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ABSTRACT:. In this paper content of phenolic compounds from black radish (Raphanus sativus L. var
niger) roots of different size were examined. Black radish grown in Serbia, with the same period of
development, grouped by size into three groups: (R1) with mass of 350+15 g; (R2): 100£10 g and
(R3): 3515 g, were used. Plant extracts were prepared by using 80% (v/v) ethanol and total phenolic
compounds content was determined by spectrometric and the free radical scavenging abilities by
DPPH radical method. The phenolic compounds content was in range 42.9 (R1) to 19.7 (R3) umol
chlorogenic acid per g of dried plant material, i.e. 443.7 to 208.6 umol chlorogenic acid per g of dry
extract. The radical scavenging capacity ranged from 88.3 (R1) to 55.6% (R3) and the ECs, values
were from 1.59 to 2.24 mg/ml. The phenolic compounds content and radical scavenging capacity
depended on root size in such a way that bigger root means higher content of phenolic compounds
and higher scavenging capacity. By statistical analysis, there was a positive correlation between the
phenolic compound content and radical scavenging capacity and Euclidean linkages distances results
showed higher similarity between R2 and R3 sample.
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INTRODUCTION

Black radish (Raphanus sativus L. var. niger) is a plant belonging to Cruciferae family. In folk
medicine, black radish root has been used since antiquity as a natural drug against the
flatulence, formation of gallstones and indigestion (Hansel, 1985; Pahlow, 1989). Black
radish is an effective natural drug for the stimulation of bile function (Béhm, 1959; Ritter,
1984; Weiss, 1985) and significant antiurolithiatic effects of black radish were also reported
(Vargas et al.1999). Black radish root contains mixture of various inorganic and organic
compounds (minerals, lipids, proteins, carbohydrates, dietary fibres and vitamins).

The biological properties such as anticancer, antimicrobial and antiviral derive from phenolic
compounds and sulphur and nitrogen containing organic compounds, such as glucosinolates
(Lugasi et. al., 1998). Due to these abilities glucosinolates and phenolic compounds have
great attention today. The glucosinolates occur as secondary metabolites of almost all plants
of the order Brassicales, derived from glucose and oftenly two amino acids are incorporated.
Plants use substances derived from glucosinolates as natural pesticides and as defence
against herbivores. These substances are also responsible for bitter or sharp taste of radish
(Volder et al., 2009).

Phenolic compounds are product of secondary metabolism of plants which arise
biogenetically from the main synthetic pathways: shikimate and the acetate pathway (Bravo,
1998). Phenolic compounds have free radical radical scavenging abilities, which depend on
the exposure to stress such as light, temperature, water (Nakamura et al., 2003; Kays et al.,
1997), nutritional deficiencies (Dioxin et al., 1995; Robins et al., 1997) type of vegetable
tissue (Sonia et al., 2007), mechanical damage such as wounding (Fernando et al., 2007),
maturation stages (Ozgen et al., 2009), chemical structure (Lugasi et al., 2003) etc.
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With regard to the widespread use of black radish in the diet in this paper the effect of the
size of the root on the content of phenolic compounds composition and radical scavenging
capacity (SC) were examined. The results could be good indicator for the consumers which
size i.e. weight of black radish root for nutritive or healthy benefits is better to consume.

MATERIAL AND METHODS

Plant material

Black radish (Raphanus sativus L.) var. niger) roots, with the same period of development,
based on root size i.e. weight, were grouped into R1 (350+15 g), R2 (100£10 g) and R3
(35+5 g) groups. Five samples of roots were collected for each group. The roots were cut in
cube shape (1.5x1.5x1.5 cm), dried at 35 °C during 6 h and left at room temperature for 1 h.
Then the five samples were mixed into appropriate group and milled to average particle size
of 0.5 mm.Three separate determinations for each group were performed.

Plant material moisture content

The black radish roots moisture content was determined by using the analyzer (Scaltec SMO
01, Scaltec Instruments, Gottingen, Germany). Fresh plant material (3 g) was dried at 110 °C
to a constant weight, and moisture content was read out on the analyzer display.

Extracts preparation

Plant extracts preparation for measurements of the phenolic compounds content were done
according to Dokhani et al. (2005) procedure. Dried and milled black radish roots sample (3
g) was measured and 80 mL of 80% (v/v) ethanol was added. The mixture was stirred by
MR1 magnetic stirrer (IKA-Werke, Staufen, Germany) for 10 minutes at 200 min™ and
vacuum filtered through No. 54 Wathman filter paper (GE Healthcare, Brondby, Denmark).
The solids were re-extracted with 60 mL of 80% (v/v) ethanol, the filtrates combined and
made to a final volume of 250 mL. For the measurement of phenolic compounds content, 10
mL of each extract was filtered through a 0.45 um membrane filter (Agilent Technologies,
Wilimington, Delaware, USA). For radical scavenging capacity (SC) measurements and
HPLC analysis, 200 mL of each extract was evaporated in vacuum at 45 °C until dry and
dissolved in 10 mL of 96% (v/v) ethanol.

Phenolic compounds content

For phenolic compounds content (PCC) measurement, a standard curve for five
concentrations of chlorogenic acid (Sigma Chemical, St. Louis, Missouri, USA)
concentrations, covering the range from 50 to 1500 pmol, was made. In a test tube, 0.25 mL
of 0.1% (w/v) HCI in 95% (v/v) ethanol, 4.50 mL of 2% (w/v) HCI and 0.25 mL of chlorogenic
acid standard solutions were added, mixed by vortex and allowed to stand for approximately
15 min. Then the absorbance (A) was read at 280 nm using UV 21 000 Sprectrophotometer
(Cole Parmer Instruments Company, Vernon Hills, lllinois, USA) as described by Glories
(1998). Based on standard curve, the equation for PCC determination was obtained as:
PCC = A—Oi.108§> 1)
4.890x 10~

For measuring phenolic compounds content in black radish extracts, into test tube 0.25 mL of
0.1% HCl in 95% (v/v) ethanol, 4.50 mL of 2% (w/v) HCl and 0.25 mL of filtered extracts were
added and further treated as standard solutions of chlorogenic acid. The PCC was obtained
based on equation (1) and presented as umol of chlorogenic acid per g of dry plant material
and pmol of chlorogenic acid per g of dry extract.

Radical scavenging capacity

The radical scavenging capacity (SC) of extract diluted by ethanol to concentrations ranging
from 0.2 to 6 mg/mL, was determined by the DPPH test (Mensor et al., 2001). Ethanol
solution of DPPH radicals, 1 mL of a 0.3 mM, was added to 2.5 mL ethanol solution of given
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concentration of investigated extract and allowed to react at room temperature during 30 min.
Then the A value was measured at 518 nm on UV 21 000 Sprectrophotometer (Cole Parmer
Instruments Company), and converted into the percentage of radical SC by using the
equation (Mensor et al., 2001):

SC =100 — sample™ Ablank/x100 (2)
Acontrol

where Ag.mpie is the absorbance at 518 nm of the ethanol solution of the extract treated with
the DPPH radical solution; Ap.nk is absorbance at 518 nm of the ethanol solution of the
extract (1 mL of ethanol added to 2.5 mL of extract), and Acontros is absorbance at 518 nm of
ethanol solution of DPPH radical (1 mL of a 0.3 mM/L added to 2.5 mL of ethanol). The final
results are presented as ECs, value, i.e. concentration of investigated extracts sufficient to
decrease the initial DPPH concentration by 50%.

Statistical analysis

Statistica version 5.0 software (StatSoft, Tulsa, Oklahoma, USA) was used to perform the
statistical analysis: the mean, standard deviations and the correlation coefficients. The mean
and standard deviations were obtained by Descriptive Statistics, marking the Median &
Quartiles and Confirm Limits for Means and the correlation coefficients were obtained by
correlations matrix analysis with displaying p and N value. The Euclidean distances were
obtained by the cluster analysis and the Euclidean method with the complete linkage.

RESULTS AND DISCUSSION

Extract yield, phenolic compounds content and scavenging capacity

The results of moisture content, extract yield, the PCC and radical SC of phenolic extracts
from black radish roots are shown in table 1. The results are mean values of three
determinations. The dependence of total scavenging capacity on concentration of phenolic
compounds content in extract, are presented in figure 1.

The results showed that the PCC varied in range from 42.9 (R1) to 19.7 (R3) umol
chlorogenic acid per g of dried plant material, i.e. 443.7 to 208.6 umol chlorogenic acid per g
of dry extract. Based on results presented on figure 1, the radical scavenging capacity
ranged from 88.3 (R1) to 55.6% (R3) and the appropriate ECs5, values were 1.59 and 2.24
mg/ml, respectively.

Table 1. Moisture content, extract yield, phenolic compounds content and radical scavenging capacity
in black radish roots of various weights

Group of parsnip roots R1 (350+15 g) R2 (100£10 g) R3 (3515 g)
Fresh plant material moisture content (%) 68.2+1.9 71.9+1.3 70.8 +1.6
Extract yield (g/kg) 48.2+3.5 47.1£3.6 46.4+3.4
Phenolic compounds content 42.942.6 23.1+1.8 19.7+1.6
(umol/g of dry plant material)

Phenolic compounds content 443.7+15 241.3+12 208.6+16
(umol/g of dry extract)

ECso (mg/mL) 1.59+0.4 2.98+0.5 3.54+0.5
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Figure 1. Total scavenging capacity of 80% (v/v) ethanol extract from black radish root of various sizes

Statistical analysis

The correlation coefficients were obtained based on five parameters (1- extract yield, EY; 2-
phenolic compounds content as pmol of chlorogenic acid per g of dry plant material, PPC1;
3. phenolic compounds content as umol of chlorogenic acid per g of dry extract, PPC2; 4-
radical scavenging capacity, SC and 5- concentration of investigated extract sufficient to
decrease the initial DPPH concentration by 50%, ECs).
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Figure 2. Total scavenging capacity of 80% (v/v) ethanol extract from black radish root of various sizes

The sample size was six (N = 6, three groups and their minimum and maximum value of
determinations). The results show the high PCC was associated with high (the correlation
coefficient was 0.96) and low ECsq values (the correlation coefficient was -0.99). As the lower
ECs, value indicates higher antioxidant capacity, the obtained correlations show that higher
phenolic compounds content in black radish root means higher scavenging capacity.

The results of Euclidean linkages distances based on the same parameters as the obtained
correlation coefficients, showed higher similarity between R2 and R3 samples than between
others (Figure 2), and this is evident from data in Table 1 and figure 1.
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CONCLUSIONS

The phenolic compounds content and radical scavenging capacity depended on black radish
root size in such a way roots with higher weight had higher content of phenolic
compounds and better antioxidant capacity. There was a positive correlation between the
phenolic compounds content and total radical scavenging capacity. The black radish root
with weight higher than 100 g are recommended for human nutrition for healthy benefits.
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