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Abstract: Pimpinella brachycarpa (Kom.) Nakai, reported to have 

antioxidant activity, is one of the most favored edible greens grown in 

Asian regions. The present study explores the variation in phenolic 

compounds in P. brachycarpa collected from different locations in Korea. 

Six phenolic compounds, i.e., catechin hydrate, chlorogenic acid, ferulic 

acid, benzoic acid, rutin and quercetin, were detected in the leaves, whereas 

among these compounds ferulic acid and quercetin were absent in the 

stems and benzoic acid and quercetin were absent in the roots of P. 

brachycarpa. The variation in phenolic compounds in plants from 

different locations was not as much as that among the different parts. The 

level of catechin hydrate content was much higher in the leaves than in 

the stems and roots. The amount of catechin hydrate in the leaves was 

8.03 and 6.63 times higher than that of the highest catechin hydrate 

content in the roots and stems, respectively. The amount of benzoic acid 

accumulated was slightly higher (1.39 times) in the stems than the highest 

level in the leaves. The amount of ferulic acid accumulated was 1.9 times 

higher in the roots than the maximum level in the leaves. The amount of 

rutin accumulated was 1.91 times higher and 1.32 times lower in the roots 

than the highest levels in the stems and leaves, respectively. Our results 

indicate that phenolic compounds in P. brachycarpa varied significantly 

among the organs from different locations and the highest amount of 

phenolic compounds is contained in the leaves. 

 

Keywords: Different Organ, Location, Phenolic Compounds, Pimpinella 

brachycarpa 

 

Introduction  

Pimpinella L. comprises about 150 species spread 

throughout the Old World (Pimenov and Leonov, 1993), 

making it one of the largest genera in the Apiaceae 

subfamily Apioideae. As the major constituent of the 

tribe Pimpinelleae (Downie et al., 2010), Pimpinella 

comprises mainly perennial herbs possessing cordate-

ovoid or oblong-ovoid and slightly laterally compressed 

fruits constricted at their commissures, each with five 

filiform ribs (Pu and Watson, 2005). It is an edible 

green, leafy vegetable commonly consumed in north-

eastern Asian regions (Sun et al., 2009) that belongs to 

Pimpinella L., family Umbelliferae (Na et al., 2007). In 

Korea, it is usually used as a seasoned vegetable dish 

consumed raw or parboiled to prepare namul. This 

species has been reported to have antioxidant activity in 

vitro (Lu et al., 2012; Kim et al., 2013a), ability to 

ameliorate hyperglycemia (Lee et al., 2013a) and anti-

neuroinflammatory activity (Lee et al., 2013b). It 

displays 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical-

scavenging activity (Kim et al., 2013b) and has been 

shown to inhibit the production of intracellular ROS 

induced by hydrogen peroxide (Lu et al., 2012).  

Food having phenolic compounds go to one of the 

main classes of secondary metabolites and are broadly 

disseminated in higher plants. Recently, research 

interest in these compounds has been encouraged by 

the latent health benefits arising from the antioxidant 

activity of these polyphenolic compounds, which 

protect the body's tissues against and the pathologies 

associated with oxidative stress, such as cancers, 
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coronary heart disease and inflammation (Croft, 1998; 

Tapiero et al., 2002; Karakaya, 2004; Linseisen and 

Rohrmann, 2008).  

Little information is available regarding the 

phenolic compounds found in different plant parts of 

P. brachycarpa with respect to plants from different 

locations within a country. Furthermore, to the best of 

our knowledge, no quantitative evaluation of phenolic 

compounds in P. brachycarpa has been reported thus 

far. Therefore, this study aimed to quantify phenolic 

compounds in different plant organs of P. 

brachycarpa collected from different locations in 

Korea using HPLC analyses. 

Materials and Methods  

Plant Materials 

P. brachycarpa was identified by test guidelines in 

Fig. 1 was made by National Forest Seed and Variety 

Center (NFSV) in Korea Forest Service (KFS). 

Samples of P. brachycarpa were collected from six 

different locations, Mt. Hwaak, Mt. Duta, Mt. Irwol, 

Mt. Cheongok, Mt. Seokbyeong and Mt. Jeombong in 

Korea (Fig. 2). Geographic information of the 

collection locations is presented in Table 1. Collected 

samples were lyophilized at -70°C for 72 h. After 

lyophilization, samples were ground into a fine 

powder using a mortar and pestle. 

Phenolic Compounds Extraction 

Hundred milligrams of each sample was added to 2 

mL of 80% MeOH and then sonicated at 36°C for 1 h 

with vortexing every 20 min during the sonication. After 

centrifugation at 10 000 g for 10 min, the supernatants 

were transferred to a new tube and the remaining sludge 

was re-extracted twice using the same procedure. The 

supernatants were filtered through 0.45 µm filters and 

transferred to a vial for analysis.  

HPLC Analysis of Phenolic Compounds 

HPLC analysis was performed using a Futecs model 

NS-4000 apparatus (Daejeon, Korea) with a C18 column 

(250 mm  4.6 mm, 5 µm; RStech, Daejeon, Korea). The 

mobile phase comprised a mixture of 0.15% aqueous 

acetic acid (solvent A) and 100% MeOH (solvent B). 

The gradient program and conditions followed those 

described in previously published research (Cuong et al., 

2018). The initial mobile phase composition was as 

follows: 5% solvent B, followed by a linear gradient 

from 0 to 80% solvent B over 93 min and then a hold at 

5% solvent B for an additional 5 min. Phenolic 

compounds were detected at a wavelength of 280 nm and 

the column was maintained at 30°C. The injection 

volume was 20 µL and the flow rate was maintained 

at 1.0 mL/min. For peak identification and 

quantification, spike tests were performed and the 

content of phenolic compounds quantified using 

standard calibration curves. Calibration curves of 

standard were as follows, Catechin hydrate, y = 

7.889742787 - 40.24235366; Chlorogenic acid y = 

17.86310432 - 85.64433527; Ferulic acid y = 

39.27443921 + 57.58486957; benzoic acid y = 

7.525240872 - 37.38700057; rutin y = 8.09714215 - 

105.546569; quercetin, y = 14.00604622 - 

148.3452191). All standard in this work were 

purchased from Sigma-Aldrich (USA). 

Statistical Analysis 

The data were statistically analyzed using 

Statistical Analysis System software (SAS, system 

9.4, 2013; SAS Institute, Inc., Cary, NC, USA). The 

statistical significance among means was evaluated 

using the Duncan’s Multiple Range Test (DMRT) 

with a significance level of p≤0.05. All data are 

represented as the mean ± standard deviation of 

triplicate tests. 

 

 
 
Fig. 1: The figure of test guidelines in P. brachycarpa pestle 
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Fig. 2: The map of collected P. brachycarpa from different locations in Korea 

 

Table 1: Geographical information of locations where Pimpinella brachycarpa was collected 

Collection information Geographical information 

Location Northern latitude Eastern longitude Altitude 

Mt. Hwaak 37°59′25.05′′ 127°33′09.21′′ 823 m 

Mt. Duta 37°25′00.77′′ 129°00′12.27′′ 1216 m 

Mt. Irwol 36°48′14.42′′ 129°06′07.67′′ 1278 m 

Mt. Cheongok 37°02′21.61′′ 128°57′54.62′′ 1138 m 

Mt. Seokbyeong 37°35′16.83′′ 128°53′37.91′′ 969 m 

Mt. Jeombong 37°27′09.78′′ 128°55′29.93′′ 1105 m 
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Results and Discussion 

Phenolic Compounds in the Leaves of P. brachycarpa 
Collected from Different Locations in Korea 

Six different phenolic compounds, i.e., catechin hydrate, 

chlorogenic acid, ferulic acid, benzoic acid, rutin and 

quercetin were found in the leaves of P. brachycarpa 

collected from different locations in Korea. It was clearly 

observed that the content of phenolic compounds varied 

greatly with location (Table 2). The variation in content of 

phenolic compounds did not follow a similar trend for all 

the locations. Each location showed different levels of 

variability for each individual compound.  

Among the phenolic compounds, the level of 
catechin hydrate content was much higher than that of 

any of the other compounds. The highest amount of 
catechin hydrate was 21.881 mg/g dry weight, whereas 
the highest amount of chlorogenic acid, ferulic acid, 
benzoic acid, rutin and quercetin was 1.685, 0.020, 
0.053, 0.323 and 0.0252, respectively. The content of 
catechin hydrate ranged from 21.881 to 11.340 mg/g dry 

weight among the six locations. The leaves of P. 
brachycarpa collected from Mt. Irwol showed the 
highest content (21.881) of catechin hydrate, followed 
by that from Mt. Hwaak (20.671). The amount of 
catechin hydrate was very similar in these two locations, 
whereas it varied considerably in the remaining four 

locations. However, within these four locations, there was 
not much variation. The content of catechin hydrate varied 
from 14.601 to 11.340 in these four locations. The variation 
in chlorogenic acid content in the leaves was also high 
among the locations. The range of chlorogenic acid content 
varied from 1.685 to 0.893 mg/g dry weight among the six 

locations. The leaf samples collected from Mt. Irwol 
showed the highest content of chlorogenic acid having 1.89 
times higher chlorogenic acid content than that of the 
samples collected from Mt. Hwaak. The content of 
chlorogenic acid was 1.5, 1.41 and 1.33 times higher in the 
leaf samples of Mt. Irwol than that of samples from Mt. 

Duta, Mt. Seokbyeong and Mt. Cheongok, respectively.  
 Among the phenolic compounds, the accumulation of 

ferulic acid in the leaves was the lowest irrespective of 

location. The highest amount of ferulic acid was detected in 

the leaf samples of P. brachycarpa collected from the Mt. 

Seokbyeong region, whereas the lowest amount of this 

compound was found in the leaf samples from Mt. 

Cheongok. The variation was not largely different among 

the six sampled locations. The variation in benzoic acid 

content in the leaves also varied considerably between the 

highest and lowest content. For the rest of the compounds, 

the amount of accumulation was mostly similar among the 

locations. The range of benzoic acid content varied from 

0.053 to 0.0264 mg/g dry weight among the six locations. 

The highest amount of benzoic acid was found in the leaves 

collected from Mt. Jeombong, whereas the lowest was 

detected in the leaf samples from Mt. Cheongok. The 

accumulation of rutin and quercetin content in the leaves of 

P. brachycarpa did not vary largely among the locations. 

The content of these two phenolic compounds was much 

closer to each other locations except a few. The rutin 

content ranged from 0.323 to 0.195 mg/g dry weight among 

the locations. The leaf samples collected from Mt. Duta 

showed the highest content of rutin, exhibiting 1.66 times 

higher rutin content than that of the sample collected from 

Mt. Hwaak. In contrast, quercetin content varied with a 

range of 0.0252 to 0.016 mg/g dry weight among the 

locations, where samples from Mt. Hwaak contained 

approximately 1.55 times higher levels than in samples 

from any other location.  

Variation in Content of Phenolic Compounds in the 

Stems of P. brachycarpa Collected from Different 

Locations in Korea 

Though six different phenolic compounds were 

detected in the leaves, in the stems, only four 

compounds, i.e., catechin hydrate, chlorogenic acid, 

benzoic acid and rutin, were identified in samples 

collected from the different locations in Korea (Table 3). 

Ferulic acid and quercetin were absent in the stems of P. 

brachycarpa. It was observed that the content of catechin 

hydrate was much lower in the stems, irrespective of 

location, compared to that in the leaves. The range of 

catechin hydrate content in the stems varied from 3.222 

to 1.497 mg/g dry weight. The highest amount of 

catechin hydrate was detected in the stems of P. 

brachycarpa collected from Mt. Hwaak, accumulating 

2.15 times higher catechin hydrate than that of the lowest 

content in the stem samples from Mt. Jeombong.  

 
Table 2: Content of phenolic compounds in P. brachycarpa leaves from different mountain 

 Phenolic compound (mg/g dry weight) 
 ------------------------------------------------------------------------------------------------------------------------------------------------------------- 

Location Catechin hydrate Chlorogenic acid Ferulic acid Benzoic acid Rutin Quercetin Total 

Mt. Hwaak 20.67±0.29bz 0.89±0.01e 0.019±0.001b 0.0264±0.001e 0.195±0.006d 0.0252±0.001a 21.828±0.274b 
Mt. Duta 14.60±0.53c 1.12±0.04d 0.017±0.001cd 0.0331±0.001d 0.323±0.014a 0.017±0.001c 16.112±0.546c 

Mt. Irwol 21.88±0.70a 1.69±0.07a 0.017±0.001bcd 0.0382±0.001c 0.316±0.005a 0.020±0.001b 23.958±0.778a 

Mt. Cheongok 11.34±0.72e 1.26±0.07c 0.016±0.001d 0.034±0.001d 0.252±0.006c 0.016±0.001c 12.918±0.770e 
Mt. Seokbyeong 12.32±0.35d 1.12±0.07cd 0.020±0.001a 0.042±0.001b 0.283±0.004b 0.017±0.001c 13.878±0.348d 

Mt. Jeombong 12.18±0.67d 1.55±0.06b 0.018±0.001bc 0.053±0.001a 0.242±0.007c 0.016±0.001c 14.065±0.695d 
zValues followed by different letters within a column indicate significant difference (P<0.05) between substrates for that parameter using Duncan’s 

Multiple Range Test (DMRT) (n≥3, mean ± SD) 
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Table 3: Content of phenolic compounds in P. abrachycarpa stems from different mountain 

 Phenolic compound (mg/g dry weight) 

 ------------------------------------------------------------------------------------------------------------------------------------ 

Location Catechin hydrate Chlorogenic acid Benzoic acid Rutin Total 

Mt. Hwaak 3.222±0.193az 0.220±0.013ab 0.038±0.002d 0.102±0.007c 3.587±0.207a 

Mt. Duta 2.784±0.144b 0.217±0.008b 0.042±0.003c 0.057±0.004d 3.107±0.154b 

Mt. Irwol 3.299±0.149a 0.235±0.014a 0.046±0.001c 0.047±0.004e 3.633±0.150a 

Mt. Cheongok 1.640±0.268d 0.150±0.007 0.061±0.002b 0.108±0.004c 1.968±0.281d 

Mt. Seokbyeong 2.393±0.170c 0.149±0.002c 0.071±0.001a 0.128±0.002a 2.746±0.171c 

Mt. Jeombong 1.497±0.182d 0.144± 0.007c 0.074±0.003a 0.120±0.003b 1.851±0.191d 
zValues followed by different letters within a column indicate significant difference (P<0.05) between substrates for that parameter 

using Duncan’s Multiple Range Test (DMRT) (n≥3, mean ± SD). 

 

Table 4: Content of phenolic compounds in P. brachycarpa roots from different mountain 

 Phenolic compound (mg/g dry weight) 

 ----------------------------------------------------------------------------------------------------------------------------------- 

Location Catechin hydrate Chlorogenic acid Benzoic acid Rutin Total 

Mt. Hwaak 2.245±0.132bz 0.013±0.000c 0.028±0.002b 0.244±0.019a 2.529±0.131b 

Mt. Duta 2.726±0.077a 0.022±0.001a 0.036±0.001a 0.167±0.011bc 2.952±0.085a 

Mt. Irwol 1.679±0.088c 0.012±0.000c 0.031±0.003b 0.183±0.003b 1.904±0.077c 

Mt. Cheongok 1.511±0.066cd 0.010±0.001d 0.031±0.003b 0.163±0.003c 1.716±0.064de 

Mt. Seokbyeong 1.458±0.072d 0.009±0.000d 0.030±0.001b 0.137±0.001d 1.635±0.072e 

Mt. Jeombong 1.625±0.117cd 0.018±0.001b 0.038±0.002a 0.143±0.002d 1.825±0.115cd 
zValues followed by different letters within a column indicate significant difference (P<0.05) between substrates for that parameter 

using Duncan’s Multiple Range Test (DMRT) (n≥3, mean ± SD) 

 

The highest amount of catechin hydrate in the stems 

was 6.79 times lower than the highest content in the 

leaves. The variation in chlorogenic acid content in the 

stems was not very large among the locations. The level of 

accumulation of chlorogenic acid content in the stems was 

also much lower than that in the leaves. The range of 

chlorogenic acid content varied from 0.235 to 0.144 mg/g 

dry weight among the six locations. The leaf samples 

collected from Mt. Irwol showed the highest content 

having 1.89 times higher chlorogenic acid content than 

that of the samples collected from Mt. Hwaak.  

The amount of benzoic acid accumulated was slightly 

higher (1.39 times) in the stems than that in leaves 

considering the highest level of this compound. The 

range of benzoic acid content in the stems varied from 

0.074 to 0.038 mg/g dry weight among the six locations. 

As in the leaves, the highest and the lowest amount of 

benzoic acid were also found in samples from Mt. 

Jeombong and Mt. Cheongok, respectively, in the stems. 

The range of rutin content in the stems varied from 0.128 to 

0.047 mg/g dry weight among the six locations. The highest 

level of rutin was found in samples from Mt. Seokbyeong, 

accumulating 2.72 times higher amounts in the stems than 

that in the samples collected from Mt. Irwol. 

Variation in Level of Phenolic Compounds in the 

Roots of P. brachycarpa Collected from Different 

Locations in Korea  

In the roots, four phenolic compounds, i.e., catechin 

hydrate, chlorogenic acid, ferulic acid and rutin, were 

detected in P. brachycarpa samples collected from 

different locations in Korea (Table 4). Benzoic acid and 

quercetin were absent in the roots. The accumulation of 

catechin hydrate in the roots was much lower than the 

catechin hydrate content in the leaves. It is notable that 

the catechin hydrate content in the roots was even lower 

than that of the catechin hydrate content in the stems. 

The range of catechin hydrate content in the roots varied 

from 2.726 to 1.458 mg/g dry weight with 1.87 times 

higher accumulation in samples from Mt. Duta than that 

in samples from Mt. Seokbyeong. The chlorogenic acid 

content in the roots was the lowest among the different 

parts sampled. The level of chlorogenic acid 

accumulation in the roots was 76.60 and 10.68 times 

lower than that of chlorogenic acid accumulated in the 

leaves and stems, respectively, considering the highest 

values for all. The amount of ferulic acid accumulated 

was 1.9 times higher in the roots than that in leaves 

considering the highest level of this compound.  

Lu et al. (2012) revealed that extract solution of P. 

brachycarpa had antioxidant effects at the cellular level. 

We revealed that P. brachycarpa accumulate some 

phenolic compounds, especially catechin hydrate was 

highly accumulated in leaves. Many previous reports 

revealed that catechin hydrate have effect on antioxidant 

(Mehra et al., 2013; Harper et al., 2010; Kaur et al., 2017; 

Kassim et al., 2011; Jing et al., 2018; Samanta et al., 

2016). In addition to, other report revealed that catechin 

hydrate has effect on anti-inflammatory (Ashafaq et al., 

2012), anti-cancer (Alshatwi, 2010) and improvement of 

cognitive impairment (Ahmed et al., 2013). Also, 

chlorogenic acid and rutin, which accumulated the most 
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after catechin hydrate, was revealed about effect of 

antioxidant (Agunloye et al., 2019; Yun et al., 2012; 

Shafi et al., 2019), anti-inflammatory (Yoo et al., 2014; 

Gautam et al., 2016; Hwang et al., 2014) and anti-cancer 

(Hou et al., 2017; Saleh et al., 2019) by many reports. 

The results of this study reveal that the variation in 

phenolic compounds was higher within the organs, i.e., 

leaf, stem and root, than that of the variation among 

locations. It is commonly assumed that the variation of 

any compound in a plant is among locations, mainly 

owing to the variation in edaphic factors like fertility 

status of the soil, soil texture, structure and pH and it 

might also be because of climatic factors such as 

temperature, rainfall and humidity. For the first time, this 

study quantitatively analyzed phenolic compounds in 

different plant organs of P. brachycarpa from different 

locations in Korea. Our results illustrate that the leaves of 

the studied species contained the highest number of 

phenolic compounds among the different organs. Content 

of phenolic compounds varied among different plant parts 

and even among locations. It is notable that the same 

location did not follow the same trend for phenolic 

compound content in different plant parts.  

There have been some previous reports of variation 

in phenolic compounds such as the variation in 

glucosinolate content among the different parts and types 

of kohlrabi (Park et al., 2012) and the wide variations in 

the levels of phenolic compounds in different parts of 

tartary buckwheat (Uddin et al., 2013). Varietal 

differences in the antioxidative components in different 

plant parts including differences in the rutin content were 

also reported (Ohsawa and Tsutsumi, 1995), while 

varietal and environmental differences in vitamin E and 

phenolic acid (Oomah and Mazza, 1996a) have also 

been described. The phenolic compound composition 

may differ among parts within the individual plant as 

shown in several crops like turnip greens and turnip 

tops (Francisco et al., 2010), pak choi (Harbaum et al., 

2007) and tronchuda cabbage (Ferreres et al., 2006; 

Harbaum et al., 2007). These results are consistent with 

the results our study where we found variation among the 

different parts within the individual plant. The levels of 

flavonoid and antioxidant in almonds depended more on 

cultivar than on differences of seasons (Bolling et al., 

2010). In this study also, we found more variation owing to 

organs rather than location. 

Conclusion 

Compared with results of previous research studies, 

our findings are consistent that levels of different 

compounds differed with location and in organs of 

plants. The leaf was found to have the highest levels of 

total and individual phenolic compounds analyzed in the 

samples. Location also had a great influence on the content 

of phenolic compounds. From this study, we can easily 

conclude that location could play a vital role in the 

accumulation of different phenolic compounds and 

variation among the locations also showed significant 

influence. Organ- and location-specific phenolic compound 

profiles might be helpful for commercial use or production 

of phenolic compounds from P. brachycarpa. 
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