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Ethanolic extracts of phenolic compounds were prepared from green teas (Camellia sinensis L.), bearberry leaves (Arctostaphylos uva-ursi L.),
hazelnuts (Corylus avellana), evening primrose (Oenothera biennis) and grape seeds (Vitis vinifera L.). All crude extracts were examined for their
gallic acid content by HPLC. The bearberry-leaf preparation was also fractionated by a Sephadex LH-20 column chromatographic method with
95% (v/v) ethanol and acetone:water (1:1; v/v) as mobile phases: one fraction consisted of low molecular-weight phenolics and the other of tan-
nins. To all samples tannase was applied in an effort to liberate gallic acid from the phenolic esters and hydrolysable tannins. The content of free
gallic acid in the extracts ranged from 1 to 15 mg/g with the highest quantity being found in evening primrose. The content of gallic acid liberat-
ed by tannase ranged from 5 to 309 mg/g with the highest content being found in the tannin fraction from the bearberry-leaf extract.

INTRODUCTION

Gallic acid exists in plant material in the form of free
acids, esters, catechin derivatives and hydrolysable tannins
(Figure 1). This ubiquitous chemical is one of the most bio-
logically-active phenolic compounds of plant origin. The
antioxidant activity of gallic acid and its derivatives has been
reported in several studies [Gramza et al., 2005; Karamaæ
et al., 2005; Rice-Evans et al., 1996; Brand-Williams et al.,
1995]. Gallic acid has been shown to possess antimicrobial
activity against human pathogens (Staphylococcus aureus,
Corynobacterium accolans), a plant pathogen (Erwinia caro-
tovora) and human pathogenic yeast (Candida albicans)
[Fogliani et al., 2005]. The antifungal activity of gallic acid,
isolated from Oenothera biennis roots, was investigated by
Shukla et al. [1999]. Methylgallate has demonstrated activi-
ty against a number of Gram positive and Gram negative
bacteria and fungi [Penna et al., 2001]. The cytotoxic effects
of Triphala, an Indian herbal drug, on breast and prostate
cancer cells were attributed to gallic acid [Kaur et al., 2005].
Since gallic acid can act as a nucleophile, it can therefore
scavenge electrophilic mutagens [Hour et al., 1999].

The aim of the present work was to identify the content
of gallic acid in extracts of selected plant species before and
after treatment with the enzyme tannase.

MATERIALS AND METHODS

Chemicals. Acetonitrile and acetic acid (HPLC grade)
were purchased from Merck (Darmstad, Germany), ethanol
and acetone from the P.O.Ch. Company (Gliwice, Poland),
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FIGURE 1. Chemical structure of gallic acid (A); gallic acid methyl
ester (B); (–)-epigallo-catechin gallate (EGCG) (C); and hydrolysable
tannin (D).



56 M. Karamaæ et al.

and tannase-KT50 (50 000 U/g) was acquired as a gift from
the Kikkoman Corporation (see Acknowledgement for fur-
ther details).

Materials. Green teas (Camellia sinensis L.) were
bought from local supermarkets in Olsztyn (Poland) and
Saskatoon (Canada), dried leaves of bearberry (Arc-
tostaphylos uva-ursi L.) were acquired from the Department
of Plant Sciences (University of Saskatchewan, SK, Cana-
da), fresh hazelnuts (Corylus avellana) were purchased from

a local supermarket in Olsztyn, authenticated evening prim-
rose (Oenothera biennis) seeds were a gift from the Chair of
Plant Technology and Chemistry (Warmia-Masuria Univer-
sity, Olsztyn), and authenticated grape seeds (Vitis vinifera
L.) were provided from the Chair of Biochemistry (Warmia-
Masuria University, Olsztyn).

Preparation of crude extracts. Crude extracts of green
teas and bearberry were prepared from 95% (v/v) ethanol,
whereas those of hazelnuts, evening primrose, and grape
seeds using 80% (v/v) acetone according to Amarowicz et al.
[1995]. It should be emphasized, however, that hazelnuts,
evening primrose and grape seeds were first defatted with
hexanes using a Soxhlet apparatus before the preparation of
extracts.

Column chromatography. Separation of low-molecular
weight phenolic compounds from tannins for the crude
extract of bearberry was achieved according to the method
described by Strumeyer & Malin [1975]. Briefly, a 2-g por-
tion of the crude extract was suspended in 20 mL of 95%
(v/v) ethanol and loaded onto a chromatographic column
(5´40 cm) packed with Sepahdex LH-20 that had been
equilibrated with 95% (v/v) ethanol. Low molecular-weight
phenolic compounds were eluted from the column using 1 L
of 95% (v/v) ethanol, while tannins remained at the top. To
recover the tannins, the mobile phase’s polarity was
increased and the column was washed with 500 mL of 50%
(v/v) acetone. Organic solvents were evaporated using
a Büchi Rotavapor/Water bath (Models EL 131 and 461,
respectively, Brinkmann Instruments [Canada] Ltd., Missis-
sauga, ON) and the tannin fraction recovered with 50% ace-
tone was then lyophilized.

Enzymatic liberation of bound gallic acid. To 4 mL of
a water solution containing 1–5 mg of the extracts examined
1 mL of tannase solution in citrate buffer (50 mmol/L, pH
5.5) containing 50 µg of enzyme was added. After 15 min of
incubation at 30°C, the sample’s pH was adjusted to 2 with
2 mol/L HCl [Sharma et al., 2000]. Then, liberated gallic
acid was extracted 5 times into 6 mL of anhydrous diethyl
ether. The organic solvent was removed using the Rotava-
por and the residue was dissolved in 2 mL of methanol. The
sample was then ready for HPLC analysis. To determine the
content of free gallic acid in the samples, the buffer devoid
of tannase was used.

HPLC analysis of gallic acid. Gallic acid was analysed
using a Shimadzu HPLC system (Shimadzu Corp., Kyoto,
Japan) consisting of a LC-10AD pump, SCL 10A system
controller and SPD-M 10A photodiode array detector.
Chromatography of the phenolic acids was achieved using
a prepacked LiChrospher 100 RP-18 column (4´250 mm,
5 µm; Merck). The mobile phase comprised water-acetoni-
trile-acetic acid (88:10:2; v/v/v) [Amarowicz & Weidner,
2001] and was delivered at a rate of 1 mL/min. Detection
was monitored at 280 nm.

All results of this work are an average of two independ-
ent determinations.
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FIGURE 2. HPLC chromatograms of the bearberry-leaf extract. The
chromatograms represent free standard (A); free gallic acid (B); and
phenolic acids liberated from soluble esters and glycosides with tanna-
se (C).
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RESULTS AND DISCUSSION

Representative chromatograms for the analysis of the
bearberry-leaf extract are depicted in Figure 2. The method
employed offered base line separation of gallic acid with
a retention time of 3.23 min. 

Using tannase, the content of free gallic acid and that
liberated from plant extracts are presented in Table 1. The
content of free gallic acid in the extracts so examined
ranged from 1 to 15 mg/g with the highest quantity being
found in the crude extract of evening primrose. The content
of gallic acid liberated by tannase ranged from 5 to 309 mg/g
with the highest amount determined in the tannin fraction
of the bearberry-leaf extract (i.e. 116–309 mg/g).

By using tannase, between 55 and 155 mg of gallic acid
were released from 1 g of the green tea extracts. The high con-
tent of gallic acid being liberated by tannase in the green tea
preparations is due to the presence of catechins; these are
mainly in the form of gallic acid esters and include (-)-epicate-
chin gallate (ECG) and (-)-epigallocatechin gallate (EGCG)
[Gramza et al., 2005]. The presence of hydrolysable tannins
(1,4,6-tri-O-gallolyl-b-D-glucose and 1-O-gallolyl-4,6-(-)-hexa-
hydroxy-diphenoyl-b-D-glucose) in green tea has been reported
by Nonaka et al. [1984]. Epicatechin-3-O-gallate was purified
from grape seeds by da Silva et al. [1991]. The high content of
tannins in evening primrose has been noted by Amarowicz et
al. [2000]. The presence of hydrolysed tannins in bearberry
leaves has been observed by Pegg et al. [2005]. For the ethanol
fraction of the bearberry-leaf extract, tannase was able to lib-
erate gallic acid from the esters associated with arbutin [Pegg

et al., 2005]. Amarowicz et al. [2005] have reported the content
of tannins in acetone extract of hazelnuts.

CONCLUSIONS

The data presented in this note confirm the presence of
gallic acid in plant material, and the fact that it generally exists
in the form of esters and hydrolysable tannins.  The applica-
tion of the enzyme, tannase, has been found useful in the
analysis of gallic acid. Tannase treatment of plant material has
great potential for the preparation of gallic acid-rich prepara-
tions for the use in functional foods and nutraceuticals. 

ACKNOWLEDGEMENT

Special thanks are extended to Mr. Nobuyoshi Sato of
Kikkoman Marketing & Planning, Inc. (Elgin, IL) for pro-
viding samples of tannase.

REFERENCES

1. Amarowicz R., Pisku³a M., Honke J., Rudnicka B., Tro-
szyñska A., Koz³owska H., Extraction of phenolic com-
pounds from lentil (Lens culinaris) with various solvents.
Pol. J. Food Nutr. Sci., 1995, 4/45, 3, 53–62.

2. Amarowicz R., Naczk M., Shahidi, F., Antioxidant acti-
vity of condensed tannins of beach pea, canola hulls,
evening primrose, and faba beans. J. Food Lipids, 2000,
7, 195–205.

3. Amarowicz R., Weidner S., Content of phenolic acids in
rye caryopses determined using HPLC-DAD method.
Czech J. Food Sci., 2001, 19, 201–203.

4. Amarowicz R., Troszyñska A., Karamaæ M., Antioxidant
activity of plant extracts with high tannins content. Bro-
mat. Chem. Toksykol., 2005, 38S, 197–201 (in Polish;
English abstract).

5. Brand-Williams W., Cuvelier M.E., Berset C., Use of
a free radical method to evaluate antioxidant activity.
Lebensm.-Wiss. u. -Technol., 1995, 28, 25–30.

6. Da Silva J.M.R., Darmon N., Fernandez Y., Mitjavila S.,
Oxygen free radical scavenging capacity in aqueous
models of different procyanidins from grape seeds. J.
Agric. Food Chem., 1991, 39, 1549–1552.

7. Fogliani B., Raharivelomanana P., Bianchini J.–P.,
Madjebi S.B., Hnawia R., Bioactive ellagitannins from
Cunonia macrophylla, an endemic Cunoniaceae from
New Caledonia. Phytochem., 2005, 66, 241–247.

8. Gramza A., Korczak J., Amarowicz R., Tea polyphenols
– their antioxidant properties and biological activity –
a review. Pol. J. Food Nutr. Sci., 2005, 14/55, 219–235.

9. Hour T-C., Liang Y.-C., Chu I.-S., Lin J.-K., Inhibition
of eleven mutagens by various tea extracts, (–)epigallo-
catechin-3-gallate, gallic acid and caffeine. Food Chem.
Toxicol., 1999, 37, 569–579.

10. Karamaæ M., Kosiñska A., Pegg R.B., Comparison of
radical–scavenging activities of selected phenolic acids.
Pol. J. Food Nutr. Sci., 2005, 14/55, 165–170.

11. Kaur S., Michael H., Arora S., Härkönen P.L., Kumar S.,
The in vitro cytotoxic and apoptotic activity of Triphala –
an Indian herbal drug. J. Ethnopharm., 2005, 97, 15–20.

TABLE 1.Content of free gallic acid and gallic acid liberated after tre-
atment with tannase in selected plant extracts (mg/g extract).

Plant material Free Gallic acid 
gallic liberated by 
acid tannase

Green tea (Camellia sinensis L.)
Extract No. 1 4 97
Extract No. 2 4 88
Extract No. 3 4 89
Extract No. 4 3 55
Extract No. 5 4 79
Extract No. 6 5 70
Extract No. 7 5 155
Extract No. 8 5 94

Bearberry-leaf (Arctostaphylos uva-ursi L.)
Extract No. 1 1 21
Extract No. 2 2 42
Extract No. 3 2 46
Extract No. 4 1 44
Extract No. 5 2 59
Ethanol fraction 2 5
Tannin fraction No. 1 3 116
Tannin fraction No. 2 3 275
Tannin fraction No. 3 4 181
Tannin fraction No. 4 4 207
Tannin fraction No. 5 5 309

Hazelnut (Corylus avellana) 1 5
Evening primrose (Oenothera biennis) 15 36
Grape seeds (Vitis vinifera L.) 2 16



58 M. Karamaæ et al.

12. Nonaka G.-I., Sakai R.S., Nishioka I., Hydrolysable tan-
nins and proanthocyanidins from green tea. Phytochem.,
1984, 23, 1753–1755.

13. Pegg R.B., Amarowicz R., Naczk M., Antioxidant activi-
ty of polyphenolics from bearberry-leaf (Arctostaphylos
uva–ursi L. Sprengel) extract in meat systems. 2005, in:
Phenolic Compounds in Food and Natural Health Pro-
ducts (eds. F. Shahidi, C.-T.Ho). American Chemical
Society, Washington DC, pp. 67–82.

14. Penna C., Marino S., Vivot E., Cruañes M.C., Muñoz J.
de D., Cruañes J., Ferraro G., Gutkind G., Martino V.,
Antimicrobial activity of Argentine plants used in the
treatment of infectious diseases. Isolation of active com-
pounds from Sebastiania brasiliensis. J. Ethnopharm.,
2001, 77, 37–40.

15. Rice-Evans C.A., Miller N.J., Paganga G., Structure-
-antioxidant activity relationship of flavonoids and phe-
nolic acids. Free Rad. Biol. Med., 1996, 20, 933–956.

16. Sharma S., Bhat T.K., Dawra R.K., A spectrophotome-
tric method for assay of tannase using rhodamine. Anal.
Biochem., 2000, 279, 1, 85–89.

17. Shukla Y.N., Srivastava A., Kumar S., Kumar S., Phytoto-
xic and antimicrobial constituents of Argyreia speciosa and
Oenothera biennis. J. Ethnopharmacol., 1999, 67, 241–245.

18. Strumeyer D.H., Malin M.J., Condensed tannins in
grain sorghum: isolation, fractionation, and characteri-
sation. J. Agric. Food Chem., 1975, 23, 909–914.

Received December 2005. Revision received and
accepted December 2005.

ZAWARTOŒÆ KWASU GALUSOWEGO W EKSTRAKTACH ROŒLINNYCH
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Ekstrakty zwi¹zków fenolowych otrzymano z zielonej herbaty, liœci m¹cznicy lekarskiej, orzechów laskowych, wiesio³ka
i nasion winogron. Z ekstraktu m¹cznicy lekarskiej wydzielono frakcje niskocz¹steczkowych zwi¹zków fenolowych i tanin
stosuj¹c chromatografiê kolumnow¹ na ¿elu Sephadex LH-20 z 95% (v/v) etanolem i z uk³adem aceton-woda (1:1; v/v) jako
fazami ruchomymi. Do uwolnienia kwasu galusowego zwi¹zanego estrowo i glikozydowo zastosowano taninazê. Zawartoœæ
wolnego kwasu galusowego w analizowanych ekstraktach waha³a siê od 1 do 15 mg/g. Ekstrakt z wiesio³ka zawiera³
najwiêcej wolnego kwasu galusowego. Zawartoœæ zwi¹zanego kwasu wynosi³a od 5 do 309 mg/g. Najwiêcej zawiera³y go
frakcje taninowe z ekstraktu z liœci m¹cznicy lekarskiej. 


