
Fruit Growing Research, vol. XXXI, 2015

97

CERCETĂRI PRIVIND COMPORTAREA FRUCTELOR DE CĂPŞUN ÎN ATMOSFERĂ
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Abstarct
The research aimed to establish the optimal concentration of carbon dioxide that

contributes to the quality of the strawberry fruit during transport. Experiments were performed
under identical conditions at high temperature (approx. 22° C – 25° C) and low temperature
(approx. 2° C) to see the effect of carbon dioxide on the metabolic activity on strawberries and on
pathogens. There was a positive trend in the percentage weight loss proportional to the size of
CO2 concentration under both hot and cold conditions. The qualitative depreciations were more
pronounced at hot than in modified atmosphere.
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1. Introduction

Some researchers recommend, based on laboratory tests, transportation of strawberries and
cherries in modified atmosphere with carbon dioxide in a concentration of 20-25% (Roger et al.,2000;
Smith and Skog,1992).

Pratella studied the effect of elevated CO2 concentrations on  strawberries transportation. From
their research resulted a positive action of CO2 against the infection with Botrytis cinerea, even when the
infection was big (Pratella et al.,1980).

Good results were obtained in maintaining the fruit in modified atmosphere that was rich in CO2 at
a concentration of 10% for cherries and 20% for strawberries and black cranberries (Gac, 1992).

Ke (1991) made an analysis of the results presented in the literature and based on their results
concluded that the action of carbon dioxide was favorable for strawberry fruit in terms of gloss pulp, color
and freshness of stems and fungicides by slowing the development of Botrytis . Strawberries are
relatively resistant to high doses of carbon dioxide (up to 40%) but flavor abnormalities appear after some
days while Fungicide action is proportional to the dose used. He shows that for transportation of
strawberries are used modified atmosphere at concentrations of 10-20% carbon dioxide.

Laboratory tests with strawberries were made to create the possibility of substantiating their
behavior in different modified atmospheres, rich in carbon dioxide (10% CO2, 20% CO2 and 30% CO2)
and determining whether these atmospheres can be used to transport these fruits.

2. Material and methods

The researches were conducted on Red Gauntlet strawberry fruit variety, using hermetically sealed
containers to maintain concentrations of carbon dioxide; climate chamber TBV - 2000; INFRALIT fan gas
analyzer (measuring range 0-50% CO2); Ryan recording thermometer; Solomos maintained
thermohygrographic probe and display; weighed 0,001 kg. accuracy. The research method consisted of
comparative analysis on the behavior of strawberries in normal atmosphere and modified atmosphere
with carbon dioxide at ,,cold" (in climate chamber at a temperature of approx. 2° C) and “hot," (in the
laboratory at a temperature of approx. 25° C)

The following variants were investigated:
V01 – Control- environment in the laboratory atmosphere (approx. 25° C)
V02 – Control- ambient atmosphere of climate chamber (approx. 2° C)

M1 – Normal atmosphere in container in laboratory
M2 – Normal atmosphere in container in climate chamber
V1 – Modified atmosphere CO2 concentration of 10% in laboratory
V2 – Modified atmosphere CO2 concentration of 20% in laboratory
V3 – Modified atmosphere CO2 concentration of 30% in laboratory
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V4 – Modified atmosphere CO2 concentration of 10% in climate chamber
V5 Modified atmosphere CO2 concentration of 20% in climate chamber
V6 – Modified atmosphere CO2 concentration of 30% in climate chamber

There have been observations and determinations in dynamics with respect to:
- the appearance of the fruit
- firmness
- organoleptic analyses
- weight loss
- trends in the concentration of CO2 depending on temperature and period
- chemical composition
- phytosanitary state of fruit
To each solution three measurements were made. Samples from “hot" were removed after three

days and those on the “cold" after 6 days. Concentration measurement was done after 3 days in both
area and after six days only at “cold ".

3. Results and discussions

From the data in Table 1 it can be seen an increase in the percentage weight loss proportional to
the size of the carbon dioxide concentration both hot and cold.

Also notice that the percentage of weight loss do not differ too much between versions (“hot "-
“cold"). Impairments are more pronounced in “hot".

The differences between the hot and cold are 6.2 times in the atmosphere of 10% CO2
concentration and 5.6 times in the atmosphere of 30% CO2 concentration.

A CO2 atmosphere inhibits the mold attack entirely at, cold "and limited at hot’’. The total loss
(weight loss plus depreciation losses) is over 50% at, hot "and about 10% cold".

According to the data of Table 2, it results that concentration of CO2 (plus the initial results from
breathing) increases more significantly at hot against cold. In three days hot "merely by breathing
concentration reaches almost 50% and cold up to 10% and 16% after 6 days.

Chemical analyzes presented in Table 3 shows that in strawberry fruit the experiences with
modified atmosphere with carbon dioxide were not able to produce the essential chemical transformations
to alter their quality.

It is noticed that at "hot" the dry matter suffered changes between -0.3% at 10% CO2 and - 0.75%
at 30% CO2, while at "cold" the changes are between 0.9% at 10% CO2 and -0.5% at 30% CO2,
compared to the Control which recorded 0.9%.

For sugar, changes ranged from -0.91for the variant with 10% CO2 and -0.56 for the variant with
20% CO2 , hot.

At, cold "values were between -0.42 variant with 20% CO2 and 0.21 version with 10% CO2 and
30% CO2.

The control variant was 0.64 at ,,cold" and -0.28 at ,,hot".
Acidity ranges from -0.03 at the version with 20% CO2 and 0.04 at the version with 10% CO2 at

"hot" and at "cold" between 0.04 at the version with 20% CO2 and 0.15 at the version with 10% CO2.
Changes in these chemical components are insignificant and can be considered normal deviations

in terms of those chemical analyzes. As for the vitamin C there is very important losses that range from -
5.45 mg/100g at the variant with 30% CO2 to -18.18 mg/100g at the variant with 20% CO2 at "hot" and -
7.27 mg/100g at the variant with 10% CO2 and 25.45 mg/100g at the variant with 30% CO2 at "cold".

At Control we have a loss of -25.45 mg/100g at "hot" and -9.09 mg/100g at "cold".
Phytopathology research aimed to establish plant health of strawberries used in experiments. The

observations and the determinations revealed the data presented in table 4.

4. Conclusions

The purpose of these measurements was to determine the usefulness and optimal percentage of
carbon dioxide of modified atmospheres, to transport in fresh and short storage of the fruit, possibility in
which the attack of pathogens to be the lowest, and the fruit to retain the original properties.

The conclusions drawn from the experiences are:
- all modified atmospheres with carbon dioxide reduce waste;
- concentration of CO2 from fruit respiration decreases with increasing percentage of the CO2

initial, introduced in modified atmosphere;
- high content of atmospheres with CO2 exert direct influence of inhibiting pathogenic fungi

development existing on the fruit surface;
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- CO2 concentrations do not produce in fruits the essential chemical transformation which influence
negatively their quality;

Taking into account the results obtained in the laboratory determinations, optimal conditions for the
strawberries transport is considered to be: low temperature of approx. 2° C associated with modified
atmosphere of 10% CO2 and 20% CO2 (for 2 or 4 days).
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Tables and figures

Table 1. Weight loss occurred in experiments on the behavior of strawberries in carbon dioxide
modified atmospheres at, hot (after 3 days and a temperature of approx. 25° C) and at cold (after 6
days and a temperature of approx. 2° C)

Variant Sy
mb
ol

Total losses Of which
Weight loss Losses

devaluations by
soaking

Losses
(depreciations)

by Mildewed
hot cold hot cold hot cold hot cold

Control -
environment

V01 96.65 - 22.7 60.35 13.6
V02 26.15 11.8 13.6 0.75

Normal
atmosphere in
container

M1 79.45 2.25 74.61 2.59
M2 12.18 1.53 10.41 0.24

Modified
atmosphere
with 10% CO2

V1 64.25 1.35 62.15 0.75
V4 11.12 1.2 9.92 -

Modified
atmosphere
with 20% CO2

V2 54.5 1.24 52.72 0.51
V5 10.29 1.14 9.15 -

Modified
atmosphere
with 30% CO2

V3 51.57 1.21 50.36 -
V6 9.91 1.05 8.86
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Table 2. Evolution of CO2 concentration in strawberries

The
symbol

Initial
concentration

of CO2

Hot
(approx..

25° C) after
3 days

Cold (2° C) Observations
after 3
days

after 6
days

V01
V02
M1 47
M2 10 16
V1 10 over 50 Samples were removed after 3 days
V2 20 over 50 Samples were removed after 3 days
V3 30 over 50 Samples were removed after 3 days
V4 10 18 22
V5 20 25 29
V6 30 38 40

Table 3 Chemical changes produced in strawberries during the experiences regarding their
behavior in modified atmospheres with carbon dioxide after 3 days at hot (approx. 25°C) and 6
days at cold (approx. 2°C)

After 3 days at “hot” (approx.. 25° C)
Sym
bol

dry matter % Total sugar % Acidity % V.C. mg/100g
initial end dif. initial. end dif. initial. end dif. initial. end dif.

V01 7.5 7.8 0.3 5.05 4.77 -0.28 0.85 0.89 0.04 61.81 36.36 -25.45
M1 7.5 6.6 -0.9 5.05 3.99 -1.06 0.85 0.85 0 61.81 50.9 -10.91
V1 7.5 7.2 -0.3 5.05 4.14 -0.91 0.85 0.89 0.04 61.81 49.08 -12.73
V2 7.5 6.75 -0.75 5.05 4.49 -0.56 0.85 0.82 -0.03 61.81 43.63 -18.18
V3 7.5 6.75 -0.75 5.05 4.21 -0.84 0.85 0.87 0.02 61.81 56.36 -5.45

After 6 days at ,,cold” (approx. 20 C)
Sym
bol

dry matter % Total sugar % Acidity % V.C. mg/100g
initial. end dif. initial. end dif. initial. end dif. initial. end dif.

V02 7.5 8.4 0.9 5.05 5.69 0.64 0.85 1.0 0.15 61.81 52.72 -9.09
M2 7.5 7.6 0.1 5.05 5.12 0.07 0.85 0.96 0.11 61.81 58.18 -3.63
V4 7.5 8.4 0.9 5.05 5.26 0.21 0.85 1.0 0.15 61.81 54.54 -7.27
V5 7.5 7.1 -0.4 5.05 4.63 -0.42 0.85 0.89 0.04 61.81 43.63 -18.18
V6 7.5 7.0 -0.5 5.05 5.26 0.21 0.85 0.92 0.07 61.81 36.36 -25.45

Table 4. Phytosanitary status of strawberry plant in modified atmosphere with carbon dioxide

Fruits affected by pathogens after maintaining:
3 days in “hot "(% fruit)

Initial Normal
atmosphere

Normal
atmosphere in

container

10% CO2 20% CO2 30% CO2

10.2
Rhizopus

97.3
Rhizopus
Botrytis

40.3
Rhizopus
Botrytis

16.1
Rhizopus
Botrytis

11.3
Rhizopus
Botrytis

11,0
Rhizopus
Botrytis

6 days in ,,cold” (% fruit)
92.5
Rhizopus
Botrytis

28.5
Rhizopus
Botrytis

10.8
Rhizopus
Botrytis

10.3
Rhizopus
Botrytis

10.2
Rhizopus
Botrytis


