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Editorial

Ukrainian Food Journal is still a very youjogirnat
in the spring of 2012 its first issue was published.
However, the scientific and publishing traditions of the
publisher, théNational University of Food Technolis,
date back to the middle of the N @entury. At the
beginning, ar Journal was aimed at creative youth, anc
until 2017, its description contained tBentencei T h e
advantage in publication is given RhD studentsand
young scientists. o0 Gr ad
importance as a periodical publishing scientific researc!
by leading scientists in the field of food and relatec
branches of science, expanding the geography of auth
and the editorial board. Some tirfeger, the Ukrainian
Food Journal began to be indexed by internatisci@ntometric databases, since 2018/
Web of Science, and in 2022 a decision was made to include the Journal in the Scopus
database. This indicates the proper rating and sciersificificance of the materials
published in it.

We are grateful to the international organization thesociation of the Global
Harmonization Initiative (GHI)which in 2022 helped ue invite leading scientists in the
field of food technology, chemistry, processes and equipment, economics and management
from different countries to participate in the work of the editorial board of our journal. At
this time, new members entered the editdyoard:

- B [ Dhy V€ hg (MekongUniversity, Vietnan)

I Cristina Luisa Miranda SilvéPortuguese Catholic UniversityCollege of

Biotechnology, Portugal
I Dora Marinova(Curtin University Sustainability Policy (CUSP) Institute, Curtin

University, Australia
T Eirin Mar i gNoSvegiaf Univexsity oBSgience and Technology,
Trondheim, Norway
Godwin D. Ndoss{Hubert Kairuki Memorial University, Dar es Salaam,
Tanzania
Kirsten BrandtNewcastle University, United Kingddm
Mar 2 a $Centrdlinipersity of Venezuela, Caracas, Venezuela; Academy of
Physical, Mathematical and Natural Sciences of Veneguela
Mo i s ®s Bnstitute offAgrikultural Biotechnology of Rosario (INDEAR),
Bioceres Group, Rosario, Argentina
Noor Zafira Noor HasnaflUniversiti Putra Malaysia, Selangor, Malay$ia
Rana MustafdGlobal Institute for Food security, University of Saskatchewan,
Canada
T Sheila Kilonzi(Karatina University, Kenya
Umezuruike Linus Opar¢Stellenbosch University, Cape Town, South Africa
T Yun-Hwa Peggy HsieliFlorida State University, USA

We welcome new members of our editorial team and sincerely thank the editorial board,
which has been working fruitfully since 2012, as well as the authors who support the journal
and publish their articles it

/

Jour na

b b HJkrainian Food Journal . 2022. Volume 11. Issuelb b b 7


https://www.globalharmonization.net/ghi-matters
https://www.globalharmonization.net/ghi-matters

On February 24, the civilized world shuddered at the news afudstan invasion of
Ukraine. Rockets flew to Ukraine, the bombing of our cities began, the occupying troops
entered. Mass killings of civilians, robbery and looting, destruction ofpiah and energy
infrastructure, food industry enterprises and food warehouses, farms, medical institutions,
schools and universities, and research institutions began.

Ukrainian science is working in times of maow. Some scientists were forced to
evacuag, the rest remained to work under rocket fire. We are grateful to colleagues from all
over the world for their moral support. This gave us the strength to hold on and continue
publishing our Journal.

Ukraine has always made a significant contributiofotal supplies around the world.
At present, when the rashists have blocked the supply of food raw materials from Ukraine,
the world has understood the true global significance of our country in world food security.
Wheat, sunflower, vegetables, fruitsrted out to be more in demand than oil and gas.
Ukraine needs global support to unlock supply chains, and the world is in danger of starvation
without Ukrainian food.

R

There is no doubt that the truth will win this hateful war. Peace will reign again on
Earth, research, innovation, and the work of educational institutions will resume. But we
cannotjust wait for victory. All ways to improve the Journal are now open. \&eechan
excellent professional team, the world's leading scientists publish their resultsliournal
Let's join our efforts for the success of Ukrainian Food Journal!

Editor-in-Chief
Olena Stabnikova

DOI: 10.24263/230974X-202-11-1-3
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Influence of drying temperature on the organoleptic
properties, antioxidant activity and polyphenol content

in dried leaves of

Jasmi na

Luki nac,

Allium ursinum L. subsp. ucrainicum

Mar ko Juki l

J. J. StrossmayerUniversity of Osijek, Faculty of Food Technology, Osjjek,

Croatia
Abstract
Keywords: Introduction. The short vegetative occurrence @éfllium
ursinum limits its availability. Therefore, drying seems to be
Allium ursinum excellent method for yeaound preservation. The aim of the pres
study was to determine the influence of drying temperature
L. subsp. antioxidant activity and polyphenol content in dried leaveslidfim
ucrainicum ursinumL. subspucrainicumand their organoleptic properties.
Drying Materials and methods The effect of three drying temperatur
Image analysis (40, 50 and 6@ Lon theorganoleptigroperties (colour, dehydratio
Phenolic and rehydration ability), antioxidant activity and yjahenol content
Antioxidant in the dried leaves oA. ursinumwas evaluated. The colour of tt

Article history:

Received
01.09.2@1
Received in
revised form
9.112021
Accepted
31.03.222

Corresponding
author:

Jasmina Lukinac
E-mail:
ptfosptfos2@
gmail.com

DOI:
10.2426%304
974X-2022-11-1-
4

samples was measured using the computer vision system. The
phenolic content was determined spectrophotometrically anc
antioxidant activity was determined using tl&2-diphenyt1-
picrylhydrazylmethod.

Results and discussion Significant differences were foun
between the fresh, dehydrated and rehydratedsinumsamples for
all the colour parameters analysed (dried leaves showed a much
intensity of green colour than fresh). Drying at higher tempers
results in greater colour change, which is more pronounced at h
drying temperatures (68 L due to clorophyll degradation. The
drying temperatures had a statistically significant effect on
dehydration and rehydration capacity of the dried sampteshigher
drying temperatureesulted inthe higher degree of dehydration a
rehydration (the pores tfie dried food allowed water to-emter the
cells). Convectionair-drying resulted in considerable moistu
removal from the fresh leavesAfursinum(more than 91%), but th:
organolepticquality of theA. ursinumleaves was maintained. Tt
drying condgtions tested had a significant effect on the total phen
content and antioxidant activity 8f ursinumleaves. An increase ¢
temperature drying decreased the total polyphenol content in the
A. ursinumleaves. Across the range of measuremehts samples
dried at lower temperatures had the higher antioxidant capacity, '
the higher drying temperatures resulted in a greater decrease
antioxidant activity of the dried plant materialA. ursinumis
considered one of the functional foodsoman consumption due 1
its high nutritional value and prophylactic or therapeutic effect
various diseases. To obtain a high quality dried product, the di
process should ensure a quality comparable to fresh vegetables

Conclusions. Air drying stowed a significant effect on th
colour, drying properties, total polyphenol content and antioxic
activity of the leaves oA. ursinum The losseswere significantly
dependent on the drying temperature amae more pronounced a
higherprocesgemperatures.
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Introduction

Allium ursinumL. is known by many different names: wild garlic, leek, wood garlic,
bear's garlic, ramsons, buckrams, brteal/ed garlic, gypsy onion and pig's garlic. It belongs
to the large familyAmaryllidaceagwhich is represented all over the world withd&hera
and over 850 species. As a member of the gatiusn, wild garlic is closely related to herbs
such as oniorXJlium cep3, garlic Allium sativun), leek Allium ampeloprasuiand chives
(Allium schoenoprasumHanen et al., 2012Allium speciesare considered a source of
phytonutrients with diverse biological activities (Lachowicz et al., 2017; Gitin et al., 2012),
such as antibacterial, antifungal (Parvu et al., 2011), antioxidant (Bozin et al., 2008), and
therapeutic activities, whichareassoet ed wi th the presence of
et al.,, 2008). Due to the presence of sulfur compounds, which are otherwise rather
characteristic components Aflium plants,A. ursinumhas a distinctive garlitke odour.

A. ursinumis a plant witha high potential for the prevention and treatment of
cardiovascular, respiratory and digestive problems, as well as for the sterilisation of wounds
(Sobolewska et al., 2013) and the prevention of carcinogenic diseases (Sengupta et al., 2004).
These propéies are due to many substances, including cysteine sulfoxides and
thiosulfinates, ajoenes and dithiines, phenolic compounds, saponins and vitamins C, E and A
(Lu et al., 2011; RoldarMarin et al., 2009).

It grows mainly in moist deciduous forests thgbout Europe and in parts of Asia and
North Africa (Oborny et al., 201 Rola 2012. Allium ursinumL. comprises two subspecies
Allium ursinumsubsp ursinumandAllium ursinumsubsp ucrainicum.ln Eastern and South
Eastern Europe, and Croatia as wallium ursinumsubsp ucrainicumgrows in continental
and mountainous areas (Rola, 2012; Tutin 1957). Although all parts of this plant are edible
(bulbs, leaves, buds, flower stalks, flowers and immature green cobs), leaves and bulbs are
generally preferre for consumption. The fresh leaves or dried he.afrsinumis used in
local cuisines of Europe. There are many products derived from garlic as a raw material:
garlic powder, paste, extract, oil, macerated garlic, pickled garlic, dried garlic. Thamakdi
parts of the plant are the young spring leaves, harvested in April and May, and the
underground bulbs, collected in the summer and autumn months. However, the short
vegetative presence @&f. ursinumlimits its availability, so drying can be a solutidor
preserving it throughout the year.

Since agricultural products are highly seasonal and therefore abundant at certain times
of the year, preserving fruits and vegetables through drying can both avoid major waste and
ensure availability in the ofeasn. Drying is one of the thermal processes that agricultural
products undergo in the pdsarvest phase. The aim is to reduce the moisture content of the
product in order to delay adverse hiological (prevents the growth of microorganisms),
chemical and erymatic processes. Although drying is an alternative to extend the shelf life
of food, itis a fact that the quality of dehydrated food is usually lower than that of the original
food. Therefore, it is of interest to minimise chemical changes such as ditzgnthnon
enzymatic browning and to maximise the retention of nutrients such as macronutrients
(proteins, sugars, fibres), micronutrients (vitamins, minerals) or bioactive compounds
(phenolic compounds, carotenoids, isoflavones) during drying. The dpiocess is
considered to affect the content, activity and bioavailability of bioactive compounds (mainly
polyphenols) iPA. ursinumleaves. Therefore, the evaluation of the effects of drying on the
naturally occurring antioxidants is a key issue in tha@ahof technological conditions that
allow the preservation of their original activity and bioavailabiliylot of recent work has
focused on studying the effects of drying on the phenolic compound content and antioxidant
activities of dried vegetabl€¢Kim et al., 2013; Ozgur et al., 2013ahoo et al., 201F;elfser
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et al., 2019 To achieve better results in terms of dried product quality, researchers have
worked on optimising drying methods and different drying conditions (Arslan et at., 2010;
Lim etal., 2007; Roshanak et al., 2015). The major quality problems associated with drying
are loss of flavour (OzkaKarabaca et al., 2018), discolouration (Guine et al., 2012) and
poor rehydration properties of the dried prodifectvindakshan et al., 2021ewicki, 1998).

The aim of the present study was to determine the influence of drying temperature on
antioxidant activity and polyphenol content in dried leaved\ltfim ursinumL. subsp.
ucrainicumand theirorganoleptigroperties.

Materials and methods

Materials

The plant material (fresh leaves) used in this study was collected from a natural
population of wild garlic, Allium ursinumL. subsp.ucrainicum before flowering (April
2021) in the Papuk Geopar k ( d Erdada& Allblant 7 A3 9"
samples were free from external damage and-paied. The leaves &. ursinumwere
packed in linen bags and kept in the refrigerator for 24 hours until the start of the analysis of
the plant material.

Drying

Drying was carried duin a drying cabinet with hot air, in which the fresh leave#.of
ursinumwere placed in a thin layer on perforated stainless steel trays. The drying cabinet
were equipped with a fan, a speed controller, a temperature controller, heating elements, a
humidity, temperature, and air velocity meter. Fresh samples were dried at different drying
temperatures of 48 C50A Cand 60A @vith a constant air velocity of 1.5 m/s and relative
humidity of 3545%. The drying process started when the drying conditions were reached.
Weight loss was performed at a fixed time interval, and drying continued until a moisture
content of approximatelt2% (wet basis) was reached. Three independent dryings were
performed for each drying temperature. The effect of temperatures on the quality of dried
leaves ofA. ursinumwas determined by the colour characteristics, dehydratation and
rehydration capabtiies phenolic compounds, and antioxidant properties.

Determination of physicochemical characteristics

Dry matter content, ash, crude fat, pH and total acidity were determined in fresh
A.urisnum samples. The analysis was performed in accordance withciatsa of
Officiating Analytical Chemists standards (AOAC, 2000). The dry matter content of the
leaves was determined by drying 5.0 g of the samples af 1DBtil constant weight. Ash
content was determined by burning 5.0 g of the fresh samples #0858 Cuntil a
homogeneous white ash without black spots was obtained. Crude fat was obtained by
exhaustive extraction of 10.0 g of each sample in a Soxhlet apparatus using petroleum ether
(boiling range 480 A Tas solvent (Dini et al., 2008). Tittratalaleidity was determined by
potentiometric titration and pH by a digital pH meter (Mettler Toledo, FiveEasy FE20,
Switzerland).

b b HJkrainian Food Journal . 2022. Volume 11 Issuelb b b 11
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Colour measurement

The colour of the fresh, dehydrated, and rehydrated leav&s wkinumsamples was
measured using the computer vision system. Samples were ground in a grinder (Retsh,
Grindomi x GM 200, D¢sseldor f, Ger many) to
sample (fresh, dehydrated, and rehydrated), colour parameters were méasadunes
directly on the product using a 2:2egapixel digital SLR camera (EOS 1100D, Canon Ltd.,
Japan), calibrated with a calibration plat
just before imaging. The 24it colour images were captured in TIfeffmat and in thé&r "06
colour model.Samples were photographed in a photochamber illuminated by four LED lamps
with a diffuser.

A B C D

Figure 1. Appearance of fresh (A) and dehydrated\. ursinum leaves
at 40A @B), 50A GC), and 60A @D)

Thecoloup ar amet ers of the samples was det er mi
software (Wayne Rasband, National Institute of Health, Maryland, USA). The results were
expressed as values for reW),( green 1Q, and blue @) in the'Y "O&olour system. The
obtained colour values were then converted (Viscarra Rossel et al., 2006) and presented in
the 6 "'00 0 @nd(*6*"d colour system (Westland, 2016; Zhang et al., 2003), which is
commonly used to evaluate dried foods. The three paraniétgightness from blackd’
mto whited® p TO)TG (a negative value off represents green, while a positive value
represents red colour) aafi (a positivedS represents yellow and a negative represents blue
colour) were used for further calculation of hue angtéour saturation, and total colour
difference.

Hue angle(d) is the attribute by which a colour is identified as green, yellow, red, etc.

An angle of OA or 360A represents red hue,
yellow, green and blue hues, respectively (Maskan, 2001). Hue angle is used to @efine th
difference of a certain colour with reference to grey colour with the same lightness:

PR
A OAI 5
Colour saturation or chroma?), considered the quantitative attribute of colourfulness.
The higher the chroma values, the higher is the colour ittenfssamples perceived by
humans. Chroma were calculated from the value$ ehddS (Lopez Camelo et al., 2004):
. 6’ & o
Total colour differenceXO ) is colour change represents by distance vector between

the initial colour values (fresramples) and the dehydrated/reyhdrated colour coordinates
(Roy Choudhury, 2015). Total colour difference were calculates as follows:

yo o & @& W o

where’L‘)iFﬁf andcs are the colour parameters of fresh leaves. afrsiumsamples, and h
(3, andw are dehydrated/rehydrated colour parameters.
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Drying characteristics

The quality index of a dried product were observed and in this terms following parameters
was calculated: dehydration rati® (Y, and rehydratiorratio (Y Y. The'OYis important
parameter to show the bulk reduction in the weight of dried sample (high@rtetter the
quality of drying process). THé "Ys quality index for all dried product and higher &y better
the quality of prodat. Dehydration ratio was calculated by taking the weights of sample before
drying in gram ¢ ) and weights of sample after drying in gram § (Kaur et al., 2008

oY —
a

To express ability of the dried material to absorb wateiYthévas usd, and estimated
according to method of Ranganna (2004). Approximately 5 g of dried sampllagsihumwvere
placed in a 100 ml distilled water and bring to boil within 3 min. After 5 min of mild boiling, the
mixture was cooledand thenfiltered under vacuum and weighed (mass of drained weight).

Rehydration ratio was calculated by taking the drained weight (g) of rehydrated san)pkngd
the weight (g) of dry sample used for rehydration ) (Lewicki, 1998):
a

YY —
[of

Sample etract preparation

The extract from the leaves Af ursinumwas obtained by adding 2.5 g of fresh or dried leaf
powder to 25 mL of absolute methanol and stirring with a magnetic stirrer for 30 minutes. The
resulting mixture was stored in the dark At @r 24 hours and then filtered. The resulting extract
was stored at A @ntil further analysis (Dewanto et al., 2002).

Determination of total phenolic content

The total phenolic contentY(D YSwas determined spectrophotometrically according to the
method Singleton et al. (1965) with gallic acid as standard. The 0.3 mL of the extract sample was
mixed with diluted (1:10) Folin reagent (1.5 mL) and mixed vigorously for three min. Then 6.0%
sodium carbonate solution (1.5 mL) was added and shaken. Afidingf for 90 minutes in dark
at room temperature, the absorbancemaasured at 760 nm using a-M\5 spectrophotometer
(Shimadzu, UV1280, Germany)'Y0 @f fresh and dried leaves was expressed using the
calibration curve with gallic acid{® 0 0 ¢€) gs/grarhmes of gallic acid equivalents (GAE)
per 100 gramme of dry matter (g GAE /100 g d.b.).

Determination of antioxidant activity

Antioxidant activity § 0 Pof the extracts was measured according the Bydilichms et al.
(1995) method based osing 2.2diphenyt1-picrylhydrazyl (DPPH). The reaction mixture was
prepared using 0.1 mL of extract and 3.9 mL of DPPH methanol solution (0.1 mM). The mixture
was shaken, left in the dark for 30 min, and absorbance was measured usingithdSJV
spectrphotometer (Shimadzu, U¥280, Germany) at 517 nm. The) dvas expressed as the
percentage inhibition of the DPPH radical.

Statistical analysis

Each drying test was performed in triplicate and all analyses were performed in at least five
replicatesunless otherwise stated in a specific analysis:\v@neanalysis of variance (ANOVA)
and multiple comparison pesbc Fisher LSD (least significadifference) test were used to
evaluate the significant difference of the daf@<a0.05. Data werexpressed aseans\standard
deviation. Statistica 14 from StatSoft was used for statistical analysis.
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Results and discussion
Determination of physicochemical characteristics

The results of the physicochemical properties of the leavas wfsinumare shown in
Table 1. It can be seen that the average values of dry matter, crude fat content, total acidity
and pH in the fresh leaf samples are 9.42, 8.84, 3.72, 0.90 and 5.50, respectively, and are in
agreement with the results of other studies (BlézeWozniak et al., 201;1Dyduch et al.,
2019.

Table 1
Physicochemical characteristics of fresh leaves 8f ursinum L.
Orv matter Crude fat Tlttrqtable acidity,
y "| Ash content% content, g acid/100 g plant pH
%
% d.b.
9.42N0.48 8.84ND.52 3.72\D.29 0.90ND.03 5.50ND.09

Results are expressed as mimtandard deviation.
Colour degradation

Product colour is an important quality parameter that must be maintained during drying.
The leaves of thA. ursinumsamples were dried at 40, 50, and®6@o the desired moisture
content. The colour of the samples was measured before (fresh) and after drying (dehydrated
and rehydrated). The effect of the different air temperatures on the colour characteristics of
theA. ursinumsamples is shown in Figures722

45 ~
40 +
35 A
*, 30 A
25 A
20 A

a C e f b | de | cd
15 -

40°C 50°C 60°C 40°C 50°C 60°C

freshA dehydrated c rehydrated B

Figure 2. Effect of drying air temperature on lightness4?) of fresh, dehydrated and rehydrated
A. ursinum leaves
The data are presented as the nigarandard deviation. Bars with different letters are significantly
different p < 0.05)

14 b b HJkrainian Food Journal . 2022. Volume 1L Issuelb b b



t t tFood Technologyt { t

The colour of the leaves &. ursinumwas characterised by higher colour parameters
0" S handds of the dried plant material compared to fresh leaves. The value of hue angle
('d was lower in the dried material than in the raw or rehydrated mat8igdificant
differences were observed in all analysed colour parameters between the fresh, dehydrated,
and rehydrated leaves Af ursinumdried at different air temperatures. Adverse changes in
the colour ofA. ursinumleaves are mainly due to the degraataof chlorophyll contained
in them. Chlorophyll content decreases with increasing temperature, process duration (Lin et
al., 2010; Krokida et al., 1998), and the presence of oxygen, leading to oxidation of the
unsaturated colour compounds contained he material (Negi et al., 2001), which
contributes to unfavourable changes in the colour determinants of the dried material. Heating
at higher temperatures caused the colo.afrsinumeaves to change from green to olive
brown, which is attributed tahgophytinization (Nido et al., 2003; Martins et al., 2002).

Figure 2 shows that the lightne$é)( r anged from 22.59N0. 06 t
of drying temperature, withthe lowd$ty al ues obt ained for fresh
the highest fosamples driedat6®¢ 36 . 89 N0O. 14) . The drying ten
effect on the) values of the dehydrated and rehydrated samplesi*Wedues increased
proportionally with the drying temperature. Tievalues for the rehydrated sampleere
lower compared to the dehydrated samples. Rudy et al. (2020) also reported ded¥fease in
values after convection drying. A negatiwe value represents a green colour, while a
positive value represents a red colour.

freshe dehydratedp rehydrated g
40°C 50°C 60°C 40°C50°C 60°C
0 -
e d| b | c d | d|bc
iy
-4 4
-6 4 -
* I
5 I
-8 F
10 - -
T
-12 4
14 4

Figure 3. Effect of drying air temperature on colour parameters (rednessi greenness) of
fresh, dehydrated and rehydratedA. ursinum leaves
The data are presented as the nmiéatandard deviation. Bars with different letters are significantly
different(p < 0.05)

The results of chromatic component redriegseennesssf of A. ursinumleaves are
presented in Figure 3 where can it be seen dhatlues ranged from12.99N0.30 to
-5.21N0.14 regardless of drying temperature, with the lowkstlues obtained for fresh
samples {12.99\0.30) and the highest5,2IN0.14) for samples dried at B0CThe green
colour is dominant in all samples, although the green hue is more pronounopeshimrid
rehydrated samples. The drying temperature had a significant effect @nvidlees of the
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dehydrated and rehydrated samples, anditivalues for the dehydrated samples were lower
compared to the rehydrated samples processed at the sametarep&hus, the dehydrated
leaves showed a much lower intensity of green colour than the fresh leaves. This effect is
more pronounced at higher drying temperatures ABDdue to chlorophyll degradation
(Guine et al., 2012). .

The results of chromatic corapent yellownes"tibluenesscﬁ) of A. ursinumeaves are
presented in Figure 4 where can it be seen dhamlues ranged from 14.%8.19 to
21.10\D.13 regardless of drying temperature, with the lowestlues obtained for fresh
samples (14.78.19)and the highest for dehydrated samples (XD1IB) dried at 66\ C
The positivess value, representing the yellow colour, increases significantly after drying and
rehydration. Arslan et al., (2010) reported similar results. There were statistically differences
between dehydrated and rehydrated samplesuThalues for the rehydrateshmples were
smaller compared to the dehydrated samples processed at the same temperature.

24

22 4

20 +

18 -

b*

16
14

12 A
o de | e | de ab| a | ab

10 -
40°C50°C60°C 40°C50°C60°C

freshB dehydratedc rehydratedA

Figure 4. Effect of drying air temperature on colour parameter}|* (yellownessi blueness) of
fresh, dehydrated and rehydratedA. ursinum leaves
Thedata are presented as the mBatandard deviation. Bars with different letters are significantly
different ( < 0.05)

The hue anglé@®) values ranged from 103.8D.31 to 131.300.99 regardless of drying
temperature (Figure 5), with the lowéStvalues obtained for the samples dried atA6Q
(103.87N0.31) and the highest for the fresh samples (1280103). The dried leaves &f
ursinumhad lower'@ values than the raw material. There were statistical differences between
dehydrated and rehydeal samples, with drying resulting in a significant decread@ in
values of the dried material. Tf@values of the dehydrated samples were smaller compared
to the rehydrated samples processed at the same temperature. The hue angle of the dehydrated
sampe decreased with increasing heating temperature. The decrease in hue angle
corresponds to a decrease in the intensity of the green and an increase in the yellow colour.
The decrease in hue angle in this study is consistent with the results reporteddbyal.au
(2000) that prolonged heating of green vegetables leads to deterioration of chlorophyll
pigments and a change in colour from green to olive green.
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Figure 5. Effect of drying air temperature on hue angle §) of fresh, dehydrated and
rehydrated A. ursinum leaves
The data are presented as the nigatandard deviation. Bars with different letters are significantly
different (p < 0.05)

The results of colour saturatiod®( of A. ursinumleaves are presented in Fig@relt
can be seen théf ranged from 18.18.18 to 21.78D.15 regardless of drying temperature,
with the lowesth” values obtained for dehydrated samples dried @ 418.12N0.18) and
the highest at 68 21.720.15). Increasing the temperature of the drying air resulted in a
increase in colour saturation during drying. There were no statistical differences between
dehydrated and rehydrated samples. Ghealues for the rehydrated samples were smaller
compared to the dehydrated samples processed at the same temperature.

Total colour differenceXO ) is a colorimetric parameter used to estimate the colour
change of food during processing. Figdrehows tha¥O values ranged from 5.80.10
to 17.4M0.19 regardless of drying temperature, with the oWt values obtained for
rehydrated samples dried at40¢11.60N0.01) and the highest for dehydrated samples dried
at 60A €17.4M0.19). There were statistical differences between dehydrated and rehydrated
samples. Th&/O values for the rehydrated samplesrevesmaller compared to the
dehydrated samples processed at the same temperature. It is evident that drying at higher
temperature results in greater colour change (Kumar et al., 2004).

Total colour differenceXO ) is a colorimetric parameter used tdirasite the colour
change of food during processing. Figidrehows tha¥O values ranged from 5.80.10
to 17.4M0.19 regardless of drying temperature, with the loW&st values obtained for
rehydrated samples dried at40¢11.60N0.01) and thaighest for dehydrated samples dried
at 60A §17.4M0.19). There were statistical differences between dehydrated and rehydrated
samples. Th&/O values for the rehydrated samples were smaller compared to the
dehydrated samples processed at the same temperature. It is evident that drying at higher
temperature results in greater colour change (Kumar et al., 2004).
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Figure 6. Effect of drying ar temperature on chroma (¢) of fresh, dehydrated and rehydrated

_ A ursinum leaves
(The data are presented as the nmiéstandardleviation. Bars with different letters are significantly

different (p < 0.05))
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Figure 7. Effect of drying air temperature on colour difference ¥ . J) of fresh, dehydrated and
rehydrated A. ursinum leaves
The data are presented as the nigarandard deviation. Bars with different letters are significantly
different p < 0.05)
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Dehydration and rehydration ability

The rehydration properties of a dry product are often used as an indicator of the quality
of a dry product. Rehydration is a complex process that is influenced by both the physical
and chemical changes associated with drying and the treatmenpsebade dehydration.
Figure8 shows the degree of dehydration and rehydratioh. efrsinumleaves depending
on the different temperatures of the drying air of the samples.

The dehydration ratioQ"Y indicates the weight loss of the dried producthwitgh
values indicating a better drying process. The value®O ofat different drying air
temperatures are shown in Fig@eThe values oD “Ydiffered significantly between the
different drying air temperatures. It varies between B@i584 and 6.680.041 and
increases with increasing drying air temperature from 40 # 60

Rehydration is a method of analysing dried products. The rehydration PafNy (
indicates the physical and chemical changes during drying, which are influenced by the
processig conditions and the composition of the samples. Wh&alues (Figured) differed
significantly between the different drying air temperatures and ranged fron\GL@E8 to
6.20N0.104. It was found that thé "Yof the samples dried at higher temperas gave the
highest rehydration. A higly “walue means that the dried product is of good quality as the
pores allow water to renter the cells.

Drying temperatures had a statistically significant effect on the dehydration and
rehydration capacity dhe driedA. ursinumleaves. The higher the drying temperature, the
higher the degree of dehydration and rehydration oAtheesinunleaves. Sahoo et al. (2015)
and Ozgur et al. (2011) made similar observations. The drying process leads to changes in
the permeability of the cell walls, loss of osmotic pressure and migration of solutes, which
affects the rehydration ratio (Sharma et al., 2005). The less elastic cell walls and the reduced
water binding capacity of proteins and starch reduce the rehydratiomf the products, but
this phenomenon is significantly reduced by optimising the drying process and the negative
factors associated with cell rehydration are reduced (Kumar et al., 2004).
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Figure 8. Effect of drying temperature on dehydration DR) and rehydration (RR) ratio of dried
leaves ofAllium ursinum.
The data are presented as the nigatandard deviation. Bars with different letters are significantly
different < 0.05)
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Total phenolic content and antioxidant activity ofA. ursinum

Dryingis one of the oldest techniques for preserving food for later use. In this technique,
water is removed to reduce water activity, which reduces bacterial activity in the dried food.
In addition to the safety of food during preservation, many researcherddtaged on the
changes in phytochemicals during drying or dehydration. The degradation of phenolic
compounds is mainly caused by oxidation, cleavage of covalent bonds or enhanced oxidation
reactions due to thermal processing (Nicoli et al., 1999). Phgtoicals such as phenolic
acid and flavonoids, which occur in fruits, vegetables and cereals in free and bound forms,
are degraded or change their structural form during thermal anthaonal processing. As
processing progresses, naturally occurringoaadiants are degraded and new compounds
with potential antioxidant activity are formed. Food processing involves heating with various
energy transfer media such as water, air, oil and electromagnetic waves. Food processing
involves various transformatiors phenols that produce yellowish or brownish pigments
(Clifford, 2000). The most important phenols in onions are quercetin, gallic acid, ferulic acid
and their glycosides (Nitta et. al, 2007). Total phenolic contafit was assessed in both
fresh anddried leaves to compare the effects of different drying conditions on the change in
"YO 6The results are shown in Fige
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Figure 9. Total phenolic content of dried leaves ollium ursinum.
The data are presented as the mgatandard deviation. Bars with different letters are significantly
different < 0.05)

The dried material oA. ursinumeaves obtained by convection drying was characterised
by a decrease if¥0 Gwhich could be due to the degradation of phenolicammds by
drying (Lim et al., 2007). Th&Y0d @f the samples studied varied from 18X041 to
1.74N0.038 g GAE / 100 g dry weight. The highest contents of total polyphenols were found
in the fresh samples and the lowest polyphenol contents in théesadnied at 66\ CThe
dried material obtained after different drying air temperatures (40, 50 ér B0iffered
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significantly in"YO @ontent. Furthermore, the loss of this component was significantly
different in the dried material compared to the raaterial. TheYu gontent was lower at
60A @Ghan at the other two drying temperatures. The increase in drying air temperature during
convection drying contributed to a decreaséri @ the driedA. ursinumleaves. Physical
and biological factors such as temperature increase and enzymatic activity can lead to the
destruction of phenolic antioxidants such as phenolic acids and anthocyanins. According to
Korus (2011), hot drying air promotes the oxidation @iyphenols by the oxygen absorbed
by the convection drying air. The loss of polyphenol content is also attributed to their use as
reactants in the Maillard reaction (Nicoli et al., 1999). Ma@abrejas et al. (2009) have
reported that the reduction’id dcontent could also be due to the binding of polyphenols to
other compounds or to changes in their chemical structure after heat treatment. These changes
prevent their extraction and determination with the methods used.
From the results of thantioxidant activity @ 0 pof the dried plant material, it can be
concluded that convection drying has an influence on the reductioniogFigurel10).
Drying of A. ursinumleaves resulted in a decreas®id @f the dried material, regardless
of the drying temperature used, compared to the raw plant material (88.4%). Across the range
of measurements, the samples dried at lower temperatures had the higher veDs, of
while the higher drying temperatures resulted in a greater decrease indRielantipotential
of the dried plant material (53.3, 45.3 and 40.7% at drying temperatures of 40, 50/af 60
respectively).
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Figure 10. The antioxidant activity of leaves ofAllium ursinum.
The data are presented as the mésandard deviation. Bavsgith different letters are significantly
different < 0.05)

Antioxidant phytochemicals in plants can be broadly classified as carotenoids, phenols,
alkaloids, nitrogenous compounds and organosulphur compounds (Liu, 2004). Antioxidant
activity correlates with the presence of phytochemicals such as phenols, flavancid
anthocyanins in food (Sun et al., 2002). Therefore, evaluating food processing operations that
affect antioxidant activity in processed foods is critical to optimising conditions to increase
or maintain their availability and functionality. Some authreport that antioxidant activity
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increases or is maintained in processed foods, which may be due to the development of new
compounds with potential antioxidant capacity, although the content of naturally occurring
antioxidants has decreased signifitaniue to heat treatment. (Anese et al., 1999; Nicoli et

al., 199; 199).

Conclusion

1. The colour of the samples was measured using adastiuctive method on fresh,
dehydrated and rehydrated plant material, and significant differences were found in
all the colour parameters analysed. It is evident that drying at a higher temperature
leads to a greater change in colour. Thus, the dried leaves showed a much lower
intensity of green colour than the fresh leaves. This effect is more pronounced at
higher dryng temperatures (6@ £due to chlorophyll degradation.

2. Drying temperatures had a statistically significant effect on the dehydration and
rehydration capacity of the dried. ursinumleaves. The higher the drying
temperature, the higher the degree of deatjon and rehydration (the pores of the
dried food allow water to renter the cells). Convection air drying results in
considerable moisture removal from the fresh leavés ofsinum(more than 91%),
but the organoleptic quality of the ursinumeawes is maintained.

3. The drying conditions tested had a significant effect on the total phenolic content and
antioxidant activity ofA. ursinumleaves. An increase in temperature during drying
decreased the total polyphenol content in the dkiegrsinumleaves.

4. Across the range of measurements, the samples dried at lower temperatures had the
higher antioxidant capacity, while the higher drying temperatures resulted in a greater
decrease in the antioxidant potential of the dried plant material.

5. A. ursinumis considered one of the functional foods for human consumption due to
its high nutritional value and prophylactic or therapeutic effects on various diseases.
To obtain a high quality dried product, the drying process should ensure a quality
comparable to frgh vegetables.
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Introduction . Theaim of the present study was to defil
the aromatic profile of Bulgarian and Macedonian red wi
obtained from the local variety Vranec and the hybrid var
Kaylashki Rubin.

Materials and methods Gas chromatographic (GC
MS) study to define the aromatic profile of red wines fr
the local variety Vranec (grown in the Republic
Macedonia) and the hybrid variety Kaylashki Rubin (gro
in the Republic of Bulgaria) was conducted.

Results and discugsn. 1-pentanol was dominatad
the fraction of higher alcohols in both winé3theraroma
compounds identifiedwere 1-propanol, 2propanol, 1
butanol, thexanol,and 3-methylthio-1-propanol.The wine
of the Vranec variety showed greater complexityeirms of
this fraction, as in it $iexenl-ol was identified which was
not present in the wine of Kaylashki Rubin. High amoun
the aromatic alcohdl phenylethanol was identified in both
wines. This compound had great importance for their fli
aromae. The ester fraction of the two wines was divel
represented by isopentyl acetate, ethyl caprylate, ¢
hexanoate, ethyl decanoate and diethyl malktte. Vranec
wine showed greater ester complexity, as in it two more ¢
representatives were iddigid 1 ethyl-2-hydrobutyrate anc
2-hydroxy-3-methytdiethyl ester. In both wines, one fat
acid was identified i heptanoic acid, in verylow
concentrationsAccording to the panelist both wines we
very harmonious in their own wandhad their typical otes
as expected for the both varietids. overall,the descriptive
analyses confired the componentgetermined byhe GG
MS and @ve a clear view about the aroma profile of ba
varieties.

Conclusions Both wines showed a diverse, balanc
aromatic profile, each of which, based on the peculiaritie
its volatile composition. Meanwhile, ach wine hd
individual aromatic properties.
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Introduction

The aromatic profile of the wines is a descriptor for their quality. It is determined by
thepresence, concentrations, ratio and distribution of specific volatile compounds.

Vranec is the main variety for the production of red wines. iN.RMacedonia. It is also
widespread in Montenegro, Serbia, Croatia and Bosnia and Herzegovina. The vasiety wa
brought to R. Macedonia in the distant 1950 by prof. Dragan Nastev in the experimental
vineyard of the Institute of Agriculture in Skopje (Nastev, 198&wadays, the Vranec
variety is one of the main red grapevine varieties used for the productioality ged wines
in the Republic of Macedonia. It occupies the largest share of vineyards in the Republic.
Ivanova et al. (2013) studied the volatile composition of Macedonian and Hungarian wines.
In this study the team found a total amount of volatilepounds of 41.3186 6 . 30 2 Og/ d m
in the red wine fronthe Vranec grapevine variety. The ester fraction of this wine had a total
quantitative pr es ethThe teamfdid 2adb &sthtilish the présenegof d m
terpenes in the studied winBogoeva et al (2018) studied the influence of different
oenological practices on the aromatic composition of wines from Vr@hegidentified 63
aromatic compounds from different volatile groups: esters, alcohols, fatty acids, aldehydes,
ketones and sulfur compounds.

Kaylashki Rubin variety is an interspecific hybrid obtained by crossing of (Pamid x
Hybrid VI 2/15) x (Game noir ¥itis amurensis It was created by the scientists of the
Institute of Viticulture and Enology, Bulgaria in 2009 and was patented in 2010 (Ilvanov,
2016). It is characterized by high resistance to low winter temperator8silgaria, the
aromatic profile ofvines from this variety have been studied, mainly by theFBTmethod
or classical chemical analysis, which provides information on components, in larger
guantities (mg/drf). A study (Dimitrov et al., 2018) on the aromatic profile of red wines of
severalvarieties grown in the region of Central Northern Bulgaria found high total final
concentrations of volatile compounds in red wine of the variety Kaylashki Rubin (693.97
mg/dn¥). The study identified 4 higher alcohols, 5 esters, 1 aldehyde and 3 terpamasal
in the wine of Kaylashki Rubinvoncheva et al. (2016) conducted a technological study of
some varieties and clones of vines. The study also includes Kaylashki Rubias
concluded that the wines of Kaylashki Rubite characterized by the higgt concentration
of total esters and aldehydes. Yoncheva et al. (2019) in a study on the chemical composition
of Bulgarian wines of hybrid varieties found a total concentration of esters, aldehydes and
higher alcohols in wines of Kaylashki Rubiigspediely 228.80 mg/dr¥) 46.20 mg/drhand
314.00 mg/drh Dimitrov and lliev (2021) studied the influence of different vine rootstocks
on the volatile composition of wines from Kaylashki Rufsiom three harvests (2017, 2018
and 2019). The team establishedigerse volatile composition, represented mainly by 2
methyt1-butanol, 3methytl-butanol, butanol, thexanol, 4methyl2-pentanol, 1
propanol, 2butanol (higher alcohols fraction), ethyl acetate (esters fraction), geraniol
(terpenes fraction).The apgdition of the GEMS method in the present study proedmew
information on the aromatic profile, identifying components of the aromatic composition in
mi nor ¢ on c e n This will earichsthe Gciewntific ditenature and provide new data
on thepotential of the variety to accumulate aromatic components in its wines, reflecting its
qualities. Studywas focusedon identification and quantification of volatile compounds
(quality wine descriptor) from the main aromatic groups, tere establishedn a lot of
wine studies worldwide: esters, higher alcohols, aldehydes, terpenes, fattyBadidarév
et al., 2021; Itu et al., 201Kim et al., 2018; Manolache et al., 201Blateo et al., 2000;
Meng et al., 2011Nan et al., 2021Rapp et al., 1986; Rjan et al., 2008Tardea, 2007
Tomasino et al., 2020; Yankov et al., 2D00
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The aim of the present study was to define the aromatic profile of Bulgarian and
Macedonian red wines obtained from the local variety Vranec and the hybrid variety
Kaylashki Rubin. The significance of the purpose is based on the fact that the data obtained
from the study will provide information on the characteristics of the qualities of regional
wines (terroir influence) obtained from varieties with different genetic origin.

Materials and methods

Grapevine varieties

The study was conducted in 2017. The winese obtained from two red grapevine
varieties (Vranec and Kaylashki Rubin) form harvest 2016, different by their genetic origin
and grown in two different locatiorisR. Macedonia and R. Bulgaria.

Climatic conditions of the area of cultivation

The vinesof the Vranec variety used for this study were grown in the region of Veles.
According toNedelkovski (2017his region is characteed by a typical continental climate
with the following indicators: temperature sum during the vegetation ged626.5 4942.6
A g the average ‘monthly temperature during the vegetation period isAlgthe min.
temperature12.9A wnd maimumtemperature is 40 & gduration of the vegetation period
bud break to harvest 14257 days; beginning of vegetatiori2.04 t022.04; frequency of
spring frosts up to 10%; annual precipitation amausb5 663 mm/dm.

The experimental vines of the Kaylashki Rubin variety were grown in the Experimental
Base of Institute of Viticulture and Enology (IVEPIleven, Bulgaria. The regiof the town
of Pleven is characterized by a typical continental climate with the following indicators:
temperature sum during the vegetation peiic®il30 4003A gduration of the vegetation
periodi 190/ 210 days; duration of frodtee period 178 223days; beginning of vegetation
T 02.04 to 14.04; frequency of spring frosts up to 20%; annual precipitation ambaat
753 mm/dm (Katerov et al., 1990; Pandeliev et al., 2005).

Vinification

The Vranec grapes were harvested at technological grapetsnandiprocessed in the
experimental wine cellar of the Institute of Agricultiir8kopje. The production of the wines
was carried out according to the classic scheme for production of red dry Wisres:
harvesting of the gemmimmpes Y¥h€rgshpeg Inddde
S&Y I nocul at i onSac@aronmcesncerewg)aea\StFe(r mentation f
at temperature 22N3 UC Y Raking Y Wine filt

The Kaylashki Rubin grapes were harvested after reachiegloiological maturity,

in the amount of 30 kg, and processed in the Experimental Wine Cellar of Institute of
Viticulture and Enology Pleven, in the conditions of microvinification, following the classic
scheme for the red dry wines producti@rushingand destemming/ Sulphitation (50
mgkg SQ) Y Inoculaton with pure culturedry yeastsSaccharomyces cerevisi&ha

Rubio Cru (EATON Begerow)i 20 g/100 LY Fermentatior(temperature of fermentation
T 28A LY Separation from solid¥ Further sulphitabn Y Storage(Yankov, 1992).
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Chemicals and reagents

For the extraction of volatile components in the wine samples, dichloromethane was
used, purchased by Sigma Aldrich (USA); Reference standard diethyl succhpaten)2
ethanol, ethyl hexanoate;hkxanol, theptanol purchased by Merck (Germany); Isoamyl
acetate, purchased from Aldrich Chemicals (USA); Thectanol used as an internal
standard was purchas&dm Sigma Aldrich (USA).

Extraction procedure and gas chromatography (GEMS) analysis

The volatile components were extracted by ligiigdid extraction (lvanova et al.,
2012). We transfer 50 ml of the wine sample in 500 ml Erlennfask and add 50 ml of
the extragent (di chl or ome t-bctamokwas addedThei nt er r
Erlenmayefflask was sealedndwas placean a magnetic strer for 1 hour. After one hour
the mixture was centrifuged at 306 for 10 min. The separated dichloromethane phase
was then evaporated under a stream of nitrogen until dryness. Then the evaporated sample
wasrehydrated with 100 bof dichloromethaneradit wasinjected into the GE@MS. The gas
chromatograph used was Varian 3900 (Middelburg, The Netherlands). The mass
spectrometer was Varian Saturn 2100T (Middelburg, The Netherlands). Parameters of gas
chromatographic determination were: injector temjpeesi 240A CMS sourceé 230A C
MS quad from 156\ @nd 280A Gransfer line. The initial temperature wasA@or 3 min
and then rises to 188 Git a level of 3A @nin. The temperature thense further to 26@ C
at 20A @nin and told at 260A @r 10 min. The carrier gas was kh flow rate 1.5 ml/min.

Sensory evaluation

The sensory evaluation of both wines was performed by the descriptive method
described by Mario Ubini (2004). The wine panelists (4 experts in the field of enology) first
had to degustate both wines and then purpose descriptors that will describe both the aroma
and taste of the analyzed wines. Four panelists were involved in the analysis. According to
them 11 descriptors were proposed to describe these wines: red fadtsfrbits, flower
aromas, herbal aromas, acidity, astringency, structure, harmony, typicity, bitterness and
body.

Statistical analysis

Statistical analysis of the analyzed parameters between the two wine samples was
performed with the computer statistiprogram SPSS 14.0. For the comparison of the results
Pater Samples Statistic ofTlest was performed with significant differences of 0.05.

Results and discussion

The data on the quantitative presence of volatile compounds are presented in Table 1.
The results were statistically analyzed with the statistical teaelsTguided by the fact that
we wanted to make a comparison of each aromatic component between the examined wines
According to the statistical test statistical proven differences weanadfdor aroma
components like -propanol, 1,5-hexadier3-ol, 1-pentano] 2-propano] 1-hexano| 2,3
butanedio] ethyl decanoatediethyl succinate,and 3-(methylthio}1-propanol For the
phenylethanol in all samples statistical differences was not proven.
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Table 1
Identified volatile compounds in red wines of local variety Vranec and hybrid variety Kaylashki
Rubin
Volatile Aromatic Kayla_shkl Vranec, .
compounds descriptor Rubin, Qy/dm® T-Test | Sig.
Qy/dm®
90532 70096
1-Propanol 5. 66 12, 0 55.436 .000
. 997291 474742
1,5-hexadier3-ol R74 9 59 5 590.592 | .000
10533 12049
Isoamylacetate Banana R13. 7 Ko, 41 -6.034 .026
Medical 46035 45208
1-Butanol Alcohol 14 6 13 0 8.681 .013
2351908 1196872
1-Pentanol Flowery K288, 208 . 249.386 | .000
Green apple, 17838 18541
ethyl hexanoat strawberry | N13.3| RN14.(d -18887 | .003
107890 66848
2-Propanol R78. 9 30, 3 14.639 .005
Green 107630 130063
1-Hexanol Grassy N66. 5 a9 4 -22.693 .002
. Green 13404
&h e xJjon Flowery ND N15. 6
Pineaple 20295 23348
Ethyl capylate Pearflowery 14 4 13 8 -86.703 .000
Ethyl -2- ND 12416
hydroxibytirate N13. 0
. Butter, 115206 93493
2,3-Butanediol Creamy R26 2 K26 1 18.748 .003
139786 144741
1-Octanal (S) N30.2 N39.3
Vegetable, 17428 45.65
Ethyl decanoate Anise R25 1 8. 31 13.246 .006
. . . 762303 134855
Diethyl succinate Fruity {52 o9 50 . 5 4500.085 | .000
3-(methylthio} Boiled potatoe 114980 74963 8.039
1-propanol rubber N59. 9 N26. 3 ) .015
271 phenyl ethylacetate ND TRACES
Vinyl butyrate TRACES ND
Flower, pollen 1786431 2007612
Phenylethanol perfume R155. ( fN88. o -57.192 .000
. 55.00 63.12
Diethyl malate 5. 00 N6 11 -12.557 .006
: : 120976 129700
Heptanoic acid 51 2 R70. 0 -8.055 .015
2-hydroxy-3-methyt ND 10513
diethylester N8 . 0
Ethyl palmate ND TRACES
Ethyl cinnamate ND 25901N 1 1
T-test with statistically significant difference (p < 0.05)
b b HJkrainian Food Journal . 2022. Volume 1l Issuelb b b 31



t t tFood Technologyt t t

Identified alcohols

1-propanol is one of the main higher alcohols of the volatile wine fraction. In the wine
of the local variety Vrane it wasi dent i fi ed i n ala.05@qmbidimt of
Kaylashki Rubin this representative was found in a higher concentratibr) 5 .5.85& N
Og / 3d Tine aromatic descriptor of-fdropanol is a flower bouquet and a ripe fruit.
Characteristic of propanol is that it participates in transformational changes dunivigdée
aging forming volatile esters with propionic, acetic and caprylids¢Chobanova, 2012).

A study of changes in the aromatic compounds of Cabernet Sauvignon red veédés ag
stainless steel tanks (Meng et al., 2011) found a variation of this compound from 2554.87
Og/3dm 5091 3 hihe ung wime (before the agiprocess) the team (Meng et

al ., 2011) found a concentr at i®dhepresencgohi s h
1-propanol in the studied wines of Vrarend Ka/lashki Rubinwassignificantly lower.This

could be attributed to the characteriséatiires where the grapes were grown and haaest

Both varieties were grown in different geographical locations under different soil and
climatic conditions.

The highest concentration of higher alcohols in the studied wines was found fer the 1
pentanoll n t he wine of the Vranec variety it wa
Og /3d while in Kaylashki Rubin its concentration was almost twice as High
23519. 08 K2 8 Ii8s.theesholdaf drainatic perception (with a characteristic aroma
offl ower s) i <% I3bdth Wirtes iOwpg fdumd above this threshold, which was
reflected in its special sensory expression. In a study on the volatile composition of
Macedonian (Vranec, Merlot, Cabernet Sauvignon, Tamianka and Chardonnay) and
Hungaria (Kefrankos and Tokaji) wines was found that in red winggeritanol and 2
phenylethanol were the main components of the volatile fraction (lvanova et al., 2013).

The data obtained in the present study correlate with the study of the abovAfteam.
1-pentanol, 1,thexadien3-ol was ranked by concentration. This compound was found in a
hi gher amount in the wine of the KRyl as
compared to that of VWranec (4747.42N59.509

3-hexenl-ol was identified only inVranec wine. It was available in an amount of
13 4. 04 N1 5. Aeharactegsticdanomatic nuance that this compound imparts is green,
grassy (Newcomb et al., 2010). However, its threshold of aromatic perception is higher
( 400 . 09 thad gs/estaidhed concentration. This was reflected in the lack of aromatic
expression of Biexenl-ol in its identified amount in the red wine of Vranec.

2,3butanediol is a compounida product of yeast metabolism. Its concentration is
highly dependent on the typeyafasts (Romano et al., 1998; Ng et al., 2012). It was identified
in both wines studied. In the wine of Kaylashki Rubin it was present in an amount of
1152. 06 N4%Ban@isthatbg\raddand 3 4 . 3 6 N 2 &.Ath@ract@gsticdnoma
that gives thicompound is butter, creamy. In both wines it was identified above its threshold
of aromati c per éewhithisignificartly d2t@rmifed thpprticihation of
its influence on the wine aromatic profile.

Another major representative of the Inéy alcohols fraction was@opanol (isopropyl
alcohol). In the wine of Kaylashki Rubin it was identified in a higher concentration
(1078.90KN7?8,. 9clo nfpga/rded t o t hat fourMd in Vran

1-butanol was found in very similar amouirighe two wines studied. Its concentration
in Kayl ashki Rubi n3 andisthekdl QinebB/iaed it waissconfamedd m
in an amount of 3 AStay dghB totileOrActiod gf ted wines from
north-western Spain obtained frovarieties fronVitis vinifera(Vilanova et al., 2013) found
a variation of Ibut anol from 3B(Ri6NdI i2Bg)Ogt/@dm76. 98

h
(
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(Gewegrztraminer) . On the other hand, Meng
wines aged in stainlessest tanks foundhe content of -butanol in young winé 3058.80
O g / 3ditngould be seen that the concentration presencebatanol varies between wines
obtained from grapes grown in different geographical locations.

1-hexanol is a higher alcohplesent in the volatile fraction of wine and imparting a
characteristic grassy aroma (Abrasheva et al., 2008). It was identified in both studied wines,
and in that of Vranec its ¢uWaimdoingaisonwiths hi g
Kaylashki Rubinl 1 0 7 6 . 3 0 N 6)6Thi$cémp6ngrit af the volatile fraction was also
found in red wine from Ca¥fomrXeargning €auntyi gn o n
China (Jiang et al., 2010). Another study (Tao et al., 2009) again on the volatile composition
of Cabernet Sauvignon wine, Changli County region (China), identified it at a significantly
hi gher concentrati of. 1-fesanctraslpen idénfifidzd0a a @ajor Og /
component of the higher alcohols volatile fraction in the study of the aropmefile at the
aging process (6 and 12 months; respectively in concentrations varying quantitatively from
139. 04N323i2552 90 g7/7d\m 2 aBrod Ofgr/ adrm 1 8 331970 .80N 80 g /4
Og/3mof red wines from Caber nNeitandSMerovfiong n o n ,
different regions of Romania (Manolache et al., 2018).

An aromatic alcohol phenylethanol was identified in the wines of Vranec and
Kaylashki Rubin. It was identified in high concentration presence in the aromatic matrix of
the twowi nes . In the wine of Vranec it was fo
Og/3m compared to that of Kay#?.atebhkractedsticbi n (
aroma that this alcohol gives is floral, in particular rose (Etievant, 1991). Our rdate o
content of 2phenylethanol were in agreement with the data of Manolache et al. (2018), which
found this alcohol in high quantities by the &S study of 4 red wines from the varieties
Cabernet Sauvignon, Fet eas c tgions efdkgnraria. ThiBi n ot
alcohol also has been found to be dominant quantitatively in the study of the volatile fraction
of Italian red wines from the Negroamaro and Primitivo varieties (Tufarrielo et al., 2012;
Capone et al., 2013). A study of the volati@mposition of wine from two harvests of three
varieties ofVitis vinifera grown in Spain (Vilanova et al., 2008) found a variation of
phenyl et hanol on average for bot BRtohar ve:
10116. 90 N3 32118 Callebnet Sapvigthamines from China, phenylethanol was
identified in an &@angrtal, 20fl0). The Saadobtdingd irOay’ d m
study for phenylethanol correlated with the results in the cited studies.

Other higher alcohol identified in the two wines diad was 3methylthiol1-

propanol. It was found in a higher concentration in the wine from Kaylashki Rubin
(1149. 80N5)9, 9tomMmardend t o Vr ar)eZImethylthibid-. 6 3 N2 6
propanol has an aromati ¢ pandimpast characterisicr e s h ¢
aroma of boiled potatoes. In both studied wines it was identified in concentrations above its
threshold of aromatic perception.

Identified esters

Of the ester fraction, the highest quantitative presence in both wines wasfdéound
diethyl succinate ester. It gives a fruity aroma. It was found in a very high concentration in
the wine of the Kayl ashki °3Ritbxceededvabmostsx vy (7
times that found in V) Awcedng to CiddaBa RBH50. 55
diethyl succinate is an important ester, the presence of which in wine is observed in the range
of 20.00i 400.00 mg/drf The data in the present study confirmed the main presence of this
ester in the two wines studied.
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Isopentyl acetate wasadtified with a small quantitative difference between the two
wi nes. In Vranec its amount wj sommarded g ht | y
Kayl ashki Rubi n 3 The &terdsa Majod comributodtg thedfruity aroma
of wines (Li et al.2008), with its characteristic descriptor being the banana aroma (Vilanova
et al., 2013). Data on the presence of isopentyl acetate in the wines of Vranec and Kaylashki
Rubin were correlated with Vilanova et al. (2008), which identified it in Spanishiredof
the Seradelo variety in an average quantity for two harvests (2006 and 2007) of
301. 00 N223%0uresul® fpr tldsraster were correlated with data of Ivanova et al.
(2013), which established it in nine studied Hungarian and Macedonian, wiites
concentrations rangi*hg 188m. 0@N00BK1080dMg/

Ethyl caprylate was identified in close concentrations between the two wines. A slightly
hi gher amount of this ester was®compareddo i n V
Kayl ashki Rubi n (% 0. estd [jiled a 4haractrigtic druity aroma
(pineapple and pear). Its threshod. thbathf ar or
wines it was identified in a concentration 100 times higher than the threstilch
determined its important influence on their aroma. This ester was identified in higher amounts
( 510 7. 9n CAlprhad Sauvignon wine from China (Jiang et al., 2010).

Ethyl hexanoate was identified in both wines studied. In the wine of Vraneasi
present in an amouf andiothatdf RaylaskkilRNHINAt was Preséng / d m
in a slightly | ower c o#.dhisnester & aldo one of the MmaBn. 3 8 N
ones present in the wine aromatic matrix. It was also found itmanstudy in wines from
Mer |l ot (167 .355dnd 0Ga egr/mdert Sauvf)(/ileoomae( 195 . 4
al., 2013). Our data were correlated with those established by this team. A characteristic
aroma that gives ethyl hexanoate is of green appley.fatrawberry (Tao et al., 2009). Our
data also correlated with the research of Manolache et al., (2018), which also found this ester
in red wines aged for the pPerIe6éd.dbo T3 B2 mdo
and 12 months (CLex4.3RB6NWF2 OGd /ddm

Ethyl decanoate was found in a higher concentration in the wine of Kaylashki Rubin
(174.28N2%, 180M@MpAdmd t o Vr 3 Thiseste belbngHidbties . 3 7
group of fatty acid ethyl esters, which is one of the immbffiar this fraction (Francis et al.,

2005). A typical descriptor of this compound is vegetable aroma.

Ethyl-2-hydrobutyrate and ethyl cinnamate were identified only in Vranec red wine in
concentrations oantd22596 01 fedpetigedygThay edem
absent in the aromatic matrix of Kaylashki Rubin.

Diethyl malate was identified in both wines studied. In the wine of Vranec it was present
in a slightly higher é,xompaed tothat of Kaylashk{ Rudn 1 2 N €
(55.0 N5 . 0 03). Drgs/estan is also one of the main representatives of the fraction,
normally present in wines in concentrations of 10.a00.00 mg/dri(Chobanova, 2012).

2-hydroxy-3-methytd i et hy | ester was identified on
Og /3 m

Identified fatty acids

Fatty acids originate from yeasts and bacterial biosynthesis and have an important
contribution to wine aroma (Etievant, 199k).the present study, only one fatty acid was
identifiedi heptanoic acid. In Vranec wine itas found in a slightly higher concentration
1297. 00 N7 8 Inth& wiregf Kaytashki Rubin it was available in an amount of
1209 . 76 N5 1 JiadgandZmrig @201.0) found traces of heptanoic acid in red wines
from Cabernet SauvignorA T - et al (20149 investigated the influence different
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oenological practices on the fermentation aroma of béeed wines and found the presence
of heptanoic acid in the variants in the range from 2.00 to ZD§0 3dimihe present study,
this fatty acid wagound in higher concentrations

Sensory evaluationof red wines
The results obtained from the panelists (4 experts in the field of enology) were

calculated and transferred into spider diagram (Figure 1) that showed us the two different
wine profiles that the wines from these varieties had.

Red fruits

Black fruits

Bitterness, \Flower aromas

Typicity | I Herbal aromas

Harmony® /Acidity

Structure™ “Astrigency

Vranec - - - -Kaylashki Rubin

Figure 1. Sensory evaluatbn of red wines obtained from Vranec and Kaylashki Rubin varieties

According to this diagram we can see that the wine obtained from Vranec variety had
more body and structure than Kaylashki Rubin, also the content of tannins was higher that
could benoticed from the descriptor for bitterness and astringency. Vranec wine had less
acidity and more black (dark) fruit aromas, lower freshness and less flowery notes in the
wine. On the other hand, the wine from Kaylashki Rubin had higher level of aciditg, m
freshness which could be noticed from the descriptors flower and herbal aromas, also the
wine had very intensive fresh red fruits aromas. According to the panelist both wines were
very harmonious in their own way, both wines had their typical notespested for the both
varieties. In overall the descriptive analyses confirm the analyzed components fromthe GC
MS analysis and gave us clear view about the aroma profile of both varieties.

The data regarding the sensory profile of the wine from KaylaBhuibin were
correlated with the research of Yoncheva et al. (2016, 2019), which defined the wine of this
variety as harmonious, balanced and with pronounced varietal aroma, good color
characteristics, dense and extractive. The data regarding the Vrargeconielated with the
study of Milanov et al. (2019), which determine the astrigenicity and bitterness as dominant
sensorycharacteristics in the wine from this variety.
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Conclusions

The following conclusions can be made from the study conducted te deéimromatic
profile of red wines from the local variety Vranec and the hybrid variety Kaylashki
Rubin:

1. The fraction of higher alcohols in both wines was consistedp&ntanol, ipropanol,
2-propanol, ibutanol, thexanol,and 3-methylthiol-propanol. 1-pentanol had the
highest quantitative presence of this fraction. In the wine of the Vranec vastetyyB
1-ol was also identified, which was not present in that of Kaylashki Rubin.

2. One aromatic alcohdl phenylethanol was identified. This compoundas found in
very high concentrations in both wines, v
Og/3m compared to Kayl as hkji).PHeuylethanol wad 7 8 6 4
an important component influencing the floral aroma of wines.

3. The main represéative of the ester fraction in both wines was diethyl succinate. It
occupied the highest concentration. Important ester compounds were identified
isopentyl acetate, ethyl caprylate, ethyl hexanoate, ethyl decanoate and diethyl malate.
Ethyl-2-hydrobutyate and zhydroxy-3-methytdiethyl ester were identified only in
Vranec wine. They were absent in the aromatic matrix of Kaylashki Rubin. This made
the ester complexity of Vranec higher.

4. In the two studied red wines, only one fatty acid was identified ehalheptanoic acid
in almost the same amounts.

5. The performed sensory evaluation showed that the Vranec wine had a better body and
structure than that of Kaylashki Rubin. Vranec shdlewer freshness and floral notes
in the aroma, compared to Kaylashki Rubin. In Vranec the aromas of black fruits
dominated, while Kaylashki Rubin showed a pronounced floral and herbal aromas, as
well as fresh red fruits aroma. Both wines showed a diveasanced aromatic profile,
each of which, based on the peculiarities of its volatile composition. Eachhadae
individual aromatic capacity.
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Introduction. The objectives of this research were
scientifically substantiate anelxperimentally prove the nutritione
status of cultivated mushrooms as the probable source of
absorbed proteins, essential and dispensable amino acids, anc
valuable biologically active components.

Materials and methods.Biochemical characterists, such as the
mass part of albumins, globulins, glutelins and prolamins, anc
qualitative and quantitative composition of amino acids in free
constrained forms, of cultivated mushrooms, champigd@aricus
bisporug and oyster Rleurotus ostreats), and edible wild
mushrooms, white mushroomBdletus edulis and the browstap
boletus Leccinum scabruimwere determined.

Results and discussions.The biochemical composition c
mushroom hats and legs is different in separate indices: the amo
dry substances in champignon hats is higher y18%, the amount
of proteins is higher byl4i@3.5%, meanwhile, the amount
cellulose is lower by 1719% in comparison with legs. This shows t
substantial nutritional advantage of hats, and it must bentaito
consideration intheindustrial procession of mushrooms: hats shc
be separated from legs, following the optimal parameters of
process for each anatomic part. The champignon proteins conte
the indispensable amino acids and, therefoa®, lme the importan
source of lysine (4.95 ), phenylalanine (7.04 rég ), leucine (9
mg% ), and threonine (7.6 rBg). About 7.6% of amino acids are i
free form, half of which are essential. This would lieshuman body
effectively use the amino acitts synthesize its own proteins.

The amount of proteins in fresh champignonsiig% of their
mass, in oyster mushrooms it 6586, in wild mushroomsit is 6i
8.5%, which outlines the priority of champignons particularly by tt
protein componentasysduble factions (albumins and globulins)
70.3% present the champignon protethss index is slightly lower for
oyster mushroom protein6%%) and for browrcap boletus, it
decreased to 53.2%. Therefore, proteins of the cultivated mushr
need the miimal amounts of energy to be dissociated to amino a
in the human body, and otherwise show the high grade of protec
(almost as milk proteins) under the influence of gut enzymes. T
characteristics were achieved due to scientifically proven tseief
raw materials, regarding their sensory characteristics that -
estimated with the excellent grade. There were proposed critel
select the cultivated mushrooms for culinary and industrial proces
the amount of proteins no less thain9%,; ellulose 2 3.5%;
carbohydratesill.5%.

Conclusions.The cultivated mushrooms and the products of tl
procession with high content of proteins and other valui
componentshould become the essential constituent of diets in c
to overcome the pratedeficiency.
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Introduction

Nutrient analysis and dietary quality for most people indicate a persistent protein
deficiency, which should be exacerbated in the near future (Medek et al., 2017). Therefore,
the search for potential new protein sources and production ephigéin food are among
the topical tasks for food technologies (lvanov et al., 2021; Wu et al., 2014).

The National Center for Biotechnology Information (USA) highlighted that about 90
percent of adult people are aware of the advantages ephatgin foods (Chang Wasser,

2012; Global Alternative, 2020). Due to ecological ideology and diffusion of vegetarianism,
the production of proteinaceous foodstuffs from soybeans is the main stream in Asia,
particularly in China, and, during the last years, in Europe (Eler&aKantola, 2016). The
largest share belongs to champignofgaficus bisporusand shiitake l(entinula edodés
(MartinezMedina et al., 2021; Stabnikova et al., 2010; Stojkovic et al., 2014). There is an
array of scientific research on using the mushraam materials as the meat substitute
(Pasichny et al., 2009). In fact, this became one of the main tendenttiedanfd industry
through the latest period, which is believed to be increasing significantly (Batraksas et al.,
2021; Ferdousi et al., 202Btubiana et al., 2012).

The artificial cultivation of mushrooms becomes very important because the fruit bodies
of forest mushrooms have the ability to accumulate heavy metals and radionuclides, thus
becoming perilous for c oskaParuiskaresad, 20RFE).aheteh a n
is a point of view that in the nearest future about two thirds of protein needs for humans will
be met through the consumption of mushrooms grown in industrial conditions. (Bolotskikh
& Volfovsky, 2007). These mushroomseaecologically clean, and their taste could be
improved by addition of sodium glutamate (Chang, 2006). Mushrooms are widely used in
production of therapeutic and preventive remedies with hepatoprotection, radioprotection,
antidiabetic, anticancer, and immaregulatory activities (Martinelledina et al., 2021;
Sanket & Pravin, 2021; Valverde et al., 2015; Yaschenko, 2012). It was shown that
consumption of mushrooms increased the immunity to inflectional and oncologic diseases
(Krasnopolskaya et al., 2007; &ta et al., 2009; Wasser & Weis, 1999; Wasser et al., 2000)
they get involved into metabolic processes and do not have cumulative ability (Cultivation,
2021; Yaschenko, 2012). Regular consumption of cultivated mushrooms can significantly
increase the coant of antioxidant markers and decrease the level of oxidative stress (Calvo

et al., 2016; Glamol|llija et al., 2015). Mu ¢
of vitamin D of noranimal origin (Bernas & Jaworska, 2017; Cardwell et al., 2018p15im
et al., 2013).

Therefore, the problem of increasing the volumes of consumption of cultivated
mushrooms is scientifically proven and is actual for the population of over the world.

The protein content of mushrooms determines their biological valubislrcase, the
content of amino acids in the protein must meet the needs of the human body for the synthesis
of its own proteins (Tagkouli et al., 2020). Moreover, proteins, upon being the most essential
component of food, are responsible for growth, éoaatf the new tissues and restoration of
those damaged (Malecki et al., 2021). Besides, all enzymes and certain hormones are proteins
too. Decidedly, only the plentiful proteins provide the correlations of aagtits, whichare
compatible with human bodyeeds.

Unfortunately, these problems are now studied sporadically. The majority of updated
research are dedicated to the principles of mushroom cultivation (RoyseZP@03 et al.,

2014, their industrial production (Simakhina et al., 20Jelgboration of ecdriendly and
wasteless cultivation technologigsi@an et al., 20316Simon et al., 2011); improvement of
the methods to process mushroom raw materials, including drying, fermentation and
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freezing; mycelium preparation and so on. Only ssineies deal with the general amount

of proteins in oyster mushrooms, touching upon their amino acid content and the proportions
between dispensable and indispensable amino acids, practically leaving aside the ways to
increase the mushroom biological valand other related issues (Tolera & Abera, 2017).

Issues that have so far received insufficient attention include study of the fractional
composition of proteins of cultivated mushrooms which is an essential index to predict the
level of their absorptiom human body; effectiveness of protein digestibility by proteolytic
gut enzymes; elaboration of the criteria to select the sorts of cultivated mushrooms (starting
from their sensory evaluation), compliance with which would guarantee obtaining the high
quality half and final products with increased biological and nutritional value.

The aim of the present research was scientifically substantiality and experimentally
proven of the nutritional status of cultivated mushrooms as the probable sourcg-of eas
absorbed proteins, essential and dispensable amino acids and other valuable biologically
active components for their use in the food industry. To achieve this goal it was necessary
to examine the quantitative and qualitative content of the main rstriencultivated
mushrooms, particularly, the fractional composition of proteins; to estimate the ratio between
dispensable and indispensable amino acids; the grade of their digestibility by proteolytic gut
enzymes; their sensory indices, and to formulaéecriteria to select the champignons for
both direct consumption and industrial procession.

Materials and methods

Mushrooms

ChampignonsAgaricus bisporusand oyster mushroomBlgurotus ostreatysecame
the object for the main part of researBlor a comparative study, some experiments were
conducted in parallel with wild white mushroonBo(etus edulisand browrcap boletus
(Leccinum scabruin After having selection, washing, and removing the waste from the raw
materials, the biochemical characteristics of mushrooms were evaluated, namely, fractional
distribution of protein, content of amino acids, sensory characteristics, and the ragie of fr
and constrained amino acids, both dispensable and indispensable.

Determination of dry matter

The dry matter was determined using differential refractometry (Hernandez et al., 1998)
usingofIRF4 54 12f refractometer (LWwboratorna te

Determination of protein and amino acid content

The general amount of proteins and the qualitative and quantitative content of amino
acids were determined by the method described in (Redweik et al., 2012) with a usage of
capillary electrophoresiShe ratio between dispensable and indispensable amino acids in
free and constrained forms was determined by the method of M&iein (Moore & Stein,

1972).

Determination of sugars content

The general amount of sugars was determined by ion analysis method using Bioscan
817 chromatographer (Metrohm IC). To prepare the sample for the analysis, mushrooms were
powdered to homogenous mass and put into the automatic sample taker of the
chromatogrph.
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Determination of cellulose content

Content of cellulose was determined by the method of direct weighialgsis, which
combines oxidation, destructicemd solution of various chemicals, except for cellulose that,
in processyasremoved, dried ahweighed (Kumar & Turner, 2015).

Fractionation of mushroom proteins

Fractionation of mushroom proteins was carried out according to (Table 1). The
disintegrated samples of mushrooms (particle si r@m) were extracted, and then
centrifuged for 15 min at 6000 rpm. The sediments were washed, and the volume of every
extractwas replenished to 150 ml by washing waters. The content of protein was determined
in the extracts and sediments by the method (Redweik et al., 2012).

Table 1
Fractionation of mushroom proteins
Method Fractions of mushroom proteins
Albumins Globulins Glutelins | Prolamins
Water 1 [ NacC 01N 70% ethyl
Solvents 0.1 [ ph NaOH alcohol
buffer (
Weight ratio between 1:3 1:3 1:25 1:25
mushroom mass and
solvent

Evaluation of sensory characteristics of cultivateanushrooms

The selection of raw materials, primarily by the sensory characteristics, is the essential
step to use the fresh mushrooms and, subsequently, obtaining the mushrodimistesali
products with suitable consumer properties and high biologicaev@@hat et al., 2016).
Thus, high quality of mushroom seffinished products and foods with their usage is
guaranteed (Table 2).

Table 2
Methods to evaluate the main sensory characteristics of fresh mushrooms (champignons)

Characteristics Description

Mushrooms are clean, undamaged, eladtiesh looking without
excessive external humidity, not frozen, not injured by harmful ins
legs are either cut or uncut. In the first case, the cut should be clg
the second, the traces of greense material are accessible.
Insignificant surface damages are allowed if they doafiact the
quality, storage terms and commercial appearance of the packed
Typical for fresh champignons, without strange smells and smach
The hat surface is white, creasolored or brown with various hug
typical to the cultivated sorts; the fresh cut of the hat is white with

Appearance

Taste and smel

Color Rue.
Mushrooms are of forms and colors typical for the certain bota
sort, homogenous in maturity gradell shaped

Maturity grade | The hats are open or closed but not flat. The plate color from the b

side of the hat is pale rosy.

42 b b HJkrainian Food Journal . 2022. Volume 11 Issuelb b b



t t tFood Technologyt { t

The sensory characteristics ofighrooms were evaluated according thgoht scale
proposed by the authors (Table 3).

Table 3
Scoring of sensory characteristics of fresh champignons

Score

Index .
points

Estimation of fresh champignons quality by score points

Fresh, wholewithout defects and microbial damages, homogenous.
Fresh, whole, practically without defects.

Whole, partly withered, slightly damaged.

The significant share of withered and damaged mushrooms.
Inhomogeneous, with defects and microbiamages.

Typical for fresh champignons, without strange taste and smell.
Slight strange taste and smell.

Stable and obvious strange taste and / or smell.

Stable and expressed, atypical strange taste and / or smell.
Strongrotting stench and atypical taste.

The hat surface is white or creamolored; the fresh cut of the hat is whitg
with rosy hue.

The hat surface is white or creanolored; the fresh cut of the hat is whitg
The hat surface is grayish aell as the fresh cut.

The hat surface is grey with dark blots; the cut is grey.

The hat surface is dark; the cut is rotten.

Mushrooms are homogenous in maturity grads| shapedThe hats are
not flat. The plate color from tH®ttom side of the hat is pale pink.
Mushrooms are sometimes inhomogeneous in maturity grefleshaped
The hats are not flat. The plate color from the bottom side of the hat ig
pale.

Mushrooms are slightly inhomogeneous in maturity grade, mosily
shapedThe hats are not flat. The color of the hat plates is grayish.

2 Mushrooms are practically inhomogeneous in maturity grade, differen
shape. The hats are mostly flat. The caibthe hat plates is grey.

1 Mushrooms are different in maturity grade, faadibrated.

The plate color from the bottom side of the habisen brown

Appearance

Taste and
smell

QR IN|W|A R INW| O

Color

QRN WA~

S

Maturity grade
w

Note: mushrooms with quality estimated as 1 or 2 points are not recommended for further procession.

Upon selection of mushroom raw material for technological purposes, the sensory
evaluation should be complemented with the characteristics of mushroametical
compounds.

Results and discussion

Biochemical characteristics of mushroom fruit bodies

For the certain species of mushrooms, some essential biochemical characteristics of hats
and legs were determined. The results are shown in Table 4.
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Table 4
Biochemical characteristics of mushroom fruit bodies
Content,% Mushrooms species and anatomic parts

to dry matter | White mushrooms | Champignons | Oyster mushrooms

Legs Hats Legs | Hats Legs Hats
Water 87.0 85.5 86.0 | 84.2 91.0 90.5
Dry matter 13.0 14.5 14.0 | 15.8 9.0 9.5
Proteins 6.8 8.4 7.5 8.6 4.0 51
Carbohydrateg 1.22 1.53 2.4 1.9 1.2 1.6
Cellulose 4.23 3.5 3.0 1.6 3.1 1.9

Analysis of the biochemical composition of separate fruit body parts of cultivated
mushrooms showed the quantitative difference between hats and legs. The results show that
hats and legs of champignons contain more proteins than any other studied mushroom
species. The protein content in hats of champignons is 8.6%; in white mushrooms 8.4%; in
oyster mushrooms 5.1%. The content of dry substances was slightly higher in hats, and the
protein content was by 14Z3.5% higher in hats than in legs, which is adoay to the
results of other researchers (23, 24).

There is a problem of cellulose impact on nutritive value of cultivated mushrooms
(Dubinina, 2009; Synytsia, 2009). Cellular membrane of mushrooms, due to the content of
chitin (about 60% to dry matter)s able to reveal the antiviral and antibacterial action and
absorb the heavy metals and radionuclides (Meera, 2009; Wasser, 2000). The large amount
of cellulose represented by indigestible food fibers would retard the process of protein
dissociation in te gut and their further absorption by the organs and tissues; it would mean
that mushrooms are unsuitable for dietetic nutrition. Therefore, from our viewpoint, the
amount of cellulose in cultivated mushrooms destined for obtaining the food products with
increased nutritional and biological value should be with#5%6.

Taking into account the difference between biochemical characteristics of hats and legs,
we propose the notion of heterogeneity grade of anatomic parts of mushrooms by two main
constituatsi proteins and cellulose. This index should be evaluated with a coefficient:

CP =P/ Cel, in which P is the protein cont#nt,

Celi cellulose amoun .

For the studied types of mushrooms, the CP coefficient counts:

- White mushrooms: legs1.62;hatsi 2.4;

- Champignons: legs 1.87; hatg 2.15;

- Oyster mushrooms: ledsl.29; hatg 2.6.

This discrepancy between the heterogeneity grades of different anatomic parts of
mushrooms is evidence of their structural, mechanical properties and fiisaness.
Because mushroom hats and legs have different content of essential nutrients, we conclude
that, upon elaboration of technology to produce mushroom -feisiied products,
independently on the species, the hats should be separated from letgsgmaoession, and
then the optimal procession parameters should be determined for each of the anatomic parts.
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Amino acid contents in fresh champignon proteins

Amino acids are the main structural elements of proteins. Tvggagmino acids were
obseved in proteins, and the typical constituents of proteins are considered twenty of them.
The latter are categorized into dispensable (total amount of twelve) and indispensable, or
essential (total amount of eight) obtained only from foodstuffs. The sesulthe qualitative
and quantitative content of fresh champignons to be later estimated as the ratio between
dispensable and indispensable amino acids in free and constrained forms (as the
characteristics of protein biological value) are shown in Table 5.

Table 5
Amino acid contents in fresh champignon proteins
Free Constrained
. . Total % to the total % to the total
Amino acid amount,% | mg% amino acid mg% amino acid
amount amount

Lysine 4,98 0.38 0.26 4.60 3.21
Histidine 8.98 0.78 0.54 7.70 5.38
Phenylalanine 7.036 0.136 0.10 6.90 4.82
Tyrosine 2.51 0.05 0.03 2.46 1.72
Leucine 9.0 0.5 0.34 8.50 5.94
Isoleucine 2.94 0.64 0 2.30 1.60
Valine 5.08 0.7 0.48 4.38 3.06
Methionine 1.71 0.01 0.01 1.71 1.18
Alanine 7.4 1.3 0.90 6.10 4.26
Glycine 17.17 0.27 0.18 16.91 11.81
Proline 2.31 0.01 0.01 2.32 1.60
Serine 9.00 0.40 0.27 8.60 6.01
Threonine 7.63 0.53 0.37 7.11 4.96
Asparagine 21.72 0.38 0.26 21.34 14.92
acid
Cystine 0.31 0.02 0.01 0.29 0.20
Arginine - - - - -
Tryptophan 1.05 - - 1.05 0.73
Glutamine 34.7 15 1.04 33.2 33.2
acid
Total 143.021 7.6 - 135.4 -

Fractional composition of fresh champignon proteins

Biological value of proteins in any foodstuffs determines not only by the total amount
or theamino acid content, but also by fractional composition. The proteins are classified into
four classes, namely, albumins, globulins, prolamins, and glutelins (Garidel, 2013).
Albumins, watersoluble proteins, are characterized by the highest biologicalwridonal
value; globulins, salsoluble proteins, have also high biological value but are poor in sulfur
containing amino acids. The last two, prolamins, alcaotlble, and glutelins, alkali

b b HJkrainian Food Journal . 2022. Volume 11 Issuelb b b 45



t t tFood Technologyt t t

soluble, have no some indispensable amino acids in thepasitions, harder digested by
proteolytic enzymes and thus have lower the biological value.

The literary data about fractional composition of proteins of cultivated mushroom are
still limited. Therefore, fractional composition of mushrooms proteins weidtesl in the
present research, and compared (Table 6).

Table 6
Fractional composition of mushroom proteins
Ratio of fractioned proteins% of total protein
. . amount

Protein fractions

Brown-cap Champignons Oyster

boletus mushrooms

Watersoluble(albumins and 30.8 46.4 39.8
easysoluble globulins)
Saltsoluble (haregsoluble 22.4 23.9 25.2
globulins)
Alkali-soluble (glutelins) 12.6 8.06 10.6
Alcohol-soluble (prolamins) 11.5 5.6 3.6
Unsolved remnant 22.7 16.24 20.8

According to results, cultivated mushrooms have higher biological value, because
protein substances are mostly presented by-salsiple factions 70.3% in champignons
and 684 in oyster mushrooms. These proteins are alleged to dissociate in human body to
amino acids, which are necessary for synthesis of the native proteins, with minimal energy
losses.

Fractional composition of champignon proteins is slightly better than of oyster
mushrooms, however, both kinds of mushrooms are suitable for direct ushigelastrial
procession into proteinaceous sdinmished products as ecologically clean, useful and safe
enough raw materials.

Wild mushroom proteins contain less albumins and globulins (53.2%), therefore, they
are worse soluble in water and neutral saltutions.Human body worse absorbs such
proteins and their biological availability and value are lower in comparison to cultivated
mushrooms.

Because of high content of albumins and globulins, proteins of cultivated mushrooms
will be far easily hydrolyed in the gut by proteolytic enzymes, and proteins of wild
mushroom have lower proteolysis degree because they contain mucheathdose, which
may block the enzyme access to protein substances.

Sensory characteristics of champignons

Therefore, coducted research and obtained results showed the perspectives for using
of cultivated mushrooms, particularly hats of champignons, as the reserve of native proteins,
well-balanced proportion of essential and dispensable amino acids, prevalent contant of ea
soluble factions, and higher grade of digestibility by proteolytic enzymes. Regarding to the
fact that appearance is considered the complex index to include the shape, size, maturity
grade, freshness, and color, the maximal figure of quality coeffigiifiroe 0.35 (Table 7).
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Table 7

Scoring the sensory characteristics of fresh champignons

Properties

Coefficient

Score
points

Characteristics

Appearance

0.35

5 Mushrooms are whole, clean, elastic, fresh, with
excessive external humidity, ndrozen and non
damaged by agricultural pests. Cut champign
should have their cuts clean; surface damages ar|
allowed.

Taste and
smell

0.25

5 Typical for fresh champignons, without strange sn
and smack.

Color

0.15

5 Hat surface is white or creaoolored, with different
hues typical for certain sorts; hat pulp on the cu
white with pink hues; leg pulp is slightly darker due
higher cedulose content.

Maturity
grade

0.25

5 Mushrooms are typical in appearance and color for
certain botanical species, homogenous in matu
well shapedHats are closed or opened but not f
The color of undecup plates is pale pink. Legs
noncut mushrooms may carry the traces
greenhouse soil materials.

vabl

Criteria for selection of champignons for direct consumption
and processing in semfinished products

No.

Criterion

Criterion characteristics

High protein content

The significant reserve of foqatoteins; their validity in
terms of correlation between dispensable and indispeng

1 (6-9% and more) amino acids; the important additional source of lysine,
phenylalanine, asparagine and glutamine amino acids
The presence of all the indispengaéaimino acids;

2 High biological value correspond_ence of ami_no acid qompositipn to hur_ng_n ng
for synthesis of the native proteins; protein digestibility
equal to the one of milk proteins

3 Optimal cellulose Positive impact on gut functions; adsorption of heavy

content (23.5%) metals and radionuclides; prebiotic properties

Sufficient carbohydrate| The ability to stimulate anthody synthesis and thus to
4 content increase the immune protection; carpestecting

(1-1.5%) properties due to presence of polysaccharides

Relative initial humidity Q_uite an intens@ve drying process should be main_tained
5 circa 906 of moisture are represented by free faction to

(no more than 8@4%) .

removed easily

The absence of toxic | Environmental friendliness of production and processiol

6 substances, heavy safety for consumers in both fresh and processed forms

metals and carcinogens

7 Sensory characteristics| Appearance, taste and smell, color and maturity grad

b b HJkrainian Food Journal .

2022. Volume 11 Issuelb b b 47



t t tFood Technologyt t t

Moreover, since mushrooms are discrepant in appearance to the requirements proposed,
the usage of all the other criteria appears to be inexpedient. In case when mushrooms are
discrepant in appearance to the requirements proposed, the usage of #ibtheiteria
appears to be inexpedient. The studied champignons by all the sensory characteristics scored
the maximal five points, confirming their status of a reliable source of proteins, amino acids
and food cellulose that are the main nutrients iméuu diets.

Upon taking intoaccount,the results of studying the biochemical composition of
champignons and scoring their sensory characteristics, the criteria to select mushrooms for
either cookery or industrial procession were established (Table 8).

Conclusions

1. Proteins as macronutrients are essential in growth, creation of the new tissues and
recovery of the damaged ones. They take part in regulation of the majority of vital
processes in human body, enhance the biological influence of mtitréents, and
provides the transport of oxygen, hormones and trace elements. Insufficient supply of
proteins or separate amino acids with foodstuffs would lead to protein deficiency,
causing serious damages in the body due to misbalance between prabelisemand
catabolism. This is why the searches for new untraditional sources of proteins are
relevant today. One of the ways to solve this problem is the usage of cultivated
mushrooms that contain aboutds@f proteins (in terms of dry matter) and othrafue
biocomponents.

2. Itwas shown that cultivated champignons and oyster mushrooms have in their fractional
composition a high content of easily digestible proteins (more than 70%), which
facilitates their digestibility by proteolytic enzymes. At thensaime, they contain all
the essential amino acids that confirms their nutritional value. Organoleptic criteria have
been proposed for the selection of cultivated mushrooms in order to use them in
obtaining highquality food products.

3. The advantages of ltivated mushrooms over the wild ones in terms of ecological
friendliness and safety were demonstrated.

4. The optimal ration between proteins and cellulose in champignons (3 : 1) will provide
the high grade of protein digestion by proteolytic enzymes aloiv alsing the
detoxifying properties of cellulose as the natural sorbent. Therefore, the further studies
on cultivated mushrooms, the search of new {uigtein species, and the design of
effective methods to process the mushroom raw materials intefisgstied and final
products are tasks targeted at overcoming the protein deficiency and ameliorating the
human health.
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Introduction. Dairy products are the most commi
probiotic food. Howeverdue to lack of enzyme lactase, thi
ingestion for lactose intolerant people is a challeRgdt juices
are rich in nutrients and have proved to be effective carrie
growth media for probiotics, specifically for lactic acid bacte
they are also [@osefree and can be taken by lactose intoler
individuals.

Materials and methods.Selfmade apple juice and select:
lactic acid bacteria were used in the study. The number of v
bacterial cells was determined by a serial dilution mett
titratabe acidity was determined by automatic titrator; sug
and organic acids concentrations were measured using |
Performance Liquid Chromatography; total phenolic compo
content was determined by the Feldhiocaltus method; and th
antioxidant activitywas determined by FRAP (ferrieducing
antioxidant power) assay.

Results and discussion. Selected Lactiplantibacillus
plantarumstrains were used to ferment apple juice. The opti
conditions for the fermentation were an initial pH 4.5 and 2
duration with maxi mum bacteri a
CFU/ mL and 8. 55 NOL pladtarumd4gandC |
plantarum76, respectively. Characteristics of apple juice w
changed during fermentation, particularly, after 48 hours
fermentation, arncrease in the titratable acidity caused the
decrease and gradual decrease of the sugar contents we
observed. The highest production of lactic and malic acids
observed during 48 h of fermentation with the strain
plantarum 74. The ferment juice with L. plantarum52, L.
plantarum74, andL. plantarum76 had concentration of tot:

phenolic compounds 532.9K2
GAE/ L, 488. 4N24. 4 mdant Gofiviy
281.6N14.1 mg AAE/ L, 300.6

AAE/L, respectively after 72 h of fermentation.

Conclusion. Apple juice fermented with selected strains
Lactiplantibacillus plantarumwas enriched with lactic acic
bacteria and can hesed as a probiotic product that people w
lactose intolerance can consume.
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Introducton

The most common and affordable food products that are sources of beneficial probiotic
bacteria are fermented dairy products. However, some people, including children, are unable
to fully digestlactose, a sugar present in milk and milk products. On average, 65% of the
world's population is lactose intolerant (Bayless et al., 2017). Fruit juices are healthy products
that are rich in important nutrients such as vitamins, minerals and antioxibtaistse(n et
al., 2022), and they can serve as a medium for the growth of lactic acid bacteria. At the same
time, they do not contain lactose. Thus, fruit juices enriched with lactic acid bacteria might
be used as probiotic food products that even persdahdagtose intolerance could consume
(Gomes et al., 2021; Katoch et al., 2021; LHd®r e z e [ Tkesheliadze e? &.,2021).
Fermentation offruit juices using lactic acid bacteria (LAB) could be used to preserve
sensorial and nutritional properties and to extend the shelf life of the final products {Garcia
Gonzalez et al., 2021; Plessas, 2022)adidition, plambased diets become increasingly
popular, so fermentation of plant products and the selection of microorganisms to be used as
starter culture is an issue of hi gh deman
fermentation of the juice caubeby lactic acid bacteria, changes in its chemical and
microbiological properties occur and the final product can be enriched with microbial
metabolites such as organic acids, phenolic compounds, exopolysaccharides and bacteriocins
(Khubber et al., 2022Due to these beneficial properties, fruit juices fermented by LAB
increases the availability of probiotic ndairy products on the market. For this purpose, the
application of autochthonous starters is preferred (Garcia et al., 2020).

One of the most proising types of lactic acid bacteria used for the fermentation of
fruit juices are strains afactiplantibacillus plantarumvhose cells have high gastrointestinal
adaptability and adhesion ability. These LAB also possess antimicrobial, antioxidant and
antrinflammatory propertie$¢ GarciaGonzalez et al. 2021; Rocchetti et al., 2021; Won et
al., 202). Application ofL. plantarumstrains to ferment of vegetable and fruit juices is
extremely appealing since they can improve their sensorial properties (Plessas, 2022). From
a variety of frut beverages, apple juice is considered as a good food substrate for enrichment
with lactic acid bacteria (Wu et al., 2020). This advantage is facilitated by the fact that the
fermentation process is thought increases the bioavailability of bioactive sodgpéound
in the plant material, namely in apples, which leads to a change in the substrate composition
and, as a result, affects the sensory prope

The aim of the present study was to investigate chandeeddlected technological
characteristics of apple juice fermented with the straihscfiplantibacillus plantarum

Materials and methods

The apple fruits from different regions of Georgia were used in the study. Apples were
washed with tap watecutting, crushed using a food processor and filtered through a paper
filter, 12.5 cm diameter, and then throughthe MH@S Syr i nge Fil ter Uni
pore size mixed cellulose esters membrane (Millipore).

For the fermentation of apple juice thrprobiotic strains of autochthonous lactic acid
bacteriaLactiplantibacillus plantarum52, L. plantarum74, L. plantarum76 from the
collection of microorganisms at Durmishidze Institute of Biochemistry and Biotechnology
of the Agricultural University oGeorgia, specifically were used. The bacterial strains stored
at-80A @vere transferred to MRS broth and incubated ah Zfor 48 hours.
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Apple juice was inoculated with lactic acid bacteria and incubated #t GTell
viability, pH values, titratablacidity, content of sugars, organic acids and total phenolic
compounds as well as antioxidant activity were evaluated prior to the fermentation process
and after 24 h, 48 h, and 72 h of fermentation.

The total number of viable cellsof L. plantarum52, L. plantarum74, L. plantarum
76 on MRS agar was determined using the serial dilution method. Aliquots (0.1 mL) of
diluted fermented juice were plated in triplicate onto MRS agar and incubated\aB&7
72 h in an anaerobic incubator (Hashemi et al., 2&3/TS 19036, 2006). The results were
expressed as log CFU/mL.

The pH was measured using a digital pH meter. Titratable acidity (TA) was determined
by titrating with 0.1 M NaOH to a pH erabint of 8.2 using an automatic titrator (ZB4.,
NASA Scientificlnstrument Co., Ltd, Anting Shanghai, China). The results were expressed
as gram of malic acid equivalents per 100 mL of juice (Wlodarska et al., 2017).

HPLC was used to determine tb@ncentrations of sugarssuch as sucrose, fructose,
and glucose, as wehs the content of organic acids, in fermented and unfermented apple
juices. The data were recalculated in grams per liter.

Total phenolic contentin apple juice was determined using the F&imocaltheus
method (Bond et al., 2003). 5 mL of diluted 1éds FolinChicolteo reagent was added to
1 mL of the test sample and left at room temperature for 8 minutes. As a control, 1 mL of
distilled water was used. Then 4 mL of sodium carbonate was added and thoroughly mixed.
The samples and standards were képbam temperature for 1 hour. A spectrophotometer
was used to determine teample absorption rateat a wavelength of 765 nm. The results
were expressed in mg gallic acid equivalents (GAE) per litre of juice.

The total antioxidant concentration was deterrimed by the FRAP method (Benzie
and Strain, 1996). A spectrophotometer was used to measure the change in absorption
intensity. Initially, a working solution for determining the sample was prepared using a
mixture of three solutions: 300 mM acetate buffpH (3.6); TPTZ (2.4.8ripiridyl-5-
triazine), and trivalent iron chloride, in the ratio 10:1:1. The obtained working solution was
submerged in a 3% @Qvater bath for 15 minutes. The working solution, 3 mL, was added to
the appl e jui c e eabsorbateavas meéadwWed asing a spentrbphdtdmeter
at 593 nm; the absorption was recorded after 4 minutes. The working solution was used as a
control, while ascorbic acid was applied as a comparator. The data were measured in mg of
ascorbic acid equivalefAAE) in 1L of the juice.

All experiments were performed in triplicate. The data are expressed as the mean

Rstandard deviation. Statistical analysis was carried out usingeng ANOVA and Tuk

HSD tests. Ongvay analysis of variance (ANOVA) was domeanalyze the variation of the
means between the experimental sampl es.
between the mean values. All the analyses were done using XLSTAT (free trial version 2022,
Addinsoft, Inc., Brooklyn, NY, USA)p value < 0.8 was considered statistically significant.

Results and discussion

Determination of the viable cell number

An important parameter for evaluating the fermentation process is the quantitative
change in the number of bacteria (Janiszewskak et al., 2022). Changes of viable cell

number ofLactiplantibacillus plantarunb2, 74, and 76 during the fermentation ppke
juiceareshown in Table. 1.
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Table 1
Changes of viable cell number in apple juice fermented with strainkactiplantibacillus
plantarum

Time of L. plantarum52 | L. plantarum74 | L. plantarum 76
fermentation, h log of colony forming units (CFU)/mL

0 8. 1NO. 8. 2NO. 8. 3NO.

24 9. ONO. 8. 2NO. 8. 6 NO

48 6. 6 NO. 7. 4NO. 7. 4NO

72 9. 1NO. 7. 4NO. 7. 8NO

192 7. 8NO. 7. 5NO. 8. 5NO

288 7. ONO. 7. 3NO. 7. 8NO

All strains of the lactic acid bacteria revealed different growth (Table 1). In the case of
L. plantarum?76, the initial cell number 08.3\ 0 lo@ CFU/mL increased t3.880.3 log
CFU/mL after 72 h, whereas In plantarum52, an increase approximately 1 log CFU/mL
of bacterial cells was observed within 24 h of fermentation, followed by decrease to 2.45 log
CFU/mL, which could be caused by sugar consumption in fermented jBiogitar results
were observed in the researchJaniszewsk& urak with ceauthors (2022)Li with co-
authors (2019) in their studgundthatduring the first 24 h of fermentation, the viability of
L. plantarumcells increased due to adequate nutrient content and suitable growth conditions,
and after24 h their growth slowed down. Wang with-aathors (2021) studied the viability
of bacteria in apple juice fermented withctobacillus plantarumAs the results showed, in
the case of additional ultrasound processing of juice, in the early stage ehfation, in
particular after sonication for 0.5 h, the number of the bacteria increased from 7.5 log
CFU/mL to 7.9 log CFU/mL and 7.8 log CFU/mL, whereas the humb&acfobacillus
plantarumcells did not change when this treatment was not used. The eelbcount oL.
plantarumdecreased during the storage a’\2®f fermented dairy substrates from 8.89 log
CFU/mL to 8.6 log CFU/miafter 240 h and the decrease was more pronounced after 1440 h
in fermented transition milk stored at 26Cshowing a iable cell count 5.7 log CFU/mL
(Fonseca et al., 2020). According to Ostlie withachors (2003), viable cell counts for the
probiotic strains in fermented milk increased from 8.7 to 9.2 log CFU/mL &fts B of
incubation.

Determination of pH

The pH changes in apple juice fermented using different straibhs piintarumare
shown in Table 2.

The initial pH of control sample waé . 5 NThe jRice pH reduced after 48 h of
fermentation from 4.5 to 3.6 and a modest decline in the cell viabiisyobserved after 48
h of fermentation(Table 1). The pH of apple juice increased from 3.8 to 4.0 on the 192 h of
fermentationbecausef L. plantarum76 activity, and the number of viable cells increased
as well (Table 1). Meanwhile, the pH of the jufeemented with_. plantarum74 increased
to 4.0, and at the end of fermentation decreased to pH 3.8. According to the literary data, a
similar drop was shown in fermented dairy product as well. After 2 h of fermentation, the pH
of the milk began to decreasapidly, from 6.8 reached4.5 in less than 6 h (Dan et al.,
2019).
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Table 2
Changes of the pH of apple juice fermented with the strainkactiplantibacillus plantarum
Time of L. plantarum52 | L. plantarum 74 | L. plantarum 76
fermentation, h
48 3. 6 NO. 3. 6 NO. 3. 6 NO.
72 3. 8NO. 3. 8NO. 3. 8NO.
192 3. 9NO 4. ONO. 4. ONO.
288 3. 8NO 3. 8NO. 3. 9NO.

It should be mentioned that the pH of MRS broth was 6.4 at the start of the experiment
and ranged between 3.8 and 4.0 by the 288 h as a result of the action of all three strains,
whereas the pH of apple juice was 4.5. The value reduced on the 288 dayenitétion by
L. plantarumstrains.

The pH changes, in turn, impacted the number of bacteria present during apple juice
fermentation. In particular, on the 288 h of fermentation, the initial number of balkteria
plantarum52, L. plantarum 74, L. plantaum 7 6 decreased from 8. 1%
8. 2N0.2 log CFU/mL and 8.3N0.2 |l og CFU/mL t
and 7.8N0.2 | og CFU/ mL, respectivel vy, whi |
culture was observed in MRS broth.

The establishment of various conditions, particularly when the pH of MRS broth and
apple juice do not match, may be one of the causes of the decrease in viable cell number
(Mousavi et al., 2013). Given that pH is one of the most significant factors deterrfiring
probiotic survival, the pH value of the juice at the start of our experiment may have resulted
in a steady decline in microbial growth. According to Dimitrovski witkaathors (2015), a
low pH value does not promote LAB growth, and pH low than 4uddcimhibit the growth
or slow down the growth rate (Saeed et al., 2013) and thus the initial pH influences the
fermentation process (Peng et al., 2021).

Determination of titratable acidity

The changes of the titratable acidity (TA) of apple juice fermented with strains of
Lactiplantibacillus plantarunare shown in Table 3.

Table 3
Changes of the titratable acidity of apple juice fermented with the straingactiplantibacillus
plantarum
Time of L. plantarum52 | L. plantarum 74 | L. plantarum 76
fermentation, h
g4100mL
48 2. 07NO 2. 54N0 2. 40NO0
72 1. 08NO 1. 14NO0 1. 07NO
192 1. 25N0 0.97N\0.09 1. 06NO
288 1. 37NO 1. 01NO 1. 14NO0
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The initial titratable acidity of contr ol
h, it increased, when compared to controls in all three samples. Our findings are consistent
with those of Mashayekh with ezuthors (2015) who found that the acidifya mixture of
pineapple, apple and mango juice significantly increased during fermentation with
Lactobacillus casel608 due to production of organic acids. As seen in Tables 2 and 3, there
is a correlation between the pH value and the titratable gaiditythe pH decreasing sharply
from the start of fermentation to 48 h, while the titratable acidity increases significantly
during this time of fermentation. In the case of milk fermentatioh.bglantarumP9, the
TA increased after 13.5 h of fermentati It was accompanied by a rapidly dropping in the
pH value and reaching the fermentation endpoint pH of 4.5 from 6.47. At this incubation
period, the viable counts &f plantarumP9 increased from 7.35 to 8.44 log CFU/mL (Zha
et al., 2021).

Determination of sugars

Changes of glucose, fructose and sucrose concentrations in apple juice fermented with
strains ofLactiplantibacillus plantarunare shown in Table 4.

Table 4
Changes of the glucose, fructose and sucrose concentrations in appliegufermented with the
strains Lactiplantibacillus plantarum

Concentration of sugars, g/L, at time of fermentation, h
Apple juice Sucrose Glucose Fructose
fermented with 24 48 24 48 24 48
Apple juice (control) | 2. 4 N2. 4N39. 0| 39N2/105N|{105N
L. plantarum52 2.3N1.9N32.5|126.8[93.5|84. 3
L. plantarum74 2. 2N2. 0N33.6(28.5[95.5|87. 8
L. plantarum76 2. 2N2. 0N33.9|/28.5|100N| 88N4

The strainof L. plantarum52 fermented 0.16 g/L of sucrose during 24 h and 0.41 g/L
for 48 h. Fermentation of glucose and fructose was going more intensive during the first 24
h. 6.5 g/L of glucose and 11.5 g/L of fructose were fermented on the first day, while 5.7 g/L
of glucoseand 9.2 g/L of fructose were converted on the second day. Fermentation using the
strain of L. plantarum74 was similar. In the case &f plantarum76 use, fructose
fermentation increased on the second day. According to the literary data, differenaibacteri
strains ferment sugars in different ways. Some strains of lactic acid bacteria ferment glucose
at a rate higher than the rate of fructose assimilation (Mousavi et al., 2013), while others do
the opposite (Peng et al., 2021).

Determination of organic adds

Apple juice used in the study contained
acids. During 48 h fermentation in samples Mitiplantarum52, 74, 76, bacteria consumed
malic acid and produced lactic acid; the concentration of lactic agdvead 6. 9 NO. 3, 7
6. 9NO.5 g/ L, respectivel vy, whil e concentr a
3.3N0.1 g/L (Figure 1).
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Figure 1. Changes in organic acid concentrations in apple juice fermented with the strains
Lactiplantibacillus plantarum

The mail product of sugar fermentation by LAB is lactic acid, and the breakdown of
malic acidis going due to their activity (Chen et al., 20F@nseca et al., 2021; Mousavi et
al., 2013; Ricci et al.,, 2019). For example, concentration ofclaaid in the soymilk
increased after 56 h of fermentation from 0.5 g/L to 2.04 g/L (Shu et al., 2022).

Determination of total phenolic content

The concentration of polyphenols in apple juice varies depending on the apple cultivars
(Wlodarska et al., 2007). Phenolic compounds enrich the fermented juice with flavor, inhibit
microbial spoilage, and regulate fermentation rate (Ye et al., 2014). Phenolic compounds
frequently occur as complex molecules associated with sugars or proteins. LAB can break
down pdyphenols into simpler components through decarboxylation, reduction, de
esterification, and deglycosylation reactions (Lee and Paik, 2017). The total amount of
phenols in the fermented product may raise or dectesassusef fermentation (Crespo et

al.,2021).
After fermentation withL. plantarum 74, the total phenol concentration in the
fermented apple juice increased from 405.0

443.4N22.2 mg GAE/L in 48 h. From 24 to 72
tendency to increase total phenols content, although various tendencies were seen from the
third day of fermentation (Table 5).

Lactic acid fermentation of chokeberry juice with paracaseiSP5 resulted in an
increase in total phenolics content and andart activity in fermented chokeberry juice
compared with norfiermented juice after storage a43or 4 weeks (Bontsidis et al., 2021).
Hashemi with ceauthors (2017) also found significant changes in the common phenolic
content during the fermentatiaf sweet lemon juice with. plantarum
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Table 5
Changes of the total phenol contents in apple juice fermented with the straimsctiplantibacillus
plantarum

Concentration of the total phenol contents, mg GAE/L, at time

fe’:\nggln(?[ ejl(;l“\:/\(/eith of fermentation, h
0 24 48 72 192 288
L. plantarum 406.| 397.| 479.|1 532.|1404.] 400.
52 20.3f 19.9f 24.(pd 26.7° 20.2f 20.0¢f
L. plantarum 406.| 414.| 443.| 587.| 391.|] 403.
74 20.3f 20. 7ef 22, xdef 29.4 19.6f 20.12f
L. plantarum76 406.| 387.| 457.| 488.| 393.| 414.
20.3f 19.4 22.9gde 24.4¢ 19.7 20.7ef

Note: meanktandard deviation (SD) in the table with different alphabet letters indicate the significant
difference at p < 0.05.

Determination of antioxidant activity

The changes in the total antioxidant activities in apple juices fermented with the three
selected_actiplantibacillus plantarunstrains are shown (Table 6).

Table 6
Changes of the total antioxidant activities of the apple juice fermented with the strains
Lactiplantibacillus plantarum

\

Apple juice Concentration of the total phenol qontents, MQAAE/L, at time
fermented with of fermentation, h

0 24 48 72 192 288

L. plantarum52 173.{117.|274.] 281.| 183.| 155.
8.7¢ 5.9 13.7° 14, B> 9.% 7.8

L.plantarum74 | 173 .| 269.| 282.| 300.| 132.| 177.
8.7¢d 13.8 14, 1P 15.¢¢ 6.6° 8.9

L. plantarum76 173.{140. 144, 172.| 153.| 138.
8.7 7.0°f 7.20¢ 8.6% 7.7% 6.9

Note: meansktandard deviation (SD) in the table with different alphabet letters indicate the significant
difference at p < 0.05.

Maximum antioxidant activities were found in apple juice fermented by all strains of
L. plantarumafter 72 h of fermentation and were 274.4, 282.6 and 172.8 mg AAEILL for
plantarum52, 74 and 76, respectively. The influence of the unique properties of various
strains as well as composition of fermented juice on the increase of thedanttactivity
is shown (Multari et al., 2020; Nguyen, 2019). The antioxidant activity of orange juice
fermented with different strains @hctobacillus brevis?OM andLactobacillus plantarum
varied significantly (de la Fuente et al., 2021). Accordinghtak$a and cauthors (2021),
the rise in total phenol content in the plant extracts fermented adtiobacillus brevid 74A
may be associated with an increase in antioxidant activity. The increase in the total phenol
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content was observed in the preseuntigtas well: for example, in the caselofplantarum
74 application, the total phenolic content increased febrd 6 . anly ZGOE/I3to
58 7 . 3mM@EAE/4 while the antioxidant activity increased fran? 3 . Imy BAE/L
to3 0 0 . 6 MNgIARE/IDafter 72 h of fermentatiofTables 5 and 6).

Conclusions

The apple juice was used to be fermented by autochthobacigplantibacillus
plantarum strains. Fermented apple juice possessed higher content of the phenolic
compounds and increased antioxilactivity. The number of alive lactic bacteria cells
increased to the end of fermentation, so apple juice is a good substrate for maintaining the
viability of probiotic lactic acid bacteria. Apple juice fermented by lactic acid bacteria could
be considred as a probiotic product consumption of which will have a beneficial effect on
human health, especially for people with lactose intolerance.
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Introduction . The aim of this study was to investigate the effe
of replacing part of the wheat flour (WF) with brewer's barley n
flour (BMF), while reducing the sucrogethe recipe, on the qualit
characteristics of sponge cakes.

Materials and methods. For the production of sponge cal
samples, WF and three different types of brewer's BMisdn
Amberand Black were used in different ratios with simultanea
reductdbn of sucrose addition. The content of reducing sugars in
and BMF was determined, as well as the moisture content and
activity in sponge cake samples. Determination of specific volt
colour in CIH.*a*b* space, texture profile analysis (TPA) a
sensory analysis using the nipeint hedonic scale were als
performed.

Results and discussionThe contents of reducing sugars we
0.43, 7.75, 17.05 and 61.02 g/100 g in \Kmber PilsenandBlack
BMF, respectively. Since sucrose is known to be an liexte
ingredient for lowering water activity, both moisture content :
water activity in the sponge cake samples increased signific
when the addition of sucrose was reduced. The specific vol
decreased from 1.99 éfg in the control WF sample to7R cn¥/g in
the WF sample with reduction of sucrose content by 50.
Reducing the sucrose addition significantly increased the harc
and chewiness, while the resilience and cohesiveness of the
decreasedn(< 0.05). Addition of 20% BMF and reduati of sucrose
to 83.3% of the original recipe mitigated these effects and there
no statistically significant differences between these samples ar
control WF sample in terms of specific volume and text
parameters. The addition of BMF signifitgnaffected all colour
parameters of the sponge cake crumpbk: (0.05). AmberBMF.WF
(20:80) sponge cake with reduced sucrose addition (83.3%) he
highest sensory scores for colour, appearance and o
acceptability.Pilsen BMF:WF (20:80) with reduced added sucrc
(83.3%) had the best odour and the best taste was the WF ¢
sample.

Conclusion By replacing WF with BMF in the production ¢
sponge cakes, a very wide range of sponge cake products
different quality cheacteristics, improved nutritional and function
properties can be obtained. BMF has significant amounts of its
sugars, which can minimize the effect of the reduction of suc
content in the sponge cake recipe.
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Introduction

Sponge cakes are considered to be food with low nutritional value because they usually
contain high amounts of refined wheat flour (WF) and sucrose. Consumptiorcallexh
sweetened grain products, which include sponge cakes, significantly increais¢gskibef
sugar and decreases the intake of f{Brary et al., 2004)This has a negative impact on the
quality of the human diet and increases the risk of various diseases such as diabetes, dental
decay and obesity, and thus also hypertension and cardiovascular diseases. Therefore, all
attempts to increase the nutritionalwe of these types of products are welcome. One way to
achieve this goal is to use nrameat flour in a sponge cake recipe. For fermented products,
such as bread, the use of reheat flour is limited as a significant amount of gluten is
desirable to pragce quality productgHo et al., 2018)However, this is not the case for
products such as sponge cakes. Sponge cakes ardikeapnoducts and their structure
depends mainly on the incorporation af bilbbles into the foam during the mixing phase
and on the functionality of sucrose and eggs in the réGpdefroidt et al., 2019)Since
gluten is not so important for making sponge cake, many recipes have been developed with
flours from other grains and even leguni®ebhy et al., 2015Barleyflour has long been
used as a substitute for WF in the manufacture of various dmeadl products, including
different types of cake&Gupta et al., 200Khalek, 2R0; Sangeeta and Chopra, 2013

Barley grain is considered more nutritious than wheat due to a higher content of
b-glucan, insoluble fibre, vitamins, minerals and phenolic substgifeeag et al., 2022)
However, as far as we know, no attempt has yet been made to use barley malt flour (BMF)
for making sponge cake. Barley malt is normally usethe production of beer and other
barley maltbased beverages and in small quantities in the production of bakery products to
optimise amylolytic activity (diastatic malt) and in confectionery to improve colour and
flavour (nondiastatic maltPyler and Gorton, 2008Yhe malting process consists of four
steps: steeping, germination, kilning and/or roasting, and cleaning the malted grains from
rootlets and impurities. During the malting process, barley undergoes numerous changes in
its composition and its functional and nutritional properties. During germination, there is an
intensive synt hesi s -glochnask,jachylasek gnsl protepsesd and w me s
moderate change in the main components of the barley grain (starch, protgimsan)

(Cel us et al ., 2006; G u p.tERvatedttemperatures daringl O ; (
kilning and/or roasting step abort these modifications and contribute to the development of

the colour and flavour of the maHertrich, 2013) Malting is considered a process that
improves the nutritional value ofabdey by increasing the digestibility of protein and the
bioavailahility of vitamins B and C and minerals (copper, calcium, zinc and manganese)
(Baranwal, 2017)increasing antioxidant activity through the release of bound phenolic
compounds and the generation of Maillard reaction prodGets/alho et al., 2016)

Although the use of newheat four is widespread and does not cause major problems
in the production of sponge cakes, the situation is quite different when sucrose is reduced
because sucrose is not only a sweetener but an ingredient that significantly affects the
technological qualitpf sponge cake&odefroidt et al.2019) Sucrose plays a multiple role
in creating the structure of the sponge cake. It facilitates the incorporation of air and improves
the stability of the foanfGoranova et al., 2020)elays the development of gluten and the
gelatinisation of starch, shat the cake can expand better before it sets and the texture
becomes softer Godefroidt et al., 201%aton et al., 1981)

The aim of this study was to investigate the effects of replacing part of the WF with
three different types of brewer's BMi#th a simultaneous reduction of sucrose in the recipe
on the physical and sensory properties of sponge cakes.
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Materials and methods
Materials

Commercial plain WF (Ter®i t o Lt d. , nakovo, Croati a)
br ewer 6s BMF wer e Pisene(ehzyniatically dctive),Ambes (fow-d vy :
enzymatically active) anBlackmalt (norenzymatically active). (Slavonija slad d.o.o., ldov
Gradigka, Croati a; Boortmalt, Antwer p, Bel (
10.8% in WF,Pilsen Amber and Black BMF respectively. Shortening (Zvijezda d.d.,

Zagreb, Croatia), sucrose, eggs, milk, and sodium bicarbonate (NxM@&€& purchsed
from a local market.

Reducing sugar content in flour

The content of reducing sugars in WF and BMF was determined using AACC
International Method 868.01 (Schoorl method)AACC, 2010) Since maltose is the
dominant reducing sugar in malt, the resultsesfucing sugar content were expressed on a
maltose basis. The measurements were carried out in triplicate for each sample.

Sponge cake production

The sponge cakes were prepared according to the proceddre bfi o YI u et al
with slight modifications. The quantities of raw materials (100 g flour base) are given in
Table 1. First, the total amount of eggs and sugar was added to theftawklectronic
mixer (Gorenje MMCB800W, Slovenia) and the mixture was stirred with a wire attachment
for 4 minutes at maximum speed until a voluminous foam was formed. The other raw
materials were then added and mixing continued at a lower speed ftirest fuminutes. The
accurately weighed sponge cake mixture (175 g) was distributed into moulds, which were
placed in the oven (Wiesheu Minimat Zibo, Wiesheu GmbH, Germany). Baking was carried
out at 180A Gor 20 minutes in triplicate batches.

Moisture content and water activity (aw)

Moisture content was determined according to AACC International Methddb. 02
(AACC, 2010)and water activity with the Hygropalm AW1 indicator (Rotronic, USA).

Physical analysis

The specific volume (cffg) of the sponge cakasas measured using the VolScan
Profiler (Stable Micro Systems, UK).

Texture profile analysis (TPA) was performed using the TA.XT2i Texture Analyzer
(Stable Microsystems Ltd., Surrey, UK). The sponge cake samples were cut into cubes
(30x30x30 mm) and subje to double compression at 40% with 5 s delay between
compressions and a test speed of 1 mm/s. An aluminium plate with a diameter of 75 mm was
used. Hardness (N), cohesiveness, resilience, and chewiness (N) were determined from the
TPA curves.

The colourof the crosssection of sponge cakes was measured using the4QR
chromameter (Konica Minolta, Japan) and expressed in B*&€1B* colour model. Thé*
value ranges from 0 (black) to 100 (white) and represents the lightness or luminance of the
sample. The@* andb* values range froml28 to 127 and represent the greed @*) and
blueyellow b*) axes of the col our s p&cbetweenTthee t ot
control and sample sponge cakes was calculated according to the CIE76 colour difference
equation(Mokrzycki and Tatol, 2011)
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Table 1
Formulation of sponge cakes made from composite flours containing wheat flour (WF) and
barley malt flour (BMF)

WF | BMF | Sucrose! [ShorteningSunflower Milk Egg [NaHCOf

@ | (9 Q) (@ |oal(mb) | (mb) | (9) @)

(cOWntFrol) 100 | - (170%;)) 284 | 227 | 455 | 400 | 24
100 - (8?3(.53%@) 28.4 22.7 455 | 40.0 2.4

WF 100 - (656:.3(.52/0) 28.4 22.7 455 | 40.0 2.4
100 - (5%?63/0) 28.4 22.7 455 | 40.0 2.4

80 | 20 (82%%/0) 284 | 227 | 455 | 400 | 24

PILSEN:WF| 60 40 (6?5:.36(3@) 28.4 22.7 455 | 40.0 2.4
40 60 (5%?(')%/0) 28.4 22.7 455 | 40.0 2.4

80 | 20 (82%@ 284 | 227 | 455 | 400 | 24

AMBER:WF| 60 40 (6?5?6(3@) 28.4 22.7 455 | 40.0 2.4
40 60 (5?6?6§AJ) 28.4 22.7 455 | 40.0 2.4

80 20 (82(.35%&) 28.4 22.7 455 | 40.0 2.4

BLACK:WF 60 40 (656?6241) 28.4 22.7 455 | 40.0 2.4
40 60 (53())?(')&) 28.4 22.7 455 | 40.0 2.4

!Percentage of added sucrose compared to standard recipe.

Sensory analysis

The sensory assessment of the sponge cakes was conducted by a panel of eleven semi
trained evaluators with previous experience in sensory analysis. Theaiméedonic scale
was used to assésdividual sensory characteristics: colour, appearance, odour, taste, and
overall acceptance. The scores were: like extremely (9), like very much (8), like moderately
(7), like slightly (6), neither like nor dislike (5), dislike slightly (4), dislike madely (3),
dislike very much (2), and dislike extremely (1).

Statistical analysis
Analysis of variance (ANOVA) and multiple comparison post Fisher Least

Significant Difference (LSD) test were performen € 0.05) using XLSTAT software
(Addinsoft, New York, USA).
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Results and discussion

I n this study, WF was p a Pilsén@dimberyandBlack | a c e d
BMF). The ratios of the prepared BMF:WF composite flours were 20:80, 40:60 and 60:40,
regectively. The addition of sucrose was reduced to 83.3, 66.6 and 50.0% (66.2, 53.0 and
39.8 g/100 g flour base), compared to the original sponge cake recipe in the ratios 20:80,
40:60 and 60:40 BMF:WF, respectively. The sponge cake made from 100% WF&ad 10
(75 g/100 g flour base) added sucrose served as the control sample. In order to evaluate only
the influence of sucrose on the quality characteristics of the sponge cake, WF sponge cakes
with reduced sucrose addition were also prepared.

Reducing sugar ontent

The reducing sugars content in WF and BMF was 0.43, 7.75, 17.05 and 61.02 g/100 g
in WF, Amber PilsenandBlackBMF, respectively (Table 2). The content of reducing sugars
in BMF samples is significantly highep € 0.05) than in WF. This is due the enzymatic
hydrolysis of starch and thermal dextrinization in the kilning/roasting stage of malt
production, where a certain proportion of starch is broken down into various dextrins and
shortchain sugars, many of which have a reducing potential.

Table 2
Reducing sugars content in wheat flour (WF) and barley malt flours (BMF)

Flour Reducing sugar content (9/100 ¢)

WF 0.43R0.009
PilsenBMF 7. 75N0. 21
AmberBMF 17. 05N0. 19
BlackBMF 61. 02°N0O. 32

The val ues rm=RkeDiffdreniletdS@) indicate
statistically significant differenceg & 0.05)

Maltose is the dominant sugar in malt, followed by maltotriose and glucose. Moreover,
the dextrin content is proportional to the applied temperature in the finahgnstiép, which
is evident from the results obtained, where the reducing sugar content was highask in
BMF and lowest irPilsenBMF (Duke and Henson, 200Boljonen et al., 1995)This was
to be expected as the kilning temperaturéitsenmalt is in the range &0i 85A Croasting
of Ambermalt is done at 10050 A Cand for Black malt at 230A CThe higher the
temperature and the longer the roasting, the more dark dextrins are formed. Thus, the roasting
of Blackmalt produces a very dark, almost black colour, which comes from the pyrodextrins
(Srivastava et al., 1970pBince starch hydrolysis duringafting produces maltodextrins
together with various simple sugars, the exact molecular composition is not known.
Therefore, the results obtained should be understood as the total reduction potential and not
the exact content of reducing sugars.

Moisture content and water activity (@w) of BMF:WF sponge cakes

Sucrose has many functions in the production of sponge cakes. One of the most
important functions of sucrose is its moistening (hygroscopic) effect and its influence on
water activity. It is very important to keep water activity as low as possible topispa@lage
and staling of products. Therefore, the reduction of sucrose in the sponge cake recipe is a
very difficult task.
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Table 3
Moisture content and water activity (@w) of sponge cakes
BMF:WF S(‘f%ofe MO'S“‘E;) gome”t Water activity
WEF (Contral)
0:100 100 21. 4No0. 0.851K0.
WF
0:100 83.3 23. 7%N0. 0.924F0
0:100 66.6 24 . 8NO. 0.945N0
0:100 50.0 25. 9NO. 0.946RN0
PILSEN:WF
20:80 83.3 21. 6/NO. 0.875K0.
40:60 66.6 22. 5N0. 0.901%0.
60:40 50.0 23. 9No0. 0.924F0.
AMBER:WF
20:80 83.3 22. 0"NO. 0.881M0.
40:60 66.6 23.00N0.] 0.900 0.
60:40 50.0 24 . 2N0.] 0. 914Ke0.
BLACK:WF
20:80 83.3 22 . 2"NO. 0.850K0.
40:60 66.6 23. 3NO0. 0.883M0.
60:40 50.0 24 . NO.|] 0.916HR0.

! Percentage of added sucrose compared to original recipe.
2The values ar=e3). Different N8B (5] indicate statistically significant
differences§ < 0.05)

The results of moisture content and water activity are summarised in Table 3. The
moisture content and water activity in the control WF sponge cake sample were 21.4% and
0.851 respectively. When the addition of sucrose was reduced, both the moistureacahten
water activity increased significantly. The highest moisture content and water activity were
obtained in sponge cake with 50% added sucrose. In this sponge cake sample, the moisture
content was 25.9 and the water activity was 0.946. This was topeete as sucrose is
known to be an excellent ingredient for lowering water activity in various products. Similar
results were obtained in the study Miiner et al. (202), when cakes with sucrose had a
significantly lower moisture content and water activity than samiplesich sucrose was
partially replaced by whey permeate, apple pomace, polydextrose and oligofructose.

When BMF was used as a partial substitute for WF in the ratio 20:80 and sucrose was
reduced to 83.3% of the original recipe, moisture content increightly but water activity
remained well below 0.900. Water activity was 0.875, 0.881 and 0.8Bdden Amberand
Black BMF:WF (20:80), respectively. This was much lower than the WF sample with the
same degree of sucrose reduction (83.3%), where ex aetivity of 0.924 was measured.

This can be explained by the fact that BMF has significant amounts of its own sugar, which
can weaken the effect of the reduced sucrose addition in the sponge cake recipe. A similar
attenuating effect of BMF was observiadthe production of biscuits with reduced sucrose
content{ Juki i et al., 2022)

Further reducing the@mount of sucrose added (66.6% of the original recipe) and
increasing the amount of BMF (40%) increased the water activity, but it was still within an
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acceptable range (bellow 0.88301) and significantly lower than samples with the same
amount of sucras In samples with a BMF:WF ratio of 60:40, the water activity remained
similar or even lower than in WF samples with a sucrose addition of 83.3% of the original
formulation, even when the sucrose addition was reduced to 50%.

Physical properties of BMF:WF sponge cakes
The formation of the cake structure during baking is controlled by the occurrence of

three phase transitions: water evaporation, gelatinisation of starch and thermosetting of egg
white and gluten proteins.

Table 4
Specific volume andexture properties of sponge cakes
SucCrosg Specific Hardness Chewiness
BMF:WF (%) 1 volume (N) Cohesivenes| Resilience N)
0 (cm¥g)
WF (Control)

0:100 100 |1. 99Keg 23. 3| 0. 68RN(0. 88R( 15. 5N
WF
0:100 833 |1.94K( 27.6KN|0.68RKR(0.89RK{| 18. 6N

0:100 666 | 1. 78R 42. 6N/0. 63RKQJO0. 86HRCY 26. 5N
0:100 500| 1. 79R( 50. 1°Nj 0. 57R(0. 85%/Qg 28. 3K
PILSEN:WF
20:80 833 | 2. 11RKR(20. 29N|0.65R/R( 0. 89RN( 13. 3N
40:60 666 | 1. 89RK( 32.5N[/0.63RK(J0. 85fK0 19. 8
60:40 500 | 1. 77®( 44. 0°N| 0. 55N 0. 80R(22. 7R
AMBER:WF
20:80 833 | 1.91RKN(27. 7N|0.64K(0.88R( 17. 6N
40:60 666 | 1. 71N 42. 3N/ 0. 61870. 8580 25. 1°N
60:40 500 | 1. 47K( 77. N/ 0. 57R(0. 81M/(J 42. K
BLACK:WF
20:80 833 | 2. 05RK( 18.6°N| 0. 66RJ0. 86RY 11. 7N
40:60 666 | 1. 81RK( 32. 2N/ 0. 59/%(0. 83RC 18. 9N

60:40 500 | 1. 72Rq 46. 4N/ 0. 54N| 0. 78N| 23. 0N

! Percentage of added sucrose compared to original recipe.
2The values area) Dificranh @D (&) indicate statistically significant
differences§ < 0.05)

The addition of sucrose affects all three factors by regulating water activity, raising the
gelatinisation temperature of starch and increasing the denaturation temperature of proteins.
In this way, the thermal stability of the proteins is increased laeydform a network with
the incorporated swollen and gelatinised starch grar{@edefroidt et al., 2019; van der
Sman and Renzetti, 2021)
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One of the most important indicators of the quality of sponge cakes is the formation of
a porous structure,hvich forms when air is incorporated during batter mixing and the volume
increases during baking. Evaluation of the specific volume of a sponge cake serves as an
excellent tool to assess the porosity of a progBsimouli and Oreopoulou,022) The
results showed that the addition of sucrose plays a decisive role in the porosity of the sponge
cakes (Table 4). A higher specific volume indicates greater porosity. The specific volume
decreased from 1.99 éfg in the control WF sample to B.2n¥/g in the WF sample with
50.0% reduced sucrose addition. This is consistent with the stuSlgiriyeeta and Chopra
(2013, where a 10% reduction in sugar content reduced cake volume by almost 8%. Specific
volume is directly related to the texture of sponge cakes. A high specific volume means a low
cake density and corpgently a softer texture of the product. Therefore, by reducing the
addition of sucrose, the hardness and chewiness increased significantly, while the resilience
(elasticity) and cohesiveness of the cake decreased. The use of BMF in a 20:80 ratio and the
reduction of sucrose to 83.3% of the original recipe mitigated this deterioration and there
were no statistically significant differences between these samples and the control WF sample
in terms of specific volume and texture parameters. Further redu€8acrose and addition
of higher amounts of BMF significantly deteriorated the specific volume and textural
properties of sponge cakes. This is particularly evident in sponge cakes maldiseithnd
BlackBMF. The probable reason for this negative dffethat although these BMFs contain
significant amounts of reducing sugars, the starch content is considerably reduced due to
intensive starch hydrolysis during malting of barley, and starch is one of the key factors in
the formation of sponge cake stture. This lower starch content should be taken into
account in future studies when BMF is used as a substitute for WF. A similar effect on the
textural properties of sponge cake was foundslpta et al. (2009in their study on the
effects of partial replacement of WF with barley flour. Their results showed that adding
barley flour p to 40% increased the hardness and chewiness and reduced the volume,
cohesiveness and elasticity of the cake.

The interdependence between sucrose addition, water activity, specific volume and
texture parameters of sponge cake was demonstrated and aksgrit@relation analysis
(Table 5).

Table 5
Correlation matrix of data for specific volume and texture properties of sponge cakes
. Water Specific Hardness . o Chewiness
\Variables - volume Cohesivenes| Resilience
activity (cilg) (N) (N)

Sucrose (%) -0.729" | 0.781" | -0.808" 0.934 0.834 -0.720°
\Water activity - -0.573 | 0.629 -0.571 -0.361 0.633
Spec. volume (ciig - - -0.950" 0.725 0.696" | -0.928
Hardness (N) - - - -0.727 -0.636 0.982
Cohesiveness - - - - 0.890" -0.599
Resilience - - - - - -0.491

"p <0.05;"p<0.01

The results showed that there were significant correlatior€(P1) between sucrose
addition and water activityr = -0.729), specific volumer & 0.781), hardness € -0.808),
cohesivenessr (= 0.934), resiliencer(= 0.834) and chewiness € -0.720). The highest
correlation  =-0.950) was between the specific volume and the hardness of sponge cake.
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In this study, the colour of the sponge cake crumb was measured using thia*GtE
colour, as this model approxineathuman vision. The* value stands for the lightness or
luminance of the sample, and th& and b* values stand for the "greead" and "blue
yellow" axes of the colour space.

Table 6
Colour of sponge cakes
BMF:WF Sucrose (%)* L* ax b* qE
WF (Contral)
0:100 100 76. 4N -2. 8N( 23. 6| -
WF
0:100 83.3 76. 4N -2. 7Rq 23. 1*N| 0.5
0:100 66.6 76. 5N -2. 6fRq 23. 0'N| 0.7
0:100 50.0 76. 4N -2. 5K(¢ 22. 89N| 0.9
PILSEN:WF
20:80 83.3 69. 5N 0.2Kq 22. 49N|( 7.6
40:60 66.6 65. 2N 1. 5RKq 23. 99N|12.0
60:40 50.0 59. 29 2. 7RQd 24 . 9N|18.1
AMBER:WF
20:80 83.3 56. 0N 6. 7RKRqJ 30. 4°N|23.5
40:60 66.6 47.6'N 9. 9Rd 31. 42N|324
60:40 50.0 38. 229N 11. 22N 31 . 92N|415
BLACK:WF
20:80 83.3 24. 3N 6. 6KRJ 14. 3N|53.8
40:60 66.6 15. 0"N|] 3.5R0 6. 6NO0 64.0
60:40 50.0 14.1"N] 1. 7Rq¢ 3. 8Ko0|65.6

! Percentage of added sucrose compared to original recipe.
2The val ues are). Diemnm RSB (G indicate statistically significant
differences§ < 0.05)

Unlike biscuits, where the colour is largely determined by the amount of sucrose added
in the recipe, the colour of sponge cakes is more strongly influenced by added eggs and other
coloured ingredients. From the results of the colour determination shohabla 6, it can
be seen that the addition of sucrose had no effect on the colour of the sponge cake crumb.
There were no statistically significant differences between the control WF sample and the
WF samples with reduced sucrose addition inlthea* andb*v al ues &nalal t he (
colour difference was very small (0(&9).
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Figure 1. Sponge cakes made from composite flours containing wheat flour (WF) and barley
malt flour (BMF)

The addition of BMF significantly influenced all colour parameterthefsponge cake
crumb f < 0.05). The colour changes depended on the type of BMF used and its amount in
the recipe. The colour of BMF comes from the process of barley malting and the intensity of
the colour is directly proportional to the temperature dykiining and/or roastin{Hertrich,

2013) The lightest BMF was thieilsenBMF, slightly darker with an intense amber hue was

the AmberBMF, while theBlack BMF was the darkest, almost black. Consequently, the
sponge cakes witRilsenBMF were the lightest among the three composite sponge cakes,
and the cakes witBlackBMF were the darkest. The addition of theberBMF caused the
highest increase ia* andb* values, resulting in a reddish amber colour of the sponge cakes.
The lowestL*a*b* values were observed in tBéackBMF:WF cakes, as these samples had

a very dak colour even at a BMF:WF ratio of 20:80. These samples also had the largest
col our dES feammareed gt o t he WF contr ol sampl
between the control WF sample and BisenBMF:WF cakes was the smallest, but even
with a BMF:WF ratio of 20:80, this difference was > 5, which is the smallest difference that
can be easily perceived by the consufhWokrzycki and Tatol, 2011)Since many types of
BMFs can be found on the market, it can be concluded that by using them in the production
of sponge akes, it is very easy to influence the colour of the product and achieve a more
attractive appearance of the cakes (Figure 1).
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