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APPLICATION OF APPROACH FOR DEVELOPMENT OF HPTLC 

IDENTIFICATION AND QUANTIFICATION METHODS FOR  

DETERMINATION OF PHENOLIC COMPOUNDS AND TERPENOIDS OF 

SEVERAL THYMUS L. SPECIES  

Kateryna Khokhlova, Liliia Vyshnevska, Oleksandr Zdoryk, Olga Filatova 

The aim of this work was to improve the approaches for standardization of Thymus L. species by development of 

HPTLC identification of phenolic compounds (flavonoids and phenylpropanoids) and terpenoids (essential oils and 

triterpenoids) and quantitative determination of rosmarinic acid and flavonoids for six Thymus L. species of Ukraine 

flora, as well as determination of chromatographic profiles of Thymus L. species’ extracts obtained using different 

extraction methods. 

Materials and methods. Objects were: samples of dry herb of Th.serpyllum, Th.vulgaris, Th.Marschallianus, 

Th.Pallasianus, Th.calcareus, and Th.moldavicus of Ukraine origin collected in 2019-2021 years or acquired 

commercially on Ukraine market. Instruments: CAMAG HPTLC Herbal System, visionCats 2.5. The analytical grade 

reagents were used. Reference substances were purchased from Extrasynthese, Sigma Aldrich. Chromatography was 

performed on HPTLC plates Si 60 F254, Merck according to the developed methods. 

Results. A new approach for quality control of different Thymus L. species of Ukraine flora included the development of 

HPTLC methods for identification of main groups of bioactive substances of these species, such as flavonoids and 

phenylpropanoids, essential oils, triterpenoids; development of quantification method of rosmarinic acid and assay of 

total flavonoids, expressed as luteolin-7-O-glucoside. The characteristic HPTLC fingerprints of six Thymus L. species 

in three mobile phases of different polarities that cover a wide range of bioactive substances were established. The 

content of rosmarinic acid in different Thymus L. species samples was in the range of 0,11-0,72 %: Th.moldavicus – 

0,11 %; Th.Marschallianus – 0,19-0,27 %; Th.serpyllum – 0,38 %; Th.vulgaris – 0,51 %; Th.calcareus – 0,56 %; 

T.Pallasianus – 0,72 %. The total flavonoids content, expressed as luteolin-7-O-glucoside, was in the range of 0,8–

2,72 %: Th.moldavicus – 0,8 %; Th.serpyllum – 0,87 %; Th.vulgaris – 1,06 %; Th.Pallasianus – 1,28 %; 
Th.Marschallianus – 1,89 %; Th.calcareus – 2,72 %.

Conclusions. The proposed scientific approach for quality evaluation of Thymus L. species using HPTLC allows to 
determine comprehensive information of chemical composition and content of active substances of multiple samples in 
parallel, in a cost and time-efficient manner
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1. Introduction

The Thymus L. genus belongs to the Lamiaceae

family and includes several hundred species distributed in 

Eurasia, North Africa, Greenland [1–4]. Despite this, only 

a few Thymus L. species – T.vulgaris L. and T.zygis L. or 

its mixture, and T.serpyllum L. [5, 6] have pharmacopoe-

ial standardization. At the same time, usually, the collec-

tors of herbal raw material do not distinguish the species 

of Thymus, so its herbal raw material could be represent-

ed by different related species, as well as their combina-

tion in the various ratios [3, 4].  

The modern high-performance thin-layer chroma-

tography (HPTLC) method is included in the pharmaco-

poeial analysis [7]. It gives the possibility to compare 

results of different species or extraction in parallel at the 

same HPTLC plate or to compare tracks from different 

plates using “virtual plate”. Moreover, the results could 

be stored in a traditional form of an image (chromato-

gram) or as peak profiles from image/densitogram. Thus, 

HPTLC is a useful tool for conducting not only the quali-

tative, but also specific and non-specific quantitative 

determination [8, 9]. That enables to use of the HPTLC 

method for comprehensive evaluation of the quality of 

closely related plant species. 

The aim of this work was the improvement of 

approaches for standardization of Thymus L. species by the 

development of HPTLC identification of phenolic 

compounds (flavonoids and phenylpropanoids) and 
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terpenoids (essential oils and triterpenoids) and quantitative 

determination of rosmarinic acid and flavonoids of 

six Thymus L. species of Ukraine flora – Th.serpyllum, 

Th.vulgaris, Th.Marschallianus Willd., Th.Pallasianus 

H.Braun, Th.calcareus Klok.et Shost. and Th.moldavicus 

Klok.et Shost, as well as determination of chromatographic 

profiles of Thymus L. species’ extracts, obtained using 

different extraction methods. 

 

2. Research planning (methodology) 

The design of the experiment for quality control of 

Thymus L. species of Ukraine flora using HPTLC included 

several steps: the selection and collection of objects for 

investigations (pharmacopoeial and non-pharmacopoeial 

species); determination of groups of bioactive 

substances/markers; determination and evaluation of existed 

approaches for standardization of objects if any; 

optimization of existed standardization approaches using 

comprehensive HPTLC. 

A new approach for quality control of different 

Thymus L. species of Ukraine flora included the 

development of HPTLC methods for identification of main 

groups of bioactive substances of these species, such as 

flavonoids and phenylpropanoids (ID 1), essential oils (ID 

2), triterpenoids (ID 3); development of quantification 

method of rosmarinic acid (QD RA) and a specific assay of 

total flavonoids, expressed as luteolin-7-O-glucoside (TFC); 

as well as determination of specific HPTLC fingerprints for 

different Thymus L. species that are important for proper 

authentification and discrimination of potential falsification. 

 

3. Materials and methods 

Objects were: samples of the dry herb of  

Th. vulgaris, Th. serpyllum, Th. Marschallianus, Th. Palla- 

sianus, Th.calcareus, and Th.moldavicus of Ukraine origin 

collected in 2019-2021 years or acquired commercially on 

Ukraine market. Instruments: CAMAG HPTLC Herbal 

System, VisionCats 2.5. The analytical grade reagents were 

used. Reference substances were purchased from 

Extrasynthese, Sigma Aldrich. Chromatography was 

performed on HPTLC plates Si 60 F254 according to the 

developed methods. 

Methods. Sample preparation for identification 

(ID 1 and ID 3), TFC. 100 mg/ml of powdered Thymus 

herb in methanol (alc. 70 % or alc. 40 %), shaken for  

20 min, sonicated for 10 min, and then centrifuged. Use 

the supernatant as test solution A; apply 4 µl each. Sam-

ple preparation for identification (ID 2). Essential oils of 

Thymus obtained by steam distillation; 100 mg/ml of 

powdered Thymus herb in methanol (dichloromethane, 

methanol, alc. 70 % or alc. 40 %), shaken for 20 min, 

sonicated for 10 min, and then centrifuged. Use the su-

pernatant as test solution; apply 5 µl each. Sample prepa-

ration for QD of RA. 3 parts of the test solution A are 

diluted with 7 parts of methanol, to produce a second test 

solution at 30 mg/ml; apply 4 µl each. Standard prepara-

tion (ID 1, SST). 0,3 mg/ml of chlorogenic acid and  

0,25 mg/ml of hyperoside in methanol (SST), apply 3 µl 

each. 0,2 mg/ml of luteolin-7-O-glucoside and 0,4 mg/ml 

of rosmarinic acid in methanol (R), apply 4 µl each. 

Standard solution (R) is diluted with methanol one to 

four (R1/4), apply 4 µl each. Standard preparation (ID 2, 

SST). 0,125 mg/ml of thymol and 1,0 µl/ml of cineol in 

methanol (SST), apply 4 µl each. 5 mg/ml of thymol in 

methanol (R), apply 4 µl. Standard solution (R) is diluted 

with methanol one to four (R1/4); apply 4 µl. Standard 

preparation (ID 3, SST). 0,5 mg/ml of ursolic acid and  

2 mg/ml of borneol in methanol (SST), apply 4 µl each. 

0,5 mg/ml of oleanolic acid (R), apply 4 µl; standard 

solution (R) is diluted with methanol one to four (R1/4), 

apply 4 µl. Optional. 1 mg/ml of ß-sitosterin in methanol, 

apply 3 µl. Standard preparation (QD of RA). 5 calibra-

tion solutions in a range of 0,2–1,0 µg/zone of rosmarinic 

acid in methanol. Standard preparation (TFC). 5 calibra-

tion solutions in a range of 0,2-0,8 µg/zone of luteolin-7-

O-glucoside in methanol. Stationary phase (Type, size). 

HPTLC Si 60 F254 (Merck), 20x20. Mobile phase (ID 1, 

QD RA). Ethyl acetate, formic acid anhydrous, water 

(8:1:1). Mobile phase (ID 2). Dichloromethane. Mobile 

phase (ID 3). Toluene-ethylacetate-formic acid (7:3:0,1). 

Mobile phase (TFC). Ethyl acetate, formic acid anhy-

drous, water (8:1:1). Saturation. 20 min (with saturation 

pad). Humidity control. 10 min with MgCl2 (33 % rela-

tive humidity). Developing distance. 62 mm (70 mm 

from the lower edge). Derivatization (ID 1). Name: 

NP/PEG. Preparation: NP: 5 mg/ml of 2-aminoethyl 

diphenylborinate in ethyl acetate. PEG: 50 mg/ml of 

polyethylene glycol 400 in dichloromethane. Use: pre-

heat the plate at 100 °C for 3 min. Dip the warm plate 

into NP and then in PEG (dipping speed: 5, dipping  

time: 0). Derivatization (ID 2, ID 3). Name: Anisalde-

hyde-sulfuric acid reagent. Preparation: 10 ml sulphuric 

acid is carefully added to an ice-cooled mixture of 170 ml 

methanol and 20 ml acetic acid. To this solution, 1 ml 

anisaldehyde is added. Use: dip the plate into reagent 

(speed: 5, time: 0); heat the plate at 100 °C for 3 min. 

Derivatization (TFC). Name: Aluminium chloride. Prep-

aration: 5 g aluminium chloride is dissolved in 100 ml  

70 % alcohol. Use: dip the plate into reagent (speed: 5, 

time: 0). Detection (ID 1, ID 2, ID 3). Record images in 

white light, UV 254 nm, UV 366 nm before derivatiza-

tion; and white light, UV 366 nm after derivatization. 

Densitometry (QD RA). Record densitogram in  

UV 330 nm before derivatization with TLC Scanner, 

absorbance mode, slit dimension 5,0 x 0,2 mm, scanning 

speed 20 mm/s, spectra recording from 190 to 450 nm. 

Detection (TFC). Record images in UV 366 nm after 

derivatization. Densitometry (TFC). Record densitogram 

in UV 400 nm before and after derivatization with TLC 

Scanner, absorbance mode, slit dimension 5.0×0.2 mm, 

scanning speed 20 mm/s, spectra recording from 190 to 

550 nm. 

 

4. Results  

Two pharmacopoeial Thymus L. species  

(Th. vulgaris and Th. serpyllum) and four non-

pharmacopoeial species of Ukraine flora that have collection 

resources (Th. Marschallianus, Th. Pallasianus, Th. calca- 

reus, and Th. moldavicus) [1, 2, 4, 6] were selected for 

investigation. According to literature data, the main 

bioactive substances of Thymus L. species are phenolic 

compounds, essential oils, and triterpenoids [2].  

For standardization of Thymus L. species different 

approaches exist. The SPhU and European Pharma- 

copoeia monographs for Thymus, describing 2 species – T. 

vulgaris and T. zygis or its mixture, include TLC/HPTLC 
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method for flavonoids and phenylpropanoids (markers 

used are rutin and rosmarinic acid) identification and es-

sential oils content determination (steam distillation (SD) 

and gas chromatography (GC), while monograph for 

T.serpyllum quality assessment requires: the identification 

of essential oils by TLC (markers are thymol and car-

vacrol), its content by SD method, determination of ex-

tractable matters. Thus, the approaches for TLC/HPTLC 

identification used [5, 6] require the determination of dif-

ferent groups of bioactive substances for related Thymus 

species, neither consider related non-pharmacopoeial 

Thymus species of Ukraine flora, nor allow to distinguish 

them between each other or to show their similarity. Be-

sides, the control of temperature and relative humidity that 

are necessary for reproducible HPTLC analysis, SST, 

intensity markers are not required; evaluation of results is 

performed according to the reference table, which is often 

difficult for interpretation. The approach for quantification 

of Thymus and T.serpyllum [5, 6] includes determination 

of the content of essential oils by SD (2.8.12), which is 

cumbersome and unspecific assay method; besides, a 

monograph on Thymus requires determination of essential 

oils (sum of thymol and carvacrol) by GC method, that 

despite the specificity requires time-consuming sample 

preparation; a monograph on T.serpyllum requires deter-

mination of extractable matters, extracted with 30 % alco-

hol (non-specific assay). Another pharmacopoeial ap-

proach for standardization of T.serpyllum [10] includes 

TLC identification of flavonoids (specific marker luteolin-

7-O-glycoside is used) and spectrophotometry assay of 

TFC, after complexation reaction with aluminium chlo-

ride, expressed as luteolin-7-O-glycoside; determination of 

extractable matters, extracted with 30 % alcohol and water 

(non-specific assay). Besides, for T.serpyllum different 

spectrophotometry assay methods of TFC, expressed as 

rutin [11], and total content of hydroxycinnamic acids, 

expressed as rosmarinic acid [3] were published. 

The optimization of existed standardization 

approaches using HPTLC. Several HPTLC methods for 

identification of main groups of compounds (flavonoids and 

phenylpropanoids; essential oils, triterpenoids) of 

T.vulgaris, T.serpyllum, T.Marschallianus, T.Pallasianus, 

Th.calcareus, and Th.moldavicus were developed. 

The identification of flavonoids and 

phenylpropanoids was performed in the mobile phase: 

ethyl acetate, water, formic acid anh. (8:1:1). For system 

suitability test (SST) such pairs of substances were 

tested: hyperoside (1) and chlorogenic acid (2); quercetin 

(3) and rosmarinic acid (4); luteolin (5) and rosmarinic 

acid (4); luteolin (5) and caffeic acid (6), hyperosode (1) 

and quercetin-3-glucoside (8), hyperoside (1) and 

luteolin-7-O-glucoside (10) (Fig. 1, A). The suitable SST 

pairs in this MP were (1, 2); (3, 4); (1, 8), and (1, 10). 

These pairs had close RF values, but were clearly 

separated. For the selection of reference substances and 

intensity markers, chemotaxonomic markers of Thymus, 

such as rosmarinic acid (4) and luteolin-7-O-glucoside 

(10), as well as other phenolic compounds were tested 

(Fig. 1, a). The most specific combinations of markers 

for usage as a reference solution and intensity markers 

for flavonoids’ and phenylpropanoids’ identification of 

Thymus L. species are luteolin-7-O-glucoside and rosma-

rinic acid. The extraction method (sonication) gave less 

consistent results than extraction with automated 

shaking; extraction with combined technique (20 min of 

shaking and 10 min of sonication) gave more intense 

zones of fingerprints and was chosen for further analysis 

(Fig. 1, b).  

Comparison of HPTLC fingerprints of methanolic 

and 70 % and 40 % alcoholic extracts showed their 

similarity, despite differences in chlorophylls appearance 

close to the front position (Fig. 1, b). This is important 

for the transfer of the method for the finished herbal 

drugs of Thymus L. species.  

 

 
Fig. 1. Identification of flavonoids and phenylpropanids. Selection of SST, intensity markers, solvents and extraction 

technique: A – Reference standards for SST and intensity markers: 1 – hyperoside; 2 – chorogenic acid; 3 – quercetin;  

4 – rosmarinic acid; 5 – luteolin; 6 – caffeic acid; 7 – rutin; 8 – quercetin-3-glucoside; 9 – gallic acid; 10 – luteolin-7-O-

glycoside; B – Tracks: 1-5 – Th.vulgaris: 1 – son., meth.; 2 – shak., meth.; 3 – shak+son., meth.;  

4 – shak+son., 70 % alc.; 5 – shak+son., 40 % alc.; 6–10 – Th.serpyllum: 6 – son., meth.; 7 – shak., meth.;  

8 – shak+son., meth.; 9 – son., 70 % alc.; 10 – shak+son., 40 %alc.; 11–13 – Th.Marshallianus: 11 – shak+son., meth.; 

12 – shak+son., 70 % alc.; 13 – shak+son., 40 % alc; 14-17 – Th.Pallasianus: 14 – shak.,meth.; 15 – shak+son. Meth.; 

16 – shak+son., 70 % alc.; 17 – shak+son., 40 % alc; 18–21 – Th.calcareus: 18 – shak+son. meth.;  

19 – shak+son., 70 % alc.; 20 – ac. hydr., 70 % alc.; 21 – shak+son., 40 %alc.;  

22–24 – Th.moldavicus: 22 – shak+son., meth.; 23 – shak+son., 70 % alc.; 24 – shak+son., 40 %alc. 

 

According to the results of identification obtained 

in different detection modes (Fig. 2), five Thymus L. 

species had a pair of orange (red arrows) and yellow-

green (green arrows) zones due to flavonoids in the mid-

dle part of the chromatogram, while the analyzed sample 

of Th.vulgaris had a slight difference in flavonoids fin-

gerprints and showed a pair of orange zones in the mid-

dle part of the chromatogram (red and yellow arrows) 

and characteristic diffuse yellow zone in the upper third 

(orange arrow); all Thymus species had rosmarinic acid 
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in the upper part of chromatogram (white arrows). At 

366 nm at the middle part of the chromatogram, 

Th.Pallasianus and Th.calcareus showed more light-blue 

zones due to phenylpropanoids.  

 

 

 
Fig. 2. Identification of flavonoids and phenylpropanoids. Different detection modes: A – 366 nm before derivatization; 

B – 254 nm before derivatization; C – 366 nm after derivatization; D – WRT after derivatization. SST: chlorogenic 

acid, hyperoside (RF↑); R – luteolin-7-O-glycoside, rosmarinic acid; R1/4 – luteolin-7-O-glycoside, rosmarinic acid. 

Tracks: 1 – Th.vulgaris, 2 – Th.serpyllum, 3–8 – Th. Marschallianus; 9 – Th. Pallasianus; 10 – Th.calcareus;  

11 – Th.moldavicus; meth. 

 

 

The identification of essential oils was performed in 

mobile phase: dichloromethane, where orange zone due to 

thymol was in the middle part of chromatogram with 

RF≈0,44 (Fig. 3, a). Cineol and thymol could be proposed 

for SST; thymol can be used as a reference solution and 

intensity marker (Fig. 3). Comparison of chromatographic 

fingerprints of samples with different extraction techniques 

and solvents (dichlormethane (DCM), methanolic, 70 % 

alcoholic and 40 % alcoholic extracts obtained by 

automated shaking and essential oils obtained by SD) 

showed differences in their content and composition, with 

more intense essential oils’ zones in samples of essential oil 

obtained by SD (Fig. 3). Essential oils of Thymus L. species 

obtained by SD showed the presence of zone due to thymol 

(green arrows) in Th.vulgaris, Th.serpyllum, 

Th.Marschallianus and Th.moldavicus; the Th.Pallasianus 

and Th.calcareus samples did not show the zone due to 

thymol. Thymol was found to be the main essential oil in 

methanolic and alcoholic extracts of T.vulgaris, 

T.serpyllum, T.Marschallianus, while T.Pallasianus and 

Th.calcareus, which are xerophyte plants, did not show the 

zone due to thymol either or showed its low content 

(Th.moldavicus). Th.calcareus essential oil and extracts 

showed a violet zone of different intensity that was posi-

tioned slightly below the zone due to thymol (red arrows). 

The violet zone of different intensity (RF≈0,22, violet ar-

rows) was present in essential oils of all Thymus L. species 

besides Th.serpyllum; and was of light intensity in their 

methanolic extracts. The violet zone with RF≈0,22 might be 

probably due to caryophyllene oxide, but this assumption 

requires confirmation with reference substance and its 

UV/MS comparison. The brownish zone with RF≈0,16 

(probably, due to borneol) was present in all Thymus L. 

species’ samples obtained by SD and was not detected in 

their methanolic/alcoholic extracts.  

Along with flavonoids, phenylpropanoids, and 

essential oils, triterpenoids are an important group of 

bioactive substances of the Thymus [3, 12]. Triterpenoids 

can strongly influence the biological activity of plants [13]. 

For example, oleanolic acid which is a pentacyclic triterpe-

noid has antitumor, antidiabetic, antimicrobial, hepatopro-

tective, antihypertensive, antioxidant, anti-inflammatory, 

antiparasitic activities [12–14]. Despite this, triterpenoids 

are not used for pharmacopoeial standardization of  

Thymus L. species.  

The developed HPTLC identification of triter- 

penoids was performed in the mobile phase: toluene-

ethylacetate-formic acid (7:3:0,1). In this mobile phase, it 

was possible to detect both triterpenoid oleanolic acid and 

essential oil thymol. For SST ursolic acid and essential oil 

borneol can be used. As a reference solution and intensity 

markers oleanolic acid and thymol can be proposed.  

As we can see in Fig. 4, oleanolic acid was pre-

sent in methanolic and 70 % alcoholic extracts of all 

Thymus L. species (violet arrows), and absent in 40 % 

alcoholic extracts.  
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Fig. 3. Identification of essential oils. Selection of SST, intensity markers, comparison of solvents and extraction 

techniques: A – WRT after derivatization; B – 366 nm after derivatization. Tracks: 1 – menthol, cineol, thymol, RF↑;  

2 – borneol, bornyl acetate; 3–7 – Th.vulgaris: 3 – essential oil; 4 – DCM; 5 – meth.; 6 – 70 % alc.; 7 – 40 % alc.;  

8–11 – Th.serpyllum: 8 – DCM; 9 – meth.; 10 – 70 % alc.; 11 – 40 % alc.; 12–16 – Th. Marschallianus: 12 – essential 

oil; 13 – DCM; 14 – meth., 15 – 70 % alc.; 16 – 40 % alc.; 17–21 – Th. Pallasianus: 17 – essential oil; 18 – DCM;  

19 – meth.; 20 – 70 % alc.; 21 – 40 % alc.; 22-25 – Th. calcareus: 22 – essential oil; 23 – meth., 24 – 70 % alc.;  

25 – 40 % alc.; 26-29 – Th.moldavicus: 26 – essential oil; 27 – meth., 28 – 70 % alc.; 29 – 40 % alc. 

 

 
Fig. 4. Identification of triterpenoids. Different detection modes: A – WRT after derivatization; B – 366 nm after 

derivatization. Tracks: 1 – ursolic acid; 2 – oleanolic acid; 3 – ß-sitosterin, thymol, RF↑; 4 – borneol, bornyl acetate RF↑; 

5 – Th.vulgaris, meth.; 6 – Th.serpyllum, meth.; 7–11 – Th. Marschallianus, meth.; 12 – Th. Pallasianus, meth.;  

13 – Th. calcareus, meth.; 14 – Th. moldavicus. meth.; 15 - Th.vulgaris, 70 % alc.; 16 – Th.vulgaris, 40 % alc.;  

17 – Th. serpyllum, 70 % alc.; 18 – Th. serpyllum, 40 % alc.; 19 – Th. Marshallianus, 70 % alc.; 20 – Th. serpyllum,  

40 % alc.; 21 – Th. Pallasianus, 70 % alc.; 22 – Th. Pallasianus, 40 % alc.; 23 – Th. calcareus, 70 % alc.;  

24 – Th. calcareus, 40 % alc.; 25 – Th. moldavicus, 70 % alc.; 26 – Th. moldavicus, 40 % alc.;  

27 – oleanolic acid, thymol, RF↑ 

 

For quantitative determination of Thymus, the 

HPTLC methods for specific determination of phe-

nylpropanoid – rosmarinic acid, as well as TFC, ex-

pressed as luteolin-7-O-glycoside, were proposed.  

Rosmarinic acid was present in all investigated 

Thymus L. species and according to the literature is re-

sponsible for antioxidant, anti-inflammatory, antiviral, 

anti-allergy activities [15], thus, it can be considered as 

an active marker. With the same mobile phase used for 

ID 1, the quantification of rosmarinic acid was performed 

at 330 nm by peak profile from scanning densitometry 

(PPSD). The detection mode at 330 nm was chosen as it 

corresponded to the maximum of rosmarinic acid. The 

specificity of the quantification method was proved by 

the comparison of RF of zones due to rosmarinic acid 

reference standard and Thymus L. species samples, as 

well as by the comparison of their UV spectrum (Fig. 5). 

The calculations were done using CAMAG visionCATs 

software. The validation parameters of the method such 

as linearity (calibration function: y=0,0077x+0,0015, 

correlation coefficient (R)=0,9998, LOD=0,0218 

(µg/band), LOQ=0,0662 (µg/band), precision (n=6, 

RSD=0,1 %), repeatability (n=3, RSD=0,9 %), accuracy 

(95,9 %) were determined. According to the results the 

content of rosmarinic acid in different Thymus L. species 

samples, calculated on the dry raw material, was in the 

range of 0,11-0,72 %: Th.moldavicus – 0,11 %; 

Th.Marschallianus – 0,19–0,27 %; Th.serpyllum – 0,38 %; 

Th.vulgaris – 0,51 %; Th.calcareus – 0,56 %; 

T.Pallasianus – 0,72 %.  
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Fig. 5 Quantitative determiantion of rosmarinic acid in Thymus L. spp. samples: A – Chromatogram of rosmarinic acid 

and Thymus L. species samples; B – Spectrum comparison of rosmarinic acid and zones due to rosmarinic acid;  

C – Calibration curve for rosmarinic acid at 330 nm (scanner) 

 

Total flavonoids are responsible for antioxidant, 

anti-inflammatory, antimicrobial, hepatoprotective, anti-

viral activities of the plant [11]. The assay method for 

TFC, expressed as luteolin-7-O-glycoside, calculated on 

a dry basis, was developed. The separation of bioactive 

substances was performed in the mobile phase: ethyl 

acetate, formic acid anhydrous, water (8:1:1), then the 

plate was dipped in aluminum chloride reagent, and de-

tected after 2 hours at 400 nm by scanning densitometry, 

subtracting peaks at 400 nm before derivatization (Fig. 

6). The areas of all peaks of the flavonoids profile of the 

sample were measured and added. The expression was 

done using the standard substance luteolin-7-O-glycoside 

that was applied onto the same plate as sample solutions. 

The comparison of TFC of methanolic extracts of differ-

ent Thymus L. species was done by the method (Fig. 6, 

7). According to the results, the TFC was in the range of 

0,8-2,72 %: Th.moldavicus – 0,8 %; Th.serpyllum – 0,87 

%; Th.vulgaris – 1,06 %; Th.Pallasianus – 1,28 %; 

Th.Marschallianus – 1,89 %; Th.calcareus – 2,72 %. 

The comparison of the quantity of rosmarinic acid 

and total flavonoids of different Thymus L. species is 

shown in Fig. 7.  

 

 
Fig. 6. Determination of TFC, expressed as luteolin-7-O-glucoside, in methanolic extracts of Thymus L. species. A. 

Image, 366 nm after derivatization. B. densitogram, 400 nm after derivatization. Tracks: 1-5 – luteolin-7-O-glucoside, 

luteolin; 3 – chlorogenic acid (blue zone); 6 – Th.serpyllum 7 – Th.vulgaris, 8 – Th. Pallasianus; 9 – Th. calcareus;  

10 – Th. moldavicus; 11 – Th. Marschallianus; meth. 

 

 
Fig. 7. Comparison of content of rosmarinic acid and total flavonoids in different Thymus L. species 
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As we can see from Fig. 7, Th. calcareus and  

Th. Marshallianus methanolic extracts showed the most 

content of flavonoids, while Th. Pallasianus and  

Th. calcareus shown greater content of rosmarinic acid. 

 

5. Discussion 

The proposed scientific approach for quality 

evaluation of Thymus L. species using HPTLC allows to 

determining the comprehensive information of chemical 

composition and content of active substances of multiple 

samples of various species, obtained by a different technol-

ogy, in parallel, in a time and cost-efficient manner. The 

findings obtained using developed HPTLC methods, prove 

the presence of main groups of substances: flavonoids, 

phenylpropanoids, essential oils, and triterpenoids in all 

Thymus L. species [3]; show the influence of solvent and 

extraction technique for its composition; provide similarity 

and differences in HPTLC fingerprints of different Thymus 

L. species, that growth on different soils (Fig. 1–7). For 

example, the comparison of essential oils fingerprints of 

Thymus L. species showed the presence of thymol as the 

main component in Th. serpyllum, Th. vulgaris and 

Th. Marshallianus and different essential oils composition 

with no or low content thymol found in three investigated 

Thymus L. species that grow in dry and poor soils 

Th.Pallasianus (sands), Th.calcareus (chalk mountains), 

and Th.moldavicus (shelly soil).  

The results prove the replacing of TLC on essential 

oils by HPTLC using flavonoids profile by European 

pharmacopoeia for distinguishing of both pharmacopoeial 

species – Th.serpyllumand Th.vulgaris that have similar 

essential oils composition (thymol chemotype) (Fig. 3) 

[16]; confirm the possibility of standardization of Thy-

mus L. species by flavonoids and hydroxycinnamic acids 

(rosmarinic acid) content (Fig. 1, 2) [3]; and show the 

prospect of inclusion of Th. Marshallianus, which is the 

most widespread Ukraine species, into pharmacopoeial 

analysis, based on similarity of HPTLC fingerprints of 

main bioactive substances with Th.serpyllum.  

Study limitations. The limitations of the ap-

proach are a necessity of usage of sophisticated equip-

ment, cost of consumables.  

Prospects for further research. The collection 

and evaluation of new Thymus L. species samples from 

different years and origins using proposed comprehen-

sive HPTLC, and verification of results in different labs 

are of major importance.  

 

6. Conclusions 

The scientific approach for quality evaluation of 

six Thymus L. species using comprehensive HPTLC, 

with HPTLC methods that were respectfully developed, 

allowing determining: flavonoids, phenylpropanoids, 

essential oils and triterpenoids, and content of active 

substances: rosmarinic acid and flavonoids, of multiple 

samples in parallel, in a cost and time-efficient manner 

was proposed. 

The similarity and differences in HPTLC finger-

prints of different Thymus L. species that grow on differ-

ent soils were shown. The findings are important for the 

selection of the place of growth of Thymus L. species 

during of implementation of GACP in Ukraine. 

The prospect of inclusion of Th. Marshallianus, 

which is a mostly widespread Thymus L. species in Ukraine, 

into pharmacopoeial analysis, based on similarity of 

HPTLC fingerprints and content of its main bioactive 

groups of substances with Th. serpyllum was highlighted. 
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