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Abstract
Scopoletin is a phytochemical of coumarins distributed in some plants. The aim of this study was the evaluation of sco-
poletin content and antioxidant activity of nettle, mallow, purslane, knot-grass, dill and coriander encountered in Black 
Sea regions. Analyses were conducted on the leaves and stems of these plants, except knot-grass. The lowest scopoletin 
content was found in nettle leaves (11.48 mg/kg) and the highest amount was found in knot-grass (6708.37 mg/kg). 
Scopoletin was not detected in stems of mallow, purslane and dill plants. The lowest total phenolic content was found 
in mallow stem (0.86 mg GAE/g) and the highest value was in knot-grass (67.74 mg GAE/g). The lowest ferric reducing 
antioxidant power (FRAP) was ascertained in purslane stem (1571.58 µmol  Fe2+/g) and the highest value in coriander 
leaves (64905.90 µmol  Fe2+/g). The mallow stem displayed the lowest DPPH radical scavenging activity of 48.63 µmol 
TE/g, while knot-grass provided the highest DPPH radical scavenging activity of 5261.56 µmol TE/g. These results revealed 
that knot-grass was the richest source of scopoletin and antioxidants. The studied plants exhibited a high interest in 
food, cosmetic and pharmaceutical industries.
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1  Introductıon

More than ten thousand phytochemicals have been figured out in food products. The use, importance and efficacy of 
these phytochemicals have been largely studied. The phytochemicals from different parts of fruits and vegetables can 
be ranged into chemical classes such as isoflavones, phytates, indoles, flavonoids, terpenes, phenolic acids, coumarins, 
polyphenols, lycopene, isothiocyanates, carotenoids and sulfides.

Coumarins are one of the subgroups of phytochemicals known as heterocycle benzopyran compounds resulted from 
the fusion of the pyrone ring and benzene ring. Two groups of the heterocyclic rings are identified depending on the 
position of the carbonyl group. The first group is coumarins which are resulted from the combination of α-pyrone and 
benzene rings, while the second one is chromon formed by fusing γ-pyrone and benzene rings. Coumarins have been 
largely reported in plants, however, their functions have not been completely defined. They are considered as a fungicide 
and bactericide as well as plant growth regulator [1].

Scopoletin and its β-D-glycoside form, scopolin, belong to coumarins. They are distinguished from other coumarins 
by their physicochemical properties and healing applications [2]. The synthesis of scopoletin is related to stress factors 
such as mechanic injury and drying, and it defends plants against microbiological attacks [2]. Scopoletin is a phytoalexin 
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found in several kinds of plants in nature [3]. Plants containin scopoletin have been involved in the management of many 
symptoms and diseases such as convulsions, inflammation, rheumatic pains, leprosy, cardiovascular and neuromuscular 
diseases, asthma, hypertension, hyperthyroidism, cancer and hyperglycemia [4, 5].

Although fruits and vegetables from different kinds of families including Geraniaceae, Liliaceae, Musaceae, Com-
positae, Convolvulaceae, Loasaceae, Urticaceae, Apiaceae, Fabaceae, Malvaceae and Solanaceae have been reported to 
contain numerous phytochemicals, no study has investigated the scopoletin contents of nettle (Urtica diocia L.), mallow 
(Malva sylvestris L.), purslane (Portulaca oleracea L.), knot-grass (Polygonum cognatum Meissn), dill (Anethum graveolens 
L.) and coriander (Coriandrum sativum L.) grown in Turkey. Thus, the main aim of the present study was the evaluation the 
scopoletin contents of plants found wild or cultivated and prevalently consumed in Turkey. In addition, the antioxidant 
properties of plants were determined.

2  Materıals and methods

2.1  Material

Six different edible plants including nettle (Urtica diocia L.), common mallow (Malva sylvestris L.), purslane (Portulaca 
oleracea L.), knot-grass (Polygonum cognatum Meissn), dill (Anethum graveolens L.) and coriander (Coriandrum sativum 
L.) were collected from ten locations of Black sea Region (mainly from Samsun and Tokat), Turkey. In this study, the leaves 
and young stems of these plants were investigated, except knot-grass. Knot-grass was analysed as a whole plant due to 
its structure, as it has far smaller leaves than other plants. Prior to the analyses, the collected plants were washed with 
distilled water. Afterward, they were dried at room temperature and then the leaves and stems were separated. The 
leaves and stems were separately ground and stored in dark for further analyses.

2.2  Methods

2.2.1  Preparation of plant extracts

The dried and ground samples were soaked in 40% ethyl alcohol and extracted in an ultrasonic bath at 80–85 °C for 
15 min. The extract was filtered and the solid phase was re-extracted 3–4 times following the same procedure. The extract 
was then concentrated with a rotary evaporator.

2.2.2  Moisture content (moist)

The moisture content was measured with a vacuum oven (NÜVE, FN 500P, Turkey) at 70 °C for 24 h according to the 
preliminary tests [6].

2.2.3  Determination of scopoletin content (SCO)

The analysis of scopoletin the same method as in Vipul et al. [7] was used with some modifications. Briefly, the extracts 
were filtered through a 0.45 μm Millipore filter and isocratically injected into the HPLC system. The isocratic elution was 
conducted according to chromatographic conditions. A Phenomenex C18 column (250 mm × 4.6 mm, 5 μm) (California, 
USA) was used. The eluent consisted of an isocratic mixture of methanol and water 30: 70 ratio containing 0.1% v/v formic 
acid. The mobile phase was filtered through a 0.45 μm Millipore filter and degassed by sonication for 30 min. A total of 
20 μl of each extract was injected and HPLC operation was run at a flow rate of 1.0 ml/min and a wavelength of 366 nm.

Five different concentrations (20, 40, 60, 80, 100 ppm) were prepared from the scopoletin stock solution after dilution 
with the mobile phase and injected in triplicates. Thanks to the regression equation obtained from the standard curve, 
the concentrations were calculated with y = 4906× + 79,399, R2 = 0.996 equation. Results were expressed as mg/kg unit 
in dry matter.
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2.2.4  Determination of total phenolic content (TP)

The total phenolic content was determined in the ethanolic extracts according to the method of Zannou et al. [8]. The 
total phenolic content was calculated and expressed as gallic acid equivalents per 100 g of (mg GAE/100 g) based on 
the gallic acid standard curve.

2.2.5  Determination of antioxidant activities

The antioxidant activity was evaluated with two different techniques including Ferric Reducing Antioxidant Power (FRAP) 
and DPPH radical scavenging activity.

2.2.5.1 Ferric reducing antioxidant power (FRAP) FRAP analysis were conducted following the method described in Pas-
hazadeh et al. [9]. The FRAP values were calculated by standard curves prepared from  FeSO47H2O and expressed as µmol 
 Fe2+ per gram of dry matter.

2.2.5.2 DPPH free radical scavenging activity DPPH radical scavenging capacity of samples was determined according to 
the procedure reported in Pashazadeh et al. [9]. The Trolox calibration curve was plotted as a function of the percentage 
of DPPH radical scavenging activity. The results were expressed as µmol Trolox (TE) per gram of dry matter.

2.2.6  Statistical analyses

The relation between total phenolic content and antioxidant activity of plants was determined with the help of the SPSS 
16 statistical software. Differences between averages were detected with a Duncan multiple comparison test (p < 0.05). 
In addition, correlation analysis was conducted with the Pearson method (p < 0.05).

3  Results and discussion

The scopoletin content and antioxidant activity of six different plants including nettle (Urtica diocia L.), mallow (Malva 
sylvestris L.), purslane (Portulaca oleracea), knot-grass (Polygonum cognatum), dill (Anethum graveolens) and coriander 
(Coriandrum sativum) were investigated in the present study. The results have shown diversity in scopoletin content and 
antioxidant activity depending on the type and parts of plants.

3.1  Scopoletin content and antioxidant activity of nettle

The results of scopoletin content and antioxidant activity determined in the leaves and stems of nettle were presented in 
Table 1. As can be seen, the scopoletin content was evaluated in ten different samples of nettle leaves and seven of them 
contained scopoletin. The lowest amount of scopoletin in nettle leaves was 11.48 mg/kg dry basis, whereas, the highest 
value in nettle leafy part was 79.35 mg/kg dry basis). It was remarked that the scopoletin content of some samples in 
nettle leafy was below the detection limits. A range of 15.51–150.44 mg/kg dry basis of scopoletin content was found in 
the stem. The nettle stem displayed higher amount of scopoletin when compared to the leaf part.

Sajfrtova et al. [10] have determined the scopoletin contents ranged from 16 mg/kg to 56 mg/kg in nettle roots. 
Likewise, Orčić et al. [11] have assessed that the roots and flowers of nettle had the highest scopoletin contents of 
91.42 µg/g and 180.4 µg/g, respectively. Francišković et al. [12] have reported the amounts of scopoletin ranged from 
13.42 to 34.38 µg/g and 52.61 and 111.5 µg/g in nettle. These findings were in accordance with the results of the present 
study. It has been reported that the extraction techniques, solvents and cultivation conditions could affect the scopoletin 
content of nettle [10, 11]. The moisture contents varied between 74.81–87.38% and 86.40, and 91.79% for nettle leaves 
and stems, respectively. Similarly Shonte et al. [13] have found a moisture content of 85.00% in the nettle collected from 
South Africa. As can be seen in Table 1, the nettle leaves displayed the highest total phenolic content (10.00–31.45 mg 
GAE/g) and antioxidant activity when compared to nettle stems. Kőszegi et al. [14] have reported less total phenolic 
content of 0.7–1.6 mg GAE/g in nettle. Previously, many studies have investigated the effects of the phenolic content 
of fruits and vegetables on antioxidant activity. With respect to our results, nettle leaves displayed significant relations 
(p < 0.01) between phenolic content, FRAP (r = 0.847**) and DPPH (r = 0.957**), as well as FRAP and DPPH (r = 0.810**). 
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Similarly, in nettle stems, the correlations between phenolic content and FRAP (r = 0.728*) as well as FRAP and DPPH 
(r = 0.881**) were significant (p < 0.05). However, the scopoletin contents of both leaf and stem of nettle have not an 
effect on the total phenolic content and antioxidant activity.

3.2  Scopoletin content and antioxidant properties of purslane

As can be seen in Table 2, scopoletin was found in 4 samples purslane leaves. No scopoletin was detected in purslane 
stems. The level of scopoletin in purslane leaves was ranged from 44.19 mg/kg to 162.18 mg/kg dry matter basis. The 
reason of the absence of scopoletin in some purslane samples has been thought to be environmental conditions, as 
this metabolite is mostly secreted in the plants under stress. Furthermore, the accumulation of scopoletin in plants has 
shown significant changes in respect with habitats.

Xin et al. [15] have tentatively identified scopoletin together with two terpenoids in purslane. They reported that 
terpenoids isolated from purslane have low cytotoxic effects. According to the findings of Ai et al. [16], purslane plants 
had scopoletin contents varying between 0.121 µg/ml and 81.89 µg/ml. They have notified that the difference in the 
quantity of scopoletin content of purslane samples might be linked to the origin of the plant, suggesting that this diver-
sity could be used to assess the quality of purslane. The moisture contents of purslane leaves and stems were found 
between of 91.10–94.17% and 88.50–93.64%, respectively. The lowest total phenolic contents were 3.52 and 1.54 mg/g 
and the highest were 9.35 and 3.96 mg/g in leaves and stems, respectively. FRAP determined in leaves and stems were 
3845.49–14,084.04 µmol/g and 1571.58–3883.11 µmol/g, respectively. The lowest values of DPPH radical scavenging 

Table 1  Scopoletin content and antioxidant activity of leaf and stem of nettle

n.d not determined

Leaf Stem

Moist, % SCO, mg/kg TP, mg/g FRAP µmol/g DPPH, µmol/g Moist., % SCO, mg/kg TP, mg/g FRAP, µmol/g DPPH, µmol/g

1 79.09 24.41 20.22 34795.80 1550.55 84.61 40.47 10.01 10668.98 414.57
2 77.85 32.83 31.45 43084.05 3043.46 81.10 142.18 16.00 19028.17 750.72
3 79.32 n.d 16.21 32961.17 1332.32 86.14 15.51 14.16 11161.72 494.28
4 85.22 11.48 10.00 19480.38 872.38 88.07 90.05 9.77 15461.22 694.26
5 87.38 29.25 23.82 40782.78 2347.70 89.34 103.93 15.36 19694.45 710.16
6 77.52 n.d 21.28 38337.22 2277.52 79.29 67.83 15.19 19067.53 741.27
7 85.57 n.d 18.17 35250.70 1944.02 88.15 36.58 17.97 21898.83 718.51
8 85.59 79.35 12.11 13535.57 1070.64 91.42 144.93 15.64 20665.77 705.17
9 74.81 29.60 22.52 40396.95 2294.22 82.78 150.44 14.74 19384.50 712.71
10 85.89 16.23 18.26 39109.63 1512.29 88.28 71.50 12.24 17548.30 746.12

Table 2  Scopoletin and antioxidant content of purslane

n.d not determined

Leaf Stem

Moist.,% SCO, mg/kg TP, mg/g FRAP µmol/g DPPH, µmol/g Moisture,% TP, mg/g FRAP µmol/g DPPH, µmol/g

1 91.95 n.d 4.97 7529.38 318.14 91.20 2.93 2153.67 124.29
2 91.88 n.d 4.78 4717.47 277.14 91.25 3.23 2614.14 146.05
3 91.58 n.d 3.52 3845.49 174.75 90.73 2.39 2073.57 117.36
4 93.92 108.6 7.13 12058.51 419.85 93.58 2.01 2895.01 65.78
5 93.15 n.d 4.72 8240.18 295.56 90.98 1.54 1571.58 73.98
6 91.34 n.d 7.22 9432.77 406.97 91.31 3.75 3354.35 127.45
7 94.17 n.d 6.95 10148.25 339.88 93.64 3.29 3704.80 128.90
8 92.39 162.18 7.30 8063.59 413.55 91.93 2.51 2562.07 115.82
9 91.10 44.19 9.35 14084.04 448.69 88.50 3.96 2882.37 155.25
10 92.66 86.95 7.58 11979.41 631.67 92.05 3.65 3883.11 214.92
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activity were 174.75 and 65.78 µmol/g, and the highest values were 631.67 and 214.92 µmol/g in leaves and stems, respec-
tively. As can be seen, the values of total phenolic content and antioxidant activity of purslane were higher in leaves. 
Moukette et al. [17] have reported in purslane DPPH radical scavenging activity, FRAP and total phenolic compounds 
of 3.07 µg/ml, 0.14 µg/ml in 50 µg/ml and 127.5 mg/ g, respectively. There was a significant relationship between total 
phenolic content, FRAP (r = 0.894**) and DPPH (r = 0.788**) as well as FRAP and DPPH (r = 0.785**) (p < 0.01) of purslane 
leaves. Similarly, in the stems, a correlation was found between total phenolic content and FRAP (r = 0.703*, p < 0.05) and 
between total phenolic content and DPPH (r = 0.799**, p < 0.01) as well.

3.3  Scopoletin content and antioxidant properties of dill

Ten samples of dill were investigated and only dill leaves displayed scopoletin (Table 3). As can be seen, scopoletin was 
detected in 9 out of 10 dill leaves samples investigated. The lowest scopoletin content was 27.81 mg/kg, whereas the 
highest value was 241.54 mg/kg dry matter.

Scopoletin was detected in 9 samples out of 10 dill leaves samples. But scopoletin was not found in dill stems. The 
lowest and highest amounts of scopoletin in dill leaves were 27.81 mg/kg and 241.54 mg/kg (dry matter), respectively. 
Scopoletin has been previously reported in dill leaves, flowers and fruits [18, 19]. In this study, the scopoletin content 
detected in dill were higher than the values identified previously in 50% ethanol, methanol and water extracts of C. 
pluricaulis, evaluated as 0.1738%, 0.0932%, 0.0435%, respectively [7].

The moisture contents of dill leaves and stems were 81.83–88.13% and 87.15–91.77%, respectively. The lowest total 
phenolic contents were 11.27 and 2.83 mg/g, and the highest were 34.99 and 17.76 mg/g in leaves and stems, respec-
tively. In contrast, Wasli et al. [20] have previously reported less total phenolic content ranging from 2.34 to 9.97 mg/g. 
The lowest FRAP in leaves and stems were 16037.59 and 2111.88 µmol/g and the highest FRAP were 51310.04 and 
18616.85 µmol/g, respectively. For DPPH, the lowest values were found to be 667.10 and 150.40 µmol/g, while the high-
est values were 2503.31 and 609.14 µmol/g in leaves and stems, respectively. It was noticed that total phenolic content 
and antioxidant activity values of dill were higher in leaves than in stems. Similar results have been found by Ortan et al. 
[19] who affirmed that the polyphenol content of flower and leaves of dill are higher than the values detected in its fruits. 
Significant relation (p < 0.01) was found between FRAP and DPPH values of dill leaves (r = 0.950**).

3.4  Scopoletin content and antioxidant properties of coriander

Scopoletin content and antioxidant activity of coriander were given in Table 4. Scopoletin was analysed in ten samples of 
coriander leaves and stems. As shown in Table 4, scopoletin was detected in five leaf samples and three stems samples. 
The lowest amounts of scopoletin were 24.79 and 25.68 mg/kg, and the highest 155.4 and 37.37 mg/kg in leaves and 
stems, respectively. The differences observed were considered to depend on various stress factors and environmental 
conditions.

Table 3  Scopoletin content and antioxidant properties of dill

n.d not determined

Leaf Stem

Moist. % SCO, mg/kg TP, mg/g FRAP µmol/g DPPH, µmol/g Moist.% TP, mg/g FRAP µmol/g DPPH, µmol/g

1 86.87 n.d 19.91 30693.45 1505.37 89.13 17.76 18,616.85 609.14
2 86.06 31.17 29.97 19511.21 1002.36 89.46 7.52 4899.44 259.29
3 84.98 27.81 34.99 18307.81 878.17 90.48 4.85 2869.78 150.40
4 84.54 185.77 23.30 32129.27 1379.19 89.50 10.20 5939.31 279.75
5 84.07 46.29 13.87 36508.26 1331.39 88.46 6.53 4705.57 288.88
6 81.83 138.14 21.34 43727.61 2126.35 87.15 4.87 6196.82 580.58
7 84.63 109.29 15.23 36816.22 1394.14 89.13 4.43 4811.02 463.96
8 88.13 112.42 14.19 26669.15 1242.65 91.77 3.22 3529.05 287.58
9 84.47 241.54 26.47 51310.04 2503.31 89.35 4.99 2111.88 605.07
10 86.41 217.52 11.27 16037.59 667.10 93.06 2.83 3008.04 232.63
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Scopoletin were subsequently reported in the fruits of coriander [18, 21]. Similarly, Aissaoui et al. [22] have identified 
umbelliferone and scopoletin as the hydroxy coumarins isolated from extracts of coriander seed samples. Oganesyan [23] 
have found scopoletin content of 1.79% in 96% ethyl alcohol extract and 2.03% in 40% ethyl alcohol extract of coriander 
green parts. Their findings were higher than our results. The moisture of coriander leaves was ranged between 83.29 
and 89.85%. The lowest total phenolic content, FRAP and DPPH were 13.85 mg/g, 23297.07 µmol/g and 573.75 µmol/g, 
respectively. The highest values were 32.70 mg/g, 64905.90 µmol/g and 4580.67 µmol/g for total phenolic content, FRAP 
and DPPH, respectively. Rathore et al. [24] have noticed that coriander leaves displayed stronger antioxidant activity than 
the seeds and remarked a positive correlation between total phenolic content and antioxidant activity. Saxena et al. [25] 
have reported the maximum values of total phenolic content and DPPH as 92.99 mg/g and 10.85 mg/g in coriander seeds, 
respectively. The moisture of coriander stem was found between 87.58 and 93.34%. Total phenolic content, FRAP and 
DPPH were found in the ranges of 3.07–27.39 mg/g, 3766.40–33917.58 µmol/g and 159.99–828.04 µmol/g, respectively. 
As can be seen, total phenolic content and antioxidant values of coriander are higher in leaves. In coriander leaves a 
significant relation between the content of phenolic compounds and FRAP (r = 0.849**) was determined. In stem parts, 
a relationship between phenolic content, FRAP (r = 0.938**) and DPPH (r = 0.874**) values was determined (p < 0.01). 
Furthermore, in the stems, the correlation was significant (p < 0.01) between FRAP and DPPH (r = 0.878**).

3.5  Scopoletin content and antioxidant properties of common mallow

Scopoletin content and antioxidant activity of common mallow were summarized in Table 5. In the leaves, the lowest 
amount of scopoletin was 38.93 mg/kg, while, the highest was 103.56 mg/kg. Scopoletin was not found in stems. In the 
previous studies, scopoletin has been reported in the aerial parts of mallow [26, 27]. Gasparetto et al. [28] have identified 
scopoletin and 5,7-dimethylhydroxycoumarin in the leaves of mallow.

The moisture contents leaves were found between 82.05 and 91.65%. The total phenolic content, FRAP and DPPH 
were ranked as 8.62–20.84 mg/g, 15529.89–31905.62 µmol/g and 633.70–1314.15 µmol/g, respectively. DellaGreca et al. 
[29] have reported 24% of radical scavenging capacity in mallow leaves. Barros et al. [30] have fond the highest anti-
oxidant activity in mallow leaves when compared to fruits. Gasparetto et al. [28] have found total phenolic contents of 
386.5 mg/g, 317.0 mg/g, 258.7 mg/g and 56.8 mg/g in mallow leaves, flowered stems, flower and immature fruits. These 
values were higher than those found in this study. This difference is obviously linked to the origin of plant material and 
experimentation conditions. The moisture of mallow stems was detected between 86.40% and 91.79%. The total phenolic 
content, FRAP and DPPH were found in the ranges of 0.86–17.25 mg/g, 1653.57–5129.87 µmol/g, 48.63–273.79 µmol/g, 
respectively. Beghdad et al. [31] have reported the total phenolic content of 24.123 mg/g and 2.173 mg/g in mallow 
leaves and stems was 2.173 mg/g, respectively. These results are higher than our findings when considered the leaves, 
however, stems showed higher values. In the leaves, a correlation was found between phenolic content, FRAP (r = 0.646*) 
and DPPH values (r = 0.714*) in (p < 0.05), and between FRAP and DPPH (r = 0.845**) (p < 0.01). In its stems, a significant 
correlation between phenolic content and FRAP (r = 0.751*) and between FRAP and DPPH (r = 0.672*, p < 0.05) were found.

Table 4  Scopoletin content and antioxidant properties of Coriander

n.d not determined

Leaf Stem

Moist, % SCO, mg/kg TP, mg/g FRAP µmol/g DPPH, µmol/g Moist,% SCO, mg/kg TP, mg/g FRAP µmol/g DPPH, µmol/g

1 87.14 n.d 32.70 64905.90 573.75 92.13 n.d 11.02 18962.76 686.71
2 89.85 24.79 17.48 23297.07 1854.81 89.53 n.d 4.65 7973.26 382.67
3 86.37 26.18 31.91 46616.05 2751.52 88.29 n.d 27.39 33917.58 828.04
4 84.90 n.d 29.57 56142.95 3137.62 89.47 34.92 7.16 7227.20 310.46
5 84.86 155.4 21.74 38191.34 4069.74 93.34 n.d 10.33 14061.39 515.36
6 88.60 59.25 18.61 34343.15 4153.06 90.55 n.d 5.83 7907.28 382.53
7 86.49 14.95 24.24 37810.79 3604.49 92.03 n.d 3.07 3766.40 159.99
8 87.18 n.d 23.18 46476.77 4580.67 89.72 n.d 7.45 7505.78 425.99
9 86.61 n.d 21.80 38128.36 3938.80 89.92 37.37 10.62 7421.82 545.37
10 83.29 n.d 13.85 34019.41 1452.51 87.58 25.68 11.35 10624.60 533.99
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3.6  Scopoletin content and antioxidant properties of Knot‑grass

Knot-grass was analysed as a whole plant due to its structure, as it has far smaller leaves than other leaves investigated 
in the present study. Scopoletin contents and antioxidant activity of knot-grass plants were given in Table 6.

The amounts of scopoletin in knot-grass were ranged from 1833.87 mg/kg and 6708.37 mg/kg. Scopoletin was 
detected in 8 knot-grass samples out of 10 studied samples. Knot-grass displayed the highest amount of scopoletin 
amongst the investigated plants. Knot-grass is likely the most under stress due to its creeping abilities. To the authors’ 
knowledge, no literature on the scopoletin content of knot-grass has been published. However, other species from the 
same family, namely P. aviculare were reported to contain scopoletin [32]. Likewise, Dudek-Makuch and Mat£awska [33] 
have recorded 0.4133% of scopoletin in chestnut. The moisture of knot-grass leaves was detected between of 81.83 
and 88.13%. The total phenolic content, FRAP and DPPH were ranked as 8.11–67.74 mg/g, 10983.58–48354.09 µmol/g 
and 654.67–5261.56 µmol/g, respectively. Yildirim et al. [34] have recorded a range of 0.01–0.50 μg/ml of total phenolic 
in knot-grass. A correlation was found between phenolic content and FRAP (r = 0.984**) and DPPH values (r = 0.913**) 
(p < 0.01), and between FRAP and DPPH (r = 0.860**) (p < 0.01). Scopoletin content of knot-grass plant did not show a 
correlation between the total phenolic content and antioxidant activity. The average values of moisture, total phenolic 
content, FRAP and DPPH of all the investigated plants in the present study and their statistical differences were given in 
Table 7. As can be seen, a significant difference was observed between moisture, total phenolic content, FRAP and DPPH 
these plants. Purslane had the highest moisture content, while the highest total phenolic content, FRAP and DPPH free 
radical scavenging activity was determined in coriander leaves. When considered total phenolic content, no statistical 
difference was detected between the results of knot-grass, nettle leaves and dill leaves.

Table 5  Scopoletin content and antioxidant properties of common mallow plants

n.d not determined

Leaf Stem

Moist, % SCO, mg/kg TP, mg/g FRAP µmol/g DPPH, µmol/g Moist, % TP, mg/g FRAP µmol/g DPPH, µmol/g

1 90.60 n.d 15.46 23593.65 853.27 91.23 0.86 2127.78 48.63
2 87.63 n.d 12.31 15529.89 633.70 90.31 1.02 1653.57 52.80
3 89.42 n.d 17.94 22383.57 1017.49 89.06 1.64 2781.99 84.45
4 88.38 n.d 20.84 24644.38 1036.83 89.46 2.39 2706.05 145.46
5 87.50 n.d 17.88 18651.93 921.69 91.79 17.25 5129.87 103.31
6 91.65 69.07 13.63 16798.44 791.15 89.70 6.65 4711.65 273.79
7 82.05 103.56 18.43 31905.62 1314.15 86.40 3.34 4729.23 206.40
8 88.79 38.93 12.37 17305.12 837.02 90.90 4.43 3260.45 158.46
9 86.79 99.49 14.71 22072.30 1173.15 86.44 10.22 3672.26 143.93
10 87.71 n.d 8.62 18360.65 654.67 89.61 0.87 2074.37 120.35

Table 6  Scopoletin contents 
and antioxidant properties of 
knot-grass plants

* n.d not determined

Moist, % SCO, mg/kg TP, mg/g FRAP µmol/g DPPH, µmol/g

1 86.87 2701.51 22.31 48354.09 1442.35
2 86.06 4094.38 13.44 38780.68 980.63
3 84.98 3419.44 9.09 11363.57 819.57
4 84.54 1833.87 9.14 11819.59 1312.45
5 84.07 3653.53 14.84 17044.26 1239.57
6 81.83 n.d 9.47 11832.92 2076.51
7 84.63 4571.88 67.74 138302.30 5261.56
8 88.13 6708.37 8.11 10983.58 1179.29
9 84.47 2701.51 14.63 20174.33 2468.65
10 86.41 n.d 8.62 18360.65 654.67
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4  Conclusion

Coumarin is one of the subgroups of phytochemicals which are commonly used especially in medicine. Scopoletin 
is also a kind of coumarin whose bio-activity has been proved by several medicinal studies.Scopoletin content and 
antioxidant activity of six different edible plants collected from ten locations were determined. At the end of the 
conducted study, scopoletin was detected in all leaves of nettle, purslane, dill, coriander and mallow. Scopoletin 
wasn’t determined in stem parts of purslane, dill and mallow. Knot-grass was analysed as a whole plant due to has 
far smaller leaves. When the scopoletin content are considered, the lowest quantity of scopoletin was determined 
content in nettle leaves and the highest quantity of scopoletin was detected in the knot-grass. The lowest total 
phenolic content, FRAP and DPPH free radical scavenging power values were as certained in stem parts of purslane, 
the highest total phenolic matter content and DPPH free radical scavenging power values were determined in knot-
grass plant. While the highest FRAP value was detected in leaves of coriander. Few studies have reported scopoletin 
content in foods. Therefore, the findings of the present study contributed to the literature in terms of scopoletin 
content and antioxidant activity of the plants investigated. In addition, the studied plants can be used to produce 
antioxidant-based medicaments and antioxidant-enriched foods.
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