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Abstract 

The fruit storage capacity is one of the fruit quality indicators as a final link of fruit production 
until the fruit reaches the final consumer. The fruit quality is given by different parameters which 
expresses a complete picture of the fruit characteristics. The strawberries fruits must be harvested at 
optimum maturity, otherwise, if harvested too early or too late, during the storage period, the fruit 
quality can be reduced. In the transport conditions over long distances to the market, the main issues of 
manufacturers are related to the fruits’ resistance, their capacity of maintaining the commercial aspect 
and less to maintain the traits like taste and flavor. Damage, spoilage of fruits during transport and 
storage period makes them unacceptable by consumers and vulnerable versus pathogens. The purpose 
of this paper was to identify the changes that occur on the fruit quality indicators during the storage 
period at six foreign strawberry cultivars (Fragaria x ananassa Duch.) most cultivated in Romania. At 
the end of the study we found that `Mira` cv. recorded the biggest percentage of healthy fruit (81%), 
after storage period.  
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1. Introduction  

In previous decades the fruit quality was dictated mainly by olfactory indicators, but in 
the recent years, the quality requirements for fruits had grown and are growing. The storage 
capacity of fruits is one of the quality indicators as a final link of fruit production until it 
reaches the final consumer. The researchers have different views on the quality and the 
preservation of fruits (RAZIED& al. [5]). They believe that the definition of fruit quality from 
the consumers’ point of view is different versus the manufacturers’ one.  

The fruit quality is given by many different parameters which expresses a complete 
picture of the quality characteristics of fruits. Some authors (TEMOCICO [9]) claim that fruit 
quality illustrated by the visual appearance, shape, texture, colour can influence the buying 
decision of the consumer.  

In the last years, just to meet business requirements, has increased the emphasis placed on 
creating and promoting of cultivars and genotypes with resistance to handling, transport and 
storage, with high fruits uniformity at the expense of traditional quality criteria based on 
olfactory qualities.  
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The fruit quality for fresh consumption is obtained before the harvest time, and then it 
cannot be improved, but only maintained. 

The strawberries fruits must be harvested at optimum maturity phase, otherwise during 
the storage period the fruit quality can be reduced if its are harvested too early or too late.  

In the transport conditions over long distances to the market, the main issues of 
manufacturers are related to the fruits resistance, to their capacity to maintain the commercial 
aspect and less for the traits like taste and flavour.  

Quality loss, damage and spoilage of the fruits during transport and storage period, make 
them unacceptable to consumers and vulnerable to pathogens. The most common disease of 
fruits at the storage is caused by fungi of the Botrytis genus (AGAR& al. [1]). Other 
microorganisms involved are: viruses, bacteria and fungi, which are found spread throughout 
nature. Unlike the physical or biochemical alterations that affect the fruit quality, in the case 
of microbiological deterioration the fruits cannot be used for consumption (WOJCIECH & 
KORSEN. [11]).  

Many researchers showed a lot of loss, more than 45% from yield, to fruits berry species 
on the way from harvest to the consumers table. (TEMOCICO & al. [8]), SIRO& al. [7]). In 
the last 50 years there are a lot of studies concerning the storage fruits, but only over the last 
20 years these researches were conducted more intensively (TERRY & al. [10]).  

The purpose of this paper is to identify the changes that occur at the quality indicators of 
fruits during the storage period at six foreign strawberry cultivars (Fragaria x ananassa 
Duch.), which are the most cultivated in Romania. 

 
2. Materials and methods 

The study was conducted between 2011 and 2013, on a sample of 500 g fruits for each 
studied cultivar at the third harvest. Measurements were made in two moments: at harvest 
time (22-24°C) and after three days storage in physio-anabiosis conditions (4°C). A 
bifactorial experience type (6 x 2) resulted, where factor A had six graduations represented 
by every cultivar studied: `Idea`, `Elsanta`, `Mira`, `Marmolada`, `Benton`, `Cambridge 
Favourite` and factor B represented by the data recording moment: b1 - at harvest time, and 
b2 - after storage period. In b2 variant, the fruits were stored for three days in a refrigerator 
and six hours before measurements were placed at room temperature.  

The strawberry fruits were harvested manually directly in plastic bags. After REID the 
moment of harvesting is the most important factor which influence the shelf-life. The maturity 
stage should be that stage at which a product has reached a sufficient stage of development 
that after harvesting and postharvest handling will be at least the minimum acceptable to the 
ultimate consumer (TEMOCICO & al. [8]). In our study it was considered the right moment 
for harvest when the strawberries was red, sweet and had low acidity. 

Shelf life indicators, as soluble solids content, fruit mass losses and depreciation, changes 
in flesh firmness and fruit colour during storage period were analysed.  

The fruit firmness was determined on every fruit for every sample with a non-destructive 
penetrometer HP Quality test, with a measurement area of 0.50 cm2, expressed in HPE FFF units. 

The average fruit weight was determinate by measuring every single fruit with HL-400 
digital balance.  

The soluble solids content was recorded with ABBE digital refractometer, model PR 
Series. The size index was calculated using the formula: (height + large diameter + small 
diameter)/3 (BOTU & BOTU [2]).  

The external skin colour parameters (L*, a*, b*) were measured using a Konica Minolta 
CR400 chromameter. L* corresponds to luminance, a* and b* to the chromaticity coordinates 
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(on green to red and blue to yellow tones, respectively). Non-destructive reflectance 
measurements were made with cylindrical optical cell (57.1 mm IDx 40 mm height ) were 
filled to overflowing with strawberries, the measurement was made on two sides of the fruit, 
after rotating the cell 180º. Chromatographic index (colour saturation) was determined by the 
formula: C*= (a*2+b*2)½.  

The colour difference at harvest versus the end of the storage period was determined by 
the formula: ΔE = (ΔL*2 + Δa*2+Δb*2)1/2 (FAEDI & al. [3]).  

The hue angle (redness) was determined by the formula: h = (b*/a*).  
The statistical interpretation of data was performed using Duncan´s Test. 
 

3. Results and discussion 
 

The fruit skin colour 
The CIE L*a*b* colour system is a uniform colour scale. In this scale the differences 

between points plotted in the colour space correspond to visual differences between the 
colours plotted (OCHMIAN & al. [4]). The colour space CIE L*a*b* is organized as a cube. 
The axis L* represents the brightness, here the maximum value 100 represents white colour 
and the minimum value 0 represents black. a* and b* axes have no specific numerical limits. 
The positive values for a* indicates red colour and the negative values, green colour. The 
negative values for b* indicates blue colour and the positive values indicate yellow colour. 
All the strawberry cultivars have been registered positive values (Table 1 and 2). Analysis of 
the colour characteristics L*, a* b* and Chromatographic index of fruits, averaged over the 
three years of experimentation for the six studied cultivars have registered significant 
statistically differences between recorded data at the harvest time and after the storage period. 
Thus, if the case of L* indicator the differences between the two data was 1.05 unit, for a* 
indicator, 2.64 units and for b* indicator, 1.0 units.  

The Chromatographic index registered a difference of 2.82 units. For fruits redness (hue 
angle) has not been registered any statistically difference, but the difference between harvest 
time and after storage period was of 0.30 units (Table 1).  

On average for the three years of study and the two moments of determinations, 'Idea' 
cultivar has recorded a significant increase versus the others cultivars studied to five of six 
colour indicators, instead the cultivars `Elsanta` and `Benton` have registered the highest 
values only at two from the studied indicators (a* and C*) (Table 1). The colour evolution 
(ΔE) during storage showed no statistically differences between the studied cultivars (Table 
1), but in according to the interpretation of this indicator by REID M., [6]. The values 
between 3 and 6 denotes distinct differences between the colour recorded on the fruits at 
harvest time and the fruits colour registered after storage period. In the case of ΔE of the six 
studied cultivars, the highest values were recorded to the 'Cambridge Favourite' cultivar, 
respectively 5.19 (Table 1). The average data recorded to L*, a* and b* colour indicators at 
the harvesting time for `Idea`, `Elsanta`, `Mira` and `Marmolada` cultivars (Table 2), were 
compared with data from the literature. Our data recorded to the same cultivars as FAEDI & 
al.[3], were lower by about 10.62 units for L* colour indicator, 9.25 units for a* colour 
indicator and 16.5 units for b* colour indicator. Thus we can say that the colour indicators are 
influenced not only by genetic factors but by environmental conditions, too. 

Comparison of colour indicators between the moments of recording data (B factor 
graduations), showed that for all cultivars the values of the following colour indicators, L*, 
a*, b* and C* decreases. Meanwhile, for the Hue Angle (redness) colour indicator the values 
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recorded increases by 0.25 to 1.58 for four cultivars (`Idea`, `Elsanta`, `Mira` and `Cambridge 
Favourite`) and decreases by 0.14 units for 'Benton' and 0.97 units for 'Marmolada' (Table 2). 
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Average fruit weight 
The statistical evaluation of the average fruit weight throughout the period of study, has 

divided the studied cultivars in three distinctive statistical classes. The highest value of 16.52 
g/fruit was recorded to `Mira` and the lowest value 9.44 g/fruit was recorded to `Elsanta` 
cultivar. Even if, after the published data by Faedi et al. in Italy, the `Mira` cultivar is 
characterised by 20.3 g average fruit weight and the `Idea` by 23.9 g/fruit, we can say that 
these variations can be the determined by environment conditions or culture technology. 
Average fruit weight at harvest time showed significantly statistical differences by 12.25% 
versus the values registered after storage period (Table 1). The analysis of fruit average weight 
variation between the two moments of recording data, before and after storage, showed a 
decrease of the values between cultivars from 11.62% `Idea` to 12.98% 'Elsanta' (Table 2). 

 
Fruit firmness 

`Marmolada`, recorded the highest value of fruit firmness on average on the study period 
(9.79), it showed a significant increase by 14.69% up to 10.91% versus the others studied 
cultivars. On average for all the studied cultivars the values recorded at the harvest moment 
has been significantly higher by 11.84 versus the value recorded after storage period (Table 
1). Table 2 presents the value of fruit firmness before and after storage period and it has found 
that there were significant statistically differences. The average values recorded at all cultivars 
have decreased by 11.25%. 

 
Fruit size index 

The `Mira` and `Idea` have recorded on average significant differences by 11.37% up to 
12.92% versus the other four studied cultivars throughout the period of experimentation. 
Significantly lower differences by 11.33% were recorded between the mean values of the fruit 
size index at harvest versus the obtained values after the storage period (Table1). Comparing 
the size index average values of the six studied cultivars during the storage period, an obvious 
decrease by 9.72% up to 112.48% was recorded (Table 2.). 

 
Soluble solids 

In the case of this indicator for the average values, were not recorded statistically 
significant differences between the values before versus the values after the storage period for 
the six studied cultivars. The highest value 10.97%, was recorded by `Elsanta` cultivar. 
Comparing the soluble solids recorded at the moment of harvest for the same three cultivars 
(`Elsanta` `Mira` and `Marmolada`), with data recorded by FAEDI [3] from Italy, we found 
that the fruits in Italy had less soluble solid by 12.9% versus the value recorded in Romania. 
Analysis of the average values of soluble dry matter fruit content before and after harvest, 
showed an increase of 8.9% to `Idea` and 11.77% to `Mira` cultivar. On the contrary, for the 
others studied cultivars was obvious an average decrease of 10.36% (Table 2). 

 
The nature and intensity of the correlations between the fruit quality indicators 

In table 3 are presented the matrix of correlations between indicators from different 
groups. Only linear correlations using Microsoft Office 2003 Excel were calculated. To 
highlight the strength of correlations, the percentage of significant correlations from the total 
number of correlations was computed. Thus, the size index registered 80% of significant 
correlations versus other indicators studied. The soluble solids, hue angle and average fruit 
weight were correlated significant by 60% with the other indicators studied but the C* was 
correlated significantly with only two indicators. 
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Table 4 illustrates the degree of fruits’ alteration at the end of the storage period. We 
found that in the three years of study, 'Mira' cultivar recorded the biggest percent of healthy 
fruits (81%). 

 
Table 3. Nature and intensity of the correlations between the fruit quality indicators (R2) 

 

Indicators 
correlation 

Fruit 
Firmness 

Fruit size 
index  
 

Soluble 
solids  
 

Hue Angle 
(redness) 

C* colour 
saturation 

Average 
fruit weight 

Fruit Firmness  0.2163*** NS NS NS NS 
Fruit size index  0.2163***  0.1072** 0.1407** NS 0.1434** 
Soluble solids  *NS 0.1072**  0.1575** 0.1289* NS 
Hue Angle 
(redness) 

NS 0.1407** 0.1575**  NS NS 

C* colour 
saturation 

NS NS 0.1289* NS  0.0683* 

Average fruit 
weight 

NS 0.1434** NS 0.0766* 0.0683*  

*NS- no -significant correlations; * significant corellations; ** distinctively significant 

 
Table 4. The degree of fruit alteration at the end of the storage period 

Cultivars Healty fruits 100% Rotten fruits 
100 % 

Rotten fruits 
< 50 % 

 

Dried calyx 
% 
 

`Benton` 75 1 24 25 
`Cambridge Favourite` 66 1 33 26 
`Marmolada` 80 1 19 24 
`Elsanta` 69 2 29 20 
`Mira` 81 2 17 64 
`Idea` 67 1 32 38 

 
 
4. Conclusions 

Comparison of colour indicators recorded at harvest and after storage period, showed that 
for all varieties the values has decreased of the following colour indicators: L*, a*, b* and C*, 
but in the Hue Angle (redness) colour indicator the values recorded increases by 0.25 up to 
1.58 for four cultivars (`Idea`, `Elsanta`, `Mira` and `Cambridge Favourite`).  

Analysis of the average values of fruit soluble dry matter content before and after harvest, 
showed an increase of 8.9% to `Idea` and 11.77% to `Mira` cultivar. For the others studied 
cultivars an average decrease by 10.36% was recorded.  

The fruit firmness after storage period at all cultivars has decreased by 11.25%. 
After the storage period `Mira` cultivar, recorded the biggest percentage of healthy fruit 

(81%). 
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