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The ameliorating effects of polyamine supplement on physiological and 
biochemical parameters of Stevia rebaudiana Bertoni under cold stress

Kamran Moradi Peynevandi, Seyed Mehdi Razavi and Saber Zahri

Faculty of Sciences, Department of Biology, University of Mohaghegh Ardabili, Ardabil, Iran

ABSTRACT
Stevia rebaudiana Bertoni is a perennial medicinal herb indigenous to tropical regions of South 
America. The present study evaluated some physiological changes of the plant under cold in the 
absence and the presence of polyamine conditions. The results showed photosynthetic pigments 
and photochemical efficiency of PSII reduced in cold treatment conditions than control, significantly. 
However, a considerable increase in the parameters was observed in all of polyamine treated goups. 
Leaf compatible solutes such as proline and glycine betaine that were not shown significantly 
increasing at cold treatment groups, elevated in the 2  days cold-polyamine-treated group. The 
similar results were seen for free amino acid and total protein contents of the treated plants. It was 
also revealed that specific activity of some antioxidant enzymes such as catalase and ascorbate 
peroxidase increased in cold-treated or cold  +  polyamine-treated groups than related controls. 
It caused a significant decrease in H2O2 and malondialdehyde contents of the treated plants. The 
results indicated an increasing in saturated long chain fatty acids after 4 days of cold at 4 °C. It was 
concluded that the polyamine supplement can induced a considerable tolerance in stevia plants at 
cold condition.

Introduction

Stevia rebaudiana Bertoni (Asteraceae family) is a well-
known medicinal plant with perennial habit. It has been 
used in many countries for prevention of hyperglycemia. 
This pharmacological effect is attributed to the presence 
of certain diterpenic glycosides with the very sweet test. 
These substances were named as steviol glycosides and 
can be used for diabetes or PKU patients without any side 
effects in comparison with artificial sweeteners. Hence, 
the plant cultivation is considered in many parts of the 
world. The plant is indigenous to tropical and subtropical 
regions of South America (Lemus-Mondaca et al., 2012). 
However, there are a few studies subjecting to stevia resist-
ance to cold stress or hardening before the cultivation of 
this plant in regions with a risk of chilling or frost (Moraes 
et al., 2013; Soufi et al., 2016). Cold stress is regarded as 
main limiting factor for stevia cultivation, especially in cli-
mates with severe cold winters. Polyamines are molecules 
with protective direct effect and indirect regulatory func-
tions on plants under abiotic stress conditions (Pál et al., 

2015). Stress induced or exogenously applied polyamines 
can enhance plant tolerance to the different abiotic stress 
conditions (Groppa & Benavides, 2008).

Because stevia plant is native to the tropical region, 
further investigations are needed to evaluate the plant 
responses and yields at cold condition. There are few 
reports in the literature on effect of polyamines on stevia. 
The synergistic effects of polyamines with plant hormones 
on the increase of phenolic, antioxidant activity, and ste-
viol glycosides have been previously described (Khalil et al., 
2016). The ameliorating effect of polyamines on the effects 
of heavy metal stress in the stevia plant has also been 
reported (Prasann et al., 2012). This study aims to physio-
logical and biochemical response of stevia at cold condition 
(4 °C) and the effects of the polyamine supplement to mod-
ify the response to combat the cold stress. It may be tended 
to cultivation possibility of the plant in the highlands and 
cold regions. In the present work, some physiological and 
biochemical parameters that were changeable in plants at 
cold condition such as osmotic compatible solutes, Ros, 
and antioxidant enzymes activity were mesured.

© 2018 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited.

KEYWORDS
Stevia rebaudiana; cold 
stress; polyamine

CLASSIFICATION
Crop Physiology

ARTICLE HISTORY
Received 21 September 2017 
Revised 10 December 2017 
Accepted 15 January 2018

CONTACT  Seyed Mehdi Razavi    m_razavi@uma.ac.ir
 T he supplemental data for this article can be accessed at https://doi.org/10.1080/1343943X.2018.1437756.

 OPEN ACCESS

http://creativecommons.org/licenses/by/4.0/
mailto: m_razavi@uma.ac.ir
https://doi.org/10.1080/1343943X.2018.1437756
http://www.tandfonline.com
http://crossmark.crossref.org/dialog/?doi=10.1080/1343943X.2018.1437756&domain=pdf


124   ﻿ K. M. PEYNEVANDI ET AL.

After centrifuging (4472 g for 15 min), .5 ml of supernatant 
was mixed with .5 ml of 10 mM phosphate buffer (pH: 7) 
and 1 ml of 1 M KI. Then mixture absorbance at 390 nm 
was measured. Serial dilutions of H2O2 concentration were 
used for standard calibration curve.

Malondialdehyde determination

Lipid peroxidation was determined according to Heath and 
Packer (1968) method. According of this method, 250 mg 
of fresh leaves homogenized in mortar and pestle with 5 ml 
of TCA (.1%). Homogenate was centrifuged 40,248 g for 
15 min. One milliliter of supernatant was mixed with 3 ml 
of .5% thiobarbituric acid (TBA) in 20% TCA and incubate in 
water bath at 100 °C for 30 min. Tubes were placed in an ice 
bath for termination of the reaction. Sample absorptions 
were measured at 532 nm. Nonspecific absorption of sam-
ples at 600 nm were subtracted from 532 nm absorption. 
The malondialdehyde (MDA) content in samples were cal-
culated from the extinction coefficient of 155 mM−1 cm−1 
for MDA–TBA abduct.

Total protein and free amino acid extraction

Total protein was extracted and quantified by the method 
of Bradford (1976) using bovine serum albumin as the 
standard protein. Free amino acid was measured by Hwang 
and Grace (1975) method. About .1 g of sample homog-
enized in 5 ml of 50 mM phosphate buffer (pH: 6.8) and 
centrifuged at 4472 g for 15 min. Supernatant was mixed 
with 1 ml of ninhydrin reagent. After 10 min incubation in 
70 °C water bath, absorbance of samples was measured 
at 570 nm. The amount of free amino acids was calculated 
using glycine standard curve.

Extraction of steviol glycosides

Hundred milligrams of dried leaves were grounded and 
boiled in 5  ml of distilled water and filtered through 
Whatman filter paper then decolorized by activated char-
coal. Then samples were measured at 210-nm wavelength 
by spectrophotometer. The Rebaudioside A (Sigma) standard 
prepared to draw the calibration curves (Rajab et al., 2009).

Proline determination

For determination of free proline content, the method of 
Bates et al. (1973) was used. About .5 g of leaf samples were 
homogenized in 3% aqueous sulphosalycylic acid, then 
the homogenate filtered through Whatman filter paper. 
Two ml of filtrate was mixed with 2 ml of ninhydrin rea-
gent and 2 ml of acetic acid in a test tube and incubate for 
60 min at 100 °C. The reaction terminated by ice-cold bath 

Material and methods

Stevia growth condition and treatments

Tow month old stevia plants were purchased from Nahal 
Gostar Royan plant nursery (Qazvin, Iran). The plants 
were grown at 25 °C under 16/8 h (L/D) photoperiod with 
85 μmol m−2 s−1 light intensity. The cold room temperature 
was reduced 5 °C per hour to reach 4 °C. All of experiment 
carried out in a completely randomized design with three 
replications in 6 groups as: control group (before of cold; 
25 °C), 48 and 96 h of cold treatment groups and polyam-
ine supplement-treated groups before cold and after 48 
and 96 h of cold treatments. Liquid polyamine supplement 
(Baspar Danesh Sabz Co.-DUPINIX™ Galaxy A4 45%, Iran) that 
composed of synthetic polyamines ‘diamino hydroxyl ethyl 
phospho mineral and diamino hexanoic mineral amino eth-
anoic acid’, was applied twice with four-day interval at a con-
centration of 4 ml L−1at the vegetative stage of the plants. The 
supplement was dispersed in water using 100 μL of tween 
20. Three days after second polyamine application leaves 
were harvested and held in −80 °C freezer for the analyses.

Photosynthetic parameters

Relative chlorophyll content (SPAD chlorophyll) and chlo-
rophyll fluorescence parameters were measured using a 
chlorophyll meter (CL-01model, Hansatech instrument, 
UK) and Chlorophyll Fluorimeter (PEA model, Hansatech 
instrument, UK), respectively. Photosynthetic pigments 
including Chl a, Chl b and carotenoids were measured 
according Arnon (1949) method. For this purpose, ace-
tone (80%) extract of samples was centrifuged (6440 g) 
for 10  min. The supernatant was used for measuring of 
absorbance at 663, 645, and 470 nm to determine pigment 
content (mg g−1 FW).

Enzyme activity assay

A spectrophotometric method was used for the measure-
ment of enzyme-specific activity. Protease activity was 
assayed according to Penner and Aston (1969) method 
via reduction of casein solution after the proteolytic activ-
ity of enzyme extraction. Catalase specific activity was 
conducted according method of Aebi (1984). Ascorbate 
peroxidase and polyphenol oxidase were done according 
to Nakano and Asada (1981) and Raymond et al. (1993) 
methods respectively.

Measurement of H2O2 content

H2O2 content was determined according to Velikova et al. 
(2000). Half of a gram fresh leaf tissue was homogenized 
in ice bath with 5-ml trichloroacetic acid (TCA) .1% (w/v). 
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then the mixture was vortexed with 4-ml toluene. Toluene 
phase was used for proline assay at 520 nm. Proline con-
centration was determined using calibration curve and 
expressed as μmol proline g−1 fresh weight (FW).

Glycine betaine determination

Two hundred and fifty milligrams of leaf fresh tissue were 
grounded in mortar and pestle with liquid N2 and shaken 
with 4 ml of distilled water for 24 h at 25 °C. Samples after 
filtration were mixed 1:1 with 2  N sulfuric acid. About 
.5  ml of the aliquots were incubated in ice bath for 1  h 
and .1 ml of KI3 reagent (7.85 g of I2 with10 g of KI in 50-ml 
water) was added to the tubes and incubate at 4  °C for 
24 h. Tubes were centrifuged at 4472 g at 4 °C for 30 min. 
Precipitates were dissolved in 7 ml of 1,2-dichloroethane. 
Then absorption of samples at 365  nm were measured 
(Grieve & Grattan, 1983). The amount of betaine in samples 
quantify using of betaine standard curve.

Fatty acid assay

Methanolic (75%) extract of 300 mg of stevia leaves after 
homogenization with liquid nitrogen was sonicated at 
70 °C for 60 min. Samples were centrifuged at 12,000 g for 
10 min. Then 2 ml of supernatant was lyophilized. For silyl-
ation reaction, 90 μL BSTFA reagent (with TMCS 1%) with 
100-μL hexane were added to lyophilized samples. Then, 
the vials were tightened by caps and heated for 45 min at 
75 °C. Ten microliters of samples were injected to GC Ms. 
For quantification, decanoic acid (capric acid) as internal 
standard was added to the samples.

The silylated samples were analyzed using an Agilent 
7890B series GC with a fused methyl silicon HP-5 MS col-
umn (30 m × .25 mm i.d., .25 μm film thickness) and fitted 
with Agilent 5977 A Series MS system. Helium was used 
as carrier gas at a flow rate of 1 mL/min. The programmed 
temperature was increasing from 50 to 320  °C at a rate 
of 4 °C/min and finally held for 10 min. The injector tem-
perature was 320  °C with split less condition. The mass 
spectral (MS) data were obtained at the following condi-
tions: ionization potential 70 eV; ion source temperature 
200  °C; quadrupole temperature 100  °C; solvent delay 
3 min; scanning rate of .4sl mass range of 40–460 amu. 
EM voltage 3000 volts. Identification of compounds was 
based on direct comparison of MS data with those for 
standard compounds, and computer matching with the 
NIST NBS54 K Library and Wiley Library.

Statistical analyses

All of experiments were conducted at three replicates. All 
data were statistically analyzed with SPSS software (ver. 

16). Mean comparison was performed using Duncan’s mul-
tiple range test at the P ≤ .05 level of significance.

Results

Our observations indicated that there was no sign of wilt-
ing or necrosis spots on the stevia leaves after continuous 
cold stress for 2 and 4 days. However, application of poly-
amine supplement accompanied with cold stress caused a 
better growth condition in stevia plants (Figure S1, S2, and 
S3). The results also showed, whereas photosynthetic pig-
ments were reduced in cold-treated groups, the pigments 
were significantly enhanced in all of polyamine treated 
groups than related controls (p ≤ .05). In the cold-treated 
stevia groups, chl a and chl b contents undergone 6–7% 
reduction than the control. However, 2  days cold along 
with polyamine significantly caused an increasing in pho-
tosynthetic pigments by about 71.4, 63.3, and 50% for chl 
a, chl b, and carotenoids in comparison with cold control 
(Figure 1A). Similarly, SPAD chlorophyll values increased 
in the same group to 53% (Figure 1B). The same manner 
was obvious in treated groups with 4  days of cold and 
polyamines.

At the cold condition, the maximum photochemical 
efficiency of PSII (FV/Fm value) significantly reduced to 
.81 and .80 during 2 and 4 days, respectively. Polyamine 
enhanced the value to .83 and .81 at same cold courses 
(Figure 1C).

Our finding showed that cold treatment had no con-
siderable effects on the hydrogen peroxide content of the 
stevia leaves, but a significant decrease in this parame-
ter was measured in all polyamine-treated groups than 
related control at P ≤  .05. So that in the groups treated 
with cold accompanied by polyamine, hydrogen peroxide 
reduced to 62 and 74% at 2 and 4 days of cold courses, 
respectively (Figure 2A). The measurement of malondi-
aldehyde of stevia samples indicated that cold stress for 
2 and 4 days promote malondialdehyde synthesis by to 
42 and 50% compared with the control, respectively. The 
treated groups with polyamines under same cold condi-
tions exhibited reduced malondialdehyde content to 25 
and 62% compared to net cold-treated group (Figure 2B).

Analysis of the total steviol glycosides revealed that 
four-day cold treatment increased these substances by 
about 29% than control. On the other hand, stevia plants 
treated with cold-polyamines had more increased steviol 
glycosides at both cold treatment time courses (Figure 
3A). The results indicated that cold stress in both treat-
ment courses did not induced any considerable changes 
in proline and glycine betaine content of stevia leaves. On 
the contrary, in polyamine treated group followed with 
48 h of cold, a significant increase of 41.1 and 289% was 
seen for proline and glycine betaine, respectively. Similar 
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polyamine-treated groups a significant declining in long 
chain fatty acids quantity was obvious (Table 1).

Discussion

Our findings tend to indicate that although Stevia rebau-
diana Bertoni is regarded as a tropical herb, cold-treated 
plants for 2 and 4 days at 4 °C did not demonstrate signifi-
cant visible damages. This may possibly be due to the fact 
that the plant might have a degree of tolerance to chilling.

The results herein reported showed that chilling tem-
perature (4 °C) reduced the plants chlorophylls. It may be 
related to promoting ROS production by cold stress tend-
ing to impede some chlorophyll biosynthesis enzymes 
such as Mg-chelatase, Fe-chelatase, and protoporphyrin-
ogen IX oxidase (Aarti et al., 2006). However, the polyam-
ine supplement alleviated cold effects and considerably 
enhanced chlorophyll contents of cold intact plants. It 
might be attributed to the polyamines role in attenuat-
ing free radical or ROS induced damage (Von Deutsch  
et al., 2005). Our findings implied on severe increasing of 

increasing was obvious for proline in the group treated 
with polyamine combined with 4  days of cold course 
(Figure 3B, C).

The results also showed activity of some antioxidant or 
hydrolytic enzymes such as catalase (CAT), ascorbat per-
oxidase (APX), polyphenol oxidase (PPO), and protease 
enhanced in the stevia plant groups treated with cold-pol-
yamine. In the polyamine-treated group exposed to 4 days 
of cold, the specific activity of catalase, ascorbate peroxi-
dase, and protease increased to 29.7, 15.2, and 14.2% com-
pared with related control (Figures 2C–E and 4C).

Results of Bradford total proteins assay showed that 
the combined treatment of polyamine and cold signifi-
cantly increased protein content by 55 and 40% after 2 
and 4 days of cold courses, respectively (Figure 4A). Cold 
stress for 4 days accompanied with polyamine significantly 
increased free amino acids by 15.6% in comparison with 
alone cold condition (Figure 4B).

GC-MS analyses revealed that cold stress induced long 
chain fatty acids such as palmitic, stearic, and myristic acids 
content in stevia leaves. However, in cold-polyamine- and 

Figure 1. Changes in photosynthetic pigments (A), leaf SPAD chlorophyll (B) and chlorophyll fluorescence (C) under cold (48 and 96 h) 
and cold-polyamine treatments.
Different letters represent a significant difference of means ±SE at p ≤ .05.
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increased carbohydrate content in Helianthus tuberosus 
plant tuber under salt stress.

The accumulation of compatible osmolytes, such as 
proline, glycine betaine, and some other free amino acids is 
a common response in plants to tolerate water loss under 
various environmental osmotic stresses such as drought, 
salinity, and cold. In addition to osmotic balance, these sol-
utes may play a vital protection role for plants in stabilizing 
cellular structures and reduce the damage caused by these 
stress conditions (Liu et al., 2013; Szabados & Savouré, 

hydrogen peroxide as a well-known ROS in stevia plants 
under chilling stress.

The levels of steviol glycosides after cold-polyamine 
treatment indicated that polyamine caused an increase 
due to synthesis and accumulation of the glycosides. It was 
previously documented that polyamines promote carbo-
hydrate accumulation in plants at stressful conditions. Cold 
stress at 4 °C with putrescine treatment in zucchini fruit 
increased carbohydrate levels after 3 and 5 days (Palma 
et al., 2016). Sofy and Fouda (2013) found that spermidine 

Figure 2. Changes in H2O2 (A), malondialdehyde (B), content and catalase (C); polyphenol oxidase (D) and ascorbate peroxidase (E) under 
cold (48 and 96 h) and cold-polyamine treatments.
Different letters represent a significant difference of means ±SE at p ≤ .05.
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The polyamine metabolism is related to hormonal biosyn-
thesis pathways, nitrogen assimilation, and other develop-
mental, physiological, and metabolic processes (Alcázar  
et al., 2010). It can also be said that stevia may use pol-
yamines as a nitrogen and carbon source to synthesize 
proteins, amino acids, and osmolytes. Bagni et al. (1978) 
has been shown that Helianthus tuberosus can utilize 
putrescine as a nitrogen source through catabolism or 
back-conversion of polyamines.

The results of the present study also indicated the 
elevation of malondialdehyde content in stevia leaves 
after cold treatment at 4 °C. Malondialdehyde is a char-
acteristic sign for lipid peroxidation in the plants under 
stress conditions reflecting membrane system injuries 
and cellular metabolic deterioration caused by ROS and 
other free radicals (Liu et al., 2013). Our results showed 
that application of polyamine supplement before chilling 
can reduce malondialdehyde content of stevia leaves. 
It has been previously shown polyamine application on 
cucumber decrease malondialdehyde content and solu-
ble proteins upon chilling, as well as (Zhang et al., 2009). 
Our results are consistent with Li et al. (2014) reports that 
application of spermidine was effective in decreasing of 

2010). This study demonstrated that cold treatments at 
4 °C alone had not considerable induced proline or gly-
cine betaine accumulation in stevia plants. However, the 
same cold conditions accompanied by polyamines stimu-
lated stacking of the compatible solutes. It was previously 
pointed out that polyamines are potent to increase cry 
protective agents such as soluble sugars, proline, glycine 
betaine, other free amino acids, and metabolites in differ-
ent plants (Alcázar et al., 2011). On the other hand, it is well 
known that exogenous application of polyamines induces 
polyamine biosynthesis process in plants from amino acid 
precursors and increase polyamine total level. Ornithine 
and arginine are the main precursors for polyamine bio-
synthesis and intermediate metabolites for proline biosyn-
thesis. Other non-protein amino acids such as GABA and 
glycine betaine may be detected in the free amino acid 
pool under cold stress, as well as (Palma et al., 2014; Shelp 
et al., 2012). Increasing of 13 different amino acids and 
putrescine has been reported from maize under chilling 
condition (Janmohammadi et al., 2015; Szalai et al., 1997). 
In the present work, increasing of Bradford total protein 
and free amino acids contents was revealed in the s tevia 
plants treated with 4 °C cold combined with polyamines. 

Figure 3. Changes in steviol glycosides (A), proline (B), and glycine betaine (C) content under cold (48 and 96 h) and cold-polyamine 
treatments.
Different letters represent a significant difference of means ±SE at p ≤ .05.
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malondialdehyde in tomato after 4 days of exposure to 
chilling. It is well known that glycine betaine like proline 
protects plants against chilling stress by ROS scavenging 
activity and water status maintenance. It can also used as 
a carbon and nitrogen source in plants (Giri, 2011).

The present study also demonstrates increasing of satu-
rated fatty acids in stevia under cold stress and decreasing 
after polyamine or cold-polyamine treatments. A previ-
ous report indicated an alternation in fatty acid pattern of 
cold-sensitive and cold-tolerant genotypes of rice under 
cold stress. There was a considerable tendency of reduction 
in the unsaturated fatty acids and a rise in the saturated fatty 
acids in cold sensitive rice genotypes exposed to cold. In 
contrast, in cold tolerant genotypes, unsaturated fatty acids 
showed a rise, and saturated acids undergone a reduction. 
(Cruz et al., 2010). This may interpret the role of lipid unsatu-
ration in the maintenance of cell membrane stability and 
then cold tolerance. It was assumed that in stevia plants 
treated with polyamines, desaturase enzymes might be 
more active to convert saturated fatty acids to unsaturated 
ones and intensify plasma membrane fluidity. Under chilling 
or freezing conditions, a declination in the plasma mem-
brane fluidity may tend to transition of liquid-crystalline 

malondialdehyde and H2O2 content using a increasing 
in glycine betaine level in plants under drought stress. It 
was previously shown that high level of glycine betaine 
in transgenic plants protects proteins and cell organelle 
membranes against low-temperature damages causing 
intense resistance to cold stress (Megha et al., 2014). Also 
Song et al. (2014) reported putrescine caused decrease of 

Figure 4. Changes in Bradford total protein (A), free amino acids (B), and protease activity (C) under cold (48 and 96 h) and cold-polyamine 
treatments.
Different letters represent a significant difference of means ±SE at p ≤ .05.

Table 1.  Changes in the fatty acid composition of stevia leaves 
under cold and polyamine supplement treatment after 96  h of 
exposure under 4 °C growth condition.

Note: ND: not determined.

Fatty acid
Molecular 

formula

Content in leaves (μg mg−1)

Control Cold
Cold + Pol-

yamine 
Polyam-

ine
Caproic 

acid
C6H12O2 .077 ND ND ND

Caprylic 
acid

C8H16O2 .165 ND ND .11

Pelargonic 
acid

C9H18O2 .088 ND ND .20

Myristic 
acid

C14H28O2 .237 .550 .130 .506

Palmitic 
acid

C16H32O2 5.093 6.226 .660 1.397

Stearic acid C18H36O2 2.761 7.260 1.232 .11
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Conclusion

It can be concluded that although Stevia rebaudiana indig-
enous to tropical and subtropical habitats, it can present 
a degree of tolerance to chilling with some physiological 
and biochemical mechanisms. In some parts of the world, 
such as California and Japan, stevia cultivation in cold 
regions has been successful (Shock, 1982).

However, application of polyamine supplement 
(Dupinix) before of cold stress tends to increase tolerance 
of the stevia to cold stress and inducing cold acclimation 
with increasing of compatible osmolytes, inducing antiox-
idant defense system, membrane stability, and upregulat-
ing many regulatory and structural proteins biosynthesis.
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