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Aromatic plants contain natural antioxidant constituents such as phenolic compounds,
which have attracted a great deal of public and scientific interest because of their health-
-promoting effects as antioxidants. Five plants, Filipendula ulmaria (meadow sweet), Cratae-
gus monogyna (hawthorn), Polygonum aviculare (polygonum), Potentilla anserina (silverweed),
and Pelargonium purpureum (little robin), have been examined in order to determine their
phenolic composition. Reversed-phase high performance liquid chromatography (RP-
-HPLC) was employed for the identification and quantification of phenolic compounds of
the aforementioned plants. Gas chromatography-mass spectrometry method (GC-MS) was
also used for identification of phenolic compounds after silylation. Analysis of the non-vo-
latile and thermolabile phenolic compounds by GC-MS presupposes their conversion into
volatile and thermotolerant derivatives. The derivatization process was optimized against
reagents, temperature and reaction time. The antioxidant capacity was determined in dried
plants and in their methanol extracts with the Rancimat test using sunflower oil as sub-
strate. Both pulverized plants and extracts showed antioxidant capacity. Total phenolic
content in the extracts was determined spectrometrically applying the Folin-Ciocalteu as-
say and it ranged from 7.2 to 28.2 gallic acid equivalents (GAE)/(mg/mL). Antimicrobial
activity of the extracts against selected microorganisms was performed using the disk dif-
fusion method. Gram-(+) bacteria were more sensitive to the plant extracts than Gram-(-)
bacteria.

Key words: plant antioxidants, RP-HPLC, GC-MS, trimethylsilyl derivatives, antimicrobial
activity

Introduction

There is an intense interest in plant polyphenols as
witnessed by the numerous papers devoted to various
aspects of these compounds (I). The use of plants or
herbs as antioxidants in processed foods is becoming of
increasing importance in the food industry as an alter-

native to synthetic antioxidants (2). They tend to be wa-
ter soluble, because they frequently occur combined as
glycosides and they are usually located in the cell vacu-
ole (3). Phenolics are antioxidants with redox properties,
which allow them to act as reducing agents, hydrogen
donators, and singlet oxygen quenchers (4). They also
have metal chelation properties (5). Their significance in
the human diet and antimicrobial activity has recently
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been established (6). The antioxidant properties of these
compounds are often claimed for the protective effects
of plant-based beverages against cardiovascular disease,
certain forms of cancer and photosensitivity reactions
(7). Recently, many separation techniques such as gas-
-liquid chromatography (GLC), high-performance liquid
chromatography (HPLC), and capillary electrophoresis
(CE) have been proposed to separate and identify phe-
nolic compounds (8-10). In the present study, the meth-
od of reversed-phase HPLC coupled with an ultraviolet-
-visible (UV/VIS) multiwavelength detector was used.
This method enables the collection of on-line spectra
and simultaneous quantification at several wavelengths.
GC-MS was also employed for the analysis of major
phenolic substances present in some aromatic plants in
Greece because of the combination of the separation ca-
pabilities of GC and the power of MS as an identifica-
tion and confirmation method. HPLC-MS is also a use-
ful method for structural identification. The combination
of the chromatographic method and mass spectrometry
is very effective and elucidates better the structure of a
particular compound. The object of this research is: (i) to
determine the phenolic content of the examined plant
extracts, (ii) to measure the antioxidant capacity of these
extracts to inhibit lipid oxidation under accelerated con-
ditions (Rancimat test), and (iii) to screen the antimicro-
bial activity of these plant extracts against some patho-
genic microorganisms. There is very little research indi-
cating the concentration of phenolic compounds in the
examined aromatic plants, as well as their antioxidant
capacity and antimicrobial activity.

Materials and Methods
Standards

Gallic acid, gentisic acid, p-coumaric acid, vanillic
acid, ferulic acid, syringic acid, (+)-catechin, quercetin,
apigenin, naringenin and myricetin were purchased from
Sigma-Aldrich (Steinheim, Germany), and luteolin was
from Roth (Karlsruhe, Germany). Caffeic acid was from
Merck (Darmstadt, Germany), (-)-epicatechin was from
Fluka AG (Buchs, Switzerland), and rutin was from Ale-
xis Biochemicals (Lausen, Switzerland). Hydroxytyrosol,
p-hydroxybenzoic acid and butylated hydroxytoluene
(BHT) were a kind donation from the National Agricul-
tural Research Foundation (N.AG.RE.E, Greece). Quanti-
fication was done via a calibration with standards (exter-
nal standard method). All standards were prepared as
stock solutions in methanol. Working standards were
made by diluting stock solutions in 62.5 % aqueous me-
thanol containing BHT 1 g/L, and 6 M HCL to yield
concentrations ranging between 0.5-25 mg/mL. Work-
ing solutions of the standards were stored in darkness at
-18 °C.

Solvents and reagents

All solvents and reagents from various suppliers
were of the highest purity needed for each application.
The Folin-Ciocalteu reagent and silylation reagents,
N,O-bis(trimethylsilyl)trifluoroacetamide (BSTFA) and
trimethylchlorosilane (TMCS), were purchased from
Merck (Darmstadt, Germany). For deactivating glass-

ware surfaces, 5 % dimethyldichlorosilane (DMDCS) in
toluene was obtained from Sigma-Aldrich (Steinheim,
Germany).

Plant material

Samples (Filipendula ulmaria, Crataegus monogyna,
Polygonum aviculare, Potentilla anserina and Pelargonium
purpureum) were collected from Mount Ymittos, in conti-
nental Greece, at 350 m altitude in May 2005. Some sam-
ples were air-dried (at 25 °C in the dark) and some were
lyophilized. All samples were analyzed within 3 months
of collection.

Sample preparation and derivatization

The extraction method used for dried samples was
as follows: 40 mL of 62.5 % aqueous methanol contain-
ing BHT (1 g/L) were added to 0.5 g of dried sample,
then 10 mL of 6 M HCL were added and the mixture
was stirred carefully. In each sample nitrogen was bub-
bled for approx. 40-60 s. The extraction mixture was
then sonicated for 15 min and refluxed in a water bath
at 90 °C for 2 h. The mixture was then either filtered
and made up to 100 mL with methanol (11), then filtered
quickly through a 0.45-um membrane filter (Millex-HV)
and injected into HPLC (Jasco, Japan), or extracted with
30 mL (3x10 mL) of ethyl acetate. The organic layer was
collected, reduced to 10 mL by rotary evaporation (37
°C) and centrifuged for 10 min. Anhydrous Na,SO, was
then added to remove residual moisture. Then, 100 puL of
the organic layer were derivatized after evaporation of
the solvent under nitrogen stream. For the silylation pro-
cedure, a mixture of TMCS (100 nL) and BSTFA (200 nL)
was added and vortexed in screw capped glass tubes
(previously deactivated with 5 % DMDCS in toluene,
rinsed twice with toluene and three times with metha-
nol), and consecutively placed in a water bath at 80 °C
for 45 min. From the silylated mixture, 1 pL was directly
analyzed by GC-MS (Fisons, Italy).

HPLC analysis

The analytical HPLC system employed consisted of
a JASCO high-performance liquid chromatograph cou-
pled with a UV/VIS multiwavelength detector (MD-910
JASCO). The analytical data were evaluated using a
JASCO data processing system (DP-L910/V). The sepa-
ration was achieved on a Waters Spherisorb® 5 pm ODS2
4.6x250 mm column at ambient temperature. The mobile
phase consisted of water with 1 % glacial acetic acid
(solvent A), water with 6 % glacial acetic acid (solvent
B), and water-acetonitrile (volume ratio=65:30) with 5 %
glacial acetic acid (solvent C). The gradient used was:
100 % A 0-10 min, 100 % B 10-30 min, 90 % B/10 % C
30-50 min, 80 % B/20 % C 50-60 min, 70 % B/30 % C
60-70 min, 100 % C 70-105 min, 100 % A 105-110 min;
post time 10 min before next injection. The flow rate
was 0.5 mL/min and the injection volume was 20 pL.
The monitoring wavelength was 280 nm for the pheno-
lic acids and 320 and 370 nm for flavones and flavono-
les, respectively. The identification of each compound
was based on a combination of retention time and spec-
tral matching.
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GC-MS analysis

The silylated samples were injected into a GC-MS
system consisting of a Fisons GC 8000 Series, model
8060 gas chromatograph coupled with a Fisons MD 800
mass spectrometer in the EI (electron impact) mode with
the electron energy set at 70 eV and the mass range of
m/z=25-700. A capillary column low-bleed CP-Sil™ 8
CB-MS (30 mx0.32 mm, i.d.), with 0.25 um film thick-
ness of coated material was used. The injector was set at
280 °C and the detector at 290 °C. GC was performed in
the splitless mode with 1 min splitless time. The stepped
temperature program was as follows: from 70 to 135 °C
with 2 °C/min, held for 10 min, from 135 to 220 °C with
4 °C/min, held for 10 min, from 220 to 270 °C with 3.5
°C/min and then held for 20 min. A post run of 10 min
at 70 °C was sufficient for the next injection. The flow
rate of the carrier gas (helium) was maintained at 1.9
mL/min. Identification of compounds was obtained by
comparing the retention times with those of authentic
compounds and the spectral data obtained from the
Wiley and NIST libraries. Each determination was car-
ried out in duplicate.

Antioxidant capacity (Rancimat test)

Samples of sunflower oil (3.5 g) containing 0.02 % of
extract or 2 % of ground material were subjected to oxi-
dation at 110 °C (air flow 20 L/h). Induction periods
(IP/h) were recorded automatically. The protection fac-
tors (PF) were calculated according to the following
equation:

PF=IP,./IP...., /17

according to Exarchou et al. (12).

Determination of total phenolic content of
plant extracts

Total phenolic content was measured by the Folin-
-Ciocalteu assay (13). Quantification was performed with
the hydrolysed samples. Results were expressed as gallic
acid equivalents (GAE)/(mg/mL). A calibration curve of
absorbance vs. concentration of gallic acid was used to
derive the GAE concentrations for plant extracts.

Antimicrobial assay

The methanol extracts were tested against a panel of
pathogenic microorganisms, including Escherichia coli
0157:H7 NCTC 12900, Salmonella enteridis PT 4, Staphylo-
coccus aureus ATCC 6538, Listeria monocytogenes Scott A,

Pseudomonas putida AMF 178 and Bacillus cereus FSS 134.
Microorganisms were stored frozen in bead vials (Pro-
tect, Technical Service Consultants Ltd., Heywood, Lan-
cashire, UK). Resuscitation of bacterial strains was car-
ried out in 10 mL of brain-heart (BH) broth (Merck cat.
no. 1.10493) incubated overnight at 37 °C for E. coli and
S. enteridis, at 35 °C for B. cereus, at 30 °C for L. monocy-
togenes and S. aureus and at 25 °C for P. putida. Resusci-
tated cultures were diluted tenfold in Ringer’s solution
(Lab M, UK) for the inoculation of 10 mL of BH broth
(Merck cat. no. 1.10493) to yield an initial suspension of
approx. 10 to 100 CFU/mL. All broths were then incu-
bated statically at the aforementioned temperatures for
each microorganism for 18-24 h to guarantee that all
cells were in the stationary phase. Susceptibility of the
tested organism to the extract was determined by em-
ploying the standard disk diffusion technique. The bac-
terial suspensions were diluted tenfold in Ringer’s solu-
tion (Lab M, UK), and 0.1 mL of the appropriate
dilution was spread on BH agar plates (Merck cat. no.
1.13825) in order to give a population of approx. 10°
CFU/plate. Sterile paper discs with a diameter of 6.48
mm (Whatman no. 2) were placed onto the inoculated
agar surface. A volume of 5 uL of each plant extract was
added to the paper discs. Each experiment was carried
out in triplicate. Petri dishes were incubated for 48 h at
37 °C for E. coli and S. enteridis, at 35 °C for B. cereus and
at 30 °C for L. monocytogenes and S. aureus and at 25 °C
for P. putida. After incubation, the inhibition zones were
estimated by taking photographs of the Petri dishes
with a Sony camera (Xwave HAD SSC-DC50AP) and
processed using the Impuls Vision XL 2.5 software. Each
inhibition zone diameter was measured three times
(three different plates) and the average value was calcu-
lated.

Results and Discussion

Antioxidant capacity

The antioxidant capacity (expressed as PF values)
and the total phenolic content of all extracts are shown
in Table 1. The concentration of total phenolics varied
slightly in the plant material and ranged from 7.2 to 28.2
GAE/(mg/mL). The highest concentration was found
in Pelargonium purpureum, and the lowest in Filipendula
ulmaria. Similar concentration of plant phenolics from
herbs and medicinal plants collected in Finland has been
reported recently (13).

Table 1. Total phenolics in plant extracts and their antioxidant capacity (expressed as PF values)

Plant Part examined Drying method® y(GAE*)b/(mg/mL) (gI‘OundPriaterial) (methanleextracts)
Filipendula ulmaria Leaves Air 7.2+0.3 13 1.2
Crataegus monogyna Herb Air 10.5£0.3 15 14
Polygonum aviculare Flower F/v 8.6+0.2 1.0 0.8
Potentilla anserina Leaves F/v 18.4+0.3 1.8 1.7
Pelargonium purpureum Leaves F/v 28.2+0.1 3.1 2.9

Air=air drying; F/v=freeze-vacuum drying, i.e. lyophilization; PMean of duplicate assays; PF=protection factor

*GAE=total phenolics in gallic acid equivalents
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The outcome of the Rancimat test supports the hy-
pothesis that aromatic plants are good sources of natural
antioxidants such as phenolic compounds and when it is
done accurately, it offers an efficient, simple and auto-
mated assay. When ground material was added to sun-
flower oil, protection factors were slightly higher com-
pared to the addition of methanol extracts. Similar PF
values for ethanol and acetone extracts from plants of
Greek origin have been reported (12).

HPLC analysis

HPLC with UV/VIS multiwavelength detector was
used since all phenolic compounds show intense ab-
sorption in the UV region of the spectrum. The present
method is simple, easy to use, and effective enough for
identification and quantification of major phenolic com-
pounds in aromatic plants. A similar technique has been
reported by other authors for the analysis of major fla-
vonoid aglycones (14). Spherisorb® ODS2 stationary
phase, which was used in this study to separate pheno-
lic acids and flavonoids in the aforementioned wave-
lengths of aromatic plants, produced satisfactory results.
After extraction and acid hydrolysis, the content of phe-
nolic substances was determined. Quantification was
done via a calibration with standards (external standard
method). The content of phenolic acids detected in the
analysed samples is shown in Table 2. Additionally, the
content of flavonoids identified in the same plant ex-
tracts is shown in Table 3. Results are expressed as
mg/L of plant extract. Another phenolic compound
which was detected in some samples was hydroxyty-
rosol. Hydroxytyrosol (also known as dihydroxyphe-
nylethanol) is a main bioactive constituent of olives (15).
Only Filipendula ulmaria contained this compound (78

Table 2. Content of phenolic acids in the examined plant extracts

mg/mL of plant extract). In all the other plant extracts
hydroxytyrosol was detected in traces. The most abun-
dant phenolic acids were ferulic (104-169 mg/mL of
plant extract) and caffeic acid (64-200 mg/mL of plant
extract). (+)-Catechin, rutin (quercetin 3-O-rhamnose
glycoside) and quercetin were the most abundant flavo-
noids. Myricetin was detected only in Filipendula ulma-
ria. The levels of phenolic compounds were as expected
according to previous investigations of these compounds
in similar herbs or plants (16). The data presented in Ta-
bles 1-3 are considered as indicative of phenolic content
of these aromatic plants. Data about most of the exam-
ined plant extracts are very scarce in the literature.
Among others, time of harvest and storing conditions
are considered responsible for the observed variations in
the phenolic contents.

GC-MS analysis

The isolation and quantification of phenolic com-
pounds from plant material is difficult because of their
chemical complexity. The sensitivity and resolving power
of capillary GC-MS make this technique particularly
suitable for unambiguous detection of phenolic com-
pounds in the hydrolysed samples. Silylation is the most
widely used derivatization procedure for sample analy-
sis by GC. The derivatives are generally less polar, more
volatile and more thermally stable. Trimethylchlorosilane
(TMCS) is a silylation catalyst, rarely used alone but
typically mixed with other silylation reagents to increase
their reactivity in derivatization. Several variables were
examined to determine their roles in the derivatization
procedure: (i) temperature, (ii) reaction time, and (iii) the
concentration of silylating reagent required to complete
the derivatization. In our study the temperature and re-

y(plant extract)*/(mg/L)

Plant gallic gentisic caffeic p-coumaric vanillic syringic ferulic p-hydr0?< v
. . . . . . . benzoic
acid acid acid acid acid acid acid .
acid
Filipendula ulmaria 49+0.3 ND 135+0.2 139+0.4 185+0.2 ND 169+0.4 ND
Crataegus monogyna ND ND 81+0.1 66:0.2 ND ND 123+0.3 ND
Polygonum aviculare ND ND ND ND ND ND ND ND
Potentilla anserina ND ND 64+0.2 ND ND ND 104+0.3 ND
Pelargonium purpureum  140+0.2 32+0.3 200+0.3 41+0.2 20£0.2 11+0.2 ND 54+0.1

*Each value is the mean (mg/L plant extract) of two replicationststandard deviation; ND=not detected

Table 3. Flavonoid content in the examined plant extracts

y(plant extract)*/(mg/L)

Plant

(+)-catechin

quercetin  apigenin luteolin  naringenin myricetin rutin (hydrated) (—)-epicatechin
Filipendula ulmaria ND ND ND ND 520+0.9 ND 19+0.1 ND
Crataegus monogyna ND ND ND ND ND 100+0.3 ND ND
Polygonum aviculare ND ND 91+0.2 ND ND 71+0.2 19+0.1 28+0.1
Potentilla anserina 73+0.2 ND ND ND ND 23+0.1 ND ND
Pelargonium purpureum  112+0.2 ND ND ND ND 45+0.1 15+0.1 56+0.2

*Each value is the mean (mg/L plant extract) of two replicationststandard deviation; ND=not detected
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action time used were sufficient for the silylation of phe-
nolic compounds. Apigenin, luteolin, naringenin and
myricetin displayed very poor sensitivity to the deriva-
tization process even at concentrations as high as 30
mg/mL. In most cases, 1 % TMCS in BSTFA is sufficient
to achieve the desired derivatization. In a previous re-
port, a large excess of the derivatization reagents BSTFA
and TMCS was used for the determination of phenolic
antioxidants in green tea (8). In the present study, BSTFA
and TMCS were used in excess to ensure that the silyla-
tion was complete. Care was taken to ensure anhydrous
conditions during the derivatization process because of
the high sensitivity of trimethylsilyl (TMS) derivatives
to moisture. Therefore, anhydrous Na,SO, was added.
The GC oven temperature program as well as the injec-
tor and detector temperatures were based on previous
experience with the analysis of marker compounds in
Ginkgo biloba L. extract (10). After derivatization, and
prior to employing GC-MS for the determination of phe-
nolic compounds in plant extracts, a standard mixture of
all substances was tested. Data obtained showed excel-
lent resolution between all compounds of interest. Mo-
lecular mass (MM) and important ions present in the

mass spectra of silylated phenolic compounds in the ex-
amined plant extracts are presented in Table 4.

Antimicrobial activity

Antimicrobial assays described in the literature in-
clude measurements of: (i) the radius or diameter of the
zone of inhibition of bacterial growth around paper disks
impregnated with (or wells containing) an antimicrobial
compound on agar media, (i) the inhibition of bacterial
growth on an agar medium with the antimicrobial com-
pound diffused in the agar, (iii) the minimum inhibitory
concentration (MIC) of the antimicrobial compound in
liquid media, and (iv) the changes in absorbance or im-
pedance in a liquid growth medium containing the anti-
microbial compound. To screen the antimicrobial activ-
ity of ‘'unknown’ compounds, the second methodology
mentioned above is considered to be the simplest be-
cause the results are obtained rapidly. Vardar-Unlii et al.
(17) used the disk diffusion method to determine the
antimicrobial activity of the essential oil and methanol
extracts using several microbial strains. The antimicro-
bial activity of plant extracts is shown in Table 5. The

Table 4. Molecular mass (MM) and important ions present in the mass spectra of silylated phenolic compounds* in the examined

plant extracts by GC-MS

Compound MM (Silylated compounds) Identified ions (m/z)
p-Hydroxybenzoic acid 282 267 (100 %), 193, 223, 282

Vanillic acid 312 149 (100 %), 312, 223, 165

Gentisic acid 370 355 (100 %), 281, 147, 223, 267, 370
Gallic acid 458 281 (100 %), 458, 179, 147

p-Coumaric acid 308 219 (100 %), 293, 308, 249

Ferulic acid 338 338 (100 %), 308, 323, 249, 293, 219, 279
Caffeic acid 396 219 (100 %), 396, 381, 191

Quercetin 647 575 (100 %), 647, 487

(+)-Catechin 650 368 (100 %), 355, 650, 267, 383, 179, 297
Hydroxytyrosol 370 267 (100 %), 193, 179, 370

Syringic acid 342 327 (100 %), 312, 297, 342
(-)-Epicatechin 650 368 (100 %), 355, 267, 147, 650
p-Hydroxyphenylacetic acid 296 179 (100 %), 164, 149, 296
Protocatechuic acid 370 193 (100 %), 223, 370, 267

Cinnamic acid 220 131 (100 %), 205, 103, 161, 220

“Identified as trimethylsilyl (TMS) derivatives

Table 5. Antimicrobial activity of plant extracts (V(sample)=5 pL; N=3)

Escherichia Salmonella Staphylococcus Listeria Bacillus Pseudomonas
Plant . . .
extract coli O157:H7 enteridis aureus monocytogenes cereus putida
ot NCTC 12900 PT 4 ATCC 6538 Scott A FSS 134 AMEF 178
Filipendula ulmaria - - ~ 4+ ~ +
Crataegus monogyna ~ - - ~ ~ ~
Polygonum aviculare - - - ~ - -
Potentilla anserina - - - + - +
Pelargonium purpureum ++ - + ++ + T+

— No antimicrobial capacity, internal zone (i.z.) of sample<i.z. of solvent (62.5 % aqueous methanol); ~ slight antimicrobial capacity,
i.z. of sample 1-3 mm>i.z. of solvent; + moderate antimicrobial capacity, i.z. of sample 3-4 mm>i.z. of solvent; ++ clear antimicrobial

capacity, i.z. of sample 4-10 mm>i.z. of solvent
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plant extracts found to be more effective in inhibiting
the microorganisms tested were Pelargonium purpureum
and Filipendula ulmaria. Listeria monocytogenes Scott A
was the most sensitive microorganism to the plant ex-
tracts examined in this study. On the contrary, all the ex-
tracts failed to inhibit S. enteridis PT 4. The results in Ta-
ble 5 revealed that Gram-(+) bacteria are more sensitive
to the plant extracts than Gram-(-) bacteria, especially
the Enterobacteriaceae (E. coli O157:H7 NCTC 12900 and
S. enteridis PT 4). However, similar inhibition of L. mono-
cytogenes has also been observed for P. putida AMF 178.
More literature data about the antioxidant activity of
herbs against microorganisms is available (18-20).

Conclusions

The outcome of this study shows that plant extracts
contain polyphenols (natural antioxidants), which are
believed to be effective nutrients in the prevention of ox-
idative stress-related diseases such as cancer and heart
diseases. These extracts, possibly mainly due to their
phenolic content, retard oxidative degradation of lipids,
as it is shown by the Rancimat test. The Folin-Ciocalteu
assay, which was used to determine the total phenolic
compounds, has for many years been used as a measure
of total phenolics in natural products, but the basic me-
chanism is an oxidation/reduction reaction and, as such,
can be considered as another method to determine anti-
oxidant capacity. The influence of seasonal harvest of
plants, geographical location and altitude, storage and
extraction procedures still has to be investigated in de-
tail in order to be able to draw the utmost benefit for
nutritional and even more for industrial use. This exper-
iment also proved that silyl derivatization offers a very
good alternative for the identification of phenolic com-
pounds instead of HPLC, which is usually the most pre-
ferred method for the analysis of polyphenols. However,
it should be stressed that more research is needed to-
wards the identification of silyl derivatives.
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