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HPLC ANALYSIS OF PHENOLIC ACIDS IN MOUNTAIN
GERMANDER (Teucrium montanum L.) EXTRACTS

Vesna T. Tumbas, Anamarija I. Mandi¢, Gordana S. Cetkovié,
Sonja M. Dilas and Jasna M. Canadanovi¢-Brunet

The methanol, petroleum ether, chloroform, ethyl acetate, 1-butanol and water extracts
were obtained by extraction of mountain germander (Teucrium montanum L.). The total
phenolic content in extracts was measured by Folin-Ciocalteu method. The 1-butanol
extract had the highest phenolic content (296.00 mg/g).

High performance liquid chromatography (HPLC) was employed to define qualita-
tive and quantitative content of phenolic acids in mountain germander extracts. The
largest number of phenolic acids were determined in ethyl acetate and 1-butanol extracts,
while these acids were not present in petroleum ether extract. The highest content of
phenolic acids (28.619 mg/g) had ethyl acetate extract and gentisic acid (14.432 mg/g)
was its major component. Despite of a large number of phenolic acids in 1-butanol extract,
their content was only 3.740 mg/g.

KEYWORDS: Mountain germander (Teucrium montanum L.); extraction;
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INTRODUCTION

Polyphenolic compounds, such as phenolic acids and flavonoids, are important con-
stituents in many plants, and their identification and quantification can give vital infor-
mation relating to antioxidant function, food quality, and potential health benefits. Phenolic
acids are attractive as they are known to act as potentially protective factors against can-
cer and heart diseases (1-4). Phenolic acids are hydroxylated derivatives of benzoic and
cinnamic acids (Fig. 1). The most common hydroxybenzoic acid derivatives are p-hydro-
xybenzoic, vanillic, gallic and protocatechuic acids which are mainly present in the form
of glucosides in foods (5). The most common forms of hydroxycinnamic acid are p-coumaric,
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caffeic, and ferulic acids which frequently occur in foods as simple esters with quinic acid or
glucose (5). Likely, the most familiar of these is chlorogenic acid.

R2 R1
Rz OOH
R4
R1=R,=R4=H, R3=OH p-Hydroxybenzoic acid
R1=R4=H, R,=R3=0OH Protocatechuic acid
R1:R4:H, RZZOCHg, R3:OH Vanillic acid
R1=H, Ry=R3=R4=H Gallic acid
R1=R4=0OH, Ry=R3=H Gentisic acid
R>. R1 HO. \ CO
OOH
R3 CH—CH—COOH HO
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Ri OH
R1=R,=R,;=H, R3=0OH p-Coumaric acid Chlorogenic acid

R;=R4=H, R,=R3=0H Caffeic acid
R;=R4=H, R,=OCHg, R3=OH Ferulic acid

Fig. 1. Chemical structures of phenolic acids

Mountain germander (Teucrium montanum L.) is a grass crop which grows in zones of
mountain scrub, low zones, preferably limestone, and blooms from May to end of summer
(6). It has long been consumed both as an herbal medicine and as a nourishing food. In tradi-
tional medicine, it is widely used as diuretic, stomachic, analgesic and antispasmodic agent
and also possesses antibacterial, antifungal, antiinflammatory and antioxidative activity.

This paper is concerned with high performance liquid chromatography (HPLC) qua-
litative and quantitative analysis of phenolic acids in mountain germander extracts obta-
ined by successive extraction with solvents of different polarities.

EXPERIMENTAL

Methanol, ethyl acetate, petroleum ether, chloroform and 1-butanol were purchased
from “Zorka” Sabac, Serbia and Montenegro. Standards of phenolic acids (gallic, protocate-
chuic, gentisic, vanillic, syringic, chlorogenic, caffeic, coumaric, ferulic and 3,5-dimetho-
xy-4-hydroxycinnamic acid), acetonitrile and acetic acid were supplied from Sigma Chemi-
cals Co., USA. Folin-Ciocalteu reagent was from Fluka, USA.
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Plant material mountain germander (Teucrium montanum L.) was collected in August
2002 from the region of Zlatibor. Plant material was dried in a drying cabinet with forced
ventilation at 40°C for 2 days.

Preparation of extracts. Dried plant of mountain germander (20 g) was extracted
with 70 % methanol (2 x 500 ml) at room temperature for 2 x 24 h. The 20% v/v of ob-
tained extract was evaporated to dryness under reduced pressure and used further as
methanol extract. The rest of the extract (80% v/v) was concentrated under reduced pre-
ssure. After removing methanol, the extract was successively treated with petroleum ether
(2 x 20 ml), chloroform (2 x 20 ml), ethyl acetate (2 x 20 ml) and 1-butanol (2 x 20 ml).
The petroleum ether, chloroform, ethyl acetate, 1-butanol and water extracts were evapo-
rated to dryness under reduced pressure. The yields, average of triplicate analysis, of ex-
tracts were: methanol, m = 0.9588 + 0.0398 g; petroleum ether, m = 0.1195 + 0.0046 g;
chloroform, m = 0.1554 + 0.0052 g; ethyl acetate, m = 0.1065 + 0.0053 g; 1-butanol, m =
1.1132 £ 0.0533 g and water, m = 2.2759 = 0.1038 g.

Total phenolic content. Total phenolic compounds in extracts were determined spec-
trophotometrically using the Folin-Ciocalteu reagent. The results are expressed as chloro-
genic acid equivalents per g dry weight (7). All measurements were performed at least in
triplicate, and presented as mean = SD.

High performance liquid chromatography. HPLC was performed on a liquid chro-
matograph HP1090 (Hewlett-Packard) with diode-array detector (DAD). Hypersil MOS
column (200 x 2.1 mm) with a 5 um particle size was used at the flow rate of 0.2 ml/min.
The mobile phase was H,O adjusted with acetic acid to pH 2.8 (solvent A) and acetoni-
trile (solvent B) and the HPLC separation was performed by the following linear gradi-
ent: 1-40% B in 50 min, 40-1% B in 10 min. The injected volume was 10 pl of 1% metha-
nolic solution of extracts and standards. The spectra were acquired in the range 210-400
nm and chromatograms were plotted at 290/4 nm with reference wavelength 550/100 nm.
All injections were performed in duplicate.

RESULTS AND DISCUSSION

The total phenolic content of different mountain germander extracts is shown in Table 1.
1-Butanol extract had the highest phenolic content (296.00 mg/g), while the phenolic com-
pounds were not found in petroleum ether extract. In the methanol, chloroform, ethyl ace-
tate and water extracts phenolic compounds were present in a lesser extent than 1-butanol
extract.

Table 1. Total phenolic content in mountain germander extracts

Extract Total phenolic content (mg/g)
Methanol 154.00 + 6.7
Petroleum ether 0
Chloroform 0.0956 + 0.003
Ethyl acetate 3240+ 1.56
1-Butanol 296.00 + 12.72
Water 59.80 +2.54
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Based on these results, HPLC analysis was employed to define qualitative and quan-
titative content of phenolic acids in mountain germander extracts.

HPLC chromatograms of mountain germander extracts are presented in Fig. 2. Hy-
droxyl derivatives of benzoic (gallic, protocatechuic, gentisic, vanillic and syringic acid)
and cinnammic acid (chlorogenic, caffeic, p-coumaric, ferulic and 3,5-dimethoxy-4-hy-
droxycinnamic acid) were identified in the investigated extracts by comparing their re-
tention times (RT) and on-line ultraviolet (UV) spectra with those of standards (Fig. 3,
Table 2).
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Fig. 2. HPLC chromatograms of mountain germander extracts: A — methanol extract, B — ethyl
acetate extract, C - 1-butanol extract, D — petroleum ether extract, E — chloroform extract,
F —water extract (see Table 2 for peak identification)
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Fig. 3. HPLC chromatogram of ethyl acetate extract and UV spectra of identified phenolic acids
1 - Gallic acid, 2 - Protocatechuic acid, 3 - Gentisic acid, 4 - Vanillic acid, 5 - Caffeic acid,
6 - Chlorogenic acid, 7 - Syringic acid, 8 - Coumaric acid, 9 - Ferulic acid

The results of qualitative HPLC analysis showed that the greatest number of hydroxyl
derivatives of benzoic and cinnammic acid are present in ethyl acetate and 1-butanol ex-
tracts (Table 2). These phenolic acids were not detected in petroleum ether extract, while
chlorofom extract contained only caffeic and syringic acids.

Based on the results of quantitative HPLC analysis (Table 3), it can be concluded that
the highest content of phenolic acids (28.619 mg/g) had ethyl acetate extract. The con-
tent of gentisic acid (14.432 mg/g) was shown to be the major component in ethyl acetate
extract, while the other phenolic acids were present in a lesser extent. Despite of a large
number of phenolic acids in 1-butanol extract, their content was only 3.740 mg/g. The
content of phenolic acids in other investigated extracts was less than 0.5 mg/g.

In general, the total phenolic content in investigated extracts was higher than the
content of phenolic acids identified by HPLC. The content of phenolic acids in ethyl ace-
tate and chloroform extracts was 28.619 and 0.086 mg/g, respectively, and those values
were somewhat lower than their total phenolic contents (32.40 and 0.0956 mg/g, res-
pectively). However, the total phenolic content in methanol, 1-butanol and water extracts
determined by the Folin-Ciocalteu method was significantly higher than the content of
phenolic acids identified by HPLC. The obtained results can be explained by the fact that
phenolic compounds are distributed in investigated extracts as a function of polarity of
applied solvents (8). In our investigation, ethyl acetate appeared the best solvent for ex-
traction of phenolic acids.
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CONCLUSION

1-Butanol extract had the highest phenolic content (296.00 mg/g), while petroleum ether
extract did not contain phenolic compounds.

Emlpoying qualitative HPLC analysis, the largest number of hydroxyl derivatives of
benzoic and cinnammic acid were determined in ethyl acetate and 1-butanol extracts, and
these phenolic acids were not detected in petroleum ether extract.

The highest content of phenolic acids (28.619 mg/g) was determined in ethyl acetate
extract using quantitative HPLC analysis. Gentisic acid (14.432 mg/g) was the major com-
ponent in this extract.

Despite of a large number of phenolic acids in 1-butanol extract, their content was only
3.740 mg/g.

The content of phenolic acids in other investigated extracts was less than 0.5 mg/g.

ACKNOWLEDGEMENT

This research is part of the project “Biologically active constituents of wild growing
plants as a natural sources for pharmacy, cosmetics and foodstuff industry”,
which is financially supported by the Ministry of Science, Technologies
and Development of the Republic of Serbia.

REFERENCES

1. Herrmann, M., S. Kapiotis, R. Hofbauer, Ch. Seclos, I. Held and B. Gmeiner: Sali-
cylate Promotes Myeloperoxydase-inititiated LDL oxidation: Antagonization by Its
metabolite gentisic acid. Free Radical Biol. Med. 26 (1999) 1253-1260.

2. Serrano, A., C. Palacios, G. Roy, C. Cespon, M.L. Villar, M. Nocito and P.G. Porque:
Derivatives of Gallic Acid induce Apoptosis in Tumotal Cell Lines and Inhibit Lym-
phocyte Proliferation. Arch. Biochem. Biophys. 350 (1998) 49-54.

3. Ohnishi, M., H. Morishita, H. Iwahashi, S. Toda, Y. Shirataki, M. Kimura and R.
Kido: Inhibitory effect of chlorogenic acid on linoleic acid peroxidation and haemo-
lysis. Phytochemistry 36 (1994) 579-583.

4. Aruoma, O. L.: Antioxidant action of plant foods: use of oxidative DNA damage as a
tool for antioxidant efficiency. Free Radical Res. 30 (1999) 419-427.

5. Herrmann, K.: Occurrence and content of hydroxycinnamic and hydroxybenzoic acid
compounds in foods. Crit. Rev. Food. Sci. Nutr. 28 (1989) 315-347.

6. Janci¢, R., D. Stosi¢, N. Mimica-Duki¢ and B. Lakus$i¢: Aromatic Plants of Serbia,
NIP Decije novine: Belgrade, (1995) p. 214.

7. Singleton, V.L., R. Orthofer and R.M. Lamuela-Raventos: Analysis of Total Phenols
and Other Oxidation Substrates and Antioxidants by Means of Folin-Ciocalteu Rea-
gent. Methods Enzymol. 299 (1999) 152-178.

8. Callste, C.-A., P. Trouillas, D.-P. Allais, A. Simon and J.-L. Duroux: Free Radical Sca-
venging Activities Measured by Electron Spin Resonance Spectroscopy and B16 Cell
Antiproliferative Behaviors of Seven Plants. J. Agric. Food. 49 (2001) 3321-3327.

272



HPLC AHAJIN3A ®EHOJIHUX KUCEJIMHA Y EKCTPAKTUMA
TPABE-MBE (Teucrium montanum L.)

Becna T. Tymbac, Anamapuja M. Manouh, I'opoana C. Hemkosuh,
Comwa M. Bunac u Jacha M. Yanaoanosuh-bpyrnem

Excrpakuujom tpase-use (Teucrium montanum L.) 1oOWjeHN Cy METaHOJHH, TIETPOI-
€TapCKH, XJIOPOPOPMCKH, ETHUIIALICTATHH, 1-0yTaHOHY U BOJCHH eKcTpakTh. CaapiKaj YKyTI-
HUX (PCHONHHX jeluibea y J00UjeHnM eKCTpakTuma, oapeleH je cnekrpodoromerpuj-
cku, Folin-Ciocalteu metogiom. 1-ByTaHoHM eKCTpakT je uMao Hajeehu canpikaj yKymHHUX
¢benonHux jenumemna (296.00 mg/g), 0K y NeTPOJIETAPCKOM EKCTPAKTy OHa HHUCY Ouiia
IIPUCYTHA.

KBanuTaTuBHM M KBAaHTUTATHBHHU CAacTaB (P)CHOJIHUX KHCEIMHA Y EKCTPaKTUMa Tpa-
Be-uBe oxpeleH je TeunoM xpomarorapgujom nox sucokuM nputuckoM (HPLC). Etun-
arietaTHU U 1-OyTaHOJIHM €KCTPaKTH Cy cajprkaBaii Hajehu OpOj XUIPOKCH AepHBaTa
OeH3oeBe W LUMeTHE KHcennHe. OBe KHCEMHE HUCY NMPUCYTHE Y NETPOJIETAPCKOM EKC-
TPAKTY, TOK je XJIOPO(HOPMCKH EKCTPAKT CaAP KK caMO KadeHy ¥ CHPUHTHIHY KHUCEIHHY.
ETtnnaneraTan ekcTpakT je mMao HajBehu cagpixaj penomHnx xucenmna (28,619 mg/g), a
reHTrcHYHa krcenuHa (14,432 mg/g) je Ona riiaBHA KOHCTHTYEHT. Y IPKOC BEIUKOM Opo-
Jjy, campxkaj GeHOMHUX KUcenuHa y 1-OyTaHOJHOM eKCTPakTy je M3HOCHO cBera 3,740
mg/g. Canpkaj (PEHOTHNX KUCEITHHA Y METAHOIHOM, XJIOPO(QOPMCKOM M BOJICHOM EKCTPAKTY
6uo je Mamu o 0,5 mg/g.
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