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Abstract: The plants that naturally spread in Edremit Gulf are consumed by the local people in various ways either cooked
or raw. In this study, Raphanus raphanistrum species from the Brassicaceae family, which is also known to be used as
food, was used. DPPH and CUPRAC antioxidant activity analyses were carried out on the extracts obtained from the
aerial parts of the raw and boiled fresh plant. The total phenolic contents were determined and the phenolic compounds
contained and their interactions with the boiling process were determined by HPLC method. The extracts were stored in
a deep freezer at -20 °C to be used in further studies. In terms of the total amount of phenolic compounds, 12.65 ug
GAE/mg extract was detected in the boiled extract of R. raphanistrum species, and it has a higher value compared to the
raw extract. In the boiled extract, which has a higher value in terms of total flavonoid content than raw, was found 54 ug
Rutin Equivalent /mg fresh extract. Compared to the CUPRAC method, the boiled extract showed higher (68.58 ugTE/mg
extract) activity. The antioxidant activity of the boiled extract was found to be higher than the DPPH method, and the EC
50 value was measured as 1975.25 ug/mL. According to HPLC method, resveratrol, rosmarinic acid, quersetin,
kaempferol and naringenin substances were determined as in the raw extract. It was determined that while naringenin
was destroyed in the boiled extract, were changed the amounts of other phenolic compounds.
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1. Introduction
Turkey is one of the countries with very rich flora in the world with around 12000 plant taxa due to its geographical

location, geomorphological structure, various soil types and being under the influence of different climate types (Polat
and Selvi, 2011). Edremit Gulf, geographically forming the north of the Aegean Region, is an important region located
on the shores of Canakkale and Balikesir provinces, including various tourism centres and Kazdaglari (Polat and Selvi,
2011).

The genus Raphanus L. is represented in the world by 4 species (5 taxa); It is represented by 2 species (5 taxa) in
Turkey (The Plant List 2010; Giiner et al. 2012). One of the important species of the genus Raphanus is R. raphanistrum
L. The roots and leaves of this species, known as Wild Radish (English) or Yabani turp (Turkish), are consumed in some
countries, including Turkey, for food purposes (Baytop 1999; Alad! et al., 2022).

The use of natural plant species in the diet has increased as they are rich in minerals, fibre, vitamins and
antioxidants. According to the research, the medicinal values of these natural plants are increasing day by day due to
their antibacterial, anticarcinogenic, antidiabetic, and protective properties of the liver, and cardiovascular system
(Bolkent et al., 2001; Yildirim et al., 2001; Onar-Celik et al., 2012).

The effects of some secondary compounds found in natural plants on free radicals, have attracted the attention of
scientists and has led to an increase in research on these subjects. Reactive oxygen species, which are among the most

important free radicals, are produced naturally during the vital functions of cells. Cells have developed various defence
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mechanisms to protect themselves from the harmful effects of these free radicals. These defense mechanisms, which
are briefly called antioxidants, are generally examined in two parts enzymatic and non-enzymatic.

Enzymatic antioxidants consist of enzymes such as superoxide dismutase, catalase, glutathione peroxidase, and
glutathione reductase (Benzie, 2000). Non-enzymatic antioxidants are mainly composed of compounds such as a-
tocopherol (vitamin E), ascorbic acid (vitamin C), B-carotene, phenolic compounds, glutathione, cysteine, lipoic acid and
uric acid (Battin and Brumaghim, 2009).

In epidemiological studies, it has been determined that herbal components are quite beneficial against reactive
oxygen species; It has been stated that the protective effects of fruits and vegetables are caused by natural compounds
such as ascorbic acid (vitamin C), a-tocopherol (vitamin E), carotenoids, sulfur compounds (glutathione, cysteine,
methionine), flavonoids and phenolic acids (Halvorsen et al., 2002).

There are about twenty analytical methods developed for the determination of the capacity of antioxidants in natural
plants. Literature studies show that the antioxidant capacity of an antioxidant compound measured by one method may
differ from that measured by another method (Huang et al., 2005).

This study covers a part of the doctoral thesis, and it aimes to compare the antioxidant activity analyses and total
phenolic and flavonoid substance contents in the raw and after-boiling extracts of the R. raphanistrum, as well as to
determine the phenolic compounds it contains by HPLC method and to determine the interaction of these compounds

with the boiling process.

2. Materials and Methods

2.1 Plant Materials

The R. raphanistrum species used in the study were obtained from the rural area of the Camdibi district of Havran,
located within the borders of Edremit Gulf, before blooming in autumn. Fresh leaves and above-ground parts were used
for the plant. Identification of the plant sample was made using Flora of Turkey. Identification of the plant sample was
made using one volume of Flora of Turkey (Davis, 1965). The flowering habitus of the plant and its basal leaves are shown

in Figure 1.

Figure 1. R. raphanistrum; A) Habitus, B) Basal leaves.
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2.2.Chemicals and Reagents

1% Na,COs solution (Sigma-Aldric, S7795), 5% NaNO, (NaNO,, Merck 6544) solution, 10% AICl3 (AICIs,
Merck 1064), 1 M NaOH (NaOH, Merck 6462), Gallic acid (Sigma-Aldrich, G7384), Rutin (Merck, 153-18-4), Copper (Il)
Chloride Solution 10 mM( Merck ), 1 M Ammonium acetate(Merck, 101116.1000), Neocuproin 7.5 mM (sigma-Aldrich,
N1501), Trolox 1 mM (Cayman chemical), Folin-Ciocalteu reagent (Sigma-aldrich, 47641), DPPH (AB 211798, 2.2-
Diphenyl-1-picrylhydrazl), Methanol (Sigma-aldrich 24229).

2.3.Preparation of Herbal Extracts

The basal leaves and aerial parts of the plants were used fresh. The plants were washed with tap water and dried
by draining. It was cut into small pieces with the help of a plastic knife. For the raw extraction of the plants, 20 g of the
fresh and chopped parts were weighed and placed in 200 ml of 96% ethanol. The plants were kept in the dark at room
temperature for 17-20 days.

For boiled extractions, 50 g of chopped plant samples were boiled in 75 ml boiling water at 100 °C for 5 minutes in
a closed pot (Oboh, 2004; Turkmen and Velioglu, 2005). The plants, whose water was filtered with the help of a strainer,
were quickly cooled on the ice tray. 20 grams of the plants were weighed and kept in 200 ml of 96% ethanol for 17-20
days in the dark at room temperature.

The solvents of the plant samples were removed using a rotary evaporator at 45-50 °C. The obtained extracts were
kept in a fume hood for one or two nights until they were completely removed from their solvents. The obtained plant
extracts were stored in a deep freezer at -20 °C for later use to determine the total amount of phenolic and flavonoid

substances, to perform antioxidant activity analyzes (DPPH, CUPRAC) and to perform the HPLC analysis method.

2.4.Determination of Total Phenolic Compound Quantity

The total amount of phenolic substances in the plant extracts was determined according to the method developed
by Slinkard and Sigleton (1977). In the study, gallic acid (25-200 pg/mL) solution prepared with methanol was used as a
standard substance to draw a calibration curve.

The concentration of plant extracts was prepared to be 1 mg/mL. 250 L of each of the plant extracts and gallic
acid dilutions were taken into separate test tubes.

Then, 1 mL of Folin&Ciocalteu reagent (diluted 1:9) was added to each tube. Then, 750 pl of 1% Na,CO3 solution
was added to each tube. After the mixtures were kept in the dark at room temperature for 2 hours, the absorbance against
the blank was read at 765 nm in the spectrophotometer (Thermo Scientific Multiskan GO). Methanol was used as a blank.
Experiments were done in triplicate repetitions. The phenolic content of the plants was given as gallic acid equivalent (ug
GAE/mg fresh extract) (Slinkard and Singleton, 1977).

2.5.Determination of Total Flavonoid Amount

The total amount of flavonoids in plant extracts Zhishen et al. (1999) was determined according to the method
developed. In the study, it was routinely used as a standard flavonoid compound. Dilutions of 25-300 pug/mL were prepared
to draw the calibration chart.

0.25 mL was taken from these solutions and plant extracts at a concentration of 1 mg/mL. 1.25 mL of distilled water
and 75 pL of 5 % NaNO, were added to it. It was kept at room temperature for 6 minutes. 150uL of 10 % AICl; solution
was added and left for five more minutes. After adding 0.5 mL of 1 M NaOH solution and 275 pL of distilled water, the

tubes were thoroughly mixed by vortexing. Absorbance values at 510 nm were read against the blank. The flavonoid
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content of the extracts was expressed as rutin equivalent (ug Rutin/mg fresh extract). Experiments were done in three

repetitions.

2.6. Cu(ll) ion reducing antioxidant capacity method (CUPRAC)

The method developed by Apak et al. (2004) was used to determine the antioxidant activity values of the extracts
obtained from plant samples by the CUPRAC method. In this method, were used 10 mM Copper (II) Chloride Solution (in
distilled water), 7.5x107 M Neocuproin Solution (in 96% ethanol), 1 M Ammonium Acetate (CH;COONH,) Buffer Solution
(pH: 7 in deionized water).

1 mL of each solution was taken into the test tubes prepared for the analyses, 0.5 mL of sample extract and 0.6 mL
of deionized water were added, and the final volume was adjusted to 4.1 mL. The mixtures were kept in the dark for 30
minutes and the absorbance values were measured at 450 nm in a spectrophotometer.

The same procedures were repeated using deionized water instead of the sample for the blank. Trolox solution
prepared in the range of 25-250 g was used for the calibration curve. The CUPRAC antioxidant capacity values of the

extracts were calculated as pumol Trolox equivalent/mg sample using the calibration equation (Apak et al., 2006).

2.7. DPPH Activity Analysis

This study was carried out with some modifications to the antioxidant activity determination method with the DPPH
radical capture method developed by Kumaran and Karunakaran (2007). Plant extract and standard substance (50 pL)
were added to 450 pl of a 0.004% MeOH solution of DPPH. Absorbance at 519 nm was determined after 30 min, and the
percentage inhibition activity was calculated from [(A0-A1)/A0] x100, where A0 is the absorbance of the control, and A1

is the absorbance of the extract/ standard.

2.8. HPLC Conditions

HPLC was performed using a Shimadzu HPLC device, according to preparation techniques for phenolic compounds
(Caponio, Alloggio, Gomes, 1999). The following equipment was used for reverse-phase chromatography: DAD detector
(Imax = 278) and SIL-10AD vp auto-sampler. The system controller was SCL-10Avp, the pump was LC- 10ADvp and the
degasser was DGU- 14A. The column oven was CTO-10Avp and the column was Agilent Zorbax EclipseXDB-C18 (250
x 4.60 mm) 5 ym. Mobil phases were A: 3% acetic acid and B: methanol and the flow speed was 0.8 mL/minute. The
column temperature was 30 °C and the injection volume was 20 .

Chromatogram standards were gallic acid, catechin, caffeic acid, epicatechin, p-coumaric acid, ferulic acid, vitexin,
rutin, naringin, hesperidine, apigenin-7-glucoside, rosmarinic acid, eriodictyol, quercetin, naringenin, luteolin, apigenin,
and carvacrol.

The standard chromatogram of phenolics according to their retention time is shown in Figure 1, and the list of

standard phenolics and their retention times are shown in Table 1.



69

Table 1. The list of standard phenolics and retention times.

Phenolics standard

Retention times

1. Gallic Acid 9.00
2. Chlorogenic Acid 271.52
3. 4hydroxybenzaldehide 29.36
4, Vanilic Acid 33.00
5. Cafeic Acid 33.66
6. Epicatechin 34.44
7. Syringic Acid 37.26
8. p-Coumaric Acid 40.70
9. Echinocoside 41.89
10. Ferulic Acid 43.16
1. Ursolic Acid 46.41
12. Naringin 48.10
13. Benzoic Acid 48.14
14. 2-Hydroxycinnamic Acid 48.73
15. Hesperidin 49.55
16. Rutin Hydrate 50.42
17. Resveratrol 52.24
18. Apigenin-7-Glukozit 52.45
19. Rosmarinic Acid 52.89
20. Juglon 57.86
21. Transcinnamic Acid 59.12
22. Quercetine 61.74
23. Naringenin 62.92
24. Kaempferol 68.25
BT P

Figure 2. Standard chromatogram of the phenolics according to retention time.
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3. Results

Antioxidant activity data were examined of raw and boiled extracts of R. raphanistrum, which we used in our study.
At the end of the extraction processes, the percent extraction yields of the extracts obtained from the samples were
calculated and given in Table 2. When the raw and boiled extracts of the plant were compared, it was determined that
the % yield values changed. In addition, 50 g of the plant sample was boiled for 5 minutes; then, the water was filtered,

dried and weighed again. According to the results obtained, a loss of 93.98% occurred in the weight of the boiled plant.

3.1. Total Phenolic Compound Analysis

In this study, the total amount of phenolic compounds in plant extracts that were raw and boiled for 5 minutes was
determined (Slinkard and Sigleton, 1977). The total amount of phenolic compounds was calculated as pg gallic acid /mg

fresh extract with the help of the standard graph (Figure 3) prepared by taking the gallic acid equivalent.

18
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Figure 3. The phenolic content of plant extracts with gallic acid equivalent (ug/mg extract).

In the Figure 3, it is seen that the total amount of phenolic substances is higher in the boiled extract of the R.

raphanistrum.

3.2. Total Flavonoid Substance Analysis
The total amount of flavonoids in plant extracts Zhishen et al. (1999) was determined according to the method
developed. In the figure, it is seen that the total amount of flavonoid substances is higher in the boiled extract of the R.

raphanistrum (Figure 4).
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Figure 4. The total amount of flavonoid substances, which is the Rutin equivalent (ug /mg) of the plant extracts.

3.3. Antioxidant Activity Analysis by CUPRAC Method

The method developed by Apak et al (2004) was used to determine the antioxidant activity values of the extracts

obtained from plant samples by the CUPRAC method.
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Figure 5. Trolox equivalents of plant extracts according to the CUPRAC method

In the Figure 5, it is seen that the antioxidant activity capacity of the raw extract of R. raphanistrum is higher

according to the CUPRAC method, while the activity decreases after boiling.
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3.4 DPPH Analysis Method

EC 50 values were calculated by drawing the Trolox inhibition graph according to the DPPH analysis method.

Trolox Inhibition Graphic
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Figure 6. DPPH removal activity of Trolox dilutions.
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The EC 50 value of Trolox was calculated as 84.313 pg/mL from the Trolox inhibition graph shown in Figure 6. EC

50 values of raw and boiled extracts of R. raphanistrum are calculated from the graph in Figure 7 and shown in Table 2.
The EC 50 value of the raw extract was calculated as 5198 pg/mL, and the EC 50 value of the boiled extract was calculated

as 1975 pg/mL. As seen in the Figure 7, DPPH radical scavenging activity increased after was boiled the plant.

Table 2. Antioxidant capacity, extraction % yield of plant extracts.

Species name Extract

form

Raw

R. raphanistrum L.
Boiled

Total amount of
phenolic
substance
HMgGAE/mg

extract

7.15
12.65

Total
flavonoid
substance
content
MgRE/mg
extract.

4

54

Antioxidant
capacity
method
(CUPRAC
MgTE/mg
extract
51.6
68.58

DPPH % vyields
Analysis EC  of plant

50 value extracts

(ng/mL)
5198.1 291
1975.25 229
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3.5. HPLC (high performance liquid chromatography) analysis

3.5.1. R. raphanistrum L.

compounds in raw and boiled extracts are given in Table 3.

Table 3. Raw and boiled extract of HPLC analysis of R. raphanistrum in 100 ppm.

HPLC analysis was performed with raw and boiled extracts of R. raphanistrum. The measured values of phenolic

No Phenolic Raw extract 100 ppm (Units mg/mL) Boiled extract 100 ppm (Units mg/mL)
compounds Ret. Time  Area Conc. Ret. Time  Area Conc.

1 Gallic Acid 0 0 0 0 0 0

2 Chlorogenic acid 0 0 0 0 0 0

3 4hydroxybenzaldeh 0 0 0 0 0 0

4 Vanilic Acid 0 0 0 0 0 0

5 Cafeic Acid 0 0 0 0 0 0

6 Epicatechin 0 0 0 0 0 0

7 Syringic acid 0 0 0 0 0 0

8 Echinocoside 0 0 0 0 0 0

9 p-coumaric Acid 0 0 0 0 0 0

10 Ferulic Acid 0 0 0 0 0 0

1 Benzoic Acid 0 0 0 0 0 0

12 2-Hydroxycinnamic 0 0 0 0 0 0

13 Hesperidine 0 0 0 0 0 0

14 Rutin hydrate 0 0 0 0 0 0

15 Resveratrol 52213 13558 0.582 51.989 1510 0.532

16 Rosmarinic Acid 53.327 204977 48.288 54.113 50135 12.493

17 Transcinnamic acid 0 0 0 0 0 0

18 Quercetine 61.364 43122 0.583 61.963 142908 1.110

19 Naringenin 64.016 4764 2942 0 0 0

20 Ursolic acid 0 0 0 0 0 0

21 Apigenin 7 glucosid 0 0 0 0 0 0

22 Juglon 0 0 0 0 0 0

23 Tyramine 0 0 0 0 0 0

24 Naringin 0 0 0 0 0 0

25 Kaempferol 67.613 1031312 1.567 68.178 666845 0.593
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Figure 8. HPLC chromatogram obtained from 100 ppm raw extracts of R. raphanistrum.
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Figure 9. HPLC chromatogram obtained from 100 ppm boiled extracts of R. raphanistrum.

Resveratrol, rosmarinic acid, quersetin, kaempferol and naringenin substances were determined in R. raphanistrum

100 ppm raw extract (Figure 8). After boiling, naringenin was destroyed. The amount of quercetin slightly increased, while
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decreased the amount of rosmarinic acid and kaempferol. There was a slight decrease in the amount of resveratrol (Figure

9). The measured values of phenolic compounds in raw and boiled extracts are given in Table 3.

4. Discussion and Conclusions

In recent years, interest in phenolic compounds, especially flavonoids, has increased considerably due to their
strong antioxidant effects that protect plants from adverse environmental conditions. These polyphenolic phytochemicals,
which are found in widely consumed plants, have many biological properties such as antibacterial, hepatoprotective, anti-
inflammatory, anticancer and antiviral agents that support human and animal health and help reduce the risk of disease.
Studies have shown that in addition to these properties, almost every flavonoid group has antioxidant activity capacity.
Antioxidant mechanisms of action, on the other hand, provide the regulation or protection of antioxidant defences by
chelating trace elements that function in the formation of free radicals or by inhibiting the formation of ROS and scavenging
ROS (Kumar and Pandey, 2013, Kopustinskiene et al., 2020, Shi et al., 2021). Flavonoids in foods are generally
responsible for color, taste, prevention of fat oxidation and preservation of vitamins and enzymes (Kumar and Pandey,
2013).

This study reveals the changes in total phenolic and flavonoid substance amounts in the raw and after-boiled
extracts of the R. raphanistrum consumed as food. In addition, CUPRAC and DPPH methods were performed to detect
changes in antioxidant activity. It was also determined how the phenolic compounds contained in it were affected by the
boiling process by the HPLC analysis method.

According to the results obtained in our study, it was observed that the boiled extracts of the R. raphanisrum were
higher in total phenolic (12.65 pgGAE/mg extract) and flavonoid (54 ugRE/mg extract) substances compared to the raw
extract. The total phenolic content of the raw extracts was determined as 7.15 ugGAE/mg extract and the total flavonoid
substance content was 4 ugRE/mg extract. According to the Cuprac antioxidant analysis results, the activity of the boiled
extract (68.58 pugTE/mg extract) was found to be higher than the raw extract (51.6 pgTE/mg extract). It was determined
that the boiled extract showed higher activity in terms of DPPH radical scavenging activity.

According to the studies, several complex events occur during heat treatment that change the quality characteristics
of the food such as sensory properties and nutritional properties. The structure and composition of the food, the type of
heat treatment applied and the temperature can cause an increase in the amount of phenolic compounds (Sakac et al.,
2011). Depending on the degree and duration of the heat treatment applied, pro-oxidant and antioxidant molecules may
be formed. Itis stated that during heat treatment, antioxidants naturally found in food may deteriorate and new components
with antioxidant activity may be formed. These new antioxidant compounds are formed during Maillard reactions,
especially in the initial phase. The degree and duration of the applied heat treatment can change the antioxidant properties
(Calligaris et al., 2004).

In a study by Volden et al (2008), it was revealed that there was a 59% decrease in the anthocyanin content of red
cabbage after boiling. In a study, were investigated the effects of boiling and steaming carrots and cauliflower on phenolic
compounds such as caffeic, sinapic, p-coumaric, chlorogenic and ferulic acids (Mazzeo et al., 2011). In this study, it was
determined that the boiling process harmed phenolics other than p-coumaric acid in carrots. Boiling destroyed almost all
of the phenolic compounds in carrots. In the same study, it was determined that phenolic components other than caffeic
acid in carrots increased with the steaming process. As a result of the research, it was determined that there was an
increase in the amount of phenolic components in the steamed cauliflower.

According to the HPLC analysis results in our study, resveratrol, rosmarinic acid, quercetin, kaempferol and
naringenin substances were determined in R. raphanistrum 100 ppm raw plant extract. After boiling, naringenin was

destroyed. The amount of quercetin slightly increased, while decreasing the amount of kaempferol and resveratrol. The
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amount of rosmarinic acid decreased by almost four times with the boiling process and its concentration decreased from
48.288 to 12.493 mg/mL.

Studies on the cytotoxic effects of phenolic and flavonoid compounds on various types of cancer are increasing
day by day. It has been stated that genistein, daidzein, resveratrol, baikalein, flavopridol, apigenin and catechins, which
are plant-derived natural compounds whose anticarcinogenic effects have been widely studied, may be important
therapeutic agents in the treatment and protection of pancreatic cancer (Roginsky et al. 2005).

It was observed that the plants we used in the study were rich in phenolic compounds and flavonoid substances,
and this richness became more diversified with the formation of different new compounds when boiled. We can say that
these natural plants may have protective effects against many diseases such as cancer, diabetes and heart diseases,
due to the intake of different compounds when consumed both raw and cooked. Considering the bioavailability of phenolic
and flavonoid substances, we can think that they can be used as an adjunct to treatment due to their anticancer effects.

An increase in the total phenolic and flavonoid substance amounts was observed by boiling the plant for five
minutes. In addition, antioxidant activity (CUPRAC and DPPH) capacity also increased. According to the HPLC analysis
results, the presence of new substances was not observed in response to the substances destroyed by the blanching
process.

In line with the studies, it is possible to summarize the increase in antioxidant activity as the inactivation of oxidative
enzymes that prevent antioxidant activity by heat treatment, the destruction of the cell wall by heat treatment, the release
of insoluble phenolic compounds and the formation of new antioxidant compounds with heat treatment (Pinelo et al., 2005).

However, studies have also shown that temperatures above 200 °C damage phenolic compounds (Kim et al., 2006).
More studies are needed to explain the effect of heat treatment on these bioactive compounds.

As can be seen from the studies conducted, it has been revealed that there are differences between the
consumption of raw foods and the consumption of them cooked in terms of the various compounds they contain. In terms

of antioxidant activity, we can say that the plant we studied is more suitable to be consumed by boiling.
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