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Abstract 

In recent years, the polyphenolic compounds profile of plants has been intensively studied. These compounds protect the 

body against oxidative stress and certain diseases such as diabetes and cancer, where the antioxidant efficiency of the defence 

system is low. The plant material (harvested from Romania) was analysed for polyphenols and flavonoids using thin layer 

chromatography (TLC) and high-performance liquid chromatography (HPLC) coupled with photo diode array and mass 

spectrometer. The polyphenols/flavonoids (caffeic acid, chlorogenic acid, p-coumaric acid, protocatechuic acid, rutin and 

quercetin) were identified and quantified in different part of the plants (flower, leaf, stem and roots for Dipsacus laciniatus 

and both roots and leaves for Armoracia rusticana). The least amount of polyphenols were found to be as expected in the root 

part of Dipsacus laciniatus. This was also sustained by the further UHPLC-MS analysis. The results revealed that the flower 

extract has the highest radical scavenging activity with 87.43% followed by the leaf extract with 86.63%, the stem extract 

with 83.54% and the root extract with 78.17%. Higher concentrations of p-Coumaric acid and ferulic acid were identified in 

the Armoracia rusticana samples whereas the Dipsacus laciniatus samples contained higher concentrations of both 

protocatechuic acid and chlorogenic acid. The results of the present study revealed that the methanolic extracts of both 

Dipsacus laciniatus and Armoracia rusticana, can be considered an effective source of antioxidant compounds. 

 

Rezumat 

Profilul polifenolic al plantelor a fost intens studiat în ultimii ani. Acești compuși protejează organismul de stresul oxidativ și 

anumite afecțiuni precum diabet și cancer când eficacitatea antioxidantă a sistemului imunitar este scăzută. Plantele (recoltate 

din Romania) au fost analizate în vederea determinării polifenolilor și a flavonoidelor prin cromatografie în strat subțire și 

cromatografie de lichide de înaltă performantă cuplată cu spectrometrie de masă. Flavonoidele/polifenolii (acid cafeic, acid 

clorogenic, acid p-cumaric, acid protocatecuic, rutina și quercetina) au fost identificate și cuantificate în diferite părți ale 

plantei (flori, frunze, tulpina și rădăcina pentru Dipsacus laciniatus și respectiv rădăcină și frunze pentru Armoracia 

rusticana). Cantitatea cea mai mică de polifenoli a fost identificată conform așteptărilor în rădăcina plantei Dipsacus 

laciniatus, ceea ce a fost confirmat și prin analiza UHPLC-MS. Rezultatele arată ca extractul din flori are cea mai mare 

capacitate de captare a radicalilor liberi respectiv 87,43%, urmată de extractul din frunze cu 86,63%, extractul din tulpină cu 

83,54% și extractul din rădăcină cu 78,17%. Concentrații ridicate de acid p-cumaric și acid ferulic au fost identificate în 

probele de Armoracia rusticana în timp ce în probele de Dipsacus lacinatus s-au determinat concentrații mai mari de acid 

protocatecuic și acid clorogenic. Rezultatele acestui studiu arată că atât extractul metanolic de Dipsacus lacinatus cât și cel 

de Armoracia rusticana pot fi considerate o sursă eficientă de compuși antioxidanți. 
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Introduction 

The genus Dipsacus includes 12 species of plants, 

annual or perennial, which are found in the Romanian 

flora, being spread over various areas [1]. 

Due to their diverse composition, Dipsacus species 

have a multiple spectrum of pharmacological actions. 

In practice, preparations from Dipsacus species have 

been used for the following actions: antiosteoporotic, 

anti-Alzheimer's, antiaging, hepatoprotective, anti-

inflammatory, antioxidant [2, 3]. 

Having an especially varied composition, Dipsacus 

species are also notable for the presence of poly-

phenols. The generally mentioned polyphenolic 

compounds are chlorogenic acid together with its 

isomers, neochlorogenic acid, isochlorogenic acid and 

cryptochlorogenic acid, caffeic acid, syringic acid, 

ferulic acid, 3,5-dicafeoylchinic acid, as studies have 

shown [4, 5]. 

The polyphenols concentration in the composition is 

closely related to the antioxidant activity of the plant. 
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Therefore, Dipsacus extracts have been studied in 

this regard by different methods [6, 7]. 

Armoracia rusticana is a perennial crop used as a 

spice in both Europe and Asia. It belongs to the 

Brassicaceae family. Furthermore, both horseradish 

roots and leaves have been used in ethno-medicine 

[8, 9].  

Horseradish contains a number of phenolic compounds 

namely rutin, quercitin, p coumaric acid which have 

been reported to show antioxidant activity. In addition, 

phenolic compounds are highly studied for their 

protective properties against cancer. In a study by 

Calabrone et al., Armoracia rusticana was evaluated 

for its potential use in the treatment of obesity. 

Furthermore, two different studies determined that 

the horseradish root extracts show antibacterial and 

anti-inflammatory effects [8-11].  

Therefore, in this study we aim to determine and 

compare the polyphenol composition of both Dipsacus 

laciniatus and Armoracia rusticana from the south-

western region of Romania. 

 

Materials and Methods 

Plant material 

The plant material was harvested in July 2021, from 

Dipsacus laciniatus, in the blooming period, spontaneous 

in the environs of Tismana city, Gorj County (south-

western Romania). Sample washing and cleansing 

were accomplished by deionized water for further 

processing. Plant parts (leaves, flowers, stem and roots) 

were separated, dried at room temperature, and milled 

into powder and sifted through a 160/350 µm sieve.  

Plant material was harvested between 2019 and 2022, 

at the end of October, starting with the second year 

after planting from an Armoracia rusticana culture in 

Lipovu, Dolj county (southwestern Romania). The 

roots were harvested from depths of 20 - 30 cm of 

the soil. Mature leaves and roots (approx. 20 cm 

long) were chosen for the study. The pant products 

(leaves and roots) were dried at room temperature, 

powdered and sifted through a 160/350 µm sieve.  

Extraction 

A stock solution of 0.1 mg/mL from all reference 

compounds was prepared by dissolving 10 mg of each 

reference in 100 mL methanol. This stock solution 

was kept refrigerated at 4°C and used when needed. 

To obtain the concentrations for the calibration curve 

the stock solution was diluted with the first gradient 

line of the mobile phase. 

The extracts were obtained by weighing 1 g of plant 

product to 10 mL solvent. The solvent used to 

extract the polyphenols was 70% methanol. The 

extraction procedure consisted in ultrasounding for 

15 minutes and then centrifugation for another 15 

minutes at 10 000 RPM. The supernatant was filtered 

through 0.2 µm syringe filters and deposited at 4°C 

until analysis. 

Abbreviations: Armoracia rusticana roots methanolic 

extract (ArmR), Armoracia rusticana leaves methanolic 

extract (ArmL), Dipsacus laciniatus roots methanolic 

extract (DipR), Dipsacus laciniatus leaves methanolic 

extract (DipL), Dipsacus laciniatus stems methanolic 

extract (DipS), Dipsacus laciniatus flowers methanolic 

extract (DipF). 

Chemicals and solvents 

The solvents used for the sample preparation and 

mobile phase were acetonitrile, methanol water and 

formic acid and were purchased from Merck (Burlington, 

Massachusetts, USA). Reference compounds such as 

protocatechuic acid, p-coumaric acid, caffeic acid 

were obtained from Merck, while rutin and chlorogenic 

acid were obtained from Alfa-Aesar (Ward Hill, 

Massachusetts, USA). The HPTLC Si 60 F254 20 cm × 

10 cm glass plates were also obtained from Merck. 

Equipment 

For the preparation of samples, an Eppendorf 5804 

centrifuge (Eppendorf, Hamburg, Germany) and a 

Bandelin Sonorex DL102H ultrasound bath (Bandelin 

Electronic GmbH & Co. KG, Berlin, Germany) were 

used. A CAMAG (Muttenz, Switzerland) Linomat 5 

was used for sample application on the plates. The 

instrument was controlled through the CAMAG 

visionCATS v2.5 software package. The derivatization 

was performed using the the CAMAG Chromatogram 

Immersion Device. The plates were developed in 

twin-trough glass chambers (10 cm × 10 cm). The 

plates were documented using a Canon 700D digital 

camera (Tokyo, Japan). 

HPTLC Method 

The HPTLC Si 60 F254 20 cm × 10 cm glass plates 

were cut in half to minimise the cost of the assay. 

The samples were applied on the glass plates using 

the Linomat 5 as follows: band length 8 mm, distance 

from the lower edge 8 mm, dosage speed 150 nL/s, 

application volumes 2 µL/band. The development was 

performed with ethyl acetate, toluene, formic acid, 

water (13:4:3:2, v,v,v,v). Documentation was performed 

at 254 nm (UV) and 366 nm (FLD). 

UHPLC-MS analysis 

The separation of polyphenols was carried out on a 

Waters (Milford, Massachusetts, USA) Arc System 

coupled with a Waters 2998 PDA detector and a 

Waters QDa mass detector. The column used was a 

Waters Cortecs C18 (4.6 × 50 mm, 2.7 μm) eluting 

with solvent A (0.1% formic acid in water), solvent 

B (0.1% formic acid in methanol) and solvent C (0.1% 

formic acid in acetonitrile). Solvent B was set at 

1% during the entire separation. The gradient was 

as follows: 0 - 4 min 3% o 14% C, 4 - 9 min 14% to 

39% C, 9 - 11 min 29% to 3% C. The flow rate of 

the mobile phase was set at 1.0 mL/min. The column 

temperature was equilibrated to 35°C. The injection 

volume was 5 μL. All samples were kept at 20°C 

during the entire analysis. 
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Eluted compounds were analysed using a QDa mass 

detector equipped with an electrospray ionization 

(ESI) source. Capillary voltage was maintained at 

0.8 kV, cone voltage was kept at 20 V and the mass 

spectra were recorded in negative ion mode in the 

range 100 - 800 m/z. Quantification was established 

in SIR mode for each compound (as shown in Table I) 

using external calibration curves prepared for each 

standard. The equipment was controlled using the 

EmPower 3 software package. 

 

Results and Discussion 

Polyphenolic compounds from Dipsacus laciniatus 

The effect-directed profiling was performed for all 

the four samples in parallel, and it was estimated to 

take approximately 3 - 5 minutes per sample. The 

least polyphenols were found to be as expected in 

the root part of the plant. This was also sustained by 

the further UHPLC-MS analysis. In the 254 nm UV 

light all the three reference compounds that were 

applied on the plate can be seen, while under the 366 

nm fluorescence light only the chlorogenic and the 

p-coumaric acid can be observed (Figures 1 and 2). 

After derivatization with the DPPH reagent yellow 

zones appear on a purple background (Figure 3). The 

UHPLC-MS analysis was fast and we managed to 

obtain a good separation on all reference compounds. 

 

 
Figure 1. 

254 nm (UV) chromatogram; (1) chlorogenic acid; 

(2) p-coumaric acid; (3) rutin; (4) DipR; (5) DipS; 

(6) DipL; (7) DipF 

 

 
Figure 2. 

366 nm (FLD) chromatogram; (1) chlorogenic acid; 

(2) p-coumaric acid; (3) rutin; (4) DipR; (5) DipS; 

(6) DipL; (7) DipF 

 

 
Figure 3. 

DPPH derivatization in white light chromatogram; 

(1) chlorogenic acid; (2) p-coumaric acid; (3) rutin; 

(4) DipR; (5) DipS; (6) DipL; (7) DipF 

 

Dipsacus laciniatus 

The detection was conducted in SIR mode at the 

specific retention times for each reference compound 

to gain higher sensitivity (Table I).  

The calibration curves were all linear in the specified 

range. We used two calibration curves for chlorogenic 

acid since we encountered high differences between 

plant parts. 

Good linearity was obtained for all reference compounds 

with regression coefficients above 0.995. 

Table I 

Characteristics regarding the separation of reference compounds 

Peak no. Reference compound m/z RT (min) 

1 Protocatechuic acid 153 1.647 

2 Chlorogenic acid 353 3.068 

3 Caffeic acid 179 3.311 

4 p-Coumaric acid 163 4.440 

5 Rutin 609 5.568 
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A Waters UHPLC Arc System coupled with a Waters 

QDa mass detector was used to identify and quantify 

the polyphenols from all the plant parts. The separation 

for the reference compounds was excellent. We obtained 

high concentrations of chlorogenic acid in all Dipsacus 

laciniatus plant organs. Most surely, this finding is 

responsible for the significant antioxidant effect of 

the plant extracts. But as observed from the DPPH 

HPTLC-EDA (Figure 3) plate there are also other 

bands at higher Rf that exert scavenging activity. 

Apart from chlorogenic acid, Dipsacus plant samples 

also contained higher concentrations of protocatechuic 

acid when compared to the horseradish extracts 

(Figure 4) [12]. 

It was reported that in addition to an antioxidant and 

anti-inflammatory effect, chlorogenic acid plays an 

important role in the lipid and glucose metabolism 

regulation. Furthermore, it is considered to have a 

beneficial effect in several disorders such as obesity, 

diabetes, cancer, hepatic steatosis and cardiovascular 

disease [13].  

 

 
Figure 4. 

UV (280 nm) chromatogram of DipL 

 

Polyphenolic compounds from Armoracia rusticana  

Experimental data on the UHPLC - UV - MS 

analysis of polyphenolic compounds from Armoracia 

rusticana are presented in Table II, Figure 5.  

MS-TIC and UV (280 nm) chromatogram of ArmF 

are shown in Figures 6 and 7. A very good linearity 

was obtained for all the polyphenolic compounds 

determined in Armoracia rusticana. 

The polyphenols detected in the analysed Armoracia 

rusticana samples are presented in Table III. In the 

leaves extract we identified the polyphenols in the 

following order rutin > p-coumaric acid > chlorogenic 

acid > protocatechuic acid > quercetin (Figure 7). 

In the root extract we identified p-coumaric acid > 

ferulic acid > caffeic acid > chlorogenic acid > rutin > 

protocatchuic acid > quercetin. Both roots and leaves 

of Armoracia rusticana show low concentrations of 

quercetin which is proven to have an anti-inflammatory 

effect.  

 

Table II 

Linearity range and detection characteristics of the reference polyphenolic compounds 

Compound name Main ion (m/z) Retention time tR (min) Linearity range (ng) R2 

Protocatechuic acid 153 1.639 0.5 - 5 0.998 

Chlorogenic acid 353 3.063 100 - 400 0.998 

Caffeic acid 179 3.306 0.5 - 5 0.999 

p-Coumaric acid 163 4.435 0.5 - 5 0.999 

Ferulic acid 193 5.130 1 - 10 0.998 

Rutin 609 5.561 0.5 - 5 0.998 

Quercetin 301 7.528 1 - 10 0.994 
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Figure 5. 

UHPLC chromatograms obtained on the basis of 

280 nm wavelength and selective ion recording 

mass spectra (MS - SIR) for the reference 

polyphenolic compounds in Armoracia rusticana 

 

 
Figure 6. 

MS-TIC chromatogram of ArmF 

 

 
Figure 7. 

UV (280 nm) chromatogram of ArmF 

 

Comparative study 

The concentrations for each compound in every plant 

part are shown in Table III. 

Table III 

Concentration of polyphenols found in each plant part 

Plant part Compound 
Concentration found in  

Dipsacus lacinatus (µg/g) 

Concentration found in 

 Armoracia rusticana (μg/g) 

Radix 

Protocatechuic acid 9.53 0.76 

Chlorogenic acid 6.036 1.02 

Caffeic acid 1.62 3.66 

p-Coumaric acid 0.31 12.01 

Rutin - 1.00 

Quercetin - 0.15 

Ferulic acid - 8.88 

Stipes 

Protocatechuic acid 0.92 - 

Chlorogenic acid 585.29 - 

Caffeic acid 03.17 - 

p-Coumaric acid 0.48 - 

Rutin 8.06 - 

Folium 

Protocatechuic acid 11.07 1.98 

Chlorogenic acid 588.19 4.36 

Caffeic acid 5.97 - 

p-Coumaric acid 0.35 6.27 

Rutin 2.54 19.74 

Quercetin - 0.34 

Ferulic acid - - 

Flos 

Protocatechuic acid 3.88 - 

Chlorogenic acid 858.41 - 

Caffeic acid 7.10 - 

p-Coumaric acid 1.68 - 

Rutin 3.01 - 

 



FARMACIA, 2023, Vol. 71, 5 

 922 

The analysed root samples of Armoracia rusticana 

showed higher concentrations of ferulic acid, caffeic 

acid and p-coumaric acid when compared to Dipsacus 

laciniatus. Furthermore, a higher concentration of rutin 

was identified in the leaves of Armoracia rusticana. 

p-Coumaric acid is a phenolic compound associated 

with several pharmacological effects that include anti-

oxidant, antimicrobial, antiviral, anticancer, antidiabetic, 

anti-inflammatory. Furthermore, it was reported by 

Shen et al. that p-Coumaric acid reduces the steatosis 

of liver cells in mice [14]. Among the notable bio-

activities of phenolic compounds, the antioxidant 

activities have been widely studied, including scavenging 

of free radicals, inhibition of lipid oxidation, reduction 

of hydroperoxide formation, etc [15, 16]. 

A detailed phenolic profile was obtained by 

Benabderrahim et al. who identified and quantified 

19 compounds in both Datura inoxia and Datura 

laciniatus. Furthermore, the study also shows high 

concentrations of chlorogenic acid, caffeic acid and 

protocatechuic acid in the methanol extracts of D. 

laciniatus [4]. Moreover, chlorogenic acid was identified 

as the most abundant component in different parts of 

the Dipsacus species such as D.asper/ D. asperoides 

roots and D. fullonum leaves and roots [17]. 

The analysed root samples of Armoracia rusticana 

showed higher concentrations of ferulic acid, caffeic 

acid and p-coumaric acid when compared to Dipsacus 

laciniatus. Furthermore, a higher concentration of rutin 

was identified in the leaves of Armoracia rusticana. 

p-Coumaric acid is a phenolic compound associated 

with several pharmacological effects that include anti-

oxidant, antimicrobial, antiviral, anticancer, antidiabetic, 

anti-inflammatory. Furthermore, it was reported by 

Shen et al. that p-Coumaric acid reduces the steatosis 

of liver cells in mice [14]. Among the notable bio-

activities of phenolic compounds, the antioxidant 

activities have been widely studied, including scavenging 

of free radicals, inhibition of lipid oxidation, reduction 

of hydroperoxide formation, etc. [15, 16].  

A detailed phenolic profile was obtained by 

Benabderrahim et al. who identified and quantified 

19 compounds in both Datura inoxia and Datura 

laciniatus. Furthermore, the study also shows high 

concentrations of chlorogenic acid, caffeic acid and 

protocatechuic acid in the methanol extracts of D. 

laciniatus [4]. Moreover, chlorogenic acid was identified 

as the most abundant component in different parts of 

the Dipsacus species such as D.asper/ D. asperoides 

roots and D. fullonum leaves and roots [17]. 

Ferulic, caffeic, chlorogenic, p-coumaric acid and 

protocatechuic acid, were identified to contribute to 

the antioxidant potential of different natural products. 

Because of strong antioxidant and anti-inflammatory 

properties ferulic acid was also reported to be beneficial 

in Alzheimer’s disease, polyphenols in increased 

quantities in plants having a neuroprotective activity 

[25]. Protocatechuic acid and rutin showed potential 

inhibitory activity against Pseudomonas aeruginosa. 

Also, the combination of sulfamethoxazole and 

protocatechuic acid showed synergistic mode of 

interaction. In nutrient medium, the combinations of 

gallic and protocatechuic acids, gallic and caffeic acids, 

and rutin and quercetin were the best antibacterial 

agents, with synergistic effects, and were selected to 

test their activity in a meat model system [18-22]. 

Both rutin and quercetin were identified in the 

Armoracia rusticana root and leaves samples. It was 

reported that quercetin has a protective role against 

coronary disease [23]. A study conducted by Gafrikova 

found kaempferol and quercetin as the main flavonoid 

component of an Armoracia rusticana aqueous extract. 

Furthermore, the two components may help prevent 

DNA damage [9]. Several factors such as growing 

conditions, climate, developmental stages and extraction 

solvents may alter the phenolic content [24]. 

 

Conclusions 

The results of the present study revealed that the 

methanolic extracts of both Dipsacus laciniatus and 

Armoracia rusticana, can be considered as an effective 

source of antioxidant compounds. The antioxidant 

activities of the extracts were confirmed by TLC-

DPPH method, and they were compared with the 

standard phenolic acids and flavonoids. The presence 

of phenolic acids determined by TLC-DPPH method 

was also confirmed by LC-MS analysis. 

 

Conflict of interest 

The authors declare no conflict of interest. 

 

References 

1. Ciocârlan V, Ilustrated flora of Romania. Pteridophyta 

et Spermatophyta. Ceres: Bucharest, Romania, 2009, 

(available in Romanian). 

2. Oszmiański J, Wojdyło A, Juszczyk P, Nowicka P, 

Roots and leaf extracts of Dipsacus fullonum L. and 

their biological activities. Plants, 2020; 9(1): 78.  

3. Zhao YM, Shi YP, Phytochemicals and biological 

activities of Dipsacus species. Chem Biodivers., 2011; 

8(3): 414-430.  

4. Benabderrahim MA, Sarikurkcu C, Elfalleh W, 

Ozer MS, Datura innoxia and Dipsacus laciniatus: 

Biological activity and phenolic composition. Biocatal 

Agric Biotechnol., 2019; 19: 101163.  

5. Hung TM, Thuong PT, Youn UJ, Zhang XF, Min BS, 

Woo MH, Lee HK, Bae KH, Antioxidant activities 

of phenolic derivatives from Dipsacus asper wall. 

(II). Nat Prod Sci., 2008; 14(2): 107-112. 

6. Kuhtinskaja M, Vaher M, Extraction and analysis 

of bioactive compounds from Dipsacus fullonum 

and Galium verum for Lyme Borreliosis treatment. 

Biomed J Sci Tech Res., 2018; 11(4): 8614-8616.  

7. Li H, Zhang D, Tan LH, Yu B, Zhao SP, Cao WG, 

Comparison of the antioxidant properties of various 

solvent extracts from Dipsacus asperoides and 



FARMACIA, 2023, Vol. 71, 5 

 923 

identification of phenolic compounds by LC-ESI-

QTOF-MS - MS. S Afr J Bot., 2017; 109: 1-8. 

8. Calabrone L, Larocca M, Marzocco S, Martelli G, 

Rossano R, Total phenols and flavonoids content, 

antioxidant capacity and lipase inhibition of root and 

leaf horseradish (Armoracia Rusticana) extracts. Food 

Nutrition Sci., 2015; 6(1): 64-74.  

9. Gafrikova M, Galova E, Sevcovicova A, Imreova 

P, Mucaji P, Miadokova E, Extract from Armoracia 

Rusticana and its flavonoid components protect human 

lymphocytes against oxidative damage induced by 

hydrogen peroxide. Molecules, 2014; 19(3): 3160-

3172.  

10. Bondet V, Brand-Williams W, Berset CL, Kinetics 

and mechanisms of antioxidant activity using the 

DPPH. free radical method. LWT., 1997; 30: 609-615. 

11. Manuguerra S, Caccamo L, Mancuso M, Arena R, 

Rappazzo AC, Genovese L, The antioxidant power 

of horseradish, Armoracia Rusticana, underlies anti-

microbial and antiradical effects, exerted in vitro. 

Nat Prod Res., 2020; 34(11): 1567-1570.  

12. Herz C, Tran HT, Márton MR, Maul R, Baldermann 

S, Schreiner M, Lamy E, Evaluation of an aqueous 

extract from horseradish root (Armoracia Rusticana 

radix) against lipopolysaccharide-induced cellular 

inflammation reaction. Evid Based Complement Alternat 

Med., 2017; 2017: 1950692. 

13. Tajik N, Tajik M, Mack I, Enck P, The potential effects 

of chlorogenic acid, the main phenolic components 

in coffee, on Health: A Comprehensive Review of 

the literature. Eur J Nutr., 2017; 56(7): 2215-2244.  

14. Shen Y, Song X, Li L, Sun J, Jaiswal Y, Huang J, 

Liu C, Yang W, Williams L, Zhang H, Guan Y, 

Protective effects of P-coumaric acid against oxidant 

and hyperlipidemia-an in vitro and in vivo evaluation. 

Biomed Pharmacother., 2019; 111: 579-587.  

15. Palfi (Salavat) MC, Racea RC, Drăghici G, Seclaman 

EP, Munteanu M, Mușat O, Ungureanu E, Milcu AI, 

Boruga MV, Rusu L, Dinu S, Polyphenols content 

and in vitro antitumour activity of hydroalcoholic 

extract of Viscum album in two pigmented and 

unpigmented skin cancer cell lines. Farmacia, 2022; 

70(5): 807-815. 

16. Sendri N, Bhandari P, Polyphenolic composition and 

antioxidant potential of underutilized Himalayan wild 

edible berries by high‐performance liquid chromatography 

coupled with electrospray ionization quadrupole time‐

of‐flight mass spectrometry. J Sep Sci., 2021; 44(23): 

4237-4254.  

17. Skała E, Szopa A, Dipsacus and Scabiosa Species - 

The Source of Specialized Metabolites with High 

Biological Relevance: A Review. Molecules, 2023; 

28(9): 3754. 

18. Agunloye OM, Oboh G, Ademiluyi AO, Ademosun 

AO, Akindahunsi AA, Oyagbemi AA, Omobowale 

TO, Ajibade TO, Adedapo AA, Cardio-protective and 

antioxidant properties of caffeic acid and chlorogenic 

acid: Mechanistic role of angiotensin converting enzyme, 

cholinesterase and arginase activities in cyclosporine 

induced hypertensive rats. Biomed Pharmacother., 

2019; 109: 450-458.  

19. Giri S, Giri U, Subedi K, Magar KT, Pant S, Joshi 

KR, Thin layer chromatography (TLC) based chemical 

profiling and antioxidant activity of selected Nepalese 

medicinal plants. J Health Allied Sci NU., 2020; 

10(2): 15-22. 

20. Gunathilake KD, Ranaweera KK, Rupasinghe HP, 

Analysis of rutin, β‐carotene, and lutein content and 

evaluation of antioxidant activities of six edible leaves 

on free radicals and reactive oxygen species. J Food 

Biochem., 2018; 42(5): e12579.  

21. Jamshidi-Aidji M, Macho J, Mueller MB, Morlock 

GE, Effect-directed profiling of aqueous, fermented 

plant preparations via high-performance thin-layer 

chromatography combined with in situ assays and 

high-resolution mass spectrometry. J Liq Chromatogr 

Relat., 2019; 42: 266-273.  

22. Jayaraman P, Sakharkar MK, Lim CS, Tang TH, 

Sakharkar KR. Activity and interactions of antibiotic 

and phytochemical combinations against Pseudomonas 

aeruginosa in vitro. Int J Biol Sci., 2010; 6(6): 556-

568.  

23. Danciu C, Citu C, Zupko I, Ghiulai R, Matusz P, 

Pavel IZ, Popescu A, Pinzaru I, Simu G, Daliborca 

VC. In vitro antiproliferative activity of flavonols: 

fisetin, quercetin and kaempferol and their cyclodextrin 

complexes. Farmacia, 2015; 63(6): 858-864. 

24. Tomsone L, Galoburda R, Kruma Z, Cinkmanis I, 

Characterization of dried horseradish leaves pomace: 

phenolic compounds profile and antioxidant capacity, 

content of organic acids, pigments and volatile compounds. 

Eur Food Res Technol., 2020; 246: 1647-1660. 

25. Epure A, Pârvu A, Vlase L, Benedec D, Hanganu 

D, Vlase AM, Oniga I, Polyphenolic compounds, 

antioxidant activity and nephroprotective properties 

of Romanian taraxacum officinale. Farmacia, 2022; 

70(1): 47-53. 

 

 

 

 


