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Earth smoke herb (Fumaria officinalis L.) was used as a source of extractive mat-
ter in this study. The aqueous extract was obtained by pouring boiling water over
the plant material (1:20 m/v) and letting it stay for 90 minutes at room temperature.
The identification of bioactive compounds in the extract was performed using the
UHPLC-DAD-ESI-MS analysis. The content of total phenols and total flavonoids
was determined spectrophotometrically by Folin-Ciocalteu and AICI, methods, re-
spectively. The antioxidant activity of the extract was also investigated spectropho-
tometrically by DPPH and ABTS assays. A disc-diffusion method was used in the
antimicrobial activity investigation on the following pathogenic microorganisms: Can-
dida albicans, Proteus vulgaris, Pseudomonas aeruginosa, Bacillus subtilis, Staphy-
lococcus aureus, Escherichia coli and Klebsiella pneumoniae. Seven components
were detected in the obtained extract, while caffeic and rosmarinic acid were identi-
fied. The main component in the extract was rosmarinic acid (16.7 g/100 g of dry
extract). The content of total phenols was 77.67 mg GAE/g of the dry extract while
the content of total flavonoids was 21.21 mg RE/g of the dry extract. The extract
concentrations required to neutralize 50% of the initial DPPH radical concentration
were 7.38 and 8.18 ug/cm? after 30 and 20 min of incubation, respectively, as well
as 48.6 pg/cm? with no incubation. The extract concentration required to neutralize
50% of the initial ABTS radical concentration was 96.0 pyg/cm3. The obtained extract
has shown the highest antimicrobial activity against Candida albicans fungus. The
presented results indicate that the aqueous earth smoke extract should be rightly
considered as a potential source of natural antioxidants and antimicrobial agents.
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Medicinal herbs are a source of secondary metabolites
with numerous biological and pharmacological proper-
ties. Many natural products that originate from plants have
antioxidant and antimicrobial properties and can protect
human body from free radicals and pathogens. The anti-
oxidant activity of plant extracts is often caused by the pres-
ence of polyphenolic compounds in medicinal herbs. For
this purpose, it is necessary to characterize different plant
extracts in order to use them as natural antioxidants and
antimicrobial agents in food or medical preparations [1].

Earth smoke (Fumaria officinalis L.) belongs to the Pa-
paveraceae family of Fumaria genus. It is a annual leafy
plant, about 60 cm high of grayish-green color. The alka-
loids (up to 1% of fumarine, aurotensin, etc.), flavonoids,
fumaric acid, mucus, choline, etc. have been determined in
the earth smoke. Besides this, earth smoke also contains
sodium, potassium, calcium, tannins, resins, sugar, mucus
and bitter substances. Earth smoke is used as diuretic,
diaphoretic, hypotensive and tonic. It is especially recom-
mended for chronic eczema, even for psoriasis [2,3,4].
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There are data that prove the antioxidant and antimicro-
bial activity of methanolic [1], as well as the antimicrobial
activity of ethanolic extracts of the earth smoke herb origi-
nating from Turkey [5]. Ivanov and coworkers (2014) have
proven the antioxidant activity of ten ethanolic extracts
from different species of Fumaria genus (F. officinalis L., F.
thuretii Boiss., F. kralikii Jord., F. rostellata Knaf., F sch-
rammii (Asch.) Velen., F. parviflora Lam., F. densiflora DC.,
F. petteri Rchb., F. vaillanti Loisel. i F. schleicherii Soy.-Will.)
originating from the Bulgaria territory [6].

Biological activities of earth smoke are probably the
result of the presence of alkaloids, polyphenols and flavo-
noids. Phenolic acids are a group of organic compounds
widely occurring in plants [7]. The antioxidant activity of
phenolic acids particularly depends on their structure, pres-
ence and position of substituents on the aromatic ring, as
well as on structure of the side chains [8]. Phenolic acids
are present in all parts of plants and have many functions
(nutrients assimilation, protein synthesis, enzyme activity
regulation and photosynthesis). Phenolic acids are mostly
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linked by ester, ether or acetal bonds to other plant com-
pounds (cellulose, proteins, lignin, polyphenols) or to small
organic molecules (glucose, maleic and tartaric acid) [8].

A positive biological activity of the aerial part of the earth
smoke herb is mainly studied [1,5,6]. Based on the chemi-
cal composition, this plant material should be used in phar-
maceutical, cosmetic and food industry as a source of natu-
ral antioxidants and antimicrobial agents. But, the available
literature does not provide data about the chemical compo-
sition and biological activity of the extracts obtained from
earth smoke herb that originates in Serbia.

Having this in mind, the main goal of this work was the
extraction of aerial parts of the earth smoke herb (Fumariae
herba) from Serbia by water with hydromodulus 1:20 m/v.
Besides this, the identification of bioactive compounds in
the obtained extract by UHPLC-DAD-ESI-MS method, the
determination of total phenolics by Folin-Ciocalteu and to-
tal flavonoids by AICI, method, the antioxidant activity by
DPPH and ABTS tests and the antimicrobial activity by a
disc-diffusion method, have been performed.

Experimental

Reagents and chemicals

Folin-Ciocalteu's reagent, gallic acid, rutin, 1,1-diphe-
nyl-2-picrylhydrazyl (DPPH) radical, aluminum (Ill) chloride
hexahydrate, potassium acetate, 2,2'-azinobis (3-ethylb-
enzothiazoline-6-sulfonic acid) diammonium salt (ABTS),
potassium persulphate, butylated hydroxy-toluene (BHT)
(Sigma Chemical Company, St. Louis, USA). Water, ace-
tonitrile and formic acid used in liquid chromatography-
mass spectrometry experiments were of LC-MS grade. All
other chemicals were of analytical grade (p.a.).

Plant material

The air-dried aerial part of the earth smoke herb (Fuma-
ria officinalis L.) (Chamomilla, Banatski Karlovac, Serbia)
was used as the extraction material in this study. The plant
material was milled in a laboratory disintegrator (laboratory
electric mill "BRAUN AROMATIC KSM2"), right before the
extraction.

Extraction

The measured quantity of the milled plant material (5 g)
was poured with boiling water (100 cm?®). Extraction was
performed for 90 minutes at room temperature (hydro-
modulus, ratio of water/plant material, was 1:20 m/v). The
obtained extract was separated by filtering under a weak
vacuum. Finally, it was dried in the vacuum dryer at 40 °C
till constant mass and the content of total extractive matter
(TEM, dry extract) was calculated on the basis of the dry
residue content. Based on the obtained results, the yield of
total extractive matters was calculated in g per 100 g of the
plant material (g/100g p.m.)

Total phenolics content
The total phenolics (TP) content, in the aqueous earth
smoke extract, was determined spectrophotometrically ac-
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cording to the Folin-Ciocalteu method [9] by the previously
described procedure where gallic acid has been used as a
standard compound [10].

Total flavonoids content

The total flavonoids (TF) content in the aqueous earth
smoke extract was determined according to the aluminium
chloride method [11] by the previously described procedure
where rutin has been used as a standard compound [10].

Ultrahigh performance liquid chromatography-diode
array-electrospray ionization mass spectrometry (UHPLC-
DAD-ESI-MS) method

The liquid chromatography (UHPLC) was carried out by
using a Dionex Ultimate 3000 UHPLC+ system equipped
with a diode array (DAD) detector connected to LCQ Fleet
lon Trap Mass Spectrometer, Thermo Fisher Scientific, the
USA. The separations were performed on Hypersil gold
C18 column (50 x 2.1 mm, 1.9 um) of the same manufac-
turer, at 25 °C.

Two solvents, 0.1% (v/v) formic acid in water (A) and
0.1% (v/v) formic acid in acetonitril (B) was the mobile
phase at a flow rate of 0.250 ml/min, used in the following
gradient program (Table 1).

Table 1. Gradient program applied in UHPLC-DAD-ESI-MS
analysis

Time. min Mobile phase Mobile phase
' (A), %vol (B), %vol
0 90 10
2 70 30
5 60 40
7 50 50
9 20 80
1 10 90
12 10 90
12.1 90 10
20 90 10

The injection volume was 1.00 pl. Electronic absorption
UV-VIS spectra were recorded on DAD-detector (with to-
tal spectral range, 200 - 800 nm) at four monitoring wave-
lengths, A__ =280, 330, 360 and 410 nm. MS-analysis was
performed using a LCQ 3D-ion trap mass spectrometer
with electrospray ionization (ESI) in the negative ion mode.
The ESl-source parameters were set as follows: source
voltage 4.5 kV, capillary voltage -41 V, tube lens voltage
-95 V, capillary temperature 350 °C, sheath and auxiliary
gas flow (N,) 32 and 8 arbitrary units, respectively. MS-
spectra were obtained by the full range acquisition of
m/z 100—-1000. A data dependent scan was performed
by deploying the collision—induced dissociation (CID) in
MS/MS fragmentation study. The normalized collision
energy of CID cell was 12 eV.

The undiluted aqueous earth smoke extract in con-
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centration of 11.6 mg/cm?® was diluted 30 times in metha-
nol before subjecting to the chromatographic analysis.
The identification of rosmarinic acid was performed ac-
cording to electron absorption spectra, mass spectra -
detected molecular ions, specific MS fragmentation (MS/
MS spectra) and comparisons of the obtained spectra
with the appropriate spectra of the standard substance,
while the concentration of rosmarinic acid in the extract
was determined using the adequate calibration curve.

Antioxidant assays

DPPH-test

The ethanolic solution of DPPH radical (1 ml, 3x10+
mol/dm?®) was mixed with 2.5 cm?® of the extract in differ-
ent concentrations (1.25-40 yg/cm?). The procedure was
done in three probes. Absorbance at 517 nm of the first
probe was measured immediately, while absorbance of
the second and third probe was measured after 20 and
30 min of incubation at room temperature in the dark.
The absorbance of pure ethanolic solution of DPPH radi-
cal, diluted in an adequate proportion (1 cm® of DPPH
radical, 3x10* mol/dm?, diluted with 2.5 cm? of ethanol -
"control") was also measured, as well as the absorbance
of the extract without the addition of DPPH radical (2.5
ml of the extract diluted with 1 cm? of ethanol - "blank"). A
free radical scavenging capacity is calculated according
to Eq. 1 [12]:

The extent of DPPH radicals neutralization (%)=100— |:(Ab —A,)x 1:1)0} e (1 )
.

where A represents absorbance of the "sample”, A, ab-
sorbance of the "blank" and A_ absorbance of the "con-
trol". DPPH test of standard synthetic antioxidant (BHT)
was also performed.

ABTS-test

The modified ABTS test, applicable to lipophilic
and hydrophilic compounds was used in this work [13].
ABTSe+ radical cation is formed in the reaction of ABTS
(7%10° mol/dm?®) and potassium persulfate (2.4 mM) in
1:1 v/v volume ratio, during 12-18 h, at +4 °C, in the dark
(stock solution). After radical formation, the working solu-
tion of ABTS was prepared by diluting the stock solution
with ethanol — the control factor was the absorbance at
734 nm reaching the value of 0.7. ABTS working solu-
tion (1.8 cm?®) and 2.1 cm?® of ethanol were added in 0.1
ml of the extract (0.0195-2.5 mg/cm?®) and the absorb-
ance of the mixture was measured at 734 nm (A ) after
6 minutes of standing in the dark at room temperature.
The absorbance was also measured for a diluted ABTS
working solution (1.8 cm?® of the working ABTS solution
diluted with 2.2 cm?® of ethanol, A,) and for the extract
before ABTS radical adding (0.1 cm?® of the extract di-
luted with 3.9 cm? of ethanol, A,). Ethanol was used as
a blank. The percent of ABTS radical neutralization was
calculated using the same equation as for DPPH test
[14]. ABTS test of standard synthetic antioxidant (BHT)
has also been performed.

All experiments were carried out in three replications
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and the results represent the mean value + standard de-
viation. The obtained data were analyzed by Microsoft
Excel 2007 and Origin 7 trial.

Antimicrobial activity

The antimicrobial activity was determined against
seven microorganisms: Staphylococcus aureus (ATCC
25923), Escherichia coli (ATCC 25922), Proteus vul-
garis (ATCC 8427), Candida albicans (ATCC 2091),
Pseudomonas aeruginosa (ATTC 2785), Bacillus sub-
tilis (ATCC 6633) and Klebsiella pneumoniae (ATCC
700603). Microorganisms used in this research are part
of the collection of the Laboratory of Microbiology at the
Faculty of Technology, Leskovac. Nutrition agar (Torlak,
Belgrade, Serbia) was used for the cultivation of bacteria,
while Sabouraud maltose agar (Torlak, Belgrade, Ser-
bia) was used for the yeast growth. Medium were auto-
claved for 15 min at 121 °C and 110 kPa.

A disc diffusion method was performed as previously
described [15,16]. The inoculum was prepared by sus-
pending of several identical colonies of the overnight
culture of test microorganisms in sterile 0.8% NaCl. The
suspension was well homogenized by vortexing, and
turbidity was adjusted in comparison with 0.5 McFar-
land standard. The standardized suspension containing
1-2x108 CFU/cm? for bacteria and 1-2x10% CFU/cm? for
the yeast was swabbed on the surface of solidified agar
plates in three directions at the angle of 60°. Sterile discs
(9 mm in diameter) were placed on the agar surface and
impregnated with 60 pl of extract (dissolved in DMSO, in
concentration of 40 mg/cm?) in aseptic conditions.

The plates were incubated for 24 hours at 37 °C for
bacteria, and 48 hours at 25 °C for fungi. After incuba-
tion, the inhibition zone diameters, including the disc,
were measured and expressed in mm. Standardized
discs of Ampicilin (10 pg/disc), Cephalexin (30 pg/disc)
(Bio Rad) and Nystatin (100 U/disc) (Bioanalyse) 5 mm
diameter were used as positive, and DMSO was used as
negative control.

Results and discussion

The vyield of total extractive matter (TEM), as well as
total phenolics (TP) and total flavonoids (TF) content
were determined in the aqueous earth smoke extract
and the obtained results are shown in Table 2.

Table 2. The yield of total extractive matter, total phenolics and
total flavonoids content of the aqueous earth smoke extract

Total extractive matter, g/100 g p.m. 23.20+1.18
Total phenolics, mg GAE/g p.m. 77.67 +£1.20
Total flavonoids, mg RE/g p.m. 21.21+1.83

The higher content of TP compared to TF was deter-
mined in the extract. lvanov and coworkers (2014) have
shown that the ethanolic extract of earth smoke from
the territory of Bulgaria has a higher content of phenols
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(30.30 mg GAE/g of dry weight) and flavonoids (15.01
mg QE/g of the dry weight) compared to the extracts of
nine other Fumaria species [6]. The TP content of the
aqueous extract obtained in this work is significantly
higher compared to the ethanolic extract described by
Ivanov et al. [6], while the flavonoids content is very simi-
lar (Table 2). The usage of various extraction solvents,
as well as plant materials from different areas has prob-
ably caused the observed difference.

It is known that phenolic compounds are bioactive
molecules which possess antioxidant, anticancerogenic,
antimicrobial and anti-inflammatory properties [17,18,19].
Having in mind the increasing significance of phenolic
compounds because of their numerous in vivo positive
biological effects, the growing needs of a detailed plant
extracts analysis and the main bioactive components
identification are not surprising.

The identification of the phenolic compounds present
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in the aqueous earth smoke extract was carried out using
the ultrahigh performance liquid chromatography-diode
array-electrospray ionization mass spectrometry meth-
od. Typical UHPLC-DAD chromatograms measured at
A, =330 nm and ESI MS chromatograms ranged by
m/z of the base peaks (corresponding to molecular ions)
were shown in Figure 1a and 1b, respectively. The list of
detected compounds with the corresponding UV-Vis and
MS-data is shown in Table 3.

Seven compounds have been detected in the ex-
tract while two of them were identified as rosmarinic
and caffeic acid. The most intensive peak in chromato-
gram corresponds to rosmarinic acid (Figure 1, comp.
No.6), identified as the main component in the extract.
The identification of rosmarinic acid was done using ros-
marinic acid standard and comparing the UV-Vis and
MS-spectral data to the results from the available litera-
ture [20, 21].

6.
6.12

Adet. :330 nm

798 813 868 9.14 930

T T T T T T T T
10 15 20 25 30 35 40 45

RT: 0.83-931 SM: 76
1005

10119 451 457

232 284299 325 361 384 424 448 471 496 533 354 600

m/z 359
637 45
<% 681 725 761 790 848 858 880 gs7

Figure 1. UHPLC-chromatogram of the aqueous earth smoke extract: DAD-sig-
nal monitored at A_ = 330 nm (a), and MS-chromatogram by selected mass of

rosmarinic acid (b)
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Table 3. The compounds indentified in the aqueous earth smoke extract

Peak tr, m/z
Amax MS/MS Component
number min [M-H]-
1 1.94 310, 280 nm - - -
2 2.71 325 nm 179 - Caffeic acid?
3 5.08 276, 222 nm - - -
4 5.64 334, 268 nm - - -
583(100%),
5 5.95 326, 287,217 nm 745 -
539, 367
197,179, 161 (100%), Rosmarinic
6 6.12 330, 290, 220 nm 359
133 acid®
7 7.09 316 nm - -

aldentification using standard compounds; ldentification using standard compounds and references [20,21]; n.i. - not identified
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Figure 2. UV/Vis spectrum of rosmarinic acid in the extract of the earth smoke herb
(component 6 in Figure 1a)
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Figure 3. Mass spectrum of rosmarinic acid in the extract of the earth smoke herb
(component 6 in Figure 1a)
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Based on the literature data, several HPLC [22,23,24],
LC/MS [25,26,27] and spectrophotometric [28] methods
have been developed in order to determine the concen-
tration of rosmarinic acid in plant extracts. The concen-
tration of rosmarinic acid in plant isolates is usually very
low, while the extracts are often very complex mixtures
which require the use of modern analytical methods.

UV/Vis spectrum of rosmarinic acid in the earth
smoke herb extract (component 6 in Figure 1a) is shown
in Figure 2; mass spectrum of the same compound is
shown in Figure 3.

Taking into account its already known positive bio-
activity, rosmarinic acid is targeted as a very important
compound [29]. It was identified and quantified in the
aqueous extract using UHPLC-DAD-ESI-MS method.
According to retention time (t, = 6.12 min; Figure 1a),
MS-chromatogram by selected mass of rosmarinic acid
(Figure 1b), UV/Vis spectrum (Figure 2) and the ad-
equate MS/MS fragmentation of molecular ions (Figure
3) detecting m/z 197, 179 and 161 fragments (Table 3),
compound 6 shown in Figure 1 has been identified as
rosmarinic acid. The standard of rosmarinic acid, as well
as the literature data published earlier [21], has also
been used in the identification of compound 6.

The calibration curve of rosmarinic acid was con-
structed (Figure 4) in order to determine its concentration

RT: 0.00 - 20.05
BDUDCé
zsonté
ZDODO%

5 ]
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Sis000] 00

10000] 080

5000
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in the obtained extract. The experiment was performed
in five repetitions and the mean values + standard devia-
tions are presented in the graphs.
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Figure 4. The calibration curve of rosmarinic acid constructed
according to data from chromatograms measured at A__ =330
nm

The UHPLC chromatogram of rosmarinic acid stand-
ard dissolved in methanol is shown in Figure 5. Rosmarin-
ic acid was identified at retention time of 6.12 - 6.24 min.
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Figure 5. UHPLC chromatogram of rosmarinic acid in methanol: DAD-signal at A
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(upper part) and MS-chromatogram monitored by rosmarinic acid mass (lower part)

The obtained UV-Vis (a) and mass spectra (b) of ros-
marinic acid are shown in Figure 6. By configuration, the
electronic absorption spectrum of rosmarinic acid corre-
sponds to the spectra of phenolic acids where it belongs
as a derivative of caffeic acid and 2-hydroxy derivative
of hydroxycaffeic acid: a maximum at 329 nm and a
shoulder at 290 nm (Figure 6a). The mass spectrum of
rosmarinic acid shows three major fragmentation ions at

m/z 197, 179 and 161 (Figure 6b) originating from mo-
lecular ion at m/z 359 [M-H]- and corresponding to main
rosmarinic acid constituents - dihydrocaffeic acid deriv-
ative, caffeic acid and a fragment formed by the water
molecule elimination from the m/z 179 ion, respectively
[21].
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Figure 6. UV-Vis (a) and mass spectrum (b) of rosmarinic acid

According to the calibration curve, the concentration
of rosmarinic acid in the aqueous extract (Fig. 4) was
determined to be 1.94 mg/cm?, i.e. its content calculated
per gram of the dry extract is 16.7 g/100 g, which im-
plies that rosmarinic acid is present in a relatively large
percentage. Rosmarinic acid is isolated from rosemary
leaf for the first time [30]. Plants containing rosmarinic
acid, as Rosmarinus officinalis and Sanicula europea,
are used in the cosmetic industry due to their antioxidant
properties originating from rosmarinic acid itself [29].
Many biological properties of rosmarinic acid are known:
astringent effect, antiinflammatory, antimutagenic, anti-
bacterial and antiviral activity. The extract of lemon balm,
which also contains rosmarinic acid, is used in the ther-
apy of Herpes simplex [29]. Several studies have shown
that rosmarinic acid could be introduced as a new thera-
peutic agent in the atopic dermatitis treatment [30], mak-
ing the results presented in this work exceptionally valu-
able, leading to the conclusion that the aqueous extract
of the earth smoke herb represents a valuable source of
rosmarinic acid potentially applicable in pharmaceutical
and cosmetic industry.

Furthermore, the aqueous earth smoke extract has
been subjected to the antioxidant activity testing by two

different systems, DPPH and ABTS test. The scaveng-
ing capacity of DPPH and ABTS radical in the function of
the extract concentration is presented in Figures 7 and
8, respectively, while the EC, values of the extract and
standard antioxidant are shown in Table 4.

o
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DPPH radical neutralization, %
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Figure 7. The capacity of DPPH radical neutralization by the
aqueous extract of the earth smoke herb
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Figure 8. The capacity of ABTS radical neutralization by the
aqueous extract of the earth smoke herb

Table 4. The EC,, values for the aqueous earth smoke extract
and synthetic antioxidant BHT

ECso, ug/cm3 (DPPH test)

Without incubation 48.6+1.85
20 min incubation 8.18 + 1.35
30 min incubation 7.38 +1.05
BHT 20 min incubation 21.0£1.0
ECso, ug/cm? (ABTS test)
Extract 96.0 £ 2.15
BHT 81.0+1.0

Many investigations have reported high linear correla-
tion between the antioxidant activity of different plant ex-
tracts and total phenolics and flavonoids in the extracts
[31,32]. Having in mind that rosmarinic and caffeic acids,
well known as good antioxidants [17,18,19], have been
identified in the aqueous earth smoke extract (Table 3),
as well as that a relatively high content of rosmarinic acid
has been determined, it could be expected that the an-
tioxidant activity due to these compounds presence, but
it is most likely that the antioxidant activity comes from
a synergistic effect of all bioactive components isolated
from the plant material, with or without the antioxidant
activity.

Ethanolic extracts of aerial parts from different Fuma-
ria species from Bulgaria [6] and the methanolic extract
of aerial parts from F. officinalis from Turkey [1] showed
the antioxidant activity which is in accordance with our
results [6]. At the same time, the ethanolic extract from F.
officinalis showed a lower antioxidant activity compared
to the aqueous extract in this study probably because of
different chemical composition [6].

The aqueous extract obtained from the earth smoke
herb showed a better antioxidant activity than synthetic
antioxidant BHT (Table 4). Previous studies reviewed
that BHT is one of the most commonly used antioxidants
with harmful effects on humans [33]. According to the re-
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sults presented in this study, the obtained extract could be
considered as a natural alternative to BHT with potential
application in pharmaceutical, cosmetic and food industry.

The aqueous extract of the earth smoke herb has
shown the antimicrobial activity against four tested mi-
croorganisms: C. albicans, P. vulgaris, P. aeruginosa and
K. pneumoniae (Table 5).

Table 5. Antimicrobial activity of the aqueous earth smoke ex-
tract

Microorganism Inhibition zone, mm

Extract Amp Ceph Nys
C. albicans 23 n.t. n.t. 17
P. vulgaris 18 13.2 n.t. n.t.
P. aeruginosa 16 n.t. n.t. n.t.
B. subtifis n.e. n.t. 48 n.t.
K. pneumoniae 15 n.t. 13 n.t.
S. aureus n.e. 36.7 26 n.t.
E. coli n.e. n.t. 26 n.t.

Amp-Ampicilin; Ceph-Cephalexin; Nys-Nystatin; n.e. - no effect; n.t.-no treated

The highest antimicrobial activity of the aqueous
earth smoke extract was observed against C. albicans
and P. vulgaris. Sengul and coworkers (2009) reported
that the methanolic extract of the aerial part of earth
smoke showed a moderate antimicrobial activity against
a large number of microorganisms. On the other hand,
in the same research, the aqueous extract had no or
very low activity against the same microorganisms [1]. In
the research of Erdogrul (2002) ethyl acetate, methanol,
chloroform and acetone extracts of Fumaria officinalis
showed no activity against 12 analyzed microorganisms
[34]. The results of antimicrobial activity of the aqueous
earth smoke extract presented in this paper should not
be neglected. It can be assumed that it is a result of a
synergistic effect of different bioactive compounds of the
extract since a biological activity of rosmarinic acid is al-
ready well known [29]. According to the results obtained,
the aqueous earth smoke extract could be used for the
production of phytopharmaceutical formulations with an-
timicrobial activity.

Conclusion

In conclusion, two components are identified in the
aqueous earth smoke extract: caffeic and rosmarinic
acid. The aqueous extract of earth smoke herb showed
the antioxidant activity in vitro, demonstrated by DPPH
and ABTS tests. This study promotes the potential of
the earth smoke grown in Serbia, as a promising source
of valuable phenolic compounds with high antioxidant
potential and health beneficial properties. Further, the
prepared extract has shown the antimicrobial activity
against four microorganisms: C. albicans, P. vulgaris,
P. aeruginosa and K. pneumoniae. The highest antimi-
crobial activity has been expressed against C. albicans
fungus. Based on the above, the obtained earth smoke
extract is a source of natural antioxidants and antimicro-
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bial agents, e.g. natural products with the potential appli-
cation in food, pharmaceutical and cosmetic industry. It
could be taken into account as natural alternative to syn-
thetic additives, expanding the applications of the earth
smoke extract from ethnomedicine to the industrial use
as a food and cosmetics preservative.
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lzvod

ANTIOKSIDATIVNA | ANTIMIKROBNA AKTIVNOST VODENOG EKSTRAKTA
DIMNJACE (Fumaria officinalis L.)

Ljiljlana Stanojevi¢', Jelena Zvezdanovi¢', Bojana Danilovi¢', Dragan Cvetkovic',
Jelena Stanojevi¢', Dusica lli¢?, Milorad Caki¢'

1Tehnologki fakultet, Leskovac, Univerzitet u NiSu, Srbija
2Istraiivar':ko—razvojni centar ,ALFATEC" doo, Ni$, Srbija

U istrazivanju je kori§¢en nadzemni deo dimnjaCe (Fumaria officinalis L.) kao ek-
strakcioni materijal. Biljni materijal je preliven klju¢alom vodom pri hidromodulu
1:20 m/v i ostavljen da stoji 90 min na sobnoj temperaturi u cilju dobijanja vodenog
ekstrakta. Identifikacija bioaktivnih komponenti u ekstraktu izvrSena je primenom
UHPLC-DAD-ESI-MS analize. Sadrzaj ukupnih fenola i ukupnih flavonoida
odreden je spektrofotometrijski metodom po Folin-Ciocalte-u i metodom sa AICI,,
respektivno. Antioksidativna aktivnost je takode odredena spektrofotometijski pri-
menom DPPH i ABTS testa. Antimikrobna aktivnost ekstrakta odredena je disk-
difuzionom metodom na slede¢e patogene mikroorganizme: Candida albicans,
Proteus vulgaris, Pseudomonas aeruginosa, Bacillus subtilis, Staphylococcus au-
reus, Escherichia coli i Klebsiella pneumoniae. U ekstraktu je registrovano sedam
komponenti, dok su identifikovane dve, kafeinska i ruzmarinska kiselina. Najzastu-
plienija komponenta u ekstraktu je ruzmarinska kiselina (16,7 g/100 g suvog ek-
strakta). Sadrzaj ukupnih fenola je bio 77,67 mg EGK/g suvog ekstrakta, dok je
sadrzaj ukupnih flavonoida bio 21,21 mg ER/g suvog ekstrakta. Koncentracija ek-
strakta potrebna za neutralisanje 50% od pocetne koncentracije DPPH radikala
nakon 30 min inkubacije, 20 min inkubacije i neposredno nakon dodavanja DPPH
radikala iznosila je 7,38; 8,18 i 48,6 ug/cm?, respektivno, dok je potrebna koncen-
tracija za neutralisanje 50% od pocetne koncentracije ABTS radikala iznosila 96,0
pg/cm®. Ekstrakt je pokazao najbolju antioksidativnu aktivnost na gljivu Candida
albicans. Prezentovani rezultati pokazuju da dobijeni vodeni ekstrakt nadzemnog
dela dimnjaCe predstavlja potencijalni izvor prirodnih antioksidanasa i antimikrob-
nih agenasa.
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