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ABSTRACT

Esters are used in the industry. The rapid increase in demand for esters in the food, cos-
metics and pharmaceutical industries makes it mandatory to find alternative ways of synthesis
instead of low-yield, expensive, energy-intensive and prolonged reactions.

The production process for the synthesis of esters is based on chemical esterification of
fatty acids with alcohol in the presence of inorganic catalysts at high temperatures. However,
these chemical processes are non-selective and consume a large amount of energy. In this re-
gard, the current situation of environmental degradation requires the development of efficient
and environmentally friendly methods in terms of energy consumption and waste reduction.
The synthesis of esters by sonication is also an economical and effective method of performing
esterification with broad practical application.

The article presents a review of research and modern engineering solutions based on "green
technologies" for the synthesis of esters. Significant advantages of the method of transesterifi-
cation of methyl caprate with sucrose, leading to esters with potential biological activity such
as antifungal and antimicrobial agents, are highlighted.
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INTRODUCTION This e.nergy provides an opportunity for in-
teraction of substances (Mason, T., D. Peters

2011, Zhong et. al. 2009, Nguyen et. al. 2021,
Song et. Al. 2000).

Esters are widely used in the industry —
food additives, plasticizers in plastics, pre-
cursors in medicinal products, etc. The rapid
increase in demand for esters in the food, cos-
metics and pharmaceutical industries makes
it mandatory to find alternative ways of syn-
thesis instead of low yield reactions, expen-
sive, energy-intensive and prolonged (Baker
et. Al. 2000, Galdeano et. Al. 2009, Galdeano
et. Al. 2009, Veiga-Santos et. Al. 2007)

One of the classic methods of modifying
polysaccharide molecules is esterification,
which consists in the interaction of carbox-
ylic acid and alcohol in the presence of acid

Sonochemistry is a modern strand of
green chemistry, using ultrasonic energy to
conduct chemical processes. The key ad-
vantages of sonochemistry are increasing re-
action selectivity, reducing reaction time, us-
ing less hazardous chemicals and solvents,
reducing energy consumption, conducting
processes under softer conditions, etc. These
advantages increasingly require the use of ul-
trasonic impact to manage chemical reactions
stimulating higher efficiency and effective-
ness. Sonochemistry is unique due to the phe-
nomenon of cavitation — through the for-
mation, growth and implosion of gas bubbles
in the liquid. During the decay of microbub-
bles as a result of cavitation, high pressure
and temperature are generated inside them.
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as a catalyst that can be sulphuric, p-tol-
uenesulfonic acid etc. This type of process is
slow, non-selective, consumes a large
amount of energy and has low performance
(Lara-Cero6n et. Al. 2020, Zhang et. Al. 2020,
Deng et. Al. 2006, Dan et. Al. 2009, Yongshi
et. AL. 2013).

Most higher fatty acids have fungicidal
action and are used as antimicrobial agents,
initially in the production of soaps. Over the
past 50 years, however, they have found both
in vitro and inhibitors in food products and as
topical and systemic antifungal agents
(Zhong et. Al. 2009, Yuyun et. Al. 2009).

Unsaturated undecylenic esters of su-
crose show very good antimicrobial activity
relative to Candida albicans, exhibit inhibi-
tory activity against Gram-positive bacteria:
Bacillus subtilis and Bacillus cereus, and
Gram-negative E. coli inhibiting the growth
of Pseudomonas aeruginose, against which
undecylenic acid was inactive. Based on this
study, sucrose undecylenic and sucrose
laurate ester can be used as a potentially an-
timicrobial remedy for plants and foods
against certain microorganisms.

As far as it is known, inulin acetate is
less studied for antimicrobial activity com-
pared to sucrose esters. Inulin acetates with
DA 2.5 and 3.0 1 mg/ml showed moderate
antimicrobial activity against food-born
pathogens Listeria monocytogenes ATCC
8632 and Staphylococus aurcus 745 at low
concentration. Its activity is comparable to
the control antibiotic Bisepthol. Saturated
palmitic esters of sucrose and fructooligosac-
charides do not exhibit antimicrobial activity.
Unsaturated esters of sucrose and fructooli-
gosaccharides can be applied as potential an-
timicrobials, not only in food preservation,
but also in medicine and cosmetics for the
preparation of antifungal ointments for the

treatment of diseases caused by Mycobacte-
rium smegmatis and Candida albicans (Var-
gas et. Al. 2020, Petkova et. Al. 2017).

The purpose of this article is to apply ul-
trasonic energy in transesterification to ob-
tain potentially biologically active polysac-
charide esters — capric acid sucrose esters.

EXPERIMENTAL

Methylcaprate synthesis

Place 30.3 g of capric acid in a round-
bottomed flask with a ground. Add 250 cm?
hexane and 1 dm*1% H2SOuin CH30H. Con-
nect the flask to a water-cooled reflux con-
denser and heat in a water bath at 68—70°C.
After 120 minutes, the reaction is quenched
and the reaction mixture is intensively cooled
by adding 100 cm® of ice-cold distilled water
and neutralisation is carried out with 10%
NaxCOs. Perform a three-fold extraction of
50 cm® hexane. The collected extracts are
dried with anhydrous Na>SOa. After filtration
and distillation of the solvent under vacuum,
separate the ester.

Conventional synthesis of sucrose
caprate.

Place 50 cm® methanol and 0.018 mol of
capric acid, sucrose and catalyst CH;ONa
(0,1 mol) in a 100 cm flask. The reaction
flask was placed in a water bath at 40 and
65°C. The reaction temperature is controlled
using a contact thermometer. The course of
the reaction is tracked by TLC.

After completion of the reaction, distil
the solvent under vacuum. Dissolve the resi-
due in 25% NaCl / n-butanol (1:1) and divide
the mixture with a separating funnel. Perform
a three-fold extraction with 20 cm® n-butanol.
The collected extracts are dried with anhy-
drous Na;SO4 and the solvent is distilled un-
der vacuum.
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Ultrasonic synthesis of sucrose
caprate.

Place 50 cm? methanol and 0.018 mol of
capric acid, sucrose and catalyst CH3ONa
(0.1 mol) in a 100 cm? flask. The mixture is
sonicated at room temperature. The course of
the reaction is tracked by TLC. After comple-
tion of the reaction, distil the solvent under
vacuum. The residue was dissolved in 25%
NaCl/n-butanol 1:1 and the mixture was sep-
arated by a separatory funnel. Perform a
three-fold extraction with 20 cm® n-butanol.
The collected extracts are dried with anhy-
drous Na>SO4 and the solvent is distilled un-
der vacuum.

METHODS OF IDENTIFICATION
AND CHARACTERIZATION

Infrared spectroscopy

IT spectroscopy with Fourier transfor-
mation was used to identify and characterize
the resulting esters. The spectra were rec-
orded on a Nicolet Avatar spectrometer
(Termo Scientific, USA) in a KBr tablet, in
the range of 4000500 cm™.

NMR imaging

NMR spectra of ("H and '*C) of the syn-
thesized esters were recorded on a Bruker
spectrometer (500 MHz) in a solution of
CDCl; and standard tetramethylsilane.

RESULTS AND DISCUSSION

Sucrose esters are synthesized by trans-
esterification with a methyl ester of capric
acid under conventional conditions and by
ultrasonic impact.

In the spectra of the studied esters, sev-
eral areas characteristic of carbohydrates
stand out.

In the first of them, about 3300 cm™' has
a wide asymmetric band due to the valence
vibrations of — OH. The strong interaction be-
tween the structural elements of the macro-

molecules in the modified sucrose is the rea-
son in the spectrum considered, bands arise
due to complex vibrations, which can be de-
fined as oscillations of both the furanose ring
and the macromolecule as a whole. Valent
fluctuations (C — C). (C - 0), (C—0—-C) of
the furanose structure are observed between
1000 and 1200 cm™.

Depending on the degree of substitution,
the maximum of this strip is shifted and at the
same time the half-width changes. This is due
to the hydroxyl groups which form the hydro-
gen bonds as well as to the esterification of
some of them.

In the infrared spectrum, a new stripe in
the spectrum of esters at 1734 cm™' due to va-
lence oscillations (vC=0) of the ester is
clearly evident. The presence of a similar strip
at 1720-1728 cm™! was reported by Song in
sucrose octanoates (ester obtained by trans-
esterification of sucrose with ethylcaprate) as
well as in the spectrum of sucrose octanoate
resulting from ultrasonic synthesis.

In '"H MRI spectrum, two areas can be
separated — in the range 0—2.36 ppm charac-
teristic of methyl and methylene protons of
acid and 3.39-5.40 ppm characteristic of the
carb-cell proton shown in Table 1.

Chemical offset for methyl group pro-
tons in sucrose caprate is observed at
0.87~0.99 ppm.

Table 1: Chemical offset (3, ppm) in '"H NMR

spectrum
Group Chemical shifts, (8, ppm)
CHs— 0.96~0.99
—(CH2)— 1.31~1.68
—(CH»).—CH2-O 2.34~2.36
-O-CH-O 5.39~5.40
H-Glc 3.39~5.40
H-Fru 3.62~4.52

Signals for methylene group protons are
in the range of 1.17~2.02 ppm. Glucose pro-
tons of glucopyranos are observed in the
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range of 3.39~5.40 ppm and glucose protons
of fructofuranosis at 3.62~4.52 ppm.

In BWITH MRI spectra, characteristic
signals for a carbonyl carbon atom are ob-
served at 174.36—175.12 ppm.

Table 2: Chemical offset (5, ppm) in 3C NMR

spectrum
Chemical shifts (J,
Group
ppm)

H;C- 14.02
—(CHa)n— 22.94~34.03
-C=0 174.36
C-Glc 62.26~94.71
C-Fru 61.18~108.18

The signals of the carbon atoms of the
pyranose, respectively, of the furanose ring,
are observed in the range 61.18-108.18 ppm,
with carbon atoms from the pyranose ring be-
ing at the lower frequencies and for the
furanose at the higher frequency range.

Ultrasonic impact leads to an increase in
the yield of sucrose caprate by up to 12%.
The presented results generally show that
when the synthesis is carried out by ultra-
sonic treatment, the yield of the obtained su-
crose esters is higher.

In order to optimize the conditions of the
reaction of transesterification on the yield,
the influence of the main parameters influ-
encing the reaction time and the production
of molar ratio ester: sucrose — 1:1 and 3:1 has
been studied; catalyst type — CH3;ONa,
K2CO3, NaH;PO4; mol catalyst ratio — 0,1;
0,3;0,5.

Based on the comparative analysis of the
catalyst data used in conventional and ultra-
sonic synthesis, it can be concluded that the
more suitable catalyst is CH3ONa. The use of
sodium dihydrogen phosphate does not lead
to a significant increase in the yield of su-
crose caprate.

Under the chosen reaction conditions,
the change in the catalyst molar ratio results

in a slight increase in the yield. For this rea-
son, experiments were conducted primarily
when using a molar ratio of catalyst to su-
crose 1:1. A threefold increase in the amount
of ester results in a slight increase in yield,
which indicates that the amount of sucrose
limits the reaction time.

Unsaturated 10-undecilene esters of su-
crose and fructooligosaccharides demon-
strate significant antimicrobial activity rela-
tive to Candida albicans. These sucrose es-
ters are more active than 10-undecilenic acid,
well known for its strong antibacterial and
antifungal activity. For the first time, the an-
timicrobial activity of the esters of fructooli-
gosaccharides has been established. It is
clearly shown that the 10-ounce ester of su-
crose and fructooligosaccharides inhibits the
growth of gram-positive bacteria Bacillus
subtilis and Bacillus cereus and Gram-nega-
tive E.coli. Only sucro-10-undecilene ester
inhibits the growth of Pseudomonas aeru-
genose, against which 10-undecilene acid is
inactive (Vassilev et. Al. 2016, 2018, 2020,
2021, Petkova et. Al. 2017).

Due to proven antibacterial and antifun-
gal activity, inulin acetates can be success-
fully applied in cosmetics, medicine and ag-
riculture due to their better antifungal activity
against Aspergillus niger, Fusarium ox-
ysporum and Penicillium sp.

Similarly to undecylene, inulin and fruc-
tooligosaccharide esters (Vassilev et. Al
2016, 2018, 2020, 2021, Petkova et. Al
2017), it is expected that sucrose caprates
synthesized according to the method de-
scribed in the article should also possess an
antimicrobial and antifungal agent and may
be used to develop a new plant protection for-
mula and ecological fungicide. The promis-
ing ability to foam and emulsify offers an ad-
equate solution to treatment and adhesion
problems on root or leaf surfaces. These
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functional properties in combination with an-
timicrobial activity can also be successfully
used for the administration of sucrose
caprates in pharmaceutical preparations and
for food preservation.

CONCLUSION

The intensifying effect of ultrasonic ef-
fect in  the
methylcaprate with sucrose catalyst sodium
methylate at room temperature has been
demonstrated, in which sucrose caprate is ob-
tained with a significant minimization of re-
action time.

As a result, the reaction time is reduced
and the reaction temperature is reduced. Un-
der the conditions of ultrasonic synthesis, the

transesterification  of

composition of the resulting esters is the
same as those obtained by the conventional
method.

Unambiguously, with the help of chro-
matographic and spectral methods, it was
found that under the selected fusion condi-
tions there was no rupture of carbon-carbon
bonds and auto-oxidation of the reaction
product.

REFERENCES

MASON, T., D. PETERS. 201 1. Practical sonochemistry.
Horwood Publishing Limited.

TENG Y., STEWART SG., HAI YW, LI X, BANWELL
MG, LAN P. 2020. Sucrose fatty acid esters: syn-
thesis, emulsifying capacities, biological activi-
ties and structure-property profiles. Crit Rev
Food Sci Nutr. 2020, 4, 1-21, doi:
10.1080/10408398.2020.1798346.

VARGAS, J., ORTEGA J., METZKER G., LARRAHONDO
J., BoscoLo, M. 2020. Natural sucrose esters:
Perspectives on the chemical and physiological
use of an under investigated chemical class of
compounds. Phytochemistry, 2020, 177, 112433,
https://doi.org/10.1016/j.phyto-
chem.2020.112433.

LoNG, N.T.T., Bol, V.N., CUONG, D.X., Diep, T.T.,
MINH, N.T. & BIcH, L.N. 2020. Effect of the
growth time on the content of inulin, polyphenol,
flavonoids, total sugar, and minerals, and antiox-
idant activity of vietnamese dangshen roots
codonopsis janica. International Journal of Phar-
maceutical Research, 2020, 12, 3, 1849-1856,
https://doi.org/10.31838/ijpr/2020.12.03.031.

NGUYEN, L., LE T., DUONG C., Vo CH., DUUS F., LuU
TH. 2021. Direct synthesis of sulfinic esters via
ultrasound accelerated tandem reaction of thiols
and alcohols with N-bromosuccinimide. Journal
of Sulfur Chemistry, 2021, 42, 5, 519-528, doi:
https://doi.org/10.1080/17415993.2021.192866
9.

VARGAS, J., ORTEGA J., CORREIA DOS SANTOS M.,
GOMES E., BoSCOLO, M. 2020. A new synthetic
methodology for pyridinic sucrose esters and
their antibacterial effects against Gram-positive
and Gram-negative strains. Carbohydrate Re-
search, 2020, 489, https://doi.org/10.1016/
j.carres.2020.107957.

LARA-CERON, J., JIMENEZ-PEREZ V., MOLINA-
PAREDES A., OCHOA M., SABIO R., AMARAL A.,
SILVA R., RIBEIRO S., BARUD H., MUNOZ-FLO-
RES B. 2020. Ultrasound-assisted synthesis of or-
ganotin compounds and their application as lu-
minescent dye in silk fibroin scaffolds. Inorgan-
ica Chimica Acta, 2020, 505,
https://doi.org/10.1016/ j.ica.2020.119490.

ZHANG Y., DA1 Y., Hou H., L1 X, DONG H., WANG
W., ZHANG H. 2020. Ultrasound-assisted prepa-
ration of octenyl succinic anhydride modified
starch and its influence mechanism on the qual-
ity.  Food  Chemistry, 2020, X, 5,
https://doi.org/10.1016/ j.fochx.2020.100077.

BAKER, 1., WILLING R., FURLONG D., GRIESER F.,
DRUMMOND C. 2000. Sugar Fatty Acid Ester
Surfactants: Biodegradation Pathways. Journal
of Surfactants and Detergents, 2000, 3, 1, 13-27,
https://doi.org/10.1007/s11743-000-0108-1.

DENG, SH., GANGADHARMATH U., CHANG CH. 2006.
Sonochemistry: A Powerful Way of Enhancing
the Efficiency of Carbohydrate Synthesis. J. Org.
Chem., 2006, 71, 14, 5179-5185. DOI:
10.1021/j0060374w.

DAN H., KANG-RONG ZH., WEN-FENG S. ETC. 2009.
Ultrasonic Synthesis, Characteristic and Appli-
cation of Sucrose Octanoate. Chin. J. Org.
Chem., 2009, 29, 12, 1951-1955.



46 DRAGOMIR VASSILEV, NADEZHDA PETKOVA, MILKA ATANASOVA, PANTELEY DENEV

YONGSHI, XU., FANGXUE H., DACHENG LI, HONG L.,
XizHU Y. 2013. Synthesis of sucrose laurate via
transesterification under ultrasonic irradiation.
Chemical Industry and Engineering Progress,
2013, 32, 07 1656-1660.

ZHONG, K., DAN H., WEN-FENG Z., WEI-DONG G.
2009. Ultrasonic synthesis and characterization
of sucrose octanoate. Chemical research (Chi-
nese core journals Science and Technology),
2009, 20, 2, 65-68.

YUYUN, LU, YAN R., MA X., WANG Y. 2013. Synthe-
sis and characterization of raffinose fatty acid
monoesters under ultrasonic irradiation. Euro-
pean Food Research and Technology, 2013, 237,
2, DOI: 10.1007/s00217-013-1985-y.

PETKOVA, N., TUMBARSKI Y, IVANOV I. DENEV P.
2017. Design of inulin acetates with potential an-
timicrobial activity. Bulgarian Journal of Veteri-
nary Medicine, 2017, 20, 1, 13-17, http://uni-
sz.bg/trunil 1/wp-content/uploads/vmf/file/
02%20Tumbarski%202.pdf.

VASSILEV, D., PETKOVA N., KOLEVA M., DENEV P.
2016. Ultrasound-Assisted Synthesis of Sucrose
and Fructooligosaccharides Esters as Bio-Plasti-
cizers. Journal of Renewable Materials, 2016, 4,
1, 24-30, doi 10.7569/JRM.2015.634125.

VASSILEV, D., PETKOVA, N., KOLEVA M., DENEV P.
2018. Microwave synthesis of inulin acetate as
potential bio-based additive for poly(vinyl chlo-
ride). Journal of Renewable Materials, 2018, 6,
7,707-714, doi 10.32604/JRM.2018.00015.

VASSILEV, D., PETKOVA N., TUMBARSKI Y., KOLEVA
M., DENEV P. 2020. Application of the principles
of "Green Chemistry" for the synthesis of 10-un-
decylenic aliphatic esters with antimicrobial ac-
tivity. Journal of Renewable Materials, 2020, 8,
6, 675-686, doi 10.32604/jrm.2020.09279.

VASSILEV, D., PETKOVA N., KOLEVA M., DENEV P.
2021. Optimization of ultrasound synthesis of
sucrose esters by selection of a suitable catalyst
and reaction conditions. Journal of Chemical
Technology and Metallurgy, 2021, 56, 2, 268—
274, https://dl.uctm.edu/journal/node/j2021-
2/2 19-232p268-274.pdf.

GALDEANO M., GROSSMANN M., MALI .S, BELLO-PE-
REZ LA., GARCHA MA., ZAMUDIO-FLORES PB.
2009. Effects of production process and plasti-
cizers on stability of films and sheets of oat
starch. Mater Sci Eng C, 2009, 29, 2, 492-8, doi
10.1016/j.msec.2008.08.031.

GALDEANO M., MALIS, G. MVE, YAMASHITA F, GAR-
CiA MA. 2009. Effects of plasticizers on the
properties of oat starch films. Mater Sci Eng C,
2009, 29, 2, 532-8, doi:
10.1016/j.msec.2008.09.034.

VEIGA-SANTOS P, OLIVEIRA L., CEREDA M., SCAM-
PARINI A. 2007. Sucrose and inverted sugar as
plasticizer. Effect on cassava starch—gelatin film
mechanical properties, hydrophilicity and water
activity. Food Chem, 2007, 103, 2, 255-62, doi:
10.1016/j.foodchem.2006.07.048.

SONG Z., L1S., CHEN X., ET AL. 2006. Synthesis of in-
secticidal sucrose esters. For. Stud. China, 2006,
8,26-29, DOI: 10.1007/s11632-006-0019-2.



UNIVERSITY OF FORESTRY

FACULTY OF FOREST INDUSTRY " OITI

INNOVATION IN WOODWORKING
INDUSTRY AND ENGINEERING
DESIGN

1/2023

INNO vol. XII Sofia

ISSN 1314-6149
e-ISSN 2367-6663

Indexed with and included in CABI



INNOVATION IN WOODWORKING INDUSTRY AND ENGINEERING

DESIGN
Science Journal
Vol. 12/ p. 1-80

Sofia 1/2023

ISSN 1314-6149
e-ISSN 2367-6663

Edition of

FACULTY OF FOREST INDUSTRY — UNIVERSITY OF FORESTRY - SOFIA

The Scientific Journal is indexed with and included in CABI.

SCIENTIFIC EDITORIAL BOARD

Alfred Teischinger, PhD (Austria)
Alexander Petutschning, PhD (Austria)
Anna Danihelova, PhD (Slovakia)
Antonios Papadopoulos, PhD (Greece)
Asia Marinova, PhD (Bulgaria)
Biborka Bartha, PhD (Romania)
Bojidar Dinkov, PhD (Bulgaria)
Danijela Domljan, PhD (Croatia)
Desislava Angelova, PhD (Bulgaria)
Derya Ustadmer, PhD (Turkey)
George Mantanis, PhD (Greece)

Ivica Grbac, PhD (Croatia)

Ivo Valchev, PhD (Bulgaria)

Jan Sedliacik, PhD (Slovakia)

Julia Mihajlova, PhD (Bulgaria)
Hubert Palus, PhD (Slovakia)

Hiilya Kalaycioglu, PhD (Turkey)
Ladislav Dzurenda, PhD (Slovakia)
Lubos Kristak, PhD (Slovakia)

N. Trichkov, PhD — Editor in Chief
D. Angelova, PhD — Co-editor
N. Minkovski, PhD

Marius Barbu, PhD (Romania)
Muhammad Adly Rahandi Lubis, PhD (Indonesia)
Nencho Deliiski, DSc (Bulgaria)
Neno Tritchov, PhD (Bulgaria)
Pavlin Vitchev, PhD (Bulgaria)

Pavlo Bekhta, PhD (Ukraine)

Petar Antov, PhD (Bulgaria)

Regina Raycheva, PhD (Bulgaria)
Roman Réh, PhD (Slovakia)

Ruzica Beljo Luci¢, PhD (Croatia)
Silvana Prekrat,PhD (Croatia)

Stefan Barcik, PhD (Slovakia)
Svetoslav Anev, PhD (Bulgaria)
Valentin Shalaev, PhD (Russia)
Vasiliki Kamperidou (Greece)
Vesselin Brezin, PhD (Bulgaria)
Victor Savov, PhD (Bulgaria)
Vladimir Koljozov, PhD (Macedonia)
Zhivko Gochev, PhD (Bulgaria)

EDITORIAL BOARD

V. Savov, PhD
P. Vitchev, PhD

Cover Design: DESISLAVA ANGELOVA

Printed by: INTEL ENTRANCE
Publisher address: UNIVERSITY OF FORESTRY — FACULTY OF FOREST INDUSTRY
Kliment Ohridski Bul., 10, Sofia, 1797, BULGARIA

http://inno.ltu.bg
http://www.scjournal-inno.com/



INNOVATION IN WOODWORKING INDUSTRY AND ENGINEERING DESIGN,1/2023 (23): 3

CONTENTS
DESIGNING AN ICONOSTASIS OF AN ORTHODOX CHURCH.........ccccoceiiiiiiiiiiiicicccncnceee 5

Asparuh Atanasov, Aleksandrina Bankova

DATA ENVELOPMENT ANALYSIS OF FACTORS FOR FOREST INDUSTRY WAGES
AND SALARIES LEVELS IN NUTS 2 REGIONS OF BULGARIA .........cocoiiiiiiie, 12

Nikolay Neykov, Radostina Popova-Terziyska, Emil Kitchoukov

INVESTIGATION OF THE INFLUENCE OF SOME FACTORS ON THE STRENGTH AND
STIFFNESS OF JOINTS WITH STAPLES AND GUSSET PLATES.......ccocceoieiiiiniiiicineeees 18

Desislava Hristodorova, Nelly Staneva

DEPENDENCE ON SHRINKAGE AND SWELLING IN CHEMICAL COMPOSITION AND
ANATOMICAL STRUCTURE — AN OVERVIEW .....ccociiiiiiiiiiiiiiiceceeeeseeeee s 25

Martina Todorova, Nikolai Bardarov

REDUCTION OF FORMALDEHYDE EMISSION FROM WOOD-BASED PANELS BY
MODIFICATION OF UF ADHESIVES WITH NATURAL BIOPOLYMERS..........ccccoiiiiiiinan 31

Jan Matyasovsky, Jan Sedliacik, Peter Jurkovi¢, Peter Duchovi¢, Igor Novak

MODERN ENGINEERING TECHNIQUES FOR THE PRODUCTION OF MODIFIED
POLYSACHARIDES WITH BIOLOGICAL ACTIVITY ...ooiiiiiiiiiiieeeeeceeeeeeee e 41

Dragomir Vassilev, Nadezhda Petkova, Milka Atanasova, Panteley Denev

SUNFLOWER STALKS AND LIGNOSULFONATE — ALTERNATIVE RAW MATERIALS
FOR THE PRODUCTION OF ECO-FRIENDLY MEDIUM DENSITY FIBREBOARDS ............... 47

Julia Mihajlova, Viktor Savov

BEECH WOOD MODIFIED BY RADIO-FREQUENCY DISCHARGE PLASMA...........cccceeveaee. 58
Peter Jurkovic, Jan Sedliacik, Igor Novak, Ivan Chodak, Angela Kleinova, Jan Matyasovsky

MODIFICATION OF VARIOUS WOOD SPECIES BY BARRIER DISCHARGE PLASMA ......... 62
Jan Sedliacik, Igor Novak, Ivan Chodak, Angela Kleinova, Jan Matyasovsky, Peter Jurkovic

APPLICATION OF ONLINE PLATFORMS IN TRAINING FOR THE DEVELOPMENT OF
PROFESSIONAL DIGITAL COMPETENCES ...t 66
Adelina Ivanova, Melina Neykova

SCIENTIFIC JOURNAL ,,INNOVATIONS IN WOODWORKING INDUSTRY AND
ENGINEERING DESIGN® L.ttt et 78





