1999; Ferguson et al. 2000; Itoh 2003; Tuan et al.
2004).

Immediately after harvest, cherry tomatoes present a sudden increase
in metabolic activity. Prompt cooling and hot water treatment (HWT) after
harvest is therefore of major importance. In addition to temperature, metabolic
activity is strongly influenced by atmosphere composition. These storage
conditions slow the physiological processes associated with ripening. Quality
requirements of minimally processed products generally specify that the
produce should be visually acceptable and appealing, have a fresh appearance,
be of consistent quality and be reasonably free from defect. Therefore, other
postharvest treatments, such as coatings, HWT and controlled/modified atmo-
sphere storage, may also significantly extend product quality.

Our objective was to examine the combined effect of heat treatment and
MAP obtained by film materials of selected permeability on the quality reten-
tion of fresh products during storage. In this way, the effect of these methods
on specific products such as cherry tomatoes were investigated and it was
aimed to determine the optimum cultivar and film material for prolonging the
commercial life of these products in the study.
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MATERIALS AND METHODS

Fruit Material

Cherry tomatoes (Lycopersicon esculentum Mill. cvs. “Alona” and
“Naomi”), in the light-red stage (more than 60% of the surface shows pinkish-
red or red, but less than 90% of the surface shows red color, United States
Department of Agriculture (USDA) Color Stage 5) (Trejo and Cantwell 1996),
were harvested from the Uludag University, Faculty of Agriculture, Depart-
ment of Horticulture Research and Training greenhouse. Undamaged fruits of
the same size were selected for the experiment.

Treatments

Fruits were divided into two lots: heat treatment and control. One lot
was dipped in hot water (54C) for 5 min. A Niive BM 101 (Laboral Co., Bursa,
Turkey) water bath with a temperature range of 0—100C was utilized for heat
treatment. The other lot was dipped in tap water. After air-drying, 500 g of
tomato in plastic boxes from the treated and nontreated lots were enclosed in
plastic film packages and sealed by a Petra FS 500 (Metro Co., Bursa, Turkey)
plastic-covering machine. For this purpose, MAP studies were carried out by
using 50 micropolyethylene (UPE) with an O, permeability of 303.20 mL/
mdayatm® and a CO, permeability of 64.27 mL/mdayatm?, and by using
100 UPE with an O, permeability of 116.60 mL/mdayatm” and a CO, perme-
ability of 112.40 mL/m/day/atm? at 5C. All treatments in normal (NA) and
MAP of the treated and nontreated fruit were stored in 5-7C and 90 = 5%
relative humidity (RH).

Quality Parameters

Parameters such as weight loss (%), total soluble solids (TSS) (%),
firmness (N), titratable acidity (TA) (%), ascorbic acid (mg/100/g), lycopene
(ugl/g), beta-carotene (ug/g), and the ratio of O, and CO, in MAP (%)
were observed in the cherry tomatoes throughout the storage period at 7-day
intervals.

Weight losses occurring in fruits at each analytical period during storage
were determined using a Densi AC 100 precision balance (5-g precision)
(Densi Industrial Balance Systems Co., Istanbul, Turkey), considering the
former weight value in each analytical period. TSS of tomato juice was
determined using a NOW refractometer (0-32%) (Tech-Jam International Inc.,
Tokyo, Japan) at 20C, and the results were reported as a percentage. Firmness
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measurements of fruits were made using a 5/16-in. probe with an FT 327
penetrometer (Winopal Forschungsbedarf GmbH, Ahnsbeck, Germany) in
each one of the fruits, and the firmness values were read as N. To ascertain the
TA, tomato puree was titrated with 0.1 N NaOH to pH 8.1, and the results were
expressed as the percentage of citric acid. Ascorbic acid was determined by
subjecting the samples taken from the fruits, forming the replicate to extraction
with oxalic acid (0.4%), and then reading and calculating the absorbancy
values at 520 nm in a spectrophotometer (Shimadzu UV-120-01, Shimadzu
Co., Duisburg, Germany) (Holden 1976). The lycopene and beta-carotene
contents of the tomato samples were determined by centrifuging the prepared
solutions at 3,000 rpm for 5 min, then treating with petroleum ether, centri-
fuging again, subjecting to extraction with acetone, and finally reading and
calculating from the spectrophotometer at 452 and 505 nm (Kilic ez al. 1991).
A Driéger Multiwarn II gas analyzer (Driagerwerk AG, Liibeck, Germany) was
used to determine the O, and CO, concentrations under the plastic film mate-
rial forming the MAP.

Statistical Analysis

The research was conducted using a randomized plots factorial experi-
mental design. The analyses were made in three replications, with 500 g of
fruit in each replicate. The cherry tomato cultivars and each analyses period
used in the study were evaluated independently. Analysis of variance was
performed and the means were compared by the least significant difference
tested at a significant level of 0.05.

RESULTS AND DISCUSSION

Weight Loss

In the trial carried out on the storage of cherry tomatoes, the weight losses
increased in line with ripening, which occurred during the prolonged storage
period of the fruits. Moreover, significant differences were of the weight loss
of the fruits during storage, depending on the treatments. Weight loss values,
which were quite high in NA treatment, remained at low levels in the other
treatments. The lower weight losses in fruits, compared with NA, are attributed
to low rates of water loss in fruits caused by the limitation of atmosphere.
Apparently, the atmospheres surrounding the fruits were a good barrier to
moisture transfer. The lowest weight loss in the two cultivars was observed in
HWT + 50 UPE treatment when the changes in this parameter were examined
on the basis of cultivars (Tables 1 and 2). The low weight loss trend in the low
O, and high CO, may be related to water vapor accumulation within the plastic
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TABLE 1.
WEIGHT LOSS, TSS, FIRMNESS AND TA CHANGES OF CHERRY TOMATO CV. “ALONA”
DURING STORAGE

Storage period Treatment 1 Treatment 2 Weight loss TSS Firmness TA
(days) (%) (%) N) (%)
0 HWT NA 0.00 3.30a 13.05a 0.65a
NoHWT 0.00 3.30a 13.15a 0.68a
LSD - - 2.65 0.04
7 HWT NA 0.00 3.70b 14.72a 0.67a
50 uPE 0.00 3.80ab 17.95a 0.64ab
100 uPE 0.00 3.83ab 7.85b 0.67a
NoHWT NA 0.00 4.00a 6.57b 0.56¢
50 uPE 0.00 3.90ab 15.11a 0.59bc
100 uPE 0.00 4.00a 2.94¢ 0.57¢
LSD - 0.21 1.76 0.07
14 HWT NA 2.62b 4.24c 8.24a 0.62a
50 uPE 0.57¢ 3.90d 9.22a 0.63a
100 UPE 0.65¢ 4.80a 3.34b 0.61ab
NoHWT NA 3.75a 4.60ab 5.30ab 0.50c
50 uPE 0.89¢ 4.07bc 8.83a 0.62a
100 uPE 0.74c 4.37bc 5.89ab 0.58b
LSD 0.45 0.31 2.36 0.05
21 HWT NA 4.32b 5.33b 3.63b 0.45bc
50 UPE 0.71c 4.30c 6.57ab 0.65a
100 uPE 0.87¢ 4.60c 4.91ab 0.57abc
NoHWT NA 7.23a 5.94a 2.94b 0.38¢
50 uPE 1.45¢ 4.60c 5.59ab 0.58ab
100 uPE 1.54¢ 5.14b 9.52a 0.50abc
LSD 0.90 0.31 2.20 0.20
28 HWT NA 8.19a 6.74a 6.87a 0.50a
50 UPE 1.43b 4.34d 7.85a 0.55a
100 uPE 1.64b 6.07b 2.94a 0.40b
NoHWT NA 12.40a 6.90a 1.67a 0.26¢
50 uPE 1.82b 4.50d 3.92a 0.50a
100 uPE 2.10b 5.30c 2.65a 0.40b
LSD 5.51 0.47 6.67 0.06

Means in the same column followed by different letters are significantly different as determined by
LSD test (P <0.05).

HWT, hot water treatment; NoHWT, no hot water treatment; NA, normal atmosphere; LWPE, micropoly-
ethylene; LSD, least significant difference; TSS, total soluble solids; TA, titratable acidity.

containers during storage. The results show that softening would commence
later in the fruits because of the weight loss of fruits subjected to low O, and
high CO.. So the positive effects of the storage of fresh preclimacteric fruits in
sealed plastic films may be, in certain cases, a combination of its effects on the
O, and CO, content within the fruit and the maintenance of high moisture
content. The effect of moisture content is more likely a reduction in stress of
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WEIGHT LOSS, TSS, FIRMNESS AND TA CHANGES OF CHERRY TOMATO CV. “NAOMI”

DURING STORAGE

Storage period Treatment 1 Treatment 2 Weight loss TSS Firmness TA
(days) (%) (%) (N) (%)
0 HWT NA 0.00 3.00a 17.61a 0.63a
NoHWT 0.00 3.00a 17.95a 0.65a
LSD - - 2.52 -
7 HWT NA 0.00 3.60bc 19.62a 0.62a
50 uPE 0.00 3.50c 22.86a 0.59a
100 uPE 0.00 3.63a 13.44b 0.62a
NoHWT NA 0.00 3.77a 11.48b 0.50c
50 uWPE 0.00 3.70ab 20.31a 0.57ab
100 uPE 0.00 3.76a 7.26¢ 0.52bc
LSD - 0.10 1.93 0.06
14 HWT NA 1.85a 5.16a 13.15a 0.55b
50 uWPE 0.36b 4.23c 14.42a 0.58a
100 uPE 0.70b 5.20a 3.24b 0.56ab
NoHWT NA 2.79a 5.34a 6.57b 0.45d
50 uPE 0.74b 4.34bc 13.15a 0.57ab
100 uPE 0.93b 4.83ab 7.16b 0.51c
LSD 0.78 0.55 2.84 0.03
21 HWT NA 2.98b 5.77ab 6.87ab 0.40c
50 uPE 0.60e 4.67c 10.79a 0.61a
100 uPE 1.00de 5.00bc 5.5%9 0.58a
NoHWT NA 5.37a 6.34a 4.32b 0.29d
50 uPE 1.24cd 5.00bc 8.53ab 0.54ab
100 uPE 1.64c 5.87a 11.48a 0.50b
LSD 0.46 0.84 2.35 0.07
28 HWT NA 4.20b 6.34b 9.81a 0.40b
50 uPE 1.29¢ 4.60e 9.92ab 0.50a
100 uPE 1.80c 5.43d 4.61bc 0.35b
NoHWT NA 7.43a 6.83a 2.65¢ 0.22¢
50 uPE 1.60c 5.80cd 4.32¢ 0.39b
100 uPE 2.63bc 6.80bc 2.94c 0.33b
LSD 2.29 0.44 2.47 0.07

Means in the same column followed by different letters are significantly different as determined by
LSD test (P < 0.05).
HWT, hot water treatment; NoHWT, no hot water treatment; NA, normal atmosphere; LWPE, micropoly-

ethylene; LSD, least significant difference; TSS, total soluble solids; TA, titratable acidity.

the fruit, which may be caused by a rapid rate of water loss in unwrapped fruit
(Thompson 1998). Thompson (1998), Batu and Thompson (1998), Linke and
Geyer (2002) and Aguayo et al. (2004) determined that the weight loss in
tomato fruits wrapped with plastic film material had less altered atmospheric
combinations compared with those stored unwrapped. Therefore, 50 uPE or
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polypropylene treatment produced better results with respect to weight loss in
MAP. In a similar study, ripe tomato (cv. Pinky World) fruits were packaged in
low-density PE and stored for 28 days at 4 or 10C. In this study, it was
determined that fresh weight was better maintained at 4C and 40 UPE treat-
ments (Kuenwoo et al. 2000).

TSS

Increases in the TSS value of fruits stored under different conditions were
observed. These changes were found to be statistically significant (Tables 1
and 2). In the two cultivars, MAP treatment combined with HWT slowed down
the changes in TSS values, indicating retardation in ripening. Moreover, the
minimum increases in this parameter were recorded in cvs. “Alona” and
“Naomi” from the HWT + 50 UPE treatment, with 4.34 and 4.50%, respec-
tively. The TSS ratio, which is generally related to sugar-acid metabolism and
mineral content, shows different changes depending on the storage tempera-
ture, atmosphere combination and maturity stage of the fruit. Especially high
rates of CO, restricts this change under MAP conditions, which can be
explained by the more limited change of carbohydrate content resulting from
the suppression of respiration metabolism. Lurie and Klein (1992), Franschina
et al. (1998) and McDonald et al. (1999) examined the changes in TSS during
tomato storage and determined that the TSS contents of tomatoes increased
during storage. Similar results were obtained in this study.

Firmness

The firmness values of stored fruits decreased with prolonged storage.
The initial firmness values of cvs. “Alona” and “Naomi” were 13.15 and
17.95 N, respectively, whereas softening occurred toward the end of storage
parallel to weight loss. However, softening proceeded more rapidly, especially
in NoHWT + NA treatment of both cultivars (Tables 1 and 2). Generally,
firmness values were higher, especially in the HWT + 50 UPE application in
the fruits of both cultivars. The firmness values in the study of the two cultivars
are an important result in view of the slower rate of softening and hence the
physiological disorder occurring in these fruits. This situation may be
explained by the direct suppression of the activities of pectin esterase and
polygalacturonase enzymes leading to postharvest softening of the fruit struc-
ture or blockage of the synthesis of ethylene, which controls the activities
of these enzymes, especially with MAP treatment. Thompson (1998) and
Kuenwoo et al. (2000) determined that the lower the concentration of CO, in
plastic film during the MAP storage of tomatoes, the better the fruit firmness
would be, and that 50 UPE treatment gave good results with respect to firmness
values among the PE film materials with different thickness.
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TA

The TA values of cherry tomatoes decreased during storage (Tables 1 and
2). These reductions observed in TA values in relation to ripening resulted
from the utilization of acids in respiration and other physiological processes,
together with carbohydrates. Therefore, TA values were effective on the rip-
ening of fruits, together with TSS values. Moreover, the atmosphere com-
binations were an important factor affecting the ripening of fruits, together
with HWT. The highest TA value after storage was obtained from the
HWT + 50 UPE treatment in both cultivars. In a similar study, Onwuzulu et al.
(1996) determined that the ripening of fruits was retarded during the storage of
tomatoes wrapped with a 120-gage low-density PE at 28C. In another study,
mature green tomatoes were immersed in water at 38, 42, 46, 50 or 54C for 30,
60 or 90 min prior to storage at 2C for 2, 4 or 6 weeks. In this study, the HWT
was determined to reduce the TA content of fruits (Hakim ef al. 1998).

Ascorbic Acid

The ascorbic acid content of cherry tomatoes showed variations on a
cultivar basis (Markovic et al. 2002). In this study, reductions were observed in
the ascorbic acid value of cherry tomato cultivars during storage, although not
statistically significant. Insignificant reductions were also determined by
Lisiewska and Kmiecik (2000), Moretti ef al. (2002), Raffo et al. (2002)and
Giovanelli et al. (2001). However, the reductions in this study proceeded faster
in the cv. “Alona.” The highest results were obtained from the HWT + 50 uPE
treatment, with 12.07 and 25.80 mg/100 g in cvs. “Alona” and “Naomi,”
respectively (Fig. 1). High-CO, treatment retarded the change as described
earlier, but not in large amounts. In a number of studies, ascorbic acid loss was
determined in the tomatoes stored at high temperatures under normal condi-
tions (Kuenwoo et al. 2000, Giovanelli ef al. 2001, Moretti et al. 2002; Lavelli
and Giovanelli 2003).

Lycopene

Reductions occurred in the lycopene content of cherry tomato cultivars
during NA and MAP storage (Fig. 2). Partial reductions in the lycopene con-
tents of fruits proceeded somewhat faster, especially in the fruits that were not
subjected to HWT. The lycopene value closest to the initial value in the study
was obtained from the HWT + 50 UPE treatment. In other studies related to
NA and MAP storage of tomatoes, it was determined that high-temperature
treatments either stabilized or very slightly reduced the lycopene content,
similar to the results obtained from this study (Lurie and Klein 1992; Hamauzu
et al. 1998; Giovanelli ef al. 2001; Lin and Chen 2004).
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FIG. 1. CHANGES IN ASCORBIC ACID VALUES OF CHERRY TOMATO CVS. “ALONA”
(A, B) AND “NAOMI” (C, D) DURING MAP (HWT: 50-100 pu: MAP-PE)
Vertical bars indicate standard error of the mean.
MAP, modified atmosphere packaging; HWT, hot water treatment; NoHWT, no hot water treatment;
PE, polyethylene.

Beta-carotene

Beta-carotene content decreased with prolonged storage. The lowest
beta-carotene content was determined in NoHWT at the end of storage in
both cultivars. The highest beta-carotene content was obtained from the
HWT + 50 UPE treatment in two cultivars (Fig. 3). The differences between
HWT and NoHWT were found to be statistically significant. Temperature
and MAP treatments had a significant effect in retarding the metabolically
changes in fruits. Lisiewska and Kmiecik (2000) and Giovanelli ez al. (2001)
determined that statistically significant reductions would occur in the beta-
carotene content of fruits depending on the storage period, similar to the
results obtained from this study.
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FIG. 2. CHANGES IN LYCOPENE VALUES OF CHERRY TOMATO CVS. “ALONA” (A, B)
AND “NAOMI” (C, D) DURING MAP (HWT: 50-100 u: MAP-PE)
Vertical bars indicate standard error of the mean.
MAP, modified atmosphere packaging; HWT, hot water treatment; NoHWT, no hot water treatment;
PE, polyethylene.

The Ratio of O, and CO, in MAP

Reductions in O, and increases in CO, occurred following the transfer
of tomato cultivars into MAP. Optimum O, and CO; ratios in cvs. “Alona”
and “Naomi” at the end of storage were determined with the HWT + 50 uPE
treatment (Figs. 4 and 5). Extreme reductions and increases in O, and CO,
ratios originating from the permeabilities of plastic film materials lead to
physiological disorders in fruits. Therefore, packaging films having moderate
water vapor transmission rate and high gas permeability have been found more
suitable for MAP of tomatoes. Concentration of O, in packs sealed with
permeable films decreased and that of CO, increased during storage, after
which a state of equilibrium was reached between respiration of the produce,
and the diffusion of these gases was counterbalanced by production and
consumption during respiration of the tomatoes and no further changes in the
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FIG. 3. CHANGES IN BETA-CAROTENE VALUES OF CHERRY TOMATO CVS. “ALONA”
(A, B) AND “NAOMI” (C, D) DURING MAP (HWT: 50-100 u: MAP-PE)
Vertical bars indicate standartd error of the mean.
MAP, modified atmosphere packaging; HWT, hot water treatment; NoHWT, no hot water treatment;
PE, polyethylene.

gas concentration within the packs occurred with the fruit kept at constant
temperature (Batu and Thompson 1998).

When the overall evaluation of fruits was considered, high rates of
deterioration were observed in NA fruits, where high rates of weight loss were
determined. Decay and spoilage was intensely observed in these fruits as a
result of rapidly proceeding physiological events and fungal effects. Slower
physiological processes in fruits subjected to HWT + MAP and lower inci-
dence of spoilage in these fruits may be explained by the relation between the
inactivation of fungi through HWT, and retention of fruit quality through MAP
in terms of water loss. The tomatoes in MAP had a better overall appearance,
as no shriveling resulting from weight loss was observed. The fact that these
rates were especially high in NA fruits may stem from high O, and low CO.,.
Moreover, in general, the severity of deterioration in fruits was markedly
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FIG. 4. CHANGES IN O, VALUES OF CHERRY TOMATO CVS. “ALONA” (A, B) AND
“NAOMI” (C, D) DURING MAP (HWT: 50-100 w: MAP-PE)
Vertical bars indicate standard error of the mean.
MAP, modified atmosphere packaging; HWT, hot water treatment; NoHWT, no hot water treatment;
PE, polyethylene.

reduced through treatments of low O, and high CO,. Thus, the rates of quality
were better in low O, and high CO; in fruits treated with HWT, compared with
NA fruits, which did not have any treatment. This was considered an important
result with respect to the retention of quality of fruits during storage.
Consequently, these results suggest that the most important parameters
to prolonging cherry tomato storage are variety, storage temperature, HWT
and MAP. Moreover, the cherry tomatoes can be stored maximally for 1-2
weeks under NA conditions, whereas this period may be increased through
different treatments under MAP conditions. Changes in the quality criteria of
MAP fruits could be kept within determined ranges by combining MAP
conditions with the HWT in our study. With this purpose, two film materials
were used in order to see the effects of HWT and MAP treatments on the
storage and fruit quality of cherry tomato cvs. “Alona” and “Naomi.” Spoilage
and maturity was accelerated in NA treatment. Moreover, changes in the
quality parameters of fruits could be kept within the determined ranges by
combining storage conditions with the HWT and different atmospheric treat-
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FIG. 5. CHANGES IN CO, VALUES OF CHERRY TOMATO CVS. “ALONA” (A, B) AND
“NAOMI” (C, D) DURING MAP (HWT: 50-100 u: MAP-PE)
Vertical bars indicate standard error of the mean.
MAP, modified atmosphere packaging; HWT, hot water treatment; NoHWT, no hot water treatment;
PE, polyethylene.

ments. Disorders were reduced with HWT and low O, and high CO, during
cold storage. Treatments prevented quality loss. In conclusion, the fruits of
cherry tomato cvs. “Alona” and “Naomi” could successfully be stored for 28
days using HWT + 50 uPE, with slight changes in quality. Moreover, cv.
“Naomi” gave partly better results compared with cv. “Alona,” with respect to
quality loss during storage.
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