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Abstract:

The effect of temperature and storage time on tomatoes (Lycopersicum esculentum L.) quality
attributes, such as colour (CIELab parameters, hue), texture (maximum force, N), weight loss (%),
titratable acidity (g citric acid.100 g") and total phenolics content (nGAE.100 g™), were evaluated at
2°,5° 10° 15° and 20 °C. The results revealed that all parameters changed significantly (p<0.05)
during storage. Firmness, hue and titratable acidity of stored tomatoes followed a decreasing tendency
during storage. On the other hand, the a*, weight loss and total phenolic content showed an increase
with temperature and storage time. Temperature and storage time affects tomatoes quality attributes
and, in agreement with our results, the best storage temperature for quality maintenance and delaying
fruit senescence is between 5°C to 10°C.

1. INTRODUCTION

Tomatoes are a relevant fruit in Mediterranean diet with potential benefits to human health
and well-being, due to their richness in antioxidants compounds, namely carotenoids
(especially lycopene), phenolic composition and vitamin C [1]. The nutritional composition of
tomato depends on factors such as cultivar, maturity and growing conditions [2]. Ripening is a
complex process of fruit development, which can be described as a result of biochemical and
physiological changes leading to a ripe stage that culminates in dramatic changes in texture,
colour and flavour [3]. To slow fruits and vegetables respiratory metabolism, biochemical
changes, microbial development and hence extending their shelf life, storage at low-
temperatures are applied. However, limited information is available about overall implications
of different storage conditions on tomato quality.

The aim of the present work was to evaluate temperature (2°, 5°, 10°, 15°, 20 °C) effects on
tomato quality attributes, such as colour (CIELab parameters, hue (°h)), firmness (maximum
force, N), weight loss (%), titratable acidity (g citric acid.100 g) and total phenolics content
(mGAE.100 g™') during storage, and determine the optimal storage conditions.

2. MATERIALS AND METHODS

Tomatoes were obtained from a commercial greenhouse (Carmo & Silvério) in centre west of
Portugal. Fruits were harvested at mature-green stage and their classification was performed
through external colour according to USDA standard tomato colour classification [4]. Fruits
were divided in five groups of 120 fruits each (~ 22 kg) and stored at 2°, 5°, 10°, 15°, 20 °C
and 90% RH during 39 days.

Colour was evaluated with a tristimulus colorimeter (Minolta chroma Meter, CR-300, Osaka,
Japan). Four determinations for each fruit were made in the equatorial zone. The instrument
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was calibrated against a standard white colour tile (L*=97.10, a*=0.19, b*=1.95), using the
illuminate C. A CIE colour space co-ordinates, L*a*b* values, was determined. From these
the hue (°h, Eq.1) colour was calculated. Sixteen measurements were determined for each
sample.

oh b
- ) (Eq.1)
Texture was determined by penetration test with a Texture Analyzer (TA.HDi, Stable

Microsystem Ltd, Godalming, UK), using a 50 N load cell and a cylinder probe with a
diameter of 2 mm. The test was performed at 3 mm.s™ of speed and at 7.5 mm of distance
penetration. Sixteen measurements were determined for each sample.
Loss in weight of three fruits was evaluated at analysis day, as a percentage of the original
weight during storage:
(initial weight — final Welght)X 100

initial weight (Eq.2)
Titratable acidity was measured according to [5]. The results were expressed as g citric acid
per 100g of tomato, as follows in equation 3. Six measurements were determined for each
sample.

Weight loss =

Titratable acidity (g citric acid.100g )= (m

X 100J X 0.067 (Eq.3)

g sample

Total phenolics were determined using the Folin-Ciocalteau reagent [6]. Results were
expressed as milligram gallic acid equivalents (GAE).100g" of tomatoes and were recorded
as means of six measurements for each sample.

Data were subjected to analyses of variance (one way ANOVA) using a Statistic v.7.0
Software [7] to determine the effect of temperature and storage time on tomatoes quality.
Significant differences between samples were detected using Scheffé test (significant at p <

0.05).

3. RESULTS AND DISCUSSION
Figure 1 shows a* and °h evaluation of stored tomatoes at five temperatures.
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Figure 1 — Tomatoes a* (a) and °h (b) colour parameters as a function of temperature and storage
time: (0) 2°C, (m) 5°C, ) 10°C, (&) 15°C, (®) 20°C.

Tomatoes a* and °h average value (+standard deviation) at day 0 were -10.714+0.42 and
110.6713.36, respectively. During storage, a* value increased (= 10, 20, 26, 34 and 30 units)
and °h decreased (= 25, 45, 53, 70 and 70 units) significantly (p<0.05), respectively at 2°, 5°,
10°, 15° and 20 °C. This behaviour was expected because of tomatoes red colour development.



However, a delay of red colour was observed on tomatoes stored at low temperature (2°, 5°
and 10 °C).

Figure 2 and 3 show tomatoes firmness and weight loss, respectively.
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Figure 2 — Tomatoes firmness (maximum force, Figure 3 — Tomatoes weight loss (%) as a
N) as a function of temperature and storage time: function of temperature and storage time: (0)
(0) 2°C, (m) 5°C, ©) 10°C, (&) 15°C, @) 20°C. 2°C, (m) 5°C, ©) 10°C, @) 15°C, @) 20°C.

Tomatoes firmness average value (+standard deviation) at day 0 was 10.98+1.47 N. Firmness
decreased significantly (p<0.05) during storage at all temperatures, but the highest decrease
was verified at 20°C (reduction of 70%). On the contrary, the lowest decrease was observed at
5°C and 10°C (reduction of 27% and 36%, respectively).

In terms of weight loss, an increase during storage at all temperature was observed, being
more accentuated at higher temperatures (=12% at 20°C).
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Figure 4 — Tomatoes titratable acidity (g citric Figure 5 — Tomatoes total phenolics content
acid.100 g') as a function of temperature and (mGAE.100 g") as a function of temperature and
storage time: (0) 2°C, (m) 5°C, () 10°C, (A) storage time: (0) 2°C, (m) 5°C, (<) 10°C, (A)
15°C, @) 20°C. 15°C, (@) 20°C.

Figure 4 shows tomatoes titratable acidity at five storage temperatures. Tomatoes titratable
acidity average value (+standard deviation) at day 0 was 0.59+0.03 (g citric acid.100 g ). A
decrease in titratable acidity of stored tomatoes was denoted (= 0.25, 0.25, 0.12, 0.26 and 0.20
g citric acid.100 g for 2°, 5° 10° 15° and 20 °C, respectively). Decrease of tomatoes
titratable acidity occurs because citric acid was used as substrate for respiration [8].



Tomatoes total phenolics content average value (+standard deviation) at day O was
25.36+1.59 (mGAE.100g ). Total phenolics content increased with temperature and storage
time about 62%, 52%, 40%, 60% and 50% at 2°, 5°, 10°, 15° and 20 °C, respectively (Figure
5). Some authors [9, 10] associate the increase of total phenolics content with the augment of
enzymatic activity, especially phenylalanine ammonia-lyase (PAL), which plays an important
role in phenolic compounds synthesis.

In terms of overall quality, at lowest temperature (2°C) stored tomatoes revealed injury
disorders and at highest temperature (20°C) a rapidly senescence was observed.

4. CONCLUSIONS

Temperature and storage time affects tomatoes quality in terms of physical-chemical
properties, as well its shelf-life and, accordingly, the best storage temperature for quality
maintenance and delaying fruit senescence is between 5°C to 10°C.
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