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Abstract

ZAPOTOCZNY, P.  and M. MARKOWSKI, 2014. Influence of hypobaric storage on the quality of greenhouse 
cucumbers, Bulg. J. Agric. Sci., 20: 1406-1412

The aim of this study was to investigate the effect of hypobaric (10, 50 and 100 kPa) conditions and storage time on selected 
color, textural and chemical indicators of quality of greenhouse cucumbers. The smallest changes in total color difference, 
chroma and hue of cucumbers were observed in the samples stored at 10 kPa. The highest values of force at bioyield and en-
ergy to bioyield after 30 days of storage, as derived from a puncture test, at 48.7 N and 0.172 J, respectively, were observed in 
cucumbers kept at 10 kPa. After 30 days of storage, the cucumbers kept under hypobaric conditions underwent less extensive 
changes in dietary fiber, pectin and sugar content in comparison with those stored under atmospheric conditions. Hypobaric 
storage was found to contribute to the preservation of cucumber quality.
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Introduction

Greenhouse cucumbers are among the most important 
vegetable crops in the Polish food industry, and production 
reached 224 000 tons in 2009 (Anonymous, 2009). Cucum-
bers which are consumed or processed directly after harvest 
deliver the greatest health benefits. However, this is not al-
ways possible, and the storage of fresh cucumbers may be 
necessary. The storage of raw food materials, including 
greenhouse cucumbers, is one of the challenges for food 
manufacturers and the agricultural and food industry. Fresh 
greenhouse cucumbers are perishable, and regardless of the 
degree and type of processing, they undergo physical, chemi-
cal and biological changes that affect their shelf-life and qual-
ity. Various storage methods are applied to maintain the qual-
ity of fresh greenhouse cucumbers.

Two storage methods, refrigeration storage (RS) and con-
trolled atmosphere storage (CA), are applied in commercial 
storage of fresh cucumbers. The optimal RS temperature 
varies with the product, and temperatures of around 0°C are 
mostly commonly applied. Some products, including cucum-
bers, are sensitive to low temperature, and the recommended 
temperature range for refrigerated cucumbers is 10 to 12.5ºC 
at 95% RH (Saltveit, 2004). Storage temperatures below 10°C 

cause chilling injury in 2 to 3 days, and rapid loss of quality 
are observed at 15°C (Saltveit, 2004). CA storage does not 
effectively preserve the quality of fresh cucumbers. The fruit 
should be kept in an atmosphere with less than 2% O2 content 
and less than 10% CO2 content, at 12.5°C (Saltveit, 2004). 
Both RS and CA methods have certain disadvantages. Ha-
kim et al. (1999) observed that biochemical and physiological 
processes in cucumbers are sensitive to low temperature. The 
same authors also demonstrated that when low temperatures 
were applied during RS, the investigated processes were not 
equally affected. The above indicates that low temperature 
refrigeration leads to high probability of cucumber spoilage. 
Symptoms of chilling injury include water-soaked spots, pit-
ting and tissue collapse. Most fresh vegetables respond fa-
vorably to CA treatment. The preservation of their sensory 
and nutritional quality, prolonged storage life and lower risk 
of chilling injury are determined by the type of commodity, 
atmospheric concentrations of O2 and CO2, storage tempera-
ture and storage time (Wang, 1993; Wang and Qi, 1997). The 
above findings suggest that the metabolism of CA-stored cu-
cumbers is difficult to control.

Storage under hypobaric conditions (HC) poses an al-
ternative to RS and CA storage methods. HC storage sys-
tems are comprehensive, and they also protect commodities 
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against ethylene-independent deterioration, including desic-
cation, decay and insect infestation (Burg, 2004; Salunkhe 
and Wu, 1973). Wu et al. (1972) tested the effect of various 
pressure levels on the ripening of stored tomatoes. Green-
house and field-grown tomatoes were stored at 100, 62.8, 37.1 
and 13.6 kPa. In the cited experiment, the ripening of green 
tomatoes kept under HC conditions was delayed, and their 
long-term viability was achieved. Green tomatoes refriger-
ated at 12.7°C and stored at 100, 62.8 and 37.1 kPa ripened in 
35, 65, 87 days, respectively. During 100-day storage at 13.6 
kPa, tomatoes did not ripen, and their quality did not deterio-
rate. When placed in a storage chamber, at 12.7°C and atmo-
spheric pressure, they took seven days to maturity. 

Bangerth (1973) reported that HC storage results in a lon-
ger shelf-life of apples, currants, tomatoes, parsley, cucum-
bers, peppers and spinach in comparison with that reported 
for RS and CA storage techniques. Knee (2000) demonstrated 
a positive impact of HC storage on celeriac, lettuce, tomatoes, 
broccoli, grapefruit, melons and strawberries in comparison 
with conventional methods. Chen et al. (2013) found that hy-
pobaric storage at 50 kPa was most effective in preventing 
the increase in bamboo shoots firmness and allied accumula-
tions of lignin and cellulose. Burg (2004) observed that the 
shelf-life of cucumbers can be extended up to 49 days when 
low pressure storage was applied. A positive influence of HC 
storage on the shelf-life and quality of green asparagus was 
reported by Li et al. (2006) and Li and Zhang (2006). Tovar et 
al. (2011) applied vacuum (34 kPa) for 20 min and exogenous 
ethylene for 30 min to ripening mango fruit.

As a result of the treatment, the normal ripening period 
was shortened by three days. Despite its positive effects, raw 
biological materials are not stored under hypobaric condi-
tions on an industrial scale due to the relatively high costs 
of the required equipment. Industrial manufacturers use 
vacuum packing to extend the shelf-life of fruits and vegeta-
bles (Wang et al., 2001). Hypobaric storage is still not com-
mercially applied to greenhouse cucumbers. The aim of this 
study was to investigate the effect of hypobaric storage on 
the rate of changes in overall color parameters, firmness and 
chemical composition of greenhouse cucumbers.

Materials and Methods

Materials
The experimental material were DELTA STAR cucumbers 

(Rijk Zwaan) grown at the Experimental Station in Łęgajny. 
Cucumbers were grown on mineral wool with standard fer-
tilizers of calcium-potassium nitrate, potassium monophos-
phate, potassium-magnesium sulfate and a fertilizer contain-
ing microelements. The growing season lasted from July 10 

to November 15. Plant density was 2/m2. Cucumbers were 
harvested three times a week. The fruit were harvested and 
selected manually to eliminate mechanical damage. The cu-
cumbers used in this experiment were harvested at the begin-
ning of September and October. They were fresh, healthy, 
and free from mold and mechanical damage. 

Storage
The experimental cucumbers were stored at 10 and 50 kPa, 

and control cucumbers – at 100 kPa, at a temperature of 14°C 
and relative air humidity of 98%. Thirty randomly selected 
sampling units were harvested from each treatment. They 
were divided into three equal groups and placed in containers 
at sub atmospheric pressure. Every container could be opened 
without changing the atmosphere of the remaining containers. 
Fresh cucumbers (day 0) and cucumbers stored for 10, 20 and 
30 days were analyzed for weight loss, color, mechanical prop-
erties and chemical composition (at different pressure values).

The experimental stand consisted of nine vacuum contain-
ers of stainless steel, with a capacity of 0.0125 m3 each, which 
formed three sets. Sub atmospheric pressure was produced 
with a vacuum-sling-vane pump (AT20, TEPRO Koszalin) 
and with vacuum relief valves (MDH-2-2 and 2AW-QS-6, 
FESTO) between container sets. The pressure in each set was 
measured with a PC-28 sensor (APLISENS) and maintained 
by the Excel 50 XL 50-MMI (Honeywell) controller. The 
containers were placed in a cold room with a temperature 
control system that enabled abrupt changes within a range 
of 00C to 150C. Temperature was controlled by three VT20T 
heat sensors. Relative air humidity was measured with a ca-
pacitive thin-film sensor (FH9726-21R, AHLBORN) within 
an accuracy of  ± 4%. A vessel containing water was placed 
at the bottom of the container to maintain the desired relative 
air humidity. Outdoor ventilation was provided by HE-2-1/8-
QS-6 valves (FESTO).

Color
The color parameters of cucumbers were determined us-

ing the Miniscan XE Plus (Hunter & Associates Laboratory, 
Hunter Lab, USA) spectrophotometer for a standard illumi-
nant D65, 10˚ observer and 8˚ diaphragm. Measurements 
were performed on 10 randomly selected samples. Changes 
in L*, a* and b* color space of stored cucumbers were deter-
mined. Absolute changes in color, ∆E*, chroma, ∆C* and hue 
∆H* were calculated according to formulas (1-4).

222 *)b(*)a(*)L(*E ∆+∆+∆=∆   (1)

( ) ( ) ( ) ( )2222 ***** freshfreshsampsamp babaC +−+=∆   (2)

*) *)*)
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222 *)C(*)L(*)E(*H ∆−∆−∆=∆ ,  (3)
where:

.*** sampfresh LLL −=∆ ;

sampfresh aaa *** −=∆ ; sampfresh bbb *** −=∆  (4)

∆C* - Chroma difference; ∆E* - Total color difference; 
∆H* - Hue difference; L*, a*, b* - CIELAB color space pa-
rameters

Mechanical properties
Penetration tests of single cucumbers were performed in 

15 replications on 10 randomly selected samples, using an 
Instron Universal Testing Machine, model 4301 (High Wy-
combe, Bucks, UK) equipped with a load cell of 1 kN, flat-
end steel plunger with a diameter of 8 mm and a 30-mm-long 
stainless steel cylindrical probe. The loading rate during the 
penetration test was set at 0.5 mm/s.

Chemical analysis
Sugar content was determined according to the Lane-Ey-

non method (PCS, 1990). In order to determine reducing sug-
ar content, an alkaline solution of copper salt was subjected 
to hot reduction by direct titration of a protein-free solution in 
the presence of methylene blue, without inversion. Total sug-
ar content was determined after inversion with concentrated 
hydrochloric acid. Further procedures were identical as those 
applied to reducing sugars. The insoluble fraction of dietary 
fiber was extracted according to Asp et al. (1983). The pectin 
fraction was extracted by the method proposed by Sabir et al. 
(1976). The fractions were purified by rinsing with 95% etha-
nol, 30 cm3 of ethanol and water mixture (1:1) and 50 mL/L 
HCl, as described by Borowska et al. (2003).

Statistical analysis
Experimental data were verified statistically using regres-

sion analysis, nonlinear estimation and ANOVA in a com-
pletely randomized block design. The significance of differ-
ences between treatments was determined by one-way analy-
sis of variance using Duncan’s multiple range tests (p ≤ 0.05). 
Calculations were performed using STATISTICA 9.0 (Stat-
Soft Inc., USA) software.

Results and Discussion

Color
Color is one of the most important sensory attributes 

of cucumbers which influences consumer acceptance, and 

it can be used as a quality indicator to evaluate deteriora-
tion caused by storage (Yahia et al., 2008). Changes in total 
color, chroma and hue of greenhouse cucumbers stored un-
der 10, 50 and 100 kPa for 10, 20 and 30 days are shown in 
Figure 1. All three color indices of stored cucumbers were 

Fig. 1. Total changes in color, ΔE*, chroma, ΔC* and  
hue ΔH* of cucumbers
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equally affected by the time of storage and the applied pres-
sure. Samples stored in ambient conditions (100 kPa, 14°C) 
were characterized by significant changes in color indices 
in comparison with fresh cucumbers. The differences in E*, 
C* and H* color parameters of ambient-stored cucumbers 
increased with storage time. The color indices of cucum-
bers stored in sub atmospheric pressure were more similar 
to those observed in fresh samples than in cucumbers stored 
at 100 kPa. After 30 days of storage, the overall difference in 
color between fresh cucumbers and samples stored at 10 and 
50 kPa was stabilized at a level of 4 and 6, respectively. Simi-
lar trends were observed with regard to changes in chroma 
and hue. Significant (p ≤ 0.05) undesirable changes in color 
were found in cucumbers stored at 100 kPa, whereas no sig-
nificant differences in color indices were noted in samples 
stored at 10 and 50 kPa (p ≤ 0.05). A decrease in chroma 
values in cucumbers stored at 10 kPa can be attributed to 
chlorophyll degradation during storage. Color stability in cu-
cumbers stored at 10 and 50 kPa may be explained by slower 
metabolism at low pressure and the accompanying retarda-
tion of processes which transform chlorophyll to carotenoids 
under hypobaric conditions.

Temperature of 7–10°C, 95% relative humidity and 2-week 
storage are the optimal storage and shipping conditions for 
cucumbers (Yahia et al., 2008). Changes in color, such as yel-
lowing, are a sign of aging and deterioration in quality. The 
observation that the acceptable color of stored cucumbers is 
preserved for longer indicates that hypobaric storage can ex-
tend the shelf-life of greenhouse cucumbers.

Mechanical properties
Horticulturists define firmness as the force required to 

penetrate a mechanical probe into a fresh product for a pre-
specified distance as a measure of firmness (Lu et al., 2004). 
Firmness is a common indicator of fruits’ and vegetables’ 
resistance to damage during handling or shipping, and it is 
one of the key textural properties of fresh cucumbers that 
directly influence eating quality and consumer acceptance. 
Quasi-static methods for measuring force at a given level of 
deformation during penetration by elastic or a rigid Magness-
Taylor (MT) puncture probe are widely used to determine 
the firmness of fruits and vegetables (Lu et al., 2004). Mohs-
enin (1989) demonstrated that the bioyield point could be a 
better indicator of fruit firmness than MT puncture because 
this measure extends beyond the elastic deformation of fruit 
tissue. 

The textural properties of foods, including firmness, 
change with time and are determined by parameters such as 
ambient air temperature, humidity, composition and pressure 
(Lu and Abbott, 2004). The firmness of cucumbers stored 

at 10, 50 and 100 kPa is shown in Figure 2. Both firmness 
indicators, force at bioyield and energy to bioyield, were 
equally influenced by vacuum level and duration of stor-
age. The smallest decrease in force at bioyield of 2.5 N was 
observed after 30 days for cucumbers stored at 10 kPa, and 
the final value of force at bioyield was 48.7 N. The samples 
stored at 50 and 100 kPa were characterized by significantly 
(p < 0.05) lower value of force at bioyield which amounted 
to 45.9 N. The energy to bioyield of samples stored at 10 kPa 
was stabilized at 0.172 ± 0.02 J, and it was not correlated 
with storage time. In cucumbers stored at 50 kPa, energy to 
bioyield decreased slightly after 10 days, it increased after 20 
days, and became stabilized at the level observed in samples 
stored at 10 kPa for 30 days. A successive increase in energy 
to bioyield was noted in cucumbers stored at 100 kPa. In a 
study by Chen et al. (2004), hypobaric storage significantly 
slowed down the respiratory rate, which inhibited the loss of 
water and firmness in Huanghua pears. Zhang at al. (2005) 
found that hypobaric treatment reduced the respiratory rate, 
inhibited the activity of amylase and ascorbic acid oxidase, 

Fig. 2. Changes in cucumbers’ force at bioyield and 
energy to bioyield
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slowed down degradation rates of starch and ascorbic acid, 
inhibited the proliferation of mold spores, reduced fruit rot 
and maintained the firmness of jujube fruit. In the present 
study a similar effect was observed in greenhouse cucum-
bers stored at low pressure storage with regard to firmness.

Chemical composition
The rate of changes in dietary fiber and pectin content of 

cucumbers stored at 10, 50 and 100 kPa for 10, 20 and 30 days 
is depicted in Figure 3. Pectin content was equally dependent 
on storage time and pressure. It is evident from Figure 3 that 
in all of the analyzed samples, the changes in pectin content 
were magnified with the time of storage. The smallest and 
the highest increase in pectin content were noted in samples 
stored for 30 days at 10 and 100 kPa, respectively. The di-
etary fiber content of stored cucumbers was correlated with 
both storage time and pressure. Less pronounced changes in 
dietary fiber content were reported in cucumbers stored at 10 

and 50 kPa than in samples stored at 100 kPa. The smallest 
changes in dietary fiber were observed in samples stored for 
30 days at 10 kPa. It is generally known that chemical and 
physiological processes determine the texture of foods, in-
cluding fruits and vegetables (Basuny et al., 2009). Liu et al. 
(2003) correlated the firmness of cucumbers with their fiber 
and pectin content. They found that cucumbers with higher 
fiber content and lower pectin content were characterized by 
greater firmness. All of the samples were stored at high hu-
midity which was practically equal to complete saturation; 
therefore, moisture loss in stored cucumbers was low. An 
analysis of 10 samples stored for 30 days at 10 kPa revealed 
that an increase in pectin levels was accompanied by a minor 
drop in firmness, and the above results are consistent with the 
findings of Jiang et al. (2009).

The cited authors studied the influence of hypobaric 
conditions on Golden Boy cucumbers and concluded that 
samples stored for 20 days at 10°C under low pressure were 

Fig. 3. Changes in the pectin and dietary fiber content  
of cucumbers

Fig. 4. Changes in the total sugar content and reducing 
sugar content of cucumbers
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characterized by supreme quality indicators, including firm-
ness, water loss and yellowing rate, in comparison with cu-
cumbers stored at atmospheric pressure. Hypobaric storage 
can reduce the drop in dietary fiber content and minimize 
the increase in the pectin content of cucumbers, and these 
observations stand in agreement with the results of textural 
evaluation.

The rate of changes in total sugar and reducing sugar con-
tent of cucumbers stored for 10, 20 and 30 days at 10, 50 and 
100 kPa are shown in Figure 4. The total sugar content and 
reducing sugar content were equally influenced by pressure 
and storage time. After 30 days of storage, the total sugar 
content of cucumbers kept at 10, 50 and 100 kPa decreased 
from 1.95 to 1.26, 1.65 and 1.11 g/100 g, respectively. Simi-
lar changes were observed in reducing sugar content whose 
concentrations after 30 days of storage decreased from 1.82 
to 1.15, 1.55 and 1.05 g/100 g in samples stored at 10, 50 and 
100 kPa, respectively. Cucumbers kept under low pressure 
maintained higher sugar content than ambient-stored sam-
ples. The above observations suggest that hypobaric storage 
can minimize the reduction in cucumbers’ total sugar content 
and reducing sugar content. Sugars are utilized as substrates 
and sources of energy for respiratory metabolism. High sugar 
levels preserve the desirable quality of cucumbers stored un-
der hypobaric conditions. 

Conclusions

Hypobaric storage poses an alternative for refrigeration 
storage and controlled atmosphere storage. The desirable 
properties of greenhouse cucumbers stored in vacuum were 
maintained for up to 30 days. Hypobaric treatment consistent-
ly delayed postharvest fungal decay of greenhouse cucumbers 
without significant affecting color, chemical composition and 
firmness. Smaller changes in color, firmness, content of di-
etary fiber, pectin and sugar were reported in fruits stored 
at 14°C under hypobaric conditions (10 and 50 kPa) than in 
samples kept under atmospheric pressure. In vacuum-stored 
cucumbers, the variations in color, firmness and dietary fiber 
levels were determined at less than 5% in comparison with 
fresh cucumbers. Cucumbers stored at hypobaric conditions 
were characterized by higher overall quality.
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