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INTRODUCTION

Development of society is characterized by increasing
psychological and ecological tension, promptly changing the
climatic conditions and the recently observed inability of the
human immune system to adapt quickly to them, as a result of
which the growth of various pathologies [1-5], including corona-
virus infection [6-8], increases sharply. This prescriptions is
the need to use adaptive foods and preparations in the human
diet, among which tinctures, syrups and extracts from the fruits
of mountain ash (Sorbus aucuparia) can be isolated, contri-
buting to the normalization of the internal environment and
increasing the body’s resistance to the effects of dangerous
eco-factors. They are characterized by a high content of vitamin
C [9,10], organic acids [9,11], phenolic compounds [12-14],
carotenoids [15,16], tannins [17], etc. This allows us to attribute
mountain ash to valuable sources of biologically active subst-
ances that indicate its high antioxidant status, contributing to
the alignment of the development of oxidative stress [18].

Nevertheless, there is a variety of mechanisms of action
of antioxidants of different nature [19-22]. For example, (i)

Determination of Integral Antioxidant Activity of Phytoextracts on
Rowan Fruits (Sorbus aucuparia) by Coulometric Titration

K. KAZIMOVA
1,*, , F. AKHMADULLINA

1, , Y. SHCHERBAKOVA
1, , E. NIKITIN

2,  and A. AKULOV
3,

1Faculty of Food Technologies, Institute of Food Production and Biotechnology, Kazan National Research Technological University, 68 Karl
Marx St., Kazan 420000, Russian Federation
2Federal State Budgetary Institution of Science "Federal Research Center "Kazan Scientific Center of the Russian Academy of Sciences",
Lobachevsky str., 2/31, Kazan 420000, Russian Federation
3Kazan Institute of Biochemistry and Biophysics of the Federal Research Center of the Kazan Scientific Center of the Russian Academy of
Sciences, Lobachevsky str. 2/31, Kazan 420111, Russian Federation

*Corresponding author: E-mail: camilakazimova@yandex.ru

Received: 30 March 2022; Accepted: 10 September 2022; Published online: 19 October 2022; AJC-21018

This article presents the integral antioxidant activity (IAA) data of extracts based on the fruits of mountain ash (Sorbus aucuparia)
obtained by coulometric titration with electrogenerated bromine and DPPH-test. A good agreement of the results confirmed the high
antioxidant and antiradical activity of the studied phytoextracts. The influence of heat treatment method on the studied indicator was also
estimated. The prospects and expediency of using the method of galvanostatic coulometry for determining the integral antioxidant activity
of phytoextracts of Rowan fruits (Sorbus aucuparia) have been established.

Keywords: Sorbus aucuparia, Coulometry, Antioxidant activity, Plant extracts.

Asian Journal of Chemistry;   Vol. 34, No. 11 (2022), 2989-2993

This is an open access journal, and articles are distributed under the terms of the Attribution 4.0 International (CC BY 4.0) License. This
license lets others distribute, remix, tweak, and build upon your work, even commercially, as long as they credit the author for the original
creation. You must give appropriate credit, provide a link to the license, and indicate if changes were made.

inhibition of radical forms of active oxygen metabolites cap-
able of tearing off a hydrogen atom with the formation of organic
radicals; (ii) a change in the structural organization that makes
it difficult to oxidize; (iii) local reduction of O2 concentration
and avoidance of its inclusion in oxidation; (iv) interaction
with organic radicals and avoidance of the development of
chain oxidative processes; (v) binding or oxidation of metal
ions of variable valence, which initiates the decomposition of
peroxides and the formation of radicals; (vi) conversion of
peroxides into stable oxidation products viz. alcohols, aldehydes,
ketones, etc. has led to the development of methods for studying
antioxidant activity, which differ in the type of oxidation source,
the oxidized compound and the method of its measurement,
as well as in the level of integrality (individual antioxidant/
integral antioxidant activity). The latter is preferable, given
the multicomponent and polyfunctional pattern of adaptive
preparations, including phytoextracts. In addition, the
individual determination of individual antioxidants limits the
lack of development of the instrumental and analytical base
for the present. Therefore, research in the field of finding the
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most perspective method of measuring the integral antioxidant
activity (IAA), that fully and reliably determines the value of
this indicator, is relevant and in demand.

The known methods of analytical control for determining
of antioxidants are divided into direct and indirect (Fig. 1). The
latter are based on measuring the level of the cumulative action
of antioxidants on the inhibition of the degree or rate of consu-
mption of model reactants (indicator systems) or the formation
of oxidation products. In this case, the antioxidant activity of
the objects of study is expressed by the amount of a standard
substance that produces an equivalent antioxidant effect. In
present work, to determine the antioxidant activity of extracts
based on natural and heat-treated rowan fruits, the coulometric
titration method with electrogenerated bromine was used,
followed by a comparison of the results with the data obtained
by the DPPH method. This approach makes it possible to obtain
more reliable information when interpreting experimental data,
given the widespread use of the DPPH spectrophotometric
method for the determination of IAA extracts rich in phenolic
compounds. The choice of the first method is due to its advan-
tages: there is lack of necessity for preliminary construction
of calibration graphs, rapid, accessibility and ease of analysis,
combined with high accuracy and reproducibility of the
received results. And what is more important is the possibility
of determining a larger number of antioxidants located in phyto-
extracts due to the formation of Br•, Br2, Br3-. As a result of
electrochemical oxidation of bromides on a platinum electrode
in an acidic medium, followed by their entry into radical and
redox reactions, as well as reactions of electrophilic substi-
tution and accession by multiple bonds [23].

Methods for determining antioxidant activity
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Fig. 1. Classification of methods for determining antioxidant activity

EXPERIMENTAL

The convective drying of fruits of mountain ash Sorbus
aucuparia was carried out at 45-50 ºC and freezing at -18 ºC.
Extraction was carried out by maceration with stirring (500
rpm) for 1.5 h. The extractants were distilled water and ethanol.
The ratio of raw materials:extractant was 1:6 [24,25]. The
temperature mode of extraction was chosen taking into account
the maximum possible preservation of thermolabile antioxi-

dants (65 ºC) for obtaining aqueous extracts and 45 ºC for
alcohol extracts. The assessment of the level of extraction of
extractive substances was carried out by the quantitative
determination of soluble solids by the gravimetric method [26].

The antioxidant activity of phytoextracts was evaluated
by coulometric titration with electrogenerated bromine [18]
and spectrophotometric titration using a stable DPPH radical
[27]. For the calibration of instruments viz. Ekspert-006 coulo-
meter and PE-5400 UV spectrophotometer, rutin [28] and
Trolox, respectively were used as standards . In order to obtain
the reliable results on the integral antioxidant activity of the
studied extracts, firstly, the determination was carried out after
reaching 3-4 subsequent device indications, the values of which
did not exceed the specified error. The static processing of tje
experimental data was carried out according to the “Stat”
program.

The spectrophotometric determination of the antiradical
activity of phytoextracts with a concentration of extractive
substances of 0.5% was conducted at a wavelength of 517 nm
in a 0.5 cm thick cuvette. As a comparison solution was used
80% ethanol. The antiradical activity of phytoextracts samples
pronounced as a percentage of DPPH inhibition was calculated
by the following formula:

k o

k

D D
Inhibition DPPH (%) 100

D

−= ×

where Dk is the optical density of control sample (in the absence
of antioxidants); and Do is the optical density of the sample
with phytoextracts.

RESULTS AND DISCUSSION

The literature has sufficiently covered the issues related to
the trace elements and organic composition of extracts, based
on the fruits of mountain ash. As for the data on antioxidant
properties [29-31], it is not possible to conduct a comparative
analysis of determining their antioxidant properties under
different conditions and by different methods. Therefore, it is
of interest to conduct the comprehensive studies to assess the
influence of processing of raw materials, extractants and methods
for determining the integral antioxidant activity (IAA) of the
studied phytoextracts on this indicator for extracts of rowan
fruits obtained by galvanostatic coulometry.

The experimental results on the IAA extracts based on
natural and heat-treated fruits of mountain ash obtained by
coulometric titration electrogenerated bromine are given in
Table-1. The value of IAA is presented in units of mg of standard/
100 mL of extract with subsequent recovery to standard mg/g
of absolutely dry extractable substances (ADS), which is expl-
ained by the possibility of fluctuations in the number of extra-
ctive substances in the individual samples of phytoextracts.
As  observed, for the aqueous extracts based on natural and
dried fruits of mountain ash, there is a good reproducibility of
the IAA value. On average, the values of this indicator were
16.6 and 16.1, respectively.

For frozen phytomaterials, a variation in the values of
IAA was observed, which are higher compared to similar data
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for extracts based on natural and dried rowan fruits. The most
probable explanation of the established fact is due to the damage
of protoplasm during freezing of fruits and their storage at
-18 ºC, which results in the subsequent transition of intra-
cellular antioxidants into the extract [32], as well as the possible
formation of additional antioxidants during its freezing. Similar
observation was also reported [33], where the low temperatures
lead to a sharp increase (2-3 times) in the amount of unsaturated
fatty acids, which are antioxidants.

The observed variation of the presented values of IAA
extracts based on frozen fruits is probably associated with some
differences in the freezing conditions of certain portions of
phytomaterials, however, according to previous report [33],
depending on the cooling speed and various types of detected
ice formation, since slow freezing causes minor cell death, while
rapid cooling, results in the protoplasm surface layers damages.

According to the results, the antioxidant activity of the
water extracts of mountain ash fruits (averaged values given)
in rutin equivalents is extracts based on frozen raw materials
> extracts based on natural fruits ~ extracts based on dried
phytonutrients.

Comparison of IAA results of water extracts of mountain
ash obtained by two analytical methods showed a similar
tendency to change the values of this indicator for natural and
heat treated fruits (Fig. 2). However, there is a more signifi-
cant difference in the values of the antioxidant capacity of
the studied samples as frozen fruits > natural fruits > dried
fruits.

In case of alcohol extracts, there is a evident decrease in
the values of their integral antioxidant activity, as well as a
different series of values of the IAA of the studied samples
(Fig. 3) obtained by galvanostatic coulometry.

TABLE-1 
INTEGRAL ANTIOXIDANT ACTIVITY (IAA) DATA OF ROWAN FRUIT EXTRACTS 

Extractant-water Extractant-ethanol 

ADS (%) IAA (mg/100 
mL) 

IAA medium 
(mg/100 mL) 

IAA (mg/g) ADS (%) IAA (mg/100 
mL) 

IAA medium 
(mg/100 mL) 

IAA (mg/g) 

Natural  

10.39 
175.45 
175.45 
172.98 

174.53 ± 3.37 16.80 15.91 
175.11 
170.07 
176.23 

173.80 ± 3.28 10.92 

10.25 
167.26 
176.23 
175.22 

172.90 ± 4.91 16.86 10.59 
127.24 
127.24 
127.24 

127.24 ± 0.00 12.01 

8.31 

143.27 
136.15 
138.45 
137.19 

137.26 ± 1.15 16.52 11.26 

164.78 
129.36 
130.45 
128.45 

129.42 ± 2.49 11.49 

8.81 
141.97 
144.36 
144.97 

143.76 ± 1.59 16.31 11.47 
125.43 
123.96 
125.43 

124.94 ± 0.85 10.89 

Frozen 

4.91 
101.23 
101.23 
101.35 

101.27 ± 0.06 20.61 10.8 
142.83 
146.86 
141.82 

143.83 ± 2.67 13.32 

4.59 
84.64 
83.63 
83.52 

83.93 ± 0.62 18.29 12.7 
175.56 
181.05 
181.05 

179.22 ± 3.17 14.11 

5.12 
96.14 
96.34 
99.89 

97.46 ± 5.24 19.03 10.32 
156.45 
160.24 
159.24 

158.64 ± 1.96 15.36 

3.96 
80.46 
82.49 
80.46 

81.14 ± 2.91 20.47 9.14 
145.39 
149.31 
145.36 

146.69 ± 2.27 16.05 

Dried 

8.06 

132.85 
127.24 
127.24 
132.85 

130.04 ± 3.26 16.13 8.76 
131.84 
127.24 
132.85 

130.64 ± 2.99 14.91 

9.42 
151.46 
150.48 
148.96 

150.30 ± 1.26 15.96 13.79 
213.57 
207.96 
218.16 

213.23 ± 5.11 15.46 

8.7 
142.41 
140.69 
144.15 

142.42 ± 1.73 16.37 11.2 
169.34 
171.39 
198.46 

169.73 ± 1.50 15.15 

– – – – 11.47 
183.19 
180.38 
185.79 

183.12 ± 2.71 15.96 
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Fig. 3. Averaged antioxidant activity of phytoextracts in rutin equivalents

The obtained results indicated a higher extracting ability
of water in relation to the antioxidants of the studied fruits,
which are consistent with the literature data. According to Bae
et al. [34], an increase in the portion of alcohol in the water-
alcohol extractant reduces the concentration of water-soluble
antioxidants and the reverse tendency is typical for lipophilic
biological active substances. A similar pattern was established
when determining the antiradical activity of the studied phyto-
extracts samples (Fig. 4).
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Fig. 4. Averaged antioxidant activity of phytoextracts in trolox equivalents

However, the exception is the extracts based on dried fruits
of mountain ash. The obtained data are probably conditioned
by the difference in the extractive ability of two studied extra-
ctants related to both the content of lipophilic components in
phytomaterials and their inability to enter into the antiradical
reactions with DPPH. According to Magalhães et al. [35], many
antioxidants interacting with radical oxygen forms do not react

Coulometric titration electrogenerated bromine DPPH-test25
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Fig. 2. Averaged values of IAA of rowan fruit extracts

with DPPH. In addition, it is necessary to take into account
the possible passing of destructive processes during the heat
treatment of rowan fruits, which lead both to a decrease in the
reactive hydroxyl groups interacting with the test-radical or
their blocking and a decrease in the lipophilic components of
antioxidants, soluble mainly in ethanol.

Conclusion

The conducted studies have confirmed the high anti-
oxidant and antiradical activities of the aqueous and ethanol
extracts of the fruits of mountain ash (Sorbus aucuparia) with
the prevalence of the former. The influence of the heat
treatment of phytomaterials on the integral antioxidant activity
was observed, which indicated an increase in the antioxidant
capacity of extracts based on frozen fruits. The convenience
and perspective of using coulometric titration electrogenerated
bromine method is also established for assessing the integral
antioxidant activity (IAA) of multicomponent phytoextracts.
A good coordination of the results on the integral antioxidant
activity of the studied extracts obtained by galvanostatic
coulometry and DPPH analyzed is also proven.
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