wang, WL Publisher
& 4 | Science and Technology

WY Veri-Resilantie B, F1-00980 Journal of Food, Agriculture & Environment Vol.8 (1) : 21-25. 2010 www.world-food.net

Helsinki, Finland
e-mail: info@world-food.net

Influence of postharvest temperatures on physicochemical quality of tomatoes
(Lycopersicon esculentum Mill.)

N

Dragan Znidar &€ ¥, Dean Ban 2, Milan Oplani¢ 2, Lutvija Kari¢ ® and Tomaz Poirl *
! Biotechnical Faculty, University of Ljubljana, Jamnikarjeva 101, 1000 Ljubljana, Sovenia. 2Institute of Agriculture and
Tourism, K. Huguesa 8, 52444 Porec, Croatia. 3 Faculty of Agriculture, University of Sarajevo, 71 000 Sarajevo,
Bosnia and Herzegovina. *e-mail: dragan.znidarcic@bf.uni-lj.si

Received 22 September 2009, accepted 29 December 2009.

Abstract
Tomato fruits (cv. Belle) were harvested at the middle-red ripe stage and exposed at 5°C and 10°C for up to 28 days. Weight loss percentage was
faster for fruits held at 10°C compared to 5°C. While the weight lost during storage at 10°C was 18.7%, fruits at 5°C over the same period showed
a9.6% loss. Therewere only slight changesin soluble solids and titratabl e acids content during the storage period studied. Although soluble solids
increased slightly over the storage period, there were no significant differences between the two temperatures. Thetitratable acidity, expressed as
citric acid, tended to be lower at 5°C, with asignificant difference observed only on Day 14 of storage. Total reduction of initial vitamin C content
was 3.5 mg/100 g (at the 5°C) and 2.5 mg/100 g (at the 10°C). The results showed that lower temperature did not significantly reduce vitamin C
content in comparison with higher temperature, with the exception on Day 7 of storage. At both temperatures and at every stage of storagetime
pericarp firmness decreased as storage time increased. The decrease in firmness was delayed by the lower temperature. The colour devel opment

(value a) of skin increased with increasing storage duration at both temperatures, but there were no differences among temperatures.
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Introduction

Tomato (Lycopersicon esculentum Mill.) is one of the most

important vegetable cropsin theworld of horticultural economy?.
In Mediterranean countriesit is also very popular, especialy in
summer time 2. Keeping the fresh appearance of tomatoes long
after harvest is the permanent challenge imposed by the

consumers. One of thewaysin which tomato quality can be kept
is by controlling storage temperature. Temperature greatly

influences the rate of respiration of fruits and vegetables, and is
undoubtedly one of the most important factorsin mainting post
harvest quality of tomato fruits. The effect of temperature on quality
and quantity changesin tomato fruits depends on several factors
in previous investigators ® 7 have reported that a storage

temperature of 10-15°C and 85-95% relative humidity could extend
the postharvest life of fruits. At thesetemperatures chilling injury
and ripening rateareminimal. Theinjury isgenerally followed by
anincreased tendency to decay, particularly when thetemperature
israised.

Tomato fruit quality is determined by anumber of biochemical
and devel opmental processesthat result in changes of the quality
attributes.

The purpose of this study was to investigate the hypothesis
that storage temperature below the lowest recommended storage
temperature (10°C) for tomatoes could be used without negatively
affecting storage life. Tomato quality wasfollowed asafunction
of storage time for 28 days from the harvesting time when the
middle-red ripefruitswere picked. Quality attributes (weight loss,
soluble solids, titratable acidity, vitamin C, firmness and skin
colour) were evaluated every 7 days.
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Material and M ethods

Plant material and preparation of samples: The experimental
plantation was carried out at the Experimental Field of Department
of Agronomy, Biotechnical Faculty, Ljubljana, Slovenia, in 2008,
using thedeterminate growing cultivar Belle(EnzaZaden). Tomato
plants were grown outdoors under uniform conditions. Growing
conditions such asaverage daily temperature and nutrient density
weremonitored.

Thirty of the tagged fruits per plot were harvested on the same
day, when they reached the middle-red ripe stage. Maturity of the
middle-red ripe stage was determined according to Kader and
Morris®, Picked fruitswere kept at 15°C for 24 hoursto uniform
their temperature. Afterwardsfruitswere carefully brought to the
laboratory to avoid internal bruising. Samples were selected
according totheir colour and with no apparent mechanical injuries,
insects or diseases and placed on cardboard trays. The weight of
individual samplesvariedfrom110to 115g.

Cardboard trayswererandomly divided into two lotsand stored
for 28 daysat 80-85% relative humidity. Thefirst ot was stored at
5+1°C and the second one at 10+1°C. Each lot consisted of five
replicate cardboard trays. The temperature conditions were
measured with asingle-point thermostat. Relative humidity inside
the cold chamberswas manually controlled daily using awet bul b/
dry bulb device and maintained by spraying water when necessary.

Fruit properties were examined every 7 days during storage
from 10" October to 9"November 2008. A random sampleof 10
fruits per cardboard were used to analyse quality parameters.
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Methods: The weight loss was calculated and expressed as a
percentage of theinitial weight of thefruitsfrom the 1% day of the
experiment. Theweight of fruitswas recorded to an accuracy of
+ 0.01 g using aMettler balance model Toledo PB 602.

Soluble solidsamount was determined by placing 0.5 ml of juice
on the prism of ahand-held Atago PR1 refractometer, and results
werereported in %oBrix.

Titratableacidity was determined by titrating 10 ml of fruit juice
topH 7.6 using 0.1 M sodium hydroxide and expressed as g I
citricacid.

The content of vitamin C was determined as the sum of ascorbic
acid and dehydroascorbic acid by Sircelj and Bati¢  method
adopted by Veillet et al. °. The analysiswas performed by ahigh
performanceliquid chromatography (HPL C) using aM erck-Hitachi
systemwith UV detector (Table 1).

Table 1. HPLC conditionsfor analysing vitamin C.

Cartridge Phenomenex, Synergi Hydro — RP 80 A 250 x 4.6 mm
Sample 20 ul

Eluent 3.54 g I KH,PO,; pH 2

Flow rate 0.6 ml min™

Temperature  25°C

Detector UV-VIS, 245 nm, Knauer

Pericarp firmness was determined at the equatorial region on
two opposite paired sides of each tomato fruit at alocation of 180°
apart. The firmness was measured with the digital penetrometer
Chattilon DFG-50. The fruit was pressed orthogonally with a
blade steel moving at aconstant speed of 0.95 mm s*. The pericarp
firmness was defined as a puncture force (kg cm?) 9.

Fruit colour was measured by a Minolta chromameter model
CR-200b (Minolta, Japan) having an 8 mm aperture and a
standardized whitereferenceplate (L=93.8, a=0.3164, b =0.3208).
Thecolour of fruit skin was expressed asthe a value of the Hunter
L, a, b coordinates to indicate the index colour ** of the tomato.
The a value was performed on each tomato fruit on the same
signed point on the equatorial part of the fruit.

Resultswere analysed using Duncan’smultiplerangetest at P=
0.05. Four experimentswere carried out with five replicate cartons
in each treatment. Fisher’sleast significant difference (LSD) was
used to discriminate among the means. All data are presented as
themean + standard error (vertical barsrepresent SE).

Resultsand Discussion

Weight: A weight change was positively related to temperature.
Fruitsheld at 10°C had greater weight lossthan fruitsheld at 5°C
(Fig. 1). Theintensity of weight loss during storage of the first
two weeks did not differ between temperatures. Fruitslost weight
from 2.2% (5°C) t0 2.7% (10°C) after two weeksof storage. The
greatest change between temperatures in weight loss was
observed on the 21% day, e.g. when the weight loss at 10°C was
16% but at 5°C only 6.2%. At the end of the storage period the
fruits stored at 5°C showed 9.6% |ossin fresh weight compared to
18.7% weight loss at 10°C. Thisislikely due to faster ripening
leading to ahigher respiration activity.

In general, weight loss progressively increased with the
increasing storage time at both temperatures examined. According
to Ball 12, postharvest weight lossin vegetablesis usualy dueto
the loss of water through transpiration. Weight loss can lead to
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Figure 1. Changesinweight loss (%) intomato cv. Belle stored at different
temperature conditions.

wilting and shrivelling which both reduce market value and
consumer acceptability. Our resultsarein agreement with De Castro
et al. *® who tested different storage temperatures and
demonstrated that weight loss was proportional to the storage
period and storage temperature.

Soluble solids: The fruit content of soluble solids remained

relatively constant during the postharvest period (Fig. 2). It can
be seen that there were no differences among the studied

temperatures. Soluble solidsincreased dightly from 5.23t0 6.36%
at 5°C and from 5.23t0 6.8% at 10°C. At every stage of the storage
time, except at theinitial storage period, soluble solids contentin
fruitsat 10°C wasawaysdlightly greater than that found in fruits
stored at 5°C. From the qualitative point of view, however, soluble
solids concentration reached an absol ute maximum at the end of
the storage period.

Soluble solids are alarge fraction of the total solidsin tomato.
Soluble solids content is an indicator of sweetness, athough
sugars are not the sole soluble component it measures 4. In
addition, Salunkhe et al. ** reported that soluble solids content
increases with fruit maturity through biosynthesis process or
degradation of polysaccharides.
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Figure 2. Changes in soluble solids (%) in tomato cv. Belle stored at
different temperature conditions.

Titratable acidity: Changes in titratable acidity during storage
wererelatively small. The quantity of titratable acidity of fruitsat
the time of storage varied similarly for both temperatures. As
shown in Fig. 3 acidity at both temperatures grew and peaked
after 1% week of storage. During the first 7 days the titratable
acidity increased with statistically significant variancesby 0.62 g
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I (at 5°C) and by 0.83 g (at 10°C) on average per day. After the
1 week acidity tended to decline. The final rating of titratable
acidity was 3.5 gl at thelower temperature and 3.6 g I* at the
higher temperature. The decrease of titratable acidity after 7 days
was amost linear in all cases although the decrease of acidity
wasdelayed at 5°C.

Though many authors have reported some information of the
titratable acidity in tomatoes, results of these reports have been
inconclusive. De Souza et al. ° reported that the increment of
titratable acidity is caused by the gaseous conditions (elevation
of CO, concentration and reduction of O,) during storage period.
These can affect the glycolytic enzyme system, resulting in a
build-up of acids. Onthe other hand Willset al. 1 mentioned that
the amount of organic acids usually decreases during maturity,
because organic acids are substrates of respiration. Our results
corresponded (after thefirst week of storage) with thosefrom De
Castro et al. 7 presenting an acidity decrease with the progress of
maturity. On theother hand, our resultsare oppositeto thefindings
of Auerswald et al. **who observed that titratable acidity decreased
inthefirst 7 days storage period.
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Figure 3. Changesintitratable acidity (g 1) intomato cv. Belle stored at
different temperature conditions.

Vitamin C: The evolution of vitamin C content is presented in
Fig. 4. Theinitial level of vitamin C content wasabout 7.7 mg/100
gfreshweight. Vitamin C amount inthematurered fruitswas 13%
and 26% higher than that in the middle-red ripefruits, respectively.
The vitamin C change was negatively related to the period of
storage. Thedecrease of vitamin C wasapproximately linear during
the storage period. During the first 14 days the content of the
vitamin decreased on afresh weight basisby 0.15mg/100 g (at the
5°C) and 0.13 mg/100 g (at the 10°C) on average per day, whereas
during therest of the postharvest period it decreased by only 0.07
(at the 5°C) and 0.09 mg/100 g (at the 10°C).

The range of vitamin C content in our study islessthan in an
earlier study, where the ascorbic acid content in tomato fruits
varied about 28 mg/100 g *°. It is also noticeable that vitamin C
change was negatively related to the storage period. Storage
contributed to asignificant reduction of vitamin C amount found
in our study. However, lower temperature storage reduced the
rate of vitamin C loss compared to the higher temperature only
during the first seven days of storage. These results correspond
with thefindings of Adis? and Christakou et al. 2 who observed
that increasing storage period causes a decrease of vitamin Cin
fruits and vegetables. The decomposition of vitamin C during
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storage of vegetables is attributed to ascorbic acid degradation
due to oxidation that can occur because of the presence of
catalysts and oxidizing enzymes 2. The values for vitamin C
presented negative trend with the soluble solids. Our results
conform with some of the earlier reports 2, which mentioned that
increasing the solubl e solids content decreased the concentration
of vitaminC.
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Figure4. Changesin vitamin C (mg/100 g) in tomato cv. Belle stored at
different temperature conditions.

Firmnessof pericarp: Thedevelopment of pericarp firmness, i.e.
the softening of the fruits, was significantly affected by storage
timeand temperature (Fig. 5). Firmness decreased notably at both
temperatures during the storage period. This decrease was more
pronounced at 10°C. Firmness decreased gradually in the first 7
daysof storage at both temperatures. After the 1% week, firmness
remained unchanged until the end of storage at 5°C. In contrast,
firmnessdecreased sharply at 10°C after thefirst 7 daysof storage.
Even though there were remarkable differences in chemical
attributes of fruits between the different temperatures, the most
significant differencesin our study werefound in firmness. It was
suggested by Ball 2 that a postharvest change in firmness can
occur dueto theloss of moisturethrough transpiration, aswell as
enzymatic changes. In addition, hemicellulosesand pectin become
more soluble, which resulted in to disruption and loosening of the
cell walls?*. Storagetemperatures and time had significant effect
on fruit firmness. Fruits softened at both temperatures during the
storage period. At the higher temperature, the decreasein firmness
was more noticeable. A close relationship between the softening
of the fruits, higher temperature and extension of storage time
was described by many authors 2%,
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Figure5. Changesin punctureforce (kg cm?) intomato cv. Belle stored
at different temperature conditions.
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Colour of pericarp: Fig. 6 showsthe changes of colour intomato
skin asillustrated by the a value of the Minolta chromameter. A
changeinavalueindicatesfruit ripening. Thefruitsstored under
the higher temperature showed overall higher visual quality. The
initial fruit colour at the middle-red ripe stagewas 15.6 (a value).
Theavaueinskinfollowed asimilar courseat both temperatures;
asfruitsripened, awasincreased. Ripetomato colour continued
toincrease clearly by 7.5 (at 5°C) and by 8.4 (at 10°C). Carotenes
and xanthophylls, especially lycopene, oxidized during the storage
and gradually changed the colour from bright red to dark brown.
However, after 21 daysfruitsreached their minimum of b value at
both temperatures (data not shown), and although the fruits at
lower temperature tended to be less red than the fruits at the
higher temperature, these differenceswere not significant.

Theskinavalueincreased quiteuniformly at both temperatures.
The tomatoes reached the full red stage at day 21 of storage at
both temperatures. The findings of Iwahashi et al. % supported
our results. The colour evaluationin fruitscorrespondsto afall in
chlorophyll and an increase in carotenoid accumulation *,
reflecting the transformation of chloroplasts to chromoplasts .
The colour development rate of fruitsincreased with increasing
maturation .,
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Figure 6. Changesinvalueaintomato skin cv. Belle stored at different
temperature conditions.

Conclusions
Our findings suggest that physical and chemical changes during
storage of tomato fruitsareinfluenced by temperature and storage
time. Although ideal storage temperature for tomatoes is more
problematic, it may be concluded that cv. Belle could be stored
using temperatures bel ow the recommended storage temperature
of 10°C. We can conclude that the reduction of temperaturefor cv.
Belle delaysthe climacteric peak, and consequently the ripening.
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