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Raphanus sativus L., a small-sized red radish, is an important root vegetable
crop found worldwide and is commonly used in salads. The objective of this study was to
measure the total phenolic and flavonoid content as well as to evaluate the antioxidant
activity of the ethanol extract of Raphanus sativus L. cv. Cherry Belle and Raphanus
sativus L. cv. Valentine. The total phenolic content and the flavonoid and anthocyanin
contents were measured using the Folin-Ciocalteu reagent and aluminum chloride
methods, respectively. The total phenolic content in the ethanol extracts of R. sativus L.
cv. Cherry Belle was more (160.38 *= 5.0 mg GA/g) than that in R. sativus L. cv. Valentine
(124.46 *= 6.13 mg GA/g), while the concentration of total flavonoids in R. sativus L. cv.
Valentine was higher than that in R. sativus L. cv. Cherry Belle (42.93 * 1.58 mg rutin/g
and 16.26 * 1.84 mg rutin/g, respectively). We also evaluated the antioxidant activity of
the ethanol extracts of the two cultivars using the (1,1-diphenyl-2-picrylhydrazyl) (DPPH)
and superoxide dismutase (SOD) assays; R. sativus L. cv. (Valentine) showed 18.71 *
0.58% DPPH activity at 800 ug/mL of ethanol extract, and Cherry Belle showed a lower,
but significant activity of 15.43 = 1.25%. No SOD activity was found in either of the
cultivars. Our findings indicate that the antioxidant activities of the phenolic and flavonoid
contents in the ethanol extracts of the two cultivars depend on the concentration of these
compounds in the extracts. Moreover, the flavonoids showed higher antioxidant activity
than the phenols, suggesting that the Valentine radish cultivar showed higher antioxidant
activity than Cherry Belle owing to its high content of flavonoids.
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Natural foods are the main source of
nutrients, dietary fiber, minerals, and phenolic
compounds. Radish (Raphanus sativusL.), which
belongsto the Brassi caceae family, isanimportant
root vegetable crop cultivated worldwide and has
been used for more than 1,500 years for food.
Raphanus sativus L. has nutritional and several
health benefits!. Previous reports have suggested
that nutrients rich in vegetables lower the risk of
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many diseases due to the antioxidant properties of
their phytochemical s, which help reduce oxidative
stress in humans?. Radish iswidely used in salad
preparations and contains a considerable amount
of antioxidants, vitamin C, and health-promoting
compounds such as glucosinolates and phenolic
compounds®®. Various parts of the radish plant,
including roots, seeds, and leaves, have been used
for medicinal purposes’. Radish hasalso been used
ethnically as a laxative, stimulant, and digestive
aid, as well as in the treatment of stomach
disorders®. In addition, the extract of R. sativus
has been known to exert antimicrobial®,
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antimutagenic®, and anticarcinogenic effectstt.
Lugasi et al.’? have also reported the antioxidant
activity of radish root extract in vitro.

In recent years, the adverse effects of
oxidative stress on human health have become a
serious concern. The World Health Organization
(WHO) has estimated that 80% of the traditional
medicine produced from plant extracts and their
active components for their primary health care
requirements'®. Recent studiesindicate aninverse
relationship between the dietary intake of
antioxidant-rich foods and the incidence of
diseasesin humans**®, Thus, natural plant sources
containing antioxidant compounds can serve as
dietary supplementsaswell asatype of preventive
medicine for diseases in humans'®. The main
compoundsin radish are 4-(methylthio)-3-butenyl
isothiocyanate, allyl isothiocyanate, benzyl
isothiocyanate, and phenethyl isothiocyanate.
Radish also contains flavonoids such as
kaempherol, and glycosides, peroxidases, and
antioxidants16-18. Previous studies on the
antioxidant activities of R. sativus have been
investigated mainly in sprouts, which have been
reported to contain sinapic acid esters and
flavonoids as their main phenolic components'®.
However, there have been some reports on the
polyphenolic profile and antioxidant activity of red
radish®?%, Yuan et al.?? al so reported that the anti-
oxidant activity of radish was due to its phenolic
compounds. In addition, the anti-inflammatory and
antitumor activities of R. sativus seeds have been
reported recently?,

In this study, we investigated two
cultivars Raphanus sativusL. cv. Cherry Belleand
Raphanus sativus L. cv. Valentine. Cherry Belle
has ared-colored skin and white flesh at maturity,
whilethe cultivar Valentine hasawhite- and green-
colored skin and red flesh. The objective of the
present study was to measure the total phenolic
and flavonoid content and the antioxidant activity
of the ethanol extract of these two radish cultivars.

MATERIALSAND METHODS

Plant material

Two radish cultivars (Cherry Belle and
Valentine) were cultivated in a greenhouse at the
experimental farm of the Rural Development
Administration (RDA; Suwon, Korea) in2009. The

cultivarswere harvested at maturity (14—18 weeks),
after which al thesampleswerefreeze-dried at 80°C
for at least 48 h and then ground to a fine powder
using amortar and pestle. Ten grams of thispowder
was then dissolved in ethanol, mixed thoroughly,
and kept in an orbital shaker for 1 day. The extract
wasthen filtered using Whattman No.1 filter paper
and concentrated using avacuum evaporator. The
samples were then stored for 4°C until use. One
milligram of the dried powder dissolvedin 1 mL of
ethanol was used for all experiments. Folin—
Ciocalteu reagent, aluminum chloride, nitro blue
tetrazolium (NBT), hydroxylamine hydrochloride,
ascorbic acid, and 1,1-diphenyl-2-picrylhydrazyl
(DPPH) were purchased from Sigma-Aldrich, U.SA
Measurement of the total phenolic content

Thetotal phenolic content in the ethanol
extracts of the two radish cultivars (Cherry Belle
and Valentine) was determined using the Folin—
Ciocalteu method described by Kaur et al.% Briefly,
thereaction mixture containing 100 mL of thecrude
ethanol extractsof thetwo cultivars(1 mg/mL) was
mixed with distilled water to afinal volumeof 3mL.
To this, 0.5 mL of Folin—Ciocalteu reagent was
added and the mixture was allowed to stand for 3
min; 2mL of 20% (w/v) sodium carbonate wasthen
added to thismixture. Followingincubationfor 1 h
in the dark, the absorbance was measured at 760
nm using spectrophotometer. Gallic acid at different
concentrations (20—100 pg/mL) was used as a
standard. The total phenolic content was
calculated from the calibration curve, and the
results were expressed as mg of gallic acid
equivalent per g dry weight.
Measurement of the total flavonoid content

The aluminum chloride colorimetric
method described by Chang et al.® was used to
measure the total flavonoid content in the crude
ethanol extract of Cherry Belle and Valentine. In
brief, the reaction mixtures containing 100 mL of
crude ethanol extract (1 mg/mL) weremixed with 4
mL of distilled water, and 0.3 mL of 5% NaNO, was
then added and mixed thoroughly. Next, 0.3 mL of
10% AICI, solution was added. After 5 min of
incubation, the mixture was allowed to stand for 6
min. Two millilitersof 1 M NaOH solution wasthen
added, and the final volume of the mixture was
made up to 10 mL using double-distilled water. The
mixture was then again incubated for 15 min at
room temperature, and the absorbance was
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measured at 510 nm using spectrophotometer. The
total flavonoid content was calculated from a
calibration curve, and the result was expressed as
mg rutin equivalent per g dry weight.
Measurement of the antioxidant activity

DPPH assay

The DPPH radical scavenging activity of
the crude ethanol extracts of the two radish
cultivars, Cherry Belleand Valentine, (1 mg dried
powder dissolvedin 1 mL methanol) was evaluated
according to the method described by Rejiniemon
et al.?. Wefirst prepared 0.15% DPPH inice-cold
methanol. The reaction mixture contained 3.8 mL
of methanol added to various concentrations of
the crude ethanol extracts (25-—800 pg/mL.); 200 L
of DPPH solution was then added to the reaction
mixture, which was then incubated at room
temperature for 30 min in the dark. After the
incubation time, the absorbance was measured at
517 nm. Vitamin C was used as a standard. The
DPPH radical scavenging activity was calculated
using thefollowing formula:

DPPH radical scavenging activity (%) =[(A0-A1/
A0)x100],

Where AO is the absorbance of the
control at 30 min and A1 is the absorbance of the
sample at 30 min. All samples were analyzed in
triplicate.

SOD-like activity

Superoxide dismutase-like activity is
evaluated like activity evaluation to measure the
pyrogallol auto-oxidation to make the browning
substance reacts with superoxide was measured
using a modification of the method described by
Marklund and Marklund?. Tris-HCI buffer adjusted
toapH of 8.5towasadded to 0.2 mL of the crude
ethanol extracts of the two radish cultivars of
certain concentration (25-—800 ug/mL) (50 mM tris
hydroxymethyl ] amino-methane+10mM EDTA,
pH 8.5) then was added to 2.6 mL and 0.2 mL 7.2
mM pyrogallol reaction at 25! 10 bungan 0.1 mL 1
N HCI was added the reaction was stopped. The
amount of the oxidation in the pyrogallol reaction
solution was measured as absorbance at 420 nm.
Superoxide dismutase-like activity (%) = [(AO-AL/
A0x100],

Where AO is the absorbance of the
control and A1 is the absorbance of the sample.
All sampleswere analyzedintriplicate.

RESULTS AND DISCUSSION

Total phenolic and flavonoid content

Several studieshave previously reported
on the total phenolic compounds in radish roots.
Tsouvaltzis & Brecht® found the total phenolic
content in radish to be 240 mg GAE/100 g d.m.,
which was higher than the value obtained by
Pushkala et al.,® (122 mg GAE/100 g d.m.). In
addition, polyphenoal biosynthesis has been found
to be affected by intraspecific chemodiversity, plant
breeding, ontogenetic stage, post-harvest
handling, and other biotic and abiotic factors®. In
this study, the total phenolic content in the crude
ethanol extract of the two radish cultivars (Cherry
Belleand Valentine) was measured using the Folin-
Ciocalteu reagent and was expressed in terms of
gallic acid equivalent. The values obtained for the
concentration of total phenols are expressed as
mg of GA/g of extract (Figure 1). Thetotal phenolic
contents in the ethanol extracts of Cherry Belle
were higher than those in the Valentine cultivar
(160.38+5.0mg GA/gand 124.46 + 6.13mg GA/g,
respectively).

Flavonoids comprise a particular group
of phenolic compounds with a structure based on
the diphenyl propane carbon skeleton. However,
flavonoids contain multiple hydroxyl groups and
show increased antioxidant activities™. Flavonoids
and phenolic compounds have been found to be
beneficial for human health, as indicated by
epidemiological and in vitro evidence of their
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Fig. 1. Total phenolic content in the ethanol
extracts of Raphanus sativus L. Cherry
Belleand Valentine cultivars
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Fig. 2. Total flavonoid content in the ethanol
extracts of Raphanus sativus L. Cherry
Belleand Valentine cultivars

antioxidant, cardioprotective, and anticarcinogenic
activities; they are also known to protect against
other non-transmissible chronic diseases®*. Here,
thetotal flavonoid contentsin the ethanol extracts
of two cultivars (Cherry Belle and Valentine) were
measured using the aluminum chloride method and
were expressed in terms of rutin equivalent. The
total flavonoid content in the ethanol extract of
Valentine showed a higher concentration of 42.93
+ 1.58 mg rutin/g, while the concentration of total
flavonoids in the ethanol extract of Cherry Belle
was 16.26 £1.84 mgrutin/g (Figure 2).
Antioxidant activity

Further, we al so measured the antioxidant
activities of these compounds in the ethanol
extracts of the two cultivars. The most efficient
method for measuring the antioxidant activity of
plant extracts is by evaluating the DPPH radical
scavenging activity. The DPPH free radical
scavenging activity of the crude ethanol extract of
the two radish cultivars are shown in Figure 3;
ascorbic acid was used as the standard, and both
cultivars showed significant DPPH radical
scavenging activity. The activities of the crude
ethanol extracts of the two radish cultivars
(Valentine and Cherry Belle) depended on the
concentration. The Valentine ethanol extract
showed 18.71 + 0.58% DPPH activity, while the
activity of the standard ascorbic acid was 88.9 £
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Fig. 3. DPPH assay of the ethanal extracts of Raphanus
sativus L. Cherry Belle and Valentine cultivars

0.8% at aconcentration of 800pug/mL; Cherry Belle
showed 15.43 + 1.25% DPPH activitiesat the same
concentration. The ethanol extract of the Valentine
cultivar showed higher DPPH activity than that of
Cherry Belle. The SOD-like activities of the two
cultivars did not reveal significant results.

Thus, we found that the antioxidant
activities of the phenolic and flavonoid contents
in the ethanol extracts of the two cultivars depend
on the concentration of these compounds in the
extracts. Moreover, the flavonoids showed higher
antioxidant activity than the phenols. Our findings
suggest that the Valentine radish cultivar showed
higher antioxidant activity than Cherry Belle owing
to its high content of flavonoids.

CONCLUSION

In conclusion, we found that the
antioxidant activity of the cultivars depends on
the concentration of the total phenolic and
flavonoid contents. The higher antioxidant activity
reported in the Valentine was due to the higher
content of flavonoids present inits ethanol extract.
In addition, the total phenolic content was higher
in Cherry Belle, which resulted in lower antioxidant
activity compared to that in the Valentine cultivar.
Nevertheless, based on our findings, both the
Raphanus sativus L. cultivars, Cherry Belle and
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Valentine, studied here are a potential source of
antioxidants; thus, these radish cultivars could be
used as natural antioxidants.
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