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Introduction

Objective: Comparative evaluations of the phenolic compounds and
antioxidant capacity to various seeds from the Apiaceae family to which
belong: Foeniculum vulgare (Fennel), Anethum graveolens (Dill), Pimpinella
anisum (Anise), Carum carvi (Caraway) and Coriandrum sativum
(Coriander) were carried out.

Methods: The seeds were analysed for their tannins content by
titrimetric method; rutin was determined spectrophotometrically by using
ammonium molybdate; the total phenolics content was determined by using
Folin-Ciocalteu  assay; the total flavonoids were  measured
spectrophotometrically using the colorimetric reaction with aluminum (I11)
chloride. Antioxidant capacity was also analysed spectrophotometrically by a
2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging effect of the
seeds.

Results: The total phenolic and flavonoid contents of the

Foeniculum vulgare (Fennel) varied between 115.96 mg GAE/100g and
68.10 mg CE/100g. This content for the Coriandrum sativum (Coriander) is
lower (between 17.04 mg GAE/100g and 11.10 mg CE/100g, respecively).
The content of rutin and tannins of the Foeniculum vulgare (Fennel) varied
between 2.81 % and 1.52 %. It was found to be much higher than the rutin
content of the Coriandrum sativu (Coriander) (between 0.99 % and 0.42 %,
respectively). The highest radical scavenging effect was observed in the
Foeniculum vulgare (Fennel) with IC50 of 113.19 mL/L.
Conclusions: In the present study, the seeds from the Apiacea family to
which belong: Foeniculum vulgare (Fennel), Anethum graveolens (Dill),
Pimpinella anisum (Anise), Carum carvi (Caraway) and Coriandrum
sativum (Coriander), were studied as sources of natural antioxidants. The
results from the antioxidant assays show that all seeds can act as radical
scavengers to a certain extent. Further studies in this area are in progress.

Copy Right, 1JAR, 2013,. All rights reserved.

From ancient times, the herbs and aromatic spices have been used due to their culinary qualities and
medicinal properties, including their antioxidant activity (Albano S.M. and Migel M.G., 2011). Seeds of many
plants and herbs are evaluated to measure their levels of phenolic phytochemicals, containing high antioxidant
activity (Kwon Y.1. et al., 2011). Phenolic phytochemicals are used by plants to protect them from abiotic and biotic
stresses, but are equally beneficial to preventing and combating human chronic diseases linked to oxidative stress

(Shetty K. and Wahlgvist M.L., 2005).
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The Apiaceae or Umbelliferae is a family of usually aromatic plants with hollow stems commonly known as
umbellifers (Sahebkar A. and Iranshahu M., 2010). The genus Ferula, belonging to the family Apiaceae, comprises
about 170 species. These are produced from central Asia westward to northern Africa (Pimenov M.G. and Leonov
M.V., 1993; Sahebkar A. and Iranshahu M., 2010). The Iranian flora comprises of 30 species of Ferula, of which
some are endemic (Mozaffarian V., 1983, 1996; Sahebkar A. and Iranshahu M., 2010). The popular Persian name of
the most species is “Koma” (Mozaffarian V., 1996; Sahebkar A. and Iranshahu M., 2010). Notable members of this
family include Anethum graveolens (Dill), Anthriscus cerefolium (chervil), Angelica spp. (Angelica), Apium
gravolence (celery), Carum carvi (caraway), Coriandrum sativum (coriander), Cuminum cyminum (cumin),
Foeniculum vulgare (fennel), Ferula gummosa (galbanum), and Pimpinella anisum (anise). The aromatic smell of
most species is due to the presence of essential oil or oleoresin in their different organs [Singh V. and Jain D.K.,
2007; Sahebkar A. and Iranshahu M., 2010).

Plants from the family Apiaceae are commonly used as food, flavoring of foods and for medical purposes.

In particular, the seeds from family Apiaceae are known to be used as a household remedy for complications such as
hypertension (Gilani A.H. et al., 2005). Various beneficial effects have been observed for seed extracts belonging to
the Apiaceae family and lot of them have been evaluated. Essential seed oils from the Foeniculum vulgare (Fennel),
such as anethole and limonene, are used for medical purposes, and the seeds are also used as tranquilizers and tonics
(Oktay M. et al., 2003). Aqueous extracts of fennel seeds are observed for their hypotensive effects in a dose related
manner (Oktay M. et al., 2003). Anethum graveolens (Dill) seed extract is used to treat diarrhea, ingestion and
common colds (Husain S.Z. et al, 2008), and Dill is also fed to cows and goats for improving milk production (Lans
C. et al., 2007). Coriandrum sativum (Coriander) seeds are often used as food flavoring agent and to treat ulcers
(Husain S.Z. et al, 2008). Carum carvi (Caraway) plant is beneficial in treatment and management of type Il
diabetes and cardiovascular diseases, and evokes beneficial effects on the elevation of lipids in the bloodstream (
Lemhadri A. et al., 2006). The Pimpinella anisum (Anise) belongs to the Middle Eastern region, where it is used as
an aromatic spice and to help in digestion (Arslan N. et al., 1982).
The chemistry of genus Ferula has been studied by many investigators. To date, more than 70 species of Ferula
have been investigated chemically ( Murray R.D.H. et al., 1982; Tamemoto K. et al., 2001; Kogure K. et al., 2004;
Iranshahi M, et al., 2008; 2010; and Iranshahi M. et al., 2004, 2007, 2008, 2009; Sahebkar A. and Iranshahi M.,
2010). The plants of this genus are well documented as a good source of biologically active compounds such as
derivatives (Motai T. et al., 2004; Sahebkar A. and Iranshahu M., 2010), and sulfur containing compounds ( Zhi-da
M. et al., 1987; Rajanikanth B. et al., 1984; Al-Said M.S. et al., 1996; Iranshahi M. et al., 2003, 2006, 2009;
Sahebkar A. and Iranshahi M., 2010; Sahebkar A. et al.).

The high content of polyphenols and vitamins that is due to high total phenolic and total antioxidant
activity, gives an excellent rationale for using plant sources for medical purposes. It has been suggested that the high
antioxidant activity potential is often due to certain phenolic compounds (Kiselova Y. et al., 2006). The usefulness
of antioxidants in our diet could be described as the slowing down of the oxidation of fats (Yen G.C. and Duh P.D.,
1994; Zheng W. and Wang SY., 2001), as well as being related to the free radicals or the active oxygen scavengers
(Oktay M. et al., 2003). Natural sources of antioxidants have the capability to protect against free radicals and
chronic diseases (Oktay M. et al., 2003), whereas synthetic sources of antioxidants are restricted due to their
carcinogenicity (Zheng W. and Wang S.Y, 2001; Sallem F., 2010).

In this present study, the seed extracts of some Bulgarian plants: Foeniculum vulgare (Fennel), Anethum
graveolens (Dill), Pimpinella anisum (Anise), Carum carvi (Caraway) and Coriandrum sativum (Coriander) have
been evaluated for their total phenolics and flavonoids, rutin, tannins and the antioxidant capacity (DPPH) of the dry
seeds.

MATERIALS AND METHODS

Plant material

The study covered some varieties of species from different regions of Bulgaria: Foeniculum vulgare (Fennel),
Anethum graveolens (Dill), Pimpinella anisum (Anise), Carum carvi (Caraway) and Coriandrum sativum
(Coriander). The sampling lasted one year according to the seasonality of harvesting for individual species. All

sample data are stated in the sampling protocol. The dried seeds were kept in a dry place until further use.

Chemical reagents: Methanol HPLC grade; Gallic acid; (+)-Catechin; Folin-Ciocalteu’s phenol reagent; Sodium
carbonate, Sodium nitrite; Aluminium (l11) chloride; Sodium hydroxide; Rutin; Ammonium molybdat; Indigo
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carmine; 0.1 N Potassium permanganate (water solution); 96% - 98% Sulfuric acid; 2,2-diphenyl-1-picrylhydrazyl
(DPPH-); Ascorbic acid. All chemicals were of analytical grade (Sigma Chem. Co.).

Sample preparation

The phenolic and flavonoid compounds were extracted from a 0.5 g dried sample by 50 mL 80% aqueous methanol
in an ultrasonic bath for 20 minites. An aliquot (2 mL) of the extracts was ultracentrifugated for 5 minutes at 14 000
rpm (Marinova D. et al., 2005).

Determination of total phenolics assay

The total phenolic contents of dry herbs were determined by using the Folin-Ciocalteau assay. An aliquot (1 mL) of
extract or standard solution of gallic acid (20, 40, 60, 80 and 100 mg/L) was added to 25 mL volumetric flask,
containing 9 mL of destilled deionised water (dd water). A reagent blank (using dd water) was prepared. One
milliliter of Folin-Ciocalteu’s phenol reagent was added to the mixture and shaken. After 5 minutes, 10 mL 7%
Sodium carbonate solution was added to the mixture. The solution was diluted to the mark (25 mL) with dd water
and shaken. After incubation for 90 minutes at room temperature, the absorbance against the reagent blank was
determined at 750 nm using an UV-VIS Spectrophotometer CARY Varian (Varian Australian Pry. Ltd) . The total
phenolic contents of the dry herbs were expressed as milligrams of gallic acid equivalents (GAE) per 100 grammes
dry weight (mg GAE/100g dw). All samples were analysed in triplicate (Marinova D. et al., 2005).

Determination of total flavonoids assay

Total flavonoid contents were measured by aluminum chloride colorimetric assay. An aliquot (1 mL) of extracts or
standard solution of (+)-catechin (20, 40, 60, 80 and 100 mg/L) was added to 10 mL volumetric flask, containing 4
mL dd water. To each flask was added 0.3 mL 5% sodium nitrite. After 5 min, 0.3 mL 10% aluminium (111) chloride
was added. After six minutes, 2 mL 1 M Potassium permanganate was added and the total volume was made up to
10 ml with dd water. The solution was mixed well and the absorbance was measured against the reagent blank at
510 nm using an UV-VIS Spectrophotometer CARY Varian (Varian Australian Pry. Ltd). The results for the total
flavonoid contents of dry herbs were expressed in milligrams of (+)-catechin equivalents (CE) per 100 grammes dry
weight (mg CE/100g dw). All samples were analyzed in triplicate (Marinova D. et al., 2005).

Sample preparation

A sample (1 to 5 g) was extracted by 15 mL 80% methanol at room temperature. After filtration the samples were
transfered into 50 mL volumetric flask and diluted to the volume by 80% methanol (Atanassova M. and Christova-
Bagdassarian V., 2009).

Rutin assay

The rutin content in dry seeds were analyzed according to The International Pharmacopoeia and AOAC
International method, modified using 80% aqueous methanol. The aliquot of 2 mL solution was pipetted into 50 mL
volumetric flask, diluted to 2 mL with dd water and 5 mL ammonium molybdat was added. The solution was refilled
to the mark (volume of 50 mL) with dd water and mixed. The rutin standard solution was prepared by dissolving
0.0200 g into 2 mL methanol and diluting to the volume of 50 mL with 80% aqueous methanol. An aliquot (1 mL)
of standard solution was transferred into 50 mL volumetric flask and was diluted to the mark by dd water. A reagent
blank (using dd water) was prepared. The absorbance against the reagent blank was measured at 360 nm by using an
UV-Vis Spectrophotometer CARY Varian (Varian Australian Pry. Ltd). All samples were analyzed in triplicate
(Atanassova M. and Christova-Bagdassarian V., 2009).

Calculations (based on the mean value, n=3):
The content (%) of rutin (R) in sample is done by formula:
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Aampie X C x50 %100
Ay xW x2

R(%) =

, Where

Asample —iS the absorbance of the sample at 360 nm (average value, n=3), Ayq is the absorbance of the standard
solution at 360 nm, C is the concentration of the standard solution of rutin (g/mL), W is the weight (g) of the sample
analysed, 2 — is the volume (mL) of the sample analysed, 100 - percents, %.

Sample preparation

The sample of dry herbs (3 g) was weighted, extracted with dd water into 250 mL volumetric flask at room
temperature for 4 hours and filtered (Atanassova M. and Christova-Bagdassarian V., 2009).

Tannins assay

The analyses of tannins content in dry herbs were performed according to The International Pharmacopoeia and
AOAC method, after modifiing. The volume of 25 mL of the sample extract was measured into 1 L conical flask,
and then 25 mL indigo solution and 750 mL dd water were added. After mixing, the blue solution was titred with 0.1
N Potassium permanganate until a green color, and then a few drops were added at this time until the solution
became golden yellow coloured. The standard solution of Indigo carmine was prepared (dissolve 6 g indigo carmine
in 500 mL dd water by heating, cooling and add 50 mL 96% - 98% Sulfuric acid, dilute to 1 L and filter). Similarly,
the mixture of 25 mL indigo carmine solution and 750 mL dd water was titred for the blank sample. All samples
were analyzed in triplicate (Atanassova M. and Christova-Bagdassarian V., 2009).

Calculations (based on the mean value, n=3):
The content of tannins (T, %) in sample is done by formula:

T 9= (V -V, )x0.004157 x 100
’ gx25

, Where

V is the volume of 0.1 N Potassium permanganate from titration of the sample, mL; V, is the volume from 0.1 N
Potassium permanganate for titration of blank sample, mL; 0.004157 is the Tannins equivalent coefficient for 1 mL
of 0.1 N Potassium permanganate; g is the mass of the analysed sample, g; 250 is the volume of the volumetric
flask, mL.

DPPH assay

The most commonly used antioxidant methods are ABTS: and DPPH. Both of them are characterized by excellent
reproducibility under certain assay conditions, but they also show significant differences in their response to
antioxidants. The DPPH free radical (DPPH-) does not require any special preparation, while the ABTS radical
cation (ABTS-) has to be generated by enzymes or chemical reactions (Wojdylo A. et al., 2007). In the DPPH free
radical method, the antioxidant efficiency is measured at the ambient temperature and thus eliminates the risk of
thermal degradation of the molecules tested (Bondel V. et al, 1997). The hydrogen atom or electron donation
abilities of the corresponding extracts and some pure compounds were measured from the bleaching of the purple-
colored methanol solution of 1,1-diphenly-2-picrylhydrazyl (DPPH). This spectrophotometric assay uses the stable
radical DPPH as a reagent. One thousand microlitres of various concentrations of the extracts in ethanol were added
to 4 mL of 0.004% methanol solution of DPPH. After a 60 min incubation period at room temperature, the
absorbance was measuread against a blank at 517 nm. All spectrophotometric data were acquired using a HeXios
UV-Vis spectrophotometer (Unicam Specrophotometer, Great Britain). Disposable cuvettes (1 cmx | cm x 4.5cm)
from Ratiolab (Dreieich, Germany) were used for visible absorbance measurements.

Calculations (based on the mean value, n=3):
Inhibition of free radical by DPPH in percent (1C %) was calculated by formula
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Ablank - Asample

lank

Apiank is the absorbance of the control reaction (containing all reagents, except the test compound); Asampe IS the
absorbance of the test compound.

Extract concentration providing 50% inhibition (1C50%) was calculated from the graph plotting the relation between
the inhibition percentage and the extract concentration [Gezer K. et al., 2006; Bektas T.L. et al., 2007). The
objectives of this study were to evaluate and compare total antioxidant capacity to some Bulgarian plants (dry seeds)
the Foeniculum vulgare (Fennel), Anethum graveolens (Dill), Pimpinella anisum (Anise), Carum carvi (Caraway)
and Coriandrum sativum (Coriander).

IC,% = x 100, where

Statistical Analysis

All experiments were performed in triplicates. Analysis at every time point from each experiment was carried out in
duplicate or triplicate. The statistical parameters are calculated in terms of the reproducibility of the experimental
data using a statistical package universal ANOVA.

RESULTS

Different phytochemicals have various protective and therapeutic effects which are essential to prevent diseases and
maintain a state of well being. The methanolic extract of Foeniculum vulgare (Fennel), Anethum graveolens (Dill),
Pimpinella anisum (Anise), Carum carvi (Caraway) and Coriandrum sativum (Coriander) were analyzed for its
phyroconstituents. The quantitative estimation of the phytochemical constituents of Foeniculum vulgare (Fennel),
Anethum graveolens (Dill), Pimpinella anisum (Anise), Carum carvi (Caraway) and Coriandrum sativum
(Coriander) show that the dry seeds are rich in total phenols, total flavonoids, rutin and tannins to some extent (data
are shown in the Table 1 and Table 2). The presence of these phytochemicals in dry seeds is significant according to
present study. The content for total phenolics and total flavonoids of Foeniculum vulgare (Fennel) varied between
115.96 mg GAE/100g and 68.10 mg CE/100g. It was found to be much higher than it was in Coriandrum sativum
(Coriander), where the content ranged between 17.04 mg GAE/100g and 11.10 mg CE/100g, respectively. This is
shown in the Table 1 using the gallic acid and catechin as standards.

These results indicate that the higher antioxidant activity of the methanol extract of the Foeniculum vulgare (Fennel)
than the methanol extract of Coriandrum sativum (Coriander) may be in correlation with the phenolic and flavonoid
contents of the extracts of .the same plant.

Table 1. Total phenolics and total flavonoids in the studied Bulgarian dry seeds.

Bulgarian dry seeds Total phenolics, Total flavonoids,
(mg GAE /100g dw) (mg CE /100g dw)
Foeniculum vulgare (Fennel) 115.96+0.04 68.10+0.03
(RSD 5.7; n=3) (RSD 5.8; n=3)
Anethum graveolens (Dill) 69.87+0.03 49.10+0.03
(RSD 5.7; n=3) (RSD 7.5; n=3)
Pimpinella anisum (Anise) 46.17+0.03 17.43+0.03
(RSD 7.7; n=3) (RSD 8.6; n=3)
Carum carvi (Caraway) 25.96+0.03 11.77+0.02
(RSD 8.1; n=3) (RSD 8.9; n=3)
Coriandrum sativu (Coriander) 17.04+0.02 11.10+0.02
(RSD 8.6; n=3) (RSD 8.8; n=3)

The presence of rutin and tannins in dry seeds is significant. The content for rutin and tannins in Foeniculum vulgare
(Fennel) varied between 2.81 % and 1.52 % and it was found that it was much higher than the content in
Coriandrum sativu (Coriander) (between 0.99 % and 0.42 %, respectively). The results were shown in the Table 2,
where the data was received using rutin as standard and Potassium permanganate as titrant. It is important to notice
that the comparison of the results for rutin and tannin contents in the dry seeds will not be correct because of the
different methods of analysis.
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Table 2. Rutin and tannins in the studied Bulgarian dry seeds

Bulgarian dry seeds Rutin, % Tannins, %
Foeniculum vulgare (Fennel) 2.81+0.004 1.52+0.003
(RSD 7.8; n=3) (RSD 7.6; n=3)
Anethum graveolens (Dill) 1.77+0.003 1.11+0.003
(RSD 7.9; n=3) (RSD 7.9; n=3)
Pimpinella anisum (Anise) 1.18+0.002 0.83+0.002
(RSD 7.4; n=3) (RSD 8.6; n=3)
Carum carvi (Caraway) 1.02+0.002 0.55+0.002
(RSD 8.7; n=3) (RSD 8.7; n=3)
Coriandrum sativu (Coriander) 0.99+0.002 0.42+0.002
(RSD 8.8; n=3) (RSD 9.1; n=3)

The methanolic extract was subjected to screening for their possible antioxidant activity. The DPPH™ assay provided
information on the reactivity of test compounds with a stable free radical. Because of its odd electron DPPH” gives a
strong absorption band at 517 nm in visible spectroscopy (deep violet color). As this electron becomes paired off in
the presence of a free radical scavenger, the absorption vanishes, and the resulting decolorization is stoichiometric
with respect to the number of electrons taken up. To evaluate the scavenging effect of DPPH"* on methanolic extract
of Foeniculum vulgare (Fennel), Anethum graveolens (Dill), Pimpinella anisum (Anise), Carum carvi (Caraway)
and Coriandrum sativum (Coriander), DPPH" inhibition was investigated and these results are shown in Table 3 and
Figure 1 as relative activities against control.

Figure 1. Free radical scavenging capacity of the extracts measured in DPPH assay.

Table 3. DPPH radical scavenging activity of Bulgarian dry seeds

Bulgarian dry seeds DPPH radical scavenging
activity, 1C50% (mL/L)

Foeniculum vulgare (Fennel) 113.19+0.03

RSD 4.4% (n=3)
Anethum graveolens (Dill) 81.52+0.02

RSD 5.2% (n=3)
Pimpinella anisum (Anise) 39.36+0.03

RSD 4.6% (n=3)
Carum carvi (Caraway) 13.94+0.02

RSD 8.7% (n=3)
Coriandrum sativum (Coriander) 9.56+0.02

RSD 8.9% (n=3)
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As mentioned above, IC50% is the parameter representing the seeds’ concentration capable to inhibite 50% of the
amount of used DPPH.

It was determined by drawing a graph with simple concentration on the abscissa and free radical inhibition capacity
IC(%) as ordinate. A series of samples were prepared as already described. The initial seed sample was diluted in a
manner to obtain a linear graph with lines in the zone of 0 to 50% radical scavenging capacity. The sample
concentration with reduces 50% of free radicals can be calculated by using a graph equation. A free radical
scavenging activity was showed at all concentrations studied. It is evident that the 50% of inhibition value for
Foeniculum vulgare (Fennel) methanol extract seems to be fairly significant when compared to the methanol extract
of Coriandrum sativum (Coriander). 1C50% methanolic extract of Foeniculum vulgare (Fennel) (113.19 mL/L) was
necessary to obtain 50% of DPPH degradation. 1C50% values of the extracts were compared to 1C50% value of a
“standart” antioxidant, in this case ascorbic acid (AA), obtained by the same procedure.

DISCUSSION

The systematic literature collection, pertaining to this investigation indicates that the plant phenolics
constitute one of the major groups of compounds acting as primary antioxidant or free radical terminators (Moussa
AM. et al., 2011). Therefore, it is worthwhile to determine their total amount in plants chosen for the study.
Flavonoids one of the most diverse and widespread group of natural compounds, are likely to be the most important
natural phenolics due to their broad spectrum of chemical and biological activities, including antioxidant and free
radical scavenging properties (Kahkonen M.P. et al., 1999; Moussa A.M. et al., 2011). Therefore the contents of
flavonoids is also determined.

Plant materials rich in phenolics are increasingly being used in the food industry because they retard
oxidative degradation of lipids and improve the quality and nutritional value of food (Kahkonen M.P. et al., 1999,
Saeed N. et al., 2012). Phenolic compounds are considered secondary metabolites and these phytochemical
compounds derived from phenylalanine and tyrosine occur ubiquitously in plants and are diversified (Naczk M.,
2004; Saeed N. et al., 2012). The methanol extract exhibited the highest total phenolics content, whereas the
contents obtained with residual aqueous fraction were much smaller that is in agreement with other reports (Ao C. et
al., 2008; Saeed N. et al., 2012 ). Phenolic compounds of plants are also very important because their hydroxyl
groups confer scavenging ability.

Phenolic compounds of plants fall into several categories; chief among these are the flavonoids which have
potent antioxidant activities (Saeed N. et al., 2012, Nunes et al., 2012). Flavonoids are naturally occurring in plants
and are thought to have positive effects on human health. Studies on flavonoidic derivatives have shown a wide
range of antibacterial, antiviral, anti inflammatory, anticancer, and anti-allergic activities (Di Carbo G. et al., 1999;
Montoro P. et al., 2005; Saeed N. et al., 2012). Flavonoids have been shown to be highly effective scavengers of
most oxidizing molecules, including singlet oxygen, and various free radicals (Bravo L., 1998; Saeed N. et al., 2012)
implicated in several diseases. So comparable with the findings in the literature for other extracts of plant products
(Sahreen S. et al., 2011; Saeed N. et al., 2012) our results suggested that phenolic acids and flavonoids may be the
major contributors for the antioxidant activity as the EC50 values of radical scavenging activity of Lamiaceae family
and the contents of phenolics or flavonoids exhibited significant correlation. However, non significant correlation
was found in case of hydrogen peroxide radical scavenging. It is known that different phenolic compounds have
different responses in the Folin-Ciocalteu method. Similarly the molecular antioxidant response of phenolic
compounds varies remarkably, depending on their chemical structure (Satue-Gracia M.T. et al., 1997; Saeed N. et
al., 2012). In addition, there may be some interference rising from other chemical components present in the extract,
such as sugars or ascorbic acid (Singleton VLet al., 1965; Saeed N. et al., 2012).

Polyphenolic compounds have been found to protect erythrocytes from oxidative stress or increase their
resistance to damage caused by oxidants (Kaviarasan S. et al., 2004; Asgary S. et al.,2005; Bisvas S. et al., 2005;
Valente M.J. et al., 2011). They are able to act as antioxidants in a number of ways, mainly as reducing agents,
hydrogen donors, singlet oxygen quenchers, and metal chelating agents ( Rice-Evans C. et al., 1996; Cao G. et al.,
1997).High correlation was reported between the antioxidant capacity and total phenol and flavonoides contents of
plants (Silva E. et al., 2007; Tawaha K. et al., 2007). Beside antioxidant capacity, phenolic compounds exhibit a
wide range of biological activities, including anti-carcinogenic, anti-inflammatory, anti-viral, anti-allergic,
estrogenic, immune-stimulating agents, antiallergenic, anti-artherogenic, antiinflammatory, anti-microbial,
antithrombatic, anti stress, anti hyperglycemia, cardioprotective and vasodilatory effects (Tawaha K. et al., 2007). It
is well known that plant phenolics, in general are the highly effective free radical scavenging and antioxidants.

Synthetic antioxidants such as butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT) and
tertbutylhydroquinone (TBHQ) have been used widely as antioxidants in foods, but concerns over the safety of use
have led towards interest in natural antioxidants (Wanasundara UN and Shahidi F., 1998; Martinez-Valverde et al.
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2002). These synthetic antioxidants are substituted phenolic compounds, and subsequently much of the research on
natural antioxidants has also focused on phenolic compounds, in particular the flavonoids and hydroxycinnamic
acids (Wanasundara U.N. and Shahidi F., 1998; Guptaa N. and al., 2011). The antioxidant activities of phenolic
compounds extracted from different sources have been studied in several foods and food model systems
[Wanasundara U.N. and Shahidi F., 1998].

The phytochemical screening and quantitative estimation of the percentage of chemical constituents of the
plants studied showed that the dry seeds were rich in rutin and tannins. One of the bioactive flavonoids, rutin, is
present in substantial amounts in various plants (Atanassova M. and Christova-Bagdassarian V., 2009; Guptaa N.
and al., 2011). Rutin has desirable physiological and biological properties, such as anti-oxidation, anti-inflammation,
anti-hypertension, vasoconstrictive, spasmolitic and a positive inotropic effect (Guptaa N. and al., 2011; Kuntirc V.
et al., 2011; Landberg R. et al., 2011). Tannins are naturally occurring, high molecular weight polyphenols which
can be divided into hydrolysable tannins and condensed tannins. Tannins are the most abundant antioxidants in the
human diet and they exhibit many biologically important functions which include protection against oxidative stress
and degenerative diseases (Atanassova M. and Christova-Bagdassarian V., 2009; Khomdram D. et al., 2011). The
oxidation inhibiting activities of tannins have been known for a long time (Khomdram D. et al., 2011).

Several techniques have been used to determine the antioxidant activity in vitro in order to allow rapid
screening of substances since substances that have low antioxidant activity in vitro, will probably show little activity
in vivo ( Naczk M. and Shahidi F., 2004; Saeed N. et al., 2012). Free radicals are known to play a definite role in a
wide variety of pathological manifestations. Antioxidants fight against free radicals and protect us from various
diseases. They exert their action either by scavenging the reactive oxygen species or protecting the antioxidant
defense mechanisms ( Umamaheswari M. and Chatterjee T.K., 2008; Saeed N. et al., 2012). The electron donation
ability of natural products can be measured by 2,2-diphenyl-1- picrylhydrazyl radical (DPPH) purple-coloured
solution bleaching ( Naczk M. and Shahidi F., 2004; Saeed N. et al., 2012). The method is based on scavenging of
DPPH through the addition of a radical species or antioxidant that decolourizes the DPPH solution. The degree of
colour change is proportional to the concentration and potency of the antioxidants. A large decrease in the
absorbance of the reaction mixture indicates significant free radical scavenging activity of the compound under test
(Alves C.Q. et al., 2010; Saeed N. et al., 2012). Results of this study suggest that the plant extract contain
phytochemical constituents that are capable of donating hydrogen to a free radical to scavenge the potential damage.
Superoxide radical is considered a major biological source of reactive oxygen species (Meyer A.S. and Isaksen A.,
1995; Saeed N. et al., 2012). Although superoxide anion is a weak oxidant, it gives rise to generation of powerful
and dangerous hydroxyl radicals as well as singlet oxygen, both of which contribute to oxidative stress (Krishnaiah
D. etal., 2011; Saeed N. et al., 2012).

The extract showed high total phenol and flavonoid contents. Phenols and polyphenolic compounds, such
as flavonoids, are widely found in food products derived from plant sources and show significant antioxidant
activity (Ebrahimzadeh M.A. et al., 2010). DPPH is a stable nitrogencentred free radical, the colour of which
changes from violet to yellow upon reduction by either the process of hydrogen- or electron- donation. Substances
which are able to perform this reaction can be considered as antioxidants and therefore radical scavengers (Nabavi
S.M. et al., 2008; Ebrahimzadeh M.A. et al., 2010;). The phenol and flavonoid contents of this plant may be
responsible for its good DPPH-scavenging activity (Ebrahimzadeh M.A. et al., 2010). The correlation between total
phenol contents and antioxidant activity has been widely studied in different foodstuffs such as fruit, vegetables and
spices (Ghasemi K. et al., 2009; Nabavi S.M. et al., 2009; Ebrahimzadeh M.A. et al., 2010).

Phenolic compounds are ubiquitous in plants, and when plant foods are consumed, these phytochemicals
contribute to the intake of natural antioxidants in the human diets. Agro-industrial by-products are good sources of
phenolic compounds, and have been explored as a source of natural antioxidants (Balasundram N. et al., 2006).
While the use of naturally occurring phenolic compounds as food antioxidants is particularly interesting, practical
aspects that need to be considered include extraction efficiency, availability of sufficient raw material, and toxicity
or safety considerations. The very complexity in the phenolic compounds profile of these by-products has to be
resolved to obtain the optimum antioxidant efficiency (Balasundram N. et al., 2006).

CONCLUSIONS

In this paper an original data for total phenolic and total flavonoid contents are a basis for assessment of the role of
Bulgarian plants (dry seeds) against free radicals effect and will enrich the national food composition database. The
presented values for rutin and tannin contents are close to Foeniculum vulgare (Fennel), Anethum graveolens (Dill),
Pimpinella anisum (Anise), Carum carvi (Caraway) and Coriandrum sativum (Coriander) but the comparison is not
possible because of the different approach for analysis. Presence of all the above phenolic compounds in seeds
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suggests that select species of family Apiaceae in methanolic extracts have the ability to provide protection against
oxidation-linked diseases. Such seed ingredients in whole food form can be used as condiments with a range of food
designs for better dietary management of hyperglycemia linked to type Il diabetes.
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