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Introduction . The aim of research to determine the
effect of clary sagéSalvia sclared..) essential oil on pape
packaging materials.

Materials and methods Three packaging material
have been studied based on paper coated with clary
essential oil. The chemical composition of the clary s
essential oil is determined chromatographica
Antimicrobial effect of essential oil was determined agal
Grampositive, Gramnegative bacteria, yeasts, and fut
using the agar diffusion method.

Results and discussionThe chemical composition ¢
the clary sage essential ghowed a predominant amou
of oxygenated monoterpenes (83.43%), followed
monoterpene ydrocarbons (7.86%), and sesquiterpe
hydrocarbons (5.16%). The major components oftthey
sage essential oilver e i nal-1 naalec
terpineol, limonene, and geranyl acetate that determine
antimicrobial action of the oil.

The essentleaoil exhibited a fungicidal action again:
the tested molds and yeastds high antimicrobial
properties could be probably due to the high conten
linalyl acetate (40.31%) arfdlinalool (22.72%).

Our results showed high fungicidal efficacy for t
three types of packaging materials. The suppressive a
againsiC. albicansduring the investigated shelf life peric
was about 100%. It was found a high efficiency of -
recycled paper against brasiliensis(99.2%- 81.9%).1t
was determined that thieactericidal effect of the teste
packaging materials was lower than the Girsegative
bacteriumS. abony

Conclusions.Clary sage essential @buld be used a
an antimicrobial agent in the food industry due to
antimicrobial properties, in order to improve the quality
the products and extend their shelf life.
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Introduction

Clary sage essential oil is obtained by steam distillation of flowéniitmyescences of
the plant. The main constituents in the essential oil are linalyl acetate6%45) andb-
linalool (15 25%). It has a musky, bittersweet smell [1]. It has an antibacterial and antiseptic
action [2,3]. It is mainly used in the perfumergsmetics, aromatherapy, and phytotherapy.
The leaves and inflorescences are used also for flavoring of some -fondat, dairy,
vegetablesetc [1].

The usage of plant extracts and essential oils is preferred in the development of novel
active packings uk to the ability of the antimicrobial substance to contact the product or to
penetrate food [4,5].The interest in the usage of essential oils in packing systems has
increased in recent years due to their high antimicrobial activity. An antimicrobiaé activ
packaging developed based on packing paper and essential oils has been used successfully in
the storage of strawberries [6].

The aim of the present study is to develop a wrapping paper with the clary sage essential
oil and to study its antimicrobial efficy.

Materials and methods
Materials

Packaging papers.Three types of wrapping papers were us&00% recycled paper
weighing 70g/n?, 100% bleached pulp 49m?and 100% unbleached pulp 0.

Essential oil. The clary sage essential wibs provided by a manufacturer in Bulgaria.
Methods

Paper analysis.Microscopic analysis was performed to demonstrate the composition
of the fibrous material from which the packaging papers were obtained.

From the physicanechanical properties, the length of tear of the test paper samples
was determined. The samples used have been analyzed before and after treatment with clary
sage essential dir].

Oil analysis. The physical and chemical parameters (appearance, cdtor, relative
density, refraction, and acid number) of the clary sage essential oil were determined [8].
The GGMS analysis was carried out with an Agilent 5975C MSD system coupled to
an Agilent 7890A gas chromatograph (Agilent Technologies Inc., Saata,@A). Agilent
JWHP5MS column (0.25 Om, 30 m x 0.25 mm) w
(1.0 mL min?). The operational conditions were: oven temperaturé 8smin, 5A Gnin to
250A Gor 3 min, total run time 49 min; injector temperature 26@ionization voltage 70
eV; ion source temperature 280Ctransfer line temperature 280Csolvent delay 4.25 min
and massrange56 50 Da. The MS was operated in scar
injected into the GC/MS system at a split rati®df1. The GC analysis was carried out using
an Agilent 7890A GC system; FID temperature Z7CIn order to obtain the same elution
order with GC/MS, simultaneous triplicate injections were done by using the same column
and the same operational conditions
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The identification of compounds was made by comparing their mass spectra with those
from mass spectra |ibraries and by comparin
indices that were determined using mixtures of homologous series of ndkanasfrom
Csto Cyoin hexane, under the conditions described above [9]. The percentage ratio of volatile
components was computed using the normalization method of the GC/FID peak areas.

Determination of antimicrobial activity. The antimicrobial activity of clary sage
essential oil was tested against test microorganisms provided by the National Bank for
Industrial Microorganisms and Cell Cultures in Sofia, Bulgaria: Gpasitive bacteria:
Staphylococcus aureusTCC 6538,Bacillus subtilisATCC 6633; Granmegative bacteria:
Escherichia coliATCC 8739, Pseudomonas aeruginogal CC 9027, Salmonella abony
NTCC 6017; yeasSaccharomyces cerevisiAd CC 2601,Candida albican®\TCC 10231,
and fungal strainAspergillus brasiliensi& TCC 16404.

The antimicrobial activity was determined by the agar well diffusion method with a well
size of 8 mm. The growth media were Tryptic soy agar (Merck) for the tested bacterial strains
and SabourauextroseAgar (Merck) for the yeast and fungi. Theedia were inoculated
with a 24h suspension of the bacterial species with a density of approximateBFLOmL
(turbidity: 0.5 McFarland standards). Media melted and cooled fo®@&re inoculated with
the tested microorganisms and then equally dispeinsedPetry dishes. Next, a hole with a
di ameter of 8 mm was punched aseptically wi
the antimicrobial agent was placed into the well. After that, the agar plates were incubated at
37A ©r 28A @or 24 or 72h according to the microbial species. After cultivation, the distinct
zone of growth inhibition around the wells was measured using a digital caliper. The diameter
of the zones, including the diameter of the well, was recorded in mm, for instance, up to 15
mm the microbial culture was poorly sensitive, from 15 to 25 mm it was considered sensitive,
and over 25 mm it was considered as very sensitive. The tests were performed in parallel
with solvent controls [10].

Determination of the antimicrobial properties of paper coated withclary sage
essential oil Theclary sage essential ailas applied with a pump dispenser on both sides of
each paper square (5/5 cm squares) and dried. The antimicrobial activity of coated papers
was examined after 2 h, 24 h, andd&ys. A 24 kculture was prepared from each bacterial
test microorganism. With a wire loop, vegetative material was taken and suspended in 10 mL
of saline. The suspensions prepared were with a cell concentration of ab&@FEWNL.

Yeast and mold suspensis were prepared in the same manner, but the cultures used were
at the age of 48 h for yeast and 120 h for mold. In aseptic conditions with sterile tweezers,
each square coated with essential oil was placed in a sterile petri dish. With sterile pipette on
each square was dropped 0.1 mL of the prepared cell suspensions and carefully spread over
the surface of the paper and then they were placed in a thermostat3&tA3Qor 2 h.
Aseptically with a sterile pipette, in every petri dish were dropped 20 rifikyptic soy agar

for bacteria or Sabouratgkxtrose agar for yeast and molds. The following control samples
were also preparedlary sage essential aihd microorganism free paper and essential oil
free paper with suspension from the current microosganvere obtained. Samples were
cultivated in a thermostat ati3® 5 A C 4B b for ba&#rial species and ai 26 A Gor

48/ 72 h for yeast and 120 h for mold. The colonies grown in the petri dishes were
encounteredl0].
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Results and discussion

The dary sage essential oil is a light yellow liquid with musky and biteeet odor.
Indicators as appearance, color, odor, relative density refractive index, and an acid
number of lary sage essential oil were presented in Tablelresults are in agreemt with
the data found in the literature [1].

Table 1
Indicators of clary sage essential oll
Indicators Clary sage essential oi
Appearance Liquid
Color Light yellow
Odor Musky, bittersweet
Z0 N
Relative density‘{!:u) 0.9034 N
Z0 N
Refractive index™{o ) 1.4602 N
Acid number (mg KOH/g clary sage essential ( 1.52 N 0

Chemical composition of clary sage essential oil

The chemical composition of tletary sage essential ailas shown in Table 2.

In theclary sage essential @ilere identified 30 constituents representing 98.97% of the
total content of the oil as 5 of them were in concentrations above 1% and the rest 25
constituents were in concentrations under 1%. The maistituents in theclary sage
essential oillabove 3%) were: linalyl acetate (40.31%jlinalool (22.72%),U-terpineol
(7.74%), limonene (5.40%), and geranyl acetate (4.63%). These constituents determined the
antimicrobial properties of theary sage essential oil [2,3]

The differences between the essential oil yield in this study and that from other studies,
reported in the literature [1,11,12] are probably due to the climatic conditions in the
respective locality where the plants were grown, and also to the plant parts processed and
extracted.

The distribution of major groups of aroma substances inlémne sage essential oias
also shown in Table 2. Oxygenated monoterpenes and monoterpene hydrocarbons dominated
in theclary sage essential oil

The physicemechanical parameters (length of the tear in the longitudinal direction and
relative longitudinal gtension) of three different types of papers were presented (Table 3).

The results showed that the paper coatings eldhy sage essential affected their
properties as the length of the tear in the longitudinal direction and relative longitudinal
extension. A decrease in the physiogechanical parameters (breaking length by about 200
m) was indicated. The results showed that the loosening of the hydrogen bonds occurred
when the clary sage essential oil has penetrated. These changes were not signditaat
papers could be used for their intended purpose.
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Chemical composition ofthe clary sage essential oil

1 > | Content,

Name RT | RI % of TIC 2
U-Pinene 9.69| 932 0.22
b-Pinene 11.08| 975 0.31
b-Myrcene 11.51] 988 1.49
p-Cymene 12.64| 1020 0.21
Limonene 12.81/1025| 5.40
cis-Linalyl oxide 14.11| 1067 0.37
Terpinolene 14.56/ 1084 0.36
pb-Linalool 15.08/1090] 22.72
U Terpineol 17.94/1188] 7.74
Linalyl formate 18.40| 1215 0.38
p-Citronellol 18.81/1224| 0.94
Nerol 19.53{ 1230, 0.41
Linalyl acetate 19.75/1254| 40.31
UCitral 20.04|1268] 0.43
Neryl formate 20.25/1280 0.11
Geranyl formate 20.82| 1297 0.24
Linalyl propanoate 21.76| 1334 0.65
U-Cubebene 22.05/1345] 0.88
Citronellyl acetate 22.14/ 1350 0.85
Neryl acetate 22.46/ 1361 2.78
Geranyl acetate 23.01)1380] 4.63
b-Cubebene 23.19/1386] 0.37
b-Bourbonene 23.27/1389] 0.23
b-Caryophyllene 24.12/1420{ 1.54
b-Selinene 25.63)1487] 0.28
U-Selinene 25.80/1496| 1.81
Spathulenol 28.09| 1577 1.92
Caryophyllene oxide 28.58| 1582 0.12
(2-Z,6-E)-Farnesyl acetat 34.66| 1821 0.20
n-Docosane 40.53| 2200 1.07
Total, %| 98.97
Aliphatic hydrocarbons¥% 1.08
Monoterpene hydrocarbons, 7.86
Oxygenated monoterpenes,| 83.43
Sesquiterpene hydrocarbois 5.16
Oxygenatedesquiterpene$bo 2.26
Phenyl propanoid$b 0.21

1 - retention time, min;

2 - retention (Kovat's) index;

3 - identified at > 0.05% of TIC
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Table 3
Length of packing paper cuts
Paper
Kind Bleached cellulose | Unbleached cellulose Recycled paper
c ° c o = o
2 o 2 o k=) o
3] S ° o] © o
o © o o g o
° n ° n ° n
— (7] — ] — o
£ls 2| £ |5 2| £ |5 i
R o S| 8 | @ ) S| 8 | @ o S
Sle| 2|35/ 5 8|l z|s| % 8|2z
+— o +— B +— o
s|d| 2|5 & |8| 2|5 s8] 2|=
o | ® Q £ © IS © £ o IS Q £
s| S| 2 || |2 ¢e|s| = |2]| %%
£ 15 2 @ £ El % @ £ El 2 @
g | > s 3] 3 1s) c 3] 3 1s) S @
i) S =] 3 & = g < b < =] <
— o e 3} ha o t= () s o — (3
@] o o o (o] o o ) o o o o)
s | 2 S 2 S = S = = = S =
o k5] o T o T o T o T o T
c —_— C —_— c _— C _— C _— C -
(0] [J] (O] (O] (O] (O]

Slel 8|l 8|l 8|l 8|l 8|
m % m % m % m % m % m %

Untreated

with clary - |5500| 1.4 | 2200 1.6 | 5800 | 1.0 | 1800 | 1.5 | 2800 | 0.8 | 1900/ 2.0

sage essentia|

oil

Treated with

clary sage 2200| 1.2 | 2000| 1.4 | 5600| 0.8 | 1600 | 1.2 | 2600 | 0.6 | 1600 | 1.8

essential oil

Antimicrobial activity of clary sage essential olil

The clary sage essential oil exhibited a fungicidal action against the tested strains of
mold and yeast, with an inhibition zone diameter between 16.5 and 23.1 mm (Fig. 1). It was
determined a bactericidal effect of clary sage essential oil on-Boaitive bacteri&s. aureus
(18.6 mm) andB. subtilis(17.9 mm) as the antimicrobial activity was determined to be lower
against Grannegative bacteri®. abony16.7 mm) ),E. coli (15.8 mm) andP. aeruginosa
(14.6 mm).The antimicrobial properties of clasage essential oil have been studied by other
researcherf?,3]. We consider that there is a correlation between the antimicrobial activity
of clary sage essential odnd its chemical compositiof8, 13]. Its high antimicrobial
properties against the instigated testnicroorganisms could be probably due to the high
content oflinalyl acetate (40.31%) arfalinalool (22.72%).
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Figure 1. Antimicrobial activity of clary sage essential oil

Antimicrobial properties of paper coated with clary sageessential oil

The antimicrobial activity of different papers coated valdry sage essential ailas
presented (Figure 2, 3 and 4).
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Figure 2. The antimicrobial effectiveness of bleached cellulose wrapping paper coated with
clary sage essential oil
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Figure 4. The antimicrobial effectiveness of recycled paper coated wittlary sage essential oil
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The results obtained two hours after application of dlaey sage essential ofb
bleached cellulose wrapping paper (Figure 2) showed inhibitory actiSnaireugrowth
(100% efficiency) and. subtilis (97.8%). Keeping the paper for 24 h did not affect its
antimicrobial action again§&. aureusbut it was decreased agaiBstubtilis (80.6%). After
5 days of storage, antimicrobial effect decreased to 89.8%.faureusand 52.5% foiB.
subtilis

Packaging paper had a full inhibitory effect®ncoli(100%) two hours aftaslary sage
essential oilapplication and weaker actiy for S. abonywhere viable cells decreased to
66.9%. After 24 bstorage, the antimicrobial action agaiBstoliandS. abonywvas found to
be 56.3% and 60.5%, respectively. The {filay storage period reduced the antimicrobial
effectiveness to 48.9%f S. abony

Full inhibition of C. albicansyeast growth and 83.9% in the brasiliensisnold growth
was observed 2 h after tlotary sage essential @bplication. After 24 h, the antimicrobial
activity remained 100% i€. albicansand decreased to 66%A. brasiliensis After 5 days,
this efficiency was 99.8% fdC. albicansand 52.6% foAA. brasiliensis.

Our results for the unbleached cellulose wrapping paper (Figure 3) showed an inhibition
of the growth of Granapositive test organisnts. aureug100%) andB. subtilis(87.3%) two
hours after the addition aflary sage essential oiKeeping the paper for 24 h reduced the
antibacterial action to 71.8 and 86.1%, respectively. After adayestorage period, it was
determined that the amiicrobial effectiveness was 51.3% agaifstaureusand 62.4%
againstB. subtilis.

Among the Grammegative bacteriaS. abonywas less affected thaR. coli by
unbleached cellulose paper. After 2 h of storage, the groviEhaidliwas reduced to 97.8%,
while the growth ofS. abonywas found to be 51.3%. After 24 h of paper storage, the
effectiveness of the antimicrobial action agalastolidid not change significantly and was
97.3%, while it was determined to be decreased to 37.1%.fabony Our resits showed
that the antimicrobial action was decreased to 88.7%.fooliand 33.2% fofS. abonafter
five-day storage.

Full inhibition of viable cells was detected @ albicans2 h after treatment of the
wrapping paper witlelary sage essential oil

Unbleached cellulose wrapping paper started to inhibits the growah lofasiliensis
(88.8%) 2 h after the addition of ttidary sage essential oil

The usage of recycled paper (Figure 4), 2 h after the additidargfsage essential pil
led to the suppression of ti& aureug100%) andB. subtilis(76%) growth. After 24 h
storage, its antibacterial action agaiBstaureusdecreased to 89.2%. After five days, the
effectiveness 08. aureusvas 68.2%, while it was 71.7% agaiBstsubtiis.

Recycled paper inhibited the growth Bf coliand S. abonybacteria by 100% and
71.3%, respectively, two hours after the treatment wliiny sage essential oifter 24 k
storage and 5 dastorage, its antimicrobial activity against colidecreasd to 64.4%.

Treatment of recycled paper led to 100% inhibitionCofalbicansyeast growth and
99.2% ofA. brasiliensismold. After 24 h, the effectiveness of the antimicrobial activity
remained at the same level as both test microorganisms. After 5oflasterage, the
antimicrobial effect was 99.7% f@. albicansand 81.9% foA. brasiliensis.

Previous studies showed that terpene essential oil components are effective on the
biological activities on the common prominent pathogenic and spoilagedtaidd bacteria
[14]. Our results for antimicrobial potentiaf clary sage essential @fe in agreement with
the data found in the literaturls high antimicrobial action could be probably due to the
high content of oxygenated monoterpelieslyl acetate ané-linalool.
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Conclusion

The results obtained showed high fungicidal efficacy for the three types of packaging
materials. The suppressive action agafhsalbicansduring the investigated shelf life
varied about 100%. A high antimicrobial efficiency agaisbrasiliensiswas faind

in the recycled paper (99.2981.9%). The antimicrobial effectiveness in the bleached
paper was found to be 83.9% and reduced to 52.6%, while the antimicrobial activity of
unbleached paper reduces from 88.8% at the beginning of the experiment toa61.2%
the end of the storage period.

The bactericidal efficacy of the three types of packaging papers, coated with clary sage
essential oil against the Grapositive test microorganisms tested was found to be
among 100% and 76% and reduced to 89.8%5% athe end of the fivalay storage
period. It was determined that the bactericidal effect of the tested packaging materials
was lower than the Gramegative bacteriurs. abony

Clary sage essential alay be used in food packing as an antimicrobial agemtder

to improve its quality and extend its shelf life.
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Abstract

Introduction . The mechanism afaterbinding and wateretention
health additives based on double oxide of -haoad trivalent iron
AMagnet osODfpodo( Fe

Materials and methods A model system based on nanopatrticles
t he A Magn esOspddditivedi® ddédR@ water, starch, eg
white, fat, linoleic acid, wheaten wheat. watetaining capacity
(WRC) was achieved by energy dispersivey (EDX) and IRFourier
spectroscopy (FTIR), the Shokh method, the indicator method (IM)
differential thermal angkis (DTA), the coefficient of water absorptic
(cm®g) was determined on the Dogadkina device, the swe
properties of powder raw materials, effective viscous flow at
Reotest2 rotational viscometer.

Results and discussion The mechanism of interton of food
additive nanoparticles based on double oxide of aal trivalent iron
iMagnet of ood o0 -orgaRiZafibh of banopastielés fof tr
additive (NP Fe&D4) in electrostatic complexes with protein
pol ysacchari des anfdc &vaittsa tseuscth,
was found that in food systems that contain proteins, polysaccha
water, their university is ad,
and the ability of NP F©4 to polarize, electrostatic coordination, tl
formation of aqua associates.

A shift in the maximum absorption of theik& bond was detecte
in the highf r equency r e gilocompdred withZhe
experimental sample of pure FAM indicates the chemical interactic
iron cations with FAM molecules of macromolecular compoul
(starch, egg white, fat).

The chemical composition is determined model systems o
macromolecular compods with FAM: for particles of pure FAM Fe
particles 75,5%; O 24,5%; for additive particles coated with egg w
TFe 44, 7 %; I 26, 9 %; g 21, 4 %;
coated withstarchFe 41, 7%; [ 35, 7 %; &
coated with linoleic acidl Fe 45,6%; O 34,7%; C 19,7%; for additi\
particles coated with sunflower 6ilF e 3 9, 7 %; I 36

The ratioestablished of bound and free moisture in solvated F/
the amount of bound water: physichemical 68,969,486, physice
mechanical 21822,3% and free 8[®,1%.

Conclusions For the first time, models of the interaction of I
FesO4 with water, proteins, fats, and carbohydrates have been proy
to substantiate the mechanism of watgention of food additive
nanoparticles based of double oxide of-t&nd trivalent iron.
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Introduction

One of the most important functional aledhnological properties of food raw materials and
food systems, which determines the course of technological processes, output, quality and timing of
preserving the freshness of finished products, is the vetténing capacity (WRC), that is, the
ability to bind and retain water. The study of the mechanisms of binding and retention of water by
food ingredients will allow rational use of new types of food raw materials and predict the behavior
of components in food systems during cooking and storag@shfed products.

To improve wateretaining capacity of raw materials and food systems, used food additives
of different origin: chemical compound (ammonium salt ortofosfornoj acids;,metac, poly-,
pyrophosphates of sodium, potassium; lactateatastretc) [1]; the special composition of enzymes
DSM [2, 3]; biologically active substance of vegetable, fruit and herbal additivgsddvariety of
polysaccharides: citrus fibre; hydrocolloid vegetable (banana and Apple powder; coconut meal; guar
andxanthan gums), Polydextrose, cellulose ethetd [5natural powdery substance on the basis of
dairy and egg products [1P5]; functional ingredients derived from industriakgpducts (skin,
hooves, feathers, offal, seeds, bran, whey, etc.) [16, d@plesnents of different chemical
composition: based on wheat, soybean, chickpea, enzymes, microalgae, and dtBéts [18
nanoparticles of metal oxides (especially ZnO deposited on a film of carbtbylcedlulose) [23
25]; micro and nanesized meat, fis, avian powders [23, 24].

The main disadvantages of known additives are narrow focus and lack of comprehensive
action. At the same time, the performance of ratditives in innovative food products is
determined by a wide range of functional and teclgicdbproperties, due to their high dispersion,
shape, structure and physical and chemical parameters.

Modern achievements and experience of domestic and foreign specialists in the field of
innovative food technologiesi[25] allow us to apply their ressifor further research and use of
nanomaterials, in particular metal oxides with stable physical and chemical indicators for correcting
the functional and technological properties of food raw materials and improving consumer
characteristics of food prodsdl4, 25].

Interaction of nanoparticles with biopolymers of food systems (proteins, carbohydrates, lipids)
is a complex of complex chemical reactions. An important role is played by the supramolecular
organization of nanopartideand thestructure of the orgiic matrix, which results in the formation
of spatial nanostructures that significantly affect the functional and technological properties of raw
materials and food systems [35).

Therefore, the work on creating new functional actirielogical properties of food systems

using nanepowderdood additives of complex action is relevant. It is important to understand the
mechanisms ofiaterbinding and wateretention

Since there is insufficient data on the study and justificationeofrtbchanism of water
permeation capacity of food additives in the nanometer range, in this paper we present research
related to the determination of the nature of interaction of food nanasaltaided on double oxide
oftwvocand tri val enad BAM)mth watdlpotairs,tfats f polysaccharitddabe
main components of the technological environme#tM has stable physical and chemical
parameters, a wide range of functional and technological propsttiggureforming, stabilizing,
water and fat retention sorption, etc.) and promising technological applicatiorisfi30

The aim of the research is to study the mechanism of-hiatting and wateretention by
nanoparticles of a food additive based on double oxide efametrivalent irod Magnet of ood
(FAM).

To achieve this goal, the following tasks were set:
T To study the mechanism of interaction of Righlecular compounds (starch, egg protein,

higher fatty acid, fat) witfrAM nanoparticles using IR spectroscopy;
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i To establish the chemical composition of experimental sami@s\fpure and coated with
starch, egg white, linoleic acid, sunflower oil using eneliggersive xay spectroscopy;

I To study thewaterbinding and wateretentionof FAM by determining the coefficient of
water absorption in various media, the degree of swelling, the water absorption capacity of the
food additive;

I Determine the indicator method and differential thermal analysis of the ratio of bounekand fr
moisture in solvateBAM;

I To study the effect &FAM nanoparticles on wateetention, swelling and effective viscosity

of model systems of ry@heat flour and starch.

Materials and methods

Materials

Research objectwaterretaining capacity of powdered ingredients of food raw
materials, in particular nanopatrticles of a food additive based on double oxide-ahdwo

trivalent iron AMagnetofoodo (FAM).
Research subjects:
) Food additive based on double oxide of tarmdt r i val ent iron fAMagn

[Patent UA. 126502; TC U 103023017824001:2018]i a highly dispersed brown or
black powder with a particle size of 7/ nm. The chemical composition of FAM is

doubl e i ron 2@ xsir dfh)e (viick [WAF ebtaine by chemical
coprecipitation from aqueous solutions of ferrous and trivalent salts in an alkaline
medium [36];

I Model system: suspension of FAM in waieobtained by dispersing the calculated

amount of FAM in drinking water deaerated and demineralized at a temperatuie of 18

20 Au f o77)®6Qq 5, followed by holding for (iA2260 s [33];
istarch+magnewhif tsssdma g nfed pd stsd 0, Al inol el
Asunfl ower oi |l +t+wagmet off Isasdro, ( G0 :y40) ( RWI
suspension of FAM in 1% (13%) starch (flour) solution was obtained by introducing

the calculated amount of FAM in 1% (13%) starcbyf) solution) at a temperature of
(20i123)A&+ due to const2nsdfordi7x)ilnégd ns= ([23,70] . Sus
FAM in 3% egg white solution was obtained by introducing the calculated amount of

FAM in 3% egg white solution at a temperature ofi@® A&+ by constant <
n=(2,02,2)s'for(35) 1 60 s, f ol | o 60s3§]. Fateusperisiong f or
of FAM were obtained by peptising the calculated amount of FAM into oil (linoleic

acid) at a temperature of @%0) A4 ( r at i o n arhponentsitFAM: fato f co
(wt.%)=50:50; that is, 2.5 g of suspension contains 1.25 g of FAM) with careful mixing
(n=2.022sYfor(314) 160 s, followed by cooling thi
200/ due to consit2@nst[34n86,8942l.g n=( 2.0

Research methods
Fourier-infrared spectroscopy (FTIR)

Vibrational spectra of experimental samples were obtained using the method of IR
Fourier spectroscopy [50] on a Tensor 37 Fourier spectrometer manufactured by Bruker
(Germany), controlled by the OPW8ftware package with standard calibration capabilities
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in the frequency range (400000) sm! in the absorption format (IFFourier spectra of
samples were tah in KBr tablets) [26, 29, 34

Energy-dispersive xray spectroscopy (EDX)

To establish the chemical composition of the test samples, a scanning electron
microscope JSMB20 (JEOL) with an EDX prefix was used-rgy spectra were obtained by
bombarding experimental samples with electrons using a voltage of 20 kV (corresponding to
the lines of characteristic spectra of Iron, Carb@&ulfur, Nitrogenand Oxygen). The
determination of the elemental composition of the experimental samples was performed by
analyzing the obtained spectra of characteristiayxradiation [26, 28, 34, 35].

Indicator refractometric method
It consists in determining the difference in dry matter between sugar sofutions

Aiindicatoro and FAM, solvated in sugar soluwu
The bound moisture was determined by the formula (1):
3 -
x=B (-0 O
P3 b,

whereX 1 the amount of bound water, g per 1 g of dry matter;
b; andb,i the initial and final concentration of sucrose solution,%;
B the mass of 20 cfrl0% sucrose solution, g;
Pi the weight of dry matter, g.
Free moisture was determined by the formula (2):
vy = (C,- C)® m3L0o0
C3g W
whereYi free water content, % of the total content;
to, C1T initial and final concentrations of sucrose solution,%;
mi mass of the initial sucrose solution, g;
g weight, g;
Wi total water content in 1 g of the sample, g.

, )

Differential thermal analysis (DTA)

Thermographic determination was performed on the derivatograph sysi&t0Q of
the company MOM (Hungary) for the weight of samples 0.5 g for the following modes of
removal of derivatograms: sensitivity of the DTA 250 galvanometer, DTG 500
galvanometg TG i 500 galvanometer, the rate of change of the heating tempetature
A (B0 sec [44]. Based on tA& curve, which corresponds to the process of dehydration, the
temperature curvd was built according to the degree of change of the raass the
temperature T. On th&G curve at 5A Qvas found to change the mass of the sample, which
corresponds to the mass fraction of moisture at a tempergtared total mass fraction of
moisture, determined MG curve at the end of the process of dehydration. dégree of
change in mass a was calculated using the formula (3):

a="0 , (©)]
m
wherea is the degree of mass change,

aam; is the change in the mass of the sample at temperature (Ig; 10
mis the total mass fraction of moisture contained in the sampfeg.10
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Coefficient of water absorption (degree of swelling) of food additive
“Magnet of ood”

The degree of swelling (Q,%) was determined on the Dogadkina device at two
temper at ukA@ed (/2@ Mdd traditionally used in food technologies [45]
according to th formula (4):

o= 200 LY 100 4)
Iy I

whereMo 1 weight of the suspension before swelling, g;
I 1 1 weight of the suspension after swelling, g;
r 1 density of the absorbed liquid, g/&m
V1 volume of the absorbed liquid, éfW/=23 Dh3 sy);
hi height of the column of the absorbed liquid, cm;
D diameter of the tube, cm;
sy i coefficient of the device.

Water absorptive capacity (WAC) of foodadl i t i ve “ Magnetof ood”
The method is based dround moistur@t T=293K by various hydromodule of FAM
followed by centrifugation and determination of WAG,(6) by standard weight method
[46, 47] according to the formula (5):

m_
a =—TTL (5)
wheremsandm are the mass of the FAM hitch before and after solvation.

The swelling properties of powder raw materials

It was determined by infusing 1% of thater suspension of the experimental sample
during the day. Swell (N cn¥/g) was estimated as the maximum amount of water that an
object can absorb and hold until dynamic equilibrium occurs, related to the weight of the
suspension [12, 42].

Water retaining capacity (WRC) of powder raw materials

WRC (% was determined by the Schoch method as the amount of water that was
adsorbed and retained by the raw component during the process of infusing and centrifuging
the water suspension [12,48, 49].

Effective viscosity

It was determined on a rotary viscomeieRe 002 @ st h 13 % aqueous SU
model systems of starch and flour. The choice of concentration is determined by obtaining
solutions with the optimal viscosity for the study on this device. The viscosity of the samples
was measured for 30 minutesv ery 10160 s at A@mper ADWNRY s
[12,48, 49].
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Results and discussion

Scientific justification of the interaction of FAM with the main components of food
systems- proteins, fats, polysaccharides, water

Thechemicahct i vity of fAMagnetofoodo nanopart:.

electrostatici dipole-dipole (vandervaals) and iatipole interactions. Donesicceptor
(coordination) interactions, such as hydrogen bonds, are also involved in the adsorption of
protens, fats, carbohydrates, and water on the surface of the NPM [25].28

Figure 1 shows the schemes of NPM solvation, which explains the regularities of the
formation of the properties of food systems, in particulabitiendwater capacity. On the
surfa@ of the NPM are variously polarized are&¥¢) and '¢[). The Fé*and Fé* NPM
cations are structwi®rming [26, 28, 30]. High tension electric field created by cations of
iron magnetic nanoparticles additives, enhances the polarization of the molecules that are

next and this contributes to a further ordering of the dipolgs.(e, pept i egwupb,ond s,

¢ [ f-groups, HO and others) outside the particle surface and chemisorption [28,128

In a neutral environment (pH=6,8,0), polarized NPM are forme#&igurel, a), which
then pass into solvated particles and solvatpthcomplexes [30]. In an acidic environment
(pH’ 6,8) (Figure 1, b), protonated, then solvatpdotonovani NPM, which then form
solvated aquaasociati [30]. In an alkaline environment {6) Figurel, c), hydroxylating
NPM are first formed, then solvatégdroxylating NPM arise, which then form
solvatocomplexes [30].

For a more detailed explanation of the mechanism of interaction of proteins,
polysaccharides, and fats with NPM, consider the electrostatic coordination interactions that
occur between NPM athe ionogenic groups of these compounds. As a result, electrostatic
compl exes ar e fHEguree)d:a md | figued)i@dadsioo ((

In an internal molecular compléxii c | at Rigue2 e da) of -¢t d&lel & coynpé

(Figure2, b), the donor is a Nitrogen atom of the heterocyclic systems Histidine (His) and
Tryptophan (Trp), which has a free electron pair on the outer shell. NPM ferum c&#ns (
Fe), which have vacant 3drbitals,act as a compleforming acceptor. As a result, three
intramolecular coordination ligaments are formed that strengthen the electrostatic complex
[30].

Complex associates of polyheterocyclic ligands of protein molecules with NPM,
combining fragments of twpolypeptide chains of histidine and tryptophan with iron cations
(F"F¢) due to intermolecular compl exatiion,
ANPM+proteino.

In addition to the fact that the iron catior{ F€") of the NPM arecoordinated in a
linear ligand Figure3, a), they also firmly hold a similar ligand located perpendictiguge
3, b). Such a complex structure is strong due to the multiplicity of formed coordination links
[30i 32].

Under t he i nfl uen manoparticles {NPEE)nhglt-noofeculard o6
compounds (proteins, polysaccharides, higher fatty acids, fats) undergo structural changes,
forming fairly stable structures with NP{#&&. Figure 4 shows the process of self
organization of NPR©. into electrostaticomplexes with proteins, polysaccharides and fats.
The NPFeO4s complex with gliadin Figure 4, a) is stabilized by coordination (donor
acceptor) bonds of Fe atoms with Oxygen and Nitrogen atoms of Glutamine and Tryptophan
residues, as well as by electetst hydrophobic interactions of aliphatic side chains of
l euci ne r €istaclingeracianglof dromatic fragments of tryptophan residues.
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Figure 2. Intramolecular complex—“ ¢ | at hr at e” -cteylple” ,* cfoonmrpnheedx by NPM

in the Gliadin polypeptide chain:
a-“cl at RTNaPtMet™pr o be“icnd’mpcled¥ NPM+pr ot ei n”

polypeptide chain fragment
(remain&ef His, Trp)

: |
N — P \ : J
polypeptlde cham. fragment the lattice stru\ct/ure of fragments
(remains of His, Trp) . . .
of the polypeptide chain and the complexing
-l — coordination bond agent of the NP Fe;04
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Figure 3. Intermolecular complex of NPM with links of two polypeptide chains:
a-“cavit"a\tPeM+pr ot ei n”
b-spati al stru€“tNRFM+grcoatvaitm’t e”
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the link of the polypeptide chain of Gliadin

the residue

~ v
the residue the residue

K of GIn of Trp ' Len /

k the link of the poly%de chain of Gliadin /

associate polypeptide and NP

fragment of a Starch molecule
( link of the polymeric chain of Amylopectin or Amylose)

intermolecular complex of a NP "Magnetofood"
with chain link
of Amylopectin or Amylose due to coordination bond

— nt-7 stacking interaction;

i — coordination bond.

C — electrostatic hydrophobic interaction of "cluster type

Figure 4. Electrostatic complexes of NPR®4 with:
a—protein (gliadin); b —polysaccharide (amylopectin);c —fat (triglyceride)
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1-linoleyl-2-oleoyl-3-lolenoyl-glycerol

hydrophilic centers hydrophobic "tail"
of triglyceride of triglyceride

A
oo ; .
CHFO-CA(CH s CHECH{CHoy CH=CH-CH,)7 CH,

-0-C4{CHz7 CH=CH-(CHz)7 CH;

Cil; (CHg)r CH=CH-(CH3)} CH=CH{CH,7CH;

CH-O—C/—;?_CHZ-)?CH=CH-(CH2-)TCH3

|

CH7 Q- C~(CHy)7CHECH-CHy CH=CH-CHy CH=CH-CH; CH;
0

electrostatic complex NP Fe; 0,4 with
1-linoleyl-2-oleoyl-3-lolenoyl glycerol

f
Figure 4 (Continue). Electrostatic complexes of NPF©4 with:
a—protein (gliadin); b —polysaccharide (amylopectin);c —fat (triglyceride)
All this causes anore branched structure and intertwining of protein macromolecules.
As a result, there are formations sucih as @
32, 34, 35].

Intermolecular complexes of NP with links of two main chains of amylopeti
(Figure 4, b) are formed due to coordination bonds of Fe atoms with Oxygens (etheric,
pyranose and hydroxyl)off | ucopyr anose r es’i duteasg k iamg | ii rf tye
of pyranose c-topl aseidntiype.iphandédda-hesylache oy
interaction is due to electrostatic forces: hydrophobic and dispersive london forces between
the glucopyranose residues. All this contributes, first, to an increase in the degree of
branching of the main chain of the polysaccharide aitigular amylopectin, and second, to
t he appear aitypm foonatiors {30,825t er 0

Under the influence of NPE®. fats undergo structural changes, forming
supramolecular associations from NEB& electrostatic complexeg§igure4, c) due totie
coordination bonds of Fe atoms with Oxygen atoms of the natural group of triglycerides,
which causes their chemosorption on the reactively active surface of polasO¥ e 35].
Figure 5 shows the bound water of NEB£in food systems containing pgesns and
polysaccharides.
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fragment of polypeptide hydrated chains of Gliadin

S O D

~ M MH/\/
N
SRS

the residue v N
of GIn the residue the residue
K of Trp of Leu j

K a link of polypeptide chains of Gliadin j

solvate associate of 'a NP with a polypeptide

Solvatocomplex NP Fe304
in the "cluster" chain link Amylopectin

Figure 5. Distribution of water dipol es
structured by NPFezOa4:
a—gliadin; b—amylopectin; c — cellulose
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Water dipoles

Solvatocomplex of NP Fe3O4 with chain link Cellulose

Figure 5. (Continue). Distribution of waterd i pol es in “clusters” of |in
chains structured by NPFeOa4:
a—gliadin; b—amylopectin; c — cellulose

Water accumulation is observed aroundthepolard®fend i n Acl uster so
between two Gliadin chaingigure5, a), where both intermicellar and intramicellar water
can be retained (due to hydrogen, dipiole and dipoledipole bonds with NPRE®, and
hydrophilic groups of amino acid residues) [3@]. H.O dipoles also form hydrogen bonds
without breaking the strength. Side branches that appear in the protein macrostructure
contribute to the extension of -tihekimmag ®. chl
facilitates the interaction of prate macromolecules with ¥ dipoles and improves the
hydration of protein fragments. The result is an increase the WRC of food systems and
finished products.

When FAM is introduced into food products (in particular, -iged type),
polysaccharide moleculeare exposed to polar NP (Figure 5, b). That is, when
polysaccharides are hydrated in the presence of dRFe system of hydrogen,
hydrophobic, electrostatic, and coordination bonds is formed, which contributes to the
stability of the carbohydraterstture [31, 32]. Water molecules, forming hydrogen bonds,
penetrate deeper polysaccharides (in particular starch) in the least organized parts of the chain
macr omol ecules of <car bohy dxntpdaysacchande+p® ® ramn o f
type AEibues b)eNPBeOsf or m aquacompl ex, and in fAcl
This pushes the polymer chains apart and improves water penetration into the starch. This
water absorption weakens the micromolecular bonds in dense layers and promotes the
pendration of moisture into the most crystalline layers. This process goes through the
gelation stage, when the starch grains swell and increase in volume. As a result, the WRC of
the carbohydrateontaining system increases.
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Due to the open (linear unbrarea) structure of cellulosé&igure5, c), the availability
of hydrophilicity centers (NPE®s, OH-groups, etc.), the high reactivity and complex
opening ability of polar NPE®, increases the energy potential of hydrophilic components
of cellulose and cok: adsorption of KD dipoles in microcapillars (which are built in a three
dimensional mesh structure); penetration afOHdipoles inside the cellulose (due to
expansion of polymer chains and weakening of mimexromolecular bonds in dense
layers). As aresult, solvatoassociates are formed and the wataining capacity of the
structural polysaccharide (cellulose) increases [31, 32].

Experimental confirmation of interaction of a food additive based on double oxide
oftwo-and tri vaMagmtetiofmmd” with proteins, fat

Fourier-infrared spectroscopy. The results of FouridR spectroscopic studies of
model systems of egg protein, starch, linoleic acid and sunflower oil with FAM are shown in
table 1 and table 2.

Thei nt ensive wide band with t Hisshiteinithmum ab
complex asociati to the lofvequency region in comparison with the frequency of freé OH
-groups and Amide A (\H) (3 4 0'6(Rehl@ 1). This indicates the participation of
hydroxyl Oxygens and amide Nitrogens in the formation of coordination bonds with Fe atoms
of FAM [26, 27].

Table 1
Comparison of wave numbers of individual peaks in the IRspectra
of the complex associate “egg whricdasse+magnet of

(egg white, food adAN)ti ve “Magnetof oo

Communication Position of maxima (wave numbers), cmt Offset,
fluctuations Eggwhite | FAM | «egg white+m c™
n , ~ . ~
nENﬂ ;'Amideq) 3406N]| i 3341N5 -65
Nas( 8 ) 2927N| i 2927N4 0
n{ ®] ) i i 2360N4; 23 i
n(#=ifmi de] 1653N| i 1642N3 -11
dp.(Niq )i Amide w 1539N| i 1527N3 -12
do( &) 1451N| i 1442N3 -9
don( ) 1239N| i 1239N2 i
dexipl (i) i i 1155N2 i
dextpl ( b11) 107 9 N2 | i 1027N2 -52
n(Fe ) i 532 588 N2 +56

There are also intense blamndds (wi3tdhaviNoda x i cnma
are absent in the egg protein spectrum. These peaks can be attributed to the symmetric
v al e nycascillafions of the ©H bond, which is confirmed by thelectrostatic
hydrophobic interactions of aliphatic side
Acavitateso, which o0 c:0427]. Durindg the adgoipteon ciegy i o n
white on the surface of the NPJ&, the absorption bands wélence vibrations of Amideu
3(uw=afnd plane def or mat i on(Niyi)drer shifted donaslower f A mi
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frequency in the regiors: ( & = 1 B 4 A3 Jiu(Ni1 ) £ 6 2 7dw3 Jespectively [27,

34].

The absorption bands of plane and-ofiplanedeformation vibrationsl p.( & )
itirothe aegiono,W énr F(If 4 4e 2pindeandc y

dextpl.( bu )

ar e

s hi

fted

and

dextpl( Be F(1 0 2 7 & )respectively, a new absorption band of plane deformation
vibrationsdy ( @ ¥( 1 1 5 5 N % alsomibserved. This is confirmed by the electrostatic
hydrophobic interactions of aliphatic and cyclic amino acid residuesritplex associgt

[27, 34].

In the spectrum of pure FATablel), there is an absorption line of thé Bebond with
a maximum value of ~532 chwhich is in good agreement with the data from literature
sources of ~530 c[26, 28, 35]. The shift of the maximum of thernesponding absorption
vi brations
region of ~ 588 cm is due to the influence of surface egg protein molecules, their
interference in the neaurface layer of R©. nanopartites and chemical interaction with
ferum cations. Thus, the research results confirm the formation of a complex between egg
protein and NPR©a.

Comparison of IRspectraTable2) shows that the wave numbers of peaks differ in the

band of the FeO

spectra of the initial subt anc e s

bond

val ence

(starch,

FAM)

in the fieggd

and the ¢t

indicating the chemical interaction in the carbohydratgnetofood model system. In the

spectrum

of

t he

fistarch+magnetofood?o

compl e

OH'i groups (348 N 5 )'to thenlowfrequency regioii (3 4 1 5 N§ whick indicates the
participation ofhydroxylsin the topic of hydrogen bonds and electrostatic coordination
interactions with Fe atoms of FAM [26, 27].

Table 2

Comparison of wave numbers ofndividual peaks in the IR-spectra of the complex associate

“starch+magnetofood” and initial substan

Communication Position of maxima (wave numbers), cri Of f s e
fluctuations Starch FAM «starch+mag
n( ) 3443NY i 3415N5 -28
Nas( 8 ) 2927 N4 i 2917N4 -10
nd{ @ ) i i 2360N4; 23 i
n(ufiv) 1653N] i 1640N3 -13
dp( T iy) 1457N7] i 1441K3 -16
dpi( B ) 1162N7 i 1152N2 -10
de & b)) i | 1081N2; 1( i
dexipl (8 ) 982N2 922N2 -60
dexip. (8 ) 857 N2 847N2 -10
dextpl (& ) 763N2 753KN2 -10
n(Fe[) i 532 589 N2 +57
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Displacement of the peak of valent¢ @fia oy ( 1 34 )plane deformation
vibrations DPL.(GOiC) at (In@hS Bvyfrequency region in comparison with the
experimental starch sample indicates the presence of coulomb and coordination interactions
between Fe atoms of FAM and Oxygens (ether, pyranose and hydroxyfjlo€@pyranose
residues [27].

The appearare of new absorption bands in the region {AGD0) cmt, which
characterize the fluctuations of the carbon skeleton, and the shift to the lower frequency
region of some characteristic absorption bandsCjCbonds indicates the presence of
hydrophobic andlispersive london interactions between the residues of glucopiranose [26,
27]. The shift of the maximum absorption of th& Bebond to the higlirequency region
( 57 N 2tin comparison with the experimental sample of pure FAM indicates the chemical
interaction of FAM ferum cations with starch molecules. All this confirms the presence of
chemical interaction in the complex asociat

The study of chemosorption of linoleic acid and-linbleyl-2-oleoyk3-
linolenoylglycerol on thesurface of FAM nanoparticles is given in previous studies [34, 35,
42], which indicates the chemical interaction of higher fatty acid and fat wiB,Fe
nanoparticles.

Energy-dispersive spectroscopy (EDX)

The chemical composition of model systems wdasermined using ED3$pectra:

AmagneitFedsm od( sampl e 1), fistarch+magnetofo
protein+magnetofoodd (sample 3), Al inoleic
oil +magnet of ¢Tabke8). ( sampl e 5)
Table 3
Chemical compositonofe x per i ment al samples of compositi o

polysaccharide) +magnet of oogpéctrabased on t he

Elemental composition

Samples Fe | 0 C
Mass% Atomic% Mass% Atomic% Mass% | Atomic%
1 75.9\8,7 | 42,90, 1 | 245\,2 57,1\2,8 i i
2 41,7801 | 36,M1,8 | 3571,6 27,AN1,4 | 22,6\1,1] 32,6\1,6

3* 442 | 37,01,7 | 26,9\1,3 22,8\1,1 | 21,4\1,0] 31,2\1,5
4 45603 | 37,5\,7 | 34,M1,5 26,6\1,3 | 19,7N0,9| 30,9\1,4
5 39,7\1,9 | 35,5\,6 | 36,7\1,8 29,6\1,5 |23,6\1,2] 34,9\1,7
* Note: Sample B mass %: X5 , ®3Y S(1 , @,08) atomic %: N2 , @,1) SO , T@,08)

On the EDX spectra of all experimental samples, peaks of about 0.8; 6,3 and 6,8 keV are
associated with the absorption of kinetic energy of electrons by the Fd2atp28]. The
spectra of NP R©, covered with egg white, linoleic acid, oil and starch contain two more
peaks: about 0,27 keV and 0,47 keV. These absorption bands belong to the C and O atoms
[27, 28, 34, 35]. Moreover, the peak at 0,47 keV, characteoistite O atom, is also present
in the spectrum of pure FAM; and the peaks of about 0,3 and 1,2 keV are associated with the
absorption of kinetic energy by the electrons of the N and S atoms, respectively [27, 28, 34].
Fe, O, and C (H cannot be investightand N and S (for sample 3) are the main components
in the system Aprotein (f @aalk3).polysaccharide

312 b b HJkrainian Food Journal . 2020. Volume9.Issue2b b b



t t {Food Technologyt t t

Thus, systems with NPEfs have a chemical compositiosample XFAM) i Fe 75,5%;
O 24,5%;sample ANPFeJ 4 covered with starch)Fe 41, 7 %; [ 3sampe%; 4
3 (NPFe{ 4 covered egg white) Fe 44,7%; O 26, 9%; C 21.4%; N 5,9%; S 1,5#mple 4
(NPFeJ 4 covered with rich linoleic acid) Fe 45,6%; O 34, 7%; C 19,7%ample 5
(NPFe{ 4 coated with sunflower oil) Fe 39,7%; CB6,7%; C 23,6%.

So, in the experimentalamples (B5) a new chemical element (C) appears, and in the
experimentabample 2Zwo more elements (N and S), which are absent in pure Famgle
1). The result indicates that FAM nanoparticles were successfotgined sample 1 and
the main substances of food systems: proteins, fats, polysacchas@i®eplds P5)
chemosorbated on FAM particles.

Determination of FAM bound moisture forms

Depending on the heterogeneity of multicomponent systems, FAMbehave as a
functional additive with a high hydration capacity with a wide range of actions in food
production technologies, especially during the formation of various colloidal systems. Table
4 shows the coefficients of water absorption of FAM in mediditionally used in food
technologies [45].

Table 4
Coefficient of water absorption of FAM in various environments

The coefficients of water absorption of FAM,

Polar environment rel.un.
t=20°2°C t=50°2°C
Sodium bicarbonad 12, 4N0, 12, 8NO, 4
Et hanoic acid sao 12, 8NO0, 13, 0NO, 4
Sodium chloride solution, 0,5 % 13, 1N0, 13, 4NO0,
Sodium chloride solution, 1,7 % 13, 4N0, 13, 5N0,
Solution of sucrose, 1,1 % 13, 6NO0, 13, 7NO,
Solution of sucrose, 5,0 % 13, 8NO0, 14, 0NO, ¢
Milk 12,6 N 12, 9NO, 1

I ncrease in the temper aAQTabsd)mdmoteshyarateom v i r o1
ability of FAM, which are caused, firstly, nano size particleg Faith a developed active
surface area and a significant interaction of FAM particles with the aqueous phase [30, 33];
second, the presence of polarized sections, and strdotaneng cations of iron on the
surface, exhibit pronounced hydrophilic properisl childist to education aguacomplex
[31, 32, 37].

The clusterofilnosty NP AMagnetofoododo ( NF
nearsurface layer [33, 35, 39] significantly affect the intensity of hydratiqdegree of
s we | |si) and watepabsptive capacity (WAC) of the food additivE€ifure6).
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Figure 6. Intensity of FAM hydration:
a-WAC of “magnetofood+water "20systems in

W13 El-15. 0110
b — swelling kinetics.

The weight omhgakl of p Figueldm)tisamaxdimizéd by 2i@,2
times in 30160 s. Thus, the greatest WAC
and 1:10, and the minimum is 1:3. Regioh<atl 0 F*€Fyure6, b) is characterized by high
speed of swelling due to the filling of microdefects of the surface layer additives and water
adsorption on the developed surface of NPM water molecules with their electrostatic forces
as individual molecules or in the forofi a film of a thickness of several molecules. Next, an
aquacomplex is formed, since the following aquashares (polimolecular adsorption layers)
appear on top of the formed aquaplive (monomolecular adsorption layer), which are attracted
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by molecular force¢ i ncl udi ng hydrogen bonds) [ 30, 32
process ends and reaFM&30% maxi mum value of
Based on the analysis of the forms of water bond in FAM after swelling (indicator and
thermogravimetric methods) the amount of hdwvater was determined: physicdiemical
68,9'69,4%, physicamechanical 21j22,3% and free 8i®,1% Figure 7). This fact

confirms the bound water capacity of FAM.

52 b

51 b —

50 a -
w0 | 7 |

48 -

Moisture content, %

47 + |

46

1 2

Figure 7. Distribution of water on the forms in the FAM after swelling, thespecific methods:
1 —differential thermal analysis; 2 —indicator;
a—free, osmotic and physicaimechanical moisture
b —the amount of bound moisture

The ability of FAM to bound and retain water confirmed experimentally in model
systemsiir-wh e at flour (RWF) +magnetof oodo and
(compared to controlswelling(Sw) of 1,15 1,2 times for starch and 1,1,3 times for flour
and thewaterretaining capacityWRQ 1 1,15 1,3 times for starch aiid,15 1,27 times for
flour (Figure8).

£
E 60 60
2 £
50 7 5 50 7]
= 40 I 7 n 40 E 7—7
(7p]
30 Hzllzl 30 Mot
20 zllzl 20 EAEA
10 1 Hzallzt 10 A e
0 HEEm | 0 AN
1 2 1 2 3 4

o b

Figure 8. Swelling &w) (a) andWRC(b) systems* RWFnagnet of ood” and
“starch+magnetofood” witimaséi fferent amour
1, 5—- RWF, starch 0, 2%; 2, 6- RWF, starch 0, 15%;
3, 7-RWF, starch 0, 1%; 4, 8- RWF, starch 0%
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This is due to the ability NPM branching of the polymer chain of the macromolecules
due to theficliztalvi d tait v chams) é@xterdinge the smaid ehain of
macromolecules of proteins and polysaccharidet33p

Also, the nanoparticles form a hydrophilic additive of solvatation with protein
carbohydrate complexes food systems, increasing haratio the ability of the feezheoisp
in particular proteins and polysaccharidesi[Rg).

Under the influence of the applied shear stress, the formed aggregates are gradually
destroyed, and in samples with FAM more slowly. This explains the high pseudoplasticity of
water suspensions axperimental starch and flour samples. As a result, their viscosity
decreasedHgure9).

vVisc
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o
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O P N W b 01 O N 0 O
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a
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> 07
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3 2
() 0,3 A
= 3
w 0,2 Y
0,1
0 ‘
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Shear r'at e, 2, s
b

Figure 9. Effective viscosity of 13% of water suspensions at different temperatures and mass
fraction of FAM, mas.%:a—-“ st arch ( St) +magnetofood”;
b-“ RWHma g n e t olff-ecamtbl'and(2—-0,15% FAM at 23° ¢

3—control and 4—-0,15% FAM at 40° ¢
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The use of FAM increases the viscosity of aqueous suspensions of starch and flour at
both temperatures (compared to the control) by an averagé 81 %rfor starch and 2Q4
% for flour at 2125 A @nd 15,017% for starch andi91% for flour at 3842 A CThat is,
the process of destruction of the internal structures of the dispersed system is slowed down
when adding FAM to the system (due to the struefarming and stabilityforming ability
of this additive) [3032]. Moreover, the introduction of FAM iothe system accelerates and
strengthens the processes of hydration and dissolution of starch and flour [30, 37, 38].
Increase in the viscosity of 13% of water suspensions of starch and flour during proofing
(shear rateF9 s i 3 0 1 %s@Figure10) by 1,15 1,35 times atemperature of 2R5A C
and 1,181,26 times at a temperature of i3@ A Clor starch and 1j11,27 times at a
temperature of 225A @nd 1,11,22 times at a temperature of 32 A @or flour (compared
to the control) is associated withethcontinuation of the processes of hydration and
dissolution (due to the clusterofilnosti and amphifilnosti FAM) [30, 33].

o %
- >
% 9 <~/ 7 0,9 </
2 2 2 2
S S ./.'
R ﬁZ -3 208
w7 v Wo7 \
1//‘ %
—" 1
6 k" 0,6 v
5 0,5
0 10 20 30 0 10 20 30
Ti me of k6D'he Ti me of 6Dhe
a b

Figure 10. Dependence of the effective viscosity of 13% water suspensions on the time of
tincture at different amounts of FAM, mas.%:a-“ st arch ( St ) +magnetofo
b-“ RWFmagnet of-comtbl'and(2%0,15% FAM at 23° C
3—control and 4-0,15% FAM at40° ¢

Adding a food additive based on double oxide ofteand t ri val ent i ron |
(FAM) to the system accelerates and strengthens the processes of hydration and dissolution
of starch and flour. The thickening properties of the fadditive and its ability to bind and
retain water have been experimentally confirmed. These properties are importanaimdhal
foamtlike, emulsified and emulsifieduspension systems.
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Conclusions

Proved the mechanism of water retention nanoparticles of food additives, dfased
double oxideof two- and trivalent irorfi Ma g n e t 0 §Of dué t clysterephilicity and
amphiphilicity food supplements and the ability of NEB£polarization, electrosti
coordination, formation of aqua associates. The introduction of a food additive based on
double oxide oftweand tri val ent iron AMagnetofoodo i
the watesretaining capacity of its components (in particular, protepmysaccharides),
which contributes to improving the quality indicators and shelf life of finished products in
comparison with the control.

The conducted research shows the high hydration capacity of a food additive based on
double oxide of tweand trivaent i ron fAMagnetofoodo (FAM),
technologies can improve the functional and technological properties of heterogeneous
dispersed systems and improve the timing of preserving the freshness of finished products.
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production of black beer
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Introduction

Nowadays, the beer production from other raw materials than barley or wheat malt is an
increasing one in the be@rdustry field. The new innovative products meet consumers
demand especially those suffering from celiac disease. The gluten content in commercial
beers is below the limits of Codex Alimentarius Standard (20 ppm), but even so may create
healthy problems tthe consumers due to their different clinical sensitivity to the beer gluten
content [1].

Over the last years, different strategies can be applied to produce-igaedyeers [2].

Some approaches for the biological or chemical elimination of barlegrglinmordein) or
wheat gluten (gliadin) have been proposed [3]. For example, Fanari et al. (2018) proposed
two different deglutinization treatments: an enzymatic process bas@dpangillus niger

prolyl endopeptidase and a precipitation process by sty

Many studieshas been carried out into the use of other cereals in the brewing of beer
such as maize, rice, sorghum, teff, millet, and triticale, pseudocereals (buckwheat, amaranth,
quinoa), and another ingredients such as cassava, chestnut, $ugyey,molasses etc.-[5
15].

The future studies should be performed to improve the quality of innovative beer
assortments from new unconventional raw materials in order to satisfy the consumers
demand.

This current study proposes the use of three ingngglias malt substitutes for obtaining
black beer: acorn flour, topinambur flour and molasses.

Acorn flour is obtained fromQuercussp. fruits from ancient times through drying,
maturation, milling, detanization processes and it is used in the manufattuegious
bakery products, beverages, pastonfectionery, pasta, biscuits, as a coffee substitute
etc.[16,17,18]. Acorn flour is an important source of antioxidant substances, has a high fat
content (of which over 80% unsaturated fat), protein and siderable amount of calcium,
magnesium, potassium, phosphorus, iron, copper and zinc, vitamins from the B complex (B
B2, Bz and B) [19,20]. Acorn flour has antnflammatory, mineralizing, antianemic,
antirash, antitumor, antioxidant, diuretic, enengizfavouring insulin secretion properties.
This flour is recommended for the treatment of gastritis, ulcer, enteritis, anaemia, mental
disorders, fatigue, mental exhaustion, overuse and headaches [21,22].

Topinambur tubers have been brought to the atterticspecialists and consumers due
to their properties, being recommended by many nutritionists for consumption. Topinambur
is currently recognized as a culture used for the production ofdtamgling ethyl alcohol,
including beer production [23,24]. Thepinambur tubers were also used to produce brandy
in France and Germany or for sake in Japan. The topinambur flour is a valuable-essy
product, and its addition to bakery, pastry and pastking recipes improves their nutritional
value [25,26]. he topinambur flour is rich in fiber (36.4% on average), mineral substances
(cal ci um, i ron, sel eni um, potassium, -phospt
carotene) [27]. Topinambur is also rich in inulin (over 50% of the dry substance), which can
be easily hydrolysed and then converted into ethyl alcohol. The yield in ethyl alcohol is
equivalent to that of sugar cane and twice as high as that of ethyl alcohol obtained from corn.
Other uses of topinambur flour are: extruded products, confectigreducts, gelatine
products, sugary products, functional granules, culinary products etc. [28,29,30].

Molasses is the last kyroduct from the manufacture of sugar following repeated
crystallization of sucrose and from which can still be obtained by digateon. Nowadays,
in the US, Europe, Australia, as well as in our country, molasses is the main raw material
used in the production of bakery yeast and a valuable raw material for the production of ethyl
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alcohol (containing an average of 50% sucros&pe Themical composition of molasses
varies depending on the raw material used in the manufacture of sugar (beet or sugar cane)
and the technological process applied in the sugar factories. The benefits of molasses cover
a wide range of health problems: acand other skin diseases, headaches, anaemia, stress,
obesity, diabetes, constipation, prostate disorders, premenstrual symptoms, or cancer [31,32].
The main objective of this research was to use these unconventional raw materials that
have been previousbeveloped to obtain brew, a beverage similar in aroma, taste and mouth
feel to black beer. To our acknowledgments no other studies has been madedhuteron
black beer production with the ingredients used in this research. This fact will lead to a
diversification of black beer assortments which may satisfy the consumers.

Materials and methods
Materials

In our research the following ingredients were used: acorn flour and topindiotur
obtained from Bio Boom Company Romania, molasses from Agrana Romania Company, a
bottom fermentation yea$tom Grama TradingCcompany undethe trade name Saflager W
34/70 (Fermentis, Belgium), and hop pellets from Agrosiro Serv Impex Company
(Sighimara, Romania). All the raw materials used in the process came from trustworthy
suppliers with technical quality specifications, in compliance with the current food safety
legislation.

In order to obtain the black beer, several experimemat@nts were elaborated in which
the three basic ingredieritacorn flour, topinambur flour and molas$agplaced the barley
malt from the classic beer recipe. Thus, the ratio between acorn flour, topinambur flour and
molasses was: variant i1 0.5:1.51; variant 2i 1:1:1; variant 3 1:1.50.5; variant 41
1.251.25:0.5.

Beer production

Brewing was carried out in a pilot scale brewery (38iaumeister, Speidel, Germany)

The technological process of obtaining the beer respected the classical technology through
the decoction process with two mashes [33]. Thus, acorn flour and topinambur flour were
mashing separately, until boiling for gelatinization of the starch. ThesgtBanash were
inserted into the main mash to obtain the wort using the following mashing programme:
mashing in at 48\ Crest for 30 min; ramp heating within 15 min to A rest for 30 min;

ramp heating within 5 min to 6& Crest for 30 min; ramp heatj within 5 min to 7A @nd

rest for 60 min. At this temperature saccharification was monitored every 10 min, until the
reaction with iodine did not took place anymore. Mashing off temperature wAsCzhd

then the mash was filtered to obtain the wort.

The wort was boiled with hops for 60 min under atmospheric pressure, cooledt@ 12
and fermented for 5 to 7 days at AZlising a bottom fermentation yeast. The fermentation
trials were performed simultaneously under the same conditions. Fermentegitollawaed
by a maturation period of 21 days aA4CFiltration was carried out using a plate filter, and
then the filtered beer was bottled using a manual bottling unit.

Bottled black beer was stored to the dark At @ntil analysis.
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Beer analyses

The final beer was analyzed for its physichemical and sensorial properties. The
extract content, alcohol content and apparent fermentation were determinAigihyaar
(Anton Paar GmbH, Austriadsing an automated beer analyZEne CQ content, foam
height, foam stability, total acidity of beer, was measured3sH,

A sensoryevaluation of the beers was carried out by a traineagn@®ber tasting panel
(10 women and 15 men, &0 years old), following the 20 points method. The paiatged
from 0 to 5 for each attributes: appearance, colour, odour, taste, gas release and foam stability.
A point of 0 meant that the attribute was absent whereas a point of 5 indicated that the
attribute was extremely strong [36].

Statistical analysis

Data were expressed as means N standard
Statistical analysis was performed using XLSTAT statistical package (free trial version,
Addinsoft, Inc. Brooklyn, NY, USA) at a significance level of p < 0.05.

Results and discussion
Physicochemical characteristics of black beer samples

The beer samples obtained were analyzed from the physicochemical point of view, and
the results obtained were compared with an assortment of commercial black beer. The results
obtained were shown in Table 1 and Table 2. Beer constituents were provided from the raw
materials (acorn flour, topinambur flour, molasses, carbohydrate sources), bitter and flavour
substances from wort production, as well as from fermentation and merturati

Foam, foaming capacity and foam stability distinguish beer from other beverages. A
good, white and stable foam stability is a key parameter which reflects the fact that it was
handled correctlyuring the brewing process. The characteristics of the fa@: volume,
density and persistence. The volume of the foam depends on the carbon dioxide content and
the amount of surfactants. The slow release of carbon dioxide, in small, uniform bubbles, is
explained by its bounding to colloids from the extracktde, proteins, bitter resins from
hops etc. [37].

The persistence of the foam depends on the degree of dispersion of the colloidal
substances in the beer, which forms a resistant film around the carbon dioxide bubbles. The
persistence of the foam is faued by the bitter resins of the hops and by the nitrogenous
substances, complex, but it is diminished by the presence of fats and the amount of alcohols
content. The beer must have long and persistent foam, must be clear and shiny and must
maintain theseharacteristics for the longest period of time possible [7].

Considering Table 1 one can observe that the samples with the highest foam stability are
samples 2 and 4, followed by samples 3 and 1.

CO; content is crucial for the ability to foam and otherrsensoryproperties. In the
beer samples analyzed, the £ntent is within the limit of min. 0.4/§00 mL drink [34].

The highest value of this parameter was recorded for the sample 4, namely 4.8l@C®
beer. This value was higher even than thaigained for the market beer sample, whose value
was only 4.06 g C&¥100 g beer.
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Table 1
Physicochemical properties for black beers by standard methods
TA
Beer samples- CO2 FH FS [mL NaOH
mean (SD) [9/100 mL] [mm] [min] 1N /100 mL]
Beer 1 (B1) 4.1°0.12° 28.01.2 4.00 1.0°° 2.80°0.20"
Beer 2 (B2) 4.0°0.12° 48.00 2.0 8.001.» 2.90°0.05"
Beer 3 (B3) 3.90.2° 42.02.07 5.000.0% 2.950.05"
Beer 4 (B4) 4.8°0.12 58.02. 7.001.0% 3.500.1¢¢
Commercial beer b b
sample (BC) 4.060.11 59.334.16 7.001.00 3.26°0.11
F-ratio 9.862 5.617 7.194 8.069
P-value 0.002 0.012 0.005 0.004

Physicochemical properties: CO, colour, FH, foam height, FS, foam stability, TA, total acidity
The values are medtstandard deviations of three replicates.
Means in the same column followed by different letters are significantly differen®.@b6%

Table 2
Physicochemical properties for black beers by AntofPaar device
Beer samples- OE ALC H GFF
mean (SD) [ °P] [% VIV] P %]

Beer 1 (B1) 17.850.08 8.16°0.04 4.6000.02° | 77.040.50°
Beer 2 (B2) 17.050.0% 7.600.03 4.530.0%° | 73.260.33°
Beer 3 (B3) 16.870.03 7.06°0.04 4560.03° | 79.870.23°
Beer 4 (B4) 16.920.02 7.40°0.04 5.020.02 85.850.13
Commercial beer
sample (BC) 14.85 0.08 7.2000.2¢¢ 4.60° 0.0 80.200.20°
F-ratio 12.178 9.972 9.500 8.965
P-value 0.001 0.002 0.002 0.002

Physicochemical properties: OE, original extract, ALC, alcohol concentration, GFF, final
fermentation degree

The values are medhstandard deviations of three replicates.

Means in the same column followed dijferent letters are significantly different (p < 0.05).

The extract of the primitive must and the alcohol concentration of the beer are the most
important determinations, at least from the financial point of view [38]. The black beer
obtained in all 4experimental versions is a beer with an alcoholic concentration between
7.06% and 8.16%, with a high degree of final fermentation, with values between 73.26% for
variant 2 and 85.85 % for variant 4 (Table 2). It can be observed that beer samples ddrecord
the best results regarding the final fermentation degree (85.85%), even higher than the beer
from (80.20%).
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Sensorial characteristics of black beer samples

Sensornyanalysis is of essential importance in assessing the quality of beer. The taste, the
smell, the colour, the clarity, the foaming, the release of the carbon dioxide bubbles, are the
best recommendation and are, at the same time, the result of all the technological operations
[10,39]. To perform thsensoranalysis of the 4 experimentalriants, the 20 pointsensory
method was used. The results of se@msoryanalysis are shown in Table 3.

Table 3
Sensorial properties for the dark beers samples
Beer
samples— AP CO_S oD TA GR FS_S PT
mean (SD)

Beer 1 (B1)| 2.0C 2.66° 0.66 5.6C° 1.8C 1.0 13.80
0.34 0.46 0.112 0.1¢ 0.6¢% 0.23 0.2¢
Beer 2 (B2)| 2.2¢ 3.73 0.8C 5.6C° 2.20° 1.4€ 16.00
0.34 0.46 0.20° 0.1¢ 0.34 0.23 0.2¢
Beer 3 (B3)| 2.2¢ 2.94¢ 0.6C 6.06° 2.0 1.46 15.26
0.34% 0.46% 0.10® 0.8C% 0.34% 0.23b 0.6120
Beer 4 (B4)| 2.6C 4.0 1.0C0 6.53 2.40¢° 1.86 18.40
0.34 0.1¢ 0.1¢ 0.80% 0.1¢ 0.23 0.4¢
Commercial| 3.00° 4.00 0.86 6.53 2.60° 1.86° 18.86
beer (BC) 0.10 0.10° 0.1 0.80° 0.34 0.20 0.41°
F-ratio 7.228 9.088 11.933 | 10.294 | 7.865 8.695 9.221
P-value 0.009 0.004 0.001 0.002 0.007 0.005 0.004

Sensorial properties: AP, appearance, CO_S, colour, OD, odour, TA, taste, GR, gas release,
FS_S, foam stability

Means in the same column followed by different letterssayeificantly different (p < 0.05).

From thesensorypoint of view, the most appreciated by tasters was beer sample 4,
followed by beer sample 2 and beer sample 3.

Relationship between characteristics of the beer samples obtained

Table 4 shown the Pearson correlation between the sensorial and athesicical data
of the black beer analyzed samples. It may be seen that all the sensorial values for total points
(PT) are significant correlated with the physidremical data of the afyzed beer samples
and with eachsensorycharacteristics analyzed. Therefore the highest significant direct
influence according to the correlation obtaineet.01) on PT for the analyzed samples
presented t hehenlical ehardcteristicd fgastabitity (FH), r=0.925 and total
acidity (TA), r= 0.823. A significant negative influence on PT presented the physico
chemical characteristics original extract (OE)-0776 at a significant level gf= 0.01and
alcohol concentration (ALC), r ¥ 0.584at a significant level op = 0.05 It may be also
noticed that between physiohemical data ALC and OE it is a direct significant correlation
(r=0.648) at a levgh = 0.01, a similar one been also obtained®y d ietral(2011)[40].
From the sensorial characteristics point of view, it seems that all of the analyzed sensorial
parameters presented a highly significg®(.01) influence on PT except gas release (GR)
which presented a lower significant influence opeQ.05), between thee characteristics
(PR and GR) being the lowest correlation value of r = 0.636.
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Table 4

Pearson correlation of physicochemical and sensorial properties for the black beers samples

1d |y150 |.526°0 |£09°0 |.£28°0 |.922°0-|¥8S°0- |PZS0 | 2250 [.£92°0 |.962°0 |,£89°0 |.L¥9°0 | 9€9°0 |.228°0

S Sd |zTv'0 |.ye8'0 | ST90 |.ITL0 |.S¥9°0-|.¥¥90-|09v'0 | 9€S0 | 9TS0 |.£€2°0 |0SV'0 |92v°0 |L9¥0 | T

d9 [€£2°0 |.689°0 |FEY0 [TOV'0 |295°0- [ELE0- |9€2°0 (1820 |22S0 |EVF0 |862°0 |SETO | T

VL1 [S/4°0 |96€°0 |000°0 |20S°0 [9G¥°0- 92t'0- |E0V'0 |SES'O [L8€°0 |652°0 2880 | T

dO |g65°0 |989°0 |S8F°0 [.I29°0 [9T€0- [220°0- |SE90 [SSP'0 |SESO [L290 | T

5 0D |65£0 |.5v8°0 |T2L0 |.599°0 |ILG0- [¥8E'0- |S6£0 |20€0 |€9v'0 | T

dV |9T2'0 |..69°0 |VEE0 |.80L°0 |.£¥2°0-|98F°0- (82270 |OTFO | T

449 |.12.°0 |€8¥°0 [9T0°0- |.£8L°0 [GET°0- [TOVO- [,5¥80| T

Hd |.6e6'0 |50 |TOZ'0 |.85L°0 [¥S0°0 [€80°0- | T

OV 8000 |.¥S9°0-|L0E0- [S87°0- |.879°0 | T

30 [1.0°0 |IEL0-[ETFO- |Gv°0- | T

V1 |.1990 |.68L°0 |LE€0 T

Sd |vTzo |.29L0| T

H4 |oge0 | T

0O T
o I Jo |« w 9 |z |E | M_ o | | %_ —
O L LL [ o < o O < O o — O L o

Significant atp < 0.01", at p < 0.05

Physicechemicalproperties: CO, colour, FH, foam height, FS, foam stability, TA, total acidity,

OE, original extract, ALC, alcohol concentration, GFF, final fermentation degree.

Sensorial properties: AP, appearance, CO_S, colour, OD, odour, TA, taste, GR, gas rel&se, FS

foam stability
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Principal component analysis (PCA) shown in Figure 1 carried out on black beer samples
explain all the data variation. The first two principal components explain 71.44% of the total
variance (PC1=54.83% and PC2=16.61%). The both PCA coemp® PC1l and PC2
underline a very good correlation between physigemical characteristics CO and GFF and
between OE and ALC. Also it may be noticed a very good correlation between all the
sensorial characteristics analyzed, most of them being pladbé Hft part of the graph,
characteristics which reflect highly significant correlation coefficients. The closed
association betweesensoryand physicechemical characteristics of the beer analyzed
samples it may be noticed between CO_S, FS_S andd®watl ofp = 0.01which may be
clearly seen in the left part of the graph.

OE
°e ALC
—
O
o
PC2
Figure 1. PCA loadings of black beer properties
Conclusion

These researches proposed to obtain a new assortment of black beer, having as basic
ingredients unconventional raw materials, respecting the classical technological process of
obtaining beer. The new product is part of the category of undistilled blaclalzedolic
beverages, whose composition includes only natural ingredients: water, acorn flour,
topinambur flour, molasses, hops and yeast, without the addition of food addithees.
uniqueness of the product is mostly due to the ingredients used irathdaoturing recipe
of the finished product: the use of acorn and topinambur flour as raw materials and the
capitalization of molasses, as afmpduct of sugar production.

The producthas been conceived as a product that can be easily reproduced on an
industrial scale, from micrfactories to higkcapacity production companies, through a
simple process, in accordance with the regulations in force, respecting food safety.
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Introduction. Influence research of wheat food filg®iitacel
WF400)have beerarried ouin order to rationalize the structul
formation process of whegreamy cheeses.

Materials and Methods. Cheese whey, cream and Vitac
WF400 were the raw materials for the production of wbesamy
cheese. The technological properties of food fiber w
determined by the amount of retained fat and adsorbed w
respectively, in the infusion process and suspen
centrifugation. The yld valueand the water activity in mode
samples ofvhey-creamy cheesgtheoptimal addition amount o
Vitacel WF400the temperature and the mixing duration of 1
condensed whey have been determined.

Results and discussionThe watefretainaing capacity ir
cheese whey and fat holding capacity in cream with mas:
fraction 33 were 104.2N1.0
increase in the addition amount of Vitacel WF400 (from 1.(
4.0) and an increase in the temperature of stracformation
(from 62 to 74A § the index ofyield valueincreases from
350N1.1 Pa to 430N1.3 Pa.Ad
increasing the amount of Vitacel WF400 to 2.5 and reducinc
mixing duration to 70 min leads to a decrease in theusunof
dispersion medium and the structure coagulation of the san
of wheycreamy cheeses is dehydrated. Model samples of
above products with different amounts of Vitacel WF400 (frot
to 3) are characterized by a decrease in water activity cothg
with the control sample.ds 0.898 for the control sample.

Upon reaching a dry solids content of 66 and a correspon
decrease in the content of the liquid phase, the indgielofvalue
reaches 427 Pa. The consistency of wbreamy cheeses sampl:
turns into a plastic pastes state, in which the structure restor
is possible only under the load action, that causes irrever
deformation, which acts on the entire surface area of the
separation. )

With a further temperature increase to AZland a mixing
time to 70 min, a further structure compaction octursh e |
thickness of the liquid medium decreases, thixotropy
plasticity disappear.

Conclusions. The optimum values of the Vitacel WFA4(
amount have been justified at the levelo2 . 5 NO . 5 i
6 8 MI@&nd mixing time during structure formatiory 0 N 2
Whey-creamy cheeses with the rational addition amounts of 1
fiber are characterized by a decrease in water activity values
0.885 to 0.823.

332

b b HJkrainian Food Journal .

2020. Volume9.Issue2b b b



t t {Food Technologyt t t
Introduction

One way to process whey lmpncentrating proteins is to produce whey cheese. In
addition to the most famous ricotta cheese, whey can be used to produce brown cheese,
characteristic and famous especially in the Scandinavian counts [1

For example, Brunost is made from a mixtaewhey and cream or sour cream
( RBmme) ,T fréh) gedt wheytand Mysostfrom a mixture of milk and/or goat whey
[4-6].

The production of brown cheese is based on the moisture evaporation from whey or
milk mixture at AGndaepnepsareaf 0.8/MPa toa dry seliBisNveight
ratio of 60N2. After the fat component addi
matter under certain conditions in order to avoid uncontrolled growth of lactose crystals and,
as a result, granularity dfnished products [2]. Thehysicatichemical indicatorsof this
product are in the following ranges: moisture mass fractibn4i 28.2; fati 1.9 28.7; ashes
T 4.04.8;, pHT 5.1i15.7 [7, 8]. The above processes correspond to the parameters for
obtaining asimilar product’ whey-creamy cheese [7, 9]. The structure formation process is
complex and takes place for 90 minutes under an elevated temperature and a mixing speed
of 3i 4 r/min and requires additional researidlext, the mixture is sent to cooling, tithe
simultaneous lactose crystallization, packaging and-adieling.

The consistency ofhey-creamy cheeses characterized by rheological indicators, of
which the yield value of the product is the most sensitive to technological changes.

An indicator of water activity (@ is one of the important parameters for determining
the storage conditions of wheyeamy cheeses. Wheyeamy cheeses are food products
with average moistureyavalues are from 0.60 to 0.91 [1@cientific intereshas mhimal
ay values that are critical for certain types of microorganisms and limit their growth.

It is relevant to improve the technology of whey cheese using modern ingredients to
rationalization processes. Probably, that the addition of such componéndsl diber with
multifunctional properties in functionally significant amount will contribute to the process of
structure formation in the finished product [11, 12].

It is expedient to study Vitacel WF400 with a high moisture andid&ding capacity
for use in the technology of whegreamy cheeses. The stage of preparation and addition into
the milk base of the above food fiber, depending on their expected technological effect,
requires clarification. As a result, a change in quality indicators, inclutiexgogical ones.

The real problem is the lack of an integrated approach to solving the problems identified as
part of the review.

The aim of this work i® determine the influence @fheatfood fiber on the structure
formation process of whegreamy cheses.

Materials and methods
Materials

The objecof researchwas the technology of whegreamy cheese with food fibér
Vitacel.

Cheese whey (CWhad the following physicathemical indicators: mass fat fraction
i(0.2NO.1)i(6dBYNOoIOR2dsi (LBt OANDe®) SUDDI. P .

The cream had the following physicathemical indicators: mass fat fractidn
(33.0NO. 1)(,38.roy0 0.1 0 1d)si,( 1t7i.tOrNalk.eld) altui,diptHy 6. &
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Cream is a compound of whe&yeamy cheese, added to condensed whey during
structure formation, followed by concentration ta 80 dry solids.

The control sample was wheycreamy cheese obt&d according to the above
technology without food fiber, which had the followisgnsoryparameters: consistenty
homogeneous, plastically, soft, slightly fragile; flavor and ardmpure milk with a
pronounced caramelization flavor, salty; caldight brown, uniform throughout the mass.
Physicalchemical indicators: mass solids fractiod 3 N 2 , mass lid8t 08lé. 6 a
pHi5. 1NO. 1.

For research, model samples of wlmegamy cheese were made with the Vitacel
addition in an amount of 1.0 to 4.01].

Food fiber Vitacel WF400(manufactured by J. Rettenmaier Sohne GmbH, Germany)
has the following technological properties: watetding capacity and fat absorption (per 1
g of product) 11 g and 6 g, respectively. Water activity is fixed at0.4d,ap H i s ( 6. 5N
The bul k mass of 3ViAweredge ssid0N . &f gdamf i be
total amount of food fi beir(7i2s ON28 .00 N0 .h®)mi c
(25.5N1.i®).,5NI0i. dni rFor tateocemical maicators areffatiows: n d i
mass fat fractioi ( 0. 2 NO . 0i2()0,. 4pN0o.t0e6i)n, moi sture, not n
than 3. According to the manufacturer, Vitacel WF400 has the following microbiological
indicators: QMAFANM (CFO in 0.1 ¢g) 5 T 1, fold (CFO in 0.1 g) not more than 50,
pesticides and fungicidés< 0.002 mg/kg. Pathogenic microorganisms (salmonella), in 25 g
of FF, aflatoxins, Coliform bacterias in 0.1 g were not found. The energy value in 100 g of
Vitacel WF400 is 0.09 kad [13].

Methods

Fat-holding and water-retaining capacities of Vitacel WF400At the first stage of
experimental reseaclthe wateretaining (WRC) and the fdtolding (FHC) capacities of
food fiber have been investigated.

Fatholding andwaterretainingcapacities of Vitacel WF40@/ere determined by the
amount of retained fat and adsorbed water, respectively, in theioimfgsocess and
suspension centrifugatioifhe process was carried out at a temperature @ 88 cream
and whey.

Fatholding capacity was calculated by the formula, in:

FHC=1 QU0 /m (1)

whereal is the supernatant mass, g

¢ is the mass of added liquid, g

m1 is the sample mass, g [14].

The method for determining WRC of food fiber is similar to FHC, but the process takes
place in cheese whey.

Obtaining process of wheycreamy cheesesThe candensation process of whey was
carried out to a mass solids fraction in the mixiufe6 0 N2 ) , in a | aborato
the vacuum evaporation conditions in circulatigge apparatuses were simulated.

The structure formation process was carried oat @mperature of 65.00.0A Gn a
container with mechanical mixing of condensed whey and cream with mass fat fraction
(33N1) in the ammuixing speed fvasi@ t/milliold 8mei 9 OTkhle mi n .
Whey-creamy cheese was cooled at a rate dflé4 ( to a temperature of 28 Gor 3i 4
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hours and packaged in hermetic container.
Then the whexcreamy cheese was kept for 12 hours at a temperaturé 6 MClIn
this case, the structure formation process occurs due to the growth of tagstaks, fat and
the swelling of whey proteins. Next, the finished product was stored at a temperatiBe of 2
A @nd changes in quality indicators were analyzed.

Yield value of model wheycreamy cheese sample$heyield valueof model whey
creamy cheessamples was determined on UlalB3BM penetrometer (5 s exposure time, in
identical containers using measuring cone W
The principle of the penetrometer operation is based on measuring the depth of the
needle (cone) immersion the sample at a certain test temperature and load for a certain
time. The value is fixed in penetration units.
Sample preparation is carried out as follows: container filling with a pallet; prepressing
for 180 s; thermostat control by temperature cordelice to the set temperature; device
preparation for measurements: put a predetermined indenter and install an additional load;
taking penetration measurements using a con
Data experimental computing was ihed out as follows:
1. Calculate the average value of the maximum immersion depth of the indenter in the
product according to the formula:

hiye= (he + he + h3)/3, m 2
2. Determine the error in investigation the value of h:
o =[(hyd h)hyk A 100, % (3)
3. Calculate theield valuetaking into account the proportionality coefficients:

F
Mt

Determine the optimal amount of Vitacel WF400 food fiber To determine the
optimal amount of Vitacel WF400 food fiber, modeling method based on Wisarplan
was used [9].

The temperature and thaxing duration of the condensed whey with dry solids weight
ratio 60N2 during structur e -cfeammyncheeseote i n
mathematical modeling method was applied using the WiBsmn plan on a cube. The
method is specific samples froa complete factorial experiment of type 3k, wherdkthe
factors number, 3 is the levels number at which each variable varies. These plans do not
have simple generators and have a complex interrelationship. However, they allow to carry
out researchvith the least of time and resources expenditure.

Experiment planning matrix. In the preparation of the test samples, the amount of
Vitacel food fiber (%), the temperature of structure formation)>and the mixing duration
(X4) during structure formath were varied according to experiment plan presented in Table
1. Factor variation levels are givenTiable 2.
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Table 1
Experiment planning matrix by the Wilson-Box method on the cube
Independent variables
(coded values)
N Mixing Temperature of Vitacel Yield val
duration, min structure . amount, (Y1)
format.i
(% ( ¥ (%
1 + 90 + 74 + 4 430,00
2 - 50 + 74 + 4 410,00
3 + 90 - 62 + 4 420,00
4 - 50 - 62 + 4 390,00
5 + 90 + 74 - 1 400,00
6 - 50 + 74 - 1 390,00
7 + 90 - 62 - 1 380,00
8 - 50 - 62 - 1 370,00
9 + 90 0 68 0 25 400,75
10 - 50 0 68 0 25 390,00
11 0 70 + 74 0 25 400,75
12 0 70 - 62 0 25 390,00
13 0 70 0 68 + 4 400,00
14 0 70 0 68 - 1 350,00
15 0 70 0 68 0 25 370,50
Table 2
Factor variation levels
. Factor variation levels
. . Units
Factor Designation upper Zero lower
measure " ) —
Mlxmg(dlérr;\tmn M m o 90 70 50
Temperature of
structure formatior M2 Uwu 74 68 62
®
Vitacel WF400 M % 4 25 1
amount

According to the researalesults, the regression equation coefficients were calculated,
the significance analysis of which was dete
essence is the decomposition of total dispersion of statistical complex into its constituent
elemers. Their next assessment makes it possible to determine the change proportion of the
effective sign from the factor signs action, that is, to narrow the research scope. This confirms
the adequacy of the obtained equations. To determine the functionatidape, which most
accurately reproduces the change in indicators, an approximation confidence coefficient (R2)
of each function was found [9]. The results accuracy is ensured byfilgegmes
repeatability of the experiments.
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Water activity of model whey-creamy cheese samples

Determination of water activity of model wheyeamy cheese samples (control sample)
and with food fiber was carried out on a Rotronic instrument modified by Hygro Palm AW
(manufacturer Rotronic AG (Switzerland). The measuremamge is as follows: 1A a,
sample temperaturé 50A C  ac c ur @ c yNORNTbEe watkractivity analyzer consists
of an instrument unit, HGAW station, a case for transportation and storage, calibration
solutions, plastic cups for samples. Ttgeration principle of the analyzer is to use a
dielectric moisture sensor to determine the water activity. Between the two porous electrodes
of sealed chamber, a porous polymer is placed. The electrical properties of the polymer vary
with the relative mature in the chamber. The electrodes give a signal based on relative
moisture in a closed chamber. This signal is converted by software and displayed on the
screen as a value of water activity. The measurement cycle lasts from 3 to 5 minutes. In
balanced tate the relative moisture in the chamber is equal to the water activity in the test
sample. The value of water activity is determined to the third decimal place [13].

Results and discussion
Rational addition amount of Vitacel WF400 to wheycreamy cheeses

Waterretainaing capacity of Vitacel WF400 cheese whey and fat holding capacity
in cream with mass f at fraction 33% have
82.0N0O.5, respectively.

In order to reduce the technologiccycle (process) duration of structure formation
according to the classical technology, it is 90 min, and obtaining ‘\ste&my cheese of
appropriate quality with FF, experimental data were processed. In addition, it is necessary to
prevent the dissolun of the formed lactose crystals in the finished product, to ensure the
required quality.

The process of lactose crystallization in the whesamy cheese production is carried
out during the operation of structure formation. In this case, the crygtalarsl number can
be regulated using several technological methods [15]: supersaturation degree of the aqueous
lactose solution, cooling rate, mechanical mixing, seed addition [2, 16].

The optimal addition amount of Vitacel WF400 in whagamy cheeses fideen
found, which ensures the maximum realization of the technological potential of food fiber to
obtain a product with quality indicators as closely to control sample as possible.

The determinatoin ofield valueat the penetrometer confirms the effect of Vitacel
WF400 on the rheological parameters of witesamy cheeses with FF. The restrictive factor
for adding the maximum amount of wheat fiber is the @ampaction of finished product.

The graphs (response sarés) illustrating the influence of the Vitacel WF400 amount,
the temperature of structure formation and the mixing duration on the ingletdb¥alueof
the product are presentedrigurel.
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Figure 1. Response surfaces and mathematical models of the influence on the indeyield
value of whey-creamy cheeses from:
a—the mixing duration and the temperature of structure formation;
b —the Vitacel WF400 amount and the mixing duration;
¢ —the Vitacel WF400 amount and the temperature of structure formation
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Figure 1 (Continue). Response surfaces and mathematical models of the influence on the index
of yield value of whey-creamy cheeses from:
a—the mixing duration and the temperature of structure formation;
b —the Vitacel WF400 amount and the mixing duration;
¢ —the Vitacel WF400 amount and the temperature of structure formation

According to the visualized data, with an increase in the addition amount of Vitacel
WF400 (from 1.0 to 4.0) and an increase in the temperature of structure formation (from 62
to 74 AT, the inde& of yield valuei ncreases from 350N1.1 Pa
experimental data correlate with the corresponding quality indicators for-evieam
cheeses without food fiber, obtained by the classical technology [2, 7].

The Vitacel WF400 addition promotése new bonds formation in the structure of
whey-creamy cheese. It is a multicomponent system, the basis of which consists of
interwoven chains of unfolded denatured whey protein molecules. This net covers and
deprives the fluidity system and holds thetdse crystals in a suspended state, which
prevents their sedimentation [17]. Water molecules and other components of the concentrate
are somehow connected with the skeleton [18].

The dependence of tyeeld valuefrom the addition amount of Vitacel WF4Q0whey
creamy cheeses obtained at a formation temperature of 62, 68 @a@ifdl the mixing
duration for 50, 70 and 90 minutes has been established. It has proved that the above indicator
increases to 430KN1.3 Pa wi tsinvasely related toghea s e a |

b b HJkrainian Food Journal. 2020. Volume9.Issue2b b b 339



t t tFood Technologyt t t

penetration degree. An increase in the FF amount from 3.5 to 4.0 almost does not change the
yield value but leads to a deterioration in teensorycharacteristics of the finished product.

Influence of temperature and duration of structure formation process on the
consistency of wheycreamy cheeses

At the beginning of structure formation, the coagulation structure prevails in all samples
due to thevVan-derwaals adhesive power between colloidal particles and dispersed phase
moleculesi dry solids (proteins, fats, carbohydrates) of wleyamy cheeses through
moisture layers of the dispersion mediiimwhey [19]. In this case, the mat thickness
correponds to the minimum free energy of the system. This cheese structure keeps stable as
long as the the molecules fragments are firmly bound to the particles surface of the dispersed
phase and are able to dissolving without bond loss with them in the ibspersdium [20].

At this stage of the process, the coagulation structure of \etemmy cheeses is able to
thixotropy [21]. The Vitacel WF400 addition change the structural and mechanical
characteristics of whegreamy cheeses.

The temperature raising t@@\ Cincreasing the Vitacel WF400 amount to 2.5 and
reducing the mixing time to 70 min leads to a decrease in the amount of dispersion medium
(free moisture in whey). The coagulation structure of cheese samples is dehydiatid
strength increases, @rafter a certain limit they stop to be revetisixotropic. Samples in
this state acquire a visqaastic structure. Independent structure reconstruction in them is
preserved, while the spatial skeleton is destroyed without violating the integrity [22].

Upon reaching a dry solids content of 66 and a corresponding decrease in the content
of the liquid phase, the index pield valuereaches 427 Pa. The consistency of wheamy
cheeses samples turns into a plastic pastes state, in which the structraorssopossible
only under the load action, that causes irreversible deformation, which acts on the entire
surface area of the phase separation [2].

With a further temperature increase to A4and a mixing time to 70 min, a further
structure compactioroccursi t h e |l ayersd thickness of t he
thixotropy and plasticity disappear [20, 21].

Further process continuation of structure formation to 90 min leads to biochemical
phase transformations dfy solidsin wheycreamy cheeses byglomeration or growing
toget her . The samplesd6 structure acquires e
which is not characteristic for the consistency of such products [22].

So, wheycreamy cheeses are among systems wiik@usplastic consistency with a
controlled yield value. Probably, the indicator change is associated with the technological
abilities of wheat fiber for water retention and fat absorption.

Regression analysis of the experimental data carried out Btatistica 10.0 program
made it possible to obtain analytical dependences which reflect the factors influence on the
response function in the form of a polynomial equation of the second degree.

Coefficient values of the polynomial equations are presentédjure 1. Coefficients
in which p <0.05 are significant, namely are not equal to zero with a probability of more than
95%. High values of the determination coefficient§ ®nfirm the adequacy of models with
experimental data.

It has been establisheldat it is possible to obtain whe&yeamy cheeses with the same
value ofyield valueat different temperatures and mixing duration. However, the process
prolongation to 90 min at a lower temperature of6@s irrational and energgonsuming.

The Vitacel WF400 addition in an amount of2 sufficiently intensifies the process of
structure formation. The obtained mathematical model allows to control the structure
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rheological parameters depending on the temperature of structure formation and the mixing
duratim.

Analysis of the obtained dependencies allows to justify the optimal values of Vitacel
WF400 amount (X i 2i 3, the temperature X a t A gadid\tide mixing duration (X
during structure formation7 0 N2 mi n .

The obtained regressioequations (mathematical models) can be used in practical
purposes for the operational management of the structure formation process by combination
of condensed milk whey, cream and food fiber with further concentration.

Determination of water activity in whey-creamy cheeses with Vitacel WF400

The determining results of the water activity in witegamy cheeses with different
Vitacel WF400 amounts are presentedrigure2.
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Figure 2. Water activity of whey-creamy cheeses with different Vitacel WF400

Data analysisKigure 2) showed that whegreamy cheeses with different amounts
(from 2 to 3) of Vitacel WF400 are characterized by a decrease in water activity compared
with the control sample. This is due to the technology ability ofvéterretainaingcapacity
and fat absorption by food fiber. The indexranged from 0.885 to 0.823 in all samples of
whey-creamy cheeses with FF. For the control samplés 8.898. Microorganism growth
and hydrolytic chemical reactions will be somewhat slowed down at such values.

An analysis of priori information [23, 24] and the obtained results allow to suggest that
food fiber addition in the above amounts in the stngcfarmation process leads to decrease
of water activity rate in whegreamy cheeses. This confirms its transition from free to bound
state.
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By determining the water activity it is possible to confirm the Vitacel WF400 effect
on the storage parametafswhey-creamy cheeses with food fiber at standard temperatures
216 Ad

A limitation for the practical realization of research results is the reconcilability of food
fiber with a milk base at theensorylevel.

The prospects for further research are eglato the selection of other vegetable
components with similar properties for solving technological problems in the-gveayny
cheese production.

Conclusions

1. Vitacel WF400 effect, which has a complex of technological properties, on the
rationalization of structure formation process in wicegam cheeses with food fiber
has been confirmed. The optimum values of the Vitacel WF400 amount have been
justified attheleved f 2. 5 N O . 51,6 8tieX@mg mixing time duging structure
formationi 70 N2 mi n.

2. Data reduction process allows to obtain analytical correspondence in the form of
regression equations to calculate the amount effect of the Vitafel WF400, the
temperatre of structure formation, and the mixing duration on the yield value.

3. Wheycreamy cheeses with the Vitacel WF400
aw (from 0.885 to 0.823), which provides growth inhibition of vegetative bacteria forms,
partly yeast and creates unfavorable conditions for the development of spore forms of
bacteria and mold fungi.
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Introduction. This study was aimed to develand
characterizea biodegradable time temperature indicator (T
film by incorporating red beetrooBéta vulgarisL.) extract,
which is rich in betalain pigments, into alginate (A) / polyvir
alcohol (PVA) blend film

Materials and methods The alginatePVA blends
(APVA) were prepared by mixing the 1% PVA and 3%
solutionsat different A:PVA (v/v) ratios (2:3, 1:1, 3:2). TT
films were obtained by addition of ascorbic acid and
beetroot extract to APVA blends and adjusting the pH to
by adding 2M NaOH. The filmsvere produced by castin
techniqueThe pure A, pure PVA, APVA and TTI films wer
characterized by usingourier transform infrared (FIR)
spectroscopy, thermogravimetric analysis (TGA), ¢
scanning electron microscopy (SEWHe mechanica
properties ofthe films were established through stress/sti
tests. The CIE L*a*b* color parameters @ffl film were
obtained during seven days of storage at 4, 25, 40 aAd®(

Results and discussionincreasing the concentration «
A provided an increase in elastiodulus, tensile strength ar
elongation at break (%) of APVA and TTI filmBETI(3:2) film
had better film flexibility compared to A, APVA, TTI(1:1) an
TTI(2:3) films. The ratio of A to PVA in blend films did nc
create a significant effect on TGA thergrams.Higher A
proportion in TTI films decreased the phase separa
observed in SEM images. The intensity of HDstretching
band clearly increased in TTI films compared to other fil
TTI (3:2)film stored at 4A @id not undergo color change f
7 days, whereas the color of TTI stored at higher temperat
changed gradually during storage depending on the stc
temperature. The changes in b* parameters and hue .
values were more pronounced; and generally b* and hue :
values of the samplesosed above 4A Gtarted to increas:
significantly beginning of the first day.

Conclusions.The developed TTfilm has a potential tc
monitor the quality changes of the foods, which are improp
stored but normally must be refrigerated, through c
charges.
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Abbreviations
A: Alginate PVA: Polyvinyl Alcohol
APVA: Alginate-PVA blend SEM: Scanning Electron Microscop
E: Elasticity Modulus TGA: Thermogravimetric Analysis
EB: Elongation at Break TS: Tensile Strengt

FT-IR: Fourier Transform Infrared Spectrosco TTI: Time Temperature Indicator
G: Glycerol

Introduction

Traditional food packaging materials provide protection from environmental influences,
contribute to the extended shéfe, encourage consumers to purchase the product and have
convenienceattributes such as ease of access, handling [1]. Extensive research has been
carried out for the development of food packaging materials and many successful innovations
have been implemented for meeting and exceeding customers' demands and expectations [2,
3]. Intelligent packaging which carries information by sensing environment is one of the most
popular innovative packaging systems [4]. Intelligent packaging is a system which enhances
food safety by informing consumer about quality of the packed food hesd extra
characteristics such as detection, sensation, recording, tracing and communication [5]. It is
known that the shelf life of the food depends on the internal structure of food and outside
factors including temperature, relative humidity and oetsigas composition [6].
Temperature which designates kinetics of physical, chemical and microbial deterioration is
an important environmental factofime temperature indicators (TTI¢hat record and
observe temperature effect on food quality from productd consumption, are an easy to
use and an impressive intelligent packaging systemI[Vls that confirm consumers with
color indicators representing food quality are generally part of the food package [8].
Commercial TTIs have variable working mechamésbased on some mechanical, chemical,
enzymatic or microbiological processes [4, 7]. Pennanen et al. [9] stated that much work is
still needed to enable TTIs to gain a wider acceptance by the consumers.

Natural pigments that assist tracking food qualitthwolor change can be used in active
or intelligent packaging systems as an indicator of food deterioratiorlJ[LOThe
employment of natural pigments in indicators is advantageous, since such indicators do not
have chemical effect on the packaged foddcouple of studies showed that some natural
pigments derived from plants have significant potential as being time temperature indicators
in intelligent packaging systems [Fl4]. Nofrida et al. [14] used natural dyes of erpa leaves
(Aerva sanguinolenjan the development of a TTI film and recorded that the color of film
changed from red to yellow at less than one day at room temperature and in 2 hodr<at 40
Maciel et al. [16] developed a TTI system by coating a cardpaper with chitosan suspension
containing anthocyanin pigment as color indicator. The color of this TTI system changed
irreversibly from violet to yellow when exposed to temperatures ranging from 40A0C70
for 72 hours due to thermal degradation of anthocyanins. Betalains are alsocatarmnp
group of plant derived natural pigments. The color of betalains may change depending on
temperature, pH, oxygen, enzyme and light [17]. Red beetBaté (vulgarid..) is the most
important betalain source used to colorize foods [18]. As a restliéohal degradation, red
color of pigment decreases, and finally brown pigment is formed [19].

Natural biopolymers have been used for the development of indicator films in intelligent
packaging applications. In the literature there are several repopslpmerbased time
temperature indicatofilms. Nofrida et al. [14] obtained a TTI film using chitos&VA
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blend.Maciel et al. [15] designed temperature indicator cardpaper films coated with chitosan
polymer incorporated with anthocyanins. Pereira ef28l] developed a time temperature
indicator film based on PVA/chitosaAlthough several natural polymers have been used to
prepare smart packaging with several types of pigments, to date betanin containing-alginate
PVA films have not been studied. Algieaand PVA are interesting polymers for the
development of intelligent packaging since the film formed by blending them has greater
mechanical properties and better cost performance, besides allows the incorporation of
substances with specific propertied [22].

The aim of this study was to develop a time temperature indicator film based on alginate,
PVA and natural betalain pigments extracted from red beetroot. The films were evaluated for
chemical structure, and their morphological, mechanical and thproperties usingT-IR,

SEM and TGA. Evaluation of TTI film as a colodicator was performed during seven days
of storage at 4, 25, 40 and B0C

Materials and methods

Materials

The fresh red beeBgta vulgarid_.) plants were obtained from thecal market (Ordu,
Turkey) and stored at A Quntil extraction. Sodium alginate and polyvinyl alcohol (PVA,
Mw =89,00098,000, 99+% hydrolyzed),-ascorbic acid and glycerol were purchased from
SigmaAldrich (St. Louis, MO, USA), and other reagents weframalytical grade.

Preparation of red beetroot extract

Red beetrootsBeta vulgarisL.) were washed, hargeeled and cut into small pieces.
100 g of the grinded beet root was homogenize®da ml of distilled water at room
temperature using a homogegrizThen, it was filtered and centrifuged at 4000 rpm for 10
minutes. The obtained solution was diluted with distilled water to obtain a solution volume
of 1L. The preparation of indicator film solution was performed immediately after obtaining
red beetrobextract.

Preparation of the films

1% PVA solution was obtained by completely dissolving 1.01 g of PVA powder in 100
ml of distilled water on a magnetic stirrer at89A CTo prepare the 3% alginate (A) film
solution, 3.1 g of alginate walissolved in 100 ml of distilled water under magnetic stirring
at 7075 A @23]. The alginatePVA blends (APVA) were prepared by mixing the 1% PVA
and 3% A solutions in the proportions given in Table 1. PVA, atorit and biodegradable
synthetic polymerwas added in order to improve the mechanical features of the alginate
film. To see the effect of glycerol as plasticizer, 1 ml of glycerol was added to 100 ml of each
film forming solution as presented in Table 1. All film forming solutions were keptrunde
stirring at 300rpm at room temperature for 24 hours to obtain homogenized solution. Time
temperature indicator (TTI) film forming solutions were prepared with the addition of 1 ml
glycerol, 0.5 g ascorbic acid and 10 ml of red beetroot extract to 160th@ homogenized
APVA solutions (Table 1). Then, the final pH of the TTI solutions were adjusted to 9.5 using
2 M NaOH. The casting technique was used for the preparation of films. The solutions (12
g) were spread evenly over Petri dishes (60 mm diajreatdrdried in vacuum oven (50mbar,
Memmert VO 500, Germany) at F0Gor 3 hours. The dry films were peeled off from the
surface of plate and used for the further analyses.
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Table 1
Composition of the film forming solutions
Films A (3%) / PVA(1%) Glycerol Ascorbic acid and
ratio (v/v) red beet root extract
A 1/0 - -
PVA 0/1 - -
A-G 1/0 + -
PVA-G 0/1 + -
APVA(1:1) 1/1 - -
APVA(3:2) 3/2 - -
APVA(2:3) 2/3 - -
APVA(1:1)-G 1/1 + -
APVA(3:2)-G 3/2 + -
APVA(2:3)-G 2/3 + -
TTI(1:1) 1/1 + +
TTI(3:2) 3/2 + +
TTI(2:3) 2/3 + +

Determination of mechanical properties

The dried films were cut into strips (10mm x 50 mm) and conditioned for 48 hours at 25
A Qn a desiccator containing oveaturated solution of magnesium nitrate (50% relative
humidity) prior to measurement of mechanical properties [24]. The thickness of the film
strips was measured at five random positions using a digital caliper (fdplsaMannheim,
Germany; 0.001 mm sensitivity) and the average thickness was used for the tensile tests. The
tensile test was performed using a texture analyzing instrument (Texture Analyzer
TA.XT.plus (Stable Micro System, England) equipped with miniatursileeigrips probe at
room temperature. Test method ASTM D170IBwas used to measure the tensile properties
of the films [25]. The crosshead speed was 1 mm/s. Tensile strength (MPa) was calculated
by dividing the maximum load at break by the cresstionalarea of the film. Percent
elongation at break was determined by dividing the length extended at the moment of rupture
by the initial length of the film strip and multiplying by 100. Elasticity modulus (N¥fnm
was also calculated from the slope of theiahilinear region of the stresdrain curve. At
least 6 specimens for each film type were tested.

Thermogravimetric analysis (TGA)

Thermogravimetric analyses (Labsys Evo, Setaram Instrumentation, Caluire, France)
were carried out in nitrogen atmospherith a sample mass of approximately 9 mg at heating
rat e ACImiin@ temperature range of-B0D0A C

Fourier transform infrared spectroscopy (FT-IR)

Fouriertransform infrared (FAIR) spectroscopy{51] was conducted by using IR
Affinity -1 Speatometer (Shimadzu Corporation, Kyoto, Japan) in the wave number range
from 4000 to 600 crhat 4.0 cnt resolution with 64 scans. Data analysis of each film was
performed with Peak Fit (Version 4.12) program. For each replicate two measurements were
taken.
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Scanning electron microscopy (SEM)

SEM analysis was performed to examine the microstructure of.fBEM analysis was
carried out using JSM400 Electron Microscope (JEOL Ltd, Tokyo, Japan) equipped with
NORAN System 6 Xay Microanalysis System. Prior to examination, samples were sputter
coated with goldpalladium to render them electrically conduetivy using Sputter Coater
Device (Polaron Range, East Sussex, England).

Colorimetric characterization of TTI film

The TTI (3:2) film was used in the color analysis since it had higher percent elongation
at break compared to other TTI films. The TTI (3ffms were conditioned at different
temperatures (4, 25, 40 and AQCfor seven days. The CIE L*a*b* color parameters of TTI
(3:2) films were measured (Minolta Chromameter-@R, Osaka, Japan) immediately after
being dried and on each day during sedays of storage. Five readings at different locations
of the films were measured to obtain a mean value. The hue angle values were calculated by
using the following equations [26].

D6 QO OOMsFD: h Q¢ 1 dvzh @2
V6 QO QOMFN?Z ocoem Qi HZh @z

Statistical analysis

Data were expressed as means N standard d
usingMinitab 17 Di fferences were considered to be

Results and discussion
Mechanical properties

Elasticity modulus (E), tensile strength (TS) and the elongation at break (EB) of the films
were determined from the typical curves obtained through the tensile tests and summarized
in Table 2.

Alginate film had E of 3376.0, TS of 49.63 MPa and EB of %7Righ E andow EB
values mean that pure alginate film tends to be brittle. These results are consistent with the
findings of ¢ ay k ar Russa etdil. [BBEmiyrkair a[ 2Ih]d &redni r
determined the elongation at break value of pure algifi®o w/v) as 6.5%lhe aldition of
PVA to the alginate increased the E by-0326% and TS by 1:%0.6. It can be seen that the
stretch ability of the alginate film did not develop with the addition of PVA at 1:1 and 3:2
alginate/ PVA ratios. However, diion of PVA at the highest level (APVA (2:3)) provided
23.9% increase in EB of alginate (A) film. Similarly, Russo et al. [23] reported that the
addition of PVA to alginate in a ratio of 1:1 did not provide a noticeable increase in strain at
break. Compaed to pure PVA film, the APVA blend films had higher E, TS and lower EB
values as expected. The addition of glycerol to A, PVA and APVA blend films provided
remarkable effects on the mechanical properties of films. TS and E of the films decreased
significantly while EB values increased. With addition of glycerol, EB values of A, PVA and
APVA films increased 9.3, 2.1 and 811.4 times, respectively. The E and TS of APVA
blend films decreased from 2918:2870.0 to 26.420.26 and from 50.394.91 to 1.94
3.08, respectively while the EB values increased from-8.88% to 47.2450.25%. This
indicates that addition of glycerol made films more ductile. The #/flm was the most
stretchable film with EB of 223.35%. Increase in the stretch ability of filmis kigher EB
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and lower TS values with the addition of plasticizers has been reported in previous studies
evaluating the effect of plasticizers on mechanical properties of films [23, 27, 28]. Plasticizers
promote the formation of hydrogen bonds between iplasts and the polymeric material

and weaken the intermolecular forces of attraction in polymer which reduces the tensile
strength and improves the flexibility of film by increasing molecular mobility of polymers
[22, 27, 28].

Table 2
Elasticity modulus (E), tensile strength (TS) and the elongation at break (EB)
for the films
Films Elasticity modulus Tensile strength | Elongation at break
(N/mm? (MPa) (%)

A 3376.00N3 49.63N2 4.72N1.
PVA 466. 40N6 22.97N3 105. 64N1
A-G 126. 43N2 12.55N1 43.91N4
PVA-G 4. 43NO. 4.31N0. 223.35N4
APVA(2:3) 2918.20N3 50.39N4 5. 85N0.
APVA(1:1) 3201.00N5 54.91KN0 4.32N2.
APVA(3:2) 3370.00N3 53.93N1 4.74N0.
APVA(2:3)-G 26. 42N4 1. 94N0. 47.27N3|
APVA(1:1)-G 31.23N5. 2. 24N0. 49. 44KN2 |
APVA(3:2)-G 40. 26N6. 3.08N0O. 50. 25N2.
TTI(2:3) 4. 41NO. 0. 71N0. 24.38N1.
TTI(1:1) 6. 45N0. 1. 36N0. 30.32N3.
TTI(3:2) 6. 32N1. 1.57N0. 51. 71N3.

TTI films contain also ascorbic acid and red beet root extract unlike ABM#mMSs.
With the addition of these components, the E of AP8Ailms reduced by 786%. In
addition, when compared to APV& films, the tensile strength values of TTI films have
also decreased. This suggests the emergence of some intermolecular interactions with the
addition of ascorbic acid and beetroot extract. The EB values of APVA-@:8hd
APVA(1:1)-G films decreased by 48.4% and 38.7% whereas the EB of APVA@fiBn
stayed nearly constant. For both APVA and TTI blend films, increasing concentration of
alginate provided an increase in E, TS and EB values of the films. TTI (1:1) and TTI(3:2)
films had 22.730.2%, 50.664.8% and 19:62.9% higher E, TS and EB values compdced
TTI(2:3) film. This means that the higher alginate proportion improved the handling
properties of TTI film. The TTI(3:2) film had better film flexibility compared to all other
films except PVA film with or without glycerol.

Thermogravimetric analysis

The TGA curves of pure A and PVA and the blends were shown in Figures 1 and 2. The
initial, final degradation temperatures and mass loss (%) were determined from TGA and
DTG (differential gravimetric analysis) curves. The recorded thermogravimetridpiatt
samples showed three mass loss regions. The first mass loss which begin ar@28#d Q6
was 13 and 26% for PVA and A, respectively. The first loss is ascribed to the removal of
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adsorbed water from the polymer matrix [29, 30]. Some authors ated $ket the initial

mass loss of PVA may also be associated with the splitting or volatilization of small
mol ecules [31, 32]. Higher percent of mass
to retain high amounts of water. Comparing to pur@ml PVA, initial decomposition
temperature of APVA and TTI blends started at higher temperatures@Land the mass

loss of blends ranged between22% which were close to that of pure A. There was no clear
difference between the blend films.

100
80 -
<
S 60
0w
w0
2
2 40
=y
=
20 -
0 100 200 300 400 500 600 700 800

Temperature (°C)

Figure 1. The TGA thermograms of PVA (a), A (b), APVA(1:1) (c), APVA(2:3) (d) and
APVA(3:2)(e) samples
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Figure 2. The TGA thermograms of TTI(3:2) (a), TTI(1:1) (b) and TTI(2:3)(c) samples
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All the samples showed a more significant mass loss isgbend decomposition step.
In this stage, the mass loss of pure A and PVA started at similar temperatures (aldogit 185
implying that the thermal stability of pure PVA and A are almost the same [21]. PVA showed
a high mass loss (57%) occurring at a terapge region of 185 to 408 CThis result is in
coincidence with literature [291]. Ahad et al. [29] reported that the mass loss of PVA
occurring in the range of 178 to 368@vas about 45%. The reason of the higher mass loss
of PVA in second stage wastributed to the degradation of the side chairHDand the
bond scission in the polymeric backbone by some authors [283]3Pure A and APVA
blends showed similar mass loss values38%) which were lower than the mass loss (45
46%) of TTI blends. Irthis step, the start of mass loss raised to higher temperatures (193
197 A Tfor APVA blends when compared to pure A or PVA which reveals that the APVA
bl ends have higher ther mal stability. tayksea
of pure PVAand sodium alginate started at around 23While that of PVA/sodium alginate
blends started at higher temperatures due to some specific intermolecular interactions
between them. For the TTI blends, however, the initial degradation temperature in tite seco
step decreased below those of pure A and PVA. The mass loss which corresponds to this
stage was also higher (about 46%) than pure A and APVA blends. This reveals that the
addition of glycerol, ascorbic acid and beet root extract to APVA blends rthe¢hermal
stability. The ratio of A to PVA in blend films did not create a significant effect on TGA
thermograms. PVA showed approximately 11% mass loss between 410 ahdd8ich is
associated with the decomposition of the main polymer chain [291i3®is stage thermal
decomposition of alginate started at higher temperature (368ebmpared to PVA. APVA
and TTI blends exhibited enhancement in thermal stability. For TTI blends, the thermal
degradation temperature was shifted toward higher teahpes with increasing A content.
However, the percent mass loss of APVA or TTI blends did not affected by the ratio of A to
PVA.

FT-IR analysis

FT-IR spectra of A, PVA, APVA and TTI blend polymer matrix studied in the range
4000600 cm' were presenteith Figure 3. For all films, the large bands observed in the range
of 30063700 cm' are attributed stretching vibrations of i from the intramolecular and
intermolecular hydrogen bonds [36]. The FFIR spectra of PVA shows a band between
29002940 cmt' indicating the stretching iG from alkyl groups [34, 37], a band between
1327- 1421 cmt indicating bending and wagging of Gkibrations [35], a band at 1083 cm
1 i ndi-© stretchimgg[35C38]. According to literature, the 1141*dvand is sensite
to crystalline parts of the PVA chain [39]. In the-FR spectrum of alginate, the peaks at
2926, 1597, 1409 and 1300 érwere assigned to aliphatid 8 stretching, antisymmetric
COO stretching, symmetric COGtretching and skeletal vibrations, respively [36, 40,

41]. The sodium alginate spectrum also shows a band at 1029etated to stretching
vibration of the GO-C bond [36, 42]. APVA blend films display an H#R spectrum that is

very similar to alginate. Compared to pure PVA, tlieHGtretdhing band of APVA blend

films became wider and shifted to lower frequency which may be related with the formation
of intermolecular hydrogen bonding between PVA and alginate. The intensity léf O
stretching band clearly increased in TTI films comparedtterofiims. In addition, the
aliphatic G H stretching, the antisymmetric and symmetric CGigetching and the O-C
stretching vibration band intensities were also clearly higher in TTI films compared to
alginate film. In TTI films, a band is appeared 1416 cm' probably originated from
stretching vibrations of C=C bonds of ascorbic acid [43].
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Figure 3. FTIR spectra of films
SEM analysis

The SEM micrographs of the surface and cross section of pure PVA and A films were
shown in Figure 4.

352 b b HJkrainian Food Journal . 2020. Volume9.lIssue2b b b



t t {Food Technologyt t t

C d

Figure 4. The sufface (250x) (a ,b) and the cross section (3000x) (c, d)
SEM images of A and PVA films

PVA and A films had smooth
homogeneous and continuous structure:
seen from the figure. However, there w
a uniform surface roughness observed
APVA (3:2)-G blend film (Figure 5). The
surface of the film had no visible crack b
had some bulges. Thaossible reason i
that the blend film exhibited phas
separation. This is also consistent w
several previous studies involving PV
and alginate. Phase separation v
observed in sodium alginate/PVA blet
membranes by Yeom and Lee [44] a ==

PVA-alginateester based membranes Figyre 5. The SEM image of APVA(3:2)G film
Amri et al.[45]. (3000x)
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Figure 6 presents the SEM micrographs of the surface and cross section of TTI blend
films. The appearance of the TTI films were similar to that of APVA{&3lend film. The
surface of the TTI films were flat without any crack but had many small ord&zge bulges.

It may be observed from the figure that the phase separation is more significant in the
TTI(2:3) film which contains higher amount of PVA in its formulation. Yeom and Lee [44]
stated that the continuous matrix in sodium alginate/PVA blendhbreras was composed
mainly of sodium alginate while PVA formed the separated domains. This explains the larger
size of separated domains in TTI(2:3) films. The mechanical properties of the film are
affected by the uniform distribution of the polymers ie thatrix. This result is consistent

with the results of mechanical properties of the films. This means that the higher alginate
proportion in TTI blend films decreased the phase separation and improved the handling
properties of TTI film.

Figure 6. The surface (100x) (a, b, ¢) and the cross section (3000x) (d, e, f) SEM images of
TTI(1:1), TTI(2:3) and TTI(3:2) films

Colourimetric characterization of TTI film

TTI film developed in this study contains water extract of red beetroot asicdicator.
Red beet root extract contains a group of watduble pigments called betalains [18].
Betalains are classified into two major structural groups of pigments: betacyanimi{etd
and betaxanthins (yellowrange) [46]. The pH affects theolorimetric parameters of
betalains and the stability of betalain pigments during storage [47]. The pH of TTI film
forming solution was adjusted to 9.5 in order to be able to obtain the desired color change at
the studied temperatures. The average valfigseadnitial CIE L* a*, b* color parameters of
the TTI film were recorded4alo78883Nasgect
a* and b* color parameters of TTI (3:2) film exposed to different temperatures were recorded
each day for 7 days. Tkh3 presents the change in L*, a* and b* color parameter of the TTI
film. It was found that temperature, time and temperature x time interaction were all
important factors affecting the color parameters of the TTI film (Table 4). The L* values of
TTI films subjected to 4, 25 and 40 temperatures did not undergo significant changes,
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and fluctuat e3b9abnedt we%.n2 4581 .0600IN t hr ougrioout f
L*, the parameter a* (greered axis) of TTI film remained nearly constant during seven days
of storage at refrigerator temperatureA(4- At other temperatures, there was a significant
reduction in a* value of TTI film at the end of seven days. fidariction in a* value was
significant on the third and sixth days of storage at 25 and @Bespectively. At 60A C
however, significant decrease in a* value was detected on the initial day, and then statistically
insignificant reduction in consecutivayk was observed until end of storage.
Table 3
Change of the L*, a* and b* color parameter of TTI film exposed to different temperatures
Color Da Temperature
Parameter y 4°C 25°C 40°C 60°C
0 |77.#47*NO0. {7899°N0 . 7 75.460*N2 . 8/ 7555N 2. 0
1 |76.76AN1 . 2| 78.662N0 . 7 7452N 2 . 6| 58.008N3 . 6
2 | 784N 1. 7/ 79.264N1 . q 75.70"N 2 . 3| 56.938N 3 . 7
L* 3 | 7653*N0. 4| 78.36”N0 . § 73.372N 4 . 7| 61.84%®N2 . 6
4 | 76.46°N0. 3| 7849°N 1. 3 68.188N4 . 6| 66.4%BN 0 . 2
5 | 76.83N1. 6/ 79.94N0. § 75.16°N2 . 2| 66.53500 . 1
6 | 77.178N0 . 179.4PN0. 2 73.345N 3 . 8| 64.34N1. 7
7 | 76.60°N 0. 5/ 79.172N0 . § 73578N 2 . 1| 69.24°N 1. 6
0 |287”N0. 1| 26.76AN0 . 4 30.6PN3 . 8| 30.7F°N2 . 8
1 | 29.022N1. 0| 26.924N0 . § 29.98AN 3. 4 21.928N0 . 9
2 | 283PAN1. 3| 262840 . | 28.10*N 2 . | 209780 . 8
a* 3 | 288FNO0. 4] 24824N0 . | 26.30°N 4 . | 19.8PEN0 . 2
4 | 2888°N0 . 5/ 24.089%N 0 . { 25.830E 1 . ( 20.3¢N 0 . 9
5 | 28.89N 0. 8| 23.1FBJ 0 . | 24.36%BN 2 . | 20.23°N 0 . 2
6 | 28.66°N0 . 3| 22270 . | 23.908N 2 . d 18.78N 0. 5
7 | 28.20"N0. 4| 222680 . 2 226F¥8N0 . 2 16.09°N0 . 5
0 |-972N0. 1| -964N0. 0 -923*N0. 1| -9.14*N0. 1
1 |-9.703*N0. 4 -8498N0 . 2 -5.02°N0 . 4| 0.06°N0O . 0 1]
2 | -9.66"N0 . 1] -6.718N 0 . 4| -0.86°N0 . 6| 3.84°N0 . 3 ¢
b 3 |-957"N0. 1 -452°N0. 2 310°N2. 2 (6.15°N0. 1
4 | -947AN0. O -3.858N0 . 2 4.10°N1. 21 7.06°N0 . 0 4
5 |-919°N0. 2| -212800 . 1/ 5.38°N1. 79 8.00°NO0 . 2 2
6 | -9.03*N0. 2| 0298N0. 1|6.168°N2. 619.73°N1. 16
7 | -9.00°N0 . 0| 1.283N 0. 5| 6.7AN2 . 2 § 1259°N0O . 7
0 |341.32""N 0 . | 340.18*N 0 . | 343.93*N 0 . ] 343.048"N 1 .
1 | 341.49°N 0 . | 342.4%¢N0 . | 351.23%N 0 . § 359.01AN1 .
2 | 341.1P°N1 . ( 345.64N 1 . | 358.158N 1 . ¢ 10.36*N 0 . 6
Hue angle 3 341.61abDr§| 0. 349.65'CISI 0. 8.088@ 1. 97 17.25’AN~0 . 6
4 | 341.84°0N0 . | 350.89°N 0 . | 8.048N 1 . 2 § 19.229AN 0 . 7
5 | 342.34° 0 . | 354.74°N 0 . | 13582 . 0| 21.59*N0 . 5
6 | 34256°N0 . 4 079N 0. 2| 18.13@8N 2 . | 27.3%*N2 . 6
7 | 342.28"°N0 .| 1.30N0 . 2| 21.288N0 . 1| 35.2”N1. 5
*Data are expressed as mean N standard deviat
|l ower case |l etters (a, b, c¢) in 00hhe same col u

** For each color parameter, means with different capital letters (A, B, C) in the same row are

significantly
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The parameter b*(blugellow axis) underwent more distinct changes compared to
parameters a* and L*. At refrigerattemperature, b* value of TTI film increased from the
initial value of-9.72 to-9.57 after three days. This increase was found to be statistically
significant. The b* value remained statistically stable in consecutive days and reaehed to
9.00 at the endfeseventh day. At the other temperatures, significant increases in b* values
of TTI films were detected on the initial day. At the end of seventh day, the b* values of the
samples subjected to temperatures of 25, 40 andC6Were 1.28, 6.77 and 12.59,
regectively. The effect of temperature on the b* values of the TTI film was statistically
significant from the first day. The highest change in the b* value occurred in the film kept at
60A CThe hue angle is expressed in positive degrees ranging fro;16®. The angl e
or 360A indicates red color while the angl
and blue colors, respectively. Initially, the TTI film had an average hue value of 342.12. The
change in hue value was not significant durirdpys at £C, while significant change was
observed from the first day at other temperatures. The hue angle changed in the
counterclockwise direction and raftidly pass

Table 4
ANOVA showing the effects of temperature (T), storage time (t), and interaction term
(T x t) on color values

Source | L* (R%4j=0.89) a*(R%q=0.82) | b*(R?%dj=0.98) Hue(R?aj=0.98)
Adj Pvalue | Adj Pvalue | Adj Pvalue | Adj Pvalue
MS MS MS MS

t 41.04 0.00 | 74.49| 0.00 | 275.16| 0.00 | 1399.73] 0.00

T 1268.51f 0.00 | 330.15| 0.00 [ 1242.57f 0.00 | 6653.93] 0.00

Txt 42.01 0.00 | 15.38 ( 0.00 37.08 0.00 | 212.85| 0.00

Error 4.56 3.03 0.83 5.50

MS- mean squares, diiegrees of freedom,?Rradjusted coefficient adeterminationP-value <
0.05 denotes significant effect

Higher temperatures accelerated the color change of TTI film as seen in Figure 7. The
color of the film exposed to 80 changed considerably on the first day. The color change at
temperatures 40 and 80 was visually appreciable by human eyes on the first day. Maciel
et al. [15] developed a colourimetric temperature indicator by covering the surface of a card
paper with chitosan matrix film containing anthocyanin. The indicates @sposed to
temperatures of 20, 40 and B0Gvith or without luminosity (0 or 1000 Ix) for 72 hours.

They recorded no significant change in a* value irrespective of temperature and luminosity.
Similar to our findings, they observed the most significaainge in b* parameter and the
highest change in b* value was obtained aAB0They stated that the color of the indicator
changed from light purple to slightly yellow which is associated with the alteration in
anthocyanin structure. It is known that thgrpent structure and concentration, temperature,

pH, oxygen, light, water activity, metal cations, antioxidants and enzymes are among the
factors affecting the stability of betalain pigments [18, 48]. Herbach et al. [49] stated that the
degradation rate dfetalains increases with increasing temperature which results chromatic
changes depending on several degradation and transformation reactions. Herbach et al. [50]
reported that thermal treatment of betacyanin solution caused increasing hue angle values.
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The yellow compounds formed as a result of degradation reactions like hydrolysis or
dehydrogenation may be responsible for the increased b* value of the films [49].

Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

@é &3 Q;V

40C

@ X s @
ecceseee

Figure 7. Color images of the TTI films stored at 4, 25, 40 and & during 7 days

Conclusion

Time temperature indicators applied to intelligent packaging arecésivand user
friendly systems informing consumers about quality and safety of fodtiidrstudy, TTI
films were prepared by adding red beet root extract to blend films with different ratio of
alginate and PVA. The analysis showed that TTI film made up of A and PVA with a ratio of
(3:2) provided enhancement of the mechanical propertiesratdction of the phase
separation observed in SEM images. The color change of this film was investigated at
different temperatures. A visual color change was observed in the film upon exposure to
temperatures of 25, 40 and 0Gvhile it maintained its col for 7 days atefrigerator
temperature. Results indicated that, this indicator may have potential applications to monitor
food products requiring refrigeration.
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Introduction. The aim of presented work was the investigat
of the efficiency of clarification of direct pressing apple juice w
utilization of nanesized powders of both silicon dioxide ai
titanium dioxide, modified silicon dioxide powder in comparis
with bentaite clay.

Materials and methods.The juice used for laboratory testir
was squeezed from "Glory to the Winners" appiésdified silicon
dioxide powder (AMDB2, specific surface area 2&®/g) and nane
dispersed powders of both silicon dioxide (specificfate area
300m?/g) and titanium dioxide (specific surface arean®{yy) were
selected as clarifiers. For comparison, we used bentonite
(specific surface area 1607/g). The optical density was measur:
with spectrophotometr, the content of dry sabses was evaluate
refractometrically, pH and titratable acidity was determir
according to known methods.

Results and discussion.Prospects of mineral oxides ¢
titanium and silicon utilization for clarification of apple juice ha
been shown. It was &blished that the most effective clarifie
were SiQ powder and suspension. Optimal weight of S82.5g
per 1 liter of juice; steep time is not more tharhddirs. The form
(in powder or suspension) has no significant effect on the rest
clarification.

The worst clarification ability bentonite clay demonstratec
was confirmed that utilization bentonite in suspension fc
increases the clarification efficiency. Growth a mass of bentc
from 0.1 to 2.5 g per | of juice impairs its optical projes.

The effect of temperature of clarification processes on
efficiency and idcdfalrudncee 00 fc
physicalchemical properties of the finished product we
investigated. It was shown that the result of clarificatiohatter at
low temperature (& & ) and all the wus
down the flow of natural processes of fermentation of raw a
materials. It was found that more thanhrs contact of juice witt
clarifiers has a negative influence on tharification result for all
tested samples.

Conclusion. Nanodispersed oxides of titanium (IV) an
silicon (IV) could be effectively utilized to clarify of fresh dire
pressing apple juice. Their clarifying ability is higher than bento
clay and they aald be brought in juice without ptteeatment, in the
form of powder.
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Introduction

According to [1] main substances which cause the turbidity in apple juice could be
divided into two groups. The first are substances which settle over time, among them: mold,
bacteria, plant cell fragments, protéannin complexes. The secoifidsubstancesvhich
formed colloidal or true solutions: polymeric carbohydrates, proteins, polyphenols (tannins),
organic acids, alcohol and other. Because of such composition, clarification of apple juice is
the necessary stage of producing.

There are two differentrpcesses during juice preparation: clarification and fining [1].

It is well known that the production of apple juice includes both the removal of suspended
material and prevention of the development of juice turbidity after bottling. Precipitation of
susp@ded substances before filtration often called clarification. Measures, which are taking
to remove soluble materials that have the potential to formladtiéling sediment are called
fining [1].

For some fruit juices, a natural clarification process issfide under the prolonged
storage. This process is the result of chemical reactions that occur in the juice under the action
of natural enzymes [2]. The duration of such-s#dfification process is from two weeks to
2-3 months [3]. This method can becsassfully applied to grape juice, but not for freshly
squeezed apple juice [4].

Modern process of apple juice clarification consists of several stages: adding of
clarifiers agent, clarification process, vacuum filtration and final filtration. Most useful
clarifiers in technological process are enzymes. Many publications are devoted to the study
both of the influence of natural and synthetic enzymes on the process of juices clarification
and the mechanism of this processiZ,8]. The principle of enzymatilarification is based
on the destruction of the negatively charged surface layer of puadiohydrates
complexes and proteipectin complexes under the action of enzymes [8]. Due to the action
of electrostatic attraction forces, floccules are forraed the system is destroyel. [

A classical welresearched fruit juice clarifier is a bentonite clhyg]. The clarification
effect of bentonite and other minerals is explained by the combination of three processes:
adsorption, coagulation and sedimeioid Bentonite clays (like oxides we study) have a
developed surface that is why the adsorption of small proteins and other molecules occur on
the clay surface. At the same time, the processes of aggregation of proteins, starches and
tannins with bentond particles in the system take place [1,1,7]. They are caused by the
redistribution of electrical charges in the system and the change in charge of coats of protein
carbohydrates complexes. The result of these processes is coagulation. In general case,
cogyulation is not accompanied by the chemical interaction of the clarifier and the juice
components]].

It should be borne in mind that the properties of bentonite and other adsorbents and their
clarification ability depend on place of origin and methodopretreatment [10,11]Such
pretreatment can includgH control, selection of concentration range, temperature
conditions, the way of making the suspension in the juice and others. That is why results
described in different sources could be slighiffedent.

An important role is played by the method of bringing of bentonite in the juice: in the
form of powder or in suspension. It is believed that the use of the suspension is much more
effective [L2]. Adsorption capability of bentonites increases whikir swelling capability in
water [13]. To verify this statement, we introduced all clarifiers into the juice as a suspension
and powder.

Our previous work was devoted to the study of the effectiveness of lighting white and
red wines using mineral claigfs [L4]. We have shown that mineral nanosized titanium and
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silicon oxides are much more effective fining agents for red and white grape wines than
bentonite and saponite. However, the process of clarifying apple juice is different from the
process of clafying wine materials and not necessarily clarifiers, which were effective for
grape wines, will be effective for apple juice.

Unlike enzymes, th utilizationof mineral oxidedor clarify juices is practically not
described in the literature. In additito a wide range of worlkabout clarification properties
of bentonite clay$12,15], someattention is paid to zeolitd46] and sepiolite$17,18], and
utilization of shungite for water treatment [18Jembrane methods of clarification of fruit
and vegetable juices usifigO, andAl,O3 are describef0,21] However, this is not enough
to assess the prospects of using oxidedaa#icators That is why these studies are a logical
continuation of theprevious ones4] in order to evaluate the possibility of using mineral
titanium oxides and silicon to clarify apple juice.

The aim was to investigate the prospect of using mineral clarifiers, as they have a
number of significant advantages: they aretiedly cheap, environmentally safe, easily
removed from the finished product, they can be reused after proper cleaning.

Materials and methods
Materials

SiO, powder with highly developed surface area (AMPand nanodispersed powders
of both SiQ and TiQ (Sser = 50m?/g) were selected as clarifiers. Nanodispersed 8iO
product which was obtained by flaming hydrolysis of $i@pors in an aiaqueous mixture
at a temperature of 700 to 1180CThe size of the particles is-BD nm, the specific surface
area Ser = 300m?%g. AMD-2 1 high-disperse silicon dioxide modified by depolymerizate
D-4, specific surface area& = 280m?g. For comparison, we used thiassic bentonite
clarifier, the formula of which igl,[AISisOsl ( OH) bl (nN@H(Pser = 160 n¥/g).

The juice used for laboratory testing was squeezed from "Glory to the Winners" apples
of one crop, st ee@aaddechnted frofn Apeehimtate. Ehe fnal juice 4 A
output was 60%.

Sample preparation

All samples were divided into two groups. In the firshe clarifier was added to the
juice directly in the form of powder. In the second case, the clarifier was added to the juice
in theform of a suspension. For suspensions obtaining, a portion of the powder was stirred
in hot (~ 80 A C)hourw attroem teraperdturel Ehént it wasomixedl 2
thoroughly and injected into the juice. The preparation of AMD suspension is ndblpossi
because of its high hydrophobicity.

Methods

The optical density was measured with Agilent Cary 60 spectrophotometr at wavelength
& = nrh,@lsorbing layer thickness 3,070 [22]. The comparison solution was water. The
content of dry substances waskated refractometrically (Atago PALBLT Digital Brix
Refractometer), pH value with deviceg@gH5 0 f | [ 23] .

The titrated acidity (in terms of malic acid) was determined by titration of the sample
with 0.1N alkali solution [24].
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Results and discussion
Influence of the clarifier mass and form on juice turbidity

The bentonite utilization for the clarification of juices at the industrial level is
minimized now, but the applications of cytosan][@bcombination with ultrafiltration and
nanofiorous membranesare widely described in the literaturenanofibrous
membrang®5,26].

There are several ways to use bentonite clays for juices clarifying. The first is the short
term thermostatation of t hGundeuthecondantstirringh a ¢
conditions. Stirring anthcreasing of temperature intensify the lighting process 12,2

The second way is the long staying of the mixture of juice with clarifier. It is believed
that the most effective bentonite operates at concentrations -&0fPper 1ton of juice at
expasure time 1P24hours. That is why we chose D5 2.5 g/l (or 0.010.05 0.25
g/100ml of apple juice) for powders that have brought into the juice withoutrpagment
and 0.59/1 (0.05mg/100ml juice) when oxides were added as suspension form.

For indication of temperature influence on clarification result all investigation were
carried out under the temperature8 4 anids.20On the one hand, un
increasing we can suspect the intensification of aggregation and coagulatiors@so€as
the other hand, the juice may deteriorate for a day and become unusable for further
processing.

In the first stage of research, the clarifiers were placed in apple juice, keptHfou2t
at a constant temperature, decanted from the precipitagéeoftical density of the juices was
then measured. The juices were then centrifuged foinEites (1500 mih?) and the optical
density was again measured.

Figurel illustrates the dependence of the optical density of the juice on the weight of
the clarfier (4 A Cbefore centrifugation). The diagram shows that the best result shows
nanodispersed Sidn the form of powder, and the effect is better, the greater the weight of
the powder. The efficiency of the illuminators decreases in the row:

Powders SiO> TiO2> AMD> bentonite

When we bringing clarifiers in juice in the form afsuspension, we see a similar
pattern, but the efficiency of bentonite significantly increases:

Suspension SiO> TiO2> AMD> bentonite
In view of the above at A Cthe efficiency of clarifiers decreases in the series:

SiG; powder &susp > TiQ powder & susp > bentonite susp> AMD > bentonite powder
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Figure 1. Dependence of the optical density of the juice on the weight of the clarifier (/100 ml
juice) compared to the apple juice without clarifier (4° Cbefore centrifugation)

Figure 2 shows the dependence of the optical density of the clarified juices on the weight
of the clarifier after centrifugation. It is obvious that centrifugation, as an additional stage of
technological clarification of juices, results in a decreasirtgeir optical density compared
to noncentrifuged samples. However, it should be noted that the decrease in optical density

for the clarifiked samples was negligible

1,35

1,30

1,25
® bentonite

1,20 1 1 oAMD
BTiO2

1,15 - -| OSi02
mapple juice

1,10 A |

1,05 ~ |

1,00 -

0,01 0,05 0,25 suspension apple juice

Figure 2. Dependence of the optical density difie juice on the weight of the clarifier (/100 ml
juice) compared to the apple juice without clarifier (4° Cafter centrifugation)
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The same experiments were carried out with juices samples underAhe 20( i mi t at i
of production workshop conditions}.i interesting to note that clarification process was not
so effective as under higher temperature. The optical density values of all samples were
higher than those obtained for lower temperatures (Figure 3).

1,60
1,40
\ N
1,20 % %
X N
1,00 % % M bentonite
N N = AMD
N \
0,80 % N 8 TiO2
N N 0Si02
N \
0,60 % % mapple juice
1
0,40 % %
\ \
0,20 % %
0,00 % %

0,25 suspension apple juice

Figure 3. Dependence of the optical densityf the juice on the weight of the clarifier (g/100 ml
juice) compared to the apple juice without clarifier (20° Cbefore centrifugation)

Figure 3 shows that, at 20 Cthere is no significant dependence of the optical density
of juices on the clarifiemass, unlike the previous case. For bentonite only, the clarifying
efficiency decreases slightly with the increasing of the powder mass.

Talking about the significant difference of values for using clarifiers in the form of
powder or suspension is alsoeamingless. The result of their action is close. After
centrifugation, the optical density of juices with and without clarifier additives slightly
decreasedHigure4).

Summari zing the results described above,
effectve clarifier was hydrophobic AMD (0.2% sample), the rest of the substances can be
placed in a row accordingly to reducing their clarifying efficiency:

SiG; powder & susp > Ti@Qpowder & susp > bentonite powder & susp

Authors [28] show that fdpentonites from different fields, efficiency is directly related
to the surface area: the larger is the surface area than clarification process is more effective.
On the one hand, difference in clarification ability of the samples may occur due to differen
adsorption capacity of the substances at different temperatures, on the other hand, titanium
and silicon oxides can slow the fermentation processes in the juice.
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Figure 4. Dependence of the optical density of the juice on the weight of the clarifier
(9/200 ml juice) compared to the apple juice without clarifier
(20° Cafter centrifugation).

Evaluation of physicochemical changes in juiceclarifier system with time

For evaluation of physiecohemical properties of (juice+clarifier) systehrough the
time the measurements of optical density, general acidity (in terms of malic acid), pH value
and dry substances content were carried out. For these series of expdtimelatrifier was
added in juice in powder form powder mass was §/@200ml of juice).

Optical density

The question "how long does it take to keep the juice mixer together for optimal result”
still remains open. It depends on type of juice;yattlie, temperature and clarifier nature. To
determine the effect of time of steepseries of apple juices with mineral clarifiers were
prepared. The optical density was measured on the first, second and third days. For this
purpose, the samples were decanted from the clarifier and centrifuged immediately before
measurements.

Figure 5shows the optical density clarified juices dependence on contact time juice
clarifier. From the above results it is concluded that clarification process was more successful
forAAw t hamMufod n2@ddi ti on25A Gre consideredtoptima fr o f
fermentation of apple raw materials [15]. Therefore, the experiment was carried cAtGit 4
to slow the fermentation process.
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Figure 5. Dependence of optical density of clarified juices on time of standing with clarifier
powder. For comparison, the curve 1 is apple juice without clarifiers addition that have
undergone the sa
me processing stages

From the presented results we can conclude that it is nessery to storage the juices
with the clarifiers for a long time. Althah, the results are described by the authors [12]
indicate that bentonite should be effective for apple juice clarification at high temperatures
(75U C) and preserving mi xtur e up to three
intensification of coagulatin processes in juicelarifier system. At the same time authors
authors [29] authors announce that there are three main factors for reaching of optimal
condition for fruit juice clarification with bentonite and gelatin: temperaturéq@0 C ) , pH
(4-6) ard short time of contact (4020 min).

Acidity, pH value and dry substances content

The process of clarification essentially depends on pH value of juice. So,t&to po
juice it was shown thanha x i mum adsorption of the 50cid so
The working conditions recommended for ok
acidification to pH 4.5. [30]. For clarification of fruit juices with bentohgelatin mixture
pH=4i 6 was recommenddd9].
In our case the pH value correction was natessary for our samples. Values of pH
and general acidity of juices after clarification were almost indistinguishable from the values
obtained for pure juice and %mespeatvely.dThet o 4.
content of dry substances afterrifiaation was slightly less #m for pure juice (Tabl&).
Physicalchemical properties of juices after clarification did not change essentially after
five days steeping. Values were fixed at 1, 2, 3 and 5 days. Only apple juice without any
additions shows a slight increasing of all parameters which could be caused with the flow of
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fermentation processes. Similar effects were observed by the authors [14,3Fjnfpr u
bentonite for grape wines clarification.

Table 1
Average values of physicochemical parameters of apple juice with and without clarifiers ¢4 C )
Clarifier Brix, % | Generat acidity, % | p H
Days1,2,3and5

Bentonite 12. 4NKN0 0.40NO0.| 3.99N0

AMD 12.3N0 0.40NO.| 4.00NDO

TiO2 12.2N0 0.40NO0.| 3.98N0

SiO, 12.3N0 0.40NO0.[ 3.99N0

Juice without

additions

Days 13 (12913. 2) (0.400. 4 4) 3.974 . 00N

Day 5 13. 4N0 0.46 N 4.02N0

Generahcidity and pH value of oxidesee apple juice increasing slightly with steeping
time. It is known that during the fermentation of fruit raw materials the concentration of acids
in juice could increase. At the same time partially transformation of meiticiato lactic
acid takes place. In addition, the fermentation process may be accompanied by the formation
of succinic and other organic acids [32]. According to [33], the general acidity of the juices
may slightly decrease in the process of fermentatioincrease slightly. Such changes are
determined by the variety of apples and storage conditions. Similar regularities were
described for properties of clarified apple juice in 4 weeks storage uttl€ 4[ 3 4] .

The constancy of physicahemical propertie of juices while they steep with clarifiers
indicates on partially or fully cessation of the fermentation processes. This effect may be
related both to the observance of the low temperature regime and to the pronounced
antibacterial and antifungal actioof titanium oxides and silicon3p,39. For these
substances bacteria growth inhibition was observed under the dark condition. Our samples
were stored in the refrigerator also under the dark condition.

Conclusions

1. Mineral nanesized oxides of titanium (IV) and silicon (IV) should be successfully used
for apple juice clarification. Of all the substances tested, the classic absobeenibnite
clay shown the worst performance as a clarifier.

2. It was shown that cldication process was more efficient at low temperatuld @) t hen
at room temperature 40C . By reducing t he ef ficienc
temperatures, the test substances can be arranged in the following order:

SiO> TiO2> AMD > bentonite (40 C
At 20Auw the best AbDiaconcéniration 2.§/lofjuice The ettet h a d
substances lose their clarification ability in row:
SiO> TiO2> bentonite (200U C)

3. Itwas confirmed that bentonite possessed much better clarification abilispagension
form then in powder. On contrary, there is no significant difference for-s@ed SiQ
and TiQ. These oxides are equally effective both in suspension and in powder form.
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According to our results, the optical density of juices after clarifinagrows with the
time of steeping of mixture. That is why optimal clarification time Bt@ w &heurs.1 2

4. Addition of investigated oxides in apple juice leads to the retardation of fermentation
processes in juice. It is interesting to note that ctaifon ability did not correlate with
the antimicrobial activity which generally increased from Ji® SiG, [36]. For these
substances bacteria growth inhibition was observed under the dark condition. Our
samples were stored in the refrigerator also uttdedark condition.
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Abstract

Introduction . Thisresearch aims at determining the effi
of canola oil and natural antioxidant of basil on chemical
sensoryproperties of fresh cheese.

Materials and methods A fresh spreadable cheese w
prepared by the use of fresh whole milk, canola oil and na
antioxidant of basil. The prepared cheese was analysed or
acid profile according to GC method of methyl este
tocopherol conterit according to HPLC method, phytoster
contenti according to GC method, health lipid indicés
according to empiricatalculations complying with the fatt
acid profile of the produckensoryevaluationi according to
10-points hedonic scale.

Results and discussionCanola oil was characterized by
high content of unsaturated fatty acid content above 93 g
g! of the total content and a very good ratio of ome
6/omega3 1 2/1.The total content of tocopherols in the lip
fraction was comparatively high 315 mg.kg.. Canola oil
contained significant amount of phytoster6l€.7 g.100 §*
with individual sterol comgsitioni b-sitosterol (54.7 %) anc
campesterol (35.3 %) predominated in the sterol fraction.

The cheese with partial replacement of milk fat by car
oil was characterized by a reduced content of saturated
acids which have negative effects on thenlan healtfi 35.18
g.100 g' compared to 68.33 g.100*dn cheese produced b
classical technology containing only milk fat. The prod
contained a large part of the shohain fatty acids, typical fo
milk fat that defines the functionality of the eptbduct. The
cheese with added canola oil presented a higher biolo
value due taatherogenic index of 0.42 compared to 1.60
cheese produced only of milk fat, thrombogenic index of (
compared to 3.13 for cheese produced only of milk fat
preventive lipid score of 34.89 compared t0128.23 for che
produced only of milk fat.

The fresh cheese with partial replacement of milk fat
canola oil had goodensoryproperties.

Conclusions Fresh spreadable cheese with par
replacement ofnilk fat by canola oil in the ratio (1:1) wa
characterized by increased healthy characteristios levels
of atherogenic and prothrombogenic index and preventive
score.
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Introduction

Vegetable oils were used to enhance fatty acids profile of dairy produdtks [1
Enriching the dairyproducts with omega fatty acids was made mostly by the inclusion of oll
seed and vegetable oil in dairy animal diets [5, 6]. Another possibility was to replace partially
or fully the milk fat in dairy products by oils rich in polyunsaturated fatty acids3].
According to our knowledge, there are insufficient investigations about the enrichment of
high fat dairy products with vegetable oils.

Canola oil, in comparison with other vegetable oils, is characterized by the lowest
content of saturated fatty asi (less than 10 g.100'g followed by the walnut and flaxseed
oil. It is an excellent source of monand polyunsaturated fatty acids, wherein the ratio of
omega6/omega3 is closest to the optimum [9]. Besides valuable fatty acid composition,
canola diis [10, 11]. The current trend for the production of health foods requires on the
market the production of canola oil with low content of erucic acid, which is associated with
certain diseases of the human [12]. This makes reasonable the additionlafodlanadairy
products.

It is appropriate to supplement natural antioxidant when an addition of vegetable oils is
used [13].Sensoryprofile and valuable antioxidant properties of basil extract, due to
contained aromatic components, are appropriate nimbawation with canola oil in order to
reduce oxidation processes in the oil [14, 15].

The purpose of this work was to investigate the effect of canola oil and natural basil
extract on chemical arsknsoryproperties of fresh spreadable cheese.

Materials and methods
Raw materials

Commercially available canola oil (Buldara Ltd., Bulgaria) and fresh natural cream
(supplied by United Milk Company AD, Bulgaria) were used.

For the preparation of the emul sions raw
of Regulation 853, 2004 from the EU and raw skimmed cow's milk (supplied by United Milk
Company AD, Bulgaria) obtained on the day of its adoption were used as dispersible medium.

Other material

Emulsifier i glyceryl monostearate in amount of 0.1 g%$naaording to data [16]
(Cognis with trademar k Caxtractrfranthasil GExirastam y ) E
Ltd., Bulgaria) in the amount of 0.003 &m00 cm?® with the major components in the
chemical composition linalool 10,64 g.108, @stragole 46.9F.100 g', methyl eugenol 8.94
0.100 ¢!, -bisabolene 3.06 g.100'd17], characterized bgensoryprofile, suitable for
combination with canola oil.

Starter culture with the following compositiofactococcus lactissubsp. lactis,
Lactococcus lactisubsp cremoris Streptococcus thermophiluis the amount of 3 cA.00
cnv3 ("Lactina" Ltd., Bulgaria).

Renneti pure chymosin with activity 1:15 000, in the amount of 5.460 dm®
(Biokom Trendafilov with trademark DanirenkE

Oils ard cream were stored at&4A CRegulation No. 2 of 2017).
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Methods

Fatty acid composition and total lipid content analysesThe preparation of methyl
esters of fatty acids was in accordance with ISO 5509, 2001. The analysis of methyl esters of
the fatty @ids was carried out by gas chromatography in accordance with ISO 5508:2000.
Fatty acid composition of the obtained cheese was determined after extraction of fat by the
method of SchmidBonzynskyRatzaloff in accordance with ISO 1735|IDF 5:2004.

Sterols analysis Unsaponifiables were determined by weight after saponification of
the lipid fraction and extraction with hexane in accordance with 1ISO 18609:2000.
Identification was confirmed by comparison of retention times with those of a standard
mixture of sérols in accordance with ISO 12228:2014.

Tocopherols analysis Tocopherols were determined directly in the oil by high
performance liquid chromatography (HPLC) by MeHtgitachi (Merck, Darmstadt,
Germany) and the tocopherol content was calculated on the base of tocopherol peak areas in
the sample vs. tocopherol pealea of the standard tocopherol solution in accordance with
ISO 9936:2016

Emulsion preparation. It was performed by mixing of the two phasegegetable oil,
cream, milk and emul sifier, -88)tatispeededb0 sii t h a
during 5 nin. The concentrations used were: for emulsifier 0.1 g.108, éar oil phase 4
cn.100 cm® canola oil with 4 cri100 c® cream (1:1). The mixtures were heated te685
A Gn order to complete dissolution of the emulsifier [18].

Fresh cheese preparationwith addition of vegetable oil A flowchart for the
production of fresh spreadable cheese and addition of vegetable oil was applied [19].
Qualification of milk Y Si0@ond¥r ¢ #34A@twiPon of
canola oil + 4 crhi100 cm® milk fat) and addition of antioxidant 0.003 ém00cm®*Y He a't
treatment of milk and addition of emulsifier t =-68 A Gind glyceryl monostearate (0.1
glOOcm3) Y Obtaining of emuA€i dor ¥t Past Bumi njt
(25 UC) tidch@cm.a0®onfsat ar t er c-hidlogicarripehingYan iRarease
in titratable acidity of 0.018 0.027represented as percentage of lacticacidY Addi ti on
rennet (5cm100dm®) Y Coagul@th)onY (QAuwt t i ngretenfionin he ge
the whey for 30 min at a temperature of2ZDA ¥ Dr a i n a gpeessingtd drysnettef
approximately 30 g.100gY At a t e mp2A@or42r eh off A0 a temper
46A®Dvernight Y Dry sabtiYhgHoNmadlée o0 .o5 gt.hled O
Packaging and cooling.

The data for the chemical composition and biological value of cheese produced only
with milk fat were taken from our previous study [19].

Health lipid indices Qualitative indicators of fat atherogenic ind€il) [20];

Preventive lipid score (PLS) [21]; Thrombogenic index (Tl) [22].

Sensory analysis The sensoryevaluation of the fresh cheeses was conducted in
accordance with the Bulgarian State Standard 1831and ISO 6654:1991. The evaluation
criteria were as follow taste and flavour 35 points, structuré 25 points, consistende20
points, appearandel0 points, and colour 10 points (maximum overall scorel00 points).

The results were equated to a 10 point evaluation scale in ordergresented in a spider
diagram.

Statistical analysis The Significance of the differences between the average values
was evaluated by Least Significant Difference (LSD) test considering p < 0.05 as significant
[23]. Multiple comparisons were made by D3nethod [24]. The results were presented as
mean value N standard deviation (SD) [25].
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Results and discussion

Canola oil analyses

The results of performed investigations about the fatty acid composition of canola oil
are presented in Table 1.

Table 1
Fatty acid composition of canola olil

Fatty acid 0.100 g ‘of total fatty acids
Lauric acid yl2: 0. 06RKR0.01
Miristic acid C14:0 ND
Palmitic acid C16:0 5.07RKN0.05
Palmitoleic acid C 16:1 0.28N0. 05
Margaric acid C17:0 0.06N0.01
Stearic acid C18:0 0. 70R0. 06
Oleic acid C18:1 62.39N1.15
Linoleic acid C18:2 20.06/N1.00
Ulinolenic acid C18:3 9. 48KN0. 85
Arachidonic acid C20:0 0.55R0. 15
Eicosenoic acid C20:1 1. 08N0. 28
Behenic acid C22:0 0.27N0.009
Erucic acid Cc22:1 ND

& Means in the same column with different letters show significant differences (p < 0.05);
as mean N Standard deviati

*Val ues are

expressed

The data showed that 13 fatty acids were identified which presented 99.97 'g'a00 g
total fatty acids. The oleic 62.39 g.100%gf total fatty acids and linoleic 20.06 g.100'gf
total fatty acids were prevailing.

Figure 1 presents the fatty acids distribution in canola oil.

The results showed that the canola oil was characterized by a high content of unsaturated
fatty acid conent above 93 g.100'gof the total content and a very good ratio of omega
6/omega3i 2/1. The data on fatty acid composition were similar to those obtained by other
research teams, for varieties with low erucic acid (C22:1), which emphasizes its hesdthfu
[12]. Essential fatty acids (C18:2 and C18:3) laid in high amounts on the total content of
unsaturated fatty acid content above 30 g.180Tdese indicators determined the health
characteristics of canola oil and defined it as a vegetable oil higtih quality fatty acid

profile.

The data showed that canola oil had a very low content of saturated fatty acids, and this
indicator was superior to other vegetable oils such as walnut, flaxseed, etc. [26, 27]. The high
amount of mono unsaturated fatty @geiwas similar to that of olive oil and helps the right
functioning of various physiological systems in the human body. The amount of @nega
fatty acids (C18:3), was increased in comparison to other vegetablé oilge, corn,

sunflower and othefd 9].
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Sum of saturated Ttatt
Sum of monounsaturat el
W Sum of polyunsaturateéd

Figure 1. Distribution of the fatty acid groups in canola oil

The tendency of oils to oxidation wagtermined by the content of polyunsaturated
fatty acids. Vegetable oils contained different amounts of natural antioxidésdspherols
(0, b, 2, a) , which | imited the oxidation
nature of canola oil washpy t o st er ol content (i dost-eaot er
a v e n a s t-amanasterpl)28jp Therefore, the content of tocopherols and phytosterols in
canola oil was investigated. The data obtained are presented in Table 2. The data showed that
canola oil was char act e-to¢ogherals, anympatanhindigator ¢ o n t
of the antioxidant properties of the vegetable ¢29].

The results showed that canola oil was characterized by a high content of phytosterols,
which, according to several studies lower the cholesterol and the level of LDL cholesterol in
the blood30]. The totd content in the oil was found to be @700 ¢ ! The individual sterol
composition is presented in Table 2Sitosterol (54.79.100 ¢ } and campesterol (35.3
g.100 ¢ ) predominated in the sterol fraction.

Tocopherols are a class of organic chemiocahgounds, many of them have vitamin E
activity. The total content of tocopherols in the lipid fraction was comparatively Higitdy
mgkgt. The tocopherol C 0 mp 0 s i -to¢éopharol predonpinateds e nt e
in the oiltocohelrlodbwedhley oUl wi t-tocophérgpraved c on't
superior to a number of common food oils [28].

Table 2
Tocopherol and phytosterol content in canola oil
Total, mg Tocopherols content, % of tocopherol content
kg™ V] b 2 2-3 U

Canola315l§ 43.5N( 1.2P"N53.6° 1.1K(J 0. 6KR(
: Phytosterols content, % of phytosterol content
oil Total, g - -
100 g ! Brassicastero| Campestero|b-sitostero M5 Q7
avenastero| avenastero
0.7 9.6R0|] 35.3N[54. 71 0. 2RKqd 0. 1R
&€ Means in the same row with different letters show significant differences (p <"Ov@)es are
expressed as mean N Standard deviation (n=3)
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Fresh cheese analyses

An important characteristic of the end product is its biological fandtional value.
Healthiness of cheese with canola oil was determined on the basis of the content of fatty acids
and indicators characterizing the wholesomeness of fats, presented in Table 3 and Table 4.

The data showed that the cheese with partial repteat of milk fat by canola oil was
characterized by a reduced content of saturated fatty acids which have negative effects on
human healthi 35.02 g.100 g compared to 68.33 g.10¢*in cheese by classical technology
containing only milk fat [19].

The product contained a large part of the skbetin fatty acids, typical for milk fat that
defines the functionality of the end product [31, 32].

Figure 2 presents the fatty acids disttibo in in cheese with canola oil.

Sum of saturated ™t att
Sum of monounsaturat el
\ Sum of polyunsaturateéeéd

Figure 2. Distribution of the fatty acid groups in cheese with canola oil

The cheese with partial replacement of milk fat by canola oil was characterized by an
increased content of unsaturated fatty acids in comparison to cheese, which contains only
milk fat [19]. Increased wholesomeness of the end product was determinedcontinat of
oleic acid (C18:1), linolenic acid (C18:3) and linoleic acid (C18:2). Our results were
comparable with the reported fatty acid composition studies of dairy products enriched with
canola oil [6].

Table 4 presents the evaluation of the biologiadle of the cheese determined by
qualitative indicators of fat valuesatherogenic index 0.42 compared to 1.60 for cheese
produced only with milk fat, thrombogenic index 0.59 compared to 3.13 for cheese produced
only with milk fat and preventive lipidcore 34.89 compared to 128.23 for cheese produced
only with milk fat [19]. These indicators in the control sample were three to four times higher
compared to the cheese with canola oil, which shows higher biological value of the product
with vegetable oil It represents a healthier version of traditional fresh spreadable cheese
produced only of milk fat. A similar tendency was observed by other authar3q33
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Table 3

Fatty acid composition of cheese with canola oil

Fatty acid g 100.g of total fatty acids
Caproic acid C6:0 0.09 2N 0.
Caprilic acid C8:0 0.96R0. 10
Capric acid C10:0 1. 67K0. 15
Lauric acid ul?2 5. 70RK0. 85
Miristic acid C14:0 0. 64R0. 15
Palmitic acid C16:0 19. 18N1. 1
Palmitoleic acid  C16:1 1. 16K0. 15
Margaric acid C17:0 0.37RKR0.009
Margarinoleic acid C17:1 0.20NO0. 05
Stearic acid C18:0 6. 41N0. 95
Oleic acid C18:1 46. 17<N2. 1
Linoleic acid C18:2 12.77N1.0
Ulinolenic acid C18:3 4. 68NR0. 88

&M Means in the same row witlifferent letters show significant
differences (p < 0.05);

Values are expressed as mean N Standard

Table 4
Health lipid indicesof cheese with canola oil
Health lipid indices | g.100 g *of total fatty acids*
Atherogenic index 0.42
Trombogenic index 0.59
Preventive lipid score 34.89
Total cheese lipid conter| 20.70

*Values are expressed on the basis of mean fatty acid content

An important characteristic of the end product issgéasoryprofile. Figure 3 presents
the sensorycharacteristics of fresh cheese with partial replacement of milk fat by canola oil
and antioxidant of basil extracthe sensoryprofile showed that fresbheese with partial
replacement of milk fat by canola oil had gosehsorycharacteristics. Some variation in
colour was established due to the sped@asoryprofile of canola oil. The values for the
indicators of taste and aroma remained relativelyh higdicating that canola oil can be
successfully used for the partial replacement of milk fat. The overall assessmsentofy

indicators was 47.5 of maximum 50 points. Our results complied with the results obtained by
other authors [36, 37].
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Taste and
flavour
4 .
Colour Consistence
Appearance Structure

Figure 3. Sensoryprofile of the cheese enriched with canola oil

Conclusions

The fresh cheese with partial replacement of milk fat by canola oil and the addition of
natural antioxidant of basil extract was characterized by improved fatty acid profile, and a
significant higher content of essential polyunsaturated fatty acids.

The cheese with partial replacement of milk fat by canola oil was a very good source of
tocopherols and phytosterols, which increased its healthy characteristics.

Qualitative indicatorsfdat i atherogenic and thrombogenic index and preventive lipid
score defined the product as a healthy version of the classic fresh high fat spreadable cheese
containing only milk fat and reduces the risk of various diseases associated with the
consumptiorof animal fats.
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Introduction . Studies have been conducted to develc
method for determining the pectin esterification degree
order to limit the use a significant number of costly and ha
available reagents.

Materials and methods The samples of apple and citr
pectin were eltibited at Kyiv market with the different degre
of esterification according to accompanying documentat
IR-spectroscopy research was provided on device NéX&is
Nicolet firm. NMR-spectrums were registered by NMI
spectrometer Mercury, VARIAN firm. Ma#matical
treatment of the results is done according to matheme
modeling concept.

Results and discussionIn the IR spectrum of low
esterified pectin, this band is low intensity and is in
oscillations region of 1686.71 chin spectrum of higreser
pectin the intensive line with three maximums at 340C
cm?, 3316.52 crml, 3271.70 crd, which corresponds t
str et chi n egpeatrnts.withlesterificalon till 42
the line of free carboxyl group is available, in$Bectrums of
high-esteified pectin there is an intensive line of carboxyl:
groups (C®), and that differs the given spectrums.

The given characteristics of NMgpectrums show thi
difference in structure of higland lowesterified pectin, but i
does not give an opportunitio conduct the quantitativi
determination of esterification degree.

While analyzing the results we can make a conclusion
the degree or hyperbolic models are the best for prognosi

The difference between chemical methocesterification
degree determination and suggested method i%.8%.

Conclusions. Determination of the pectin degre
esterification is possible by tyranacidity with subsequen
calculation by the regression equation.
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Introduction

One the most important nutritional and technological characteristics of pectin is its
esterification degrefl]. The determining of this indicator needs the use of essential amount
of reagents according &pproved methods and time. A task was set up to find an alternative
method of determining the degree of pectin esterification, since it is necessary to know the
degree of pectin esterification in order to produce marmalade products.

According to the knowmethod by national standard of Ukraine the esterification degree
is a correlation of polygalacturonic acid esterified carboxyl groups to their general amount in
pectin. This method of determination of pectin esterification degree needs the following
reagets: hydrochloric acid, sodium hydroxide, ethyl alcohol rectified, silver nitrate,
indicator alizarin, ammonia aqueous solution concentrate, bromothymol blue, cresol red,
phenol red.

In literature there are data about the alternative methods of deteomirditipectin
esterification degree such as the suggested method with the -gpedfRoscopyd, 3, 7],
NMR-spectroscopy [8], chromatography [9]. It is developed the improved method ef high
performance liquid chromatography (HPLC) for simultaneous detatiom of pectin
degrees of methylation and acetylatjdh The suggested way includes the saponification in
heterogeneous environment with the next separation of methanol, acetic acid and inner
standard on C18 column and the quantitative determinatidntiné help of refractometry
[6]. But the suggested alternative methods need the use of special expensive equipment: IR
and NMRspectroscopes and chromatogrhg. That is why the search of the alternative
method which does not need the use of expersiuipment and big amount of reagents on
determination of pectin esterification degree remains actual.

The purpose of the study is to develop a method for determining the esterification degree
using a minimum number of reagents, which does not requignidficant amount of time

Materials and methods

Materials

Samples of apple and citrus pectin presented with different esterification degrees.
Methods

The total acidity was determined by the titration method of pectin batch solution in the
presence ophenolphthaleifl6].

The esterification degree was determined method that is based on the titrimetric analysis
of free and after saponification esterifiegrboxyl groups of polygalacturonic acid in pectin
batch, which is purified from soluble ballast additives and cafibsis

The presence of a carboxyl group in pectin of different esterification degrees was
determined by IR spectroscop#].[IR-spectrosopy research was provided on device Nexus
475 Nicolet firm, in pills with KBr.

The chemical shift of the protons that are part of the pectin structural components was
recorded using NMR spectr&][ NMR-spectrums were registerdy NMR-spectrometer
Mercury, VARIAN firm, 400 MHz in the solution DMS@.
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Processing of research results

Mathematical treatment of the results is done according to mathematical modeling
concept [11].

Results and discussion

With the aim to gethe complete characteristics of pectin properties with different degree
of esterification, except total acidity, {IBnd NMRresearches of chosen pectin samples were
conducted

The structure of pectin with different degrees of esterificatiocharacterized by the
presence of methylated carboxyl groups (see Figure 1).

6COOCH,

4 \s
- 0
) 1
COOH

HO™5 2 o1y 0
QOOCH,8
OH O‘%

HO

Ho™  OH%__

% COOH
0

HO™  OH_

a b
Figure. 1. Pectin structure: a— highly esterified; b —low esterified
The given different pectin structure is confirmed by &hd NMRspectrometric
researches, which are given further.
IR -spectroscopy research
According to the above given literature dgt&], high- and lowesterified pectin have

different IR-spectrums.
The IRspectrums of higlester (5862%) and lowester pectin (2283%) Figure 2.
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Figure 2. IR-spectrums of pectin: a high-ester; b—low-ester
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In spectrum of highester pectin the intensive line with three maximums at 3400.56
cml, 3316.52 crt, 3271.70cmti s presented, which cor+espon
spectrum of lowester pectin this line has maximum at 3568.62 cseparatedrom the
other two 3389.35 crhis located in weaker vibrations region, that shows a greater degree
of hydrogen bonds, and confirms a lower degree of esterification. Maximum at 3568.62 cm
Lit corresponds to stretching of free carboxyl group, that alstirots low esterification
degree.

The line at 2935.57 crhof high-ester pectin sample and at 2941.41'awh low-ester
sample are due to the presence -b,fwhicharge mmet r
located in remainders of galactopyranose ringseatin.

In both spectrums of lowand highester pectin samples lines at 1737.06'and at
1751.04 crt of weak intensity exist, which correspond to vibrations of ester group C=0 in
composition of highand lowester pectin respectively.

In IR-spectrum bhigh-ester pectin sample the presented line of high intensity at 1616.78
cnt! belongs to latitudinal vibrations of adsorbed related water that is crossed by asymmetric
vibrations of carboxylate ion (CQ. In IR-spectrum of lowester pectin sample thisg is of
weak intensity and is located in vibration region at 1686.71 cm

Besides this, IRspectrums samples with esterification degre®,228-36%, 38%, 36-

42%, 6568%, 6668% were received. In Rpectrums with esterification till 42the line of
free carboxyl group is available, in {Bpectrums of higlester pectin there is an intensive
line of carboxylate groups (CQ, and that differs the given spectrums.

NMR -researches research

NMR-spectrums of highand lowester pectin samples shown Bigure 3.

Dgal acturonic acid in pectin is in conf
hydroxyl groups near Carbon atom 1 and 4 are in axial position, so free rotation around
glycoside bond is complicated and pectin acid can be seen as a chain wétth fiexiibility,
that changes the electron density a little around galactopyranose ring protons. The higher
density is, the greater influence on inner field is, and therefore in a stronger field the
resonance signal of according proton will appear.

The influence of this factor corresponds that the proton, which has more acidic properties
(with less density of electronic shell) resonates in weaker field [12].

In general case the position of proton signal depends on electron density at surrounding
it atoms, vhich are determined in such case by inductive and resonance effects, that are
transmitted by chemical bonds and anisotropic effect ofamsmected atom (interaction
ithrough the spaceodo) [13].

Taking into consideration the above given and literature ddjaj NMR-spectrums of
high- and lowester pectin samples signals are interpreted as shown in Table 1.
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Figure 3. NMR-spectrums of pectin:a — high-ester; b — low-ester
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Table 1
Interpretation of NMR -spectrums of high and low-ester pectin

Proton type Value of chemical shift ppm
High-ester pectin Low-ester pectin
DA 3.579 3.567
41 3.632 3.639
51 . 3.769
31 3.780 3.870
2-[1 4.605 4.425
19 5.102 4.805
31 5.514 5.170
29 - 3.184

*signalsoverlapped one by one

The given characteristics of NM§pectrums shows the difference in structure of high
and lowester pectin, but it does not give an opportunity to conduct the quantitative
determination of esterification degree.

Total pectin acidity research

Results of research of total acidity determination of pectin samples shown on Figure 4.

80
70
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40 —y
N— |
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20
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0

Esterification degree,%

80 100 120 140 160 180 200 220 240
Acidity, derrees

Figure 4. Total acidity change depending on pectin esterification degree

According to the given results (see Figure 4) there is a celépiendence between total
acidity and degree of pectin esterification. It gives the base for searching the mathematical
model.
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Mathematical processing of research results

On the base of the received experimental data the mathematical treatment will be
corducted.

According to the dependence graph outlook Y (%) esterification degree from X (degr.)
acidity and big tightness of linear Connecti()‘r))x o 0,96) , we will look through the linear

dependence. In order to clarify the best outlook ofréseiltative factor approximation we
will use other kinds of regression equation: hyperbolic, exponential and degree dependence:

¥=4a, g% linear (1)

=g, +3,7 hyperbolic (2)
¥= 8,6 i exponential (3)

¥¥=a,X* T degree (4)

whereap, a1 1 are unknown regression dependence coefficients.

The unknown model parameters4} (ap, a1) we will find by the least squares method.
For the formation of methods of receiving the unknown models parametéjsn@ will
consider them as common dependen€e.

For the model (1) we will use function LINEAR fromicrosoft Excel(category
STATISTICAL), which also contains additional characteristics for the model qualitative
analysis.

The model of inverted connection with the help of substil;ums-l is reduced to linear
X

= a+, i

To build the exponential motlé is necessary to take logarithm of left and right parts
(3). We will getinz=In @ +, ¢ so as use the function LINEAR for daha ¥; x;).

For the degree function after taking logarithm as in previous case we will get
Inz=In a + la and use function LINEAR for datfiny,;Inx ). The inverted formulae

for finding @ = &> based on basic logarithmic identity.
Comparison quantitative and qualitative characteristics of received modelksaoxing
of Aithe besto for forecast carried out with
1. Coefficient (index) of determinationR®, is a part of dispersion, which explains
regression (model criterion of adequacy, which erfeasure of independent variable x
explanatory forcer);
2. Fi Fisher statistics, univocally gives an answer about model adequacy (an opportunity
of use on practice);

n 2
3. Sum of squares of remainders (erroS$E:é( y - y) (deviation square of real
i=1

values of independent variable, from calculatedy, );
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10 %y
4. MpPE=]
na Y
immutability). This criterion is used wlei comparing prognosis exactness, because it
characterizes the related prognosis exactness.
Meanwhile it is considered that that the definitMAPE s less than 10%. It gives high
prognosis exactness and the model quality.
These quality criteria are used additional information while choosing the best model
from possible ones.
In calculating the additional models quantitiestjiwe will use formulae with [15].

—100% 1 absolute average percent error (indicator of prognosis

SSR—a( y - } i sum of squares, that explains the regression;
i=1

n 2
SST=3 ( y —_3) T total sum of deviation squares;
i=1

R = SSR

SST
For the linear model according parameters the eg8i$'= SSR+ Stis done.
While verifying the model adequacy we will usédst criterion.
To that end wéind the calculated criterion definition

. fm y . Flm-y

estlmated 1- Rz '
Fo-m ¢ % m)

where mi quantity of the unknown parameters in the mofdak 2),

ni quantity of data(n=7).
For the assigned level of significance (errdrand number of freedom degrees- 1

and n- m we find from the statistical tables (or Microsoft Excelfunction FINV) Fe;. If
Fcac>For, the model is adequate, etiwvise no.

To verify the significance of the received equations coefficients we will tisst t
criterion. To that end we will calculate the calculated definitions of the criterion on the
formulae tac = |a| /i = 0.1, and will compare it witithe table one for % level of
significance. While using-test we calculate according to the number of freedom degrees
n-m=3and |l evel of signi ftiN2.nEa@dispersions6f médéls we
parameters deviations wellalculate on the formulae:

ax 52 SSE

All the received results we will put into the Table 2.
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Table 2
Results of dispersions calculation of parameters deviations of the suggested models

Parameters of-criterion
Model outlook
sts 51 tcalc tlcalc tcr
Linear 7.68 0.05 12.78 7.54 .57
Inverted 351 43005 3 1556 N2.57
Exponential 4.68 0.0008 3148 11.84 .57
Degree 0.028 3.947 455385 44.81 .57

Through theb i | at er a HestSitiuuedsy totmadke sute, using Table 3, that the
parameters of all the received models are significarfxeegel.

Table 3
Results of models significance verification at 5% level
Model type Equations R2 F-test SSE | MAPE, %
criterion

Linear R=0871 0.41x 0.92 56.85 12559 11
Hyperbolic A 6691.08

P R 120.55 + 098 | 24208 | 3144 5
Exponential | R = 1%% . 3 A¢ 098 14563 46.65 6
Degree R = 17%74. {099 24208 3320 5

While analyzing the results of Table 3 we can make a conclusion that the degree or
hyperbolic models are the best for prognosing.
R = 17%974.9Ax
6691.08

R 7420.55 +

Let us verify the received models. On condition of the skethwn value of pectin
titrated acidity 139.7 degr., the degree of esterification is 86D37.446, for the first and
second models consequently, while by the chemical method it WasC8 condiion of the
well-known value of pectin titrated acidity 191.3 degr., the calculated value esterification
degree is 29% and 24.44, by the chemical method it was 24.0%.

In this way, the found models are adequate and available for use.

Conclusions

1. High-ester and lowester pectin characteristics with the help of l&hd NMR
spectroscopy is held, whereas these methods do not give the univocal indication of
esterification degree.

2. The pectin titrated acidity determination is held wvilie mathematical treatment. As a
result, two regression equations are received.

3. The difference between chemical method of esterification degree determination and
suggested method is 063%.
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liquid chromatograph Dionex IGS000 with an
electrochemical detector. The ratio of hydrophobic i
hydrophilic amino acids was studied in the samples.

Results ard discussion.It was found that the protei
content in flour from sunflower kernels is 22% higher. 1
content of essential amino acids is 31.1% higher than ir
press cake from which the flour was isolated. The incre
in protein content in sunflowetdur is due to the increas
of the fine fraction during fractionation. Along with tt
increase in total protein content, flour is enriched w
essential hydrophobic amino acids, in particular leuc
(14.2%), isoleucine (6.7%), methionine (11.2%), as a®|
replaceable hydrophobic proline (10.5%). Limiting ami
acid in flour is lysine (score 78%), the content of otl
essential amino acids significantly exceeds their contel
the ideal protein (score of leucine 153%, isoleucine 14
methionine 213%, w®thionine with cystine 258%
phenylalanine and tyrosine 177%). The content of leu
and isoleucine in the classic kinds of sunflower is limit
In sunflower kernel flour, their content is exceeded one
a half times. To balance the obtained sunflofieur by
lysine content, it is rational to use its compositions w
other lysinecontaining types of flour from oilseeds and /
with the use of food microbiological lysine.

Conclusion. Balanced proteitipid eco-products and
drugs on the basis of complerocessing of sunflowe
seeds show functional and technological properties
contribute to disease prevention.
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Introduction

Samples of processed sunflower seeds are studied to substantiate the amino acid
composition of proteins for dietary and functional products.

Aspects of theprotein problem in the world. Protein is crucial in a balanced diet for
people of all ages [1, 2]. Protein deficiency in food can affect the health of the population.

According to [3], nine out of ten Indians do not have sufficient protein intake. Most
pemle in the United States and Canada find it almost impossible not to meet their protein
needs. (Hamilton et al., 1991).

Dr. Geoff's review [4] presents protein concentrations in food. Energy consumption
from the maximum proteimequirement for adults is ppximately 8% of the estimated
average energy requirement. These valepsesent something similar to the concentration
of protein in food. A diet with a protein concentration of about 8% should be adequate for
adults (for children, this figure is cledo 5%). We consume only a limited number of food
products in which at least 8% of calories are attributed to protein. In particular, human milk,
which is an ideal food for fagtrowing children, is one such product. Oil proteins and
modified or processedil proteins can be included in food to give it nutritional value and
functional properties. Vegetable protein processing includes physicochemical and heat
treatment, which affects the nutritional value of manufactured products, as well as technical
featuwes. Conversely, functional properti¢saffect the behavior of the protein during
processing and storage. These properties can be changed by chemical and enzymatic
treatment [5].

The use of balanced protdipid ecoproducts and drugs in the systemancept of
health (KTIOLE system) contributes to dise
heal th i mprovement . It is advisable to use
rehabilitation for people of all ages [6, 7].

It is important not only tdind available sources of protegontaining food syrups but
also to create products that are safe and balanced in the chemical composition of nutrients [8,
9].

An important component of food is a protein with a balanced composition of essential
amino aails [10].

Current trends in food technology are the search for new sources of protein and
improving the technological processes of processing materials. It is important to study the
methods of obtaining protein from the available sources, oilseeds, icupartstriving for
the preservation and balance of essential amino acids [11, 12

The problem of obtaining protein is the presence in the raw material of natural
substances that adversely affect the quality of the extracted protein, or complicate the
processing of raw materials [13].

Of particular interest is the production of dietary and functional foods from sunflower
seed kernels [147].

Technological aspects of amino acids in proteingt the same time, the treatment of
oilseeds for lipidextraction, including heating, compression and removal, changes the
inherent protein, functional and technological properties, as well as affects its digestibility
[18-22].

Essential amino acids must be present in proteins, and their balance in a protein
determines the biological value of a food product. For cereals, lysine is a restrictive essential
amino acid, and for legumés methionine and cysteine, which contain sulfur. At the same
time, limited critical amino acids are thermosensitive and reactiviiag any treatment will
affect their content in the resulting product. The oxidation of swfuntaining amino acids
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could also pose a difficulty. Also, hydroperoxides of fatty acids react with amino acids to
form sulfoxides. After the interaction of Hsoperoxides with methionine, methionine
sulfoxide is detected, which has no biological significance. Lysine and methionine are
isomerized in alkaline media, and thekigdmers are not biologically valuable. The Maillard
reaction involving the same fremao acids, reducing the carbohydrate content when heated,
gives a compound consisting of radical reagents such as frictimgptophan, which
reduces the digestibility of free amino acids. The products of the Maillard reaction to toxicity
have been studd because it has been found that in animals such substances slow down
growth [23].

The difficulty of assessing the native protein is the impossibility of its direct detection.
There are methods by which you can indirectly determine the degree of inflaénce
technological processing on the nature of the protein. All of them are based on a comparison
of the characteristics of the raw and processed protein. In particular, determining the activity
of certain enzymes, protein composition for solubility in waselutions of salts, acids and
alkalis, digestibility of proteins in certain species of animals or birds, and determining the
metabolic energy of feed for them [10,-28].

Proteins consist of 20 amino acids, eight of which are needed. Amino acidsrdiffer
their physical and chemical properties, in particular thermal stability [27, 28], reactivity [22],
polarity and hydrophilicity. The hydrophilicity of an amino acid is affected by the presence
of radicals and their properties that are not bound by decipond [30].

Proteins are hydrophilic and can absorb up to 200% of water to dry weight. There may
be hydrophobic areas, most of which are in the middle of the protein molecule. The
hydrophilicity or hydrophobicity of certain parts of the protein is deteed by the amino
acid radicals that remain after the formation of peptide bonds [30].

Of the eight essential amino acids, only tugsine and threonine have hydrophilic
properties, and the other sixiydrophobic. In the presence of polar groupeyé are amino
acids that can carry a positive charge: lysine, arginine and histidine. Tyrosine and cysteine
have radicals that can take a negative charge. Asparagine, glutamine, serine and threonine
have nonionic polar radicals [31]. Usually, the cdostit components determine the
properties of the substance. Therefore, it is important to find an experimental correlation
between the content of hydrophilic and hydrophobic amino acids in the protein and between
the modes of technological processes ofgimoproduction [15, 30].

The purpose of our study was to investigate sunflower kernel flour and materials for its
production, as well as the ratio of hydrophobic and hydrophilic amino acids in these products.

Materials and methods

The subject of the stly is the products from the sunflower seed kernels, including flour,
press cake and grist.

Materials

The flour from the sunflower seed kernels was obtained by crushing the kernel, further
pressing the material at a temperature of-1005 4, t hus obtaining t h
press cake was used as a raw material for the flour. The press cake ledsamd
fractionated through a sieve. The fraction of passage through a sieve with aperildes 0.3
mm was selected. The grist was obtained by degreasing the press cake with hexane in a
laboratory extraction plant [15, 32]. At the same time, three swiadsnélower flour were
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taken: for preparing the sample for chromatographic analysis, to determine the moisture
content, and to determine the residual content of the oil.

Sample preparation for determining the amino acid content.The amino acid
compositiorand physicochemical of processed sunflower seed kernels were studied for flour,
press cake and grist.

The sample preparation for determining the amino acid composition was carried out by
acid hydrolysis of the sample [7]. The flour was placed in an arapgobe and added 1:1 by
weight 6 n. HCI. The ampoule was sealed and kept al1@6r 24 hours. After hydrolysis,
the contents of the ampule were filtered, the filtrate was evaporated in a water bath. The dry
residue was dissolved in a citrate buffetefitd again and used for analysis.

Methods

The amino acid composition of the protein in sunflower flour, the press cake and grist
was determined chromatographically. The amino acid composition of the prepared samples
was determined using a liquid chrotograph Dionex ICS000 with an electrochemical
detector [7]. The presence of amino acid was determined by the time it was released from the
column, having previously calibrated it with pure amino acids. The number of amino acids
was determined by the arefithe release peak of certain amino acids. The signal from the
detector is processed by a computer program that automatically determines the contents of
each amino acid in the sample.

In the sunflower flour, the press cake and the grist, the moistatertt was determined
by an arbitration method [ 30] by drying to
residual oil content was measured using the Soxhlet method, and the total protein content
measured by the Kjeldahl method.

Study results analysis

The change in amino acid content in sunflower flour was calculated for the content of
the respective amino acid in the press cake, that was the source for the flour. The ratio
between hydrophobic and hydrophilic amino acids in the studied samplatswaalculated.

Results and discussion

Study of amino acid content of the sunflower flour, the press cake and the grist
(shrot)

Sunflower flour is a thin homogeneous powder of gray color in appearance with a
distinct taste and smell of sunflower kerfieb]. In the sunflower grist from the purified seed,
the residual oil content was 14.3 N 0.4 wt.
standard deviation of the amino acid content of the flour, the press cake, and the grist was
4.8%.

Tables 1 ad 2 show the amino acid composition of sunflower products from the
sunflower kernel compared with the literature on the content of amino acids of the press cake
and grist sunflower.
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Table 1
Amino acid (AA) content of the sunflower flour, the press cak and the grist (shrot), % wt
N | Amino acids Flour from the sunflower seed kernels
( AA) Flour Score Increase in AA | Press | Grist
(account by content in flour,% | cake
AA) flour, % wt. from the
contents of the
press cake
Essential 18,30 13,96 | 13,87
amino acids:
hydrophobic| 14,63 10,96 | 10,65
1 | valine (V) 2,61 132 2,15 | 1,80
2 | Isoleucine (1) 2,27 143 6,7 1,78 | 1,50
3 | Leucine (L) 4,26 153 14,1 3,25 | 3,57
4 | Methionine (M) | 2,11 213 11,2 1,31 | 1,59
5 | Tryptophan (W) - - -
6 | Phenylalanine 3,38 284 12,7 2,47 | 2,19
(F)
hydrophilic| 3,67 3,00 | 3,22
7 | Lysine (K) 1,71 78 1,52 | 1,52
8 | Threonine (T) 1,96 124 1,48 | 1,70
Non-essential 21,40 18,57 | 18,49
amino acids:
hydrophobic| 8,56 6,80 | 6,89
9 | Alanine (A) 2,54 2,04 | 2,08
10 | Glycine (G) 2,90 2,42 | 1,93
11 | Proline (P) 2,96 10,5 2,21 | 2,77
12 | Cystine (C) 0,16 0,13 | 0,11
hydrophilic | 12,84 11,77 | 11,60
13 | Arginine (R) 5,50 593 | 541
14 | Aspartic  acid| 0,95 0,78 | 0,89
(D)
15 | Histidine (H) 1,13 0,87 | 0,75
16 | Glutamic acid| 1,86 152 | 1,81
(E)
17 | Serine (E) 2,56 9,0 1,92 | 1,92
18 | Tyrosine (Y) 0,84 0,75 | 0,82
Total 39,70 22,0 32,53 | 32,36
number of

During the processing of sunflower seeds, the prepared material is subjected to wet heat
treatment, so it is possible to break covalent bonds and proteins [15]. Chemical interactions
with other substances are possible between amino acids and proteins [13]. As a result, they
lose their properties and undergo chemical transformations. Therdgfergntent of amino
acids in the grist decreases compared to the cake, and this trend is maintained for all amino
acids.
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The preparation of flour from the press cake requires grinding at the-taierh and
probably the peptide and covalent bonds in gihatein molecules are preserved. This is
confirmed by the fact [15] that the amount of protein in flour increases and the bonds between
other components (cellulose, minerals, lignin) are destroyed faster than in protein molecules,
which allows us to obtaia fraction enriched in protein. Logically, the enrichment of the
product with protein is due to an increase in the content of amino acids in sunflower flour
obtained from the cake.

Comparative analysis of amino acid content of sunflower flour, the prss cake and
the grist

Experimental studies (Table 2) confirm the increase in the content of amino acids in
sunflower flour compared to the press cake, which was the raw material for the production
of flour.

It was found that sunflower kernel flour hakigher total protein content and a higher
content of essential amino acids than in the cake from which it was obtained. In the flour
from the purified kernel found a limited content of the amino acid lysine (78%), the content
of other essential amino asidignificantly exceeds their content in the ideal protein (leucine
153%, isoleucine 143%, methionine 213%, methionine in the amount of cystine 158%,
phenylalanine 284% phenylalanine in the amount of tyrosine 177%). The content of leucine
and isoleucine ithe sunflower of classical processing is limited [25], in sunflower flour from
the purified kernel their content exceeds one and a half times. Improving the composition of
sunflower flour is provided by the introduction of food additives that have arhégiméent
of amino acids, which is limited to flour [26].

The protein content of cake and meal is lower than the protein content of the flour,
which is due to the enrichment of the protein fraction of fine particles during fractionation.
Along with the incease in total protein content, the fine fraction is enriched with essential
hydrophobic amino acids, in particular, leucine, isoleucine, and methionine. Also, the content
of the substituted amino acids alanine, glycine, proline, which are hydrophobithend
hydrophilic amino acids serine and histidine increases.

Content of hydrophobic and hydrophilic amino acids and their ratio in sunflower
products

The calculated ratio of hydrophobic and hydrophilic amino acids in sunflower products
from the purifiedkernel is given in Table 3.

Sunflower cake and meal are obtained by heat treatment in the presence of hydrophobic
reagents. Fractionation of crushed cake particles promotes the concentration of protein in
sunflower flour and increases the content of hptiabic amino acids.

As a result of fractionation, the content of hydrophobic amino acids and the content of
total protein in sunflower flour increased in comparison with cake and meal.

The ratio of hydrophobic amino acids to hydrophilic amino acids shaihaidthe
content of hydrophobic amino acids increases, and the number of hydrophilic amino acids
decreases. This indicates that free radicals, which are not involved in the formation of the
peptide bond in the protein, are better able to resist the piogehging oil production and
the production of sunflower flour than the hydrophilic amino acids (Table 3).
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Table 2

Co mp a r antlysis & amino acid (AA) content of sunflower flour, the press cake and the
grist (shrot), % wt

N | Amino acids | Sunflower | Sunflower | Sunflower | Sunflower | Sunflower
( AA) press cake| press cake| grist [14] | grist[21] | grist[21]
[22] [20]
Essential
amino acids: 8,60 7,03
hydrophobic
1 | valine (V) 1,32 1,23 3,83 1,96 2,00
2 | Isoleucine (1) 3,26 1,26 1,64
3 | Leucine (L) 2,73 244 7,40 2,28 2,54
4 | Methionine 0,71 0,51 2,38 0,93 0,91
(M)
5 | Tryptophan - - 1,22 - -
(W)
6 | Phenylalanine 1,41 0,92 8,17~ 1,75 1,84
(F)
hydrophilic
7 | Lysine (K) 1,09 0,86 3,75 1,34 1,43
8 | Threonine (T) 1,34 1,07 4,85 - -
Non-essential 13,43 12,63
amino acids:
hydrophobic
9 | Alanine (A) 1,35 1,25 - -
10 | Glycine (G) 1,81 1,48 - -
11 | Proline (P) 1,45 1,54 - -
12 | Cystine (C) - - - -
hydrophilic
13 | Arginine (R) 1,91 1,83 3,23 3,14
14 | Aspartic acid - - - -
(D)
15 | Histidine (H) 0,89 0,59 0,85 1,01
16 | Glutamic acid 3,93 4,22 - -
(E)
17 | Serine (E) 1,31 1,11 - -
18 | Tyrosine (Y) 0,78 0,61 - -
The total 22,03 19,66 34,86 13,60 14,51
number of

Y- Methionine + Cystin€e}" - Phenylalanine + Tyrosine
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Table 3

Content of hydrophobic and hydrophilic amino acids and their ratio insunflower products

Indicator Products from sunflower Sunflower Sunflower
kernel press cake press cake
Flour | Press Grist [15] [13]
cake | (shrot)

Content of essential | 18.30| 13.96 13.87 8.60 7.03

amino acids (EA)

hydrophobic 14.63| 10.96 10.65 6.17 5.10

hydrophilic 3.67 | 3.00 3.22 2.43 1.93

The ratio of

hydrophobic to] 3.99 | 3.65 3.31 2.54 2.64

hydrophilic EA

The content of 21.40| 18.57 18.49 13.43 12.63

substitutable amino

acids (SA)

hydrophobic 8.40 6.67 6.78 4.61 4.27

hydrophilic 13.00| 11.90 11.71 8.82 8.36

Ratio of hydrophobiq , ex | 56 | 0.58 0.52 0.51

to hydrophilic

Total content of

hydrophobic amino | 23,03| 17,63 17,42 10,78 9,37

acids

Total content of

hydrophilic amino 16,67 | 14,90 14,93 11,25 10,29

acids

The ratio of

hydrophobic to| 1,38 | 1,18 1,17 0,96 0,91

hydrophilic

This property of proteins to retain functional hydrophobic properties during the
technological processing of press cake, flour, and grist allows us to use these products as raw

bio materials for the pauction of dietary and functional prote@ontaining and proteifipid
products and to improve their quality.

Conclusion

1. The balanced amino acid composition of sunflower flour is substantiated.
2. An increase in the content of hydrophobic amino a@idisroves the technological

properties of flour. It is advisable to use sunflower kernel as a formulation component
for the development and introduction of dietary and functional products with improved

consumer properties, as well as for expanding the rainfged products and improving

their quality.

3. Balanced proteitipid ecoproducts and drugs on the basis of complex processing of
sunflower seeds show functional and technological properties and contribute to disease

prevention.

b b HJkrainian Food Journal .

2020. Volume9.Issue2b b b 401



t t tFood Technologyt t t
References

1. Carpenter K.J(1994), Protein and energy: a study of changing ideas in nutrition,
Cambridge University Pres§ambridge

2. Webb G.P. (2012)Nutrition: maintaining and improving health4dition, Taylor
and Francis, Oxford

3. Times of India (2015)Nine out of terindians lack proper protein intakévialable
at: http://timesofindia.indiatimes.com/city/nagpur/Ninat-of-10-Indianslack-
properproteinintake/articleshow/47534086.cms.

4, Dr Geoff (2016)The Protein Gap one of the biggest errors in nutritional scienc

Overview Avialable at: https://drgeoffnutrition.wordpress.com/2016/12/07the
proteingaponeof-the-biggesterrorsin-nutritionatscienceDr. Geoff/ Decembe 7,
2016

5. AndreEs Mourea, J. Sineirob, Her mi ni a Dc
Functionality of oilseed protein products: A review Avialable at:
https://www.academia.edu/20956984/Functionality _of oilseed_protein_products_A

review

6. Mykola Oseyko, Vasyl Shevchyk, Olena Pokryshko (2019), Antimicrobial and
antifungal activity of model drugs on the basis of food plant extracts in the systemic
corcept of health,Ukrainian Journal of Food Sciencer(1), pp. 7082 DOI:
10.24263/2314100820197-1-9.

7. Mykola Oseyko, Nataliia Sova, Maryna Lutsenko, Viktoriia Kalyna (2019), Chemical
aspects of the composition of industrial hemp seed produdiikrdinian Food
Journal 8(3), pp. 544559, DOI: 10.24263/230874X-20198-3-11.

8. Oseyko M., Romanovska T., Shevchyk V. (2017), Funktsionalnyy Produkt v
kontseptsiyi endoekolohiyi zdorovya (Functional products in endoecology health
concepts)Scientific Works of NFT, 23(3), pp. 192203.

9. Tutel'yan V.A., Vyalkov A.l., Razumov A.N., Mixajlov V.l., MoskalenkoA.,
Odinec A.G., Sbezhneva V.G., Sergeev V.N. (20N3uchnye osnovy zdorovogo
pitaniya, Moscow.

10. GonzalezPerez S., Vereijken J.M. (2007), Sunflower protearsioverview of their
physicochemical, structural, and functional properfleSci. Food Agrig 87(12), pp.
2173 2191.

11. Salgado P.R., Molina Ortiz S.E., Petruccdli et al. (2011), Sunflower protein
concentrates and isolates prepared from oil cakes have high water solubility and
antioxidant capacity]. Am. Oil Chem. Soc88(3), pp. 350360.

12.  Shirokoryadova O.V., Minakova A.D., Shherbakov V.G., Logunova O.V. (2008)
Bi oxi micheskie osobennosti bel kilovestya h  f r a
vuzov. Pishhevaya tekhnologiyia pp. 2324.

13. Nosenko T. (2017), Comparison of biological value and technological properties of
oilseed proteindJkrainian Food Journal 6 2 ) , 1i@238. 226

14. Labeyko M.A., Lytvynenko O.A., Fedyakina Z.P., Petik P.F. (2012), Otrymannya
bilkovoho produktu z nasinnya sonyashnyku vitchyznyanoyi selekigismyk Nats.
tekhn. urtu  "KhPI", 39, pp. 117124, Available at: http://
archive.kpi.kharkov.ua/files/18128/

15. Oseiko N.I. (2006)Tekhnolohiia roslynnykh olivarta, Kyiv.

402 b b HJkrainian Food Journal . 2020. Volume9.Issue2b b b


https://drgeoffnutrition.wordpress.com/2016/12/07/the-protein-gap-one-of-the-biggest-errors-in-nutritional-science/
https://drgeoffnutrition.wordpress.com/2016/12/07/the-protein-gap-one-of-the-biggest-errors-in-nutritional-science/
https://drgeoffnutrition.wordpress.com/author/drgeoffwebb/
https://drgeoffnutrition.wordpress.com/2016/12/07/the-protein-gap-one-of-the-biggest-errors-in-nutritional-science/
https://drgeoffnutrition.wordpress.com/2016/12/07/the-protein-gap-one-of-the-biggest-errors-in-nutritional-science/
https://www.academia.edu/20956984/Functionality_of_oilseed_protein_products_A_review
https://www.academia.edu/20956984/Functionality_of_oilseed_protein_products_A_review

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

t t {Food Technologyt t t

Kamsulina N.V., Skurikhina L.A., Hubal L.M. Doslidzhennia funktsionalno
tekhnolohichnykh vlastyvostei bilkiv iz nasinnia soniashnyReghresyvni tekhnika

ta tekhnolohii kharchovykh vyrobnytstv restorannoho hospodarstva i torhivli: zb.
nauk. pr, 2(22), pp. 561, Available at:
http://elib.hduht.edu.ua/jspui/handle/123456789/589

Fadeev L.V. (2013 odsolnechnik Ukrainy sehodnia i zavtraSpetsemm, Kyiv.

Sitohy M.Z., Badr E.H., Perifanoddemska M., Khadjiskf T.S. (1993),
Characterization of enzymatically extracted sunflower seed oil as well as the protein
residuesGrasas y Aceites14(6), pp. 346347.

Villanueva A., Vioque J., Sanché&#zoque R., Clememt A., Bautista J., Millarf.
(1999), Production of an extensive sunflower protein hydrolysate by sequential
hydrolysis with endeand exeproteasesrasas y Aceites 50 ( 61476. t6. 47 2
Nikolaev S.l., Dikusarov V.G., Randelin D.A. i dr. (2016), Sravnitglranaliz
khimicheskogo sostava produktov pererabotki semyan maslichnykh igtuchny;j
zhurnal KubGAL 118(04), available at: http://ej.kubagro.ru/2016/04/pdf/106.pdf
Nikolaev S.I., Karapetyan A.K., Kornilova E.V. i dr. (2015), Sravnitelnyy analiz
aminokislotnogo sostava kormoMauchnyj zhurnal KubGAUL07(03), Available at:
http://ej.kubagro.ru/2015/03/pdf/110.pdf

Nikolaev S.I., Karapetyan A.K., Chekhranova S.V. i dr. (2016), Sravnitelnyy analiz
khimicheskogo sostava produktov pererabotki semyan chaglkh kultur,Nauchny;j
zhurnal KubGAU 118(04), Available at: http://ej.kubagro.ru /2016/04/pdf/83.pdf
Flaumenbaum B.L., Tanchev S.S., Grishin M.A. (19&33novy konservirovaniya
pischevyikh produktg\Moscow.

Ivanova P., Chalova V., Koleva L., Pishtyd. (2013), Amino acid composition and
solubility of proteins isolated from sunflower meal produced in Bulgaria,
International Food Research Journal 2 0 ( 6 )1,300@.tc. 2995
GonzalezVega J.C., Stein H.H. (2015), Amino acid digestibility in canola,
cotionseed, and sunflower products fed to finishing plg&nim. Sci, 20,7 tp. 4
4400.

Nenova N., DrumevaM. (2012), Investigation on protein content and amino acid
composition in the kernels of some sunflower lindslia, 35(56), pp. 40146.
Gonz®W®erz S., Vereijken J. M., Mer ck K. B.
of sunflower (Heliantus annuus) Hkehtinin: effect of heat and pH, Agric. Food
Chem, 52(22), pp. 677®778.

Molina M.I., Petruccelli S., Anon M.C. (2004), Effect of pH and ionic strength
modifications on thermal denaturation of the 11S globulin of sunflower (Helianthus
annuus),). Agric. Food Chem 52(19), pp. 6023029.

Nicolson S., Human H. (2013), Chemical composition of the “low quality' pollen of
sunflower (Helianthus annuus, Asteracea&pidologie, Springer Verlag44(2),
p.144152.

Romanovska TFizykakhimicthiO &sgekty kharchovykh tekhnolghiy
Naukova dumka, Kyiv.

HansDieter Jakubke, Hans Jeschkeit (1982)mi nos @ ur en, PRepti di
AkademieVerlag, Berlin.

Cristina Popovici (2013), Soxhlet extraction and characterisation of natural
compounms from walnut (Juglans regia L.)4pyoducts Ukrainian food journal 2(3),

pp. 328 336

Oseyko M. (1987), Bilkovdipidni dobavky,Zerno i khlib 4, p. 31.

b b HJkrainian Food Journal. 2020. Volume9.Issue2b b b 403



t t tFood Technologyt t t

Antioxidant capacity of alcoholic beverages based on

infusions from
raw materials

non -traditional spicy

-aromatic vegetable

Oleg Kuzmin %, Volodymyr Kucherenko 2,

Iryna Sylka !, Volodymyr Isaienko
Olena Pavliuchenko

3, Yuliia Furmanova 1,
1, Viacheslav Hubenia 1

17 National University of Food Technologies, Kyiv, Ukraine
2 i Ukrainian Corporation for Viticulture and Wine Industry "Ukrvinprom”
3 i National Aviation University, Kyiv, Ukraine

Keywords:

Spicy-aromatic
Antioxidant
Redox
Infusion
Alcohol

Abstract

Atrticle history:

Received)1.08.2019
Received in revised
form 23.12.2019
Accepted
30.06.2020

Corresponding
author:

Oleg Kuzmin
E-mail:
kuzmin_ovi@ukr.net

DOI:
10.242632304
974X-2020-9-2-12

Introduction. The aim of the study is to determine t
antioxidant capacity ofiqueousalcoholc infusions using non
traditional spicyaromatic raw materials in the technology
alcoholic beverages.

Materials and methods. Antioxidant ability of infusions of
spicy-aromatic plants:Perilla frutescens Elsholtzia stauntonii
Benth Artemisia abrotanum Monarda didyma Agastache
foeniculum Satureja hortensis Ruta graveolens Nepeta
transcaucasica Grosscivas determined by redmetry and pH
metry; sensoryevaluationi by expert method; the results
mathematical and statistical processingy the method of linea
Pearson correlation.

Results and discussionThe minimum theoretical value ¢
redox potential RP) for plant aqueasalcoholc infusions was
obtained, which has a value from 228.0 nBA{ureja hortens)sto
260.4 mV QAgastache foeniculumThe actual measureRP of
infusions was established from 117 mV Elsholtzia stauntonii
Benth to 134 mV Nepeta transcaucasicar@scl). The hydrogen
index for aqueousalcoholc infusions from spicyaromatic raw
materials has a value of 6.66 units phtjéstache foeniculuyrto
7.20 unitspH (Satureja hortens)s Aqueousalcoholc infusions
from vegetable raw materials and a volume fraction of ethant
40% have the value of recovery enerB¥)in the range from 100.(
mV (Nepeta transcaucasica Gros3cho 138.2 mV Ruta
graveoleny.

Aqueousalcoholc infusions from spicyaromatic raw
materials have values sénsonevaluation §.e) from 9.50 to 9.69
points. The highest value &.e.9.69 points is characteristic ¢
Nepeta transcaucasica Grossaolori light brown; tasté mint;
aromal soft, pleasant, sweet.

Conclusion. It is proposed forthe technology of alcoholic
beverages the use aiqueouslcoholc infusions from Ruta
Gravelensand Nepeta transcaucasica GrosscWwhich received
increased antioxidant characteristRE 138.2 mV andRE 100.0
mV, respectively, and positiv@e. 9.57 andS.e.9.69 points on &
10-point scale.
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Introduction

One of the important directions of food industry development is improvement of taste,
aroma of food, preservation (or addition) of nutritional value of the final product (Dubovkina I.
et al., 2019Kuzmin et al., 2016; Kuzmiat al., 2017) [13].

Currently, the use of vegetable raw materials in the technology of alcoholic beverages is
very relevant (Andreou et al., 2018handrasekara, Shahidi, 2018; lannitti, Palmieri, 2009;
Halliwell, Gutteridge, 1990; KawRygielskaet al.,2019;Fotakiset al., 20144-9], especially
when used in restaurant business. Herbal beverages commonly consumed worldwide contain
different chemical substances that display a broad spectrum of biological activities (Kamdem
et al.,, 2013; Frolova et al2019; Gerolis et al., 201Amark et al., 2000; Pyrzynska,
Sentkowska, 2019Vong et al., 2020; Sentkowska, Pyrzynska, 2®&ifdiqui et al., 2018;
Steenkamp et al., 2004) [i118]. They have gained growing interest among scientists and
consumers due to tinentioxidant properties (Breiter et al., 2011; Dube et al., 2017 [19, 20].
The ability of plant phenolics to act as free radical scavengers has led to increased interest in
their ability to act as antioxidantk€ating et al., 20140h et al., 2013Herrera et al., 2018;
Humia et al., 2020[21i 24]. Antioxidants are able to reduce the output of oxidation products:
hydroperoxides, alcohols, aldehydes, ketones, fatty acids.

Beverages are rich sources of natural bioactive compounds such as carotenoidls, pheno
acids, flavonoids, coumarins, alkaloids, polyacetylenes, saponins and terpenoids, among others
(Ruiz-Ruiz et al., 2020; Naithani et al., 2006) [25, ZB{.particular interest in the production
of alcoholic beverages is a spiayomatic raw material #t exhibits antioxidant and tonic
propertiegVergun et al., 2018Yergun et al., 2019; Kurylo et al., 2018) [2ZB]. At present,
the antioxidant characteristics of all prescription components, food additives, biologically
active substances and their condtions have not been sufficiently studi@lglass et al.,
2012;Grunertetal., 2018ul I - n et al ., 2018; Gul)ysai et al
34].

RPis an important indicator of the biological activity of solutiokaZmin O. et al., 2016;

Mernwe et al., 2017) [2, 35]. It characterizes the deviation from the ionic balance of free electrons
in a liqguid medium. Changing the concentration of free electrons leads to a change in its electron
charge and, accordingly, tiP. If the RPis positive, itindicates the oxidizing ability of the
solution, negative indicates recovery ability. The valuBB#&llows to estimate the energy of
processes, that is, characterizes the activity of ions in redox rea&#inis, (L999; Priluckij,

1997 [36, 37]. Therefore, in order for the human body to optimally use in the exchange
processes aquecagcoholic mixtures and food, tiRPPvalues must correspond to fRBvalues

of the internal environment of the organism, or have more negative vBhfes 1999 [36].

But among all the useful properties, the main thing will be to change the redox reactions
(Priluckij, 1997 [37]. Redox reactions affect the ratio of energy to support homeoktasis
relativity of dynamic constancy of composition and prapsrof internal environment and
stability of basic physiological functions of an organism. This ensures the vital activity of any
organism. The magnitude of this rate depends on the ratio and concentration of oxidized and
reduced substances in the bodgluding substances coming from food and beverages, so one
of the main factors in the regulation of redox reactions is the redox pot&utizhih O. et al.,
2016;Bahir, 1999; Priluckij, 19972, 36, 37].

These circumstances determine the relevance ofubiik, which is to develop aqueeus
alcoholic infusions of vegetable raw materials in the technology of alcoholic cocktails for
restaurants. Creating alcoholic cocktails with reduced toxicity through the introduction ef spicy
aromatic infusions with antiéstant properties, allows restaurant establishmentsei@te new
products, which favorably differentiates them from competitors, creating a favorable image of
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the institution, which cares for the protection of consumers.

The purposeof the work is to deveb the scientific bases of antioxidant activity of
aqueousalcoholic infusions from vegetable raw materials and to identify the most promising
plants as sources of natural antioxidants in the creation of alcoholic beverages.

It is necessary to solve thdlawing problems
I To substantiate the prospect of using aquatezholic infusions from vegetable raw

materials in the production of alcoholic beverages;

I To establish the value of the restorative capacity of ageedoabolic infusions from
vegetable raw materials;

I Todevelop statistics on the frequency of values in a certain range of the data obtained during
sensonevaluationand physicochemical values;

I To carry out mathematical and statistical analysis of indicators of agakoh®lic
infusions and establish internal correlation;

1 Identify the most promising sources of natural antioxidants for use in alcoholic beverage
technology.

Materials and methods
Materials

The study used plant raw materials that are allowed to be used in the production of
alcoholic beverages. In tiM.M. Gryshko National Botanic Garden of NAS of Ukraives
created new cultures of spiggomatic plants, which became the subject of thesaestud
(Rakhmetov, 201)1[38].

In the Figure 1 shows a photo of vegetable raw mateRalstla frutescens; Elsholtzia
stauntonii Benth; Artemisia abrotanum; Monarda didyma; Agastache foeniculum; Satureja
hortensis; Ruta graveolens; Nepeta transcaucasica&noFor preparation of extracts used
the following basic raw materials: ethanol rectified, water, cardboard filtering.

The extracts should meet the requirementsemsoryevaluation(Table 1). The extracts
must meet the requirements by physicochemiaehmeters (Table 2).

Table 1
Sensoryevaluation of extract

Indicator Characteristic

Transparent without sediment and foreign impurities fluid, accept
opalescence that disappears after filtration

Color, taste,| The inherentvegetable raw materials from which they are mg
aroma without the foreign taste and odor

Appearance

Table 2
Physicochemical parameters of extract

Parameter Norm
Ethyl alcohol by volume, % 20.0/90.0
Mass fraction of essential oil, % 0.0/15.0
Massconcentration of the total extract, g/100%m 0.11 20.0
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Figure 1. Photo of vegetable raw materials:
Oi Perilla frutescensb i Elsholtzia stauntonii Benflti Artemisia abrotanumd i
Monarda didymaei Agastache foeniculunii Satureja hortensjgyi Ruta graveolenshi Nepeta
transcaucasica Grossch

Aqueousalcoholic infusiori semifinished product, which is prepared by extraction of
raw materials irmaqueousalcoholic solution with a strength of 40.%he static method of
extraction is called maceration. The tested aromatic raw material (dry) was infused in a
agueousalcoholc mixture in this work.

Description of research procedure

The first stagé the preparation of infusions. Plant ravaterials were minced into a size
of 3x3 mm (Figure 2), suspensions of 4 g were placed into the glass bottles, were filled by
100 ml of alcohol solvent with volume fraction of rectified ethyl alcohol 40 %. The resulting
i nfusions wer e dagspstiring petiodical®0 AC f or 7
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Figure 2. Photo of Samples of crushed plant raw materials:
Oi Perilla frutescensbi Elsholtzia stauntonii Benflti Artemisia abrotanumd i
Monarda didymaei Agastachdoeniculumfi Satureja hortensjggi Ruta graveolenshi Nepeta
transcaucasica Grossch

Next, the infusions were filtered and studies were performed to determine the indicators
of active acidity, which was measured opthmeter in the mode gfH measirement with a
combined glass electrode. TR® was measured in the potential measurement mode with a
combined redoxmetric platinum electrode.

Description of methods
Expert method of sensoryevaluation. The expert method of determination of values of
indexes of quality is based on the account of opinions of group highly skilled specialists

experts. (The expert of 1T it a specialist
sensitiveness to properties of this object) (Kuzmin et al., 2016nkuet al., 2017) [2, 3].
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Methods for determining antioxidant capacity. To evaluate the antioxidant properties
of the obtainedqueousalcoholic plant infusionsthe method(Priluckij, 1997) B7], based
on the difference oRP in inactivated inorganic solutions and complex biochemical media.
The main criteria of this method were its clarity, simplicity, specificity, reproducibility of
results and efficiency. A number of researchers also engghaisat method allows to
determine the total antioxidant activity of liquid products, including in total in a complex
mixture, and multifunctional antioxidantg&uzmin et al., 2016)2].

Formula (1) holds for inactivated inorganic solutions in equilibritiins formula links
the active acidity of theH and theRP (Priluckij, 1997) B7]:

Ehni=66016 Oglh, mV )

whereEhyin T the minimum theoretically expected value of Rig
te 11 active acidity of the tesolution.

Acquired RP values were compared with actual measurementshgfs ol ut i on.
change of th&kPtoward therecovery energyRE) was determined by the formula:

RE= Ehyini Ehae, MV (2

whereRET the shift ofRPto the side of recovered meanings (resilence);
EhminT minimal theoretically expected meaning#,
Ehut1 actual measuredP.

Mathematical and statistical methods.Pearson correlation coefficient measures the
strength of the linear association between variables. Each variable should be continuous,
random sample and approximately normally distribuféere are many rules of thurab how
to interpret a correlation coefficient, but all of them are domain specific. For example, here is
correlation coefficien(Table 3)interpretation for behavioral sciences offered by Hinkle et al.,
2003 [39].

Table 3
Correlation coefficient interpretation
Absolute value of coefficient ) Strength of correlation

0.90'1.00 Very high

0.700.90 High

0.500.70 Moderate

0.30'0.50 Low

0.00'0.30 Little, if any

The correlation coefficient can take a range of values from +1. tBositive correlation
coefficient means that if one variable gets bigger, the other variable also gets bigger, so they
tend to move in the same direction. Negative correlation coeffigieahs that the variables
tend to move in the opposite directions: If one variable increases, the other variable decreases,
and viceversa. When correlation coefficient is close to zero two variables have no linear
relationship(Hinkle et al., 2003Shendik et al.,2019 [39, 40].
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Results and discussions

Sensoryevaluation

The results ofensoryevaluation(Kuzmin et al., 2017) [3bf the obtained infusions on the
extractant are presented in the Table 4Figdres 3.

Table 4
Sensoryevaluation (S.e) of extracts
. S.e,
Plant raw materials Color Aroma Test ;
points
1. Perilla frutescens | Light amber| Floral Sourbitter, tart, 9.50
unpleasant
2.Elshogz|re]1trs],taunton| Light brown| Grassy, floral Sourbitter 9.64
3. Artemisia abrotanun Thatched Grassy Bitter, with a long, bittey 9.51
aftertaste
. Sourbitter, unpleasant
4.Monarda didyma | Thatched | Fragrant, floral with abitter aftertaste 9.52
5.Aggstache Light amber| Bright ethereal Bitter, tart 9.65
foeniculum herbal, fragran
6. Satureja hortensis| Light brown Spicy, fragrant Mode;rately hot, iritable 9.67
herbal with a sweet taste
7.Ruta graveolens | Thatched Fragrant, Bitter, tart 9.57
grassy, floral
8.Nepeta Light brown Mint Soft, pleasant, sweet| 9.69
transcaucasica Gross
9.Extractaql agueous Transparen{ Alcoholly Abrupt 9.57
alcoholc mixture
» 975
15
© 9,70 A
o
¢ 9,65 A
0
9,60 -
9,55 +
9,50 A
9,45 T T T T T T T T
1 2 3 4 5 6 7 8 9

Figure 3. Sensoryevaluationindicators of extracts on the extractant:
17 Perilla frutescens; 2 Elsholtzia stauntonii Benth;3Artemisia abrotanum;
47 Monarda didyma; 5 Agastache foeniculum;i6Satureja hortensis;

77 Ruta graveolens; B Nepeta transcaucasica Grossch;a&jueousalcoholc mixture
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Antioxidant capacity

Physicochemical studies, namely determination ofothdevel andRP (P r ® y Rriléet-
Viel, 2014; Nicoli et al., 2004) [41, 42}vere performed according to the metiiBdluckij,
1997) B7] and calculations given aboy€uzmin et al., 201B[2]. As a result of extraction
received infusions (Andreou et al., 20I8handrasekara, Shahidi, 2018; lannitti, Palmieri,
2009; Halliwell, Gutteridge, 1990; KawRygielskaet al., 2019)[4-8], physicochemical
indicators (Breiter et al., 2011; Dube et al., 2017 [19, 20] of which are presented in the Table
5.

Table 5
Quiality indicators of extracts on extractant

Plant raw materials t, ts1 | Ehwin, mV | Ehes mV | RE mV

1. Perilla frutescens 18 | 7.07 235.8 123 112.8

2. Elsholtzia stauntonii Benth | 17 | 7.04 237.6 117 120.6
3. Artemisia abrotanum 16 | 7.18 229.2 118 111.2

4. Monarda didyma 17 | 6.79 252.6 132 120.6

5. Agastache foeniculum 17 | 6.66 260.4 132 128.4
6. Satureja hortensis 17 | 7.20 228.0 125 103.0

7. Ruta graveolens 16 | 6.73 256.2 118 138.2

8. Nepeta transcaucasica 19 | 7.10 2340 134 100.0

Grossch
9. Aqueousalcohoic mixture 18 | 7.96 182.4 180 2.4

min 16 | 6.66 2280 117 1000

max 19 | 7.20 2604 134 1382

whereit i temperature of infusiorig 17 active acidity of the test solutioBhmini minimal theoretically
expected meaning &P, Ehucti actual measurddP, RET recovery energy

Figures 47 show graphically the change in the physicochemical indicators of the quality
of extracts of spicdaromatic raw materials on the extractant.

~ 8,0
S
7,5

7,0 -
6,5
6,0 -
5,5 -

5,0 T T T T T T T T
1 2 3 4 5 6 7 8 9

Figure 4.Hydrogen index (pH) of infusions of the investigated raw material:
17 Perilla frutescens; R Elsholtzia stauntonii Benth;3Artemisia abrotanum;
47 Monarda didyma; 5 Agastache foeniculum; 6 Satureja hortensis;i7Ruta graveolens;
81 Nepeta transcaucasica Grossch;Agueousalcoholc mixture
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300

250 +

Eh pin, MV

200 -

150 +

100 T T T T T T T T

Figure 5. The minimum theoretical value ofRP (Ehmin) of infusions of theinvestigated raw
material

200
180 -
160 -
140 -
120 -
100 -
80 -
60 -

40 T T T T T T T T
1 2 3 4 5 6 7 8 9

Ehact, mV

Figure 6. The actual measuredRP of infusions Ehac) of infusions of the investigated raw material

2 160
140 -
120 A
100 A
80 -
60 -
40 -
20 -
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RE, m

Figure 7. Recovery energy (REDf infusions of the investigated raw material

For Figures 5-6: 17 Perilla frutescens; R Elsholtzia stauntonii Benth; BArtemisia
abrotanum; 4 Monarda didyma; 5 Agastache foeniculum;6Satureja hortensis;7Ruta
graveolens; 8 Nepeta transcaucasica Grossch;Aqueousalcoholc mixture
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The minimum theagtical value ofRP (Ehmin) for plant aqueousalcoholc infusions
(Priluckij, 1997) B7] was obtained, which has a value from 228.0 18¥t(reja hortens)s
to 260.4 mV Agastache foeniculunThe actual measureRP of infusions Ehae) was
established from 117 mV Elsholtzia stauntonii Benjho 134 mV (Nepeta transcaucasica
Grossch. The hydrogen index foaqueousalcoholc infusions from spicyaromatic raw
materials has a value of 6.66 unitld (Agastache foeniculuyrto 7.20 unitspH (Saureja
hortensis.

Aqueousalcoholc infusions from vegetable raw materials and a volume fraction of
ethanol of 40% have the value of regenerative capaeitp\ery energy RE) in the range
from RE100.0 mV (Nepeta transcaucasica Gros3tbh RE138.2 mV Ruta graveolensFor
the restaurant business in the manufacture of alcoholic beverages are pramisgngs
alcoholc infusions ofRuta GravelensandNepeta transcaucasica Grossahhich received
increased antioxidant characteristikRE 138.2 mV and RE 100.0 mV, respectively, and
positivesensorevaluation(S.e) 9.57 andS.e.9.69 points.

The prescription composition of alcoholic beverages may incagieeousalcoholc
infusions with a mass fraction of extractivieap to 60 g/100 ciyliqueur).

DeterminationofPear son’ s | inear correlation
According to the physicochemical asdnsoryevaluation mathematical and statistical
analysis(Hinkle et al., 2003Shendriket al.,2019 [39, 40] was performed in the Pearson

correlation matrix (Table 6).

Table 6
Marked correlations (r) are significant atp<0,05;N=9

t 61 Ehmin | Ehact RE S.e.
t 100 | 040 | -0,40 | 0,48 | -0,46 | 0,30
[4h] 039 | 10 | -1,00 | 0,76 | -0,95 | -0,06
Ehwn | -0,39 | -1,00 | 1,00 | -0,76 | 0,95 | 0,06
Ehact 048 | 080 | -0,80 | 1,00 | -0,93| 0,01
RE -046| -0 | 0,90 | -0,93| 1,00 | 0,03
S.e. 0,30 | -0,10 | 0,10 | 0,01 | 0,03 | 1,00

wheret i temperature of infusiorig 17 active acidity of the test solutio&hmini minimal theoretically
expected meaning &P, Ehacti actual measurddP, RET recovery energyS.eir sensoryevaluation

According to the obtained matrix 6*6, it was fouth@t of the 6 indicatorg,(pH, Ehmin,
Enact RE, S.€), only 4 indicators are statistically significant. As a result of research it was
found that physicochemical parametdrpH, Ehmin, Ehaet, RE) are statistically insignificant
for sensoryevaluation(S.e), because the correlation coefficient is very wesd0 (0 0.3).
Also, a weak 1=0.30.5) and very weakr€0.0/0.3) relationship is observed between
temperaturet] and other physicochemical arensoryevaluation The range of values with
very high correlationrE0.9 1.0) includes the following indicatorpH, Ehmin, Enacs RE

Figure 8 shows the graphical dependencptbbn Ehmin. It was found that thpH is in
the range of 6.667.96, andEhmin 182.4 260.4 mV. According to the obtained equation, at a
pH value of 7.00Ehmin is 240 mV. When th@H value changes by I 8.00), theEhmin
decreases by 60 m\Efmin 180 mV). That is, the relationship betwedehi, andpH is very
high, because=-1, because it is inversely correlated, which leads to an increasétma
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decrease in the level &hwin. Based on the research, it was found that the addition to the
aqueousalcoholc system with a weakly alkaline environmeagftvegetable spicyaromatic

raw materials, which leads to acidification and reduction ofpHelevel in the neutral
environmentfH 6.66 7.20).

Scatterplot: pH vs. Eh;, (Casewise MD deletion)
Eh,;,= 660-60*pH
Correlation: r = -1

| ~0_95% confidence

Ehmim mV
o
o
o

6,6 6,8 7,0 7,2 7,4 7,6 7,8 8,0 8,2
pH

Figure 8. Dependence gfH level on theRP (Ehmin)

Figures 913 show the graphical dependence offikdevel, Eh.ct, Ehnin, RE

It was found thaEhs is in the range from 117 to 180 mV, and fi¢is 6.66 7.96. At
the value ofEha: 120 mV, thepH level is 6.8. If you increase theH to by one to 7.8 #n
the value ofEhye will be 159 mV, i.e Ehaet Will increase by 39 mV. This is due to the fact
that there is a very strong interdependence between the vatfidhleand pH (r=0.8). As
thepH value increases, tHeh.:index increases.

It was found thaREis in the range from 2.4 to 138.2 mV, and ptéis 6.66 7.96. When
the value oRE 132 mV, thepH level is 6.8. If you increase theH by one to 7.8, the value
of REwill be 32 mV. Increasing theH per unit from 6.8 to 7.8 leads to a decreadRhrby
100 mV. This is due to the fact that there is a very strong interdependence between the
variablesREandpH (r=-0.9). As thepH value increases, tHRE decreases.
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Scatterplot: pH vs. Eh, (Casewise MD deletion)
Eh,.=-142,0+38,6*pH
Correlation: r =0,8

190 -
180 L G
- | ~0_95% confidence
= 160
(=
= 150
—:ﬂ
= 140t
1304-9-""0
120 t
110 S — : : : : :
6,6 6,8 7,0 7,2 7,4 7,6 7,8 8,0 8,2
pH
Figure 9. Dependence gbH level on theRP (Ehac)
Scatterplot: pH vs. RE (Casewise MD deletion)
RE=801,98-98,55*pH
Correlation: r=-0,9
160 =
140 t
120 ¢
100 ¢
Z 80}
~
40 ¢
20 ¢
0 L
-20 . ; ; : - .
6,6 6,8 7,0 7,2 7,4 7,6 7,8 8,0 8,2
pH
Figure 10. Dependence qfH level on reduction energy RE)
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Scatterplot: Eh,;, vs. Eh, (Casewise MD deletion)
Eh,.=282,08-0,64*Eh,;,

Correlation: r=-0,8
190

180 | o

| ~0_95% confidence

170 }
160 r

150 ¢

Eh,, mV

140 ¢
130 ¢

120 ¢

110 _ . ‘
170 180 190 200 210 220 230 240 250 260 270

Ehpin, mV
Figure 11. Dependence dRP (Ehmin) on RP (Ehacy)
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Figure 12. Dependence dRP (Ehmin) on reduction energy RE)
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Scatterplot: Eh, vs. RE (Casewise MD deletion)
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Figure 13. Dependence dRP (Ehac) on reduction energy RE)

Thegeneral graph of the three most correlatsignificant physicochemical parameters
is shown in Figure 14. In volumetric form, it is seen that some pditts,(RE Ehmin) are
as close as possible to the surface, i.e. there is a very stvoegation between them. The
farther the points are from the surface, the weaker the relationship.
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Figure 14. Response surface &P (Ehac) from reduction energy RE) and RP (Ehmin)
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Figures 1519 show graphs with histograms that showftegquency of variable values
in individual intervals. The histogram visually represents the distribution of a continuous
numerical variable, which measures the frequency of occurrence of similar values in the data
set. The xaxis shows the numerical valyeshich are divided into ranges. Each range
corresponds to a column of the histogram; the width of the column corresponds to the value
of the interval, and the height is the number of elements in the data set, the values of which
fall into this interval.

Histogram: Org
K-S d=0,19278, p>0.20; Lilliefors p>0.20
— Expected Normal

3
2 /\
2
©
°
2
1 /
0
9,45 9,50 9,55 9,60 9,65 9,70
X <= Category Boundary
Figure 15. Histogram of the distribution ofsensoryevaluation (S.e.)
Histogram: pH
K-S d=0,26753, p>0.20; Lilliefors p<0,10
—— Expected Normal
5
4
%
S 3
o
=}
2
1 7

6,4 6,6 6,8 7,0 7.2 7,4 7,6 7.8 8,0
X <= Category Boundary
Figure 16. Histogram of the distribution ofpH values
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The histogram of the distribution eénsoryevaluationis shown in Figure 15. Numerical
values are divided into ranges with iaterval of 0.5, starting from 9.45 to 9.g6ints Only
5 ranges and the same number of columns. The maximum frequency is typical for 4 ranges
in the range 9.5®.70pointsi 8 values of the variable. The lowest frequency has the range

9.45 9.50points which got 1 value of the variable.

Histogram: Eh,;,, mV

K-S d=0,26753, p>0.20; Lilliefors p<0,10
— Expected Normal

No. of obs.

% P
e
170 180 190 200 210 220 230 240 250 260 270

X <= Category Boundary
Figure 17. Histogram of the distribution of values of the level dRP (Ehmin)

Histogram: Eh,
K-S d=0,32779, p>0.20; Lilliefors p<0,01
— Expected Normal

No. of obs.

P

110 120 130 140 150 160 170 180
X <= Category Boundary
Figure 18. Histogram of the distribution of values of the level dRP (Ehac)
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Figure 16 shows the distribution of pH values, the range of which is divided into 3
columns. It is established that 9 data elements lie in the rangd vélues 6.68.0. The
highest frequency 5 is the rangepdf values 7.07.2, 3i in the range opH values 6.66.8,
and only 11 in the range 718.0, which is the lowest frequency.

Histogram: RE
K-S d=0,34771, p<0,20 ; Lilliefors p<0,01
— Expected Normal

(95}

No. of obs.
(3]

-20 0 20 40 60 80 100 120 140
X <= Category Boundary

Figure 19. Histogram of the distribution of recovery energy valuesRE)

Figure 17 shows the histogramRP (Ehmin). The xaxis is divided into 5 ranges ranging
from 180to 270 mV. According to the values of the elements in the data set, only 5 columns.
The maximum frequency is typical for the range iZ3®M mV, which includes 3 elements.

The lowest frequency is characteristic for the ranges§ 18D mV, 260270 mV, which
includes 1 element.

The value of the histogrankluc) (Figure 18) is divided into 4 ranges, starting with 110
and ending with 180 mV. The maximum repetition rate is typical for the rangd.2Q6nV
and 130140 mV, each includes 3 values. The lowest frequeriche ranges is 17080
mV, which includes 1 element.

Figure 19 shows a histogramRE, which includes 4 ranges starting from 0 to 140 mV.
The maximum frequency, which consists of 4 elements, belongs to the rand«Q 20V,
and the lowesdi 20 mV and80i 100 mV, which include 1 element.

Histograms allow you to develop statistics on the frequency of values in a certain range.
They are a generalized view of the data obtained dusegsory evaluation and
physicochemical valueShendrik et al.2019)[40].

Based on mathematical and statistical analysis, it was found that physicochemical
parameterspH, Ehmin, Ehaet, RE) are statistically insignificant fosensoryevaluation(S.e)
and infusion temperature)( The range of values with very high correlati@gs0.9 1.0)
includes the following indicatorgH, Ehnin, Ehaci, RE
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Development of recipes of alcoholic beverages

On the basis of the obtained results, it was established that the maximum védtiées of
have extracts dRuta graveolenandNepeta transcaucasica Grossdfhese extracts were
used in the preparation of cocktails, the recipes of which are presented irv-Bable

Table 7
Composition of the cocktail «Mint
Ingredients Content, %
Red wine 62.65
Extract ofNepeta transcaucasica
25.0
Grossch
Sugar 12.0
Nutmeg, cloves, cinnamon, allspice 0.35
Table 8
Composition of the cocktailk Po megr anate gr og»

Ingredients Content, %
Extract ofRuta graveolens 27.0
Ginger 0.5
Grenadine 8.5
Lemon fresh 14.0
Black tea 50.0

The data obtained are correlated with the basic scientific concepts which are displayed in
the works (Kamderat al., 2013; Frolova et al., 2019; Gerolis et al., 20hark et al., 2000;
Pyrzynska, Sentkowska, 20M¥png et al., 2020; Sentkowska, Pyrzynska, 2@&i&diqui et
al., 2018;Steenkamp et al., 200Ruiz-Ruiz et al., 2020; Naithani et al., 20@uglas et al.,

2012;Grunertetal.,, 20185ul | - n

et al .,

2018,

Gul;ika et

et al., 2016; Naumenko et al., 2015; Frolova, Korablova, 2016J1B,@5, 26 30 34, 43
45], regarding the processes of extracting of plant materials
Improvement of the technology of alcoholic beverages (Andreou et al., 2018;
Chandrasekara, Shahidi, 2018; lannitti, Palmieri, 2009; Halliwell, Gutteridge, 1990: Kawa
Rygielskaet al., 2019fotakiset al., 2016Vergun et al., 2018yergun et al., 201Kurylo
et al.,, 2018)[4i9, 271 29] is due to the addition of spigromatic aqueousalcoholc
infusiors. It allows to increase the antioxidant properties of the product (Breiter et al., 2011;
Dube et al., 2017Keating et al., 20140h et al., 2013Herreraet al., 2018Humia et al.,
2020;Vergun et al., 2018/ergun et al., 2019; Kurylo et al., 201891 24, 27i 29], will help
to increase the immunity of the human body, improve the metabolism, positively affect the
cardiovascular system, in addition it ireses the consumer properties and will allow to

reduce the cost of the finished product.
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Conclusions

It is established that one of the promising ways of forming consumer properties and
expanding the range of alcoholic products is the use of new types ofaspioatic
plants, which include biologically active substances. Such substances improve the
sensoy evaluation of beverages, contribute to the promotion of human health
(antioxidant effects, enhancing redox reactions).

Experimental studies show ah all aqueousicoholic infusios of aromatic origin
contain antioxidant systems. It was found that theovery value of all the tested
extracts is positive and ranges from 100.0 to 138.2 mV.

Histograms allow you to develop statistics on the frequency of values in a certain range.
They are a generalized view of the data obtained dusargsoryevaluationand
physicochemical values.

Based on mathematical and statistical analysis, it was found that the infusion
temperaturet] has a statistically insignificant effect on physicochemical parameters
(pH, Ehmin, Ehaet, RE), which have a statistically insignificanffect on sensory
evaluation(S.e). The range of values with very high correlatiorQ.9 1.0) includes

the following indicatorspH, Ehmin, Ehaei, RE

Improvement of the technology of alcoholic cocktails by adding spioynatic
aqueousalcoholc infusiors allows to increase the redox properties of the product,
increases consumer properties and reduces the cost of the finished product.
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Introduction . The aim of the study was &iudy the bitter
substances diops to establish the dependencéhef bitterness of
the wort and the quality of beer hops on the quantitative
qualitative composition of alphacids hop homologues, i
particular, on the content of cohumulone in ahgleals.

Materials and methods. Aromatic and bitter hops witl
different content of cohumulone in the composition of alpbials
and beer made from it were studied. Hggrformance liquid
chromatography was used to determine the amount and compc
of hopbitter substances and products of their transformation ir
brewing process as well as spectrophotometric methods of qt
control of the bitterness of hopped wort and finished beer.

Results and discussionlt is noted that alphacids of the
studiedvarieties contain a wide range of cohumulone content: f
19.8% in hops of Alta variety to 43% in hops of Ruslan variety
Establishing the relationship between the quantity and qualit
bitter substances of hops and the bitterness and quality of dhc
wort and beer show that with increasing mass fraction
cohumulone in the composition of alpheids of aromatic hops b
1% with a ratio of betaacids to alphaacids of 1.111.34 the value
of bitterness of the wort hopped by them increases fron?©f68
Gai damat s 0Kk y i% for Slovyanka waridtyo In Hittel
hops, the ratio of betacids to alphacids is much lower and i
0.5110.74. Analysis of the relationship between the growth
cohumulone and the change in the bitterness of the wort ho
with bitter varieties shows that with increasing the share
cohumulone in the alphkacids of bitter hops by% the bitterness
of hop wort increases from 0.%9for Ruslan to 0.3% for the
variety Promind. Between the
of cohumulone with hops when using both bitter and arorr
varieties, there is a strong relationship as evidenced by
correlation coefficient which is for bitter varieties r 8@ N, for
aromatic r = 0.98 N 0. 20 ofthe
wort, hopped with aromatic varieties from the ratio of ksetals to
alphaacids is more than one, the role of batéd compounds is
much higher compared to bitter varieties.

Conclusions.When used for hop wort of bitter type hops w
different @mposition of alphacids, their use is more effective
varieties with a high content of cohumulone.
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Introduction

Previous research [1] 8] showthat highquality beer with a characteristic bitter taste
and aroma can be obtained only with the use of hops and products of its processing of certain
breeding varieties. This is due to the peculiarities of their biochemical composition, and
above all, vith the quantitative content and qualitative composition of bitter substances,
polyphenolic compounds and essential oil of hops aromatic and bitter varietigsl(?, 8
Different ratio of components of these compounds affects taste and aromatic pragerties
beer [11 15].

Bitter substances, polyphenols and aromatic essential oils of hops take part in the
formation of taste and aromatic properties of beeB[8 15]. The specific qualities of beer
are most affected by isomers of the original bitter sulstnf hops, which are contained in
cones in small quantities, and are formed during the boiling of wort with hoBsTl Ise
alphaacids are quantitatively the most important fraction of hops in beer. They give a typical
bitter taste, and depending time desired bitterness and type of beer, their concentration
ranges from 10 to 100 Md16]. Iso-alphaacids are more soluble in beer wort and more
bitter than alphacids and form 9M5% of the total bitterness of beer [1, 7]. In addition to
the isomeriation reaction, is@lphaacids undergo both oxidative and poxidative
transformations. As a result, both the intensity and the quality of the bitterness of beer are
negatively affected [16]. Trariso-alphaacids in beer are significantly less stablartitheir
counterparts. At the same time, a sharp, lingering bitter taste develops and an aroma defect
is formed, which occurs during the aging of beer [16]. The formation of volatile substances
from iso-alphaacids after beer aging is explained by the psscof cyclization of traniso-
alphaacids into trd and tetracyclic decomposition products. These-valatile breakdown
products of trangso-alphaacids have only recently been identified [16].

According to the results of research, in the formation of the bitterness of beer [1, 3, 7,
16] in the hop the main importance are ahale@ds, which consist of humulone, cohumulone,
adhumulone, prehumulone and posthumulone. Insoluble -alpida are convérd at high
temperatures by hopping the wort into solubleafghaacids (isohumulone, isobamulone,
isoadhumulone), giving the beer a bitter taste [3, 8, 16]. Moreover, depending on the length
of the side chains of the acyl residue in the second catibamof the hexadiene ring changes
the solubility of alphaacid homologues, and the rule is the longer the side chain, the lower
the solubility. Therefore the solubility of cohumulone is much higher than that of humulone
and adhumulone [1, 3, 7, 16]. Whetudying the bitterness and iatphaacid content of
some brands of Brazilian and North American beer [17] it was found that the isoadhumulone
fraction was a fraction of lower concentration in all samples, and most samples showed a
higher concentration asohumulone. The range of isohumulone ranged from 3.0 to 17.0
mg/l.

Not all alphaacids have a positive effect on the quality of bitterness in beer. It is known
[1, 3, 7, 16, 17] that isohumulone, isocohumulone and isoadhumulone have approximately
the same degree of bitterness. However, when the wort is boiled with hops, the isomerization
of alphaacid homologues proceeds with different formation ofgsoponets. Of great
importance is the quantitative ratio of homologues of akudids. Czech hops (Zavariety)
are characterized by a high content of humulone and adhumulone (up to 80%), while in
German and American higtesin varieties such as Hercules, Tomahawk is domirated
cohumulone (up to 50%).

Cohumulone is converted to the isomer better thaaratbmponents of alpkecids.
But this faction is attributed a negative role in the formation of the bitterness of beer [18].
However, although in Czech varieties the composition of ayuids is dominated by
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humulone, the bitterness of Czech beer is espntedmainly by isohumulone. In the
processing of hops varieties with a predominant content of cohnumulone, beer contains mainly
isocohumulone, and the quality of bitterness according to M. Kusche and others. much worse
[19-20]. It is possible that the glitative difference in the composition of the original alpha
acids is also the reason for the known difference in the quality of beer, which is very
significant. But the question remains whether varieties of hops with a high content of
cohumulone create one bitterness in beer. It follows from the above that the selection of
varieties with the optimal composition of bitter substances for beer with excellent and high
quality bitterness is a topical issue for brewers of the American Association [18], Buropea
brewers [19] and Ukrainian beer producers [21].

As can be seen from the analysis of literature sources the composition of bitter
substances of hops of European and American varieties and the influence of their homologues
on the quality of beer bitternease well studied. Instead, there have been almost no similar
studies with Ukrainia hop varieties. In this regatd ensure stable and higjuality bitterness
of beerit is important to investigate the effect of certain components of apius of
Ukrainian hops on the qualitative and quantitative indicators of the drink.

The aim of the work was to study the bitter substances of hops, to establish the
dependence of the bitterness of the wort and the quality of beer hops on the quantity and
quality of honologues of alphacids of Ukrainian and European varieties, in particular the
content of conumulone in alpfeids.

Materials and methods

The cones of pressed hops of Ukrainian and European selection of typical
representatives of the aromatic group of varieties were used for research: Slovyanka,
Nationahyi, Zaaz, Gai damat sokyi eherrdBrebei rt,t eRPr o NI ntd
Ksanta, Rugln and beer made from them.

Methods of research of bitter substances of hop®8itter substances of hops from
cones were extracted with an organic solvemtethanol [22]. The ratio between the mass of
hop cones and the extractant was 1:10. The amoumpltd and betacids and the content
of cohumulone in the composition of alpheids were determined by the international
method of EMU 7.7 using liquid chromatography HPLC [23]. Chromatography was
performed using a liquid chromatograph Ultimate 3000 withVadetector at a temperature
of 35A €1]. Used a column measuring 100 x 2.1 mm which was filled with sorbent Pinacle
DV C1 8 [1BA solation of methanol, water and acetonitrile in the ratio 38:24:38 was
used as the mobile phase [24].

The international standard 1€¥ was used to quantify the components of bitter
substances [23].

Methods for the presentation of wort and beerBeer from the studied hop samples
was produced at the mibreweries of the Department of Hop and Beer Biochemistry of the
Polissya Institute of Agriculture of the National Academy of Agrarian Sciences of Ukraine
with a yield of 100 liters, which fully siolates the conditions of real enterprises on a scale
of 1: 100, compact and allows to achieve research goals [2].

Rationing of hops in miAbrewery was performed on the content of alphals in them.

The wort was prepared from 100% barley malt. The happias performed at the rate of 60
mg of bitter substances per 1 liter of wort. After complete set the wort was boiled for 30
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minutes. Then in the wort in each variant of the experiment was made hops of the presented
varieties in two steps: 85% at the bedimg of hopping, 15% 15 minutes before the end of
hopping. The total boiling time of hop wort was 90 minutes [21].

The bitterness of the wort formed during its boiling with hops, as a result of extraction
and isomerization of bitter substances of hopas wletermined on a spectrophotometer
according to the method of EMU 8.8 (International method of IM) [23]. The method is based
on measuring the optical density of the isooctane extract obtained by extracting bitter
substances from acidified beer wort orebevith isooctane (2,2;¢imethylpentane), on a
spectrophotometer at a wavelength of 275 nm against isooctane [23]. The value of the rate,
the number of turns in the units of the international scale for the value of the terms of the
EBC were estimated ate basis of the optical index of the weight, as in the international
unitsoftheunit ( 1 & [ 23] .

The beer quality was evaluated organoleptically at the tasting, hardened tasting
committee of the designated Institute, for thep@int integrated assessnig21].

Results and discussion

Bitter substances of hops of aromatic and bitter varieties

Complex biochemical studies of hops of different breeding varieties made it possible to
establish that hops of aromatic and bitter varieties léfferent biochemical composition,
and hence different brewing value.

The most important among bitter substances are alptus, which in the process of
isomerization during hop hopping are converted inteaiphaacids, the main compounds
of beer bitteness. When the wort is hopped with freshly harvested hops almost 90% of the
bitterness of beer is formed as a result of isomerization of -@pida into isealphaacids,
as a result of which the hexadiene ring of alpbals is converted into pentadiese-alpha
acids, giving beer a bitter taste [3, 7, 8, 16]. The amount of @pits is the main pricing
factor in the evaluation of hops and hop products.

The biochemical characteristics of bitter substances of the studied varieties of the bitter
group ofhops are given in Table 1. From the data of table 1 it is seen that in the hops of the
studied varieties the content of alpheids ranges from 9.5 to 11.2%. Most akattéds were
found in Magnum hops 11.2%.

Table 1
Characteristics of bitter substances of hops of bitter group varieties

Cohumulone Contents | The ratio of
Contents in the b
” eta- beta/alpha
Ne Variety of hop alpha- composition acids,% acids
acids,% alpha- '
acids, %
1 | Alta (Ukraine) 10.3 19.6 3.8 0.53
2 | Magnum (Germany) 11.2 23.1 5.3 0.51
3 | Northern Brewer 9.5 27.8 3.9 0.52
(Great Britain)
4 |[Promind ( 9.6 29.6 4.1 0.53
5 | Ksanta (Ukraine) 9.9 34.7 6.0 0.74
6 | Ruslan (Ukraine) 9.7 43.8 5.7 0.73
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The content of betacids in the studied varieties is from% & hops of the Alta variety
to 6.0%, respectively, in the Ksanta variety. Beigids are not bitter in taste but in the process
of oxidation, compounds are formed that have a pleasant bitterness. One of their main
properties is a high antiseptic effectialhis important to increase the biological stability of
beer during storage [85]. The coefficient of aromaticity between the content of -beata
alphaacids for this group of varieties is from 0.51 to 0.74 which is less than one.

Not all alphaacids have a positive effect on the quality of bitterness in beer.
Cohumulone is converted to the isomer better than other components chaigsaso the
solubility of cohumulone is much higher than humulone and adhumulone [1, 3, 7,ut6]. B
this faction is attributed a negative role in the formation of the bitterness of beer [18].

The analysis of table 1 shows that the selected varieties of bitter hops have a slight
deviation of alpheaacids and the ratio of betids to alphacids is les than one, instead
have a wide range of cohumulone content: from %96 cones of Alta up to 44% in the
Ruslan variety, which will allow to investigate its influence on the quality of beer.

Bitter substances of typical representatives of aromatic tiegief hops were also
studied Table 2).

Table 2
Characteristics of bitter substances of aromatic varieties of hops
Cohumulone Contents Ratio of
Contents in the
. " beta- beta/alpha
Ne | Variety of hop alpha- composition : :
! acids,% acids
acids,% alpha-
acids, %
1 | Nationalnyi
(Ukraine) 5.1 20.1 5.7 1.11
2 | Slovyanka
(Ukraine) 55 221 7.4 1.34
3 | Zaaz
(Czech Republic) 5.3 25.3 6,8 1.28
4 |Gai damat
(Ukraine) 4.2 29.6 5.3 1.27

In the samples of hops of the studied varietiesctirgent of alphacids ranges from
4.2 to 5.86 which is much less compared to bitter varieties. A characteristic feature of cone
hops of aromatic varieties, in contrast to bitter, is a high positive coefficient of aromaticity
between the content of betadaalphaacids, ranging from 1.11 to 1.34. Among the studied
varieties, hop cones of Slovyanka and Zaaz varieties are characterized by the highest
indicator of aromaticity.

From the analysis of table 2 shows that the selected varieties of hops of argpstic t
have a ratio of betacids to alphacids greater than one. The content of cohumulone in the
composition of alphacids ranges from 204 in the cones of th&lationalnyi variety to
298%0i n the Gaidamatsokyi var i edffgctowthe qudity wi | |
of beer.
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Influence of cohumulone bitter and aromatic varieties of hops on the quality of
the wort

Experimental beer samples were made with the studied hop varieties. The amount of
alphaacids and cohumulone up 1diter of wort was calculated.

Since the hop was carried out with bitter hops at the rate of 60 mg of bitter substances per
1 liter of wort, the same amount of alphaids is added to the wadirtabout 60 m{g but
different amount of cohumulone: from 11.8 fingith Alta hops to 26.3 migwith the Ruslan
variety. In this case, the value of the bitterness of the hopped wort also varig3feoumits
EBC (variety Alta) up to 41.3 units EBC when using Ksanta hops which is shavigure
1.

B Cohumulone, mg /|

B Bitterness of the wort, un.EBC
Olntroduced alpha-acids, mg / |

Figure 1. The amount of bitter substances introduced into the wort and identified in it when
using bitter hops

From the analysi§Figure1) we seehat with hops of the Ksanta variety in the wort is
introduced 76.%% more cohumulone with alpkecids compared to hops of the Alta variety
which has the lowest content of cohumulone in the composition of alpha acids. At the same
time the value of the bitteess of the hopped wort increased by 2dcdmpared to the use
of the Alta variety. That is with an increase in the mass fraction of cohumulone in the alpha
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acids of Ksanta hops by/the value of the bitterness of the hopped wort increases b0.32
Whenthe wort is hopped with Ruslan hops with a much higher content of cohumulone in the
composition of alphacids, the value of the bitterness of the wort practically does not change.
But if in Ruslan hops the amount of cohumulone in the composition of -algitla was
123.4% more compared to Alta hops, the value of the bitterness of the wort hopped by this
hop increased only by 23@ compared to Alta. With an increase in the mass fraction of
cohumulone in the composition of alpheids of the Ruslan variety 6 the value of the
bitterness of the hopped wort increases by only %.18fter analyzing the relationship
between the growth of cohumulone in the composition of adlids and the change in the
value of the bitterness of the hops watered by thesetiearié follows that with increasing

the share of cohumulone in the composition of alptids of bitter hops by the bitterness

of hop wort increases from 0.19 for the Ruslan variety up t?03&® r t he Pr omi nd
For other studied varieties oitter type this figure is in the range of 0i®732. The obtained
research data explain why when normalizing hops according to the content cheilha

with different content of cohumulone they do not always get stably normalized bitterness of
beer becase with increasing the share of cohumulone in akdids increases the bitterness

of the wort which is consistent with other scientists [16,209.

In Figure2 shows the correlation field between the bitterness of the wort (axis y) and
the amount of cohumulone (axis x) introduced when using bitter hops, the regression equation
and the coefficient of determinatiorf Bonstructed a trend line which is also shawthis
figure.

y=1,3785x - 34,293 .
25 A R2=0,8108

20 ¢

Bitterness of the wort, un.EBC

5 T T T T T 1
30 32 34 36 38 40 42
Cohumulone. mg/ 1

Figure 2. Coreliness of deposits between the must of wort and the amount of wort introduced by
cohumulon with hops of rich varieties

The occurrence of the wort and the wort must have been added to the cohumulone
with the hops in the of vicarious vigorous varieties of currencies that are correlated:
y = 1.3785xi 34.293. Among the signs of speeding straight ahead. The coefficient of
correlation (r = 0.90 N 0.10) shaoosdtothenat t |
cohumulone with hops in case of strong vigorous viaieSome determinants’ R 0.8108
per case, 81.08 of the amount of wort added is due to the amount of wort added to the hop
and the 18.8% was found to be unavailable.
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Studies have showmhat when used for hop wort bitter type hops with different alpha

acid composition more effective use in varieties with high content of cohumulone which is

consistent with the results of studies by other scientists [120]9
Influence of cohumulone of @omatic varieties of hops on wort quality

The correlation between the content of cohumulonie composition of alphacids

of aromatic varieties and the bitterness of hop wort was investigated in the manufacture of

beer samples with aromatic samples of hops.

In the obtained samples of wort, the amount of4aeids and cohumulone up to 1 fite
of wort and the value of the bitterness of the wort were determined which is shBignria
3.

80 1/

70 A

60 -

50 -

40 A

30 -

20 -

Nationalnyi

Slovyanka 7aaz

Gai damat sdkyi

B Cohumulone, mg /|
B Bitterness of the wort, un.EBC
OlIntroduced alpha-acids, mg /|

Figure 3. The amount of bitter substances introduced into the wort and determined in it when
using aromatic varieties of hops

When the same amount alphaacids (about 60 nif) is added to the wort different
amounts of cohumulone are added to the wort: from 12/Lwittpy hops of theNationalnyi
varietyto17.8mff wi t h the Gaidamatsodéokyi variety.
hopped wort als@aries from 24.0 units EBC up to 31.8 units EBC. But if in the hops of the
432
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Gai damat sbékyi var i et yin thé empasitionuohalphacids waso h u mu
47.2% more compared to the hops of thationalnyivariety which has the lowest content of
cohunulone, the value of bitterness of the hop wort hop increased B 82rhpared to the
Nationalnyj i.e. with an increase in the mass fraction of cohumulone in the-atptis. of
hops of the Gaidamatsodokyi vari et gpped wortl %, t
increases by 0.89. When using hops of the Slavyanka variety 13.3l wigcohumulone is
added to the wort with alpkecids which is 9.9% more than the hops of Nationalnyi
variety and the value of the bitterness of the hop wort increased®.d%6 tompared to
Nationalnyi For hops of this variety with an increase in the mass fraction of cohumulone in
the composition of alphacids by % the value of the bitterness of the wort hopped by it
increases by 1.05.

In Figure4 shows the correlationdid between the bitterness of the wort and the amount
of cohumulone introduced using hops of aromatic varieties.

20 A

—_
co
1

y=0.711x- 5,297 A
R*=0.961

— — —
2 o (=)
| |

—
(=
1

Bitterness of'the wort, un.EBC

oo

T T T T T T 1
22 24 26 28 30 32 34

Cohumulone. mg /1

r2
o

Figure 4. Correlation between the bitterness of the wort and the amount of cohumulone with
hops of aromatic varieties

Given the use of aromatic hops, this dependence is expressed by the correlation
equation: y = 0,711k 5,297. There is a direct connextibetween the signs. There is a strong
correlation between two factors: the bitterness of the \faxis y) and the amount of
cohumulone(axis x) added to hops of aromatic varieties, as evidenced by the correlation
coefficient (r =var@tio®iBthefbittednesd of jhe woilt (96A0I$ due a |
to changes in the amount of cohumulone and the remainingo3s96ther factors that were
not taken into account in this case.

We found that with an increase in the mass fraction of cohumulone @othgosition
of alphaacids of aromatic hops by 1% at a ratio of kestals to alphaacids of 1.111.34, the
value of the bitterness of the wort hopped by them increases from 0.69% for hops
Gaidamat sékyi variety up t o ywhilefd Bitefhopsinh op s
which the ratio of betacids to alphacids is 0.510.74, this figure was much lower and
amounted to only 0.19.38%. Thus it was found that in the formation of the bitterness of
the wort hopped with aromatic varieties of homsf the ratio of betacids to alphacids is
more than one, the role of bedaid compounds is much higher compared to bitter varieties.
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Influence of cohumulone of aromatic hops on beer quality

The established dependences remain and at research of ready beer which characteristic
is resulted inTable 3.

Table 3
Content of bitter substances and polyphenolic compounds in beer samples

Variety of hops from which Magnitude of the Total polyphenols,
Ne beer is made bitterness of beer, mg/dm?
units EBC
1 Nationalnyi 19.3 172.0
2 Slovyanka 22.6 183.4
3 Zaaz 24.8 180.0
4 Gaidamat sbékyi 26.1 218.0

Sensoryevaluation of experimental samples of beer and its biochemical characteristics
showedthat all samples differed significantly in taste, bitterness and ardaide(4).

Table 4
Technological evaluation of the studied varieties of hops
Name of quality indicators
Taste
> A A o
< > 4 o S
. o = < © c c 2 o))
Options I o = £ Q o — =
73 S g | 2 Q = IS IS
c © 2 < o o) o o
o £ 2
(= 5 = o
o
O T
Nationalnyi 3 3 5 36 | 4.1 4.3 23.0 | perfectly
Slovyanka 3 3 5 39 | 43 4.6 23.8 | perfectly
Zaaz 3 3 5 39| 4.2 4.6 23.7 | perfectly
Gai damat 3 3 5 35| 3.9 3.9 22.3 | perfectly

Slovyanka and Zaaambtained the best beer in the case of hop worting with finely
aromatic hop varieties. The beer had a pleasant taste, fresh hop of polyphenolic compounds,
which are rich in hop of this aroma and a gentle, residual bitterness. Excellent quality was
also beeusingthearomatic variety of hops Nationalnyi. The fourth sample of beer had good
taste, but was inferior in aroma and hop bitterness to other samples. The members of the
commission noted a slightly rough astringent bitterness, characteristic of thssierc
amount variety.

The members of the tasting commission also noted that in the first sample of beer, in
which the lowest amount of cohumulone and fstiEls was added with Nationalnyi hops,
the value of beer bitterness was the lowest. With an inciredise content of cohumulone in
the composition of alphacids from 20.1% in hops of the Nationalnyi variety to 29.6% in
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the variety Gaidamatsokyi and with an incr
varieties of hops from 12.1 to 17.8 mg to 1rlitd wort, increases the amount of bitterness

of beer both spectrophotometric asdnsorywhich is consistent with the data of other
scientists [3, 8] who also note that ways to create new varieties of hops are intended to
maintain the level otohumulone formation not more than 25% of total alpbis in

aromatic hops and 35% in bitter hops [3, 8]. Thus different representatives of the bitter
substances of hops have different bitterness both in total intensity and in individual flavors.
Taking into account the maximum qualities of all components of the group of bitter
substances allows you to rationally use the most expensive raw materials, creating new beers.

Conclusions

1. The quality and magnitude of the bitterness of beer depends on thetalari
characteristics of hops, i.e., the quantity and quality of homologues of atjdteaand
beta fractions.

2. When used for hop wort hop with a slight deviation of the ratio of-heitds to alpha
acids and different composition of alpheids, their usesimore effective in varieties
with a high content of cohumulone.

3. More intense coarse bitterness in beer is created by cohumulone, so the methods of
creating new varieties of hops are intended to maintain the level of cohumulone
formation of not more than526 of the total alphaacids content in aromatic hops and
35% in bitter hops.

4. Establishing the relationship between the quantity and quality of bitter substances of
hops and the bitterness and quality of hopped wort and beer which show that with
increasingmass fraction of cohumulone in the composition of alabids of aromatic
hops by % at a ratio obetaacids to alphacids 1.111.34, the value of the bitterness
of the wort hopped by them increases from@690r hops of t he Gai da
to 1.06% for hops of the Slavyanka variety, while for bitter hops in which the ratio of
betaacids to alphacids 0.510.74, this figure was much lower and was only .19
0.38%.

5. The role of betaacid compounds in the formation of the bitterness of the Wwopped
with aromatic varieties of hops with a ratio of batads to alphaacids greater than one
is much higher compared to bitter varieties.
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Introduction. It was conducted study of the process c
kneading wheat yeast dough with cam workifige aim is to
determine the rational configuration of structural elements
continuous kneading of dough at different levels of freque
of the working elements rotation and the distance between t

Materials and methods It was investigatedthe
kneading of wheat yeast dough by cam working eleme!
Mathematical modeling was performed using the Flow Visi
software package based on the simulation of thieensional
motion of liquids and gases in technical structures, as wel
for the visudization of flow curves by computer graphics
Physical modeling was performed via experimental setup v
cam kneading el ement s. The
4 6 8 10 mm, theildOpmati on

Results and discussionAs the rotational spl of the
working elements increases from 20 to 100 rpm, the mix
speed increases from 0.1 to 0.6 m/s, the distance betwee
cams does not affect the mixing in the specified range.
maximum values of pressure reach 16560 Pa for the dist:
betweenthe cam working elements 2 mm and a speed of :
rpm, the minimum 555 Pa for the distance between the «
working elements 10 mm and a speed of 20 rpm. In the mi»
chamber, the highegressure values are formed in the cont:
zone of the cam working &inents with the wall of the mixing
chamber and in the contact zone of the two cams. °
dependence of the viscosity in the mixing chamber on the sy
of rotation of the working element is of a power nature and w
increasing speed from 20 to 100 rpm éases from 1600 to
320 Pals. Parts of the mixi
in the range from 320 to 9
to be the most effective during mixing. Reducing the viscos
of the dough involves reducing energy costsriykneading.

Conclusions. To increase the carrying capacity of t
cam working elements, improve mixing and reduce t
consumption, it is rational to use cam working elements wi
variable pitch and a vari a
a combired cam working element using a screw auger at
beginning of the working element.
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Introduction

The development of a continueastion dougkmixing machine is accompanied by the
choice of a rational configuration of the working element. Rationalization is realized by
analyzing the various configurations of the working element and its effect on the kneading
process. Imitation modeling aims to calculate the values of certain characteristics of a process
that develop over time, by reproducing the flow of this process conguter via its
mathematical model [2].

During projecting of the process of dough mixing, there is a range of issues related to
the type of working elements is supposed to be chosen. On the basis of theoretical searches
and obtained experimental resylafter comparative analysis of working elements, it was
decided to simulate the process of kneading yeast wheat dough using cam working elements
[3].

Obtaining information about the process of mixing at any point in the mixing tank using
simulation modehg and the results of a physical experiment allow to project an effective
working element in a higkech continuous mixing machine [4].

Dough kneading is a complex process that involves creating a homogeneous eapillary
porous mass of flour, water, yeasd|t, and other components. The formation of dough during
kneading occurs as a result of a number of processes, of which the most important are:
physiceamechanical, colloidal and biochemical processes. All these processes occur
simultaneously, mutually &fcting each other and depend on the duration of kneading,
temperature and the amount and quality of raw materials used during kneading the dough [5
6].

The yeast dough is considered as a complex colloidal system, which consists of several
continuous anderiodic phases. Solids and liquids (gluten and water) in the dough are
continuous phases, starch grains and gas formed during fermentation of the dough is a
periodic phase. As a result, the physical properties of the dough are characterized by the
paramegrs of solids, liquids, gases, and indices that are caused by the interaction of these
phases. This process is carried out by mechanical processing of the dough, and based on the
swelling of the starch and protein complex with the formation of elaft#ic-viscous
homogeneous mass containing actating microorganisms and ferment$ 8.

The research methodology is based on the information technologies of designing of
processes of elastidscousplastic deformation of thixotropic dispersed materiasing
modern computer technologies [[9].

Based on the literature analysis, the task for mathematical modeling of the kneading
process of the yeast dough with using cam working elements of the selected geometric shape
was formed. The speed was in thegarfrom 20 to 100 rpm and the distance between the
structural elements for kneading from 2 to 10 mm.

The aim is to determine the rational configuration of cstnuctural elements for
continuous kneading of dough at different levels of frequency of th&imgprelements
rotation and the distance between them.
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Materials and methods

The object of the study is the process of kneading of yeast dadgh [

The dough is considered as a complex colloidal system consisting of several continuous
and periodic phses [19]. Solid and liquid (gluten and water) in the dough are continuous
phases, starch grains and gas formed during the fermentation of theidthayliperiodic
phase. As a result, the physical properties of the dough are characterized by the parameters
of solids, liquids and gases and the indicators arising from the interaction of these phases.

This process takes place during machining, and consists in the swelling of starch and
protein complex with the formation of elastically elastic viscous homogmsneoass
containing active microorganisms and enzymes. The aim of kneading yeast dough is to obtain
a homogeneous mass with certain structural and mechanical properties [19].

Theoretical basis of the modeling problem

To determine the exercise ohlculating the motion of liquids, it is necessary to
formulate and solve a system of differential equations: energy, continuity, motion, change of
density and rheological properties. Equation data foreampressible liquids but cannot
adequately describthe process of movement of the yeast dough are used in the literature, as
several researchers prove that the dough is compressed due to the significant content of the
gas phase [3].

The onedimensional equations (SaiMenant), which expresses the miple of mass
conservation, for cases of steady motion andcwmpressible fluid:

— — — T, 1)
where, vX, vy, v4 velocity components, m/s.
The equation of motion of a continuousprepmpressible environment is a system of
equations and has the form:

” ”
Zae

— - - — — &

>
(Y

— - — — — e @

I

ul
wher e, | i s 3thtemed;ginpessurg, Pa; & igthenacceleratiofreé fall,
m/<.
Energy equations for necompressible liquids:

" . I R — —’ (3)
wher e, ¢ i s t heiceeflicentofthermal domedactivity, Wih;k g ; o
T71 temperature, K.

T B "®°QOi the intensity of the kinetic energy transition into thermal, to the unit
of volume. In the Cartesian coordinate system, F is equal to:

i ”

— S — &

O tde — WG— — Tade — 4)
The material density equation describes its dependence on temperature, pressure,
humi di ty, and other factors. I'n |l ogarithmic

non-Newtonian materig becomes linear for the most part, thus explaining the widespread
use of the Ostwald equation:

z E, ®)
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w h e ridghe shéar stress, Paitkh e coef f i ci e nhthesleérratednishiest e n c )
fluidity index.

For processes occurring in mixers, it is quite difficult to determine the criteria that
includes the velocity of the particles of solution V. It is often used a conditional velocity
equal to the velocity at the outside diameterhaf tvorking element of the mixer u. The
traditional definition of the Reynolds (Re) criterion for flow in pipes is as follows:

2 A 22 (6)
where, \Wiaver age s ipdensit,kg/m thEthe inside diameter, m;
d7i the coefficient of the structured viscosity of the ide wt oni an f |l ui d, P
For the case of movement of the blend in the mixer is conditionally taken [5, 7]:
© 1 0, (7)
where, ¥ is the aintgewlte radius ef theweoikingyelementand / s ; R
vo 22 ®)

The Reynolds criterion calculated by this method is not universal, which determines the
nature of the flow of the blend in the mixer, since the nature of the flow also depends on the
design of the chamber and the working elements of the mixer, which are not shown in the
last formula. This drawback does not make it possible to use the mgsgliterion
universally to analyze many food processes occurring in mixers, so it is necessary to develop
separate formulas for each type of mixer to determine the power consumed for mixing. The
Froude criterion (Fr) is the ratio of the inertia forcestlo® mixable mixture to the

gravitational forces. For mixers it can be written as following:
o)

o —, (9)
where, ¥ is the angular velocity of rotatio

R the outer radius of the working element, ni; e acceleration of free fall, m/s

This criteria takes into account the effect of the vorticity formed on the back of the
working element during movement in the yeast dough.

Generalization of the resasltof the study of the power consumed for mixing -non
Newtonian fluids is associated with some difficulties, since the viscosity of such fluids
depends on the hydrodynamic regime in the mixer [4], and, accordingly, the angular speed
of rotation of the workig element and its configuration. The rheological properties must also

be taken into account. This can be done using the dimensionless Hedstrom criterion [5]:
0 =2 (10)
where, Risthe ut er radi us of t ihtlee demsity of themixture, lkgfime n t
The basic definition of the Eulerian criteria in the general case is as follo®s [6
06 — (11)
wh e r & pressmsdrop, Pa; V is the speed of movement of the mixture, m/s.
The Eulerian criteria is the ratio of the forces that cause the movement of the mixture
to the forces of dynamic pressure. For proc
and velocity V bBould be replaced by the power consumed for mixing. We obtain the
modified Euler criterion or the power criteriomK

0

12)
20
Thus, taking account mentioned above, the basic criteria equiatidescribing the

motion of a viscouplastic stirring medium will be as follows:

,‘QOOVOVOO’ (13)

20
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also, the obtained equation can be written in the form of a step monomial:
0 6 JY'Q J0i J0Q, 14

where, C is the coefficient; m, n, s are the exponents.

When kneading wheat yeast dough, the role of gravity is quite small, so the value of
gravity is neglected. In general, the atieequation of the mixing power can be written as:

0 6 JY'Q J0Q. (15)

Therefore, the considered mathematical models of the movement of wheat yeast dough
allow to simulate the process of kneadwigeat yeast dough and can be used for simulation
in the software complex Flow Vision.

Mathematical modeling the process of kneading the yeast dough

Modeling of the yeast dough kneading process was performed via the Flow Vision
software package, whicls designed to model the thrdiemensional motion of liquids and
gases in technical and natural objects, as well as to visualize flow curves by computer
graphics.

To simulate the process of kneading the yeast dough by the cam working elements, the
software program "Flow Vision" was selected, which is designed to simulate the- three
dimensional motion of liquids and gases in technical and natural objects, as well as to
visualize curves of currents by computer graphics.

To simulate the process of kneading thieeat yeast dough, an incompressible fluid
model was chosen, which describes the flow of a viscous fluid at small and large (turbulent)
Reynolds numbers, followed by its visualization [7]. In the model it was used following
equations:

NavierStokes equatiu

— 16 — - ‘ ‘ W P — (16)

Flow continuity equation:
bV =0, 17)
where, V is the velocitwi vetchortum/ Byl &nt svit
I nya is the hydrostatic density of kg is the vector of gravity nils
iThe incompressible fluido &Umoil atelel nf imos

turbulence model [8], which requires to get the formula for turbulent viscosity
Equation for turbulent viscosity:

t# m—; (18)
turbulent energy equation k is also included in the model
— " OQ1T C — Q0o 7 (29)

Turbulent energy dissipation rate equation:

— MR 1T t — 1R p -t"' #HMm—; (20)
marked by G expression:
0 0 —; (21)
$ 3 -n%¥ — ; (22)
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3 - — (23)

Parameter values are: 3 3 5 3
» PN, plp mm@s ph P phog
To load the geometry of the working elements, we use the filter "Element Movement in
the Geometry Template", in which we enter the mass dénbading element, the matrix of
inertia, the angular velocity and the primary location. The next step in the simulation is to
establish the boundary conditions of the problem, as shown in Figure 1.

Wall

Enttance 5>

Figure 1. Boundary conditions for simulation modeling

Cam working
element

At the "Input" border, we set the "Normal Speed" boundary condition; on the border
ACam working elementodo we establish the fALog
Free Exit boundary conditio

The next step of entering the input parameters is to build a grid in the calculation area,
which is used to select a uniform grid along the guides x, vy, z.

To obtain reliable results, it is necessary to enter the parameters of numerical
calculation, whiéh determine the program step by time and take into account the action of
gravity.

Several methods were used to visualize the obtained results in the Flow Vision software
package: visualization of scalar fields, individual numerical values, velocitynfisitis.

Physical modeling of kneading the yeast dough

To compare the results of physical and mathematical modeling, we have developed a
kneading machine (Figure 2) that allows us to investigate the process of kneading wheat yeast
dough andchanging rheological properties, to perform a comparative analysis of different
structures of working elements, and based on research to develop effective working elements
for kneading yeast dough.
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Figure 2. Experimental kneading machines

The proceduréor performing physical modeling:
1. Preparation of raw materials and installation, installation of devices.
Yeast dough for the study, prepared for 300 grams of flour, according to the following
recipe:
Wheat flour, premium grade 300 g;
Baking yeast, granated 3 g;
Food salt 4,5 g;
Drinking water 175 ml.
Yeast dough, with a humidity 43%, was prepared in a steambgsfrom highgrade
flour. The duration of fermentation is 30 minutes at a temperature AfG3
2. Premixing the prescription components for 10 s.
3. Loading premixed components into the receiving hopper of the working
chamber.
Kneading yeast dough and redimg data.
Determine the mass and humidity of the yeast dough.
Determination of structural and mechanical properties of the dough.
. Determination of the porosity of the finished product.
After the research based on the received data, we build graphidghevilependences
of kneading of yeast dough.

Nooaks

Results and discussion
Mathematical modeling of kneading the yeast dough

We conducted studies on the effect of the distance between the cams and the speed of
rotation of the working element on theeading process of yeast dough. The distance
between the cam working elements was changed from 2 mm to 10idh®i(8 10 mm),
the rotation speed was changed in the range from 20 rpm to 100 rpp40i(80i 8Gi 100
rpm). Simulation modeling of the kneading pess was performed in the Flow Vision
software package. The simulation results were obtained in the form of graphical images with
a color scale of distribution of variables with numerical valliégures 3, 5, 7).
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Speed, m/s

Color Value

Figure 3. Visualization of the speed of movement of the dough in the mixing chamber during
simulation parametric modeling of the cam working elements in the software complex Flow
Vision.

This result is explained by the fact that the cam working elemetat®rin the opposite
rotation, forcing and accelerating the speed of mixing of the components of the yeast dough
[11i 12].

Based on the results, after parametric modeling of the kneading process by the cam
working elements, a linear dependence ofiteed of movement of the dough in the working
chamber was obtained (Figure 4).

V, m/s
0,6
0,5
0,4
0,3

0,2

0,1

0
0 20 40 60 80 100 120
n, rpm

Figure 4. Variation of mixing speed, depending on the distance between the cams and the speed
of rotation of the working element

It has been investigated that with increasing the speed of the working element, the speed
of movement of the dough in the mixing chamber increases, under these conditions of the
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mixing process the distance between the cam working elements does nohaffguted of
mixing.

This result is explained by the fact that the rotational speed of the working element
directly affects the mixing speed of the prescription components of the yeast dough, which
mix faster with increasing rotational speed despite theutis between the cam working
elements in the specified range [14].

The change in the mixing speed [V = m/s], depending on the distance between the cams
and the speed of rotation of the working element, is determined by the mathematical formula:

® TmTmd Tg (24)
Pressure, Pa

Color Value

I 20000
[ 18000

16000
14000
12000
| 10000
8000
6000

[ 4000
B 000
. ©

Figure 5. Visualization of pressure in the mixing chamber during simulation of parametric
modeling of cam working elements in the software complex FloWision.

The simulation data on the change in pressure in the mixing chamber were analyzed
(Figure 5), which made it possible to obtain the dependence of the pressure on the rotation
speed of the working element and the different distance between théFégure 6). It was
found that with increasing the speed of the working element, the pressure in the mixing
chamber increases. The pressure in the chamber is also affected by the distance between the
cam working elements, the smaller the distance, theegriéee pressure in the chamber. The
maximum pressure valuese 16560 PA at a distance between cam working elements of 2
mm and a rotational speed of 100 rpm, a minimum of 555 PA at a distance between cam
working elements of 10 mm and a rotation frequye®0 rpm.

In the mixing chamber, the highest pressure vatwesformed in the contact zone of
the cam working elements with the wall of the mixing chamber and in the contact zone of the
two cams (Figure 5)

This result is explained by the fact tha¢ ttam working elements rotate to meet each
other, the highest pressure is observed in the area of engagement of the cam working elements
and in the area of contact with the wall of the housing 164
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P, Pa
18000 2 mm
16000
14000 4 mm
12000
6 mm
10000
8000 8 mm
6000
10mm
4000
2000
0
0 20 40 60 80 100 120
n, rpm

Figure 6. Changing the pressure in the mixing chaiver, depending on the distance between the
cams and the speed of rotation of the working element.

The change in pressure [P = PA] in the mixing chamber, depending on the distance
between the cams and the speed of rotation of the working element pwka character
and is described by the formula: 5 5
0 X0 ghw3e" h (25)
where, S is the distance between the cam working elementsn isrthe speed of rotation
of the working element, rpm.

We obtained the viscosity distribution of the kneading chamber at different rotational
speeds and working element distances. The simulation results confirmed the pseudoplastic
nature of the test, whidk explained by the variable numerical viscosity data of the dough in
the kneading chamber (Figure 7). Based on the obtained results, a graph of viscosity change
in the mixing chamber was constructed, depending on the distance between the cams and the
rotation speed of the working element (Figure 8).
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Vi scosit
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Figure 7. Visualization of the change in viscosity in the mixing chamber during simulation
parametric modeling of the cam working elements in the software program
Flow Vision

The parts of the kneading chamber that achieve the lowest viscosity arecceddal
be most effective during mixing. Increasing the rotation speed of the working element leads
to an increase in the speed of movement of the dough in the work chamber, which in turn
leads to a decrease in the viscosity of the dough and a decreaserdy costs during the
kneading process.

This result is explained by the fact that with increasing speed of the working elements
decreases the viscosity of the yeast dough, and the change in viscosity is affected by the
distance between the cam workingraknts in the process of kneading the dough]Ip

d, Pals
1600
1400
1200
1000
800
600 3
10 mm
400 8 mm
6 mm
200 4 mm
2mm
0
0 20 40 60 80 100 120
n, rpm

Figure 8. Viscosity change in the kneading chamber, depending on the distance between the
cams and the rotation speed of the working element
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It has been investigated that with increasing rotatioedpine viscosity of the dough
[d = Pa L s] decreases in the kneading chan
the reduction of the distance between the cam working elements, as the distance between the
cams during the kneading process @#ktrease the viscosity of the dough.

The mathematically obtained dependence is described as:

- qmptYPh " h, (26)

where, S is the distance between the cam working elements, mm; n is the speed of rotation
of the working element, rpm.

Physical modeling of kneading the yeast dough

Simulation parametric model of the yeast dough kneading process allowed us to study
in detail the processes occurring in the dough mixing chamber, the dependence of the flow
motion on the design and configuration of the cam working elements, and the rotational
speed.

The results of simulation parametric modeling were tested on a physical model (Figure
9).

V, m/s
0,6 1
0,5
0,4
0,3
0,2

0,1

0

0 20 40 60 80 100 120
n, rpm

Figure 9. Comparison of the results of physical and simulation modeling of change of speed [V,
m/s] in the mixing chamber at different speed of the cam working element
(1 —physical; 2—simulation)

Comparing the results of physical and simulation modedif the yeast dough kneading
process with the camshafts, and carrying out the mathematical processing of the obtained
results, the error is less than 5%, the mathematical model corresponds to adequacy.

On the basis of simulation modeling and experimesitalies, the design of the working
element for kneading yeast dough in a continuous kneading machine is proposed.

It is rational to use the gap between the cams and the wall of the mixing chamber for
cam working elements, this will help during productitsn compensate for production
tolerances and irregularities, compensate for uneven heat distribution and reduce the
excessive pressure on the sdimished product.
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Rational parameters of the cam working elements

To increase the carrying capacity of thenoaorking elements, improve the mixing and
reduce the cost of heat (increase the temperature of the dough), rational use of the cam
working elements with a variable pitch and
(Figure 10) or combined cam workintgment with the use of turns auger (Figure 11) at the
beginning of the working element. It is rational to use the selected cam working element
profile (U = 45A), so that the location of
element dependingnothe needs of the process. Changing the cam pitch also affects the
intensity of the kneading process and the duration of the kneading steps.

Figure 10. Cam working element with variable pitch

It is possible to rationalize the processkokading the dough and reduce the time it
takes to stand and ferment due to the intensive mechanical processing of the dough by the
working cams, and as a result of obtaining the qualitative characteristics of the bakery
products.

It is advisable to kneagkast dough using cam working elements. In the first kneading
stage, to ensure the mixing of components and to improve the transport properties, it is
advisable to use a cam working element with a pitch of 18 mm and a distance between the
camsof 2mm,the umber of doubly | ocated cam 5 pair
working element (Figure 11) with a pitch of 18 mm is paired with 4 turns of the screw auger
on the shaft.

In the second kneading stage, it is advisable to use 2 doubly arrangezlecaemts
with 36 mm increments and 8 mm cam spacings, under these conditions the working volume
in the mixing chamber will increase and the mixing chamber pressure will decrease. It is
advisable to carry out the plasticization step with a pairwise camingogtement with a
pitch of 54 mm and a distance between the cams of 4 mm under these conditions, the outlet
stabilizes the viscosity of the product.
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Figure 11. Combined (camscrew) working element

In the case of positioning at the beginning of thafsof the screw element, for the
second and third stages on the rest of the shaft, it is advisable to place the cam working
element in 18 mm increments and the distance between the cam8 fmifs of cams 2 mm
for proper mixing, under these conditiorise pressure is increased, thereby reducing the
viscosity and, consequently, the load on the engine, which saves electricity| fi2epars
of cams with the distance 4 mm to plasticize the dough.

Conclusions

The simulated parametric model of the &dmg process by cam working elements has
been developed that allows to perform design calculations effectively in case rational
structural and technological parameters selection. The use of the presented scientific and
methodological developments will grity speed up and economically save the process of
creating reliable technological equipment for kneading yeast dough.

Changes in the shear stresses of the yeast dough in the mixing chamber, in the area of
engagement of the working elements and closedatimtact with the walls of the mixing
chamber are studied. The dissipation distribution in the kneading chamber and the
temperature change during the kneading process were investigated. At a rotation speed of the
working element of 60 rpm, the temperatard the yeast dough rise
acceptable during kneading of the dough.

Mixing speed, dough viscosity, and mixing chamber pressure were investigated. With
increasing rotation speed of the working element, the speed of mixing the dough ixirige m
chamber increases. Increasing the rotational speed from 20 rpm to 100 rpm increases the
pressure in the kneading chamber and reduces the viscosity of the yeast dough.

Based on the simulation modeling of the yeast dough kneading process, effective
working elements for kneading yeast dough in a continuous kneading machine are proposed.
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Introduction. The aim of the research is determination
influence of gaglynamic parameters of heat carrier movemen
the chamber of a rotary drying unit with a fluidized bed on
efficiency of the peas drying process.

Materials and methods.The research was ¢&d out on an
experimental drying unit with a conical element installed in
drying chamber, and with the help of 3D models of drying ur
The simulation of the heat carrier movement was performed t
CFD methods, followed by verification in a pilofant.

Results and discussiont is established that the heat carr
speed in the drying chamber without a conical element is ir
recommended limits (112 m/s) only in the range from 0 to O
m in the height of the chamber. The zone from 0.7 torliLused
less efficiently, because the velocity of the heat carrier is in
range of 1.6b1.8 m/s. The reason for this is that when the t
carrier passes through the wet product, its temperature decrt
it leads to decreasing of heat carrier voluriiis causes the
destruction of the constant mode of heat carrier and conseqt
reducing of the intensity of drying of the product.

In the drying unit with a conical element, the stabilizatior
the heat carrier speed is achieved within the recomndefidé
2 m/s) limits along the entire height of the drying zone, wt
provides a constant height of the fluidized bed of product in
drying chamber. This creates the conditions for a higher intel
of drying the material and improves the quality bé tdried
product, because it does not stay for a long time in the
temperature zone.

It is found out that with heat carrier speed increasing ov
m/s there is a decrease in the efficiency of its potential. Thus
initial speed of 2 m/s and an fiail temperature of 10QC, its final
temperature is about 55C, which coincides with drying
regulations for installations of this type. While increasing sp
up to 2.2 and 2.4 m/s there is final temperature increasing c
heat carrier up to 58 and 6C and as a result it reduces t
efficiency of this installation.

Conclusions. This research allows to determine t
influence of the installation of a conical element in the dry
chamber on the speed of the of heat carrier and its pressure
drying zone, as well as the influence of the speed of the di
agent on its temperature in this zone.
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Introduction

There are various methods of green peas drying, including drying in a fluidized bed,
which has proved its effectiveness as it provides equal distribution of the heat carrier inside
the layer of material and high intensity of its drying [1]. One of the ®fistent drying units
of this type is a rotor dryer which provides equal distribution of the drying agent in the cross
section of the drying chamber and its intensive interaction with the product [2]. However it
is difficult to ensure a constant heighttbe fluidized bed, which reduces its efficiency in
this kind of dryer [2].

It is necessary to research the-ggaamic parameters of the heat carrier in the drying
chamber to solve this problem and provide recommendations for improving the design of the
drying unit. It should take into account not only the highest acceptable temperature of the
product, but also the rate of its achievement, i.e. the heating rate, as well as the duration of
the product at this temperature [3, 4]. In addition, the intenaaif the heat carrier and the
product is substantiated by design features of the drying unit [5].

In order to reduce the cost of experimental dryers and expand the range of research [6,
7], the feasibility of using CFD methods to model the process aigiprioducts in a fluidized
bed is substantiated. According to this approach, it is important to choose an appropriate
calculation model and the reliability of the input data [8, 9]. Taking into account the
peculiarity of the research process, the autht@fdrgue that while modelling it is also very
important to analyze the sensitivity of the model's respdieselsanges in parameters in the
main components of the equations to identify possible weaknesses in model prediction. For
this reason in this resezdn [10, 11] the influence of the following parameters was analyzed:
total volumetric heat transfer coefficient, heat loss coefficient, drying rate, specific heat of
solid and specific heat of dry air on the forecasting mstdelied in this research [12]hese
data can be used to describe the functional dependencies of the input parameters that are
embedded in the calculation model. It is also important to be able to scale research results.
The authors of [11] proposed a method for scaling the resultudfes of fluidized bed
dryers using the volume coefficient of heat transfer.

The research results of [13, 14, 15] authors mentioned above and other ones showed
high reproducibility in real research facilities and in the operation of industrial equipment,
but they were carried out on equipment that is structurally different from those which are
considered in this article.

Therefore, the aim of the research is to determine th&\smmic parameters of the
heat carrier movement during peas drying in therdiexr of a rotary drying unit with a
fluidized bed [2].

Materials and methods

The process of drying peas was researched. Preparation of research samples was carried
out according to the methodology [13].

For modeling, 3Bmodels of rotantype drying unitswith a fluidized bed without a
conical element [2] and with a conical element were uségu(e 1). Inside the drying
chamber with a conical element there is a perforated lattice with a sector cutout, where the
drive shaft with a conical element with wettiblades is placedigure2). The design of the
basic drying chamber [2] is different as there is no conical element. The geometrical
parameters of the model are showrrigure3.
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Figure 1. Improved drying chamber of
rotary dryer with a fluidized bed

Figure 2. Model of the drive shaft with a conical element and blades
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Figure 3. Geometric parameters of the model
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Modeling of drying agent flows was performed using the methods of Computational
Fluid Dynamics (CFD)according to the method [16]. 3D models created in CAD Autodesk
Inventor.

The following input parameters are entered into the model:
initial temperature of the drying ageni00A €
final drying agent temperatuie55A €
initial temperature of the materiall8 A €
final temperature of the materiab0A C
initial humidity of material 25%;
final moisture content of the materiall4%;
initial relative humidityi 63%;
final relative humidityi 80%;
air velocity at tle entrance to the material layieR m/s;
1 the average particle diameter of the material is 5 mm.

The expected result of modeling the drying agent flows is finding the characteristic
features of the gadynamic pattern in the drying chamber of this dgyimit, to identify areas
of intense vortex formation and separation in order to determine the rational parameters of
the drying process.

Description of the experimental dryer

The simulation results were checked on an experimental Heutré4).

L

5 1 | //§

\L_ ~]

- 3

N P It %

110 N 2 !

I L  ATAY 1
—a P

Figure 4. The scheme of the experimental plant for the drying peas research:
1 -—blower; 2 — control valve; 3—flow meter; 4 —heater; 5—thermocouples;
6 —drive rotor of the device; 7— gas distribution grille; 8 —rotor of the drying chamber;
9 —drying chamber; 10— data logger; 11- PC
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The input parameters of the heat carrier and product for experimental research were the
same as for modeling.

The air is supplied by a blower 1 through the control valve 2 anflaivemeter 3 to
the heater 4, where it is heated to 0@nd enters the drying chamber 9 through the gas
distribution grid 7. The product is filled into the drying chamber 9 between the rotor blades
8. The temperature at the inlet and along the drylragmber is measured by thermocouples
5. The signals from the thermocouples are sent to the data logger 10 connected to the PC.

Results and discussion

As a result of researches graphs of distribution of speed, pressure and temperature of
the heatarrier in the drying chamber are received.

According to [14], the minimum required heat carrier supply rate to create a stable
fluidization regime when drying peas with an initial humidity of 23% is 1.82 m/s. It is
discovered Figure5) that the velaity of the heat carrier in the drying chamber of the base
unit [2] is according to the recommended limits only in the range from 0 to 0.7 m in the height
of the chamber. The zone from 0.7 to 1.2 m is used less efficiently, because the velocity of
the heatarrier is in the range of 1.65.8 m/s. The reason for this is that when the heat carrier
passes through the wet product, its temperature decreases, which leads to a decrease in the
volume of the heat carrier [18]. This causes the destruction of theanbnsibde of
fluidization and, consequently, reduce the intensity of drying of the product. For a product
with a higher initial humidity, this effect will be even much greater, as the minimum rate of
fluidization increases linearly with the moisture contfithe product [14].

2,00

v, m/s

1,95

1,90

1,85

1,80

1,75
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0,0 0,2 0,4 0,6 0,8 10 1.2
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Figure 5. Change of heat carrier velocity on the height of the drying chamber
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Investigating the change in heat carrier temperature along the height of the drying
chamber depending on its initial spe&i(re6), we found that wheit grows above 2 m/s
there is a decrease in the efficiency of the drying agent potential. Thus, at the initial velocity
of the heat carrier of 2 m/s and the initial temperature of ©Q@s final temperature is about
55 "C, which corresponds to treecepted drying regulations for installations of this type.
With increasing speed to 2.2 and 2.4 m/s, there is an increase in the final temperature of the
heat carrier to 58 and 6. This is because the heat carrier does not have time to give the
requirad amount of heat to the product at high speeds.

0 100
o

+—

95
90
85
80
75
70
65

60

55

50
0,0 0,2 0,4 0,6 0,8 1,0 1,2 14 1,6

Figure 6. Change of heat carrier temperature on height
of the drying chamber depending on its initial speed:
1-2m/s; 2—-2.2 m/s; 3-2.4 m/s.

Therefore, it is impossible to ensure a constant fluidimatiode by increasing the inlet
velocity of the heat carrier without reducing the efficiency of the drying unit. To ensure a
uniform fluidization rate along the height of the chamber, a conical element with an expanded
base at the top is installed, whictadually reduces the cross section of the drying chamber
(Figurel, 2, 3).

The positive effect of installing a conical element is as follows. As it was mentioned
before, lowering the heat carrier temperature leads to a decrease in its volume. However,
redudng the crosssectional area where the heat carrier passes in the dryer with a conical
element stabilizes its speed. As a result, the velocity of the heat carrier remains constant
throughout the height of the fluidized bed, which creates conditions fovehidrying
intensity of the material and improves the quality of the dried product, because it cannot stay
too long in the high temperature zone [18].
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In addition, to detect the effect of the installation of a conical element on the pressure
of the heat aaier flow, the change of this pressure along the height of the chamber was
investigated. It is seerfFigure 7) that in the chamber of the basic dryer (without a conical
element) there are fluctuations of this parameter in the range from 3350 to 372@RaisT
a slight decrease of average pressure from 3565 to 3550 Pa from the beginning to the end of
the zone of intensive drying.
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Figure 7. Change of drying agent pressure on the height of the drying chamber

For a more detailed picture of theessure distribution of the heat carrier flows over the
volume of the chamber, the results of research in the form of vector pressure fields are given
(Figure8).

The following results of similar researches are shown, but for a dryer with a conical
elemer.

It is shown on thé&igure9. that in this kind of drying chamber the velocity of the heat
carrier is according to the recommended i(2.81/s) limits along the entire height of the
drying zone, which confirms the correct choice of designgeuwmetric parameters of the
conical elementRigure3).
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Figure 9. Change of the heat carrier speed on height of the drying chamber with a conic element
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Figure 10. Chang of the heat carrier pressure
on height of the drying chamber with a conic element

In the chamber of the dryer with a conical elemE&igyre10), the nature of the pressure
change has changed slightly and there is a more pronounced decrease cartharbedic
dryer. Pressure fluctuations are in the range from 3240 toRB&30here is a slight decrease
in the average pressure from 3475 to 3B&0from the beginning to the end of the drying
zone. These changes are fully consistent with the lawssadyggamics, because the speed of
the heat carrier in the dryer with a conical element is slightly higher than in the basic one.

The results of research on the experimental plant confirm the data obtained by
simulation.

FromFigurell, it is seen that the nature of the temperature change corresponds to the
data obtained by simulation in the corresponding range of heights of the drying chamber. The
error varies between-&%. The nature of the change in the-ggaamic parameters ofie
heat carrier is confirmed in researches [14, 17].
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Figure 11. Change of the heat carrier temperature on the height of the drying chamber
of the experimental plant depending on its initial speed:
1-2m/s;2—-2.2m/s; 3-2.4 mls

Conclusions

It is found out that the speed of the heat carrier in the drying chamber of the dryer without
a conical element is in the recommended rangé 21n&/s) only in the range from 0 to

0.7 m in the height of the chamber. The zone from 0.7 to 1.2 m is used le&n#yf
because the velocity of the heat carrier is in the range of L&®/s.

In the dryer with a conical element, the stabilization of the heat carrier velocity is achieved
within the recommended (4.8 m/s) limits along the entire height of the idiy zone,

which provides a constant height of the fluidized bed of product in the drying chamber.
This creates the conditions for a higher intensity of drying the material and improves the
quality of the dried product, because it does not stay for a liong in the high
temperature zone.

It is discovered that when speed of the heat carrier increases over 2 m/s efficiency
decrease of use of its potential is observed. Thus, at an initial velocity of 2 m/s and an
initial temperature of 100C, its final tempeature is about 55C, which corresponds to

the adopted drying regulations for installations of this type. With increasing speed to 2.2
and 2.4 m/s there is an increase in the final temperature of the heat carrier to 58 and 60
~C what consequently reduciee efficiency of this dryer.
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Introduction . The aim of this research is to identify the ms
disproportiondgn the development of the grain market in Ukraine in
implementation of land reform.

Materials and methods.The Ukrainian grain market igsearched
in the context of land reform. The compliance of the implemet
transformations with the international dimensions and the conce|
market regulation is monitored. A logieabstract method was used
group national and international analytical results

Results and discussionln 2018, the production of grain crops
Ukraine was the highest within the period from 1991 to 2018. In gen
the positive dynamics of growth in grain crop production is obsel
since 2003. The growth of grain crops productiwas achieved by
increasing the crop production area and increased yiglds main
cereals are wheat, corn, sunflower, barley, soybeans and rapesee
profitability of wheat in Ukraine corresponds to the level of me
producer countries, and averag?6.8%

Sunflowerproductionvolumesduring the periodfrom 2011to 2019
demonstratpositivedynamicsof growth. Thehighestyield wasin 2016,
2018 andin 2019. The highest indicators of soybean production w
recorded in 2016 and 2018, which is assedavith significant yields.
Since 2016, there has been a gradual positive dynamics of rap
production.

According to the national balance of supply and demand for gi
and legumes, it should be noted tb&taine consumes not more thari 3
40 centnersf grain crops and oilseeds out of 92 million tons of harve:
products.Therefore further increasing of production is only possible
means of increasing exports of Ukrainian grain to the world market
in spite of tough requirements applied bytatquality and safety of
Ukrainian grain, is characterized byrapidly growing demandThe
volume of foreign currency earnings from exports of grain crops
Ukraine within the period from 2011to 2019 has a positive upward tr
except for 2013 and 2015

There are 32,214 economic entities in the field of grain growing
which 71.3% are farms. At the same time, their share in the areas
which the harvest is harvested is only 15.8%, which indicates a low
of land concentration in farms.

The main risks of opening the land market for legal entities
massive buying of land by large agricultural holdings and fall
investment attractiveness of Ukraine. Financial risks will increase
small farmers due to the lack of the credit history and ufehbibiiy of
financial instruments for the purchase of land.

Conclusions. The introduction of the land market requires t
improvement of state regulation and mechanisms for the suppc
production, strengthening of exports capacity, formation of theuade(
infrastructure of the grain market, etc.
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Introduction

The state of the country's grain market is an important indicator of the quality of
economic reforms carried out in the country, the implementation of@aplipolicy. As an
object of stateegulation, the grain market needs to identify its nature, mission, functions,
role in the macroeconomic system of the country [1,12,19].

Efficiency of developing the crop productiordustryinfluences welfare of population,
ensures national food securayn d count r y 6 s [20KkThe grdain ische pasgi® i | i t
of all agricultural production that determines the volume of supply and the cost of food
staples, forms a considerable part of the agricultural producers' income, determines the status
and trends of development of rural areas, and generates foreign exchange earnings of the state
[12,17].

Market transformations of strategically important commodity markets, in particular,
grain, are reflected in the works of many domestic and forgigentists [1,7,14,18,19]. At
the same time, the issues of grain production, foreign trade and internal distribution in the
conditions of land market opening remain insufficiently covered and require further research
[10,11,19].

The abovementioned conditined consideration and critical analysis of the following
tasks: the balance of supply and demand of grain in Ukraine in 201201%8/19 marketing
years [5,6]; the factors influencing the state ofdh&n market in Ukraine, in particular the
dynamics 6areas sown with cereals and legumes [6,9,10], the volume and structure of grain
production [6,9]; the structure of land depending on the type of owner [10]; the risks and
opportunities of land reform for grain producers in Ukraine [11].

The purpose of #study is to identify problems in the functioning of the grain market
of Ukraine in the implementation of land reform.

Materials and methods
Materials

The object of study is the grain markétUkraine

Subjects of research arthe crop productionareaplantedwith grain cropsandgrain
legumesthegrain yield,thevolume of grain crop productigthe production of wheatcorn,
sunflower rape seeds and soybeathge volume of foreign currency earnings from exports
of grain crops byJkraing the countries leading in exporting wheételeading exportexof
corn(Kernel COFCO Agrf Ukra'ne, ADM Trading UkraineNibulon, Suntradand alsaisks
and opportunities of land reform in Ukraine.

M ethods

The methodology of the study included statistical analysis, grouping, systematization
of indicators of grain market developmemhe logic of presentation of the material follows
the structure of the nationgtain marketThe logic of the study is subordited to the task
of analyzing the constituent parts of thetional grain market

It was used used official materials of the State Statistics Committee of Ukraine about
the harvesting of grain crops: harvested areas [6], production [6,9], yielding ggdpz20X;
indicators of grain supply and demand in Ukraine [6,14,15,16,18,20], volume of grain exports
[416; 12,13].
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In addition, we used research and analytical studies of domestic and foreign
organizations of the countries that lead in exports of waedtmaizd1,7,12 14;18] and
results of the rating evaluation of the leading exporters of ¢Bai0].

Results and discussion

Grain production is a sector, products of which always was, is and will be one of the
most important sources of wealthasfy state. In the global agriculture, grain crops constantly
dominated, and even today grain remains the most important and strategic agricultural
product [9].

Grain is used by human beings in the form of bread, cereals, pasta, confectionery, etc.
These poducts are distinguished by high nutritional and taste qualities, contain enough
protein, carbohydrates, vitamins, amino acids, and minerals. Products of grain growing
industry are raw materials for the processing industry. Alcohol, starch and othertprcatuc
be obtained as the result of grain processing, pulp, paper, etc. can be produced as a result of
straw processing. Grain is the main and indispensable forage in animal husbandry. It has a
much higher nutritional value as compared with other typesaf, is characterized by a
high content of forage units, digestible protein, maard micronutrients. Bproducts of
grain growingd straw and chaf® and grain byproducts are also used as forage.

The total demand for grain in the country is determibgdthe amount of grain
consumed for nutrition, processing, forage, seeds, exports, and creation of state reserves. The
largest share in this volume is occupied by grain that is consumed by human beings and
animals as food/feed. In Ukraine,iBY % of thetotal volume of produced grain crops are
used as forage for livestock and poultryi 1% d as food, 810% d as seeds,i31% are
processed and up td &% are lost during storage and pbsirvesting [9].

It is quite natural, climatic conditions are favil&afor cultivation of almost all the well
known grains and legumeAs of 1 January 2020, 6898 of Ukrained almost 41.5 million
hectare® are agriculturally used areas. In particular, 32.5 million hectares are arable lands.
1.7 million hectares out df0.4 million hectares of agriculturally used areas owned by the
state were transferred to united municipalities, while 1.6 million hectares are rented, 1.4
million hectares are reserve lands, 1.3 million hectares remain in constant use, 700 thousand
hectaes are located at the occupied territory. Within the period from 2013 to 2019, 630
thousand hectares were transferred to private ownership. And it is surprising that alfbost 30
03.1 million hectares are marked as the fist

Balance of gran crops supply and demand in Ukraine

In marketing year 2018/19, grain crop production in Ukraine was by 7.9 million tons
higher than in marketing year 2017/18 and reached almost 70 million tons. Production of
corn increased the most. Along with twth of the gross production, volume of exports
in the 2018/19 MY was at the level of 47.5 million tons that exceeds last year's level by 6.5
million tons. Forage consumption of grain crops increased % bt by 1.2 million tons
again mainly due to car[6].

The balance of grain crops supply and demand in Ukraine in marketing years 2014/15
2018/19 is shown in Table 1.
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Table 1
Balance of grain crops supply and demand in Ukraine
inmarketngyear s 2014/15 to 2018/ 19 MP,
Indicator Years

2014/15| 2015/16 | 2016/17| 2017/18 2018/19
Initial reserves 6831 8981 6044 6454 6305
Harvesting areas, ha 14,627 14,641 14,337 | 14,560 14,782
Crop capacity, 4.4 4.1 4.6 4.3 4.7
kg/centner
Production 63,859 60,126 66,088 | 61,917 69,800
Imports 197 211 223 279 237
Aggregatesupply 70,888 69,318 72,355 | 68,649 76,342
Exports 35,179 39,924 45,212 | 40,956 47,472
Forage consumption 14,933 12,728 10,226 | 10,610 11,671
Food processing 6208 5835 5685 5578 5392
Industrialconsumption | 1294 1057 1258 1577 1142
Seeds 2236 2325 2217 2221 2266
Losses 2056 1405 1303 1403 1756
Domestiddistribution 61,906 63,273 65,901 | 62,344 69,789
Final stocks 8981 6044 6454 6305 6554

Source: [6]

As Table 1 showghe overall supply ofrain crops during marketing years 2014/15

t hou:

2018/19 tended to increase from 70,888 thousand tons in the 2014/15 MY to 76,342 thousand

tons in 2018/19 MY.

It should be noted that, with a slight increase in production areas, there was the growth
in grain yietl in 2014/15 MY from 4.4&g/ha to 4./Kkg/ha in 2018/19 MY.

Crop production areaplanted with grain cropsand grain legumes

Thedynamicsof theareagplantedwith graincropsandgrainlegumeswithin the period
from 1991to 2018is shownin Figurel.
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Figure 1. Dynamicsof the area planted with grain crops and grain legumes
within the period from 1991to 2018, million ha [6].
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Thus, the crop productionareaplantedwith grain cropsand grain legumesremained
almostunchangedvertheperiodfrom 1991to 2018.

Volume of grain crop production

Thefigure illustratesthe volumeof grain crop productionwithin the periodfrom 1991
to 2018.

Volume of production

" 80 70,1
g5 10 60,1
cs % i
£8 46 46,2 |
5 —
5 40 387 355 355 343 |
q) B — — pr—

5 ] 24,5 |
E E 30 20,2
Ss) 20 A —
> &

10 -
O T T T T T T T T T

1991 1994 1997 2000 2003 2006 2009 2012 2015 2018

Figure 2. Volume of grain crop production within the period from 1991 to 2018 in Ukraine
million tons[6]

As Figure 2 showsln 2018, the production of grain cropslitkraine was the highest
within the period from 1991 to 2018. In general, the positive dynamics of growth in grain
crop production is observed since 2003. Thus, in 2003, Ukraine produced grain in the amount
of 20.2 million tons, in 2018 70.1 million tonghat is by 24,6 more than in 2003 and by
81.14% more than in 1991. The growth of grain crops production was achieved by increasing
the crop production area and increased yiftls

Production of wheat, corn, sunflower, rape seeds and soybeans

The main grain cropsandgrain legumeswith the highestsharein the total production
arewheat,corn,sunflower,barley,soybeansandrape.

Thevolumeof basicgraincropsharvestedvithin theperiodfrom 2011to 2019is shown
in Figure3i 4.

The Figure3 shows thatthe largestvolumeof productionwithin the periodfrom 2011
to 2019waswheat.While in 2011thevolumeof productionwas18.38million tons,in 2019,
its value hasincreasedy 1.6 times. The cost of wheat production shows the tendency to
growth. Over the past 5 years, the cost of wheat has almost doubled. The profitability of
wheat in Ukraine corresponds to the major countries producing this culture and is in average
equal to 26.8%.
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Figure 3. Production of wheat corn, sunflower within the period from 2011to 2019,million
tons [6]
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Figure 4. Production of rape seeds and soybeans within the period from 2011 to 2019, million
tons [6]
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Considerabl@ositivedynamicgnherento volumeof cornproductionwithin theperiod
from 2018to 2019 While, within the periodfrom 2011to 2017,the largestamountof corn
productionwas observedin 2014, corn productionin 2018 increasedby 1.2 up timesto
25.52million tonsascomparedvith thislevelandby 1.4timesto 29.16million tonsin 2019
dueto its high yield, i. e.theamountof corn harvestegerareaunit. The highestcornyield
indexesuntil 2019wererecordedn 2018,whenthe cornyield was76 centnersper hectare
thatis by 10.14% morethanin 2011andindicatesthe growing efficiency of corn growing
[4].

Sunflower production volumes during the period from 2011 to 2019 demonstrate
positive dynamicsof growth. The highestyield wasin 2016. (13.19 million tons), 2018
(13.88million tons)andin 2019(14.92million tons).

Within the period from 2011to 2019, soybeanproductionhad a positive trend. The
highestindexeswererecordedn 2016.(105%increaseelativeto 2011)andin 2018(123.6%
increaserelative to 2011) that is associatedwith a significantvolume of harvestecdcrops.
Thus,thesoybearyield in 2018was26.4centnerperl ha,andin 20166 23.6centnerper
1 ha,andin 20198 23.2centnererl ha.

Theyield of rapesed (winter rapeandcolza(springrape))in 2018was27 centnerger
1 ha,andin 20160 26.2centnergerl ha,andin 20196 25.9centnerger 1 ha.Despite
the fact that the rapeyield in 2016 wasthe highest,volumesof its productionduring the
reseachedperiodwerethelowest(1.18million tons).lt isyearof 2016,sincewhichagradual
positive trend of its productionis observedhat indicatesan extensiveway of production
intensification.

According to the national balance of supply and demandyfains and legumes, it
should be noted thatkraine consumes not more thani 80 centners of grain crops and
oilseeds out of 92 million tons of harvested products.

Despite the steadygrowth of grain production, Ukraine still has the potential for
increasingtheyield of grain crops.Thus,the averageyield of grain cropsin the USA is 82
centnergerl ha,in ChinaandBrazil 8 52i 56 centnerger1 ha,while in Ukrainein 2019
it was48.2centnergerl ha.

Further growth in production of grain cropdllMead to the increased deficit in storage
facilities in Ukraine, the size of which is only approximately 40 million tons. Thu%p o0
the existing elevators are morally and physically obsolete. In most of them, grain is stored in
bulk on the floo® under such conditions, it is very difficult to ensure quality and safety of
grain. At such facilities, there are no effective transport equipment that would allow
performing fast unloading and dispatch of certain types of grain.

Therefore,further increasig of production is only possible by means of increasing
exports of Ukrainian grain to the world market that, in spite of tough requirements applied
by it to quality and safety of Ukrainian grain, is characterized kgpadly growing demand

Volume of foreign currency earnings from exports of grain crops byJkraine

Ukraine exports grain to 190 countrid$e largest buyers of Ukrainian grain in 2019
was Africa, Asia, and Europe. Egypt remains the leader in the ranking of the largest importers
(with a share of 14.%) for several years running. Significant shares in Ukrainian exports of
grain crops accounteto China (9.84), Spain (7.86), Turkey (7.4%), the Netherlands
(6.8%), Indonesia (5.%), Bangladesh ( 3.%), Israel (3.4%), Tunisia (3.1%), and Italy
(3.1%). In aggregate, these 10 countries generate 6#total revenues from exports of this
growp. The traditionally high demand for Ukrainian grain by the European Union is still
preserved 23.9% in the structure of export suppliEs6].
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The total value of exportsof grain cropsby Ukrainewithin the period from 2011 to
2019is shownin Figure5.
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Figure 5. Exports of grain crops by Ukraine within the period from 2011to 2019,million US
dollars [6]

Thus, the volume of foreign currency earnings from exports of grain crops by Ukraine
within the period from 2011to 2019 has a positive upward trend, except for 2013 and 2015
Significant rates of growth in foreign currency earnings from the export of graps was
observed in 2012 (193%) and in 2019133.1%) along with a more noticeable increase of
the share of grain crops in total exports of the country (Figure
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Figure 6. Share of Ukrainian exports of grain crops in the total exports andates of growth of
foreign currency earnings within the period from 2011 to 2019, %6]
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According to results of the 2018/2019 marketing year, Ukrakported50.4 million
tons of grain crops, grain legumes and flduby 10.5 million tons more than lastarketing
year (ft) .

Sincethe 20192020 marketing yeaexports of Ukrainian wheat t&U countries
increasedy more than six times as compared to the same périfsxdm 29.7 thousand tons
to 188.8 thousand tons. This allowed Ukraine to becomentie supplier of soft wheat to
the EU with a share of 4% in total imports.

Countries leading in exporting wheat

Table 2 shows the taf0 countriesexporters of wheat.

Table 2
Countries leading in exporting wheat in 201§2]
Nilrjlr?r?:r Country N Exports, Share in world
. billion US dollars exports, %

ranking

1 Russia 8.4 20.51

2 Canada 5.7 13.87

3 United States of America 55 13.27

4 France 4.1 10.04

5 Australia 3.1 7.54

6 Ukraine 3.0 7.31

7 Argentina 2.4 5.88

8 Romania 1.2 2.98

9 Germany 1.2 2.84

10 Kazakhstan 0.97 2.35

In the ranking of the 10 largest world exporters of wheat, Ukraine ranks sixth with
exports for an amount of 3 billion US dollaend ashare in world exports of 7.354.

Ukraine is the third largest exporter of corn after the USA and Brazil. In the ZIB
marketing year, 21.4 million tons of corn were exported. The largest amound o1 it.8
million tons were purchased by European ddes. Asia ranks second (6.1 million tons),
countries of North Africa rank third (3.5 million tons) [3,4].

Ukrainian corn is purchased in large quantities bgdintries that already account for
90% of exports or 18.9 million tons. Ukraine exports thggést amount of corn to the
Netherlands (3.2 million tons), Spain (3.1 million tons), China (2.9 million tons), Egypt (2.4
million tons), Italy (1.8 million tons) and Iran (1.2 million tons). Germany, Turkey, Israel,
Portugal, Belgium and Libya belong tevelve countries that are the major importers of
Ukrainian corn [25].

Leading exporter of corn

The largest exporter of corn in 2018 are shown inTidge 3.
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Table 3
Leading exporter of corn in 2018[4]
N_umber Exports, Share in national exports of
in the Exporter o
: million tons corn, %
ranking
1 Kernel 2.8 13.5
2 COFCO Agr' 2.3 11
3 ADM Trading Ukraine 2.1 10
4 NIBULON 1.6 8
5 Suntrade (the major
subsidiary of Bunge) 1.5 73
The ten corn exporters also includes JS
Ukraineo, AGIlencore Agricultureo, AAhropros
Bl ack Sea Commod't'es, a relatively yodoung t

office in UAE [4].
Risks and opportunities of land reform in Ukraine

Studies have shown that, as ofdnuary 2018, there are 32,214 entities engaged in
growing the grain crop%.1.3% of themarefarms(22,977).In this case the area,at which
their sharegathersn thecrops,is only 15.8% thatindicateshatinsignificantconcentrations
of landin farms.In addition,farmsoccupy17.0% of the grossproductionof grain (8736
thousandons).

Themainreasorfor the low rateof productivity of farmsis the low level of yield that
is lessthan15i 20 % ascomparedvith thatof largemanufacturersperatingin theindustry.
Thereasornis poorlogistics,limited acces®of smallproducersto advancedechnologyjack
of working capital that would provide an opportunity to purchasenew plant selection
varietiesand appropriatemeansto protectthem and increaseyields (fertilizers, growth
stimulants.etc.). However the shareof indudrial enterprisesvith aland bankof morethan
10 thousandhectaresncreasedalmosttwice: from 14.2% in 2010to 24.8% in 2016[6].
This trendis due,firstly, to the processof consolidationof farms,including the increased
levels of agricultural technology and culture cultivation ensuredby increasedscale.
Secondly Jarge companiegnore often preferto grow cornthat, in spite of highercostsof
production hasa higheryield thanothercrops.

The cancellation of the moratorium on sale of land lsringw risks and opportunities
for producers of grain crops. Thus, among the main risks of opening the land market for legal
entities is massive buying of land by large agricultural holdings and fall of investment
attractiveness of Ukraine. Financial risk8l increase for small farmers due to the lack of
the credit history and unavailability of financial instruments for the purchase of land.

The increase in prices for land after introduction of the land market will lead to an
increase in rental rates thaill affects both small farmers and agricultural holdings.

In addition, a long extensive development led to reduction of land banks that requires
the increased efficiency in production of grain crops on smaller areas.
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A positive consequence of opening tharket land to those farmers who will purchase
land, on which they work: they will be able to use these lands as mortgage when taking loans
in the bani{2].

Conclusions

Modern agriculture is the most dynamic sector of the national economy thatgs bein
developing activelyUkrainian agrarian market feeds not only Ukraine with its 40 million
population, but also 190 countries, and the tendency to increased production is still preserved.
Our country has a huge potential for growthphoduction, and there is a rapidly growing
demand in the world markets.

In 2019, the agricultural sector generated approximateilyt3 26 of Ukrainian GDP.

The share of agricultural products in the total exports of Ukraine for this period wa 39.8

or a reord-breaking value for Ukraine of 18.8 billion US dollars. This means the receipt of
foreign exchange earnings by Ukraine, stability of the hryvnia. Moreover, today,
approximately three million people work for the agricultural complex. That is, if tHeofjoa

the reform lied specifically in development of the industry, then the question arises: Why do
we need the land reform with such expected results? If the purpose of the reform is to attract
investment, then there are barriers to development of finaao@ banking system of
Ukraine. In this case, the farmer has to get access to credits, and hence mechanisms allowing
to make loans cheaper are necessary for development of agricultural production.
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