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ABSTRACT: The aim of this work was to prove the antioxidant activity of the mixture of selected
medicinal herbs, composed to stimulate digestion, in cookies in order to create new functional food
formulations. Initially, the composition and quantity of plant phenolics of Petroselini fructus, Frangulae
cortex, Mentha piperitae folium, Carvi fructus, Betulae folium and the “Vitalplant” mixture were tested, as
these compounds had been shown to be the most responsible for the antioxidant activity of plant
materials. Antioxidant activities and thermal stability of above mentioned medicinal plant extracts were
tested by six direct and indirect tests. In the final part of the thesis, the potential of “Vitalplant® mixture to
retard the process of lipid oxidation and to elevate the antioxidant potential of cookies were tested.
According to the obtained results, all tested plant drugs are rich source of plant phenolics, and at the
same time possess antioxidant activity in all applied tests. Referring to the thermal stability of extracts,
significant changes in antioxidant activities were not found after the thermal treatment. “Vitalplant”
addition improved antioxidant activity and oxidative stability of the cookies dose-dependently, indicating

its potential as an ingredient for functional food formulations.
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INTRODUCTION

Spices and herbs have been added to foods
since ancient times, not only as flavoring
agents, but also as folk medicines and food
preservatives (Milovanovi¢ et al., 2009,
Sari¢ et al., 2009; Skrinjar et al., 2009).
Although they can be contaminated by
pesticides, heavy metals and microor-
ganisms (Misan et al., 2007; Mati¢ et al.,
2008; Milovanovi¢ et al., 2008), medicinal
plants are generally recognized by the
consumers to be safe. Presently, there is an
increasing interest both in the industry and
in the scientific research of spices and
aromatic herbs because of their strong
antioxidant properties (Kabi¢ et al., 2008).
Phenolic substances have been shown to
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be the most responsible for the antioxidant
activity of plant materials.

In this study, a selection of medicinal plants
with proven pharmacological action and
also rich in plant phenolics was made. Par-
sley fruit (Petroselini fructus) has been
known for its diuretic action due to the pre-
sence of apiole in its essential oil. Buckthorn
bark (Frangulae cortex) contains anthrax-
quinone glycosides with purgative effects.
Mint leaves (Mentha piperitae folium) and
caraway fruit (Carvi fructus) essential oils
are frequently used in herbal drugs for treat-
ment of abdominal discomfort and pain.
Birch leaves (Betulae folium) have been
known for its diuretic effects.
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The objective of this research was to eva-
luate antioxidant activity of the ethanolic ex-
tracts of above mentioned herbal drugs and
of the mixture of these medicinal herbs “Vi-
talplant® (Frangulae cortex (35%), Menthae
piperitae folium (20%), Carvi fructus (20%),
Petroselini fructus (25%)) and how it was
affected by thermal treatment, as well as the
potential of “Vitalplant® mixture extract and
pulvis to retard the process of lipid oxidation
in cookies enriched with the mixture.

MATERIAL AND METHODS

Ethanolic extracts of commercially available
herbal drugs (Petroselini fructus, Frangulae
cortex, Mentha piperitae folium, Carvi fruc-
tus, Betulae folium) and “Vitalplant® mixture
were compared by: 1) identification and
guantification of main phenolic acids and
flavornoids, the content of total plant phe-
nolics and flavonoids, and 2) estimation of
antioxidant activity by different direct and
indirect methods (through measuring sca-
venging activity on 1,1-diphenyl-2-picryl-
hydrazyl (DPPH’), hydroxyl (‘OH) and
superoxide anion (O,") radicals, reducing
power, chelating activity on Fe** and anti-
oxidant activity based on coupled oxidation
of R-carotene and linoleic acid (AOA) (Mi-
8an et al.,, 2009). Thermal stability of ex-
tracts was determined by measuring the re-
sidual antioxidant activity after heating (si-
mulated baking process) (MiSsan et al,
2008).

Chemical composition of extracts

In the first part of this thesis, a special focus
on identification and quantification of plant
phenolics in selected herbal drugs was
made, since phenolic acids and flavonoids
may significantly contribute to their overall
antioxidant activity. Referring to the ob-
tained amounts of total phenolics, signifi-
cant differences (P <0.05) were found
among extracts in the following order:
mint > buckthorn > “Vitalplant® > parsley >
caraway. Total flavonoid content varied from
0.510% (parsley) to 2.05% (“Vitalplant®).
Determination of the amounts and species
of polyphenols in crude extracts is one of
the greatest challenges for analysts be-
cause of the number of natural phenolics
belonging to different classes. As a part of
the research, a new rapid resolution HPLC

method was developed to enable a rapid
separation of a mixture which consisted of
hydroxybenzoic acids, hydroxycinnamic
acids, flavones, flavonols, flavanone, fla-
vonol-glycoside and antraquinone, in a
single run, within 22 minutes (MiSan et al.,
2011). According to the obtained results,
crude ethanolic extract of mint was the most
abundant in rosmarinic acid. Birch extract is
rich in glycosides of quercetin and myricetin,
chlorogenic acid and various other low-
molecular phenolics, while caraway extract
in kaempferol and quercetin glycosides.
Quantitative analysis of phenolic com-
pounds in the ethanolic extract of parsley
has shown the presence of gallic acid,
protocatechuic acid, caffeic acid, trans-
cinnamic acid, luteolin, kaempferol and
apigenin. In the buckthorn extract which
contains up to 8% anthraquinone glycol-
sides, the presence and content of nume-
rous phenolic acids and flavonoids was
confirmed and determined. “Vitalplant® mix-
ture contains wide range of phenolic com-
pounds, free phenolic acids and phenolic
acids derivatives. Flavonoids are mainly
present in glycosidic form and therefore hy-
drolysis resulted in the increased content of
aglycones.

Antioxidant activity of medicinal plants

In the second part of the thesis, due to a
lack of a protocol for the in vitro estimation
of the antioxidant activity of medicinal
plants, six tests ((ESR) spectroscopy and
spectrophotometry) were used for testing
the efficiency of the extracts. Referring to
the obtained results, the mint extract was
shown to possess the highest antioxidant
capacity in all but in the AOA test, in which
buckthorn bark extract had the highest
activity. Birch leaves possessed a relatively
high antioxidant capacity in all of the tests,
while parsley extracts had a relatively low
antioxidant activity in comparison to the
other tested samples. Caraway fruit had the
lowest content of total phenolics, but the
highest scavenging activity towards ‘OH.
Commercial mixture “Vitalplant” exhibited a
relatively high antioxidant activity in most of
the tests, which can be explained by syner-
gistic effects of its components. Referring to
the thermal stability of extracts, significant
changes in antioxidant activities were not
found after thermal treatment (Table 1).
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Table 1.

Scavenging activity against DPPH" of the ethanolic extracts before and after thermal treatment.

Scavenging activity against DPPH’

Non treated

Thermaly treated

Sample ICs50 (mg/ml) £ SD ICs59 (mg/ml) £ SD
Mint leaves 0.172 + 0.002° 0.167 + 0.003"
Buckthorn bark 1.18 + 0.210° 0.920 + 0.180*
Birch leaves 0.632 + 0.005% 0.580 + 0.016®
Caraway fruit 2.06 +0.137° 1.82 + 0.045°
Parsley fruit 4.65 + 0.820° 4.79 + 0.005°

Vitalplant

0.893 + 0.022%°

0.792 + 0.076%

Values followed by different literals indicate significant differences according to Duncan s test (P<0.05).

Supplementation of cookies with
“Vitalplant“ mixture
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Figure 1. MDA content and DPPH radical scavenging activities of “Vitalplant* enriched cookies during 6
weeks of storage

Third part of the thesis refers to the invest-
tigation of the potential of “Vitalplant® mix-
ture to retard the process of lipid oxidation
in cookies, investigated by malonyldialde-
hyde (MDA) and DPPH tests.

As a part of a study, new wire-cut cookie
formulations were developed by supple-
menting basic cookie formula with “Vital-
plant® mixture under the laboratory condi-
tions. By adding pulvis and ethanolic ex-
tractof the herbal mixture “Vitalplant® to the
basic formulation, each at three levels, apart
from the control sample, cookies were
prepared to provide six variations: 2%, 4%,
and 6% addition.

Vitalplant” addition improved antioxidant ac-
tivity and oxidative stability of the cookies in
a dose-dependen manner (Figure 1). Addi-
tion of pulvis was more efficient in retarding
oxidative changes than the addition of ex-
tract.

CONCLUSION

According to the obtained results, all of the
tested plant drugs are rich source of plant
phenolics, and at the same time possess
antioxidant activity in all applied tests. Re-
ferring to the thermal stability of extracts,
significant changes in antioxidant activities
were not found after the thermal treatment.
Regarding the obtained results, “Vitalplant”
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mixture has a potential as an ingredient for
functional food formulations.

Further research needs to be done in order
to confirm the functionality of the “Vitalplant®
supplemented cookies through in vivo stu-
dies and acceptability of the products
through consumer’s studies.
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AHTUOKCUOAHTHA CBOJCTBA XPAHE CA AOAOATKOM
NEKOBUTOI' BUIBA

AnekcaHgpa MuwaH

- N3800 u3 0okmopcke ducepmauuje -

Lnre oBor paga 6vo je ga ce gokaxe aHTMOKCMOAHTHA akTUBHOCT CMece FeKOBUTOr
Ourba y Kekcy, HaMeHCKM KOMMOHOBaHe Ada CTuMmynuwe gurectujy, wto 6u 6una nonasHa
OCHOBa 3a kpeupame HOBUX (byHKUMOHanNHMx npoussoga. Npea ¢asa paga je obyxsatuna
ucnuTMBawe cactaBa U cagpxaja deHona OurbHux gpora: Petroselini fructus, Frangulae
cortex, Mentha piperitae folium, Carvi fructus, Betulae folium n cmece “Vitalplant”, jep je
no3HaTo da Cy OBa jeAubera HOCMOUM aHTUOKCUMOAHTHE aKkTMBHOCTU Yy Ourbkama. Y
HacTaBKy UCTpaxuBaka, UCMNTaHa je aHTUOKCUAAHTHA aKTUBHOCT U TepMMYKa CTabunHocT
eKcTpakaTa ropeHaBefeHnx Gurbaka NPMMEHOM LUECT ANPEKTHUX N MHOMPEKTHMX TECTOBA.
Y nocneghoj dasm mncnutaHa je cnocobHocT cmece “Vitalplant” nHxmnbupawa npoueca
okcupauuje nunuga n noBehaBawa aHTUOKCMAAHTHE aKTMBHOCTU Kekca. Pesyntatm cy
nokasanu pga cy wucnutMBaHe Owurbke ©OoraT um3Bop OurbHuMX beHona u ga nocenyjy
AHTUOKCUMAAHTHY aKTUBHOCT Y CBUM NPUMEHEHMM TECTOBUMA. HakoH TepMUYKor TpeTmaHa,
HWje OOoWo A0 3HavajHe NPOMEHEe Y aHTMOKCMAAHTHOj akTMBHOCTU. OborahmBame Kekca
“Vitalplant” cmecom, ynpaBo nponopuMOHanHO HeHOM capajy, 4oBoau [0 noBehamna
AHTUOKCMAAHTHE aKTMBHOCTM KEKCa U CMakeHa CTeNeHa NunuaHe nepokcugauuje, Ymve je
[OKa3aH HeH NoTeHumMjan 3a pa3Boj (OyHKLMOHANHMX Npon3eoaa.

Krbque pe4dn: nekoBnTo 6I/IJ'be, adHTUOKCUOAHTWN, O,EI,KCVID,aLl,I/Ija aunmnaa, Kekc



