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In this study, the changes caused by chilling stress on some physiological parameters of pepino (Solanum 
muricatum Ait.) plant and the effects of ascorbic acid (100 mM) applied exogenously on these changes 
were examined. For this purpose, the photosynthetic pigments (chlorophyll a, chlorophyll b, total chloro-
phylls and carotenoids), ascorbic acid, total phenolic compounds, malondialdehyde and proline contents 
in leaves of pepino taken on 5th and 10th days were determined. As a result of chilling stress, it was found 
that while the photosynthetic pigments and proline contents decreased in pepino leaves, the ascorbic acid, 
total phenolic compounds and malondialdehyde contents increased. In plants which were subjected to 
pre-treatment of ascorbic acid on the 10th day of stress, ascorbic acid and proline contents increased while 
a decrease was observed in malondialdehyde content, compared to stress group without pre-treated. This 
study may be important for explaining resistance induced by treatment of exogenous ascorbic acid in 
pepino exposed to chilling stress. 
 
Keywords: Pepino (Solanum muricatum Ait.) – ascorbic acid – chilling stress – physiological para-
meters

INTRODUCTION

Plants are exposed to a number of biotic and abiotic stress factors in their natural 
environment [11]. Chilling stress is one of the most important abiotic stress factors 
limiting the growth and development of plants as well as affecting the product qual-
ity and yield [37, 39]. Chilling stress induces the production of reactive oxygen spe-
cies (ROS) and causes oxidative damage in plants [10, 40]. ROS leads to chlorophyll 
degradation and lipid peroxidation [32]. There are reports stating that it causes a 
decrease in chlorophyll contents in leaves of low temperature plants, especially in 
plants with tropical and subtropical origin [17, 18]. Lipid peroxidation in biological 
membranes is an important symptom of oxidative stress in plants [20]. It was deter-
mined experimentally in plants exposed to chilling stress that; there is an increase in 
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malondialdehyde (MDA) content which is the final product of membrane polyun-
saturated fatty acid oxidation [9, 22]. 

Plants have developed various strategies to respond to oxidative stress. The anti-
oxidant system scavenges the toxic radicals produced by the stress and helps the plant 
survive in such conditions [24]. Ascorbic acid is an antioxidant and it plays a role in 
photosynthesis, redox signals, pathogen defense, metal and xenobiotic detoxification 
and regulation of growth. The increase of ascorbic acid concentration in the plant 
increases the nutritive values of the products and also ensures the growth of the plants 
and allows them to develop resistance against stress [34]. In plants which are exposed 
to chilling stress, increase of endogen ascorbic acid is a prevalent stress response [18, 
19, 22]. However, application of ascorbic acid exogenously helps the plant develop 
resistance against stress in various stress conditions [4, 13].

Other antioxidants playing a role in stress response in plants are phenolic com-
pounds. Phenolic compounds are common secondary metabolites in plants. Plants 
need phenolic compounds for many functions such as pigmentation, growth, repro-
duction and resistance against pathogens [21]. 

Proline acts especially as osmoregulator in plants exposed to drought and salinity. 
It also plays a role in adaptation to many negative environmental conditions such as 
low temperature, lack of nutrition, heavy metal and high acidity [8]. It can interact 
with the enzymes protecting the structure and activities of membrane proteins in 
order to ensure the integrity of plasma membrane having a vital importance in low 
temperatures [14, 36]. 

Pepino (Solanum muricatum) is an annual aromatic plant produced as vegetative 
with small cuttings. The peel of the fruit is thin with a color changing from light green 
to cream-yellow with purple stripes. The interior part of the fruit has a color changing 
from light green to light yellow and it has a sweet delicious taste similar to melon [1]. 
Pepino plant needs a temperature interval of 12–15 °C [3] for optimum fruit forma-
tion and it has been reported that fruit formation decreases at temperatures lower than 
10 °C and over 30 °C [28]. Pepino is a traditional product in South America, Chile, 
New Zealand and Australia [31]. This fruit was not known in Turkey until very 
recently and is a very new product for Turkish people. But it has been grown in small 
scales in some green houses in Mediterranean Region in recent years [38].

There are no studies related either to the effects of exogenous ascorbic acid on 
chilling stress or to chilling stress in pepino leaves. For this reason, the responses of 
pepino plant in low temperatures were examined in our research rather than those in 
the optimum development temperatures. The purpose of this study was to determine 
the changes in physiological parameters due to chilling stress in leaves of pepino and 
determine the effects of exogenous application of ascorbic acid (which plays an 
important role in plant resistance development against to various stress conditions) on 
these changes.
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MATERIALS AND METHODS

Plant materials

In this study, Miski cultivar of 35 days old pepino (Solanum muricatum) plant was 
used. While a portion of pepinos were grown in a climate room under conditions of 
25 °C temperature, 60% moisture, 12 hours light, 12 hours dark as control group, 
another portion of seedlings were exposed to chilling stress with an average tempera-
ture of 10 °C. The seedlings were grown in pots containing the mixture of pearlite and 
peat. In order to observe the effect of ascorbic acid on chilling stress, 100 mM exog-
enous ascorbic acid application was made as hydroponic pre-treatment. Afterwards, 
photosynthetic pigments (chlorophyll a, chlorophyll b, total chlorophylls and carot-
enoids), total phenolic compounds, proline, ascorbic acid and MDA contents were 
examined in leaves of pepino taken in 5th and 10th days.

Physiological analyses

Extraction and purification of the pigments were made according to De Kok and 
Graham [7]. The samples’ absorbance values were read at 662, 645 and 470 nm 
according to Lichtenthaler and Wellburn [23]. Ascorbic acid contents were deter-
mined according to Mukherjee and Choudhuri [25]. Total phenolic compound con-
tents were determined following the methods of Slinkard and Singleton [6, 33] and 
Chandler and Dodds, respectively. The MDA content was analysed according to 
Heath and Packer [15]. Proline analysis was made according to the method of Bates 
et al. [2]. 

Statistical evaluations of the obtained results were carried out with the program 
SPSS 15.0. To determine the differences between averages, Duncan and t-tests were 
used. In the analyses, p < 0.05 was considered important. 

RESULTS

Photosynthetic pigments

chlorophyll a
 
Chlorophyll a (Chl a) content was lower in stress groups in the 5th and 10th days of 
stress compared to control groups. The highest Chl a content was determined in the 
control group in the 5th and 10th days as 1.20 and 1.13 mg g–1 fresh weight, respec-
tively and no statistically significant difference could be determined between these 
values (p > 0.05). The lowest Chl a content was found in the stress group in the 5th 
and 10th days as 0.83 and 0.93 mg g–1 fresh weight, respectively. While Chl a content 



308 Aysel sivAci et al.

Acta Biologica Hungarica 65, 2014

was close to control in the 5th day in plants having pre-treatment with ascorbic acid, 
it decreased in the 10th day and this change was found to be statistically significant 
(p < 0.05) (Fig. 1).
 
 
chlorophyll b 
 
Chlorophyll b (Chl b) content significantly decreased in the 5th and 10th days in stress 
group compared to the control group (p < 0.05). The highest Chl b content was deter-
mined in the control group in the 5th and 10th days as 0.45 and 0.41 mg g–1 fresh 
weight, respectively and no statistically significant difference could be found between 
these values (p > 0.05). The lowest Chl b content was found in the stress group where 
ascorbic acid was not applied in the 5th and 10th days as 0.31 and 0.33 mg g–1 fresh 
weight, respectively and no statistically significant difference could be found between 
these values (p > 0.05) (Fig. 1). The levels of Chl b with pre-treatment ascorbic acid 
increased compared to chilling stress groups but this increase was not determined to 
be significant (p > 0.05).

Fig. 1. The change of Chl a and Chl b contents in the pepino under the chilling stress (mg g–1 FW) (Chl: 
chlorophyll, FW: fresh weight, AA: ascorbic acid). The different small letters indicate significant differ-
ences (p < 0.05) among the different groups according to Duncan’s tests. The different capital letters 
indicate significant differences (p < 0.05) for each groups according to t-test (confidence limit 95%) 

(5th and 10th days)
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total chlorophylls
 
Total chlorophyll contents decreased due to stress in the 5th and 10th day compared  
to control (p < 0.05). The lowest total chlorophyll content was measured in the group  
to which ascorbic acid was not applied as 1.15 mg g–1 fresh weight in the 5h day  
(Fig. 2).
 
 
chl a/chl b ratios
 
In the 5th day, the highest Chl a/Chl b ratios were determined in the ascorbic acid 
groups with pre-treatment (p < 0.05). The lowest Chl a/Chl b ratios were found in 
stress groups and close to the control group. There were no differences between stress 
and control groups in the 10th day (Fig. 3).

Fig. 2. The change of total chlorophyll and carotenoid contents in the pepino under the chilling stress  
(mg g–1 fresh weight) (Chl: chlorophyll, Car: carotenoids, FW: fresh weight, AA: ascorbic acid). The 
different small letters indicate significant differences (p < 0.05) among the different groups according to 
Duncan’s tests. The different capital letters indicate significant differences (p < 0.05) for each groups 

according to t-test (confidence limit 95%) (5th and 10th days)
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carotenoids

Carotenoid content was found to be significantly decreased in the 5th day in the stress 
group compared to the control group (p < 0.05). However; no significant difference 
was found between stress and control groups in the 10th day (p > 0.05). The lowest 
total carotenoid content was determined in the stress group to which ascorbic acid 
was not applied as 0.31 mg g–1 fresh weight in the 5th day. While carotenoid contents 
decreased in plants which were subjected to pre-treatment with ascorbic acid in the 
5th day compared to control group, it was found to be higher in plants to which ascor-
bic acid was not applied (Fig. 2).

total chlorophyll/carotenoids ratios

In the 5th day, total Chl/Carotenoids ratios were determined to be close in the control and 
stress groups (p > 0.05) but in the 10th day, it was determined that total Chl/Carotenoids 
ratios decreased in stress groups compared to the control (p < 0.05) (Fig. 3).

Fig. 3. The change of Chl a/b and total chlorophyll/carotenoid ratios in the pepino under the chilling stress 
(Chl: chlorophyll, Car: carotenoids, AA: ascorbic acid). The different small letters indicate significant 
differences (p < 0.05) among the different groups according to Duncan’s tests. The different capital letters 
indicate significant differences (p < 0.05) for each groups according to t-test (confidence limit 95%) 

(5th and 10th days)



Effects of ascorbic acid in pepino under chilling stress 311

Acta Biologica Hungarica 65, 2014

Ascorbic acid changes

It was found that ascorbic acid content increased in stress groups compared to the 
control in the 5th and 10th days (p < 0.05) and this increase was more significant in 
plants which were subjected to pre-treatment with ascorbic acid in the 10th day. While 
the highest ascorbic acid content was determined as 0.200 mg g–1 fresh weight in 
plants which were subjected to pre-treatment with ascorbic acid in the 10th day, the 
lowest ascorbic acid content was determined as 0.054 mg g–1 fresh weight in the 
control group (Fig. 4).

total phenolic changes

Total phenolic contents increased in the 5th and 10th days in stress groups compared 
to the control. While the highest phenolic content was determined in plants which 
were subjected to pre-treatment with ascorbic acid in the 5th day as 0.964 µg mg–1 

fresh weight, the lowest total phenolic content was determined in the control group. 

Fig. 4. The change of ascorbic acid contents in the pepino under the chilling stress (mg g–1 FW) (FW: 
fresh weight, AA: ascorbic acid). The different small letters indicate significant differences (p < 0.05) 
among the different groups according to Duncan’s tests. The different capital letters indicate significant 

differences (p < 0.05) for each groups according to t-test (confidence limit 95%) (5th and 10th days)
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These changes observed in total phenolic content were found to be statistically sig-
nificant (p < 0.05) (Fig. 5).

mDA changes

MDA contents increased in stress groups compared to the control in the 5th and 10th 
days (p < 0.05). When control groups were evaluated among each other, MDA con-
tents were found to be decreased in the 10th day and this decrease was statistically 
significant (p < 0.05). While the MDA contents were found to be statistically the same 
in stress groups which were and were not subjected to pre-treatment with ascorbic 
acid in the 5th (p > 0.05), MDA content was found to be higher in plants which were 
not subjected to pre-treatment with ascorbic acid in the 10th day (p < 0.05). While the 
highest MDA content was determined as 2.91 µmol g–1 fresh weight in the 10th day 
in the stress group which was not subjected to pre-treatment with ascorbic acid, the 
lowest MDA content was measured in the 10th day as 1.66 µmol g–1 fresh weight in 
control group (Fig. 6).

Fig. 5. The change of total phenolic compounds in the pepino under the chilling stress (µg mg–1 FW) (FW: 
fresh weight, AA: ascorbic acid). The different small letters indicate significant differences (p < 0.05) 
among the different groups according to Duncan’s tests. The different capital letters indicate significant 

differences (p < 0.05) for each groups according to t-test (confidence limit 95%) (5th and 10th days)
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Proline changes

Proline content was found to be significantly increased in plants subjected to pre-
treatment with ascorbic acid in the 10th day compared to control and stress groups 
(p < 0.05). In the 5th day, it was found that proline contents in control and stress 
groups were close to each other. In the 10th day, the proline content decreased in stress 
group which was not subjected to pre-treatment with ascorbic acid and that this 
decrease was significant (p < 0.05). While the highest proline content was determined 
as 6.50 µM g–1 fresh weight in the 10th day in stress group which was subjected to 
pre-treatment with ascorbic acid, the lowest proline content was determined in the 
10th day as 2.79 µM g–1 fresh weight in stress group to which ascorbic acid was not 
applied (Fig. 7).

Fig. 6. The change of MDA contents in the pepino under the chilling stress (µmol g–1 FW) (FW: fresh 
weight, AA: ascorbic acid). The different small letters indicate significant differences (p < 0.05) among 
the different groups according to Duncan’s tests. The different capital letters indicate significant differ-

ences (p < 0.05) for each groups according to t-test (confidence limit 95%) (5th and 10th days)
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DISCUSSION

In many studies, it has been shown that chilling temperatures affected the photosyn-
thesis negatively [10, 17, 35]. Kaur et al. [19] reported that chlorophyll content in 
chickpea leaves exposed to chilling stress decreased, compared to the control. Erdal 
[9] determined decreased chlorophyll and carotenoid amounts in corn plants which 
were exposed to chilling stress. In our study, we have found that Chl a, Chl b, total 
chlorophyll and carotenoid amounts decreased in pepino due to chilling stress (Figs 
1, 2). This decrease in chlorophyll content due to the chilling stress effects may be 
originated from destruction of chlorophyll pigments and increase of chlorophyllase 
activity as stated by Erdal [9]. It was shown in stress groups pre-treated with ascorbic 
acid in the 5th day, that Chl a and Chl a/Chl b levels were higher than in the 10th day 
(Figs 1, 3). This differences may be related to stress durations. In the 10th day, total 
Chl/Carotenoids ratios decreased in stress groups, compared to the control (Fig. 3). 
The decrease of total Chl/Carotenoids ratios may be related to the chilling stress.

Ascorbic acid is a strong antioxidant and the level of stress tolerance is positively 
correlated with ascorbic acid content [9]. In the study by Kader et al. [18] performed 

Fig. 7. The change of proline contents in the pepino under the chilling stress (µM g–1 FW). (FW: fresh 
weight, AA: ascorbic acid). The different small letters indicate significant differences (p < 0.05) among 
the different groups according to Duncan’s tests. The different capital letters indicate significant differ-

ences (p < 0.05) for each groups according to t-test (confidence limit 95%) (5th and 10th days)
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with two types of wheat, it was shown that endogen ascorbate content increased due 
to chilling stress. Tambussi et al. [35] reported that application of L-galactono-1,4-
lactone (Gal), which is the precursor of ascorbic acid, before chilling stress increased 
the reduced ascorbate content in leaves and decreased the oxidized ascorbate content. 
In this study having similar results to the above-mentioned studies, it was shown that 
endogen ascorbic acid content increased compared to the control in pepino plants 
which were exposed to chilling stress in the 5th and 10th days. Especially in plants 
which were subjected to pre-treatment with ascorbic acid, endogenous ascorbic acid 
content was found to be significantly higher than it was in the control group and the 
other stress group in the 10th day (Fig. 4). The reason of this increase in the ascorbic 
acid may be related to the development of resistance in plants. 

Secondary metabolites play an important role in the adaptation of plants to the 
environment and help them overcome the stress conditions [29]. It was stated in some 
studies that phenolic compounds increase due to cold stress [12, 27]. Padda and Picha 
[26] reported that phenolic content increased due to low temperature in sweet potato 
and this increase was more significant in non-cured species. In our results, total phe-
nolics were found to be higher in stress groups compared to control group. While 
ascorbic acid pre-treatment increased total phenolic amounts in the 5th day compared 
to other stress group, it was determined to be higher in stress group to which ascorbic 
acid was not applied in the 10th day (Fig. 5). This results are compatible with the stud-
ies above. In case of chilling stress, plants may accumulate the phenolics against 
stress factors. 

In plants, reactive oxygen species (ROS) is caused by stress conditions and there-
fore membrane damage due to lipid peroxidation occurs [13]. In a study about chill-
ing stress, it has been shown that MDA content in cucumber leaves increased follow-
ing chilling stress [22]. Guo et al. [13] reported that 0.5 and 1 mM applications of 
ascorbic acid decreased the MDA content in rice seedlings exposed to chilling and 
water stress. Researchers explained this situation by the ROS scavenging and mem-
brane damage regulating (due to lipid peroxidation) role of ascorbic acid. In our 
study, MDA content significantly increased in pepino plants which were exposed to 
chilling stress compared to the control. In the present study, while the MDA content 
in ascorbic acid pre-application groups decreased in the 10th day compared to the one 
in the 5th day, it increased in other stress group (Fig. 6). This result can be explained 
by the development of resistance against chilling stress by ascorbic acid.

There are some studies examining the changes in proline content in plants in 
response to low temperatures [5, 16, 19]. In a study conducted by Rasheed et al. [30] 
on the development of chilling stress tolerance in sugar beet sprouts, it was stated that 
glycinebetaine and proline pre-application to sprouts protect them from chilling stress 
by increasing the soluble sugar synthesis and decreasing hydrogen peroxide produc-
tion. In this study, proline content in the stress group which was subjected to pre-
treatment with ascorbic acid increased compared to the control in the 5th and 10th 
days. While the proline content was found close to the control in the 5th day, it 
decreased as compared to the control on the 10th day in the stress group to which 
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ascorbic acid was not applied (Fig. 7). Cao et al. [5] reported that proline content in 
chickpea plant exposed to chilling stress increased compared to the control and 
decreased in the 7th day depending on the duration of stress. This decrease which was 
shown to depend on the period of stress is parallel to the findings we obtained in the 
stress group which was not subjected to the pre-treatment with ascorbic acid. 

To sum up, while photosynthetic pigment and proline contents decrease in pepino 
leaves exposed to chilling stress, ascorbic acid, total phenolic and MDA contents 
increased. While an increase was observed in ascorbic acid and proline contents in 
the 10th day in plants which were subjected to pre-treatment with ascorbic acid com-
pared to stress group to which ascorbic acid was not applied, a decrease was deter-
mined in MDA content. According to our findings, exogenous application of ascorbic 
acid (an antioxidant) may regulate the chilling stress effects in pepino by decreasing 
or increasing some endogenous parameters.
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