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HPLC determination of phenolic acids and antioxidant activity in
concentrated peat extract—a natural immunomodulator
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Abstract

The aim of this study was to devise a method for identification and quantification of phenolic acids in concentrated peat extract samples. The
simple reversed-phase HPLC method for simultaneous determination of several phenolic acids was developed. The method was validated and it
was suitable for the analysis of phenolic acids in peat extracts. This method allowed identifying eight phenolic acids in peat extracts. Phenolic
profiles of two samples of peat extract obtained from different medicinal peats were similar, although variations in amounts of individual phenolic
acids were observed. Also, slight variations in total phenolic content were detected. The antioxidant activity of peat extracts was evaluated with
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pectrophotometric ABTS assay. Differences in antioxidant activity were observed for two samples of peat extract produced from different peat
arieties. This differences probably reflected phenolic composition of peat extracts.

2005 Elsevier B.V. All rights reserved.
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. Introduction

Antioxidant can be defined as a molecule, which significantly
elays or inhibits the oxidation of other molecules. In biolog-
cal systems as a natural consequence of oxidation reactions
uring cellular respiration reactive oxygen species (ROS) are
ormed, e.g. hydroxyl radical (•OH), superoxide anion (•O2

−),
nd hydrogen peroxide (H2O2) [1]. Some of the reactive oxygen
pecies are free radicals. Free radicals are any chemical species
ontaining one or more unpaired electrons and capable of inde-
endent existence. Radicals are more reactive than nonradicals,
nd they can react with other molecules in several ways. Free
adicals damage living cells causing lipid, protein, and DNA oxi-
ation. They are involved in the development of various diseases
uch as cancer, cardiovascular or neurodegenerative disorders,
nd also accelerate the ageing process. Human organism has
eveloped a number of defence mechanisms against free radi-
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cals and other oxidising agents. The first group includes enzymes
such as superoxide dismutase, catalase, and glutathione perox-
idase; the second group consists of nonenzymatic factors such
as albumin, glutathione, ascorbic acid, �-tocopherol, uric acid,
bilirubin, iron, and cooper ions. The oxidative stress resulting
from imbalance of oxidising species and antioxidants may lead
to pathologies, and dietary intake of antioxidants helps to scav-
enge free radicals and oxidants, and protects against disease.
Epidemiological data suggest that consumption of plant-derived
antioxidants such as flavonoids and phenolic acids prevents var-
ious diseases [2], and, accordingly, they have attracted special
attention recently [3].

Phenolic acids constitute a large group of organic com-
pounds, which are widely distributed in nature and show a broad
spectrum of pharmacological activity [4]; they reportedly have
antioxidant, antimutagenic, antitumor, and anticarcinogenic
properties [5]. Phenolic acids are simple phenolic compounds
of the nonflavonoid family (Fig. 1). They are synthesised
through the shikimic acid pathway and may occur in the bound
or free form. We can distinguish two main groups of phenolic
acids, both of which are hydroxy derivatives of aromatic
E-mail address: m.tarnawski@torf.pl (M. Tarnawski).
1 All authors are working for Torf Corporation Ltd. and the described research
as conducted at Torf Corporation Ltd. Research and Registration Department.

carboxylic acids: (1) benzoic acid and (2) cinnamic acid. They
differ according to the number and position of hydroxylations
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Fig. 1. Chemical structures of phenolic acids analysed in this study. (A) Derivatives of benzoic acid; (B) derivatives of cinnamic acid.

and methoxylations of the aromatic ring. Phenolic compounds
are naturally present in virtually all plant material [6] (e.g.
vegetables, fruit, herbs) [7] and plant related products (e.g.
beer, wine, tea) [8]. Phenolic acids were also detected in peat
[9], as peat is formed by partial decomposition of plant tissue.

Concentrated peat extract is a natural immunomodulator. It
is produced by Torf Corporation from the therapeutic peat on
the basis of patented technology developed by Prof. Stanis-
law Tolpa and his co-workers. Briefly, production technology
involves alkaline extraction of peat, acidification to remove
humic acid fraction, and concentration connected with thermal
processing. Scientific studies conducted by different research
groups over many years confirmed biological activity of peat
extract, but the exact mechanism of its action is still unclear. In
particular, peat extract activates neutrophils, macrophages, syn-
thesis of INF-�, INF-� and TNF-�, as well as NK cells [10–12].
Many researches also showed a remarkably low toxicity of the
peat extract, the extract having no mutagenic, teratogenic or
carcinogenic effects [13,14]. It was used with good results in
therapy of chronic disorders with inflammatory basis, for exam-
ple respiratory tract infections [15]. Torf Corporation is the only
manufacturer of concentrated peat extract, which serves as a raw
material for production of Immuno-Complex Tablets and other
preparations. Immuno-Complex Tablets are used as a regener-
ating and strengthening dietary supplement, and other wares
containing peat extract include various cosmetics and oral cav-
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2. Materials and methods

2.1. Chemicals

The ABTS [2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfo-
nic acid)diammonium salt], ethylenediaminetetraacetic
acid (EDTA), and syringic acid were purchased from
Sigma Chemical Co. (USA). Trolox (6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid) was purchased from
Aldrich (Germany). Potassium peroxodisulfate, gallic acid,
ferulic acid, p-hydroxybenzoic acid, and p-coumaric acid
were purchased from Fluka (Switzerland). Caffeic acid was
purchased from Extrasynthese (France). Ethyl acetate (p.a.),
diethyl ether (p.a.), ethanol (99.8%), Folin-Ciocalteu reagent,
sodium carbonate, sodium hydroxide, and sodium sulfate
were purchased from Polish Chemical Reagents (Poland).
Methanol (HPLC gradient grade) and ascorbic acid were
purchased from Merck (Germany). Acetic acid (HPLC grade)
was purchased from J.T. Baker (Netherlands). Vanillic acid
(≥97%) and protocatechuic acid (≥97%) were synthesised as
described earlier by Pearl [16,17]; the purity was confirmed by
determining the melting point and by HPLC analysis. Milli-Q
water (18.2 M�cm) was used in all experiments.

2.2. Samples
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ty hygiene products.
Concentrated peat extract is a very complex mixture: it con-

ains amino acids, carbohydrates, fulvic acids, and mineral salts
based on Torf Corporation Ltd. unpublished data). It is thought
hat the fraction of peat extract responsible for immunotropic
ctivity contains Maillard reaction products, mainly Amadori
ompounds and advanced glycation end products formed dur-
ng technological processing.

The aim of this study was to elucidate phenolic acids compo-
ition and contents, and show that the concentrated peat extract
s characterized by antioxidant activity.
Two different samples of concentrated peat extract were anal-
sed, both of which were produced in 2004, according to the
atented technology [18]. Samples were taken from succeeding
atches, and each batch of concentrated peat extract was pro-
uced from peat taken from different bog. Differences in the dry
eight of the extracts were taken into account in the calculations.

.3. Phenolic acids extraction

Sample of 5 ml of concentrated peat extract (see Section 2.2)
as mixed with 5 ml of water and subsequently extracted four
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times using 20 ml of ethyl acetate each time. The clear organic
extracts were combined and dried over anhydrous sodium sul-
fate. Then the extract was filtered and concentrated to dryness
in a rotary vacuum evaporator at a temperature not higher than
50 ◦C; the residue was dissolved in 0.5 ml of methanol, then
1.5 ml of mobile phase consisting of 2% (v/v) acetic acid in
water–methanol 82:18 (v/v) was added. Finally, the resulting
solution was filtered through the syringe filter 0.45 �m pore size
(Titan) and left for chromatographic analysis.

2.4. Chromatographic analysis of phenolic acids

A simple and quick reversed phase HPLC method for deter-
mination of phenolic acids was developed. Chromatographic
analysis was performed with the use of liquid chromato-
graphic system, which consisted of Knauer HPLC Pump, Knauer
UV–vis Variable Wavelength Monitor, Knauer Injection Valve,
Knauer Degasser and Shimadzu CTO-6A Column Oven. Chro-
matographic system was connected through the Dionex Univer-
sal Chromatography Interface to the PC computer. Software used
for data acquisition and evaluation was Dionex Chromeleon Ver-
sion 6.40 SP1. The separation was carried out on 250 × 4.6 mm,
4 �m Hypersil BDS C18 (Thermo Hypersil-Keystone) reversed
phase column. Column temperature was maintained at 50 ◦C.
Elution was performed isocratically with the mobile phase con-
sisting of 2% (v/v) acetic acid in water–methanol 82:18 (v/v),
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concentrated peat extract (see Section 2.2) to 4000 �l of the
diluted ABTS radical cation solution, the reaction mixture was
centrifuged 2 min, at 12,000 rpm, and exactly 10 min after mix-
ing absorbance reading for the supernatant was taken. Trolox
stock solution (8.1 mM) was prepared in ethanol, 5 ml of this
solution was diluted with ethanol to 50 ml. A series of Trolox
dilutions was prepared to give final concentrations 2, 4, 6, 8
and 10 �M in the reaction mixture. Appropriate solvent blanks
were run in each assay. Absorbance values were corrected for
the solvent blanks. The calibration curve describing inhibition
of the absorbance as a function of Trolox concentration was pre-
pared. When the absorbance of the reaction mixture decreased
below 0.150, peat extract sample was diluted properly. Mea-
surements for calibration curve were performed in at least three
replicates, and other samples in triplicate. The antioxidant activ-
ity was expressed as TEAC (in micromoles of Trolox) per gram
of dry weight (DW). Additionally antioxidant activity of stan-
dard substance as ascorbic acid was measured, a stock solution
of ascorbic acid (8.1 mM) in water was prepared, it was diluted
10× to give final concentration of 10 �M in reaction mixture,
the whole experiment was performed as described above.

2.6. Determination of total phenolics

Total phenolics were determined using Folin-Ciocalteu
reagent as described earlier by Singleton [22]. Samples of con-
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nd the flow rate was 1 ml/min. The injection volume for all
amples was 20 �l. For detection chromatograms were moni-
ored at 280 nm. Identification of phenolic acids was based on
etention times in comparison with standards. The quantification
as carried out using the external standard method. Stock solu-

ion of standard compounds at concentration 1 mg/ml each was
repared in methanol, and several dilutions with mobile phase
ere made. The solution of standards at various concentrations

0.005, 0.010, 0.020, 0.050, 0.100 mg/ml) was injected into the
PLC system and the calibration curves were established for

ach standard compound. The concentration of the compound
as calculated from peak area according to calibration curves.
he amount of each phenolic acid was expressed as milligram
er gram of dry weight (DW).

.5. Antioxidant activity assay

The assay was performed essentially as described previously
19–21]. All measurements were made at room temperature
n the Shimadzu UV–vis spectrophotometer model UV-2100.
BTS and potassium persulfate were dissolved in water to a
4 and 5 mM concentration, respectively. ABTS radical cation
as produced by mixing 1 ml of both stock solutions, and the
ixture was allowed to stand in the dark at room temperature

or 15–20 h before use. The ABTS radical cation solution was
han diluted with water, approximately 100×, to an absorbance
f 0.750 (±0.050) at 734 nm. For measuring antioxidant activ-
ty 50 �l sample was mixed with 4000 �l of the diluted ABTS
adical cation solution. Absorbance was recorded before addi-
ion of the antioxidant sample and exactly 10 min after mixing.
or analysis of peat extracts, 5 min after addition of 50 �l of
entrated peat extract (1 ml) (see Section 2.2) were diluted with
ater to 100 ml. Stock solution of gallic acid (5 mg/ml) in
ethanol was prepared as a standard. Gallic acid stock solution
as used to prepare serial dilutions containing 0.10, 0.08, 0.06,
.04 and 0.02 mg/ml gallic acid. Than 1 ml of a sample (standard,
lank, extract) was introduced into the test tube, and next 5 ml
f diluted Folin-Ciocalteu reagent (1:10 with water) was added.
fter 2 min 4 ml of 7.5% (m/v) sodium carbonate solution was

dded and mixed well. The absorbance of all samples was mea-
ured at 765 nm after incubating at room temperature for 2 h. All
easurements were made on the Shimadzu UV–vis spectropho-

ometer model UV-2100. Results were expressed as milligram
f gallic acid equivalent (GAE) per gram of dry weight (DW).

. Results and discussion

Analysed concentrated peat extract samples were produced
rom two types of medicinal peat from different peat bogs, using
he same technology. Peats differed in pH, water content and
ontents of organic matter. Both concentrated peat extracts were
iologically active in vitro and in vivo (data not shown). We have
ecided to investigate contents of phenolic acids and antioxidant
ctivity of peat extracts.

Literature specifies many methods, used with good results, for
hromatographic analysis of phenolic compounds [23–26], but
ost of them involve gradient separations. We wanted to intro-

uce isocratic method. The intention was to develop a simple
nd fast chromatographic method for detection of several phe-
olic acids. Various mobile phases including methanol–water
nd acetonitrile–water with acetic acid were tested. Eventually,
t was established that the methanol–water system containing
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Table 1
HPLC method characteristics

Compound Retention time (min) Number of theoretical plates Capacity factor (k′) Resolution Asymmetry

Gallic acid 3.00 10061 0.17 8.1 1.3
Protocatechuic acid 4.09 12033 0.59 10.8 1.2
p-Hydroxybenzoic acid 5.93 15274 1.31 4.5 1.1
Caffeic acid 6.86 15154 1.67 2.4 1.1
Vanilic acid 7.41 16875 1.88 4.3 1.1
Syringic acid 8.44 16816 2.29 10.1 1.1
p-Coumaric acid 11.48 17991 3.47 9.2 1.1
Ferulic acid 15.10 18368 4.88 nd 1.0

All calculations based on EU standards; nd: not determined.

acetic acid (see Section 2.4) resulted in good separation in
isocratic elution (Table 1). It can be noticed that satisfactory
separation with good resolution can be achieved within less than
20 min (Fig. 2A).

Different solvents used for extraction of concentrated peat
extract, such as ethyl acetate and diethyl ether were tested.
Standard mixture of phenolic acids was extracted with diethyl
ether and ethyl acetate to analyze the effect of the solvent on
extraction. Both organic extracts were treated as described under
Section 2, after HPLC analysis quantities of each phenolic acid
were compared by t-test (p < 0.05), it was found that there was no
significant difference, and, accordingly, ethyl acetate was used
in further experiments. Extraction conditions were checked,
and it was discovered that four-time extraction with 20 ml of
ethyl acetate is sufficient to obtain nearly complete recoveries
(Table 2). The results show that the extraction efficiency is very
high and highly reproducible.

There were no endogenous interfering peaks in the peat
extract that co-eluted with analyzed phenolic acids indicating
that the method is selecitve and specific; fractions from HPLC
separation of phenolic acids in concentrated peat extract, core-

sponding to each analysed compound were collected, UV spectra
were recorded, compared with spectra of standard substances
and on this basis the identity and purity was confirmed. The
HPLC assay for phenolic acids were found to be linear in the
range of 0.005–0.100 mg/ml, with very high (>99.99) correla-
tion coefficients (Table 2), the slope and correlation coefficient
were determined using the least-squares linear regression analy-
sis method. Table 2 summarises the precision and accuracy of the
simultaneous assay for eight phenolic acids. The results suggests
satisfactory intra-day and inter-day precision and accuracy for
all analytes. The sensitivity of the method was evaluated, LOD
and LOQ were estimated and are shown in Table 2. Samples
stored in mobile phase in 4 ◦C were stable at least for 48 h.

The HPLC analysis of phenolic acids in peat extracts showed
that protocatechuic, p-hydroxybenzoic, vanillic, syringic, and
p-coumaric acids were present in both samples (Fig. 2B).
Also, traces of gallic, caffeic, and ferulic acids were detected
(Fig. 2B). Amounts of all phenolic acids in samples No. 1
and 2 are shown in Table 3; the reported values are means of
three replicates ± standard deviation (S.D.). The sum of pheno-
lic acids determined by HPLC analysis was 0.865 ± 0.010 and

F s (A) a
N roxyb
a

ig. 2. Representative HPLC separations of a mixture of phenolic acids standard
o. 2) (B). Peak identification: (1) gallic acid; (2) protocatechuic acid; (3) p-hyd

cid; (8) ferulic acid. Conditions as described in the text.
nd phenolic acids from peat extract (solid line-sample No. 1; dotted line-sample
enzoic acid; (4) caffeic acid; (5) vanillic acid; (6) syringic acid; (7) p-coumaric
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Table 3
Content of phenolic acids in two samples of concentrated peat extract determined
by HPLC analysis

Compound Amount of phenolic acidsa

Sample 1 Sample 2

Gallic acid 0.005 (0.6%) ± 0.000 0.004 (1.1%) ± 0.000
Protocatechuic acid 0.074 (8.5%) ± 0.002 0.074 (17.7%) ± 0.001
p-Hydroxybenzoic acid 0.536 (61.9%) ± 0.005 0.204 (48.7%) ± 0.006
Caffeic acid 0.005 (0.6%) ± 0.001 0.001 (0.3%) ± 0.000
Vanilic acid 0.143 (16.5%) ± 0.002 0.070 (16.8%) ± 0.003
Syringic acid 0.053 (6.1%) ± 0.002 0.017 (4.1%) ± 0.001
p-Coumaric acid 0.045 (5.2%) ± 0.003 0.040 (9.6%) ± 0.002
Ferulic acid 0.006 (0.7%) ± 0.000 0.008 (1.8%) ± 0.000
Sum of phenolic acids 0.865 (100%) ± 0.010 0.419 (100%) ± 0.014

a Results are expressed as mg per gram of dry weight and are means of three
replicates ± S.D., percent values are given in the brackets; values in bold are
significantly different (t-test, p < 0.05).

0.419 ± 0.014 mg/g of dry weight (DW), for sample No. 1 and
2, respectively (Fig. 3B). Contents of phenolic acids in sample
No. 2 are more than 50% less than in sample No. 1. Interest-
ingly, differences in contents of individual phenolic acids were
not equal. Amounts of protocatechuic and p-coumaric acids were
almost the same in both samples (Table 3), but amounts of vanil-
lic, p-hydroxybenzoic and syringic acids were 2–3 times higher
in sample No. 1 (Table 3). Wide peak that appears at about
22 min (Fig. 2B) corresponds to methyl and propyl esters of
p-hydroxybenzoic acid, which serve as preservatives for peat
extract. Chromatograms revealed some unidentified peaks that
may correspond to unknown phenolic compounds (Fig. 2B).

Exact source of phenolic compounds in peat extract is
unknown, it was supposed that the concentrated peat extract, as
plant material, may also contain esters of phenolic acids, so in the
next step it was tried to liberate bound phenolic acids from the
concentrated peat extract by means of alkaline hydrolysis with
2 M sodium hydroxide solution containing 0.01 M ethylenedi-
aminetetraacetic acid (EDTA) and 1% (m/v) ascorbic acid to
prevent degradation of phenolic acids during the hydrolysis [27].
Chromatographic analysis of hydrolysed and non-hydrolysed
samples of concentrated peat extract showed no significant dif-
ferences in phenolic acids composition. In hydrolysed samples
the peak corresponding to p-hydroxybenzoic acid was higher,
due to the hydrolysis of its esters; additionally, a few uniden-
tified peaks appeared at the front of the chromatogram and the
b

p
e
d
r
o
e
w
C
8
p
t

aseline was elevated (data not shown).
Folin-Ciocalteu method is widely used to determine total

henolic compounds. The content of phenolic compounds was
xpressed as milligram of gallic acid per gram of peat extract
ry weight. Determinations were made in three replicates; the
eported values are means ± standard deviation. The amounts
f total phenolics were quite similar for both samples of peat
xtract: 12.112 ± 0.282 and 11.157 ± 0.125 mg GA/g of dry
eight (DW), for sample No. 1 and 2, respectively (Fig. 3A).
ontents of phenolic compounds in sample No. 2 were near
% less then in sample No. 1. Higher amounts of phenolic com-
ounds determined by this method were due to less selectivity of
his assay, not only phenolic acids, but all phenolic constituents



M. Tarnawski et al. / Journal of Pharmaceutical and Biomedical Analysis 41 (2006) 182–188 187

Fig. 3. Comparison of two samples of concentrated peat extract produced from different types of medicinal peat: (A) total phenolic compounds as gallic acid
eqiuvalents (GAE) determined by means of Folin-Ciocalteau reagent; (B) sum of phenolic acids (PA) determined by HPLC analysis; (C) total antioxidant activity as
Trolox equivalents (TEAC) determined by ABTS assay; asterisk denotes statistically significant difference (t-test, p < 0.05).

give positive reaction. Contents of phenolic acids measured by
HPLC method is only a part of total phenolic compounds.

Various methods have been introduced for the measurement
of the total antioxidant capacity [28]. In this study antioxi-
dant activity was estimated by the improved Trolox equivalent
antioxidant capacity (TEAC) assay. We measured the relative
capacity of antioxidants to scavenge the long-lived ABTS rad-
ical cation in comparison to the antioxidant activity of Trolox,
a water-soluble Vitamin E (�-tocopherol) analogue. This tech-
nique involves direct production, through the reaction between
ABTS and potassium persulfate, of blue-green ABTS radical
cation, which can easily be detected spectrophotometrically at
734 nm. Addition of antioxidants to the preformed ABTS radical
cation reduces it, and simultaneously decolorization of reaction
mixture is observed. The decrease in absorbance is related to the
concentration of antioxidants, and it also depends on duration
time of the reaction. In predetermined reaction time conditions
the extent of decolorization can be expressed as a function of
concentration of standard substance (Trolox) and represented as
TEAC.

Peat extracts are suspensions; it was necessary to check if
the precipitate has influence on antioxidant activity because it
also interferes with photometric measurement. We have tested
whole peat extract and the same extract in which suspended par-
ticles were removed by centrifugation, we have observed higher
antioxidant acivities for the whole extract (data not shown),
w
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w
w
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a
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acids, and antioxidant activity of concentrated peat extract. How-
ever, this dependence is uncertain because unknown compounds
may also contribute to the antioxidant activity of peat extracts.

4. Conclusions

In this study rapid and reliable reversed-phase HPLC method
with UV detection, involving single step liquid extraction was
described. The method is convenient for quality control of com-
plex matrices such as peat extracts. This method is simpler
than previously described because it uses isocratic elution ver-
sus gradient. This is also a first report showing such properties
of peat-derived preparation. It was showed that both extracts
produced from different types of peat had similar phenolic pro-
files and antioxidant activities. To answer the question, what
is the source of differences in studied parameters, it is neces-
sary to pose a question about the source of phenolic compounds
in concentrated peat extract. There are three possibilities: phe-
nolic acids may originate from disintegrated biomass, or from
decomposition of humic substances, or be a product of Maillard
reactions. It is thought that minor differences in peat extracts
properties might result from numerous factors: mainly from the
type, chemical composition and extraction efficiency of peat. To
answer the above questions further studies are required. In future
we are going to investigate other biologically active components
o

A

s

R

hich meant that the suspended particles also contribute to
ntioxidant activity. The solubility of the centrifuged precipitate
as checked, it was found to be insoluble in tested solvents, it
as slightly dissolving only in 1 M HCl and 1 M NaOH, which

re incompatible with ABTS assay, so we introduced a cen-
rifugation step to remove the precipitate before spectrophoto-

etric measurement. Antioxidant activities of concentrated peat
xtracts were 57.130 ± 0.091 and 22.212 ± 0.059 (�moles of
rolox per gram of dry weight ± standard deviation) for sample
o. 1 and 2, respectively (Fig. 3C), for comparison antioxidant

ctivity of standard substance as ascorbic acid was measured and
counted to 5.671 ± 0.032 mmoles of Trolox per gram, which
as in agreement with calculated theoretical activity. Antioxi-
ant activity of sample No. 2 was more than 60% less than in
ample No. 1; this observation may indicate positive correlation
etween contents of phenolic compounds, especially phenolic
f concentrated peat extract.
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