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Abstract

SIVACIL A., R. BINZET, S. DUMAN and H. I. TEKE, 2015. The determination of total antioxidant activity, phenolics
and pigments during vegetative and reproductive periods of Onosma species. Bulg. J. Agric. Sci., 21: 261-265

This study was carried out in order to evaluate the changes in antioxidant activity, phenolic compounds and pigments during the
vegetative (April) and reproductive (May) periods of Onosma species (Onosma rascheyana and Onosma sericea). The antioxidant
activity in vegetative period was higher (lowest activity) than reproductive period in O. sericea and O. rascheyana. In vegetative
period, total phenolic compounds of O. rascheyana and O. sericea were lower than reproductive period. Pigments (chlorophyll a,
chlorophyll b and carotenoids) in reproductive period were higher than vegetative in both O. sericea and O. rascheyana.
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Introduction

Onosma L. genus belongs to the family Boraginaceae, order
of Lamiales and subclass of Dicotyledoneae. Onosma genus
consisting of over 150 species is typical of xeric habitats as pe-
rennial, usually suffruticose or biennial herbs having its great-
est species diversity in southeast Europe and Asia Minor and is
known to include several serpentine endemics, especially in the
southern Balkans (Stevanovic et al., 2003). It comprises bienni-
al or perennial, hispid herbs, with flowers in terminal cymes, ca-
lyx accrescent, stamens inserted at the middle of the corolla, and
generally four nutlets flat at the base. Besides these characters
the species are distinguished on the basis of indumentums com-
posed of specific trichomes, called stellate setae, which led to
several mistakes in taxonomy in the past (Ball, 1972). Anatolia
is an important centre of origin for Onosma comprising about
102 species (108 taxa), 51 of which and 1 variety are endemic to
Turkey (Riedl, 1978; Davis et al., 1988; Yildirimli, 2000; Riedl
et al., 2005; Binzet and Orcan, 2007; Kandemir and Tiirkmen,
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2010; Ayta¢ and Tiirkmen, 2011; Guner, 2012; Koyuncu et al.,
2013). The genus has been divided into three sections: Profon-
osma, Podonosma and Onosma. Protonosma and Podonosma
sections are represented by one species, the other Onosma spe-
cies belong to Onosma section. This section is separated into
two subsections according solely to indumentum type: Asterot-
richa (Boiss.) Giirke, and Haplotricha (Boiss.) Giirke. O. seri-
cea belong to Haplotricha subsection and local name is kagit
emcek, and O. rascheyana belongs to Asterotricha subsection
and local name is van emcek (Giiner, 2012).

Several Onosma species are used in folk medicine, herbs
and dyes. In folk medicine, these plants are employed for burns,
wounds and ailments (Khajuria and Jain, 1993; Ozgen et al.,
2003). O. sericea Willd., O. microcarpum Steven ex DC and O.
argentatum Hub.-Mor. are used for the treatment of wounds in
rural areas in Turkey (Ozgen et al., 2003, 2004). The flowers of
some species are consumed as vegetables (Oztiirk and Ozgelik,
1991). Some Onosma species contain shikonin which is used
for the treatment of hemorrhoids. These substances are also use-
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ful in cosmetic industry (Koul and Sambyal, 1993). In northern
Cyprus, boiled the dried leaves of O. fruticosa Sm. is used for
the relief of respiratory tract disorders (Viney, 1994). Root ex-
tract is used for pneumonia and typhoid fever and also used for
dyeing hairs (Khan and Khatoon, 2008). The dye is obtained by
boiling the roots of Onosma trachytricha Boiss in Manavgat
region, Antalya vil. (Bulut, 2006).

Most antioxidants isolated from higher plants are poly-
phenols, which show biological activity as antibacterial, an-
ti-carcinogenic, anti-inflammatory, anti-viral, anti-allergic,
estrogenic, and immune-stimulating effects (Larson, 1988).
Sources of natural antioxidants are generally plant phenolic
substances (Atoui et al., 2005; Huang et al., 2005; Mathew
and Abraham, 2006; Skerget et al., 2005).

A literature survey has shown that there is no report on the
total antioxidant activity, phenolics and pigments of Onosma
species. Thus we decided to investigate the total antioxidant
activity, phenolic and pigments contents of Onosma species,
namely Onosma sericea and Onosma rascheyana during the
vegetative (April) and reproductive (May) periods.

Materials and Methods

Plant materials

The examined species were collected from C7 Adiyaman,
Sincik, Sincik-Arikonak 2—3 km, slopes, and open forest and
roadside, 1400 m. Taxonomic descriptions of the specimens
were made according to Riedl (1978).

Determination of DPPH free radical scavenging

Leaf samples collected from O. sericea and O. rascheyana
were dried. Samples were taken to methanol (MeOH) and ex-
tracted by shaking in water bath for 3 hours. Methanol extracts
were then evaporated under vacuum until they became dried.
Color of 2,2-diphenyl-1-picrylhydrazyl (DPPH) changes in
the presence of antioxidant in the medium. Fifty micro liters of
various concentrations of Onosma species extracts were dis-
solved in methanol and added to in 5 mL of a 0.004% metha-
nol solution of DPPH. The mixture was incubated at room
temperature for 30 minutes and absorbance values were mea-
sured at 517 nm (Gulluce et al., 2003). Inhibition percent (/%)
of DPPH was calculated according to the following equation:

1% = (A Asample/Ablank) x 100

blank

where 4, | is the absorbance of the control reaction (containing
all reagents except the test compound) and A e is the absor-
bance of the test compound. Inhibition is concentration depen-
dent, and extract concentration providing 50% inhibition (IC,,)
is calculated from the graph that plotted inhibition percentage

against extract concentration. Analyses were repeated thrice.

Determinationof total phenolics

Leaf samples taken from O. sericea and O. rascheyana
were homogenized in 2.5 ml ethanol and shaken in water bath
at 25°C for 24 h. After filtration 1 ml ethanol, 5 ml distilled
water and 1 ml Folin-Ciocalteu reagent were added to 1 ml of
the filtered samples and shaken well. After 3 minutes, 3 ml of
Na,CO, (2%, w/v) was added and shaken in a dark medium
at intervals of 2 hours. Absorbance values were read at 760
nm and amounts were determined according to standard gallic
acid equivalence (Slinkard and Singleton, 1977; Chandler and
Dodds, 1983). Analyses were repeated thrice.

Determination of Pigments

Extraction and purification of the pigments were made ac-
cording to De Kok and Graham (1989). The leaf samples of
O. sericea and O. rascheyana were taken into acetone and ho-
mogenized. The homogenized samples were centrifuged. The
absorbance values of centrifuged samples were read at 662, 645
and 470 nm according to Lichtenthaler and Wellburn (1983)
and were calculated. Analyses were repeated thrice.

Statistical Analysis

All analyses were performed in three replicates. SPSS
version 15.0 was used for statistical analyses. To determine
the differences between the means, student z-test with a 95%
confidence was used. Differences at 5% (P <0.05) level were
considered as significant.

Results

Free radical scavenging-DPPH

It was determined that total antioxidant activity varied
according to plant development stage and species (Figure
1).Total antioxidant capacity (IC,)) in the leaves of O. seri-
cea and O. rascheyana was higher in vegetative period (low
antioxidant activity) compared to their reproductive period
(high antioxidant activity) (P < 0.05). IC, value for O. seri-
cea in vegetative period was 544 pg mL~' and 274 pg mL"!
in reproductive period (Figure 1) (P <0.05). IC, value for O.
rascheyana in vegetative period was 430 pg mL™' and 326
pg mL"in reproductive period (Figure 1) (P < 0.05). Total
antioxidant capacity of both species was different from each
other.

Total phenolics

Phenolics in the leaves of O. sericea ve O. rascheyana in
reproductive period were higher than their vegetative period
(Figure 2) (P < 0.05). Total phenolic amount of O. sericea in
vegetative period was 0.20 pg mg™' and 0.48 pg mg' in repro-
ductive period (Figure 2) (P < 0.05). Total phenolic amount of
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Fig. 1. IC_ values in leaves of O. sericea
and O. rascheyana in DPPH
(It was found that the values shown with different letters
are important in terms of statistics — P < 0.05, but the ones
shown with the same letters are not.) (Small letters indicate
the comparison between the periods and the capital letters
indicate the comparison between the species)
(¢ test, confidence limit 95%)

O. rascheyana in vegetative period was 0.30 ug mg"! and 0.42
ug mgin reproductive period (Figure 2) (P < 0.05).

Pigment changes

The highest Chl a levels in both species were determined
in reproductive period (Figure 3) (P < 0.05). In vegetative
period, Chla levels of both species were found to be close to
each other (Figure 3) (P > 0.05). Chla amounts for O. seri-
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Fig. 2. The change of total phenolics in leaves
of O. sericea and O. rascheyana
(It was found that the values shown with different letters
are important in terms of statistics — P < 0.05, but the ones
shown with the same letters are not.) (Small letters indicate
the comparison between the periods and the capital letters
indicate the comparison between the species)
(¢ test, confidence limit 95%)

cea in vegetative period were 0.47 mg g!' and 0.79 mg g'in
reproductive period, for O. rascheyana in vegetative period
0.46 mg g and 0.65 mg g'in reproductive period.

It was found that Chl b levels in both species were the
highest in reproductive period (Figure 4) (P < 0.05). In
two periods, Chlb levels in both species were similar. Chlb
amounts for O. sericea and O. rascheyana in vegetative pe-
riod were 0.13 mg g and 0.14 mg g ' respectively. In repro-
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Fig. 3. The change of chlorophyll a contents in leaves
of O. sericea and O. rascheyana
(It was found that the values shown with different letters
are important in terms of statistics — P < 0.05, but the ones
shown with the same letters are not.) (Small letters indicate
the comparison between the periods and the capital letters
indicate the comparison between the species)
(¢ test, confidence limit 95%)
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Fig. 4. The change of chlorophyll b contents in leaves
of O. sericea and O. rascheyana

(It was found that the values shown with different letters
are important in terms of statistics - P < 0.05, but the ones
shown with the same letters are not.) (Small letters indicate
the comparison between the periods and the capital letters

indicate the comparison between the species)
(¢ test, confidence limit 95%)
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Fig. 5. The change of carotenoids in leaves
of O. sericea and O. rascheyana
(It was found that the values shown with different letters
are important in terms of statistics — P < 0.05, but the ones
shown with the same letters are not.) (Small letters indicate
the comparison between the periods and the capital letters
indicate the comparison between the species)
(¢ test, confidence limit 95 %)

ductive period, Chlb levels were 0.23 mg g for O. sericea
and 0.20 mg g for O. rascheyana.

Carotenoid levels of O. sericea and O. rascheyana were
the highest in reproductive period as Chl a and Chl b changes
(Figure 5) (P < 0.05). Carotenoid levels for O. sericea in
vegetative period were 0.18 mg g-'and 0.30 mg g! in repro-
ductive period, for O. rascheyana in vegetative period — 0.18
mg g and 0.25 mg g in reproductive period.

Discussion

Many studies have stated that phenolics and antioxidant
activity in plants change depending on biological and envi-
ronmental factors (Rapisarda et al., 1999; Bano et al., 2003;
Moore et al., 2006). Baatour et al. (2012) reported that total
polyphenols, flavonoids, condensed tannins, phenolic con-
tent and DPPH of Origanum majorana L. changed according
to salinity and development stage.

In the study conducted by Karray-Bouraoui et al. (2010)
with Mentha pulegium L., researchers found that antioxidant
activity and phenolics changed depending on environment
and development stage. Cirak et al. (2013) reported that
there could be relationship between plant parts and develop-
mental stages during the phenological cycle of the Hyperi-
cum triquetrifolium Turra and its chemical contents. In pres-
ent study, antioxidant activity in Onosma species changed
depending on physiological stages and species (Figure 1).

Medini et al. (2011) showed that phenolic content and
antioxidant activity of Limonium densiflorum Kuntze were

affected significantly depending on solvent, physiological
development stage and their interactions. They found high-
est phenolic contents to be at the flowering stage (summer
period). In this study, similar to reviewed studies above,
phenolic compounds and antioxidant activity were found to
be higher at flowering stage (reproductive) than vegetative
stage (Figures 1 and 2). This result may be related to envi-
ronmental conditions such that plants may be accumulating
the phenolics under negative environmental conditions.

In carrots, during the transition from the vegetative phase to
the reproductive stage there were no significant changes in the
accumulation of photosynthetic pigments (Najafpour, 2012).
Carotenoids play major a role in the protection of plants against
photo oxidative damage and are part of the antioxidant defense
system (Wilhelm and Helmut, 2003). The present study found
that pigment levels (Chl a, Chl b and carotenoids) of Onosma
species were the highest in reproductive period regarding anti-
oxidant activity and phenolics (Figures 3, 4 and 5).

Conclusions

This study demonstrated that antioxidant activity, phenolics
and pigment levels (Chla, Chlb and carotenoids) of O. raschey-
ana and O. sericea changed based on development stages of
plants (vegetative and reproductive). The antioxidant activity,
phenolics and pigment levels of O. sericea and O. rascheyana
were the highest in reproductive period. Onosma species can be
used in reproductive period for medicinal purposes.
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