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Abstract: The phenolic content and antioxidant activity of Sorbus aucuparia L., Sorbus aria (L.)
Crantz and Sorbus austriaca (Beck) Hedlund leaves and fruit were investigated. The
quantification of total phenolics, flavonoids and phenolic acids was performed using the Folin—
Ciocalteu, Dowd and Arnow methods, respectively. The antioxidant activity of the extracts was
evaluated using DPPH, TEAC and FRAP methods with Trolox as a standard. Leaves had a higher
content of phenolic compounds and antioxidant activity than the fruits for all species. The highest
content of phenolics (76.11 mg gallic acid equivalents (GAE)/g plant), flavonoids (15.86 mg rutin
equivalents (RE)/g plant) and phenolic acids (44.54 mg caffeic acid equivalents (CAE)/g plant)
was determined for S. austriaca leaves. Sorbus austriaca fruit had the highest content of phenolics
(13.21 mg GAE/qg plant), flavonoids (1.82 mg RE/g plant) and S. aucuparia fruit had the highest
content of phenolic acids (9.05 mg CAE/g plant). The antioxidant activity was in the range:
DPPH=38.42-274.52 pmol Trolox equivalents (TE)/g plant; TEAC=43.23-403.02 umol TE/g
plant; FRAP=47.13-706.96 pumol TE/g plant. The highest values of antioxidant activity were
found for S. austriaca leaf and fruit extracts while the lowest values were determined for S.
aucuparia leaves and S. aria fruit. The antioxidant activity was highly correlated with total

phenolics and phenolic acids.

INTRODUCTION

Sorbus L. genus includes about 250 species of deciduous
trees and shrubs mainly widespread in the northern
hemisphere (Olszewska and Michel, 2009). It is estimated
that about one-third of Sorbus diversity in Europe is
located in the Balkan Peninsula, including 18 species and
12 subspecies of the genus (Hajrudinovié, Siljak-
Yakovlev, Brown, et al., 2015b and references therein).
So far, eight Sorbus species have been recognized in
Bosnia and Herzegovina including Sorbus aria (L.)
Crantz, Sorbus aucuparia L., and Sorbus austriaca
(Beck) Hedl. (Beck-Mannagetta, 1927; Hajrudinovi¢, et
al., 2015b). Fruit of S. aucuparia, S. aria, S. domestica
and S. torminalis have been used for medicinal purposes
and as food ingredients in the production of jams and
juices. (Mikuli¢-Petkovsek, Krska, Kiprovski et al., 2017
and references therein). Extracts of leaves, inflorescences,

fruit and bark of various Sorbus species are used for their
hypoglycaemic, diuretic, vasoprotective, anti-
inflammatory and antidiarrhoeal properties (Raudong,
Raudonis, Gaivelyte, et al., 2015 and references therein).
In particular, inflorescences of S. aucuparia are used in
traditional and European medicine as a diuretic and
antiinflammatory agent. The fruit of S. aucuparia and S.
aria is used as a vitamin and antioxidant agent and for the
treatment of diarrhoea (Olszewska and Michel, 2009 and
references therein). Some species such as S. aucuparia, S.
aria and S. domestica have been identified as possible
rich sources of phenolics (Olszsewska and Michel, 2009).
The pharmacological properties of Sorbus species have
been related to the presence of different phenolic
compounds as the main antioxidants (Hukkanen, P616nen,
Kaérenlampi, et al., 2006). The presence of polyphenols,
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flavonoids (quercetin derivatives rutin, hyperoside,
isoquercitrin), phenolic acids (chlorogenic,
neochlorogenic, caffeic acids), proanthocyanidins in
leaves and fruit has already been mentioned by several
authors (Olszewska, Nowak, Michel, et al., 2010;
Gaivelyte, Jakstas, Razukus, et al., 2014; Raudoné, et al.,
2015). The fruit is also rich in tocopherols, ascorbic acid,
carotenoids and anthocyanins (Mrkonji¢, Nadpal, Beara,
et al., 2017; Savikin, Zduni¢, Krsti¢-Milogevi¢, et al.,
2017, Mikuli¢-Petkovsek, et al., 2017 and references
therein). Most research on the antioxidant activity of
various plant materials has been associated with their
application in the food and pharmaceutical industries as a
possible source of new natural additives and antioxidants
that could replace synthetic ones (Finley, Kong, Hintze, et
al., 2011; Surwesvaran, Cai, Corke, et al., 2007).
Therefore, the aim of this study was to estimate the
phenolic content and antioxidant activity of leaves and
fruits of S. aucuparia, S. aria and S. austriaca from
Bosnia and Herzegovina. Antioxidant activity was
estimated using three different methods: DPPH, TEAC
and FRAP with Trolox as a standard. The determination
of total phenolics, total flavonoids, and total phenolic
acids was conducted using the Folin—Ciocalteu, Dowd,
and Arnow methods, respectively. Relationships between
phenolic compounds and antioxidant activity were
investigated. To our knowledge, this is the first report on
phenolic content and antioxidant activity of selected
Sorbus species from Bosnia and Herzegovina.

EXPERIMENTAL

All chemicals were of analytical grade. Caffeic acid was
purchased from Merck Chemical Suppliers (Germany),
and potassium peroxysulfate from Fluka (Germany).
Sodium acetate, sodium nitrite and sodium hydroxide
were purchased from Kemika, (Croatia), and sodium
molybdate from Acros Organics (USA). All other
chemicals were obtained from Sigma-Aldrich (Germany).

Plant material

Leaf and fruit samples of S. aucuparia, S. austriaca and
S. aria were collected in October 2016, in the area of
Sarajevo, Bosnia and Herzegovina. Samples were
identified by a plant taxonomist (one of the authors), and
voucher specimens were stored in the Herbarium of
Forest Ecology at the Faculty of Forestry. The samples
were dried in a ventilated room for 15-20 days, and they
were stored in paper bags in a dry and dark place until
analysis.

Extraction procedure

Dried fruits and leaves were pulverised in an electric mill
(Gorenje, Slovenia), and then extracted with 80% (v/v)
aqueous methanol by ultrasound extraction (Ultrasound
bath, Elmasonic, Italy). A modified extraction method
previously described by Memon, Memon and Luthria
(2010) and Raudonis, et al. (2014) was used. Briefly,
plant material (0.5 g) was extracted twice with 25 mL of
methanol (80%, v/v) for 10 minutes at 30°C. After the
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centrifugation (3000 rpm, 10 min), the resulting
supernatants were combined, filtered (Millipore nylon
filters, 0.45 um) in a 50 mL volumetric flask and
supplemented with the extraction medium to the mark.
The extracts were stored at -20°C until use. Yields were
determined by evaporation of extracts (5 mL) to dryness.

Determination of total phenolics

Total phenolics were determined by the Folin—Ciocalteu
method as modified and described by Luthria,
Mukhopadhyay and Krizek (2004). Sample solution (0.1
mL) was mixed with distilled water (7.9 mL) and Folin-
Ciocalteu reagent (500 pL) was added. After 5 minutes,
Na,CO3 (20%, 1.5 mL) was added, and the total volume
was adjusted with distilled water up to 10 mL. Samples
were left for 30 minutes at 40°C in a water bath (INKO
1935, Zagreb). Absorbance was read at 765 nm against a
blank. Gallic acid was used to prepare the standard curve,
and the results were expressed as milligrams of gallic acid
equivalents per gram of dry plant (mg GAE/g plant) and
per gram of extract (mg GAE/g extract). A Shimadzu
UV-mini 1240 spectrophotometer was used for all
spectrophotometric determinations.

Determination of total flavonoids

A modified Dowd method was used to determine total
flavonoids as described by Quettier-Deleu, Gressier,
Vasseur (2000). Sample solution (1 mL) and AIClI;
solution (2% in absolute methanol, 1 mL) were mixed.
The mixture was incubated at room temperature for 1 h,
and absorbance was measured at 415 nm against a blank.
The standard curve was prepared with rutin, and the
results were expressed as milligrams of rutin equivalents
per gram of dry plant (mg RE/g plant) and per gram of
extract (mg RE/g extract).

Determination of total phenolic acids

For the determination of total phenolic acids, the
modified Arnow method given by Gawlic-Dziki (2012)
was used. Sample solution (1 mL) was mixed with water
(5 mL), HCI (0.5 M, 1 mL), Arnow reagent (1 mL) and
NaOH (1 M, 1 mL), followed by the addition of distilled
water to a total volume of 10 mL. The samples were
incubated for 20 min at room temperature. Absorbance
was measured at 490 nm against a blank. Total phenolic
acids were calculated from the standard curve, and the
results expressed as milligrams of caffeic acid equivalents
per gram of dry plant (mg CAE/g plant) and per gram of
extract (mg CAE/g extract).

2,2-Diphenyl-1-pycrylhydrazyl (DPPH) assay

Determination of the antioxidant activity with DPPH
reagent (2,2-diphenyl-1-pycrylhydrazyl radical) was
carried out according to Thaipong, Boonprakob, Crosby
(2006). The working solution of DPPH was prepared
immediately before measurements by diluting the stock
solution (3 mM) to the absorbance of A=1.1+0.02 at 515
nm. Sample solution (0.1 mL) and methanolic DPPH (1.9
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mL) were mixed and left in the dark for 30 min. The
decrease in absorbance was measured at 515 nm against
methanol as a blank. The results were expressed as pmol
of Trolox equivalents per gram of dry plant material
(umol TE/g plant) and per gram of extract (umol TE/g
extract) using the standard curve of Trolox.

Trolox equivalent antioxidant capacity (TEAC) assay

Determination of the antioxidant activity with ABTS™
reagent (2,2'-azinobis (3-ethylbenzothiazoline-6-
sulphonic acid) diammonium salt) was carried out
following the method of Thaipong, et al. (2006). The
ABTS™ reagent was freshly prepared by mixing equal
parts of the ABTS (7 mM) stock solution and K3S;0s
(2.45 mM) solution. The mixture was left for 12 h in the
dark before use. Immediately before use, the ABTS™
solution was diluted to the absorbance of A=1.1+0.02 at
734 nm. Sample solution (0.1 mL) was mixed with the
ABTS™ radical solution (1.9 mL) and left to stand for 10
minutes (Olszewska and Michel, 2009). The decrease in
absorbance was measured at 734 nm against methanol as
a blank. The results were expressed as umol of TE per
gram of dry plant material (umol TE/g plant) and per
gram of extract (umol TE/g extract) using the standard
curve of Trolox.

Ferric reducing antioxidant power (FRAP) assay

A modified FRAP method was used to determine
antioxidant activity as described by Thaipong, et al.
(2006). FRAP reagent was prepared immediately before
use by mixing acetate buffer (300 mM, pH=3.6), 10 mM
TPTZ (2,4,6-tri(2-pyridyl)-s-triazine) in 40 mM HCI and
FeCl; (20 mM) in a volume ratio of 10:1:1. Sample
solution (0.1 mL) was added to FRAP reagent (1.9 mL) in
a test tube. The samples were incubated for 2 h at 37°C
on a water bath (Olszewska and Michel, 2009) before
measurements. Absorption of the blue-coloured complex
was measured at 593 nm against a blank. The results were
expressed as pmol of TE per gram of dry plant material
(umol TE/g plant) and per gram of extract (umol TE/g
extract) using the standard curve of Trolox.

Statistical analysis
All measurements were made in triplicate, and the results

were expressed as the mean * standard deviation (SD).
Data were subjected to one-way analysis of variance

followed by Duncan’s multiple range test to separate the
mean Vvalues. Statistical analysis was performed using
IBM SPSS Statistics, version 20 (IBM Corp., Armonk,
NY). The differences were considered statistically
significant at p<0.05. The correlations between the
contents of tested compounds and the antioxidant activity
were determined by a linear regression method (Excel,
Windows 10).

RESULTS AND DISCUSSION
Leaf and fruit extracts of the investigated Sorbus species
were prepared by ultrasound extraction, and extraction

yields were determined and presented in Table 1.

Table 1: Yields of extracts for Sorbus leaf and fruit samples

Plant species Plant  Mass of the Mass of the  Yield
part sample (g) extract (g) (%)

S ari L 0.5002 0.0182 36.40
-ana F 0.5000 00352 7040
S. austriaca L 0.5001 0.0163 32.60
' F 0.5000 0.0242 48.40
S. aucuparia L 0.5000 0.0176 35.20
F 0.5002 0.0369 73.80
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*L-leaves; F-fruit

The vyields ranged from 48.40 to 73.80% for fruit
samples, and from 32.60 to 36.40% for leaf samples. The
highest yield was from S. aucuparia fruit, while the
lowest yield was from S. austriaca leaves. It can be
concluded that the extraction efficiency is higher for the
fruit than the leaves. Similar observations were obtained
in the study on the effects of extraction of Prunus
laurocerasus leaves and fruit. Differences in extraction
yields could be attributed to the presence of different
compounds in each part of the plant as well as the solvent
extraction activity (Karabegovi¢, Stojicevi¢, Velickovic,
et al., 2014 and references therein).

The total phenolics, flavonoids and phenolic acids
contents expressed as mg of standard equivalents per
gram of dry plant/extract are given in Table 2. In leaf
samples, the total phenolics ranged from 30.40 to 76.11
mg GAE/g plant, flavonoids from 10.94 to 15.86 mg
RE/g plant, phenolic acids from 18.82 to 44.54 mg
CAE/qg plant. In fruit samples, determined values varied
from 7.02 to 13.21 mg GAE/g plant for phenolics, from
0.87 to 1.82 mg RE/g plant for flavonoids and from 4.21
to 9.05 mg CAE/ g plant for phenolic acids.

Table 2: Total phenolics, total flavonoids and total phenolic acids in Sorbus leaf and fruit samples.

Total phenolics

Total flavonoids Total phenolic acids

Species Sample mg GAE/g mg GAE/g mg RE/g mg RE/g mg CAE/g mg CAE/g
plant extract plant extract plant extract

S aria Leav_es 55.93+0.00° 153.71+0.00¢ 10.9440.43¢ 30.08+1.20° 33.80+0.18¢ 92.90+0.50°

) Fruit 7.02+0.022 9.97+0.032 0.92+0.032 1.31+0.05% 4.21+£0.04a 5.98+0.062
S, austriaca Leaves 76.11+2.70f 233.54+8.30¢ 15.86+0.32¢ 48.66+0.97¢ 44.54+0.65° 136.70+2.01f
' Fruit 13.21+0.26° 27.29+0.54b 1.82+0.01° 3.760.02P 8.94+0.05P 18.47+0.10°
S. Leaves 30.40+0.04¢ 86.33+0.11° 14.01+0.15¢ 39.81+0.43¢ 18.82+0.10° 53.48+0.28¢
aucuparia Fruit 10.13+0.05° 13.74+0.072 0.87+0.01° 1.18+0.022 9.05+0.06° 12.27+0.08°

Values with different upper-case letters in the same column are significantly different at p<0.05
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Sorbus austriaca leaves had significantly higher
(p<0.05) contents of all bioactive compounds. In
general, the reported values of Olszewska and Michel
(2009), Olszewska (2010, 2011) and Gaivelyte, et al.
(2014), for total phenolics in S. aucuparia leaves (7.07-
9.09% dry weight(DW)), are higher than in this work,
and for flavonoids (0.038-1.58% DW) and phenolic
acids (0.97-3.90% DW) they are comparable to the
results of this study. Olszewska and Michel (2009)
reported a higher content of phenols (6.06% DW) and
flavonoids (1.30% DW) but lower content of phenolic
acids (1.73% DW) in S. aria leaves than those given in
this work. Sorbus austriaca fruit had the highest contents
of phenolics and flavonoids. However, no significant
difference was determined in the values of phenolic
acids content between S. austriaca and S. aucuparia
fruit.

In general, data for S. austriaca are quite limited.
Raudoné, et al. (2015) reported similar values for total
phenolic acids content between S. aucuparia (0.283%
DW) and S. austriaca fruit (0.286% DW). Values for
total flavonoids in S. austriaca fruit (0.0143% DW) and
phenolic acids (0.286% DW) given by Raudonis, et al.
(2014) were lower than the results in this study. In
addition, there was no significant difference (p<0.05) in
the values of total flavonoids content between the fruit of
S. aucuparia and S. aria. According to Olszewska and
Michel (2009) and Savikin, et al. (2017), contents of
phenolics, flavonoids and phenolic acids in S. aucuparia
fruit yielded up to 2.68%, 0.104% and 1.52%, while for
S. aria fruit they varied up to 2.98%, 0.093% and 0.63%,
respectively. In general, the leaves have significantly
higher (p<0.05) contents of all bioactive compounds in
relation to the fruit which is in agreement with the
findings of Olszewska and Michel (2009), Gaivelyte, et
al. (2014 and references therein). Differences found
between our results and previous investigations could be
due to genetic factors, environmental conditions,
maturity and time of harvest (Olszewska, 2011,
Gaivelyte et al., 2014 and references therein). It is
important to emphasize that the extraction method and
extraction medium could influence the differences as
reported by Olsezwska, Presler, Michel, et al. (2012),
Aladedunye and Matthdus (2014). In addition, the
phenolics content for S. austriaca and S. aria leaves are
close to that of Crataegus monogyna (61.98 mg GAE/g
DW), Crataegus x macrocarpa (82.44 mg GAE/g DW)
(Tahirovi¢ and Basi¢, 2015) and Aloe littoralis (62.00
mg GAE/g DW) (Surweswaran, et al., 2007). The values
are higher than those reported for Artemisia abrotanum
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(4.9 mg GAE/g DW), Euphorbia lathyrus (11.50 mg
GAE/g DW) and Ocimum basilicum (26.30 mg GAE/g
DW) by Surweswaran, et al. (2007). On the other hand,
the content of phenolics in fruit is much lower than in
Prunus spinosa (25.14 mg GAE/g DW), Crataegus
monogyna (28.19 mg GAE/g DW), Rosa canina (51.19
mg GAE/g DW) extracted with the same extraction
medium (Tahirovié, Basi¢, Copra-Janiéijevié, et al.,
2018; Tahirovi¢ and Basi¢, 2015, 2017). In general,
phenolics content in leaves of S. austriaca and S. aria
were higher than 5%, so we can conclude on the basis of
data and references given by Olszewska and Michel
(2009) that leaves of these species represent a rich
source of phenolic compounds. The results expressed per
gram of extracts for leaves ranged from 86.33 to 233.54
mg GAE/g extract for phenolics, from 30.08 to 48.66 mg
RE/qg extract for flavonoids and from 53.48 to 136.70 mg
CAE/g extract for total phenolic acids. For fruit samples,
obtained values were in the range of 9.97-27.29 mg
GAE/qg extract for phenolics, 1.18-3.76 mg RE/g extract
for flavonoids and 5.98-18.47 mg CAE/g extract for
phenolic acids (Table 2). Sorbus austriaca is the species
with the highest content of investigated bioactive
compounds in leaves and fruit. In addition, there are no
significant differences (p<0.05) in the contents of total
phenolics and flavonoids for S. aria and S. aucuparia
fruit samples. Mrkonji¢ et al. (2017) reported for S.
aucuparia fruit values of 0.187 mg/g extract for total
flavonoids and 0.0154 mg/g extract for phenolic acids,
which is lower than the data in this study. Results of
total phenolics for butanol and ethyl acetate extracts of
S. aucuparia fruit (42-103 mg/g extract) given by
Aladedunye and Matthédus (2014) were generally higher.
The content of phenolics in fruit was lower than values
reported for cherry laurel (42.2 mgGAE/g extract;
Karabegovi¢, et al., 2014), rosehips (149.35 mg GAE/g
extract; Barros, Carvalho, Ferreira, et al., 2011) and
hawthorn (274.27 mg GAE/g extract; Barros, Carvalho,
Ferreira, et al., 2011).

Antioxidant activity

The DPPH, TEAC and FRAP assays were performed to
assess the antioxidant activity of leaf and fruit extracts.
The obtained results are expressed as umol TE/g plant
and pmol TE/g extract and shown in Table 3.
Antioxidant activity of Sorbus leaf samples ranged from
121.80 to 274.52 pmol TE/g plant for DPPH, from
142.52 to 403.02 pmol TE/g plant for TEAC, and from
287.03 to 706.96 pmol TE/g plant for FRAP method.

Table 3: Antioxidant activity of Sorbus species leaf and fruit samples determined by DPPH, ABTS and FRAP methods

DPPH TEAC FRAP
Species Sample  umol(TE)/g umol(TE)/g umol(TE)/g umol(TE)/g umol(TE)/g umol(TE)/g
plant extract plant extract plant extract

S. aria Leaves 234.92+0.90° 645.70+2.41° 364.63+2.42¢ 1002.13+6.64° 551.94+0.33®  1516.93%0.90°
Fruit 17.90+0.09¢  101.63+0.512  43.23+0.53% 61.40+0.75% 47.13+0.08? 66.95+0.112

S. Leaves 274.52+5.30" 842.24+16.14" 403.02+6.817 1236.51+20.90° 706.96+29.82F 2169.03+91.50
austriaca Fruit 61.26+1.40° 506.30+11.30¢ 82.90+1.81° 171.18+3.75° 138.06+0.10°  285.24+0.21°
S. Leaves 121.80+0.80¢ 346.02+2.30° 142.52+2.34%  404.90+6.64%  287.03+0.32¢  815.41+0.92¢
aucuparia Fruit 38.42+0.72>  208.32+3.90°  67.64+1.70° 91.70+2.24° 101.10£0.70°  137.04+1.30°

Values with different upper-case letters in the same column are significantly different at p<0.05
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Sorbus fruit samples gave results ranging from 17.90 to
61.26 pmol TE/g for DPPH, from 43.23 to 82.90 pumol
TE/g plant for TEAC and from 47.13 to 138.06 pumol
TE/g plant for FRAP. The leaves revealed significantly
higher (p<0.05) antioxidant properties than those of fruit
samples. The results agree with those observed by
Cyboran, Bonarska-Kujawa, Pruchnik (2014) and
Olszewska and Michel (2009). Sorbus austriaca leaf and
fruit samples showed significantly higher (p<0.05)
antioxidant activity in the DPPH, TEAC, and FRAP
assays.

The values of antioxidant activity decreased in the order:
S. austriaca>S. aria>S. aucuparia leaves, and in the
order: S. austriaca>S. aucuparia>S. aria fruit.
Olszewska and Michel (2009) demonstrated that leaves
of S. aucuparia have higher antioxidant activity than S.
aria, but fruit of S. aria have higher antioxidant activity
than S. aucuparia. These results could be associated with
the quantitative contents of investigated compounds in
the sample. The results in this study for S. austriaca
leaves and fruit were higher than that of Raudoné, et al.
(2015) for S. austrica leaves (FRAP=78.29 umol TE/g
DW) and of Raudonis, et al. (2014) for S. austrica fruit
(TEAC=9.70 pmol TE/g DW; FRAP=9.58 umol TE/g
DW). The results of antioxidant activity given by
Raudoné, et al., (2015), Olszewska and Michel (2009),
Olszewska et al. (2011) for S. aucuparia leaf
(FRAP=144.31-1650 umol TE/g DW) and fruit
(ABTS=11.19-91.6; FRAP=11.83-347 pumol TE/g DW)
and S. aria leaf (ABTS=265.5 umol TE/g DW;
FRAP=136.53-861.6 umol TE/g DW) samples were in
agreement with the results in this study. However, values
of DPPH=400-628 pmol TE/g DW for S. aucuparia
leaves, collected in summer, were also reported
(Olszewska and Michel, 2009, Olszewska, 2011). In
general, the antioxidant activity of S. aria fruit was
lower than the values given by Olszewska and Michel
(2009). The differences can be explained in the same
way as described for the phenolic content. In addition,
antioxidant activity of investigated Sorbus fruit samples
had lower values than blackthorn fruit (118.37-193.19
umol TE/g DW), rosehip fruit (278.34-422.16 pmol
TE/g DW), hawthorn species (0.11-0.51 mmol TE/g
DW) determined by DPPH, TEAC and FRAP methods
in 80% methanol extracts (Tahirovi¢, et al., 2018;
Tahirovi¢ and Basi¢, 2015, 2017). According to
Surweswaran et al. (2007), antioxidant activity with
TEAC values between 50.10 and 1000 ug TE/g DW is
considered as high. We can conclude that leaves of
Sorbus species have high antioxidant activity, while the
fruit have a medium antioxidant activity.

The antioxidant activity of Sorbus leaves, expressed as
pmol TE/g of the extracts, ranged from 346.02 to 842.24
pmol TE/g extract for DPPH, from 404.90 to 1236.15
umol TE/g extract for TEAC and from 815.41 to
2169.03 pumol (TE)/g extract for FRAP assay (Table 3).
The results for Sorbus fruit samples varied from 101.63
to 506.30 umol TE/g extract for DPPH, from 61.40 to
171.18 umol TE/g extract for TEAC and from 66.95 to
285.24 pmol TE/g extract for FRAP assay. It should be
mentioned that FRAP values of leaves are higher than
those of DPPH and TEAC assay (Table 3). Vitamin C
contributes significantly to the reduction properties of

extracts, and its quantity in extracts of some Sorbus
species was determined by several researchers (Egea, et
al., 2010 and references therein). The higher reduction
capability could be attributed to the higher levels of
strong reductants capable of donating electrons
(Sasikumar, Patharaj, Adithya, et al., 2012).

Correlation coefficients were investigated among the
total phenolics, flavonoids, phenolic acids, and
antioxidant activity with a linear regression method. The
obtained results are presented in Table 4. The total
phenols (r?=0.7761-0.9981) and total phenolic acids
(r?>=0.7672-0.9969) are highly correlated with DPPH,
TEAC and FRAP activity. Correlations between total
flavonoids (r?=0.3984-0.7974) and antioxidant activity
were lower. Higher correlation coefficients are probably
associated with higher total phenolics and phenolic acids
content of the samples (Table 2). Several studies suggest
that phenolic compounds, including phenolic acids, can
contribute to the antioxidant activity. The results
obtained here were consistent with the results of other
researchers confirming the correlations between different
phenolic compounds and antioxidant activity (Olszewska
and Michel, 2009; Raudonis et al., 2014; Mikuli¢-
Petkovsek, et al., 2017; Savikin et al., 2017).

Table 4: Correlation coefficients between phenalics,
flavonoids, phenolic acids and antioxidant activity

Correlations for data expressed in

(mg/g plant)
Bioactive compounds  DPPH TEAC FRAP

Phenolics 0.985 0.9678 0.9965
Flavonoids 0.7529 0.6470 0.7488
Phenolic acids 0.9856 0.9703 0.9969

Correlations for data expressed in
(mg/g extract)
DPPH TEAC FRAP

Phenolics 0.7761 0.9753 0.9981
Flavonoids 0.3984 0.716 0.7974
Phenolic acids 0.7672 0.9775 0.9990

CONCLUSIONS

The most abundant phenolic compounds in the
investigated Sorbus species are total phenolics and
phenolic acids, while the content of total flavonoids was
lower. Sorbus austriaca leaves and fruit had a
significantly  higher (p<0.05) content of active
compounds than other species, except the total phenolic
acids in fruit. However, no significant difference
(p<0.05) was found in the phenolic acids content
between S. austriaca and S. aucuparia fruit. In addition,
S. austriaca leaf and fruit extracts had significantly
higher antioxidant activity than extracts of other species.
In general, the leaf samples have a significantly higher
content of bioactive compounds and antioxidant activity
than the fruit samples. Based on the results obtained in
this study, we can conclude that the investigated Sorbus
species, in particular, S. austriaca, represent a valuable
source of natural antioxidants with the possibility of
their application in medicine, pharmacy and the food
industry. In this regard, more detailed investigations on
the quantitative composition of individual phenolic
compounds and their antioxidant properties are
necessary.
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Ispitivan je sadrzaj fenola i antioksidacijska aktivnost lis¢a i plodova vrsta Sorbus aucuparia L., Sorbus aria (L.) Crantz i
Sorbus austriaca (Beck) Hedlund. Kvantifikacija ukupnih fenola, flavonoida i fenolnih kiselina provedena je Folin-
Ciocalteu, Dowd-om i Arnow-om metodom. Antioksidacijska aktivnost ekstrakata je procijenjena koristenjem DPPH,
ABTS i FRAP metode s Troloxom kao standardom. Li$¢e je imalo veéi sadrzaj fenolnih spojeva i veéu antioksidacijsku
aktivnost od plodova za sve vrste. Najveéi sadrzaj fenola (76,11 mg ekvivalenata galne kiseline (GAE)/g biljke),
flavonoida (15,86 mg ekvivalenata rutina (RE)/g biljke) i fenolnih kiselina (44,54 mg ekvivalenata kafene kiseline
(CAE)/g biljke) utvrden je za listove S. austriaca. Plodovi S. austriaca imali su najveéi sadrzaj fenola (13,21 mg GAE/g
biljke) i flavonoida (1,82 mg RE/g biljke), a plodovi S. aucuparia imali su najve¢i sadrzaj fenolnih kiselina (9,05 mg CAE
/g biljke). Antioksidacijska aktivnost kretala se u podru¢ju: DPPH=38,42-274,52 umol TE/g biljke; ABTS=43,23-403,02
umol TE/g biljke; FRAP=47,13-706,96 umol TE/g biljke. Najvece vrijednosti antioksidacijske aktivnosti utvrdene su za
ekstrakte lista i ploda S. austriaca, dok su najnize vrijednosti utvrdene za listove S. aucuparia i plodove S. aria.

Antioksidacijska aktivnost je bila u visokoj korelaciji sa ukupnim fenolima i fenolnim kiselinama.





