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Utilization of plant fruits rich in antioxidants
and other phytonutrients can prevent and control
many diseases (1, 2). Due to the decreasing usage of
synthetic antioxidants over the past decade, herbs
and plants have been widely considered as alterna-
tive sources for extraction of natural phenol-based
antioxidants, both individual and those present in
extracts, which are more acceptable than the syn-
thetic ones. Tyrosinase is a copper-containing
enzyme that is essential in the melanin biosynthesis.
Nothing less important is the use of naturally
derived tyrosinase inhibitors in melanogenesis dis-
orders, skin hyperpigmentations and other melanin-
related problems (3). Since well-known tyrosinase
inhibitors (hydroquinone, arbutin, kojic acid) are
associated with various adverse effects (4), it is a
challenge to find inhibitors from natural sources for
practical use in industry.

Rosa canina L. and Sorbus aucuparia L.,
which both belong to the Rosaceae family, are pop-

ular in traditional folk medicine in Serbia for the
treatment of various disorders. Geographic variation
and environmental conditions significantly affect
plantsí bioactive chemicals composition and their
antioxidant activity. Namely, our country has a
unique biodiversity of fruit species, which possess
excellent quality and high nutritive value for usage
in the human diet (5). Ethno-botanical usage of 
R. canina and S. aucuparia fruits is mostly for
preparing jelly, jams, tea, alcoholic beverages, and
other products. R. canina or dog rose has character-
istic rose hips, pseudo-fruits or false fruits which
contain a wide variety of bioactive constituents (6-
8). It is especially rich in ascorbic acid and used in
the treatment of cold, vitamin C deficiency, flu, but
also for diabetes, chronic pain, some gastrointestinal
and kidney disorders and for skin care. S. aucuparia
(mountain ash, rowanberry) is widely spread as a
decorative and medicinal plant in Europe. Due to its
anti-inflammatory, diuretic, vasoprotective and
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vasorelaxant properties, it has been used in the treat-
ment of diabetes, intestinal obstructions, bron-
chospasm, chronic diarrhea, liver and gallbladder
diseases (9, 10). Most of the previous studies were
concerned with the testing of S. aucuparia inflores-
cences and leaves or fruits from the plant cultivars
and different Sorbus genotypes (11, 12).

However, there is scarce information available
on in vitro tyrosinase inhibitory and chelating activ-
ity of R. canina and S. aucuparia fruits and their
extracts. Also, previous studies emphasized that
antioxidant potential and phenolic content are sig-
nificantly affected by the extraction method and the
solvent used for the raw plant material extraction
(13). Consequently, the aim of the present study was
to examine and compare the efficiency of ultrasonic
extraction with different solvents regarding physic-
ochemical properties, polyphenolic profile, as well
as anti-tyrosinase and antioxidant activities of wild
fruit extracts from R. canina and S. aucuparia origi-
nating from Serbia. Antioxidant activity of extracts
was evaluated by several in vitro techniques, such as
radical scavenging assays against DPPH, nitric
oxide and hydroxyl radicals, FRAP assay, assay of
inhibition of β-carotene bleaching and metal-chelat-
ing activity.

EXPERIMENTAL

Plant material

Fruits of Rosa canina L. and Sorbus aucuparia
L. were collected in the late September 2015, from
plants growing wild on the locality of Vlasina
National Park, Serbia. The plant material was iden-
tified and the voucher specimens were deposited at
the herbarium of the Institute for Medicinal Plant
Research ìDr Josif PanËiÊî, Serbia (No. 2008RC
and No. 1407SA, for R. canina and S. aucuparia,
respectively). The fruits were harvested at the bio-
logically ripe stage, randomly, from different parts
of the plants and stored at ñ 20OC until analyzed.

Chemicals and reagents

Folin-Ciocalteu reagent, hide powder, sodium
nitroprusside, pyrogallol, catechin, ethylenedi-
aminetetraacetic acid (EDTA), mannitol, L-ascorbic
acid, 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,4,6-
tris-(2-pyridyl)-s-triazine (TPTZ), β-carotene,
linoleic acid, Tween 20 (polyoxyethylenesorbitan
monolaurate), dimethyl sulfoxide (DMSO), L-3,4-
dihydroxyphenyl-alanine (L-DOPA), kojic acid, 3-
(2-pyridyl)-5,6-diphenyl-1,2,4-triazine-p,pí-disul-
fonic acid monosodium salt hydrate (ferrozine) and
methanol were purchased from Sigma-Aldrich

(Germany). Tyrosinase from mushroom was also
the product of Sigma-Aldrich (Germany). The spe-
cific activity of the enzyme was 5771 units/mg.
Griess reagent, gallic acid, rutin trihydrate and eth-
ylenediaminetetraacetic acid disodium salt dihy-
drate (Na2EDTA × 2H2O) were from Fluka
Analytical (Switzerland). Vanillin and 2-deoxy-2-
ribose were purchased from Carl Roth (Germany).
Thiobarbituric acid (TBA) was obtained from abcr
GmbH (Germany). 3,5-Di-tert-4-butylhydroxytolu-
ene (BHT) was purchased from Supelco Analytical
(USA), 6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid (Trolox) from Acros Organics
(Denmark) and chloroform from VWR International
(USA). All the other chemicals, which were
obtained from Centrohem (Serbia), and solvents
used were of analytical grade. Freshly distilled
water was used in all experiments.

Preparation of extracts and evaluation of physic-

ochemical properties 

Fifty grams of the fruits were extracted with
four different solvents (D : E = 1 : 5, w/w), includ-
ing methanol (methanolic extracts ñ MEs), ethanol-
water (7 : 3, v/v) (ethanolic extracts ñ EEs), propy-
lene glycol-water (45 : 55, v/v) (propylene glycolic
extracts ñ PEs) and water (water extracts ñ WEs) in
an ultrasonic bath (power 160 W, frequency 40
kHz), operating at temperature 22 ± 1OC, during 30
min (14). After filtration, extracts were evaporated
to dryness in vacuo at 40OC to avoid any loss or
degradation of fruit constituents. Extraction yield
(%, w/w), was expressed as the amount of dry
extract obtained from 100 g of the fresh plant mate-
rial (fw). Measurements of refractive index, relative
density and pH values were based on the official
procedures explained in the European Pharmaco-
poeia 9th edition (15).

Polyphenolics content

Total phenolic content (TPC) of fruit extracts
was measured by the modified Folin-Ciocalteu (FC)
colorimetric method (16). Briefly, 50 µL of each
extract solution was mixed with 250 µL of FC
reagent. The mixture was vortexed for 1 min, then
750 µL of 20% aqueous sodium carbonate solution
was added and the volume was made up to 5.0 mL
with distilled water. After 2 h of incubation at room
temperature, the absorbance was measured at 760 nm.
A calibration curve was constructed using gallic
acid standard solutions (0.015 mg/mL to 0.150
mg/mL). The results were expressed as mg of gallic
acid equivalents (GAE) per g of dry plant material
weight (dw). 
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Total flavonoid content (TFC) was assayed by
the aluminum chloride colorimetric method (17),
with minor modifications. Briefly, a volume of 0.5
mL of extracts or standard solutions were mixed
with 1.5 mL of methanol, 100 µL of 10% (w/v) alu-
minum chloride solution, 100 µL of potassium
acetate solution (1.0 M) and 2.8 mL of distilled
water. The mixture was incubated at room temper-
ature for 30 min and the absorbance was measured
at 425 nm. Rutin solutions (0.05-0.50 mg/mL) were
used for the construction of the standard curve. The
results were expressed as mg of rutin equivalents
(RE) per g of dw.

Determination of proanthocyanidins was based
on the vanillin assay (18). The absorbance was
measured at 500 nm. A standard curve was con-
structed using catechin solutions (0.03-0.30
mg/mL). The total content of proanthocyanidin
(TPAC) was expressed as mg of catechin equivalent
(CE) per g of dry plant material weight (dw). The
official methods from the European Pharmacopoeia
9th edition (15) were used for determination of total
tannins (TTC) and anthocyanins content (TAC) in
the examined fruit extracts. The tannin content (TC)
was expressed as pyrogallol (%). Anthocyanins con-
centration was expressed as mg cyanidin-3-gluco-
side chloride (CG) per 100 g of dw.

Tyrosinase inhibitory activity assay

The bioassay of the tyrosinase inhibitory activ-
ity (TIA) was performed as previously described
(19), with some modifications. Mushroom tyrosi-
nase was used, with L-DOPA as the substrate. First,
40 µL of 10 mM L-DOPA and 100 µL of 50 mM
sodium phosphate buffer (pH 6.8) were inserted in a
96-well plate and incubated at 30OC for 5 min. Then,
100 µL of extracts dissolved in DMSO, followed by
30 µL of the aqueous solution of mushroom tyrosi-
nase (217 units/mL) were added to the mixture and
incubated at 30OC for 25 min. Enzymatic activity
was quantified by measuring the absorbance at 
475 nm. Negative controls, without inhibitor, but
containing 3.3% DMSO were also determined. The
percentage of tyrosinase activity was obtained by
equation 1:

Acontrol ñ Asample
Activity (%) = ññññññññññññññññññ × 100    (1)

Acontrol

Antioxidant activity assays

The DPPH scavenging assay was done accord-
ing to the method reported by Brand-Williams et al.
(20), with some modifications. Briefly, an aliquot of
the various concentrations of extracts (100 µL) was
mixed with 2.9 mL of methanol and 1.0 mL of fresh-

ly prepared DPPH working solution (90 µmol/L).
The colorimetric decrease in absorbance was meas-
ured at 517 nm. The radical scavenging activity was
calculated using equation 1.

Nitric oxide radical scavenging activity (NO)
was measured according to the modified method
described by Sreejayan and Rao (21). About 1 mL of
sodium nitroprusside (10 mM) in the phosphate
buffer (0.1 M, pH 7.4) was mixed with different
concentrations of extract or standard solutions in the
phosphate buffer. After incubation at 25OC for 120
min, 0.5 mL of the mixture was pipetted and 0.5 mL
of Griess reagent was added. The absorbance was
measured at 546 nm. The percentage of NO scav-
enging activity was calculated using the equation 1.
The ability of extracts to inhibit non-site-specific
hydroxyl radical scavenging activity (∑OH-NS) was
estimated according to the method of Halliwell et al.
(22), with some changes. The reaction mixture con-
tained 100 µL of extract or standard at various con-
centrations, 500 µL of 2-deoxy-D-ribose (5.6 mM)
in phosphate buffer (50 mM, pH 7.4), 200 µL of pre-
mixed solution of 100 µM FeCl3 and 104 µM EDTA
(1 : 1 v/v), 100 µL of H2O2 (1.0 mM) and 100 µL of
L-ascorbic acid (1.0 mM). After incubation at 50OC
for 30 min, 1 mL of 2.8% TCA and 1 mL of 1.0%
TBA were added, the mixture was incubated and the
absorbance was measured at 532 nm. The ability of
extracts to inhibit site-specific hydroxyl radical
scavenging activity (∑OH-SS) was estimated accord-
ing to the procedure for the (∑OH-NS) assay, except
that EDTA was replaced by the phosphate buffer
(23). The percentage of ∑OH scavenging activity was
calculated using equation 1.

The ferric reducing antioxidant power (FRAP)
assay was used to estimate the total antioxidant
activity of the examined extracts (24). The FRAP
reagent was freshly prepared by mixing 300 mM
acetate buffer pH 3.6, 10 mM TPTZ solution in 40
mM HCl and 20 mM FeCl3 × 6 H2O solution (10 : 1
: 1, v/v/v). An aliquot of 100 µL of extract solution
was mixed with 3.0 mL of FRAP reagent. The
absorbance readings were taken at 593 nm, after 10
min of incubation at room temperature. Aqueous
solutions of FeSO4 × 7H2O (100ñ1000 µM) were
used for calibration. The FRAP value was expressed
as µmol Fe2+ equivalents per g of dw.

The inhibition of β-carotene bleaching (BCB)
was evaluated by the modified β-carotene linoleate
model (25). Shortly, 1 mL of β-carotene solution in
chloroform (0.2 mg/mL), 25 µL of linoleic acid and
200 mg of Tween 20 emulsifier were transferred to
a round-bottomed flask. The chloroform was then
evaporated under a nitrogen stream. Oxygenated
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water (50 mL) was added into the flask and shaken
vigorously. Further, 200 µL of the β-carotene-linole-
ic acid emulsion was added to the 25 µL of extracts
in each well. The plates were shaken at 300 rpm for
5 min and incubated at 55OC. The absorbance was
read at 450 nm. BCB inhibition was calculated
according to the equations 2 and 3,

Rcontrol ñ Rsample
Inhibition (%) = ññññññññññññññññññ × 100    (2)

Rcontrol
ln[At0/At120]R = ññññññññññññññññññ              (3)

120
where R = bleaching rate; ln = natural log; At0 = the
initial absorbance measured at t = 0 min and At120 =
the absorbance measured at t = 120 min.

The ferrous ion-chelating activity (FIA) was
estimated according to the method described by
Dinis et al. (26), with some modifications. Briefly,
an aliquot (150 µL) of extracts was mixed with 50
µL of FeSO4 × 7H2O (2.0 mM) in a 96-well plate and
incubated for 5 min at room temperature. The reac-
tion was initiated by the addition of 50 µL of fer-
rozine (5.0 mM). The reaction mixture was shaken
vigorously and left to stand at room temperature for
10 min and the absorbance was measured at 562 nm.
FIA was calculated using equation 1.

Statistical analysis

Data of all measurements obtained in triplicate
are presented as mean values ± standard deviation.
All statistical analyses were performed using
Microsoft Excel 2007 and SPSS (version 25.0). The
analysis of variance (ANOVA) was followed by
Tukeyís test for the determination of significant dif-

ferences. The principal component analysis (PCA)
was performed to analyse the correlation between dif-
ferent activities of the fruit extracts and their polyphe-
nolic composition. Pearsonís correlation coefficients
(r) were used to determine the relationship between
the measured variables. Levels of p < 0.05 or p < 0.01
were used as the criterion for statistical significance. 

RESULTS AND DISCUSSION

Extraction yields and physicochemical properties

of the extracts

Besides the extraction method, the type of sol-
vent had an essential effect on the extractsí quality
and quantity. The yields reported for ultrasonic
extraction and the physicochemical properties of the
extracts are given in Table 1. The ultrasonic extrac-
tion of S. aucuparia showed higher yields, while
both plants extracted with propylene glycol-water
(45 : 55, v/v) resulted in the highest extraction yield.
To the best of our knowledge, aqueous propylene
glycol was not used for the extraction of R. canina
and S. aucuparia fruits. The extraction yields for
both plants were similar for MEs and EEs. The
water extraction capacity was a little lower for
obtaining R. canina extracts. Some non-phenolic
compounds have better solubility in water and
methanol (13). Accordingly, the higher extraction
yield of S. aucuparia extracts can be explained by
the presence of these compounds to a greater extent.
To the best of our knowledge, there are no previous
reports on physicochemical properties of the exam-
ined fruit extracts. WEs had significantly lower pH

Table 1. Extraction efficiency and physicochemical characterization of fruit extracts*.

Extract
Plant Solvent

Extraction
pH Refractive Relative 

source yield fw, %# value index density, g cm-3

RCME R. canina methanol 14.08 ± 0.02a 6.46 ± 0.04a 1.334 ± 0.009a 0.816 ± 0.029a,b

RCEE R. canina ethanol-water 
(7 : 3, v/v)

16.14 ± 0.03b 5.32 ± 0.03b 1.363 ± 0.004b 0.897 ± 0.025b

RCPE R. canina
propylene glycol-

water (45 : 55, v/v)
32.48 ± 0.06c 4.65 ± 0.01c 1.386 ± 0.006c 1.045 ± 0.030c

RCWE R. canina water 19.85 ± 0.04d 3.69 ± 0.03d 1.338 ± 0.004a 1.016 ± 0.017c

SAME S. aucuparia methanol 26.73 ± 0.03e 6.42 ± 0.04a 1.337 ± 0.012a 0.843 ± 0.037a,b

SAEE S. aucuparia ethanol-water 
(7 : 3, v/v)

25.13 ± 0.04f 5.29 ± 0.03b 1.364 ± 0.005b 0.910 ± 0.029b

SAPE S. aucuparia propylene glycol-
water (45 : 55, v/v )

33.11 ± 0.06g 4.63 ± 0.02c 1.381 ± 0.004b,c 1.057 ± 0.022c

SAWE S. aucuparia water 21.19 ± 0.03h 3.87 ± 0.04e 1.339 ± 0.008a 1.002 ± 0.037c

*The presented values are means ± standard deviation (n = 3). In each column different letters mean significant differences (p < 0.05); 
# fw - calculated on the basis of fresh plant material weight
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values compared to other extracts (nearly two times
lower than MEs). RI and RD varied because differ-
ent extraction solvents were used. PEs of S. aucu-
paria and R. canina had the highest RI and RD val-
ues, due to the propylene glycol-water (45 : 55, v/v).
The parameters tested are important for the stan-
dardization of the extracts, for the purpose of their
controlled production and possible application in the
pharmaceutical industry.

Polyphenolics content

The polyphenolics content of the examined
fruit extracts is summarized in Figure 1. As we

expected, TPC was dependent on the plant species
and the extraction solvent as well (Fig. 1a). Higher
TPC was observed for R. canina fruit extracts,
where WE of R. canina showed the highest TPC.
Previously reported TPC for the R. canina fruit
extracts was 12.5-96.0 mg GAE g-1 (8,27), which is
in line with our findings. Higher TPC of R. canina
WEs compared to MEs and EEs was confirmed by
other authors (28, 29). Regarding S. aucuparia
fruits, lower TPC values were reported in the litera-
ture, ranging from the 8.62 to 26.8 mg GAE g-1

(10,27,30). Unlike the R. canina extracts, EEs of 
S. aucuparia showed higher TPC compared to WEs.

Figure 1. Polyphenolics content of fruit extracts. The results are expressed as means ± standard deviation (n = 3); TPC ñ total phenolic
content; TFC ñ total flavonoid content; TTC, total tannin content; TPAC ñ total proanthocyanidin content; TAC ñ total anthocyanin con-
tent; GAE ñ gallic acid equivalents; RE ñ rutin equivalents; CE ñ catechin equivalents; CG ñ cyanidin-3-glucoside chloride; dw ñ calcu-
lated on the basis of dry plant material weight. Bars with the different lowercase letter are significantly different (*p < 0.05; **p < 0.01)
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It is well-known that FC reaction is nonspecific to
phenolic compounds, so a certain amount of non-
phenolic substances may interfere with FC reagent,
such as residual sugars, some inorganic substances,
soluble proteins, organic acids (27, 31). Since the
fruits contain a mixture of all these compounds,
which contribute to the total phenolics, it was
expected that the results of TPC assay would be dif-
ferent between the examined fruits and their
extracts. TPC assay was applied with the aim to
evaluate the content of a wide range of phenolic
antioxidants, as bioactive substances, which might
contribute to the total antioxidant activity and bio-
logical activity of fruit extracts.

Data showed variability in the TFC between
the plants, as well as between the extracts (Fig. 1b).
The higher TFC was obtained for S. aucuparia
extracts. EEs and MEs of S. aucuparia had the great-
est amount of flavonoids, nearly 70% and 86% high-
er amounts compared to EEs and MEs of R. canina,
respectively. The contents of flavonoids in R. cani-
na fruit extracts were higher than those reported by
other researchers (28). Also, Kylli et al. (12) and
Olszewska and Michel (10) measured lower TFC for
S. aucuparia fruits. Flavonoid content in plant fruits
can change according to the harvest time, climate
factors and fruit ripeness (32).

To the authorsí knowledge, no study has been
made on TTC, TPAC and TAC in the examined fruits
using techniques explained in the present study. As it
can be seen in Figure 1c, R. canina extracts showed
from 2.7 to 9.9 times higher levels of TTC in com-
parison with S. aucuparia extracts. For both plants,
EEs and PEs showed a better selectivity for tannins
extraction. It might be assumed that solvents
methanol, ethanol-water (7 : 3, v/v) and propylene
glycol-water (45 : 55, v/v) provided extraction of the

similar amounts of tannins from the S. aucuparia
fruits. The same applied to the PEs and WEs for the
R. canina fruits. Previous studies were focused pri-
marily on the content of ellagitannins in fruits (29,
33). However, Mikulic-Petkovsek et al. (11) reported
very low TTC in S. aucuparia cultivar fruit extracts. 

Data on the TPAC in extracts are presented in
Figure 1d. The higher content was found in R. cani-
na fruits (WE and EE of R. canina), while propylene
glycol-water (45 : 55, v/v) extracted the most proan-
thocyanidins from S. aucuparia fruits. Taking into
consideration the extracts preparation and the
methodology described, present results for TPAC
appeared to be higher than those from the literature
(10, 29, 30). According to the results presented in
Figure 1e, fruits from both plants have a high
amount of anthocyanins. Water and propylene gly-
col-water (45 : 55, v/v) were found to be the most
effective regarding the extraction of anthocyanins
from the examined fruits. TAC in R. canina fruits
was higher than that reported by Ganhao et al. (29).
S. aucuparia extracts contained several times higher
TAC than it was previously reported (12, 34).

Based on these analyses, the content of differ-
ent classes of phenolic compounds in fruit extracts
was strongly influenced by the extraction solvent.
Although mixture propylene glycol-water (45 : 55,
v/v) has proved to be the most efficient regarding
the extraction efficiency, however, the content of
individual groups of compounds was not the highest
in these extracts (extraction yield was related to var-
ious compounds present in the extracts, not only
polyphenols). This highlighted the fact that there
was no single extraction solvent that would isolate
all the groups of phenolic compounds at the highest
concentrations from the examined extract, which
was demonstrated in our study.

Figure 2. Tyrosinase inhibitory activity (TIA) of fruit extracts. The results are expressed as means ± standard deviation (n = 3). Bars with
the different lowercase letter are significantly different (**p < 0.01). TIA-IC50 is the concentration of extract inhibiting 50% of enzymatic
activity
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Tyrosinase inhibitory and antioxidant activity of

extracts

TIA of R. canina and S. aucuparia fruit
extracts were examined for the first time in this
report. The obtained results indicated S. aucuparia
extracts had higher TIA than R. canina fruit extracts
(Fig. 2). In comparison with an effective tyrosinase
inhibitor, as a positive standard, PE of S. aucuparia
and WEs from both plants revealed a considerable
tyrosinase inhibitory potential. Our findings suggest
that ultrasonic PEs of S. aucuparia and WEs of 
R. canina fruits might be effective for the inhibition
of tyrosinase enzyme and treatment of skin hyper-
pigmentation and melanin-related disorders.

The antioxidant activity of fruit extracts is pre-
sented in Figures 3 and 4. All extracts demonstrated
considerable DPPH radical scavenging activity (Fig.
3a), especially EE, WE and PE of R. canina.
Furthermore, S. aucuparia extracts were less effec-
tive than extracts from R. canina, using the same
solvents for extraction. Regarding R. canina fruits,
DPPH SC50 values from the literature were higher

and ranged from 278.9 to 750.0 µg/mL (6, 7, 35).
MrkonjiÊ et al. (35) reported similar DPPH SC50 for
WEs and MEs from S. aucuparia fruits. The other
reports revealed lower DPPH scavenging activity of
S. aucuparia fruit extracts (9, 10, 30).

As it can be seen in Figure 3b, R. canina
extracts showed better activity in reducing the gen-
eration of nitric oxide radicals, especially WEs and
PEs. S. aucuparia EE had the highest activity among
the S. aucuparia extracts (2.22 times higher than
PE). Literature data related to this assay for both
plants are very scarce and reduced only to a few
studies (28, 36).

∑OH-NS and ∑OH-SS assays results are pre-
sented in Figures 3c and 3d. R. canina WEs showed
a better activity for neutralization of hydroxyl radi-
cals, with the lowest SC50 in both tests. Scavenging
activities of S. aucuparia extracts were comparable
and even higher than the activity of mannitol. WE of
R. canina showed higher ∑OH scavenging activity
compared to mannitol. Reported IC50 values for 
R. canina fruit extracts were within the range of 

Figure 3. Antioxidant activity of fruit extracts against DPPH radical (a), scavenging of nitric oxide radicals (NO) (b), in non-site-specific
(c) or site-specific (d) hydroxy radicals scavenging activity (ïOH-NS and ïOH-SS, respectively). The results are expressed as means ± stan-
dard deviation (n = 3); dw ñ calculated on the basis of dry plant material weight. Bars with the different lowercase letter are significantly
different (**p < 0.01). SC50 values are the concentrations of extract at which 50% of the free radicals were scavenged
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119-1480 µg/mL and for S. aucuparia fruits 160-240
µg/mL (28, 36). To the best of our knowledge, there
are no reports in the literature on ∑OH-SS SC50 for
the examined fruits/extracts. ∑OH-NS and ∑OH-SS
assays served to explain possible different antioxi-
dant mechanisms of the extracts. In the ∑OH-NS
assay, EDTA forms a complex with Fe3+ ions and the
antioxidant activity is demonstrated by neutraliza-
tion of the already formed hydroxyl radicals. In the
second case, the extracts may influence hydroxyl
radical generation by Fe3+ ions complexion mecha-
nism. Since all the extracts from this study exhibit-
ed higher activity in ∑OH-SS assay, they were also
supposed to have a considerable iron chelating
activity.

FRAP results of the examined extracts are
shown in Figure 4a. The highest activity was calcu-
lated for WE of R. canina. According to the litera-
ture data, the antioxidant power of R. canina fruit
extract was similar and amounted to 1043.5 µmol/g

(37). In the study of Olszewska and Michel (10) the
antioxidant power of S. aucuparia fruit extract was
441.5 µmol/g, which is in line with our results.

The BCB assay showed that the analyzed
extracts inhibited the oxidation of linoleic acid (Fig.
4b). The fruit extracts of R. canina demonstrated a
higher inhibition of BCB compared to S. aucuparia
extracts. The results were in accordance with the
previous reports, where IC50 for R. canina fruits was
396.06 µg/mL (35). Regarding S. aucuparia fruit
extracts, there is a lack of data concerning this
method of determining antioxidant activity.

The present study demonstrated for the first
time FIC capacity of the examined extracts in regard
to ferrous ions (Fig. 4c). Chelating capacity can be
also considered as part of antioxidant activity
because chelation of metal ions can contribute to the
prevention of free radicals formations (38). Even
though the fruit extracts were not as strong chelators
as a positive control, they exhibited moderate FIC

Figure 4. Antioxidant activity of fruit extracts: (a) ferric reducing antioxidant power (FRAP), (b) β-carotene bleaching assay (BCB) and (c)
ferrous ion chelating activity (FIC). The results are expressed as means ± standard deviation (n = 3); dw ñ calculated on the basis of dry plant
material weight. Bars with the different lowercase letter are significantly different (**p < 0.01). FIC-IC50 is the concentration of extract at
which 50% of the metal ions were chelated, while BCB-IC50 is the concentration of extract providing 50% of β-carotene bleaching
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values. S. aucuparia fruit extracts showed a higher
FIC capacity, especially ME of S. aucuparia.

A direct comparison of the obtained results
with literature data is not sometimes straightfor-
ward, considering the variety of the methods of
extraction, differences in extraction solvents, non-
standardized methods of analysis and maturity stage
of plant samples.

Polyphenols and other phytochemicals from
the fruits have health-promoting effects when used
as functional food or pharmaceutical preparations
(39-41). The body absorption of phenolic com-
pounds depends on their bioavailability.
Glycosylated forms and polyphenol mixtures are
generally absorbed in the intestine. Some molecules
have a higher absorption efficiency than others, such
as gallic acid and isoflavones, then a little lower cat-
echins and quercetin glycosides, followed by proan-
thocyanidins and anthocyanins (42). Bioavailability
might be increased by the encapsulation of extract
into liposomes, nanoemulsions or cyclodextrins
(43). Our study emphasizes the importance of know-
ing the natural polyphenols content present in the
examined fruit extracts, as antioxidants and anti-
tyrosinase agents. Future research should be focused
on their bioavailability and in vivo physiological
effects, cell proliferation, and cytotoxicity assays
and their role in human health.

Principal component and correlation analyses

The PCA (Fig. 5) resulted in a two-component
model that explained 72% of the total variance. The

first principal component (PC1) accounted for
45.71% and the second component (PC2) for
26.29% of the total variance in the data set.
According to the loadings plot, it was noted that ∑OH
scavenging activity and TIA had low, but similar
loading on PC1, indicating that assays were highly
correlated among each other. It was observed that
the extracts containing high levels of polyphenols
(WEs and PEs) were also potent radicalsí scav-
engers, suggesting that polyphenols may be the
main components responsible for the antioxidant
properties of extracts. In accordance to that, a sig-
nificant correlation was noticed between TPC, TTC,
TPAC and DPPH assay (r = ñ 0.608, r = ñ0.643 and
r = ñ0.56, respectively; p < 0.01); as well as between
TPC, TTC and NO scavenging activity (r = ñ0.548
and r = ñ0.575, p < 0.01, respectively). It is worth
pointing that TFC contributed mostly to the FIC (r =
ñ0.628, p < 0.01) and ∑OH scavenging activity (r =
ñ0.424, p < 0.05 for ∑OH-NS and r = ñ0.557, p <
0.01 for ∑OH-SS). PC2 explained the variation
between the extracts regarding TPAC, TAC and
BCB, NO and DPPH scavenging assays. TPAC and
TAC especially contributed to DPPH activity.
However, tannins were the main contributors to NO
scavenging activity of the extracts. The present
study reported the lack of correlation between TPC
and BCB assay, which was in accordance with other
researchers (44). The content of proanthocyanidins
showed the highest correlation related to BCB assay
(r = 0.455, p < 0.05). There was a moderate correla-
tion between TIA and ∑OH_NS (r = 0.676), as well

Figure 5. Principal component loadings plot from polyphenolic compounds, tyrosinase inhibitory and antioxidant properties of fruit
extracts. Abbreviations: TPC ñ phenolic content; TFC ñ flavonoid content; TTC ñ tannin content; TPAC: proanthocyanidin content; AC ñ
anthocyanin content; TIA ñ tyrosinase inhibitory activity; DPPH ñ DPPH radical; NO ñ nitric oxide radical; hydroxy radical, ïOH-NS ñ
non-site and ïOH-SS ñ site-specific scavenging activity; FRAP ñ ferric reducing antioxidant power; BCB ñ β-carotene bleaching assay;
FIC ñ ferrous ion-chelating activity
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as ∑OH_SS activity (r = 0.594), with a statistical sig-
nificance of p < 0.01.

CONCLUSION

In summary, the polyphenols analysis of
extracts has shown the high contents of biologically
active compounds that gave a contribution to the
examined bioactivities of the extracts. The polyphe-
nols content evaluation of the ultrasonic extracts
from S. aucuparia and R. canina fruits with different
solvents showed water to be the best for a thorough
extraction of the bioactive compounds from the R.
canina fruits, while propylene glycol-water (45 : 55,
v/v) was the most efficient regarding S. aucuparia
fruits, followed by ethanol-water (7 : 3, v/v). R. can-
ina WEs and PEs showed higher antioxidant activi-
ty, including scavenging activity of different free
radicals. However, S. aucuparia ultrasonic PEs
demonstrated a higher potential concerning tyrosi-
nase inhibitory and chelating activity. Therefore,
since they represent great sources of natural anti-
tyrosinase inhibitors and antioxidants, these ultra-
sonic extracts can be considered as promising candi-
dates suitable for the application in the pharmaceu-
tical industry, for oxidative stress prevention or
treatment of skin hyperpigmentation and melanin-
related disorders.
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