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Introduction. Article presents evaluation of quality of
Canadian commercial plain non-fat Greek-style yogurts produced
only from natural dairy ingredients.

Material and methods. Yogurts samples were purchased 10
days after their production and were stored at 5°C to obtain 18 or 35
days of storage. Dynamic rheological properties and surface whey-
off were measured. An ordinal numerical scale was used in order to
evaluate whey drainage and the presence and size of visible clusters.

Results and discussion. Greek-style yogurt is a typical weak
viscoelastic gel whose elastic properties predominate over its
viscous properties over the measured range. A structural
degradation was observed in all samples at some point during the
stress-amplitude range applied. B samples had a higher total solids
content than A samples therefore, this might be the reason that B
samples presented higher dynamic moduli than A samples, even for
the same protein content. Both reference samples presented a
significant increase in their viscous (G") and elastic (G') moduli
upon storage at 5°C. This fact suggests that casein gels are dynamic
by nature and that further development of the gel structure occurs
during storage. At high amplitudes, A samples presented a
significant increase in their tan & values due to the rupture of their
gel structures. A proportional increase in G' and G" during storage
was observed; hence, the tan & values for the same types of samples,
after 18 and 35 days of storage, were similar. Samples did not differ
in levels of whey drainage and in the size of visible clusters. Both
market samples presented higher amounts of surface whey-off as
storage time increased. Probably during storage, large scale
rearrangements occurred in the gel network which increased the
level of instability of the gel, resulting in the loss of the ability to
entrap all the serum phase. Although none of the reference samples
had visible whey drainage, all of them presented small visible
clusters.

Conclusions. Protein is not the only ingredient shaping
structure and rheological properties of Greek-style non-fat yoghurt.
Properties of commercial plain non-fat Greek-style yogurts changes
at the storage time. Samples becomes more solid, but with higher
whey syneresis.
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Introduction

Greek-style yogurt (strained yogurt) is a semisolid dairy product obtained by removing
part of the whey from regular yogurt [1-3]. As a result of this action, the total solids content
and lactic acid concentration of the initial yogurt are increased (concentrated yogurt typically
contains 22-23 g/100g total solids and has an acidity of around 1.60-1.80 g/100g lactic acid),
giving the final product a much thicker consistency and a distinctive, slightly tangy taste [4,
5]. In addition, the product obtained has nutritional properties superior to those of regular
yogurt, with higher protein and mineral contents and very low lactose content. It also has
better keeping qualities due to the increased lactic acid concentration [6-8].

Health benefits associated with yogurt cultures and probiotics led to a sharp increase in
the per capita consumption of yogurt in Canada and the United States during the last decades
[9]. According to Chandan [10], yogurt sales in the U.S. have been spectacular, increasing
from 1,837 million pounds in the year 2000 to 2,990 million pounds in 2005, and they
continue to show remarkable growth. Overall yogurt category sales increased 12% year after
year. Of those sales, 85% was driven by a 146% increase in Greek-style yogurt sales, while
a 2% increase in traditional yogurt sales accounted for only 15% of category growth [9].

To take advantage of the current remarkable economic growth of Greek-style yogurt,
the issue of good quality is very important. Some researchers work on development of an
efficient formulation for the production of strained yogurt powder. It is believed that a dried
type of concentrated yogurt will help to expand the economic boom of Greek-style yogurt in
areas that have a limited indigenous dairy industry, or regions that suffer from seasonal
deficiencies in milk supply [11]. Thus, this type of product is intended to open new markets
to this highly valuable food commodity.

The pronounced economic growth of Greek-style yogurt has led to a noticeable
diversification of the traditional product. Many mechanized systems based on modern
techniques, such as membrane processes, centrifugation, and direct reconstitution, have been
developed to manufacture strained yogurt in large volumes [1, 12-14]. Because the overall
characteristics of concentrated yogurt depend on the method of production, the use of
different manufacturing methods has led to the production of diverse varieties of commercial
Greek-style yogurt which significantly differ in their composition [1, 15]. Tamime [16] and
Tamime & Robinson [17] have reported about the difference in composition of various types
of commercial concentrated yogurt that exist around the world. In order to respond to the
increasing consumer preference for reduced fat and additive-free products, the current study
will emphasize the production of a non-fat, additive-free type of yogurt [18].

Regardless of the production method and composition of the final product, one of the
major concerns facing the Greek-style yogurt industry is the production and maintenance of
a product with optimum consistency, stability and texture properties [19]. The overall visual
appearance, microstructure, and rheological properties of acid milk gels are important
physical attributes which contribute to the overall sensory perception and functionality of
these products [20]. Textural attributes, including the desired oral viscosity, are very
important criteria for quality and for consumer acceptance of yogurt [21]. Skriver et al. [22],
Richardson et al. [23], and Stanley & Taylor [24] reported that sensory texture analyses are
highly correlated with the rheological properties of stirred yogurt and other semi-solid foods.
Thus, the objective of this experiment was to evaluate the quality of commercial Greek-style
yogurt and its "on shelf" stability. Such stability is particularly difficult to preserve for natural
non-fat yoghurts. Fat is an ingredient which stabilizes the structure and texture of yogurt and
makes it more attractive for consumers. Different texture shaping ingredients added to many
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commercial yogurts enable to obtain a product with any desired texture and stability. Much
more difficult it to obtain product based only on non-fat milk ingredients.

The aim of this study was to to investigate the structure and rheological properties of
non-fat Greek-style yogurts with different dry matter content, produced only from natural dairy
ingredients.

The research tasks:

1. To analyse the current state of production of Greek-style yogurts;

2. To investigate the quality indicators of commercial samples of non-fat Greek-style
yogurts;

3. Toidentify patterns of changes in the structure of the protein gel of yogurt with different
dry matter content during storage.

Materials & methods

Market reference samples

All types of commercial, plain Greek-style yogurts (0% M.F.) produced from natural
dairy ingredients without added preservatives, emulsifiers or stabilizers (according to their
labeling), that were commercialized in Edmonton (Canada) by three supermarket chains
(Walmart, Superstore, and Safeway) were used as reference samples in this study. Two
products that met these requirements were labeled as “A” and “B”. Reference samples were
purchased 10 days after their production and were stored at 5 °C to obtain 18 or 35 days of
storage. Specifications of these samples are shown in Table 1.

Table 1
Specifications of the market reference samples used in this study
A B
Ingredients* Skim milk, live active Skim milk, live active
cultures cultures

Production method" Traditional/Stirred Traditional/Stirred
Shelf life (Days)* 35 35
Fat content (%)¥ 0.0 0.0
Protein content (%)* 10.3 10.3
Carbohydrates content 3.4 6.9
(%)*
Total Solids content (%)3 13.7 17.1

¥ Specifications obtained from products labels.
T Specifications obtained from customer services.
$ Total solids content was calculated based on the carbohydrates, fat and protein contents.

Dynamic rheological measurements

Small amplitude oscillatory rheology (SAOR) tests were performed with a Paar Physica
UDS200 MCR Rheometer. The evaluation method was adapted from Ozer et al. [25-27].
The rheometer was set up with a parallel-plate geometry (10 mm plate radius and 1 mm gap
setting). All samples were gently stirred with a spoon for 30 seconds before measurement in
order to mix the potential free whey with the resultant gel. Each sample was loaded into the
rheometer and allowed to relax and equilibrate to measuring temperature (25+0.1 °C) for 2
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minutes prior to testing. The temperature of the samples inside the rheometer was
maintained by a circulating cooling system. Rheological aspects of all samples were
evaluated by conducting stress amplitude sweep tests. A sweeping amplitude from 1.5x1072
to 1.5x10" mNm at 0.25 Hz was used and 25 measuring points were performed through the
sweeping range. Storage (G") and loss (G'") moduli were recorded. Three replications were
conducted for each sample.

Whey separation measurements

Surface whey-off (SWO). The method used to quantify the amount of free whey
present on top of the resultant gel was adapted from Lucey et al. [28]. Experimental samples
were evaluated before and after applying homogenization during their production. Any free
whey expelled on top or around the sides of the gel was gently sucked with a polyethylene
transfer pipette and weighted. Once all the free whey was sucked from the surface, the gel
was allowed to rest for 1 minute and any further surface whey was sucked and weighted. The
degree of whey separation was expressed as a percentage of the total sample weight (% m/m).
After quantification, free-whey was reintroduced into the samples.

Whey drainage (WD). To evaluate the degree of whey drainage present in the final
samples, the resultant gels were broken with a spoon and the level of whey drainage was
quantified using an ordinal numerical scale from 0 (no visible whey drainage) to 2 (high
amount of whey drainage). Figure 1 illustrates the different levels that were used to classify
the samples according to whey drainage.

Level 0 Level 1 Level 2

Figure 1. Ordinal levels used for the classification of samples according to the degree of whey
drainage

Presence and size of visible clusters. An ordinal numerical scale from 0 (no visible
clusters) to 3 (big visible clusters) was used in order to evaluate the presence and size of
visible clusters in the final products. All samples were gently stirred with a spoon for 30
seconds before the evaluation in order to mix the potential free whey with the resultant gel.
Figure 2 shows the different levels that were used to classify the samples according to the
presence and size of the clusters.
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Level 1 Level 2 Level 3

Figure 2. Ordinal levels used for the classification of samples according to the presence and size
of visible clusters
Level 0 could not be assigned to any of the evaluated samples. All samples presented visible clusters.

Experimental design and statistical analysis

The market reference samples were evaluated for their rheological and physicochemical
properties at day 18 and 35 after their production. All measurements were carried out in
triplicate. According to the data collected from these analyses, a mean reference value and a
two-sided confidence interval (a=0.05) was established for each parameter tested. Reference
confidence intervals at P < 0.05 were used for comparisons with experimental data.

Results and discussion
Dynamic rheological analyses

In particular, the weak viscoelastic nature of yogurt gel is well established and the
rheological properties of yogurt can be explained by measuring its viscous (G") and elastic
(G") moduli [25]. Figure 3 shows the dynamic moduli (G' and G") of the reference samples
when applying a stress amplitude sweep test. Consistent with the data presented in Figure 3,
it can be stated that Greek-style yogurt is a typical weak viscoelastic gel whose elastic
properties predominate over its viscous properties over the measured range.
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Figure 3. Storage (G’) and loss (G’’) modulus of reference samples at days 18 and 35 after their
production
Presented values are the means of triplicate measurements.

According to the previous figure, both fundamental dynamic parameters (G' and G")
showed a stress-amplitude dependence. Also, a linear viscoelastic region was evident for all
samples. A structural degradation was observed in all samples at some point during the stress-
amplitude range applied. These breakdown as a function of amplitude suggests that
mechanical changes produced in the gels during the manufacturing process would lead to
drastic rheological changes [20]. Ozer et al. [25] stated that yogurt is a metastable gel and
any change in its enthalpic/entropic nature creates irreversible deformation.

Although both types of reference samples had the same protein contents (Table 1), B
sample had higher G' and G" moduli than A sample. As a result of more protein-protein
interactions at higher protein levels, a much denser and stronger gel structure can be
expected; however, the rheological properties of yogurt are not only dependent on the protein
content, but are also highly dependent on total solids content and on the type of protein
present in the gel matrix [29-31]. B samples had a higher total solids content than A samples
(Table 1); therefore, this might be the reason that B samples presented higher dynamic moduli
than A samples. Even though the spatial distribution of the protein-protein bonds over the gel
network, the strength of the interaction forces between protein molecules and the structure of
the protein particles themselves also defined the mechanical properties of a gel network [32,
33].

Both reference samples presented a significant increase in their G' and G" upon storage
at 5°C. This matches the findings of Marafon et al. [34], Serra et al. [35] and Weidendorfer
et al. [36], who reported an increase in G’ in stirred yogurts within storage. This fact suggests
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that casein gels are dynamic by nature and that further development of the gel structure occurs
during storage [37]. Ozer et al. [26] affirms this point by stating that the number and/or
strength of nonrelaxing and relaxing protein bonds in a protein gel matrix increases during
storage. Upon storage, casein particles experience several large-scale rearrangements which
result in the formation of new linkages to decrease the total free energy of the system and
move to a more thermodynamically stable state [20, 35, 37].

Figure 4 presents the loss tangent (tan & = G"/G") values of the reference samples in
days 18 and 35 after their production. Although B samples had higher G" and G' values than
A samples, within the linear viscoelastic region, the tan & values of these two samples were
similar.

N
Lo

tangent delta
N
S

—
()]

"3

10 30 50 70 ) 110 130 150

ol i Stress amplitude, mNm
——A18 3-8—B1

2——A35 4——B35

Figure 4. Loss tangent (tan 8 = G"'/G") values of reference samples at days 18 and 35 after their
production
Presented values are the means of triplicate measurements.

Loss tangent values are highly dependent on the nature of bonds between the particles
integrating the gel network [25, 27, 38]. Thus, it can be stated that at low amplitudes, the
nature of bonds between the particles integrating both gels was similar. However, at high
amplitudes, A samples presented a significant increase in their tan & values due to the rupture
of their gel structures, which resulted in a non-proportional decrease in the number and/or
strength of non-relaxing protein bonds and relaxing bonds. After the breakage point, the
number and/or strength of non-relaxing bonds declined more rapidly than the number and/or
strength of relaxing bonds; therefore, G’ decreased more pronouncedly than G", indicating a
partial breakdown of the elastic structure and a change to a relatively more viscous behavior.
Due to this fact, at high amplitudes, A samples had a higher liquid-like behavior than B
samples, and a significant difference in tan & values was observed between both samples [39,
40].
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Even though the G' and G" of both reference samples increased upon storage time (the
number and/or strength of non-relaxing protein bonds and rapidly relaxing bonds increase
with storage time), the tan & remained almost unchanged for each sample throughout the
storage period, suggesting the formation of essentially similar network structures throughout
storage time [26]. This fact led to a proportional increase in G' and G" during storage; hence,
the tan & values (tan 6 = G"/G") for the same types of samples, after 18 and 35 days of storage,
were similar. For comparative purposes, Table 2 provides the two-sided confidence interval
limits (o = 0.05) for the mean G' and tan & values of the reference samples at points 1, 12 and
25 of the sweeping amplitude range applied. This table also presents the corresponding
confidence interval limits (o = 0.05) for the mean SWO value of the reference samples and
the mean values of the ordinal measurements (WD; presence and size of clusters) that were
carried out on these samples.

Table 2
Rheological and physicochemical values of the market reference samples

Parameters tested Market Reference Values
G' (Pa) [P1: 14.6 uNm]* 22.358 - 16.226 ®
G"/G' [P1:14.6 uNm] 0.257 -0.2492

G' (Pa) [P12: 43.6 uNm] * 22.418 —15.374¢
G"/G' [P12:43.6 uNm] 0.283-0.2602

G' (Pa) [P25: 150 uNm] 16.304 - 0.0002
G"/G' [P25: 150 uNm] f 5.324 -0.0402
SWO (%m/m) f 0.190 -0.028 @

WD? 0.000 + 0.000 ®
Presence and size of clusters$ 1.000 + 0.000 P

fScale measures.
SOrdinal measures. # 95% two-sided confidence intervals.
® Mean values of reference samples + SD.

As the level of WD and the size of visible clusters were measured using ordinal scales,
confidence intervals could not be determined for this type of data. Therefore, the total mean
values for these two measurements were considered as reference values for comparison with
experimental data.

Physicochemical analyses

Table 3 shows the physicochemical results obtained from market reference samples at
days 18 and 35 after their production. Samples did not differ in levels of WD and in the size
of visible clusters. All tested samples presented significant levels of SWO. Both market
samples presented higher amounts of SWO as storage time increased. Due to this fact, it can
be stated that, during storage, large scale rearrangements occurred in the gel network which
increased the level of instability of the gel, resulting in the loss of the ability to entrap all the
serum phase [28]. This observation agrees with Al-Kadamany et al. [41] who reported that
the level of free whey in concentrated yogurt produced by the traditional method increases
upon storage. Additionally, Salvador & Fiszman [42] reported that the level of syneresis in
whole and skimmed set types of yogurt increases with storage time.
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Table 3
Physicochemical properties of market reference samples ¥
Reference Surface whey-off Whey Size of visible
samples (Yom/m) drainage clusters
A —Day 18 0.050 + 0.087 0.000 + 0.000 1.000 + 0.000
A — Day 35 0.203 £ 0.021 0.000 + 0.000 1.000 £ 0.000
B — Day 18 0.030 + 0.052 0.000 + 0.000 1.000 + 0.000
B — Day 35 0.153 + 0.150 0.000 + 0.000 1.000 £ 0.000
Total mean value 0.109 +0.083 0.000 + 0.000 1.000 £ 0.000

¥ Presented values are the means of 3 replicate trials + SD

Although none of the reference samples had visible WD, all of them presented small visible
clusters. According to Lee & Lucey [21], stirred yogurts are likely to have clusters of protein aggregates
which are presumably created by the collisions and shearing during the mixing process involved in their
production. Due to this mechanical process, the characteristic three-dimensional gel matrix of set yogurt
is no longer visible in stirred products. Lee & Lucey [40] stated that stirred yogurt is a weak gel system
and although “particle size” is sometimes reported for stirred yogurt it should be recognized that there are no
individual particles; rather, there are weakly associated clusters of proteins that make up the
network. The stirring action associated with the production of stirred yogurts disrupts the weak protein
network and creates “particles”. It is important to remark that the damage done to the coagulum during
the production of concentrated stirred yogurts has a major impact on the viscosity of the final products.
The larger the undisturbed aggregations of casein, and the smaller the whey-filled spaces, the higher
the viscosity of the final product [32].

Several researchers, such as Weidendorfer et al. [36], studied and continue to study the way to
avoid or minimize visual particles in stirred yogurt. Kucukcetin [43] stated that numerous
manufacturing parameters, such as high incubation temperatures, excessive whey protein to casein
ratios, certain types of starter cultures and the use of excessive amounts of starter culture, are associated
with textural defects of stirred yogurt, including graininess (particles) and surface roughness
(irregularities in the yogurt matrix). Thus, to minimize visual clusters in the final product, it is very
important to control these production parameters.

Conclusions

Protein is not the only ingredient shaping structure and rheological properties of Greek-style non-
fat yoghurt. Other non-fat ingredients influence probably the structure of the protein particles and forces
between protein molecules. Properties of commercial plain non-fat Greek-style yogurts change at the
storage time. Samples become more solid, but with higher whey syneresis. After 35 days of storage
commercial Greek-style non-fat yoghurt had good properties without visible whey drain drainage and
small clusters.
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Introduction. The aim of this study was to evaluate the
main morphological and structural properties of native and
modified starch by heat-moisture treatment (HMT) of
“pinhdo” seeds.

Materials and methods. “Pinhdo” starch was
extracted from seeds of Araucaria angustifolia. Amylose
content was determined by iodine affinity. Humidity, ashes,
protein and fats were determined by the Association of
official analytical chemists (AOAC) methods. The
microscopic techniques used were Scanning Electron
Microscopy (SEM) and Atomic Force Microscopy (AFM).
For structural evaluation of the granules, X-ray Powder
Diffraction (XRD) was used.

Results and discussion. The “pinihdo” starch
extracted from aqueous methodology showed an amylose
content of 26.3%. The samples showed low moisture
(<8.5%) content as well as ash content (<1.44%). By SEM
and AFM, the largest average diameter (d.) was for
untreated “pinhao” starch granules; 10.85 and 10.64 um,
respectively. The smallest granules were those treated with
10% humidity for 60 min and 120 °C. The medium
roughness (r.) studied by AFM increased according to
HMT, from 321.68 to 470.06 um, respectively. A reduction
in the relative crystallinity (Rc) was observed according to
the HMT performed.

Conclusions. Round and oval shapes were found for
the starch granules, with a flat face. Similarities were found
in the mean diameter values (da) between the techniques.
The average diameter of the granules increased as humidity
increased during the modification by HMT. The mean
roughness (ra) increased with the HMT while the relative
crystallinity (RC) decreased.
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Introduction

Starch is a source of carbohydrates in nature. It is a natural biopolymer arranged as semi-
crystalline granules. Their main fractions are macromolecules of linear amylose and branched
amylopectin. Due the abundance it is main source of carbohydrates in human diet. Starches
can be obtained from several sources as roots, seeds, stems, etc.

“Pinhdo” are the seeds from Araucaria angustifolia tree. This is a pine tree and grows in
south of Brazil and other countries of south America. The seed contain 68—72% starch which
presents 26-28% amylose. Other compounds are proteins (= 3%), lipids (z1%), soluble
sugars (=2.4%) and fibres, minerals, phenolic compounds (= 0.2%) [1-4].

Starch is useful in various industrial fields. However, in its native form has restricted
limitations as low solubility in cold water, high viscosity, paste instability, etc. Talking in
account this aspect, starch is frequently submitted to physical, chemical or enzymatic
treatment, or their combinations in order to obtain some desirable properties to industrial
applications [4, 5].

The heat-moisture treatment (HMT) of starches is a physical procedure that consists in
add water upon starch (ratio <35%) and following by heating to temperatures above its
gelatinisation temperature (90-120°C) and for some time (15 min — 16 hours). This
hydrothermal modification is a technique considered natural and safe. It causes some features
in starch granules, acts within the amorphous and crystalline regions and without destroying
granular structure of starch granules [5-9].

The main microscopic techniques used in observation of starches are: optical
microscopy — OM [2, 10, 11], scanning electron microscopy — SEM [5-11], atomic force
microscopy — AFM [4, 12, 13]. In a previous review [14] has been reported the main
characteristics (shape and size) of native starches from different sources obtained by SEM.

Many starches have been classified as A-type, B-type and C-type, by X-ray powder
pattern diffractometry technique (XRD). This classification is in agreement with the position
of diffraction angle (26). The A-type show higher peak intensity at 26 at 15°, 17°, 18° and
23°; the B-type with higher peak intensity for angles of refraction 26 at 5°, 6°, 15°, 17°, 22°
and 23 °. The C-type is a blend of A and B with peaks at 26 at 15°, 17°, 22° and 23° [16]. On
the other hand, with this technique it is possible to calculate the relative crystallinity of starch
granules [11-13].

The “pinhdo” is an unconventional source of starch, recognized for its nutritional value,
and therefore encourages studies that enable its application. Thus, modifications can be tested
to understand the behaviour of starch under different conditions employed. Physical
modification, such as HMT, is widely valued as an environmentally friendly technology.

Therefore, the aim of this study was to evaluate the main morphologic and structural
properties of untreated and modified starch by heat-moisture treatment (HMT) of “pinhdo”
seeds.

Materials and methods

Materials

The “pinhdo” seeds were purchased from a popular market in the city of Ponta Grossa-
PR-Brazil.
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The starch was extracted in aqueous medium according the methodology described by
Bet et al.,[1]. After extraction the starch was filtered and dried in an oven at 40°C by 24 hours
and maintained in a desiccator up to constant mass.

Methods

Amylose Content

The amylose content of “pinhdo” starch was performed in agreement with literature [1].
A potentiometric titrator (702 SM Titrino, Brinkmann Instr., NY) was used in determination
of iodine affinity (IA). The procedure was performed in triplicate. The calculation of the
amylose content, the 1A value of starch was divided by the 1A according the Equation 1:

Amylose (%) = 100% IA /0.2 (1)
Physicochemical Analysis
The moisture, ash, protein and fat content were determined as AOAC methodology [19].
Heat Moisture Treatment (HMT)

The heat-moisture treatment (HMT) of starches were performed in the following way
[11]: an aliquot of 100 g “pinh&o” starch was divided in four portions with 25 g. All samples
were maintained in desiccator with anhydrous calcium chloride up to constant mass. Each
sample show 8.1% moisture. One sample (untreated) was maintained in desiccator and
labelled (a). Upon the second was added distilled water up to 10% (b); upon the third up to
15% (c) and upon the fourth up to 20%, respectively. The samples (b, ¢ and d) were
homogenised and transferred to tree pressure flasks., sealed tightly with a hermetic lid. So,
the flasks were maintained in an autoclave for 60 min at 120°C. After this time, the flasks

were opened and maintained in desiccator up to constant mass.
Scanning Electron Microscopy (SEM)

The micro-images of each sample were observed with high resolution using a Scanning
Electron Microscope (model VEGA 3 Tescan, Czech Rep.) [10]. Initially, the samples were
sprayed on a carbon tape and metalized with gold and so observed. It was possible to observe
the shape and measure it size as well as the average diameter (d,) of a number of granules.

Atomic Force Microscopy (AFM)

Micro-images of “pinhdo” starches were observed with high resolution using an atomic
force microscope SPM 9600 (Shimadzu, Japan), by the non-contact method [8]. The starch
samples were spread directly onto an adhesive tape fixed in the AFM sample holder. The
micro-images of samples were observed with high resolution in 2D or 3D. Measurements
and average diameter “d,” can be performed. With the scanning of surface of a set of granules
it is possible to observe that this surface has irregularities. Thus, more or less smooth parts
can be observed with protrusions and depressions. The measurement parameter that
corresponds to the arithmetic mean of the absolute values of the distance ordinates (y1, Y2, Y3,
.., Yn), divided by the number of measurements (y») in the considered distance (dy), Figure 1.
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Figure 1. Measurements of average roughness (ra)
The Equation 2 was used in the calculation of average roughness (ra):
la=Yy1 + Y2 +ys + .. =yn/n (2)
X-ray Powder Pattern Diffractometry (XRD)

The X-ray diffractogram of each sample was obtained by the instrument Ultima IV
(Rigaku, Japan). The following parameters were used: Cu K o radiation (A = 1.544A),
voltage 40 kV and current 30 mA; scanning speed 2 min, step 0.02, Bragg-Brentano
geometry of 5 ° < 0 < 80° (20). The main degrees of diffraction angles were observed and
registered. The relative crystallinity was calculated in agreement with Equation 3, as
described in literature [7, 12].

where: R. = relative crystallinity; A, = peak area; Ap = base area

Results and discussion

The amylose content in the studied “pinhdo” starch was 26.3%. Similar values were
found by Bello-Pérez et al. and Costa et al. [10, 12].

The moisture content for untreated and HMT modified starches were, 8.5%, 6.4%, 7.0%
and 7.4%, respectively.

The ashes were determined quantitatively and the values obtained were: 1.44%, 1.08%,
1.39% and 0.85%, respectively.

The protein (2.12%) and fat (0.44%) content were determined only for untreated
"pinhao" starch, due to the changes that these macronutrients can undergo during HMT.

Scanning Electron Microscopy (SEM)

The microimages obtained by SEM are collected in Figure 2.
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Figure 2. Scanning electron microscopy (SEM) of “pinh#do” starch granules (a) untreated;
(b), (c), and (d), treated by HMT (magnification 1200 X, bar 10 um)

According to the micrographs observed by SEM, the starch granules of the "pinhéo"
presented a rounded or oval shape, besides a flat face with some protuberances and
depressions. No aggregation of granules was found in this investigation. Pinto et al., 2015,
found aggregation in pinion starch granules when they were modified with moisture >25%
[6]. The mean diameter of untreated and modified starches measured by SEM was 14.65 um;
the smallest granules had a diameter of 8.1 um and the largest 23.6 um. Conto et al., 2011
[15], found values of 10-25 um. The measurement of the average diameter (d.) by SEM is
shown in Table 1.

Atomic Force Microscopy (AFM)

This tool was used as the contactless method (AFM-NC). The samples were spread
directly on an adhesive tape fixed on the sample holder, and this was enough to immaobilize
the granules and avoid contamination of the starch surface. In Figure 3(a) scan size (24 x 24
um), a 3D acquisition image of the typical untreated “pinhdo” starch granule demonstrating
an oval shape is shown. On the surface we can see that it is relatively smooth with depressions
and shallow grooves. Below Figure 3(b), the same 2D image of the starch granule with the
measurements and next to the segments A-B, C-D, E-F, G-H that represents the height profile
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of the morphological surface. Considering the values found for the cross-section segments:
A-B = 20.67 um, C-D = 15.01 um, E-F = 16.65 um and G-H = 19.46 pum, the average
diameter (da) found for this granule was 17.95 um. However, at least three similar
measurements must be made and the mean as well as a larger number of granules must be
calculated. The graph of the section in Figure 3(b), right, corresponds to the measurement of
the surface topography from different angles of the granule and is used with the software of
the instrument to calculate the average roughness (ra), which was 302.4 um for this granule.

In Figure 4, with the resolutions of 120 x 120, 50 x 50 um, as in Figure 3, the 2D
microimage of “pinhdo” starch granules is represented. Here each segment A-B, C-D, E-F,
G-H, displayed in a group of granules in each Figure, corresponds to a section measurement
(in pm) that can be used to calculate the average diameter of each granule. On the right side
of Figure 4-b, the segments displayed correspond to the surface of the starch granules and
are used to calculate the average roughness (ra), according to Equation 2.

147 pm
(b) S5 e 1
A-B
e
0 2067 um
94290 [T
C-D T
0 |}
o 1501 um
82067 nm
E-F
o ' ]
0 1665 um
110 wm ———=~y (4
o 24 %24 ym G-H el \
» |
2 19.45 um

Figure 3. NC-AFM, 3D (a) and 2D (b) topographic micro-images of untreated “pinhéo” starch
(scan size 24 x 24 pm), height difference 2.02 pm, and the cross section
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Since in a large amount of starch granules, they displayed different sizes, with each
segment it is possible to measure different granules. Thus, other measurements are made in
resolutions 20 x 20, 50 x 50, 80 x 80, 100 x 100 and 120 x 120 pm and in each one of them
at least 4 measurements are made with 3 repetitions. Therefore, as shown in Figure 3, the
measurements were made using the software of the instrument and it was possible to
determine the average diameter (da) of the granules and the average roughness (ra) of the
surface granules

50x50 pm 20 pm 50x50 pm

(c)

Figure 4: NC-AFM, 2D micro-image of untreated “pinhao” starch
(a) and (b) — scan size 120 x 120 pum, height difference 4.29 pm;
(c) and (d) — scan size 50 x 50 pm, height difference 2.61 pm.

In Figure 5 we can observe the 3D microimages of each sample of “pinhdo” starch

granules (untreated and after HMT with 10, 15 and 20% moisture), under a scan size of 50
x 50 pm.
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Figure 5. NC-AFM 3D micro-images of:

(a) — untreated “pinhao” starch granules;
(b) — “pinhio” starch granules with 10% moisture and after 60 min at 120 °C;
(c) — “pinhdo” starch granules with 15% moisture and after 60 min at 120 °C;
(d) — “pinhio” starch granules with 20% moisture and after 60 min at 120 °C.

Visually it is possible to verify that some changes occurred in the structure, mainly in the
roughness, which increased proportionally with the increase of moisture in the HMT and
heating for 60 minutes at 120 °C. The roughness was calculated according to Equation 2 and
the values are represented in Table 1.

Table 1
Average diameter (da) of “pinhao” starch granules measured by SEM and AFM and average
roughness (ra) measured by AFM
(a) — untreated “pinhéo” starch granules;
(b) — “pinhio” starch granules with 10% moisture and after 60 min at 120 °C;
(c) — “pinhdo” starch granules with 15% moisture and after 60 min at 120 °C;
(d) — “pinhio” starch granules with 20% moisture and after 60 min at 120 °C.

Samples SEM — da (um) AFM — da (um) AFM — ra (um)
(a) 10.85 10.64 321.68
() 9.56 9.29 426.15
(c) 9.67 9.37 439.72
(d) 10.48 10.26 470.06

X-ray Diffractometry (XRD)
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The X-ray diffractometer pattern of untreated and modified “pinhio” starches is shown
in Figure 6. The values of the main peaks in the diffraction angle 26 are shown in Table 2.
The analysis of these figures and values reveals that “pinhaoe” starches are semicrystalline
solids, with main peaks (20) around 15, 17, 18 and 230, characteristic of C-type.

100
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Figure 6. X-ray Diffractograms (XRD) of:

(a) — untreated “pinhio” starch granules;
(b) — “pinhio” starch granules with 10% moisture and after 60 min at 120 °C;
(c) — “pinhido” starch granules with 15% moisture and after 60 min at 120 °C;
(d) — “pinhio” starch granules with 20% moisture and after 60 min at 120 °C.

According to the literature [17], the C type starch pattern is a semicrystalline polymorph
characteristic of cereal and tuber starches, being a mixture of A and B polymorphs.

The relative crystallinity (RC) of untreated “pinhdo” starch and modified HMT was
calculated. The results obtained are in Table 2, and a decrease in RC with an increase in HMT
was observed. This behaviour was observed by other authors [7]. The differences in values
may be associated with the starch extraction method, which in this study was performed by

aqueous methodology.
Table 2
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XRD values of: (a) untreated “pinhao” starch granules;
(b) “pinhao” starch granules with 10% moisture and after 60 min at 120 °C;
(c) “pinhao” starch granules with 15% moisture and after 60 min at 120 °C;
(d) “pinhao” starch granules with 20% moisture and after 60 min at 120 °C.

Peaks Peaks Peaks Peaks Peaks cr;{s(,atlgltlli\r/ﬁty
Sample (20) (20) (20) (20) (20) (R)%
(@) 15.09 17.05 18.10 18.75 23.30 20.94
(b) 15.11 17.12 18.05 18.60 23.11 19.89
(c) 15.23 17.10 18.01 18.66 23.00 19.02
(d) 15.80 17.22 18.00 18.62 22.94 17.76
Conclusion

Untreated and modified HMT “pinhdo” starch granules were investigated by SEM and
AFM microscopy techniques, and the results were similar between the two techniques. Some
changes could be observed in the surface of the granules when analyzed by AFM, mainly in
the average roughness that increases with heat-moisture treatment. The XRD technique
allowed to determine the characteristics of type C and to calculate the relative crystallinity
that decreased with the treatment performed.
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Introduction. The aim of this study was to monitor the colour and
stability of foam of different types of beer (light and dark beer) using a
non-destructive method - computer vision and digital image analysis.

Materials and methods. Beer colour and beer foam stability of
different beer types (declared as dark and light beer type) were measured
using computer vision method. Beer foam stability, expressed as change
in foam height over time, is modelled using an exponential decay model.
Measurement of foam decay generally involves measuring beer drainage
or the decreasing height of the head.

Results and discussion. The dark beer was less bitter (16.75 1BU),
with higher polyphenol content (181.80 EBC), compared to the light beer
style (bitterness was 26.50 IBU, total polyphenol content 103.50 EBC).
Alcohol content was mostly below 5% (4.82% for the pale beer and
4.90% for the dark beer), and pH was 4.39 for the pale beer and 4.43 for
the dark beer. Beer colour was expressed in the CIEL*a*b* colour
system, with darker beers having lower values for lightness (L* = 28.7),
higher values for a* = 10.4, and lower values for b* = 4.4. In contrast,
light beers were brighter (L* = 65.5), with lower values of a* = 7.7 and
higher values of b* = 4.4. Dark beers had higher EBC, lower L*, and
higher a* values than pale beers due to the use of colouring malts that
were kilned and roasted at a higher temperature at which Maillard
reaction products were formed. The change in beer foam over time is a
combination of liquid removal and bubble decay. The dark style of beer
showed much more stable foam than the light beer. Beer foam height was
statistically different (p< 0.05) between light and dark beer, with dark
beer samples having higher initial foam height (66.1 mm) compared to
light beer (48.7 mm). Dark beer samples had lower values of rate constant
(0.0091 s1) and higher values of foam half-life time (76.1 s), implying
that dark beer had more stable foam than light beer. In contrast, light beer
samples had higher values of the rate constant (0.0110 s*) and lower
values of the foam half-life time (63.2 s). The applied mathematical
model (exponential decay model) was found to be suitable for predicting
the change in foam decay rate and foam stability of light and dark beer
samples. Moreover, the values of foam height of dry and wet part of foam
were well predicted by the exponential decay model.

Conclusions. Computer vision has been shown to be a suitable,
objective, reproducible, and reliable method for measuring the colour and
stability of beer foam (total foam, wet foam, and dry foam) for light and
dark beer varieties.
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Introduction

Among the important parameters of beer quality are the colour of beer, its clarity,
bitterness and the volume fraction of alcohol. The colour and clarity of beer are expected to
be constant after production and during storage and sale [1]. According to the colour of beer,
we divide it into light, red, dark and black. The colour of beer conveys an important message
to the consumer, so the darker colour of beer suggests a stronger taste and aroma, a higher
percentage of alcohol and a richer fullness of beer, while the lighter colours of beer are just
the opposite. [1,2] There are several methods for measuring beer colour like the Lovibond
comparison system method, the spectrophotometric method, the tristimulus colorimetric
method and the computer vision method [3].

The quality of the foam influences the overall perception of the consumer to a great
extent. Therefore, the control of foam behaviour is essential. The physical properties
responsible for beer foam behaviour are: foam or head formation, foam collapse, foam
drainage, or head retention, bubble collapse, and bubble cling, lacing, or foam adhesion. [2,4]

Numerous methods and procedures have been proposed to determine foam
characteristics. Some of them are based on the rate of the drainage of liquid from the foam,
like the Blom or Rudin method. The Blom method [5] is based on the rate of liquid drainage
from the foam, where the rate of drainage is described as first order kinetic. After a short lag
period, the logarithm of the weight of the foam is proportional to time. The Rudin tube
method [6] uses a long tube of small diameter with the CO injection for foam formation in
the degassed samples. Some methods are based on the measurement of foam collapse, where
the foam is measured by focusing a microscope onto the foam surface [3]. The most popular
method to measure foam collapse is the NIBEM foam stability tester where foam collapse is
measured with a conductivity probe, which follows the upper foam level as a function of
time. The time elapse from 1 — 4 ¢cm below the top of the glass is measured every cm and
taken as a measure for foam behaviour. Other methods are based on the measurement of the
conductivity of a foam or methods based on determining bubble-size distribution in aqueous
foams. In general, it is possible to categorize foam measurement analysis methods by means
of foam generation into two groups. [7]

The first group generates the foam using “natural” pouring techniques (Constant method,
the foam collapse time by Yasui, the cylinder pour test by Vundla) [8,9]. The second group
is artificial methods, which assess the foam stability using beer that is not carbonated. These
foams are generated by gassing through porous frits, (Ross and Clark and Rudin) [6,10],
passing through nozzles (Steinfurth Foam Stability Tester and Lg Foam tester
(MEBAK)) [11], or by employing other methods such as shaking [12,13] or flashing
(NIBEM) [8].

Most of the standard methods for measuring beer foam stability are based on
measurements of the weight or volume of the liquid collapsed from the foam [5,6,14,15] and
they have several limitations (Foam is generated in an atypical way, so the resulting foam are
different from those of foam produced by typical beer-pouring methods; Liquid drainage is
only one of the factors related to foam stability). Evans et al. [16] concluded that the ideal
foam measurement method would be to assess beer foam quality with a combination of digital
camera and image analysis software.

Given the need for objective instrumental measurements of colour in the coloured and
almost translucent samples, the purpose of this paper was to find the method that can
simultaneously determine the colours of both light and dark beer. In this study the same
mathematical model (exponential decay model) was applied to model of the wet and dry parts
of beer foam. Furthermore, the same method was applied for the purpose of determining the
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foam stability of these two different types of beer. So far, there has been no research on the
stability kinetics of beer foam, which would include both dark and light beer style. The beer
model was improved by separating the wet part of the beer foam from the dry part of the
foam, and by distinguishing between the contribution of drainage and condensation to the
beer foam collapse. The basic concept was to develop a customer-oriented approach, so that
values are measured in a consumer-use situation.

The aim of this study was to monitor the colour and stability of the foam of different
types of beer (light and dark beer) using a non-destructive method — computer vision and
digital image analysis.

Materials and methods
Materials

For this study, two bottled lager beer style sample sourced from Osjecka pivovara d.d.
(Osijek, Croatia) were used one declared as dark beer and the other as light beer. Six bottles
per beer sample from two different batches (purchased in 2018 and 2019) were used for all
the analyses. All measured parameters were made in four replicates, and average values were
used for data analysis.

Physical-chemical analyses

Beer alcohol content was measured on an Alcolyzer (Anton Paar GmbH, Austria).
Standard beer analyses and determination of colour, bitterness, total polyphenols and pH
were carried out according to EBC methods 9.6, 9.8, 9.11 and 9.35 (Analytica-EBC®,
2010) [17]. Standard method for foam stability evaluation were conducted according to the
MEBAK method 2.18.2 (MEBAK®, 2012) [11], using the NIBEM-TPH foam stability tester
with the Inpack 2000 Sampling Device, type ISD (Haffmans, Holland).

Analysis of beer colour with computer vision

The colour stability of beer samples was
evaluated with tristimulus analysis by using
computer vision. The computer vision
method is implemented in several steps:
image acquisition, image analysis and
extracting the features of interest.

Image acquisition. To acquire an
image of beer sample, a digital camera was
used (Canon EOS 1100D). Before shooting,
the camera was calibrated with a Datacolor
SpyderCHECKR™  calibration  plate.
k - J Before the experiment, the beer samples

—_ were degassed, so that gas bubbles did not
affect the colour measurements. Beer
samples were held at 6 °C, and analyses

Figure 1. Cylindrical pilsner beer glass [18] were performed at ambient temperature
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(J20 °C). Before analysis, the beer samples were degassed by gently stirring with a magnetic
stirrer and the sample was filtered through a 0.45 pum membrane filter. A 100 ml of each beer
sample was poured into a cylindrical pilsner beer glass, and placed inside the photographing
chamber at a distance of 50 cm from the camera lens. The 24-bit coloured images was
captured in TIFF format and sSRGB colour model. The cylindrical pilsner beer glass used in
the analysis is shown in Figure 1. The photographing chamber was illuminated by four LED
lamps with a diffuser located on the outside.

Image analysis. After photographing, the colour of the samples was determined using
the digital image analysis method. A digital image processing software, Image]J™ (Wayne
Rasband, National Institute of Health, Maryland, USA), was used to analyse the images
obtained during colour tests. The results of colour measurement were expressed as values of
red (R), green (G) and blue (B) in the RGB colour system. The obtained colour values were
converted to the CIEL*a*b* colour model.

Analysis of foam collapse rate and foam stability using the computer vision

Analysis of beer foam was performed using the computer vison method in three steps:
foam generation, measurement of foam height and foam collapse time, and calculation of
foam stability value.

Before analysis beer samples were held at 6 °C, and analyses were performed at ambient
temperature (20 £1 °C). Foam is generated by natural pouring using the adopted method
reported by Yasui [9], where a volume of 100 ml of beer was poured freehand into a 400 mL
cylindrical pilsner beer glass from a precisely defined height. The angle between the bottle
and the glass was adjusted to ensure that the beer struck the bottom of the glass and was
poured as a steady stream for the duration of the pour.

G THE TRESHOLD

5s 150s 300s 600s 5s 150s 300s 600s

Figure 2. Beer foam collapse determined using the image analysis method [19]
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The profile of the beer in a glass was recorded by a CCD-camera every 5 s for 10 min
(600 s) period. After the image of foam profile was captured, photographs were subjected to
digital image analysis, and the percentage of foam layer was measured using a computer
software program ImageJ™. The 24-bit coloured foam images captured during tests were
converted into an 8-bit format (Figure 2). After that, the images were converted to binary
images using a procedure called thresholding and then the height of foam was calculated
[20].

The beer height measurements were taken from the inside bottom of the glass to the
beer/foam interface. The foam measurements were calculated according to Equation 1- 2
[21]. The values for both the liquid and wet part of the foam were used for further
mathematical modelling procedure.

H (DFP) = H,(F) + H,(L) — Hpax (L) (1)
H,(WFP) = H,(F) — H,(DFP) ?)

where:
H: (DFP) — height of the dry part of the foam after a certain time t,
H: (WFP) — height of the wet part of the foam after a certain time t,
H: (F) — foam height after a certain time t,
H: (L) — height of the liquid after a certain time t,
Hmax (L) — maximum height of the liquid, at time t = 600s.

Several parameters were extracted from the images: foam height, liquid height (beer
beneath foam), and some parameters were calculated (foam collapse rate and foam half-life).
The results of the image analysis showed the change in the height of the foam column, over
time (Figure 3).

Modelling the change in foam column height over time

The method is based on the simultaneous measurement of the level of the foam-liquid
interface and the foam height as a function of time. The height of the foam, the height of the
wet part of foam and dry part of the foam, rate constant and foam half-life time (or head
retention value) was thus obtained. The exponential decay model was used to predict the
foam stability of different types of beer. Foam collapse follows an Exponential Decay Law
(EDL) [5], where the foam height at time can be expressed as the following function of time
(or first-order reaction model):

H, = Hy x e 3)
In (2)
bz =—4 4)

where:
Ho — initial height of the foam at time t=0,
H; — height of the foam after a certain time t,
k — rate constant (s2),
t —time (s),
ty2 — foam half-life time (s) or Head Retention Value (HRV).
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Figure 3. Dynamics of beer foam stability measured using digital image analysis

The beer model was improved by separating the wet part of the beer foam from the dry
part of the foam, and by distinguishing between the contribution of drainage and
condensation to the beer foam collapse. In this study the same mathematical model
(exponential decay model) was applied to model the wet and dry parts of the beer foam [21].

The XLSTAT plugin in MS Excel was used to process the experimental data, and the
model parameters were calculated using regression analysis. The success of the
approximation of experimental data by mathematical models was evaluated on the basis of
several statistical criteria:

Coefficient of determination, R? (%)

1 2
Mean square error, RMSE = \[ﬁ DX (Htpre,i - Hteks,i) (6)

Statistical analysis

Data were expressed as means + standard. Analysis of variance (ANOVA) was
performed using the XLSTAT add-in within the MS Excel program (Addinsoft, NewYork,
USA). Differences were considered to be significant at validity of a = 0.95.
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Results and discussion

Quality indicators such as foam stability, alcohol content, pH value, bitterness,
polyphenols content and colour are important for consumers and reveal much about the beer
type. The results of the physical-chemical analyses are shown in Table 2.

The dark beer style showed much stabile foam than light. Alcohol content was mostly
below 5% as well as pH value, which was almost the same for all beer styles (below 4.4).
The ethanol content of beer is very important, from both an economic and sensory points of
view, as it is used to classify beers in terms of taxes and taste. The dark beer type was less
bitter, with higher polyphenolic content and EBC colour value, in comparison to the light
beer style (Table 2). Typically, the colour of the beer is due to the malt and other raw
materials that were used in the brew house [7] and is largely due to the melanoidins and
caramel present in the malt, although further caramelization can take place during wort
boiling.

Table 1
Results of the analysed beer parameters
Beer Foam Alcohol Viv Bitterness Total Colour
tvpe stability %) pH value (1BU) Polyphenols (EBC)
yp (min) (EBC)

Light ~ 7.00+0.08° 4.82 +0.22% 4.39 +0.04% 26.50 +3.00%103.50 £7.19" 9.80 +2.69°
Dark 10.00+0.09% 4.90 +0.16% 4.43 +£0.08% 16.75 +3.86181.80 +6.22% 72.14 +1.71?

Values are means of four replications + SD.
Values in the same column with different superscripts (a-b) are significantly different (p<0.05)

Colour formation occurs in beer during caramelization and Maillard reactions.
Caramelization can produce hundreds of different chemical products in different colours, but
most of them are brown. Maillard’s reactions contribute to the colour of the beer by forming
melanoidins during them, which give the beer a darker colour. Also, some products of
Maillard’s reactions, such as furans, furanosines, pyrroles, and pyrazines affect the colour of
beer. The increased concentration of these compounds in beer will cause beers to be darker,
while a smaller amount of these compounds yields lighter beers [22]. Furthermore, the colour
of beer is influenced by the polyphenols found in barley, and when malt is cooked,
polyphenolic components are released, and some new components are formed, and colour is
formed as well. During the storage and/or aging of beer, polyphenol oxidation can occur,
which is very noticeable in light beers [23]. In darker beers, colour change due to polyphenol
oxidation is masked by the colour of coloured and roasted malt. Furthermore, oxidation of
the polyphenol can lead to an enhanced protein-polyphenol interaction and the formation of
haze of non-biological origin. The colour change of beer due to a polyphenol oxidation is
most noticeable in light beers during storage and/or aging of beer [1,24].

Low EBC values denotes (light) pale beer, and higher EBC values describe darker beers.
Figures 4-6 show the colour measurement results of two different beer samples declared as
dark and light lager beer. The colour of the samples was measured using the computer vision
method and represented as CIE L*, a* and b* values. The lightness (L*) is achromatic
component of CIE colour space in the range 0-100, the higher the L*, the lighter the sample.
The a* and b* values are chromatic component of the CIE colour space, and can be between
— 127 and + 127. The chromatic component a* indicates the presence of a green-red colour
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(smaller a* means green, and the higher a* denotes red colour of sample). The chromatic
component b* indicates the presence of a blue-yellow colour (smaller b* means blue, and the
higher b* denotes yellow colour of sample).

100 30
90
80 a 25
70 65,5 20
60
450 *, 15 a
40 b 10,4 b
28,7 10 7.7
30 -
20 5
10
0 0
Dark Light Dark Light
Values are means of four replications + SD. Values are means of four replications + SD.
Values with different letters (a-b) are Values with different letters (a-b) are
significantly different (p<0.05) significantly different (p<0.05)
Figure 4. Results of the brightness value Figure 5. Results of the green-red chromatic
for different beer samples component value for different beer samples
80
70 a
60 54,4
50
© 40
30
20 b
10 4,4
o L [
Dark Light

Values are means of four replications + SD.
Values with different letters (a-b) are
significantly different (p<0.05)

Figure 6. Results of the blue-yellow chromatic
component value of different beer samples

As can be seen in Table 2 and on Figures 4-6, light beer had the lower EBC values, the
higher L* values and lower a* values than a dark beer. That indicates that these are the palest
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samples as they do not contain or contain a very low amount of special malts, which can
contribute to their colour. Dark beer had higher EBC, lower L* and higher a* values than
pale beer, due to the use of colouring malts which were kilned and roasted at a higher

temperature where Maillard reaction products were formed [25].

Results of foam stability measurements of different beer samples using the

computer vision system and image analysis

The foam stability of different types of beer was analysed by CVS and image analysis
and expressed as the change in the height of the foam column (Ho) over time (t). Figures 7 —

8 shows the collapse of the head of a beer poured into a glass.

Dark beer
80
1 Foam (exp)
. 2 Wet foam (exp)
3 Dry foam (exp)
4 Foam (mod)
e ____ 5 Wet foam (mod)
_____ 6 Dry foam (mod)
50
€
£ 40
T
30
20
10
0
0 100 200 300 400 500 600
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Values are means of four replications + SD.
Figure 7. The height of the beer foam as a function of time (dark beer)
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Figure 8. The height of the beer foam as a function of time (light beer)

The decay of beer foam takes place in three phases, i) the initial phase — it takes about
300 seconds, where the liquid beer drainage is driven by gravity, ii) the consolidation phase
— characterised by an increase of the concentration of polypeptide material in the foam
leading to bubble coalescence and foam collapse, iii) the residual phase.

When a beer is poured into a glass the initial burst of CO; creates foam with a high
liquid fraction. There are actually two types of foam: "wet foam" consisting’s of spherical
bubbles with liquid beer between them and "dry foam" consisting of polyhedral bubbles with
no liquid between them. Liquid foam slips and slides while dry foam is stiff and sticky. The
drainage of beer from the foam begins as soon as the pour is complete. The rate of foam
collapse depends on the progress of three physical processes involved in the breakdown of
the foam: drainage, coalescence and disproportionation. When beer is poured into a glass,
initially, drainage is the main process, and at a later stage, coalescence and disproportionation
become more important. Creaming, also called beading, is the continuous formation of new
bubbles. Creaming is how foam forms from bubbles rising out of a glass of beer. Drainage is
the liquid flow from a foam to the liquid underneath. It is not well-defined where creaming
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stops and drainage begins. The main driving force for both processes is gravity. Drainage
occurs if the bubbles become more densely packed. The foam becomes dryer, and the bubbles
become deformed. Coalescence in foam is the merge of two bubbles caused by the rupture
of the film between the bubbles. Two smaller bubbles become one larger bubble [26].

Figures 7-8 show the experimentally obtained and model-predicted values of the height
of the foam column change as a function of time for the dark and light beer style. The values
of the height of the beer foam Ho of the dry and wet part of the foam was well predicted with
the exponential decay law model, in contrast to the predicted values of the height of the beer
foam for the initial foam. The diagram shows the exponential decay of the beer head
associated with the measurement. The regression curves match the measured data well, which
means that the beer foam collapsed quickly, as does the beer drainage. Correspondingly, the
model of beer height estimate well the real height. This was expected because at the
beginning of the foam decay, the packing density of the bubbles in the foam was much less
than later in the experiment (which leads to a rapid loss of beer in the foam in the first 30
seconds following the pour) [27].

Using regression and curve fitting techniques, the generalized parameters for each foam
sample was obtained, which is shown in Tables 3-5. The success of approximation of
experimental data by the selected mathematical model was analysed on the basis of several
statistical criteria. In this paper, the coefficient of determination (R?) is presented, which
would ideally have a value of 1, and the mean square deviation (RMSE) at which smaller
values indicate a more successful approximation of the data by the applied model. In
Tables 3-5, a comparison of R?for the least squares regression of the change in the height of
the foam column over time indicates that R? was higher in the dry foam set, (dark beer
R?=0.9972, light beer R?=0.9765) than in the wet part of the foam (dark beer R?= 0.9595,
light beer R?=0.9201) or in the total foam (dark beer R?=0.9893, light beer R?= 0.9695).
This is a consequence of in-creasing the variance in the pour value for dry foam since it
contains the variance from three measurements [28].

Table 2
Statistical analysis and parameters of an exponential decay mathematical model for foam stability

Beer

type Ho (mm) k (s tu2 (S) R? RMSE

Dark 66.1+2.0 0.0091+0.0004 76.1+3.4 0.9893 1.7242

Light 48.7+1.4 0.0110-+0.0000 63.2+0.1 0.9695 2.2525
p-value 0.0194* 0.0465* 0.0640

Values are means of four replications + SD. Values marked with *are statistically significant

(p < 0.05).

The effect of drainage time on the amount of beer in the foam was similar to curves found
by Blom [5], who suggested a first-order reaction model, i.e., the rate of collapse decreases
logarithmically with time. After the mathematical modelling of the beer foam stability, the
parameters of the exponential decay model were obtained: the rate constant k and the foam
half-life time ti2. If the values of the rate constant are lower and the foam half-life time is
higher, then the foam of the analysed samples is more stable.

Considering the obtained results of the height of the beer foam, there was a statistically
significant difference (p<0.05) between the light and dark beer, where the samples of dark
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beer showed a higher initial height of foam (Table 3). There was a statistically significant
difference between the values of rate constant and no statistically significant difference
between the values of foam half-life time in the observed beer samples. Dark beer samples
had lower rate constant (0.0091 s) values and higher foam half-life time values (76.1 s),
which means that dark beer had more stable foam than light beer. The foam height of the
light beer was less stable than that of dark beer (Table 3). This means that the growth of the
bubble size in the case of the light beer type mentioned leads relatively quickly to bursting.
The foam-forming proteins of the dark beer type on the other hand, appear to stabilize the
large foam lamellae well so that its fluffy, large-pored foam remains intact for a long time
[29].

Statistical analysis and parameters of an exponential decay mathematical model for wet ;Z%e ’
stability
'f;gg Ho (mm) k (sY) tuz (5) R? RMSE
Dark 24.6+0.7 0.0342+0.0012 20.3+0.7 0.9595 0.7659
Light 19.7+1.2 0.0279+0.0029 25.1+£2.6 0.9201 0.9383
p-value 0.0771 0.1786 0.2122

Values are means of four replications + SD. Values marked with *are statistically significant
(p <0.05).

Table 4 shows the results of the stability of the wet part of the foam of light and dark
beer. According to the values of statistical criteria it is evident that the exponential decay
model fits well the experimental data (low values of RMSE for all analysed beer type) and
can be used to predict the stability of the wet part of foam for the light and dark beer types
[21]. Given the higher R? values for dark beer samples, the model better predicts the stability
of the wet part of the foam in dark beer samples. Considering the obtained results of the
height of the beer foam of the wet part of the foam, there was no statistically significant
difference between light and dark beer, where the samples of dark beer showed a higher
initial height of the wet part of the foam (24.6 mm), higher rate constant (0.0342 s) values
and lower foam half-life time values (20.3 s) which means that the dark beer type has a less
stable wet part of the foam than the light beer type.

Statistical analysis and parameters of an exponential decay mathematical model for dry :;21?:18 )
stability
't?’;;g Ho (mm) K (s) tiz (3) R? RMSE
Dark 51.5+2.6% 0.0078+0.0005 88.1+5.6 0.9972 0.6800
Light 34.1+1.5¢ 0.0091+0.0001 76.2+0.9 0.9765 1.4704
p-value 0.0289* 0.1325 0.1590

Values are means of four replications + SD. Values marked with *are statistically significant
(p <0.05).
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The values of the rate constant and the foam half-life time indicated a higher stability of the
dry part of the foam in samples of dark beer. They had lower values rate constant (0.0078 s™)
and higher values of the foam half-life time (88.1 s) of the loss of the dry part of the beer foam.
Given the obtained results, it is evident that there was a statistically significant difference in
the stability of the dry part of the foam between light and dark beer.

The dark beer samples showed higher values of the height of the beer foam and longer foam
half-life time of the dry part of the foam (Table 5). According to the values of statistical criteria
for the success of approximation of experimental data by an exponential decay model, it can
be seen that the used model fit well the experimental data (R? values are high) and can be used
to predict foam stability for both beer types, light and dark.

Conclusion

The computer vision system and image analysis have been shown to be a suitable,
objective, reproducible, and reliable method for measuring the colour, foam breakdown rate,
and foam stability of beer (namely, total foam, wet foam, and dry part of the foam).
Furthermore, the method is sensitive enough that it can be applied to analyse different types
of beer (light and dark). The parameters of colour coordinates (defined in CIEL*a*h*1%76
colour space) measured in the entire visible wavelength range can distinguish beers more
objectively than methods based on absorbance.

The concept of using a simple technique (naked eye assessment of foam quality), has a
high correlation with consumer perception of beer foam quality and can be improved by using
computer vision technologies for objective assessment of foam quality parameters.

The change in beer foam over time is a combination of liquid drainage and bubble decay.
Measurement of foam decay generally involves measuring beer drainage or decreasing head
height. From the foam stability results, dark beers have a more stable foam. The mathematical
model used (exponential decay model) was found to be suitable for predicting the change in
foam collapse rate and foam stability of light and dark beers. This model can be used as a
cost-effective method for rapid screening of beers during processing to evaluate acceptability
more efficiently
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Introduction. The aim of the study is to develop the scientific
bases of antioxidant activity of water-alcohol infusions from
vegetable raw materials and to identify the most promising plants
as sources of natural antioxidants.

Materials and methods. Alcohol infusions from vegetable
raw materials, which were considered on morphological grounds:
herbs (35 samples); roots and rhizomes (9 samples); flowers (7
samples); tree bark (2 samples); dried fruits (18 samples); juicy
fruits (29 samples). Methods of investigation: redoxmetry —
determination of antioxidant capacity of from plant raw materials;
pH-metry.

Results and discussion Infusions of alcohol from vegetable
raw materials have a hydrogen index (pH) of 3.13 (Sudanese rose)
to 8.17 units pH (Stinging nettle).

The minimum theoretical value of redox potential (RP) (Ehmin)
has a value from 159.1 mV (Stinging nettle) to 370.8 mV (Sudanese
rose), and the actual value of RP (Ehae) from 8.0 mV) up to 308.5
mV (Quince oblong).

The minimum value of antioxidant (restorative) ability of
alcohol infusions (REix) is for Lemon fruits — 18.8 mV, the
maximum value of restorative ability — 209.0 mV — for alcohol
infusion of Wild strawberry.

The energy of reduction/oxidation of plant raw materials
(REpian) relative to the alcohol mixture is in the range of reduction
values from 124.5 mV (Wild strawberry leaves) to oxidative values
of -65.7 mV (Lemon fruit).

Alcohol infusions, depending on the activity of plant raw
materials have a reducing ability (over 0 mV) — 65% of samples and
oxidizing capacity (less than 0 mV) — 35% of samples.

The creation of alcoholic tinctures with antioxidant action
allows you to bring to market new products that favorably
distinguish the range of manufacturers from the range of
competitors, creating a positive image of the company.

Conclusion The expansion of the range of alcoholic beverages
with the use of alcoholic infusions from plant raw materials to
enhance the antioxidant effect is justified.

—— Ukrainian Food Journal. 2020. Volume 9. Issue 4

795



Food Technology ——
Introduction

One of the promising ways to form consumer properties and expand the range of alcoholic
beverages is the use of various compositions of ingredients, food additives and biologically active
substances [1-10]. Such substances are designed to improve the organoleptic properties of
alcoholic beverages, give them stable therapeutic [11] and prophylactic properties [12].

It is especially important to reduce the toxicity of ethyl alcohol and its impurities, alleviate or
eliminate the hangover syndrome, by affecting the metabolism of ethyl alcohol and its impurities
in the body [4, 5]. Creating alcoholic beverages with low toxicity [3, 13-15] allows you to bring
to market new products that distinguish the manufacturer's range from the range of competitors,
creating a favorable image of the company [16], which cares about protecting consumers from the
negative effects of alcoholic beverages [3].

Currently, the use of vegetable raw materials in the technology of alcoholic beverages is very
relevant [17-19]. Herbal beverages commonly consumed worldwide contain different chemical
substances that display a broad spectrum of biological activities [20-22]. They have gained
growing interest among scientists and consumers due to their antioxidant properties [23]. The
ability of plant phenolics to act as free radical scavengers has led to increased interest in their
ability to act as antioxidants [24, 25]. At present, the antioxidant characteristics of all prescription
components, food additives, biologically active substances and their combinations have not been
sufficiently studied [26, 27, 28].

RP is an important indicator of the biological activity of solutions [29]. It characterizes the
deviation from the ionic balance of free electrons in a liquid medium. Changing the concentration
of free electrons leads to a change in its electron charge and, accordingly, the RP. If the RP is
positive, it indicates the oxidizing ability of the solution, negative indicates recovery ability. The
value of RP allows to estimate the energy of processes, that is, characterizes the activity of ions in
redox reactions [30, 31]. Redox reactions affect the ratio of energy to support homeostasis —
relativity of dynamic constancy of composition and properties of internal environment and
stability of basic physiological functions of an organism. This ensures the vital activity of any
organism. The magnitude of this rate depends on the ratio and concentration of oxidized and
reduced substances in the body, including substances coming from food and beverages, so one of
the main factors in the regulation of redox reactions is the RP [30, 31].

These circumstances determine the relevance of this work, which is to develop water-alcohol
extracts of vegetable raw materials in the technology of alcoholic beverages. Creating alcoholic
beverages with reduced toxicity through the introduction of water-alcohol infusions from
vegetable raw materials antioxidant properties, allows to create products, which favorably
differentiates them from competitors, creating a favorable image of the institution, which cares
for the protection of consumers.

At present, the antioxidant characteristics of all prescription components, food additives,
biologically active substances and their combinations have not been sufficiently studied.

The aim of the study is to develop the scientific bases of antioxidant activity of water-alcohol
infusions from vegetable raw materials and to identify the most promising plants as sources of
natural antioxidants.

When achieving this goal, it is necessary to solve the following problems:

— To substantiate the prospect of using water-alcohol infusions from vegetable raw materials

in the production of alcoholic beverages;

— Toestablish the value of the restorative capacity of water-alcohol infusions from vegetable

raw materials;

— Identify the most promising sources of natural antioxidants for use in alcoholic beverage

technology.
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Materials and methods
Materials

100 plant samples were used as objects, which were considered on morphological grounds:
herbs (35 samples); roots and rhizomes (9 samples); flowers (7 samples); tree bark (2 samples);
dried fruits (18 samples); juicy fruits (29 samples). As a control sample used a water-alcohol
mixture with a strength of 40% vol.

Methods of obtaining water-alcohol infusions [3, 15]

Vegetable raw materials were ground with scissors to a size of 3x3 mm, samples weighing
4 g were placed in bottles of dark composition, poured 100 ml of a water-alcohol mixture
with a strength of 40% vol. The vials were capped and placed in a Durocell dry air thermostat
for 48 hours at 40 °C. The resulting infusions were cooled to room temperature [3, 15].

Methods for determining active acidity and RP [3, 15, 30]

The active acidity index was measured on a pH-meter «pH-150 MA» with a combined
glass electrode «<ESC 10601/4». RP was measured on the pH-meter «pH-150M», in the mode
of measuring the potential, with a redoxmetric platinum electrode «kERP-105».

To evaluate the antioxidant properties of the obtained water-alcoholic plant extracts, the
method [30], based on the difference of RP in inactivated inorganic solutions and complex
biochemical media. The main criteria of this method were its clarity, simplicity, specificity,
reproducibility of results and efficiency. A number of researchers also emphasize that method
allows to determine the total antioxidant activity of liquid products, including in total in a
complex mixture, and multifunctional antioxidants [3, 15].

Formula (1) holds for inactivated inorganic solutions in equilibrium. This formula links
the active acidity of the pH and the RP [30]:

Ehmin:660*60'pH, mV (1)

where Ehmin — the minimum theoretically expected value of the RP;
pH — active acidity of the test solution.

Acquired meanings of Ehmin were compared with the actual measurements of Ehae of
solution. The shift of RP to the side of the recovered meanings — recovery energy (RE) was
determined by the formula [30]:

RE = Ehmin—Eha[;[, mV (2)
where RE — the shift of RP to the side of recovered meanings (resilence);
Ehmin — minimal theoretically expected meaning of RP;

Ehaet — actual measured RP.

The value of RP allows you to estimate the energy of the processes, i.e. characterizes the
activity of ions in redox reactions.
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Research of RP from hydrogen display in infusions of alcohols from vegetable raw
materials

For water-alcohol mixture, the relationship between hydrogen (pH) and RP (Eh) was
experimentally determined. It is proved that the change of the hydrogen index of the water-
alcohol mixture by 1 unit. pH leads to a change in RP by 42 mV:

In the range of values of the hydrogen index of pH 2.0-11.0 pH units for the water-alcohol
mixture of RP is in the range of Ehpi, 418.0-40.0 mV.

The obtained values of the RP of the water-alcohol mixture Ehpi, were correlated with
the actually measured values of the RP of alcohol infusions from vegetable raw materials by
the platinum electrode (Ehac), which characterizes the difference raw materials (REinf):

REint=Ehmin—Ehact, mV 4)

The energy of reduction/oxidation of vegetable raw materials (REgiant) iS determined by
the difference between the RP of infusions of alcohol from vegetable raw materials (REinr)
and solvent (control):

REpiant=REin—REsol, MV ®)

According to the results of research, an improved method for assessing the antioxidant
capacity of infusions of alcohol from vegetable raw materials for the technology of alcoholic
beverages.

Results and discussions

Expansion of the range of alcoholic beverages with the use of alcoholic infusions from
vegetable raw materials with increased antioxidant action is substantiated.

Alcohol infusion — a semi-finished product, which is prepared by infusion of vegetable
raw materials (both aromatic and non-aromatic) in a water-alcohol mixture [32] with a
strength of 40 to 90% vol.

For the preparation of alcohol infusions used: rectified ethyl alcohol [33-34]; water [26];
vegetable raw materials, which are allowed for use in alcoholic beverages; filter cardboard.

The studies used 100 samples of vegetable raw materials by morphological characteristics
[35]: herbs; roots and rhizomes; flowers; tree bark; dried fruits; juicy fruits. As a solvent used
a water-alcohol mixture with a strength of 40%: pH 5.63 units pH; Ehmin 265.5 mV; Ehae
181.0 mV; REinr 84.5 mV; REpiant 0.0 mV. Sensory evaluation of the control sample are as
follows: color — colorless; aroma — alcohol; taste — moderately burning, empty.
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Study of alcoholic infusions of herbs

35 samples of alcohol infusions from herbs were studied (Figure 1, 2). The pH level for

alcohol infusions of herbs ranges from 4.53 (Wild strawberry) to 8.17 (Stinging nettle), which
have a reaction environment — from acidic to alkaline. The minimum theoretically expected

RP (Ehmin) of alcohol infusions of herbs ranges from 159.1 mV (Stinging nettle) to 312.0 mV

(Wild strawberry).
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Actually measured RP (Ehae) from 8.0 mV (Stinging nettle) to 201.5 mV (Common
cherry). At the same time, the minimum value of energy of reduction/oxidation of alcohol
infusions (Ehact) — 35.4 mV is set for Curly parsley, and the highest — 209.0 mV — for Wild
strawberry. The minimum value of energy of reduction/oxidation of vegetable raw materials
(REpiant) is set for Curly parsley «-»49.1 mV (oxidative values), the maximum value of 124.5
mV — for Wild strawberry (reduction values).

5 samples of herbs, depending on the energy of reduction/oxidation, have oxidizing
characteristics from «-»49.1 mV (Parsley curly) to «-»5.6 mV (Violet tricolor), which is 14%
of all herbs. 30 samples of herbs have regenerative characteristics from 1.0 mV (Basil
eugenol) to 124.5 mV (Wild strawberry), which is 86%.

According to sensory evaluation, infusions of alcohol from herbs [47-49] are
recommended for use in the production of tinctures, aromatic alcohols, balms, liqueurs [17-
19, 21, 36].

Infusions of alcohol from Wild strawberry have received the greatest value of antioxidant
activity; sensory evaluations of the product: color — deep brown; aroma — herbal; taste — soft,
tart, sour, which is recommended for use in alcoholic beverages for tinctures and balms.

Research of alcoholic infusions from roots and rhizomes

9 samples of alcohol infusions from roots and rhizomes were studied. The pH level for
infusions of alcohol from the roots and rhizomes is from 3.87 (Garden onion) to 6.86
(Carrot), i.e. infusions of alcohol have an acidic reaction, which is close to neutral (Figure
3).
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Figure 3. Characteristics of alcohol infusions from the roots and rhizomes
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The minimum theoretically expected RP (Ehmin) for alcohol infusions from roots and
rhizomes ranges from 214.1 mV (Carrot) to 339.7 mV (Garden onion), and the actually
measured RP (Ehac) — from 98.0 mV (Naked licorice) to 199.0 mV (Elecampane high). At
the same time, the minimum value of energy of reduction/oxidation of alcohol infusions
(REins) is characteristic of Allspice celery and is equal to 44.0 mV, and the highest value —
148.2 mV has an alcoholic infusion of Garden onion. The minimum value of energy of
reduction/oxidation of vegetable raw materials (REpiant) is set for Allspice celery «-» 40.5 mV
(oxidative values), the maximum value of 63.7 mV — for Garden onion (reducing values).

In the group of plant raw materials roots and rhizomes were identified: plants with
oxidative values of 5 samples (56%); plants with restorative values — 4 samples (44%).

When assessing the sensory evaluations of alcohol infusions from the roots and rhizomes
of 3 samples (Elecampane high, Valerian officinalis, Garden onion) — it is not recommended
to use for alcoholic beverages, due to their aroma and taste [37, 38]. Thus, Elecampane high
has an unpleasant taste (soapy, sour-bitter, obsessive), alcohol infusion of valerian has an
unpleasant (Valerian officinalis) aroma and tastes burning, sour, with an unpleasant
aftertaste; infusion of alcohol from Garden onion has an unpleasant onion (nitrogen-
containing compounds) aroma and tart taste. Sensory evaluations of the proposed (possible)
options for the use of infusions of alcohol from the roots and rhizomes gives grounds not to
offer for use in alcoholic beverages samples even with maximum antioxidant characteristics
(for example, Garden onion with a high regenerative activity of 63.7 mV).

Research of infusions of alcohol from flowers

From the group flowers 7 samples were studied. The pH level for infusions of alcohol
from flowers has a reaction of the environment from 3.13 (Sudanese rose) to 5.98
(Chamomile officinalis), i.e. infusions of alcohol from flowers have an acid reaction (Figure
4).

450 - 10
M Ehmin O Ehact O REinf REplant © pH
400 -9
350 L 8
300 5
250
E o o O o) © -6
a- 200
o4 o -5 =
150 =
- 4
100
@) [ - 3
50 ) 7 7 Z
7 7 7
0 i . . _ -2
-50 1
2} — = 5} S o) < 2L,
107 3% BB O5BE &, S £g  E£ O
£Es 58 fEBs g€ = 25
8% g5 3 S SE
s 5 o
Figure 4. Characteristics of alcoholic infusions of flowers
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The minimum theoretically expected RP (Ehmin) for infusions of alcohol from the
flowers is from 251.1 mV (Chamomile officinalis) to 370.8 mV (Sudanese rose), and the
actually measured RP (Ehact) — from 93.5 mV (Chamomile officinalis) to 239.0 mV (Sudanese
rose). The minimum value of the energy of reduction/oxidation of alcohol infusions (REin)
is characteristic of Calendula officinalis and is equal to 86.0 mV, and the highest value —
157.6 mV has an alcoholic infusion of Chamomile officinalis. The minimum value of energy
of reduction/oxidation of vegetable raw materials (REpiant) is set for Calendula officinalis 1.5
mV (reducing values), the maximum value of 73.1 mV — for Chamomile officinalis (reducing
values) [38, 39].

According to sensory evaluations, infusions of alcohol from flowers are recommended
for use in the production of tinctures, aromatic alcohols, balms, liqueurs.

Research of alcohol infusions from tree bark

From the group tree bark 2 samples were studied. The pH level for infusions of alcohol
Cinnamon (Cinnamon bark) is 5.34 and Rooibus — 5.52 units pH. The minimum theoretically
expected RP (Ehmin) is 277.9 mV (Cinnamon) and 270.2 mV (Rooibus), the actually
measured RP (Ehae) is 208.5 mV and 155.0 mV, respectively. At the same time, the minimum
value of energy of reduction/oxidation of vegetable raw materials (REpiant) is equal to 69.4
mV and 115.0 mV, respectively (Figure 5).
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Figure 5. Characteristics of alcohol infusions from bark

According to sensory evaluations, infusions of alcohol from the bark are recommended
for use in the production of tinctures, aromatic alcohols, balms.
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Research of infusions of alcohol from dried fruits

In the group dried fruits 18 samples were studied. The pH level of infusions of alcohol
from dried fruits (Figure 6) ranges from 4.48 (Badian real) to 6.82 (Horse chestnut), i.e.
infusions of alcohol from dried fruits has an acidic environment that is close to neutral.
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Figure 6. Characteristics of alcoholic infusions of dried fruits

The minimum theoretically expected RP (Ehmin) for infusions of alcohol from dried fruits
has a value from 215.6 mV (Horse chestnut), to 314.1 mV (Badian real), the actually
measured RP (Eha) — from 83.5 mV (Flax ordinary) to 231.5 mV (Badian real). The
minimum value of the energy of reduction/oxidation of alcohol infusions (REix) is typical for
Walnuts [40] — 44.5 mV, and the highest value — 158.9 mV has an alcoholic infusion of
Cocoa. The minimum value of energy of reduction/oxidation of vegetable raw materials
(REpiant) is set for Walnut «-» 40.0 mV (oxidative values), the maximum value of 74.4 mV —
for Cocoa (reduction values).

9 samples of dried fruits, depending on the energy of reduction/oxidation, have oxidizing
characteristics from «-»40.0 mV (Walnut) [41] to «-»1.9 mV (Badian real), which is 50% of
all dry fruits. 9 samples of dried fruits have restorative characteristics from 1.4 mV (Scots
pine) [42] to 74.4 mV (Cocoa), which is 50%.

According to the sensory evaluations of 18 studied samples of alcoholic infusions of dried
fruits — 1 sample (Flax ordinary) — is not recommended for use in the production of alcoholic
beverages due to the aroma and taste (aroma of vegetable oil with a bitter taste).

Research of alcohol infusions from juicy fruits
In the group juicy fruits [33, 34] 29 samples were studied (Figure 7, 8). The pH level of

infusions of alcohol from juicy fruits has an acidic environment, approaching neutral and
varies from 3.60 (Black currant) to 6.77 (Sowing cucumber).
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REplant © pH

O REinf

B Ehmin O Ehact

unayadelo

jueLInd
Joelg
yse
ureyunojn
uowreuuld
diyasoy
(199ms)
wnaisde)
Apjord
uwioymeH

yoead

(43310)
wnaisde)

A11agaeq
uowiwo)

991 a|ddy

3oelq
A118g48p|3

B4

‘198Ms)
wnaisde)
sadeub
leamynd

-100

Figure 8. Characteristics of alcoholic infusions of juicy fruits

Ukrainian Food Journal. 2020. Volume 9. Issue 4

804



Food Technology ——

The minimum theoretically expected RP (Ehmin) for alcoholic infusions of juicy fruits
is from 217.9 mV (Sowing cucumber), to 351.0 mV (Black currant), the actually measured
RP (Ehae) — from 138,5 mV (Mountain ash) to 308.5 mV (Quince oblong). The minimum
value of the energy of reduction/oxidation of alcohol infusions (REix) is typical for Lemon
18.8 mV, and the highest value — 174.8 mV has an infusion of alcohol Grapefruit. The
minimum value of energy of reduction/oxidation of vegetable raw materials (REpiant) is set
for Lemon «-»65.7 mV (oxidative values), the maximum value of 90.3 mV — for Grapefruit
(reduction values).

15 samples of juicy fruits, depending on the energy of reduction/oxidation, have oxidizing
characteristics from «-» 65.7 mV (Lemon) to «-» 2.2 mV (Grapes), which is 52% of all juicy
fruits. 14 samples of juicy fruits have restorative characteristics from 3.5 mV (Grapes —
raisins) to 90.3 mV (Grapefruit), which is 48%.

According to sensory evaluations, all infusions of alcohol from juicy fruits except
infusion of Figs and Raisins are recommended for use in the production of tinctures, aromatic
alcohols, balms, liqueurs. When examined in juicy fruits, a negative aroma of sulfur dioxide
was detected, which is used for processing, in order to increase their shelf life.

It can be concluded that infusions of alcohol from vegetable raw materials have a
hydrogen index of 3.13 (Sudanese rose) to 8.17 units pH (Stinging nettle). The minimum
theoretical value of RP (Ehmin) has a value from 159.1 mV (Stinging nettle) to 370.8 mV
(Sudanese rose), and the actual value of RP (Ehgct) from 8.0 mV (Stinging nettle) up to 308.5
mV (Quince oblong). The minimum value of antioxidant (restorative) ability of alcohol
infusions (REix) is for lemon fruits — 18.8 mV, the maximum value of restorative ability —
209.0 mV - for alcohol infusion of Wild strawberry. It is proved that the energy of
reduction/oxidation of plant raw materials (REpiant) relative to the alcohol mixture is in the
range of reduction values from 124.5 mV (Wild strawberry leaves) to oxidative values of «-
»65.7 mV (Lemon fruit). It was found that alcohol infusions, depending on the activity of
plant raw materials have a reducing ability (over 0 mV) — 65% of samples and oxidizing
capacity (less than 0 mV) — 35% of samples.

Conclusions

1. The expansion of the range of alcoholic beverages with the use of alcoholic infusions
from plant raw materials to improve sensory evaluations and enhance the antioxidant
effect is justified. A study of alcohol infusions from vegetable raw materials, which
were considered on morphological grounds: herbs (35 samples); roots and rhizomes (9
samples); flowers (7 samples); tree bark (2 samples); dried fruits (18 samples); juicy
fruits (29 samples).

2. Infusions of alcohol from vegetable raw materials have a hydrogen index from 3.13
(Sudanese rose) to 8.17 units pH (Stinging nettle). The minimum theoretical value of
RP (Ehmin) is from 159.1 mV (Stinging nettle) to 370.8 mV (Sudanese rose) and the
actual value of RP (Ehae) from 8.0 mV (Stinging nettle) up to 308.5 mV (Quince
oblong). The minimum value of antioxidant (restorative) ability of alcohol infusions
(REirs) is for Lemon fruits — 18.8 mV, the maximum value of restorative ability — 209.0
mV — for alcohol infusion of Wild strawberry. It is proved that the energy of
reduction/oxidation of vegetable raw materials (REpant) relative to water-alcohol
mixtures is in the range of reduction values from 124.5 mV (Wild strawberry leaves) to
oxidative values of -65.7 mV (Lemon fruit).
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Alcohol infusions, depending on the activity of plant raw materials have a reducing
ability (over 0 mV) — 65% of samples and oxidizing capacity (less than 0 mV) — 35%
of samples. The creation of alcoholic beverages with antioxidant action allows you to
bring to market new products that favorably distinguish the range of manufacturers from
the range of competitors, creating a positive image of the company.
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Introduction. The purpose of research was isolation and
identification of Enterococcus species from raw milk and
traditional dairy products and their biochemical properties were
examined. Some biochemical and technological properties of the
strains were determined.

Materials and methods. Raw milk and some dairy product
samples (Izmir Tulum cheese, Koy cheese, White cheese, butter,
Ezine cheese, kefir grain, kefir drink, Armola, Tire Camur cheese,
Herby cheese, Goat cheese and Cecil cheese) were collected in
different regions of Turkey and samples were inoculated in
Kanamycin Aesculin Azide Agar, Slanetz Bartley and M-17 Agar
media and Enterococcus spp. were isolated. Acidification
properties, exopolysaccharide (EPS) production, lipolytic and
proteolytic activity, and decarboxylation activity of Enterococcus
strains, which were diagnosed phenotypically and biochemically
with different techniques were investigated.

Results and discussion. 167 lactic acid bacteria were
identified after Gram staining and catalase tests. Due to the
analysis, 122 of these isolates identified as Enterococcus faecium,
18 as Enterococcus durans, 17 as Enterococcus faecalis, 8 as
Enterococcus faecium var. and 2 as Enterococcus hirae. Some
biochemical and technological properties of these species were
studied. It was determined that E. faecium and E. faecalis strains
produced higher acidity compared to E. durans and E. hirae, a total
of 19 strains were capable of producing EPS, while 9 strains
showed poor EPS production. Also, it was performed 17 E.
faecium, 2 E. faecalis, 1 E. durans and 1 E. hirae strains showed
lipolytic activity and 95 E. faecium, 12 E. durans, 5 E. faecalis
var., 3 E. faecalis and 2 E. hirae decarboxylated to lysine and
ornithine amino acids. It was observed that Enterococcus spp.
isolated from raw milk and traditional dairy products showed
differences especially technological characteristics according to
the source, species and strain.

Conclusions. Raw milk and dairy products are important
source for isolation of enterococci species. The characteristics of
Enterococcus species such as acidification, exopolysaccharide
production ability, proteolytic and lipolytic activity, decarboxylase
activity differed by species and strain.
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Introduction

Lactic acid bacteria (LAB) are considered to be industrially important microorganisms
because of their benefits in human health and nutrition and their fermentation ability. LAB
are Gram-positive, prokaryotic bacteria identified as lactic acid productions as the final
product. These bacteria are characterized by turning glucose into lactic acid. LAB generally
include Lactobacillus, Pediococcus, Leuconostoc and Streptococcus species [1, 2]. Unlike
other lactic acid bacteria, enterococci are not GRAS (generally recognized as safe) status,
and their presence in water is considered to be an indicator of faecal contamination. However,
enterococci are one of the lactic acid bacteria that have an important place in the fermented
food industry due to their functional properties, production of lactic acid, proteolysis and
lipolytic activities, citrate metabolism, probiotic properties and their ability to synthesize
proteins with antimicrobial activity such as bacteriocin production [3, 4]. Enterococci are
Gram positive cocci found in single, double or short chains. Until recently, they have been
classified in the genus Streptococcus. Streptococcus faecalis was identified by Andrewes and
Horder in 1906, and Streptococcus faecium in 1919 by Orla-Jensen [5, 6].

As a result of molecular studies carried out by Schleifer and Kilpper-Balz in 1984, it
was suggested that S. faecalis and S. faecium should be separated from streptococci and
transferred to the genus Enterococcus. Then the bacteria in this genus are E. faecalis, E.
faecium, E. durans, E. avium, E. casseliflavus, E. malodoratus, E. hirae, E. gallinarum, E.
mundtii, E. raffinosus, E. pseudoavium and they are divided into several species such as E.
flavescens, E. dispar, E. sulfureus, E. saccharolyticus, E. columbae and E. cecorum [7, 8]. In
some literatures, it is reported that E. durans and E. faecium are the same species [9, 10].
Devriese and Pot [11] gave E. durans within the group of E. faecium species consisting of E.
faecium, E. durans, E. hirae and E. mundtii. In recent identification studies, E. durans and E.
faecium are mentioned as two separate species [12-15].

Although the use of Enterococcus species may be a controversial issue, certain
Enterococcus species can be used as probiotic, starter, and protective cultures, even as food
and feed supplements [3, 4]. Studies have generally been carried out by focusing on some
species of Enterococcus genera. Although there are studies on Enterococcus species isolated
from traditional dairy products, as in our study, there are limited studies mainly on those
isolated from Izmir Tulum Cheese. Also, studies on examining the technological properties
of different species and strains are limited.

The purpose of research is isolation and identification of Enterococcus species from
raw milk and traditional dairy products and their biochemical and technological properties of
the strains were determined.

Materials and methods

Isolation of Enterococcus species

In aseptic conditions, 10 g and / or 10 mL sample was weighed into a sterile stomacher
bag and 90 ml of 0.1% sterile peptone water solution was added. It was homogenized for two
minutes using Stomacher (Colworth 400, UK) and 1ml was taken from this mixture and
added to 9ml of 0.1% sterile peptone water (Merck, Germany) solution and mixed. Dilution
series were prepared by taking 1 ml of the previous dilutions. From the selected dilutions,
inoculation was performed using Kanamycin Aesculin Azide Agar (Merck, Germany),
Slanetz Bartley Medium (Merck, Germany) and M-17 Agar (Merck, Germany). Petri dishes
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were incubated at 37 °C for 24-48 hours under aerobic conditions, and the colonies that were
considered to be Enterococcus species, which were thought to be Enterococcus species, were
taken with the help of the essence and each colony was transferred to Kanamycin Esculin
Azide Broth (Lab M, UK). The medium was inoculated and left for incubation at 37 °C. At
the end of the incubation, Kanamycin Esculin Azide Agar was transferred by using the line
cultivation method using the medium. Thus, isolates were purified, and purified colonies
were transferred to M-17 Broth (Merck, Germany). Gram staining and catalase tests were
performed in all isolates before being included in the diagnosis. The isolates which were
determined to be Gram positive catalase negative and classified according to their
morphology were transferred to M-17 Broth (Merck, Germany) medium containing 20%
glycerol and stored at -20 °C. For this, M-17 broth + 500 pl active bacteria culture containing
500 ul, 40% glycerol (AppliChem, Germany) was taken into the eppendorf tube. The medium
and glycerol were autoclaved in separate bottles (121 °C 15min) and mixed sterile before
use.

Phenotypic and biochemical identification

Phenotypic identification of Enterococcus species was carried out by modifying the
diagnostic stages of Reuter [16]. Enterococcus faecium B-2354, Enterococcus casseliflavus
B-3502, Enterococcus faecalis ATCC 29212, Enterococcus hirae UWWE 3080,
Enterococcus hirae UWWE 3102 and Enterococcus durans GE-66 were used as reference
cultures for the identification of bacteria. In order to identify Gram-positive catalase negative
cocci at the level of species, development at different temperatures (at 10, 40 and 45 °C),
development at different salt concentrations (2, 4 and 6.5%), development at pH 9.6,
formation of ammonia from arginine, and hydrolyse of esculin. In addition to tests such as
shredding, various carbohydrates fermenting tests were performed. 13 different
carbohydrates were used for this (Lactose, Fructose, Galactose, Maltose, Melibiose, Salicin,
Sucrose, Sorbitol, Raffinose, Arabinose, Mannitol, Trehalose and Inulin). Diagnostic tests
were carried out by inoculating 1% of each bacterial culture incubated at 37 °C for 18-24
hours on M-17 medium. Except for those for temperature tests, tubes were incubated at 37
°C at the temperature at which the inoculated bacteria were isolated, examined at 24 hours,
48 hours, days 5 and 7, reactions were recorded as positive or negative.

Identification with API test Kits

Among the strains that could not be identified by traditional diagnostic stages, have
problems or appear suspicious, diagnostics were made using API® 20 Strep test kits. API®
20 Strep (BioMérieux, France). API® 20 Strep is a standardized method that combines 20
chemical tests with a large capacity. It provides the identification of many streptococci and
enterococci at the group or species level. The reactions that occur are read according to the
"reading table" and the diagnosis is carried out using the analytical profile index or a
computerized diagnostic program. The API® 20 Strep test was performed as follows: The
prepared M-17 agar (Merck, Germany) was poured into petri dishes and solidified. Each
isolate was streaked on the surface of the medium in a separate petri dish. Colonies
developing in petri dishes incubated at 37 °C for 24 hours were inoculated into test strips by
applying the procedure steps described in the user manual of API® 20 Strep. A separate strip
was used for each isolate. Strips were incubated at 37 °C. They were checked at the 4" and
24" hours of the incubation as specified in the instructions for use. The resulting changes
were recorded and the results were evaluated using the diagnostic program (Apiweb® stand-
alone V 1.1.0, BioMérieux).
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Determination of technological properties

Acidification. The amount of lactic acid and pH changes occurring as a result of 24-
hour incubation in skim milk containing 10% non-fat dry matter (reconstituted skim milk)
were determined at the 3™, 6™, 9™ and 24™ hours after inoculation [17].

Exopolysaccharide (EPS) production. Using the method specified by Rasic and
Kurmann [18], the ability of strains to produce EPS was determined. To this end, M-17
containing double-force lactose and MRS agar medium containing double-force glucose
were extracted from active cultures, and streaked colonies were performed, and colonies that
creep at the end of the 48-hour incubation period were examined.

Lipolytic activity. Lipolytic activities of the strains were determined using Tributyrin
Agar (Merck, Germany) containing Neutral tributyrin (Glycerol tributyrate; Merck). 10uL
cell suspension was spotted on the petri dish and the petri dishes were incubated at 30 °C for
5 days. Lipolysis was determined by pouring 10mL of saturated copper sulphate solution
onto the petri dish, and around the colonies being green blue [19, 20].

Proteolytic activity. Proteolytic activity of strains was performed according to Church
et al. [21]. 3 mL o-phthaldialdehyde (Sigma-Aldrich, USA) reagent was added to 150 pL
TCA filtrate and 5 sec. mixed 2 minutes at room temperature. The absorbance at 340 nm
wavelength was read in the spectrometer Spekol-1300 (Analytik Jena, Germany) until the
waiting time. Values are given as OPA (o-phthaldialdehyde) equivalent.

Decarboxylase activity. The ability of amino acids to produce biogenic amines by
decarboxylation was tested using the media specified by Bover-Cid and Holzapfel [22],
which contain any of the lysine and ornithine amino acids. In order to promote decarboxylase
activity, strains were sub-cultured 2 times in M-17 broth (Merck, Germany) containing 0.1%
precursor amino acid [23]. Active cultures were inoculated with 0.5% of Moeller
decarboxylase Broth containing control, lysine and ornithine. The yellow color
decarboxylation (-), which was formed by comparison with the control sample at the end of
the 48 hour incubation, was evaluated as purple color decarboxylation (+). Escherichia coli
0157: H7 ATCC 8739 reference strain was used as positive control in the study [24].

Results and discussion
Physiological and biochemical diagnostic results of Enterococcus species

As a result of Gram staining, catalase test and morphological examinations, a total of
167 isolates with Gram positive, catalase negative and cocci appearance were taken into
various physiological and biochemical tests. Traditional methods were compared with API
test results and those that were compliant were analysed further. Strains were named by
coding K: the source of isolation and E: the strain number (Table 1).
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Table 1
Isolate codes of isolated Enterococcus species and their isolation sources
Isolate codes Isolation sources
K1, K2, K3, K5, K7, K8, K11, K12, K13, K15, K16, K17, K65, | Izmir Tulum Cheese
K73, K74, K75, K78, K79
K60, K69, K70, K71 Raw milk
K18, K63, K76 Fresh Cheese
K67, K80 White Cheese
K51, K62 Butter
K40 Armola Cheese
K41 Tire Mud Cheese
K50 Kefir grain
K61 Kefir drink
K64 Whey cheese
K66 Herby Cheese
K68 Ezine Cheese
K72 Cecil Cheese
K77 Goat cheese

As a result of the comparison and evaluation, 122 isolates were E. faecium (73.05%),
18 isolates were E. durans (10.78%), 17 isolates were E. faecalis (10.18%), 8 isolates were
E. faecalis. (4.79%) and 2 isolates were E. hirae (1.19%). Sources of isolation are given in
Table 1. In the differentiation of Enterococcus species, sugars such as sorbitol, arabinose,
mannitol and raffinose and changes in different temperature and salt concentrations were
taken into consideration. These saccharides are reported to be critical sugars in the separation
of E. faecium, E. durans and E. hirae species. Besides these saccharides, fermentation tests
using sugars such as trehalose, lactose, fructose, galactose, maltose, mellobiose, salicin,
sucrose and inulin helped in definitive diagnosis [25, 26].

In some literatures, E. durans and E. faecium are reported as the same species [9, 10].
Devriese and Pot [11] gave E. durans within the group of E. faecium species, consisting of
E. faecium, E. durans, E. hirae and E. mundtii. In recent identification studies, E. durans and
E. faecium are mentioned as two separate species [12—14]. Although it is stated in many
research and literature that Enterococcus species develop at 6.5% salt concentration, the
results obtained in the study show that there are strains that can develop in maximum 4% salt
concentration. Similar results have been revealed by Guley [15]. Only reference strains of E.
casseliflavus inulin (+) reacted, while only 2 of the E. faecium isolates gave a weak inulin
reaction. E. faecium isolates gave variable reactions in terms of melibiose, raffinose and
sucrose. Their ability to ferment sugar in question varies from strain to strain. Some strains
of E. faecium, on the other hand, suggested that there was a mistake in the diagnosis of
bacteria since mannitol gave a negative reaction, and it was concluded that this species may
be a variant of E. faecium by making a detailed literature scan as a result of repeated positive
reactions in repeated controls [11, 15, 25, 28,29].
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Acidification

Enterococcus species showed different acidification results depending on isolation
source, species and strain differences. While some species produced high acidity, some
species showed low acidity. When the isolated species were examined, E. faecium and E.
faecalis strains produced higher acidity compared to E. durans and E. hirae, but some E.
faecium strains formed low acidity and some E. hirae strains had some E. faecium. It can be
seen that it can produce higher lactic acid than strains. In the medium of E. faecium strains
containing 10% skim milk powder, pH values changed between 5.80 and 6.64 hours at the
3" hour, while the amount of lactic acid (LA) occurred in the lowest (0.108%) K69E2 strain
and highest in the K80E4 strain (0.468%). At the end of the 24 hour incubation, pH values
ranged from 4.10 to 5.12, while the lowest lactic acid amount was determined in the K1E1
strain with 0.230%, while the highest was determined in the K5E2 strain with 0.932%. The
pH values of E. durans strains were changed between 6.07 and 6.55 at the 3 hour, while the
amount of lactic acid formed was determined in the K63E1 strain with the lowest amount of
0.120% LA, while the highest was determined in the strain of 0.257% LA K7E2. At the end
of the 24-hour incubation, pH values ranged from 4.06 to 5.38, while the lowest LA amount
was determined in the K40E4 strain with 0.293%, while the highest was determined in the
K75E1 strain with 0.859%. When looking at the pH decreasing properties of E. faecalis
strains at the 3" hour, it is seen that the values vary between 6,12—6,57, the amount of lactic
acid occurring is determined in the K41E2 strain with the lowest amount of lactic acid K5E1
with the lowest 0.112%. At the end of the 24 h incubation, pH values ranged from 4.16 to
4.94, while the lowest lactic acid amount was determined in the K64E2 strain with 0.315%,
while it was observed in the K5EL1 strain with the highest 0.99%.

The pH value of the isolated 2 E. hirae strains were determined as at 3™ hour 6.42 in
K17E2 strain and 5.82 in K73E5 strain. The amount of lactic acid produced by the isolates
was determined as 0.199% in K17E2 strain and 0.170% in K73ES5 strain. At the end of the
24 h incubation, it was observed that the K17E2 strain was higher (5.95) and the K73ES5 strain
was lower (4.74) as in the 3 hour. Lactic acid amounts were determined as 0.504% and
0.890% in these strains. Acidification is an important criterion in the selection of starter
cultures to be used in cheese production. Tuncer [30] determined that E. faecium strains
showed higher acidification than E. faecalis and E. durans in Enterococcus species isolated
from Tulum Cheese. On the other hand, it has been revealed by some researchers such as
Dagdemir and Ozdemir [31], Suzzi et al. [32] some E. faecalis strains have higher
acidification power than E. faecium and E. durans.

Exopolysaccharide (EPS) production

Some lactic acid bacteria can form sticky, lysing agents. This feature of bacteria is
revealed by mutation, that is, the permanent character and structure change that occurs in the
organism. Sometimes there are development conditions that increase the production of these
substances. These conditions can be listed as too high or too low development temperature,
lack of nutrients in the culture of the culture, separation of strains in mixed cultures, high pH
and lyophilization [9]. In the study, it was determined that a total of 19 strains were capable
of producing EPS, while 9 strains showed poor EPS production. When the distribution of
EPS producing Enterococcus species and strains is examined, there are 15 E. faecium, 2 E.
durans and 2 E. faecalis has been in the formation. Any E. faecalis strains produced EPS.
The distribution of the species and strains that have poor EPS production ability were 6 E.
faecium, 1 E. durans and 2 E. faecalis. There are a limited number of studies conducted with
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exopolysaccharide production of Enterococcus species. Jamaly [33] determined that all 23
E. durans strains isolated from Moroccan dairy products are capable of producing EPS.
Omafuvbe and Enyioha [34] determined that 1 of the 2 strains of E. faecalis isolated from
yogurts consumed in Nigeria is capable of producing higher EPS than Lactobacillus,
Streptococcus and Lactococcus species.

Lipolitic activity

Lipolysis is the phenomenon of hydrolysis of lipids under the influence of lipolytic
enzymes such as lipase and breaking down into fatty acids with glycerine, the building
blocks. The lipase enzyme can be milk-specific, of natural or microbial origin. Generally,
lactic acid bacteria have a weak level of lipolytic activity and are more effective on mono-
and diglycerides. Lipolysis is a desired feature for some cheese types to gain their desired
qualities [10].

Fatty acids directly affect the flavor of many cheese types. Especially C4 (butyric acid)
— C10 (caproic acid) acids have strong flavor (rancid, sharp, goat, soapy, coconut-like). The
amount of fatty acids varies widely between varieties. In addition to its direct effects on
cheese flavor, fatty acids act as pioneers in the production of other volatile flavor compounds
during ripening [35]. Among the Enterococcus species and strains in the study, 17 E. faecium,
2 E. faecalis, 1 E. durans and 1 E. hirae strains showed lipolytic activity. There are
contradictory data and statements regarding the lipolytic activities of Enterococcus species
in the literature. Suzzi et al. [32] reported that while strains of different species did not
observe lipolytic activity, Durlu-Ozkaya [36] reported that E. faecalis hydrolysed milk
triglycerides at a higher level than E. faecium and E. durans.

Proteolytic activity

Proteolytic activity is the hydrolysis of proteins by proteolytic enzymes of natural or
microbial origin. Proteolytic activity is important both in terms of acid forming function of
starter cultures and sensory properties of the product. In research, it has been determined that
lactic acid production and proteolytic activity differ between genus, species and strains in
lactic acid bacteria [37]. In the study, isolates with different characteristics and high activity
under development conditions were evaluated, and strains that could not survive were
excluded.

It is seen that E. faecium strains constitute the majority of the tested species and their
proteolytic activities vary between 0.21-0.50 as OPA values. OPA values varied between
0.28-0.49 for E. durans strains and 0.21-0.48 for E. hirae strains. There is E. faecalis taken
to the test. The value of the strain was determined as 0.41, while the reference was determined
as 0.23 in the strain of E. casseliflavus. It has been revealed by many studies that the
proteolytic activity of enterococci varies depending on the source, species and strain. Wallace
and Harmon [38] studied the intracellular protease of an E. durans strain and determined that
the protease produced was particularly active against casein and B-lactoglobulin and did not
hydrolyse bovine serum albumin. Dovat et al. [39] studied the proteolytic activity of
enterococci in milk and demonstrated that they exhibit low proteolytic activity. Carrasco de
Mendoza et al. [40] found that Enterococcus strain used sodium caseinate as a substrate in
determining the extracellular proteolytic activity, proteolytic activity may change depending
on strain and time, and after 48 hours incubation, this situation became more evident after
120 hours of incubation. Wessels et al. [41] found that total 108 E. faecium, E. faecalis and
E. durans strain isolated from various dairy products developed under cold conditions and
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showed proteolytic activity. Villani and Coppola [42] examined the proteolytic activity of 24
E. faecium and 60 E. faecalis strains in skim milk at 37 °C for 6 hours after incubation, and
all E. faecalis strains were more proteolytic compared to E. faecium strains. Andrighetto et
al. [43] revealed in their study on 124 Enterococcus species isolated from traditional Italian
cheeses, showing that they showed weak proteolytic activity in milk and 30 more strains
including E. faecalis strains were proteolytic. Sarantinopoulos et al. [44] 129 E. faecium, E.
durans and E. faecalis strains showed low extracellular proteolytic activity and E. faecalis
strains were more proteolytic.

Decarboxylation activity

Decarboxylation of amino acids by bacteria has been linked to their ability to produce
biogenic amines. It was performed on 95 E. faecium, 12 E. durans, 5 E. faecalis var., 3 E.
faecalis and 2 E. hirae among the Enterococcus species, which were decarboxylated using
lysine and ornithine amino acids. A total of 91 E. faecium strains were found to
decarboxylated to ornithine of 21, 8 of them were lysine, and 5 of them were decarboxylated
together with both amino acids. There are 5 E. faecalis and 12 E. durans strains, 2 of them
are both lysine and ornithine, 2 strain decarboxylated only ornithine. None of the E. faecalis
and E. hirae strains gave decarboxylation positive results. Sarantinopoulos et al. [44]
determined that none of the strains decarboxylated lysine or ornithine in their study on 129
Enterococcus strains (E. faecium, E. faecalis and E. durans). Tuncer [30] found that none of
the 39 Enterococcus species and strains isolated and identified from Turkish Tulum type
cheese decarboxylated lysine or ornithine. Yousif et al. [45] revealed that none of the 22 E.
faecium isolates isolated from African fermented sorghum products decarboxylated lysine
and ornithine. Hassaine et al. [46] determined that the Enterococcus species isolated from
raw milk samples do not decarboxylased lysine and ornithine. Belgacem et al. [47] found that
none of the 24 strains of E. faecium isolated from Gueddid, a traditional fermented meat
product, decarboxylated lysine and ornithine. Omafuvbe and Enyioha [48] determined that 2
strains of E. faecalis isolated from yoghurts consumed in Nigeria decarboxylated lysine and
ornithine.

Conclusions

As a result of the research, Enterococcus species and strain with different biochemical
properties and technological characteristics were isolated and diagnosed. In the study, it was
observed that Enterococcus spp. showed differences according to the source, species and
strain from which the technological features were isolated. In future studies, it will also be
useful to investigate whether enterococci species isolated from traditional dairy products
have different aroma substances, their amount of forming exopolysaccharide and whether
they have mutagenic effects. Thus, by using the culture catalogues of the species and strains
that will not pose a problem for human health, there will be many Enterococcus species and
strains with different characteristics in these catalogues, and their use in different types of
dairy products can be easily tested.
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Introduction. This study was carried out to determine the
proximate composition, physicochemical properties and sensory
qualities of salad cream from corn and tigernut starch blends

Materials and methods. Yellow variety of tigernut and corn was
sorted from dirt, washed, soaked for 24hrs and was wet milled into
slurry using a laboratory hammer milling machine. The resulting slurry
was filtered through muslin cloth and allowed to sediment for 3hrs, after
which the sediment was decanted, dried in a cabinet dryer and milled to
obtain starch. Salad cream was produced from the blends of corn and
tigernut starch with other ingredients.

Results and discussion. Moisture content, total ash, crude fat,
crude protein and carbohydrate of the salad cream from the starch
blends of corn and tigernut ranged from 51.50 to 59.58%, 0.33 to
0.58%, 23.05 to 24.78%, 0.65 to 1.16% and 14.31 to 24.41%
respectively. The interaction effect of corn and tigernut starch does not
have any significant (p>0.05) effect on the moisture content, total ash,
crude fat, crude protein and carbohydrate of the salad cream from corn
and tigernut starch. The moisture content of salad cream obtained in
this study can affect its quality and its shelf stability. Salad cream from
corn-tigernut starch at 90%:10% had the highest total ash and crude
protein while salad cream from corn-tigernut starch at 10:90% had the
lowest total ash and crude protein. However, a progressive increase in
total ash content was observed with the addition of corn starch. The
values for the crude fat content of salad cream from corn-tigernut starch
were similar. The interaction effect of corn and tigernut starch had a
significant (p<0.05) effect on the starch content and total titratable
acidity. Sugar and Starch content ranged from 2.67 to 9.50% and 4.14
to 11.45% respectively, salad cream from corn-tigernut starch at
10%:90% had the highest value while salad cream from corn-tigernut
starch at 70:30% had the lowest value for sugar and starch content. The
pH, total titratable acidity and viscosity were 3.57-3.77, 0.32-0.69%
and 472-1683 Pa-s respectively. The solution process to the
optimization of salad cream from corn and tigernut starch blend is 90%
corn starch and 10% tigernut starch. However, optimized salad cream
of 90% corn starch and 10% tigernut starch and commercial salad
cream (Heinz salad cream) was most preferred by the panelist in term
of their sensory attributes.

Conclusion. Salad cream from corn and tigernut starch had
desirable physicochemical properties and has a compared sensory
attributes with the commercial salad cream. Therefore, an acceptable
salad cream can be produced up to 10% substitution of tigernut starch
with corn starch.
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Introduction

Starch has been a key carbohydrate storage produce in all plants with green parts
containing chlorophyll. It is economically accessible and commonly used in many facets of
life for the manufacture of industrial products. The distinctive characteristic of starch which
enhances its use basically includes biocompatibility, biodegradability, gelation and
modification according to its potential usage [1, 2, 3]. Starch exists as the most essential
carbohydrate in the human diet and in large quantity in many staple foods. Starch usually
contains 20 to 25% amylose and 75 to 80% amylopectin by weight [4]. Starches are extracted
from a number of different starchy raw materials, such as barley, maize, rice, sweetpotato,
and cassava. Sweetpotato and cassava are two major starchy root and tuber crops used in
many tropical countries [5]. However, information is still scanty on starch from tigernut.
Tigernut (CyperusesculentusL) is an underutilized crop which belongs to the division
Magnoliophyta, Class-liliopsida, order-cyperales and family-cyperaceae and was found to be
a cosmopolitan perennial crop of the same genus as the papyrus plant. Other names of the
plant are earth almond as well as yellow nut grass [6, 7]. It is locally called “aya” in Hausa;
“akiawusa” in Igbo; “ofio” in Yoruba and “isipaccara” in Effik most especially in Nigeria.
Tigernut is safe to eat, sweet, nutty, flavoured tubers which consist of protein, carbohydrate,
sugars, fat and fibre [8]. Tigernut tuber exist in different varieties in Nigeria, but the two major
varieties include, yellow and brown. It is an essential food crop for some certain tribes in
Africa, tigernuts are often collected and eaten raw, baked as a vegetable, roasted or dried and
ground to flour [8]. Tigernut tubers are rich in carbohydrate, starch and dietary fiber [9].
According to Adama et al. [3], extraction of tigernut starch gives an odourless, brilliant white
or off-white non-hygroscopic powder with yields changing from as low as 14 to 37%
depending on the volume and flesh of the tubers or nut.

Salad cream is a creamy, yellow condiment based on an emulsion of about 25-50% of
oil in water, it is prepared from ingredients such as distilled vinegar, vegetable oil, water,
sugar, mustard, salt, egg yolks, modified corn flour / starch, xantham gum and guar gum as
stabilizers and riboflavin for colouring [10]. It can also be described as a readymade creamy-
white dressing with a flowing consistency and uniformity for eating salad, (mixture of raw
vegetable). It can be prepared with various ingredients such as modified maize flour which
serves as the starting raw material [11, 10]. In order to reduce the overdependence of corn
which might not readily be available throughout the year due to seasonal variations, there is
need to produce salad cream with or without the use of corn starch by substituting other local
crop such as tigernut. Corn starch substituted with tigernut starch can be used in appropriate
proportion thereby enhancing the nutritional quality and versatility of the salad cream. It can
also increase its usefulness in food industry and serve as a better raw material for food
products. However, there is dearth of information on salad cream from corn starch and
tigernut starch.

The main objective of the study is to determine the proximate composition,
physicochemical properties and sensory qualities of salad cream produced from corn and
tigernut starch blends.

Materials and methods

Materials

The yellow variety of tigernut and corn, vegetable oil, egg yolk, vinegar, sugar, mustard
paste, salt, flavoring and colouring was obtained at Eleweran market in Abeokuta, Ogun state,
Nigeria
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Methods
Extraction of starch from corn

The corn starch was prepared according to the method described by Yao et al. [12].
Corn grains are free from dirt and other foreign materials like stones, sticks and leaves were
weighed and cracked into grits. The grits were soaked in water for 24hrs with occasional
changing of water to prevent fermentation. Then, the steeped grits was drained and wet milled
using laboratory hammer mill (Fritsch, D-55743, Idar-oberstein-Germany) with warm water
into fine slurry. The resulting slurry was sieved with muslin cloth and allowed to sediment
for 3hrs. The filtered and sedimented starch was decanted, dewatered and dried in a cabinet
drier (65 °C, 6h). The dried corn starch was milled using a laboratory hammer mill and also
sieved using 400mesh sieves.

Extraction of starch from tigernut

The method described by Adama et al. [3] was used for extraction of tigernut starch.
The dried tigernut tubers were sorted from dirt and washed. The washed tuber was soaked in
sodium metabisulphite solution at room temperature (27 °C). Thereafter, the tuber was
removed and wet milled into slurry using a laboratory hammer milling machine (Fritsch, D-
55743, ldar-oberstein-Germany). The paste was then dispersed in a large volume of 1%
sodium metabisulphite solution and filtered through muslin cloth. The suspension was
centrifuged at 3500 revolution per minute forl0 mins to ease the removal of dirt. The
supernatant was then carefully decanted and the mucilage scraped off. The process was
repeated for the period of three times with the mucilage on the starch been scraped constantly
until a pure starch is obtained. The resulting starch was dried in the sun and further dried at
60 °C in a hot air oven, milled, weighed and stored in an airtight bag.

Formulation of corn and tigernut starch blends for salad cream

D-optimal mixture design was used to produce the percentage of corn and tigernut
starch blends by combining corn and tigernut starch at 10%:90%, 90%:10%, 50%:50%,
70%:30%, 90%:10%, 30%:70%, 90%:10%, 10%:90% and 50%:50% respectively.

Production of salad cream from corn and tigernut starch

The method described by Sanni et al. [13] was used for the preparation of salad cream
from corn and tigernut starch. The salad cream was produced from nine blends formulation
of corn-tigernut starch. The tigernut starch, corn starch, mustard, sugar, salt and water was
weighed into a cooking pot, stirred and brought for heating at 90 °C then was cooled to
temperature (8 °C). The egg yolk and oil was then stirred into the slurry followed by the
vinegar which was added gradually and boiled for 5 min. The slurry of each blend was poured
into labeled sterilized jars and stored in a refrigerated storage condition.

Proximate composition of salad cream made from corn and tigernut starch
Moisture content, total ash, crude fat and crude protein of salad cream from corn and

tigernut starch was analyzed using the method described by AOAC [14], while carbohydrate
content was determined using difference method.
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Physico-chemical properties of salad cream from corn and tigernut starch

pH determination. The pH meter was standardized with standard buffer solution of 4.
0. and 7.0. The pH was measured by inserting directly the electrodes into 10ml beaker
containing the sample.

Determination of titratable acidity. Titratable acidity was determined according to
the method described by Patterson et al. [15]. 1g of the portion of the sample was weighed
and put into 50ml centrifuge tube respectively. 10ml of distilled water was then added to each
tube to dissolve each respectively and then flitted. 1ml aliquot of each solution was taken
into another 50ml centrifuge tube and 10ml of distilled water was added to dilute the sample
because it is highly colored. 10ml of the diluent was titrated against 0.1N NaOH solution
using phenolphthalein (2 drops) indicator, until a pink colour is observed then percentage
titratable acidity was calculated.

Determination of total sugar and starch contents. Sugar and starch contents were
determined with the method of Dubois et al. [16] as described by Eke-Ejiofor and Kiin Kabari
[17]. Hot ethanol was used to extract starch and sugar from corn-tigernut salad sample. The
extract (supernatant) and digest (from the residue) was quantified calorimetrically for sugar
and starch respectively, using phenol-sulphuric acid as the colour developing reagent; and
absorbance read at 490 nm wave length. Corn-tigernut salad sample (20 mg) was weighed
into a centrifuge tube and wetted with 1 ml of 95% ethanol. 2 mL of distilled water was added
followed by 10 mL of hot 95% ethanol. The content was vortexed and centrifuged
(GALLENKOMP Centrifuge Model 90 — 1, USA) at 2000 rpm for 10 min. The supernatant
was decanted and used for determining sugar content while the sediment was hydrolyzed
with perchloric acid and used to estimate starch content. Phenol- sulfuric reagent was used
for colour development and glucose standards were used for estimation of sugar. The
absorbance was read with a spectrophotometer (Milton Spectronic 601, USA ) at 490 nm.

Absorbance — 1(0.0044)

sample wtx 0.55
(Absorbance — 0.0044)4

sample wtx 0.55

% Sugar =

%Starch =

Rheological properties of salad cream from corn and tigernut starch using
Brookfield viscometer

The method described by Muhammad and Sagir [18] was used for rheological
properties of corn and tigernut starch. The viscosity of the salad cream samples was measured
at a controlled temperature of 500 °C using a digital rotational Brookfield viscometer
(Brookfield Engineering Laboratories, Middleboro, USA, Model DV — E). These readings
were taken per samples at 20, 40 and 1 min rotation at each speed (30, 60 and 100 rpm).
Spindle #4 was used for all measurements. A 600 ml beaker was used for the measurement
with the viscometer guard leg on. The samples were poured into a beaker to reach a level that
covers the immersion groove on the spindle shaft. The viscosities of the products were
measured at temperature between 25-26 °C (£1).
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Sensory quality of salad cream made from corn and tigernut starch

The method described by Iwe, [19] was used. Fifty Panelists from Federal University
of Agriculture, Abeokuta (FUNAAB) was chosen for the sensory evaluation. The optimized
sample of salad cream was presented to the panelists. The salad cream attribute that was
evaluated were appearance, aroma, taste and spreadability. A 9 point Hedonic scale test was
used to determine the overall acceptability of corn-tiger nut salad cream as 9= like extremely,
5= neither like nor dislike and 1= dislike extremely

Statistical analysis

All experimental data obtained were subjected to statistical analysis. Means, Analysis
of variance were determined using SPSS version 21.0 and the difference between the mean
values were evaluated at p<0.05 using Duncan multiple range test. The effect of optimization
procedure was investigated using Design Expert version (8.0) and significant effects of the
independent variables were determined at 5% confidence level.

Results and discussion

Proximate composition of salad cream produced from corn and tigernut starch
blends

The mean values of the proximate composition of salad cream produced from corn and
tigernut starch blends presented in Table 1. Moisture content ranged from 51.50% to 59.58%,
corn-tigernut starch (50%:50%) had the lowest value, while corn-tigernut starch (70%:30%)
had the highest value. The interaction effect of corn and tigernut starch does not have a
significant (p>0.05) effect on the moisture content of salad cream produced from corn and
tigernut starch as shown in the regression coefficient of Table 2. The result obtained for
moisture content of this study was higher than that reported by Babajide and Olatunde [20]
in corn-cocoyam starch salad cream, who reported moisture content of 48.80 to 49.79%. Eke-
Ejiofor and Owuno [21] also reported a moisture content of 57.84 to 64.88% for cassava and
potato starch based salad cream, which is similar to the result observed in this study. The
moisture content of any food also indicates its level of water activity and thus, be used to
measure its stability and susceptibility to microbial contamination [22]. The high moisture
content of the salad cream obtained in this study can affect its quality and its shelf stability
and this implies that the salad cream cannot be kept for a longer period of time. It can also
lead to hydrolytic rancidity, which can cause off flavor of the salad cream. The different in
the moisture content obtained in this study, may be attributed to the difference in the starch
origin of the corn and tigernut crops. Total ash content varied between 0.33 and 0.58% with
corn-tigernut starch (90%:10%) having the highest value, while corn-tigernut starch
(109%:90%) had the least value. The regression coefficient shown in Table 2 shows that the
interaction effect of corn and tigernut starch does not have a significant (p>0.05) effect on
the ash content of salad cream produced from corn and tigernut starch. The ash content of
any given food sample is a measure of the mineral level that the food contains. There was a
progressive increase in ash content with addition of corn starch in Table 1, which implies that
salad cream with higher corn and tigernut starch (90%:10%) had more nutrients and this is
beneficial to the health of the consumer. Total ash content obtained in this study was lower
than the values of 0.50 to 4.10% and 1.74 to 2.75% reported by Oli et al. [23] and Ashaye et
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al. [24] on salad cream from yellow corn flour and cassava starch respectively but also similar
to the values of 0.59 to 0.79% reported by Babajide and Olatunde [20] for corn-cocoyam
starch salad cream. Crude fat ranged from 23.05 to 24.78% with corn-tigernut starch
(30%:70%) having the least value while corn-tigernut starch (90%:10%) had the highest
value. The interaction of corn and tigernut starch were not significantly (p>0.05) affected as
shown in the regression coefficient in Table 2 The fat content of corn-tigernut starch salad
cream had a similar value irrespective of blends combination. Fat plays a significant role in
the shelf life of food products and as such relatively high fat content could be undesirable in
food products. Eke-Ejiofor and Owuno [21] reported a fat content of 25.17 to 28.15% in
cassava and potato starch based salad cream, while Babajide and Olatunde [20] reported a fat
content of 27.04 to 29.68% in corn-cocoyam starch salad cream. These values are comparable
to the result obtained in this study. Until recently, lipids have been considered as functional
foods to enhance their analysis, extraction procedures or to enrich the nutritional profile of
traditional foods [25]. However, the higher the fat content, the more tendency to promote
rancidity, leading to development of unpleasant and odorous compounds. The protein content
ranged from 0.65 to 1.16%, salad cream with corn-tigernut starch (10%:90%) had the lowest
value while salad cream with corn-tigernut starch (90%:10%) had the highest protein. Salad
cream with higher proportion of corn and tigernut starch had higher protein and showed the
influence of corn starch in the contribution of proteins. However, this should not be depended
on because it does not determine the major source of protein. Proteins help to build and repair
worn out tissues in the body. Studies of salad cream by Eke-Ejiofor, [26], Eke-Ejiofor and
Owuno [21], Babajide and Olatunde [20], had lower protein values than what was obtained
in this study. Thus values obtained in this study were far lower than the values of 1.40 to
8.75% reported by Oli et al. [23] and 1.55 to 1.80% reported by Naknaen et al. [27]. The
carbohydrate content of the salad cream ranged between 14.31 and 23.41%. Carbohydrate is
a major nutrient that provides energy and helps promote healthy digestive system. Although
the values obtained in this study was lower than the value of 7.11 to 17.32% reported by Eke-
Ejiofor and Owuno [21] on potato starch and cassava starch based salad cream and 13.99 to
37.18% reported by Eke-Ejiofor and Beleya [28] on cassava, sweetpotato and three leaf yam
starches

Table 1
Proximate composition of salad cream produced from corn and tigernut starch blends (%)

CS:TS Moisture Total | Crude | Crude | Carbohydrate
Content Ash Fat | Protein

10:90 56.92° 0.33% | 23.07% | 0.65® 18.40°
90:10 57.572 0.58¢ | 24.78¢ 1.14¢ 15.93°
50:50 51.50¢ 0.42° | 23.68° | 0.99° 23.41f
70:30 59.58° 0.55¢ | 24.53¢ | 1.03¢ 14312
90:10 57.57% 0.58° | 24.78° | 1.16° 15.91°
30:70 53.69¢ 0.38° | 23.23° | 0.75° 21.95¢
90:10 57.59? 0.57° | 24.80° | 1.15° 15.89°
10:90 56.94° 0.35% | 23.05* | 0.67° 18.99%
50:50 51.52¢ 0.44° | 23.68° | 1.01° 22.75¢

Mean values with different superscripts within the same column are significantly different (p <0.05);
CS- Corn starch, TS- Tigernut starch
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Table 2
Regression coefficient of proximate composition of salad cream from corn and tigernut starch
Parameters | MoistureContent | Total Crude Crude Carbohydrate
Ash Fat Protein
A 58.20 0.58 24.83 1.15 14.75
B 56.59 0.34 23.02 0.65 19.32
AB -16.51 -0.064 -0.71 0.24 17.54
F-VALUE 3.45 93.49 122.58 94.34 5.92
R? 0.5348 0.9689 0.9761 0.9692 0.6639

A- Corn starch, B-Tigernut starch, AB-Interaction of corn and tigernut starch, R%- Coefficient of
determination

Physicochemical properties of salad cream produced from corn and tigernut
starch blends

The mean values and the interaction effect on the physicochemical properties of salad
cream produced from corn and tigernut starch blends is presented in Table 3 and 4. Sugar
and starch content of salad cream from corn and tigernut starch ranged from 2.67 to 9.50%
and 4.14 to 11.45% respectively with salad cream from corn-tigernut starch (10%:90%)
having the highest value for sugar and starch content while salad cream from corn-tigernut
starch (70%:30%) had the least value for sugar and starch content respectively. The
interaction effect of corn and tigernut starch had no significant (p>0.05) effect on the sugar
contents as shown in Table 4. Sugar content was higher in salad cream from corn-tigernut
starch (10%:90%), this may be attributed to high sucrose level. Sugar may also act as
sweetener; thereby contribute to the taste and flavour of the salad cream. The interaction
effect of corn starch and tigernut starch significantly (p<0.05) affect the starch content of the
salad cream negatively as shown in Table 4. The starch content of salad cream ranged
between 4.14 and 11.45% with corn-tigernut starch (10%:90%) having the highest value,
while corn -tigernut starch (70%:30%) had the least value for starch content. The starch
content obtained in this study was in range with the value of 8.03 to 12.25% and 6.40 to
14.41% reported by Ashaye et al. [24] and Eke-Ejiofor and Owuno [21]. The starch obtained
in this study will helps to bind and thicken the salad cream together. It also helps in increasing
the paste viscosity, emulsion stabilizers and it lowers gelatinization temperature. The pH of
a food is defined as the level of acidity or alkalinity of food content. The pH of the salad
cream ranged from 3.57 to 3.77 with corn-tigernut starch (90%:10%) having the lowest pH
while corn-tigernut starch (10%:90%) had the highest pH. Maximum desirable pH level for
safety and optimum target pH should be 4.25 to ensure food safety [29]. pH of 4.5 is a
desirable trait because it will halt the proliferation of micro-organism, thereby favoring the
conservation of the in the final product [30, 31]. However, the pH of corn-tigernut starch
salad cream in this study was acidic. The pH of the salad cream obtained in this study was
higher than the value of 3.14 to 3.50 reported by Eke-Ejiofor and Owuno [21] on salad cream
from cassava and potato starch but lower than the value of 3.78 to 3.91 reported by Gaikwad
et al. [32] on physicochemical properties of flavoured mayonnaise. The total titratable acidity
of corn and tigernut starch salad cream ranged from 0.32 to 0.69%, corn-tigernut starch
(90%:10%) had the lowest value, while corn-tigernut starch (50%:50%) had the highest value
of total titratable acidity. The total titratable acidity was significantly (p<0.05) affected by
the interaction effect of corn and tigernut starch as shown in Table 4.Titratable acidity is a
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measure of food products acidity [15].The values of total titratable acidity obtained in this
study was higher than the values of 0.02 to 0.89% reported by Eke-Ejiofor and Owuno [21]
on cassava and potato starch based salad cream but lower than the values of 1.35 to 2.50%
reported by Oli et al. [23] on salad cream from yellow corn flour. The difference obtained in
total titratable acidity in this study could be due to the difference in starch properties between
corn and tigernut crops. The viscosity of the salad ranged between 472 and 1683rpm with
corn-tigernut starch (90%:10%) having the highest viscosity while corn-tigernut starch
(10%:90%) had the lowest viscosity. However, the interaction effect of corn and tigernut
starch on the viscosity of salad cream were significantly (p<0.05) affected. The high viscosity
obtained in corn-tigernut starch (90%:10%) could be due to the addition of the salad
ingredients used in its preparation.

Table 3
Physicochemical properties of salad cream produced from corn and tigernut starch blends

CS:TS | Sugar | Starch | pH Total Viscosity

(%) (%) titratable acidity (%0) (Pa*s)
10:90 | 9.30° | 11.43* | 3.76° 0.57¢ 4728
90:10 | 3.39° | 4.87° | 3572 0.322 1681°
50:50 | 6.56° | 7.01° | 3.68° 0.68¢ 1189«
70:30 | 2.67% | 4.14* | 3.612 0.38° 1412%
90:10 | 3.40° | 4.88"° | 3.58° 0.33° 1683°
30:70 | 8.12¢ | 9.74% | 3.60% 0.56°¢ 990"
90:10 | 3.41° | 4.89° | 3.58° 0.35% 1682°
10:90 | 9.50°" | 11.45% | 3.77¢ 0.58° 4742
50:50 | 6.57° | 7.02¢ | 3.67° 0.69¢ 1190

Mean values with different superscripts within the same column are
significantly different (p <0.05); CS- Corn starch, TS- Tigernut starch

Table 4
Regression coefficient of physicochemical properties of salad cream from corn and tigernut
starch

Parameters | Sugar | Starch pH Total titratable acidity | Viscosity

A 3.15 4.69 3.58 0.32 1670.29
B 9.59 75.03 3.75 0.57 496.64

AB -1.38 | -5.36* | -0.059 0.66* 497.10*
F-VALUE | 37.80 | 75.03 8.98 13.29 322.92
R2 0.9265 | 0.9616 | 0.7495 0.8158 0.9908

A- Corn starch, B-Tigernut starch, AB-Interaction of corn and tigernut starch,
R2- Coefficient of determination
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Optimization process of salad cream produced from corn and tigernut starch
blends

The salad cream was optimized based on some important properties attributed to salad
cream. Moisture, total ash, crude fat, crude protein, carbohydrate, sugar, starch, pH, total
titratable acidity and viscosity were the main quality parameters studied in this work which
were also the criteria based on desirability concept as well as their main quality parameters
serving as the constraints to process optimization. Moisture, crude fat, carbohydrate, sugar,
starch, pH, total titratable acidity and viscosity were maximized while total ash and crude
protein were set at none. The solution to the optimized salad cream from corn and tigernut
starch blends is 90% corn starch and 10% tigernut starch as shown in Table 5.

Table 5
Solution process to the optimization of salad cream from corn and tigernut starch blends
e €
5 e s g | £ 2 =)
Q > (@) ) = =
E |8|n| & g | £ | 8|8 |L%| 8 €
> 2 c o 3 o 2 ‘B
= = | 0 2 | 3 > 8
2 n
1 90 | 10 | 58.20 | 24.83 | 14.75 | 3.154 | 4.685 | 3.58 | 1670.29 | 0.651

CS- Corn starch, TS- Tigernut starch, CHO-Carbohydrate

Sensory score of salad cream produced from corn and tigernut starch blends

The sensory score of salad cream obtained from corn and tigernut starch blends is shown
in Table 6.

Table 6
Sensory score of salad cream produced from corn and tigernut starch blends
CS:TS Appearance | Aroma Taste | Spreadability Overall
acceptability
100:0 4,142 4.15b 4.40° 3.252 4.50?
90:10 6.55° 6.85¢ 6.90° 6.10° 6.95¢
Commercial 7.10° 5.75° 4,902 7.00¢ 6.00P
(HeinzSalad
Cream)

Mean values with different superscripts within the same column are significantly different (p <0.05);
CS- Corn starch, TS- Tigernut starch

Consumer quality is a major factor for selecting a product and among the main
characteristics related to quality are texture, taste, and surface color of foods [33]. Significant
difference (p<0.05) was observed in all the sensory attribute of salad cream produced from
corn and tigernut starch blends. Appearance, aroma, taste, spreadability and overall
acceptability ranged from 4.14 to 7.10, 4.15 to 6.85, 4.40 to 6.90, 3.25 to 6.10 and 4.50 and
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6.95 respectively. Optimized salad cream had the highest value for aroma, taste and overall
acceptability, commercial salad cream had the highest for appearance and spreadability while
salad cream produced from 100% corn starch had the least for all attributes. Aroma, taste and
overall acceptability of optimized salad cream were most preferred over commercial salad
cream and 100% corn starch salad cream with a sensory score of 6.85, 6.90 and 6.95
respectively. Commercial salad cream had higher sensory scores in terms of appearance and
spreadability. Meanwhile, 100% corn starch salad cream showed a very poor sensory
attributes and was rejected by the panelist.

&

10.

11.

Conclusions

Salad cream from corn and tigernut starch had desirable physicochemical properties and
has a compared sensory attributes with the commercial salad cream, especially for
appearance.

However, 100% corn starch based salad cream was rated low. Therefore, an acceptable
salad cream can be produced up to 10% substitution of tigernut starch with corn starch
thereby increasing the utilization of tigernut starch.
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Introduction. The aim of this work was to determine the
polyphenol composition and technological characteristics of
coloured whey from various origin — obtained by milk proteins
coagulation with traditional berry raw materials and wild herbs.

Materials and methods. Coloured whey is obtained as a result
of thermo acid coagulation of milk proteins by plant origin
coagulants. The identification and quantitative determination of
polyphenol compounds in the coloured whey samples has been
carried out by high performance liquid chromatography. The solids
content in the coloured whey has been investigated by the
refractometric method and optical dense for the colouration and
turbidity of the coloured whey — by the colorimetric method.

Results and discussion. The whey samples had violet and
green shades, respectively, due to the presence of specific coloured
substances, including various polyphenols, which are a component
in black currant berries and chlorophyll in plantain juice. The
content of the above-mentioned compounds in whey after milk
proteins coagulation with Plantago major L. juice and cavitation
processed blackcurrant paste are 324.43 and 265.49 mg/L,
respectively. With an increase in the amount of plant coagulant for
thermo acid coagulation of milk proteins from 5 to 11%, the optical
dense value for turbidity of coloured whey decreases by 0.40 and
0.41 cond. units and for the colouration, on the contrary, increase by
0.17-0.19 cond. units for coloured whey after milk proteins
coagulation with Plantago major L. juice and blackcurrant paste,
respectively. Dry matters weight ratio in coloured whey has been
fixed at the level of 6.80-8.55%. The protein content was 0.96—
1.33%, depending on the amount of plant origin coagulant during
thermo acid milk coagulation. The coloured whey, obtained after the
milk proteins coagulation by plant coagulants in the amount of 8%
and 11% had a lower protein content by 0.32-0.45%, compared to
the control sample. This confirms the complex casein and milk whey
proteins coagulation by organic acids of the cavitation processed
blackcurrant paste and the active complex (proteases and organic
acids) of plantain juice.

Conclusions. Coloured whey samples have improved taste,
colour characteristics and increased nutritional value, which makes
it widely used in whey beverages with or without additional
processing.

832 —— Ukrainian Food Journal. 2020. Volume 9. Issue 4




Food Technology ——
Introduction

Research of various additional sources of milk raw materials, including milk whey, in
order to develop full-fledged, available and safe drinks, is actual [1]. However, the use of
whey for various drinks needs to be adjusted in the recipe to weaken whey tones in taste and
smell [2].

In the beverage industry, whey is combined with fruit and vegetable juices, fruit and
berry purees and herbal extracts to give the product not only a pleasant and refreshing effect,
but also preventive properties. Depending on the beverage type, processed or unprocessed
whey is used, as well as condensed or dry concentrates with the fruit and aromatic fillers
addition. For example, in Germany, whey is used to prepare tasty beverages containing 80—
90% whey and 10-20% strawberry and peach juice. Similar beverages are made with the
addition from 7 to 20% grapefruit or other juice. The traditional Iranian beverage «Dough»
is made from milk whey pasteurized at a temperature of 74-76 °C and then cooled to 40-42
°C with the addition of 2.5% dessert yogurt. In Austria, a popular drink with a long storage
period is a mixture of 50% whey, 40% fermented milk and 10% fruit juice [3, 4].

The above-mentioned developments are focused on correcting the chemical composition
and sensory characteristics of whey in order to enrich and increase the nutritional value in
beverages based on it.

For the manufacturer, an important advantage of adding fruit and berry fillers is the bright
taste and fresh flavor in the final product. In addition, the filler presence with an appropriate
chemical composition eliminates the necessity to add flavoring matter, coloring agents and
some types of stabilizers [5].

A promising direction in the technology for the enriched dairy products production with
functional properties is using of coloured whey obtained as a result of complex milk
processing into protein concentrates in the presence of plant coagulants. In particular, the
plant using as technological components allows to change the sensory characteristics in the
milk whey, due to different taste shades and colours, and also to regulate the composition of
biologically active substances [6].

It is recommended to use intensely coloured herbal compositions in order to improve the
sensory characteristics of whey-based products. This is due to the fact, that in an acidic
environment caused by whey lactic acid, plant systems acquire changes in colour intensity
caused by the bioflavonoids dissociation [7].

There are no studies to determine the optical dense for colouration and turbidity, as well
as coloured substances and polyphenol composition in the coloured whey obtained after the
milk proteins coagulation by plant coagulants, which caused its natural color.

The use of the plant raw materials, both berry and herbal, as a coagulant for thermo acid
coagulation of milk proteins will contribute to the addition of organic complex compounds
in whey and the formation of original sensory characteristics in the separation products. This
will exclude the use of artificial coloring agents and flavors in the future [8, 9].

The aim of this work was to determine the polyphenol composition and technological
characteristics of coloured whey from various origin — obtained by milk proteins coagulation
with traditional berry raw materials and wild herbs. In addition, sensory characteristics, dry
matters weight ratio, including protein, and active acidity of from various origin have been
determined.
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Materials and methods
Materials

Coloured whey, obtained in the protein concentrates production by thermo acid
coagulation of milk proteins with plant coagulants — berry paste and plantain juice. Coloured
whey was obtained in two methods during thermo acid coagulation of milk proteins using as
a coagulant — cavitation processed blackcurrant paste and Plantago major L. juice. According
to the first method, a berry coagulant with an active acidity of 3.0+0.2 pH was added to heated
milk at a temperature of (75+1) °C in an amount of 5 to 11%, slightly mixed and kept
(2+1) min until a clot formed. The combined effect of high temperatures and acidic reagents
on milk proteins leads to their maximum coagulation. The coagulation process was visually
established by the intensive formation of protein flakes and whey release, that has a natural
violet colour of the coagulant [10].

According to the second method, directly squeezed juice from the ground part of
Plantago major L. was used as a coagulant in an amount from 5% to 11% with the following
indicators: dry matters — 4.55+0.23%, pH — 5.85+0.18. The juice was added to milk at a
coagulation temperature of 55-60 °C and held for 45-60 min. Then the temperature was
increased to 90-95 °C, slightly mixed and held for 2-3 minutes until a clot was formed. Then
the clot was pressed for 15+2 min to separate the whey [11].

As a result, about 80% of whey was obtained from volume of milk raw materials in the
protein concentrates manufacture by both methods. Coloured whey has been sent to
determine the content of polyphenol compounds, sensory, physical and chemical indicators.

Determination of the polyphenol composition in the coloured whey from various
origin

The determination was carried out by high-performance liquid chromatography (HPLC)
using system Prominence LC-20 Shimadzu (Japan). The substances identification in the
coloured whey extracts was performed by comparing the retention time and spectral
characteristics of the test substances with similar characteristics of the standards according
to the method identification of polyphenols. Chromatography was performed at 225, 255,
286 and 350 nm [12]. For accurate identification of the test substances to specific polyphenols
groups, the following regulatory documents were used: chlorogenic and caffeic acids
(phenolic acids), catechin (catechins), flavonols myricetin, quercetin and rutin, flavanones
naringenin, naringin, hesperinidin, and protestin cyanidine (anthocyanins) (Sigma-Aldrich,
Germany). The identification characteristics of these standards were obtained under the
above-mentioned chromatography conditions [13]. The "peak area-standard content"
calibration dependences had a linear form with an accuracy of at least r? = 0.994.

Determination of colouration and turbidity of the coloured whey from various
origin

Samples of milk whey from various origin have a natural colour and turbidity, therefore,
we used for research an adapted method for determining indicators in soft beverages. This
method is based on optical dense determination and comparison with the corresponding
standards: coloured solutions for colouration and suspension for turbidity.

The optical dense determination was carried out by the colorimetric method [14]. The
value of optical dense Dgen consists of D due to the colouration caused by the coloring agents,
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and D: due to the turbidity caused by the proteins presence that scatter the light flux. When
colouration determination, it is necessary to have a total absence of foreign particles with a
radius of 0.4-0.8 microns or more, which contribute to light scattering. Therefore, to prepare
the samples for analysis, the coloured whey was filtered.

The research was carried out using a Helios Omega spectrophotometer (Thermo
Scientific Spectronic, USA). The spectrophotometer is designed for measure in individual
sections of the wave-length range 315-980 nm, which are formed by light filters, transmission
coefficients, optical dense of liquid solutions, and measuring the substances concentration in
solutions after preliminary determination of the calibration characteristic. Cuvettes with a test
solution (coloured whey) and control solution (milk whey), in relation to which the
measurements were carried out, were installed in the cuvette compartment. The necessary
light filter and photodetector were installed, the sample compartment cover was closed, and
the studies were carried out. On a digital display, values were obtained that correspond to the
optical dense of coloured whey.

The content of dry matters in the coloured whey was investigated by the refractometric
method according to the light refractive indices [15]. First, check the correctness of the
refractometer readings for distilled water at a temperature of 20+0.1 °C. With one or two
water drops applied to the prism, the refractometer reading should be zero. The refractometer
prism is wiped off with a paper filter and one or two drops of a test whey sample are applied.
On the right refractometer scale, the content of dry matters was found, which coincides with
the distribution boundary of the dark and light fields.

The active acidity in the coloured whey was determined potentiometrically [16] on a
Sartorius PB-20 universal pH meter. To determine the pH, 40 cm® of coloured whey was
taken into the beaker, the electrodes are immersed in the beaker and after 10-15 seconds the
readings of the device are recorded. The electrodes are rinsed with distilled water and wiped
off with filter paper after each measurement.

Statistical analysis

Data were expressed as means + standard deviations for triplicate determination.
Statistical analysis was performed using Microsoft Excel 2007. Differences were considered
to be significant at validity of 0=0.95.

Results and discussion

Determination of sensory characteristics and polyphenol composition of the
coloured whey from various origin

The sensory characteristics of the coloured whey obtained as a result of the thermo acid
coagulation of milk proteins by plant coagulants — blackcurrant paste and Plantago major L.
juice, is given in Table 1.
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Table 1
Sensory characteristics of the coloured whey from various origin
Indicator name Amount of blackcurrant paste during thermo acid
coagulation of milk proteins,%
5 | 8 | 11
Consistency and Homogeneous, flowing liquid, slight sediment is allowed
appearance
Taste and flavor Clean, lactic, without Slightly acid, with a berry coagulant
foreign tastes and taste and flavor
smells
Colour Light violet, uniform Violet, uniformin | Intense violet,
in volume volume uniform in
volume
Amount of Plantago major L. juice during thermo acid
coagulation of milk proteins,%
5 8 | 11
Consistency and Turbid liquid, with Homogeneous, clear liquid, with a
appearance visible protein small sediment amount
inclusions, which in
the time following
coagulates
Taste and flavor Lactic, with a barely Slightly bitter, with a pleasant herbal
there herbal flavor smell and taste
Colour Mostly white, with a Green, uniformin | Intense green,
barely there greenish volume uniform in
cast volume

The obtained whey samples had the corresponding shades, which is due to the presence
of specific colour substances — flavonoid pigments and chlorophyll in black currant berries
and plantain juice [17].

In order to determine the transition degree of colouring compounds, it was analyzed the
polyphenol composition in plant coagulants — cavitation processed blackcurrant paste,
Plantago major L. juice, protein—plant concentrates and coloured whey from various origin.

The total polyphenols content in the studied samples has been determined by summing
up the substances content, that were found in the peaks range of flavonoids, non-flavonoids,
and phenolic acids on chromatograms.

The flavonoids content in all studied samples was equal to the substances content that
are similar to the flavonoids standards (phenolic acids, catechins, flavonoids, flavonones and
flavones), with the exception of catechin-like substances. The polyphenol composition of
whey correlates with the composition of specially processed blackcurrant paste and Plantago
major L. juice, respectively. The research results have been analyzed in comparison with the
control samples — plant coagulants. Their transition degree to separation products — protein
concentrates and whey of various colours has been determined. The research results are
presented in Table 2.
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Table 2
Total composition and polyphenols content in samples of the coloured whey from various origin

Polyphenols content, mg/I
Coloured whey
Polyphenols group after milk proteins coagulation by
Cavitation processed Plantago major L.

blackcurrant paste juice
Phenolic acids 2.13 0.07
Catechins, .mcludlng certain 104.13 33.69
substances:

—  catechin 2.16 6.82
Catechin-like * - 166.53
Flavonols, 'mcludlng certain 11.67 147
substances:

— glycosides of myricin 1.01

— rutin 3.20

— quercetin 0.23
Flavanones., including certain 11.87 104
substances:

— naringin 1.17 0.13

— hesperidin 0.91
Flavones, including certain

. - 0.31
substances:

— glycosides of luteolin 0.31
Anthocyanins, including certain 125.09
substances

— delphinidin-3-O-glucoside 16.87 -

— cyanidin-3-O-galactoside 17.09

— delphinidin-3-O-arabinoside 33.70
Unidentified 10.60 120.72
Amount of polyphenols 265.49 324.43

* — catechin-like — polyphenols whose peaks are located outside the area of the catechin peaks,
but with the spectral catechins characteristics.

According to the obtained results in Table 2, flavonols are represented by glycosides
myricithin, rutin and quercetin; naringin and hesperidin are found in flavonones [18]. The
flavones identified in the coloured whey after milk proteins coagulation by the Plantago
major L. juice have the smallest amount and are represented by luteolin and its glycosides.
The content of phenolic acids is fixed at 2.13 mg/l for coloured whey after milk proteins
coagulation by blackcurrant paste and 0.07 mg/l for whey after milk proteins coagulation by
Plantago major L. juice.

In total, 12 flavonoid class compounds were identified in the coloured whey obtained
after the milk proteins coagulation by Plantago major L. juice, which are 10 less than their
content in the plantain juice. This is probably due to the fact that a significant amount of
polyphenol compounds from juice was transferred to milk-protein concentrate during
denaturation.
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The content of polyphenol compounds in coloured whey after the milk proteins
coagulation by Plantago major L. juice and cavitation processed blackcurrant paste is 324.43
and 265.49 mg/I, respectively. As a comparison, according to literature data, the polyphenols
content in plantain juice was within 1411.13 mg/l, and in blackcurrant paste — 690 mg/I [19].

The transition degree of polyphenol compounds into coloured whey after the milk
proteins coagulation by Plantago major L. juice is 23% of their total amount, about 77% of
polyphenols, including 74% of flavonoids, remain in protein—plant concentrates. Probably,
this effect is likely due to the polyphenols interaction with proteins and their attachment to
the globule surface at the unfolding time of the polypeptide chain due to the formation of a
hydrogen bond between the polyphenol hydroxyl group and the carbonyl group of the protein
molecule [5].

Similarly, the transition degree of polyphenol compounds into coloured whey after the
milk proteins coagulation by cavitation processed blackcurrant paste has been calculated,
which was fixed at 42%. About 53% of polyphenol compounds, including anthocyanins,
remain in concentrates, which is due to the weight loss correlation of the concentrate during
technological operations, such as pressing and forming.

By their chemical nature, anthocyanins are representatives of natural polyphenol
compounds of the flavanoids class with antimicrobial activity [20, 21]. Therefore, their
content in the coloured whey was additionally analyzed.

Coloured whey contains all known anthocyanins: delphinidin-3-O-galactoside,
delphinidin-3-O-glucoside, cyanidin-3-O-galactoside, delphinidin-3-O-arabinoside,
cyanidin-3-O-glucoside, petunidin -3-O-galactoside, peonidin-3-O-glucoside, malvidin-3-O-
arabinoside, etc. and complete, respectively, 47% of the total polyphenols content in the
samples.

Determination of optical dense for colouration and turbidity of the coloured whey
from various origin

Optical dense indices for characterizing the turbidity and colouration of the coloured
whey from various origin are important for determining the using ways for technological
purposes. The optical dense, which characterizes the turbidity and colouration of the coloured
whey is given in Table 3.

Table 3
Optical dense which characterizes the turbidity and colouration of the coloured whey
(n=3, p<0.05)
Amount of plant Coloured whey after milk proteins coagulation by
coagulant during Cavitation processed Plantago major L. juice
thermo acid blackcurrant paste
coagulation of Dy, cond. unit | D, cond. unit | D¢, cond. unit | D, cond. unit
milk proteins,%
5 1.877+0.037 1.065+0.021 | 1.953+0.058 1.127+0.034
8 1.515+0.045 1.169+0.023 | 1.625+0.049 1.233+0.037
11 1.466+0.044 1.259+0.025 | 1.547+0.046 1.295+0.039
Control samples* 1.511+0.045 1.204+0.024 | 1.605+0.048 1.255+0.038

*Coloured whey beverages "Aktual" (with watermelon-melon and neon mojito flavor)
produced by LLC «Danone Dnipro»
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The optical densy of the coloured whey samples obtained after the milk proteins
coagulation by blackcurrant paste during determination the turbidity and colouration of the
whey ranged from 1.46 to 1.88 cond. units and 1.06—1.26 cond. units, respectively. Optical
dense indices before and after filtration for coloured whey obtained as a result of milk
coagulation by Plantago major L. juice is fixed at the level of 1.55-1.95 cond. units and
1.13-1.29 cond. Units

According to the results in Table 3, with an increase in the amount of plant coagulant for
thermo acid coagulation of milk proteins from 5 to 11%, the optical dense value for turbidity
(Dy) of coloured whey from various origin decreases by 0.40 and 0.41 cond. units for coloured
whey after milk proteins coagulation with Plantago major L. juice and blackcurrant paste,
respectively. This effect is due to the mechanism of thermo acid coagulation of milk proteins
and an increase in the casein transition degree and the maximum amount of whey proteins
into protein-plant concentrates [22].

Optical dense indicators, which characterize the colouration, on the contrary, increase
with an increase in the amount of coagulant from 5% to 11% during thermo acid coagulation
by 0.17-0.19 cond. units for coloured whey after milk proteins coagulation by Plantago
major L. juice and blackcurrant paste, respectively. This is, probably, due to an increase in
the transition degree of specific coloured substances — polyphenolic compounds, including
flavanoids and anthocyanins, of plant raw materials into a protein clot and whey [23].
However, almost all of these values have variance from the control samples — whey beverages
of the corresponding colour up to 5%.

Determination of the dry matters weight ratio and active acidity in the whey from
various origin

Whey contains 50% of the dry matters of whole milk, almost all milk sugar and about
30% of milk proteins. The change in the dry matters weight ratio in coloured whey depending
n the amount and type of plant coagulant is shown in Figure 1.

[N
[EEN

[ee]

Coagulant amount during
thermo acid coagulation of

&)

0 2 4 6 8 10
Dry matters weight ratio in coloured whey,%

®\Whey after milk proteins coagulation by Plantago major L. Juice
OWhey after milk proteins coagulation by blackcurrant paste

Figure 1. Dry matters weight ratio in coloured whey depending on the amount and type of
plant coagulant
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Dry matters weight ratio in coloured whey ranges from 6.80 to 8.55%, including 0.96—
1.33% of protein and depends on the amount of plant coagulant during thermo acid
coagulation of milk proteins. Thus, the protein content in coloured whey was in average at
1.33+0.04% after thermo acid coagulation using 5% plant coagulant, 1.01+0.03% — 8%
coagulant, and 0.96+0.04% with the addition of 11% plant raw materials. This indicates a
more complete coagulation and transition of milk proteins into a protein-plant clot [24].

The control sample obtained as a result of the milk proteins coagulation by whey with
titrated acidity not less than 160 °T had a protein content of 1.35%. Compared to the control
sample, coloured whey obtained after thermo acid coagulation of milk proteins with plant
coagulant in the amount of 8% and 11% had a lower protein content by 0.34-0.39%. This
confirms the complex casein and whey proteins coagulation by organic acids of blackcurrant
paste and an active complex of plantain juice.

Dependence of the active acidity in coloured whey on the amount and type of plant
coagulant during thermo acid coagulation of milk proteins is shown in Figure 2.

[EEY
[EEY

(&)

Coagulant amount during thermo
acid coagulation of milk proteins,%

o
N
SN
o))

Active acidity, pH

mWhey after milk proteins coagulation by Plantago major L. juice
OWhey after milk proteins coagulation by blackcurrant paste

Figure 2. Dependence of the active acidity in coloured whey on the amount and type of plant
coagulant

The histogram shows the pH value in the whey samples decreases in proportion to the
increase in the amount of plant coagulant for thermo acid coagulation of milk proteins. At
this stage, it can be observed, the amount and type of plant coagulant affects the active acidity,
changing it to the acidic side by 0.55 and 0.70 pH when using 11% milk protein coagulant in
the form of Plantago major L. juice and blackcurrant paste, respectively.

The value decrease of active acidity occurred slowly during storage period of whey
samples at a temperature of (4+2) °C for 72 hours. During 48 hours of whey storage period,
active acidity in the control sample decreased by 0.32 pH compared to the initial value of
5.91 pH, in coloured whey after protein coagulation by Plantago major L. juice and
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cavitation cavitation blackcurrant paste by an average of 0.20 and 0.25 pH, respectively. An
active decrease was observed in the samples obtained after the milk proteins coagulation by
blackcurrant paste in an amount of 11%, that for 72 hours of storage period was at 4.65 pH.
Coloured whey from various origin retained its sensory characteristics, including the colour
intensity, at all stages of storage period at a temperature of (4+2) °C [25].

Scope of whey applicability is usually limited due to high acidity, deficiencies in sensory
characteristics (salty and sour taste, pronounced whey flavor). In practice, for the whey
deoxidation, which has a 4.50-5.00 pH, various chemical substances are used (solutions of
ammonia, sodium hydroxide, etc.) [26]. Soda solution (sodium bicarbonate) is chemically
safe, available and traditionally used in the food industry to neutralize (deoxidize) whey.

Coloured whey obtained after the milk proteins coagulation by cavitation processed
blackcurrant paste and Plantago major L. juice can be used with or without additional
processing (filtration, deoxidation) as a base and prescription component for whey beverages,
such as pasteurized whey, pasteurized whey with sugar, and etc. This makes it possible to
completely exclude the use of food coloring agents and flavoring matter of artificial origin in
their composition. These technologies are classical and do not require additional parameters
specification.

Conclusion

1.  Coloured whey obtained after milk proteins coagulation by Plantago major L. juice and
cavitation processed blackcurrant paste is characterized by polyphenol compounds
content at the level of 324.43 and 265.49 mg/I, respectively, which has a positive effect
on its nutritional value and sensory characteristics. Whey had, respectively, green and
violet colour, which is characteristic for raw materials that contain flavonoids and
anthocyanins.

2. Optical dense which characterizes the turbidity and colouration for samples of coloured
whey obtained after milk proteins coagulation by cavitation processed blackcurrant
paste ranged within 1.46-1.88 cond. units and 1.06-1.26 cond. units, and for the
coloured whey obtained as a result of milk coagulation by Plantago major L. juice was
fixed at the level of 1.55-1.95 cond. units and 1.13-1.29 cond. units, respectively.

3. The obtained results on the dry matters content at the level (6.80-8.55%), including
protein (0.96-1.33%) and active acidity (4.90-5.90 pH), indicate the practicability of
using in beverage formulations — coloured whey obtained as a result of thermo acid
coagulation of milk proteins by plant coagulant in an amount of 8% without additional
processing. When using whey obtained after coagulation by a coagulant in the amount
of 11% — expose it to deoxidation, and in the amount of 5% — to filtration.
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Introduction. The aim of this study was to highlight the
physical and physiological changes of different types of legumes
and the variation of their mineral amount during the germination
process, in order to establish the optimal germination period for
their use in consumption.

Materials and methods. Legumes types such as chickpea,
bean, lentil, lupine, and soybean were germinated in a plant growth
chamber Binder KBW/KBWF 240. To highlight the physical and
physiological changes of legumes during the germination process,
a Motic SMZ-140 Stereomicroscope was used. In order to
highlight the variation of the amount of mineral substances during
the germination process, a Shimadzu EDX-900HS was used.

Results and discussion. The protein content of the analyzed
legumes varied between 19.40 and 40.34% the highest amount
being for soy and the lowest one for chickpea sample. All the
samples presented good viability for germination, the highest one
being for lentil of 90% for which was also recorded the highest
germination energy value. The image obtained clearly showed the
development of the component parts of the germs: the radicle and
the plumule which increases during the germination process, when
the seed began to synthesize chlorophyll and when the root began
to develop. According to their development the maximum
germination time were of 10 days for lentil and lupin and of 9 days
for chickpea, bean and soybean. However, for their use in food
consumption, the optimum germination period was established for
4 days for all the analyzed legumes samples for which except the
bean sample the radicle was much higher than the legume grain
size. In general, the availability of calcium and sulf was improved
for all the samples in the four day of germination. The calcium
increases most for chickpeas with almost six times and for lentil
with three times. Reported to the ungerminated seeds the phosphor
and iron increases for lentil seeds in the four day of germinations
whereas for the rest of legumes decreases. Regarding potassium,
magnesium and zinc elements, in general, their values decreases
with the increase time of germination period.

Conclusions. By highlighting the physical and physiological
changes of legumes during germination, it is easier to determine
when the germination process should be stopped. The amount of
many nutrients increases as a result of the germination process,
and this process can have various applications in the food industry.
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Introduction

Seed germination is a complex physiological process that has as its starting point the
absorption of water by seeds, and as a final point, the appearance of the root, a component
part of the future plant [1]. It can be said that the seed germination is the first phase of the
plant development cycle [2].

Lately, there has been a Ilot of interest in the germination process,
regarding the food field. This is explained by several considerations. First, researchers are
studying the germination process because in some industries it is desirable to combat this
process because it makes food unfit for consumption. In this sense, the use of gamma
radiation to inhibit the germination of nuts [3] or wheat [4] can be exemplified as the results
of various studies. Secondly, the study of the germination process is of interest due to the fact
that recently there has been an increase in the consumption of germs of different seeds. This
is desirable due to the positive effects of germination on the grains subjected to this process.
Different studies show that germination leads to increase bioavailability of minerals in seeds
[5, 6, 7, 8], the amount of phenolic compounds [9, 10], flavonoids [11, 12], the amount of
amino acids (Gamma Aminobutyric Acid and essential amino acids) [13, 14, 15], vitamins
[16, 17, 18]. It has also been shown that germination contributes to the activation of
hydrolytic enzymes, which result in improved digestion of certain compounds, such as
proteins and starch [19, 20, 21]. This is of particular interest to people who are suffering of
with various diseases of the digestive system [22]. At the same time, germination is seen as
a desirable process because it has the role of decreasing the amount of antinutrients in the
grain (for eg. phytic acid, which combines with various minerals and result phytates) [23, 24,
25]. Also, the interest for seed germs today is great due to the fact that they can be
incorporated into the recipe of manufacturing various foods, in order to improve their
nutritional profile or sensory and quality characteristics [22]. In this sense, can be list: bakery
products [26, 27, 28], yogurt [29, 30, 31], biscuits [32, 33, 34], cakes [35, 36, 37] and so on.

Regardless of the purpose pursued, it is necessary to carefully monitor the parameters
of the germination process (temperature, humidity, aeration, lighting), so that the germs
obtained to be of a superior quality, to contain an optimal amount of nutrients (in this regard,
it is recommended that the germination time should not be prolonged too much, so that the
grains not to be depleted in nutrients) [9, 10, 16], the sensory characteristics (color,
appearance, smell, taste) should not be adversely affected and the microbial load should not
exceed that indicated by standards in force [26, 28], so that the health of consumers not to be
jeopardized by any microorganisms that have developed or by toxins that have been released
along the way [22, 23].

Depending on the field of use of the germs obtained, the germination parameters must
be chosen in such a way that what is desired to be obtained (optimal enzymatic activity or
inhibition of antinutritive factors, for example) to be successful [37]. In this sense, it is
necessary to carefully study the literature that indicates clear suggestions in this regard.
Highlighting the physical and physiological changes of different types of vegetables during
the germination process is desirable so that the germination process can be optimally
conducted, so that the germs obtained to be of superior quality and thus can serve with success
for the purpose for which it is intended to be used [20, 22].

According to our acknowledgment, no comparative study has been made on so many
types of legumes seeds during the entire germination period on their physical and
physiological changes on modern device such as Stereomicroscope one. Also, no other study
has been made on a comparative analysis of minerals availability during the 0, 2 and 4
germination days between chickpea, bean, lentil, lupine, and soybean type.
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The aim of this study was to highlight the physical and physiological changes of
different types of legumes during the germination process, changes that are correlated with
the determination of the size of the developed parts during germination (plumule and radicle)
and to highlight the variation of mineral content during the germination process, of which
amount was compared to those of the ungerminated seeds. Thus, will be highlighted the
optimal germination time, so that the germs to present superior quality for consumption.

Materials and methods
Materials

The grain legumes seeds used were: chickpea (Cicer arietinium L.), bean (Phaseolus
vulgaris), lentil (Lens culinaris Merr.), lupine (Lupinus albus) and soybean (Glycine max L.).
All the grain legumes seeds were cultivated in Romania and were not genetically modified.

Grain legumes seeds analysis

The grain legumes seeds were analyzed for its physical-chemical properties according
to the International standard methods as follows: the hectoliter weight was determined
according to the ISO 7971-1:2009, the moisture content of legumes seeds were determined
according to 1SO 7700-1:2008, the seeds viability was determined by usual inspection of cut
seeds through tetrazolium staining [38], the seeds germination capacity was determined
according to ISTA (2006) standard [39], and the protein content was determined according
to EN 1SO 20483:2006.

Grain legumes seeds germination process

For legumes seeds germination, a Binder KBW/KBWF germination chamber was used.
The germination process was carried out to a maximum germination period of 9 days for
soybeans, beans and chickpeas and for 10 days for lupine and lentils in accordance with the
conditions provided by the ISTA (2006) standard [39]. The germination was made on dark
conditions to a temperature which varied between 20 and 25 °C and to a constant humidity
value of 80%. The germination layer used was the filter paper.

Grain legumes seeds analysis during the germination process

In order to highlight the physical and physiological legumes seeds changes during the
germination process was measured every day the size of the radicle and plumule of legumes
seeds by using a Modelcraft Vernier Calliper of 125 mm [40]. Also, it was captured the
physical and physiological changes that occur in legumes seeds during the germination
process by using a Motic SMZ-140 Stereomicroscope device [41]. This allowed us to obtain
detailed images that highlight the essential changes: increasing the volume of the grain due
to the water absorption, degradation of the protective coating of the grain, the development
of the component parts of the germs, etc.
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Statistical analysis

Data were expressed as means + standard deviations for triplicate determination.
Statistical analysis was performed using XLSTAT statistical package (free trial version,
Addinsoft, Inc. Brooklyn, NY, USA) at a significance level of p < 0.05 [42].

Results and discussion
Physical-chemical characteristics of the ungerminated legumes seeds

The data for the physical-chemical analysis are shown in Table 1. As it may be seen,
the soybean presented the highest protein content value, whereas the chickpea the lowest one.
From the hectolitre point of view this value varied between 70.0 and 84.5 kg/hl with the
highest value for lentil and the lowest one for lupine seeds. The humidity value for the seeds
sample was not higher than 10.9% whereas the legumes seeds capacity to germinate
determined through viability and germination energy indicated the fact that lentil presented
the highest capacity to germinate whereas the lupine and chickpea the lowest one.

Table 1
Physical-chemical characteristics of legumes seeds
Hectolitre | Humidity s S .
Legumes seeds weight [%0] VI?&;IW (ﬁg:;;?%]n COE{;:E I[I?%]
[ka/hl]
Soy 70.5+0.03 9.8+0.01 | 77+0.47 74+0.81 40.34+0.01
Lupine 70.0+0.02 7.7£0.02 | 52+0.81 514+0.47 39.90+0.03
Chickpea 73.5+0.01 10.3£0.01 | 50+0.81 52+0.47 19.40+0.04
Bean 70.8+0.04 10.9+0.01 | 73+0.47 70+0.81 22.60+0.02
Lentil 84.5+0.02 7.6£0.01 | 90+0.47 88+0.81 28.69+0.03

Physical, physiological and minerals changes during the germination process of
different types of legumes seeds

The physical and physiological changes of different types of legumes were presented
below, during every day of germination process (from day 1 to 9, respectively to 10 days of
germination process depending on the legumes type). For 0, 2 and 4 days of germination
process it was determined the amount of mineral elements such as calcium, iron, phosphorus,
sulfur, zinc, manganese, and potassium from the legumes seeds by using a spectrometer
Shimadzu EDX-900HS (Shimadzu Corporation, Kyoto, Japan) device. It was established the
variation of legumes types during the 4 days of germination due to the fact that according to
the physical changes during the germination process was the optimum day for their use in
food consumption. Also different studies has been reported that at this time of germination
process the enzymatic activity of legumes are in a high amounts [43, 44, 45] and if the
germination period exceeded too much the amount of nutrients begin to decreases which is
not a desirable fact [8, 46, 47, 48].
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Physical and physiological changes of the lentil during germination

Figure 1 shows the changes that occur during germination process in the lentil seeds,
during the 10 days of germination. At the same time, it can be seen the variation of the size
of the component parts (radicle and plumule) during the ten days of germination. Thus, on
the first day of germination there is an increase in the volume of the lentil seed, as a result of
the absorption of water needed in the subsequent germination process; the absorption of water
being done through free pores and capillaries. Water absorption is done to hydrate the grain,
in order to stop the grain dormancy [49]. In the literature, it is considered that the optimum
moisture content for germination is 75-80 g of water per 100 g of dry matter [50]. During
the other 9 days of germination, it can be seen the changes that occur: on the second day the
radicle begins to develop, and from the third day, it can be seen the plumule. The dimensions
of these components increase from day to day.

Day 1 Day 2 Day 3 Day 4 Day 5
!ﬁ:. .;. v .
,\‘.‘; j.-, N x E u‘

Increase in grain  Radicle: 2.5 mm Radicle: 4 mm Radicle: 6 mm Radicle: 7 mm
size (water Plumule: 3 mm Plumule: 5 mm Plumule: 19 mm
absortion)

Day 6 Day 7 Day 8 Day 9 Day 10

4
.\ . -~ / - »
® o -
Radicle: 14 mm Radicle: 15 mm Radicle: 29 mm Radicle: 32 mm Radicle: 52 mm
Plumule: 23 Plumule: 29 mm Plumule: 41 mm Plumule: 45 mm  Plumule: 70 mm

Figure 1. Physical and physiological changes of the lentil seeds during the germination process

Images captured and presented in Figure 2 with the Motic SMZ-140 stereomicroscope
showed the grain in a dorsal, facial, transverse, and cross-sectional position. In the literature,
the stereomicroscope has been used successfully to study the germination phenotype [51].
From these images, it can be seen that the development of the root begins from day one. The
chlorophyll is found in cellular organs called chloroplasts and has an important role in the
process of photosynthesis. It helps to capture the light needed in the photolysis of water
molecules, in order to assimilate carbon in the other stages of photosynthesis [52, 53]. In the
other stages, on days 7-10, it is observed that the root of the future plant grows more and
more, so that the plant can be prepared for the absorption of nutrients and water from the soil,
a process in which the root has an essential role [54, 55].
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Day 2 Day 3

Figure 2. Physical and physiological changes of the lentil,
captured with the Motic SMZ-140 Stereomicroscope

Physical and physiological changes of the bean, during germination

Figures 3 and 4 showed the changes that occur during germination process in the bean
seed, during the 9 days of germination.

Day 1 Day 2 Day 3 Day 4 Day 5
K.\" F.
§ 5" ‘.

Increase in grain Radicle: 3.5 mm; Radicle: 7 mm Radicle: 13 mm Radicle: 27 mm
size (water
absortion)
Day 6 Day 7 Day 8 Day 9
If\ - ‘g. t'
- o)
I & y\

3
]
{

Radicle: 68 mm Radicle: 153 mm Radicle: 167 mm Radicle: 178 mm

Figure 3. Physical and physiological changes of the bean seeds during the germination process
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It can be seen that on day 1 of germination, as in the case of lentils, the grain increased
in volume due to the absorption of water needed for the next steps. Water plays an important
role in the germination process. During germination, it is very important to keep the humidity
constant because a water deficit will cause the degradation of the germ membrane and their
integrity [62]. As studies suggested, the presence of water is necessary to initiate the
germination process [63]. In the next stages of germination, days 2-5, the development of the
radicle is observed. Starting with the sixth day, the appearance of the root of the future plant
is observed. It is also observed, starting with the fifth day, the synthesis of chlorophyll, a
pigment of significant importance in the subsequent process of photosynthesis, a process that
ensures the correct development of the plant.

Figure 4 highlights in more detail the physical and physiological changes that occurred
during the germination process. Images captured using the Motic SMZ-140 stereomicroscope
showed the grain in a dorsal, facial, transverse, and cross-sectional position.

Figure 4. Physical and physiological changes of the beans, captured
with the Motic SMZ-140 Stereomicroscope

Physical and physiological changes of lupine during germination

Figures 5 and 6 showed the changes that occur during germination in the lupine grain
during the 10 days of germination period. In the case of lupine, it can be seen that on days 2,
3 and 4 takes place the development of the radicle, up to a size of 11 mm. From the 5th day
onwards, chlorophyll is synthesized. From the 8th day, the appearance of the root of the future
plant is observed.
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Day 1 Day 2 Day 3 Day 4 Day 5
3 \
_, ) ( =
. JR—_
Increase in grain Radicle: 3 mm Radicle: 8.5 mm Radicle: 11 mm Radicle: 30 mm
size (water
absortion)
Day 6 Day 7 Day 8 Day 9 g
2 - ﬁ /
= K gt »
Day 1
Radicle: 55 mm Radicle: 72 mm Radicle: 89 mm Radicle: 117 mm Radicle: 126 mm

Figure 5. Physical and physiological changes of the lupine seeds during the germination process

Day 5

Figure 6. Physical and physiological changes of the lupine, captured with the Motic SMZ-140
Stereomicroscope

Physical and physiological changes of chickpeas during germination

The changes that occur during germination in the chickpea, during the 9 days of
germination, can be seen in Figures 7 and in Figures 8. Thus, the development of the radicle
in the case of chickpea begins on the second day. Starting with the sixth day, the appearance
and development of the plumule and the synthesis of chlorophyll are observed. On the ninth
day, the radicle has a length of 130 mm and the plumule, 58 mm. The images from figure 8
captured to the dorsal, facial and transverse seed position, facilities the observing in detail
the development of the leaves and the root (days 6-9).
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Figure 7. Physical and physiological changes of the chickpeas seeds during the germination

process
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Figure 8. Physical and physiological changes of the chickpea, captured with the Motic SMZ-140
Stereomicroscope

Physical and physiological changes of the soybean during germination

Figures 9 and 10 show how the soybean evolved during the 9 days of germination.
Thus, it can be seen that the radicle has reached the size of 24 mm at the end of the fourth
day of germination. Starting with the fourth day, the seed began to synthesize chlorophyll,
and the root began to be more pronounced starting with the eighth day.
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Day 2 Day 3 Day 4 Day 5

e

Increase in grain  Radicle: 3 mm Radicle: 8 mm Radicle: 24 mm Radicle: 49 mm
size (water
absortion)

Day 6 Day 7 Day 8 Day 9

.

.\...
Radicle: 81 mm Radicle: 135 mm Radicle: 149 mm Radicle: 160 mm

Figure 9. Physical and physiological changes of the soybean seeds during the germination
process

Day 1 Day 3 Day 4

Day 6

Figure 10. Physical and physiological changes of the soybean, captured with the Motic SMZ-140
Stereomicroscope
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Mineral changes of the legumes seeds during the 4 days of germination period

Figures 11-16 showed how the mineral content varies with the germination time, during
day 0, 2 and 4 for all five types of legumes considered in this study (lentil, bean, lupine,
chickpea and soybean). It was observed that the amount of most minerals decreases with
increasing germination time. From Figure 11, it can be noticed that the amount of calcium
increases with increasing germination time. This is probably due to the fact that, during
germination, the amount of phytic acid decreases. This is a desirable thing because phytic
acid forms phytates with the minerals. At the same time, the minerals that are in bound form
are released during germination [11, 56, 57]. Another reason would be that, during
germination, amylases are activated. Amylases are metalloenzymes with calcium in the
composition. Studies show that calcium is sometimes found bound to a-amylases [58]. If
calcium is completely lost from the structure of the enzyme, then the enzymatic activity is
stopped [59]. Therefore, if the germs obtained are to be used for their enzymatic activity, the
variation of the amount of calcium must be followed carefully. In the case of the enzyme,
calcium has an important role in supporting the structure of a-amylase because it interacts
with negatively charged amino acid residues (aspartic and glutamic) and thus stabilizes the
structure of the enzyme [60]. Calcium also plays an important role in stopping the proteolytic
degradation of a-amylase [61].
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Germination time of vegetables, [days]
Figure 11. Variation in calcium concentration during the germination time

o

In Figure 12, it can be noticed, for example, that the sulfur content increases for almost
all legumes types on the fourth day of germination compared to the control sample.
Increasing the amount of sulfur could be attributed to the fact that plants need sulfur to grow
properly [64]. Increasing the amount of sulfur in seed germs is desirable, as shown by various
studies in the field [65, 66] because sulfur is an essential mineral in the human body and has
been shown to act as an antioxidant and help fight atherosclerosis and cancerous tumors [67].
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Figure 12. Variation in sulfur concentration during the germination time

The variation of the potassium content during the germination process of legumes can
be seen in figure 13. Hence, it is observed that the potassium content decreases for the sample
in the four day of germination compared to the control sample. This process occurs because

potassium is a very important element used to develop the component parts of the future plant
[68].
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Figure 13. Variation in potassium concentration during the germination time
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In general, during the germination process, compared to the control sample the amount
of phosphorus decreased. This may be due to the fact that in the germination process
phosphorus is consumed for the development of the seeds components (radicle and plumule).

18
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Figure 14. Variation in phosphorus concentration during the germination time

Figures 15-17 show how the concentration of mineral substances such as Fe, Zn and
Mn varied during the 4 days of germination process.
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Figure 15. Variation in iron concentration during the germination time
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Figure 16. Variation in zinc concentration during the germination time
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Figure 17. Variation in manganese concentration during the germination time
A decrease in iron content may be noticed to soy, chickpea and lupine to the 4 day of

germination. This data are similar with those reported by others [69]. However, an increase
of iron may be noticed to beans and lentil in the 4 day of germination period. Also the zinc
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and manganese increases or decreases depending on the legumes type. Due to the fact that
germination increases the concentration of some mineral substances, it can be said that this
process can be used successfully to improve the nutritional profile of germinated grains or
foods in which the germs will be incorporated in some mineral elements depending on the
legumes type [71-77].
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Conclusions

The physical and physiological changes of legumes types chickpea, bean, lentil, lupine,
and soybean shown that for all the analyzed samples the four days of germination period
may be an optimum one for their use in food consumption.

During the germination period, the amount of mineral substances varies differently for
each type of legume, but also for each type of mineral element. These facts are important
for germ development but also for food consumers which are interested for healthy
ingredients for consumption.

For all the analyzed samples, potassium decreases during the germination period
whereas calcium increases in a lowest amount of 7.5% for beans and in a highest amount
for chickpeas (almost six times) in the four day of germination. Regarding the other
minerals elements analyzed (sulf, phosphor, iron, magnesium, zinc, manganese) they
presented different variations during the germination period. The sulf presented higher
values in the four day of germination for all the analyzed legumes types except
chickpeas for which it decreases with 5.15%. The phosphor decreases for all legumes
types except lentil for which increases with 25.87%. The iron decreases for soy,
chickpea, lupin and increases for lentil and beans in the four day of germination. In
general, zinc decreases for all analyzed samples during the germination period except
lupine of which value increases with 50%. Manganese was not detected in lentil and
beans meaning that in these legumes types were of a very low concentration. This
mineral did not vary during germination in soy seeds but increases in lupine with 9.61%
and decreases in chickpeas with 20.43% in the four day of germination period.
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Introduction. The work aims to study the
chromatographic profiles of volatile compounds in fresh and
dried mixed heat white cabbage with the definition of
differences in qualitative and quantitative composition.

Materials and methods. Chromato-mass spectrometry
(GC/TOF-MS) methods were used to study the profiles of
volatile substances in fresh and dried mixed heat-fed
vegetables, in particular, Amager white cabbage, with
differences in qualitative and quantitative composition. Fresh
white cabbage was chosen as a control.

Results and discussion. During chromatographic studies
of volatile aromatic compounds of fresh and dried white
cabbage, 20 volatile substances were identified. Both samples
contain the following components: 4H-pyran-4-one, 2,3-
dihydro-3,5-dihydroxy-6-methyl-(2.61 and 2.11%), guanosine
(1.07 and 0,48%), oxirane, tetradecyl (1.71 and 0.90%),
tetradecanal (2.89 and 2.72%), 2-pentadecanone (3.2 and
3.00%), 2-nonadecanone (3, 01 and 2.84%), formamide, N-
methyl-N-4-[1- (pyrrolidinyl)-2-butynyl] (3.12 and 2.92%), n-
hexadecanoic acid (5.8 and 5.76%), cis-acetic acid (4.43 and
4.44%), oleic acid (3.94 and 4.02%), oleic acid amide (3.12 and
3.2%), 1,2-benzene dicarboxylic acid diisoctyl ether (5.28 and
5.22%), 6-methyl-octadecane (1.96 and 1.16%), 2,6,10-
trimethyltetradecane (2.69 and 1.84%), heptacosan (34.16 and
32.15%), 2-hexadecanol (2.25 and 1.76%), 1,2-
epoxyhexadecane (11.11 and 10.65%), nonacosanone-15 (3, 83
and 3.45%).

Drying of raw cabbage by drying with mixed heat transfer
did not cause a change in the qualitative composition, however,
caused a decrease in the amount of volatile aromatic
substances.

Decrease in content, % of components: heptacosane,
(34,15—32,16),  1,2-epoxyhexadecane  (11,11—10,659),
octadecenamide (3,12 — 3,02), n-Hexadecanoic acid (5,80—
5.76) to some extent eliminates the bitter note of raw cabbage,
greasy taste, softens its aromatic sensations.

Conclusions. Comparison of volatile substances between
fresh and dried samples of cabbage allows us to claim the
preservation of valuable biological substances of fresh cabbage
after drying with mixed heat and to spread this method of
processing cabbage with maximum use of its useful properties.
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Introduction

The aroma of dried vegetable raw materials is one of the determining factors of the level
of quality because evaporating from the raw material, moisture takes with it volatile
components, resulting in some loss of taste and aroma [1, 2]. To obtain high-quality food
products using dried vegetable food products obtained by drying with mixed heat, in
particular common vegetables — white cabbage, it was advisable to study the complex of its
flavoring substances.

The conversion of volatile aromatic compounds of cabbage during heat treatment has
been studied to a greater extent at the technological stage of blanching [3, 4] and traditional
drying methods — convective, conductive, etc. Drying with mixed heat supply is currently
promising and economical among the methods that provide heated air as a drying agent [5,
6]. We did not find studies comparing the profiles of volatile compounds of samples of fresh
and dried cabbage with mixed heat, which led to the relevance of the chosen direction of
research.

The study aimed to study the chromatographic profiles of volatile compounds in fresh
and dried mixed heat of white cabbage with the determination of differences in qualitative
and quantitative composition.

Materials and methods

Samples and their preparation

Fresh white Amager cabbage was used for the study. After removing the outer leaves,
the cabbage heads were cut into 2 mm thick strips with a shredder. Part of the shredded
cabbage (5 kg) was mixed and the juice was squeezed from the pulp. Another portion of
cabbage (5 kg) was dried by the method of mixed heat and ground to a powder.

The hardware implementation of drying with mixed heat supply is a chamber measuring
2.0 x 1.0 x 1.5 m, having double walls of sheet steel with a thickness of 10-3 m, between
which there is a thermal insulator.

The camera is mounted on a frame that serves as a base for the fan and air nozzles. The
bottom of the chamber is uninsulated. In the upper part of the chamber, there is a hatch for
loading and unloading of products; fan, pipes, heater, and working chamber.

The fan motor is outside the camera. The airflow from the fan is directed to the heater,
then through the rotary nozzles to the working chamber and the fan inlet, ie the airflow is
recirculated in the chamber [7].

Samples of raw cabbage and dried by drying with mixed heat were distributed in
portions of 1 g in glass vials, sealed to prevent loss of volatile compounds.

Qualitative and quantitative analysis of volatile substances

A combination of capillary gas chromatography and mass spectrometry (GC / TOF-
MS) was used to measure the concentration of cabbage volatile substances in samples of
fresh cabbage and dried cabbage [8].

Separation of the components was performed using a standard chromatographic
capillary column from PerkinElmer with active phase "Elite-5MS". The diameter of the
column was 250 um and the length was 30 m. Helium was used as a carrier gas, the flow of
which was 20 ml/min. The temperature regime is shown in table 1.
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Table 1
Temperature mode of chromatogram registration
Temperature Speed of temperature Final Retention time,
mode change, °C / min temperature, °C min.
Initial 0.0 80.0 1.00
1 2.0 130.0 0.00
2 5.0 240.0 4.50
3 20.0 280.0 3.00

Individual retention signals were recorded, in particular, the retention time Rt, which
indicates the location of each component on the chromatogram. The paper takes into account
to a greater extent compounds with high truth,% with a signal-to-noise ratio (S/ N> 250).

As a result of the experiment, chromatograms of experimental samples of cabbage were
obtained (Figure 1).
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Figure 1. Chromatograms of experimental samples of Amager cabbage:
a — fresh, b — dried by mixed heat dissipation
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Calculation of the quantitative content of the components of the experimental
samples

Conducted by the method of internal normalization with statistical data processing of
three parallel experiments [9]. The mass fraction of the investigated components mg,% was
calculated as the ratio of the peak area of the component SR to the total area of all
components. For the final result, we used the mean value with the calculation of the standard
deviation S. The level of probability with a confidence level p = 0.95 did not exceed o= 0.05,
the critical Student's criterion = 5.47. Average values were chosen as the result.

The registration of mass spectrometers was carried out in the mode of ionization of
molecules by electron impact with an electron energy of 70 eV using the El + mode. The scan
time of the mass spectra was 0.2 s, with a pause between scans of 0.01 s. The number of scans
per averaged mass spectrum was 106. The ions of the studied molecules were fixed in the
mass range of 45+450 m / z. The residual pressure in the ionization chamber was ~ 2.6x107
Pa. The temperature of the ion source was 300 °C. the Input temperature of the analyzer was
280 °C.

Results and discussion

The quantitative and qualitative composition of volatile components in samples of
fresh and dried cabbage

The identified components and their quantitative content of substances are listed in
Table 2.

Table 2
Quantitative and qualitative composition of volatile components in samples of fresh and dried
cabbage
mr,%
tr, Name of CASH, - in samples of
Ne min components formula Characteristic cabbage
Fresh | Dried
1 04:78 | 4H-Pyran-4-one,2,3- | 28564-83-2 | Ketone. 2,61 2,11
dihydro-3,5- CesHsO4 Makes a sweet
dihydroxy-6- methyl aroma [18]
2 07:50 | Guanosine 118-00-3 Purine nucleoside. | 1,07 | 0,48
C10H13Ns0s5 | Makes a
characteristic
pungent aroma
[18]
3 08:35 | Oxirane tetradecyl 7320-37-8 | Saturated three- 1,71 | 0,90
Ci16H320 membered
heterocycle.
Characteristic
pungent odor [2]
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Table 2 (Continue)

mr,%0
tr, Name of CASH#, - in samples of
N min components formula Characteristic cabbage
Fresh | Dried
2,89 | 2,72
5 10:70 | 2-Pentadecanone 2345-28-0 | Ketone. Weak 3,2 3,00
CisH300 pleasant smell [2]
6 11:51 | Octadecanoic acid 57-11-4 Fatty acid. 1,82 1,06
Ci1gH3602 Included in the
lipid composition
of vegetable wax.
Introduces a
viscous aroma
[18]
7 12:12 | 2-Nonadecanone 629-66-3 Oxygen 3,01 2,84
C19H330 hydrocarbons —
ketone. Weak
"green" aroma
[18]
8 12:41 | Formamide, N- 18327-40-7 | Heterocyclic 3,12 2,92
methyl-N-4-[1- CioH1sN2o | diazo compound.
(pyrrolid inyl)-2- Has a weak
butynyl] specific odor [19]
9 14:32 | n-Hexadecanoic acid | 57-10-3 Saturated fatty 5,80 5,76
C16H3202 acid of the direct
chain
[18]
10 | 15:60 | 9,12- 60-33-3 Double 2,04 | 1,83
Octadecadienoic C1gH3202 unsaturated fatty
acid acid, which is
widely found in
plant glycosides
with a pleasant
specific odor [18]
11 | 15:97 | cis-Vaccenic acid 506-17-2 Cis-isomer of 4,43 4,44
Ci1gH3402 vaccine acid, part
of phospholipids.
Is an omega-7
fatty acid [18,2 ]
12 | 16:25 | Oleic Acid 112-80-1 Belongs to 3,94 | 4,02
CisH3402 monounsaturated
fatty acids. It
belongs to the
group of omega-9
unsaturated fatty
acids. With a mild
odor [2]
868 —— Ukrainian Food Journal. 2020. Volume 9. Issue 4
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Table 2 (Continue)

mr,%0
tr, Name of CASH#, - in samples of
N min components formula Characteristic cabbage
Fresh | Fresh
13 | 17:51 | 9-Octadecenamide 334156 Fatty amide of 3,12 | 3,02
CigH3sNO | oleic acid. Plant
metabolite [17]
14 | 18:47 | 1,2- 27554-26-3 | Terpenoid, a 5,28 | 5,22
Benzenedicarboxylic | CasH3304 derivative of
acid diisooctyl ester phthalic acid, a
complex ethereal
odor [18,2]
15 | 19:49 | Octadecane, 6- 10544-96-4 | Isoprenoid alkane | 1,92 1,16
methyl- C19H40 (isoprene).
Volatile
compound of
cabbage, which
gives a
characteristic
fresh aroma [18 ]
16 | 20:24 | Tetradecane, 2,6,10- | 14905-56-7 | Isoprenoid alkane | 2,69 1,84
trimethyl Ci7Hss (isoprene) gives a
characteristic
fresh aroma [2]
17 | 21:15 | Heptacosane 593-49-7 Saturated 34,16 | 32,15
Cao7Hse hydrocarbon,
alkane [17]
18 | 22:04 | 2-Hexadecanol 14852-31-4 | Alcohol of high 2,25 1,76
C16H340 molecular weight,
is a part of esters
of wax [17 ]
19 | 23:35 | 1,2- 7320-37-8 | Saturated 11,11 | 10,65
Epoxyhexadecane C16H320 heterocycle with a
weak bitter tone of
aroma [18 ]
20 | 23:66 | 15-Nonacosanone 2764-73-0 Ketone. 3,83 3,45
CooHss0 Component of
vegetable wax,
covering a thin
layer of cabbage
leaves. Slight
smell of mown
hay [2]

As a result of the conducted researches in the spectrum of volatile substances of samples
of fresh and dried cabbage 20 compounds were identified. Both samples contain the
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following components: 4H-pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl-(2.61 and
2.11%), guanosine (1.07 and 0, 48%), oxirane, tetradecyl (1.71 and 0.90%), tetradecanal
(2.89 and 2.72%), 2-pentadecanone (3.2 and 3.00%), 2-nonadecanone (3,01 and 2.84%),
formamide, N-methyl-N-4-[1-(pyrrolidinyl)-2-butynyl] (3.12 and 2.92%), n-hexadecanoic
acid (5.8 and 5.76%), cis-acetic acid (4.43 and 4.44%), oleic acid (3.94 and 4.02%), oleic
acid amide (3.12 and 3.2%), 1, 2-benzene dicarboxylic acid diisoctyl ether (5.28 and 5.22%),
6-methyl-octadecane (1.96 and 1.16%), 2,6,10-trimethyltetradecane (2.69 and 1.84%) ),
heptacosan (34.16 and 32.15%), 2-hexadecanol (2.25 and 1.76%), 1,2-epoxyhexadecane
(11.11 and 10.65%), nonacosanone-15 (3, 83 and 3.45%).

The spectrum of volatile substances is characterized by a wide range of chemical
compounds. These are oxygen-containing and esterified compounds, saturated heterocycles,
diazo compounds, terpenoids, isoprenoid alkanes.

At the same time, isoprenoid alkanes are among the most typical and biogenic
components. This group includes several dozen hydrocarbons, a characteristic feature of the
structure of which is the location of methyl groups in the linear carbon backbone in positions
upto=2,k+4,k+8, k+12[10].

Some compounds are part of vegetable wax [11, 12]. They are a complex,
multicomponent mixture of relatively simple hydrocarbons (primarily alkanes), wax esters,
as well as fatty acids, alcohols, and ketones.

To some extent, this composition of volatile compounds is associated with their sensory
properties. Some of the identified components, in particular, high molecular weight alkanes
and their oxygen-containing derivatives, can contribute to "Bitter", "Fresh", "Cabbage",
"Fatty" and other notes of cabbage flavor [13, 14].

Also, a significant number of compounds from the volatile substances of cabbage,
including bioactive isoprene, nitriles, aldehydes, and alcohols, phospholipids (cis-vaccenic
acid), show functional properties [15].

Comparative characteristics of changes in volatile substances in cabbage samples

Comparing the differences in changes in volatile substances in the test samples, we can
state the following:

1. The test samples do not differ in qualitative composition, however, have the different
quantitative composition of components.

2. It should be noted that the drying of raw cabbage by drying with mixed heat transfer
caused a decrease in volatile aromatic substances in the test samples.

3. Both samples have the same dominant components, in particular, heptacosane (34.15 and
32.16%), 1,2-Epoxyhexadecane (11.11 and 10.65%). Heptacosane is a volatile waxy
substance with a pungent odor, is part of beeswax [16, 17]. 1,2-epoxyhexadecane is a
waxy substance with an ethereal odor, n-hexadecanoic acid is a saturated fatty acid of the
direct chain, found everywhere in nature in many plants [18, 19].

4. Tt can be noted that the decrease in the content, wt% of components: Nel7 — heptacosane,
(34,15 — 32,16), Ne19 — 1,2-epoxyhexadecane (11,11 — 10,659), Ne13 — octadecenamide
3.12 — 3.02), Ne9 — n-Hexadecanoic acid (5.80 — 5.76) eliminates the bitter note of raw
cabbage, greasy taste, softens its aromatic sensations.

5. In dried cabbage there was no decrease in the variety and a significant percentage of
oxygen-containing compounds. All analyzed samples of cabbage contained ketones,
aldehydes (15-Nonacosanone, 2-Pentadecanone, tetradecanal), which introduce aromas
of "green tone", in particular, 15-Nonacosanone with a hint of cut hay.
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Conclusions

Chromato-mass spectrometry (GC / TOF-MS) methods were used to study the profiles of
volatile substances in fresh and dried mixed heat-fed vegetables, in particular, amager
white cabbage to determine differences in qualitative and quantitative composition.

20 volatile substances were identified, including oxygen-containing and esterified
compounds, saturated heterocycles, diazo compounds, terpenoids, isoprenoid alkanes.
Comparison of volatile substances between fresh and dried samples of cabbage allows
asserting the preservation of valuable biological substances of fresh cabbage after drying
with mixed heat supply and to spread this method of processing cabbage with maximum
use of its useful properties.

Therefore, changes in the number of phases and thermodynamic potentials of vegetable
raw materials during mixed heat drying have led to minimal changes in functional volatile
chemical compounds and maximum changes in substances that cause a bitter taste.
Thus, the goal of work on studying the qualitative and quantitative composition of volatile
substances in samples of fresh and dried white cabbage was achieved, which confirmed
the economical conditions of drying with mixed heat.
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Introduction. The aims of this study were to determine
the effects of different natural plant extracts used as an
alternative of Sulphur dioxide on wine aroma compounds.

Materials and methods. The wine production was done
according to the accepted conventional method of red wines
(Cabernet Sauvignon). The experimental design was
achieved by using different plant extracts (grape pomace,
rosemary, black blueberry) at different concentrations. As
the first control group was used wine samples processed
without natural extracts and Sulphur dioxide treatments and
as the second group was used wines produced with 25mg/L
Sulphur dioxide addition.

Results and discussion. The highest total amount of
volatile compounds was achieved by applying blueberry
extract and grape pomace extract. The combined application
of Sulphur dioxide and blueberry extract increased the wine
volatile complexity. The best results related to higher
alcohols synthesis and their accumulation in wines was
obtained by using Sulphur dioxide (25 mg/L) and plant
extracts (0.3 mL). The terpenes were dominated by geraniol.
The highest value was obtained in sample treated with grape
pomace.

The ester fraction was represented by 9 identified
compounds. The highest total ester content (169.13 mg/L)
was found in sample obtained with combined treatment of
25 mg/L Sulphur dioxide and rosemary extract 0.3 mL. The
other three variants of rosemary treatments demonstrated
quantitatively close ester content. In samples containing
grape pomace extract was found the lowest total ester
content compared to all others. From this group, only sample
including25 mg/L Sulphur dioxide and grape pomace extract
0.3 mL (40.62 mg/L) was distinguished. Methyl alcohol was
found in all tested wines. The methyl alcohol levels were
very low and not pose a risk to the consumer.

Conclusions. The study demonstrated the possibilities of
optimization of Sulphur dioxide by using natural plant
extracts.
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Introduction

During wine production, SO; is used as an antioxidant and antimicrobial additive in
wine production. It uses for preventing oxidation and the spread of unwanted organisms such
as wild yeasts, acetic acid bacteria and lactic acid bacteria [1]. Aging process causes gradual
loss of phenolic compounds due to some oxidation reactions with polysaccharides and
tannins leading to formation of other stable anthocyanin-derived pigments. These reactions
can result in some changes in the color, taste and flavor properties of red wines [2, 3]. Even
these advantages, negative effects of SO, on human health have been subject to researches
for many years [4].

A number of studies have been indicated as an alternative of SO,. Most of them
proposed non-thermal processes, or using of new chemicals. One of the most promising
natural alternatives to sulphides in wine production are using of natural plant extracts [5].
The flavonoids, phenolic compounds and their derivatives, which are naturally found in the
structure of these extracts, have been shown to be effective in preventing auto-oxidation [6,7].
It is emphasized that some phytochemicals such as terpenes, alkaloids, lactones, etc. found
in the extract may contribute to the prevention from auto-oxidation of wine. The aroma is an
essential characteristic determining the quality of the wine. It is due to the significant
diversity of volatile compounds (over 800) and the variation in their total content (up to 800—
1200 mg/L) [8]. Numerous factors influence the formation of the final wine aroma: the
genetic ability of the vine variety to synthesize and accumulate volatile aromatic components
in the grapes, climatic, soil and geographic characteristic of the vine growing area, agro-
technical measures and phytosanitary status of the vine, the technique and technology of wine
making, metabolic potential of yeast and malolactic microflora, processes during wine aging
[9, 10, 11, 12, 13, 14, 15].The final wine aroma contains various volatile compounds
belonging to several major groups such as esters, higher alcohols, aldehydes, terpenes and
methoxypyrazines [16, 17]. The ester compounds have a significant contribution to the wine
aroma. This is due to the low threshold of aromatic perception of the esters. This group of
compounds is also formed in the grapevine, accumulating in very low amounts (10-30
mg/L) in the grapes [18]. The subsequent organic yeast ester synthesis is realized during
alcoholic fermentation. It leads to significant ester accumulation (up to 500 mg/L) in young
wines [12]. The third phase of their accumulation takes place in the aging process called
esterification which is due to the chemical bonding between the available alcohols and the
acids of the wine. This stage proposed the significantly increased of the total ester content of
the wine (792-800 mg/L) and formed wine bouquet [19]. The higher alcohols are a group of
aromatic compounds with a lesser aromatic effect. This is due to their higher thresholds of
aromatic perception. They are, however, an important factor of the aroma profile of wine,
since they cause formation of various esters with the wine acids [11]. The higher alcohols are
the product of yeast amino acid metabolism and accumulate in red wines up to 600 mg/L
[12]. The important representatives are 3-methyl-1-butanol, phenyl ethanol, hexanol, isobutyl
alcohol and others [20]. The terpenes are mainly represented by terpene alcohols — linalool,
a-terpineol, B-citronellol, nerol and geraniol [21]. These compounds have a significant
contribution to the wine aroma [22]. Then the common question, what is the effect of natural
plant extracts on wine aromatic profile in case of application of different methods during
production?

The aims of this study were to determine the effects of different natural plant extracts
used as an alternative of SO, on wine aroma compounds.
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Materials and methods
Plant material

As materials were used grapes of Vitisvinifera L. cv. origin var: Cabernet Sauvignon
from the Menderes/ Golciikler region of Izmir (Sevilen Winery vineyards). 100 kg grapes
were processed in Ege University Food Engineering Department (Izmir/ Turkey) within
24 h of hand-harvest.

The grape pomace (GP) extract was supplied as waste in the normal wine production
process of Cabernet Sauvignon grapes. The blueberry (BB) and rosemary (R) extract used in
the experimental groups belongs to Rosmarinus officinalis L. and Vacciniummyrtillus L.
spices, respectively. These plants were obtained from the Aegean region in 1zmir/ Turkey.

The selection of Cabernet Sauvignon pomace and blueberries was done on the base of
our previous studies [23, 24, 25, 26, 27, 28, 29] in which higher total phenols and antioxidant
activities were determined. The choice of rosemary was done after evaluation of our project
results related to conservation of foods by using rosemary extracts (unpublished). All these
plants even have a different origin possess similar properties related to the protection of food
as materials with higher phenolic content and higher antioxidant activities.

Used plants in the experiment were evaluated on the wet basses. They were not dried
before using in experiments.

Wine processing method

The grapes transferred to the mill for separation from stems, wastes and foreign
materials after weighing process. Crushed fruit and juices were collected in stainless steel
tank. The density of the juice was determined as 1110 g/L, the average pH was 3.8 and the
total acid amount was 5.48 g/L (as tartaric acid). Saccharomyces cerevisiae Fermivin strain
was added in the tank as commercial yeast (20 g/L dose SIHA Active Dry yeast 10).
Fermentation process was completed in 12 days at 20-22 °C. The must was stirred twice
daily. All fermentation process was carried out at controlled conditions. The separation of
must was done by a mechanical press machine. During fermentation some measurements
were carried out regularly such as alcohol content, density and sugar content of the product.
At the end of the fermentation, the final sugar content was < 2 g/L. When the fermentation
was completed, the wine was transferred and stabilized in the cold. The wines were stored at
15 °C and the preparation of the extraction agents was started. With the addition of the
extracts, the samples were bottled and stored during 3 months.

Experimental design and treatments

The Cabernet Sauvignon grapes were gowned in Aegean region of Turkey-izmir. After
processioning of wine the pomace was used for the experiment as described. Blueberry (BB)
and rosemary (R) plants were supplied from the same region of Turkey- Aegean region-izmir.
The botanical evaluation of plants was done by an expert from Ege University. Natural
extracts were prepared as following the path given in Figure 1. Different plant extracts such
as grape pomace, rosemary and black blueberry were used at different concentrations for
experimental design. As the first control group was used as wine samples processed without
natural extracts and SO, treatments and as the second group was used wines produced with
25mg/L SO, addition.
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The main reason of adding these extracts after the fermentation step is inhibition effect
of these extract in the negative direction during alcohol fermentation by inhibiting the yeast
strain in the must. The wine was divided into five batches, in which the different treatments
were carried out. For each batches the treatments were created with addition of the extracts
at different concentrations. The experimental groups are presented in Table 1.

Analyses

For each experimental group, wine samples were analyzed under three main topics;
classic wine analyzes aromatic compounds and statistical analyzes. Basic must analyzes were
carried out according to the OIV Compendium of International Methods of wine and must
[30,31]. All analyzes were carried out in triplicate.

5 gram plant sample
\Z
Crushing

\Z
Addition of 50 mL destilled water
\Z
Mixing
A4
10 min. ultrasaound heat treatment (40Hz)

N7
90 min wait

N2
Formation of experimant groups

Figure 1. Natural extracts preparation

Classic wine analyzes. Classic oenological wine analyzes were determined according
to recommended methods by International Organization of Vine and Wine (OIV). Alcohol
content (% v/v), pH (direct measurement by using pH meter), total acidity (tartaric acid g/L),
volatile acidity amount (g/L acetic acid), total and free SO, (mg/L), dry matter (g/L) and ash
(g/L) analyzes were performed.
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Table 1
Experimental groups
Group 1
Group 2 Group 3
PLANT GRAPE Control | Control
EXTRACTS | pOMACE ROSEMARY | BLUEBERRY Group 1 | Group 2
(GP) (R) (BB)
Set 1 0 mg/L SO+ | O0mg/L SOx+1 | 0mg/L SO+ 1
© mgfL SO+ 1 mL extract mL extract mL extract
1 mL extract) (GP01) (RO1) (BBO1)
non SO,
set2 | (25 mog;';m_ 25 mg/L SO+ | 25mg/L SO+ |  and SO,
sé25+ g‘%’ 'r;ﬂ_ faxt ré ot 0,7 mL extract 0,7 mL extract extract | treatment
2% Y (R257) (BB257) addition | (TK25)
extract) (GP257) (TKOO)
Set 3 25mg/LSO, | 25 mg/L SO,
(@5mg/LSOz | +0,3mL +03mL 25 g/l SO
+0.3mL extract extract +0,3 mL extract
extract) (GP253) (R253) (BB253)
Set4 2 L
s maitsos | TS0 | o5 myLso, | 25 mgiL SO, +1
+1mlL extract +1 mL extract mL extract
extract) (GP251) (R251) (BB251)
Notes:

Grape Pomace (GP)
— 0mg/L SO2+ 1 ml (GP0O1) -
— 25 mg/L SOz+ 0,7 ml (GP257) -
— 25 mg/L SO2+0,3 ml (GP253) -
—  25mg/L SOz + +1 ml (GP251) -
Rosemary (R)
— 0mg/L SOz + 1 ml (R0O1) -
— 25mg/L SOz + 0,7 ml (R257) -
— 25mg/L SOz + 0,3 ml (R253)

—  25mg/L SOz + 1 ml (R251)

Blueberry (Bb)

Control groups (TK)

0 mg/L SOz + 1 ml (BBO1)

25 mg/L SOz + 0,7 ml (BB257)
25 mg/L SOz + 0,3 ml (BB253)
25 mg/L SOz + 1 ml (BB251)

Control group without SO2 ( TK00)
Control group containing 25mg/L SO2
(TK25)

Aromatic content determination by GC-FID.The aromatic profiles of samples were
determined by gas chromatographic technique equipped with FID. The content of major
volatile aromatic compounds was determined on the basis of stock standard solution. The
purity of standard solution used in this study was as > 99.0%. The sample quantity was
determined to be 2 pl. For analyses was used gas chromatograph Varian 3900 (Varian
Analytical Instruments, Walnut Creek, California, USA) with a capillary column VF max
MS (30 m, 0.25 mm ID, DF = 0.25 um), equipped with a flame ionization detector (FID).
The used carrier gas was He. Hydrogen to support combustion was supplied to the
chromatograph via a hydrogen bottle. The injection was manually by microsyringe.

The parameters of the gas chromatographic determination were: injector temperature —
220 °C; detector temperature — 250 °C, initial oven temperature — 35 °C/retention 1 min, rise
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to 55 °C with step of 2 °C/min for 11 min, rise to 230 °C with step of 15 oC/min for 3 min.
Total time of chromatography analysis — 25.67 min. The identified retention times of the
compounds in standard solution were: acetaldehyde (3.141), ethyl acetate (3.758), methanol
(3.871), 2-propanol (5.170), isopropyl acetate (5.975), 1-propanol (6.568), 2-butanol (7.731),
propyl acetate (9.403), 2-methyl-propanol (10.970), 1-butanol (11.509), isobutyl acetate
(11.662), ethyl butyrate (12.710), butyl acetate (12.752), 2-methyl-1-butanol (13.054), 4-
methyl-2-pentanol (13.629), 3-methyl-1-butanol (13.840), 1-pentanol (15.180), isopenthyl
acetate (15.965), pentyl acetate (16.033), 1-hexanol (16.276), ethyl hexanoate (16.376),
hexyl acetate (16.510), 1-heptanol (16.596), linalool oxide (16.684), phenyl acetate (18.055),
ethyl caprylate (18.625), a-terpineol (19.066), 2-phenyl ethanol (19.369), nerol (19.694), B-
citronellol (19.743), geraniol (19.831), ethyl decanoate (19.904). An internal standard
octanol was used. After determination of the retention times of aromatic compounds in the
standard solution, we proceed to the identification and quantification of the volatile aromatic
substances in the wines. The aromatic compositions of samples were determined by using 2
pl of samples.

Statistical evaluation

Significant differences between averages were obtained at a 95% significance level.
The values were averaged and standard deviation, minimum, maximum and mean values of
samples were determined. The least significant differences (LSD) and correlations were also
performed. Statistical analysis was performed using the PC (SPSS 15) software package.

Results and discussion
General evaluation of wines

Wine quality is closely related to aroma content of wine. Many aromatic compounds
contribute to the flavour, taste and odour of wines. Some studies have demonstrated the
relation of aroma compounds related to flavour characters of wines [32,33].

The statistical evaluation of results indicated the significant differences among same
samples (p<0.05). Correlation analysis was used to determine the relation between
parameters and within groups. The mean values with their standard deviation, minimum and
maximum values were analyzed. The highest pH and total acidity value were detected in
BBO01 (4.90) and GP253 (6.70 tartaric acid g/L) groups, respectively. The lowest value of pH
and total acidity were detected in TKO0O (3.70) and BB257 (3.90 tartaric acid g/L),
respectively. The highest and the lowest value of volatile acidity of samples were detected in
TKOO (0.84 acetic acid g/L) and TK25 (0.24 acetic acid g/L) groups, respectively. While
there was no significant correlation detected between pH and total acidity in the groups.
However, there were a significant correlation between the pH and the volatile acid values (r=
0.3511, p=0.023).

In our study 18 aromatic compounds were determined in order to evaluate the effects of
treatment on characters of Cabernet Sauvignon. These compounds included methanol, 1-
butanol, 2-butanol, 2-methyl-1-butanol, 3-methyl-1-butanol, 2-methyl-1-propanol, 1-
hexanol, 1-heptanol, 2-phenyl ethanol, ethyl acetate, propyl acetate, isopropyl acetate, butyl
acetate, isobutyl acetate, ethyl butyrate, ethyl hexanoate, pentyl acetate and phenyl acetate.

The identified and quantified higher alcohols, esters and terpenes compounds by GC-
FID are presented in Figures 2, 3, and Table 2 respectively. All established concentrations
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corresponded to the quantitative ranges typical for young red wines. The data in this aspect
were correlated with other studies [34].

Higher alcohols, mg/L

1200
1000
800 W Total higher alcohols
i 2-phenyl ethanol
B 1-heptanol
600 81-hexanol
£ 2-methyl-1-propanol
% O 3-methyl-1-butanol
400 j: @ 2-methyl-1-butanol
ZE O 2-butanol
9 O1-butanol

200

Figure 2. Identified and quantified (by GC-FID) higher alcohols compounds of wines with
different added extracts. Average ethanol and methanol value of samples were determined as
vol. 13% and 16,7 mg/L respectively
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Figure 3. Identified and quantified (by GC-FID) terpenes compounds of wines with
different added extracts

Effects of treatments on the total volatile content and total higher alcohols in wine
samples

The highest total content of volatile compounds was found in samples BB251 (579.31
mg/L) and GP253 (579.00 mg/L). Compared to the TK00 (296.29 mg/L) and TK25 (311.91
mg/L) controls, they have almost a two-fold higher total amount of synthesized volatile
compounds. The incorporated two extracts (blueberry and grape pomace) applied in the
indicated amounts have a positive effect on the wine total volatile composition. The lowest
amount of total volatile compounds was found in the sample without SO, but with the
addition of 1 mL of rosemary — RO1 (242.63 mg/L).

The complete absence of SO; in this sample has affected negatively the fermentation
process. This resulted in decreased secretion of metabolic yeast products, which reflected in
the low total volatile content of the wine. This can be explained by uncontrolled fermentation,
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without added sulfur dioxide, which not inhibits the activity of wild yeasts and other
microflora. It is known that SO, has the responsible for inhibit the growth of harmful yeasts
and bacteria and ensure the normal course of fermentation [18]. High total content of volatile
components were also found in the samples with extracts of blueberry BB01 (545.78
mg/L) and rosemary R253 (453.92 mg/L). It is noteworthy that the blueberries extract was a
positive effect on the wine volatile composition, even in the absence of sulfur dioxide — BB01
sample. However, the results shown that the combined effect of sulfur dioxide and blueberry
extract (BB253) influenced the wine volatile composition with increasing of its complexity.

The lowest established total higher alcohols content (182.67 mg/L) was observed in
wine RO1, obtained with added rosemary extract (1 mL) and without SO.. In the other three
variants (R251, R253 and R257), where SO, and rosemary extract were added at different
concentrations, higher total levels of higher alcohols were observed. This demonstrated an
improved sulphitation efficiency of the rosemary extract when it was combined with low SO,
levels. This synergy reflected on increased yeast aromatic metabolites.

Table 2
Identified and quantified (by GC-FID) esters compounds and total volatile content of wines with
different added extracts

IDENTIFIED WINES
COMHI?;?BNDS RO1 | R251| R253 | R257 | GP01| GP251| GP253| GP257
Ethyl acetate 15.98| 17.28| 15.12 | 11.64| 20.15] 20.25 | 11.53 | 18.95

Propyl acetate 26.87| 0.05| 0.05 | 27.75| 0.05| 0.05 | 29.09 | 0.05
Isopropyl acetate ND | ND | 0.05 | ND | ND ND ND ND

Butyl acetate ND | 2644| 95.09| ND | ND | ND ND ND
Isobutyl acetate ND | ND | 58.82| ND | ND ND ND ND
Ethyl butyrate ND | ND| ND | ND| ND| ND ND 0.05
Ethyl hexanoate 005]| ND| ND | ND | ND | ND ND ND
Pentyl acetate 0.05| ND ND ND | ND ND ND ND
Phenyl acetate ND | ND ND ND | ND ND ND ND

Total esters 42.95| 43.77| 169.13| 39.39| 20.20| 20.30 | 40.62 | 19.05

Total Volatile Content|242.63306.88 453.92|301.40/357.11] 313.99| 579.20| 334.07

Table 2 (continue)

IDENTIFIED WINES
COMH?(SENDS BBO01 | BB251| BB253| BB257| TK00| TK25
Ethyl acetate 37.72 | 4.98 | 19.83| 1843 | 14.12| 9.63
Propyl acetate 0.05 | 2154 | 0.05 | 0.05 | 0.05 | 24.30
Isopropyl acetate ND ND ND ND ND ND
Butyl acetate ND ND ND ND ND ND
Isobutyl acetate ND ND ND ND ND ND
Ethyl butyrate ND ND ND ND ND ND
Ethyl hexanoate ND ND ND ND ND ND
Pentyl acetate ND ND | 4744 | ND ND ND
Phenyl acetate 105.31] ND ND ND ND ND
Total esters 143.08| 26.52 | 67.32 | 18.48 | 14.17| 33.93
Total Volatile Content | 545.78| 286.00| 579.31| 325.55| 296.29| 311.91
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Total higher alcohols in wines with rosemary extract was not differ significantly from
those found in the control samples (TK0O and TK25). The best result for this group of
experimental wines was observed in variant R253 (270.32 mg/L). The synergic effect of 25
mg/L SO, + 0.3 mL rosemary extract had a positive effect on the accumulation of higher
alcohols in the wine.

In the following variants (grape pomace extract) in GP253, the highest total content of
higher alcohols (519.86 mg/L) of all the wines analyzed was found. The results obtained with
this type of extract showed a trend of increased amounts of higher alcohols compared to the
two control samples. It was noticed that the combined effect of SO, and grape pomace extract
(GP253) caused increasing of the concentration of higher alcohols in the wine. It was
interesting to noted that in the variant of treatment with grape pomace without SO, (GP01),
a good effect on the total content of higher alcohols (321.88 mg/L) was observed. It was
significantly better than the same variant but with the addition of rosemary extract (R01).

With the addition of blueberry extracts, the best quantitative accumulation of higher
alcohols was found in sample coded as BB253 (492.94 mg/L). This confirmed the hypothesis
that the combined effects of SO, and extract could improve the synthesis of higher alcohols
in the wine. The results for total higher alcohols in the other three samples (BB01, BB251
and BB257) were almost comparable to those found in the control variants (TK00 and TK25).

The results obtained for the total content of higher alcohols in wines with incorporated
extracts found that in all variants the best result was obtained with a combination of SO, (25
mg/L) and extracts (0.3 mL) in samples coded as R253, GP253 and BB253.

Effects of treatments on individual higher alcohols in wine samples

Eight higher alcohols were identified in the experimental wines. The dominant were 1-
butanol, 2-methyl-1-butanol (active amyl alcohol), 3-methyl-1-butanol (isoamyl alcohol) and
1-hexanol.

The 3-methyl-1-butanol was a major component of higher alcohols group. The lowest
concentration (157.14 mg/L) was found in BBO1 wine — with the addition of blueberry
extract. The highest amount (262.22 mg/L) was identified in sample BB257, obtained with
the addition of blueberry extract. The lowest amounts of this compound were observed in the
samples obtained with the addition of rosemary extract.

The experimental wines obtained with the addition of grape pomace extract had higher
amounts of isoamyl alcohol than the samples with rosemary. The highest amount of 3-
methyl-1-butanol of this group (239.75 mg/L) was distinguished in experimental wine coded
as GP253. In this case the positive effect of the combination of SO, + extract on synthesis of
3-methyl-1-butanol was observed. In the samples with addition of blueberry extract a gradual
increase in the levels of established 3-methyl-1-butanol from BBO1 (157.14 mg/L) to BB257
(262.22 mg/L) was realized. The result confirmed the effect of the extract with certain doses
of SOz.

The 3-methyl-1-butanol is an important aromatic compound in red wines. It was found
to be a an important component of Californian and Australian red wines from Merlot and
Cabernet Sauvignon varieties subjected to aging in stainless steel tanks [11,35]. This
compound formed the malt and whiskey flavor in wines [20].

The 2-methyl-1-butanol (active amyl alcohol) was found in the lowest quantities in
sample coded as RO1 (38.43 mg/L) obtained with the addition of rosemary extract. Its highest
amount (49.81 mg/L) was found in sample BB01 — with addition of blueberry extract. The
active amyl alcohol was not identified in three of the samples: GP01, GP251 and GP253.
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Another representative with a significant presence in the wines studied was 1-butanol.
Its concentrations in all tested wines corresponded to those found in the two control samples.
In two of the samples (GP251 and GP257) it was identified in very low amounts. In R253
and BBOL1 it was not established. In the remaining samples the content of this component
ranged within 14.83 mg/L (BB251) to 26.99 mg/L (R257). The content of 1-butanol in wine
ranges in the concentration range of 1.00 — 64.00 mg/L [12]. This study corresponded to these
quantitative variations.

The 1-hexanol was found in all experimental wines. This compound gives a herbaceous
tone of wine aroma. It accumulates when the leaves and bunches are affected by the crushing
process [12]. In most samples analyzed in this study, elevated levels of this alcohol were
observed. The added extracts affect the final content of 1-hexanol in the wine. Significantly
high levels were observed in the samples treated with grape pomace extract. The observed
concentration of 1-hexanol in these wines ranged from 15.69 mg/L (GP01) to 71.99 mg/L
(GP257). The highest content was observed in BB01 wine (85.81 mg/L). The best in terms
of this indicator were two of the wines containing rosemary extract — R0O1 (10.42 mg/L);
R257 (11.57 mg/L) and blueberry extract — BB253 (0.05 mg/L); BB257 (0.05 mg/L).

The 1-heptanol was identified in a substantial amount (67.27 mg/L) only in the GP0O1
sample. The 2-phenylethanol (aromatic alcohol) was found in small quantities in the
experimental wines coded as RO1, BB251 and in the TK25 control. This compound closely
related to rose aroma in wines [36].

Considering the 2-methyl-1-butanol, 3-methyl-1-butanol and butyl acetate compounds
were determined significant differences between wines treated with grape pomace extract
and rosemary extract (p<0.05). There were also determined significant differences between
wines treated with blueberry and rosemary extract according related to butyl acetate content
(p<0.05).

Effects of treatments on esters in wine samples

The ester fraction was represented by 9 identified compounds. The highest total ester
content (169.13 mg/L) was found in sample coded as R253 with combined treatment of 25
mg/L SO, + rosemary extract (0.3 mL). The other three variants of rosemary treatments
demonstrated quantitatively close ester content. In samples containing grape pomace extract
was found the lowest total ester content compared to all others. From this group, variant
GP253 (40.62 mg/L) was distinguished.

In variants with blueberry extract were found high concentrations of total ester content.
The highest amount of esters was identified in a sample without SO, — BB01 (143.08 mg/L)
obtained only with the blueberry extract. This result revealed the potential of blueberry
extracts as an alternative approach for sulphitation with enough ester accumulation. A
satisfactory result was also established with sample BB253 (67.32 mg/L), also. This
confirmed the good synergic action between SO, and discussed extract.

The ethyl acetate was found in all samples tested. It presents have a positive influence
by providing a pleasant fruity aroma (concentrations of 50.00 — 80.00 mg/L) [37]. At high
concentrations it has a negative effect [38]. The concentrations of this ester found in our study
met the criteria corresponding to its positive effect. This ester was found in the lowest amount
(9.63 mg/L) in the control sample TK25. The highest content of ethyl acetate (37.72 mg/L)
was found in the wine sample coded as BBO1 variant.

Another representative of the ester fraction identified in all the wines examined was
propyl acetate. In most samples, it was found in low amounts (0.05 mg/L). The highest
amount was observed in the GP253 sample with quantity of 29.09 mg/L.
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Butyl acetate was identified only in wine samples numbered as R251 (26.44 mg/L) and
R253 (95.09 mg/L). This compound was observed only in wines produced with the addition
of rosemary extract.

Isobutyl acetate was identified only in wine samples R253 (58.82 mg/L). The phenyl
acetate was found in two of the wines samples: RO1 (0.05 mg/L) and BB253 (47.44 mg/L).
Phenyl acetate was another identified ester. It was only observed in variant BB01 (105.31
mg/L). This ester gives fruity and floral characters to the wine aroma [39].

Effects of treatments on terpenes in wine samples

From the group of terpenes, were identified five representatives — a-terpineol, linalool
oxide, nerol, B-citronellol and geraniol. A remarkable high total terpenic content (0.97 mg/L),
significantly greater than the two control samples, was found in wine coded as RO1 which
was produced without SO, and treated with rosemary extract. The higher total terpenic
content was probably due to the transition of terpene compounds to wine from the rosemary
extract. Wines treated with grape pomace extract, sample coded as GP257 demonstrated the
highest total terpene content (0.68 mg/L). When a blueberry extract was applying, higher
values of total terpenes were observed in sample BB251 (0.42 mg/L). The dominant terpene
was geraniol. It was found in all tested wines. The highest concentration (0.68 mg/L) was
found in the sample GP257 obtained by sulphitation and addition of grape pomace extract.
The concentrations of this terpene found in the remaining experimental wines were not
significantly different from those of the TK0O and TK25 controls. Geraniol has a strong
aromatic effect in the muscat grapes and was found to be dominant (24.2%) [40].

The a-terpineol was identified in two of the experimental wines numbered as R01 (0.76
mg/L) and R257 (0.05 mg/L). This terpene alcohol gives the wine melon and lily aromas
[41].

Linalool oxide was identified only in the wine with blueberry extract BB251 (0.24
mg/L). The nerol was identified only in R251 sample and B-citronellol was detected in R253
and GP251 samples. The last two terpenes were found in very low concentrations.

Effects of treatments on methanol content in wine samples

Methyl alcohol were found in all tested wines. It results from degradation of pectins in
fruits with the action of the pectolytic enzyme complex [42]. In red wines, it is formed in
concentrations ranging from 60.00 to 230.00 mg/L [18]. A remarkable quantitative presence
of this alcohol (109.74 mg/L) was recorded in experimental wine sample coded as BBO1
produced with addition of blueberry extract and without SO2. This is explained by the added
effect of the pectin content of the blueberry fruit. In the remaining samples the amount of
methanol was not different from responding control groups. The methyl alcohol levels were
very low and not pose a risk to the consumer.

Correlation analyses were used to determine the relation between parameters and within
groups. In this study, the regression correlations of compounds were significantly different
and those compounds contributed to the wine aroma content. This indicates that each aroma
compounds have different flavor characteristics in wines.

While there was no positive correlation detected between pH and total acidity or volatile
acidity in the groups, there were a positive correlation between the pH and 1-hexanol, ethyl
acetate and phenyl acetate values (respectively, r=0.598, r=0.814 and r=0.9771, p<0.05).
There were also determined correlations between volatile acidity and total SO, content
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(r =-0.772, p <0.05), total SO, and free SO, value (r = 0.763, p <0.05), dry matter and 2-
methyl-1-butanol (r = -0.547, p <0.05), ash and 1-butanol value (r = -0.576, p <0.05).

Considering the butyl acetate, there were detected positive correlation between isobutyl
acetate and isopropyl acetate (r = 0.679, p <0.05). It was also determined significant
correlations between 3-methyl-1-butanol and 2-methyl-1-butanol (r =-0.889), 1-hexanol and
1-butanol (r = -0.9084), ethyl acetate and 1-butanol (r = -0.544), isopropyl acetate and ethanol
vol.% (r = -0.578), isobutyl acetate and ethanol vol.% (r = -0.578), 1-hexanol and ethyl
acetate (r = -0.566), propyl acetate and ethyl acetate (r = -0.552), propyl acetate and 2-phenyl
ethanol (r = 0.624), phenyl acetate and ethyl acetate (r = 0.862) and ethyl hexanoate and
phenyl acetate (r = 0.679) (p <0.05).

Conclusions

The results of the study demonstrated the influence of different plant extracts on the
aromatic profile of Cabernet Sauvignon wines. The highest total amount of volatile
compounds (twice higher than the TKOO and TK25 controls) was achieved by applying
blueberry extract and grape pomace extract treatments- variants BB251 (579.31 mg/L) and
GP253 (579.20 mg/L). The blueberry extract affected positively the volatile composition,
even when it was applied alone — BB01. The combined application of SO, and blueberry
extract (sample BB253) increased the wine volatile complexity. The best effectivity on higher
alcohols synthesis and their accumulation in wines was obtained by using SO, (25 mg/L) and
plant extracts (0.3 mL) in samples coded as R253, GP253 and BB253 and eight higher
alcohols have been identified. 1-butanol, 2-methyl-1-butanol, 3-methyl-1-butanol and 1-
hexanol were determined as dominant. The highest total ester content was found in sample
R253 (169.13 mg/L). A high amount of individual esters was identified in BB01 sample
(143.08 mg/L), obtained only with blueberry extract, without SO». This revealed the potential
of blueberries as an alternative approach for sulphitation, realizing good ester accumulation
in wines. The terpenes were dominated by geraniol. The highest value was obtained in sample
GP257 with concentration of 0.68 mg/L. Methyl alcohol was found in all wines tested. Its
quantity was within normal limits. Results demonstrated the importance of treatment of plant
extracts and their concentrations in red wine. The study indicated the possibilities of
optimization of SO, in wine production and wines quality by treatment with natural plant
extracts.
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Introduction. The article deals with information about the
general state of technologies for the utilization of secondary
energy resources and environmental resources.

Materials and methods. Energy-consuming processes are
investigated from the point of view of using their potentials as
isoenthalpy in malt dryers, fermenters, heat pumps and vacuum
dryers in their classical design. Research methods are based on
the principles of technical thermodynamics. The combination of
these objects concerns the possibility of creating closed energy-
material circuits on their basis by supplementing them with
compensatory processes.

Results and discussion. The analysis of isoenthalpy drying
processes led to the conclusion that it is expedient to keep the
total potential of the vapor-gas mixture in closed circuit, but with
the feature that the drying potential of the medium will be
renewable. Since the extraction of the vapor fraction is possible
only through its condensation, which is carried out using a heat
pump, energy potential is returned in it to the gas flow during its
passing through the condenser.

It is shown that such a system implements the tasks of drying
the grain mass, transporting the vapor-gas mixture, drying the
gas fraction and returning energy potential to it. The heat pump
circuit in this system plays a regulatory role in relation to the
steam-gas mixture circuit, and the compensation process is
assigned to the heat pump compressor.

It was shown that the thermodynamic properties of phase
transitions correspond to the isobaric-isothermal process and
this has at least two advantages from the point of view of the
interests of energy recovery and regeneration. Firstly, as a result
of the phase transition, the enthalpy of the vapor fraction is
approximately 5 times higher than the enthalpy of the liquid
fraction. Secondly, the temperature of the steam or gas phase can
be changed by mechanical or thermal compression, including for
changing temperatures of the phase transitions. The
consequence of such transformations is the ability to minimize
the cost of primary energy resources for evaporation processes.

Conclusions. Partially hydrolyzed protein samples had
higher protein content, lighter color, lower degree of
denaturation and better functional properties compared to the
traditional protein isolates.
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Introduction

Prospects for the restoration of low-temperature thermal resources with the latest technical
capabilities are widely reflected in the general provisions of thermodynamics, and in solving
individual technological problems [1, 3]. The dynamics of the use of heat pumps is achieving the
levels of industries [5]. However, in each case the problem of phase transitions of working media
at the level of parameters of the spent thermal energy and temperature modes of heat streams at
the exit from the system should be solved [6].

In each case the problem of phase transitions of working media at the level of parameters of
the spent thermal energy and temperature modes of heat streams at the exit from the system should
be solved. The total potential of energy resources to be recovered in the industries of the EU is
7% of the total spent heat resource [3] with the ability to reach source temperatures up to 150 °C.
Authors [7] provided information on the creation of a cascade heat pump with a capacity of 20
kW with propane in the low-temperature cycle and butane in the high-temperature cycle with a
range of heat flux recovery from 30 °C to 115 °C.

The creation of systems for the utilization of secondary energy resources required an initial
analysis in terms of assessing the possibilities of local transformation of thermal waste and the
optimal use or connection to existing power systems. The combination of heat pump, heat transfer
system and heat storage system can meet the needs at the relevant time scale, spatial coordinates
and energy level. Inthe publication [8] it was proved that the logical addition of heat flow transport
systems were heat pipes.

The technical limitation of the implementation of significant temperature differences in
phase transitions forced the use of systems with three independent cycles [9]. Comparison of such
triplex systems of heat pumps with single-circuit analogues showed the advantage of the first ones.

In the study [5] the use of secondary energy resources was associated with the prospects of
reducing the risks of global warming, the concept of industrial waste heat, potential sources of the
latter were defined, available for disposal resources were highlighted, heat pumps, heat
exchangers, power cycles, transportation systems were illustrated.

The study [10] presented options for heat recovery of heat pumps for drying equipment for
the food industry. Heating of air as a drying agent by heat recovery was carried out using ‘air-to-
air’ heat exchangers and heat pumps up to 200 °C. The temperature of wasted air was 76 °C with
adew point of 38.5 °C. At the evaporation temperature of 25-30 °C, up to 40% of the air heating
load was provided with a 20% reduction in energy cost. The transcritical cycle with
dehumidification of wasted air at the constant temperature and heating of the input air in the
supercritical area is thermodynamically good for the drying process.

Another direction of implementation of the fresh air dehumidification system concerned the
use of the heat pump with the heat exchanger covered with the dehumidifier [11]. This treatment
was due to the fact that dehydration with the transition to the dew point led to increased levels of
electricity consumption in traditional air conditioning. The proposed system was recognized as
effective for the treatment of air with high relative humidity.

Article [12] dealt with exergetic analysis of heat pumps for simultaneous generation of flows
with elevated temperature and cooled flows.

The combination of low-temperature and solar energy potentials was estimated to have
significant potential for different applications. Publication [13] summarized various aspects of this
technology, including system configurations, performance optimization, simulation models, and
various applications.
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Analysis of the course of a significant number of food technology processes led to the
conclusion that it was possible to complete them with components which transform the
system to the levels of closed circulation circuits. This applied to the processes of drying,
concentration of solutions, aeration of culture media, germination of grain areas and
determined the relevance of the research topic.

The purpose of the study was to assess the prospects for the implementation of
proposals for the use of secondary energy resources in existing systems by supplementing
them to the levels of closed energy circuits.

Materials and methods

Materials Energy-consuming processes are investigated from the point of view of using
their potentials as isoenthalpy in malt dryers, fermenters, heat pumps and vacuum dryers in
their classical design [1, 2]. The combination of these objects concerns the possibility of
creating closed energy-material circuits on their basis by supplementing them with
compensatory processes [1, 3, 4].

Methods. Research methods are based on the principles of technical thermodynamics.

Results and discussion
General provisions

Water and water vapor can be attributed to the most common working fluids and media
in food technologies [1]. This is due to the fact that their physical and chemical properties
correspond to the conditions of existence of the biological world, and are in sufficient
quantities in the environment [2]. Water is quite cheap, non-aggressive to the materials of
technological equipment and through phase transitions in the cycles of natural cycles restores
its properties. However, the phase transitions of evaporation and condensation of water vapor
are inherent in the majority of industries [3]. However, the list of used media is logically
supplemented by other substances involved in refrigeration plants, heat pumps, in the
production of alcohol, liquefied gases, in the processes of crystallization, drying. In this case,
water often acts as the medium in which thermal, chemical, mass transfer or biochemical
processes take place. It is obvious that such a set of possibilities for the application of known
and not known yet properties is based on information in the form of the laws of physics,
chemistry, thermodynamics.

According to its characteristics, water vapor is a typical representative of real working
bodies (the presence of its own volume of molecules and the forces of interaction between
them). Therefore, the application of the equation of state of ideal gases to water vapor is
almost impossible [1], and engineering calculations are proposed to do using thermodynamic
tables and entropy diagrams i-s and T-s, built on the basis of experimental data.

The processes of formation of the vapor fraction are isobaric-isothermal, so to determine
the state of the system it was necessary to have information about the parameters of pressure
p, temperature t and degree of dryness. In estimating secondary energy resources in
thermodynamic systems, the relationship between the enthalpies of liquid and vapor
fractions, the heat of vaporization and the values of entropies depending on the pressure and
the corresponding temperature were important [1]. These ratios in a significant number of
technological processes led to the possibility of recovery and regeneration of energy
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potentials. Such transformations are often based on the addition of steam, gas or steam-gas
systems with mechanical or thermal energy [2].

Since in the isolated flow system the sum of all types of energy remained constant, the
equation of energy balance of the system had the form [1]:

E,=AE +E,, Q)
where E_ i E. —supplied and removed energy respectively, J; AE, — energy gain of the

system, J. In the elementary process [1], the energy balance equation is represented by the
formula:

E.dt=dE,+E, dz, )

where E. T1a E, —the flows of supplied and removed energy respectively, W; dt—
elementary process time. For a stationary process within a unit of time we have:

Es = Er * (3)
Transition to the balance of mass flows was made similarly:
m, = m, . (4)

Double-circuit recuperative malt dryer

Conditions (1) — (4) corresponded to those processes which occurred in isolated or
conditionally isolated thermodynamic systems of aeration of culture media of aerobic or
anaerobic cultivation of microorganisms, germinated malt, mixing streams, heating-cooling.
Thus, the drying of malt or other grain mass occurred due to the interaction of the latter with
the drying agent, the result of which was the redistribution of moisture and energy potentials
[1, 2]. However, the total energy potential remained constant, which defined the drying
process as isopotential. The direction of the material flow in the direction from the grain to
the drying agent and the recognition of the process as isopotential led to the conclusion about
the feasibility of using system with regeneration of the drying agent by removing the vapor
phase and parallel recovery of energy potential with increasing temperature. It ws obvious
that the technical possibility of extracting the vapor fraction was associated with its
condensation due to cooling of the gas or steam-air mixture. This meant that the energy
potential of the condensing heat must be absorbed by the refrigerant of the heat pump. Having
been removed from the drying agent condensate was removed from the system, and the low-
potential heat energy flow obtained in the evaporator was transformed in the heat pump
circuit into the high-potential one, which was transferred to the drying agent in the latter
condenser (Figure 1).

Regenerated in this way in terms of energy and material indicators drying agent moved
in a closed circuit A with the corresponding transformations in the circuit B of the heat pump.
The initial power supply of the system was due to the heater 3, and in steady state — due to
the compressor of the heat pump and the potential of the drying agent. The role of the energy-
mass regulator in the system was performed by the heat pump circuit, and the evaporator of
the latter was also a condenser of the circuit A of the drying agent.

The dryer itself was the evaporator in circuit A.

A common feature of both circuits was the presence of phase transitions in the modes
of evaporation and condensation, due to which the restoration of driving factors was achieved
in accordance with the second law of thermodynamics.
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Figure 1. The scheme of the device for drying malt:
A — contour of the drying agent; B — contour of thermal agent; 1 — dryer; 2 — fans;
3 — heater of drying agent; 4 — heat pump evaporator and condenser of steam of the drying
agent; 5 — compressor; 6 — condenser of the heat pump; 7 — control valve

Thus, the compression of gas by the compressor led to an increase in temperature due
to the mechanical reduction of the volume with a constant value of entropy. In the reverse
process, the expansion of the compressed gas compensated energy costs. This feature in the
form of adiabatic processes was used in refrigeration cycles and cycles of heat pumps with a
super-important effect to change the temperature of the phase transitions. The latter opened
the possibility of efficient mass and energy-intensive processes with technological medium
and environment, including due to phase transitions with a high value of heat output and heat
transfer coefficients. The presence of a phase transition with the formation of vapor or gas
phase meant the creation of powerful energy flows, which were analogous to energy-
saturated areas like a heat pipe. In this case, the circuit A was closed and met the requirements
of the process, and the compensation process in its structure corresponded to a set of
processes of condensation of the vapor phase and subsequent heating of the drying agent. In
the heat pump circuit, the compressor and the control valve corresponded to the compensation
process in its execution. The presence of the latter in the circuit of the heat pump as in an
isolated system allowed to create and update temperature differences in the evaporator and
condenser, ensuring that the system was in terms of heat transfer in an unbalanced state. The
heat flux perceived by the thermodynamic refrigerant from the medium of circuit A was
replenished by the potential of the compressor. It is known that the most efficient reverse
cycle is the Carnot cycle.

In the technological process corresponding to the circuit A, there were thermodynamic
processes of condensation of the vapor phase with appropriate cooling and subsequent
heating of the gaseous part of the medium. The performance of both tasks was entrusted to
the heat pump.

The next process in circuit A was the evaporation of the wet fraction. Thus in circuit A
there were operations of phase transitions, as well as in circuit B of the heat pump. However,
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it was impossible to organize the work of the first on the basis of thermodynamic principles
of the second due to the combined vapor-gas medium and the peculiarities of the interaction
of the drying agent and the humid medium, which are shown in diagram I-d. However, the
isoenthalpy nature of the latter determined the possibility and feasibility of creating recovery
modes based on closed circuits in parallel and synchronized material and energy flows. The
material flow of circuit A in the area between the evaporator of the heat pump and the dryer
was represented by air, and in the dryer and to the evaporator — by a vapor-gas mixture. In
the evaporator of the heat pump, which simultaneously acted as a steam condenser of the
drying agent, the interaction between which and the thermodynamic agent of the heat pump,
the condensation of the vapor phase was completed and the condensate was removed from
the circuit.

Condensation of the vapor phase of the drying agent in the evaporator of the heat pump
was accompanied by active heat transfer of the coolant to the circuit B, which in the form of
vapor phase entered the compressor, compressed with increasing temperature and energy
potential, and with the transition to the condenser 6 of the heat pump due to its condensation
the return of the energy potential of the flow of drying agent was carried out. Restoration of
the drying properties of the latter and its initial thermodynamic parameters meant the creation
of a second closed energy circuit based on the circuit of the heat pump. An important
combination of such a double closed-loop system was the technical ability to perform
material flow processing in a continuous mode, provided the required input initial
thermodynamic parameters.

The closed circuit B of the heat pump was arranged on the basis of the classical Carnot
reverse cycle, in which the compensation process was represented by mechanical
compression of the vapor phase. Compression itself was a prerequisite for the creation of
driving factors of heat transfer in combination with the throttling of the refrigerant.
Synchronization of the corresponding processes in the circuits A and B was reflected in the
sequence of their execution in Figure 2.

Circuit rl;\'apomlion o? Refrigerant g (ondcns;—xliun ‘h Refrigerant
B: the refrigerant |[=>| compression |~ refrigerant == throttling
Circult Evaporation || Transportationof | . | Heating of the | . | Transportationof

As condensation drying agent drying agent  |™| the drying agent

Figure 2. Synchronization of processes in the circuits A and B from Figure 1

The absence of compression in the circuit A was compensated by the heating of the drying
agent and this change will be conventionally considered to be analogous to thermal compression.

Parallel synchronous operation of both circuits ensured the retention of energy potential in
the system, which meant the possibility of full use of the features of drying processes as
isoenthalpy.
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Fermentation apparatus with distillation function

A significant number of media in food technologies has relatively small temperatures,
which allows them to be classified as low-potential [2, 5]. Methods of converting processes
to high-potential include mechanical or thermal compression of steam, gas or steam-gas
media [1, 7]. In most cases [10], such transformations are used for recuperative
transformations, but in parallel with them, purely technological problems are solved.

An example of such a dual purpose relates to the patent of Ukraine for the invention 107407
"Fermenting apparatus”. Its schematic representation is shown in Figure 3.

35 °C
40C 45 °C CO;

C>Hs0H + HO
32°C

Figure 3. Scheme of the fermenter with a recuperative system of alcohol extraction

The unit consists of a cylindrical body 1 with a cooling jacket 2, a conical bottom 3,
supply pipes 4 and discharge of fermented medium 5, safety valve 6, medium circuit with
pump 7, pipeline 8, vacuum chamber 9 with dispersing head 10 and sluice gate with a sealed
actuator 11, a vacuum circuit with a vacuum pump 12, a heat exchanger-recuperator 13 of
liquid and steam-gas flows and a condenser 14 of the steam mixture.

The invention is based on the task of combining the processes of fermentation and
extraction of alcohol, reducing the osmotic pressure in the medium, increasing the average
fermentation rate of sugars and productivity of the fermentation process, reducing energy
consumption to ensure fermentation and subsequent distillation.
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To stabilize the concentration of alcohol at a given minimum level, the circuit of the
medium with the pump 7, the pipeline 8, the vacuum chamber 9 with the dispersing head 10
and the sluice gate with the sealed actuator 11 was turned on and the medium was provided
into the vacuum chamber 9, in which the liquid phase was dispersed, the alcohol evaporated,
and the sluice gate with a sealed actuator removed the liquid fraction into the medium of the
fermentation apparatus. Due to the reduction of the pressure in the vacuum chamber to 70
mm Hg boiling and evaporation of alcohol were achieved at a temperature of 30 °C and the
formation of a water-alcohol mixture with an alcohol concentration of 50-60% occured.
Compression of this mixture by a vacuum pump 12 led to an increase in temperature and
pressure and it was provided to the heat exchanger-recuperator 13 of the liquid and vapor
stream. The transfer of the latter to the condenser 14 provided complete condensation of the
water-alcohol mixture and the return of thermal energy to the fermentation medium.

The condensed mixture was provided to the distillation and due to the high
concentration of alcohol in it the energy saving effect of the system was achieved.

In connection with the latter, it is worth emphasizing that the double energy result of
the system was due to the fact that the stabilization of the medium temperature at the nominal
level was provided by the removal of fermentation heat, which in this case was involved in
the vacuum distillation process. Due to the variable pressures of vapor-liquid mixtures,
thermodynamic parameters of phase transitions with a temperature close to the nominal one
for yeast with satisfactory differences on the heat exchange surfaces were achieved. In such
a system, the external heat dissipation, which is presented in the classical schemes of
fermenters [2, 9] and is an additional energy load, in this case was equivalent to the
distillation potential and logically complemented the overall positive of the system. The
sequence of processes in this system had the form:

Vacuum . _ N . .
evaporation with Compression of Recuperative Condensation of
p . | steam-water C()U[lﬂg ol steam-waler
enrichment of the Pz arn - o b steam-wate
» ase.wwith mixture steam-water mixture

vapor phase with SErEN
alcohol

An important technological result in this case was the stabilization of osmotic pressures
in the fermentation medium at the nominal level due to the limitation of alcohol
concentrations due to changes in physical pressures in certain parts of the system. In addition,
this patent did not contain information regarding the solubility of carbon dioxide synthesized
in the system. Its concentration reached saturation and this was accompanied by additional
mass transfer resistance on the phase separation surface. The reduction of the pressure in the
vacuum chamber in accordance with Henry's law was accompanied by a corresponding share
of desaturation with subsequent removal of CO; and additional positive effects on the system.

Thus, the combination in the system of phase transitions within the given
thermodynamic parameters was accompanied by the following provisions:

— The main technological result of reduction and stabilization of osmotic pressure at the
nominal level;

— Use of thermal fermentation potential for distillation;

— Regenerative support of the general energy potential of the system;

— No energy costs for cooling the fermented medium;

— Desaturation of the liquid phase of the medium.
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Earlier it was noted that the energy costs of compensation processes were determined
by temperature differences in isothermal phase transition processes [11]. That is why the
efficiency of heat pumps largely depended on the temperatures of the carriers of low-
temperature potentials. At the same time, for use in thermodynamic cycles of ammonia or
freons (CFCs), their condensation temperatures were also limited and amount to 3540 °C
[8]. Expansion of the thermodynamic range of use of heat pumps related to the patent of
Ukraine for the invention 90919 (Figure 4) with the following formula: a heat pump
consisting of series-connected compressor, condenser, control throttle and evaporator, which
differs from the previous inventions by the fact that the condenser was made in the form of a
sealed tanks with a heat transfer surface and equipped with an axial compressor and a
hydraulic power shut-off valve.

qu

Figure 4. Heat pump circuit

The design of the condenser with its axial compressor and hydraulic shut-off valve made
it possible to create a vacuum in its volume, boil the intermediate heat agent and generate its
vapor, compress the latter and increase its temperature, which meant the transition of the
intermediate heat agent to high potential. The hydraulic power shut-off valve maintained the
nominal level of the intermediate heat agent (water).

The heat pump works as follows: compressor 1 sucks the refrigerant vapor from the
evaporator 4, compresses it with increasing temperature and provides with new parameters
to the condenser 2. Condensation of the refrigerant is carried out by removing the heat of
condensation from it by the boiling intermediate heat agent. The boiling point of the latter is
regulated by evacuating the system by an axial compressor 5, the compression of steam which
increases its thermodynamic parameters to the level of high-potential ones. The level of the
intermediate heat agent (water) in the condenser is regulated by the hydraulic shut-off valve
6. The condensed refrigerant in the throttle 3 reduces the pressure and enters the evaporator
4, completing the refrigeration cycle.
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The following relations correspond to the specified set of processes:
A =0+ a,=q.+F =g +f+f (6)
where q, — specific heat of condensation of a thermodynamic agent; q, — specific heat

perceived by the thermal agent in the evaporator; { — compressor operation; L

of the axial compressor.

The technical result related to the possibility of obtaining an intermediate thermal agent
with high potential thermodynamic parameters.

Adding to technological complexes with phase transitions and the formation of a steam
or gas structure can be considered an important indication of the feasibility of creating a
recovery circuit [11, 12]. This was all the more important because under such conditions
there were opportunities for additional variations in the effects on the technological
parameters of the systems. Thus, the limitation of temperatures while maintaining the
dynamics of the process allowed the drying of thermolabile products, to store vitamin
complexes and biologically active substances under low pressure [13].

Such conditions are met by a continuous vacuum dryer (Ukrainian patent for invention

112880), a scheme of which is shown in Figure 5.
Wet product

N\

_Condensate o
secondary steam

—operation

c.

Compressed
secondary steam
9

10 — @S
Power supply

H— 3 ¥ 3
— e 00 I

L

6 Dried
product

Figure 5. Scheme of a vacuum dryer of continuous action

According to the invention, the vacuum chamber is equipped with a belt conveyor with
loading and unloading sluice gates with hoppers and energy-permeable screen, and the primary
power supply system is made in the form of infrared radiation sources located above the energy-
permeable screen, and supplemented by the circuit of secondary recuperative resources with a
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secondary steam pipeline, a vacuum pump and a conductive heating surface of the product,
which leads to increased productivity, the implementation of a continuous process, stabilization
of temperature conditions, preservation of biologically active substances.

The device works as follows: the wet product is provided to the surface 9 of the
conductive heating, from which under the action of gravitational forces enters the loading
hopper 5.

The product enters the belt of the conveyor 2 of the vacuum chamber 1 along the sluice
gate 3. In the process of moving the belt, the product is irradiated through the energy-
permeable screen 8 by infrared rays from sources 7.

When vacuuming the internal volume of the vacuum chamber by the vacuum pump 10,
secondary steam (steam released from the product) is removed by pipeline 11. Compressed
by the vacuum pump steam enters the surface of conductive heating, and the dried product is
transferred from the belt of the conveyor to the sluice gate 4 by gravity, from which it is
transferred to the unloading hopper 6, and is allocated for packaging or storage.

Conclusion

The thermodynamic properties of phase transitions corresponded to isobaric-isothermal
processes, which from the point of view of the interests of energy recovery and regeneration
had at least two advantages.

Firstly, as a result of the phase transition, the enthalpy of the vapor fraction was
approximately 5 times higher than the enthalpy of the liquid. It was important that the
generation and condensation of steam were characterized by the same heat of phase
transitions.

Secondly, the temperature of the vapor or gas phase can be changed by mechanical or
thermal compression, including to change the temperatures of the phase transitions. The latter
opened up prospects for the implementation of several stage condensations and generations
of steam fraction in the direction of decreasing and increasing temperatures and pressures of
phase transitions. The ability to minimize the cost of primary energy resources for
evaporation processes was the consequence of such transformations.

Energy-intensive drying processes, aeration of grain masses during germination, culture
media in the synthesis of microorganisms or their derivatives were evaluated as isoenthalpy,
which meant the feasibility of creating closed energy circuits, as the hardware design of
technological devices often had components at the level of heat pumps.

The initial energy potentials of the systems were represented by the components of
secondary steam and condensate, and the combination of phase transitions with technological
processes has prospects in the processes of drying, evaporation, aeration, anaerobic
fermentation.
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Introduction. The predominant number of relations for
turbulent viscosity in down flowing films has a discrete layered
structure, and the solutions of the heat and momentum conservation
equations using these relations are only numerical. A hew model is
proposed and on its basis the analysis of thermohydrodynamic
processes in films of liquids during vaporization is carried out

Materials and methods. Physical modeling was performed in
pipes:d=22x1mm,L=18m,andd=33x1,5mm,L=9m. The
bulk density of irrigation varied in the range of 0,05-0,55-10" m?/s
in the pipe d = 20 mm, and 0,05-1,9-10° m?%/s in the pipe d = 30 mm.
Model liquids — water and sugar solutions with a concentration of
up to 70% at atmospheric pressure and a vacuum of up to 0,86 bar.
Heating was carried out with dry saturated steam.

Results and discussion. A model of turbulent viscosity in a film
in the form of a beveled interfacial surface of a parabola is proposed.
Analytical expressions for temperature and velocity profiles in the
film and  corresponding integral  thermohydrodynamic
characteristics for the heat transfer regime characterized by
evaporation from the interfacial surface are obtained from the heat
transfer and momentum conservation equations.

Analytical expressions for heat transfer coefficient and film
thickness are expressed in inverse hyperbolic functions and are
simply correlated with the corresponding experimental data on heat
transfer in flowing films of water and thick sugar solutions in the
area of undeveloped and developed turbulence during vaporization.
Experimental data on heat transfer in the presence of interfacial
tangential stress on the film surface correlate with the theoretical
results of the proposed model only with the introduction of an
additional function that takes into account the suppression of
turbulence in the film due to its thinning, expressed in Weber
numbers for the vapor phase. According to experimental data, the
effect of bubble boiling on the intensity of heat transfer during the
movement of the vapor-liquid core is manifested only outside the
limiting temperature pressure, expressed by the Clapeyron-Clausius
ratio, and is taken into account by introducing the parameter
turbulent viscosity models.

Conclusions. Based on the proposed model of turbulent
viscosity, the analysis of thermohydrodynamic processes of weakly
turbulent film flows is performed, the corresponding analytical
expressions for calculation of heat transfer to films of solutions
during vaporization in pipes, including bubble boiling region are
obtained.
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Introduction

Boiling fruit juices and sugar solutions in down flowing films in long evaporation
channels under vacuum allows to obtain high-quality food concentrates, so this direction is
developing, and film evaporators are improving.

The processes of heat and momentum transfer in flowing films of liquid differ
significantly from the processes of transfer in a continuous medium due to the presence of an
elastic, due to surface tension, interfacial surface covered with a system of waves.
Measurements of turbulent viscosity in films given in the works of D.C. Jepsen and B.G.
Ganchev, indicate its rapid fall near the interfacial surface, and the shape of the turbulence
curve is deformed depending on the orientation of the film relative to the direction of gravity.
Thus, in films flowing on inclined (at an angle of 9°) surfaces in the region of Reynolds
numbers up to 1800 turbulent viscosity has an almost parabolic profile, Figure 1.A., while in
the films flowing down the vertical surface, there is a deformation of the parabola with a flat
part near the wall and a rapid fall near the interfacial surface, Figure 1. B.
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Figure 1. The dependence of turbulent viscosity on the film thickness of water (t = 20 °C).
A — flow along an inclined angle of 9° (D.C. Jepsen); 1 — Re = 1834; 2 — 1462; 3 -1099; 4 — 732,
(method of CO2 absorption);
B — flow along the vertical surface (B.G. Ganchev) Re = 1310, (method of stroboscoping of
alumina microparticles).

In single-phase continuous media, modeling of complex near-wall flows is carried out
mainly by direct numerical modeling based on grid methods, or modeling based on ANSY'S
software using either differential and turbulence models [1, 2, 3, 4], or mixed — in the near-
wall algebraic form, and in the external — differential. Works on the application k - & and

k — o models for the reproduction of thermohydrodynamic characteristics of film flows with
awave structure have not been found in the literature. In addition, as a result of the application
of differential models, only numerical solutions of the differential equations of motion and
heat exchange are obtained, while artificial algebraic models [5, 6, 7, 8, 9] , which with a
certain approximation copy the shape of the turbulent viscosity distribution curve in films,
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having a relatively simple form, give satisfactory analytical results on the reproduction of
thermohydrodynamic processes in films flowing on vertical surfaces.
A successful algebraic relation for turbulent viscosity in films is the expression of M.D.

Millionshchikov, which postulates the presence of a laminar layer thickness 6 = 7,8, and a

. . 7,8 . . .
turbulent nucleus in the region — <# <1 with a parabolic profile v, /v .
§+

“_039(ns" 87 )(1-n), (1)

|4
where y —normal to the heat surface coordinate; & — film thickness; » = Y _ dimensionless
)

transverse coordinates; v v — turbulent and molecular cinematic viscosity coefficient,
respectively; p — density of liquid; z, — shear stress on the film interface; g — acceleration

. s, &) .osu’ . su’ T,+pQgs 7,8v
of gravity, n, =—+=—", 6/ =——=17,8, &' = yuU = 5, =—.
) ' v v P u

In the case of replacing the constant coefficient (0,39) by a function of the flow and
mode parameters of the film, expression (1) becomes convenient for analysis and
generalization of experimental results on heat transfer and hydrodynamics of film flows. At
the same time, the abrupt increase in turbulent viscosity at the outer boundary of the laminar
layer in expression (1) seems physically unreasonable. In addition, the model (1) has a
layered change in viscosity, so when solving the heat transfer equations there is a need to join
the solutions between the laminar and turbulent layers. Two-layer algebraic models of
turbulence in films with ascending and descending branches of the turbulent viscosity
function have become widespread [5, 6, 7, 8, 9]. At the same time, in the near-wall and
interfacial regions a gradual continuous transition from the laminar to the turbulent mode of
motion is postulated. But the profiles proposed in [5, 6, 7, 8, 9], in contrast to (1), do not
allow to obtain solutions of the equations of motion and thermal conductivity in quadratures.
The continuous distribution function of turbulent viscosity over the entire thickness of the
free-flowing film with a gradual, in the form of VVan Drist correction, transition from laminar
to turbulent mode in the near-wall region and within the interfacial surface of the film was
proposed by Mudawwar [10]. Later, this model of turbulence was developed for flows with
concomitant steam flow over the surface of the film [11].

L:,£+£(1+|+zm\|' , )
1% 2 2\ T, +pgo )
: [ y I [y ]
where y*=yu ;17 =0,4y" |1 exp jl exp|n -1 |l;
v il )
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number; G, =

— volumetric liquid flux; G — mass flowrate; ,- - % —
pird i (VZ 1/3

v?)
P QL g J
dimensionless shear stress on the film interface; d — pipe diameter.
Graphically, the dependences (1, 2) are shown in Figure 2.
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Figure 2. Distribution of turbulent viscosity in the cross section
of the film by relations (1) and (2).
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Under the conditions of interfacial shear stress, according to (2), there is a shift of the
maximum of the turbulence function from the middle of the film to the interfacial surface
with its simultaneous growth, which corresponds to the physical idea of the turbulence
process in the film, but obviously only to a certain extent. since with increasing interfacial
tangential voltage, the film thickness, as well as the scale of turbulence, decrease.

Given the imperfections of existing models, the algebraic model of turbulence seems to
be effective, which, firstly, with some approximation will reproduce the real distribution of
turbulent viscosity in the film, and secondly, will perform analytical solutions of transfer
equations for film flows.

Purpose of the study - on the basis of the proposed new algebraic model of turbulent
viscosity to perform the analysis of thermohydrodynamic processes in the descending annular
flows of liquids and solutions during vaporization.

Materials and methods

The object of research — film flows of saturated weakly turbulent liquids with
concomitant steam flow.

Research methods
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Physical modeling of heat transfer processes was performed in a stainless steel pipe
with a diameter of 22 x 1 mm and a length of 1,8 m, divided into a stabilization section with
a length of 1,5 m and a measurement section. Heating was carried out with dry saturated
steam, the boiling of the film was simulated in the range of absolute pressures 10°-1,4 10*
Pa. The volumetric liquid flux varied in the range of 0,05-0,55x10% m?/s. The model liquids
were water and sugar solutions with a concentration of 20-70%. Temperatures were
measured with copper-constantan thermocouples. In addition, we used experimental data
obtained on a model installation of a stainless steel heat exchange tube with a length of 9 m
and an inner diameter of 30 mm, partitioned into 20 sections with a length of 440 mm with
drainage of each formed condensate into separate adiabatic measuring cups, and data [12],
obtained on an installation with a pipe length of 3,9 m and a diameter of 32 mm to simulate
the process of concentrating apple juice under vacuum. The volumetric liquid flux in a pipe
with a diameter of 30 mm varied in the range of 0,05-1,9x10° m?/s.

The simulation of the down flowing annular two-phase steams-liquid flow with the
shear stress on the film interface was carried out by the method of forced independent
introduction of steam in the upper part of the stabilization section of the experimental
channel. The introduction of liquid into the pipe is performed by the method of transfusion
through the edge, which corresponds to the real conditions of film formation in the pipes of
film evaporators. Measurement of heat flux was performed by the method of collecting
condensate from the model area in adiabatic measuring cups. Thermocouples were connected
to the 1-7018P analog input modules, which were connected to one 1-7520 module with
computer output for data storage. Survey of thermocouples during experiments 0.1-2 s.

Results and discussion

It is known that when the film of liquid flows down the vertical surface, even at low
irrigation density, a wave structure is formed on its surface. At a distance of 2-2,5 m from
the film-forming device comes the mode of saturation of wave motion [14] with the formed
structure of low-frequency large waves, which "roll" on the interfacial surface covered with
high-frequency waves. The movement of large waves on the surface of the film is
accompanied by mixing of the liquid, and, accordingly, the deformation of velocity,
temperature and concentration. Analysis of heat transfer processes in films with a developed
wave structure based on the model of cyclic perturbation of the film by large waves was
performed in [13], but the obtained results are difficult for engineering calculations.
Therefore, a simplified heat transfer model based on the averaged thermohydrodynamic
parameters of the film flow and the average turbulence parameters for the quasi-stationary
film flow regime is considered. The film is considered conditionally flat, and surface waves
act as turbulizers.

Modeling of heat transfer in free-flowing weakly turbulent evaporating films

To model the turbulence and, accordingly, the transfer processes in a vertically flowing
film, consider the expression

=en’(1-17"), ®3)
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where ¢ —the maximum value of the function at the vertex of the deformed parabola.
The graph of dependence (3) is shown in Figure 3.

Vi

A%

0,2 / N\

ol /1 \

\
0,5 h

Figure 3. Graph of dependence (3) at ¢ =1.

0

The shape of the curve in Figure 3 seems to be the most adequate to the real distribution
of turbulent viscosity in films in vertical channels with free flow, (Figure 1 b.). The maximum
value of function (3) at the vertex of the deformed parabola depends on the flow parameters
of the film, the degree of development of the wave structure, etc., and can be determined by
comparing the calculated and experimental values of thermohydrodynamic parameters of the
film flow.

Given the simplifications regarding the mode of motion of the film, the heat transfer
process can be provided as

AN Prv,)dt
R @

where q — heat flow; A — heat conduction of liquid; t —temperature; Pr, — turbulent Prandtl
number.

Accepting Pr, =1, taking into account (3) under boundary conditions 7 =0, t=t,_, we
obtain the temperature profile in the film

_Eﬂ\riArth(@n\—iAl’th(\/EgPrUY}7 )
A (4+2Pr)|R L R J A L A JJ

where H =~/4ePr+z2Pri;  A=+e’Pri—zPrH ; R=+e’Pri+ePrH .

From equation (5) provided 7 =1, t =t, the temperature on the interfacial surface

t=t

w

5 [
ti :tw—q—ﬂ‘ iAI’th
A (4+gPr)LR

(J2epr) 1 (J2epr)]
R A

J—XArthL JJ (6)

where, t, , t, —wall temperature and liquid film saturation temperature on the interface,

respectively.

Expressing the heat transfer coefficient as « = 4 , with (6) we obtain
t, -t

w i
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(4+¢Pr)

N "

A
a=—
)

(J2epPr) 1 (J2epr)]
A

J el

In expression (7) there is a film thickness, which is determined from the equation of
motion using function (3)

where N —IEA thL

2

(1f7)=[1+8(772774)}3—;, 8)

7.0 9o
-

pv 1%
where u — velocity.
From (8) under boundary conditions 7 =0, u=0 , we obtain the velocity profile
(riﬁ gé\\/_hl \/Eg \/_g

o J(m)'L?AmL Cr A JJ_
: ©

The average speed U = [udz is obtained from (9)

_ [z gst) W2n [ 2 (at-2:7) V2
usz_v v J(4 E)Lnle L 252J72| (aJJ
gst] [J hl1 (2e) (2 2e |

R e

Given that the film thickness & and the average velocity u are related to the

o‘—,H

+

(10)

vh

S G
volumetric liquid flux G, dependence 6 = —,
u

thickness in the form of a cubic equation

:|(‘ \|D+ (Dh-B), (11)
\ )
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where
B - IrzArth[iJ—@{lArth(\Eg}3Arth(ﬁg H— 2 nTI ,
L h 2 r r a a 2 J

o an T2 (a?-2:2) 2 (1]1

[ n nl— > |-—In .
(4+5)L 4¢ r-—2¢ 2¢ ]

a

In the case of free flow (z, = 0), the film thickness is directly from (11)

Gyvh
5= g — (12)
g(Dh-B)
and the expression for the heat transfer coefficient for free flow conditions is written as
4+¢P
., i (4+¢&Pr) (13)
Gyvh  2HN
L
g(Dh-B)

In expression (13) for the condition of free flow, the only unknown parameter is the
function of the maximum turbulent viscosity at the vertex of the parabola in expression (3)
¢, which is essentially a correlation parameter. The function is found by comparing the
experimental and calculated (13) values of the heat transfer intensity to the film in the mode
of evaporation from the interfacial surface. For water and sugar solutions during vaporization
in a pipe with a diameter of 20 mm (Figure 4) the relation for the function ¢ in (3) is obtained
in the form, (Figure 4)

£=5-10" Re"", (14)
a, kW
' Mm2
5.0 m+K |
4.5 ——
4,0 > =05 °
3,5 —
310 /2 Iy s
2,5 &Hm;/———
2,0 ~3
15— Re

7001400 2800 4200 5600 7000

Figure 4. Dependence « = f (Re) for water and sugar solutions in a pipe with a diameter

of 20 mm, length L =1,5m, t =100 °C.
1 - water; 2, 3 — sugar solutions. 2 — DM = 40%; 3 — 50%.
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Since wave formation at the same volumetric liquid flux develops differently in
channels of different diameters, then, accordingly, the turbulence in the film should depend
on the geometry of the channel. The effect of surface curvature on heat transfer in the form
(13) can be estimated by comparing experimental data on heat transfer to films in pipes of
different diameters with the results of calculation by (13, 14). The result is a function of
dependence ¢ on the diameter of the pipe in the form of a factor to (14), which has the form
of an exponential function

£=5-10"°Re™ %+36P wph EJP (15)

where d, =0,02 m.

Graphical interpretation of the results of calculations by (13, 15) for free-flowing films
of water in the mode of evaporation from the interfacial surface in pipes of different diameters
and comparison with experimental data is shown in Figure5.

kwW
'm? K
o1
A2 3 ——N
o|-3 S

\, — - —
\BL_%_ —

W N O OO N 0

Re

1000 3000 5000 7000 9000

Figure 5. Dependence « = f (Re) for pipes of different diameters.

1 - data of the authors, d =20 mm; 2 — d =30 mm; 3 - data [12], d = 32 mm,
water t =100 °C.

Simulation of heat transfer in flowing weakly turbulent films in the presence of
interfacial the shear stress

In the presence of the vapor velocity above the surface of the film and, accordingly, the
shear stress on the film interface, the film thickness decreases, and the parameters of the wave
structure of the film change. Thus, according to [14], the flow of gas over the surface of the
vertically flowing film leads to a decrease in the amplitude of the waves and an increase in
their frequency. These factors also affect the parameters of turbulence. In the absence of
direct measurements of the turbulence intensity profile in the films during the movement of
the gas flow (vapor) over its surface, it is convenient to make an assumption that only the
parameter changes, while the shape of the turbulent viscosity profile curve (3) is slightly
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deformed. The new value of the turbulence function at the vertex of the parabola shifted
relative to the middle of the film ¢ is given in the form of the product (13) with the function
of turbulence suppression by steam flow due to the reduction of the film thickness f, .

Comparing the experimental data on heat transfer to the films of liquids in the presence of
shear stress on the film interface with the calculated ones (7, 11, 13), we obtain the expression

f, forin the region We < 250

f, = S[1-0.1exp(-1.1086\fwe)],

where
S - 11190122 We + [ 0,07424+ LG\(\/\N_e)Q ~0,01808(+fve ) +
L 9,153-10 J
+1,775-10°° (\/vv_e)A ~7,810° (M)S +1,2810° («Aﬁ)6 ,
2
We = LA the Weber number; u, — steam core velocity; p,— density of steam;
o

o — surface tension.
Graphic interpretation (16) is shown in Figures 6, 7.

fy
1.2
09 N /;‘
0,6 Qé
0,3 - ~—~—
0 u,, m/s

4 12 20 28 36
Figure 6. Dependence f, = f (u,) on atmospheric pressure:
1-Re =1000, 2 - 3000, 3 - 6000, 4 — 9000.
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1,2— |
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2 \\\
0.3 ” — | u,,m/s

4 12 20 28 36

Figure 7. Dependence f, = f (u,) at Re =6000 in the region of rarefaction:

1- p,=06kg/m? 2-04;3-02.
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The nature of the curves in Figure 7 is due to the weakening of the dynamic action of
the flow core on the film in the vacuum region, where the vapor density decreases, and hence
the action of the flow core on the film, and, accordingly, on the turbulence parameters in it.

Finally, the algebraic function of the distribution of turbulent viscosity in flowing films

with a concomitant steam flow in the range We <250, G, <0,610° m”/s for pipes with
diameters from 20 to 32 mm (investigated range) takes the form

Y _5.107 Re! 11+3 6{1 exp|(1 diﬂlfn 1-7%) 17)

v o

Graphical interpretation (17) for different phase costs is shown in Figure 8.
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Figure 8. Dependence Yo f (n) on the ratio (17) for water at t =100 °C, d = 0,02 m.
14

a—u2=10m/s, 1 — Re =1356; 2 — 4068; 3 - 6780.
b-Re=6780,1- u2=35m/s;2- 20;3- 0.

The coefficient of hydraulic friction of steam on the surface of the film ¢, which is

2

included in the ratio for the shear stress on the film interface z, = ép, u?z , is calculated by the

ratio

foes 627(d,, /d) ’ (18)

1

’ | L1,25~1O’2Ki.'5(Fr—Hdl‘le/dla)J |

where & =& +3-107° +4-107° K, — is the coefficient of hydraulic friction for the first zone —

0,316
the zone of the mode of weak interaction; &, = ——— — coefficient of hydraulic friction on a

025

G3
dry wall; Kﬁze’% /g—p; pzaz ; -2 _ the Froude number;
g o gdp,
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u,d . . .
2P e Reynolds number for steam; u,— steam dynamic viscosity;

H,
d,, =0,013 m . The transition to a zone of strong phase interaction is carried out under the

condition Fr,—H,*/d/d, >0.

A comparison of the results of calculating the heat transfer intensity in the presence of
a concomitant steam flow with experimental data obtained in a pipe with a diameter of 20
mm for films of water and sugar solution at atmospheric pressure and vacuum of 0,84 bar is

shown in Figure 9.10

Re

2

kW
a , m’K

o1 |

6 o2 1 2N _«q _
o3 :\ —

5 o4 (@]

4 3I_4

3 ﬁ%——ﬂ'

5 | Up, m/s

5 10 15 20 25 30 35
Figure 9. Dependence « = f (u,) for water and sugar solutions for the pipe, d = 20 mm.

1,2 —water, t=100°C, 1 - Gy=0,510°m?%s; 2-0,310%; Pr=1,79.
3, 4 —sugar solution, t = 100 °C, DM = 40%; Pr = 5,58.
Lines — calculation for (7, 11, 17, 18)

kW
a, mK
o-]
-2
18 0-3 0 m—
e 1/0/
1,6 ———% e
o ©
1,4 U,, m/s

5 15 25 35
Figure 10. Dependence a = f (u,) for sugar solution with a concentration of 40% in a pipe

with a diameter of d =20 mm in the vacuum of 0,86 bar.
1-Gy=0,110°m%s; 2-0,310%; 3-0,45 1073. The lines correspond to the calculation of (7, 11,
17, 18) at the corresponding irrigation densities.
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Modeling of heat transfer processes in films under bubble boiling conditions

Equations (7, 11, 17) reflect the process of heat transfer to the films flowing in the pipes
in the mode of evaporation from the free surface in the absence of bubble boiling in the region
of temperature differences that do not exceed the limit value

min fc 1
r.f pz Rm
where T, —saturation temperature, K; R — roughness of the heat exchange surface (for new
pipes R, =0,5-10"°m), A . — physicochemical temperature depression of the solution, r, —

the heat of the phase transformation.

In the case At > At_, of the surface of heat exchange, depending on the nature of the
distribution of microcracks, there are foci of bubble boiling, which leads to intensification of
heat transfer in proportion to the increase in temperature pressure At=t, —t_ , which, by

analogy with the conclusions of [15], is taken into account by (7) K

sat !
boil

1,2
(At-At, )

Koy =1+0,4
Atrnin

boil
Then the ratio for calculating the intensity of heat transfer when it (At - At_, > 0) takes

the form
A (4+¢Pr)

a = mTK“" : (20)

At (At<at, ) K, =1.

A comparison of the results of the calculation of heat transfer intensity in the presence
of bubble boiling with experimental data in a pipe with a diameter of 20 mm for films of
water and sugar solutions at atmospheric pressure at free flow and flow with concomitant
steam flow is shown in Figures 11, 12

kw
. m2K
KW
5,5 s TmK
50 53 3&% b P
) 014 1,0 8%
/( \2 1. - /y
45 —~" i 1 o ¢ O%/
40@ 08
) o qkﬂ 2 qu
12 v
m 076 m
337710 20 30 40 50 60 5 10 15
a b

Figure 11. Dependence a = f (q) on free flow of films of water and sugar solutions,

(t=100 °C,R,=0,5-10"°m).
a—Water,1-Gy=1-10"m?/s;2-2-10%3-3-10% 4-5,5-10"%;
b — sugar solution, DM = 70%, 1 - Gy=0,5-10“m?/s; 2-2-10%3-3-10%;4-5,5- 10"
The lines correspond to the calculation of (20) at the appropriate irrigation densities.
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Figure 12. Dependence « = f (q) during the movement of steam with speed u, = 25 —.
s
(t=100 °C,R, =0,5-10"°m).
a—Water,1-Gy=1-10%m?/s;2-2-10%3-3-10% 4-5,5-10%;
b — Sugar solution, DM =70%, 1 - Gy=1-10%m?s;2-2-10% 3-3-10% 4-5,5-10"*
The lines correspond to the calculation of (20) at the appropriate irrigation densities.

As can be seen from the graphs shown in Figures 11, 12, the transition to the boiling
mode with increasing steam velocity is shifted to the region of larger heat fluxes. During the
boiling of solutions, the temperature of the film is higher than the saturation temperature by
the amount of physicochemical depression A, which is proportional to the mass

concentration. Given the non-uniformity of the distribution of concentration over the film
thickness and the lack of information about the concentration on the interfacial surface, the
value A is calculated from the average concentration. Therefore, the experimental heat

transfer coefficients to the film solutions are defined as the ratio of heat flux to the
temperature difference between the wall temperature and the average mass temperature of
the film. In the case of free flow, the experimental average mass temperature of the film and
the calculated coincide

But in the presence of steam flow over the film with increasing steam velocity, the film
cools and its average mass temperature becomes less than the design. Therefore, the
calculation of the heat flux to the boiling films of solutions in the presence of the vapor
velocity above its surface must be performed taking into account the suppression of
physicochemical temperature depression by the vapor flow, namely as

q:a(tw_tsa(_Afcffc)’ (19)

where f,_ = exp(—1,07 102 fwe \3/Pe) — the function of suppression of physicochemical

v

. 4
temperature depression by steam flow, Pe =
a

m

— the Peclet number, a_— temperature

conductivity.
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Conclusions

An algebraic model of turbulent viscosity is proposed, which qualitatively reproduces the
real distribution of turbulent viscosity over the entire thickness of the film flowing down
the vertical surface.

Based on the proposed model, analytical expressions for temperature and velocity profiles
in the film and the corresponding integral thermohydrodynamic characteristics for both
free flow and motion with a concomitant flow of steam (gas) are obtained.

On the basis of the received decisions and the corresponding experimental data the
analysis of influence of factors on intensity of heat transfer is executed and the
generalizing equations for calculation of coefficients of heat transfer to films of solutions
during evaporation are received.
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Introduction. The aim of the research is the development of
methodical approach to the determination the readiness of
introduction of blue ocean strategy on the enterprise.

Materials and methods. The methods of systematization for
finding out the factors that carry out influence on the position of
enterprise on a way to introduction of «blue ocean» strategy were
used. For their distribution on success and challenges the method of
comparison was used. The evaluation of factors of success-
challenges was carried out by expert methods. The state of industry/
enterprise was determined by matrix method.

Results and discussion. Methodology that allows to define
readiness of realization of «blue ocean» strategy is offered. General
factors that stipulate the necessity of such strategy realization are
outlined. Among them are the most substantial ones and
qualificatory for industry / enterprise are elected. They can be both
positive (success) and negative (challenges). Their measuring
comes true by findingintersection of average estimation (it is
determined by expert method) on a weighting coefficient (it is set
on the basis of experience of researchers depending on the degree
of factors meaningfulness and their influence on the development
of industry). With the aim of interpretation of the given results the
estimation of industry/ enterprise situation, the use of offered matrix
«success-challenges» that has 4 quadrants is offered.

Depending on what field the values of estimations got after
success and challenges, drawn conclusion in relation to that,
prepared enterprise to introduction of of «blue ocean» strategy or
not. There actions that can improve the position of the enterprise on
a way to application of this strategy were offered. The worked out
methodical approaches on the example of brewing industry of
Ukraine and its leading company Private joint stock company
«Obolony were approved and successfully exports the products.
The Ukrainian market of brewing industry is the typical
representative of environment of red ocean, which is characterized
by difficult competition situation with the high level of
monopolization, and so for which the application of free market
space strategy is actual.

Conclusion. Application of the methodology worked out by
authors will allow to define the readiness to the realization of «blue
oceany strategy.
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Introduction

The characteristic for the whole world strengthening of competition stipulates the
necessity to search new decisions, disengage oneself from existing ones, challenge to
fundamental principles of business and redistribute borders, creating new markets and
industries [1, 2]. Many researches of scientists from different countries are sanctified to the
idea to create such market space where competition will not dominate [11, 33]. It is the best
method of development and search of non-standard approaches for business that wants to
develop successfully [3, 4, 5].

One of decisions there can be application of «blue ocean» conception as alternatives of
«red ocean» strategy (existent business-environment with exhausting competitive activity)
[7, 8,9, 10]. The new market space («blue ocean») can create any type of business, regardless
of specific and sizes [33]. The main in the marked conception is persistent aspiration to avoid
influence of competitors, to carry conviction in the future [11, 12, 13, 14]. It opens wide
possibilities, what the results of activity of numerous companies are testifies [15, 16].

Without regard to advantages, that gives the use of «blue ocean» strategy, its
introduction is related to certain difficulties. The unsolved are remained the questions of
readiness of the enterprise to this strategy introduction, presence necessary terms for this
purpose [15, 17]. Especially sharp is this problem for the enterprises of food industry, the
competition dominates on these markets [24]. They are interested in that even on some time
to have favourable operating conditions [17, 18].

Therefore, the research aim is the development of the methodical approach
determination the readiness of introduction of blue ocean strategy on the enterprise.

For achievement of this aim, it is necessary to decide such tasks:

—  Tooutline general factors that stipulate the necessity of «blue ocean» creation and to go
into details taking into account the specific of the enterprises and industries of food
industry and market situation;

— To systematize and divide certain factors into positive (success) and negative
(challenges);

—  To carry out the evaluation of factors of success and challenges;

—  To define position of industry/enterprise on matrix «success-challenges» for finding out
the readiness to introduction of «blue ocean» strategy;

—  To work out the actions sent to the assistance for creation of new market space.

Methods and materials

Materials

The object of the research are the factors that determine readiness of introduction of
«blue ocean» strategy on the enterprises of food industry. The subject of the research is:
finding out and evaluation of factors of success and challenges that will allow to define the
degree of readiness of the enterprise to realization of this strategy; brewing industry of
Ukraine and its state; Private joint stock company «Obolony as the enterprise that works at
the market of brewing industry.
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Characteristics of Private joint stock company «Obolon» as the subject of the
research

Private joint stock company «Obolony is in five of leaders of brewing industry. It is the
most progressive private enterprise of beer production, by the national company that is known
in the world. The brand portfolio counts over 16 sorts of beer.

Private joint stock company «Obolony at the Ukrainian beer market is the founder of
packing segment by PAT by capacity of 1 | and 2 | and 30-I kegs with the capacity of one
liter for restaurant business. Three basic competitors of the company are: Private joint stock
company «Carlsberg Ukraine», and Limited Liability Company «Persha Pryvatna
Broviarniay.

Private joint stock company «Obolon» exports the products to many foreign countries:
Canada, Panama, Chile, Great Britain, Japan, Singapore, Vietnam, UAE, Turkey, Germany,
France, Switzerland and others [23, 24].

Infobase scientific sources served as [7, 8, 9, 11, 16, 18] and the results of brewing
industry market researches [19, 20, 21, 22, 23, 24].

Methods of research

Scientific and special methods were used in researches [25].

With the aim, finding out the factors that stipulate the necessity of «blue oceanx»
creation, that have the influence on industry and enterprise, determine readiness to strategy
realization, conducted review of scientific sources. In combination with the method of
systematization and comparison, it allowed to distinguish exactly from many possible factors
only those that provide success of industry or challenges for it [26, 27, 28].

Method of expert estimations

Expert methods for evaluation of factors that represented the state of industry and
enterprise were used. For all factors there was a certain estimation at 5 scale: «5» - very high,
«» - high, «3» - moderate, «2» - weak, «1» - very weak.

In the role of experts leading specialists in this field were invited. The choice of circle
and amount of experts came true by determination of establishments that engage in the
development of alike questions, and acquaintance, with the publications of leading specialists
on issue that is examined.

We made list of specialists, that acquaintances with the state of industry and have
corresponding researchhes. According to this list were selected those who were quailified
[29, 30].

Matrix method

Matrix methods are taken to the construction of two- or multivariable matrices [32].
They were used for finding out of brewing industry position and the enterprise in the system
of coordinates «challenges-success». In the offered matrix on vertical wasp the values of
quantitative estimation index of success are put aside, and on horizontal are sizes of
quantitative estimation index of challenges. Every quadrant of matrix answers certain
position of industry/ enterprise. With the help of this matrix recommendations were
developed to introduction of «blue ocean» strategy.
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Methodology of determination the readiness of introduction of blue ocean strategy
on the enterprises of food industry

Detailed analysis of existent theoretical researches in relation to introduction of «blue
oceany conception educed an urgent requirement in the lineation of factors, that inform about
inevitability of changes for business, and practical actions that will assist creation of new
market space [2, 3, 4, 5, 6]. The basic methodical approaches determination the readiness of
realization of blue ocean strategy on the enterprises of food industry, that are based on
marketing researches were offered by us. Within the framework of this methodology we
suggest to carry out such steps.

The first step provides the quality of questioning conditions to define factors that
predetermine the necessity of introduction of «blue ocean» strategy. To the number of such
factors belong: deceleration or reduction the potential for further development of business;
threatening changes in consumer environment; strengthening of competition; exceeding
supply of commodities/services above demand; distribution and strengthening of processes
of globalization; development of technologies for production of plenty of
commodities/services; strengthening of price wars; tendency to the increase of production
charges [3, 4, 6, 11, 15, 16]. Presence even one of them signals about the necessity of
development and passing to new market space. Going out from the situation that was folded
in industry and on the enterprise, the list of such factors is formed. They must be gone into
detail thus, to take into account the specific of the enterprises and industries of food industry
and market situation.

Next step is systematization and division of certain factors on positive and negative that
in future will name accordingly as success and challenges. The high level of authenticity of
the conducted analysis must be provided by taking into account of greater amount of terms
as possible [10, 15, 22].

By success/ challenges for industry and enterprise it is possible to consider: political
stability/instability in the country; favourable/difficult macroeconomic situation;
increase/falling of production and consumption of products volumes; stability/instability of
national currency; presence/absence of government control of market; small/large
concentration of market; subzero/high entrance barriers in industry; large/small prospects of
business development; presence/absence of information technologies; large/small stake of
innovative products in general production of industry volume; presence/absence of new
technologies of products making; stable/unstable demand on the products of industry;
falling/increase of price on raw material and others [22, 23, 24].

On the next stage for determination the readiness to realization of strategy, position of
industry/company through the quantitative measuring of success - cahllenges by the method
of expert estimations is determined.

Leading branch workers that know problems and situation at the corresponding market
are attracted for this purpose. Experts estimate influence of every factor on the state of
industry/enterprise at 5 scale from «1» (very weak) to «5» (very strong). The average value
accounts on the basis of the proposed expert estimations [29, 30].

Depending on the degree of meaningfulness of factors and their influence on
development of industry (negative or positive), the coefficients of importance (matter from
0,01 to 0,99, and their sum must be equal 1) are determined. Thus, the special operating of
industry conditions, state of economy of the country and political situation, are taken into
account [22, 23, 24].

Finding the sum of products of average experts’ estimation on the coefficient of its
importance the general estimations of of challenges and success factors are determined.
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With the aim of interpretation of the got results of assessing the situation of industry
and enterprise it was worked out and offered the matrix «success-challenge» (Figure 1).

Challenges

(*)) .

@ «Breeze» «Hurricane»
2
()
o
(8]
]
n =

<

= «Calm» «Gale»

)

Small Big

Figure 1. Matrix «success-challenges», designed by the authors

At the place of location of industry/company on the field of matrix determine their
position in accordance with offered descriptions of each of four zones of matrix «success-
challenges».

Quadrant of matrix «Calmy is the position that is characterized by insignificant success
of industry/company at small challenges. Specifies on weak development status and necessity
of defence of existent position at the market. For industries/companies that got to the zone
«Calmy, selective development of those directions that can be effective in the future is
offered. It can be strengthening of possibilities for rendering of challenges, but efficiency of
these actions is small. The necessity of changes and readiness to them are estimated as
remote.

Zone of matrix «Breeze» characterizes position with great successes at insignificant
challenges. It is necessary to be concentrated on those prospects that is given by
industry/company, and to develop them. At these favourable terms, passing to the «blue
oceany is estimated as the most comfortable. Besides, success in course of time can pass and
lot upon them is impossible.

The quadrant of matrix «Hurricane» specifies on the high achievements of
industry/company at very large challenges. It warning that maximal success that it attained,
is under threat. Changes must be taken place necessarily. It is time, when future position
depends on the produced actions. Operating is necessary immediately, while operating
conditions are yet comfortable, but they can be quickly finished. And then passing to new
reality can be riskier.

Zone of matrix «Gale» is positions that are characterized by very large challenges at
small success. The marked position of industry/company abandons not enough chances on
providing of comfort transition from the existent state to more perspective. Even at such
difficult situation it is needed to search the ways of improvement of development. Passing to
the «blue ocean» will take place, however, more time will be passed and terms will be not
such advantageous that they could be on the stage «Breeze» or «Hurricane».

It should be noted that at the place of location on matrix «success-challenges» position
of industry, by comparison with position of company, can substantially differ. Accordingly,
actions that is needed for successful transition from «red» to «blue ocean» will differ (Table

1.
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Table 1
Recommended actions for introduction of «blue ocean» strategy after the matrix «success-
challenge, developed by authors

Position of industry/company Recommended actions
Position of industry is stronger Search of ways of improvement of enterprise’s
than company position position and its market attractiveness. Concentration

of efforts on those possibilities, that is given by
industry, and avoidances of those challenges, into it
runs.

The use of industry potential and internal resources
of business for further development of company.

Position of industry is Identical position of industry and enterprise. Using
approximately identical to success of both industry and company for future
company position increase.

Position of industry is more Attempt to avoid those challenges that threaten the
weak than company position development of industry. Exposure of own ways of

increase, maintenance and strengthening of
advantages. Strengthening of the personal success.

The observance of actions, corresponding to certain position will allow to provide
successful realization of «blue oceany strategy.

Results and discussions
Determination of factors of success and challenges

Approbation of offered methodology came true on the example of brewing industry of
Ukraine, but can be used for any industry in other countries.

For determination of factors that have an influence on industry, were taken for basis
reviews of brewing products markets and statistical information on their development [19,
20, 21]. The conducted analysis allowed to define challenges and success, and also execute
their quantitative evaluation [19, 20, 21, 22, 24]. It is appeared, that industry had 13 factors
of success and 19 factors that stipulated challenges for it (Table 2).

The analogical method the factors of success and challenges for Private joint stock
company «Obolon» was determined [19, 20, 21]. Conducting the analysis of activity of the
enterprise at the market, 15 factors that belong to the challenges of the company, and 8 factors
of success, were educed.

Factors that stipulate challenges for Private joint stock company «Obolon» are: falling
of production and consumption of beer volumes in Ukraine; difficult macroeconomic
situation in the country; devaluation of national currency; absence of political stability; small
social guarantees for highly skilled specialists; low level of integration of science and
production; decline of purchasing power of population; reduction of consumption level of
beer of average price segment; increase of beer consumption in the economy segment; large
concentration of market; increase of excise on beer; including of beer to the list of alcoholic
beverages in accordance with changes in the Internal Revenue Code; competition with the
producers of strong alcohol; reduction of beer export to Russia; increasing of price on raw
material [19, 20, 21, 22].
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Table 2

Challenges and success of brewing industry of Ukraine

Challenges

1. Falling of production and consumption
of beer volumes in Ukraine

Success

1. Presence of foreign investments in
industry

2. Difficult macroeconomic situation in
the country

2. Introduction of progressive technologies
of production of new types of products —
unfiltered, icy, fruit, «living» beer

@

Devaluation of national currency
4. Absence of political stability

5. Presence of local conflict

w

Growing demand on «living» beer

4. Increase of popularity of «authorial»
products of small brewing plants

5. Noticeable increase of beer sale in the

restaurant business

6. Small social guarantees for scientists
and highly skilled specialists

6. Change of consumers’ tastes to the
consumption of the unpasteurized beer
in kegs

7. Low level of integration of science and
production

7. Increase of popularity of the «craft»
brewing

8. Decline of purchasing power of
population

8. Change in the culture of alcohol
consumption:  increase  of  beer
consumption and reduction of vodka
consumption, and also consumption in
the place of its production

9. Reduction of consumptions level of
trade marks, that is presented in a
middle price segment

9. Increase of beer consumption in
premium segment

10. Increase of consumption of beer in the
economy segment

10.Adaptation of enterprises to the work on
foreign malt and hop

11. Large concentration of market

11.Introduction  of  energy
technologies of beer production

saving

12. High entrance barriers in industry

12.Appearance of new harmless for nature
types of packing

13. Absence of prospects of development
of small brewing plants

13.Improving of the new markets of sale

14. Increase of excise on beer

15. Including of beer to the list of alcoholic
beverages in accordance with the
changes in the Internal Revenue Code

16. Competition with the producers of
strong alcohol

17. Reduction of beer export to Russia

18.Low level of introduction of
information technologies in industry

19. Increasing of price advance on raw
material

1t is made on the basis of own researches and the sources [19, 20, 21, 22, 23, 24].
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Success for Private joint stock company «Obolon» are: introduction of progressive
technologies of production of new types of products — unfiltered, icy, fruit, «living» beer;
noticeable increase of sale of beer is in the restaurant business; change in the culture of
alcohol consumption; increase of beer consumption and reduction of vodka consumption,
and also consumption in the place of its production; increase of beer consumption in premium
segment; introduction of energy saving technologies of beer production; appearance of new
harmless for nature types of packing; improving the new markets of sale [22, 23, 24].

Evaluation of factors of successes and challenges

According to the factors of industry, given in table 2 and by factors recommended for
the enterprise, the state of each factors by questioning of experts was appraised. 5 leading
specialists of brewing industry and Private Joint Stock «Obolon» came forward is the state
of factors.

The experts’ opinions got as the result of questioning were average, and also checked
for coordination by means of coefficient of variation, that in relation to the challenges of
industry is confirmed by Table 3.

Table 3
Results of experts’ opinions verification on coordination and their middle values after the
factors of challenges of brewing industry

Experts estimations Coefficient of Average value of
Ne . . -
variation,% expert estimations
1 2 3 4 5

1 5 4 5 5 5 8,33 4.8

2 4 5 4 4 4 9,562 4,2

3 3 3 2 4 3 21,08 3

4 2 2 4 3 3 26,73 2,8

5 2 3 2 2 2 18,18 2,2

6 1 2 2 2 2 22,22 1,8

7 2 3 3 3 3 14,29 2,8

8 5 5 5 5 5 0 5

9 2 4 4 3 3 23,39 3,2

10 4 4 3 3 3 14,41 3,4

11 3 4 4 5 5 17,82 4,2

12 4 4 3 4 4 10,53 3,8

13 2 4 4 4 4 22,22 3,6

14 4 4 3 3 3 14,41 3,4

15 3 4 4 4 4 10,53 3,8

16 3 3 2 4 3 21,08 3

17 1 1 2 2 2 30,62 1,6

18 3 2 2 3 3 18,84 2,6

19 3 3 3 3 3 0 3

By analogical method the evaluation and checking for homogeneity for the factors
of industry success was conducted (Table 4).
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Table 4

Results of experts’ opinions verification on coordination and their middle values after the
factors of successes of brewing industry

Experts estimation Coefficient of Average value of
Ne .. . .
variation,% expert estimations
1 2 3 4 5
1 4 5 5 4 5 10,65 4,6
2 5 5 5 5 5 0 5,0
3 5 4 5 5 3 18,18 4,4
4 2 3 3 3 3 14,29 2,8
5 2 1 2 2 1 30,62 1,6
6 3 2 3 3 3 14,29 2,8
7 2 3 3 2 3 18,84 2,6
8 3 4 4 4 4 10,53 3,8
9 4 4 4 5 4 9,52 4,2
10 4 3 3 4 3 14,41 3,4
11 3 3 3 4 4 14,41 3,4
12 5 5 4 5 5 8,33 4,8
13 4 3 4 4 3 13,61 3,6

For every factor (both for group of challenges and success) thecoefficient of variation
is less than normative value (33%), thus totality of opinions of this group of experts can be
considered homogeneous and use for further researches [29, 30].

Grouping of factors was farther carried out after the degree of importance (table 5).
Determination of coefficients of importance was based on own researches of the state of
brewing industry and results of working corresponding sources [19, 20, 21, 23, 24].

Table 5
Grouping of factors after the degree of importance and distribution of coefficients of
importance
Groups of challenges Coefficient | Groups of success factors | Coefficient of

factors of brewing industry of of brewing industry importance
importance

1,2,8 0,08 1,2,811 0,09
3,4,11 0,07 3,10,12,13 0,08

6, 10, 12 0,06 4,7 0,07
13,14 0,05 56,9 0,06

7, 15,16, 19 0,04 - -
9,17, 18 0,03 - -

5 0,02 - -

It is made on the basis of own researches and source [19, 20, 21, 23, 24].
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Using these tables 3, 4, 5 it was the certainly generalized average estimation of factors
of challenges and success of brewing industry.

On counts, success of industry got a general estimation that equals 3,72 points. The
quantitative value of challenges presented 3,48 points. Such estimation can be considered
moderate, because it is considerably less than 5 points. It testifies that industry has large
backlogs for development.

By the analogical method the evaluation of certain factors of Private joint stock
company «Obolon» was conducted by bringing workers of higher and middle ranks of
management of the enterprise. Calculations showed that the quantitative estimation of
success of the enterprise at the market had laid down 4,55, and challenges are 3,11 points.
The got results are quite good enough. Although after the amount of success less than
challenges, but their estimation is approached to 5 points. Challenges in humber anymore
and measuring results testify to their danger for the enterprise. Desirable is the value that is
approached to 1.

Determination of position of industry/ enterprise for finding out of readiness of
Private joint stock company «Obolon» to introduction of «blue ocean» strategy

For comfort presentation of analysis results of industry position and enterprise the
«success-challenges» (Figure 2) shown on matrix by the mark of IP (Industry Position) and
CP (Company Position) accordingly.

5 oCP
«Breeze» «Hurricane»
o|P
[}
[%)]
]
8 3
>
n
«Calm» «Gale»
1
1 3 5
Challenges

Figure 2. Position of brewing industry and Private joint stock company
«Obolon» on matrix «success-challenges»,
developed by authors

On results of research position of industry and company on the field of matrix answers
a quadrant «Hurricane». It testifies the necessity of immediate cardinal changes, while for
this purpose there are comfortable terms at a minimum risk. In the near future appearance of
urgent requirement is expected in the search of the non-standard approach development of
industry and enterprise (for example, introduction of new types of products with unique
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descriptions, new teachnologies, non-standard methods of communications and others). But
there are no obstacles to introduction of strategy of blue ocean.

Position of company (CP) on the field of matrix «success-challenges» (Figure 2) also
«Hurricane» answers a quadrant and testifies to the large challenges. Therefore, passing to
introduction of «blue oceany strategy is desirable.

Without regard to that position of both industry and company got to one to the quadrant,
it is necessary to mark that position of Private joint stock company «Obolon» is better than
position of brewing industry on the whole: the quantitative estimation of success of the
enterprise presents 4,55, and industries are 3,72 points. Challenges for the enterprise far fewer
(3,11) in comparing to industry (3,48). There was a situation that answers two terms: from
one side, strategic position of industry is approximately identical to position of company,
from other - position of the enterprise looks more successful in comparing to industry. Thus,
Private joint stock company «Obolon» can be considered ready to introduction of «blue
ocean» strategy.

Conclusions

Thus, as the result of undertaken study, the methodical approach to the determination
of readiness of introduction of «blue ocean» strategy on the enterprise, is firstly given, the
use of that will allow:

— To make more balanced decision about creation of free market space;

— To elect the most optimal direction of introduction strategy;

— To form reasonably the program of actions and events for realization of «blue ocean»
strategy.

The scientific value of the worked out methodology consists in possibility of
determination of strategic position of industry/company by establishment and quantitative
measuring of factors, that have both positive and negative influence, and also research of the
level of company’s readiness to perception of «blue oceany strategy. Thus, select factors go
into details intoof three directions: features of the enterprise, specific of industry and market
situation. Offered methodology is enriched by authorial matrix «success-challenges» (each
of its quadrants is characterised).

Unlike existing, the presented methodology is based on marketing researches, factor
analysis, use of method of expert estimations and allows not only to define readiness of the
enterprise to introduction of «blue ocean» strategy but also envisage actions in direction of
motion to such space.

Application of offered methodical approaches will assist more comfort passing to the
menage on principles of «blue ocean» conception, that will allow to avoid complete or partial
influence of competition on activity of industry or company and will give the opportunity to
free the financial resources related to realization of marketing researches of competitors and
competition situation. The further prospect of research can be consideration and choice of
additional analytical instruments and models that will help the enterprise to form new own
market space.
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AHoTauii

XapuoBsi TexHosorii

SAxicTh KaHAACHKHUX KOMePUiifHUX HeKMPHUX HOTyPTiB rpenbKoro THIY,
BUTOTOBJICHHX 3 HATYPAJIbHUX MOJIOYHUX iHIpeaicHTIB

Irnace Jlanre', Cranicinas Mieko®, Mapra TomuuHchka-Mueko?, Tanuna Iomimyx®,
Isotp SAnac?, Jlex Osimex’
1 - Vuisepcumem Anvbepmu, EOmonmon, Kanaoa
2 - Vuieepcumem nayx npo scumms 6 JIroonini, Jlroonin, Hoavwa
3 — Hayionanohui yuisepcumem xapuosux mexronoeiu, Kuis, Ykpaina

Beryn. YV crarti mpesicraBiieHO MOPIBHSJIBHY OIHKY SIKOCTI 3pa3KiB KaHaJChbKHX
KOMEpUIHHUX HEXUPHUX HOTYPTIB TPELBKOrO THITYy, BHUTOTOBJICHHX 3 HAaTypaJbHUX
MOJIOYHHX IHTPEIi€HTIB.

Martepiaau i MmeToau. 3pazku HOTypTy HEKHPHOTO Tperpkoro gepe3 10 mHiB mics iX
BHTOTOBJICHHS 30epiranu mpu temmepatypi 5 °C ympomomx 18 Ta 35 nHiB. BumiproBamu
JUHAMIYHI PEOJIOTiUHI BIACTHBOCTI HOTYpPTYy Ta 00’€M CHpPOBATKH, IO BiIiNsIacs HaX
MIOBEPXHEIO 3TYCTKY. J[/Is OIIHKM CTYIEHs APeHaXXy CHPOBATKU Ta CTPYKTYPHU 3pYHHOBAHOTO
3ryCTKY OyJI0 BUKOPHCTAHO MOPSAKOBY YHCIIOBY KA.

Pe3yibTaTh i 06roBopennsi. Morypr y rpembkoMmy CTHI — Lie THIOBH c1aGKwit
B’SI3KOIPY>KHHI I'ellb, €JIACTUYHI BIACTHUBOCTI SIKOTO MEPEBaXKAOTh HOT0 B’SI3K1 BIACTHBOCTI
y MeXax BUMIpIOBaHOro Jiarna3ony. CTpyKTypHa Jerpajaliis CrocTepiraiach y BCiX 3pa3kax
y TEBHUI MOMEHT MPOTSArOM Jiarna3oHy aMIUIITYJ HanpyKeHb. 3pa3ku B 3a Ouibiioro
3arajbHOI0 BMICTY CYXHMX PEUOBHH, TIOPIBHSIHO 31 3pa3kamu A, XapaKTepu3yBaJIHCs BUILIUMU
JUHAMIYHUMH MOJYJISIMH, HaBITh 32 OJJHAKOBOTO BMICTy Oiika. OOM/IBa €TAIOHHUX 3Pa3KH
MoKa3any 3Ha4yHe 30uTbImeHHS iX B’sa3koro (G") Ta emactmyHoro (G ') MomymiB mpu
30epiranHi 3a Temmneparypu 5 °C. lleit ¢axT CBiTYUTH MpO Te, MO Ka3eTHOBI Teli €
JMHAMIYHUMH 32 CBOEIO PUPO/IOI0, A TIOANIBIINI PO3BUTOK CTPYKTYPH I'€IIi0 BiJOyBa€ThCsS
i gac 30epiranas. [Ipr BHCOKUX aMILTITy1aX 3pa3Ku A CYyTTE€BO 30LUIBIIYBAIH 3HAYCHHS tan
O YHACHIJOK PO3PHBY iXHiX rejieBUX cTpykTyp. Croctepiraaocs MpomopiiiiiHe 301IbIIeHHS
G 'i G "mix yac 30epiranus. Omke, 3HAUSHHS tan O JUIsl THX CaMUX THUITIB 3pa3kiB micist 18 ta
35 nmHiB 30epiraHHs Oynu MOMIOHMMH. 3pa3Ku HE BIIPI3HAINCH 332 PIBHEM JAPCHAXKY
CHPOBATKH Ta 32 PO3MipaMH TPYAOUOK IepeMilaHoro 3rycrka. OOuaBa pHHKOBI 3pa3ku
MoKa3aay OifbIIy KITBKICTh TTOBEPXHEBOI CHPOBAaTKM 3a 30iJIbIIEHHS dYacy 30epiraHHs.
MMoBipHO, TIix uac 36epiraHHs B CTPYKTYpi reliB BiaOyiucs mMacmTabHi nepeGya0BH, SKi
30UTBIIAIN PIBEHD iIXHBOI HECTAOUTLHOCTI, IO TIPU3BEIIO 10 BTPATH 3AATHOCTI 3aXOTUTIOBATH
BCIO CHPOBATKOBY (a3y. OJHaK JKOJeH 13 €TaJOHHUX 3pa3KiB HE MaB BUIUMOTO JPEHAXY
CHPOBATKH, BC1 BOHU XapaKTepU3yBaHCs IPiOHO3EPHUCTOIO CTPYKTYPOIO.

BucHoBku. binmox — He eauHUIl IHTpemieHT, MO (GOPMyE CTPYKTYPY Ta PEOOTidHi
BJIACTHBOCTI HEKHUPHOTO HOTYPTY TpEeIbKOro THITy. BracTMBOCTI Takmx HOrypriB
3MIHIOIOTBECS TiJ 4ac 30epiraHHs — 3a 3MIIMHCHHS CTPYKTYPH IiIBHUIY€ETHCS BiIIIICHHS
CHUPOBATKH 31 3TYCTKY.

Kuro4oBi ciioBa: iiozypm, epeyvkuii mun, cuposamxa, CUHEpPE3Uc, 2eli, peoiozis.
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MopdoaorivHi i cTypKTypHi BjacTHBOCTI MOIU(IKOBAHOT0 KPOXMAJIO 3 HACIHHS
apaykapii opa3suibcbKoi

Kawmina Jlemincki bet!, Pagna 3a6su Bicinenma?l,
Taro Auape Jlenk Konman?, Jroiz T'ycraso Jlanepaal, Eron IlIninnep?
1 — Hepowcasnuii ynisepcumem Ilouma-I pocca, Ilonma-I pocca, bpasunis
2 — @edepanvruil ynisepcumem I panoe [Jypadoc, /Jypadoc, bpazunis

Beryn. Metoro 1aHOTO  JIOCHI/DKEHHS € OI[IHKA OCHOBHHX MOpPQOJIOTIYHHUX 1
CTPYKTYPHHUX  BJIACTUBOCTEH MOJU(]IKOBAHOTO KPOXMATIO IUIIXOM  TEPMOBOJIOTO
06po6nenns (TBO) HaciHHs apaykapii Opa3HiIbChKOi.

Marepiaan i meromu. Kpoxmane moOysanu 3 Hacinus Araucaria angustifolia
(apaykapii Opa3mibcpkoi). Bmict amino3u BU3HaYanw 3a cHopimHeHicTio 1o Hoxy. Bwict
BOJIOTH, 30JH, OUIKiB 1 >kmpy Bu3Hadamu 3a MeromamMu AOAC. BukopucraHUMH
MIKpPOCKOTIIYHUMH METOIaMH OYJIH CKaHyBallbHA eleKTpoHHa Mikpockorris (SEM) i atTomHO-
cuoBa Mikpockomis (AFM). [nsg cTpyKTypHOI OWIHKH TpaHyJl BHKOPHUCTOBYBAIH
PEHTIeHIBCEKY MOPOIIKOBY audpaxiito (XRD).

Pe3yabTaTn i 06roBopennsi. Kpoxmane 3 HACIHHS apayKapii, BATATHYTHIA 32 0CaI0BOIO
METOJIMKOI0, MaB BMICT aminio3n 26,3%. 3pa3ku EeMOHCTPYBald HHU3bKUH BMICT BOJIOTH
(<8,5%) i 3ompHOCTI (<1,44%). 3a manumu SEM ta AFM, HaliOinbImuil cepeaHii iaMmeTp
OyB 1151 HEOOPOOJICHHX TPaHyJl KPOXMAIIIO 3 HaciHHs apaykapii: 10,85 ta 10,64 BinnosigHO.
HaiiMenmumu rpanynamu Oynu Ti, siki 00po6ineHi 3a Bosorocti 10% mpotsrom 60 XB 3a
temmnepatypu 120 °C. CepenHsi MIOPCTKICTb, AociimkeHa Mmetogom AFM, 3pocna min yac
TBO BixmosigHo 3 321,68 10 470,06 MxMm. ITicns mpoBenenoro HMT BinOymocst 3MeHIIEHHS
BiTHOCHOI KPHCTAJIITHOCTI .

BucnoBku. Kpyrmi Ta oBanpHi (GopMu Oynu BU3HAUEHI AN TPaHYNT KPOXMAalio 3
IUTOCKOIO TIOBEpXHEH. 3HAWCHO MOMIOHICTh CepelHiX 3HAYEHb JiaMeTpa MiX METOJaMHU.
Cepemniif qiaMeTp TpaHys 301TBITYBABCS 13 30UIBIIEHHSIM BOJIOTOCTI IMiJl Yac Moaugikarii
TBO. Cepemus mopcTkicTh 3pocia min dac TBO, Tomi sSK BimHOCHa KPUCTaTidHICTP
3MEHIIHIIACh.

Kurouogi ciioBa: kpoxmans, apaykapis dpaszuivbcoka, moougikayis, mopgonozis.

Ouinka Bi3yaJbHHX XapaKTepPUCTHK MUBA METOA0M KOMIT'IOTEPHOI0 30py

Scwmina Jlykinak!, JJani6opka Kouesa Konmenuu!, Kpicrina Macranmkesud?,
I'sope Hakos?, Kpecmip Macranmxesuyt, Binko Kpacranosuu!, Mapxko FOxkuu?
1 — Vuigepcumem IlImpocmacepa 6 Ocicxy, Ociek, Xopsamis
2 — Pycencwkuii ynisepcumem "Aneen Kanues", gpinis Paszepao, boneapis

Beryn. Metoto 1poro JociijpkeHHS OyB MOHITOPHHI KOJIBOPY Ta CTIMKOCTI IiHH
pi3HUX BHIIB mHBa (CBITIOTO ¥ TEMHOTO) 3a JOIOMOTOK HEPYHHIBHOTO METOIy —
KOMIT'FOTEPHOTO 30pY 1 HU(POBOro aHaNi3y 300paKEeHb.

Marepiann i meroan. Komip nuBa ta cTifiKicTh MUBHOI IIHK VIS PI3HUX THIIIB ITHUBa
(nexylapoBaHUX SK TEMHE Ta CBITJIE NTUBO) BUMIPIOBAJIM METOJIOM KOMII IOTEPHOTO 30pY.
CrifikicTh UBHOI IiHM, BUPa)Ke€Ha K 3MiHAa BUCOTH IiHU 3 IUNTMHOM 4Yacy, MOJICTIIOEThCS 3
BHKOPHUCTAHHAM MOJIeNli EeKCIOHEHIIaJbHOTO craxy. BuMipioBaHHS po3many MiHH, K
MPaBUJIO, BKJIOYAE BUMIPIOBAHHS CTOKY IMBa 200 3MEHIIICHHS BUCOTH T'OJIOBH.

PesyabTaTh i 06ropopenns. Temue muso Oyno merm ripkum (16,75 IBU), 3 6inpmum
BmictoM nostipenony (181,80 EBC), mopiBHSHO 31 CBITJIMM TMBOM (TipKOTa cTaHOBHIIA 26,50
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IBU, 3aransauii BMicT nmomidenony 103,50 EBC). Bmict ankorosio B OCHOBHOMY OyB HIXKYE
5% (4,82% s ceitnoro muBa i 4,90% mis remHoro muBa), a pH cranoBus 4,39 ais cBiTIIOTO
i 4,43 nna temaoro nmBa. Komnip mmBa BupakaBcsi B Komboposiid cuctemi CIEL*a*b*,
MIPUYOMY TEMHI COPTH IIMBA MAJIM HIDKYi 3HaYeHHs JierkocTi (L* = 28,7), Buii 3HaAYeHHS IS
a* = 10,4 1 mmx4i 3Ha4eHHA i1 b* = 4,4. Ha BimMiHy BiI 1BOTO, CBiTJIE THBO OYJI0
sickpaBimmM (L* = 65,5), 3 HIokunMu 3HaueHHsIMH a* = 7,7 1 BUIIUMU 3HaYCHHAMH b* = 4 4.
TemHi copTu triBa Mayu Bui 3HaueHHs EBC, Hykui 3HaueHHs L* 1 BUII 3HaYCHHS a*, HixkK
CBITJII COPTH THBA, 3aBJISKH BUKOPUCTaHHIO (hapOyBaJbHOTO COJIOAY, SIKUH BUIATIOBAJIH 1
CMaXWJIM NpU OLIBII BUCOKIM TeMmmepaTypi, NpH SKid YTBOPIOBAIMCH MPOJXYKTH peaKiii
Maspa. 3MiHa TUBHOT IIHU 3 4aCOM SBJISI€ COOOO MOEAHAHHS BUIAJICHHS PiJMHU Ta PO3MIaLy
OynpOamok. TemHe muBo Mayio Habarato craOuUIBHINIY MiHY, HDK cBiTie. Bucora minm y
CBITJIOMY 1 TEMHOMY ITUBI CTaTHCTUYHO BinpizHsuiacs (p <0,05), npuuoMy 3pa3ku TEMHOI'O
ITUBA MAJIN BHITY ITOYATKOBY BUCOTY TiHM (66,1 MM) TOpiBHSIHO 31 CBITINM HBOM (48,7 MM).
TeMHi 3paskn IWBa MajiM HWKYi 3HAYEHHs KOHCTaHTH mBHakocti (0,0091 ct) i pummi
3HAYCHHS Tepiony HamiBBUBeneHHS minu (76,1 ¢). Lle o3Havae, Mo TeMHE MUBO Ma€ OLTBIT
CTiliKy miHy, HiX CBiTJIe THBO. Ha BiAMiHY BiZ IBOTO, 3pa3KH CBITIIOTO MHMBA MaJld BHUIII
3HaueHHA KoHcTaHTH mBHakocTi (0,0110 ¢ ) Ta HuKYi 3HAYEHHS Mepiofy HAIliBBHBEICHHS
miEd (63,2 c¢). BcraHoBimeHO, MO0 3acTOCOBaHA MaTeMaTHYHa MOJICIb (MOJETh
€KCIIOHEHIIABHOTO PO3Maay) MiIXOAUTH Ul NMPOTHO3YBaHHS 3MIHM IIBHJKOCTI PO3Mamy
IiHK Ta cTaOlIbHOCTI MIHM 3pa3KiB CBITJIIOTO Ta TEMHOT'O MTUBA. 3HAYECHHS BUCOTH ITIHHU CyXOi
Ta BOJIOTOi YaCTUHH MiHU NepeadayeHi MOICILII0 eKCIIOHEHIIaIbHOTO CIIay.

BucnoBok. [TokazaHo, o0 KOMIT'IOTepHA Bi3yalizallis € MPUAATHUM, 00’ €KTHBHUM,
BIZITBOPIOBAHUM 1 HaJIfHUM METOJIOM BHUMIipIOBaHHS KOJILOPY W CTIKOCTI MUBHOI MiHK
(3aranpHOI MiHU, MOKPOI MiHHU Ta CYXOI IiHN) JUIS CBITINX i TEMHUX COPTIB ITHBA.

Kuaro4oBi ciioBa: nugo, konip, nina, komn romepuuil 3ip, MOOen0B8AHHA.

AHTHOKCMJIAHTHA 3JaTHICTH HACTOIB CIMPTOBUX i3 POCJIMHHOI CHPOBMHM

Oner Kyspmint, Bonogumup Kyuepenko?, Haranis Crykanscbkal, Anatomii Kyi?,
Csitnana Omiitauk?, Jxxaman Paxmeros®
1 — Hayionanvhuii ynisepcumem xapuoeux mexronoziu, Kuis, Yxpaina
2 — Vkpaincoka kopnopayisi no 6uHocpadapcmey i UHOPOOHIU NPOMUCTIOBOCHIT « YKPEUHNPOM»
3 — Hayionanvuuti 6omaniunuii cad imeni M.M. I'puwuxa HAH Yxpainu, Kuis, Ykpaina

Beryn. Metoro moCiiJDkeHHST € BHU3HAYEHHS AHTUOKCHIAHTHOI 31aTHOCTI BOJHO-
CIIUPTOBHX HACTOIB POCIMHHOI CHPOBHHHU Ta iACHTH(]IKAIlis HAHOINBII NEepCIEeKTHBHUX
JKepelt IPUPOAHUX aHTHOKCHIAHTIB.

Marepiann i meroan. Hacrtoi cnmproBi 3 POCIMHHOI CHPOBHMHH 3a MOP(OJIOTIYHUMHA
o3HaKaMmH: Tpasu (35 3paskiB); KOpiHHS 1 KopeHeBHIIa (9 3pa3KiB); KBiTH (7 3pa3KiB); iepeBHa KOpa
(2 3paskm); cyxi mrogu (18 3paskiB); cokoBuTi wiomu (29 3paskiB). MeToau JOCIIIKCHHS:
PelOKCMETPist — BU3HAYESHHS aHTHOKCHIAHTHOI 3aTHOCT] POCIMHHOT CUPOBUHM; pH-MeTpist;
€KCTIEPTHUN METO] BU3HAYCHHS OPraHOJICIITHYHNX OKa3HHUKIB.

PesyabTtaT i o0roBopeHHs. Hactoi cnmpToBi 3 pPOCIMHHOI CHPOBHHH MAroOTh
BOJIHEBUH MMoKa3HUK Bix 3,13 (cynmaHchka TposiHaa) 1o 8,17 on. pH (kpormBa IBOIOMHA).

MiHimMaJIbHe TeOpETHYHE 3HAYEHHSI OKMCHO-BiHOBHOTO roTertiany (Eh,,,) Mae 3HaueHHs Bift
159,1 MB (xpormBa nogomHa) 1o 370,8 MB (cynaHceka TposHIa), a (hakTHIHE 3HAYEHHS OKUCHO-
BigHOoBHOrO ToTeHUiany (ENguem) cknanae Bix 8,0 MB (kporuBa nBogomua) no 308,5 MB (aiiBa
JIOBracTa).
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MiHimMaJIbHe 3HAYEHHST AHTHOKCHIAHTHOI (BiJHOBHOI) 3/IaTHOCTI HACTOIB CIMPTOBHX (EBjiacm)
JUTs ToIoNiB uMoHa — 18,8 MB, MakcnmasbHe 3Ha4YeHHs BiHOBHOI 3maTtHOCTI — 209,0 MB (quist
HACTOIO CIIUPTOBOTO i3 CYHHIII JIICOBOT).

Enepris BiTHOBICHHS/OKHCHEHHS POCIHMHHOI CHPOBUHU (EBpoc;) IONO BOAHO-CIMPTOBOI
cyMimi (pO3YMHHMKA) 3HAXOIUTHECS B MEXKaX BiHOBHHMX 3Ha4YeHb Bix 124,5 MB (tmicta cynmmi
JIicOBOT) JI0 OKHCHMX 3HAYeHb -65,7 MB (Tu1om IMMoHa).

Hacroi cripToBi 3aJ1e’HO BiJl aKTHBHOCTI POCIIMHHOT CUPOBHHHU MalOTh BiTHOBHY 3/1aTHICTb
(monap 0 MB) — 65% 3paskiB, okucmoBanbHy 31atHicTh (MeHme 0 MB) — 35% 3paskis.

CTBOpEHHS AITKOTOJILHUX HAIOIB 3 aHTHOKCUJIAHTHOIO JIIEI0 1a€ 3MOT'Y BUBOJMTH Ha PUHOK
HOBI BHJM TNPOAYKIi, SIKI BUIIAHO BiAPI3HSAIOTH ACOPTHMEHT BUPOOHHKA BiJl ACOPTUMEHTY
KOHKYPEHTIB, CTBOPIOFOYH TTO3UTUBHHUH IMIJDK ITiAIPUEMCTBY.

BucnoBku. OOIPDYHTOBaHO PpO3IIMPEHHS ACOPTUMEHTY QJIKOTOJIBHUX HAIoiB i3
3aCTOCYBaHHSAM CHHPTOBHX HACTOIB 3 POCIMHHOI CHPOBHHH MUl  ITOCHIJICHHSA
AHTUOKCHUIAHTHOI Mii.

KarouoBi cnoBa: pociunna cuposuna, anmuokcuoanm, OKUCHO-8IOHOGHUI NOMEHYiAI,
HAcmil, aiKo20Jb.

Inentudgikanis, 6ioxiMiuHi T2 TEXHOJIOTiYHI BJACTUBOCTI BU/IiB €EHTEPOKOKIB,
BHAIIEHNUX i3 CHPOr0 MOJIOKA i TPaAMUIHHNX MOJIOYHUX NMPOAYKTIB

Okraii €pimikast, Hexati AKOymyT
Eeeticoxuti ynisepcumem, bopnosa-I3mip, Typeuuuna

Beryn. Metoro mocnijpkeHHs € BUIUIEHHS Ta ieHTudikauis BugiB Enterococcus i3
CHpPOr0 MOJIOKAa Ta TPAAUI[IMHUX MOJIOYHHMX MNPOJYKTIB 1 BMBYEHHS iXHIX Ol0XiMIYHHX
BJIacTHBOCTeH. Bu3HaueHo jesiki 010XiMiYHI 1 TEXHOJIOTIYHI BIACTUBOCTI LITAMIB.

Marepiaan i MeToau. Crupe MOJIOKO Ta JiesiKi 3pa3Ki MOJIOUHHX MPOAYKTIB (cup [3mMip
Tynym, cup Koii, 6inumii cup, macino, cup E3ine, kedipHe 3epHo, kedipuuit Hamiit, Apmona,
cup Tup Kamyp, cup Xep0i, xo3sumit cup, cup Cecin) Oynu 3i0paHi B pi3HHX perioHax
TypeuunHu. 3pa3ku iHOKYJIIOBAIIM B aHAMiJ] KAaHAMIIIMHY €CKYIIiH-a3u], cepenoBuile Slanetz
Bartley Ta M-17 Agar Ta Enterococcus spp. Oymu i3omp0BaHi. JIOCHiKEHO BIACTHBOCTI
MiAKUCIICHAS, BUPOOJCeHHs ek3omnomicaxapunis (EPS), mnomiTthdHy Ta NpOTEONITHYHY
aKTUBHICTB Ta aKTHBHICTH JCKapOOKCHITIOBaHHS mTaMiB Enterococcus, sKi JiarHOCTyBaJCh
(eHOTUTIOBO 1 GI0XIMIYHO PI3HUMH METOJIAMHU.

Pe3yabrarTu i odroBopennsi. [licis papOyBanns 3a 'pamom i TecTiB Ha KaTanasy OyIo
BUSBICHO 167 MOJOYHOKMCIMX OakTepidd. 3aBIsku aHamizy 122 3 1ux i30JTiB Oyiu
ineaTudikoBani sixk Enterococcus faecium, 18 stk Enterococcus durans, 17 sk Enterococcus
faecalis, 8 ax Enterococcus faecium var. i 2 ax Enterococcus hirae. Takox BHBUeHi nesKi
6ioximMidHi i TEXHOJIOTIYHI BIACTUBOCTI LIMX BUIB. Y CTAHOBJIEHO, mo mramu E. faecium i E.
faecalis migBumytoTs KUCTOTHICTH MOpiBHsHO 3 E. durans ta E. Hirae. 3aranom 19 mramis
3natHi npoaykysatu EPS, Toni six 9 mramiB npoxykyiors EPS nocuts nosineno. Takox
oyno nposeneno 17 E. faecium, 2 E. faecalis, 1 E. durans i 1 E. Hirae. (wramu
NPOJEMOHCTPYBAIIH JIIOMITHYHY akTHBHicTh) 1 95 E. faecium, 12 E. durans, 5 E. faecalis
var., 3 E. faecalis i 2 E. hirae, nekap6oxcuiboBaHi 10 aMiHOKHCIIOT JIi3HHY Ta OPHITHHY.
Byno mnomiueno, mo Enterococcus spp., i30160BaHi i3 cHpOro MojoOKa 1 TPaaMIiHHUX
MOJIOYHHX MPOAYKTIB, BIIPI3HIIOTHCSA TEXHOJIOTIYHUMH XapaKTEPUCTHKAMH (3a JKepernom,
BHJIOM 1 IITAMOM ).

BucHoBok. Cupe MOJIOKO i MOJIOUHI MPOAYKTH € BAKIIMBUM DKEPEIOM U BUAIICHHS
BHIIB €HTEPOKOKIB. Taki XapakTepuCcTUKH BUIIB Enterococcus, K IMiIKACICHHS, 30aTHICTD
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0 TPOAYKYBaHHS €K30IOicaxapu/liB, MPOTECONITUIHA Ta JIMOJMITHYHA AaKTHBHICTb,
aKTUBHICTH JIeKapOOKCIIIa3M, BiAPi3HAIOTHCS 32 BHIAMH Ta IITAMOM.
Kurouosi ciioBa: Enterococcus spp., moaoko, kegip, cup.

CkJiaf, ¢izuko-xiMidHi BJacTHBOCTI Ta OPraHoJieNTHYHI MOKA3HUKH CAJTATHUX COYCiB
i3 KYKypYyA3SHUX i 4y}’ AHUX KPOXMAJIBHHUX cyMilneii

Oxe Emanyens Kexinze!, Inosy Maiikn Aitonene?, Omxo Onagimex JKopsx?,
Anenexe Pagiar baminene!, Aneee Camyens Aodemi Onanexan?
1 — @eodepanvruii cinbcokococnodapcovkuii yrigepcumem, Abeokyma, Hizepis.
2 — Vuisepcumem Ton [lyx Tane, Xowumin, B'emnam

Beryn. Bmsnaueno ckian, (i3sHKO-XIMIYHHX BJIACTHBOCTI Ta OPTaHOJEITHYHI
MIOKa3HUKH CAJIATHOTO COYCY 3 KYKYPYA3SIHUX 1 Uy’ sTHUX KPOXMaJIbHUX CyMilIeH

Marepiann i meroau. JKoBTuii copt 4ypu Ta KyKypyA3u COpTyBaiu Bin Opyay,
NPOMHUBAJIM, 3aMOYYBAIM IPOTAroM 24 Tox i pO3THpaIM B CYCIEH3II0 32 JOMOMOTOI0
71a00paTOPHOTO MOJIOTKOBOTO (pe3epHoro Bepcrara. OTpuMaHy cycreHsito (inbTpyBaiu
depes MyCIIHOBY TKaHMHY # OCajuKyBamd nporsrom 3 romud. Ilicis uporo ocax
JICKaHTHPYBAJIH, CYLIMIHN B IIadi-Cymapii Ta nopiOHIOBAIA Ul OTPUMAHHS KPOXMAIIO.
Coyc fuisi camary BHTOTOBIUIM i3 CyMilIeH KyKypyA3SHOTO i 4y sHOro KpoXmamo 3
IHIIIMHA 1HFp€,Il1€HTaMI/I

Pe3ym>TaTu i o6roBopenns. BmicT Bosory, 3aranbHoi 3011H, _CHPOTO JKHPY, CHPOro
npoTeiHy 1 BYIJICBOJIB CAlaTHOTO KPeMy 3 KPOXMaIbHHMX CyMIlUei KyKypyasd Ta uy(u
konuBaiocs Bix 51,50 no 59,58%, 0,33 go 0,58%, 23,05 no 24,78%, 0,65 no 1,16% Ta 14,31
10 24,41% sianoigHo. Cymim Kykypya3u Ta 4yy¢u He Mae 3HauHoro (p> 0,05) BmmBy Ha
MacoBI YaCTKHU BOJIOTH, 30JIH, JKUPY, OllIKa Ta ByIJIEBOIB CaJIATHOTO COYCY 3 KYKYPYA3STHOTO
1 4y¢’sHOro Kpoxmamo. BMicT BOIOrH B CalaTHOMy COYCi, OTPHMAHOMY B IbOMY
JOCII/DKeHHI, MOXe€ BIUIMHYTH Ha WOro SKICTh 1 cTaOimbHicTh. CanaTtHuil coyc 3
KyKypya3sHo-ayd’ssHoro kpoxmamio Ha 90:10% maB HaWBUIIMIA BMICT 30JM Ta CHPOTO
MIPOTEIHY, TOAI SIK CANATHUH COyC 3 KyKypya3stHOro kpoxmano Ha 10:90% maB HaliMeHIIHHA
3arajbHUi BMICT 30iM Ta cuporo Oinka. OgHak NporpecuBHE 30UIBIICHHS 3arajbHOT
30JILHOCTI CHOCTEPIrajioch i3 JOJaBaHHIM KyKYpYA3sSHOTo Kpoxmainto. JKUpHICTh callaTHUX
COYCIB 3 KyKYpYI3sSHO-4y(}’STHOro KpoxmMato Oyia moaioHor. Edexr B3aemomil Kykypya3u
Ta yy(’stHOro Kpoxmairo MaB 3HauHuUil (p <0,05) BIUIMB Ha BMICT KPOXMAIIO Ta 3arajbHy
TUTPOBaHY KHUCJIOTHICTh. BMICT 1ykpy Ta Kpoxmaito KonuBascs Binx 2,67 mo 9,50% Ta Bin
4,14 no 11,45% BinnoBinHO, canmaTHHH cOYC 13 KyKypyA3SHO-4y(’ SHOTO KPOXMAIIO0 —
10%:90% wmaB HaiiBuILy LiHHICTH, TOAi K npHu 70:30%  HaWHWKYMH BMICTY LyKpY Ta
kpoxmaio. PH, 3araisHa TUTpOBaHA KHCIOTHICTH 1 B’S3KicTh cTaHOBMIHA 3,57-3,77, 0,32—
0,69% ta 472—168311a-c BignosinHo. IIporec onTuMizalii caaTHOr0 KpeMy 3 KyKypyA3sHOT
CyMIIIi Ta KPOXMAJIO0 TUTPOBOTO ropixa ctaHoBUTE 90% KyKypya3sHoro kpoxmairo ta 10%
qyd’sHoro kpoxmamo. OIHaK ONTHMI30BaHMM BEpIIKOBHH camaTHHE kpem i3 90%
KyKypyI3sgHoro kpoxmaimio Ta 10% kpoxmamo uypHu Ta KOMEpHiHHUH calaTHHH Kpem
(camaTHWit Kpem «XaWHI») TpHIAB JI0 CMaKy eKcIepTaM, 3BaKalo4d Ha CEHCOpHI
XapaKTEePUCTHKHU.

BucnoBok. Coyc i3 KyKypya3sHOTO 1 4y’ sSHOTO KpOXMajio Mae OaxkaHi ¢i3nKo-
XIMiYHI BIACTHUBOCTI 1 CXOXi CEHCOpPHI BIACTUBOCTI MOPIBHSHO 3 KOMEPIIITHIMHU CalaTHIM
coycamu. OTxxe, NMPUAHATHUHA CaJaTHUH COyc MOKHa BHpoOmaté i3 10-BigcoTKoBOIO
3aMiHOIO0 Uy’ STHOTO KPOXMAJIO KyKYPYI3STHHM.

Karouosi ciioBa: kyxypyosa, uygha, kpoxmans, coyc.
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IMonidenoabHmii ckaax i TEXHOJOTiYHI XapaKTepPUCTHKH MOJIOYHOI CHPOBATKH
3a0apBJjieHOl Pi3HOT0 MOXOKEHH

Onmnena I'pek, Tersna [Timennyana, Jlapuca Yybenko, Onena OHompifiayk
Hayionanvuuii ynieepcumem xapuoeux mexuonoziu, Kuis, Yxpaina

Beryn. Metoro ocnipkeHHs! € BU3HAYEHHS MOJI(EHOIBHOTO CKIIIy 1 TEXHOJIOTIYHUX
XapaKTEepPUCTUK MOJIOYHOI CHPOBATKU 3a0apBiIeHOI PI3HOI'O MOXOKECHHS, OTPUMAHOI MpH
ocapKeHH1 OUIKIB MOJIOKA TPaAULIIHHOIO SITiHOI0 CHPOBUHOIO Ta TMKOPOCAMHU.

Marepiann i wmerogm. CupoBarky 3a0apBieHy OTpPHMaHO B  pe3yJbTaTi
TEPMOKHCIIOTHOTO OCa/KCHHSI OUIKIB MOJIOKA KOAryJIssHTaMH POCIHHHOTO IOXO/KECHHS.
Inentndikanito Ta KijgbKiCHE BHU3HAYEHHs MOJII(EHONBHHUX CIIONYK Y 3pa3Kax MOJIOYHOI
CHpOBaTKM  3a0apBieHOi  3MIMCHIOBAIM  METOJIOM  BHCOKOE(EKTHBHOI  pigMHHOI
xpomarorpadii. BwicT cyxmx pedoBHH y cCHpOBaTIi 3a0apBiieHiH IOCIiIKyBain
pedpakTOMETPUYHIM METOAOM, a ONTHYHY T'YCTHHY KOJIbOPOBOCTI Ta KaJJaMyTHOCTi—
KOJIOPIMETPHYHUM METOIOM.

PesyasTaTH i o0roBopenHs. 3pa3Ku CHPOBATKA Mallll BIiATIHKH (hi0JIETOBOTO Ta
3€JIEHOTO KOJILOPY, [0 OOYMOBIIEHO HAsBHICTIO crenn(iyHiX OapBHHUX PEUOBHH, 30KpeMa
pi3HUX TOMiI(EHOIB, SKi € CKIAJOBOI SIiJl YOPHOI CMOPOIMHH Ta XJIOPO(DITY COKYy
MOJIOPO’KHKMKA. BMICT BHILE3a3HAYCHUX CIOJIYK Y MOJIOYHIM CHpOBATI MiCis OCaKEeHHS
6inkiB Mmomoka cokom Plantago major L. Ta xkasitamiiiHo 00pOOJEHOI MAcTO0
YOPHOCMOPOJHUHOBOIO CTaHOBHTH, BimmoBimHo, 324,43 i 265,49 mr/n. 3i 30ijblIeHHSIM
KIJIBKOCTI KOAryJIsiHTY JJIsi TEPMOKHCIIOTHOTO OCaJDKeHHs OUIKiB Mosoka Big 5 mo 11%
3HAYEHHS ONTHUYHOI I'YCTHHH I KaJlaMyTHOCTI CHPOBAaTKH 3a0apBJICHOT 3MEHIIYIOTHCS Ha
0,40 Ta 0,41 ym. ox., a [UIA KOJIIBOPOBOCTI, HaBMaKw, 30ubIIytoThcst Ha 0,17-0,19 ym. ox.,
BIJIMOBITHO, JUTS CUPOBATKH 3a0apBIIeHOI Micisl 0ca/pKeHHs OUKiB Mosioka cokoM Plantago
major L. Ta mactor YOpPHOCMOPOAMHOBOK. MacoBa YacTKa CyXHX PEYOBHH CHPOBATKH
3abapBiieHoi 3adikcoBaHa Ha piBHI 6,80—8,55%. Bwmicr 6inka cknanas 0,96—1,33% 3anexHo
BiJl KUIBKOCTI KOAryJIsIHTY POCIMHHOTO IOXOJUKEHHS IIPU TEPMOKHCIOTHOMY OCAPKCHHI
MoJioka. [opiBHIOOYM 3 KOHTPOJILHMM 3pa3KoM, CHpOBaTKa 3a0apBlieHa, OTpUMaHa MicIis
0CaDKeHHI O1IKIB MOJIOKA POCIMHHUAM KOAryJIsHTOM Y KiibkocTi 8 Ta 11%, mana MeHuii
Bmict Oinka Ha 0,32-0,45%, 110 MIATBEPIXKYE KOMIUIEKCHE OCa/DKCHHS Ka3eiHy Ta
CHUpPOBAaTKOBUX OUIKIB MOJIOKAa OpPraHiYHMMH KHCJIOTaMH KaBiTaliiiHO 00pobieHoi macTtu
YOPHOCMOPOIMHOBOT Ta aKTUBHUM KOMILIEKCOM (IIPOTea3aMu Ta OPraHiYHUMH KHCIOTaMH)
COKY MOJIOPOKHHKA.

BucHoBkm. 3pa3ku cHpOBaTKH 3a0apBIICHOI MArOTh MOKpAIleHi CMakoBi W KOJIpHI
XapaKTEePUCTUKH Ta ITiABUIIEHY XapUOBY HIHHICTb, 1[0 YMO>KJIMBIIIOE ITUPOKE BUKOPUCTaHHS
il y cks1ajii CHpOBaTKOBHX HAMOIB 0€3 10aTKOBOTO 00pOOIIeHHSI.

KoarouoBi cioBa: cuposamka 3abapenena, Koazyno8anis, Koibopogicmy, NOIIGeHOI.

®i3nyHi, piziosoriuni i 3MiHM Ta BMicT MiHepaJbLHUX Pe4OBHH Pi3HUX THIIB 6000BHX
y npoueci NpopocTaHHA
[enica Arynopeii, Cinbiy-I"abpien Ctpoe, ['eoprina Konina
Yuisepcumem “Llmeghan wen Mape”, Cyuasa, Pymynis

Beryn. HocmimpkeHo ¢izuyni Ta (i3ionoriddi 3MiHH pi3HUX THUIHIB 6000BUX KYJIBTYp Y
IIpoIieci MPOPOCTAHHS 3 METOI0 BU3HAUYEHHS ONTHMAIBHOTO BMiCTy MiHEpaJIIbHUX PEYOBHH.
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Marepianu i meroau. Taki 6000Bi KyJIbTYpH, SIK HYT, KBacOJs, COUCBUIIS, JTIOMUH i
cosI, TIpopoITyBaiy B Kamepi g pocty pociuH Binder KBW/KBWF 240. [Ins BuCBiTIICHHS
¢izngHuX 1 ¢i3iomoridyHuX 3MiH 0000BHX KYJIBTYp Y MPOIECi MPOPOCTAHHS BHKOPHUCTAHUN
crepeoMikpockon Motic SMZ-140. [Ins minkpecineHHs Bapiallii KiTbKOCTI MiHEpaIbHHUX
PEYOBHH Tij 9ac mporecy mpopoctanHs BukopuctaHo Shimadzu EDX-900HS.

PesyabTaTH i 06roBopennsi. Bmict Oinka B aHami30BaHUX O00OBMX BapirO€THCS Bix
19,40 no 40,34%, HaiibinblIa KUIBKICTD — y CO1, a HAHMEHIIa — y 3pa3Ky HyTy. Yci 3pa3ku
MOKa3aJld XOPOIIYy KHUTTE3aTHICTh Ul IPOPOCTaHHs, HaiiBua — y coueuui (90%), mis
SIKOT TakoX OyJyo 3a(hikCOBaHO HAWBHILY €HEPreTUYHY I[IHHICTH nmpopocTanHi. OTpuMmane
300pa)XEHHsI 4iTKO NPOJEMOHCTPYBAJIO PO3BUTOK CKJIJOBHX YAaCTHH 3apOJKY: KOPIHI i
IUTIOMYJIH, SIKi 30UTBIIYIOTECSI B TIPOLIECT MPOPOCTAHHS, KOJIM HACiHHS M0Yall0 CHHTE3YyBaTh
xsopo(dis, a KOpiHb MOYaB PO3BUBATHUCS. BIAMOBIAHO 0 TXHROTO PO3BUTKY MaKCUMAITbHUIMA
Yac MpopoCTaHHs CTaHOBUB 10 THIB I COYEBHII Ta JIONHUHY 1 9 THIB IS HYTY, KBAacOJI Ta
coi. OxmHak 171 1X BXKHBaHHA B Ky OyJI0 BCTAaHOBJICHO ONTHMAJIBHUN MEPioJ] MPOPOCTAHHS
MPOTSATOM 4 JHIB IUIA BCIX aHAJTI30BaHUX 3paskiB 0000BUX, y SKHX, KpiM 3pa3Ka KBacoIi,
KOpiHems OyB Habarato OUTBIINM 3a PO3Mip 3epHa 000OBHX. 3araioM, BMICT KaJbIlil0 Ta
cynbdary OyB HAWBHIIMM Y BCiX 3pa3Kax 3a YeTBEPTHH JACHb MPOpPOCTaHHs. BMicT kanpmito
IUISL HYTy 3pOCTa€ Maike B IIICTh pasiB, a U COYCBHI — BTPHYi. Y HEIPOPOLICHOMY
HaciHHi BMicT dochopy i 3aiiza 301IbIIYETHCS U1l HACIHHS COUEBHIII MPOTSTOM YOTHPHOX
JIHIB TIPOPOCTaHHs, TOAI SK Al pemtn 0000Bux 3Menmryerbes. 1lo crocyerses Kamiro,
MarHif0 Ta IMHKY, TO 3arajoM iXHi 3HAYCHHS 3MCHIIYIOThCS 13 30IJBLICHHIM 4Yacy
MIPOPOCTAHHS.

BucnoBok. Jlocmimkenus ¢isuyHux 1 ¢izionoriyHux 3MiH 0000BHX Tin yac
MIPOPOCTAHHSI JIa€ 3MOTY BH3HAYNTH, KOJIH CIiJl 3yIIMHUTH Tpolec npopocranHs. KinbkicTs
6araTb0oX MOKMBHUX PEYOBUH 30UIBIIYETHCS B PE3YNbTATI MPOIECY MPOPOCTaHHS, TOXK eH
TIPOLIEC MOXKE MaTH pi3HE 3aCTOCYBaHHs B Xap4OBiil TPOMUCIIOBOCTI.

KuarouoBi ciioBa: 60006i, npopocmantsi, HacinmHs, MiHepanu.

BigminHocTi y ckiIaai JJeTKHX cNOJIYK Yy cBiKiil i BUCymIeHili 3Mimannm
TenJoniaBeleHHAM OijlokadyaHHill kamycTi

Onexcanapa Hemipuy, Haranist ®@posnosa, Irop Ycrumenko, Auapiit ['aBpuin
Hayionanvuuii ynieepcumem xapuosux mexuonoeiu, Kuis, Yxpaina

Beryn. MeToro 1ociipkeHHS € BUBUSHHS XpoMaTorpadigHuX MpoQiiB ISTKUX CIIOTYK
y CBIXKIHl 1 BUCYIIICHIH 3MilITaHUM TEIUTOMIIBEACHHAM OiJTOKa4aHHIH KaIyCTi i3 BU3SHAYCHHIM
BiIMIHHOCTEH B SIKICHOMY Ta KiJIbKICHOMY CKJIaJIi.

Marepianm i meroam. Merogom xpomaromac-cnekrpomerpii  (GC/TOF-MS)
JOCITKEHO MPOdiJli JETKUX PEYOBUH Y CBIKHX 1 BUCYIIEHUX 3MILlIAHUM TETUIOMNIIBEICHHAM
oBOYax, 30KpemMa OLTOKayaHHIN KamycTi copTy Amarep, i3 BH3HA4€HHSM BiJMiHHOCTEH B
SKICHOMY Ta KUIbKICHOMY CKJIaJli. SIk KOHTPOJIb 00paHO KammycTy OiIoKadyaHHY CBIXKY.

PesyabTaTn i o0roBopenHs. B xoxi xpomartorpadidHHX JOCHIIKEHb JETKUX
apOMATHYHUX CIIONYK CBDKOI Ta BUCYIIEHOi OiokadaHHOI KamycTH imeHTH]ixoBaHo 20
JIETKUX pedoBHH. B 000X 3pa3kax MicTsThcs Taki komnoneHTd: 4H-mipan-4-oH, 2,3-murigpo-
3,5-nuriapokcu-6-metnin-(2,61 ta 2,11%), ryanosus (1,07 ta 0,48%), okcupaH, TeTpaaeiiu
(1,71 Ta 0,90% ), Terpanekanan (2,89 ta 2,72%), 2-nmenragekaHon (3,2 ta 3,00%), 2-
HoHazekanoH (3,01 Ta 2,84%), dopmamin, N-merun-N-4-[1- (mipposia-iHin)-2-0yTuHin]
(3,12 ta 2,92%), H-rexcamekanoBa kucioTa (5,8 ta 5,76%), muc-BarieHoBa kuciora (4,43 Ta
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4,44%), oneinosa kuciota (3,94 ta 4,02%), amin oneinosoi kucyiotu (3,12 ta 3,2%), 1,2-
GeH30IInKapOOHOBA KHMCIIOTa THI300KTHIOBHH edip (5,28 Ta 5,22%), 6-MeTHI- OKTaIeKaH
(1,96 ta 1,16%), 2,6,10-rpumermirerpanekan (2,69 ta 1,84%), remrakosan (34,16 Ta
32,15%), 2-rekcamexanon (2,25 ta 1,76%), 1,2-emokcurekcagexan (11,11 ta 10,65%),
HOHako3aHOH-15 (3,83 Tta 3,45%).

BucymryBaHHS cupoi KamycTH CYIIIHHAM 31 3MIIIaHUM TEIUIOMiABEICHHIM HE
CHPUYHHSIO 3MIHH 32 SIKICHUM CKJIaJIOM, TIPOTE 3yMOBJIIOBAJIO 3MEHIIEHHSI KUIBKOCTI JIETKUX
apOMaTHYHUX PEUOBHH.

3MeHmieHHsT BMicTy,% KkommoHeHTiB: heptacosane, (34,15 — 32,16), 1,2-
epoxyhexadecane (11,11 — 10,659), octadecenamide (3,12 — 3,02), n-Hexadecanoic acid
(5,80 — 5,76) nmeBHOIO MipOIO HIBEIIOE TiPKYBaTy HOTY CHPOI KamyCTH, JKUPHUH MPUCMAK,
oM’ IKIIye ii apOMaTH4HI BIIIYTTS.

BucHoBku. TIOpiBHSAHHS JIETKUX PEYOBHH Y CBIKHMX 1 BHCYIICHHX 3pa3Kax KaIlyCTH
MATBEPIKYE 30eperkeHHs [IIHHUX O10JIOTIYHUX PEYOBHH CBIXKOI KAITyCTH IICIS CYIIiHHA 3i
3MilaHuM TerutomiaBeaeHHIM. Lleft croci6 oOpoOIeHHs KayCcTH MaKCUMaIbHO 30epirae 1i
KOPHCHIi BIIACTHBOCTI.

Kuarouosi ciioBa: kanycma, cywinns, xpomamoepais, iemki CnoayKu.

IIpupoaHi anbTepHATHBH AiOKCUAY CIPKH, 1110 BAKOPUCTOBYIOTHCS Y BHHI, Ta iX
BILJIMB HA APOMATHYHI CIOJIYKH

Bypuy [Jlapiui*, dimitap JimMiTpos?,
Tersina Monuena?, Xatiue Kanka Inxipim?
1 — Vuigepcumem Eee, I3mip, Typeuuuna
2 — [ncmumym eunozpadapcmea ma eunopoocmaa, Ilnesen, boneapis

Beryn. Merolo 1bOTO  JOCTIJDKEHHS € BH3HAYUTU BIUIMBY PI3HUX HPUPOIHHUX
POCIIMHHUX EKCTPAaKTiB, II0 BHKOPUCTOBYIOTHCS SIK AJbTEpHATHBA MIOKCHAY CIpKH, Ha
apOMaTHYHI CIIOJIYKH BHHA.

Marepiann Ta Meroan. BHpoOHHIITBO BHHA MPOBOJHIOCH 32 3aralbHONPHHHSATOO
MeTonukoro s depBoHmx BHH (KabGepne CoiHbiioH). ExcmepuMeHTampHI 3pa3ku
BUTOTOBJICHI 13 BHKOPHUCTAHHAM DI3HHX POCIMHHUX EKCTPaKTiB (BUHOTPAZHWUX BHYABOK,
pO3MapuHy, YOPHHIII YOPHHUII) 32 PI3HUX KOHIEHTpamii. Y Mepiid KOHTPOIBHIA TpyIi
BUKOPHCTOBYBAINCh 3pa3kl BUH 0€3 OOpOOJECHHS MIOKCHAOM CIPKH Ta POCIMHHUMHU
eKCTpaKTaMH, y APYTiil rpyma — BUHA, BUPOOJICHI 3 TOJaBAHHAM JIOKCHIY CipKH.

PesyabTaTn Ta odroBopeHHs. HaiiBuma 3aranpHa KiJTBbKICTh JETKHX CIIONYK Oyia
JIOCSITHYTa 3aCTOCYBAHHSIM €KCTPAKTy YOPHHII Ta EKCTPaKTy BHHOIPAJHUX BHYABOK.
KombiHoBaHe 3acTOCYBaHHS TIOKCHIY CIpKH Ta €KCTPAKTy YOPHUIN 30iMBIIMIO JETKICTh
BrHa. Halikpamii pe3ynbTaTH, MOB'sI3aHi 3 CHHTE30M BHIIUX CIUPTIB Ta iX HAKOMHYEHHIM Y
BUHAX, OyJIi OTPUMaHi 3 BAKOPHCTAHHAM T1OKCUAY CipKH (25 MI/IT) i pOCIMHHUX €KCTPAKTiB
(0,3 mi). HaiiBume 3HaYeHHS OTPUMAHO Yy 3pa3Ky, OOpOOJICHOMY BHHOIPaJHHMHU
BHUYaBKaMH.

Edipna ¢paxuist Oyna npeacrasineHa 9 ineHTUdikoBaHMMH criosykamu. HaiBummit
3arajgpHUi BMicT edipy (169,13 mr/n) OyB BusABIEHWH y 3pa3Ky, OTPUMAaHOMY IpH
KoMOiHOBaHii 00po0ui 25 Mr/i JiokcHLy CipKM Ta ekcTpakTy po3mapuny 0,3 mi. [Hmi Tpu
BapiaHTH 0OPOOJICHHS PO3MAapPHHOM IPOJIEMOHCTPYBAIHN KIJIBKICHO OJIM3BKHUI BMICT edipy.
¥ 3paskax, 0 MiCTATh €KCTPAKT BUHOTPAJIHUX BUYABOK, BUSBICHO HAWHMKINN 3araibHUMA
BMICT edipy MOpiBHSAHO 3 yciMa iHMUMH. 3 1€l Tpymu OyJI0 BUAUICHO JHIIe Mpoly, 110
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BKJIOYa€ 25 MI/J JIOKCHIY CIpKH Ta €KCTPAaKT BUHOrpagHux BuyaBok 0,3 mu (40,62 mr/n).
MetunoBuii ciupt OyB 3HAWACHUI Yy BCIX AOCHIPKEHUX BUHAX. PIBEHh METHIIOBOTO CIIAPTY
OyB Iy»e HU3bKUM 1 HE CTBOPIOBAB PU3UKY JUIS CIIOKHBAYa.

BucHoBok. JlocmimkeHHS TPOAEMOHCTPYBAJIO MOXIIMBOCTI ONTHMI3amii JiOKCHIY
CIpKU 3 BUKOPUCTaHHSAM HATYPaIbHUX POCIUHHUX EKCTPAKTIB.

KawouoBi ciioBa: suno, excmpaxm, 0iokcud cipku, 4epoHe UHO, apoMan.
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Mpouecu i o6nagHaHHSA

®da3oBi nmepexoau B TEeXHOJIOTisfAX Xap410BHUX BHpOﬁHI/IHTB

Amnaromniii Cokonenko, Onekcannp llleBuenko, Onbra Kopaib,
Koctsatun BacumbkiBebkuil, [puna Makcumenko, Anacracis [lleBueHko
Hayionanvuuii ynieepcumem xapuosux mexwonoeiu, Kuis, Yxpaina

Beryn. CraTTsi CTOCYETBCSI 3arajlibHOTO CTaHy TEXHOJIOTIH yTWilizalii BTOPUHHHX
€HEePreTUYHHUX PECYPCIB 1 peCypCiB 30BHIIIHBOTO CEPEIOBHUINIA.

Martepianun i mMeroam. J{oCTmiKyIOTBECS €HEPTOBHTPATHI IPOIECH 3 TOYKH 30py
BHKOPHCTAHHS iXHIX IMOTCHIIANIB SK i30CHTANBIIHHUX y COJIOMOCYIIApKax, OpOAMIBHUX
araparax, TeIUIOBHX Hacocax i BAaKYyMHHX CyIIapKax B iX KJIaCHYHOMY BUKOHaHHI. MeTonu
JOCII/DKCHHS. TPYHTYIOTBCSI Ha TOJIOKCHHSAX TEXHIYHOI TepMoanHaMmiku. [loegHaHHA
Ha3BaHMUX OO'€KTIB CTOCYETHCS MOJKIIMBOCTEH CTBOPEHHS Ha IX OCHOBI 3aMKHYTHX
eHepromMarepiallbHIX KOHTYPIB 32 PaXyHOK JOMOBHEHHS iX KOMIIEHCALIHHUMH IPOLIECAMH.

Pe3yabTaTi i 00roBopeHHsi. AHai3 i30€HTAJIBIIHHAX MPOLECIB CYIIIHHS MPHUBIB 10
BHUCHOBKY TIPO JOIIBHICTh YTPHUMAaHHS 3arajbHOTO MOTEHIaly Mapora3’oBOi CyMIlli B
3aMKHYTOMY KOHTYPI, ajie 3 0COOJHBICTIO, 1110 OCYIIYBaJIbHUI MOTEHINAM cepeoBHIIa OyIe
MOHOBJIIOBAJIbHUM. OCKUIBKM BIJIyYeHHs MapoBoi (pakuii MOXJIMBe Jjuine dvepes ii
KOHJICHCAIlil0, sIKa 3JIHCHIOETHCS BHKOPHCTaHHSM TEIUIOBOIO HAcoca, TO B HBOMY X
SHEepreTHYHNHA MOTEHIliall MMOBEPTAETHCS Ta30BOMY ITOTOKY 3a NPOXO/DKEHHSA HOro depes
KOHJeHcaTop. B Takiif cucremi peani3yloThCsl 3aBAaHHA CYIIIHHA 3€pHOBOI MacH,
TPaHCIIOPTYBaHHS Mapora3oBOi CyMilli, OcylTyBaHHS ra3oBoi (pakuii Ta MoBepHEHHS ii
eHepreTMyHoro mnoreHniany. KoHTyp TemioBoro Hacoca B Wi cHCTeMi BHKOHYE
PEryJIATOPHY pOJb MIOJO0 KOHTYpPY IaporasoBoi CyMiml, a KOMIEHCALiifHWH mporec
TIOKJIaJIEHO Ha KOMITPECOp TEMIOBOTO HAcoca.

HagezeHo iHdopMaliro 1o/10 BIalITyBaHHs OpPOJIUIBHOTO anapaTa 3 peKyInepaTiBHOO
CHUCTEMOIO BHJIYYCHHS CHOUPTY. TEXHOJOriYHEe 3aBAaHHS CTOCYEThCA —CTabimizamii
OCMOTHYHHMX THCKIB y KYJIbTYPQIbHOMY CEPEIOBHUII I[UIIXOM CYMIIIEHHSI IIPOLECiB
OpOMiHHSI 1 IEPErOHKH.

Po3mipenHs niana3oHiB 3aCTOCYBaHHS TEIIOBUX HACOCIB CTOCYETHCS MPOMO3MUIIT TX
JIBOCTYIIEHEBOT CTPYKTYPH, a BapiaHT CXeMH BaKyyMHOI cCymiapku Oe3mnepepBHOI nii
TIPOTIOHYETHCS 3 PEKYNEPATHBHOIO CUCTEMOIO.

TepMomuHaMidHI BIACTUBOCTI (ha30BHX TIEPEXOJIB BIAMOBINAIOTH 1300apUIHO-
i30TepMIYHUM TIpoIlecaM, MO0 3 TOYKHA 30py IHTEpECiB EHEpreTHYHOI peKymeparii i
pereHeparii Hajae, K MiHIMyM, ABi iepeBaru. [lo-niepie, B pe3ynbraTi (ha30BOro nepexomy
SHTaJIbIIs MapoBoi (pakuii npuOimmM3HO y 5 pasiB nepeBuIlye eHTaublio piauHHOI. Ilo-
Jpyre, TeMIepaTypy napoBoi abo ra3oBoi a3y MOXKIMBO 3MIHIOBATH 32 PaXYHOK MEXaHIIHO1
abo TepMoKoMIIpecii, 30KpeMa g 3MiHM Temreparyp (azoBux mepexoniB. Hacmigkom
TaKHAX TpaHCHOPMALil € MOXKIIUBICTh MiHIMI3yBaTH BUTPATH IEPBUHHNX EHEPTOPECYPCiB HA
MPOLIECH BUIAPIOBAHHS CEPEOBHILL.

BucHoBku. EHeproemHi porecu CymriHHA, aepallii 3epHOBHX Mac TP MPOPOIyBaHHi,
KyJNbTypalbHUX CEPEIOBHII ITPH CHHTE31 MiKpOOPTaHi3MiB a00 IXHiX HOXiIHUX OI[IHIOIOTHCS
SK 130€HTANBIIIHI, 110 O3HAYa€ JOLUUIGHICTh CTBOPEHHS 3aMKHYTHX EHEpPreTHYHUX
KOHTYPIB, OCKLIBKHU anapaTypHe opOopMIICHHS TEXHOJIOTIYHUX arapaTiB 4acTo Ma€e CKJIaJ10Bi
Ha PiBHI TEIUIOBHUX HACOCIB.

KatouoBi cioBa: nepexio, mpancgopmayis, konmyp, meniooOMin, KOHOEHcayis.
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MoaesioBaHHS TEIIO0OMiHY B HU3XITHOMY KiJIbIIeBOMY €J1a00-TypOyJIeHTHOMY Mapo-
piauHHOMY MOTOWLI MiJ Yac BUNAPOBYBAaHHS

Banentun [lerpenko, Muxkona [Ipsanko, Onexcanap Psaduayk
Hayionanvuuii ynieepcumem xapuosux mexuonocii, Kuis, Yxpaina

Beryn.  TlepeBakHa KUIBKICTH CIIBBIAHOLIEHb Uit TYpOYJICHTHOI B'SI3KOCTI B
CTIKaIOYHX IUIIBKaX Ma€ AUCKPETHY MOMIAPOBY CTPYKTYPY, @ PO3B'SI3KU PIBHAHB 30€pEKCHHS
TEIUIOTH Ta IMITYJIbCY 3 BAKOPUCTaHHSIM IMX CIiBBIHOILICHB JIMIIE YHceNbHi. [IpononyeThes
HOBa MOJIeJIb, Ha OCHOBI SIKOT 3/IIICHEHO aHajIi3 TeIIOTiPOJMHAMIYHHUX MPOLECIB B ITIBKaxX
PLAMH Mij 9ac MapoyTBOPEHHSI.

Marepianu i MeToau DiznuHe MOETIOBaHHS BUKOHAHO B Tpybax: d =22 x 1 mm, L
=1,8m, tad=233x1,5mm, L =9 m O6eMHa MiJIbHICTH 3pOMICHHS 3MiHIOBAIACH B
mianasoni 0,05-0,55 10° m%s B Tpy6i d = 20 mm, Ta 0,05-1,9 10°m?/s — B Tpy6i d = 30
mm. MogenpHI piIMHM — BoXa 1 I[YKPOBI PO3YMHH KOHIEHTpamiero mo 70% mig
aTMOC(epHIM THUCKOM i po3pimkeHHsM a0 0,86 Oap. HarpiBaHHS 3IifiCHIOBAaIOCE CYXOIO
HACHYEHOIO Taporo.

Pe3yabsTaTn i 06roBopenHs. 3anporoHoOBaHa MOAETH TYPOYICHTHOI B'SI3KOCTI B IDTIBII
y dopmi ckomenoi BOik Mik(da3zHOT HOBepXHI 1apabonu. 3 piBHSIHb TEMJIONEPEHECEHHS Ta
30€peXKEHHS IMITYJIbCY OTPUMAaHO aHAJTITHYHI BUPA3H JJIs TEMIIEPATYPHOIO 1 MIBUIKICHOTO
npodineli B IUIBLI, Ta BIAMOBIAHI IHTETPaIbHI TEIJIOTIAPOAMHAMIYHI XapaKTePUCTHKH IS
PEKUMY TEIJIOBiAAaYil, 110 XapaKTepU3yEThCsl BUIIAPOBYBAaHHSM 13 MiX]a3HOi TOBEpXHi.

AHaniTHuHI BUpasu Juis KoedillieHTa TEIUIOBi[/adi Ta TOBIIMHU IUTIBKM BHPaKEHi
gepe3 oOepHeHi rinmepOomiyHi (YHKIII Ta TPOCTO KOPETIOITHCS 3  BiAMIOBITHUME
eKCTIEPUMEHTAIbHAMH JaHUMH 3 TEIUIOOOMIHY B CTIKalOUMX IUTIBKaX BOJH Ta TYCTHX
IyKPOBUX PO3YHMHIB B OOJIACTI HEPO3BHHYTOI Ta PO3BUHYTOI TYpOYICHTHOCTI IIiJ dac
mapoyTBopeHHs. ExcriepruMeHTabHi 1aHi 3 TeII000MiHY 32 HASIBHOCTI Mik(a3HOT TOTUIHOT
Halmpyrn Ha TIOBEPXHI IUIBKM KOPETIOIOTBCS 3 TEOPETUYHHUMH  pe3yJibTaTaMu
3aIpOIIOHOBAHOI MOJIEJIi JIMIIE 3a YMOBH BBEJICHHS JOAATKOBOI (YHKIII, IO BpaxoBye
NPUTHIYEHHS TYpOYJIEHTHOCTI B IUIIBI[ BHACIIJIOK 11 MOTOHILIEHHS, BUPQXEHY Yepe3 4ucia
Bebepa mist mapoBoi ¢asu. 3rifHO SKCIEePHUMEHTAIbHHX TaHHUX, BIUIUB OYJIbOAIIKOBOTO
KWIIHHS Ha IHTCHCHBHICTh TEIUIOBIAZAauYli IiJ Yac pyxy MHapo-piIAMHHOTO sapa
CIOCTEPIraeThcsl JIMIIE 32 MEXKaMU TPaHHUYHOTO TEMIIEPATypHOTO HAropy, BHPaXKEHOI'O
yepe3 criBBinHomeHHs Kianeiipona-Kiaysiyca, 1 BpaxoBaHO BBEJICHHSM Iapamerpa
MOYaTKy KHUIIHHSA SIK CIHIBMHOXKHHMKa JI0O aQHAJITUYHOIO BHpa3y 3 I1HTEHCHUBHOCTI
TEIUIOBIIIa4i, OTPUMAHOTO Ha OCHOBI 3alpOIIOHOBAHOT MOJIETI TypOYIEHTHOT B'SI3KOCTI.

BucnoBkn Ha ocHoBi 3anmponoHoBaHOT MoJeni TypOyJIEHTHOI B'S3KOCTI BHKOHaHO
aHaJli3 TEIUIOT1IPOANHAMIYHUX NPOLECiB cIab0TypOYIEHTHNX IUTIBKOBHUX TEUil, OTPUMaHO
BIJINIOBI/IHI aHANITHYHI BUPA3W ISl PO3PaxyHKy TEIUIOBIIadl A0 IUIIBOK PO3YMHIB ITiJ] 4ac
MapOyTBOPEHHS B TPYyOax, BKIIOYAIOUYH 00JacTh OYJIbOAIIKOBOTO KHITIHHS.

KarouoBi cnoBa: mennogiooaua, niieka, mypOyieHmHa 8'si3Kicmb, WEUOKICHIb,
BUNAPOBYBAHHSL.
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——Abstracts
ExoHOMika

MeToauyuHi migxoau 10 BU3HAYEHHS TOTOBHOCTI BIPOBAIKEHHSI CTPaTeril
«OJIAKMTHOTO OKeaHY» Ha MiANMPUEMCTBAX Xapuy0Boi MPOMHUCJIOBOCTI

Tersina benoa, Onbra Kpaitnrouenko, Ceitinana Pozymeit, Onbra Ileryxosa
Hayionanvuuii ynieepcumem xapuosux mexuonocii, Kuis, Yxpaina

Beryn. locnimkeHHS nosirae y po3poOieHHI METOAMYHUX ITIX0/AIB 10 BH3HAYCHHS
TOTOBHOCTI BIIPOBAXKCHHS CTpATETil OJIAKUTHOTO OKEeaHy Ha ITiJIPHEMCTBI.

Martepianu i Meroau. 3acTOCOBYBATUCS METOIM CHUCTEMaTH3amii I 3°sICyBaHHA
YMHHHKIB, SIKi 3/1IHCHIOIOTH BIUIMB Ha CTaH IiJIPHEMCTBA Ha IUIAXY IO BIPOBAPKCHHS
cTparerii «OJaKUTHOTO OKeaHy». 3aaiisl IXHbOTO pPO3HOAUTY Ha YCHIXHM Ta BHKIHKH
BUKOPHCTOBYBaBCSI METOA MOpiBHAHHS. OIHIOBaHHS YWHHUKIB YCHIXiB-BUKJIUKIB OyJ0
31ificHeHO ekcnepTHUMH MeronaMu. CTaH rajiy3i/miInpueMCTBa BU3HAYABCS MaTPUUYHHM
METOJIOM.

PesyabTaTn i o6rosopennsi. [IponoHyerbcst MeToUKa, sKa Ja€ 3MOTY BH3HAYUTH
TOTOBHICTB peai3alii cTpaTerii «0JaKuTHOT0» okeaHy». OKpecIIO0ThCS 3aralbHi YNHHIKH,
sIKi 0OYMOBIIOIOTh HEOOXIIHICT peainizarii Takoi crparerii. Cepen HUX 0OMparOThCs TaKi,
SIKi € HAalOIBII CYTTEBUMH 1 BU3HAYAIILHUMH JIJIS Taly3i/mianprueMcTBa. BoHN MOXYTE OyTH
SIK IOBUTUBHUMH (YCITiXH), TaK | HSTATHBHUMH (BUKJIMKH). 3MIHICHIOETHCS IXHE BUMIPIOBaHHS
IIJIIXOM 3HaXO/DKEHHS JOOYTKY CepelHbO1 OLIHKH (BU3HAYAETHCSI EKCIIEPTHUM METOJIOM) Ha
BaroBui KoeimieHT (BCTaHOBIIOETHCS HA OCHOBI TOCBIY TOCTITHUKIB 3aJICKHO BiJT CTYTICHS
3HAYyLIOCTI YMHHHUKIB Ta IXHHOTO BIUIMBY Ha PO3BUTOK raiysi). 3 MeTOI iHTepIpeTamii
OTPUMaHUX pE3YJIbTATIB OI[IHIOBaHHS CTaHy Tajy3i/MiANPUEMCTBA MPOIOHYETHCS
BUKOPHCTAHHS 3allPONIOHOBAHOI MATPHII «YCIIXH-BUKIHKWY, sKa Mae 4 KBaJpaHTH.
3aJ1exHO Bifl TOTO, J0 SKOTO TOJIs IOTPAIMIIN 3HAUEHHSI OL[IHOK 32 YCIIXaMH Ta BUKJIHKaMHU,
pOOHTBhCS BHCHOBOK IIOJO TOTO, YM TOTOBE INJIPHUEMCTBO JIO BIIPOBA/PKEHHS CTparerii
«ONMaKUTHOTO OKeaHy». bynm 3ampomoHoBaHi mii, SKi MOXYTh HOKPAIIMTH CTaH
MIATPHEMCTBA Ha OUIAXY IO 3aCTOCYBaHHS W€l cTpaTerii. Po3poOiieHi MeToamyHi miaxoau
Oynu anpoOOBaHi Ha MPHKJIA/Ii MHBOBAPHOI rary3i Ykpainu Ta ii mpoBigaoi kommanii [IpAT
«O00II0HBY, SIKa YCHINIHO EKCIIOPTYE CBOIO MPOYKIIiI0. YKpaiHChbKHHA PHHOK IMBOBAPIHHS
€ JOCHTh THIIOBUM IIPEICTABHHKOM CEpEJOBHIA YEPBOHOTO OKEaHy, XapaKTEePHU3yeThCs
CKJIaJIHOIO KOHKYPEHTHOIO CHTYAIII€I0 3 BUCOKMM PiBHEM MOHOMOIMI3ALII1, a OT)KE, TAKUM, JUIS
SIKOTO € aKTyaJIbHHM 3aCTOCYBaHHsI CTpaTerii BUIbHOIO PUHKOBOTO MPOCTOPY.

BucHoBkH. 3acTocyBaHHS po3pO0JIEHO aBTOPAMHU METOJUKU JTACTh 3MOTY BU3HAUUTH
TOTOBHICTB JI0 peaji3allii cTparerii «0IaKUTHOTO OKEaHy».

KutiouoBi ciioBa: ycnix, guxaux, mampuys, cmpamezis, KOHKYpeHyisl.
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Instructions for authors

Dear colleagues!

The Editorial Board of scientific periodical
“Ukrainian Food Journal”
invites you for publication of your research results.

Requirements to all texts:

Language — English.

Recommended size of the article — 15-20 pages.

Font — Times New Roman, font size — 14, line intervals — 1, margins on both sides — 2 cm.

The structure of the article:
The title of the article
Authors (full name and surname)
Institution, where the work has been performed.
Abstract (2/3 of a page). The structure of the abstract should correspond to the structure
of the article (Introduction — 2-3 lines, Materials and methods — 3-5 lines, Results and
discussion — a half of page, Conclusion — 2 lines).
5. Keywords.
6. The main body of the article should contain the following parts:
Introduction
Materials and methods
Results and discussion
Conclusion
— References
If you need you can add another parts and/or divide them into subparts.
7. The information about the author (Name, surname, scientific degree, place of work, email
and contact phone number).

el NS s

All figures should be made in graphic editor, the font size 14.

The background of the graphs and charts should be only in white color. The color of the
figure elements (lines, grid, text) — in black color.

Figures and EXCEL format files with graphs additionally should be submitted in
separate files.

Photos are not recommended to be used as graphical materials.

Website of Ukrainian Food Journal: http://ufj.nuft.edu.ua

Email for all submissions and other inquiries: ufj_nuft@meta.ua
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IIManoBHi kogern!

Pepaxmiiina kouterist HaykoBoro nepiommanoro Bumanus «UKrainian Food Journaly
3amporrye Bac o myOmikamii pe3ypTaTiB HAyKOBHUX JTOCTIiIKECHb.

Bumorn 10 ogopmiaeHHs crareii

Mosga crareii — aHrIIiHChKA.

Minimansauii obcsr cratti — 10 cropinok dopmaty A4 (6e3 BpaxyBaHHS aHOTAIH 1
CIHCKY JITepaTypH).

Jlnst BCix ememenTiB cTatti mpudt — Times New Roman, kerns — 14, intepsan — 1.

Bci mons cropiaku — o 2 cm.

CTpyKTypa crarri:

YIK.
. Ha3Ba crarri.
. ABtopu ctarTi (iM’s Ta mpi3BuIIe NOBHICTIO, Npukian: Jenuc O3epsHKo).
. Yemanosa, 6 sxiti gukonana poboma.
. AHotaitis. O00B’I3KOBa CTPYKTYpa aHOTAIIIi:

— Beryn (2-3 psnkn).

— Marepianu ta MeTou (10 5 psIKiB)

— Pe3ynpraTé Ta 0OTOBOPEHHS (IMiB CTOPIHKH).

— BucHoBkH (2-3 psaakm).
6. Kirrouosi ciioBa (3—5 ciiB, ajie He CIOBOCIIONYYECHb).

IIyHkTH 2—6 BUKOHATH AHIJIIICHKOIO | YKPaiHCHKOI0 MOBAMM.

7. OCcHOBHHI TEKCT CTATTi. Mae BKIIIOUaTH Taki 000B’I3KOBI PO3IiNK:
— Bceryn
— Marepianu Ta METOAU
— PesynpTaT Ta 06TOBOPEHHS
— BucHoBKH
— Jlitepatypa.
3a HeoOXiTHOCTI MOKHA JTOJJaBaTH 1HIII PO3ALTH Ta pO30MBATH TX HA MiAPO3IIIH.

8. ABropchka gosinka ([Ipi3ume, iM’s Ta o OATHKOBI, BUCHHUI CTYIIIHb Ta 3BaHH:I, MicIle
poboTH, eleKTpoHHa ajpeca abo TenedoH).
9. KoHTakTHI ZjaHi aBTOpa, /10 SKOTO 32 HEOOX1THOCTI Oy/ie 3BEepTaTHCh PEAaKIlis Ky pHaIy.

Pucynkn BUKOHyIOTBCS sikicHO. CKaHOBaHI PHCYHKH He IpuiiMaroThcsa. Po3Mip TekcTy Ha
pucyHKax nmoBuHeH OyTH cmiBpo3mipauM (!) Texcty crarti. @oTorpadii MolkHa BHKOPHCTOBYBATH
Juie 3a X 3Ha4YHOI HayKOBOY LiHHOCTI.

®on rpadikis, xiarpam — uire 6inuil. Komip eaeMenTiB pucyHKy (JIiHii, CiTKa, TEKCT) — YOPHHI
(ue cipwmif).

Pucynxku ta rpadixu EXCEL 3 rpadikamMu 1o1aTKOBO MOJAIOThCS B OKpEMUX (aiinax.

CkopodeHi Ha3BH ()i3WYHHX BEJIMYMH B TEKCTI Ta Ha rpadikax MO3HAYAIOTHCS JIATHHCHKIMH
niTepaMu BinoBigHO 10 cuctemu CL.

VY crucKy JliTeparypy MOBHHHI ITEPEBAKATH aHTJIIOMOBHI CTAaTTI Ta MOHOTpadii, siki omy0miKoBaHi
micist 2010 poky.
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IIpaBuia opopMieHHs CIUCKY JiTEpaTypH

B Ukrainian Food Journalessito 3a OCHOBY 3araibHONpPHUAHSATE B CBITi CIIpOIICHE

oopMIIEHHST CITUCKY JiTeparypu 3rigHo cTammaprTy Garvard. Bei eneMeHTH MOCHIaHHS
PO3IUISIOTECS JIMIIE KOMAMH.

1. IlocnJIaHHSA Ha CTATTIO:
ABTopu A.A. (pik Buaanus), Haszsa crarri, Ha3Ba sxypHaay (xypcuom), Tom
(HOMeEp), CTOPiHKH.
[Himiany MUY ThCS MICIs MPIi3BHINA.
Bci enemenTy nocuiiaHHs pO3):[iJ'I$IIOTLCH KOMaMu.
1. Tlpuxmax:
Popovici C., Gitin L., Alexe P. (2013), Characterization of walnut (Juglans regia L.)
green husk extract obtained by supercritical carbon dioxide fluid extraction, Journal of
Food and Packaging Science, Technique and Technologies, 2(2), pp. 104-108.

2. ITocnjiaHHS HA KHUTY:
ABTopH (pik), HazBa kauru (kypcusom), Bunasunurso, Micro.
[HimiamM TUITYTHCS MiCTs MPi3BHUINA.
Bci eneMeHTH nocunaHHs poO3AUIAIOTHCS KOMaMH.
ITpuknan:
2. Wen-Ching Yang (2003), Handbook of fluidization and fluid-particle systems, Marcel
Dekker, New York.

IHocunaHHs Ha eJJeKTPOHHMII pecypc:

BukoHyeThCS aHATOTIYHO IMOCHIAHHIO Ha KHHUTY a00 cTaTTro. [1icis opopMIIeHHS TaHIX
npo my6uikaito nuiryThes ciaoBa Available at: ta Bkasyertbes enektponHa agpeca.
ITpuknanu:
1. (2013), Svitovi naukovometrychni bazy, Available at:
http://www1.nas.gov.ua/publications/q_a /Pages/scopus.aspx
2. Cheung T. (2011), World's 50 most delicious drinks [Text], Available at:
http://travel.cnn.com/explorations/drink/worlds—50-most-delicious-drinks—883542

Cnmcoxk niTepatypu 0(OpMITIOETHCS JINIIE JaTHHUIIEI0. EleMeHTH crincky yKkpaiHCEKOO
Ta POCIHCHKOI0O MOBOKO TOTPIOHO TpaHCIHiTepyBatd. J{ns TpaHcmiTepalii 3 yKpaiHCBKOIO
MOBH BHKOPHCTOBYETHCS TACIIOPTHUHA CTaHIAPT, a 3 pocifickkoi — ctanmapt MBJI (B mux
CTaHJapTaX BUKOPUCTOBYIOTHCS CHMBOJH JIUIIE AHTIIACHKOTO andaiTy, 0€3 XBOCTHKIB,
aroctpodiB Ta iH).

3pyu4Hi caliTi A9 TpaHcaiTepauii:

3 ykpaincskoi mosu — http://translit.kh.ua/#lat/passport

3 pociiicekoi MmoBH — http://ru.translit.net/?account=mvd

JonaTkoBa indopmanisi Ta npuKJIax 0pOpMIIEHHS CTATTi — HA caliTi

http://ufj.ho.ua

CTaTTd HAACHJIAETHCA 3a eJIeKTPoHHOoI0 aapecoro: Ufj_nuft@meta.ua
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YK 663/664
Ukrainian Food Journal nyGrikye opurinansai HayKoBi CTaTTi, KOPOTKi
MOB1TOMJICHHS, OTJIAZIOBI CTATTi, HOBUHU Ta OTJISAIH JITEpaTypH.

TemaTtuka my6uikaniii B Ukrainian Food Journal:

XapuoBa imKeHepis [ponecu Ta 001aTHAHHS

XapuoBa XiMis Hanorexnomnorii

Mixkpobionoris ExoHOMiKa Ta yripaBIiHHS

@Di3udHI BIACTHBOCTI XapIOBUX ABTOMaTH3AIIiSI TPOIIECIB
TIPOAYKTIB YnakoBKa JUIs XapuOBHX IPOIYKTiB

SxicTh Ta Oe3reka XapuoBHX MPOIYKTIiB

IepiognunicTh BUX0QY *KypHaIy 4 HOMEpHU HA PiK.

PesynbraTi [OCHiIKeHb, IPEICTABIICH] B )KYpHalli, HOBUHHI OyTH HOBUMH, MaTH YITKHUI
3B'A30K 3 Xap4OBOIO HAYKOIO 1 TPEJCTaBISATH IHTEpeC /Il MIKXHApOIHOTO HayKOBOTO
CHIBTOBAPHCTBA.

Ukrainian Food Journal inmexkcyerbcs HAyKOMETPHUIHUMHE Oa3aMHu:
Index Copernicus (2012)
EBSCO (2013)
Google Scholar (2013)
UlrichswWeb (2013)
Global Impact Factor (2014)
Online Library of University of Southern Denmark (2014)
CABI full text (2014)
Directory of Research Journals Indexing (DRJI) (2014)
Universal Impact Factor (2014)
Directory of Open Access scholarly Resources (ROAD) (2014)
European Reference Index for the Humanities and the Social Sciences (ERIH PLUS) (2014)
Directory of Open Access Journals (DOAJ) (2015)
InfoBase Index (2015)
Chemical Abstracts Service Source Index (CASSI) (2016)
Emerging Sourses Citaton Index (2018)

Penensisi pykonucy cratrti. Marepiamu, npencrasieni s myonikyBanas B «UKrainian
Food Journaly», npoxonsts «IloagiitHe ciine peleH3yBaHHS» IBOMAa BYCHUMH, HPH3HAYCHUMH
penaKmiifHOO KOJIETI€I0: OJIMH € WICHOM PEAKOJIETil i OIUH He3aJICKHUH YICHUH.

ABTOpChKe MPaBo. ABTOPH CTaTel rapaHTyIOTh, 0 POOOTa HE € MOPYLICHHSIM OYAb-SIKHX
aBTOPCHKHMX IIPaB, Ta BIIIKOJOBYIOTH BHAABIIO MOpYIICHHS maHOi rapaHTii. Omy0iikoBaHi
Marepianu € npaBoBor BracHicTio Buaasis «UKrainian Food Journaly, sikiio He y3rompkeHo
iHIIIE.

IMositnka akagemiunoi ermku. Penakuis «Ukrainian Food Journaly kopucryerscs
npaBWiIaMH aKaJeMiuHOl eTHKH, BHKIaieHHX B pobori Miguel Roig (2003, 2006) "Avoiding
plagiarism, self-plagiarism, and other questionable writing practices. A guide to ethical writing”.
Penaxuist mponoHye aBTOpaM crarteil i perieH3eHTaM IpsMO CIIiyBaTH [IbOMY KEPiBHULTBY, 00
YHUKHYTH IOMHJIOK Y HAYKOBIH JIiTEpaTypi.

IHCTpyKUii ANa aBTOPIB Ta iHIIa KOpUCHA iH(OpMaIlis PO3MIIIeHi Ha caiiTi

http://ufj.ho.ua
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Cewmix Otaec, 1-p., npog, Yuisepcumem Eee, Typeuuuna

Coust Amapeid, 1-p., npogh, Yuieepcumem «Illmeghan uen Mapey, Cyuasa, Pymynis
Credan Credanos, 1-p., npod., Vuieepcumem xapuosux mexnonoeit, boreapis
Tersina Iupor, 1-p. 6ion. Hayk, pod., Hayionanvuuii ynigepcumem xapuo8ux
mexnono2iu, Yxpaina

Tomam Bepuar, 0-p., npod., Jeyuncokuii ynisepcumem, [lorvwya

KOuist I393b6K0, I-p. XiM. HayK, C.H.C., [Hcmumym 3a2anvHoi ma HeopeaHiuHol Ximii imeHi
B. I. Bepraocvkoco HAH Vkpainu

KOpiii Binan, 1-p., npod., Kewyscokuii mexnonoeiunuil ynigepcumem, Ilonvua
SAcmina Jlykinak, 1-p, npod., Ociexcokutl ynisepcumem, Xopsamisi.
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Arora I'ienpe Palimene, 1-p, JIumogcokuii inicmumym azpapHoi ekonomixu, Jlumea
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HAH Benapyci
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Bikrop CrabHikoB, 1-p TexH. HayK, pod., Hayionarbhuil ynisepcumem xapyoux
mexnonoeiu, Yxpaina

Boaoagumup Koo6aca, n-p. Texs. HayK, npod., Hayionanvruil ynieepcumem xapyosux
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Eron Hlwinuep, 1-p, npodecop, Jepocasnuii ynisepcumem Ionma I poccu, bpazunis
Mopnanka Credanosa, 1-p, ITnosdiscoruii ynisepcumem "laiciii Xinenoapcxi”, Boneapis
Kpicrina IlonoBuy, 1-p., nou., Texuiunuu ynigepcumem Monoosu

Jlaga llepinsn, 1-p. ekoH. HAyK, podecop., Hayionanvruil yHieepcumem xapuosux
mexnono2iu, Yxpaina
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