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Abstract. Barley (Hordeum vulgare L.) sprouts are a vegetable commonly used as a functional food material 
due to its high vitamin C concentration and antioxidant activity. In this experiment, we measured the changes 
in the antioxidant activity of several barley cultivars as well as in the concentrations of related compounds 
such as ascorbate and glutathione upon treatment with UV-B or salicylic acid (SA). The six barely cultivars 
were grown in a plant growth chamber (25/18℃, 14/10 h, 200 µmol･m-1･s-1, 70% relative humidity) for 
10 days. All barely cultivars showed different 1, 1-diphenyl-2-picryl-hydrazyl (DPPH) scavenging activities, 
which were increased by UV-B treatment and not by SA treatment. The changes in ascorbate concentrations 
were correlated with DPPH scavenging activity in both the treatments, suggesting that the antioxidant activity 
in barley sprouts was mainly dependent on ascorbate concentration. Furthermore, changes in ascorbate concentration 
showed similar tendencies to changes in free sugar concentration, especially glucose and sucrose, in both 
treatments. On the other hand, the concentrations of glutathione and cysteine highly increased by SA treatment, 
representing different tendencies compared to the DPPH scavenging activity and ascorbate concentration. 
‘Donghanchal’ cultivar showed comparatively higher antioxidant activity, both constitutively and inducingly 
by UV-B treatment, with its higher concentrations of ascorbate and glutathione. These results suggest that 
barley sprouts could be used as a health-functional vegetable, contributing to the overall supply of antioxidant 
and sulfur-containing organic compounds.
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Introduction

In the past, the barley leaves were mainly consumed as 
vegetable materials. Recently, however, the sprouts of barley 
have been increasingly utilized as a functional food in powder 
and extract forms in Japan and the United States due to its 
various health supporting substances such as vitamins and 
minerals. Furthermore, it was also reported that barley sprouts 
are rich in glutathione (GSH), which is a major sulfur-containing 
compound and key antioxidant (Kim et al., 2009). Therefore, 
it is possible that barley sprouts could also be used to supply 
functional substance such as ascorbate and sulfur-containing 
thiol compounds for the promotion of human health.

Plants contain various enzymatic antioxidants such as super-
oxide dismutase (SOD), catalase (CAT), glutathione reductase 
(GR), and ascorbate peroxidase (APX) and non-enzymatic 
antioxidants such as ascorbate, glutathione, carotenoid, 
-tocopherol, and phenolic compounds in order to protect 

themselves against oxidative stress (Alscher and Hess, 1993; 
Inze and Montagu, 1995). These antioxidants play a crucial 
role as electron donors in the scavenging the reactive oxygen 
species (ROS) in cellular compartments, including the chlo-
roplast, cytosol, membranes and other components (Mittler, 
2002). Consequently, their biosynthesis is rapidly induced 
by environmental stress condition that can induce oxidative 
stress such as drought, salinity, chilling, heavy metal, and 
high light (Foyer et al., 1994; Shanker et al., 2004; Reddy 
et al., 2004; Vaidyanathan et al., 2003; Walker and Mckersie, 
1993). Furthermore, antioxidants are also known as functional 
compounds for maintaining human health. 

Ascorbate, one of the most important vitamins in the human 
diet, is largely contained in vegetables, fruits, and other plant 
materials. Furthermore, ascorbate is considered as an important 
antioxidant, participating in the conversion of ROS (Foyer, 
1993), in both animal and plant tissues. Ascorbate is mainly 
synthesized from D-glucose through the L-galactose pathway, 
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which is the most dominant biosynthetic route among several 
biosynthetic pathways proposed in plants (Linster and Clarke, 
2008). Therefore, its biosynthesis might be affected by both 
chemicals and physical stimuli including salicylic acid (SA) 
and light. 

Glutathione performs many practical functions, and its redox 
properties play a major role in protecting human cell against 
oxidants, xenobiotics, and heavy metals (Pallardo et al., 
2009). In the human body, glutathione must be obtained from 
the diet due to the inability to synthesize cysteine by humans, 
the sulfur-containing precursor of glutathione: Firstly, glutathione 
is synthesized from cysteine. Secondly, cysteine combines with 
glutamate and glycine to form glutathione by γ-glutamylcysteine 
synthase and glutathione synthetase. Glutathione cooperates 
with ascorbate in scavenging free radicals generated in living 
cells, and it also combines with glutathione S-transferase 
in order to detoxify toxic electrophilic compounds (Foyer 
et al., 2001). Glutathione concentration increased in plants 
by various kinds of oxidative stress (Alscher, 1989; Inze and 
Montagu, 1995). In this sense, the glutathione concentration 
increased by various oxidative stress conditions such as salinity, 
drought, and UV irradiation (Costa et al., 2002; Mittova et 
al., 2003; Zhang and Kirkham, 1996). Furthermore, it was 
reported that increased glutathione concentration might be 
related to SA accumulation in plants (Freeman et al., 2005).

Treatments with UV-B and SA have been investigated 
in various experiments with antioxidant systems as well as 
physiological effects. UV-B irradiation increased ascorbate 
and α-tocopherol concentration in garland chrysanthemum, 
leaf lettuce, and spinach even though it decreased fresh and 
dry weight (Yun et al., 2002). In addition, it inhibited over-
growth in plug-transplant (Kwon et al., 2003a). Exogenous 
application of SA has an effect on plant growth, photo-
synthesis ethylene production, mineral uptake, and flowering 
(Hayat et al., 2007). Also, since SA cause generation of ROS 
in the plant cellular space (Ganesan and Thomas, 2001), 
activation of antioxidant systems was induced by exogenous 
SA (Kim et al., 2006; Rao et al., 1997; Wang and Li, 2006). 
Therefore, the objective of the present study was to investi-
gate the changes in the antioxidant activity of several barley 
sprouts cultivars as well as in the concentrations of related 
compounds, including ascorbate and glutathione, upon SA 
and UV-B treatment in order to determine a suitable regu-
lation of antioxidant and the best cultivar of barley sprouts 
as a functional vegetable.

Materials and Methods

Plant Materials and Treatments

Seeds of barley cultivars (Hordeum vulgare L.; six Korean 

cultivars: ‘Donghanchal’, ‘Seahanchal’, ‘Cheongho’, ‘Seachal’, 
‘Dasong’, and ‘Uho’) were sown into pots, containing soil 
substrate. Plants were grown in a plant growth chamber 
(25/18℃, 14/10 h, 200 µmol･m-1･s-1, 70% relative humidity), 
and watered daily for ten days. Ten days after sowing, the 
barley sprouts reached about 150 mm in length in all cultivars, 
cutivars which were enough to use as vegetable, were treated 
with 0.5 mM SA into a spray and UV-B irradiation for 8 
h (1.2 W･m-2). Each treatment, including control, 0.5 mM 
SA, and UV-B, was replicated in triplicate. Sprouts were 
sampled 1 day after treatment and stored at -80℃ for later 
analysis. 

Antioxidant Activity

The antioxidant activity was determined by the 1, 1-diphenyl- 
2-picryl-hydrazyl (DPPH) method of Stoilova et al. (2007) 
with some modifications. Leaf tissue (0.2 g fresh weight) 
was ground using a chilled mortar and pestle in 10 mL of 
100% methanol. After homogenization, the extract was filtered 
through No.1 Whatman (Whatman, Maidstone, England) 
filter paper. Half of the filtrate was added to equal volumes 
of 0.6 mM DPPH and 100% methanol respectively. The 
mixture was then placed in room temperature for 30 min, 
after which the absorbance of the mixture was observed at 
517 nm using a UV-visible spectrophotometer (UV-2450, 
Shimadzu, Kyoto, Japan). 

Ascorbic Acid Concentration

The total ascorbic acid concentration was extracted according 
to the method of Wang et al. (1991) with some modifications. 
Leaf tissue (0.2 g fresh weight) was ground using a chilled 
mortar and pestle in 5 mL of 5% (v/v) trichloroacetic acid 
(TCA). The homogenized mixture was centrifuged at 16,000 
× g at 4℃ for 10 min. The supernatant (2 mL) was then 
collected and was left to stand at room temperature for 10 
min in 1.5 mL of 3.1 mM dithiotheritol (DTT) and 1.5 mL 
of 100% ethanol. The mixture was then added to 1.5 mL 
of 15.2 mM n-ethylmaleimide and 1.5 mL of 20% TCA 
(v/v). After shaking, the mixture was added to 1.5 mL of 
0.4% H2PO4, 1.5 mL of 12 mM bathophenanthroline, and 
1.5 mL of 1.5 mM FeCl3, followed by incubation at 30℃ 
for 90 min and measurement of absorbance at 534 nm. Total 
ascorbic acid concentration was determined by the calibration 
curve using standard reagent (Ascorbic acid, Sigma, St. Louis, 
USA).

Cysteine, γ-glu-cys, and Glutathione Concentrations

Cysteine, γ-glu-cys, and glutathione concentrations were 
determined using the method described by Kocsy et al. (2000) 
with some modifications. Leaf tissue (0.2 g fresh weight) 
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Fig. 1. Difference in DPPH scavenging activities in barley 
sprouts a day after treatment. Plants were treated with 0.5 
mM SA and UV-B irradiation (8 h). Vertical bars indicate ±
S.D. of three replicates. Different letters indicate significantly 
different values in each cultivar (P < 0.05) by Duncan’s
multiple range test.

was ground using a chilled mortar and pestle in 0.1 mM 
HCl containing 1 mM Na2EDTA). The homogenized extract 
was centrifuged at 16,000 × g at 4℃ for 15 min. A total 
of 400 µL of the supernatant was left to stand with 600 
µL of 0.2 mM 2-(cyclohexylamino) ethane sulfonic acid and 
100 µL of 400 mM NaBH4 at room temperature for 20 min. 
Then 660 µL of the mixture was added to 15 µL of 15 mM 
monobromobimane. After shaking, the mixture was left to 
react at room temperature in the dark for 15 min. The mixture 
was then added to 500 µL of 5% (v/v) acetic acid and 
re-centrifuged at 16,000 × g at 4℃ for 15 min. The resulting 
supernatant was filtered through a 0.45 µm syringe filter 
for analysis. The filtrate was separated on an Ace 5 C18 
column (46 × 240 mm; Ace, Aberdeen, Scotland) at 30℃ by 
high performance liquid chromatography (LC-20AD; Shimadzu, 
Kyoto, Japan) using a fluorescence detector (RF-10AXL; 
Shimadzu, Kyoto, Japan). The mobile phase consisted of 
0.1% (v/v) trifluoroacetic acid (solvent A) and 100% methanol 
(solvent B) at a flow rate of 0.8 mL･min. The following 
gradient elution was used for separation: 85% A at 0 min, 
78% A at 30 min, 0% A at 35 min, 0% A at 40 min, 85% 
A at 45 min, and 85% A at 50 min. Cysteine (Sigma, St. Louis, 
USA) γ-glu-cys (Sigma, St. Louis, USA), and glutathione 
(Sigma, St. Louis, USA) were detected at an excitation 
wavelength of 380 nm and an emission wavelength of 480 
nm.

Glucose, Fructose, and Sucrose Concentrations

Leaf tissue (0.1 g fresh weight) was ground using a chilled 
mortar and pestle in 80% (v/v) ethanol. The homogenized 
extract was left to stand at room temperature for 1 h. The 
extract was centrifuged at 3,000 × g at 4℃ for 10 min. 
The resulting supernatant was evaporated at 35℃ to dryness. 
The residue was then dissolved in 1 mL of water, and filtered 
through a 0.45 µm syringe filter for analysis. The samples 
were subjected to ion chromatography (IC-3000; Dionex, 
Sunnyvale, CA, USA) using a column (Carbon PAC1, 4 
× 200 mm, Dionex, Sunnyvale, CA, USA). The mobile phase 
consisted of 20% (v/v) 1 M NaOH/deionized water at flow 
rate of 0.7 mL･min. Glucose, fructose, and sucrose were 
detected using a electrochemical detector (ED 40 pulsed 
amperometric detection; Dionex, Sunnyvale, CA, USA).

Statistical Analysis

Values in the figure indicate mean value ± S.D. of three 
independent experiments. The significant difference between 
control and both treatments was analyzed by Duncan’s multiple 
range test. 

Results

Antioxidant Activity

The six barley cultivars presented different DPPH sca-
venging activities without UV-B or SA treatment (Fig. 1). 
The DPPH scavenging activities were comparatively high 
in ‘Donghanchal’, ‘Cheongho’, ‘Dasong’, and ‘Uho’, but low 
in ‘Seahanchal’ and ‘Seachal’. The radical scavenging activities 
increased in barley sprouts exposed to UV-B treatment but 
not to SA treatment. Regarding cultivar, ‘Donghanchal’, 
‘Cheongho’, and ‘Seachal’ had higher antioxidant activities 
than the other cultivars. In addition, SA treatment induced 
low DPPH scavenging activities in all cultivars tested. 

Ascorbic Acid Concentration

The changes in ascorbate concentration of the six cultivars 
were relatively similar to the changes of DPPH scavenging 
activities although the rates of increase in ascorbate concent-
ration were lower than that in antioxidants after UV-B treat-
ment (Fig. 2). Ascorbate concentration was comparatively 
high in ‘Donghanchal’, ‘Cheongho’, and ‘Uho’ in control. 
‘Donghanchal’ and ‘Cheongho’ showed higher increase in 
ascorbate concentrations compared with the other cultivars 
after UV-B treatment. Even though the DPPH scavenging 
activity of ‘Seachal’ cultivar was highly increased by UV-B 
treatment, its ascorbate concentration did not change. The 
barley cultivars treated with SA showed a decreased ascorbate 
concentration compared with control plants, which is similar 
to that observed for the DPPH scavenging activities upon 
SA treatment (Fig. 1). Therefore, these results confirm a 
significant correlation between DPPH scavenging activity 
and ascorbate concentration in the six barley cultivars (Fig. 3). 
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Fig. 2. Difference in ascorbate concentrations in barley sprouts 
1 day after treatment. Plants were treated with 0.5 mM SA 
and UV-B irradiation (8 h). Vertical bars indicate ± S.D. of 
three replicates. Different letters indicate significantly different 
values in each cultivar (P < 0.05) by Duncan’s multiple range 
test.

(μg･g-1 FW)

Fig. 3. Correlation between DPPH scavenging activity and 
ascorbate concentration in sprouts of six barley cultivars 
treated with SA and UV-B.

A

B

C

Donghanchal  Seahanchal  Cheongho   Seachal     Dasong       Uho

Cultivars

Fig. 4. Changes in free sugar concentration in barley sprouts 
1 day after treatment with 0.5 mM SA and UV-B (8 h). A: 
Glucose. B: Fructose n. C: Sucrose. Vertical bars indicate 
± S.D. of three replicates. Different letters indicate significantly 
different values in each cultivar (P < 0.05) by Duncan’s
multiple range test.

Glucose, Fructose, and Sucrose Concentrations 

The concentrations of free sugars (glucose, fructose, and 
sucrose) in six barley cultivars were changed after SA and 
UV-B treatments (Fig. 4). Especially, SA treatment caused 
a severe decrease in free sugars in all the cultivars compared 
with control plants. In ‘Cheongho’ cultivar, the glucose con-
centration rapidly increased after UV-B treatment in com-
parison with other cultivars, whereas ‘Donghanchal’ contained 
higher glucose concentration than control plants (Fig. 4A). 
The fructose concentration in the ‘Donghanchal’, ‘Cheongho’, 
and ‘Seachal’ cultivars were rapidly increased by UV-B treat-
ment, whereas ‘Dasong’ cultivar showed only a slight increase 
in fructose concentration after UV-B treatment (Fig. 4B). 
The sucrose concentration in the ‘Donghanchal’ was higher 
under non-treatment, and it was remarkably increased in 

‘Cheongho’ by UV-B treatment compared with other cultivars 
(Fig. 4C). However, ‘Cheongho’ contained less sucrose than 
other control cultivars. 

Cysteine, γ-glu-cys, and Glutathione Concentrations 

The concentration of thiol-compounds varied among the 
culivars, with ‘Donghanchal’ showing the highest concentration 
of glutathione and γ-glu-cys (Fig. 5). The cysteine concent-
ration sharply increased in the ‘Donghanchal’, ‘Seahanchal’, 
‘Cheongho’, and ‘Dasong’ cultivars after SA treatment, 
showing a different tendency than that of ascorbate (Fig. 
4B). Furthermore, UV-B treatment influenced the increase 
in cysteine concentration in all six cultivars, and especially, 
‘Seachal’ contained a higher cysteine concentration. The 
concentration of γ-glu-cys, which is a precursor of glutathione, 
could have been affected by UV-B or SA treatment, and 
it was present at different concentrations among the cultivars 
(Fig. 4C). However, there were no significant changes in 
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Fig. 5. Changes in the concentration of thiol compounds in 
barley sprouts 1 day after treatment with 0.5 mM SA and 
UV-B (8 h). A: Cysteine. B: γ-Glu-Cys. C: Glutathione. Vertical 
bars indicate ± S.D. of three replicates. Different letters 
indicate significantly different values in each cultivar (P < 0.05) 
by Duncan’s multiple range test.

γ-glu-cys concentration in most of cultivars subjected to the 
treatments. In the some cultivars, the glutathione concentration 
was clearly increased after SA treatment, as in ‘Seahanchal’, 
‘Cheongho’, ‘Seachal’, and ‘Dasong’, and this increase might 
have been affected by SA treatment more than UV-B treatment 
(Fig. 4A). Specifically, ‘Cheongho’ showed remarkable increase 
in glutathione concentration after SA treatment.

Discussion

Plant leaves contain not only large amount of chlorophyll 
but also various secondary metabolites, including antioxidants, 
and it plays an important role in plant growth through photo-
synthesis and protecting substances against environmental 
stress. In this respect, by plant growth stage, most of the 
plant metabolites are influenced in their biosynthesis, mobili-
zation, and concentration in the tissue due to their charac-
teristic metabolism. Several plants have a high antioxidant 
concentration in early growth stage or new emerged leaves 

and fruits (Bergquist et al., 2006; Ferreyra et al., 2007; Kim 
et al., 2010). In addition, antioxidants concentration could 
be increased in sprout vegetable through the germination 
process (Khalil et al., 2007). In our results, barley cultivars 
showed different antioxidant activities and antioxidant con-
centrations even though plants were grown for eleven days 
after sowing (Figs. 1, 2, and 5) while their growth had no 
difference among the cultivars. 

UV-B irradiation can have a negative effect on photosynthesis 
and growth, and produce oxidative stress in plants. However, 
plants have an alleviation mechanism to cope with variety 
of stress such as UV-B exposure. Some previous studies 
reported that plants induced an accumulation of antioxidants 
and increased antioxidative enzyme activities in their tissue 
against UV-B treatment (Costa et al., 2002; Yun et al., 2002). 
In addition, accordingly to results by Kwon et al. (2003b), 
ten days after UV-B treatment, photosynthesis rate was re-
covered similar to control, and oxidative stress was mitigated. 
Under UV-B irradiation, dicotyledons is relatively more sen-
sitive than monocotyledons such as rice and barley (Musil, 
1995). In our experiments, we sampled barley sprouts a day 
after treatments because the level of antioxidant systems and 
antioxidants immediately increase after stress conditions (Alscher, 
1989), and stress symptoms were not observed in barley 
sprouts a day after UV-B treatment. It could be suggested 
that UV-B caused stress symptom may have been alleviated 
by increased ascorbate concentration and antioxidant activity 
(Figs. 1 and 2).

DPPH scavenging activity is well known as an indicator 
of antioxidant concentration in plants extracts (Wong et al., 
2006). In our results, DPPH scavenging activities of barley 
sprouts were increased by UV-B irradiation, whereas barley 
sprouts treated with SA showed a decreased DPPH scavenging 
activity (Fig. 1). According to research by Ananieva et al. 
(2004), however, barley treated with SA showed higher anti-
oxidative enzyme activities compared with control plants 
treated with water, Wang and Li (2006) observed that SA 
treated leaves accumulated more antioxidants such as ascorbate 
and glutathione than control in young grape plants. Although 
SA pre-treatment could stimulate antioxidant systems in plants, 
by the mode of application and the difference in among the 
plant species, exogenous SA might cause a decreased DPPH 
scavenging activity compared with control in our results. 
Also, it is possible that since SA can induce generation of 
ROS in the cellular space of plants (Rao et al., 1997), anti-
oxidants in barley sprouts might be rapidly oxidized through 
antioxidative enzymes. Consequently, ascorbate concentration 
considerably decreased in SA treated barley sprouts (Fig. 
2), and stress symptom was not emerged for a day after 
SA treatment. In contrast, increase in DPPH scavenging 
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activities by UV-B treatment substantially corresponded with 
variations in ascorbate concentration after treatment (Fig. 2). 
The antioxidant activities of barley sprouts subjected to UV-B 
irradiation might increase mainly due to the activation of 
the synthesis of antioxidants such as ascorbate. That is because 
increased glutathione concentration after UV-B treatment 
was lower in barley sprouts treated with SA (Fig. 5). The 
changes in ascorbate concentrations after both treatments 
were similar to changes in the concentration of free sugars 
such as glucose and sucrose (Fig. 4), indicating that ascorbate 
could be synthesized well under the condition that sugars 
are highly accumulated. 

Carbohydrate pools in barley leaves are associated with 
both light intensity and ascorbic acid levels (Smirnoff and 
Pallanca, 1996). Generally, high carbohydrate concentration 
can characterize foods containing vitamin C (Navarro et al., 
2006), and pepper also has a high vitamin C as well as a 
high sugar concentration.

Since glutathione is involved in the ascorbate-glutathione 
cycle for protection against ROS, oxidative stress-induced 
conditions may be able to increase the glutathione concent-
ration in plants. Srivastava and Dwivedi (1998) observed 
that SA treatment induced the accumulation of glutathione 
in pea seedling. Exogenous application of SA induced an 
increase in glutathione concentration along with an increase 
in some enzyme activities at normal temperature in young 
grape plants (Wang and Li, 2006). Furthermore, the thiol 
concentration in leaves of UV-B treated bean plants was 
significantly higher than in the leaves of control plants (Bolink 
et al., 2001). Kalbin et al. (1997) reported that glutathione 
and oxidized form of glutathione were increased by continuous 
UV-B exposure in pea plants. We confirmed in six barley 
sprouts cultivars that increased glutathione concentrations 
were observed after SA and UV-B treatments, and barley 
sprouts treated with SA had higher glutathione concentrations 
than UV-B treated cultivars such as ‘Seahanchal’, ‘Cheongho’, 
and ‘Seachal’ (Fig. 5). Although the SA treatments of barley 
sprouts could have increased glutathione concentration due 
to SA-induced oxidative stress, the DPPH scavenging activity 
and ascorbate concentration were mostly decreased. In this 
respect, further studies may be necessary to understand the 
induction mechanism of antioxidants in barley sprouts through 
some kinds of treatment.

In conclusion, we found a general positive effect of treat-
ment with SA and UV-B on increasing the concentrations 
of antioxidants such as ascorbate and glutathione in barley 
sprouts. In this sense, it would be interesting to use health 
functional compounds in selected barley cultivars such as 
‘Donghanchal’ and ‘Cheongho’. 
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