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Antioxidant contents and activities of twelve varieties of vegetable sprouts
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Abstract This study was conducted to investigate the antioxidant contents and activities of twelve vegetable sprouts
(broccoli, red radish, radish, mizuna, kale, taatsai, pak choi, Chinese cabbage, turnip, rapeseed, chicory, and alfalfa). The total
flavonoid contents of the broccoli, red radish, and radish sprout were 25.36±0.13, 25.26±1.80, and 25.16±1.25 mg CE/100 g
FW, respectively, and were significantly higher than those of the other tested vegetables. Radish sprouts had the highest total
phenolic content (112.42 mg GAE/100 g FW), followed by red radish and broccoli sprouts. The main polyphenols in the
vegetable sprouts were epicatechin and chlorogenic acid, but they varied across sprout varieties. The correlation between total
flavonoids and total phenolics for the 12 vegetable sprouts was very high (r=0.926). The total antioxidant activity (DPPH and
ABTS radical scavenging activities) was also highly correlated with total flavonoids and total phenolics.
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Introduction

In recent years, food consumption patterns have changed as

living standards have improved. Social structure changes resulting

from various factors, such as the economy, society, and population,

have led to a rapid increase in one-person households (Kim and

Lee, 2010). As a result, one-person households are becoming

important consumers and the food consumption pattern has

changed to favor simpler and smaller products (Lee et al., 2015).

In addition, recent food consumption patterns show that the

consumption of fruits, vegetables, and other fresh foods are rapidly

increasing compared to those of processed food products (Jun et

al., 2012). Moreover, the consumption of seeds and vegetable

sprouts is increasing worldwide, as modern people have become

interested in healthy and safe food (Paśko et al., 2009; Waje et al.,

2009) and vegetable sprouts are known to lower the risk of

various diseases and have health-promoting effects in addition to

their nutritional value.

In general, vegetable sprouts are defined as the stage of

vegetables one week post seed germination. They are called

microgreens or seed sprouts and are collectively referred to baby

leaf vegetables (Lee et al., 2014; Lee, 2018). Compared with other

vegetables, vegetable sprouts have a short growth period; thus, can

be cultivated without pesticides. Therefore, there are few safety

issues regarding their consumption. They are also environmentally

friendly, functional, clean vegetables growing only with water.

They can be consumed year-round regardless of season. They also

contain a large amount of enzymes and are characterized as easily

digestible foods (Shin et al., 2014). In addition, seeds of vegetable

sprouts contain a large amount of nutrients which aid in

overcoming the external environment until seeds grow to fully

mature vegetables. The sprouts germinated using the energy of

these seeds contain approximately three to more than one hundred

times more nutrients than seeds and fully mature vegetables (Han

et al., 2013; Kim et al., 2008a; Kim and Lee, 2010; Lee et al.,

2014; Shin et al., 2014). For example, in a study which compared

and analyzed the content of sulforaphane in broccoli by the growth

period into sprouts, baby leaves, and mature broccoli, a higher

amount of sulforaphane was measured in vegetable sprouts than in

mature broccoli (Lim, 2007). In addition, in a study by Lee and

Kim (2008), the content of rutin in buckwheat increased

throughout the cultivation period.

According to Jun et al. (2012), customers mainly purchased

vegetable sprouts for their nutritional value (52.8%) and they

sought improved functionality of foods (31.4%). Therefore, in

order to increase consumption of vegetable sprouts, it is necessary

to diversify vegetable sprout items, increase functionality, and

improve quality.

Previous studies have been mainly focused on the antioxidant

activity of a single variety of vegetable sprouts and research is

lacking on other varieties. Therefore, in this study, twelve varieties

of vegetable sprouts that are highly consumed were selected and

their antioxidant contents and activities were examined; in

addition, the correlation between antioxidant contents and activities

was evaluated.

Materials and Methods

Experimental materials

The twelve vegetable sprouts used in this experiment were

broccoli (Brassica oleracea var. italica), red radish (Raphanus

sativus L. var. sativus), radish (R. sativus), mizuna (B. juncea L.
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Czern. var. Laciniata Makino), kale (B. oleracea L. var. acephala),

taatsai (B. narinosa), pak choi (B. campestris var. Chinensis),

Chinese cabbage (B. rapa var. rapa L.), turnip (B. rapa var.

glabra Regel), rapeseed (B. napus), chicory (Cichorium intybus),

and alfalfa (Medicago sativa), which were all purchased from

Aram Seed (Aram seed Co., Seoul, Korea). The purchased seeds

were washed and immersed in 200 mL water for about 6 hours at

room temperature. They were then placed in an automatic

cultivator (SC-9000A, Sinchang INC, Osan, Korea) and cultivated

for 7 days by spraying with distilled water for 1 minute in every

20 minutes. Two liters of distilled water were changed daily as the

cultivation solution.

Sample extraction

The grown sprouts were pulverized with 80% ethanol three

times using a blender (Classic blender, Oster, Milwaukee, WI,

USA), twice for 3 minutes and once for 2 minutes. The pulverized

solution was filtered through Whatman No. 2 filter paper using a

filter under reduced pressure. The sample was then concentrated

using a rotary evaporator under reduced pressure (N-1000, Eyela,

Tokyo, Japan), and the extract was stored frozen at −20oC before

using in the experiment.

Analysis of total flavonoid content

The total flavonoid content of extracted vegetable sprout

samples was measured by colorimetric assay (Meyers et al., 2003;

Shin et al., 2008), and the reference material was (+)-catechin

(Sigma-Aldrich, St. Louis, MO, USA). Four milliliter of distilled

water and 1 mL of sample were mixed in a 15 mL tube, and 0.3

mL of 5% NaNO
2
 was added, vortexed, and allowed to stand at

room temperature for 5 minutes. Next, 0.3 mL of 10% AlCl
3
 was

added, vortexed, and allowed to stand at room temperature for 6

minutes. Two milliliter of 1 N NaOH and 2.4 mL of distilled water

were added and vortexed. Absorbance was measured at 510 nm

using a spectrophotometer (Optizen POP, Mecasys, Daejeon,

Korea). The used units were mg catechin equivalent (CE)/100 g

fresh weight (FW).

Analysis of total phenolic content

Total phenolics were measured by the Folin-Ciocalteu colorimetric

method (Meyers et al., 2003; Singleton et al., 1999), and the

reference material was gallic acid (Sigma-Aldrich). Distilled water

(2.6 mL) and 0.2 mL sample were added to a 15 mL test tube, and

0.2 mL of Folin-Ciocalteu reagent was added, vortexed, and

allowed to stand at room temperature for 6 minutes. Two milliliter

of 7% Na
2
CO

3
 was added, vortexed, and allowed to stand at room

temperature for 90 minutes in a dry and dark place. Absorbance

was then measured at 750 nm using a spectrophotometer. The

used units were mg gallic acid equivalent (GAE)/100 g FW.

Analysis of polyphenol by HPLC

The individual polyphenol was analyzed in accordance to the

method of Chen et al. (2001). The extract was diluted with

solution (KH
2
PO

4
:MeOH:D.W.=2:3:15) ten times, and then was

filtered with a 0.45 mm syringe filter. The filtrate was separated on

an Eclipse XDB C-18 column (150×4.6 mm, 5 mm, Agilent, Palo

Alto, CA, USA) at 40oC using HPLC-UV (Thermo Fisher UltiMate

3000, Thermo Scientific, Germering, Germany) by injecting 10

mL. The mobile phase applied was 3% acetic acid in distilled

water and the detector was positioned at 280 nm at a flow rate of

1.0 mL/min. Chlorogenic acid, epicatechin, gallic acid, protocatechuic

acid, catechol, catechin, epigallocatechin gallate, caffeic acid,

syringic acid, 4-methylcatechol, epicatechin gallate, p-coumaric

acid, ferulic acid, and rutin were used as reference material

standards and the units were expressed in mg/100 g FW.

2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity

The DPPH radical scavenging activity test was performed to

measure the antioxidant activity of each vegetable sprout according

to the methods of Brand-Williams et al. (1995) and Thaipong et

al. (2006). The 100 mM of DPPH solution was prepared and

diluted with 80% methanol at a wavelength of 517 nm, so that the

absorbance value was 0.63-0.67. Then, 50 mL of the extracted

sample was mixed with 2.95 mL of the diluted DPPH solution.

The mixture was allowed to stand at room temperature for 30

minutes and the absorbance was measured at 517 nm using a

spectrophotometer. Antioxidant activity was expressed as mg

vitamin C equivalent (VCE)/100 g FW.

2,2-azinobis (3-ethylbenzothizoline-6-sulfonic acid) (ABTS)

radical scavenging activity

ABTS radical scavenging activity was measured by a modification

of methods outlined by Thaipong et al. (2006) and Kim et al.

(2009). The 100 mL of PBS was added to 1 mM 2,2'-azobis (2-

amidinopropane) dihydrochloride (AAPH) and 2.5 mM ABTS and

stirred. The reaction was allowed to proceed in a water bath at

70oC for 40 minutes to prepare the ABTS radical solution. The

sample was diluted with PBS to an absorbance value of 0.63-0.67,

at a wavelength of 734 nm. The 20 mL of the extracted sample

and 980 mL of ABTS solution were mixed and reacted at 37oC

for 10 minutes and the absorbance was measured at 734 nm using

a spectrophotometer. The units were expressed in mg VCE/100 g

FW.

Statistical analysis

Analysis of variance was performed using SAS version 9.3

(SAS Institute, Inc., Cary, NC, USA) for the statistical analysis of

each experiment. Significance was determined by Duncan’s

multiple range test with p<0.05. The correlation was determined

using Pearson’s correlation coefficient.

Results and Discussion

Total flavonoid content of vegetable sprouts

Flavonoids are widely distributed in plants and effectively

remove reactive oxygen species in addition to conferring various

physiological effects, such as antioxidant, anticancer, and anti-

inflammatory properties (Kim et al., 2012a). The total flavonoid

contents of vegetable sprouts are shown in Fig. 1. Among the

twelve varieties, broccoli, red radish, and radish sprout showed
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significantly high values (25.36±0.13, 25.26±1.80, and 25.16±1.25

mg/100 g fresh weight, respectively). On the contrary, chicory and

alfalfa vegetable sprouts showed significantly lower values

(9.56±1.53 and 9.44±0.82 mg/100 g FW) than the other varieties.

According to Kim et al. (2014), the flavonoid content of broccoli

stem extracted using ethanol was 2.76±0.00 mg/g DW, similar to

that of the broccoli vegetable sprouts used in this experiment.

According to a study by Goyeneche et al. (2015) which measured

antioxidant contents and activities by dividing red radish into

leaves and roots, the flavonoid content of red radish root was

267.47±6.38 mg quercetin/100 g DW, which was consistent with

the result of the present study. These results suggest that vegetable

sprouts contain similar amounts of flavonoids to fully mature

vegetables and vegetable sprouts have nutritional value.

Total phenolic contents of vegetable sprouts

Like flavonoids, phenolics are abundant in plants and accumulate

in plant bodies as secondary metabolites (Woo et al., 2007). In

particular, the phenolic activity of antioxidants is derived through

hydrogen donation by the -OH group and resonance stabilization

Fig. 1. Total flavonoids content of vegetable sprouts. Error bars represent standard deviation and the different letter above the bar

indicates significant differences based on Duncan’s multiple range test (p<0.05). A: Brassica oleracea var. italica, B: Raphanus sativus L.
var. sativus, C: R. sativus, D: B. juncea L. Czern. var. Laciniata Makino, E: B. oleracea L. var. acephala, F: B. narinosa, G: B. campestris var.
Chinensis, H: B. rapa var. rapa L., I: B. rapa var. glabra Regel, J: B. napus, K: Cichorium intybus, L: Medicago sativa.

Fig. 2. Total phenolics content of vegetable sprouts. Error bars represent standard deviation and the different letter above the bar
indicates significant differences based on Duncan’s multiple range test (p<0.05). A: Brassica oleracea var. italica, B: Raphanus sativus L.
var. sativus, C: R. sativus, D: B. juncea L. Czern. var. Laciniata Makino, E: B. oleracea L. var. acephala, F: B. narinosa, G: B. campestris var.
Chinensis, H: B. rapa var. rapa L., I: B. rapa var. glabra Regel, J: B. napus, K: Cichorium intybus, L: Medicago sativa.
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of the phenolic ring structure. Antioxidants are known to have

physiological activities such as anticancer and antibacterial effects

(Shin et al., 2014). The total phenolic content of vegetable sprouts

is shown in Fig. 2. Among the twelve varieties, radish sprout had

the highest amount (112.42±3.79 mg/100 g FW), which was

approximately five times higher than that of chicory vegetable

sprouts (22.32±1.84 mg/100 g FW), the lowest amount. In addition,

red radish vegetable sprouts had high phenolic content (102.10±

3.22 mg/100 g FW), followed by broccoli (84.16±5.93 mg/100 g

FW), and kale vegetable sprouts (81.24±1.35 mg/100 g FW) (Fig.

2). According to Kim et al. (2008a), the phenolic content of

vegetable sprouts ranked as follows, from highest to lowest: red

radish (912.74 mg/L), broccoli (699.58 mg/L), red cabbage (576.22

mg/L), taatsai sprout (526.87 mg/L), radish (442.84 mg/L), and

alfalfa (284.48 mg/L). These results were consistent with other

results of the current study. Additionally, a study by Pajak et al.

(2014) examined the phenol content of four vegetable sprouts.

They found that the phenol contents of radish sprout and broccoli

were approximatly 12 and 8 mg GAE/g DW, respectively, which

were similar to our findings.

Polyphenol of vegetable sprouts

Among the fourteen individual polyphenols analyzed, chlorogenic

acid and epicatechin were found as the main polyphenols (Fig. 3).

Chlorogenic acid content was significantly higher in mizuna,

Chinese cabbage, and radish sprouts (41.01±0.08, 36.40±0.22, and

32.67±0.38 mg/100 g, respectively). Epicatechin content was significantly

high in red radish, and radish vegetable sprouts (62.96±5.00 and

65.80±3.39 mg/100 g). Pajak et al. (2014) measured the phenolic

acid content of vegetable sprouts using HPLC and found that

chlorogenic acid content of broccoli vegetable sprout was 11.49

mg/100 g DW, which was consistent with the results of this

experiment. According to Wieslaw et al. (2014), the amounts of

epicatechin in the cotyledon and hypocotyl regions of Hruszowska

buckwheat vegetable sprout were 0.39±0.02 and 0.12±0.01 mg/g,

respectively, which was similar to the results of this experiment.

DPPH free radical scavenging activity of vegetable sprout

Measuring scavenging activity using DPPH, which has stable

radical, is a method to measure antioxidant activity. Specifically,

this technique measures the activity of an antioxidant that

scavenges DPPH. DPPH, which is deep purple, is converted to be

inactive when electrons or hydrogen is supplied to antioxidants,

and gradually becomes decolorized, leading to an absorbance

change. Thus, these properties of DPPH are useful in searching

antioxidants (Kim et al., 2012b; Lee et al., 2007). The following

twelve vegetable sprouts had high DPPH radical scavenging, in

order from highest to lowest: red radish (55.78±3.12 mg/100 g

FW), radish sprout (56.03±2.06 mg/100 g FW), and kale vegetable

sprout (56.65±3.16 mg/100 g FW) (Fig. 4). According to a study by

Alvarez-Jubete et al. (2010) on the antioxidant activity of four

vegetable sprouts, the DPPH radical scavenging activity of

buckwheat vegetable sprouts was 666±62.6 mg Trolox/100 g DW,

which was similar to this study.

ABTS free radical scavenging activity of vegetable sprout

ABTS free radical scavenging activity can be measured by

applying the principle that the absorbance of the cation radical of

ABTS is reduced by antioxidants and can be compared with

ascorbic acid, a reference material (Lim, 2016). The ABTS radical

scavenging activity of vegetable sprouts is shown in Fig. 5.

Among all the vegetable sprouts analyzed, the highest activity was

found in radish sprout and red radish vegetable sprouts (104.69±

5.56 and 100.85±4.50 mg/100 g FW), followed by kale (95.03±3.63

mg/100 g FW), mizuna (85.45±4.45 mg/100 g FW), broccoli

(79.82±3.79 mg/100 g FW), taatsai (63.84±2.29 mg/100 g FW),

pak choi (62.95±8.89 mg/100 g FW), Chinese cabbage (59.68±1.20

mg/100 g FW), turnip (50.99±2.08 mg/100 g FW), and rapeseed

(41.92±6.68 mg/100 g FW). Chicory and alfalfa vegetable sprouts

had the lowest scavenging activity (15.42±2.94 and 11.37±3.79

mg/100 g FW). According to a study by Pajak et al. (2014) on the

Fig. 3. Polyphenol contents of vegetable sprouts (A; Chlorogenic

acid, B; Epicatechin). Error bars represent standard deviation

and the different letter above the bar indicates significant
differences based on Duncan’s multiple range test (p<0.05). A:
Brassica oleracea var. italica, B: Raphanus sativus L. var. sativus,
C: R. sativus, D: B. juncea L. Czern. var. Laciniata Makino, E: B.
oleracea L. var. acephala, F: B. narinosa, G: B. campestris var.
Chinensis, H: B. rapa var. rapa L., I: B. rapa var. glabra Regel, J: B.
napus, K: Cichorium intybus, L: Medicago sativa.
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antioxidant activity of five vegetable sprouts, the ABTS radical

scavenging activities of broccoli and mung bean vegetable sprouts

were 11.33±0.34 and 12.33±0.27 mg Trolox/g DW, respectively,

which was similar to the results of this experiment. The methods

used to measure antioxidant activity in vegetables and fruits

included DPPH, FRAP, and ORAC assays as well as the ABTS

assay. Previous studies on these four methods showed that they

were correlated well with each other (Thaipong et al., 2006).

Correlation between antioxidant contents and activities

of vegetable sprouts

The correlation between antioxidant contents and activities of

vegetable sprouts used in this experiment is shown in Table 1, and

is high as in previous studies. The correlation between total

phenolic content and total flavonoid content was also very high

(r=0.926). Additionally, the correlation between epicatechin and

total flavonoid content in vegetable sprouts was high (r=0.806),

Fig. 4. DPPH free radical scavenging activities of vegetable sprouts. Error bars represent standard deviation and the different letter

above the bar indicates significant differences based on Duncan’s multiple range test (p<0.05). A: Brassica oleracea var. italica, B:
Raphanus sativus L. var. sativus, C: R. sativus, D: B. juncea L. Czern. var. Laciniata Makino, E: B. oleracea L. var. acephala, F: B. narinosa, G:
B. campestris var. Chinensis, H: B. rapa var. rapa L., I: B. rapa var. glabra Regel, J: B. napus, K: Cichorium intybus, L: Medicago sativa.

Fig. 5. ABTS free radical scavenging activities of vegetable sprouts. Error bars represent standard deviation and the different letter

above the bar indicates significant differences based on Duncan’s multiple range test (p<0.05). A: Brassica oleracea var. italica, B:
Raphanus sativus L. var. sativus, C: R. sativus, D: B. juncea L. Czern. var. Laciniata Makino, E: B. oleracea L. var. acephala, F: B. narinosa, G:
B. campestris var. Chinensis, H: B. rapa var. rapa L., I: B. rapa var. glabra Regel, J: B. napus, K: Cichorium intybus, L: Medicago sativa.
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and total phenolic content highly correlated with DPPH and ABTS

scavenging activity (r=0.921 and r=0.934). Although many studies

have demonstrated a correlation between antioxidant contents and

activities in fruits and vegetables in general, there has been a lack

of research looking at this correlation in vegetable sprouts in

particular. In a study by Sun et al. (2002) looking at antioxidant

activity and anticancer effects in eleven fruits, the correlation

between total phenolic content and antioxidant activity was high

with R2=0.979. According to Kim et al. (2008b), the correlation

between antioxidant activity and caffeic acid, and naringin in

edible, and medicinal mushrooms was very high (r=0.99). In a

study by Pasko et al. (2009), the correlation between antioxidant

activities (DPPH and ABTS) of quinoa and amaranth was very

high with R2=0.87, which was similar to the result of this

experiment. Chon et al. (2013) stated that the correlation between

total phenolic content and DPPH activity of cowpea sprout was

high with r=0.6958, indicating that phenolic acid contributes to

antioxidant activity.

Conclusion

This study investigated, compared, and analyzed antioxidant

contents and activities in twelve vegetable sprouts that are highly

consumed in Korea (broccoli, red radish, radish sprout, mizuna,

kale, taatsai, pak choi, Chinese cabbage, turnip, rapeseed, chicory,

and alfalfa sprouts). Broccoli, red radish, and radish sprouts showed

significantly higher amounts of total flavonoids than the rest of the

vegetable sprouts (25.36±0.13, 25.26±1.8, and 25.16± 1.25 mg CE/

100 g FW). The highest amount of total phenolics was found in

radish sprout (112.42±3.79 mg GAE/100 g FW). The amount of

chlorogenic acid was highest in mizuna sprout (41.01± 0.08 mg/

100 g). The epicatechin content was highest in red radish and radish

sprouts. Antioxidant activity was measured by the DPPH radical

assay and ABTS radical assay, and DPPH radical scavenging

activity was significantly higher in red radish, radish sprout, and

kale vegetable sprouts when compared to other vegetable sprouts.

ABTS radical scavenging activity was high in red radish and radish

sprouts (100.85±4.5 and 104.69±5.56 mg VCE/100 g FW). In

addition, the correlations of antioxidant contents between flavonoid

and phenol of vegetable sprouts as well as antioxidant activities

between DPPH and ABTS of various vegetable sprouts were high

(r=0.926 and r=0.989, respectively). Compared with widely

distributed vegetables, the twelve vegetable sprout varieties in this

study showed similar antioxidant contents and activities, indicating

that they are highly applicable in terms of health benefit.
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