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ABSTRACT
Objective: The aim of this study was to evaluate the antioxidant activity and total phenolic content of Raphanus sativus L. Var. caudatus Alef pod extracts.

Methods: In this study, the extract of R. sativus pod was prepared in three different types of solvent. The antioxidant activitiy of R. sativus extract
was determined using a spectrophotometric technique, based on a free radical diphenyl-picryhydrazyl scavenging assay (DPPH assay) and a ferric
reducing antioxidant power assay (FRAP assay). Total phenolic content was also observed using the spectrophotometric technique.

Results: The result showed that the antioxidant activity which was expressed by ICso values varied from 1,365 to 4,371 mg/ml and 312 to 6,478
mg/ml, based on DPPH assay and FRAP assay, respectively. Total phenolic content was also evaluated and calculated as gallic acid equivalents
which ranged from 0.26 to 34.60 mg gallic acid per 100 g fresh sample.

Conclusion: It was suggested that hexane extract of R. sativus pod contained the highest amount of phenolic compounds in comparison with those
of dichloromethane part and ethanol part. The result from FRAP assay was positively correlated to total phenolic content which the highest
antioxidant value belongs to the hexane extract of R. sativus pod. It was concluded that R. sativus pod contained phenolic compounds which showed

mild antioxidant activity.
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INTRODUCTION

Among the varieties of herbs, vegetables and fruits are increasingly
of interest in the food industry. One of a health promoting activity of
these edible plants is their ability to act as antioxidants [1].
Antioxidants are significant inhibitors of lipid peroxidation for a
defensive mechanism of living cells against oxidative damage [2].
Thus, the potential of the antioxidants in vegetables and fruits for
health preservation and protection from cancer is raising attention
among the people involving in the food industry as consumers move
toward functional foods with explicit health effects [3].

In herbs, it was concluded that the antioxidant activity is mainly
from phenolic compounds which its mechanism involving in a redox
properties [4-5]. In Thailand, Raphanus sativus L. Var. caudatus Alef,
or Puk-kee-hood, is a culinary plant in Brassicaceae family (Fig. 1). R.
Sativus pod was suggested to be the functional food since it was
reported to have several kinds of minerals, vitamins, and some
active pharmaceutical metabolites, such as sulforaphene and
sulforaphane [6-7]. Both isothiocyanate compounds were found to
possess strong anticancer activity [8].

Fig. 1: Raphanus sativus L. Var. caudatus Alef

To investigate a possibility of the other exist valuable compounds in
R. Sativus pod, various kinds of the extract were prepared and the
antioxidant activity was observed. Several methods are currently
used to assess the antioxidant activity [9-10]. In this study, DPPH
and FRAP were selected as the tools to investigate the antioxidant
activity of R. Sativus pod. Total phenolic content was also observed
in parallel.

MATERIALS AND METHODS
Materials

The 2 month-old R. sativus pod was collected from a field in Chiang
Mai province, Thailand and identified by Dr. Thanapat Songsak.
Gallic acid, 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,4,6-Tri(2-
pyridyl)-s-triazine (TPTZ) were purchase from Sigma (USA). All
solvents were purchased from Lab scan (Thailand).

Methods
Sample preparation

Fresh R. sativus pod (2,300 g) was divided into 2 groups, the first
group (1,500 g) was dried in hot air oven at 45 °C for 1 day and
ground into small pieces, the another group was ground and
remained as it was. Both groups were macerated in hexane (1,000
ml) at 25 °C for 24 h. The mixture was filtrated and a filtrant was
separated using separatory funnel to obtain only hexane part, and
concentrated under reduced pressure. The steps were repeated once
and the extract in the same sample was pooled in one portion. The
residue was macerated with dichloromethane and ethanol following
with the same steps as described in hexane extract preparation to
obtain the dichloromethane extract and ethanol extract portions,
respectively.

DPPH assay

The experiment was processed according to Brand-Williams
method, which is based on the determination of the concentration of
DPPH at steady state in an ethanol solution, after adding the mixture
of antioxidants [11]. Each 100 ul of various concentrations of the
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extract or gallic acid in 10% DMSO was added to 100 pl of a 200 uM
ethanol solution of DPPH. The mixture was incubated in the dark for
30 min at room temperature. The absorbance was determined at
517 nm compared to blank, which was ethanol. Gallic acid was used
as a positive control. The percentage of scavenging activity was
calculated using an equation below.

DPPH scavenging activity =100x(A0—A1) + A0

Where AO is the absorbance of the control and A1 is the absorbance
of the sample. ICso values calculated indicate the concentration of
the sample required to decrease the absorbance at 517 nm by 50%.

FRAP assay

The experiment was processed according to Benzie and Strain
method, which is based on the determination of the degree of
reducing power of antioxidants [12]. Each 30 pl of various
concentrations of the extract or gallic acid was added to 270 pl of
FRAP reagent (10 mM TPTZ in 40 mM HCl, 20 mM FeCls.6H20 in
water solution). The mixture was incubated in the dark for 30 min at
room temperature. The absorbance was determined at 593 nm
compared to blank, which was water. Gallic acid was used as a
positive control. The percentage of ferric reducing antioxidant
activity was calculated using an equation below.

Ferric reducing antioxidant activity = 100x(A0- A1)+ AQ
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Where AO is the absorbance of the control and A1 is the absorbance
of the sample. The ICso values calculated indicate the concentration
of the sample required to decrease the absorbance at 593 nm by 50%.

Total phenolic content

Folin-Ciocalteu reagent was used to determine the phenolic content
of the extract [13]. Approximately 12.5 pl of the extract or gallic acid
and 50 pl distilled water were mixed in a 96 well plate. Folin-
Ciocalteu phenol reagent (12.5 pl) was added to the mixture and
shaken vigorously for 6 min. 7% Na2CO3z solution (125 ul) was
added, mixed, and diluted to 100 ul with water. The reaction mixture
was incubated for 90 min before the absorbance was determined at
760 nm compared to blank. Total phenolic content was calculated as
gallic acid equivalents mg per 100 g fresh sample.

RESULTS AND DISCUSSION

The antioxidant activity of the extracts is inversely relative to the
ICso value, which can be calculated from the linear regression of
DPPH scavenging activity or ferric reducing antioxidant activity
versus extract concentrations. In the DPPH assay, the ICso values of
all extracts were more than 1,000 mg/ml indicating the absence of
antioxidant activity. On the other hand, according to the FRAP assay,
it was indicated that only hexane extract and dichloromethane
extract of dried R. sativus pod showed mild antioxidant activity with
the values of 312.20 and 599.71 mg/ml, respectively (Table 1).

Table 1: ICso values of R. sativus pod extracts by DPPH and FRAP assays

ICs0 mg/ml Gallic acid ‘FE1 ‘FD1 ‘FH1 ‘DE1 ‘DD1 ‘DH1
DPPH assay 5.52 pg/ml 3,788.56 3,626.42 3,501.70 4,371.26 2,389.59 1,365.34
FRAP assay 3.56 pg/ml 6,079.83 1,225.12 2,520.24 6,478.87 599.71 312.20

*Abbreviation: FE1 = fresh R. sativus ethanol extract, FD1 = fresh R. sativus dichloromethane extract, FH1 = fresh R. sativus hexane extract, DE1 =
dried R. sativus ethanol extract, DD1 = dried R. sativus dichloromethane extract, DH1 = dried R. sativus hexane extract

The extraction yields from various solvents were reported as FE1
0.0057%, FD1 = 0.135%, FH1 = 0.0092%, DE1 = 0.0031%, DD1
0.150%, and DH1 = 0.0070% (see abbreviation from Table 1 or Table 2).

Total phenolic content, which expressed as mg gallic acid per 100 g
sample, varied extensively among the extracts, and ranged from 0.26

to 34.60 mg gallic acid per 100 g sample (Table 2). Allowing for a
wide range of variation, total phenolic content was divided into 2
groups which were moderate (>10 mg gallic acid per 100 g sample)
and low (<10 mg gallic acid per 100 g sample) phenolic content.
Only hexane extract and dichloromethane extract of dried R. sativus
pod contained moderate amount of the phenolic content.

Table 2: Total phenolic content in R. sativus pod extracts

Phenolic content (mg gallic acid/100 g fresh sample) "FE1

‘FD1 ‘FH1 ‘DE1 ‘DD1 ‘DH1

0.34+0.04

0.80£0.12 0.26x0.01 1.79+0.06 23.07+1.73 34.60+3.86

*Abbreviation: FE1 = fresh R. sativus ethanol extract, FD1 = fresh R. sativus dichloromethane extract, FH1 = fresh R. sativus hexane extract, DE1 =
dried R. sativus ethanol extract, DD1 = dried R. sativus dichloromethane extract, DH1 = dried R. sativus hexane extract

Positive relationship was found between ferric reducing antioxidant
activity and total phenolic content for the extracts of R. sativus pod.
It was suggested that phenolic compounds, which were found in
dried hexane and dichloromethane R. sativus extract, may involve in
antioxidant activity. The antioxidant effect disappeared in dried
ethanol R. sativus extract and it was probably because of loss of
those phenolic compounds in extraction processes. Interestingly, all
fresh R. Sativus extracts were not found to possess any antioxidants.
The reason was proposed as the fresh R. sativus pod contained
considerable amount of water, a yield of its dried weight was about
10% of a fresh weight.

As compared to 100 g of sample, total phenolic content of those
fresh extracts was found to be lower than those of dried extract
drastically. On the other hand, antioxidant activity of R. sativus
extract cannot be observed using DPPH assay and it is possible since
both assay mechanisms are not totally the same. Anyway, trends of
the ICso values in both assays were similar in which the values were
low in DD1 and DH1 samples. Moreover, sulforaphene and
sulforaphane issue was considered and should be discussed in their

antioxidant effect. It was reported that these isothiocyanate
compounds are vaporous at room temperature. Thus, it is not
possible to detect them in dried R. sativus extracts, only phenolic
compounds might take a role in the antioxidant effect in FRAP assay.
In contrast, both sulforaphene and sulforaphane should be
presented in fresh R. Sativus extracts and exhibit antioxidant
activity. Anyway, in both DPPH and FRAP assays, the ICso values of
all fresh extracts were more than 1,000 mg/ml, which means no
antioxidant activity. The result guided us that both compounds
exhibited antioxidant effect through the other mechanism, which
was agreed with a previous work [14].

CONCLUSION

There are not many reports on phytochemistry studies of R. sativus
L. Var. caudatus Alef pod. Belonging to a source of isothiocyanate
compounds, this plant also possess phenolic compounds which
exhibit mild antioxidant activity through FRAP assay. The suggestion
for the future works should be concentrated to separate new
compounds, based on this activity, or to investigate the other
fascinating pharmacological activities of the edible part of this plant.
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