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ABSTRACT: Oxidative stress is among the main culprits for the progression of chronic diseases such
as cardiovascular diseases, diabetes, and neurodegenerative disorders. It is well known that dark
chocolate possesses polyphenols as major constituents which dietary consumption has been
associated to health beneficial effects. Consequently, this study aimed to analyze dark chocolate (DC)
and dark chocolate enriched with medicinal mushroom Coriolus versicolor (DCC) and hazelnuts
(DCH) regarding antioxidant potential and total polyphenol (TPC), flavonoid (TFC), flavan-3-ol (FLA)
and proanthocyanidin (PCA) content. DPPH, CUPRAC and ABTS™ assays were applied for
measuring antioxidant capacity. The average of all antioxidant tests for each product was used for
calculating the antioxidant potency composite index (ACI). The mean values of all antioxidant assays
indicated that all chocolate products contained potent antioxidants. The addition of hazelnuts to dark
chocolate significantly affected its total flavonoid content. Regression analysis among results obtained
with antioxidant assays revealed that dark chocolate and dark chocolate products may act in mixed
mode, by direct reduction via electron transfer or by radical quenching via H atom transfer. Flavan-3-
ols had the most significant impact on the ability of the analyzed samples to reduce metals, while
proanthocyanidins primarily acted as radical scavengers. The obtained results provided additional
information regarding the value-added dark chocolates enriched with bioactive compounds of
medicinal mushroom and plant origin.
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INTRODUCTION

Chocolate and chocolate products have
been consumed throughout human his-
tory, but the healthy/unhealthy effects of
chocolate have not always been equally
recognized. Recently, the determination of
secondary metabolites in cocoa and cho-
colate has changed the long lasting fal-
lacies about the adverse effects of cho-
colate which has been presented over the
last century. Nowadays, chocolate is not
only an energy source of sugar and fat
mixture, but is also a rich source of poly-
phenols and methylxanthines which show

an important role in protecting human
health (Todorovic et al., 2015).

The main polyphenols in chocolate and its
products are flavan-3-ols and proantho-
cyanidins  (Lalii¢-Petronijevic et al.,
2016). The most biological active are mo-
nomeric flavan-3-ols, catechin and epi-
catechin, and their oligomeric derivatives-
procyanidins, members of the proantho-
cyanidin class of flavonoids (Katz et al.,
2011). Flavan-3-ols and procyanidins may
contribute to cardioprotective effects via
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antioxidant and antiplatelet activity. They
have immunoregulatory properties and be-
neficial effects on the endothelium (Katz et
al., 2011). The epicatechin content of cho-
colate is primarily responsible for its fa-
vorable impact on vascular endothelium,
which is the result of both acute and chro-
nic upregulation of nitric oxide production
(Galleano et al., 2009). Dark chocolate fla-
vonoids can protect nerves from injury and
inflammation and have beneficial effects
on satiety, cognitive function, and mood
(Katz et al., 2011). In addition to poly-
phenols, dark chocolate contains methyl-
xanthine compounds, predominantly theo-
bromine and caffeine in small amounts
(Todorovic et al., 2015). Theobromine has
antioxidant activity similar to caffeine and
relatively little stimulating effect on the
central nervous system (Todorovic et al.,
2015).

Not all chocolates are equally rich in poly-
phenols and methylxanthines. Nowadays,
there are numberless sorts and types of
chocolate, starting from different cocoa
solids content, the presence of milk or a
great variety of additions, fillings and aro-
matizing agents (Komes et al.,, 2013).
However, consumers are becoming more
opting in the food market and they would
like to have not just a delicious sweet but
also product that can provide sufficient
vitality and protection. Therefore, choco-
late industry focuses to broaden their pro-
duct ranges such as having high-cocoa
polyphenols rich chocolate, probiotic cho-
colate, and prebiotic chocolate rather than
ordinary chocolate (Gliltekin-Ozglven et
al., 2016).

Consequently, this study aimed to enrich
dark chocolate with medicinal mushroom
Coriolus versicolor and hazelnuts, and to
compare antioxidant potential of the pro-
ducts. Over the past decade knowledge
concerning the health benefits and fun-
ctioning mechanisms of mushroom sup-
plementation gained much interest in the
food nutrition area (Ma et al.,, 2018).
Mushrooms have been consumed for
many centuries due to the alluring sensory
characteristics, optimal nutritional compo-
sitions and for the treatment and preven-
tion of several diseases such as arthritis,
rheumatism, bronchitis, gastritis, cancer,

as well as in health and longevity main-
tenance (Soccol et al., 2014). Chocolates
with whole nuts or coarse nuts are popular
chocolate products and accordingly we
used hazelnuts enriched chocolate as the
referent standard. Total content of poly-
phenols (TPC), flavonoids (TFC), flavan-3-
ols (FLA) and proantho-cyanidins (PCA)
was evaluated. Antioxi-dant potency com-
posite index (ACI) was finally used for the
evaluation of antioxidant potential.

MATERIALS AND METHODS

Three samples of each analyzed product:
dark chocolate (DC), dark chocolate with
C. versicolor (DCC) and dark chocolate
with hazelnuts (DCH) were analyzed in or-
der to determine complete antioxidant ac-
tivity. TPC, TFC, FLA and PCA content of
chocolate products were analyzed using
spectrophotometric methods.

Sample preparation

Commercial DC (Selection Noir, Belgium)
was used to manufacture chocolate pro-
ducts with C. versicolor dried fruiting bo-
dies powder and hazelnuts purchased at a
local market specialized for organic food.
DC was made from 58 g/100 g of cocoa
mass, 38 g/100 g of sugar and 4 g/100 g
of cocoa butter. Its nutritional composition
and the energetic value were presented in
Table 1.

The content of added mushroom and plant
material was 5% in each chocolate pro-
duct (Komes et al., 2013). Fresh wild-
growing fruiting bodies of autochthonous
mushroom species C. versicolor were col-
lected from FruSka gora, a large forest
area and National park in Vojvodina, Nor-
thern Serbia. Carpophores were identified
according to the methods of classical her-
barium taxonomy to confirm the correct
species (Phillips, 1979).

The representative voucher specimens
were deposited in the herbarium of the
Department for Industrial Microbiology at
the Faculty of Agriculture-University of
Belgrade (No. CVR-1) together with their
mycelial cultures. For further analysis,
mushroom samples were soaked in etha-
nol to remove impurities, lyophilized (Tels-
tar LyoAlfa 15-85, Terrassa, Spain) and
powdered.
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Table 1.

Nutritional composition and energetic value of the commercial dark chocolate (DC)

Nutritional composition

Content (g/100 g)

Moisture 0.87 £ 0.01°
Total fat 344+1.2
Crude protein 6.7+0.5
Carbohydrates 431120
-starch 46+0.3
-sugars 385+1.8
Fibers 9.8+0.5
Energy

535 kcal/100 g
2215 kJ/100 g

All parameters except moisture were presented on dry weight
Nutritional composition was analyzed according to the Official Methods of Analysis- AOAC procedures (1995)

Total energy was calculated according to Barros et al. (2007)

Raw hazelnuts were manually cracked,
then ground in a coffee mill and lyo-
philized.

Extracts preparation

The chocolate extracts were prepared as
described by Todorovic et al. (2015). Cho-
colate samples were frozen and manually
grated. Exactly 5.0 g of each cocoa pro-
duct was extracted three times with 20 mL
of n-hexane in order to eliminate lipids
from the samples. Then defatted samples
were air-dried during 24 h to evaporate
residues of organic solvent. According to
Komes et al. (2013), aqueous acetone
was the most efficient to extract the poly-
phenolic compounds from chocolate pro-
ducts.

Accordingly, the components of interest
were extracted from defatted products two
times with 35 mL of solvent extraction
mixture (acetone + Milli-Q water (MQ) +
acetic acid (70 + 29.8 + 0.2 v/v/v) for 30
min in an ultrasonic bath (Labsonic LBS2-
10, FALC, Treviglio, ltaly). The mixture
was centrifuged (Sigma 2-16P, Sigma
Laborzentrifugen GmbH, Osterode am
Harz, Germany) for 10 min at 3000 rpm
after each extraction and the supernatant
was decanted.

After filtration to remove the residual par-
ticles, the supernatants were combined in
a flask and filled up to obtain 100 mL of
the extract. C. versicolor and hazelnuts
were extracted according to the same pro-
cedure, in order to enable the comparison
of the polyphenolic content and antioxi-
dant capacity of chocolate products with
mushroom and hazelnuts extracts.

Determination of total polyphenols
(TPC), flavonoids (TFC), flavan-3-ols
(FLA) and proanthocyanidins (PAC)
content

The Folin-Ciocalteu reaction method
adapted for a 96-well microplate reader
(Hanna Instruments EC 215 Conductivity
Meter, Chelmsford, UK) was used to de-
termine the TPC according to Djekic et al.
(2016). Gallic acid was used as the stan-
dard (0.015-0.25 mg/mL) and results
were expressed as mg gallic acid equiva-
lents (mg GAE/g of sample, defatted dark
chocolate product or dry weight of the C.
versicolor and hazelnuts extract).

Quantification of TFC was done based on
a colorimetric microplate assay (Gajula et
al., 2009). Catechin standard solutions
(0.0625-2 mg/mL) were used for the con-
struction of a standard curve. The results
are expressed as mg catechin equivalents
(mg CE/g of sample, defatted dark cho-
colate product or dry weight of the C.
versicolor and hazelnuts extract).

PCA were analyzed using a butanol/HCI
assay described by Todorovic et al.
(2015). The quantity of PCA was deter-
mined from a standard curve of cyanidin
chloride treated with the BuOH-HCI-Fe llI
mixture and expressed as mg cyanidin
chloride equivalents (mg CyE/g of sample,
de-fatted dark chocolate product or dry
weight of the C. versicolor and hazelnuts
extract). The range of standard solutions
(0.05-0.3 mg/mL) was used for obtaining
the calibration curve.

The content of FLA was estimated using
the 4—dimethylaminocinnamaldeh (DMAC)
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reagent according to Mraihi et al. (2015).
The mentioned method was chosen be-
cause of its selectivity, sensitivity, and ra-
pidity to flavan-3-ols quantification com-
pared to other spectrophotometric pro-
tocols (Payne et al., 2010). The DMAC
react specifically to monomeric flavanols
such as catechin and epicatechin of cocoa
and chocolate. Little or no reaction occurs
with cyanidins and phenolic acids, flavor-
nes, flavanones, flavonols, anthocyani-
dins, isoflavones, and stilbenes (Payne et
al., 2010). The DMAC reagent was prepa-
red immediately before uses, by dissolving
20 mg of DMAC in a cold mixture (1/1 v/v)
of methanol and 1.5 M H,SO,. Extracts
(50 ul) were added into the wells with 150
uL of DMAC and allowed to react at dark
for 10 min, at room temperature. The ab-
sorbance at 640 nm was measured using
an absorbance microplate reader
(ELx808, BioTek Instruments, Inc., USA).
Catechin standard solutions (0.0125-0.2
mg/mL) were used for the construction of
a standard curve. The results are ex-pres-
sed as mg catechin equivalents (mg CE/g
of sample, defatted dark chocolate pro-
duct or dry weight of the C. versicolor and
hazelnuts extract).

Antioxidant activity determination

Three methods were used to evaluate ra-
dical-blocking capacities: 1,1-diphenyl-2-
picrylhydrazyl free radical (DPPH’) sca-
venging ability, cupric reducing antioxidant
capacity (CUPRAC) assay, and 2,2-azi-
nobis(3-ethylbenzothiazoline-6-sulfonic
acid) radical cation (ABTS™) scavenging
ability.

DPPH’ scavenging ability was evaluated
by colorimetric assay (Vunduk et al.,
2016) with slight modifications. Briefly,
100 pL of aliquoted samples were added
to 50 pL of freshly prepared dimethyl sul-
foxide (DMSO) solution of 0.2 mM DPPH
in a 96 well plate (Sarstedt, Nimbrecht,
Germany). The absorbance was measu-
red at 490 nm using a 96-well micro-plate
reader (ELx808, BioTek Instruments, Inc.,
USA). The calibration curve (0.015-1
mmol Trolox/mL) was used for the quan-
tification of DPPH’ scavenging ability. The
CUPRAC method was done according to
Ozturk et al. (2011) with slight modifica-

tions. To each well, in a 96 well plate, 50
ML 10 mM Cu (), 50 yL 7.5 mM neo-
cuproine, and 60 pyL NH,Ac buffer (1 M,
pH 7.0) solutions were added. 30 pL of ali-
gquoted samples were added to the initial
mixture to make the final volume of 190
ML. After 1 h, the absorbance was re-cor-
ded at 450 nm against a reagent blank
using a 96-well microplate reader. The
reagent blank was prepared using the
conditions selected in this study, replacing
50 pyL of 10 mM Cu (Il) with the same
volume of MQ water. The CUPRAC was
calculated from the calibration curve (0.1-
0.8 mmol Trolox/mL). ABTS™ scavenging
ability method was slightly modified and
adapted for microplate reader by Petrovi¢
et al.,, (2016). Each extract (50 pL) was
mixed with 200 uL of previously activated
ABTS™ water solution. The mixture was
kept 6 min in the dark and its absorbance
was read at 630 nm. The control was pre-
pared by mixing 10 yL of MQ water with
200 pL of ABTS™ solution. The calibration
curve (0.2 mmol-1.5 mmol Trolox/mL)
was used for the quantification of ABTS™
scavenging ability.

The results of all assays were expressed
as ymol Trolox equivalents (umol TE/g of
sample, defatted dark chocolate product
or dry weight of the C. versicolor and ha-
zelnuts extract.

Antioxidant potency composite index
(ACI)

An overall antioxidant potency composite
index was determined by assigning all as-
says (DPPH’, CUPRAC, ABTS™) an equal
weight, assigning an index value of 100 to
the best score for each test, and then cal-
culating an index score for all other sam-
ples within the test as follows: antioxidant
index score = sample score/ best score
x100 (Seeram et al., 2008). The average
of all three tests for each chocolate pro-
duct was then taken for the value of anti-
oxidant potency composite index.

Statistical analyses

All experiments were carried out in tripli-
cate and expressed as the mean * stan-
dard deviation (SD). Statistical analyses
were performed with the Statistica 12.0
software package (Statistica, Tulsa, OK,
USA), using a one-way analysis of va-
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riance (ANOVA) for all data collected.
Differences between the means for each
treatment were determined using Dun-
can’s multiple range tests (P<0.05).

RESULTS AND DISCUSSION
Total TPC, TFC and PAC content

There is no uniform method for the ex-
traction of all phenolic compounds with a
single solvent system from chocolates and
their products (Komes et al., 2013).

Polarities of different phenolic compounds
may vary significantly due to their conju-
gation status and their association with the
sample matrix. According to the results of
Komes et al. (2013), aqueous acetone
was the most efficient to extract polyphe-
nolic compounds from chocolates and

dried fruit. Therefore, acetone was se-
lected for the extraction and quantification
of polyphenols in this study. TPC, TFC,
PCA and FLA contents of dark chocolate,
dark chocolate products, C. versicolor and
hazelnuts extracts were shown in Table 2.

Phenols were found in considerable quan-
tities in all extracts. Dark chocolate sam-
ples with or without C. versicolor and ha-
zelnuts were similar regarding TPC (Table
2). There was no statistical difference ob-
served at P<0.05. Flavonoid contents
were ranked in the order of
DCH>DC=DCC. TFC in DCH was statis-
tically different and approximately 11%
higher than in pure DC.

Using the same method for the determi-
nation of total phenols and the same
extraction solvent, Todorovic et al. (2015)

Table 2.
Polyphenol, flavonoid, proanthocyanidin and flavan-3-ol contents in acetone extracts of dark
chocolate, dark chocolate products, C. versicolor and hazelnuts

Sample TPCT TFC* PAC" FLA?
(mg GAE/ g) (mg CE/qg) (mg CyE/q) (mg CE/Q)
DC 12.3+0.7% 6.1+0.3° 2.0+0.3% 0.70 + 0.04%
DCC 115+ 0.4% 5.8+0.6° 1.5+0.3° 0.66 + 0.08%
DCH 12.6+0.8% 6.8+0.3% 1.8 +0.2° 0.76 + 0.04%
cVv 3.9+0.3° 0.3+0.0° 0.09 + 0.003° 0.02 + 0.002°
HA 7.0+04"° 3.2+0.5° 0.5+0.0° 0.47 + 0.03"

Tgallic acid equivalents (GAE); *catechin equivalents(CE); "cyanidin chloride equivalents (CyE); all values are
expressed per defatted dark chocolate product or dry weight of C. versicolor and hazelnuts extract; results are
given as mean * standard deviation (n = 3); within the same column, means followed by different letters are
significantly different at P<0.05; DC — dark chocolate; DCC — dark chocolate with C. versicolor; DCH — dark
chocolate with hazelnuts; CV — C. versicolor extract; HA — hazelnuts extract

Table 3.
Antioxidant capacity of dark chocolate, dark chocolate products, C. versicolor and hazelnuts extracts
Sample DPPH’ scavenging CUPRAC ABTS" " scavenging
ability (umol TE/g) ability

(umol TE/g) (umol TE/g)

DC 79.7 £2.1° 392.5+6.7° 256.4 +7.1%

DCC 79.0+ 1.6° 402.7 +10.5° 249.0 £ 5.6°

DCH 81.7 £ 2.4° 407.5+8.8" 255.7 + 6.5

Ccv 522+22° 69.5+2.0° 143.1 £ 5.5°

HA 70.1+3.2° 460 + 11.2° 220.3+3.9°

Results are given as mean * standard deviation (n = 3); within the same column, means followed by different
letters are significantly different at P<0.05; DC — dark chocolate; DCC — dark chocolate with C. versicolor; DCH —
dark chocolate with hazelnuts; CV — C. versicolor extract; HA — hazelnuts extract; TE — Trolox equivalents

Table 4.
Antioxidant potency composite index of dark chocolate and dark chocolate products
Sample DPPH’ CUPRAC ABTS™ ACI
index index index (%)
DC 97.6 96.3 100 97.9
DCC 96.7 98.8 97.1 97.5
DCH 100 100 99.7 99.9

DC - dark chocolate; DCC — dark chocolate with C. versicolor; DCH — dark chocolate with hazelnuts; ACI —
antioxidant potency composite index



Maja S. Kozarski et al., The influence of mushroom Coriolus versicolor and hazelnuts enrichment on antioxidant activities and
bioactive content of dark chocolate, Food and Feed Research, 47 (1), 23-32, 2020

found an average of 11.99 mg GAE/g of
dark chocolate, which was comparable to
our study. Flavonoid content found in dark
chocolate samples by the same group of
authors was in average 20.1 ymol CE/g.
In order to analyze dark chocolate pro-
ducts, polyphenol contents of CV and HA
were determined. Comparing to the dark
chocolate and dark chocolate products,
polyphenols and flavonoids were found in
significantly lower content in C. versicolor
and hazelnuts acetone extracts (Table 2).
TPC in HA was almost 45% higher than in
CV. TFC of CV and HA were being about
8% and 46% of the total phenolics, res-
pectively. As proanthocyanidins are the
main flavonoids of cocoa products next to
flavan-3-ols, their content was determined.
PAC in dark chocolate products varied
between 1.5 mg CyE/g in DCC and 2.0
mg CyE/g in DC (Table 2). Significant
differences were not found between ana-
lyzed products (P<0.05), i.e. PAC was not
influenced by the presence of C. versi-
color and hazelnuts extracts (Table 2).
Like-wise, significant differences in fla-
van-3-ol contents were not found between
analyzed chocolate products (Table 2).
Contrary, FLA were observed an almost
twenty four—fold higher content in HA
compared to CV. High flavanols content in
hazelnuts extract in this study was in
agreement with the research of Slatnar et
al. (2014). They confirmed that the main
polyphenolic subclass in hazelnut kernels
comprised of mono- and oligomeric flavan
3-ols.

Structurally, flavonoids are classified into
12 major subclasses based on chemical
structures, six of which, namely antho-
cyanidins, flavan-3-ols, flavonols, flavor-
nes, flavanones, and isoflavones are of
dietary significance (Manach et al., 2004;
Kumar and Pandey, 2013). This structural
diversity results in large variability of the
physico-chemical properties influencing
the extraction of polyphenols (Koffi, 2010).

Dark chocolate, hazelnuts and C. versi-
color fruiting bodies are compositionally
different substrates and maximum extrac-
tion efficiency of polyphenolic compounds
could not be achieved with the same sol-
vent, since they contain, to a certain ex-

tent, different types of polyphenolic com-
pounds (Hammerstone et al., 1999; Nat-
sume et al., 2000; Jakopic et al., 2011;
Slatnar eta al., 2014; JanjuSevi¢ et al.,
2017; Cerulli et al., 2018). Additionally
dark chocolate with hazelnuts and C.
versicolor combined together can produce
a complex matrix, and more extraction sol-
vents of different polarity would be ap-
propriate to compare the contents of
polyphenols in the final products (Mojzer-
Brglez et al., 2016). Consequently, further
investigations are necessary to verify
maximum quantities and qualitative profile
of polyphenols that can be obtained by
consuming these products.

Antioxidant capacity of dark chocolate
products

Three different antioxidant assays
(ABTS™, DPPH’, and CUPRAC) were ap-
plied for the evaluation of the antioxidant
capacity of chocolate extracts and the ob-
tained results were shown in Table 3.

The mean values of all antioxidant assays
indicated that all chocolate extracts con-
tained potent antioxidants. Significant dif-
ferences were not observed between dark
chocolate extracts in DPPH’, CUPRAC
and ABTS™ assay. Increased TFC content
in DCH was not followed by the increasing
of the antioxidant potential. CA and HA
had lower DPPH" and ABTS™ scavenging
abilities in the comparison of the dark cho-
colate products and it was in agreement
with lower contents of polyphenolic, flavor-
noid, proanthocyanidin and flavan-3-ols
observed (Table 2).

However, HA showed the highest potential
in CUPRAC assay and reduction of Cu®*
to Cu® among all analyzed extracts (Table
3) which may indicate that the qualitative
composition of the extracts is of more
importance than the quantity. Mira et al.
(2002) showed that the Cu reducing ac-
tivity seems to depend largely on the hum-
ber of hydroxyl groups present in the poly-
phenols molecules, having their basic
structures a small influence.

Significantly lower reduction ability of DCH
compared to HA (Table 3) could be ex-
plained by the interaction of matrix com-
ponents of the new chocolate products.
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Correlation between the antioxidant
potential and components of chocolate
extracts

In order to better understand mechanism
of antioxidant action, the correlation coef-
ficients (r) among results obtained with
antioxidant assays, and antioxidant as-
says with the content of bioactive com-
ponents of chocolate extracts were deter-
mined.

Correlations among results obtained with
antioxidant assays were positively strong
for DPPH" and CUPRAC (r=0.81), as well
as DPPH" and ABTS™ (r=0.89). Moderate,
positive correlation was observed between
ABTS™ and CUPRAC (r=0.52).

It has been established that antioxidants
can demonstrate their protective proper-
ties at different stages of the oxidation
process and by different mechanisms
(Gordon, 1990). There are two main types
of antioxidants, namely, primary (chain
breaking, free radical scavengers) and
secondary or preventive (Gordon, 1990).
Secondary antioxidants are the conse-
guence of deactivation of metals, inhibi-
tion or breakdown of lipid hydroperoxides,
regeneration of primary antioxidants, sin-
glet oxygen (*O2) quenching, etc.

The assays for measuring antioxidant ca-
pacity used in this study are based on
different mechanisms. CUPRAC mea-su-
res the ability of a sample to reduce me-
tals while ABTS and DPPH measure a
sample’s free radical scavenging capacity
(Gordon, 1990; Prior et al., 2005). Besides
in FRAP, there is a SET (Single Electron
Transfer) reaction mechanism, while
DPPH and ABTS combine both, a HAT
(Hydrogen Atom Transfer) reaction and
SET reaction mechanism (Prior et al.,
2005).

From the results obtained from correlation
analysis among the antioxidant assays it
could be concluded that dark chocolate
and dark chocolate products may act in
mixed mode, by direct reduction via
electron transfers or by radical quenching
via H atom transfer.

As a confirmation, the correlations bet-
ween antioxidant assays and the content

of bioactive components inferred: 1. TPC -
very strong and positive correlation with
DPPH" and ABTS™ (r=0.94 and r=0.96),
and moderate with CUPRAC (r=0.55); 2.
TFC - very strong positive correlation with
DPPH" (r=0.90), and strong with ABTS™
and CUPRAC (r=0.77 and r=0.73); 3. PCA
- very strong positive correlation with
ABTS™ (r=0.94), strong with DPPH’
(r=0.70) and weak with CUPRAC (r=0.21);
4. FLA - very strong and positive corre-
lation with DPPH’ (r=0.92), and strong with
ABTS™ (r=0.84) and CUPRAC (r=0.84).

Results of regression analysis indicated
that flavan-3-ols exerted the most signi-
ficant impact on the ability of analyzed
samples to reduce metals, while proantho-
cyanidins primarily acted as radical sca-
vengers.

Antioxidant potency composite index
(ACI)

We used three different methods to de-
termine antioxidant capacity. Each of
these methods for antioxidant activity has
certain advantages and limitations and
differs in terms of the assay principles
(Prior et al., 2005). Consequently, in order
to give equal weight to these entire me-
thods ACI was calculated. Although in
vitro antioxidant capacity cannot be di-
rectly translated to biological systems, ACI
presents a useful tool for ranking different
commercial products (Seeram et al.,
2008). The ACI values are shown in Table
3. DCH had the highest average ACI va-
lue of 99.9% among tested samples
(Table 4).

CONCLUSIONS

The results of the present study confirmed
the antioxidant potential of dark chocolate
and dark chocolate enriched with C.
versicolor mushroom and hazelnuts.

However, the addition of 5% of C. ver-
sicolor and hazelnuts to dark chocolate
had no influence on antioxidant potential
and total polyphenols, flavan-3-ols and
proanthocyanidins contents of the en-
riched products. Contrary to this obser-
vation, changes in total flavonoid content
were observed in the dark chocolate sam-
ple enriched with hazelnuts. Regression
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analysis among results obtained with anti-
oxidant assays revealed that dark cho-
colate and dark chocolate products may
act in mixed mode, by direct reduction via
electron transfer or by radical quenching
via H atom transfer. Flavan-3-ols had the
most significant impact on the ability of
analyzed samples to reduce metals, while
proanthocyanidins primarily acted as ra-
dical scavengers.

The obtained results provided additional
information regarding the high valuable
dark chocolates enriched with bioactive
compounds of medicinal mushroom and
plant origin. Further studies are needed to
investigate the qualitative and quantitative
diversity of polyphenols subclasses which
are present in analyzed samples and sub-
classes impact on antioxidant mecha-
nisms.
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YTUUAJ AOOATKA NNEKOBMUTE NbUBE CORIOLUS VERSICOLOR
U NEWLUHUKA HA AHTUOKCUOATUBHU NOTEHLUIMNJAN U BUOAKTUBHMU
CAOPXAJ LIPHE YOKONAALE

Maja C. Kosapcku*, Auuta C. Knayc, JoeaHa b. ByHayk, Muomup I1. Hukwwnh

YHuBep3uTeT y beorpagy, NorbonpuBpeaHu dakynTteT, MIHCTUTYT 3a npexpaMOeHy TEXHOSOr1jy u
6roxemujy, 11080 Beorpag, HemaruHa 6, Cpbuja

Caxetak: OkcMaaTMBHU CTPeC je OAroBOpaH 3a HanpedoBae XPOHWYHMX 0DOoSbeHa Kao
LITO Cy KapAmoBackynapHe 6onectu, avjabeTtec n HeypogereHepaTMBHM nopemehaju. NoaHaTo je ga
UpHa Jokonaga cagapxu nonvdeHone Ymju yHoc ocTBapyje no3uTuBaH yTuuaj Ha 3gpaBrbe. CxooHO
TOMe, Uik OBOI UCTpaxuBarwa OMO je ga ce aHanuaupa aHTMOKCMOATVMBHWM MOTeHUMjan M YKymnHu
cagpxaj nonudeHona (TPC), pnaBoHouga (TFC), donaBaH-3-ona (FLA) u npoaHTouunjaHuamnHa (PCA)
upHe 4yokonage (DC) u upHe 4vokonage ca gogatkom rremBe Coriolus versicolor (DCC) n newHuka
(DCH). AHToKCcMaaTMBHK noTeHuwmjan nopeheH je npumeHom DPPH', CUPRAC 1 ABTS'™ TecToBa 3a
Mepere aHTUMOKCMAATUBHUX CMOCOBHOCTM in vitro. Cpegwa BpPeQHOCT CBUX aHTUOKCUAATUBHUX
TecToBa 3a CBakvM aHanuavpaHu npou3Bog kopuwheHa je 3a u3padyHaBawe aHTUOKCMAATUBHON
komnosuTtHor uHgekca (ACI). Pesyntatm uctpaxumeamwa cy nokasann ga DC, DCC n DCH wumajy
n3pakeHW aHTMoKCuMaaTvBHW noTeHumjan. [logaBawe nelwHWKka TamHOj YOKOMaau 3HayajHo je
yTMUano Ha HeH YKynHu cagpxaj dnasoHoupa. PerpecmoHa aHamu3a pesyntata gobujeHnx
aHTMoKcuaaTMBHMM TecToBuma je notepamna ga DC, DCC n DCH wcnorbasajy aHTMOKCUOATUBHM
noTeHUWjan pasnuynTMM peakLMOHMM MexXaHuammma Tj. OUMPEKTHOM peayKkumjoM MpeHoLeHeM
enieKkTpoHa n xBaTaweM crnobodHMX pagukana npeHolewemM BOLOHUKOBMX aToma. [oTBpheHo je aa
cdnaBaH-3-0nM MMajy 3HavajaH yTvuaj Ha cnocobHOCT aHanM3vMpaHux y3opaka Aa peaykyjy meTtarne,
OOK MpOaHTOLMjaHUaANHM YIIaBHOM Aenyjy Kao xBataum cnobogHux pagukana. JobujeHu pesyntatu
OBOr MCTpaxuBaka Nnpyxajy gogatHe uHdopmaunje o GUMoNoLWKoM NoTeHuujany LpHe 4okonage ca
A04aTKOM BMOaKTMBHMX KOMMOHeHaTa BurbHOr nopekna v NekoBUTUX rbuea.

Krbque pe4yun: aHmuokcudamueHU KOMMNo3UMmHuU UHAEKC, UpHa Yyokosiala, UpHa Yyokosiada ca
doldayuma nekosume asbuse U feuHuUKa

Received: 5 November 2019
Received in revised form: 18 December 2019
Accepted: 3 February 2020



