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Introduction
Cold storage is necessary to preserve apple fruits for later marketing and
thus increase the profitability of apple production. Many farmers use ordinary
cold rooms without a controlled atmosphere since facilities like the ULO are
very expensive. How apples endure such storage is an important question
for producers and marketers.
Materials and Methods
In this study, we investigated changes in ripeness parameters of different
apple varieties (‘Gala‘, ‘Idared‘, ‘Topaz‘, ‘Golden Delicious‘ and ‘Red
Delicious‘), production types (integrated and organic) and time of harvest
(pre-ripen, technologically-ripen and over-ripen) during cold storage. Fruits
were harvested in the experimental orchards Brdo pri Lukovici (continental
Slovenia; 46°10'04.8"N, 14°40'55.2"E) in 2019. Analyses were performed at
the time of harvest and after two months of cold storage. Fruit hardness,
starch content and soluble solids content were measured in samples of 10
apples and sweetness-to-acidity, aromaticity, juiciness, texture and
roundness of taste were estimated by several evaluators. Colour was
measured as the reflectance of defined light-wavelengths by the AgrostaWonderful penetrometer.
Results and discussion
In the ordinary cold room, fruits ripened fast in the time of two months. Flesh
firmness decreased significantly and starch content decreased in all
treatments. Starch was more or less degraded and soluble solids content
increased except for over ripen Idared apples. These changes reflect in the
Streif index drop (Graph 4). The average colour change of apple skin is
presented in Image 5. During storage, most significant change was decrease
of green colour (550 nm) reflectance in Idared and increase of red colour
(600 and 650 nm) in Topaz.
Oral tasting reviled increase of sweetness perception due to increase of
soluble solids and decrease of acid content. Some of the treatments felt
more other less aromatic after the storage. Evaluators noticed a drop of flesh
firmness as measured and decrease of juiciness, probably due to loss of
water content. Overall apples were evaluated as less tasty before storage.
Conclusions
Results show abrupt ripening process in cold room storage without
controlling the atmosphere. Experiment with differently ripened Idared shows
the importance of appropriate harvesting since it was most stable in the
storage when harvested in the determined technological ripeness. Ecological
production of Topaz on the other hand did not influence on ripeness and
ripening parameters although the colouration of fruits was less abundant.

Image 1: Cold room storage as used in the
experiments.

Image 2: Penetrometer AgrostaWonderful for measurement of flesh
firmness and fruit colour.

Image 3: Iodine starch content test
was read by Ctifl 1-10 chart.

Image 4: Digital refractometer for
determination of soluble solids content
in °Brix.

Graph 1: Flesh firmness change of different
apples in time of 2 months of cold storage.

Graph 2: Starch content change of different
apples in time of 2 months of cold storage.

Graph 3: Soluble solids content change of
different apples in time of 2 months of cold
storage.

Flesh irmness[kg/cm2]
𝑆𝑡𝑟𝑒𝑖𝑓 𝑖𝑛𝑑𝑒𝑥 =
Soluble solids °Brix x Starch[1 − 10]

Graph 4: Streif index change of different
apples in time of 2 months of cold storage.

Graphs 5-9: Change of
parameters determined by
oral tasting of different
apples in time of 2 months
of cold storage.

Image 4: Change of colour of different apples in time
of 2 monts of cold storage.

