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Abstract: During their growth and development plants are exposed to various types of stress, including

drought, temperatures that are too high or too low, or air pollution. This study evaluated the antioxidant

properties of extracts from seeds germinating in stress conditions. Radish seeds (Raphanus sativus var.

sativus) of the variety Szkar³atna were used for the study. This is a popular radish, whose edible part is round

and red with a white tip. The experiment was conducted in three variants: radish seeds were subjected to heat

shock, salt stress and stress induced by acrolein. The antioxidant activity of the aqueous extracts from the

radish seeds or sprouts was measured using the ABTS and DPPH methods. The effect of temperature shock

was manifested as a decrease in total antioxidant capacity. Salt stress in the seedlings was manifested as

a decrease in total antioxidant capacity with respect to the control only in the case of the highest NaCl

concentration applied (200 mM). Where 50 mM and 100 mM concentrations of the NaCl solution were

applied, an increase in total antioxidant capacity was observed. The changes in total antioxidant capacity

induced by acrolein in the germinating radish seeds were less pronounced than in the case of the salt or

temperature stress.
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Introduction

During their growth and development plants are exposed to various types of stress,

such as drought, temperatures that are too high or too low, ultraviolet radiation, air

pollution, or pathogens. According to the definition proposed by Lichtenthaler, stress in

plants refers to unfavourable conditions or substances that affect or block the growth,

development or metabolism of the plants [1]. Stress factors need not have lethal effects

on the organism, but they induce a defence reaction. During their growth and
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development most plants suffer physiological and biochemical damage due to stress.

Stress conditions can lead to the generation of reactive oxygen species (ROS), which

cause damage to proteins, lipids, carbohydrates, and DNA. Over the course of their

evolution plants, like other organisms, have developed defence mechanisms which

protect them against ROS. Enzyme antioxidant protection in plants involves the activity

of such enzymes as superoxide dismutase, catalases, ascorbate peroxidase, glutathione

reductase, glutathione peroxidase, glutathione S-transferase, and others. Also taking part

in antioxidant protection is a large group of antioxidants (ascorbic acid, ASH,

glutathione, GSH, phenolic compounds, alkaloids, non-protein amino acids and toco-

pherol). The enzyme and non-enzyme systems of antioxidant defence work together to

protect the cell against oxidative damage [2].

The literature provides many examples of research on various types of stress in

plants, particularly in their adult forms. Investigating stress in germinating seeds opens

up many new research possibilities. Dormant seeds, protected by their seed coats, are

exceptionally resistant to stress factors that can be lethal for adult plants. Seeds in the

dry state have been shown to produce reactive oxygen species [3]. ROS can react in

a non-specific manner with all of the types of molecules from which seed structures are

built. In seeds, as in adult plants, antioxidant enzyme activity has been detected. We

also know that oxidation of proteins in seeds can also facilitate the onset of germination.

The concentration of superoxide anion radical and hydrogen peroxide has been shown

to increase as soon as maturity was attained in the sunflower embryo. Accumulation of

ROS was accompanied by an increase in lipid peroxidation and in the concentration of

carbonyl groups in specific proteins [4]. Thus ROS, particularly H2O2, may play an

important role in cell signalling.

A study on ageing in onion seeds confirmed the occurrence of oxidative stress;

a decrease in the activity of the enzymes SOD and CAT was observed, as well as an

increase in lipid peroxidation and accelerated ageing [5]. In wheat Triticum aestivum
seeds the level of antioxidant enzymes (catalase, peroxidase, dehydrogenase) was found

to decrease with storage time. The same effect was induced by conditions causing

accelerated ageing in the seeds [6].

Seed germination is a complex process during which a high metabolism rate is

rapidly restored; the biochemical and structural integrity of the cells is restored,

enabling the seedlings to grow. Even the seed swelling process entails the possibility of

stress caused by the considerable increase in turgor pressure in the cell. The processes

of repair and replacement of organelles, eg mitochondria, during germination have been

described [7].

Reactive oxygen species are known to take part in regulating the metabolism of seeds

during various stages of their development [8]. Oxidative signalling is a term referring

to the functions of ROS in cells, which depending on their concentration can either be

signalling molecules determining successive physiological stages in the seeds or exert

harmful effects [3].

Increased hydrolytic enzyme activity, increased water intake, activation of reserve

substances accumulated in the seeds, and the interruption of dormancy are the

consequence of metabolic conversions induced by free radicals [9]. Seeds can be
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subjected to various types of stress in order to interrupt their dormancy and accelerate

germination. Laser light stimulates earlier germination, growth and development of

plants, which is explained as the effect of free radicals [10]. There are many ways to

measure the intensity of the response of plants to stress. This study proposes two

methods for measuring total antioxidant capacity to assess the response of germinating

seeds to selected stress factors.

The aim of the study was to evaluate the antioxidant properties of extracts of radish

seeds germinating in conditions of salt stress, stress induced by acrolein, and stress

induced by high temperature.

Materials and methods

Materials

Chemicals

2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS), 1,1-diphenyl-2-pi-

crylhydrazyl (DPPH) were purchased from Sigma; trolox from Aldrich; potassium

persulfate (K2S2O8) from Sigma-Aldrich; and etanol from POCH. All chemicals and

reagents were analytical grade or purest quality.

Plant material and extract preparation

Radish seeds Raphanus sativus var. sativus of the variety Szkar³atna were used for

the study. This is a popular radish with a good flavour, whose edible part is round and

red with a white tip. The experiment was conducted in three variants: the radish seeds

were subjected to thermal shock, salt stress and stress induced by acrolein. The seeds to

be subjected to thermal stress were first rinsed in sterile water and then soaked for

3 hours. Then they were dried on filter paper and placed on 15-cm-diameter Petri dishes

lined with filter paper, in the amount of 1 gram each. The seeds were placed in the dark

for 4, 8 or 12 hours at 45 oC. After 4, 8 and 12 hours they were watered and left at room

temperature in natural light conditions. The remaining seeds were placed on 15-cm-

-diameter Petri dishes lined with filter paper, in the amount of 1 g each. Solutions

containing different concentrations of sodium chloride or acrolein were poured in

identical amounts on some of the seeds. The aqueous sodium chloride solution was

applied at concentrations of 50 mM, 100 mM and 200 mM, and the aqueous acrolein

solution at 2.5 mM, 5 mM and 10 mM. A control sample was prepared at the same time.

The seeds germinated in natural light conditions at room temperature and were watered

with identical amounts of water each day. Material was collected for analysis 72 hours

after the beginning of the experiment.

To prepare the extracts, 1 gram of seedlings without seed coats was used for each

extract. To determine the initial (control) antioxidant potential of the seeds, extracts

were prepared from the seeds. The seedlings or seeds were homogenized with 10 cm3

chilled distilled water (4 oC), and the homogenate was centrifuged. All of the extracts

were prepared in three replications.
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Methods

Determination of total antioxidant capacity

The total antioxidant capacity of the radish seedling extracts was determined by two

spectrophotometric methods – the method proposed by Brand-Williams et al [11] using

the DPPH (1,1-diphenyl-2-picrylhydrazyl) radical, and the method by Re et al., with

modifications by Bartosz, using the ABTS 2,2‘-azino-bis(3-ethylbenzothiazoline-6-sulfonic

acid) radical cation [12, 13].

The ABTS method for determining antioxidant activity is based on the reaction of

ABTS+ with antioxidants present in the extract, which is accompanied by a decrease in

the intensity of the colour of the solution. A solution of ABTS radical cation was

prepared by means of potassium persulfate oxidation of 2,2‘-azino-bis(3-ethylbenzo-

thiazoline-6-sulfonic acid) ammonium salt. The assay was performed by adding ABTS

radical cation solution to 50 cm3 of an aqueous solution of radish seedlings diluted

10-fold. Absorbance was measured 30 minutes after the reaction was initiated at

414 nm. A control sample was prepared by adding water to ABTS radical cation

solution.

In the DPPH method, the stable DPPH radical captures an electron from the

antioxidant. As a consequence of this reaction the ethanol solution of DPPH loses its

intense violet colour. The method is based on measurement of the decrease in

absorbance at 517 nm. The DPPH solution was prepared by dissolving DPPH in an

amount of ethanol resulting in absorbance of about 1.0. The assay was performed by

adding 1,500 cm3 ethanol solution of DPPH to each 50 cm3 sample of seedling extract.

The decrease in absorbance was measured with respect to the control (DPPH + water)

30 minutes after the reaction was initiated.

All determinations were made in at least three independent replications. For both

methods antioxidant content was expressed as �M of trolox per 1 g dry weight.

Results and discussion

The antioxidant activity of the aqueous extracts from the radish seeds or sprouts was

measured by the ABTS and DPPH methods. Because these methods use specific

indicators, the results of the measurements differ, despite the fact that antioxidant

content is expressed as trolox equivalent (Table 1). Low antioxidant content was

observed in the extracts prepared from the seeds. During the germination process

the total antioxidant capacity in the control seedlings increased nearly 4-fold in

the ABTS method and over 14-fold in the DPPH method in comparison with the

total antioxidant capacity of the dry seeds. The seedlings for further analysis were

collected 72 hours after sowing. This growth time was selected because optimum

properties for consumption are attained at this time, according to some producers of

seeds for sprouts. Other authors also recommend consuming radish sprouts 3 to 5 days

after sowing [14].
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Table 1

Total antioxidant capacity measured by the ABTS and DPPH methods

Experimental conditions
ABTS

[�M � 1 g–1 d.m.]

DPPH

[�M � 1 g–1 d.m.]

Seeds 67.8 � 1.14 1.23 � 0.04

Control seedlings 256.93 � 31.56 17.56 � 2.44

NaCl 50 mM 329.47 � 28.31 22.32 � 1.76

NaCl 100 mM 275.95 � 13.71 18.04 � 0.74

NaCl 200 mM 209.00 � 2.48 15.47 � 7.01

Acrolein 2.5 mM 289.07 � 13.73 16.41 � 0.69

Acrolein 5 mM 277.44 � 18.00 16.95 � 0.62

Acrolein 10 mM 264.62 � 25.68 16.49 � 2.41

4 hours of thermal shock 242.22 � 12.70 18.04 � 0.48

8 hours of thermal shock 239.76 � 13.69 17.09 � 1.96

12 hours of thermal shock 220.45 � 3.77 15.81 � 0.62

Seed sprouts contain greater quantities of vitamins, minerals and antioxidants than

seeds [15]. Germination has been found to increase the nutritional value of broccoli

seeds. Ascorbic acid content in broccoli seeds was relatively low (18.6 �g/g), but

following germination it increased 40 times in the sprouts (754.5 �g/g) converted to dry

weight [16]. Extracts from red cabbage and white mustard sprouts were confirmed to be

a rich source of antioxidants, while the extract from cardamine sprouts had the lowest

antioxidant properties [17]. Radish seedlings, like those of other plants of the Cruciferae

family, are highly recommended as a source of natural antioxidant compounds

providing protection against lifestyle diseases [18]. They contain typical antioxidants as

well as secondary metabolites with antioxidant properties: glucosinolates, quercetin,

isothiocyanates, and organic selenium compounds [19, 20].

In the present study the effect of temperature stress (Table 1) was manifested as

a decrease in total antioxidant capacity of about 6, 7 and 14 % as measured by the

ABTS method (4, 8 and 12 hours of thermal shock) and about 3 and 10 % in the DPPH

method (for 8 and 12 hours of thermal shock). After 4-hour temperature stress the total

antioxidant capacity measured by the DPPH method was virtually unchanged.

The total antioxidant content in the extract decreases, but the concentration of

particular antioxidant compounds can decrease or increase, ie vitamin content increases

[21]. Antioxidants belong to different classes of chemical compounds, and their ability

to react with radicals varies as well. This has been confirmed experimentally [22] in

a comparison of the ability of identical amounts of 1 mM antioxidant solutions to react

with DPPH. Ascorbic acid and ascorbyl palmitate had similar properties, glutathione

had lower antioxidant capacity than vitamin C, while the amino acid L-cysteine had the

lowest capacity to react with the DPPH radical.

Other authors emphasize that young alfalfa, broccoli and radish sprouts have high

phenolic compound content and high antioxidant properties that decrease sharply with

growth time [23]. The response of the antioxidant system in plants depends on the type
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and level of the stress they are subjected to. High levels of irradiation or cooling

increase the total content of phenolic compounds and antioxidant capacity in cruciferous

plant seedlings in comparison to control samples [24]. Laser light exerts a similarly

positive effect on seeds, but this reaction too depends on the type of seeds. Content of

ascorbic acid and phenolic compounds has been found to decrease in broccoli sprouts

subjected to electron beam and gamma radiation. The authors suggest that this is caused

by the reaction of the sprouts to radiation-induced stress [24].

The salt stress to which the seedlings were exposed was manifested as decreased total

antioxidant capacity in relation to the control seedlings only in the case of the highest of

the concentrations applied (Table 1). Total antioxidant capacity decreased by nearly

19 % as measured by the ABTS method, and by about 12 % in the DPPH method. For

the 50 mM and 100 mM concentrations of the NaCl solution, an increase in total

antioxidant capacity was observed. The reaction of plants to salinity is an individual

trait. Resistance to salinity varies both among species and among varieties. Although

salinity negatively affects the growth and development of plants, other authors have

demonstrated that relatively low concentrations of NaCl can stimulate plant growth.

Matuszak et al found that low concentrations of NaCl increased the fresh and dry

weight of the above-ground part and roots of wheat seedlings of the Almari variety and

stimulated the growth of the above-ground part and roots of barley seedlings of the

Sigra variety [25, 26]. As the concentration of NaCl in the medium increases,

germination capacity is reduced and the biomass of the plants increases more slowly in

comparison with the control. These authors also observed that low concentrations of

NaCl in the medium stimulated germination capacity and growth in wheat seedlings of

the Roma variety with respect to the control solution [27]. Moreover, according to

literature data, salinity in the soil can sometimes positively affect yield, yield quality,

and the plant’s resistance to disease [28].

In general, salinity reduces seed germination by inhibiting water intake and through

the toxic effects of excess Na+ and Cl– ions. An excessive concentration of salt in the

soil leads to physiological drought – a state in which plants, despite the presence of

moisture in the soil, are unable to take up water. Furthermore, salinity reduces the

photosynthesis rate and may negatively affect the content of photosynthetic pigments

(chlorophylls and carotenoids). Salinity also induces changes in metabolism in plants;

for example, prolein is accumulated. Changes also take place in mineral metabolism and

antioxidant enzyme activity. Changes induced by salt stress can lead to reductions in

yield size and quality.

Plants are sensitive in varying degrees to soil salinity. Most susceptible are the youngest

plants; as they grow, their resistance to salt in the soil increases. Most ornamental plants

and fruit-bearing bushes are sensitive to salinity, while among vegetables, the strongest

reactions are noted in radish, lettuce, celery, bean, and broad bean.

Most utilitarian plant species are sensitive even to relatively low salinity, which

reduces the accessibility of water, lowering its potential in the soil solution. Moreover,

an excess of ions, particularly Na+ and Cl–, interferes with cellular ion metabolism and

can induce oxidative stress [29]. Salinity reduces the dry weight of plants and decreases

the height and number of leaves even at a concentration of 35 mM NaCl [30].
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Acrolein [31] is an aldehyde formed as the result of heat treatment of plant and

animal fats, carbohydrates, and amino acids. Its cytotoxic activity mainly involves

conjugation with glutathione, one of the main cellular antioxidants. The changes in total

antioxidant capacity induced by acrolein in the germinating radish seeds were not as

pronounced as in the case of salt or temperature stress (Table 1). If the total antioxidant

capacity of the control seedling extract is taken to be 100 %, then the total antioxidant

capacity of the radish seedling extracts exposed to acrolein was 113, 108 and 103 % for

concentrations of 2.5, 5 and 10 mM in the ABTS method, and 93, 97 and 94 % for

concentrations of 2.5, 5 and 10 mM in the DPPH method (Table 1).

Acrolein reduces the germination capacity of wheat seeds [32]. Germination of wheat

and the length of its embryo decreased following exposure to acrolein [33]. Research on

the effect of acrolein on seed germination has a practical aspect, because it is used as

a pesticide during seed storage.
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WP£YW WARUNKÓW STRESU NA W£AŒCIWOŒCI ANTYOKSYDACYJNE

KIE£KUJ¥CYCH NASION RZODKIEWKI

Wydzia³ Nauk Rolniczych w Zamoœciu

Uniwersytet Przyrodniczy w Lublinie

Abstrakt: Podczas procesu wzrostu i rozwoju roœliny nara¿one s¹ na ró¿nego rodzaju stresy m.in.: suszê, zbyt

wysok¹ lub za nisk¹ temperaturê czy zanieczyszczenie powietrza. W prezentowanej pracy oceniono

w³aœciwoœci antyoksydacyjne ekstraktów z nasion kie³kuj¹cych w warunkach stresu. Do badañ zastosowano

nasiona rzodkiewki (Raphanus sativus var. sativus) odmiana Szkar³atna z bia³ym koñcem. Doœwiadczenie

wykonano w trzech wariantach, nasiona rzodkiewki poddano szokowi termicznemu, stresowi solnemu oraz

stresowi wywo³anemu akrolein¹. Aktywnoœæ przeciwutleniaj¹c¹ wodnych ekstraktów z nasion lub z kie³ków

rzodkiewki mierzono metod¹ ABTS i DPPH. Wp³yw stresu temperaturowego przejawia³ siê spadkiem

ca³kowitej zdolnoœci antyoksydacyjnej. Stres solny, któremu poddano siewki, przejawia³ siê obni¿eniem
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ca³kowitej zdolnoœci antyoksydacyjnej wzglêdem siewek kontrolnych jedynie przy najwy¿szym z zasto-

sowanych stê¿eñ NaCl (200 mM). W przypadku zastosowania 50 mM i 100 mM stê¿enia roztworu NaCl

zaobserwowano wzrost ca³kowitej zdolnoœci antyoksydacyjnej. Podczas dzia³ania akroleiny na kie³kuj¹ce

nasiona rzodkiewki nie stwierdzono tak znacz¹cych zmian ca³kowitej zdolnoœci antyoksydacyjnej, jak

w przypadku stresu solnego czy temperaturowego.

S³owa kluczowe: ca³kowita zdolnoœæ antyoksydacyjna, rzodkiewka, szok termiczny, stres solny, stres wy-

wo³any akrolein¹
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