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Abstract 

The aim of this study was to evaluate the rosmarinic acid (RA) content and the antioxidant and antimicrobial activity of 
Ocimum basilicum, Origanum vulgare, Hyssopus officinalis, Melissa officinalis, Mentha piperita, Salvia officinalis, Satureja 
hortensis, Rosmarinus officinalis and Thymus vulgaris available in Romanian pharmacies as herbal tea products. RA analysis 
was performed by HPTLC-image analysis detection. UV-VIS spectrophotometry was used for the evaluation of the 
polyphenolic content. The extracts were screened for antioxidant activity using the DPPH radical scavenging assay. The 
antimicrobial test was performed by the disk diffusion assay. The RA content of nine species, as determined by the HPTLC-
image analysis, varied between 9.16 mg/g (in O. vulgare) and 2.39 mg/g (in T. vulgaris). M. officinalis and O. vulgare 
extracts exhibited the highest antioxidant capacity, whereas the hyssop the lowest activity, in line with their polyphenolic 
content. The antimicrobial test revealed an important inhibitory activity against S. aureus, for the rosemary extract. The 
obtained results about the RA and polyphenolic contents and antioxidant and antimicrobial activities provide necessary 
information in order to safe and effective use of these medicinal plants.   
 
Rezumat 

Scopul acestui studiu a fost acela de a evalua conţinutul în acid rozmarinic (RA), precum și acţiunile 
antioxidante/antimicrobiene ale unor probe de Ocimum basilicum, Origanum vulgare, Hyssopus officinalis, Melissa officinalis, 
Mentha piperita, Salvia officinalis, Satureja hortensis, Rosmarinus officinalis și Thymus vulgaris,  disponibile în farmacii sub 
formă de ceaiuri medicinale. RA a fost analizat prin tehnica HPTLC-analiză de imagine, iar conținutul în polifenoli totali a 
fost determinat spectrofotometric. Activitatea antioxidantă a fost evaluată prin metoda DPPH. Testul antimicrobian a fost 
efectuat prin metoda difuzimetrică. Conținutul în RA în cele 9 specii de Lamiaceae a variat între 2,39 mg/g (în T. vulgaris) și 9,16 
mg/g (în O. vulgare). Extractele de M. officinalis și O. vulgare au prezentat cea mai mare acţiune antioxidantă, în timp ce 
isopul a avut o capacitate antioxidantă scăzută, în conformitate cu conținutul polifenolic. Testul antimicrobian a arătat o 
activitate inhibitoare importantă pe S. aureus pentru extractul de rozmarin. Rezultatele obținute referitoare la conținutul în RA 
şi polifenoli și activitatea antioxidantă şi antimicrobiană, furnizează informații necesare pentru utilizarea sigură și eficientă a 
acestor plante medicinale. 
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Introduction 

Rosmarinic acid (RA) is one of the most significant 
naturally polyphenolic compound in the Lamiaceae 
family. A multitude of biological activities have been 
described for RA, mainly astringent, antiinflammatory, 
antimutagenic, antiallergic, antibacterial and antiviral 
etc. Particularly due to its potent antioxidant activity, 
RA acts as a bioactive compound to alleviate many 
disorders: diabetes, cardiovascular diseases, cancer. 
RA is also present in many herbs commonly used in the 
Mediterranean diet as rosemary, sage, basil, oregano 
among many others, known to have beneficial and 
health promoting effects for humans [1, 2, 4, 7-9, 12, 
16]. In the last years, since various biological effects 

have been attributed to RA content in medicinal 
plants, it has gained a great importance. It is very 
important to quantify the active principles in order 
to achieve a complete characterization of medicinal 
plants. Thin-layer chromatography with scanning 
densitometry has been previously reported for the 
simultaneous quantification of RA and caffeic acid 
in some extracts of Salvia species [10, 11]. Thus, 
the aim of this work was to quantify the RA in nine 
species available on the Romanian pharmaceutical 
market as medicinal teas, using HPTLC (high 
performance thin-layer chromatography) - image 
analysis and to evaluate the antioxidant and anti-
microbial activities. 
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Materials and Methods 

Plant materials. The dried plant materials (from 9 
commercial samples - Fares Laboratories Orăștie, 
Romania) were extracted by 1:10 plant material/ 
solvent ratio with 70% aqueous ethanol on a water 
bath at 60°C [5]. 
HPTLC-image analysis. The quantification of RA 
was achieved by a HPTLC-image analysis method 
based on the native fluorescence of this phenolic 
compound [6]. A working standard solution of RA 
(1 to 10 µL) and sample solutions (9 µL) were 
applied on the chromatographic plates using an AS-
30 automatic sample applicator in 5 mm wide 
bands at 10 mm from the bottom edge of the plate. 
The TLC (thin-layer chromatography) separation was 
performed on glass-backed silica gel 60G F254 plates 
with 0.2 mm layer thickness, using a mixture of ethyl-
acetate:acetic acid:formic acid:water (100:11:11:26, 
v/v/v/v) as mobile phase. One-dimensional 
chromatographic separation was carried out. After 
development the plates were air-dried at room 
temperature and photo-graphed in full width of the 
plate, in manual mode, flash off, ISO-1250, automatic 
white balance, using a digital camera in a dark 
room under ultraviolet light (365 nm). The shutter 
speed and aperture settings were 1/40 s and 2.8, 
respectively. The image size captured by the camera 
(5184 x 3456 pixels) was set to superfine (S) and 
large (L) and saved in the form of a joint photographic 
experts group (JPG) file. Quantitative evaluation of 
chromatographic plates’ was performed by the digital 
processing of the colour JPG images (without any 
additional resizing or cropping) using UN-SCAN-IT 
gel software. The optical density profiles for each 
chromatographic lane were extracted in HSB colour 
mode with back-ground correction. The quantification 
of spots was reported as area under the resulting 
chromatographic peaks. The calibration curves were 
generated using least-squares linear regression analysis 
(Peak area = 230867(± 4294) [µg/spot of RA] + 
110514(± 1768), r2 = 0.9907) by plotting the 

corresponding peak areas against the quantity of 
RA/spot [6]. 
Determination of total phenolic content (TPC) and 
antioxidant activity. This analysis was made using 
the spectrophotometric methods. The TPC was 
evaluated using a modified colorimetric method 
described previously by Singleton [13, 15]. The RA 
was used as standard for the calibration curve and 
was plotted at 0.02, 0.04, 0.06, 0.08, and 0.10 mg/mL 
RA that was prepared in methanol:water (70:30, 
v/v). The concentration of the total phenolics was 
calculated based on the linear regression equation 
(y = 0.0372 + 3.9310 x, where y is the absorbance 
and x is the concentration of polyphenol acids 
expressed as mg rosmarinic acid equivalent (mg 
RAE/25 mL) obtained with RA calibration samples 
(r2 = 0.999). The extracts were screened for anti-
oxidant activities using DPPH 2,2-diphenyl-1-picryl-
hydrazyl-hydrate) free radical method. RA solution 
(0.2 mg/mL) was used as a positive control [5, 17]. 
Antimicrobial activity test.The extracts were 
investigated for activity against Staphylococcus 
aureus ATCC 6538P, Pseudomonas aeruginosa 
ATCC 27853, Escherichia coli ATCC 10536, 
Bacillus cereus ATCC 14579 and Candida albicans 
ATCC 14053 using a disc-diffusion assay. The 
assessment of antimicrobial activity was based on 
measurement of the diameter of the inhibition zones 
formed around the well [5, 17]. 
Statistical data handling. The samples were analysed 
in triplicate; the average and the relative SD (standard 
deviation) were calculated using the Excel software 
package. 
 
Results and Discussion 

The quantification of RA by HPTLC-image analysis 
(Figure 1) enables a rapid, simple and cost effective 
routine screening of several plant extracts with 
reasonable accuracy. The results of the HPTLC 
determinations of RA in various Lamiaceae species 
are showed in Table I. 

Table I 
RA content, TPC and results of antioxidant activity of the extracts 

Species name mg RA/g TPC (g RAE/100 g) DPPH IC50 (µg/mL) 
Ocimum basilicum 8.29 ± 0.149 4.75 ± 0.52 76.85 ± 3.14 
Origanum  vulgare 9.16 ± 0.123 6.50 ± 0.99 58.47 ± 3.52 
Hyssopus officinalis 6.23 ± 0.089 1.80 ± 0.19 261.65 ± 5.35 
Melissa  officinalis 7.21 ± 0.130 5.88 ± 1.00 67.81 ± 1.18 
Mentha piperita 7.00 ± 0.119 2.36 ± 0.03 179.67 ± 2.33 
Salvia officinalis 7.18 ± 0.136 2.50 ± 0.26 172.10 ± 5.89 
Satureja hortensis 5.53 ± 0.082 4.94 ± 0.35 78.69 ± 1.30 
Rosmarinus officinalis 4.53 ± 0.068 4.73 ± 1.07 97.02 ± 1.98 
Thymus vulgaris 2.39 ± 0.043 4.68 ± 0.11 116.19 ± 3.80 
Rosmarinic acid - - 3.30 ± 0.11 

Note: Each value is the mean ± SD of three independent measurements. RAE: rosmarinic acid equivalents 
 
The RA concentration in the extracts ranged from 
2.93 - 9.16 mg/g. The highest RA contents were 

found in O. vulgare  (9.16 mg/g), and O. basilicum 
(8.29 mg/g). The rosemary has been considered a 
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main source of RA, but the results demonstrated 
that it contain low RA levels (4.53 mg/g), compared 
to other investigated plants [14]. In the extract of T. 
vulgaris, a very small amount of RA was found 
(2.39 mg/g). Regarding the RA content determined by 

densitometry, there are only a few data in the research 
literature. Thus, the Hungarian sage contains 0.20% 
RA, approximatelythree times less than our sample 
of S. officinalis [10, 11]. 

 

 

  
Figure 1. 

HPTLC – image analysis for the determination of RA from vegetal extracts  
(Assignment of chromatographic lanes: 1 - 10 (standard RA), 11 (Oc, Ocimum basilicum), 12 (Ov, Origanum 
vulgare), 13 (Ho, Hyssopus officinalis), 15 (Mo, Melissa officinalis), 16 (Mp, Mentha piperita), 17 (So, Salvia 

officinalis), 18 (Sh, Satureja hortensis), 19 (Ro, Rosmarinus officinalis), 20 (Tv, Thymus vulgaris) 
 

The amount of total phenolics of the analysed plant 
extracts ranged from 1.80 to 6.50 g RAE/100 g 
plant material (Table I). High levels of phenolics 
were found in the extracts of O. vulgare (6.50%) 
and M. officinalis (5.88 %). The sage (2.50 %) and 
peppermint (2.36 %) had relatively low levels of 
phenolics, whereas in hyssop (1.80 %), phenolics 
were quite low. Total phenolic contents of the nine 
species decreased in the following order: O. 
vulgare > M. officinalis > S. hortensis > O. 
basilicum > R. officinalis > T. vulgaris > S. 
officinalis > M. piperita > H. officinalis, the 
oregano being a major source of polyphenolic 
compounds. Our results are in agreement with those 

reported by other authors [3, 14]. The extracts with 
high DPPH radical scavenging activity were O. 
vulgaris and M. officinalis, while the other samples 
showed moderate and weak antioxidant properties. 
The antioxidant activity is related with the TPC. 
Assessing the inhibition zone diameter for the nine 
extracts on S. aureus strain, it was observed that the 
antibacterial effect on the tested species was low to 
moderate (Table II). Only the R. officinalis extract 
was revealed with a very good activity on S. aureus 
(inhibition zone diameter = 21 mm). S. officinalis 
extract exhibited a good activity on S. aureus and 
B. cereus. 
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Table II 
Antimicrobial activity of the analysed extracts 

Samples Inhibition zone diameter (mm) 
S. aureus B. cereus E. coli P. aeruginosa C. albicans 

O. basilicum 12 ± 0.00 6 ± 0.00 6 ± 0.00 5 ± 0.00 8.5 ± 0.50 
O. vulgare 9.5 ± 0.50 6.5 ± 0.50 6.5 ± 0.00 6 ± 0.00 6.5 ± 0.50 
H. officinalis 5 ± 0.00 6 ± 0.00 7 ± 1.00 6.5 ± 0.50 6 ± 0.00 
M. officinalis 9.5 ± 0.50 6 ± 0.00 6 ± 0.00 6 ± 0.00 6 ± 0.00 
M. piperita 6 ± 0.00 7.5 ± 1.00 6.5 ± 0.00 6 ± 0.00 6 ± 0.00 
S. officinalis 15.5 ± 1.00 10 ± 2.00 8 ± 0.00 7 ± 2.00 6.5 ± 0.50 
S. hortensis 8.5 ± 0.50 7 ± 0.00 7 ± 0.00 7 ± 0.00 8.5 ± 0.50 
R. officinalis 21 ± 0.00 7.5 ± 0.50 7 ± 1.00 7 ± 0.00 8 ± 0.00 
T. vulgaris 8.5 ± 0.50 5.5 ± 0.50 6.5 ± 0.50 6 ± 0.00 5 ± 0.00 
Amoxicillin 25 ± 0.00 8 ± 0.00 21 ± 0.00 5 ± 0.00 - 
Miconazole - - - - 24 ± 0.00 

Note: Amoxicillin (10 µg/well) and Miconazole (25 µg/well) were used as a positive control. The values represent the average of three 
determinations ± standard deviations. 
 
Conclusions 

This study provides new information concerning 
the RA content, the antioxidant and antimicrobial 
activities of nine Lamiaceae species from Romania. 
The HPTLC-image analysis enabled quick and easy 
evaluation of RA, the richest samples being those 
obtained from O. vulgare and O. basilicum. The 
antioxidant activity evaluated using the DPPH 
bleaching assay indicated that O. vulgare extract 
was the most powerful antioxidant, related with the 
RA and also the TPC. The antimicrobial tests 
underlined an important activity against S. aureus 
for R. officinalis extract. These medicinal plants can 
be sources of RA with benefits to human health as 
natural antioxidants. 
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