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A BS T R AC T

The article discusses the relevance of developing methodological approaches to the beer and soft drinks accelerated aging method in the market. The controlled indicators selection principles, mainly affecting the quality
of the finished product, and the basic equation describing the dependence of changes in indicators on the main
temperature factor are given. Studies of the influence of various physical factors (temperatures in the range of
50–60 °C, UV‑radiation), both individually and jointly, on the physicochemical and organoleptic characteristics
of packaged water for various experimental versions did not show statistically significant changes in the normalized parameters of the basic salt and microelement composition investigated water during storage. The optimal mode of accelerated «aging» of packaged water at an elevated temperature (up to 60 °C) and UV-radiation
was established. In the case of soft drinks, thermostating was used when changing the temperature regimes
(heat 50 ± 2 °C / cold 6 ± 2 °C) at an exposure time of 30 days, which made it possible to observe a decrease in
taste and aroma compared with the control, as well as a decrease in sweetness and the appearance of a slight
plastic taste for non-carbonated drink. The influence a temperature regime change on brewing products, which
cannot be estimated using the existing method due to the high turbidity, is shown.

1. Introduction
A food products shelf life is one of the most important indicators characterizing the good or poor quality of product. The expiration dates and storage conditions of beer-non-alcoholic products
establishment and confirmation (further, beverages) require special
scientific studies on the comparison and scientific justification of
temperature and optimal storage selection conditions. Drinks which
is circulation on the territory of the Eurasian Economic Union
for a specified shelf life, when used for their intended purpose,
should be safe [1]. Shelf life and storage conditions for finished
products are set by the manufacturer. Basically, drinks (beer, beer
drinks, soft drinks, mineral and drinking water) are not perishable
products and manufacturers declare shelf life of 6–12 months
at different storage temperatures and the manufacturer must
confirm the safety of their products throughout the shelf life,
taking into account the coefficient reserve (1.15) [2]. Studies on
the shelf life and storage conditions establishment for beverages
are carried out to confirm compliance of the product with the
established hygiene requirements during these periods, as well as
to prevent their possible harmful effects on human health and the
environment. To reduce the duration of experimental research,
methods of «accelerated aging» are increasingly used, which can
significantly save time and predict certain quality indicators and
shelf life of food products.
The research methodology to justify the drinks shelf life includes the following methodological principles: the controlled
indicators choice, establishing the frequency of control, calculating
the samples number required for research, developing a program
and drawing up a research calendar, conducting research.
The controlled indicators choice is based on ensuring microbiological safety, harmlessness of the physicochemical composition and drinks favorable organoleptic properties. Indicators are
selected that are mandatory for control, in accordance with the
requirements of current regulatory documents, and indicators
that may change during storage, affecting the safety, quality and
special properties of drinks.
Establishing the frequency of control. Studies to justify shelf
life are carried out at least 3 times during the specified shelf life —
at the beginning of storage, at the shelf life end and after a period

of time determined by the appropriate reserve ratio for products
with a planned shelf life of up to 6 months and at least 4 times
(optional including mid-life) for products with a planned shelf
life of 12 months.
To conduct studies on the justification of expiration dates,
typical product samples can be identified. A standard sample is a
sample of finished products of the same name, manufactured by
one manufacturer in accordance with the normative and technical
documentation developed for it that regulates the production of
products (technical conditions, technological instructions). The
test results of a type sample (each item) apply to the entire volume
of products. Physico-chemical, microbiological and organoleptic
studies to confirm shelf life are carried out at a temperature declared by the manufacturer.
Previous regulatory documents established the expiration
dates of mineral medicinal-canteen and medicinal waters bottled
in glass bottles. According to these documents, mineral water is
stored in special darkened ventilated warehouses, protected from
moisture, at a temperature of 5 to 20 °C. The shelf life of mineral
water was established — 12 months from the date of bottling [3,4].
For drinking water: shelf life of 12 months at a temperature of 2 to
20 °C [5]. A soft drinks shelf life was more than 30 days, the storage temperature was 18 °C [6] For pasteurized and unpasteurized
beer, according to [7,8], the storage temperature was 10–20 °C and
5–12 °C, respectively. The pasteurized beer shelf life prepared using protein-colloidal stability stabilizers is three months, without
the use of stabilizers, a month from the date of bottling.
At the same time, in the storing drinks process (especially in
trade), the storage temperature regimes are not observed, and the
shelf life dependence on the material and the volume of consumer
packaging is revealed.
Our previous studies found that various hydrochemical types
and mineralization mineral waters, packaged in polymer or glass
packaging, for 15 months at temperature 25 ± 2 °C were in compliance with the requirements of current regulatory documents on
organoleptic indicators, basic salt composition, microbiological
and chemical safety [9]. At present, the drinks shelf life, subject
to storage conditions in polymer packaging is from 3 months
to 18 months, in glass — up to 24 months: a specific period is
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set individually for various drinks. As a result of the research,
a research methodology was developed to justify the mineral
waters shelf life and Methodological guidelines to justify mineral waters of various groups shelf life and storage temperature
conditions [10].
One of the promising directions for assessing changes in the
long-term food products quality is the «accelerated aging» method,
which can significantly save time and predict certain quality indicators and food products shelf life, especially newly developed
ones. Such testing is carried out due to the intensification of the
many factors impact causing food spoilage [11,12,13,14,15].
When using the method, a situation is created specially in
which the spoilage period and the chemical reaction kinetic factor value are significantly accelerated in time, and the transience
of the reaction becomes quite high. Moreover, the product goes
through its «spoilage life cycle» in a relatively short period of time.
All tests are carried out at a temperature significantly exceeding
its possible values during the actual storage of products, which
allows to intensify the processes causing food spoilage.
Accelerated Shelf Life Testing (ASLT) method and its combined
variants allow to obtain a forecast for some products within only
10–15 days (instead of a year). The process kinetic model is the
Arrhenius equation. According to this equation, with a temperature increase of 10 °C, the chemical reactions transience doubles,
including in such products: balms, sweets, drinks, various creams,
etc. The ASLT method was used by a number of authors, both foreign and domestic, to determine the functional drinks shelf life
[16]. Controlled indicators selected: the mass fraction of anthocyanins and the total content of phenolic substances, organoleptic
indicators (color, smell, taste). The tests were carried out at an
elevated temperature of 60 °C, the maximum possible at which
the Arrhenius law is valid. It was revealed that at temperature
60 °C the degradation of anthocyanins and phenolic substances
occurred on the 7th day, which corresponds to 3.7 months of storage under standard conditions.
In the non-alcoholic industry, work on substantiating expiration
dates was carried out by researchers on non-alcoholic bases with
a standard 2 years shelf life [17]. Simultaneously with the bases
storage under standard conditions, their «accelerated aging» was
carried out. Experimental studies were carried out at temperatures (°C): 40, 50, and 60, since the information obtained using
accelerated methods at three different temperatures is sufficient
to obtain satisfactory and reliable results for predicting shelf life.
The balsams quality loss was determined by the change in normalized indicators (acidity, appearance, etc.) and by the decrease in
the flavonoids and tannins mass fraction (as an estimate of the
physiological value of balsams).
For drinking and mineral water, work on the substantiation of
shelf life by accelerated methods was not carried out.
In the brewing industry, the cyclic express method was used
to predict the shelf life of light beer. Beer samples were kept at a
temperature of 60 °C for 24 hours, then cooled to room temperature and placed in a thermostat for 24 hours at temperature 0 °C.
Beer quality loss was determined by the indicator «turbidity» at
temperature 20 °C. The cycle: «heating-cooling» is repeated until
the average turbidity exceeds 2.0 EMU (turbidity units according
to the European Brewing Convention standards) or opalescence
is not observed. One heating cycle corresponds to one month of
beer storage [18].
The fact is that this technique is based on the implementation
of a shift in colloidal equilibrium in beer, which is caused by the
appearance of turbidity in the finished drink [19]. The association
of polyphenol-protein associates takes place, which is called the
term «irreversible turbidity», which gives reason to talk about
spoilage of the beer under study. Substances of non-carbohydrate
nature can also join the above associates [20].

Thus, the express methods development for predicting the
drinks shelf life and a methodological approach to justifying
shelf life is an important scientific task for the beer-non-alcoholic
industry.
The main objectives of the experimental studies were:
 research and scientific justification of factors providing accelerated brewing and non-alcoholic products aging;
 a study of the physico-chemical and microbiological parameters brewing and non-alcoholic products stability depending
on the volume of consumer packaging and its corking under
storage conditions that provide accelerated aging of drinks;
 comparative studies of the drinks with natural and accelerated aging stability and quality.
2. Materials and methods
The experimental work was carried out in the brewing technology department in conjunction with the Testing Center of the AllRussian Scientific Research Institute of the Brewing, Non-Alcoholic
and Wine Industry. A various hydrochemical types, carbonated
and non-carbonated mineral waters, soft drinks with sugar and
sweeteners of various compositions, unfiltered pasteurized beer,
including wheat, packaged in consumer packaging made of polyethylene terephthalate and glass, were chosen as objects of study.
For mineral water samples, the experimental conditions were
chosen: temperature 60 °C, UV‑radiation (λ = 254 nm), exposure
time 30 days. The packaged mineral water samples were placed
in a thermostat, in which they were kept for a given time. Daily
part of the mineral water samples were irradiated for 15 minutes.
Sampling was carried out on the 15th and 30th day of the experiment. Control samples were stored at room temperature 25 ± 2 °C
without access to direct sunlight for 30 days.
The temperature regime for soft drinks was tested in 3 versions of the experiment — constant heating, heat / cold with slow
cooling, heat / cold with fast cooling. The temperature was: heat
50 ± 2 °C / cold 6 ± 2 °C, exposure time 30 days. Samples were
exposed in a cyclic mode. One cycle was 48 hours and repeated
for a month. Control samples (K) were stored at a temperature of
25 ± 2 °C for 30 days.
The drinks quality was evaluated by organoleptic (smell, taste)
and physico-chemical indicators.
Organoleptic evaluation of drinks was carried out using a
25-point system for carbonated and a 19-point system for noncarbonated products. The tasting was carried out by a closed
method. The quality of mineral waters was evaluated by the following criteria: appearance, taste and smell, carbon dioxide saturation.
The quality of soft drinks was evaluated according to the following
criteria: transparency (for transparent drinks), opalescence (for
drinks based on vegetable raw materials), color, appearance, taste
and aroma, and carbon dioxide saturation.
Physico-chemical parameters of the beer under study (initial and artificially aged) — turbidity — were determined using
a turbidimeter (Hazemeter 600). The technique is based on the
measurement of turbidity in beer samples using a turbidimeter
device expressing the turbidity intensity in EBC units, measured
at an angle of 90 and 25 degrees for various types of colloidal and
non-colloidal particles [21].
3. Results and discussion
For mineral and drinking water, the following factors were
selected as factors affecting the quality of products: temperature
(50–60 °C), UV‑radiation, and their combined effect. The packaged
waters physicochemical parameter studies under various experimental variants did not show statistically significant changes
in the basic salt and microelement composition normalized
indicators in studied water samples during storage. It has been
established that the most optimal mode of accelerated «aging»
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of packaged water is thermostating at elevated temperatures
(up to 60 °C) + UV‑radiation. At the same time, for carbonated
water in PET packaging, it is necessary to select a temperature
regime that excludes the closure spontaneous opening and shape
loss bottle possibility.
An important indicator and almost the only one by which the
consumer evaluates the mineral and drinking water quality is the
organoleptic assessment. Organoleptic characteristics include
color, turbidity (transparency), smell, taste and taste.
Organoleptic evaluation of the mineral waters quality with
various processing methods is presented in Table 1.

for a month. Control samples (K) were stored at a temperature of
(25 ± 2 °C) for 30 days.
The results of organoleptic evaluation are presented in Table 2.
Organoleptic evaluation of samples of soft drinks

Table 1

Organoleptic evaluation of packaged water samples
Sample
code

Norm
(points)

Processing method

Organoleptic
evaluation
(points)
К

15
30
days days

still
1–1

at temperature 60 °C

2–1

at temperature 60 °C
and UV‑radiation
UV‑radiation

Еxcelent 17–19
Good 15–17
Satisfactorily 14–15

18.0

17.7

16.2

18.5

14.8

13.5

18.5

18.2

17.5

at temperature 60 °C

23.8

20.0

18.0

1–3

at temperature 60 °C

25.0

24.2

21.8

2–2

at temperature 60 °C
+ UV‑radiation

24.5

16.8

15.0

24.5

24.5

24.3

at temperature 50 °C
and UV‑radiation

24.0

23.8

21.5

UV‑radiation

24.0

24.0

24.0

UV‑radiation
3–1

Еxcelent 22–25
Good 19–22
Satisfactorily 15–19

Sample
code

Type
of drink

1.

1–1–1

still

2.

1–2–1

sparkling

3.

1–3–1

sparkling

4.

1–4–1

sparkling

5.

1–1–2

still

Processing method

at temperature 50 °C
/slow cooling/ at
temperature 6 °C

at temperature 50 °C
/ quick cooling / at
temperature 6 °C

Organoleptic
evaluation (points)
К

30 days

18.6

14.2

23.8

22.0

24.8

23.4

24.2

18,9

18.6

16.4

23.8

22.0

24.8

23.2
18.5

6.

1–2–2

sparkling

7.

1–3–2

sparkling

8.

1–4–2

sparkling

24.2

9.

1–1–3

still

18.6

17.2

10.

1–2–3

sparkling

23.8

21.8

11.

1–3–3

sparkling

24.8

23.4

12.

1–4–3

sparkling

24.2

17.5

at temperature 50 °C

Sparkling and still drinks (control) were characterized by
a general mark «excellent». In all variants of the experiment,
a decrease in taste and aroma was observed in comparison with
the control, a decrease in sweetness and the appearance of a weak
smack of plastic for a non-carbonated drink were noted. The
greatest deterioration in organoleptic characteristics was noted
in the sample aged according to experiment 1 (at temperature
50 °C / slow cooling / at temperature 6 °C), as well as in the drink
aged according to experiment 3 (at temperature 50 °C). It is assumed that this is due to the lemon juice presence in the drink
composition, which is extremely unstable during storage (prone
to oxidation and tarring).
Unfiltered pasteurized beer, including wheat malt in glass
consumer packaging, was chosen as a sample for researching
brewing products.
At the first stage of the study, it was necessary to verify the
compliance of the industry-approved methodology for beer «accelerated aging» with these product samples [18]. The experimental
data are presented in Table 3.

sparkling
1–2

№

Table 2

It was found that during storage at 60 °C in non-carbonated
mineral water for 30 days there is a slight decrease in organoleptic
characteristics (light extraneous taste) by the end of the experiment. Additional UV‑radiation treatment leads to a faster decline
(to taste — the appearance of a chemical aftertaste and bitterness).
The UV‑radiation treatment of mineral water stored at room
temperature does not significantly affect on still mineral water
organoleptic characteristics. For sparkling water, joint treatment
(temperature and UV‑radiation) also leads to a rapid decrease in
organoleptic characteristics during storage for 30 days. At temperature 50 °C, a marked change in organoleptic characteristics
in the studied mineral waters was not observed for 2 months.
Deterioration of organoleptic characteristics can be explained
by significant disadvantages of PET packaging, such as relatively
low barrier properties (it passes ultraviolet rays and oxygen into
the bottle, and carbon dioxide to the outside, which degrades the
quality and shortens the shelf life of products) and poor resistance
to heat.
As samples of research on non-alcoholic products, 4 samples
of industrially made non-alcoholic drinks based on sugar and / or
sweeteners spilled in PET and glass packaging of various capacities were selected.
In accordance with the research program, the task was set — to
select the conditions and terms for the experimental work on the
«accelerated aging» of soft drinks, allowing to predict the products
quality and safety in accordance with modern requirements.
Based on literature data and our own research, the experiment
conditions were selected: temperature conditions (heat 50 ± 2 °C
/ cold 6 ± 2 °C), exposure time 30 days. The soft drinks samples
were placed in a thermostat, in which they were kept for a given
time. The temperature regimes were tested in 3 versions of the
experiment — constant heating, heat / cold with slow cooling,
heat / cold with fast cooling. One cycle was 48 hours and repeated

The unfiltered beer with different composition
of raw materials turbidity indicators
Grain raw materials

Table. 3.

Turbidity, un. ЕВС
Н90

Н25

Lighte barley malt

86.79

55.21

Lighte barley malt

43.03

37.59

Lighte barley malt, wheat malt

99.99

99.99

Lighte barley malt

72.85

53.29

Lighte and dark barley malt

68.96

70.0

Lighte barley malt, wheat malt

99.99

92.78

It should be noted that a reliable measurement of turbidity
on the device is possible only in beer with a turbidity in the range
of 0.5–30 units EBC.
The experiments showed (Table 3 data) that in most of the
analyzed unfiltered beer samples, the turbidity was either 1.5–3
times higher or not measured at all by the apparatus, as in the case
of wheat beer, which is caused by the composition of the wheat
malt grain endosperm. The studied beer color characteristics did
not affect the turbidity, but only the presence in the beer volume
of yeast cells or colloidal compounds corresponding to the characteristics of the used grain raw materials.
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Therefore, now the task has arisen of monitoring significant
physicochemical parameters, based on which it would be possible
to quantitatively determine the imbalance of colloidal equilibrium
and, accordingly, to develop a method of accelerated aging for
brewing products.

out, it was found that for packaged water, an objective indicator
of quality confirmation is the organoleptic characteristics (taste,
smell and other parameters) and physico-chemical indicators
indicating a change in product quality over the expiration date.
For soft drinks and beer, given their wide variety, it is necessary
to select the optimal factors for accelerated aging processes and
scientifically based indicators for control. The research methodology to justify the beverages shelf life using accelerated aging
methods will be refined after the research.

4. Conclusions
Thus, the obtained materials analysis showed the need for
further research on the factors and conditions selection affecting
the drinks stability during storage. As a result of the work carried
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A BS T R AC T

According to the data of the Food and Agriculture Organization of the United Nations, global food losses are about
one third of their total output, mainly due to spoilage. Therefore, a search for safe methods of shelf life extension
is an important task, especially for products for specialized nutrition. According to literature data, natural antioxidants can be alternative to existing preservatives due to its ability to inhibit oxidation of the main nutrients. Pulp,
seeds and peel of quince, apple «Simirenko», feijoa, persimmon, Jerusalem artichoke, white, red and yellow onion
were objects of the study. The total antioxidant capacity was determined by Oxygen Radical Absorbance Capacity
(ORAC) and Ferric Reducing Antioxidant Power (FRAP) methods and expressed in µmol equiv. Trolox / g of sample
and µmol equiv. Dihydroquercetin / g of sample. It was noticed that peels demonstrated higher antioxidant activity, and red onion husk possessed the highest value, which was 722.8 ± 13.9 µmol equiv. Dihydroquercetin / g of
sample and 3357.5 ± 42.2 µmol equiv. Trolox / g of sample. It was shown that the use of fruit and vegetable wastes
is promising for production of food-grade antioxidants. In addition, the results of the research could facilitate
stimulation of rational and efficient environmental management.

1. Introduction
In the developed countries, an amount of food waste increases
every year. According to Food and Agriculture Organization of the
United Nations (FAO) data, one third of all food produced in the
world is either lost or wasted, which is about 1.3 billion tons per
year [1]. In this connection, the industry faces an emergent need
for improvement of existing or development of new approaches to
shelf life extension. Nowadays, there are several main approaches:
technological, physical and chemical treatment [2], among which
the latter could be potentially dangerous to human health. For
example, food preservatives include Е200-Е299 and some of them
are forbidden for the use in several countries depending on the
legislation [3,4]. Synthetic preservatives are in demand due to
cost-efficiency; therefore, their use is widespread [5,6].
Nowadays, a search for alternative sources of natural preservatives is relevant, because negative effect of synthetic preservatives
on health was proven [7,8]. Moreover, a demand for healthy foods
is growing and an assortment of functional and specialized products is increasing, including foods for breastfeeding and pregnant
women, children and adolescents. Thus, plant antioxidants could
be an alternative source of natural preserving agents. It is known
that natural antioxidants (AO) in the composition of plant extracts
and in a form of mono-substances are widely used both as natural
preservatives and as functional additives. The antioxidants with
the proved positive effect include dihydroquercetin, tocopherol,
vitamin C and others [9,10,11].
In this research, the antioxidant potential of several plants
including their pulp, peel and seeds was determined. The antioxidant potential of the samples was determined by Oxygen Radical
Absorbance Capacity (ORAC) and Ferric Reducing Antioxidant
Power (FRAP) methods.

Table 1

The list of plant samples
№ Objects

Peel
(top
layer)

Peel

Pulp Seeds

1

Quince (harvest of 2018)

—

1.1

1.2

2

Apple («Simirenko», harvest of 2018)

—

2.1

2.2

2.3

3

Feijoa (Azerbaijan, harvest of 2018)

—

3.1

3.2

3.3*

4

Persimmon («Shish Burun»,
Azerbaijan)

—

4.1

4.2

—

5

Jerusalem artichoke

—

5.1

5.2

—

6

Yellow onion

6.1

6.2

6.3

—

7

White onion

—

7.1

7.2

—

—

8.1

8.2

—

8 Red onion
*pulp with seeds

1.3

Aqueous extracts were prepared for analysis. 1 g of a minced
sample was mixed with 50 ml of boiled distilled water and infused
for 15 min in a closed container with periodic mixing. After that,
extracts were filtered through filter paper. The extract of sample
1.3 was centrifuged at 3500 G for 5 min in SIGMA 3 30KS centrifuge («Sigma Laborzentrifugen», Germany). The obtained water
extracts were stored at 4 ºС not more than 3 days.
Total antioxidant capacity (TAC) of extracts was determined by
fluorescent ORAC method and expressed in µmol equiv. Trolox / g
of sample. The measurements were carried out on Fluoroskan Ascent FL (TermoLabsystems, Finland) with the use of black 96-well
plates by the method [12] in our own modification [13].
The total antioxidant capacity of extracts was determined by
the photometric FRAP method on a spectrophotometer SF‑2000
(OCB «Spectr», Russia) using the methodology [14] in our own
modification [13]. Results were expressed in µmol equiv. Dihydroquercetin / g of sample.
STATISTICA 10.0 software was used in this study for the statistical analyses. The results were calculated as «middle value ± standard
error» (M ± SE). Significant differences were tested by one-way
ANOVA, followed by the Tukey test. Differences with P‑values less
than 0.05 were considered as statistically significant.

2. Materials and methods
Guince, apple «Simirenko», feijoa, persimmon, Jerusalem artichoke, white, red and yellow onion were objects of the study. Raw
materials were bought in the store «VkusVill». For more detailed
analysis, their peel, pulp and seeds were analyzed separately
depending on the plant. The list of samples is given in Table 1.

FOR CITATION: Kupaeva N. V., Kotenkova E. A. A search for alternative sources of natural plant antioxidants with the prospect of their use in the food industry. Food
systems. 2019; 2(3): 17–19. DOI: 10.21323/2618–9771–2019–2–3–17–19
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3. Results and discussion
The indicators of the antioxidant potential of the selected
samples were analyzed by the ORAC method (determination of
antioxidants absorbance capacity in regard to oxygen radicals
(ROO• and RO•)), and by the FRAP method (determination of total
antioxidant capacity of a sample). The antioxidant potential was
measured in difference parts of the selected samples, such as peel,
pulp and seeds. The results are presented in Table 2.

541.3 ± 29.3 µmol equiv. Trolox / g of sample, while in pulp it was
below detection limit and in seeds it was 113.7 ± 15.4 µmol equiv.
Trolox / g of sample, which was lower than the value of peel by
4.8 times (Р < 0.05).
The antioxidant activity of feijoa peel determined by the FRAP
method was 302.5 ± 8.8 µmol equiv. Dihydroquercetin / g of sample
and exceeded the value of pulp and seeds by 2.1 times (Р < 0.05)
and 6.7 times (Р < 0.05), respectively. The absorbance capacity of
antioxidants determined by the ORAC method was 553.1 ± 4.7 µmol
equiv. Trolox / g of sample and exceeded the value of pulp and
seeds by 3.5 times (Р < 0.05) and 13.0 times (Р < 0.05), respectively.
The antioxidant activity of Jerusalem artichoke peel determined
by the FRAP method was 32.0 ± 4.2 µmol equiv. Dihydroquercetin /
g of sample and exceeded the value of pulp by 160 times (Р < 0.05).
The absorbance capacity of antioxidants determined by the ORAC
method was 305.7 ± 10.3 µmol equiv. Trolox / g of sample and
exceeded the value of pulp by 57.7 times (Р < 0.05).
The inverse trend was observed regarding persimmon. It was
shown that the antioxidant capacity of pulp determined by the
FRAP method was 121.8 ± 6.6 µmol equiv. Dihydroquercetin / g of
sample and exceeded the value of peel by 4.9 times (Р < 0.05). On
the contrary, the absorbance capacity of antioxidants determined
in pulp by the ORAC method was below detection limit, while in
peel it was 19.3 ± 4.5 µmol equiv. Trolox / g of sample.
The antioxidant activity of the top layer of yellow onion peel
determined by the FRAP method was 437.0 ± 10.5 µmol equiv. Dihydroquercetin / g of sample and exceeded the value of lower layer
of peel and pulp by 4.1 times (Р < 0.05) and 624.3 times (Р < 0.05),
respectively. The absorbance capacity of antioxidants determined
by the ORAC method was 2484.2 ± 49.2 µmol equiv. Trolox / g
of sample, in pulp it was below detection limit and in the lower
layer of peel was equal to 779.3 ± 16.5 µmol equiv. Trolox / g of
sample, which was lower than the value in the top layer of peel
by 3.2 times (Р < 0.05).
The antioxidant activity of white onion peel determined by
the FRAP method was 3.2 ± 0.1 µmol equiv. Dihydroquercetin / g
of sample and exceeded the value of pulp by 10.7 times (Р < 0.05).
The absorbance capacity of antioxidants determined by the ORAC
method was 33.4 ± 7.8 µmol equiv. Trolox / g of sample, in pulp it
was below detection limit.
The antioxidant activity of red onion peel determined by the
FRAP method was 722.8 ± 13.9 µmol equiv. Dihydroquercetin / g
of sample and exceeded the value of pulp by 249.2 times (Р < 0.05).
The absorbance capacity of antioxidants determined by the ORAC
method was 3357.5 ± 42.2 µmol equiv. Trolox / g of sample, in pulp
it was below detection limit.
The interspecies differences were found concerning onion
samples. For example, the maximum antioxidant activity determined by the FRAP method and absorbance capacity of antioxidants determined by the ORAC method were found in red onion
peel and were equal to 722.8 ± 13.9 µmol equiv. Dihydroquercetin
/ g of sample and 3357.5 ± 42.2 µmol equiv. Trolox / g of sample,
which was higher than the value yellow onion by 65.4% (Р < 0.05)
and 35.2% (Р < 0.05), respectively. The detected values in white
onion were incommensurably small.
It is known that fruit and vegetable processing generates a
huge percentage of plant waste [15]. Peel and husk is one of the
main wastes and is a potential perspective source of antioxidants.
Obtained results displayed that peels of plant raw materials were
characterized by the highest antioxidant capacity. Among the
obvious advantages of using such type of waste is low cost of the
proposed approach and stimulation of complex processing and
rational environmental management. Among plant raw materials,
onion, quince and feijoa are the most promising sources of antioxidants, especially their peels.The antioxidant activity of peels
of quince, feijoa, bulb and red onion, determined by the FRAP

Table 2

Results of determination of the antioxidant capacity
of the selected samples by the ORAC and FRAP methods
FRAP (µmol equiv.
Dihydroquercetin / g
of sample)

ORAC
(µmol equiv.
Trolox / g of sample)

№

Part of
samples

1.1

Peel

232.5 ± 8.5a

918.7 ± 16.4

1.2

Pulp

15.8 ± 1.5b, c

BDL

1.3

Seeds

3.1 ± 0.2

BDL

1. Quince (harvest of 2018)

b, d

2. Apple («Simirenko», harvest of 2018)
2.1

Peel

119.5 ± 4.8а

541.3 ± 29.3а

2.2

Pulp

20.3 ± 1.4 b, c

BDL

2.3

Seeds

63.0 ± 0.8

b, d

113.7 ± 15.4b

3. Feijoa (Azerbaijan, harvest of 2018)
3.1

Peel

302.5 ± 8.8 a

553.1 ± 4.7а

3.2

Pulp

145.2 ± 5.2 b.c

160.3 ± 27.1 b, c

3.3 Pulp with seeds

45.0 ± 2.0

b, d

42.6 ± 8.3 b, d

4. Persimmon («Shish Burun», Azerbaijan)
4.1

Peel

25.1 ± 3.2b

19.3 ± 4.5

4.2

Pulp

121.8 ± 6.6a

BDL

5. Jerusalem artichoke
5.1

Peel

32.0 ± 4.2а

305.7 ± 10.3 а

5.2

Pulp

0.2 ± 0.00b

5.3 ± 1.9 b

6.1

Peel
(top layer)

437.0 ± 10.5 а

2484.2 ± 49.2а

6.2

Peel

107.9 ± 5.7 b, c

779.3 ± 16.5b

6.3

Pulp

0.7 ± 0.0 б, г

BDL

7.1

Peel

3.2 ± 0.1а

33.4 ± 7.8

7.2

Pulp

0.3 ± 0.0

BDL

6. Yellow onion

7. White onion

b

8. Crimean onion
8.1

Peel

722.8 ± 13.9а

3357.5 ± 42.2

8.2

Pulp

2.9 ± 0.2b

BDL

* — BDL — below detection limit. а-b, c-d — significant difference between
parts of the experimental samples (Р < 0.05)

It was shown that peels of the plant samples demonstrated
the highest antioxidant activity. For example, for quince peel,
the antioxidant activity determined by the FRAP method was
232.5 ± 8.5 µmol equiv. Dihydroquercetin / g of sample, which was
higher than the value of pulp and seeds by 27.4 times (Р < 0.05)
and 75.0 times (Р < 0.05), respectively. The absorbance capacity
of antioxidants determined by the ORAC method was 918.7 ± 16.4
µmol equiv. Trolox / g of sample, while in pulp and seeds it was
below detection limit.
The antioxidant activity of apple peel determined by the
FRAP method was 119.5 ± 4.8 µmol equiv. Dihydroquercetin / g
of sample and exceeded the value pulp and seeds by 5.9 times
(Р < 0.05) and 1.9 times (Р < 0.05), respectively. The absorbance
capacity of antioxidants determined by the ORAC method was
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method was 232.5 ± 8.5, 302.5 ± 8.8, 437.0 ± 10.5 and 722.8 ± 13.9
µmol equiv. Dihydroquercetin / g of sample, respectively; the
absorbance capacity of antioxidants determined by the ORAC
method was 918.7 ± 16.4, 553.1 ± 4.7, 2484.2 ± 49.2 and 3357.5 ± 42.2
µmol equiv. Trolox / g of sample, respectively.

to 722.8 ± 13.9 µmol equiv. Dihydroquercetin / g of sample and
3357.5 ± 42.2 µmol equiv. Trolox / g of sample, respectively, which
was higher than the value of yellow onion by 65.4% (Р < 0.05) and
35.2% (Р < 0.05), respectively. The detected values in white onion
were incommensurably small.
The obtained data confirmed the efficiency of use waste of
fruit and vegetable industry as a source of natural antioxidants,
which are safe and are in demand as food-grade preservatives. In
addition, this raw material is easily available and cost-effective,
and facilitates an improvement of ecological situation due to
reduction of waste volumes by their processing.

4. Conclusion
The interspecies differences were determined concerning
onion samples. Red onion peel displayed the maximum antioxidant activity determined by the FRAP method and absorbance
capacity of antioxidants determined by the ORAC method equaled
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