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Botanical extracts are one of the richest sources of antioxidants 
that counteract both free radicals and oxygen reactive species. 
The solvent and extraction conditions used in the extraction may 
influence the quantity, antioxidant composition and biological 
activity.

Ethanolic extracts of rosemary leaf were produced by macera-
tion and percolation and different ethanol concentrations (30, 40, 
50, 60, 70, 80, 90 and 96%) were used for extraction. Influence of 
ethanol concentration and extraction method on the amount of 
total phenolic content and antioxidant activity and 1,1-diphenyl-
2-picrylhydrazyl (DPPH) radical inactivation were determined 
spectrophotometrically.

The most potent solvent concentration was 50% for the evalua-
tion of total polyphenols 47.39 ± 0.21 mg/mL RAE. All tested 
rosemary extracts showed high DPPH radical inactivation which 
ranged from 75.96 ± 1.12% to 85.81 ± 0.14%, but no statistically 
significant difference (P > 0.0624) was observed. The dry residue 
was also evaluated and it was higher in the liquid extracts than in 
tinctures. Stirring of rosemary leaves increased the total pheno-
lics (from 42 till 53 mg/ml RAE) in the 50% ethanolic rosemary 
tincture.

Extraction by percolation showed higher amounts of dry resi-
due and phenolics, but antioxidant activity was lower. Correlation 
between the total phenolic content and antioxidant activity was 
not observed. Active moistening is effective and can increase the 
amount of extractive substances from herbal materials.
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INTRODUCTION

Antioxidants are compounds capable of delay-
ing, retarding or preventing oxidation. They 
can react with free radicals or can interrupt the 
chain reaction in the propagation of oxidation. 
The overproduction of free radicals and reac-
tive oxygen species in humans can damage cel-
lular lipids, proteins, or DNA. It contributes to 
development of wide range of human diseases: 
cancer, cardiovascular diseases, atherosclerosis, 
hypertension, ischemia, diabetes, neurodege-
nerative diseases, rheumatoid arthritis and aging 
(Valko et al., 2007). Botanical extracts are well 
recognized sources of antioxidants. It has been 
postulated that supplementation with phyto-
chemicals such as polyphenols, including flavo-
noids, may offer some protection through their 
roles as free radical scavengers and antioxidant 
compounds, therefore reducing the negative 
effect of oxidative stress and free radicals (Sei-
fried et al., 2007).

Rosmarinus officinalis L. (Lamiaceae) is a plant 
widely distributed in Europe, Asia and Africa 
and one of its growing areas is the Mediter ranean 
basin. Rosemary is widely known for its numer-
ous applications in the field of food but also for 
an increasing interest in its health promoting 
properties. There are three groups of compounds 
in the rosemary extracts: phenolic diterpenes, 
flavonoids and phenolic acids. The major anti-
oxidant compounds are carnosic acid and carno-
sol, abietane-type diterpenes, rosmarinic acid, a 
hyd roxycinnamic acid ester (Ozlem et al., 2007). 
According to the ESCOP (European Society Co-
operative on Phytotherapy), ethanol and form 
of aqueous extracts rosemary leaves are used as 
coleretic, colagogue, epatoprotective, and anti-
oxidants, but also as light diuretic, antiulcer, an-
titumor and antiviral products (Mulinacci et al., 
2011).

Most of the reported results associated func-
tional properties of rosemary with the compo-
sition of polyphenolic compounds. Therefore, 
the objective of this study was to evaluate the 
total phenolic content and antioxidant ac-
tivity of different ethanolic extracts from rose-
mary leaves, and to investigate the relation-
ship between phenolic content and antioxidant 
activity.

MATERIALS AND METHODS

Plant material
The object in this study was fluid ethanolic ex-
tracts from Rosmarinus officinalis L. The dried 
rosemary leaves were obtained from Bioset LTD 
(Plovdiv, Bulgaria).

Extraction
The fluid extracts of rosemary were produced 
by maceration and percolation methods (Kalve-
niene et al., 2002; Ramanauskiene et al., 2004). 
Maceration procedure was as folows: dried rose-
mary leaves placed in the closed vessel, solvent 
was added (1:5) → allowed to stand for 3 days 
by shaking occasionally → decantation of liquid 
part → ethanolic solutions were kept at 8 °C for 
72 h, then filtered through a paper filter → tinc-
ture. Ethanol of 30, 40, 50, 60, 70, 80, 90 and 96% 
concentrations was used as solvent.

Percolation procedure: dried rosemary leaves 
were moistened with 50% ethanol for 1.5 h and 4 h 
(1:10) → all material was placed into the percola-
tor and allowed to stand for 3 days → the first part 
(85% of final volume) of extract was percolated at 
a control rate (3 drops per minute) → the second 
part (15% of final volume) of extract was perco-
lated in the same rate with continuous addition of 
fresh solvent (till all needed volume for extraction 
was used) → the second part was concentrated by 
evaporation and filtered → the first and second 
parts were mixed and stored at 8 °C for 72 h → fil-
tration through a paper filter → extract.

Total phenolic content
Total phenolic content was measured by UV 
spectrophotometer UNICAM Helios α (Unicam, 
Cambridge, UK). Method is based on a colori-
metric oxidation / reduction reaction using the 
Folin-Ciocalteau reagent with modifications 
(Singleton et al., 1965). As rosmarinic acid is one 
of the polyphenol compounds, the total phenolic 
content of extracts was expressed as rosemary acid 
equivalents. The standard calibration (0.0625–
1.0 mg/ml) curve was plotted (R2 = 0.9989) using 
rosmarinic acid dissolved in distilled water. 1 ml 
of the test solution, 5 ml of Folin-Ciocalteu rea-
gent (diluted 10 times with water) and 4 ml of so-
dium carbonate (75 g/L) were added. The sample 
was left for 30 min and the absorbance at 765 nm 
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was measured. Results were expressed as milli-
grammes of rosmarinic acid equivalent per milili-
tre of ethanolic extract (RAE mg/ml).

Antioxidant activity
Antioxidant activity was determined by 2,2-
diphenyl-1-picrylhydrazyl (DPPH•) free radical 
inactivation method. Ethanolic extracts of propo-
lis (50 µL) were mixed with 6 × 10–5 M methanolic 
DPPH• solution (2.00 mL) in 1 cm path length 
disposable cuvette (Bandoniene et al., 2002). The 
decrease in absorption at 515 nm was recorded 
after incubation period 20 min at room tem-
perature. The absorbance was read on UNICAM 
Helios α UV spectrophotometer (Unicam, Cam-
bridge, UK).

The percent inhibition of 2,2-diphenyl-1-
picrylhydrazyl (DPPH•) free radical was calcu-
lated according to the formula:

DPPH• (% inhibition) = [(Ablank – Asample) / Ablank × 100

where Ablank is the absorbance of the blank solu-
tion and Asample is the absorbance sample and 2,2-
diphenyl-1-picrylhydrazyl (DPPH•) free radical 
solution after 20 min.

Dry residue
Dry residue was evaluated according to 2.8.16. 
European Pharmacopeia method: 2 ml of extracts 
were dried in 100–105 °C temperature with mois-
ture analyzer Kern MLS 50–3 (KERN & Sohn 
GmbH, Germany).

Statistical analysis
Five independed determinations were performed 
at each concentration (n = 5). The data were pre-

sented as means ± standard deviation (SD). Statis-
tical analysis was performed using Student’s t-test, 
correlation matrixes test and P < 0.05 were used as 
the level of significance.

RESULTS AND DISCUSSION

Table 1 lists eight ethanol concentrations used 
for extraction and determined dry residue, total 
phenolic content and antioxidant activity of pro-
duced tinctures. The dry residue of tested tinc-
tures ranged from 1.25% to 2.2%. 50% ethanolic 
rosemary tincture had a statistically significant 
(P < 0.0001) highest dry residue 2.2%, therefore 
this concentration of solvent ethanol can be con-
sidered as most efficient.

Phenolic substances have been shown to be 
responsible for the antioxidant activity of plant 
materials (Kim et al., 2011). The highest amount 
of phenolics (49 mg/ml RAE) was determined in 
the tincture produced with 50% ethanol, while 
96% ethanol extracted the lowest value (19.5 
mg/ml RAE). The results of total phenolic con-
tent and dry residue do not correlate, but one 
similarity is that 50% ethanol showed the highest 
value compared with other concentrations of the 
used solvent.

Higher antioxidant activity has been positive-
ly correlated with the concentration of phenolic 
compounds in extracts (Bryngelsson et al., 2002; 
Sun et al., 2007). However, in this study, the free 
radical scavenging capability varied very slightly 
72–85%. There was no statistically significant dif-
ference (P > 0.0624), the highest activity showed 
90% ethanolic tincture of rosemary, whereas 
the lowest value was for 30% ethanolic tincture. 
Similarly, no significant differences between the 

Table 1. The dry residue, total phenolic content and antioxidant activity of tinctures extracted with different etha-
nol concentrations

Solvent ethanol concentra-
tions used for extraction

Dry residue,
%

Total phenolic content,
mg/ml RAE

Antioxidant activity,
%

30% 1.25 ± 0.05 38 ± 0.95 72 ± 2.05
40% 1.5 ± 0.06 42 ± 0.98 80 ± 3.05
50% 2.2 ± 0.06 49 ± 1.05 80 ± 3.15
60% 1.6 ± 0.05 42.5 ± 1.02 82 ± 3.25
70% 1.7 ± 0.06 41 ± 1.05 81 ± 3.15
80% 1.75 ± 0.07 34.5 ± 0.75 80 ± 3.15
90% 1.55 ± 0.05 19.5 ± 0.45 85 ± 3.55
96% 1.7 ± 0.06 17.5 ± 0.36 78 ± 2.15
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DPPH inactivation was observed in the study of 
different methanolic extracts of rosemary callus 
(Ozlem et al., 2007). Correlation between the total 
phenolic content and antioxidant activity was not 
observed, too. In this study there was no corre-
lation between antioxidant activity and phenolic 
content r = –0.15; antioxidant activity and dry 
residue r = 0.36. It may be due to different types of 
phenolic compounds being extracted with differ-
ent concentrations of ethanol, but not the absolute 
amount. Antioxidant activity of substances may 
not be solely characterized by the total phenolic 
components and their particular structural cha-
racteristics (Shahidi et al., 1992).

Influence of solvent concentration on the 
quantity of rosemary tinctures was evaluated. The 
results showed that 50% ethanol extracts high-
est amount of phenolics, therefore it was used 
for rosemary extract production by a percola-
tion method. Moistening time of raw material is 
not strictly regulated; therefore two time periods: 
1.5 h and 4 h were applied in the experimental 
production. The results are listed in Table 2. There 
was no significant difference between the dry resi-
due (P = 0.192), total phenolic content (P = 0.605) 

and antioxidant activity (P = 0.917). Comparing 
results between rosemary tinctures and rosemary 
extracts, dry residue and amount of phenolics 
are higher in the extracts, although antioxidant 
activity is lower. 50% ethanolic tincture showed 
80% DPPH inactivation and 50% ethanolic ex-
tract – 61%.

As the results had shown still moistening did 
not demonstrate any dependence on applied time, 
therefore in further study stirring was employed 
using a magnetic stirrer (Yellowline TC 3, Imlab, 
Belgium). The dried rosemary leaves were mois-
tened with 50% ethanol and from the next day pe-
riodical stirring started. Experimental maceration 
lasted 4 days, stirring rate – 5. The total amount 
of phenolic compounds was determined in the 
evaluation of stirring influence (Figure).

The total phenolic content without stirring in-
creased on third day and remain on fourth day 
65–66 mg/ml RAE. Stirring of rosemary leaves in-
creased the total phenolics on the second already: 
from 42 till 53 mg/ml RAE. These results confirm 
that active moistening is effective and can increase 
the amount of extractive substances from herbal 
materials.

Table 2. The dry residue, total phenolic content and antioxidant activity of rosemary extract when different mois-
tening time was applied in the production

Moistening time, 
h

Dry residue, 
%

Total phenolic content, 
mg/ml RAE

Antioxidant activity, 
%

1.5 h 7.76 ± 0.05 212.5 ± 0.05 61.63 ± 0.05
4 h 7.21 ± 0.05 219.45 ± 0.05 61.58 ± 0.05

Figure. Total phenolic content of rosemary tinctures macerated with stirring
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CONCLUSIONS

The highest amount of phenolics (49 mg/ml 
RAE) and dry residue (2.2%) was determined 
in the tincture produced with 50% ethanol 
(P < 0.0001), while antioxidant activity was high 
in all tested rosemary tinctures (72–85% inac-
tivation of DPPH). Extraction by percolation 
showed higher amounts of dry residue and phe-
nolics, but antioxidant activity was lower. Cor-
relation between the total phenolic content and 
antioxidant activity was not observed. Stirring 
of rosemary leaves increased the total phenolics 
(from 42 to 53 mg/ml RAE). These results con-
firm that active moistening is effective and can 
increase the amount of extractive substances 
from herbal materials.
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BENDRO FENOLINIŲ JUNGINIŲ KIEKIO 
IR ANTIOKSIDACINIO AKTYVUMO 
ĮVERTINIMAS SKIRTINGOSE ROSMARINUS 
OFFICINALIS L. ETANOLINĖSE IŠTRAUKOSE

Santrauka
Augaliniai ekstraktai yra vienas turtingiausių antiok-
sidantų šaltinių, kurie neutralizuoja ir laisvuosius ra-
dikalus, ir reaktyvius deguonies junginius. Ekstrakcijai 
naudojami tirpikliai, taip pat ekstrakcijos sąlygos 
gali veikti kiekybę, antioksidantų sudėtį ir biologi-
nį aktyvumą. Etanolinės ištraukos iš rozmarino lapų 
buvo gaminamos maceracijos ir perkoliacijos būdais. 
Ekstrakcijai buvo naudotos 30, 40, 50, 60, 70, 80, 90 
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ir 96 % etanolio koncentracijos. Spektrofotometriškai 
buvo įvertintas etanolio koncentracijos ir ekstraha-
vimo metodo poveikis bendram fenolinių junginių 
kiekiui ir antioksidaciniam aktyvumui inaktyvuojant 
1,1-difenil-2-pikrilhydrazyl (DPPH) radikalą.

Didžiausią fenolinių junginių kiekį – 47,39 ± 0,21 
mg/mL RRE – ekstrahavo 50 % etanolis perkoliacijos 
metodu. Visos tirtos etanolinės rozmarino ištraukos 
pasižymėjo aukštu antioksidaciniu aktyvumu, kuris 
svyravo nuo 75,96 ± 1,12 % iki 85,81 ± 0,14 %, bet sta-
tistiškai patikimo skirtumo nenustatyta (P > 0,0624). 
Taip pat nustatyta, kad sausasis likutis buvo didesnis 
tirtų skystųjų ekstraktų nei tinktūrų. Rozmarino lapų 
maišymas brinkinimo metu padidino bendrą fenolinių 
junginių (nuo 42 iki 53 mg/ml RRE) kiekį 50 % eta-
nolinėje rozmarino tinktūroje. Ekstrahavimas perko-
liacijos būdu padidino sausojo likučio ir fenolinių jun-
ginių kiekius, bet sumažino antioksidacinį aktyvumą. 
Koreliacija tarp bendro fenolinių junginių kiekio ir 
antioksidacinio aktyvumo nebuvo nustatyta. Aktyvus 
brinkinimas yra efektyvus ir gali padidinti veikliųjų 
medžiagų išekstrahavimą iš augalinių žaliavų.

Raktažodžiai: Rosmarinus officinalis L., fenoliniai 
junginiai, antioksidacinis aktyvumas, etanolinės iš-
traukos


