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Abstract. Different methods of enhancing the aromatic profile of wines
are researched throughout the world. One of them consists in adding
unsaturated fatty acids to must as the yeast feeding. This work considers how
the aromatic profile of dry white table wine made from the local grape variety
Aromatny is influenced by the feeding that contains olive oil (a source of oleic
acid) and the enzyme lipase and is added to must in combination with
rehydrated active dry yeast Anchor Alchemy | (the species Saccharomyces
cerevisiae). This method has been compared with the two other ones: with the
classic method of obtaining dry white table wines by must fermentation
(control) and with the sur lie method (when the dry white table wine material
is aged on the lees for three months following the end of the must fermentation
process). In the wines under study, 19 volatile compounds have been identified
and quantified. These compounds, which are the most noticeable and active
agents in aroma formation, include higher alcohols, organic acids, complex
esters, aldehydes, terpene alcohols. The sample where the feeding was added is
substantially higher in aroma-forming compounds than the other samples are.
Also, this sample has the highest odour activity value (OAV). Sensory analysis
of the wines considered has shown that the feeding containing olive oil and
lipase has a positive effect on the aromatic profile of wine: in the aroma, there
are distinct floral and fruity notes, more intense than those in the control
sample an in the one obtained by ageing the wine material sur lie. This is
possible due to a higher concentration of complex esters and a moderate
content of higher alcohols. Adding the feeding results in no unpleasant tones in
the wine’s odour, which are often caused by fatty acids, as their content is low.
The advantages of the method suggested to enhance the aromatic profile of
wines are its simple production technology and availability of the natural
ingredients of the feeding. This research is supposed to help wine
manufacturers satisfy consumers’ demand for local wines with their site-
specific character, because one of the main motivations for tourists to visit the
world’s wine-producing regions is an opportunity to taste unique wines with a
pronounced and attractive floral-fruity aroma.

Key words: local wines, unsaturated fatty acids, aromatic profile, odour
activity value, oenotourism.

pleasant and informative “sensory experience.” People

Introduction. Formulation of the problem

New and non-traditional aromas and flavours of
wines are among the main reasons why tourists visit the
world’s wine-producing regions. Today’s travellers choose
to take trips to those wine manufacturers who offer a
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expect to try a safe product obtained in an eco-friendly
way and pleasant in all sensory aspects [1]. Consumers,
especially connoisseurs, usually prefer wines from certain
regions, which poses new challenges to winemakers: how
to impart attractive characteristics to local wines, in
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particular a pronounced floral-fruity aroma. It is known
from quite a number of publications [2-5] that unsaturated
fatty acids are precursors of aroma-forming substances in
the course of must fermentation.

Analysis of recent research and publications

A wine’s aroma is formed by employing a lot of
techniques both in vineyards and in wineries. Besides
the common methods, such as selection of a grape
variety [6], winemakers use a great many methods and
tools to produce wines with certain aromatic profiles.

The main method to regulate a wine’s aroma is the
use of special yeast strains in fermentation. There are
data that show how a yeast strain can produce
quantitative changes in the final chemical composition
of wines and determine their sensory profile,
irrespective of the grape variety and the year it was
harvested in [7]. During alcoholic fermentation, the
commercial ~ (adapted, pure)  yeast culture
Saccharomyces cerevisiae effects on the aroma, colour,
taste, and chemical composition of the finished
product: it modifies some compounds obtained from
the grapes, and in the course of sugar and amino acid
exchange, it produces quite a number of metabolites of
sensory importance that contain organic acids, higher
alcohols, complex esters, and, to a lesser extent,
aldehydes [2,8-10].

The most significant aroma-forming compounds
of wine are complex esters, in particular, ethyl
acetate (fruity aroma), isoamyl acetate (pear aroma),
isobutyl acetate (banana aroma), ethylhexanoate
(apple aroma), and 2 phenylethyl acetate (fruity and
floral aroma, a note of honey). In the work [11],
synthesis of complex esters by Saccharomyces
cerevisiae during fermentation is explained by the
activity of at least three acetyltransferases that have
their genes on a yeast cell chromosome: alcohol
acetyltransferase, ethanol acetyltransferase, and
isoamyl acetyltransferase.

So, a possible way to intensify the formation of
aromatic compounds during fermentation is increasing
the activity of acetyltransferases in yeast. Scientists
note in their works that acetyltransferase activity is
increased by unsaturated fatty acids [3].

Besides, unsaturated fatty acids activate the
growth of yeast and help it survive, as they form part
of the plasma membrane and regulate the exchange of
compounds between the inner cell and its environment.
They play an important role not only in keeping the
yeast membranes whole and functional, but also in
adapting to the stresses of fermentation, such as the
high toxicity of sugars and ethanol [12-14].

By squalene cyclisation, yeast cells can synthesise
their own sterol (ergosterol) in the endoplasmic
reticulum membrane, from where, through Golgi
bodies, it is transported to the plasma membrane under
aerobic conditions. The enzyme that regulates sterol
synthesis is hydroxymethylglutaryl-CoA reductase. Its
activity depends on oxygen. That is why under
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anaerobic conditions, yeast can no longer synthesise
sterols and long-chain fatty acids [15]. However, it is
anaerobic conditions that are the best for obtaining
unoxidised white table wines with a pronounced
aroma.

On the other hand, unsaturated fatty acids are
precursors of aroma-forming substances. In a grape
berry, metabolism involving fatty acids precurses the
biosynthesis of volatile aromatic components. It is
proved that during fermentation, they have a strong
effect on the formation of volatile metabolites,
including complex esters, acetates, ethyl esters, higher
alcohols, and medium chain fatty acids [2-5].

During enzymatic oxidative reactions involving
fatty acids, not only can the fresh “green” aroma be
formed, but the fruity one as well. The fatty acid
oxidation mechanism involves the action of four
endogenous enzymes. Lipase extracts fatty acids from
the fatlike substances of plant cell membranes, then
lipoxygenase catalyses molecule fixation by oxygen on
these unsaturated (C18) fatty acids. These enzymes
form hydroxyperoxides (C13), mainly from linoleic
and linolenic acids, and the hydroperoxydes break
down to 6-atom aldehydes with the “green” aroma (in
particular, 3 hexenal). This is not the end of the
reaction, though. Acted upon by hexenal isomerise, the
6-atom aldehydes can turn into 2 hexanal with the
sweet aroma of underripe fruit. Or, when acted upon by
alcohol dehydrogenase of grapes, these aldehydes can
break down to higher alcohols with an intense
aroma [16,17]. Higher alcohols, too, are important
precursors for synthesis of esters.

To sum up the above, it can be noted that the yeast
Saccharomyces cerevisiae, during its propagation
under anaerobic conditions, needs exogenous
unsaturated fatty acids. An alternative to biosynthesis
is adding unsaturated fatty acids directly to grape must
during fermentation, not only as a practical method to
increase the yeast fermentation activity, but also as a
possible way to manipulate the wine aroma.

Thus, in the work by Duan L. et al. [3], it is
pointed out that unsaturated fatty acids (namely
linoleic, oleic, and a-linolenic acids) added to synthetic
grape juice significantly improved the yeast growth
and activated the fermentation. In particular, this
increased the concentration of most volatile
compounds in the wine, including higher alcohols
(2-phenylethanol, 2-methyl-1-propanol, and 3-methyl-
1-propanol), medium chain fatty acids (butanoic acid,
hexanoic acid, and octanoic acid), complex esters of
acetic acid (isoamyl acetate and 2-phenylacetate), and
all ethyl esters. Besides, linear relationship was found
between ethyl esters and the concentration of the
unsaturated fatty acids added, which greatly enhanced
the wine’s floral-fruity aroma. On the other hand, other
authors proved in their works that linoleic and linolenic
acids started affecting adversely the formation of esters
and medium chain fatty acids at a certain concentration
of fatty acids in the yeast. It was also established how
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linoleic and linolenic acids influenced the increase in
fusel alcohols [18].

That is why for this research, oleic acid was chosen
as yeast feeding. It is known that during fermentation,
unsaturated fatty acids can be added to must in the form
of capsules of the preparation Tween 80 containing 70%
of oleic acid [5]. The same is the content of oleic acid in
olive oil (64-85%). However, as olive oil contains oleic
acid in the bound form, the enzyme lipase should be
used to obtain free oleic acid.

It is known that another source of unsaturated fatty
acids and of other chemical compounds that help aroma
formation in wines is yeast autolysis products [19,20].

In yeast lees, fatty acids make up 1-6% of the total
dry weight of the biomass. The most common fatty acids
in the lees are palmitic (29%), linoleic (28%), oleic
(15.3%), stearic (10%), and linolenic (9.2%) acids.
Lipids released during autolysis can participate in the
formation of certain volatile components, such as esters,
ketones, and aldehydes [21]. It was shown that at the
end of long autolysis, the amount of diglycerides
decreased due to the action of enzymes (probably of
lipases). These compounds later revealed themselves as
free fatty acids (palmitoleic, palmitic, stearic, and oleic
acids) and glycerol [22].

The simplest and best-studied method of autolysis is
the sur lie method. It consists in long (3-6 months)
ageing of wine on a thin layer of the lees after alcoholic
fermentation is over [23,24].

Thus, today’s knowledge of the biochemistry of
wines’ aromatic profile formation, the existing
techniques involving the use of yeast, and auxiliary
winemaking materials allow manipulating the aroma of
wines to make it more pronounced.

That is why, in this research, two methods of
enhancing the aromatic profile of wines have been
compared for their effectiveness: adding olive oil in the
yeast feeding composition as a source of oleic acid and
the sur lie method.

The purpose of the research was to study how
formation of the aromatic profile of wines from the
grape variety Aromatny (selection by Tairov National
Science Centre of Viticulture and Winemaking)
depended on oleic acid, a precursor of wine’s aroma-
forming compounds, introduced as a component of olive
oil into the must prior to its fermentation, and how it
depended on employing the sur lie method.

To achieve the purpose, the following objectives
were set;

— to develop a method of adding olive oil to the
must prior to fermentation;

— to produce dry white table wine materials from
the local grape variety Aromatny using olive oil and the
sur lie method (ageing the wine materials on the thin
layer of the yeast lees);

— to carry out physicochemical and sensory analyses
of the wine materials obtained,;

— to determine the composition of volatile aroma-
forming compounds in the wine samples produced,;
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— to compare the effectiveness of the suggested
method of enhancing the aromatic profile of wine and
that of other methods by determining the indices of
odour activity values (OAV) in the wines under study.

Research materials and methods

Selection of the grapes. The object of research is
grapes of the variety Aromatny selected by Tairov
National Science Centre of Viticulture and Winemaking,
Ukraine.

The variety Aromatny is an interspecific hybrid
(Vertes Csillaga x Romulus). In 2009, the variety was
included in the Register of Plant Varieties of Ukraine. It
is an early and midseason-ripening wine grape variety.
The bush growth is strong, the ripening of stems is good,
the winter hardiness is high. The frost tolerance is —
26°C. The variety is resistant to mildew, oidium, berry
rot, and blackspot. Grape clusters are large or medium-
sized, cylindroconical, sometimes having a twig, and of
medium density. A berry is medium-sized, roundish,
pink-coloured. The flesh is juicy. The taste is caramel-
like, with tinges of strawberry.

The grapes of the variety Aromatny was grown in
an experimental field in the town of Velyky Dalnyk,
Odessa Region (46°27'57" north latitude, 30°33'30" east
longitude). The soil under the vines was southern
chernozem, highly loamy and low-humic.

The vines were planted in 2013. The row width was
3 m, the row spacing between the vines was 1.5 m. The
training system was a bilateral one-storey vertical
cordon. To irrigate the field, a drip irrigation system was
used.

The grapes selected for the research were harvested
in the years 2017, 2018, and 2019, as soon as they were
industrially ripe (mass concentration of sugars 200—
230 g/dm® (20-23°Bx), mass concentration of titrated
acids 6-7 g/dm®). The grape clusters had no physical
damage and were not infected.

Yeast strains. The active dry yeast (ADY) used for
the research was Anchor Alchemy | developed by the
company Anchor Wine Yeast (France) in association
with Australian Wine Research Institute. It is a blend of
yeast strains of the species Saccharomyces cerevisiae,
with high sugar and alcohol tolerance, fermentable at
low temperatures, and capable of optimising the
aromatic potential of grapes (by increasing the content
of aromatic esters in white wines).

The ADY was preliminarily activated. It was
diluted in 10 volumes of prepared water at 36-37°C, and
continuously stirred until a homogeneous suspension
was obtained. After dilution, it was left for rehydration
for 15-20 min. Then, to acclimatise the yeast starter to
the thermal conditions of the must, the cooled must was
gradually (during 25-30 min) introduced into it, the
mixture being stirred throughout the process. The
difference in the temperatures of the must and the yeast
starter added did not exceed 10°C.

Feeding the yeast. To develop a method of adding
olive oil to the must before fermentation, it was taken
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into consideration that a distinctive feature of lipase
hydrolysis of fats is the action of the enzyme at the
interface of the hydrolysed ester and water. Note that the
enzyme is water-soluble, and the substrate (olive oil)
emulsified in water forms the insoluble phase. For this
reason, the olive oil and powdered lipase were added to
the rehydrated ADY, and then to the must, as follows:
2 g of the enzyme preparation was mixed in a mortar
with 1 cm?® of crude olive oil. The pulverised preparation
was placed into a 500 cm® conical flask, the residue was
flushed into the flask by means of 5 cm® of distilled
water and thoroughly stirred. Then, 150 cm® of the ADY
starter was poured into the flask, stirred, and added to
the must proportionally to the must’s volume.

Crude virgin olive oil from the firm Minerva (Crete,
Greece) was used as the source of oleic acid. The
enzyme lipase used (dietary supplement E 1104) was
made in China (the firm RUGAO CHANGJIANG
FOOD). Its enzymatic activity was > 160,000 nkat/g,
and it was manufactured in the form of powder.

Fermentation experiments. The dry table wine
materials were obtained, according to the classical white
wine technology, by must fermentation. The grapes
were harvested by hand. They were carefully stemmed
and crushed. The crushed mass was sulphited with SO,
to 30 mg/dm? and pressed with a hand-operated basket
press. The must was clarified by resting for 18-24 hours
at 10-12°C, with addition of 0.03 g/dm?® of the enzyme
preparation Depectil clarification (from the firm Martin
Vialatte, France). The enzymatic activity of Depectil
clarification: endo and exopolygalacturonase >29,000
nkat/g,  pectin-methyl-esterase ~ >15,000  nkat/g,
pectinlyase >1,600 nkat/g. The form: microgranules.

Completely clarified, the must was racked off and
fermented in 10 dm® glass bottles that were cotton-
plugged tightly.

Into two bottles with the must (variants 1 and 3), the
ADY starter was added at a rate of 2 g/dm®. Into the last
bottle (variant 2), 2 g/dm® of the ADY starter was added
in combination with the feeding (olive oil with lipase).

Alcoholic fermentation was carried out at 17—18°C.
During the process, the fermentation temperature and
the must density were periodically checked. The
fermentation was performed as long as the mass
concentration of sugars in wine did not exceed 20 g/dm®.

After the alcoholic fermentation, wine material
samples 1 and 2 were decanted into secondary vessels
filling them up to the top. There, the wine materials went
on being fermented for 3 weeks until the sugar
concentration reached 2 g/dm® Then they were
separated from the lees, bottled, and kept at 4°C.

After wine material sample 3 was fermented, it was
placed, along with the yeast, into secondary vessels,
which were filled up to the top. There, the wine material
continued its fermentation. It was left on the thin layer
of the fine lees (according to the sur lie method) at 15°C
for 3 months. Once a week, the wine material was
stirred for 5 min (the operation termed batonnage in
French).
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Then it was decanted (racked off the lees), bottled, and
kept at 4°C.

General enological parameters. In the research,
standard methods of analysis were used [25]. The
following wine parameters have been determined:
ethanol by volume, pH, sugar mass concentration, mass
concentration of titrated acids, and mass concentration
of free sulphuric acid.

Volatile aroma compounds analysis. The mass
concentration of aroma-forming compounds was
determined by high-performance gas-liquid
chromatography on a chromatograph Kristall 2000 M.

Evaluation of the aromatic profile of the wines. The
wines’ aromatic profiles were evaluated on the basis of
their odour activity values (OAV). This aromatic index
allows determining how much each compound is
involved in the formation of the final aroma. In this
respect, the compounds were considered to be active
aroma formers only if their OAV was > 1. The OAV
were calculated by the equation OAV=c/t [26], where ¢
is a compound’s concentration in the wine, and t is the
threshold of olfactory perception of a compound in the
wine.

Sensory evaluation. For the sensory analysis of the
wine, the descriptive testing method was used, in
compliance with ISO 6658:2005 “Sensory analysis —
Methodology — General guidance.” The descriptive
analysis was performed by a panel of wine experts.

Statistical analysis. The experimental data of the
research were statistically processed according to
I1ISO 5725 6:1994/Cor. 1:2001 “Accuracy (trueness and
precision) of measurement methods. Part 6. Use of
accuracy values in practice.” All the experiments were
carried out in no fewer than three replications. The
confidence interval was 0.95%. The statistical analysis
was performed using the software Microsoft Excel 2010
and Statistika V. 10.1.

Results of the research and their discussion

The research was carried out to respond the topical
demand of the oenotouristic business. The studies were
limited to the winemaking technology. In the work, a
method of enhancing wines’ aromatic profile has been
suggested, which consists in adding olive oil, as a source
of oleic acid, to grape must prior to its fermentation. The
wines analysed were considered to be local from the
oenotouristic point of view, because they had been made
from the grape variety Aromatny (selection by Tairov
National ~ Science Centre of Viticulture and
Winemaking) adapted to the climate of the Odessa
Region.

Fig. 1 shows the dynamics of fermentation of the
samples under study and makes it clear that the fastest
absorption of sugars by yeast was in sample 2. This can
be explained by the effect the feeding has on the yeast
activity. The fermentation processes in samples 1 and 3
were similar, for these two samples had the same
fermentation conditions.
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Fig. 1. Fermentation dynamics in the must of the samples
under study: 1 — control (no yeast feeding added, no ageing
sur lie); 2 — with the yeast feeding added (olive oil + lipase);
3 — no yeast feeding added, the wine material aged on the
fine lees for 3 months (the sur lie method)

In the wines analysed, the main physicochemical
parameters conformed to the regulatory requirements.

The ethanol by volume was 11.85-13.0%. The pH
value ranged 3.4-3.6%. The mass concentration of
titrated acids was 8.4-8.8 g/dm®, and that of free
sulphuric acid was 5.33-5.42 mg/dm?.

Table 1 presents the results of analysis of aroma-
forming compounds in the dry white wine samples
under study (made from the grape variety Aromatny),
including the descriptors of aromas and their threshold
concentrations (mg/dm?).

Compounds that determine the aroma of wine
include higher alcohols (aromatic, aliphatic), acids
(acetic acid, higher acids), complex esters, aldehydes,
terpene alcohols. In Table 1, these compounds are
ranked by decreasing concentration.

Higher alcohols have been found to be the largest
group of aroma-forming compounds in all the three
wine samples analysed. Table 1 lists some of the most
noticeable higher alcohols formed by yeast during
fermentation.

Table 1 — Content of aroma-forming compounds in the wines under study

Mass concentration, mg/dm® Threshold
Aromatic compounds Experimental variants* Aroma descriptors concentrations,
il 2 3 mg/dm?®

Phenylethyl alcohol 99.542 | 118.381 | 110474 | Roses 10.000 [3]
(2-phenylethanol)
1-Butanol, 3-methyl-
(isoamyl alcohol) 66.203 | 76.138 | 70.091 | Floral 30.000 [3]
1-Butanol, 2-methyl- 38.764 | 42.162 | 35.991 | Ether, fresh 1.200 [27]
(active amyl alcohol)
Octanoic acid 16.055 | 23.790 16.533 | Light Fatty, weak Fruity 13.000 [8]
1-Propanol, 2-methyl- 9.022 | 9506 | 12.661 | Alcohol 40.000 [3]
(isobutanol)
n-Decanoic acid 7.598 9.312 8.754 Fatty 10.000 [8]
1-Butanol, 3-methyl-, acetate 6.534 | 9949 | 4862 | Banana,Pear 0.030 [3]
(isoamil acetate)
Octanoic acid, ethyl ester o
(ethil octanoate) 4218 7.175 4.704 Floral-Fruity 0.002 [29]
Hexanoic acid, ethyl ester .
(ethyl hexanoate) 3.342 4.897 3.071 | Pineapple, Green Apple 0.005 [29]
Acetic acid 3.080 4.090 13.488 | Acetic 700.000 [8]
Hexanoic acid 2.783 4.892 3.218 | Fatty, Fruity 8.000 [8]
Acetic acid, 2-phenylethyl ester
(2-phenylethyl acetate) 2.125 | 3.430 2.254 | Floral, Sweet 0.250 [3]
Decanoic acid, ethyl ester .
(ethyl decanoate) 1.390 1.790 1.733 | Fruity, Sweet Apple 0.200 [29]
Butanoic acid, ethyl ester .
(ethyl butyrate) 1.164 1.412 1.215 | Fruity 0.0200 [29]
%I'i?]'acl)océf)d'e”'s'o" S,7-dimethyl- | 4 o33 | 1494 | 1128 | Bergamot, Lavender 0.015 [29]
Benzene acetaldehyde .
(acetaldehyde) 0.966 1.875 1.372 | Fruity 7.500 [3]
1-Hexanol 0.519 0.541 0.603 Freshly cut grass 8.000 [3]
1-Propanol 0.411 0.457 0.485 Fresh, Alcohol 500.000 [28]
L-alpha-Terpineol 0.348 0.512 0.338 | Sweet, Floral 1.000 [29]

Note*. Experimental variants: 1 — control (no yeast feeding added, no ageing sur lie); 2 — with the yeast feeding added
(olive oil + lipase); 3 — no yeast feeding added, the wine material aged on the fine lees for 3 months (the sur lie method).
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Alcohols are known to be formed by degradation
of amino acids, carbohydrates, and lipids [30].
Phenylethyl alcohol, also known as 2-phenylethanol, is
an aromatic alcohol [31] which smells of roses, so it
helps the formation of floral tones in a wine’s bouquet.
It has been reported that the level of 2 phenylethanol
depends both on the grape variety and on the yeast
metabolism [32]. Phenylethanol has been found in all
the three samples in concentrations far exceeding the
threshold. Its highest concentration (118.381 mg/dm?®)
was observed in the sample with the feeding added
(olive oil + lipase), that is in variant 2. There, its
content in wine was by 16% higher than it was in the
control sample where no yeast feeding was used. Even
ageing on the lees for 3 months did not result in such
an effect: in this case, the phenylethyl alcohol content
only increased by 10%.

2-Methyl-1-butanol, 3-methyl-1-butanol,
isobutanol, and 1-hexanol are higher alcohols that have
a significant effect on wine’s aromatic composition.
When in high concentrations, they have a sharp
odour [33], but in concentrations below 300 mg/dm®,
they impart a pleasant aroma to wines [34].

The total concentrations of the compounds of this
group are: 114.490 mg/dm® (variant 1) and 128.347
mg/dm?® (variant 2) — after alcoholic fermentation; and
119.346 mg/dm?® (variant 3) — after ageing on the fine
lees. The highest concentration of higher alcohols was
observed in sample 2, but it remains within the limits
of unpleasant odours.

In all the three samples, 1-propanol has been
found in concentrations far below the threshold, thus it

has no effect on the aroma of the wines under study
(Table 2).

C¢ alcohols normally impart vegetable and herbal
accents to the aroma of wine, which affects adversely
its sensory characteristics [35]. In the samples
analysed, the Cg alcohol 1-hexanol has been identified,
but its concentration is very low and practically does
not exceed the threshold (Table 2).

In all the three samples, four volatile acids have been
identified (acetic acid, hexanoic acid, octanoic acid, and
decanoic acid). In above-threshold concentrations (0.7-
1.1 g/dm®), acetic acid smells of vinegar, and wine where
it is present is considered defective [36]. However, it can
be seen from Table 2 that in the samples analysed, the
acetic acid concentrations are low, close to the threshold
ones (the OAV is 0), and thus this acid has no significant
effect on the aroma of the wines. The two other fatty
acids, decanoic and hexanoic, can make the aroma of
wine mild and pleasant (despite the fact that fatty acids
are usually associated with odours of grease [37]) when
their concentrations range 4 to 10 mg/dm? [38].

In sample 2, adding the feeding to the must (olive
oil + lipase) resulted in an increase in octanoic acid: in
this sample, its concentration is higher than it is in the
control (variant 1) and in sample 3. However, it should be
pointed out that normally, the average octanoic acid
concentration in wines can be as high as 41 mg/dm® [8],
which is almost twice as high as its concentration in
sample 2. That is why increasing the octanoic acid content
by adding olive oil cannot affect adversely the aromatic
profile of wine.

Table 2 — Odour activity values (OAV) in the wines under study

Odour activity values (OAV)
Aromatic compounds Experimental variants*
il 2 3

Phenylethyl alcohol (2-phenylethanol) 9.95 11.84 11.05
1-Butanol, 3-methyl- (isoamyl alcohol) 221 2.53 2.34
1-Butanol, 2-methyl- (active amyl alcohol) 32.30 35.13 29.99
Octanoic acid 1.24 1.83 1.27
1-Propanol, 2-methyl- (isobutanol) 0.23 0.24 0.32
n-Decanoic acid 0.76 0.93 0.88
1-Butanol, 3-methyl-, acetate (isoamil acetate) 217.80 331.6 162.1
Octanoic acid, ethyl ester (ethil octanoate) 2109.00 | 3587.50 | 2352.00
Hexanoic acid, ethyl ester (ethyl hexanoate) 668.40 | 979.40 | 614.20
Acetic acid 0.00 0.00 0.00
Hexanoic acid 0.35 0.61 3.218
Acetic acid, 2-phenylethyl ester (2-phenylethyl acetate) 8.5 13.73 9.02
Decanoic acid, ethyl ester (ethyl decanoate) 6.95 8.95 8.67
Butanoic acid, ethyl ester (ethyl butyrate) 58.20 70.60 60.75
1,6-Octadien-3-ol, 3,7-dimethyl- (linalool) 68.67 99.60 75.20
Benzene acetaldehyde (acetaldehyde) 0.13 0.25 0.18
1-Hexanol 0.06 0.07 0.08
1-Propanol 0.00 0.00 0.00
L-alpha-Terpineol 0.35 0.51 0.34

Note*. Experimental variants: 1 — control (no yeast feeding added, no ageing sur lie); 2 — with the yeast feeding added
(olive oil + lipase); 3 — no yeast feeding added, the wine material aged on the fine lees for 3 months (the sur lie method).
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Esters, which are one of the largest and most
important groups of chemical compounds determining the
aroma of wines, are represented by isoamyl acetate, ethyl
octanoate, ethyl hexanoate, ethyl decanoate, ethyl butyrate
(ethyl butanoate), and 2-phenylethyl acetate (Table 1).
The odour detection thresholds of these esters are quite
low, and they add fruity and floral notes to the aroma of
wine. Isoamyl acetate is the highest in sample 2, where it,
along with ethyl octanoate, forms floral-fruity aromas. Its
lowest concentration is in sample 3, which may be due to
senescence of wine [8]: this sample was aged at a higher
temperature than the other two, and was periodically
accessed by oxygen from the air when stirred. The highest
content of the sum of complex esters is in the control
sample (variant 1) — 28.653 mg/dm>. The lowest is in
variant 3, where it is 17.839 mg/dm®.

Terpene compounds are secondary plant
metabolites.  Terpene alcohols are important
components of a varietal aroma, and they are not
affected by yeast metabolism during
fermentation [39,40]. In Table 1, they are represented
by linalool and terpineol. Only linalool is present in
above-threshold concentrations, but its contents in the
samples analysed do not differ significantly.

Aldehydes are important for the aroma because of
their low threshold sensory values. Acetaldehyde is the
main component, it makes up more than 90% of the total
aldehyde content in wines. In the samples analysed, its
concentration is very small, far below the threshold (<
7.5 mg/dm®).

Sensory analysis of the samples has shown that
adding the feeding that contains olive oil and lipase has a
positive effect on the aroma of wine (fig. 2).

Grapefruit
Mi | L0 L
ineral 60 emon
Vanilla (pod) Melon
Pear Rose
Quince Herbaceous
Pineapple Linden
Duchess (caramel) Honey
Sunflowner
—_—1 —2 —3

Fig. 2. Aromatic sensory profile of the wine samples
under study: 1 — control (no yeast feeding added, no
ageing sur lie); 2 — with the yeast feeding added (olive oil +
lipase); 3 — no yeast feeding added, the wine material aged on
the fine lees for 3 months (the sur lie method)

It is visualised in the aromatic sensory profile plot
(Fig. 2): the distinct notes of the aroma are the floral ones
(sunflower, honey, rose, lime-tree) and the fruity ones
(pear, pineapple, grapefruit). These notes are more intense
in variant 2 than in the control sample (variant 1) and in
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the one aged sur lie (variant 3). The aromatic sensory
profile of the wines under study consistently correlates
with the odour activity values (OAV) of the volatile
aroma-forming substances they contain. Thus, in all the
wine samples studied, the substances with the highest
OAV are: ethyl octanoate (floral-fruity aroma),
ethylhexanoate (pineapple aroma), and isoamyl acetate
(pear aroma) (Table 2). In sample 2, the OAV for these
compounds is 1.5-2 times as high as it is in samples 1 and
3, which can be seen from the plot (Fig. 2).

This research is supposed to help wine
manufacturers satisfy consumers’ demand for local
wines with their site-specific character. The results of
the study can be introduced in small craft wineries and
in individual rural households and farms.

Conclusion

A method has been developed consisting in
adding olive oil (a source of oleic acid), in combination
with the enzyme lipase to grape must, as the yeast
feeding. It has been established that oleic acid formed
in the course of olive oil fats breakdown by lipase
intensifies the fermentation activity of the yeast
Anchor Alchemy 1 of the species Saccharomyces
cerevisiae and influences the formation of the aromatic
profile of dry white table wine made from the local
grape variety Aromatny.

The method that involves addition of the feeding
(olive oil + lipase) has been compared with the classic
method of obtaining dry white table wines by must
fermentation (control) and with the method of ageing dry
white table wine materials on the fine lees for 3 months
after the must fermentation is over (the sur lie method). It
has been established that application of the feeding in the
technology of dry white table wines increases the
concentration of most volatile compounds in wine,
including higher alcohols (2-phenylethanol, 3-methyl-1-
butanol, 2-methyl-1-butanol), medium chain fatty acids
(hexanoic, octanoic, and decanoic acids), complex acetate
esters (isoamil acetate and 2-phenylethyl acetate), and a
number of fatty acid ethyl esters (ethyl butyrate, ethyl
hexanoate, ethil octanoate, ethyl decanoate). A higher
concentration of complex esters and a moderate content of
higher alcohols intensify the floral and fruity notes in the
aroma of wine. This has been evaluated by calculating the
odour activity values (OAV) and confirmed by sensory
analysis. Adding the feeding results in no unpleasant
tones in the wine’s odour, which are often caused by fatty
acids, because their content is low and close to the
threshold values.

The research results prove that using the feeding
(olive oil + lipase) in the dry white table wines
technology will help wine manufacturers satisfy
consumers’ demand for local wines with the
pronounced floral-fruity aroma.

Volume 14 Issue 2/ 2020



TexHonozis i 6e3nexka npodykmie xapyyeaHHs / Technology and safety of food products

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31

32.

33.

References:
Kalmykova IS. Degustatsiia yak faktor pidvyshchennia konkurentospromozhnosti turystychnogo biznesu. V: Basiuk DI, redaktor.
Vynnyi ta gastronomichnyi turyzm: globalni trendy ta lokalni praktyky. Vinnytsia: Edelveis i K; 2017:211-221.
Loscos N, Hernandez-Orte P, Cacho J, Ferreira V. Release and formation of varietal aroma compounds during alcoholic fermentation
from nonfloral grape odorless flavor precursors fractions. J Agric Food Chem. 2007;55(16):6674-6684.
https://doi.org/10.1021/jf0702343.
Duan LL, Shi Y, Jiang R, Yang Q, Wang YQ, Liu PT, et al. Effects of adding unsaturated fatty acids on fatty acid composition of
Saccharomyces cerevisiae and major volatile compounds in wine. S Afr J Enol Vitic. 2015;36(2): 285-295. https://doi.org/10.21548/36-
2-962.
Parker M, Capone DL, Francis IL, Herderich MJ. Aroma precursors in grapes and wine: flavor release during wine production and
consumption. J Agric Food Chem. 2018;66(10):2281-2286. https://doi.org/10.1021/acs.jafc.6b05255.
Varela C, Torrea D, Schmidt S, Ancin-Azpilicueta C, Henschke P. Effect of oxygen and lipid supplementation on the volatile
composition of chemically defined medium and Chardonnay wine fermented with Saccharomyces cerevisiae. Food Chem.
2012;135(4):2863-2871. https://doi.org/10.1016/j.foodchem.2012.06.127.
Dunlevy JD, Kalua CM, Keyzers RA, Boss PK. The production of flavour & aroma compounds in grape berries. In: Roubelakis-
Angelakis KA, editor. Grapevine Molecular Physiology &  Biotechnology. Dordrecht:  Springer;  2009:239-340.
https://doi.org/10.1007/978-90-481-2305-6_11.
Torrens J, Urpi P, Riu-Aurnatell M, Vichi S, Lopez-Tamames E, Buxaderas S. Different commercial yeast strains affecting the volatile
and sensory profile of cava base wine. Int J Food Microbiol. 2008;124(1):48-57. https://doi.org/10.1016/j.ijfoodmicro.2008.02.023.
Lambrechts MG, Pretorius 1S. Yeast and its importance to wine aroma. S Afr J Enol Vitic. 2000;21(1):97-129.
https://doi.org/10.21548/21-1-3560.
Swiegers JH, Bartowsky EJ, Henschke PA, Pretorius IS. Yeast and bacterial modulation of wine aroma and flavour. Aust. J. Grape Wine
Res. 2005;11(2):139-173. https://doi.org/10.1111/j.1755-0238.2005.tb00285.x.
Marais J. Effect of grape temperature and yeast strain on Sauvignon Blanc wine aroma composition and quality. S Afr J Enol Vitic.
2001;22(1):47-51. https://doi.org/10.21548/22-1-2168.
Lilly M, Lambrechts MG, Pretorius IS. Effect of increased yeast alcohol acetyltransferase activity on flavor profiles of wine and
distillates. App Environ Microbiol. 2000;66:744-753. https://doi.org/10.1128/AEM.66.2.744-753.2000.
Redon M, Guillamon JM, Mas A, Rozes N. Effect of lipid supplementation upon Saccharomyces cerevisiae lipid composition and
fermentation performance at low temperature. Eur Food Res Technol. 2009;228:833-840. https://doi.org/10.1007/s00217-008-0996-6.
You KM, Rosenfield CL, Knipple DC. Ethanol tolerance in the yeast Saccharomyces cerevisiae is dependent on cellular oleic acid
content. Appl Environ Microbiol. 2003;69(3):1499-1503. https://doi.org/10.1128/aem.69.3.1499-1503.2003.
Rupéi¢ J, Juresi¢ GC. Influence of stressful fermentation conditions on neutral lipids of a Saccharomyces cerevisiae brewing strain.
World J Microb Biotechnol. 2010;26(7):1331-1336. https://doi.org/10.1007/s11274-009-0297-7.
Jacquier N, Schneiter R. Mechanisms of sterol uptake and transport in yeast. J Steroid Biochem Mol Biol. 2012;129(1-2):70-78.
https://doi.org/10.1016/j.jsbmb.2010.11.014.
Trachevski IA. Processy degradatsii u rastenii. Sorovskii obrazovatelnii zhurnal. 1996;6:13-19.
Riera C, Gouezec E, Matthey-Doret W, Robert F, Blank I. The role of lipids in aroma/food matrix interactions in complex liquid model
systems. Dev Food Sci. 2006;43:409-412. https://doi.org/10.1016/S0167-4501(06)80096-8.
Rosi I, Bertuccioli M. Influences of lipid addition on fatty acid composition of Saccharomyces cerevisiae and aroma characteristics of
experimental wines. J Inst Brew. 1992;98(4):305-314. https://doi.org/10.1002/j.2050-0416.1992.th01113.X.
Ageieva NM, Lisoviets UA. Izmeneniie kontsetratsii lipidov v vinomateriale pty batonazhe v tekhnologii belykh stolovykh vin. Izvestiia
vuzov. Pishch. tekhnologiia. 2016;2-3:57-59.
Fornairon-Bonnefond C, Camarasa C, Moutounet M, Salmon, J-M. New trends on yeast autolysis and wine ageing on lees: a
bibliographic review. J Intern Sci Vigne Vin. 2002;36(2):49-69. https://doi.org/10.20870/0eno-one.2002.36.2.974.
Pueyo E, Martinez-Rodriguez A, Polo MC, Santa-Maria G, Bartolome B. Release of lipids during yeast autolysis in a model wine
system. J Agric Food Chem. 2000;48(1):116-122. https://doi.org/10.1021/jf990036e.
Hernawan T, Fleet G. Chemical and cytological changes during the autolysis of yeasts. J Ind Microbiol. 1995; 14(6):440-450.
https://doi.org/10.1007/bf01573955.
Cebollero E, Carrascosa AV, Gonzalez R. Evidence for yeast autophagy during simulation for sparkling wine aging: a reappraisal of the
mechanism of yeast autolysis in wine. Biotechnol Prog. 2005;21(2):614-616. https://doi.org/10.1021/bp049708y.
Masino F, Montevecchi G, Arfelli G, Antonelli A. Evaluation of the combined effects of enzymatic treatment and aging on lees on the
aroma of wine from Bombino bianco grapes. J Agric Food Chem. 2008;56(20):9495-9501. https://doi.org/10.1021/jf8015893.
Gerzhikova VG, redactor. Metody tekhno-khimicheskogo i mikrobioligicheskogo kontrolia v vinodelii. Simferopol: Tavrida; 2009.
Falqué E, Fernandez E, Dubourdieu D. Differentiation of white wines by their aromatic index. Talanta. 2001;54(2):271-281.
https://doi.org/10.1016/S0039-9140(00)00641-X.
Waterhouse AL, Sacks GL, Jeffery DW. Understanding Wine Chemistry. 1st ed. Chichester: John Wiley & Sons; 2016.
https://doi.org/10.1002/anie.201700489.
Carrau FM, Medina K, Farina L, Boido E, Henschke PA, Dellacassa E. Production of fermentation aroma compounds by Saccharomyces
cerevisiae wine yeasts: effects of yeast assimilable nitrogen on two model strains. FEMS Yeast Res. 2008;8(7):1196-1207.
https://doi.org/10.1111/j.1567-1364.2008.00412.x.
Zhang Y-Sh, Du G, Gao Y-T, Wang L-W, Meng D, Li B-J, et al. The effect of carbonic maceration during winemaking on the color,
aroma and sensory properties of ‘Muscat Hamburg” Wine. Molecules [Internet]. 2019 Aug 28 [cited 2020 Jan 10];24(17):3120.
https://doi.org/10.3390/molecules24173120.
Antonelli A, Castellari L, Zambonelli C, Carnacini A. Yeast influence on volatile composition of wines. J Agric Food Chem.
1999;47(3):1139-1144. https://doi.org/10.1021/jf9807317.
Ugliano M, Henschke PA. Yeasts and wine flavour. In: Moreno-Arribas, MV, Polo MC, editors. Wine chemistry and biochemistry
[Internet]. New York: Springer; 2009: [cited 2020 Jan 9]. Available from: https://gtu.ge/Agro-Lib/%5BM._Victoria_Moreno-
Avrribas,_Carmen_Polo%5D_Wine_Che(BookFi.or.pdf.
Gomez-Plaza E, Gil-Murioz R, Carrero-Espin J, Fernandez-Lopez JA, Martinez-Cutillas A. Investigation on the aroma of wines from
seven clones of Monastrell grapes. Eur Food Res Technol. 1999;209:257-260. https://doi.org/10.1007/s002170050489
Vilanova M, Pretorius IS, Henschke PA. Influence of diammonium phosphate addition to fermentation on wine biologicals. In: Preedy
VR., editor. Processing and impact on active components in food. London: Academic Press; 2015. Chapter 58; p. 483-491.
https://doi.org/10.1016/B978-0-12-404699-3.00058-5.

Xapuopa Hayka i Texnotoris / Food science and technology 84 Volume 14 Issue 2/ 2020


https://doi.org/10.1021/jf0702343
https://doi.org/10.21548/36-2-962
https://doi.org/10.21548/36-2-962
https://doi.org/10.1021/acs.jafc.6b05255
https://doi.org/10.1016/j.foodchem.2012.06.127
https://doi.org/10.1016/j.ijfoodmicro.2008.02.023
https://doi.org/10.21548/21-1-3560
https://doi.org/10.1111/j.1755-0238.2005.tb00285.x
https://doi.org/10.21548/22-1-2168
https://doi.org/10.1007/s00217-008-0996-6
https://doi.org/10.1128/aem.69.3.1499-1503.2003
https://doi.org/10.1007/s11274-009-0297-7
https://doi.org/10.1016/j.jsbmb.2010.11.014
https://doi.org/10.1016/S0167-4501%2806%2980096-8
https://doi.org/10.1002/j.2050-0416.1992.tb01113.x
javascript:void(0);
https://doi.org/10.20870/oeno-one.2002.36.2.974
https://doi.org/10.1021/jf990036e
https://doi.org/10.1007/bf01573955
https://doi.org/10.1021/bp049708y
https://doi.org/10.1021/jf8015893
https://doi.org/10.1016/S0039-9140%2800%2900641-X
https://doi.org/10.1002/anie.201700489
https://doi.org/10.1111/j.1567-1364.2008.00412.x
https://doi.org/10.3390/molecules24173120
https://doi.org/10.1021/jf9807317
https://doi.org/10.1016/B978-0-12-404699-3.00058-5

TexHosnoezis i 6e3neka npodykmie xapuyeaHHsa / Technology and safety of food products

34. Bartowsky EJ, Pretorius IS. Microbial formation and modification of flavor and off-flavor compounds in wine. In: Biology of microorganisms on
grapes, in must and in wine.1st ed. Berlin: Springer-Verlag; 2009:209-231. https://doi.org/10.1007/978-3-540-85463-0_11.

35. Ferreira V, Lopez R, Cacho JF. Quantitative determination of the odorants of young red wines from different grape varieties. J Sci Food
Agric. 2000;80(11):1659-1667. https://doi.org/10.1002/1097-0010(20000901)80:11<1659:: AID-JSFA693>3.0.CO;2-6.

36. Zamora F. Biochemistry of alcoholic fermentation. In: Moreno-Arribas, MV, Polo MC, editors. Wine chemistry and biochemistry. New
York:  Springer; 2009: [cited 2020 Jan 29]. Available from: https:/gtu.ge/Agro-Lib/%5BM._Victoria_Moreno-
Arribas,_Carmen_Polo%5D_Wine_Che(BookFi.or.pdf.

37. Rocha SM, Rodrigues F, Coutinho P, Delgadillo I, Coimbra MA. Volatile composition of Baga red wine: Assessment of the
identification of the would-be impact odorants. Anal Chim Acta. 2004;513(1):257-262. https://doi.org/10.1016/j.aca.2003.10.009.

38. Shinohara T. Gas chromatographic analysis of volatile fatty acids in wines. Agr Biol Chem. 1985;49(7):2211-2212.
http://dx.doi.org/10.1271/bbb1961.49.2211.

39. Mateo JJ, Jiménez M. Monoterpenes in grape juice and wine . J Chromatogr A. 2000;881(1-2):557-567. https://doi.org/10.1016/S0021-
9673(99)01342-4.

40. Gerzhikova VG, Bilko MV, Anikina NS. Issliedovaniie sortovogo aromata stolovykh vinomaterialov. Vinodeliie i vinogradarstvo.
2002;3:36-37.

PO3POBKA TEXHOJIOI'Il JIOKAJIbHUX BUH
3 IOCUWJIEHUM APOMATUYHUM ITPOPIIIEM

A.T. Be3ycos *, T0KT. TexH. Hayk, mpodecop, E-mail: anatoliy.bezusov2@gmail.com

I.C. KanmMukoBa °, KaHI. TEXH. HayK, fnouenT, E-mail: iragaby@gmail.com

M.B. Binbko ®, 1oxT. Texn. HayK, JoleHt, E-mail: aromat@ukr.net

T.T. Meaix *, xaum. exon. Hayk, gouent, E-mail: tarasmelikh@gmail.com

B.A. Illep6una °, kanx. Texn. nayk, E-mail: winevita@gmail.com

Kadenpa Gioimkenepii i Boxu

Kadenpa TyprCTHIHOTO Gi3HeCy Ta peKpearii
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®Kadenpa GioTexHomorii mpoayKTis GpOiHHS i BHHOPOOGCTBA

HarionansHuil yHIBEpCUTET XapuOBHX TEXHOJIOTIH, Bya. Bomomumupcerka, 68, M. Kui-33, Ykpaina, 01601
“Kagempa MixKHAPOIHOTO TYPH3MY, TOTEIBHO-PECTOPAHHOTO GI3HECY Ta MOBHOI T ATOTOBKH
VYuiBepcuret iMm. A. HoGens, CiuecnaBcrka HabepexHa, 18, M. [{Hinpo, Ykpaina, 49000
*[IpomucIoBo-ToproBebHa kommanis «[11aGo»

10 Bym. IlIBeitnapceeka, c. lllabo, binropon-/lnictpoBcbkuii p-H, Oneckka o6, Ykpaina, 67770

Awnotauis. {11 TOCUIeHHS apOMaTUYHOTO NPO(LIIO0 BUH B CBITI JOCTIIKYIOTHCS PI3HOMAHITHI METOIM, 30KpeMa BHECECHHS
HEHACHYEHHX XUPHHUX KUCJIOT B CYCINO, SIK YKMBJICHHS IUIS JPLKIDKIB. PoOoTa mpucBsueHa NOCTIIKEHHIO BIUIMBY JKHBJICHHS, SIKE
MICTHTh OJIIBKOBY OJIO, SIK JDKEPENO OJIETHOBOI KHCIOTH, Ta (DEpMEHT Jima3y, i BHOCUTECS B CYCIO Pa3oM 3 perigpaTOBaHHMH
aKTHBHUMH cyxumu apikmpkamu Anchor Alchemy I Buny Saccharomyces cerevisiae, na apomatudnuii po(ise 617I0r0 CTOIOBOTrO
CYXOro BWHA, BHUTOTOBJICHOTO 3 BHHOIPajAy JIOKAIBHOTO copTy ApomarHuid. llelf meron mopiBHIOBaBCsS 3 JBOMA IHIIMMH: 3
KJIaCHYHMM METOJIOM OTPHMaHHS OUIMX CTOJNOBMX CYXHMX BHH IIUIIXOM OpOIiHHSM cycia (KOHTPOJb) i 3 BUTPHMKOIO OLIOTO
CTOJIOBOTO CYXOr0 BUHOMAaTepialy Ha TOHKOMY ILIapi ocay APDKIDKIB IPOTATOM 3 MICSIIB MiCIs 3aKiHUeHHs OpOiHHS cycia (MeTo]
«sur lie). B mocmimpkyBaHux BHHAX ieHTH(IKOBAaHO Ta KUIbKICHO OLiHEHO 19 Haii0iibIl MOMITHHX Ta aKTMBHHX 3 TOYKH 30pYy
apOMaTOYTBOPEHHS JICTKHX CIONYK: BUII CIOHUPTH, OPraHiYHI KHWCJIOTH, CKIAIHI €CTEpH, aIbAErily, TepHeHOBI coupTH. Bwmict
apOMAaTOYTBOPIOIOUHX CIIOJYK € iCTOTHO OUTBIIIAM y 3pa3Ka, OTPUMAHOTO 3 BHECCHHAM YKHUBJICHHS, TTOPIBHSHO 3 {HIIMMH BapiaHTaMH.
Le#t 3pa3ok TakoXK Mae HaiBWINE 3HAYeHHs akTHBHOCTI 3amaxy (OAV). CeHcCopHHMIA aHAJi3 MOCTIPKYBaHHX BHH TIOKa3aB, IO
BHECCHHS JKHBJICHHS 3 OJIMBKOBOIO OJIEIO 1 JIIA3010 TO3WTHBHO BIUIMBAE HA apOMATHYHUN NMpo(ilb BHHA: B apoMaTi YiTKO
BITUYBAIOThCS KBITKOBI Ta (PPYKTOBI HOTH, SIKi MEPEBAXKAIOTh 32 IHTEHCUBHICTIO, HDK B KOHTPOJBHOMY 3pa3Ky Ta B 3pasKy, SIKHii
BUTPUMYBABCsl Ha JPDKKOBOMY ocani. L[poMy crpusie 301IbIIEeHHsST KOHIEHTpaNil CKIIaTHUX €CTepiB Ta MOMIPHHII BMICT BHIIMX
crupTiB. BHECEHHS JKMBIICHHS HE NPU3BOAWTH JI0 ()OPMYBAHHS HETIPHEMHUX TOHIB 3aMaxiB y BHHI, SIKI MOXYTh OOYMOBIFOBaTH
JKUPHI KUCJIOTH, TOMY IO iX BMICT € HeBHCOKnM. OIHI€I0 3 IiepeBar 3arporioHOBaHOTO CIIOCO0Y MOCHIIEHHS apOMaTHYHOTO PodiJIro
BHH € MPOCTOTA OTPHUMAHHS KUBJICHHS 1 HATYypaIbHI JOCTYIHI iHrpenieHTH. Lle mocimimKeHHs J0noMoKe BHHOPOOaM 3310BOJIEHUTH
TIOTIAT CTIOKMBAYiB HA JIOKATBHI BUHA 3 HETIOBTOPHUM MICIIEBUM XapaKTEPOM, aJDKE OJHIEI0 3 TOJIOBHUX MOTHBALIN IUIS TYpHUCTIB
Bi/IBiIaTH BUHOPOOHI PETiOHH CBITY € YHIKAJIbHI BUHA 3 IPUBAOIMBUM, SCKPABO BUPAKEHIM KBITKOBO-(DPYKTOBHM apOMAaTOM.

KnrouoBi cioBa: JoKanbHI BHHA, HEHACHYCHI KUPHI KHCIOTH, apOMATHYHUI Tpodiib, 3HAYCHHS aKTUBHOCTI 3amaxy,
CHOTYPHU3M.
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