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THE DEVELOPMENT OF E-LEARNING IN GREECE. HISTORICAL ORIGINS.
NEW INSTITUTIONAL INITIATIVES. E-LEARNING AT ALL LEVELS OF EDUCATION

Dimos Charidimou, Dimitris Kalergis, Athanasios Maniotis

ABSTRACT: Digital technology transforms every aspect of life and human activity. Today's Europe and the
whole world are experiencing changes on a scale comparable to that of the industrial revolution since the
patterns of learning, living and working change rapidly (European Commission, 2000). The dimensions of
globalization, free movement and the abolition of the "educational”, economic and political borders create new
(common) rules and challenges. The "Knowledge-based Economy", i.e. the redefinition of the concept of
education based on the needs of the economy, Educational Technology as a "means", "tool" and "object of
teaching”, as well as the modern technological achievements of the new Information and Communication
Technologies (ICT), have inevitably affected the operation of educational units at all levels and grades of
education. An e-learning ecosystem consists of both institutional and technological components, which require
essential efficiency parameters and quality assurance indicators for the inputs of the educational system, i.e. the
Curricula (C), the material and technical infrastructure, the administrative and scientific support of the provided
educational project, the available educational materials, as well as the continuous education/training of all the
teaching staff. In Greece, the integration of ICT in education has not yet been fully adopted, as there is limited
school time, over-burdened detailed C and incomplete training of the teachers in new technologies that will
combine and apply modern pedagogical principles. This assumption is also reflected in the report of the DESI
2018 index, "Digital Economy and Society"” for the digital performance of European Union countries, where
Greece is ranked second to last among its twenty-eight members (DESI, 2018).

Key words: e-Learning, ICT, Educational Technology.

Introduction

The new era of e-learning education opens up
a new space for researchers to redefine the edu-
cational needs that arise in this field. Demand for
the facilitation of e-learning is growing accord-
ing to the number of participants.

First of all, we must point out that European
influences contributed to the adoption of e-
learning in Greece through a common European
educational policy for the promotion of the
knowledge-based society and Lifelong Learning
(LLL). Thus, e-learning is inextricably linked to
non-formal learning policies and LLL, which
aim to develop new knowledge, skills and com-
petencies to keep pace with the modern labour
market, competitiveness and employability. In
addition, COVID-19 pandemic has led to an un-
precedented shift to online learning using digital
technologies. E-learning is expected to become

an integral part of the education system world-
wide in the future, as it allows students to take
pre-required courses remotely, but also to com-
bine both e-learning and face-to-face teaching. E-
learning allows access to the knowledge of all
students, at any time and anywhere. This easily
leads to the conclusion that in the future e-
learning will be the most widespread method for
people wishing to acquire knowledge. Therefore,
it is considered appropriate in Greece for educa-
tional policy to be institutionally and practically
harmonized with the new data and for immediate
actions to be taken to adapt to the new reality so
that the education systems meet the requirements
of the digital and modern age.

E-learning, PC and ICT

Requirements for the participants Computer-
based education is considered to be the corner-



stone of creating the current form of e-learning
(Hubackova, 2015). Several terms for e-learning
are identified in the literature, such as mobile
learning, learning via Personal Computers (PC),
online learning etc. Therefore, as it becomes ap-
parent, all these terms differ depending on the
technological tool used each time, whether the
learning is carried out remotely or face to face or
even in a combination of both above methods.

In several cases today the term ICT is used in-
stead of the term informatics. Until recently in
Greece, ICT was treated mainly as an object of
education rather than as a means of research,
knowledge and learning (Darantoumis, 2015). In
any case, it is noteworthy that today the distinc-
tion of the informatics course as an autonomous
subject module is obvious, in relation to ICT as
an educational and teaching means and learning
tool (Dimitriadis, 2015).

According to Cohen and Nycz (2006) e-
learning is considered the process in which edu-
cation is provided only through online services.
Other researchers (Harasim, 2000, Lionarakis,
2009, Lu & Chiou, 2010, Makrakis, 2000) con-
sider that the characteristics of e-learning are the
distance between the teacher and the student, the
use of technical means for the transfer of the cur-
riculum content, the use of digital learning mate-
rials and the electronic communication, two-way
or not, between the two parties.

Historical origins of e-learning in Greece

Historically, e-learning is based on a long tra-
dition of teaching and learning experience. In-
formatics sector and Education and Training sec-
tor have influenced the term e-learning, making
it a subset of them. According to Efthymiou and
Vitsilakis (2007), during the 1980s, research be-
gan to be conducted on the fact that the PC can
not just have only informative character but also
interactive. As a result, applications for two-way
communication (modern and asynchronous) be-
tween those involved in the educational process
began to develop. At the same time, multimedia
began to be used, which had the ability to inte-
grate information in the form of video, audio,
image, animation, etc.

For the integration of e-learning in Greece,
the inclusion of the course of Informatics in the
Detailed Curriculum for each level of education
can be set as a milestone, as this course is a new
science and a constantly evolving information
medium (Dimitriadis, 2015) which is also devel-
oped in parallel with e-learning. Below, we list

chronologically how the Informatics course was
integrated in all levels of education.

Historically, the first Greek Higher Education
Institution which incorporated Informatics in the
Curricula was the University of Patras in 1980
following the creation of the faculty of "Comput-
er Engineering & Informatics" which deals with
teaching and research in Computer Science and
Technology, as well as the study of their applica-
tions (University Patras, 2021).

Then, as Dimitriadis (2015) reports, in 1983-
1984, the subject of informatics was included in
the Technical and Vocational High Schools,
while in 1992 the secondary schools followed
and at the same year the branch of Informatics
teachers was established.

In the 1990s, computer technology was intro-
duced in homes before being introduced in
schools. This underlines not only the importance
of non-formal learning but also the potential that
this new form of learning can offer (European
Commission, 2000, p. 8). The creation of the
World Wide Web in 1992, combined with the
new ICT, made education increasingly accessible
(Harasim, 2000), having this as a result its use as
a tool to promote knowledge, employment and
consequently the development of "Human Capi-
tal".

In 1997 in Greece the institutional Unified
Curricula Framework of Informatics/ICT was
developed in school education, which incorpo-
rated pedagogical models and took into consider-
ation modern learning theories, depending on the
specifics of each school unit (Goudi, 2015). The
adoption of informatics and ICT in primary edu-
cation, however, was still a demand, as it provid-
ed only for the optional integration of informat-
ics in the last two grades.

In the same year - 1997, the co-financed pro-
ject by the European Structural Fund "Odyssey"
of the Operational Program of Education and
Initial Vocational Training (OPEIVT) began,
which was completed in 2002 (Darantoumis,
2015). The strategic goals of OPEIVT were the
access of all young people, aged 15-20, to educa-
tion and vocational training as well as the im-
provement of infrastructure and the upgrading of
the education system in order to be connected to
the new needs of the labour market. The ultimate
goal of the "Odyssey" project was for ICT to be
integrated and supported as a teaching and learn-
ing tool in Greek education, as an integral part of
the daily learning process (CTI, 2002).

This effort was one of the first ones in order
for e-learning to be integrated in schools through



the continuous training of teachers and the provi-
sion of appropriate software and activities.
Subsequently, in 1998 the subject of informatics
was introduced in the Unified Lyceums and then
in 2003 in the Primary education/Kindergarten
with the Interdisciplinary Unified Curriculum
Framework (IUCF), (Dimitriadis, 2015) (IEP,
2003).

New institutional initiatives

The European Union (EU) since the Maas-
tricht Treaty - 1992 and the subsequent Lisbon
Strategy 2000, adjusts its priorities for the period
2010-2020 with the strategy Europe2020, which
sets as aims the smart, sustainable and without
restrictions development of the citizens of the
member states of the European Union, priorities
which will lead to the re-duction of inequalities
and consequently to the increase of social cohe-
sion. The role of education is considered im-
portant and for this purpose funds are released
through various European programs linking it
with employment within the European Union.
This period is characterized by an intense global
economic crisis that did not leave unaffected the
European Union - but culminating in the global
health crisis to this day. Every EU member state,
like ours, must harmonize its national institution-
al framework having as a basis the Europe2020
strategy, using modern tools for the LLL in order
to achieve the goals set (European Commission.
2010). The development and use of modern e-
learning methods is intensified both in face-to-
face teaching and in the distance learning at all
levels of education with the ultimate goal of so-
ciety acquiring highly trained citizens by adding
value to the socio-economic life of the country.
Our country, based on the Europe2020 strategy
towards this direction, instituted the first law
(Law 3879/2010) that laid the foundations of
LLL at all levels of the education system and set
the basic guidelines for the use of new technolo-
gies.

As regard the latest institutional initiatives, the
drafting of the program for employment and ed-
ucation for the period 2021-2027 has been as-
signed to the social partners in a public consulta-
tion, ending on 14/02/2021, in the context of
LLL and education, in which one of the main
issues to be addressed is the risks of exclusion of
disadvantaged students from education, due to e-
learning and digital learning of the teachers, is-
sues that have emerged due to Covid-19. Thus, it
becomes imperative the LLL and Training to be

conducted using digital media and ap-plications
for teachers’ training and the without restrictions
in the learning opportunity of the persons under
training. The ultimate goal is for education sys-
tems to be able to fulfill their primary mission of
educating pupils and students so that they can
have a successful course in a complex and inter-
connected world facing rapid technological, cul-
tural, economic and demographic developments
(European Commission,. 2020).

E-learning as a tool and as a subject mod-
ule at all levels of education.

E-learning concerns all levels of education,
however until recently it was applied mostly in
higher education and especially in postgraduate
programs. As regards primary education, the first
attempts to adopt e-learning concern the use of
educational software by teachers with the ulti-
mate goal of enhancing the cognitive level of
students while providing them with incentives
for students to participate in it. The program
"Education of Expatriates" was a similar soft-
ware. Similar programs aroused the students' in-
terest and encouraged them to participate in the
learning process, thus ensuring better cognitive
outcomes. Then, in the 2000s, communication
and collaboration programs, such as E-twinning,
were introduced in primary education, enabling
students from different schools and even from
different countries to communicate with each
other. Following the development of social net-
works (facebook, twitter), more and more teach-
ers are using these tools to motivate their stu-
dents and ensure quality learning outcomes. In
all the above, the fact that since 2011 the Minis-
try of Education has digitized the textbooks of
primary education and at the same time has addi-
tional interactive material, should not be ignored.
In particular, in pre-school education, i.e., in kin-
dergarten, teachers, by using ICT, set as an aim,
students:

* To acquire new knowledge and skills.

* To become familiar with the basic forms of
digital information (text, image, sound)

* To develop and express ideas through digital
media

This is achieved through organized activities,
such as internet research and various educational
collaborative games such as digital photos, vide-
os, recordings, creating a digital calendar, creat-
ing multimedia presentations, e-book using the
presentation software of Photo Story 3 or related
applications on a tablet. In this way, children



learn through a combination of learning experi-
ences that may start from their own interests, as
well as experiences organized by the teacher
with specific learning goals (Kontopoulou &
Christodoulou, 2014).

In Primary school, ICT is part of the curricu-
lum with the aim of enhancing learning, the con-
tinuous development of students and preparing
their participation in the modern knowledge-
based society. In particular, the teaching of the
ICT course in primary school does not involve
mere acquaintance of the students with comput-
ers, software functions and the Internet, but
mainly aims at the development of cognitive
skills and the enhancement of students' learning
capabilities through exploration, critical thinking,
solution modeling, summarizing ability, creativi-
ty, as well as communication and collaboration
skills. The integration of ICT in primary school
is structured in four interdependent components,
ICT as:

* Learning-cognitive tool: They are consid-
ered as a means of supporting modern pedagogi-
cal approaches, a tool of communication, explor-
atory and collaborative learning, development of
critical thinking and creativity.

* Problem-solving methodology: Students
participate in activities aimed at cultivating high-
level and methodological skills.

* Technological tool: Developing technical
skills and adequacy in handling modern ICT en-
vironments.

* Social phenomenon: Students know and
evaluate the applications of ICT in modern socie-
ty with the ultimate goal of acquiring digital edu-
cation and forming new attitudes and values
(IEP, 2014).

Similar efforts were observed also in second-
ary education with the use of educational soft-
ware, the creation of student online communities
through social networks, but also the digitization
of school textbooks (Anastasiadis, 2014).

E-learning, as regards higher education and
adult education in Greece, has its roots in the
Hellenic Open University (HOU) which is con-
sidered a pioneer in distance learning in Greece.
Since its establishment in 1997, it has offered
open and distance adult learning at undergradu-
ate and postgraduate level. HOU offers its ser-
vices using ICT tools and learning systems.
These systems provide important resources and
data collected through the online activities of
both teachers and students. Conventional univer-
sities, on the other hand, usually rely on face-to-
face teaching in classrooms. However, in recent

10

years, the role of universities has changed (Li-
onarakis, 1999). According to Law 4485 of 2017,
conventional universities can offer their post-
graduate programs using mixed learning meth-
odologies, where 35% of teaching hours can be
of distance learning (Karachristos et al., 2020).
These sessions are the online equivalent of ses-
sions carried out in lecture halls and classrooms
and could take the form of lectures, seminars,
workshops, mentoring or teaching.

The role of the teacher

The purpose of facilitating e-learning as well
as the duties of the teacher in the context of it are
not clearly defined. The teacher in e-learning
should facilitate the online educational course, to
motivate, involve and support the students, but
also to facilitate their communication and coop-
eration throughout the course (Efthymiou &
Vitsilaki, 2007, Harasim , 2000, Raptis & Rapti,
2000).

In distance learning, many teachers can act as
facilitators of e-learning in order to support dis-
tance learning. In the Greek context, the teacher
in order to fulfill the role of supporter in the e-
learning process, motivates, supports, creates
ideas, talks with the learner and generally moni-
tors the learning process of the e-learning com-
munity (Efthymiou & Vitsilaki, 2007, Liona-
rakis, 2006 , Makrakis, 2000).

As Vogiatzaki (2020) claimed, the e-learning
teacher also acts as a facilitator. The teacher in
the field of e-learning provides students with ad-
ditional material through innovative and alterna-
tive ways. According to the study of Ikonomou
(2017), conducted in order to explore the views
and attitudes of teachers towards e-learning pro-
grams, the role of the teachers was highly appre-
ciated, especially for the role of support, motiva-
tion and guidance, regardless of its physical ab-
sence. However, according to Spanaka &
Kameas (2015), the role of facilitator involves
planning and delivering, in real-time, group ses-
sions using web conferencing tools ("webinars").

Sophos, Kostas & Parachou (2015) stated that
facilitating e-learning combines self-directed
learning and e-learning with a teacher’s guid-
ance. However, Ntourmas et al. (2019, p. 12)
argue that a facilitator should act more as an om-
niscient interlocutor than as a knowledge facilita-
tor.



Modern distance e-learning

Recent developments in education due to the
Covid-19 pandemic have influenced the way of
thinking and acting in education and the benefits
of distance learning were highlighted, reinforcing
the need for further dynamic educational design
models and the acquisition of new skills (Ka-
rachristos et al., 2020).

According to unofficial data, e-learning in
Greece, in 2015, corresponded to 8-10% of the
total Education Programs offered in the country.
Historically, in 2006, the Ministry of Education
established the “Electronic Classroom Manage-
ment Service” (e-class). This service enables
teachers and students to make good use of ICT
daily. The service also aims to support the teach-
ing work of teachers, to facilitate the way in
which curricula is organized and planned and to
utilize the school timetable. Through the elec-
tronic classroom management, teachers can pub-
lish electronic notes, cite helpful resources,
schedule their courses, create exercises for self-
assessment or even manage the traditional book
electronically (Roumeliotis, 2016).

Students have free access to the Electronic
Classroom Management. On the other hand,
those teachers who wish to enter the Electronic
Classroom Management must create an account
so that they can manage their courses on the plat-
form.

E-learning can take the following forms:
asynchronous, synchronous and mixed-combined
(Anastasiadis, 2012;, Bonk & Graham, 2006;,
Moore & Kearsley, 2012). Asynchronous e-
learning is carried out with advanced technolo-
gies and enables students and teachers to interact
at different times regardless of where they are
located. Examples of asynchronous e-learning
are considered to be the Learning Management
Systems (LMS), such as the moodle platform
(Ellis, 2009) and Content Management Systems
(CMS), which disseminate content over the In-
ternet, such as Joomla, Drupal, etc. (Browning &
Lowndes, 2001). Synchronous e-learning is car-
ried out with advanced technologies and provides
the opportunity for students and teachers to in-
teract at the same time regardless of where they
are located (Anastasiadis, 2008, Kampourakis &
Loukis, 2006). Finally, mixed-combined e-
learning includes both asynchronous and syn-
chronous e-learning (Anastasiadis, 2008).
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Emergency e-learning

Today, the most widespread e-learning is the
online one due to the coronavirus pandemic. In
any case, Emergency Distance Learning is not
exactly e-learning, although it is used as a tool
for its implementation. Schools and universities
in Greece suspended their operation for the first
time on March 11, 2020 due to the coronavirus
pandemic as part of government measures to
prevent the spread of the disease. The Ministry
of Education responded immediately to this
emergency and gradually implementing distance
learning, offered students the opportunity to stay
in touch with the educational process. Without
intending to replace face-to-face learning, the
Ministry of Education has activated digital plat-
forms and tools that are offered free of charge by
ICT providers that are addressed to students of
all levels of education: primary, secondary and
higher education (Karachristos et al., 2020).

The distance learning program of the Ministry
of Education includes synchronous and asyn-
chronous distance learning. Synchronous learn-
ing was offered and is offered to students of the
Third Grade of Lyceum who are getting prepared
for the panhellenic exams and then it was applied
to the other grades of secondary education and
all grades of primary education. The educational
program is developed by the principal and the
teachers of each school unit according to the spe-
cific needs of each grade. During synchronous
learning, the teacher can share files, presenta-
tions and even its screen and notes with its stu-
dents, while it can allow them to ask questions or
just talk, thus participating in an interactive
course.

As for the asynchronous learning, students
and teachers can use the existing digital tools and
platforms already provided by the Ministry of
Education, such as the Interactive Textbooks, the
Digital Teaching Materials ("Fotodentro") and
the Advanced Electronic Scenarios ("Aesop"),
that are organized at educational level. E-
learning videos are also uploaded to the plat-
forms so that students can watch online courses
at any time of the day.

The IT companies CISCO, Google and Mi-
crosoft have offered for free three digital plat-
forms to the Ministry of Education and the Greek
Universities in order to cover the increased needs
in distance learning under these exceptional cir-
cumstances. Greek universities already had e-
learning programs and for this reason they could
adapt more easily to the new needs that arose.



Taking into consideration the possible techno-
logical restrictions on access to the digital plat-
forms, the Ministry of Education has provided
the possibility of connecting to digital class-
rooms through a simple telephone connection.
Special ICT applications and learning techniques
are also used where possible in order for the digi-
tal classrooms to be adapted to the needs of stu-
dents with disabilities and/or special needs
(Greek News Agenda, 2020).

However, we should point out the difficulties
that occurred during the implementation of the
above process, such as the lack of PCs and
equipment by many families or teachers, the use
of a PC by two or more children - members of
the same family, families without internet con-
nection, teaching staff without the necessary
knowledge in the use of technologies in educa-
tion.

E-learning is a phenomenon where technolo-
gies improve teaching methods and create new
pedagogical models. The real value of e-learning
lies not only in its ability to educate anyone, any-
time, anywhere, but, through the facilitation of
learning, to enable people to acquire the right
skills or knowledge, having equal rights, at the
right time (Govindasamy, 2002). In any case in
emergency e-learning the theories of distance
learning and e-learning have not yet been adopt-
ed and applied as they should have been by sev-
eral Greek public education systems of all levels
of education, as there is limited school time,
overburdened detailed C as well as insufficient
training of teachers in new technologies that will
combine and apply modern pedagogical princi-
ples.

Conclusion

Nowadays, citizens need to adapt to today's
changes and at the same time education systems
need to be able to prepare the students based on
the modern data and the ways in which people
live and learn their lives, so that they can to cope
in an internationally competitive environment
(European Commission, 2000).

The modern teacher, in addition to its tradi-
tional role, is called to become a designer, to
structure and specify the material in order to be
interactive and communicative. It should be able
to structure interactive activities in order to pro-
duce modern training programs, solve emerging
problems and meet specific needs.

At the same time, teachers should be able and
be at a position to follow open learning paths of
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their own choice, instead of being obliged to fol-
low predetermined path to specific destinations
(European Commission, 2000). Therefore, it is
considered appropriate for teachers to become
harmonized with the new data and for the school
to operate based on the requirements of modern
socio-economic world and the individual needs
of the students.
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PEI'’MOCEJIEKTUBEH CUHTE3 HA ®OCO®OPUJINPAHU
3-(a-XUAPOKCHAJIKNJI)AJIEHU
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HBaiino MBanos, Banepuit Xpucron

REGIOSELECTIVE SYNTHESIS OF PHOSPHORYLATED
3-(a-HYDROXYALKYL)ALLENES

Hasan Hasanov, Ali Mustafa, Feyme Halil, Ismail Ismailov, Ivaylo Parushev,
Ivaylo Ivanov, Valerij Christov

ABSTRACT: A convenient and efficient regioselective synthesis of phosphorylated 3-(o-
hydroxyalkyl)allenes by an atom- economical [2,3]-sigmatropic rearrangement of the mediated propargyl phos-
phites or phosphinites which can be readily prepared via reaction of (tetrahydro-2H-pyran-2-yloxy)-alkynols
with dimethyl chlorophosphite or chlorodiphenyl phosphine respectively in the presence of a base is described.

Key words: Synthesis; protection of hydroxy group; [2,3]-sigmatropic rearrangement; phosphorylated 3-(o.-
hydroxyalkyl)allenes

Introduction aluminium reagents [25-27], Pd(0)-catalyzed
reaction of cyclic carbonates with acetylenic
The synthesis and application of allene deriv-  compounds [28, 29], Sx2, [30, 31] and Ax [32,
atives has had a great influence in preparative  33] reactions of metalled alkoxy-allenes with
organic chemistry during the last three decades.  oxiranes and ketones [34], and other routes [35].
The crucial structural characteristic of allenes is In addition, there are methods [36—39] for the
the presence of two m electron clouds separated  synthesis of phosphorus-containing allenes
by a single sp-hybridized carbon atom. Due to  (phosphonates [40-43], phosphinates [44, 45],
that very unique structural and electronic ar- and phosphine oxides [46-51]) including reac-
rangement allenic compounds have an extraordi-  tions of a- alkynols with chloride-containing de-
nary reactivity profiles. Moreover, functionalized  rivatives of phosphorus acids followed by [2,3]-
allenes have also attracted growing attention due  sigmatropic = rearrangement. Several dieth-
to their versatility as key building blocks for  ylphosphono-substituted a-allenic alcohols were
organic synthesis. The synthetic potential of  prepared by Brel [52, 53] directly from alcohols
functionalized allenes has been thoroughly ex- by Horner-Mark rearrangement of unstable pro-
plored in recent years. The research in that area  pargylic phosphites.

has led to the development of novel methods for As a part of our research program on the
the construction of a variety of functionalized chemistry of the bifunctionalized allenes, we re-
heterocyclic and carbocyclic systems [1-6]. quired a convenient method to introduce a phos-

There are variety of methods for the construc-  phorus-containing group such as phosphonate or
tion of hydroxyallenes that include prototropic  phosphine oxide group as well as a a-hydroxy
rearrangement of propargylic alcohols [7, 8],  group in the third position to the allenic system
metal-catalyzed nucleophilic addition of propar-  of double bonds. The above mentioned groups
gylic derivatives to aldehydes [9-15], Cu(I)- provoke organic researchers’' interest because of
catalyzed reaction of propargylic chlorides  their useful functionalities in organic synthesis.
with Grignard reagents [16, 17], metal-catalyzed = The emphasis is particularly on the applications
reaction of propargylic oxiranes with organome-  of these groups as temporary transformers of
tallic compounds [18-22] and ketones [23, 24],  chemical reactivity of the allenic system in the
reduction of alcohols, ethers, oxiranes etc. with  synthesis of eventually heterocyclic compounds.
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Our scientific interest on the synthesis [54,
55] and electrophilic cyclization [56, 58] and
cycloisomerisation reactions [57, 58] of phos-
phorylated 1-(a-hydroxyalkyl)allenes [54, 56,
57], 1-(B- hydroxyalkyl)allenes [55, 58], 4-
hydroxy-1,3,4-triphenyl-buta-1,2-dienes [63] and
3-(B-hydroxy-alkyl)allenes [64] reported in our
previous articles let to the discovery of a conven-
ient and efficient regioselective synthesis of
phosphorylated 3-(a- hydroxyalkyl)allenes by an
atom economical [2,3]-sigmatropic rearrange-
ment of the mediated (tetrahydro-2H-pyran-2-
yloxy)-propargyl phosphite or phosphinite.

Results and Discussion

We based our strategy for the synthesis of the
phosphorylated 3-(a-hydroxyalkyl)allenes on our
experience in preparation of the phosphorylated
1- (a- [54] and B- [55] hydroxyalkyl)allenes, and
relied on the well-precedented [2,3]-sigmatropic
shift of propargylic phosphites to allene-
phosphonates [40-43] and propargylic phos-
phinites to allenyl phosphine oxides [46—51]. We
were aware of the fact that a precedent exists for
such an approach to the synthesis of the dieth-
ylphosphono- substituted a-allenic alcohols [52,
53], but as far as we know, a general useful
method for regioselective synthesis of phosphor-
ylated (phosphonates and phosphine oxides) 3-
(a-hydroxyalkyl)allenes with protected or unpro-
tected hygroxy group with protected or unpro-
tected hygroxy group has not been reported yet.

The main target in our research, and namely
1,3-bifunctionalized allenes, was achieved as a
range of  the phosphorylated 3-(a-
hydroxyalkyl)allenes 5, 7, 8, and 9, was prepared
by applying the following four-step procedure:
(i) protection of hydroxy group in the o-
hydroxy-alkanones 1; (ii) subsequent reaction of
Grignard reagent and the protected ketones 2 to
give the (tetrahydro-2H-pyran-2-yloxy)-alkynols
3 with protected hydroxy group at 4 position;
(iii) interaction with dimethylchlorophosphite or
chlorodiphenyl phosphine in the presence of a
base; and finally (iv) [2,3]-sigmatropic rear-
rangement of the mediated hydroxy-protected
propargyl phosphites or phosphinites.

The first step in our investigation was to ex-
amine the hydroxy group protection in the o-
hydroxy-alkanones 1 with 3,4-dihydro-2H-pyran
(DHP) in the presence of pyridinium p-
toluenesulfonate (PPTS) [59-62] (Scheme 1).
Thus, the formed (tetrahydro-2H-pyran-2-yloxy)-
alkanones 2 were isolated by column chromatog-

raphy with excellent yield (92-96%). Reaction of
the protected alkanones 2 with the in sifu gener-
ated phenylethynylmagnesium bromide from
ethyl magnesium bromide and phenylacetylene
to give the (tetrahydro-2H-pyran-2-yloxy)-
alkynols 3 which are stable and were isolated by
column chromatography in 58-79% yield.

Once we had the required alk-1-yn-3,4-diols 3
with protected hydroxy group at 4 position, we
were then able to investigate the proposed reac-
tions with the corresponding chloro-containing
phosphorus reagents such as dimethyl chloro-
phosphite and chlorodiphenyl phosphine in the
presence of a base and subsequent [2,3]-
sigmatropic rearrangement of the mediated pro-
pargyl phosphites 4 or phosphinites 6.

Let us start with the dimethyl (tetrahydro-2H-
pyran-2-yloxy)-alka-1,2-dienephosphonates 5
that can be easily prepared via an atom economi-
cal 2,3-sigmatropic rearrangement of the protect-
ed propargyl phosphites 4, intermediate formed
by reaction of the alkynols 3 with dimethyl chlo-
rophosphite, in situ prepared from phosphorus
trichloride in the presence of triethylamine and 2
equiv of methanol and 2 equiv of pyridine, ac-
cording to Scheme 1.

o o
R' ) R' i)
R —_— R —_—
R? R?
OH OTHP
1 2,92-96%

~ R .
i) PhWR‘ iv) Ph R
— — = 1
R [ \( o] Rzl (MeO)ZP\\o :§<R

rvg
R < (Me0),B~ OTHP —1 -
T ud R2 4 5,71-77%
OTHP R
3, 58-79% v) Ph- :/\' R! vi) Ph, R
O — o P):. R
57 OTHP AN
PhyP No tHPG” TR?
6 7,74,79%

Entry Product R R' R’ Yield, %
2 3 5§ 7
1 a Me H H 95 75 72 79
2 b Me Me H 9 79 77 -
3 N Ph -(CHy)s- 93 65 73 -
4 d[63] Ph Ph H 92 58 71 74
Reagents and Conditions: i) (a-
hydroxyalkyl)ketone (1 eq), DHP (1.5 eq), PPTS
(0.1 eq), CH2Cly, rt, 10h, column chromatog-
raphy; ii) dropwise addition of EtMgBr (1 eq) to
phenylacetylene (1 eq), THF, reflux, 2h, drop-
wise addition of prepared ethynylmagnesium
bromide to 2 (2 eq), THF, reflux, 16h, column
chromatography; iii) PCl; (1 eq), EtsN (1.1 eq),
Et,0, -70 °C, 30 min stirring, pyridine (2.2 eq),
MeOH (2 eq), Et.0, =70 °C; iv) [2,3-G]-
rearrangement, -70 °C, 1h, rt, 12h, column chro-




matography v) PhoPCl (1 eq), EtsN (1.1 eq),
Et,0, -70 °C; vi) [2,3-c]-rearrangement, -70 °C,
1h, rt, 8h, column chromatography.

Scheme 1. Synthesis of the 3-(a-
hydroxyalkyl)-allenephosphonates 5 and 3-(a-
hydroxyalkyl)-allenyl phosphine oxides 7 with
protected hydroxy-group.

Next, the reaction of the (tetrahydro-2H-
pyran-2-yloxy)-alkynols 3 with chlorodiphenyl
phosphine in the presence of triethylamine at -70
°C gave the expected diphenyl (tetrahydro-2H-
pyran-2-yloxy)-alka-1,2-dien-1-yl phosphine
oxides 7 in very good yield (74 and 79%) as a
result of [2,3]-sigmatropic rearrangement of the
protected propargyl phosphinites 6, according to
the reaction sequence outlined in Scheme 1.

A new family of the phosphorylated 3-(o-
hydroxyalkyl)allenes with protected hydroxy
group 5 and 7 were synthesized via an atom
economical and regioselective [2,3]-sigmatropic
rearrangement of the intermediate formed
propargyl phosphites 4 or phosphinites 6 in the
reaction of the alk-1-yn- 3,4-diols with protected
hydroxy group at 4 position 5 with
dimethylchloro phosphite or chlorodiphenyl
phosphine in the presence of triethylamine.

Allenic compounds 5 and 7 were stable
enough to be handled at ambient temperature.
The hydroxy group was deprotected by stirring
the ethanol solution of the protected 3-(a-
hydroxyalkyl-allenephosphonates 5 and 3-(a-
hydroxyalkyl-allenyl phosphine oxide 7 in the
presence of 0.1 equiv PPTS at room temperature
for 6 hours, according to Scheme 2.

vu)
Y2P>: :S< Y2P>: :$< 2
Y% ho R

Yo THPO
8, Y=MeO, 79-85%
9, Y=Ph, 81, 84%
Entry Product Y R R' R Yield,
%
1 8a MeO Me H H 80
2 8b MeO Me Me H 83
3 8¢ MeO Ph  -(CH,)s- 85
4 8d[63] MeO Ph Ph H 79
5 9a Ph Me H H 84
6 9d[63] Ph Ph Ph H 81

Reagents and Conditions: vii) PPTS (0.1 eq),
EtOH, rt, 6h, stirring, column chromatography.
Scheme 2. Synthesis of the 3-(a-
hydroxyalkyl)-allenephosphonates 8 and 3-(c-
hydroxyalkyl)-allenyl phosphine oxides 9
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After a conventional work-up, all allenic
products 5, 7, 8, and 9 were isolated as stable
yellow or orange oils by column chromatography
and identified by 'H, »C, and *P NMR and IR
spectra as well as by elemental analysis.

A series of new phosphorylated 3-(a-
hydroxyalkyl)allenes with protected (5 and 7)
and unprotected hydroxy group (8 and 9) were
synthesized by a convenient, efficient, atom eco-
nomical and regioselective method.

Conclusion

In conclusion, a convenient and efficient re-
gioselective synthesis of a new family of 1,3-
bifunctionalized allenes has been explored.
Phosphorylated 3-(a-hydroxyalkyl)allenes pre-
pared were derived from [2,3]-sigmatropic rear-
rangement of the intermediate propargyl phos-
phites or phosphinites formed in the reaction of
protected alkynols with dimethylchloro phos-
phite or chlorodiphenyl phosphine in the pres-
ence of a base.

Further investigations on this potentially im-
portant synthetic methodology are currently in
progress. At the same time, the synthetic appli-
cation of the prepared phosphorylated 3-(a- hy-
droxyalkyl)allenes with protected or unprotected
hydroxy group for synthesis of different hetero-
cyclic compounds is now under investigation in
our laboratory as a part of our general synthetic
strategy for investigation of the scope and limita-
tions of the electrophilic cyclization and cycloi-
somerization reactions of bifunctionalized al-
lenes. Results of these investigations will be re-
ported in due course. Moreover, results of an ini-
tial investigation of the biological activity of the
compounds prepared were encouraging, and the
antibacterial and antifungal activities of selected
compounds as well as potential precursors of
effective anticancer drugs are now under in-
vestigation in our university.
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N3TIOTBSAHE HA MOJEJI HA YEBb BABUPAHO INPUJIOKEHHUE C PYTHON

Boxwumapa Y3yucka u Eruap Mosaukumiep

MODELING A WEB-BASED APPLICATION WITH PYTHON

Bojhidara Uzunska and Egnar Ozdikililer

ABSTRACT: Web applications are widely available on different types of devices, only a web browser and
internet connection are required. This paper aims to obtain a generalized idea of the interdependence of different
technologies used in web development. During the process of creating a web application, it is necessary to create
concepts and designs that support the development of the web application. There are many important steps and
decisions to be made starting from the description of the idea through the functionality of the final product. As a
result of the size and scope of the idea, different resources and time may be required to develop the web applica-

tion. Developers should plan accordingly..

Key words: web applications, web development, web technologies, python

BnBenenne

CpBpeMeHHOTO 001IecTBO pazunta Ha UHTEp-
HET. Y el NpuioKeHusITa ca IMPOKO JOCTHITHH Ha
pa3IiyHU BUAOBE YCTPOMCTBa, HEOOXOAUMHU ca
camo ye0 Opay3bpp W MHTEpHET Bph3Ka. Haii-m3-
MOJI3BAaHUTE MPUIIOKEHHS ca B cepaTa HA KOMY-
HHUKaIUITa, 3a0aBIEHHETO U ThPrOBHUATA.

C To3u Tpynd ce Ienu TmojlydaBaHe Ha 0000-
LICHA K7es 3a B3aUMO3aBUCHMOCTTa Ha pasiiny-
HUTE TEXHOJIOTMH, M3MOJI3BaHM NpU yed paspa-
00TKa, KaKTO W Ha TO-32JILJIOOYCHO 3HAHHE 32
MSICTOTO Ha Pa3IUYHUTE TEXHOJIOTHUHU B TO3H MPO-
nec.

HacrosmaTa pa3paboTka ce KOHIIEHTpHpa HaJl
eTanuTe Mpu u3paboTBaHe Ha yeld MPHUIIOKECHUE —
uzaes, OU3aiH, KO, TeCTUpaHe, eKCIUIoaTalus 1
noaApbKKa. TeXHOMOTuUTEe, KOUTO CE U3CIIEABAT
Bkmousar Python, HTML, CSS, JavaScript,
Django, PostgreSQL, React u apyru. Ilomyue-
HUTE M3XOJHM JAHHU CJE] aHajiu3a U Mpoy4Ba-
HETO Ha Mmpolieca Ha pa3paboTka MOKa3BaT peal-
HUTE IIBPBH CTHIIKK OT TO3H IPOIIEC.

XapakTepuCTHKA Ha yed 0a3UpaHo NMPUJIo-
JKEeHHE

Bcexu yoBek, m3non3san MHaTEpHET, € H3MO0I-
3BaJl U HAKAKBO yeO MpuiiokeHne. 3a 00MKHOBe-
HUS TIOTpeOUTEN pa3nuKara MexXay yed calT u
MPIJIOKEHUE YecTo He € odeBHaHa. U mo nmBere
nMame nocten kato orBopuM URL B Opayssp.
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VYeb 6a3upaHOTO MPHUIIOKEHUE MOXKE J1a € TIPOCTO
KaTo KOHTaKkTHa (hopma 3a oOpaTHa Bpb3Ka WIH
M0-CJIOKHO KaTO TEKCTOB PENAaKTOp, UIpa U T.H.
To e BcskakbB BUI copTyep, KOUTO Ce AOCTHIIBA
npe3 MutepHer m oOMeHs uHHOpMaIMs Ypes3
HTTP npotokon. OGMKHOBEHO Ce U3IOJI3Ba Mpe3
Opay3pp WM Ype3 MaJKO KIMEHT-IPUIIOKEHHE,
KOETO ce MHCTalupa JIOKaJTHO Ha MOTpeduTenc-
KaTa MallliHa.
[IpuHIMIbeT Ha paboTa € ChbPBBP-KINEHT.
(¢wur. 1) Ilorpeburenar B3anMoIelicTBa C TIPHIIO-
JKEHHETO upe3 MmoTpeduTencku unrepdeiic, 3a

e
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| @pout oug o
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®@ur. 1 O6ma cxema Ha paboTarta Ha €IHO yeO MPHUIIO-
KCHHUC
Jla U3BBPILU PAa3IUUHU AeicTBUsA (Ch3IaBaHe, 3a-
IICBaHE, J0CThIIBaHEe, MOAUGHULIMPAHE U U3TPU-
BaHe Ha gaHHH). ToBa ca Taka Hapeuenute CRUD
ofepaluy, KOUTO ca U OCHOBHHUTE (PYHKIHMH Ha
enHa 0a3a naHHuU. TS € ChpLETO Ha BCAKO IPUIIO-
JKEHHE, KoeTo TpsiOBa maa oOpaboTBa 3asiBKH, 3a-
moTo 0e3 Hes TO HiAMa Aa € PyHKIIMOHATIHO.
Jlormdeckara 4acT Ha MPHIOKEHUETO € Ta3M,
KOSITO C€ TPIDKH 32 U3UMCIICHUATA, ChXPAaHEHUETO



Ha nH(OpMaIUATa U HEWHOTO MO-KbCHO M3IIOJ3-
BaHe. 15 € chpBbpHATa WM Olle HapedeHa Oex
enn. Tam e u Oazata JaHHM 3a JaJACHOTO MPUIIO-
xKeHue. Pasnuunute 6asu JaHHW W3MOJI3BaHU OT
6ex enn ca: PostgresSQL, MongoDB, MySQL,
Firebase u mHoro apyru. ChlIeCTBYBaT HIKOJIKO
apxuTuna Ha 6a3u JaHHU. Te uMaT, KaKTO CBOUTE
CHUITHH CTPaHH, TaKa U HEJIOCTATHIIUTE CH.

e [IppBaTa Hall-pocTa nmapagurMa € KiIro4-
CTOHHOCT (mpumep Redis, Memcache).
CrpykTypupaHa € kKaro pe4yHuk. Mima cet oT yHH-
KaJIHHU KJIIOYOBE, KOMTO COYaT KbM HS-
KakBW cToMHocTH. T ce ma3u B RAM namerra
Ha MallnHaTa 32 pas3nMKa oT ApYyruTe Tpa-
JUIMOHHU 0a3u JTAaHHU, KOUTO C€ ChXpa-
HSIBAT Ha TBBPIMS muck. Tosuw Buj 0Gasm
JAHHYW € MHOTO OBp3, 3all0TO HE Ce Haiara
JOCTBII IO TBBPIHS muck. HemocrarwskbT e,
Yye ca TOJIKOBa OMPOCTEHH, Ye HEe MOTrarT Jia Ce U3-
ITBJTHSBAT 3asiBKM KbM Hes. Haii-gecto ca
W3MOJI3BAaHN 34 KeIIWpaHa BEpCUs Ha 4acT OT
JIpyra CTPYKTypa ¢ IaHHH.

e Ba3u JaHH oOT THma Ha Apache
Cassandra u Apache Hbase chiio ca Hepe-
JIAIIMOHHU ChC CTPYKTYpa KITIOY-CTOMHOCT.
[Tpu Ts1X MOKe 1a IMa TIOBEYE OT €JHa KOJIOHA
Ha pen. ToBa momara  cBbp3aHa WH(MOpPMAIUL
Jla ce€ ChbXpaHsIBa Ha €IHO MSCTO. 3a pas-
JIUKa OT PeNIAllMOHHUTE 0a3u JaHHH, Te HAMAT
cXeMa, TOECT MoTaT J1a ChIBPIKAT HECTPYKTY-
pupana unpopmanms. JoOpu ca B ciywawnre,
KOraTo 4ecTo ce 3alucBaT, HO PAIKO ce
gyetaT WM oOHOBsABaT. M3nom3Bar ce nmpu mocro-
STHHO YBEJIYaBaIia ce 6a3a manan. OOWKHO-
BEHO HE Ce M3MOJI3Ba 332 OCHOBHA 0a3a JaHHMU.

» lokymeHTanuu  0asu JaHHU KaTo
MongoDB, DinamoDB wu Firebase Store
paboTAT HAa IPUHIIMIIA HA CBBP3aHH  JIOKY-
MEHTH, KbJIETO BCEKU JTOKYMEHT € KOHTEH-
HEp 3a KIII0Y-CTOMHOCT JABOMKH WX MO/IT-
pyna nokymentu. [ pynupanure JIOKY-
MEHTHU Ce HapuyaT Kojekuuuu. Te ca  HecT-
pyKTypupaHu. YecTo U3MOA3BaHU ca  IPU MO-
OunaM npuiiokenus u urpy, loT, CMS. Yere-
HETO Ha MH(pOpMaIHA € CpaBHUTETHO  OBP30,
HO IIPHU 3aIIMCBaHETO CE M3I0I3BAT 1oBeye
pecypcu. ToBa ru npaBu HeyAa4HU B Cllyya-

WTE, KOraTo MHPOPMAIIMOHHHUAT MOJIEN € rpad.
e Penanmnonuure Oasu NAHHU KaTo
PostgreSQL, MySQL, Oracle u MHOTO JIpyTH

ca €IHHU OT Hak-U3M0JI3BaAHUTE 0a3n JaHHHU.
HpI/I TAX CC HaJlara u3rpax1aHneto Ha peia-
OMOHHA CX€Ma, KaKTO 3a JIOrThKarta, Taka H

3a koHrenmuaTa. [Ipu Tsax ce m3mon3a SQL
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(structured query language), 3a Ja ce
n3npamar 3asBku. Hail-npocto o0sicHeHo Te ca
CBbp3aHU TaOJWIIM C PEIOBE U KOJIOHH, HApH-
YaHU 3aIHCH U aTpUOYTH. Te mnoacuryps-
BaT ACID (atomicity, consistency, isolation
and durability) Ha maHHUTE, KOETO O3HA4YaBa
IpU TpaH3aKIWs Ha JaHHH, IUIOCTTA UM €
rapaHTUpaHa, JOpU MPH Tpelika MO BpeMe
Ha Tporeca. 3aToBa ca Hail-moOpure 3a
0aHKOBH CHUCTECMHU.

* ChpllecTByBat W JApYrH BHJOBE KaTo
rpad 6a3u maHHU (Neo4j), wuHAaeKcupanin
0a3u gannu (Solr, ElasticSearch) u apyru.

3a mpenctaBsHEeTO Ha HHQOpMaNMATa ce
TPWKU KJIIMEHTCKATa YacT WIH omnle (pOHT CHJ.
[Tomexay cu Te obmryBat upe3 API. 3a ma n3ucka
nHpOpMaLUs OT CbPBBPA, KIMEHTa U3I0JI3Ba ChP-
BepHUS API. OO6paTHOTO HE ce Cily4Ba, 3am0TO
HsIMa HY’KJ]a ChPBBPa Jla U3UCKBa HH(GOpMAIIUs OT
KJIMEHTCKaTa 4acT. TsI ce u3mpalia cbe 3asiBKaTa
3a IaZIeHus pecypc, ako € Heooxonuma. Morat aa
ce M3MOJI3BAT Pa3InNYHU ITPOTPAMHU €3UITH 32 Ch3-
JABAHETO HA MPOrpaMHaTa JIOTHKA U QYHKIHHA —
TakuBa ca: Java, C#, Node.js, PHP, Python, Ruby
u 1pyru. M3nonseaneTo Ha 6ek e’ ppeidMybpIm
YCKOpsIBa Ch37[aBaHETO Ha yeO MpUIIOKEHUE KaTo
IpeBpPbIIA CI0KHU (QYHKIMU B a0CTPAKINH, C KO-
uTO J1a paboTAT mporpamuctute. Te chIIo coma-
raT 3a W3rpakJaHeTo Ha CTaOWiIHA, MMO-CHTypHA
nporpama. Haii-uzBectHute TakuBa ca (mojpe-
JICHU CTIPSMO Beue CIIOMEHATHTE €3HIN): Spring
MVC, ASP.NET, Express, Laravel, Django, Ruby
on Rails u gpyru. 3a QpOHT eHJ ce H3IOJI3BAT:
HTML, CSS, JavaScript. NUma ch3ganenu u
¢dbpoHT eHn ppelMyBpIH, OT KOWTO HAK-TIOMY-
nsapau KM nekemBpu 2020 ca React, Vuels,
Svelte, Angular, jQuery u apyru. []

Korato morpeburen u3non3sa gageHo MpUIIO-
JKEHHWe, TO M3IIpalia 3asBka 10 yeo cupBbp. Chp-
BBPBT H3IIBJIHSABA Ta3W 3asBKa, KOSTO MOXE JAa
BKJIIOUBA 3a/ieficTBaHeTO Ha ckpunT. Ciiex nmpuk-
JIOYBAHETO HAa paboTaTa My ce BpbIlla OTTOBOP Ha
KITMCHT-MaIlIMHATA C Pe3yNTara OT CKpunTa. AKo
B OTTOBOPA Ha 3as1BKATa ce ChAbpiKa APYT CKPHUIIT,
TO TOW ce 3azmeicTBa B Opay3bpa (M3IOJI3BANKU
JavaScript e3uka).

[IpenumMcTBara Ha yeO HpUIIOKEHHUATA ca Hs-
KOJIKO:

* Morar na 0bJar M3MOJ3BaHM Ha Pa3IMIHU
mnatgopmu. He ce Hanara na 0b1e ¢b31a€HO OT-
JICJIHO TIPUIIOKEHHE 32 BCSIKA OINEpallOHHA CHC-
TeMa.

* UutepdelichT UM HE ce NMPOMEHs HE3aBU-
CHUMO OT OMepalMoOHHATa CHCTEMA.



* BeHBX OOHOBEHO JI0 T0-HOBa BepCHs
BBPXY ChbPBbPa, BCHUKH KITHCHTH UMAT JJOCTHIT JI0
00HOBEHOTO MPUIIOKEHHE.

* Tnit kKaTO 0OpabOTKaTa HA TAHHUTE CTaBa Ha
CBbpBBpa, T MOTaT Ja ObJAT JOCTHICHH OT pa3-
JUYHY yCTpoiicTBa Oe3 1a ce Hanara Tpancdep Ha
¢aiinose.

* M3non3BaneTo Ha 0OJaYHM YCIIYTH 32 pealu-
3anusATa Ha yeO MPUJIOKEHMS TH MPaBU JOCThITHU
JICHOHOIIIHO U yJIECHsBa MallaOMpaHEeToO Ha Mpo-
eKTa.

Hsxown memocraTsim, obaue, ca:

* OrpaHnveHaTa NPOM3BOAMTEIHOCT, TS 3a-
BUCH OT IOCTaBYHMKBT Ha YCIyraTa ¥ OT CKOPOCTTa
Ha UHTCPHET Bpb3KaTa

* HeoOxoauma e HerpekbcHaTa Bpb3ka ¢ WH-
TEPHET, HHAYe HE MOXeE JIa CE M3IMO0JI3Ba IaJICHOTO
MPUIOKEHHE.

* 3a pasiauKa OT TPAIWIIMOHHUAT HAYMH HA
pasnpoCTpaHeHHE U U3MOJI3BaHe Ha codTyep, MpH
KOHMTO ChC 3aKyMyBaHETO Ha JIUIICH3, CE MOyYaBa
IsUTaTa IporpaMa U MOXe Jia ce U3I0JI3Ba Heorpa-
HUYCHO BHB BPEMETO, TOPH U cie GaluT Ha Ch3-
JlayiaTa TO KOMIIAHWSI, WM CIIeJl CIIUPaHEeTO Ha
nojapbxkKata . [Ipu ye0d mpunokeHusTa, ToBa
HE € Taka, B ClTy4ail, ye KOMIaHUATA PEIld J1a U3-
BajJM mporpamara oT mazapa. OOMKHOBEHO MpH
TaKkaBa CUTYyaIlusl ¢ MPEIU3BECTUE CE MPUKAHBAT
KIIMECHTUTC 1a CBAJIAT JAaHHUTC CHU, IPCAU Oa 6’]:--
JIaT 3aryOeHu.

KoraTo roBopuM 3a apxutektypa Ha yed npu-
JIOXKEHUE, MOXKE /1a Ce MMAT MPEJBU/I JBE HEellla —
¢u3nueckaTa apxXuTeKTypa (HAaYMHBT, IO KOWTO €
W3rPaAJICHO MPHUIIOKCHUETO U OTACTHUTE MY KOM-
MOHEHTH) M JIOTHYECKaTa apXUTeKTypa (HaYMHbBT,
0 KOWTO CH 00IIyBaT (PpOHT eH/Ia 1 OeKk eHa).

dusnyeckara apxuTekTypa ce pokycupa Hax
Oposi Ha CHPBBPUTE W HMHCTAHIIMUTE HA Oa3uTe
nanad. OT ToBa ce BiMse ObaenaTa nponu3BoIu-
TEJIHOCT W YCTOHYMBOCT Ha MPHIOKCHUETO.
Psijiko ce m3non3Ba eMH U ChIIM CHPBEHP 32 yed
CBPBBD M 3a ChbXpaHeHUe Ha Oa3ara naHHu. ToBa
€ PUCKOBaHO, 3aIll0TO, aKO UMa MpoOJeM ¢ TO3U
CHPBBP, IISIIOTO MPUIIOKEHUE CTaBa HEOCTHITHO.
[Tpu nBe nHCTAaHIUK Ha yeO ChbpBbpa U Ha OazaTa
JaHHA Cc€ TIOCTHIa CpPaBHUTENHA YCTOHYMBOCT.
TakuBa THUTIOBE apXUTEKTypa ce HapuyaT MOHO-
mutHU. [lo-HOBa KOHIEHIHMS TPEJCTABISBAT
MHUKpO ycayrure (microservices) u ,,0e3ChpBBp-
Hute™ (serverless) npuinoxenus. [Ipu TsX npuio-
KEHHETO ce pa3gpodsBa Ha MO-MAJKH KOMIIO-
HEHTH, HApe4YeHH! yCIYTH, KOUTO MOoraT jaa pabo-
TAT HE3aBUCHMO €IHH OT Apyru. ToBa yiecHsBa
MaIabMpaHeTo Ha OTIENHU YacTH Ha TPUIIOKe-
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HHUETO, KOraTo ce Hajara 0e3 Jja ce MHOYKH HeHY kK-
Hus Koa. HamansiBa ce m M3NMITHOTO M3MOJI3BaHE
Ha ChbpBBpHU pecypcu. Hapuuar ce 6e3chpBbpHH,
3aI110TO 00e3MeUaBaHeTO Ha IPOTrPaMHUTE CTaBa HE
OT LEHTPAJICH CHPBBP B OOLIMS CMUCHII, & OT BH-
3yalM3upaHy TakuBa. Pa3muyHuTE YacTH Ha €IHO
MIPUIIOKEHUE MOXKE Jla ce HaMHpaT Ha Pa3IuyHU
(¢u3nMUecKn MallvHU, HO Ja paboTAT KaTo eIHO
L110.

Criopesl OCHOBHAaTa JIOIMYecKa apXUTEKTypa
Ha ye0 IPHIIOXKEHHs], CbPBBP, ChCTOSI CE OT JIO-
rUKa 3a M3rpaxjaHe Ha yeO cTpaHuIM U Ou3HEC
JIOTHKA, B3aUMOJEHUCTBA C KIIMEHT, KaTo U3lpalia
nbeiHa HTML crpanuna. (ur. 2.1) 3a ga Buau
aKTyanu3anusi, moTpeduTens TpsadBa na mpesa-
peay HAITBJIHO CTPAaHUIATA WU, C IPYTH TyMH, J1a
Hakapa KJIueHTa Ja u3nparu 3aseka 3a HTML
CTpaHHUIa 10 CbPBbPA U J1a 3apEIN OTHOBO LIETHS
cu koA. To3u TN apXHTEKTypa € CHJIHO 3allu-
TEHa, ThHU KaTO 11sJ1aTa JIOTUKa, (PYHKIUOHAITHOCT
" JaHHU CC CbXpaHABAT HAa CbpPBbpa U HOTpe6I/ITe-
JIAT HAMA AOCTHII 10 TAX. BhIpeku ToBa, mopaau
[IOCTOSTHHOTO TIPe3apeXkAaHe Ha ChAbP)KaHUETO U
TEXKHA OOMEH Ha JaHHH, Ta3W JIOTUYECKa apXu-
TEKTypa € MO-4eCTO U3II0JI3BaHa 3a CTATUYHU yeo
caiitoBe. To3u MOZIEN € OCTaps U BCE MO-PSAIKO
CE U3I0JI3BA.

CLIENT

construction

logic

®@ur. 2.1 ApxuTeKTypa: KIUESHT — ChPBEP [12]

HeroB nacnequuk e oOeKTHaTa apXUTEKTypa.
IIpu To3M THN JNOTHWKaTa 3a M3TpaKIaHe Ha yeo
CTpaHHLA Ce 3aMEHs ¢ yeO yCIyru U BCsIKa CTpa-
HUIIA Ha KITUEHTA UMa OTJICITHUA O0EKTH. i
Wznpamraiikul AJAX 3asBku 10 ye0 yciyru, Te3u
00eKTH MOTaT Jia [oJIyJaBaT napyera JaHHH U Ja
T'M TIOKa3BaT 0e3 Ja mpesapexaaT Isuiata cTpa-
Huna. To3u T e no-IMHaAMHUYCH, Y00CH 3a MO-
OounHu ycrpoiictBa. [logoOHu ca u NpuIIoKEeHHS
Ha enHa crpanuna (SPA - single page
application). [Ipu Ts1X ye6 cTpaHuIaTa Ha IPUIIO-
JKEHHUETO CE 3apexk/ia CaMo BEAHBX.



CLIEMNT

€3

WEB SERVER

@ur 2.2 O0exTHa apXUTEKTypa KIHEHT-CHPBEP[12]

Ot cTpanara Ha KJIMEHTa Ta3d CTpaHUIA UMa
JavaScript cioit, KOMTO MOXKe CBOOOIHO 12 KOMY-
HHUKHpA C ye0 yCIIyTH Ha ChbpBbpa U M3I0I3BaNKU
JaHHUTE OT yeO yCIyrd Ja akTyaJlu3upa BUIHU-
MaTta wH(popmanus B peamHo Bpeme. (¢wur. 2.3)
[NapueraTta JaHHU, TPEXBHPICHU OT ChPBHPA KbM
KJIMEHTA TYK, A MUHUMAaJIHH, 0COOEHO B CpaBHe-
Hue ¢ mbpBuUs THIL. OT CKOPO HAaBIU3a U UAEATA 32
nporpecuBHU npunoxkeHus (PWA) - morat n1a 6b-
Jat onucaHu karo SPA 3a MOOWIIHM yCTpOWiCTBa,
KOUTO BBBEXKIAT AONBIHUTENHH (DYHKIIMU KaTo
MOBHUIIIEHA CKOPOCT HAa MPOM3BOJMTENIHOCT, Ha-
MOMHSIIIN U3BECTHUS, OQIIaliH QYHKIIMOHATHOCT
apyru. Te3n QyHKOMK UMAT 3a 1en Ja HozoopsT
M3M0JI3BaEMOCTTa Ha yeO MPUIIOKEHUATa Ha MO-
OMJIHU yCTpOMCTBA.

CLIENT

WEB SERVER

@ur. 2.3 ApxurekTypa 3a 0OMsHA HA TaHHU KJIH-
€HT - ChbPBBP MPH MPOTPECUBHU MPUIOKeHH [12]

IIpouec Ha wm3rorBsine Ha yed Oa3mpaHo
NPHJI0KEHNe

3a yCIIemHoTO Ch31aBaHe Ha yeO MpuIoKeHne
TpsOBa Jja ce ClieABaT ONpeesIeH! CThIIKU U Ha-
cokd. (¢ur. 3) ToBa ocurypsiBa pokyc mo Bpeme
Ha U3IBJIHEHUETO, [I0-KPAaTKU CPOKOBE 32 3aBbp-
LIBaHe, MO-JIECHO Ae0brBaHe, M0-100pa OpraHu-
3alMd Ha KOJa M OTAEIHHUTE MOJYJIH OT Mporpa-
mata. ToBa e u mpuuMHaTa T€ Jja ca YTBBPJCHH B
MpaKTHKATA.

ITo mymute Ha a-p Anmxkena FO, yact ot ekuna
Ha TheLondonAppBrewery, mbpBaTa cThIKa Ha
€JIMH yCIIeIIeH MPOeKT € Jja MMa paboTela umies,
TS J1a pelaBa JajeH npodieM — OUIIo TO eXeaHe-
BEH
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Ha 33/1ayaTa € Ba)KHO OlIle B CaMOTO Hayano. Tosa
MOCTaBs TPAaHUIUTE Ha MPOEKTa, IIeNiTa, He00X0-
TUMHUTE PECypcH 3a M3IbIHEHHETo. Mnesta Ha
MPOEKTa TPsIOBa /1a € SICHO U KOHKPETHO (opMy-
JIUpaHa, 3al[0TO MO-HATATHK 1€ MOCTYXKH 32 Ib-
TEBOJNTEN Ha TPOEKTA.
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®@ur. 3 Cxema Ha mporieca Ha pa3paboTKa Ha yeO mpu-
JIOKCHHE

XL BT
EEoxao s

TLILED

-““
]
N
A

7
a
]

[Ipenu mucaneTo Ha KO, BTOpaTa CThIIKA € Ja
ce Cch3/aJie ONMCaHue Ha pabOTHUS IPOLEC U Aa
C€ M3MHUCIY ONTHMATHUAT HAUWH 3a WU3MO0JI3BaHE
Ha JIaJIeHOTO NpuiIokeHue. ToBa ca KOHKPETHUTE
CTBITKH, TIPE3 KOUTO €INH MOTpeOnTeN TpsOBa 1a
MHHE, 32 J]a TIOJyYr PEIIeHueTo Ha ,,ipobiema‘
CH.

Crenpamua cThIKAa € W3rOTBSIHETO HA MPOTO-
THII Ha IPWIOKEHUETO. TOM € MakeThT, 10 KOHUTO
1€ Ce U3TrpaIy JOrndeckara 4acT Ha MPUII0KECHHU-
ero. Ha To3u eram ce paMkupar AM3aiHUTE 32
norpedurenckus uarepdeiic — wireframe. C tazu
pamMKa MOXKE€ Ja C€ H3YUCTIT CKPUTH OBbAEIIN
npobaemu, HepoctaTbl U T.H. C mporpamara
POP - Prototyping on Paper, morat na ce cb3na-
JaT MHTEPAKTHUBHUA MOJIENIM Ha yeO MpHIIOKEeHH-
eto. ToBa mo3BoJIsiBa TO Ja ObJe TECTBAHO, OILIE
Npeay Jja € HalvcaH KOABT 3a Hero, KakTo W JAa
ObJie TPENCTaBEHO Ha TOTCHIUATHH KJIUEHTH.
Figma, Sketch u Proto.io ca npyru qururanau an-
TEPHATHBU 3a CH3/AaBaHE HA MOTPEOUTENICKU AU-
3aiH ¥ POTOTHIL.

YeTBbpTa CTHIIKA € CBBP3aHa ChC ChOMpaHe Ha
oOpaTHa Bpb3Ka 3a uaeara v m3nbiHeHueTo i. [1o
TO3M HAUWH CE€ M3MOJI3BAT U APYTH TJIEIHU TOUKH,
KOETO MoMara 3a ycrexa Ha MpHUII0KEHHETO.

JloTyk moAroToBKaTa € cCTadMiIHa U MOKE CIIO-
KOIHO Ja ce 3amoyHe ¢ M30MpaHeTo Ha IMOIXO-
TSI TEXHOJIOTHH 3a MpoekTa. B nHentHo Bpeme
UMa MHOTO T'OTOBHM HMHCTPYMEHTH, KOMTO Ja ce
HUMIUIEMEHTHpAT, BMECTO [1a CE€ MHUIIAT HAaHOBO.
He camo 4e moBeueTo ca 0e3MmIaTHU WIK C OTBO-
PEH KOJI, & M ca aIMUHUCTPUPAHN OT MHOTO IPOT-
PaMHCTH 110 LEIHS CBAT, KOUTO CHIIO I'M U3ON3-
BaT. ToBa rapanrupa, 4e mpu HosBaTa Ha OBr



OBp30 IMe ce HaMmepHu pemreHue. M30panuTe Tex-
HOJIOTMH TPsIOBa J1a ca CbBMECTHMH U JJOCTATHUHH
3a M3IBIHEHUETO Ha POEKTa, KAaKTO U 32 ObJEIIO0
pasmiupeHue. BakHUTE TEXHUYECKH PCEIICHUS,
CBBP3aHU ¢ OCK eH1a 00XBaIaT BLIIPOCH KaTo:

» Kak na ce ynocroBepsiBat morpedurenure?

« KakBa 0a3za JaHHH Ja ce U3I1013Ba?

* Kak mie ObgaT WHTErpUPAHH OTIECIHUTE
qacTH?

» Kak fa Ob/ic KaueH W MyCHAT KOJa Ha Chp-
BBp?

* Kakga 111e € monuTrKaTa 3a CUTypHOCT?

* Kak me ce cbOupaT CTaTUCTUUECKU JaHHU 32
Ou3Hec aHAMH3?

Cren kato ce OTTOBOPHU Ha T€3U OCHOBHH BBII-
pocH, MOXKE JIa Ce pelly, ue Hali-ToOpHsT BapuaHT
¢ M3MOJI3BAaHETO Ha OCK eHj yciyra kato BaaS
(backend as a service). Ilpumep 3a TakaBa €
Firebase ot Google. Ts e nombiHEHHE KbM
Google Cloud yciyrure paBamu cbpBbpHa HHG-
pactpykrypa. O6mo kazano e SDK (software
development kit), KOHTO ynecHsiBa CBHP3BAaHETO
Ha (QpoOHT eHga Ha npwiokeHue KpM Google
Cloud 6ex enga. M3non3BanuTe XpaHwiuiia, 6a3u
JAaHHU, CHPBBPH U T.H. Ca OPraHU3UPaHH 1O MPO-
eKkTH BBB Firebase. [To To31 HauuH ¢ equH OeK eH L
Morar Jia paboTAT eTHOBPEMEHHO HSKOJKO TpH-
JIOXKCHUS, BKITFOYUTEITHO MOOHITHH.

[Tpu n3zbupanero Ha 6a3a JaHHW TPsAOBa 1A ce
B3eMe MpEJIBHJ BHJa HA JAHHUTE, KOUTO IIE Ce
ChXpaHsABaT U Kak Ie ObJaT M3MOJI3BaHU — Jaju
MHOT'OKPATHO III€ CE YETaT, IIe CE 3aI1CBaT WIH 1
neete. Cxemata CAP (Consistency, Availvability,
Partition-Tolerance) (¢wur. 4) momara npu u3zdopa
Ha 0a3a JaHHU, ThH KaTo Haco4Ba BHUMAaHHETO
KbM pa3IMYHUTE W3WUCKBAHHA, KOUTO MOXKE JAa
uMa cucTemMara, Kosto u3rpaxaame. ChIo Taka e
MPENOPBUYUTENHO J]a Ce CIelBa YeCTO MOBTAps-
Huatr B UT cpenute - KISS monxon (Keep It
Simple Stupid), 3amoTo He BUHATW ce Hajara u3-
MOJNI3BAaHETO Ha 0as3a JIaHHW 3a OINpEJIeJICeHU 3a-
Jlavu.

MocToRHes
ACCTRA A0
Basara famHn
) _/_W
PostreSOIL 4 cassandra
KoHCHETEHTHOCT
HA JJEHHUTE MawatupyemocTt
. mongoDB

®@ur. 4 Cxema Ha CWJIHUTE U CJIa0UTE CTPAHHU HA TPH
MIpUMEpHHU 0a3u TaHHU
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Crenpaiara cThIIKa € CaMOTO TPOrpaMHUpaHe
U CBBbp3BaHE HA OTACIHUTE YaCTH OT yeO MpHIIo-
KEHUETo. bek eHABT € Hal-TpyIoeMKaTa 4acT OT
npoueca. OCHOBHaTa My (YHKIHS € TIPEIOCTaBs
HTTP xpaitau Touku 3a GpoOHT €HIIA, 1a yIAOCTO-
BepsiBa IOTPEOUTEINH, JIa OTOPU3UPA JAOCTHIA JIO
OIpe/ICICHH JaHHM, Ja H3Ipama HHPOpMAIHs
KBbM HOTPEOUTEIIS U JIp.

TecTtBaHeTo Ha ye0 NPHIOKECHUETO € €IUH
HETPEeKbCHAT MPOLIEC, KOWTO ce CIIy4Ba 110 BpeMe
U ciex ¢aszara Ha mporpamupaHe. Moxe ga ce
Ch3IaMaT aBTOMATHU3UPAHH TECTOBE, BMECTO
pbYHHU TakuBa. Te BKIIOUBAT MPOBEPKa HA (YHK-
[IMOHAIHOCTTA, H3II0JI3BaEMOCTTA, CHBMECTH-
MOCTTa, TECTOBETE 332 CUT'YPHOCT M TPOU3BOIM-
TEJHOCT Ha yeO npuioxenneTo. OOpaTHa Bpb3Ka
OT MOTPEOHTENH CHIIO TOMara B Ipoleca Ha u3r-
pakaaHe.

duHamHaTa CTHIIKA € XOCTBAHETO Ha MPHJIO-
JKCHHETO Ha ChPBBP, Taka 4ye TO Jaa Objae J0c-
THITHO 3a oTpeduTenute. Hali-MoiepHUsT HaUMH
3a TOBa € M3IMOJI3BaHETO Ha 00JIauHu yciyru. Taka
€IMHCTBEHATA TPIIKa HA MTPOTPAMHUCTA € KOABT Ja
pabotu, a 3a MHQPACTPYKTypaTa ce TPUKH J0C-
TaBYMKBT Ha yciayraTta. ToBa € ya00eH U CUTypeH
HAuMH 3a CHOJAETSHE Ha TPUIOKEHHETO ChC
cBeTa. JIpyrusiT BapuaHT ¢ aa ObJie caMOCTOs-
TEJTHO XOCTBAHO HAa YaCTHU ChPBBPH. [1pu rosemu
NPUIIOKEHUS ce Hallara U3MO0JI3BaHeTO Ha MoBeYe
ChpPBBpPHA MOII] KATO CHPBBPHT € 0a3ara TaHHU ce
otdens. B 3aBucHMMOCT OT W30paHaTa apXUTEK-
Typa 3a MPUIOKEHUETO MOXKE JIa C& HAIOXKHU U TO
camoTo Ja Ob/ie pa3ouTo Ha MUKPO YCIIyTH, KOUTO
Jia paboTAT Ha Pa3IMYHH CHPBBPH.

MopaenupaHeTo Ha IPUIIOKEHUETO HU MIPeoc-
TaBsi KHCTPYMEHTH, C KOMTO JIa XBaHEM MPOITYCKH
Y HEeJIOCTAThIM Ha UIeATA OIIE MPEeIH TS Ja ObJe
ochblecTBeHa. TakuBa HHCTpyMeHTH ca ERD nu-
arpamata Ha 0a3ata ganuu (ur. 5), Knac nuarpa-
Mara, pu3ndeckara | JOorHiecKara cxeMa. 3a JIu-
3aifHa Ha TMPWIOKECHUETO CE Ch3JaBaT penulia
IPOTOTHIIM HA OTJCIHUTE SKpaHH, Ch3JaBa Ce .
OyHKIMKTE, KOUTO CE 3aJIaraT npu pa3paboTkara
UTpasiT OCHOBHA pOJNsS B CHh3JaBaHETO HA YHH-
KaJlHa HMJCHTHYHOCT 32 ye0 NPUIOKCHUETO 3a
eJIeKTpOHHO oOyueHue. Bedka ¢yHkuus Ha npu-
JIOKEHHETO TPsIOBa 1a ce POKyCHpa BbPXY Ch3a-
BaHETO Ha 0e3Mpo0JIEMHOTO My HM3IOJ3BaHE Ha
MOTPEOUTENS U PEIIaBaHETO HA HErOBUS ,,IPO0-
aem®.

Paspabotkara Ha ye0 NpWIIOKEHHS € TpoIie-
CBT, CBBbP3aH C M3rPaKJIaHETO Ha yed MpUIIoxkKe-
HHE, HO HE CaMO, KbM HETO Ce BKIIF0YBA MHOTO I10-
roJisiMa 4act, KOSITO € MOJrOTOBKA M MPOYyYBaHe.
Toli e mo-hoKycupaH BpXY B3aUMOJICHCTBUETO C



Opay3bpa, OTKOIKOTO ChC CTaHIAPTHUTE WHIXKE-
HepHH TiporiecH. [loBeveTo cnydan Ha pa3padoT-
BaHE Ha yeO PUIIOKCHYSI BKITIOUBAT Je(hUHUPAHE
Ha npo0rema, pa3pad0TBaHE HA PEIICHUETO, TIPO-
y4BaHE Ha JICHUCTBUTEITHA OTPEOUTENH, H300p Ha
€3UK, GpeiiMybpK U HHCTPYMEHTH U HaKpasi, U3r-
paxaaHe U TeCTBaHEe Ha ye0 MPUIOKEHHETO - B
MOBEYETO CITyYau C IOTPEOUTEINN, KOUTO JIa JIaBaT
obpaTHa Bpb3Ka.

®@ur. 5 ERD Ha 6a3ara maHHM Ha IPAMEPHO TIPH-
JIOKEeHHE

Python e mporpecuBHO NpeANOYUTaH €3UK U
IIMPOKO U3MOI3BaH €3UK 3a IPOTrpaMUpaHe Ha BU-
COKO HHMBO Ha ITPOrpaMHpaHe ¢ 0010 MpeaHa3Ha-
yeHue. YecTo ce U3Moia3Ba OT CUCTEMHH aJMH-
HUCTPAaTOpH, UHXXEHEPU 3a MAIIMHHO OOydeHHeE,
pa3paboOTYUIIM Ha JIECKTOII U yeO CaiiTOBE M YUCHH
mo gaHHu. Tol € JIecHO pa3dupaeM M ChIIEBpe-
MEHHO MOIIIEH €3UK 3a pa3padoTBaHE HAa BCAKAKHB
tun cotyepHa cucrema. M3rpajgena e romsma
OOITHOCT OKOJIO HETO0, KOSITO C€ TPHXKH 32 MPeaoC-
TaBSHETO Ha JONBIIHUTEIHA MOAKpPENa 3a Mporpa-
MHUCTH, KOUTO ThbpcAT momoml. Mma mHoro pe-
CypCH, KOUTO Jia MOMOTHAT Ha HAYWHAEIIH, KaKTO
Y Ha HarpeIHaJIN IPOTPAMHUCTH.

MHoroTto Hanucanu ¢GpedMybpIH IpeacTaB-
JISIBAT MPOTpaMHU OMOTMOTEKH, KOUTO YICCHSIBAT
M3rpakJaHeTo Ha MamabupyeMu, JECHHU 3a TOJ-
Ibp)KaHe ¥ HaZIeKTHU yeO IPUIIOKEeHUS Ype3 Ipe-
JIOCTaBSHE Ha KOJ| 3a MOBTOPHO M3MOJI3BaHE MU
pasLIMpeHus 3a PpeJOBHU ONEpaIHH.

3a To3M MPOEKT MOXe Ja ce u3noyszsa Django
3a Oek e’z PpeiiMyBbpK, 3aLI0TO ChABPKa BCUUKH
HEOOXOUMH HWHCTPYMEHTH Karo YyIOCTOBEpS-
BaHe, aJMHUHUCTPHpaHe, JIOTOBE, BPb3Ka ¢ 0a3a
JaHHU U Ipyru. ViMa BrpasieHu oMMy 3a 3aIluTa
U CUTYpHOCT — Bb3npensaTcrBamy SQL ,,uHxKek-
IUU ¥ IpYyru 3710BpenHu ckpunrose. lllupoko
M3I0JI3BaH €, KAaKTO 3a TOJIEMH IPOEKTH, TaKa U 3a
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ckanupyemu. Tod paboTH ¢ pellalluoHHU 0a3u
JaHHU. 3aTOBa KbM MPOEKTa ILE CE H3IO0JI3Ba
PostgreSQL 3a ocHOBHa 0aza manHu. He e 3aqbi-
’KHUTEITHO, HO MOXKE Jla Ce M3IMO0N3Ba (POHT €HJ
¢dpelimybpk Kato React.js, 3a aa ce usrpaau kpa-
CHM M JIMHAMHUYECH UHTEpPQEIiC.

H3BoaHu U 3aK/II0YeHHE

Pa3zpaboTtkara Ha ye0 TpPWIIOKEHHS € MHOTO
o0mmpHa ¥ KpeaTHBHA 00J1acT OT HH(OPMAITHOH-
HUTE TeXHOJIOTUH. T4 e chIo Taka u OBp30 pas-
BuBaimia ce. [locTosHHO ce ch31aBaT HOBH TEXHO-
JIOTUH, KOUTO Ja YIECHST MPOTPaMUCTHTE U Jia
HaMaJsiT BPEMETO HYXKHO 3a pa3paboTka Ha yeb
MPUIOKEHUSI.

Wznon3eanero Ha Python 3a ye6 npuioxeHus
€ HeMOMyJAPHO B bbarapus, HO B APYTH TEXHOIO-
THYHO Pa3BUTU CTPaHH € BOJEI €3UK 3a Mporpa-
mupane. Toil e ThBKaB, MOIIICH U JIECEH 3a pa30ou-
pane. KeM Hero ca cw3mageHu MHOTO Gpeii-
MYBPLH, OMONINOTEKH, MOTYJIH, TEMIUICHTH H T.H.
W TIPOJIBIDKABAT Jia ObJIaT pa3BUBaHM.

Hauanuurte cThIIKM OT MpoIeca Mo Ch3/IaBaHe
Ha ye0 mpuiioxkeHue ca ooy 06e3 3HaueHue KOH
€3UK WM TexXHoJorus ce m3nomssa. [Ipu Tsax ce
HaOJsra Ha MOJTrOTOBKATA, IUIAHUPAHETO H IIPO-
YUBaHETO, KOUTO ca KJII0Y KbM ycIieXa Ha Jaje-
HoTo npuioxkeHue. [Ipu n3bopa Ha cienupuuHn
TEXHOJIOTHH TPsI0Ba J1a ce B3eMe MpEBH/] Haco1e-
HOCTTa Ha MPOEKTA U CHICIIM(PUIHNTE W3NCKBAHUS
W HajgudHU orpanmyeHus. Python um Django ca
MHOTOTIPO(VIIHU ¥ IMacBaT Ha MHOTO Pa3IHYHU
3a/1auu ¥ NpoeKTU. Thi KaTo € MOIYJISIPEH €3UK B
CBeTa, UMa MHOTO XOpa, KOUTO TO H3MOJI3BAaT,
MOJTBPIKAT U Ch3/IaBaT yueOHU Marepuanu. Tosa
€ 0COOCHO TOJI30TBOPHO M B TIOMOII] Ha HAYWHAe-
IIUTE.

VYeb npunoxkeHusATa ca U3KIIOYATETHO TOITY-
JISIPHU 3apajiil MIMPOKaTa CH JIOCTBITHOCT OT BCS-
KakBU OINEpPAlMOHHU CHCTEMHU U yCTpoiicTBa. B
WuTepHeT chimecTByBaT pa3inyHd HHCTPYMEHTH,
KOUTO Ja TOATIOMOTHAT ye0® pa3paboTyummre U
nu3aiiHepute. ToBa mpaBu yeO paspaboTkara
elHa OT HaW-TIOMyJspHHUTE 00JacTh 3a IMporpa-
MUCTH. T W3WCKBa 3HAHUS B pa3nudyHu chepu
KaTo 06a3u JaHHU, CHPBBPH, KHOEPCUTYPHOCT, OeK
eHn, GpoHT eHa, ¢QpelMybpIH, OUOTUOTEKH U
Mpodwe.
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OIIPEJEJISAHE HA BEJITBK B XPAHU. IPOTEMHUTE BA’KHA CbCTABKA B PALIU-
OHAJIHOTO XPAHEHE

T'anuna ['puroposa

DETERMINATION OF PROTEIN IN FOOD. PROTEIN AN IMPORTANT INGREDIENT IN
A BALANCED DIET

Galina Grigorova

ABSTRACT: This paper presents a physicochemical study to determine of protein in food. Proteins are a
basic building material in the food intake of a person, which determines their role in the period of growth and
development. Knowing the composition of food is important for shaping formation a rational diet. The study
included 26 food products. The protein content is determined and the importance of proteins in the rational diet
of a person in analyzed. The date presented can be used to preparing a diet.

Key words: protein, food, balanced diet

BnBenenne

OcHoBHara (yHKIUS HA OCNTBIUTE € Tpa-
nmuBHA. Te ca Hail-BakHa ChCTaBHA 4YacT Ha IMPO-
TOIIa3Marta, ApOTO, OpraHeIuTe U MeMOpaHHuTe
Ha KJIETKHUTE, TEJECHUTE ThKAHW M TEYHOCTH.
KaTto ocHOBHa chbcTaBKka Ha €H3UMHU, XOPMOHHU,
HEBPOMEANATOPH, HIPasT BakHa (YHKIUS B
JKU3HEHUTE TpolecH. benTpuuTe ca eInHCTBEH
U3TOYHUK HAa XPAHUTEJIEH a30T 3a OpraHu3Ma.
[Ipu OmomormyHOTO CH OKHCIeHHe lg OenThK
otnenst eHeprust B kojmuectBo 17 kI (4 kcal).
OTHOCUTEIHUAT AT HA CHEePrusra OT OeNThIN
ot obmus eHeprueH BHoc € 10-15% [1]. Awmu-
HOKHCETTMHUTE ca OCHOBHA CTPYKTYpHA eIUHUIIA
Ha OeNThIMTE, KOETO OO0yClaBsi XpaHHTEIHATA
uMm croitHoct [1,2]. B XMMHYHO OTHOIIECHHE
OeNnThINTE Ca CIOXKHU TOIUMEPHU CheIUHEHUS,
YUHATO MOJICKYJIH C€ CHCTOSAT OT IOJICTICITHIHU
BepuUru Ha anda —aMUHOKHCENHHU. 3a XpaHEeHe-
TO Ha YOBEK 3HaueHre uMar 20 aMUHOKUCEIINHU
[3]. Bceku u3rouHuk Ha OSNITHK HMMa ONpPE/CIICH
CBhCTaB OT Te3e aMuHOKecennHu. KomudaecTBoTO
OeNThK € Hy>KHO 32 Jia ce M3rpaau 0a3a JaHHH 32
chcTaBa Ha XpaHute. OmpenensHeTO Ha KOJHU-
4ecTBOTO OenThK ce 0asupa Ha CTOMHOCTTa Ha
oOmrus a30T. M3non3sa ce onpeneneH (pakTop Ha
NpEBPBILAHE 33 Pa3pUUHUTE Tpynu xpaunu [4]. B
MpakTUKaTa HaH-IIUPOKO H3IOJI3BAHUSAT METOJ]
3a OmpeJeNiTHe Ha KONWYECTBO a30T B XpaHU €
meroabpT Ha Kenpgan. 3aToBa TOW ce u3MON3Ba
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KakTO B JTabOpaTopHAaTa IMpaKTHKa Taka U TPHU
oOydeHue Ha cryneHTd. Haii — oOuus meron 3a
OTIpEZIeNITHETO CHhABPKAHUETO Ha OenTwk € [5].
Bcexkn xpaHuTeneH MpoAyKT WMa crhernupuyaeH
(akTop 3a npeBpbInane. 3a MisikoTa - 6.38. [pu
qunca Ha crnenuuyHu (GakTOpU 3a XpaHU Cce
mpujiara  yHHUBEPCATHUST dhakTop 6.25
[6].CpmiHOCTTa Ha METOAA € pasjarane Ha Tec-
TOBa 1032 C KOHIICHTPHpaHa CSAPHA KUCEJIHMHA B
MPUCHCTBUE Ha KaTaTM3aTOPH 3a MPEBpbHIIaHe Ha
OpraHwYeH a30T B aMOHHUEB cyidaTt. U3numrek ot
HATPUEB XUJIPOKCH] ce 100aBs KbM OXJIaJicHaTa
mpo0a 3a 0cBOOOXKIaBaHEe Ha CBOOOICH aMOHSK 1
ce JMeCTHiUpa B M3JHMINBK OT Pa3TBOp Ha OopHa
KHCEIIMHA U CIIe]] TOBA CE TUTPYBa ChC CTaHIap-
TEH pa3TBOP Ha coiiHa KucenwHa. [IpuiiokeHue
Ha METOJ 3a OmpereisiHe Ha o0moTo O6EeITHIHO
cpabpkanue mo Kenman ce m3mnon3sa 3a pa3inmd-
HU XPaHHUTCITHH WU3JICITHS U3/ICIIUA.

IlenTa Ha HACTOSAIIOTO MPOYYBAHE € Ja C€ OIl-
penenu ChbabpKAHUTO Ha OCNTHIUTE B 26 XpaHH-
TEJHH MPOJYKTa U JIa CE aHAIM3UPAHO 3HAYCHH-
€TO UM B paIllMOHAIHHS XPAHUTEIICH PEKUM Ha
YOBEK.

ExcnepumHT

Martepuajau 4 MeTOIH

Meroaute 3a omnpenensHe Ha 6EITHYHOTO Ch-
nepkanne no Kenman ca pasmucanum B BJIC
crangapti. OU3NKOXUMUYHUTE aHAIU3U 3a OIl-
peneisiHe Chabp)KaHue Ha OCNTHK, ca U3BBPIIC-



HU TI0 CIIEIHUTE CTaHAAPTHH METOIUKH: MeTox
3a mnutBane: BJIC ISO 1871 Xpanutennu u
¢ypaxkHun nponyktd. Meronu 3a omnpeaessHe
chabpkanuero Ha Oenthk. [5] BAC 6231 Mns-
KO ¥ MJICYHH MPOAYKTH. MeTo/n 3a ompeaesnsiHe
CBIBPKAHUETO Ha OCNTHK. [7]
BJIC 15438 KoncepBu MecHu. MeTtonu 3a omnpe-
TeTsTHe CBIABPKAHUETO Ha O0enThK.[8]
BJIC 3412 —Xns16 u xnebuu usgenvst. Metoau 3a
ompeneNnsHe ChAbPXKAHUETO Ha OedThK. [9]
BJIC 9374 Meco u MecHH NIpOAyKTH. MeToau 3a
omnpenemnsHe ChabpP)KaHueTo Ha 6enThK. [10]

H3ucKkBaHN TEXHUYECKH CPeNCTBA

[Ipu m3BBpIIBAaHE HA AHAM3UTE Ca W3IIOJI3BA-
HA  KaTuOpWpaHW  TEXHWYECKH  CPEINCTBA.
Be3Ha ¢ HeaBTOMAaTHYHO JAEHCTBHE-EJICKTPOHHA,
440-45 N, Kern. IIpoBepka Ha Be3HaTa ce MpaBU
npenu pabora ¢ eranoHHHM Termwinku Kern,
Deutschen Akkreditierungsstelle DAkkS, Klasse
F1, Cucrema Kennan - ungppayepBeH HarpeBaren
omok InKje 625M, mnpomsBoguren Behr
Amnapar 3a aectwinanus no Behr distillation unit
S1

Hauun Ha paGora

Pabotn ce mno BepudHIMpaHH METOIUKH.
[Ipunnuna ce ocHOBaBa Ha XUApOJIM3a (M3raps-
He) Ha mpodara ¢ KOHLEHTPHUpaHa CspHa KHce-
nuHa, ¢ karaausatop MmeneH (II) cyndar ¢ men
NPEBPBIIAHETO HA OPTaHUYHHS a30T B aMOHHEB
HOH. AJKanu3upaHe U JACCTHIHpPaHEe Ha 0CBOOO-
JIEHUs] aMOHSK B M3JHIIBK OT Pa3TBOp Ha OOpHa
KucenuHa. TUTpupaHe ChC COJIHA KHCENMHA 3a
oTIpeJieIsiHE Ha CBBP3aHMs ¢ OOpHAaTa KHCETUHA
amMoHsK. M3uncisiBaHe Ha a30THOTO ChIbP)KaHHE
OT KOJIMYECTBOTO HAa 00pa3yBaHUsI aMOHSK

Pe3yaraTu u o0ch:kaaHe

[Tosnyuenute pesynararure OT (HU3MKOXMMUY-
HUTE aHaJIM3W 3a OIpelessiHe Ha OeNThK B Xpa-
HUTEITHU TPOIYKTH, ca MPEACTaBEHU Ha TabiuIa
1. He3aBucumo, ye XaeOHUTE U3IEIUs, HE Ca B
CIIMCBhKA Ha XpaHI/ITe — HU3TOYHHUIIKX Ha 6GJITLHI/I,
MOJIYYEHUTE PE3ydTaTH IOKa3BaT, 4€ B TIX Ce
CBABPKA MaKap W MaJNKO KOJHYECTBO OENTBK.
EcTecTBeHO HaAM-BUCOKO € KOJHMYSCTBOTO Ha
OeNnThK B XpaHWUTE OT TpyIaTa Ha MIISKO ¥ MIIed-
HUTE MPOIYKTH.

Taoauna 1. JlabopaTtopHo onpesesnsHe Ha MPOTEUH B 26 XpaHUTEITHHU MTPOILYKTa

Bug XPaHUTEJEH MPOAYKT

Bearbk, % U

Muasiko " MJIEYHH NMPOAYKTH 3,76
Kuceno misiko kpaBe +0,17
Kuceno mirsiko oBue 7,13 +0,20
CupeHe kpase 19,0 £ 0,25
CupeHe OUBOJICKO 15,09 £ 0,18
KamkaBai kpaBe 25,27+0,23
Karkasai GUBOJICKH 21,21+ 0,20
Kamkapan ko3u 27,88+0,17
Kamkasan opun 27,72+0,21
Meco 1 MeCTHH NPOAYKTH

Kaiima cmec 9,41 +0,31
[Munewku OyT 3aMpaszeH 20,05 + 0,28
IMunenixu 1po6 16,93 £ 0,26
MMunenixo ¢duie 21,12+ 0,20
Cynxyk 47,02 + 0,20
XJ1510 ¥ XJIeOH! M3INJIAA

Banwnna 9,20+ 0,26
Kuduna c mapmanan 7,23 +£0,18
Kozynaueno pyno 7,86 £0,20
Porue 6,81 +0,17
IlanauuHka ¢ Meco 10,76 £ 0,18
TTanaunuka 4,10+0,17
Yuii3 keiik 5,55+0,25
TynymOouuku 3,03 +£0,31
Exsep 4,86 +£0,28
IIean papun giina 11,24+ 0,29
Pu6a n pu6HN npogykTH

BapOyH MmapuHOBaH 15,57+ 0,20
Xamcus 3aMpaseHa 14,53+ 0,21
Pamanu cbe coc 18,22 £ 0,25
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ParonanHOTO XpaHeHe € 31paBOCIOBHOTO U
ONTUMAJIHO XpaHEHE, KOeTO CBhOTBETCTBA Ha
HYXIUTE Ha OpraHu3Ma OT €HEPrHsl U XpaHUTE-
HU BELIECTBA C OMNpPEAEIEH KOJWYECTBEH M Ka-
YECTBEH CBbCTaB, 3aJl0BOJSIBAILl IUIACTHYHUTE
HEXIM U pacTeka. 3a a ObAe parroHaIHO ¢THO
XpaHeHe, TO Tpsi0Ba Jja OTroBapsl Ha ONpeesiCHH
npuHIMIU. OCBEH MPUHIINI € Y€ XpHaTa TpsOBa
Jla CbOTBETCTBA Ha EHEPIHUHUTE MOTPEOHOCTH
Ha OpraHu3Ma, OPYr Ba)KCH MPHUHLUI CTOSII B
OCHOBAaTa Ha pPalMOHAIHOTO XpaHEHE € MPUHIU-
na Ha OallaHCHUPaHOCTTa, Ype3 KOWTO C€ OCHUTY-
psiBa ONTHMAJHO 33J{0BOJISIBAHE HA OpPraHU3Ma C
XPAaHUTEIHU U OMOJIOTUYHO aKTHBHH BEILECTBA B
CTpPOTO OTIpENETIeHO KOIUYECTBEHO U KaYeCTBEHO
choTHOIIEHHe. B Xxpanara TpsibBa 1a ce ChIabp-
’Kar OamaHCHpaHU MPOIOPLHMU OCHOBHU XPaHU-
TenHu BemectBa Oenteiu (b), mazauan (M) u
Beriexuapatu (B). Ilpu xpanenero Ha u3pacT-
HaJIUTEe UHAMBUIM CE MPENOPbYBA KOJIHMYECTBEHO
otHomenne b:M:B na 6wvae 1:1:4. [lpu ycunen
pacTexx MOXKe J1a ce 3aBUIIM KOJUYEeCTBOTO Ha
NPOTEUHUTE, IPH XOPa U3BBPIIBAILIN TEKKA (H-
3udyecka paboTa MOXKe Ja ce MOBHILM Asja Ha
BeIIexuapatuTi. [lpu XxpaHnene Ha xopa B Hal-
peaHana Bb3pacT MOXKE J1a e HaMalsT Ma3HUHHU-
Te. OnpenensHeTo Ha XPAaHUTENHATA CTOHHOCT
Ha € OCHOBEH I0Ka3aTel 3a KayecTBOTO Ha Xpa-
HUTEIHNATE NpOayKTH. Upe3 mHpoOpmanusiTa Ha
CHEpruiiHaTa CTOMHOCT ce MNPEACTAaBSAT Ba)KHU
XapakTepUCTUKH HA MPOU3BEXKIAHUTE XpaHH
HeoOxonumocTTa OT eHeprus 3a HOPMATHOTO
(yHKIMOHMpaHE Ha YOBEHIKUS OPTaHU3bBM €
pasyindyHa IpU BCEKU OTAEICH MHAMBUA. BaxuHu
(akTopu ca Bb3pacTTa, 3APaBOCIOBHOTO CHCTOS-
HHUE U (QU3nYecKaTta aKTUBHOCT, KOETO € CBbp3a-
HO C pEryjupaHe Ha €HEpPruHus npueM. Pasr-
JielaHa B TO3M AacCMeKT, €HepruiiHaTta CTOHHOCT
ce sBsiBa eWH OT 0a30BUTE TOKA3aTeNN 3a ONpe-
JIesTHe Ha HAyYHOOOOCHOBAaHM (DH3HOIOTHYHHI
HOPMH 32 IIPaBUJIHOTO XPaHEHE Ha HACEJICHUETO.

CseroBHaTa 3apaBHa opranusanus C30 om-
peaensHe 34paBeTo, KaTo ChCTOSHUE HA ITBIHO
(hU3UIECKO, TICUXHYECKO M COIHMAJTHO OJIarormo-
Jy4re Ha MHIUBHA U TPylara, TO € CIOCOOHOCT
3a peaJu3upaHe Ha CTPEMEKUTE U 3a10BOJIIBaHE
HOTpeOUTEe HU 3a )KUBOT U XapMOHUYHOTO B3au-
MOJCHCTBHE CBhC 3aoOuKkaismara cpema. llox
BIMSHNME Ha JUHAMHYHO NPOMEHSIIUTE CH YCIIO-
BUS B JKMBOTa HA YOBEKA, TOW CHIIO CE TPOMEHS.
Enoua oT ocHOBHHMTE (aKkTOpH, KOWTO BIHsAE Ha
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3IpaBETO Ha YOBEKA Ca PAlMOHAHOTO XpPaHEHE U
JIBUraTeIHaTa akKTUBHOCT. XPaHEHETO € OCHOBEH
(U3MOJIOTHYCH TIPOIeC HEOOXOAMMO 3a OJarom-
PHUATHOTO Pa3BUTHETO HA OPTaHHW3Ma, KAaKTO U 3a
MOABPKAHETO HA JKU3HEHUTE MY IIPOLIECH.

3akioueHue

[lomyuenute maHHM MOTA] Ja TOCTYXaT KaTo
JIOCTaBKa HA aHAJUTHYHY JaHHU 32 HyTPUCHTH-
Te B XpaHata. M3cienBaHero Ha OCITHK € OTIIM-
gutenaeH Oener 3a Qammudukanmus Ha XpaHUTE.
[lomyuenuTe maHHW MOTAT Aa Ce W3IONI3BAT IMPH
oopMsHE Ha XPAHUTEICH PEKUM Ha IOIPACT-
Bally, KOUTO CC€ Hy)K}laHT OT ITO-KOJISAIMO KOJIU-
YeCTBO OEJITHK.
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OPPORTUNITIES AND PERSPECTIVES FOR RECOVERY OF ORGANIC FOOD AND
NON-FOOD WASTES TO BIOFUEL PRODUCTION

Galina Yordanova, Dobromir Yordanov

ABSTRACT: The present study presents a critical literature review of the production of biofuels from differ-
ent types of biomass, a comparison of the different processes used for pre-treatment of biomass and their effects
on biofuel yields. The future of the energy market will include more and more biofuels based on non-food raw
materials. The perspectives for production on an industrial scale are the biofuels of the second, third and fourth
generation, i.e. microorganisms associated with the development of new strains, producing large quantities of
liquid and gaseous biofuels. Another key area of work in the energy sector will be the reduction of carbon diox-
ide emissions, both through the life cycle of non-food raw materials for biofuels and new strains of microorgan-
isms, and through the global application of technologies to capture major sources of greenhouse gas emissions.

Key words: biofuel, perspectives, biodiesel, biohydrogen, bioethanol

BnBenenne

HapacTBamoro HaceneHue Ha IUIaHeTaTa
W3UCKBA [I0BEYEC €HEPIUiHU JOCTABKHU 3a M0J00-
psiBaHe Ha KayecTBOTO Ha XKMBOT. buoropuaTa
Morar Ja ObAaT €AWH OT W3TOYHHLUTE 3a 3a/0-
BOJISIBAaHE Ha IJI00AJHOTO THPCEHE Ha EHEpPIHus.
N3komaemuTe ropuBa ce M3IMOJA3BAT KaTO OCHO-
BEH W3TOYHHMK Ha €HEpPrusi B MPOIBIDKEHHE Ha
MHOT'O TOJIMHH, M3TIOJI3BAHETO UM 00ade € Heyc-
TOWYMBO W TMPHYMHSABA E€KOJIOTUYHHU MpOOIeMH,
CBBp3aHHu C usrapsHeTo uM [1-3]. CnenoBatenHo
TOBA MPEIU3BUKATEICTBO MOKE J]a TIO3BOJIH KOH-
BEHIIMOHAJHUTE TOpHBa Ja ObJAT 3aMEHEHH OT
Bb300HOBSEMHUTE EHEPrUMHM HM3TOUYHUIM KaTo
OmoroprBa, KOUTO Ca €KOJOTHYHH TakuBa [4-5].

TexymoTo NpoW3BOACTBO Ha OHOTOpWBA Ce
OCHOBaBa Ha XpaHWUTENIHHU KyITypH (T.e. OHOTO-
pHBa OT II'BPBO MOKOJICHUE), KOUTO C€ KOHKYpHU-
patr chC 3EMEIENICKH 3eMH H OHOPa3HOOOpa3HU
neiizaku. OCBeH TOBa MPOU3BOJICTBOTO Ha OHO-
rOpHBa € CBBP3aHO C HSAKOJIKO APYI'H BIUSHHSA
BBPXY OKOJIHATa cpella, KOUTO MOraTr MpsKO H
KOCBEHO J1a OKa)kKaT BB3ACHCTBHE BHPXY OHOJIO-
IMYHOTO pazHooOpasue. Te3u dakropu Ha BiIUs-
Hue [6] BKIIIOYBAT MHpsKa U HEMpsKa IpOMsHA B
3eMenoi3BaHeTo [7], eMHucHH Ha TapHUKOBU
razose [8], eMHCHH Ha 3aMbpcuTenu (T.e. OT
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NECTUIMIN, TOPOBE, MPOU3BOJCTBO HA OUOTOPH-
Ba W KpaliHO H3moji3BaHe Ha Oworopwsa) [9],
u3uepnBane Ha Bojata [ 10], gerpagamnus u epo-
3us Ha nouBaTta [11] u BpBeKIaHE HA UHBA3UBHU
Bumose [12]. BwaneiictBuero Ha OmoropmBaTa
BBPXY OHMOJOTHYHOTO pa3HOOOpazue W EeKOCHC-
TemMuTe, 00adye 3aBUCH OT BUAA HA CUCTEMaTa 3a
IIPOM3BOJICTBO HA OMOTOPHBA W HAKOIKO (PaKTO-
pa, CBhp3aHU C HEHHOTO OTTJIEKIaHEe W TPOU3-
BOJICTBO [7], BKIIOUHUTETHO: KOHKYPEHTHOTO
3eMeNojI3BaHe U MPOCTPaHCTBEHUTE KOH(PUTYpa-
WU Ha JaHamadTUTe 32 OTTIeXIaHe Ha OHOTo-
puBa [13], TEeXHUTE TEXHOJOTHU 3a OTIIICKIAHE
U npeoOpasyBane [9], TeXHUTE NPAKTUKH 32 YII-
paBiIeHHE Ha OTTAeKmaHeTo [14], TEXHUAT TO-
TEHIIMAJ 32 WHBA3WBHOCT [15] u MPHUCHCTBHETO
Ha KonpoaykTH [16-17].

TexHomOTHUTE 3a TPEIBAPUTEITHO 00pPadOT-
BaHE Ha CYpOBHMHHTE 32 OHOTOpHBA CE€ Pa3BUBAT
€THOBPEMEHHO C Pa3pabOTBAaHETO Ha METOIMUTE,
W3IOJI3BaHM 32 IPOU3BOJICTBOTO Ha OMOTOpUBaTa
[18]. Peauma moaudukaiyuu ca IPUIOKEHU H B
ABTOMOOWJTHUTE JBHUTATENH, 32 J]a CE M3IOJI3BAT
OuoropuBa Karo OHOeTaHON W Owomu3en, Thil
KaTro Te MOraT Jia c€ CMECBaT ¢ KOHBEHI[HOHAJI-
HUTE TEYHH aBTOMOOWIHHM ropuBa (O€H3WH U
JTM3EJI0BO TOPUBO) U J1a MOA00psBaT e(PeKTHBHO-
cTTa UM. broBOZOPOIBT MOXKE J1a ce M3ION3Ba U



3a paboTemu TNPEBO3HH CPEICTBA, HO ChIle-
CTBYBAaT MHOTO TMPOOJIEMH, CBBP3aHU ChC ChXpa-
HEHHUETO U TPAHCIIOPTUPAHETO MYy. 3a MpeIBapu-
TETHOTO O00pabOTBaHE HAa PA3IUYHH BHUJIOBE
OmomMaca ca W3MOJ3BaT Pa3IMYHUA XUMHUYHU |
(U3MYHU METO/M, U3UCKBAIU TOJIIMO KOJIHYE-
CTBO CKBIIM XWMHYHH PEAarcHTH W CHEPIHs.
MHOr0 HOBHM TEXHOJIOTHH, pa3pabOTeHH JHEC,
BCE OIIl¢ C€ OrpaHMYaBaT JIO JIA0OPATOPHO TMOIY-
yaBaHe Ha OWMOTOpHBa, B PE3yJITaT HAa KOETO €
HEOOXOJMMO Ja Ce TOJOXKAT OIle YCHWIHS 3a
MPIIATaHETO UM B MMPOMHUIIIICHHU ycaoBus [19].
HacrosimieTo n3cnenBane mpeacTaBisBa KpH-
TUYEH JTUTEPaATYPEH Iperje] Ha IMPOU3BOICTBOTO
Ha OHOropHBa OT pa3IWYHU BHJOBE OHOMAca,
CpaBHEHHUE Ha PA3IUIHUTE MIPOIIECH, U3TOI3BAHU
3a TpeJBapuTeTHO 00paboTBaHe Ha OmoMacara u
TEXHUTE €PEKTH BbPXY JOOMBHTE OT OMOTOPUBA.

Buoropusa

buoropuBara ce onpenensT Kato OpraHUYHH
rOpHBa, MOJYYeHH OT 3eMeieicka Oromaca upes
ChBPEMEHHU OWOJIOTMYHH TPOIIECH W MOTaT Ja
Ce M3IIOJI3BAT 3a TeHepUpaHe Ha TOIUTMHHA €Hep-
THsI Upe3 u3rapsiHe Win 4pe3 M3M0NI3BaHe Ha JIpy-
ra texHosorus [20]. Criopen Ancenm Al3eHTpa-
yT oT MexayHapoiHaTa €HEpruilHa areHuus
(IEA) [21] monacTosieM OuoropuBaTa OCUTYpsI-
BaT npubau3uTenHo 1,5% ot ropuBara 3a TpaHc-
IopTa B CBETOBEH Malmiad B pe3yiaTar Ha Obp30
HapacTBaI[OTO MPOHU3BOJICTBO Tpe3 MOCIETHOTO
necetwiietre. Hamocnenwsk, 3a HamansiBaHe Ha
NapHUKOBUTE Ta30BE U HA OTMAABLUTE, Ce Mpe-
IoYMTa MPOU3BOACTBOTO HAa OWOTOpHBA, THH
KaTo Te ca JIEKH, ChbPKAT MO-MaJKO BBIIIEPO,
U ca M0-BUCOKOCHEPTUIHN OT KOHBEHIIMOHATHH-
Te Tropusa [19].

buoropusara mMoraT ga 6pnaT KiacupuIHpa-
HU B TPU OCHOBHU KaTeropuw: OMOrOpHBa OT
IIBPBO TIOKOJIEHUE, BTOPO TIOKOJIEHHE U TPETO
ITOKOJIEHUE, JTOKaTO OHOropHBaTa OT YeTBHPTO
mokoJjieHue [22] ca olie Ha eTar Ha pa3paboTBa-
He B J1a0OpaTopHH YCioBHs. buoropuBarta oT
ITBPBO MTOKOJIEHNE OOMKHOBEHO CE MPOU3BEXKIAT
OT CEJICKOCTOTIAHCKH KYJITYpH (3axapHa TPBCTH-
Ka, 3aXapHO LBEKJIO, MIICHUII, OPU3, COEBO Mac-
710, CIBHYOTIICS] M TaJIMOBO Macio u ap.) [23].
OOMHCTITHETO Ha W3IMOJI3BAHETO HA PACTHUTEIHH
KYJITYPH 3a XpaHa WK 3a OHOTOPUBO MOXKE J1a ce
Hapede KOoHMIUKT ,,XpaHa cpemy eHeprus‘ . ETo
3amI0 M3CIEAO0BATENINTE ca M30paid MPOHU3BOJI-
CTBOTO Ha OMOTrOpHBa OT BTOPO U TPETO MOKOJIE-
HHE, KOUTO Morar Jia ObAaT NOJIy4YeHH OT HeXpa-
HUTEIHU KYJITYpPH, TPEBHU, CEICKOCTONAHCKHA H
XpaHUTEIHU OTHabIM, Bojopacid U T.H. Ilpo-
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W3BOJICTBOTO Ha OMOTOpHWBA ,,BTOPO TOKOJICHUE
ce (okycupa TIIaBHO BBPXY H3MOJI3BAHETO HaA
BBH300HOBSEMH DPECYypCH, KOMTO OHMxa MOIJIH Ja
MMOMOTHAT Ja C€ CBEJIE 1O MUHUMYM H3TapsSHETO
Ha W3KOIIAeMU TOPHBA U JIa C€ HAMAJISAT APACTHU-
HOo emucuute Ha CO;, TpemoTBpaTsIBaHKH TJIO-
OaHOTO 3aroruisHe. 1o TO3W Ha4MH, WU3MOJN3Ba-
HETo Ha OMomaca ¢ elIuH OT Hal-epeKTHBHUTE
(dakTopy 3a 3amUTa HA HallaTa OKOJHA cpeja
npe3 21 Bek [24]. [Ipumepu 3a oTagbUy, KOUTO
MOTaT JIa Ce U3IOJI3BAT 3a MPOU3BOACTBO Ha OMO-
ropruBa OT BTOPO IMOKOJICHHE Ca TBHPAH OWTOBU
OTHAaAbLHY, U3IMOJI3BAHO OJMO 3a TOTBEHE, Mpo-
MUIUIEHH OTMAbIH, CEJICKOCTOMAHCKU OTHalb-
1 ¥ yTalkk OT oTHaabuHu Bojmu. OT TAX mMoraT
Jla ce MPOM3BEXKIAT OMOTOpHBa KaTO OMOIM3EI,
OmoeraHoa, OMoMeTaHoN, OMOOyTaHOd, OMoras u
6uoBomopon [23]. buoropmBara OT TPETO MOKO-
JIEHUE c€ TOoJy4yaBar rjaBHO OT Bogopaciu. buo-
€TaHOIBT MOXE Ja OBbJe MpOW3BENeH OT BOJO-
paciii U € M3BECTeH KaTo €IWH OT Hal-Ba)KHUTE
Bb300OHOBAEMHU CHEPIHMUHU M3TOYHHMIM [25].
Buoropupara oT ,,4€TBHPTO MOKOJEHUE™, KOUTO
ca mnpeauMHO (OTOOMONIOTHYHM TOpWUBa U
€JIEKTPO-TOPHBa, C€ OYakBa Ja 3aeMaT BCE IO-
TOJIAM JS1 OT CHEPrOHOCUTENUTE B OBIeIIe.
IIponsBoacTBOTO Ha Te3u OWOropHBa (IO CHHTE-
TUYeH OMOJIOTUYH ITBT) € HOBAa TEXHOIIOTHUS, KOsI-
TO C€ OCHOBaBa Ha TUPEKTHOTO MPEBPBHILAHE HA
CITbHYEBAaTa €HEPTUsl B TOPHUBO YPE3 M3IIOJI3BAHE
Ha CYpOBHHH, KOUTO Ca HEN34epIriaeMH, €BTUHU 1
IUPOKO AocThIHU [22]. buoropuBara ot mbpBO,
BTOPO U TPETO MOKOJCHUE CE MOJIydaBaT OT OHo-
Maca, JIokaTo OWoropmwBata OT YETBBPTO ITOKO-
JIEHUE ca MPOAYKT Ha >KU3HEHUS IHUKBJ Ha TEH-
HOMOAM(UIIMPAHH MHUKPOBOAOPACIU H IUa-
HoOakTepun [19, 26-28].

buosoxopon

buoBomopoasT € 6e30macHO M HAH-YHUCTOTO
OMOTOPHBO, 3aIOTO MPHU M3MOI3BAHETO MYy KaTO
TOPUBO B TOIUIMHHU JIBUTATENIM WA TOPUBHU
KJICTKH, CIUHCTBEHUST MPOJIYKT OT U3rapsHETO
My € Bozxa [29]. buoBogopoabpT € HETOKCHYEH,
Oe31BeTeH, 0€3 BKYC M MUPHC Ta3, U UMa CIIO-
coOHOCTTa Jla TPOW3BEXKIA IOBEUYE CHEPTUs B
CpaBHEHHE C BCAKO NpYyro ropuBo (okxomo 122
kJ/g) [30], a xanopuuHoctTa My e 143 GJ/ToH
[29]. ColecTBYBaT HAKOJIKO METO/IA, YPE3 KOUTO
MOXE Jla C€ IOJydd OWOBOJOPOJ, & HWMEHHO:
ouo-orommza Ha Boma, (oro-pepMeHTaUA
(hepMeHTaIUsT B OTCHCTBHME Ha cBemmHA [31].
Buo-doronuzara Ha Bojara € qByCTEIIEHEH MPO-
1ec, KOWTO BKIIOYBA OOpaTUMO peAyLHpyeM
ko(akTop u (HOTO-METaOOIUTHO AKTHBHU MHK-



POOPraHWU3MHU KaTO IUAHOOAKTEpUH U 3elICHU
MukpoBogopaciu [32]. dorodepMmeHTaMATA €
(hepMEHTATUBHOTO MPEBPbBIAHE HA OPTAHUYHHS
cyOcTpar B OMOBOJOPOA OT pasHOOOpasHa rpyma
(hOTOCHHTETHYHN OaKTEpPUHM UYpe3 IOpEeauIia OT
OMOXMMHWYHH PEaKIIMW, BKJIIOYBAIIY TPH €Tara,
mooOHM Ha aHaepoOHOTO mpeoOpasysaHe [33].
[Ipu dbepmeHTanUATa B OTCHCTBHE HAa CBETIIMHA,
XHJpOJIM3UpaHaTa OWomaca ce I[oJyiara Ha
aruuorenesa (oopasysane Ha CH3;COOH + H»)
U BOAOPOIBT, MOJIyYeH 10 BpeMe Ha aluJoreHe-
3ata, ce M3pa3xojBa B MeETaHOI'eHE3aTa, 3a Ja
obpasyBa CH4 u CO». 3a na ce yBenuuu a00u-
BBT Ha BOJAOPOJ, HETroBaTa KOHCyManus (HIH
obpaszyBaHeTO Ha MeTaH) TpsOBa ga ObIe HaMa-
neHa [34]. buoBogopomsT MOXE da ce TPOU3-
BeXJa OT pa3jIMYHU CYpPOBHHHU, KAaTO TBBPIU
OWTOBH OTMAIBIU, YTAUKHA OT OTMAIbYHH BOJIH,
HETYJIO3HA OTHAIBIH ¥ MTPOMHIILICHH OTHAIBIH
[19, 23, 35].

Ha ocHoBara Ha moco4eHuTe MMo-rope MeTOAH
3a TIOJIy4aBaHETO Ha OMOBOJIOPO]] B HACTOSIIHS
MOMEHT C€ HW3IOJI3BAT NBa Mmoaxoja. [IbpBusT
MOAXO0M, U3BECTEH KaTO KOCBEH Ipotec [36-37],
npuiara MoTeHIana Ha (OTOCHHTe3aTa 3a W3-
paxnaHe Ha Ouomaca. Hatpymamara Ouomaca,
0COOCHO BBITIEXHJIPATUTE, JONBIHUTEIHO CE
npeBphla B OHOBOJOPOA upe3 (epMeHTaIHs
u/wm gorodepmenTanus. To3n MoaAX0] BKIIOY-
Ba JIBa OTJEJIHU €Tama, KOUTO C€ Pa3JeNsiT WM
4pe3 MPOCTPAHCTBEHA PEAKIUs B JIBA Pa3IMYHH
OuopeakTopa, WK 4pe3 peAyBaHe Ha (HOTOCUH-
TeTUYHUS ¥ (EPMEHTAIMOHHUS Tepuoau. Bro-
PHST MOJIXOM CE CTPEMU Jia M3Moi3Ba (HOTOCHH-
Te3aTa, 3a Ja pasen Bojara J0 BOJOPOA U KHC-
JIOPOA Upe3 TUPEKTHH WIH WHAWPEKTHU TPOLIECH
Ha Omodoronm3a Ha Bomata. llomyuaBanero Ha
H, or 3enenure Bomopacnu Scenedesmus
obliques B cBeTiiMHaTa Ha OwodoToNM3aTa €
00€KT Ha MPIOKHU U3CIICABAHUS U Pa3pabOTKU
B MPOIBDKCHUE Ha HAKOJKO aecetuneTust [38].
Cpro Taka ce choOIaBa, 4e €THOBPEMEHHOTO
npou3BojcTBo Ha H> m ornmensHero Ha O, ca
JIEMOHCTPHUPAHH B HUIIKOBUIHU ITHAHOOAKTEPUU
Anabaena cylindrica, oTrIeXmaHH B aproHOBa
atMocdepa [5, 39].

dorodepmenTanuaTa u (epMEHTAIUATA B
OTCHCTBUE Ha CBETJIMHA Ca JIBa IMOJIE3HU METOJa
3a MPOM3BOJCTBO Ha H» OT pa3nmuyHu opraHnyHH
cyOCTpaTH, Haii-Be4e BBIIICXUAPATH U OPraHUY-
Hu kucenunu. [lpu porodepmentanusita doro-
CUHTETHYHHUTE OaKTEpPHH H3ION3BAT CIIbHUEBATA
CBETJIMHA KAaTO U3TOYHUK HA €HEPTHs W MPEBPbH-
maT OpraHUYHUTE CheAMHEHUS (aleraT, JaKTaT
u Oytupar) BB H, u CO,. 3a paznuka oT 3ene-
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HUTE BOJIOPACIH M IMaHOOAKTEPHUHTE, JTHIABUTE
OaxTepuy He MOTAaT Jja pa3delisiT BojaTa Ha JBaTa
¥ KOMIIOHEeHTa (BOJOpoA U kuciopon). Te obaue
ca CHOoCOOHM Ja M3MOJI3BAT CBETJIMHATA B OJH3-
kata uH(ppauepseHa obiact (> 800 nm). Tesu
CBOMCTBa TM MpPaBsAT YHUKAJTHH YYaCTHUIU B
MHTETpUpaHaTa CHUCTEMa 3a NPEYHUCTBAHE Ha
OTIaJHN BOAHM C E€THOBPEMEHHO MPOH3BOJICTBO
Ha H, [40]. [IpuHOCHT HA HUTPOTCHAZUTE W XHI-
pOTeHa3uTe B Mpolieca MOXKE J1a Bapupa B 3aBU-
CHUMOCT OT EKCIIEpUMEHTAIHUTE U (U3UOIOTHY-
HUTE ycnoBus. JlumaBure OakTepuu MpUHAIIE-
KaT KbM Hall-aKTHBHUTE a30THH (pukcatopu [41]
U 10 TO3W HayMH npousBexaar H, rmaBHo upes
HUTpOTe€Ha3HaTa cucreMa. CBBp3BaHETO Ha
azoTHaTta (puKcaIus ¢ aHOKCUTEHHAaTa (OTOCHH-
T€3a UM MO3BOJISABA J1a Tpou3BexxaaT H, Ha MHO-
r0 BUCOKH HUBA, KOUTO C€ YBEIMYaBaT MPH JIUII-
ca win nedumur Ha a3oT. Pemykropure, He00X0-
JUMH 3a TPOM3BOJACTBOTO HAa H, OT HHUTporeHa-
3ara ce JOCTaBAT 4pe3 (OTOACUMUIMPAHETO Ha
OpTaHWYIHY KUCEIHWHH [5, 42].

depMmeHTanMATa B OTCHCTBHE Ha CBETIMHA
M3MCKBa MO-MAaJKO €HEeprus B cpaBHEHHE C (o-
todepmenTanusara [43]. IIporiechT npoTHya npu
(hakyITaTUBHU WM OOJUTaTHU aHACpOOHM Oak-
TEpUHU, KOUTO KOHCYMHUPAT OPTaHUYHO BELIECTBO
[44]. YcraHOBeHO €, Ye MHOXKECTBO (haKTOpH Ha
OKOJIHaTa cpena, karo pH Ha cpenara u HaIM4M-
€TO0 Ha MeTajeH KO(aKTOp OKa3BaT BIIUSHHE
BBpPXY MpoTHYaHeTo Ha mpoueca [45]. Ilpu dep-
MEHTAIUsITa B OTCHCTBUE HA CBETIIMHA CE TIOJTY-
YyaBa OCBEH BOJOPOJI M HSIKOHM JIPYT'H BHUJIOBE
ouoropusa [5, 46, 47].

Buoeranoa

B nacrosmmsa MOMEHT OHOETaHONBT € HaMl-
pa3npocTpaHeHOTO OHOTOPUBO, MPOU3BEKIAHO B
NPOMHIIICHA YCIOBUSI OT IAPEBUIIA W 3aXapHa
TpbcTuka. ETaHONBT ce cMecBa ¢ OCH3WH, U B
pe3ynTaT Ha HW3IMOJI3BAHETO MY C€ HaMajsBaT
eMICHUUTEe Ha TAapHUKOBU Ta30BE, HEU3TOpEIH
BBIJICBOAOPOAM, KAHOCPOICHHU BCHICCTBA U
CEPeH AMOKCHU], KOWTO € OCHOBHATA MPHYMHA 3a
KHCEIIMHHUTE IHka0Be [48]. ChilecTByBa rojsiM
MOTEHIMAN 32 TPOU3BOJCTBO Ha OHOETaHON OT
pa3iIMYHU OTMAIBIM W CEJICKOCTOIAHCKH OCTa-
TBHIIM KaTO IBbPBECHU CYPOBHHH, IapeBHUIIA, OT-
agbly OT paluia, 3aXapHa TPBCTHKA, LIUTPYCO-
Ba Kopa, nucta u ciamku [19]. [IpenBapurenno-
To 0oOpaboTBane Ha OWOMaca C aBTOXHIPOIH3A
(excruio3uss ¢ mapa) jgaBa Hal-BUCOK (~84%)
IT00uB Ha OMoOeTaHOI. YCTAaHOBEHO €, 4e KHCe-
JUHHOTO TIpPEeIBapUTEIHO O0O0paboTBaHE € To-
e()eKTUBHO, ThI KaTO XEeMHIIETYI03HATA YACT OT



Oromacata ce MpeBpblla B peAyIHPYEMH 3aXapu
[19].

Bonopacnute ca Apyr M3TOYHHK Ha TIPOU3-
BOJICTBO Ha OMOETaHOJI, BRIIPEKH Y€ MOTaT Jia Cce
W3MOJ3BaT 3a IPOU3BOJCTBO Ha OHOBOJOPOI.
Bonopacnute cpaspxkat okono 50% munuan, Ha
OCHOBaTa Ha KOWTO Ce IMoJlydaBa OWoau3el, Kak-
TO W 3aXapy W MPOTEHHH, KOUTO Ca CypOBHHA 32
6uoeranomn [5].

Bbuomeranon

B Hacrosmms MOMEHT METaHOIBT CE€ MPOU3-
BEX/a 10 XMMHYEH BT, KOUTO MPEeBpHIA MPH-
pOIHUS ra3 B METaHOIN upe3 Ipolec Ha pedop-
MUHT, CHHTE3 U JeCTHiIaIus. MeTaHOIBT Ce TOo-
Jy4daBa Mo-JIECHO OT €TaHOJIa, Thil KATO €TAHOIBT
o0Opa3yBa a3eoTpoIl ¢ BOJaTa, KOETO U3UCKBA I10-
roJieMH pa3xoJu 3a mIpeuncTBaHeTo My [49]. B
JIuTEpaTypara € OIMKCAHO MPOW3BOACTBOTO Ha
OMoMeTaHON 4Ype3 Ta3u(UKAIMs W YaCTHIHO
okucneHue Ha Beraexuapatute ¢ O, u H,O [49].
He camo 4pe3 9acTHYHO OKHCJICHHE Ha BBIJIC-
XUAPATUTE, HO U YPE3 PeaKIlus Ha OKUCICHHUE B
Ouomacata ce noixy4asa 6uomeranon [, 50].

MamabHOTO MPOW3BOACTBO HAa METAHON OT
MIPUPOJICH Ta3 M BBITIUIIA € J00pe pa3BUTA TEX-
HOJIOTHsl. METaHONbT € LEHHO TEYHO TOPUBO U
CypOBHHA 32 Pa3jU4YHU CUHTETHUYHU BBIIIECBOAO-
poxHM TpoAyKTH. [leTpoxuMudHATa TTPOMUIILIE-
HOCT U3I0JI3Ba METAHOJ KaTO CYpPOBHHA 3a IPO-
HU3BOJCTBOTO HAa PA3JIMYHUA XUMUKAIA KaTO Me-
tuntpernueH OytunoB erep (MTBE), dopmarn-
JIEXHUJ, OICTHA KHCEIMHA W Ouomu3en upe3
TpaHc-ecTepuduKanus. MeTaHOTbT € BUCOKOOK-
TaHOBO TE€YHO T'OPUBO, KOETO MOJXKE JIa CE CMECBa
¢ OCGH3MH W €TaHOJ, U Jia CE M3I0JI3Ba B CMEC Ha
Te3W KOMIIOHEHTH B OCH3WHOBHWSI JBUTATEN TPHU
MUHUMAITHU JOMBIHUTEIHN pa3xonu. JHec 1e-
HUTE Ha METAaHOJa ca KOHKYPCHTHH Ha BBITIEBO-
nopoanute ropusa [19, 51].

3a MpOU3BOJACTBOTO HA OMOMETaHON U300PBHT
Ha TOAXOMSINUA IIAMOBE MHKPOOPTaHU3MHU €
KIIIOUOB eTan. MMUKpOOpraHu3MH OT BHAA Ha
METHJIOTPOUTE Ce M3IION3BAT 33 OKUCISIBAaHE Ha
MEeTaH IpH TPOU3BOJCTBOTO Ha MeTaHOI. Me-
TaHBT MOXKE JICCHO J1a ObJIe MOJIYYCH OT IIeNy-
J03HA OMoMaca, KOATO CJIe]T TOBa CE OKHUCIISIBA 10
OMOMETaHOJI C TOMOINTa Ha METWIOTPOuUTe
[19].

Bbuomeran

BuomeTansT € APyro cUIIHO obemaBaiio ouo-
TOpUBO MOpaJid BHCOKaTa CH E€HEpPruiiHa CTOM-
HocT. [IpoM3BOACTBOTO Ha METaH OT PA3IUYHU
OMOJIOTHYHY WM TIeNTyTO3HHU OTIAIbIN CE CUUTa
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3a MEPCIEeKTUBHO MOPaJH HETOBUTE UKOHOMHYE-
cku u ekoyoruyHu nomn3u [52]. [lomyuaBanero Ha
METaH Ype3 aHaepoOHO pasrpaxaaHe € Hali-
e(CKTUBHHUAT HAYMH 32 TCHEPUPAHE HA CHEPTHS
oT OuomMaca Mo OTHOIICHHE Ha CHOTHOIICHHETO
npoxyknus/BxoaHa eneprus (28,8 MJ / MJ) B
CpaBHEHHE C BCUYKH JIPYTH TEXHOJOTHU 3a MpPO-
M3BOJICTBO HA €HEPTHUs Mo OMOJOTHYHH U TEPMO-
XMMHYHM mbpTHIIA [19, 53].

Ot nurepatypara ciejiBa, 4ye cpejl pa3udHu-
T€ BHJIOBE MpeaABapUTEeNTHO 00paboTBaHe Ha CyO-
CTpaTa 3a IPOM3BOACTBOTO Ha OWMOMETaH, Haii-
YeCcTOo ce M3IO0J3Ba AIKATHOTO TPETHpaHe (C HaT-
pueBa ocHoBa). CpIIO Taka OMoOMacaTra OT MUK-
POBOIOpACIIM U MaKpOBOAOPACIIN MPEICTABISABA
n00bp moTeHuMan (Ha cyOcTpar) 3a MPOU3BOJ-
CTBOTO Ha Omomertas [19].

Bbuodyranoa

[IpoMunieHoTO MPOM3BOACTBO Ha OyTaHOIN
Ce CYHTa 32 HEMKOHOMHYHO, aKO JOOMBBT MYy €
nox 25% ot cypoBuHara [54]. ByranonsT Moxe
Jla Ce W3IOJI3BA B IBUTATENS C BRTPEUTHO TOpEHe
KaTo ropuBo. Thi KaTo € ¢ No-AbJira BbIVIEBOJO-
poIHa Bepura, TS € JOCTa HEeMoJspHa, TS € IOo-
nofoOHa Ha OEH3WHA B CpPaBHEHHE C Ta3d Ha
eraHona. Jlokazano e, ye OyraHONBT pabOTH B
OCH3WHOBHU JBUTATENN, 0€3 HUKAaKBU MOAU(UKa-
uun. [lonoGHO Ha eTaHOMa, BBPXY LETYI03HUTE
MaTepualll ce TMpuiaraT peaulla METOAU 3a
npeaBapuTenHa oOpaboTka, 3a Ja ce pasrpanu
CJIOKHATa CTPYKTYpa Ha ILIeTyl03aTa W JUTHUHA.
bro-0ytaHombT OOMKHOBEHO c€ MPOHM3BEXKAA
Yype3 MUKPOOEH TPOIIeC, U3BECTEH KaTo alleTOH-
OyraHon-etaHon (ABE) d¢epmenranus [54].
Brmpekun ue ca pa3paboTeHH HSAKOJIKO MOIXOa
3a OuonpepaboTKa U (epMEHTAINS, MPOU3BO/I-
CTBOTO Ha OMOANKOXOIl OT IIeNyJI03a BCE Ol €
OTpaHHYEHO opaau WKOHOMHYECKaTa
HEUM3MOJI3BAEMOCT Ha TE3W TEXHOJIOTUH. ToBa
OrpaHUYCHHE Ha Pa3XoAHUTe MOXKe Aa Obae mpe-
OJIOJITHO Ype3 Ha HOBH IIaMOBE MHUKPOOPTaHH3-
MU, TTPOU3BEKIANIN HETYIONUTHIHA U ON0aIKO-
XOJIHU HAIUTKH, U Ype3 U3MOJI3BAHETO UM B KOH-
coiauaupaHa cucrema 3a ouonpepadborka (CBP)
[55]. ByraHombsT ce M3MOI3Ba KATO Pa3TBOPUTEI
B KO3METHKAaTa, XUJPABINYHUTE TEYHOCTH, Jie-
TEPreHTUTe, JICKapCTBaTa, aHTHOUOTHUIIUTE, XOP-
MOHHWTE W BHUTAMHHUTE W KaTO XHMHUYHO MeEX-
JUHHO ChEIWHEHHE B MPOU3BOJICTBOTO Ha OyTH-
JMaKpuiIaT U MeTakpuiar. M3monm3ea ce u Karo
EKCTpareHT MpH MPOU3BOJICTBOTO Ha (hapMarieB-
TUYHA TPORYKTH [56]. EH3nMHaTa Xxuaponmsa e
no-eeKTUBHA Cpel] Pa3IMYHHUTE MIPEIBAPUTEITHH



00paboTKHN Ha CyOCTpaTa, M3IMOJI3BAaHH 3a MPOM3-
BOJICTBOTO Ha O6mo-OyTtanoi [19].

Bbuonmsen

buonuzensT € anrepHaTHBa Ha W3KOIIAEMUTE
ropuBa Ipe3 IOCICAHUTE [ECETWIETHs U BCE
MoBeYe IMOoJlyyaBa BHUMAHHETO B CBETOBEH Ma-
mab. Toit Moxke ma Obe MPOW3BEIEH OT BH300-
HOBSEMHU OMOJIOTMYHU MaTepHald U MOXKe Ja
3aMEeCTH METPOJIHUTE IU3ENI0BH TropuBa. bruomu-
3eJI0BUTE TOPUBA C€ NMPOU3BEKIAT YPE3 TPAHCEC-
TepuuUKaMs Ha Pa3iudyHU KUBOTUHCKU Ma3HU-
HU ¥ PACTHTEJHHU Maciia, OONKHOBEHO C METaHOI
niu eraHon [57]. Hali-u3nonssaHuTe CypoBUHH
3a TIPOM3BOJICTBO Ha OHMO/AM3EN ca Maciiata OT
panuma u cosi. KauectBoTro Ha Ononnsena 3aBUCH
OT €CTECTBCHUTE XapPaKTEPUCTHUKH HA CypOBHUHU-
Te, W3IOJI3BaHM 3a MPOU3BOACTBOTO My. bruoau-
3eTBbT € BaXKEH MOpaAH HIKOJIKO NMPUYMHU: (a)
TOHM MOXe€ Jja OCUTYpU €BTUHO M MECTHO TOPHBO
3a CEJICKUTe UKOHOMHKHU; O) TOH € yCTOHuYuB H
BB300HOBSIEM; U (B) MPOU3BOJICTBOTO NMa MAJIKO
TOKCHYHH OTMAAbLH C 1O TONsMa CTENeH OHo-
pasrpaguMH BXOJSIIU M U3XOJSIIIN IPOIYKTH [5,
58].

BuoauszensT € cMec OT MOHOAJIKUIIHU €CTepH
Ha JBJITOBEPWXHHM MAacTHU KucenuHu. llopamgu
ONU3KU TOPHBHU CBOMCTBA C KOHBEHIIMOHAIHUS
Ju3ell, OMOAU3EabT Ce CUMTa 33 MHOT0OOeIaBa-
o ropuBo Ha Obaemniero. Toit Moxe ma ce cMec-
Ba C JU3€JI0BOTO T'OPHBO BBB BCAKAKBO OTHOILE-
HUE W J]a Ce M3I0JI3Ba B ChHIIECTBYBAIaTa WH()-
pacTpykTypa [59, 60].

W3non3BaHeTo Ha XpaHWUTETHHU Macia 3a Mpo-
W3BOJICTBO Ha OMOIU3EIIOBUTE TOpUBA HE € OCh-
LIECTBUMO B JIBJITOCPOYHA MEPCIIEKTHBA MOPATU
yBeJIMYaBalaTa ce MpomnacT MEeKAY ThPCEHETO U
IPeJIaraHeTo Ha TaKUBa Macja B MHOTO CTPaHHU.
EnHo OT BB3MOKHUTE pEUICHHUS 3a HamalsBaHe
Ha U3IO0JI3BAHETO HA SAJMBH PACTUTEIHH Macia
3a MIPOM3BOJCTBO Ha OMOAM3EIOBO TOPHBO € M3-
MOJI3BAHETO Ha HEAUIMBH Macia. B TepceHero
Ha M0-€BTUHH CYPOBHHU Ipe3 MOCIEAHUTE TOTU-
HH BCE MO-TOJISIMO BHUMaHUE I10Jy4aBaT U3CIE-
BaHUITa, CBHP3aHU C M3MOJI3BAHETO HA OTMAABIH
OT HPOMHIIJIEHOCTTA, CEJICKOTO, TOPCKOTO CTO-
MMaHcTBO M Owta [61]. EnMHa OT eBTHHHTE TaKMBa
CYpOBUHH, KOSATO € M OTHaIgbK, € yTailkara OT
kade [62].

TperoTo nokosieHHe OGMOropuBa ca MUKPOBO-
JlopaciuTe, KOUTO MPEOA0IsIBAT HEAOCTAThLIUTE
Ha IBPBOTO M BTOPOTO MOKOJIEHUE Ororopusa [4,
63, 64]. B mnemHo Bpeme (OTOCHHTETHUHHUTE
MHUKpPOBOJIOPACIHM H3IIIeKIAT Hal-100OpHsT KaH-
IUIAT 32 IOCpPElIaHe Ha IJ100aJIHOTO €HEPruiHO
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ThpceHe. M3uucineHo e, 4e MHKpOBOAOPACIUTE
UMaT CIIOCOOHOCTTa Ja MPOU3BEXKIAT OMOIU3EN
200 mhTH TO-€EKTHBHO OT TPATUIIMOHHUTE
KyATYypH Tiopamud OBp3usi cu pactex [4, 65].
Cb0OupaHeTo Ha MHUKPOBOJIOPACIUTE € MO-JIECeH
¥ OBp3 IpOLEC OT TO3HM HA CYXO3€MHHTE PacTe-
HUSI 32 TIPOM3BOJICTBO Ha OMOTOpHBA, 2 BUCOKO-
KayecTBEHaTa 3eMe/ielIcKa 3eMsl He € HeoO0Xoau-
Ma 3a MMPOU3BOJICTBOTO HAa OMOMaca OT MHKpPOBO-
nopacinu  [66]. MukpoBomopaciuTe H3IM0I3BaT
CBETIIMHHA EHEprus, 3a Ja MPeBpbhIIAT BbIJIC-
POIHMS OTUOKCHUA B OPTaHUYHH ChEAMHEHHS I10-
e(eKTHBHO OT BHCIIUTE pacTeHus [67], KoeTo
nperoiara, 4ye Te ca MpeBb3X0/IeH U3TOYHHK 32
MPOM3BOACTBO Ha OuoropuBa [68]. [IpomeckT Ha
HPOM3BOACTBO HAa OMOrOpHBa OT MUKPOBOJIOpAC-
T e cioxkeH mporec. CienBa HSAKOJIKO eTama
KaTo KyJITHBHUpaHE, ChOUpaHe, CyILIeHe, pa3py-
IIaBaHE Ha KJETKHUTE, JIMIHUIHA EKCTPaKLHs 3a
NPOM3BOACTBO Ha OWMOIU3EIN, XHAPOIU3a, TpaH-
cecrepudukanys, GepMeHTAIIMOHHA ACCTHIIAIHS
3a MPOM3BOACTBO Ha OmoeraHon [69]. MukpoBo-
Jopaciute MoraT Aa ObAaT paslieiecHH Ha TeT
ocHoBHH Tpymu [70]: CHHBO-3€JIEHH BOJOpPACTU
(mano6aKkTepun), 3eJIeHH BOAOPACIH, TUATOMO-
B BOJOpAacid, YepBEHH BOAOpAciu H KadsBu
Bojopacid [5].

3akiaouenue

bbaenieTo Ha eHepruitHUs nasap e BKJIIOYBa
BCE MOBEYE U MO-TOJISIMO KOJIMYECTBO OMOTOPHBA
Ha OCHOBaTa Ha HEXPAHWTEIHH CYPOBHHHH H3-
TOYHUIIH.

[lepcriekTrBHTE 32 IOTYYaBAHETO B MIPOMHUIII-
neH mamab ca Ha OWoroprBarta OT BTOPO, TPETO
U YETBHPTO MOKOJICHUE, T.C. CBHP3aHUTE C pa3-
paboTBaHETO HAa HOBH IIAMOBE MHKPOOPTAHHU3-
MU, TIPOAYIIUPAIIN B TOJIEMH KOJIHYECTBA TEUHHU
1 ra3000pa3Hu OMOropuBa.

Jlpyro ocHOBHO HampaBjieHHWE B paboTaTa Ha
SHEePTHMHHS CEKTOp Ie ObJe HaMallIBaHETO Ha
€MHCHUTE Ha BBIJICPOACH TUOKCHMA, KaKTO Upe3
JKU3HEHUS [UKBJ Ha HEXPAHUTEIIHUTE CYPOBUHU
3a OMOTOpHBA W HOBHUTE IIAMOBE MHKPOOPTaHU3-
MH, TaKa ¥ Ype3 IpujiaraHe B CBETOBCH Malnad
Ha TEXHOJIOTHU 32 YJIaBsIHEC HA OCHOBHHTE W3-
TOYHUIM HAa TAPHUKOBU EMHCHUHU.
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HN3CJIEJABAHE HA I'PYIIOBUA BBIVIEBOJOPOJEH CBbCTAB HA CBPBX JIEKU,
JIEKH, CPEJJHU, TEXKKHU U CBPBX TEXKKU TUIIOBE HE®T, HEO@TEHU II1CHIU U
BUTYMU

JInnsna Tomoposa-SlukoBa, Jlo6pomup Mopnaros, [udo Crpatues, MBenuna Illnmkosa

STUDY OF THE GROUP HYDROCARBON COMPOSITION OF ULTRALIGHT, LIGHT,
MEDIUM, HEAVY AND ULTRA HEAVY TYPES OF CRUDE OIL, CRUDE OIL SANDS
AND BITUMEN

Lilyana Todorova-Yankova, Dobromir Yordanov, Dicho Stratiev, Ivelina Shishkova

ABSTRACT: This article presents a study on the various methods for analyzing the group hydrocarbon
composition of ultralight, light, medium, heavy and ultra-heavy types of crude oil, crude oil sands and bitumens
reported in the scientific literature. 214 oil samples were studied, the group hydrocarbon composition of which
was determined by the methods: ASTM D 2007, ASTM D 4124, liquid chromatography, high performance liquid
chromatography and thin layer chromatography. Correlation analysis examined the relationships between the
contents of the individual hydrocarbon groups analyzed by five different methods. Using the nonlinear least
squares method, the derived equation allows predicting the content of aromatic structures in ultralight, light,
medium, heavy and ultra heavy types of crude oil, crude oil sands and bitumens, reported in the scientific
literature. This equation can be used to verify the correctness of the analysis performed for a group hydrocarbon
composition of petroleum. If the deviation is greater than 7.5%, the analysis may be considered incorrect and
must be repeated.

Key words: crude oil, group hydrocarbon composition, SARA (saturated, aromatic, resinous and asphaltene
components), correlation analysis, non-linear least squares method.

BoBenenue Ia pacte B obo3pumo Oweme. B crensammre
JIBE JIECETHJICTHsI OTPeOHOCTTa OT HE(T 3a Iie-
[Ipe3 mociieqHOTO CTONETHE MKOHOMHUYECKHS  JIUT€ Ha HEe(PTOXMMHYHHUS CHHTE3 CE€ OdYakBa Ja
pacTek M yBEIIMYaBAaHETO HA HACEJICHHETO JOBE-  HapacHe C MPUOIU3NUTENHO 4 MIIIMOHA Oapera Ha
J0Xa JI0 yBeJIUYaBaHE Ha MOTPeOHOCTTa OT HEpT  JieH, mocTUraiku 34% OT OOIIUs TIETPOJICH Mma3ap
chC ceramHa koncymarus ot 100 mmmnona 6a-  mpe3 2040r. B cpaBHeHuUE chc ceramuute 15%
pena Ha JeH, KaTo ce oOdYakBa JMOmBIHHTETHO  [2]. Tasum mpomsiHa B CTpyKTypaTa Ha motpebie-
HapacTBaHE Ha THPCEHETO HA METPOJ C OKoio 1 Huero Ha HedTa, OTYMTANKH, Y€ OCeTa ThpPCeHe-
MUWJIMOHA Oapelna Ha JICH 3a CIIEIBAlllOTO JECeTH-  TO Ha METPOJHM TopuBa (opMupalie ceramrHara
nerue [1]. ToBa ce AbKM TAaBHO Ha 1) mocte-  HedTompepabOTBaTENHA POMHUIUIEHOCT, JOBEE
MEHHUS JAOCTHT JI0 aBTOMOOWJICH M aBHAIIMOHEH 10 3HAYMTEHO yBEIWYE€HA aKTUBHOCT B HAYYHO
TPAHCIIOPT B MMO-MAJIKO PA3BUTHUTE PETHOHW W 2)  M3CJeOBaTelCcKaTa JEeWHOCT, HAcO4YeHa KbM
pasmIMpsBaHETO HA XUMHYECKHS CEKTOp. B chb-  pa3BUTHE Ha MpOLECHTE 3a KOHBEPTHpaHE Ha
OTO BpeMe MoAoOpeHusATa B epeKTUBHOCTTa, He(]Ta B MMO-JIEKU MPOIYKTH, 32 CMETKA HAa HaMa-
MHOTO Ba)XHHWS HANpeqbK B TCHEPHpPAHETO Ha  JIABaHE MPOW3BOJICTBOTO Ha METPOJHU TOPHBA.
YpcTa €HEpPrusi U CTPOTUTE SKOJOTMYHM HOpMH,  HesaBHCHMO OT Ta3um mpoMsHA, CBOWCTBAaTa Ha
3a€THO CHC CTPOTHS TOJIUTUYECKH KOHTPOJ ce  HedTa CH 0CTaBaT eIWHCTBEHATa CAMOCTOSTEIIHA
OYakBa 10 JOBEJAT JO 3HAYHTEIHO M0-0aBeH  IMPOMEHNNBA, KOSTO B HAW-TOIsIMa CTENEH OIpe-
pactex B ymorpebara Ha TOpWBa, MOJYYEHH OT  JeNs pe3yiTaTUTe OT BCEKH eAMH Hedrompepa-
He()Ta BHB BTOpAaTa MOJIOBHHA HA TOBA JeceTmiie-  OoTBareneH mporec. ETo 3amo n3cneaBaneTo Ha
THE W BEPOSTHO TMOHIKaBaHE HA THPCEHETO HA  XWMHUATA Ha HedTa MPOaBDKaBa 1a OBbAe aKTy-
netpout cien 2030r. [1]. 3a pasiuka OT ropuBara,  ajlHa TeMma 3a MPOy4YBaHe, JAaBaiKU OOraTd ILIO-
MOTPEOHOCTTA OT MPOJAYKTH HA HEPTOXMMUYHMSI ~ JIOBE B CHBPEMCHHATa XWMHYCCKA MPOMHMIILIC-
CUHTE3 HE C€ OYaKBa Jia MPECTaHe HEeIIPEeKhCHATO  HOCT.
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HedtsT npencrasnsasa cioxHa cMeC OT BbBI-
JIEBOAOPOIHHU U HEBBIVIEBOJOPOJHU KOMIIOHEHTH
¢ Opoii Ha BBraeponHuTe atomu ot 1 g0 Hazg 100
aromMa W TemIreparypu Ha kunene ot -161.6°C
(meran) no Hag 760°C. Upes u3nonssaHe Ha pas-
HpeIeIUTEIHN MOJENN Ha TeMIlepaTypure Ha
KUTICHE Ha pa3nu4yHu TunoBe HedT [3] e ycTaHo-
BEHO, Y€ TE€XHUTE KpalHU TeMIepaTypd Ha Ku-
neHe mMorat aa Bapupar mexay 1000 u 2000°C.
[Ipu Opoii Ha BBIIIEPOAHUTE aTOMHU Ha 25 (TeM-
neparypa Ha kunede = 402°C) GposT Ha Bb3-
MOXHHMTE H30MEpPU Ha AalMKIUYHU aJIKaHOBH
M30MepH Bb3im3a Ha 36.7x10°, nokato mpu Gpoit
Ha BBIVIEpOIHHUTE aToMH paBeH Ha 100 (Temme-
patypa Ha xuneHe = 708°C) 6posAT Ha BB3MOX-
HHUTE U30MEPU Ha allMKINYHU AJIKAHOBU U30MEPH
Bb3mm3a Ha 5920410% [4]. JlelicTBUTENHHAT
Opoii Ha KOMIIOHEHTUTE, KOUTO BJIM3aT B ChCTaBa
Ha JaJieH He()T € Hen3BECTeH, HO Ce MPEeAroara,
e Toi HaxxBepuas 10° [5]. Taka Hanmpumep B
Haif-Te)kkaTa (pakuus Ha HedTa, KUISIA Hal
540°C (ryapoH) ca u3BeCTHH camMo 5% OT H3r-
paxpamure s KOMIOHEHTH, ocTaHanute 95% ca
HEU3BECTHH 3a YOBEUECTBOTO [6]. AHanmu3upaHe-
TO Ha TaKaBa CJIO}KHA CMEC € IIPEIU3BUKATEIICTBO
3a CHeIUaINCTHTe, padoreny B HeQTOM00NBHA-
Ta, HeTOonpepadboTBaTeNHaTa U HeYTOXUMUYHA-
Ta TMPOMUILICHOCT. PasnensHero Ha Hedra Ha
(paknuu Ha 6a3ara Ha pa3TUYHATA JIETIIMBOCT Ha
KOMITIOHEHTHTE, KOUTO M3rpaxnaar Hepra (dpax-
OUOHHA JeCTHialus, PEeKTU(QUKALMsI) WIM Ha
0a3aTa Ha pa3TMYHATa Pa3TBOPUMOCT Ha KOMIIO-
HEHTUTE Ha HedTa (HACUTEHH, apOMaTHH, CMOJI-
HHU U ac(haaTeHOBH KOMIIOHEHTH) MO3BOJISABAT A
ce W3CJIeABAT WHAMBUAyaIHHUTE (Ppakiuu, Kato
ce HaMaJId CJIOXHOCTTa Ha U3X0/JHaTa cMmec. Pas-
JMYHU METOOY M TEXHUKU Ca HaMEPWIH MPUIIO-
KeHue 3a (ppakumonupane Ha HedTa Ha Oa3arta
Ha pa3NMyHaTa JIETIMBOCT HAa He(TEeHHWTE KOM-
MOHEHTH, Cpell KOUTO HaW-pa3npoCTpaHEHHUTE ca
UTK (uctuHCKM TeMmiepaTypH Ha KHIIEHE) METO-
nuTe, Kouto ca craHgaptusupanu (ASTM D
2892, TOCT 11011). PaznensineTo Ha HEQTEHUTE
CMeCcH Ha HAaCUTEHH, apOMAaTHHM, CMOJHHM H ac-
(hanTeHOBU (HpaKIMKM Ce MU3BBPIIBA HA OCHOBATa
Ha TMOJISIPHOCTTA HA Te3U (PPaKIUK Ype3 M3MOIN3-
BaHE Ha PA3IMYHM PA3TBOPUTENH, EJIIOCHTH H
aacopOentu. IIppBara crenka mpu SARA ¢pak-
UOHMPAHETO € yTasBaHEeTO Ha ac(anTeHHTe OT
He)TeHaTa CMEC KaTo Ce M3IOJ3Ba H-XEeNTaH [7,
8] wmm H-mienTaH [9]. eachantusupanara Hed-
TEHa CMeC MOXKe MO-HaTaThK Jia Oble h3clenBa-
Ha 3a ChABP)KAHWETO HAa HACUTEHM, apOMaTHHU U
cmorHU (pakun upe3 merogute ASTM D2007,
ASTM D4124, Bucoko epeKkTrBHA TeYHA XpOMa-
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torpapust (HPLC high performance liquid
chromatography) Wiz TBHKO CJIOHHa T€YHa XpO-
Matorpadus, CBbp3aHa ¢ TIAMBUYHO HOHHU3AIHO-
HeH nerextop (TLC-FID; IATROSCAN). 3Ha-
YUTEIIHU PA3IUKU Ca JOKIAIBAHU MEXIY Pe3yi-
TaTUTE OT TPYNOB BBIJICBOJAOPOJIEH CHCTaB Ha
HedT (SARA), momyuenu upe3 ASTM, HPLC
unu TLC-FID metonute [9, 10, 11]. Pasnukara B
METOAUTE, MPUPOJATa HA EIIOCHTA U MOJEKYII-
HaTa Maca Ha Pa3TBOPHUTEINTE OKa3BaT 3HAYH-
TEJTHO BJIHSHUE BHPXY OTHOCHUTEIHWUTE IPOIIOp-
nuu Ha Besika (pakuus [9, 12]. Pesynrature ot
SARA cbcraBa Ha Hed)Ta ca M3MOI3BAHM OT pe-
UIa W3CIIeIOBaTeNld 3a IpelcKa3BaHe Ha pas-
JUYHA He(TEHU CBOWCTBa, 00pa3yBaHETO Ha
KOKC, cTabMTHOCTTa Ha acanTeHute B HedTa U
npyru  [13-15]. T'pymnoBUAT BBINIEBOJOPOACH
ChCTaB Ha He(Ta ce M3MOJI3Ba KaTo BXOJHA WH-
(dopmarus B penviia ypaBHEHHSI HA CHCTOSHHE-
TO, MPEICTaBISBAIA OCHOBAaTa Ha TEPMOJIHMHA-
MUYHHTE MOJCIH, MPEeCKa3Baly 00pa3yBaHETO
Ha CEIUMEHTH B Tpolieca Ha JOOWBAaHE U Mpepa-
o6otBane Ha HedTa [16-21]. ['pymoBuAaT BBIIIEBO-
JIOPOJICH ChCTaB HAa CYpPOBHUHATA 32 KOHBEPCUS A0
MIO-JIEKW BHUCOKO CTOWHOCTHH MPOIYKTH B PEIIU-
I1a KOHBEPCUOHHH TIPOIIECH € TOKa3all, ue HOCH
IeHHa nHGOopMaIKs 3a JeHCTBUETO Ha Te3U MpPo-
necu [22-32]. ETo 3a11o u3cieaBaHeTo Ha METO-
nuTe 3a m3MepBaHe SARA chcraBa Ha HedTa U
He()TEHUTE JEePUBATH MPECTABIISIBA 3HAUUTEIICH
3a mpaktukara wHTepec. Olle IMoBede, 4e pas-
JUYHUTE W3CIAEAOBATENN IMpWIAraT pa3IudHd
AHATUTHYHA TEXHUKH 3a M3MepBaHe Ha SARA
chcTaBa Ha He(pTa U He(DTEHUTE IEPUBATH U YEC-
TO TAXHOTO CpPaBHSBaHE € HEBBH3MOKHO. ToBa
00ycliaBs IeTa Ha HACTOSIIOTO W3CJICIBaHE, a
HMEHHO 0000IlaBaHe Ha rojsiM II0 00eM JaHHH,
NOKJIaZIBAaHU B JIUTEpaTypara 3a TPyINoB BhIJie-
BOJIOPOJICH CHCTaB Ha CBPBX JIEKH, JICKU, CPEIIHU,
TEXKH, CBPBX TEXKH THIIOBE HepT, HedTEeHU
MSCHIM U MIPUPOTHU OUTYMH, TIOJTYUCHH OT pas-
JUYHA METOIU M THPCCHETO Ha 3aBUCHUMOCTH
Mexay SARA cbcraBa, (QU3MKOXUMUYHHUTE
cBoiicTBa Ha Hed)Ta U Pa3IUYHUTE JOKJIAIBaHU B
nuTepaTypaTa MHACKCH, XapaKTepU3UpaId II0-
BEJICHUETO Ha Hed)Ta B Ipolleca Ha JOOUBaHE U
nmpepaboTBaHe.

ExcnepumeHTa Ha yacr

216 mpobu oT TuUmoOBe HE(PT, MPEACTABUTEIH
Ha CBPBX Jeku (oTH. rbTHOCT < 0.8017), nexu
(ota. mrpTHOCT = 0.8017—0.855), cpeann (OTH.
mwrsTHOCT = 0.8600—0.9220), Texku (OTH. ILTBT-
HocT > (0.9220 < 1.000) m cBpBX TEXKH (OTH.
mwretHOCT > 1.000) ca amamm3upanu 3a SARA



chCcTaB B 17 muTeparypHn u3Tounuka [12, 13, 22,
32-45].

Tabnuua 1 o6oOmaBa naHHWTE 3a TPYMOBHUS

cbctaB (SARA = HACA), ceaspxkaHueTo Ha
apOMaTHHU CTPYKTYpH (CyMaTa OT BCHYKH (hpak-
LMY, KOUTO CHhIBPXKAT apoMareH BbIiepoa. Tosa
ca apoMaTHH, CMOJHU H ac(aaTeHOBH KOMIIO-
Tab6auuna 1. ['pynos BeriieBogopoacH (SARA) cwctaB Ha 216 npobu oT HeT, IPEACTaBUTEIH Ha
CBP'BX JICKH, JICKH, CPEITHH, TEXKKH, CBPBX TEKKH TUTIOBE HEPT M HEPTECHU MACHIN ¥ IPUPOIHU OUTY-

HEHTH W OTHOCWTENIHATA IUIHTHOCT Ha M3CJIEBa-
uHute 214 npobu ot HedT. lllecT MeToma ca cro-
MEHATH KaTO W3IMOJI3BaHU 3a aHanu3a Ha SARA
ChCTaBa Ha He(pTa M TAXHOTO MPOIICHTHO pasll-
penenenne 3a Oazata maHHHM OT 214 mpoGu oT
HeT e npencTaBeHa B Tabnuma 2.

MU
Oth. ApoMaTHH
nasT-  Hacurenn, ApomatHu, Cmonm, Acdaiarenn, crpykrypu, Marepuaies SARA (HACA)
Nr O6o3Hauyenune HOCT mac.% mac.% mac.% mac.% mac.% 0aj1aHc, Mac. MeTOJ
1 A [33] 0,8818 51,5 21,7 25,9 0,9 48,5 100 HE ¢ JIOKJIaIBaH
2 C[33] 0,8839 51,1 23,8 23 2,1 48,9 100 HE € JOKJIaBaH
3 D [33] 1,0133 27,2 26,7 32 14,1 72,8 100 HE € JOKJIaJBaH
4 A [34] 0,8612 51,62 31,35 14,25 2,78 48,38 100 ASTM D2007
5 B [34] 0,8922 43,15 29,95 18,2 8,7 56,85 100 ASTM D2007
6 C[34] 0,8697 32,1 26,34 25,82 15,74 67,9 100 ASTM D2007
7 D [34] 0,9786 25,38 17,04 31,41 26,17 74,62 100 ASTM D2007
8 E [34] 0,9979 20,01 11,36 36,26 32,37 79,99 100 ASTM D2007
West Africa
9 [35] 0,9140 47,9 36,5 15,2 0,4 52,1 100 HPLC
North Sea
10 [35] 0,9160 48 37,5 14,2 0,3 52 100 HPLC
West Africa
11 [35] 0,9160 41,2 36,4 20,4 2,1 58,9 100,1 HPLC
North Sea
12 [35] 0,8390 82,7 13,4 3,9 0 17,3 100 HPLC
North Sea
13 [35] 0,8440 62,7 23,6 12,2 1,5 37,3 100 HPLC
North Sea
14 [35] 0,9450 35,3 36,8 24,5 3,5 64,8 100,1 HPLC
North Sea
15 [35] 0,9140 41,8 38,8 18,7 0,6 58,1 99,9 HPLC
North Sea
16 [35] 0,8850 50,9 34,6 14 0,5 49,1 100 HPLC
West Africa
17 [35] 0,8880 40,6 32,1 20,6 6,6 59,3 99,9 HPLC
North Sea
18 [35] 0,7960 79,8 16,5 3,6 0,1 20,2 100 HPLC
West Africa
19 [35] 0,8730 57,3 27,9 13,5 1,3 42,7 100 HPLC
North Sea
20 [35] 0,8570 60,6 30 9,2 0,2 39,4 100 HPLC
West Africa
21 [35] 0,9210 42,4 36,1 20,5 1 57,6 100 HPLC
North Sea
22 [35] 0,7960 65 30,7 43 0 35 100 HPLC
North Sea
23 [35] 0,8980 50,3 31,4 17,5 0,7 49,6 99,9 HPLC
North Sea
24 [35] 0,8400 55,4 28,3 12,9 34 44,6 100 HPLC
West Africa
25 [35] 0,8730 54,5 28,8 14,9 1,8 45,5 100 HPLC
26 France [35] 0,9390 24,4 43,4 19,9 12,4 75,7 100,1 HPLC
mon. ASTM
27 1 [36] 0,9799 19,3 37,2 28,5 15,3 81 100,3 D4124
mon. ASTM
28 2 [36] 0,9509 37,4 27,6 32,3 2,2 62,1 99,5 D4124
moxa. ASTM
29 3[36] 0,9334 29,8 38,4 25 13,1 76,5 106,3 D4124
mon. ASTM
30 4[36] 0,9291 35,2 29 22,9 12 63,9 99,1 D4124
mon. ASTM
31 51[36] 0,8860 58,3 21,6 19,4 2,6 43,6 101,9 D4124
moxa. ASTM
32 6 [36] 0,8844 42,9 26,9 19,6 8,9 55,4 98,3 D4124
moxn. ASTM
33 7 [36] 0,8639 51,5 24,1 21,4 2,6 48,1 99,6 D4124
mon. ASTM
34 8 [36] 0,8576 50,7 27,2 15,2 7,4 49,8 100,5 D4124
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36
37
38
39
40
41
4
43
44
45
46
47
49
50
51
52
53
54

55

57
58
59

60
61

63

64

65

66

67

68

69

70

71

72

73

74

75

76

71

78

9[36]
10 [36]
11 [36]
12 [36]
13 [36]
14 [36]

15 [36]
A-95 [37]
CLH-99 [37]
C-R-00 [37]
S-Ven-39 [37]
SQ-95 [37]
Tensleep-99
[371
A [38]

B [38]

C [38]

D [38]
Indonesian oil
sand [22]
Venezuelan
heavy oil [39]

Oil sand [40]
Athabasca
[25]
Cold lake[25]
Lloydminster
[25]
Venezuela
Nol [25]
Venezuela
No2 [25]
Russia [41]
Indonesia [41]
PO1[13]
PO2[13]
PO3[13]
PO4 [13]
PO5 [13]
PO6 [13]
PO7[13]
PO8 [13]
PO9 [13]
PO10 [13]
PO11 [13]
POI12 [13]
PO13[13]
PO14[13]
PO15[13]
PO16 [13]

PO17[13]

0,8555
0,8529
0,8498
0,8299
0,8241
0,8198
0,8022
0,8956
0,9161
0,8673
0,8795
0,8409
0,8685
0,7932
0,7872
0,8719
0,8310
1,0300

1,077
1,0100

1,0231
1,0019

0,9968
1,0178
1,0167
0,982

0,963

0,9387
0,9506
0,8986
0,9740
0,9331
0,9017
0,7822
0,9016
0,8708
0,8560
0,9328
0,7967
0,9001
0,9759
0,8267
0,9453

0,8223

64,2

45,6

59
86,62
80,55
71,22
78,79
14,05

11,4
18,7

16,3
19,4

36,8
87,9
45,1

75,4

233
24,9
29,8
33,9
19,4
22,9
17,2
19,7
23,6
17,4
27,8
19,4
22,9
8,6
14,68
23,76
15,37
38,23
37,2
34,6

39,8
38,1

41,7
44,4
38
31,1
33,9
352
313
26,4
24,6
32,9
26,9

11

35

17,7

21,9
22,1
18,9
12,4
6,5

9,6

15,1
18,6
23,9
9,9

14,2
14,7

11,7
3,15

19,6
37,1
38,2

21,6
16,5
32,4
22,9
12,9
4,7
20,2
12,8
10,6
18,3
4,5
23,1
27
6,2
18,2

6,9

21,8
4,7
0,6

2,3

73
2,9

3,1

33

33,1
47,1
50,9
28,9
48,1
36,7
37,8
11,87
18,47
27,75
19,77

85,95

54,9

24,6

93,7
83,7

96,8
98,49
99,02
98,97
98,56

100
100
100

99,3
99,7

99,6
100
99,9
100
100
100
100
100
100
100
100,1
100
99,6
100
100
100,1
99,9
99,9
100
99,9
100

100

moxn. ASTM
D4124
mox. ASTM
D4124
mon. ASTM
D4124
mon. ASTM
D4124
mox. ASTM
D4124
mon. ASTM
D4124
mon. ASTM
D4124
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007

ASTM D2007
HPLC
HPLC
HPLC
HPLC

TEYHa XpOMa-

Torpadus
TEYHA XpPOMa-
Torpagus
TEYHA XpPOMa-
Torpadus

ASTM D2007
ASTM D2007

ASTM D2007
ASTM D2007

ASTM D2007
ASTM D2007
ASTM D2007
TEYHA XpPOMa-
Torpadus
TEYHA XpPOMa-
Torpadus
TEYHa XpOMa-
Torpadus
TEYHA XpPOMa-
Torpagus
TEYHA XpPOMa-
Torpadus
TEYHa XpOMa-
Torpadus
TEYHA XpPOMa-
Torpagus
TEYHA XpPOMa-
Torpadus
TEYHa XpOMa-
Torpadus
TEYHA XpPOMa-
Torpagus
TEYHA XpPOMa-
Torpadus
TEYHa XpOMa-
Torpadus
TEYHA XpPOMa-
Torpagus
TEYHA XpPOMa-
Torpadus
TEYHa XpOMa-
Torpadus
TEYHA XpPOMa-
Torpagus
TEYHA XpPOMa-
Torpadus
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79

80

81

82

83

84

85

86

87

88

97

98

99

100

101

102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135

POI18 [13]
PO19 [13]
PO20 [13]
PO21 [13]
PO22[13]
PO23 [13]
PO24[13]
PO25 [13]
PO26 [13]
PO27[13]
PO28 [13]

P0O29 [13]
W1-1[42]
W1-2 [42]
W1-3 [42]
W1-10 [42]
W1-11 [42]

Alaska [12]
Canada 1 [12]
Canada 2 [12]
Canada 3 [12]

Texas [12]

Utah [12]
Venezuela
[12]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]

0,9174
0,8108
0,8237
0,8996
0,9889
0,8247
0,8855
0,8168
0,8802
0,9690
0,9459

0,9379
0,7960
0,7970
0,8008
0,8004
0,7988

0,9970
1,0140
0,9910
1,0030
1,1190
1,0000

1,0130
0,847
0,844
0,872
0,857
0,838
0,825
0,859
0,857
0,860
0,876
0,883
0,836
0,832
0,877
0,862
0,881
0,879
0,816
0,875
0,846
0,875
0,856
0,886
0,859
0,849
0,879
0,862
0,886
0,803
0,816
0,856
0,847
0,794

54,2
79,6
80,8
48,3
39,5

87

39,6

42,6
87,93
87,79
84,56
81,44
84,55

23
18
18

15

19

19
71,0
79,5
68,3
67,3
82,0
70,3
85,7
76,2
71,3
65,2
66,5
80,9
73,1
59,1
67,6
60,0
61,6
76,0
83,6
71,5
67,0
68,9
63,7
72,1
64,9
65,2
63,5
63,6
77,6
77,0
75,6
65,0
79,2

27
23
17
14

32
26,9
19,6
29,4
31,8
17,9
29,1
14,2
22,3
27,0
323
30,0
18,8
25,1
33,7
27,9
33,2
38,4
23,0
16,2
28,2
30,7
28,5
31,9
25,9
31,8
31,0
29,5
31,9
22,6
22,6
24,0
33,8
20,5

18,8
21,9
5.4
10,4
7,7
10,8
233
20,8

6,7
2,52
1,27
1,43
1,82
1,02

35
30
27
19
37
46

29
2,1
0,3
1.8
0,3
0,0
0,3
0,0
1,1
0,8
2,5
33
0,3
1,5
6,8
34
4,7
0,0
0,7
0,0
0,3
0,5
0,6
44
0,0
2,7
2.6
5,0
41
0,0
0,3
0,0
0,8
0,3

0,6

8,2

32
0,82
0,55

0,7
1,03

43
20

18
0,1
0,7
0,5
0,6
0,1
0,3
1,0
0,4
0,9
0,0
0,2
0,0
0,3
0,4
1,1
2,2
2,5
0,3
1,5
0,0
1,8
2,1
0,1
2,0
0,7
1,3
2,0
0,4
0,4
0,1
0,6
0,5
0,0

45,8
19,9
19,2
51,7
60,5

13

69,0
52
97
80

79
29,1
20,6
31,7
32,7
18,0
29,8
15,1
23,8
28,7
34,8
33,5
19,1
26,9
40,9
32,4
40,0
41,0
24,0
17,7
28,5
33,0
31,1
36,3
27,9
35,2
34,8
36,5
36,4
23,0
23,0
24,6
35,0
20,8

100
99,5
100
100
100
100
100
100
100
100
100,1

100

100

100
99,72
93,97
97,11

98
101
87
67
101
99

98
100
100
100
100
100
100
100,8
100
100
100
100
100
100
100
100
100
102,54
100
101,24
100
100
100
100
100
100
100
100
100
100,6
100
100,2
100
100

TEYHa XpOMa-
Torpagus
TEYHA XpPOMa-
Torpagus
TEYHa XpOMa-
Torpadus
TEYHa XpOMa-
Torpadus
TEYHA XpPOMa-
Torpadus
TEYHa XpOMa-
Torpadus
TEYHa XpOMa-
Torpadus
TEYHA XpPOMa-
Torpagus
TEYHa XpOMa-
Torpadus
TEYHa XpOMa-
Torpadus
TEYHA XpPOMa-
Torpagus
TEYHa XpOMa-
Torpadus
HE € JIOKJIa/[BaH
HE € JIOKJIa/[BaH
HE € IOKJIafIBaH
HE € IOKJIa/IBaH
HE € JIOKJIa/[BaH
TEYHA XpPOMa-
Torpadus
TEYHa XpOMa-
Torpadus
TEYHA XpPOMa-
Torpadus
TEYHA XpPOMa-
Torpadus
TEYHa XpOMa-
Torpadus
TEYHA XpPOMa-
Torpagus
TEYHA XpPOMa-
Torpadus
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
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136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187

188

189

190

191

192

193

194

195

196

197

198

199

[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]
[44]

(28]
[43]
[43]
[43]
[43]
[43]
[43]
[43]
[43]
[43]
[43]

[43]

0,873
0,844
0,863
0,838
0,860
0,864
0,878
0,836
0,858
0,864
0,853
0,862
0,866
0,820
0,849
0,822
0,872
0,841
0,847
0,834
0,840
0,847
0,859
0,879
0,867
0,847
0,862
0,858
0,863
0,873
0,814
0,814
0,877
0,826
0,849
0,843
0,799
0,823
0,876
0,851
0,878
0,817
0,853
0,817
0,826
0,853
0,809
0,845
0,827
0,870
0,858
0,843

0,910
0,940
0,900
0,920
0,930
0,900
0,920
0,890
0,920
0,920
0,880

0,830

68,7
72,0
72,9
82,5
70,9
65,8
72,0
72,9
74,0
63,2
71,1
71,7
67,6
76,5
76,9
82,5
68,3
74,0
71,5
66,5
71,4
67,1
65,2
60,2
82,3
88,9
63,7
65,1
64,6
69,5
76,4
77,2

74,8

74,8

71,1

52,0

72,6
70,2

27,9
26,5
25,7
16,2
27,4
31,7
27,7
25,5
24,6
33,9
27,3
20,0
32,2
23,8
21,9
17,5
30,6
24,7
21,3
28,8
27,9
32,5
29,6
33,1
13,6
11,0
30,9
29,7
30,0
30,2
24,0
23,1
32,8
23,8
21,8
24,8
21,1
21,7
35,8
27,9
48,0
26,3
30,0
22,5
23,2
26,2
16,2
25,5
25,3
21,6
28,1
25,6

58,1
43,7
57,2
56,6
46
53,6
56,4
51,8
39,8
46,6
59,6

27,1

32
1.4
0,7
0,6
1,2
0,9
0,0
1,1
0,8
-2,0
1,0
2,1
0,0
0,0
1,1
0,0
0,0
0,8
0,0
4,1
0,3
0,5
2,7
4,5
3.8
0,1
5,0
3,0
3,7
0,0
0,0
0,0
1,8
1,0
0,1
0,1
0,2
0,7
0,0
1,0
0,0
0,0
0,0
0,0
0,0
0,9
0,5
1,3
43
0,4
1,8
0,8

19,9
24,9
21,1
19,5
30,1
20,4
21,6
19,4
31,2
27,8
17,8

29,6

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

43
7,8
32
3,7
7,4

12,5

54
13,7
8.4
2,1

0,9

31,3
28,0
27,1
17,5
29,2
34,2
30,7
27,1
26,0
36,8
28,9
22,3
33,9
23,9
23,1
17,6
31,9
26,1
22,5
33,5
28,6
32,9
34,8
39,8
17,7
11,1
36,3
34,9
35,4
31,2
24,9
23,2
36,3
25,3
21,9
25,3
21,3
22,5
37,6
29,0
50,0
26,3
30,3
22,6
233
27,7
16,8
27,4
29,8
22,2
30,7
26,9

82,3
76,4
81,5
79,8
83,5
86,5
85,0
76,6

84,7

100
100
100
100
100
100
102,8
100
100
100
100
100
101,5
100,4
100
100,1
100,2
100
100
100
100
100
100
100
100
100
100
100
100
100,6
101,4
100,3
100
100
100
100
100
100
102
100
102,0
101
100
100
100
100
100
100
100
100
100
100

100,1
100,1
100
100
99,9
100
100
100,1
100
99,9
100

99,9

ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
ASTM D2007
TLC-FID
(Iatroscan)
TLC-FID
(Tatroscan)
TLC-FID
(Iatroscan)
TLC-FID
(Iatroscan)
TLC-FID
(Tatroscan)
TLC-FID
(Iatroscan)
TLC-FID
(Iatroscan)
TLC-FID
(Tatroscan)
TLC-FID
(Iatroscan)
TLC-FID
(Iatroscan)
TLC-FID
(Tatroscan)
TLC-FID
(Iatroscan)

43



200 [43] 0,940 9,7 55,9 31,8
201 [43] 0,940 56,5 17,2 26,2
202 [43] 0,860 37,1 39,1 22,7
203 [43] 0,870 41,1 39 16
204 [43] 0,830 54,9 21,2 23,8
205 [43] 0,900 19,9 49 27,6
206 [43] 0,880 13,2 54,1 27,2
207 [43] 0,910 39,4 28,6 28,3
208 [43] 0,870 30,3 36,4 31
209 [43] 0,860 7,3 59 27,7
210 [43] 0,900 42,7 50,6 6,6
211 [43] 0,850 26,6 56,4 14,5
212 [43] 0,880 27,1 46,2 20,2
213 [43] 0,840 36,2 33,5 30
214 [43] 0,840 51,1 27,6 0,1
Heavy crude
215 [45] 0,986 13,0 36,3 29.4
Aguacate
field, Tierra
Blanca
Veracruz,
216  México [32] 0,995 10,7 3,4 62,6

TLC-FID

2,6 90,3 100 (Tatroscan)
TLC-FID
0,1 43,5 100 (Tatroscan)
TLC-FID
1,1 62,9 100 (Iatroscan)
TLC-FID
3,8 58,8 99,9 (Tatroscan)
TLC-FID
0,2 45,2 100,1 (Tatroscan)
TLC-FID
34 80,0 99,9 (Iatroscan)
TLC-FID
5,5 86,8 100 (Tatroscan)
TLC-FID
3,7 60,6 100 (Tatroscan)
TLC-FID
2,3 69,7 100 (Iatroscan)
TLC-FID
6,1 92,8 100,1 (Tatroscan)
TLC-FID
0,2 57,4 100,1 (Tatroscan)
TLC-FID
2,6 73,5 100,1 (Iatroscan)
TLC-FID
6.4 72,8 99,9 (Tatroscan)
TLC-FID
0,3 63,8 100 (Iatroscan)
TLC-FID
21,3 49,0 100,1 (Iatroscan)
TEYHa XpOMa-
21,3 87,0 100 Torpadus
23,3 89,3 100 ASTM D4124

Tabémmna 2. Pa3znpeaenenue Ha U3MOI3BaHUTE METO/IH 3a aHaNW3 Ha rpynoB (SARA) cbcraB Ha 214
mpoOu oT He()T ChC CBOICTBA, ocoueHu B Tabnumal.

MeToaH 32 aHAJIM3 HA TPYNIOB ChCTAB HA HedT % 0T 001110 M3cJIeIBAHNTE THIIOBE HedT
ASTM D2007 48,1
HewusBecTen meton 3,7
Teuna xpomarorpadus 18,2
HPLC 10,3
TLC-FID (latroscan) 12,6
mon. ASTM D4124 7,0

Pe3syaraTu u o0chKIaHE

Janante B Tabnmua 2. mokasBaT, de Hai-
LIMPOKO NMPUIIOKEHHE 3a aHainu3 Ha SARA cwc-
TaB Ha HedT e Hamepun Metoga ASTM D2007.
Tol e mpwiiarad 3a aHaJM3 Ha TPYNOBUS BbIJIe-
BOJOPOZIEH CHCTaB HA BCHYKH Tpynu HEPT:
CBPBX JIEKH, JIEKH, CPEHH, TEKKH, CBPBX TEKKH
TUNIOBE HEe(T W HEe(PTCHU ISACHUU M NPHUPOTHH
ourymu. CrenBamusT Hal-pa3npoCTpaHEeH Me-
TOJ, HO MOYTH C TPH IIBTH MO-MAJKO MPHIIOKE-
Hue ot meroga ASTM D2007, e Teunata xpoma-
torpadus. Ts chlIo € HaMepuiia IPUIOKEHHE 32
onpezensHe Ha SARA cbcTaB Ha BCUUKH TPYIH
HedT. CrepBamMAT MO CTENEH HA H3IOJ3Bae-
MOCT METOJ] € ThHKO CJIOHHAaTa XpoMaTtorpadus
TLC-FID (latroscan).
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Toi e nHamepun npunoxenue 3a SARA ana-
JU3 HA JIEKU, CPEIHH M TEXKH Turoe HedT. Ha
MPEANOCIeTHO MACTO MO MPUIIOKUMOCT CE€ Ha-
mupa momudummpanuss ASTM D4124 wmeron.
To#l cpmo e Hamepun npuioxkeHue 3a SARA
aHaJN3 Ha JIGKH, CPEITHU U TESIKKU THIIOBE HET.
HenoxnaaBanust (HeU3BeCTEH) METOJ 32 aHAJIH3
Ha TPYIOB ChCTaB Ha He(T, KONTO Hal-BEPOSTHO
ce OTHacs 0 Te4YHaTa XpoMaTorpadus € U3IoJI3-
BaH 3a aHaJIU3 Ha CBPBX JIEKH, CPEAHHU U CBPBX
TEXKHU THITOBE HEPT.

3a ma ce u3cienBaT B3aUMOBPB3KUTE MEXKIY
SARA ¢pakuunre, u3MepeHH 4pe3 MEeTTe U3MOI-
3BaHM METO/a 3a aHaJU3 Ha IPYNOB BBIVIEBOJO-
poneH cbcTaB Ha HePT Ogxa ChCTaBEHW KOpena-
LUUOHHM MaTPUIM 32 BCHYKH METOOM M TE ca
npencraseHu B Tabmumma 3-7.



Ta6auna 3. Kopenarmmonna marpuria Ha SARA (pakmumTe n 0OTHOCHTETHA TUTETHOCT HA M3CIICIBAHU-
te TumoBe HedT upe3 Meroga ASTM D 2007 (103 6post HedTeHn mpodn)

%Asp. in
SG Sat  Aro Res Asp AROstr. %Aroin AROstr. %Res in ARO str.  ARO str. ClI

SG (OTH.IIBTHOCT) 1,00
Sat -0,88 1,00
Aro 044 -0,51 1,00
Res 081 -091 0,16 1,00
Asp 0,80 -0,83 0,14 080 1,00
ARO str. 0,90 -0,99 0,54 089 084 1,00
%Aroin AROstr.  -0,78 0,89 -0,10 -0,96 -0,84  -0,85 1,00
%Resin AROstr. 0,69 -0,83 0,08 094 067 078 -0,96 1,00
%Asp.in AROstr. 0,76 -0,79 0,11 0,76 097 0,80 -0,85 0,66 1,00
Cll 0,62 081 -0,73 -0,61 -0,50  -0,81 0,61 -0,60 -0,49 1,00

CIl = mHImekc Ha KoiougHa HecTabmmHocT — 3HaumMa. [Ipm R > 0.95 Bpb3kara e cuiHa cra-
(Colloidal instability index)  TucTHuecku 3HauuMa. (R = koeduiueHT Ha KO-
_ Saturates+Asphaltenes penaum).

Aromatics+Resins ARO str. = apomMaTHH CTPYKTypH = apOMaTHU

*MapKkupaHuTe C IUTbTEH MWPUQPT YHuciaa ce
OTHACST 10 CTATUCTUYECKU 3HAYUMHU CTOHHOCTH.
IIpu R>0.75 Mexny OTAeIHWTE HapaMeTpH ce
CUMTa, Y€ UMa CTAaTUCTUYECKH 3HAUMMa BPB3Ka.
IIpu R > 0.75 < 0.85 ce cumra, ye BpB3KaTa €
CTaTHCTUYECKH 3HauuMa u ciaba. ITpu R > 0.85
< 0.95 Bpb3KaTa e cpeHa CTATUCTUIECKU

+ cMomm + acdanteHu; Sat = HacuTeHH; Aro =
apoMatHu; Res = cmonm; Asp = acanreHn.
%Aro in ARO str. = % apoMaTHH KOMITOHEH-
TH B apoMaTHHTE CTPYKTypH; YoRes in ARO str.=
% cMOIM B apoMaTHUTE CTPYKTyp; %Asp in
ARO str. = % acantenn B apoMaTHUTE CTPYK-

TypH.

Tabéauna 4. Kopenannonna matpuiia Ha SARA ¢pakiuute 1 OTHOCUTEIHA IUTBTHOCT HA U3CJICABAHU-

Te TUNIOBE HeT upe3 MeToAa ThHKOCOoWHA Xxpomartorpadusi (latroscan) (27 6post HedTeHn mpodn)
%Aro in %Res in %Asp. in ARO

SG Sat  Aro  Res Asp AROstr. ARO str. ARO str. str. Cll
SG 1,00
Sat 0,43 1,00
Aro 029 -0,84 1,00
Res 025 -034 -0,11 1,00
Asp 0,10 -021 004 -031 1,0
ARO str. 043 -1,00 084 033 021 1,00
%Aroin AROstr. 0,02 -034 078 -0,58 -0,12 0,34 1,00
%Resin AROstr. 0,02 027 -0,59 0,79 -0,52  -027 -0,76 1,00
%Asp. in AROstr.  -0,06 0,03 -0,11 -0,47 095  -0,02 -0,12 -0,55 1,00
cl 038 080 -0,71 -054 035  -0,80 0,33 0,10 0,59 1,00

Tabauua 5. KopenammonHa marpuiia Ha SARA (pakmuuTe n OTHOCHTETHA TUTETHOCT HA U3CIICABAHHU-
Te TUTIOBE HE(T Upe3 MeToaa BICOKO edekTrBHA TeuHa xpomartorpadus (HPLC) (22 6pos HedTeHn

mpoou)
ARO %Aro in ARO %Res in ARO %Asp. in ARO

SG Sat  Aro  Res Asp str. str. str. str. ClI
SG 1,00
Sat -0,89 1,00
Aro 0,85 -0,95 1,00
Res 0,88 -0,94 0,83 1,00
Asp 0,44 -0,63 046 053 1,00
ARO str. 0,89 -1,00 095 094 0,63 1,00
%Aro in ARO str.  -0,67 0,76 -0,55 -0,88 -0,64 -0,76 1,00
%Res in AROstr. 0,66 -0,65 049 0,86 0,28 0,65 -0,91 1,00
%Asp. in ARO
str. 0,39 -0,60 041 053 098 0,60 -0,70 0,35 1,00
CII -0,78 0,89 -093 -0,81 -0,38 -0,89 0,55 -0,51 -0,37 1,00

Tabéauna 6. Kopenannonna matpuiia Ha SARA ¢pakiuuTe 1 OTHOCUTEIHA IUTBTHOCT HA U3CJICABAHU-
Te TUnoBe HedT upe3 merona ASTM D 4124 (15 6pos Hedrenu mpodn)
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%Asp. in

SG Sat Aro Res Asp  AROstr.  %Aro in ARO str. M ARO str. ClII
SG 1,00
Sat -0,90 1,00
Aro 0,66 -0,82 1,00
Res 0,84 -0,83 048 1,00
Asp 0,76  -0,85 0,73 0,50 1,00
ARO str. 090 -0,99 0,86 0,81 0,85 1,00
%Aro in ARO str. -0,68 0,68 -020 -0,87 -0,51 -0,65 1,00
%Res in ARO str. 021 -0,13 -0,31 0,64 -023 0,09 -0,70 1,00
%Asp. in ARO str. 0,69 -0,78 0,64 043 097 0,78 -0,53 -0,23 1,00
CII -0,77 0,90 -0,75 -0,87 -0,61 -0,90 0,71 -0,34 -0,57 1,00

Ot nannuTte, npencraBenu B Ta0muma 3-6 ce
BHJKJIa, Y€ BCUYKU MeToau 3a SARA aHanu3 Ha
He(T, C U3KIIOYCHNE HAa THHKOCIOWHATa XpOMa-
Torpadusi MOKa3BaT CTATHCTHYECKH 3HAUYMMa
Bpb3Ka MEXIy CBABPXKAHUETO HAa HACUTCHU
KOMITOHEHTH M apOMaTHH CTPYKTYPH C OTHOCH-
TeJNHaTa IIBTHOCT Ha Hedra. Meronure ASTM
D 2007, ASTM D 4124 u Bucoko edexkTuBHaTa
Te4YHa Xpomarorpadus MoKa3BaT CpejiHa CTaTHC-
TUYECKU 3HaYMMa BPB3Ka MEXKIY ChIBPKaHUETO
Ha HACUTEHH KOMIIOHEHTH M apOMAaTHHU CTPYKTY-
P C OTHOCHTENHATA ILTBTHOCT Ha He(dTa, a Me-
TOI'BT HA TEYHATA XpoMaTorpadus IeMOHCTpHpa
CHJIHA CTAaTHCTHYECKH 3HAYMMa BPB3Ka MEXKIY
Te3u mokasatenu Ha Hedra. [lomoOHa Bpb3Ka
MEXIy IUTBTHOCTTA U ChAbP)KaHUETO Ha HacHTe-
HU KOMIIOHEHTHM W apOMaTHU CTPYKTypH Oere
YCTaHOBEHA M B HAIIETO CKOPOIIHO H3CJIe/IBaHE
3a BaKyyMHH OCTaTbBIIHM, MOJYYEHH OT BCHYKH
rpynu turoBe HedT [46]. OT TyKk MOXe na ce
HampaBd W3BOJA, Y€ IUTBTHOCTTa Ha HepTa U
He(TCHUTE JIEpUBATH € OCHOBEH IOKa3aTell, Xa-
paKTepu3upaln XUMUYECKaTa Mpupoaa Ha HedTa
Upes U3n013BaHE HA HENMHEWHUSI METOJT Ha Hail-
MaJIKUTE KBaJIpaTu Oellle n3BeJeHa MaTeMaTHYHa
3aBHCHUMOCT, CBBp3Balla ITUIBTHOCTTAa Ha HedTa
CbC CBHABPKAHMETO HAa AapOMAaTHU CTPYKTYpH.
Ta3u 3aBUCHMOCT € MOKa3aHa 4pe3 ypaBHEHHE 1
u Ha Owur.1.

ARO str.= 100

0.2748+5.198e~47875G

(1

239

KB/JIETO,

ARO str. = cpappKaHre Ha aQpOMaTHH CTPYK-
TypH, Mac.%

SG = oTHOCUTEIHA IIIBTHOCT

CpenHOTO a0COMIOTHO OTKIIOHEHHE Ha TpeIC-
Ka3aHWTEe [0 ypaBHEHHE | CTOMHOCTH Ha ChIBP-
JKaHUETO Ha apOMaTHH CTPYKTYpH B HepTa

OT T€3W Ha U3MEPEHUTE CTOWHOCTH, KaTo Ob-
JIaT U3KJIIOUEHUTE JaHHUTE OT latroscan aHanu3za
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BBb3NK3a Ha 7.5%. Hamwure npenuuiHu usciensa-
HUs [46] moka3axa, 4e KOrato OTKJIOHEHHETO Ha
MpeICKa3aHUTe OT H3MEPEHUTE CTOHHOCTH Ha
ChIBP)KAaHHETO HAa apOMaTHU CTPYKTYpU € IO-
roJIiIMO OT CPEAHOTO aOCONIOTHO OTKIJIOHEHHE
TOBa TIPEAIoJIara HEKOPEKTHO M3BBHPIICH aHaJH3
1 TOH TpsOBa na ce moBTopu. He momunHsBaHeTo
Ha Ta3u 3aBUCUMOCT 3a AaHHuTe oT SARA ana-
T3a, W3BBPIICH 4Ype3 METo/a Ha ThHKOCIOWHA
xpomatorpadust (TLC, latroscan) mokassa He-
ChIJIaCHE HA TO3W METOJ 32 aHAJIH3 C OCTAHAIIUTE
MeTo/H, (haKT, KOWTO Beue € KOMCHTHUPAH B JpY-
T'M HM3CIelIBaHMs, W3pa3siBallli HEAOBEpUE B pe-
3yJITaTUTE OT TO3M AHAIN3 MOPagd TOJEMUTE
IpEelIKH, U3BHPIIBAHH PH OBTOPHO M3BBHPILBA-
HE Ha aHaJIu3 Ha eqHa U cbiia npobda [48]. [Ipu-
yyHaTa 3a HeTouHuss SARA aHanu3 upe3 Merona
Ha  ThHKOcmoWHa  xpomatorpadus  (TLC,
Iatroscan) ce mpemucBa Ha MpoOiieMa CbC CHUITHO
agcopOupannTe acQanTeHl, KOUTO HE MHUTPHpAT
10 IBJDKUHATA Ha XpoMaTorpadckus mpeT [47].

W3BbpHICHUAT OT HAC aHANM3 Ha JaHHUTE 3a
IPYNOBHS ChCTAB Ha CBPBX JICKH, JICKH, CPEIHH,
TEXKH, CBPBX TEXKH THIOBE HepT, He(DTEeHHU
MSICBUM W TPUPOAHU OWUTYMH, MyOJIMKYBaHU B
JUTEpaTypara, KakTo M HAIUTE W3CJICIABAHUSA C
pa3iuYHU METOIH 3a onperensHe Ha SARA cbe-
TaBa Ha BAKyyMHH OCTAaThLM OT PA3JIUYHHU THUIIO-
Be HE(DT MOTBBPXKIABAT 3HAUUTEITHOTO OTKIIOHE-
HUE Ha 3aBUCHMOCTHTE MeX1y SARA ¢pakuumu,
HaO0JII01aBaHU IPU OCTaHAIWTE YETUPU METOAA
3a SARA anaimm3z ASTM D 2007, ASTM D
4124, HPLC, u Tteuna xpomatorpadus (LC) u
metoza latroscan. OT Tyk MOXXe [1a ce Hampasu
U3BOJIa, Y€ PEe3ylATaTuTe OT TBHKO CIJIOMHATa
xpomaTtorpadusi ca HECPaBHUMH C OCTAHAIIUTE
METO/IY 32 aHaJIU3 U, Y€ TO3U METOJ 3a aHaJIHU3 ce
OTJIMYaBa C BUCOKA MOIPEIIHOCT CHOPE] U3CIe-
BaHMsATa Ha Youtcheff [47].
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@ur. 1. 3aBUCUMOCT Ha CHIBPIKAHUETO HA aPOMATHHU CTPYKTYPH B He(pTa OT HEroBara INIbTHOCT

Ot ganaute B Tabmuma 3-6 MOXKe 1a ce BUIH,
Ye ¢ MOBHIIABAHETO Ha CHIBPIKAHUETO HA apo-
MaTHU CTPYKTYpH M ILTBTHOCTTa Ha Hedra Ha-
pacTBa OTHOCHTEIHHS Jsjla Ha  CMOJIHO-
actanroBute komnoHeHTH. C JIpyru AyMHu Iio-
BUIIIABAHETO HA ILTBTHOCTTA € CBBbP3aHa HE CaMo
C yBeJIMYaBaHE Ha apOMATHUTE CTPYKTYpH B
He(Ta, HO W C TOBHWIIABaHE HA OTHOCUTEIHUS
JIUT Ha CMOJHO-ac(aliTOBUTE KOMIIOHEHTH 3a
CMCETKa Ha HaMaJIsIBaHE Ha OTHOCUTCIIHUA 51J1 HaA
apoMaTHUTe KOMMOHeHTH. ChIO Taka MOXeE Ja
ce oTOeNnexu, 4e yBeIn4aBaHeTO Ha ChAbPIKaHHU-
€TO0 Ha HACHUTCHH KOMIIOHCHTH CTAaTHCTHYCCKU
3HAYUMO KOpEJHUpa C IMOBHUINIABAHE HA CTOWHOCT-
Ta HA UHJIEKCA HA KOJIOWHA HECTAOMITHOCT, KOe-
TO MpeJrnoiara, 4ye TUMOBETe He(T, KOUTO UMAT
M0-BUCOKO ChIbpP)KAHUE Ha HACUTECHHU KOMIIO-
HEHTH MOTAaT Jia OBJaT KOJOUIHO HECTAOWIHU U
Jia criocoOCTBAT 3a OBUIIIABAHE HA CKOPOCTTA Ha
CeAMMEHTO00pa3yBaHe MpU JAOOMBAHETO M Ipe-
pabotBaHeTo UM. To3u (DaKT CHINO € MOTBHPICH
B H3ClEBaHUATa Ha Xiong W KOJIEKTHB [42],
JOKJIa/IBallIl, Y€ IpoOsIeMHUTe ¢ 00pa3yBaHETO Ha
CeJMMEHTH B TIpolieca Ha OOUB Ha HE(T ce HaO-
JFO/IaBaT 3HAYUTEIHO MO-YECTO TPU JICKUTE TH-
MOBE OTKOJIKOTO MPH OCTAHAINTE THIIOBE HEPT.

3akiaouenue

W3BbpiIeH e aHaIn3 Ha 3HAYMTENEH 10 00eM
JUTEePATYPHH JaHHU 3a TPYIIOB BBIIICBOJOPOJICH
CBhCTaB HA CBPBX JIEKH, JIEKH, CPEAHH, TEKKHA U
CBPBX TEKKH THIOBE HedT, HEPTECHHU IMACHIH U
OuTyMH. YCTAaHOBEHO €, Y€ Hai-W3MOJI3BAHHST
meton 3a SARA amamm3 Ha Hept ¢ ASTM D
2007, cnemBaH OT METO/Ia Ha TeYHATa XPOMAaTOT-
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padwusi. 3HAYATETHO ITO-MAJKO TPIIIOKEHHE Cca
HaMEPHUIIN METOIWTE Ha BUCOKO e(eKTHBHA Ted-
Ha xpomarorpadus (HPLC) um mopduumpanus
metosu ASTM D 4124, xoiito ¢ pa3paboTeH 3a
aHaM3upaHe Ha OUTYMH U TEXKH He()TEHH OC-
TaTbUU. MEeTOIBT Ha THHKOCIOIHATa XpOMATOr-
padus (TLC, latroscan) noknanBa pesynTatw,
3HAYUTEITHO OTJIMYABAIM C€ OT Te3HW Ha OCTaHa-
JUTEe YEeTUPU MeTona. 3a TO3W METOJ[ CHIIO Ce
chOOIIaBa B HAy4yHATa JIUTEpaTypa, 4e ce OTIIH-
YyaBa C M0-BUCOKa HETOYHOCT [47].

UzBeneHo e ypaBHEHHE, KOETO MpeicKa3Ba
ChABPKAHUETO HA apOMaTHH CTPYKTYPH B HedTa
OT HEroBaTa IUTBTHOCT ChC CPEIHO aOCOIFOTHO
OTKJIOHEeHHE OT 7.5%. YBenuuaBaHeTO Ha ILTHT-
HOCTTa Ha HEe(Ta € CBbP3aHO HE CAMO C TTOBUIIIA-
BaHE CBHIBPIKAHUETO HAa apOMATHU CTPYKTYpPH,
HO M C yBeJIMuYaBaHE HA OTHOCHUTEIHHS I Ha
CMOJTHO-ac(haITOBU KOMITIOHCHTH B T€3U apoMar-
HU CTPYKTYPH.

TunoBere HE]T C MO-BHCOKO ChIABpPKAHUE HA
HACUTCHH KOMIIOHEHTH MMAaT TO-BHCOK HHJIEKC
Ha KOJIOMJTHA HECTaOWIIHOCT, KOETO IMpearoiara
MO-ToJsIMa CKIIOHHOCT KbM OOpa3yBaHe Ha ce-
IUMEHTH B Tpolieca Ha TEXHHs 00U U Tpepa-
0oTKa.
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HN3CJIEJABAHE HA I'PYIIOBUA BBIVIEBOJOPOJEH CBbCTAB HA BAKYYMHMU
OCTATHIU OT PA3JIMYHU TUIIOBE HE®T, HEOGTEHMU IIACBIHU U BUTYMU
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INVESTIGATION OF THE GROUP HYDROCARBON COMPOSITION OF VACUUM
RESIDUES FROM DIFFERENT TYPES OF CRUDE OIL, CRUDE OIL SANDS AND
BITUMENS

Lilyana Todorova-Yankova, Dobromir Yordanov, Dicho Stratiev, Ivelina Shishkova

ABSTRACT: This article presents a study on the various methods for analyzing the group hydrocarbon
composition of vacuum residues obtained by vacuum distillation of ultralight, light, medium, heavy and ultra
heavy types of oil, oil sands and bitumens reported in the scientific literature. 175 samples of vacuum residue
were studied, the group hydrocarbon composition of which was determined by the methods: ASTM D 2007,
ASTM D 4124, liquid chromatography, high performance liquid chromatography and thin layer
chromatography. Correlation analysis examined the relationships between the contents of the individual
hydrocarbon groups analyzed by the five different methods. Using the nonlinear least squares method, the
derived equation allows predicting the content of aromatic structures in vacuum residue of ultralight, light,
medium, heavy and ultra heavy types of crude oil, crude oil sands and bitumens reported in the scientific
literature. This equation can be used to verify the correctness of the analysis performed for a group hydrocarbon
composition of crude oil. If the deviation is greater than 4%, the analysis may be considered incorrect and
should be repeated.

Key words: petroleum vacuum residue, group hydrocarbon composition, saturates, aromatics, resins,
asphaltenes

BbBenenue U CIIEIOBATEIIHO MOTaT J1a CE CYMTAT HEU3BeC-
THM 3a 4YoBedecTBOTO [7]. ETO 3amo eguH ot

BakyymHuEST OcTaThK (TyOpoOH), TOJTy4YaBaH  OCHOBHHTE METOAM 32 OXapaKTepU3WpaHe Ha
Ipy BaKyyMHaTa JeCTWIalus Ha aTMOocepHHs  TYIpPOHH € HEroBOTO (ppakiMOHMpaHE Ha HacH-
OCTaThK, MOJNyYeH MpU aTMOcepHa AecTUIanus  TeHH (saturates), apoMaTHH (aromatics), cMOJIU
Ha He(T € HaH-HHUCKO CTOMHOCTHHS HeTeH me-  (resins) u acdantenu (asphalthenes) = SARA [8,
puBar. [Ipuumnnara 3a HUCKaTa CTOWHOCT HAa To3u  9]. ['pymnoBHST BBIVIEBOJOPOACH CHCTaB Ha
He(TONPOIYKT c€ IBJDKM Ha OTPAaHMYEHOTO My  TyApOHa, M3BecTeH ¢ aOpeBuatypata SARA, e
npuioxenue. Toil Moke a ce M3MONA3Ba KaTO  BaKHA XapaKTEPHCTHKA HA BaKyyMHHUSI OCTaThK
CYypOBMHA 3a TMOJIyyaBaHe HA TBTHH OWUTYMH, TP M3IMOJI3BaHETO MYy KaTo CypOBHHA 3a pas-
KOMIIOHEHT 3a TPOU3BOJCTBOTO HAa TEXKO KO-  JHYHM KOHBepcHMOHHHM mnpouecu [10-17]. Hero-
TEJIHO TOPHUBO, YMETO MPWIOKEHHUE 3HAYMTEIIHO  BOTO M3BBPIIBAHE I[IO3BOJISIBA Ja C€ HaMalu
ce orpannum cien Biauszane oT 01.01.2020r. Ha  CIOKHOCTTa Ha CMECTa OT KOMIIOHEHTH, KOWTO
cnenudukarmara IMO 2020 [1], u kato cypoBH-  H3TpayKaaT TyApOHA M Jla ce TPUIOKAT ChBpe-
Ha 32 KOHBEPCHOHHUTE MPOLECH TEPMUYEH Kpe-  MEHHH MHCTPYMEHTAJIHM METOOU 3a aHaju3,
KUHT (BUCOpEHKUHT U KOKCyBaHe [2, 3]), m Xua-  KouTo Ja aHanusupatr otaenHute SARA ¢pak-
porpepaboTBaHe (XUAPOKpeKHHr, xupporperu- 1mu [19, 20]. Kakro u mpu SARA ananmuza Ha
pane [4, 5]). I'yaponbt e Haii-mupokara Hedre-  Hedra, Taka W MPH aHAJIM3a Ha T'YAPOHA CE M3-
Ha (pakuus ¢ uHTEpBai Ha KuneHe Hax 540°C ¥ 10J3BaT pa3MYHU TEXHHWKH, KOMTO MOrar ja
kpaii Ha kuneHe Mexay 1000 u 2000°C [6]. Hax ~ ObaaT kBanudUUUpaHd B IET OCHOBHU METOJA:
95% ot mMonekynurte, Kouto Biau3ar B cbecraBa Ha  ASTM D 2007, ASTM D 4124, teuna xpoma-
€IMH TYAPOH HHUKOTa He ca Owin u3onupanu wim  Torpadus (LC), Bucoko edexkTuBHa TeuHa Xpo-
UACHTUDUTTPAHT matarpadpus (HPLC), u ThHKO cioiiHa Xpoma-
torpadus [21]. Mmaliku npeaBua, ye OlEHKaTa

Ha JIEHCTBHETO Ha pasjInYHUTE IIpOLecH 3a Ipe-
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pa0oTBaHe Ha BaKyyMHHU OCTaThLU 3aBHUCH OT
nH(popmarusaTa, kosiTo SARA ananm3a gaBa u
(akTa, 4e pa3IMIHUTE METOAN MOTaT Jia TOKJIa-
BaT Pa3lWYHU PE3yNTaTH MPEICTaBIsiBa HHTEPEC
3aBUCUMOCTHUTE MEXIY ChIbP)KaHHETO Ha MHIU-
BUAYaJIHUTE BBIJIEBOAOPOJHU I'PYNU M METOAA,
10 KOWTO TAXHOTO ChABbPKAHUE CE ONPENEISL.

ToBa o0yciaBsi 1eiTa Ha HACTOSIIOTO W3C-
JeBaHe, a WMEHHO 0000IaBaHe Ha TOJISIM IO
o0eM HaHHHW, AOKJIAJIBaHMU B JMTEpaTypara 3a
IPYIIOB BBIJIEBOJOPOJCH CBhCTaB HA BAaKyyMHHU
OCTaTBIH, TIOJIyYCHH OT PAa3IUYHU THIIOBE HEPT,
MOJYYEeHU OT Pa3lIWYHU METOIU U THPCEHETO Ha
3aBUCUMOCTH Mexay SARA cwcraBa, ¢usuko-
XMMHYHUTE CBOWCTBA HA TYAPOHA. M Pa3TUYHUTE
JOKJIaZIBAaHU B JIUTEpaTypaTa XapaKTepUCTUYHH
WHJIEKCH.

ExcnepumeHnTanna yacr

175 mpobu 0T BaKyyMHHU OCTATBIIH, TTOYICHH
OT CBPBX JIEKH, JICKH, CPEIHHU, TEXKKH, CBPBX
TEXKH TUTIOBE HEDT, HEPTCHH TISICHIU U TIPH-
ponHu OuTymHu ca aHanm3upanu 32 SARA cbcrar
B 25 [22-46]. Tabn.1 00001aBa 1aHHUTE 3a IPy-
moBus cbeTaB (SARA = HACA), chabpxaHHEeToO
Ha apOMaTHH CTPYKTypH (CyMaTa OT BCHYKHU
(dpakuuu, KOUTO CHABPKAT apOMaTCH BBIVICPOI.
ToBa ca apomaTHH, CMOJHH ¥ ac¢anTeHOBH
KOMITOHEHTH) W OTHOCHTEIIHATa ILTBTHOCT Ha
u3cnenBanute 175 mpobu ot ryaponu. [let me-
TO/a ca CITOMEHATH KaTo M3MOJI3BaHU 3a aHAIHM3a
Ha SARA chcTaBa Ha BaKyyMHHTE OCTaThIU U
TSAXHOTO TPOLEHTHO pasmpejeieHue 3a 0Oazata
JaHHU oT 175 mpoOu OT rypoH e MpeacTaBeHa B
Tabm. 2.

Taéauua 1 I'pynos BerieBogopozaeH (SARA) cectaB Ha 175 mpoOu OT TyApoH, MOTYYeHU TPH Ba-
KyyMHa JIECTHJIAIUS Ha CBPBX JICKH, JICKH, CPEJIHU, TEKKH, CBPhX TEKKH THIIOBE HEPT U HEYTCHU

IACHUA U NPUPOIHN 6I/ITyMI/I
Apo-
Mart- Marepu-
Hacu- | Hm, Acdan- | ApomaTHH | ajleH
OTH. TeHH, Mmac. Cmoutd, | TeHH, CTPYKTYpH, | 6ajaHc, SARA (HACA)

Nr MIBTHOCT | Mac.% | % mac.% | mac.% | mac.% Mmac. MeTo/
Daging [22] 0,9392 41,9 32,7 25,4 0 58,1 TedHa XpoMaror-

1 100,0 padus
Shengli [22] 0,9724 16,1 30,6 51,1 22 83,9 Te4YHa XpOMAaTor-

2 100,0 padus
Saudi light [22] 1,0045 16,5 49,5 26,8 7,3 83,6 TeHHA XpOMATOr-

3 100,1 padust
Saudi medium [22] 1,0258 15,9 40 33,7 9,3 83 TedHa XpOMaTor-

4 98,9 padust
Iranian light [22] 1,0057 18,5 44,8 30,6 6,1 81,5 TedHa XpoMaror-

5 100,0 padus
Iranian heavy [22] 1,0222 12,6 46,6 29,9 10,8 87,3 TedHa XpoMaTor-

6 99,9 padus
Oman [22] 0,9637 26,3 40,6 31,2 2 73,8 TCYHA XpOMATOTI-

7 100,1 padust
Athabasca bitumen [22] 1,0596 6,3 33 29,4 314 93,8 TedHa XpOMaTor-

8 100,1 padust
REBCO [23] 0,9984 24 62,7 10,2 32 76,1 TedHa XpoMaror-

9 100,1 padust
MVRBEF [24] 1,015 14,76 67,9 6,4 10,5 84,8 TEYHa XPOMATOr-

10 99,6 padwust
HRA [24] 1,0516 5,63 68,1 11,9 13,7 93,7 TeYHa XPOMATOT-

11 99,3 padust
BHSR [24] 0,9608 32,89 59,8 4,23 4,5 68,53 TeYHa XPOMATOT-

12 101,4 padust
D 22 0,979 30 32,2 37,3 0,5 0 TEYHa XPOMATOT-

|3 | Dagang [22] 97 , 7, , 7 1000 | pacbos
Gudao [22] 0,9945 17,3 31 48,4 33 82,7 TEYHA XpOMATOr-

14 100,0 padus
SQVR [22] 1,0173 19,7 60 20,3 0 80,3 TEYHA XPOMATOr-

15 100,0 padust
SZVR [22] 1,0209 15,7 52,7 31,6 0 843 TE4Ha XpOMaTor-

16 100,0 padust
Resid A [25] 1,0546 10,8 48,4 11,1 29,2 88,7 TedHa XpoMaror-

17 99,5 padwust
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Resid B [25] 1,0706 11,8 45 11,4 32,4 88,8 TCHHa XpoMaTor-
18 100,6 padus
Resid D [25] 1,0316 18,9 | 612 12,2 8,6 82 TcHHa XpoMatror-
19 100,9 padus
Resid E [25 0,9936 27,5 54,7 14,9 44 74 TCHHa XpoMaror-
50 | ReSIE(25] 101,5 | padus
Resid F [25] 1,0456 6.3 47,1 37,4 12 96,5 TCHHa XpoMaTor-
21 102,8 padus
Columbian VR1 [26] 0,9968 16,1 41,1 36,4 6.3 83,8 TCHHa XpOMaTor-
22 99,9 padus
Columbian VR2 [26] 1,0118 146 | 423 37,2 5.8 85,3
23 99,9 ASTM D2007
Columbian VR3 [26] 1,0273 12,1 | 551 18,4 14,4 87,9
24 100,0 ASTM D2007
Columbian VR4 [26] 1,0155 6,3 53,3 29 11,4 93,7
25 100,0 ASTM D2007
Columbian VRS [26] 1,0319 134 | 36,1 30,7 19,8 86,6
26 100,0 ASTM D2007
Columbian VR6 [26] 1,0046 17,5 | 384 | 336 10,4 82,4
27 99,9 ASTM D2007
Columbian VR7 [26] 0,9926 22,5 | 442 27 6,3 77,5
28 100,0 ASTM D2007
Columbian VRS [26] 0,9961 20,8 | 41,9 | 327 46 79,2
29 100,0 ASTM D2007
Columbian VR9 [26] 0,9849 17,5 | 399 | 308 11,8 82,5
30 100,0 ASTM D2007
Athabasca [27] 1,0231 163 | 398 | 285 14,7 83
31 99,3 ASTM D2007M
Cold lake [27] 1,0019 194 | 381 26,7 15,5 80,3
32 99,7 ASTM D2007M
Lloydminster[27] 0,9968 23,1 | 41,7 19,5 15,3 76,5
33 99,6 ASTM D2007M
Peace River [27] 1,003 20,8 | 41,1 22,1 16 79,2
34 100,0 | ASTM D2007M
Venezuela 1 [27] 1,0176 154 | 444 25 15 84,4
35 99,8 ASTM D2007M
Venezuela 2 [27] 1,0167 20,5 38 19,6 21,8 79,4
36 99,9 ASTM D2007M
Russia [27] 0,9822 25 31,1 37,1 6,8 75
37 100,0 | ASTM D2007M
Indonesia [27] 0,9629 232 | 339 | 382 47 76,8
38 100,0 | ASTM D2007M
Ural straight-run vacuum 10029 | 124 | 451 | 359 47 85,7 TedHa XpoMaTor-
39 | residue [28] 98,1 padus
S ;
30 % DAQ from Daqing 09071 | 674 | 239 8,7 0 32,6 TeUHa XpOMATOr-
40 | VR [29] 100,0 padus
40 % DAO from Daqing TEYHa XpOMaTor-
0,9103 66,5 | 24,7 8.8 0 33,5
41 | VR [29] 100,0 padus
0 ,
30 % DAO from Daqing 09121 | 634 | 256 | 11 0 36,6 TeuHa XpoMaTor-
42 | VR [29] 100,0 padus
60 % DAO from Daqing TeuHa XPOMATOr-
0,9137 60,9 28 11,1 0 39,1 p
43 | VR [29] 100,0 padus
S -
50% DAO from Shengli 09459 | 452 | 362 | 187 0 54,9 TeHHa XPOMATOr-
44 | VR [29] 100,1 padus
60 % DAO from Shengli TEYHa XpOMaTor-
0,9514 39 39,7 | 21,3 0 61
45 | VR [29] 100,0 padus
0,
30 % DAO from GudaoVR | 9446 | 443 | 415 | 142 0 55,7 TexIHa XpOMATOr-
46 | [29] 100,0 padus
40 % DAO from Gudao TeuHa XPOMATOr-
0,949 24 | 421 15,6 0 57,7 p
47| VR [29] 100,1 padus
0,
50% DAO from Gudao 09537 | 358 | 461 | 182 0 64,3 TeHHa XPOMATOr-
48 | VR [29] 100,1 padus
60 % DAO from Gudao TEYHA XPOMATOT-
0,9588 322 | 474 | 204 0 67,8
49 | VR [29] 100,0 padus
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30 % DAO from

0,9291 579 | 293 12,9 0 422 TedHa xpomator-
50 | DagangVR [29] 100,1 padust
40 % DAO from Dagang TE4Ha XpOMaTor-
0,9328 57,5 | 30,9 12 0 42,9 P
51| VR[29] 100,4 padust
0,
50 % DAO from Dagang | 9359 | 515 | 346 | 139 0 48,5 TEHHA XPOMATOT-
52 | VR [29] 100,0 | padus
60 % DAO from Dagang 0.9386 492 35.5 153 0 50,8 TEYHa XpOMaTor-
53 | VR [29] 100,0 | padus
30 % DAO from Huabei TeYHa XpOMaTOr-
0,9197 64,8 25 10,2 0 352
54 | VR [29] 100,0 padust
- ,
40 % DAQ from Huabei 09201 | 645 | 248 | 107 0 35,5 TeHa XpoMaTor-
55| VR [29] 100,0 padust
50 % DAO from Huabei TeYHA XpPOMATOr-
0,9236 60,4 | 274 12,2 0 39,6 P
56 | VR [29] 100,0 | padus
60 % DAQ from Huabei 09295 | 567 | 292 | 141 0 433 TetHa XpoMaTor-
57 | VR[29] 100,0 | padus
30 % DAO from Liaohe TeYHa XpOMaTOr-
0,9543 44,8 | 354 19,8 0 55,2
58 | VR [29] 100,0 | padus
- ,
40 % DAQ from Liaohe 09589 | 435 | 357 | 208 0 56,5 TeHa XpoMaTor-
59 | VR [29] 100,0 padust
50 % DAO from Liaohe TEYHA XpOMATOT-
0,962 38 38,1 23,9 0 62 P
60 | VR [29] 100,0 | padus
0 ;
60 % DAO from Liaohe 09667 | 352 | 397 | 251 0 648 TetHa XpoMaTor-
61 | VR[29] 100,0 | padus
Gudao residual oil [30] 0,9969 155 | 333 48,1 3,1 84,5 TedHa xpomator-
62 100,0 padust
Cold lake VR [31] 1,0365 11 387 | 326 17,7 89 TCTHA XpoMator-
63 100,0 padust
Forties VB [23 1,0364 14,5 | 59,94 | 16,35 9,1 85,3 TCHHA XpoMator-
o4 | FoTtics [23] , , 9,9 , ) ,39 99.9 padpms
Cold Lake vacuum bottoms | 4354 | 1117 | 4628 | 1822 | 244 88,9 TetHa XpoMaTor-
65 | [32] 100,0 | padus
Venezuela Orinoco TEYHa XPOMATOr-
66 | Vacuum Residue [33] 1,0388 | 12,51 | 42,69 | 33,56 | 1124 87,49 1000 | pads
Daging VR [34] 09289 | 4338 | 3752 | 189 0,2 56,62 TedHa XpOMaTor-
67 100,0 padust
K: VR [34 0,984 22,03 | 28,05 | 49,3 0,55 9 TCHHA XpoMator-
o3 | Karamay [34] .9 > > 9,37 ’ 71,97 100,0 | padus
LiaoheVR [34] 1,0034 | 11,18 | 36,83 | 47,65 4,34 88,82 TedHa xpomator-
69 100,0 padus
VenezuelaVR [34] 1,0532 8,52 | 40,34 | 33,66 17,48 91,48 TedHa xpomator-
70 100,0 padust
REF [35] 1,0395 0,9 62,8 36,3 0 99,1
71 100,0 ASTM D2007
Dagang atmospheric TEYHA XpOMATOr-
75 | residue SFEF7 [36] 0,9103 583 | 3557 | 6,12 0 41,69 1000 | pads
Dagang atmospheric TE4Ha XpOMaTor-
73 | residue SFEF [12] 0,9267 49,7 | 40,67 | 9,62 0 50,29 1000 | pads
i light VR1 [36 0,9432 | 46,89 | 4796 | 5,16 0 53,12 TCHHA XpoMator-
74 Saudi lig [36] , ,89 7,9 s s 100,0 padus
Saudi light VR2 [36] 09559 | 40,91 | 52,73 | 635 0 59,08 TEYHA XPOMATOT-
75 100,0 padus
Saudi light VR3 [36] 09634 | 32,34 | 5888 | 878 0 67,66 TeUHa XpOMATOr-
76 100,0 padust
Saudi light VR4 [36] 09714 | 28,89 | 62,18 | 8,93 0 71,11 TCTHA XpoMator-
77 100,0 padust
i light VRS [36 0,9789 | 24,02 | 66,82 | 9,16 0 5,98 TCHHA XpoMator-
78 Saudi lig [36] 97 X R s 75, 100,0 padpms
Saudi light VR6 [36 0,9947 | 1541 | 71,1 | 1348 0 84,58 TedHa xpomator-
79 | DU e [36] 100,0 | pagus
Saudi light VR7 [36] 1,0232 556 | 73,65 | 208 0 94,45 TetHa Xpomator-
80 100,0 padust
Saudi light VRS [36] 1,0606 1,22 | 72,46 | 26,31 0 98,77 TCHHa XpoMator-
81 100,0 padust
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Saudi medium VR2 [36] 0,9484 40,82 | 51,35 7,92 0 59,27 TEHA XpOMATOr-
82 100,1 padus
Saudi medium VR3 [36] 0,961 31 59 9,9 0 68,9 TeUHa XpoMaTor-
83 99,9 padus
i ium VR4 [36 0,974 24.8 62.8 12.31 0 511 TEYHA XPOMATOI-
g4 Saudi medium [36] 97 .89 , , 75, 100.0 e
Saudi medium VRS5 [36] 0,9937 8,67 76,68 | 14,64 0 91,32 TeUHa XpoMaror-
85 100,0 padus
Saudi medium VR6 [36] 1,0056 2,49 74,68 | 22,83 0 97,51 TEHA XpOMATOT-
86 100,0 padus
Saudi medium VR7 [36] 1,032 0 72,92 | 27,07 0 99,99 TEYHA XpOMATOr-
87 100,0 padus
A3[37] 1,038 9,2 39,9 35,7 15,2 90,8 TeYHa XPOMATOT-
88 100,0 padus
B1[37] 0,9814 18,8 33,7 45,7 1,8 81,2 TEYHa XpOMAaTor-
89 100,0 padus
B2 [37] 0,9998 14,5 34,8 47,2 3,5 85,5 TEYHa XpOMAaTor-
90 100,0 padus
B3 [37] 0,9835 22,1 38,7 35,9 3,3 77,9 TEYHA XPOMATOT-
91 100,0 padus
Cl1[37] 0,9718 30,9 | 38,5 29,5 1,1 69,1 TEUHA XPOMATOr-
92 100,0 padus
C3[37] 1,0364 6,3 3,5 84,6 5,6 93,7 TEUHA XPOMATOr-
93 100,0 padus
C4[37] 1,0146 21,5 19,1 56 3.4 78,5 TEYHa XpOMAaTor-
94 100,0 padus
D1[37] 0,9538 39,8 | 30,1 29,3 0,8 60,2 TEUHA XPOMATOr-
95 100,0 padus
D2 [37] 0,9629 34,1 32 33,1 0,8 65,9 TEUHA XPOMATOr-
96 100,0 padus
D3 [37] 0,9881 19,4 35 44,7 0,9 80,6 Te4YHa XPOMATOr-
97 100,0 padus
Texas [38] 1,119 4 17 37 43 97 TEUHa XpOMATor-
98 101,0 padus
Alaska [38] 0,997 23 22 35 18 75 TEYHA XPOMATOr-
99 98,0 padus
Canada 1 [38] 1,014 18 33 30 20 83 TeuHa XpOMaTor-
100 101,0 padus
Utah [38] 1 19 14 46 20 80 TEUHa XpOMATor-
101 99,0 padus
Venezuela [38] 1,013 19 32 29 18 79 TE€4YHa XpOMaTor-
102 98,0 padus
Tempa Rossa [39] 1,12 2 48,8 12,4 36,8 98 TCHHA XpOMAaTOr-
103 100,0 padus
Urals1 [40] 1,00 14 36,2 43 6,8 86
104 100,0 ASTM D4124
ME, [40] 1,05 8 39,2 44 8,8 92
105 100,0 ASTM D4124
L. 40 0 15,5 38 41 5,5 84,5
106 SCO. [40] 99 ’ ’ ’ 100,0 ASTM D4124
859 15% ME, [40 1,00 13 36,3 434 6,6 86,3
107 | BAUT15% ME, [40] ’ 7 ’ ’ ’ ’ 100,0 | ASTM D4124
80%Ur/20% ME, [40] 1,01 13,3 39,9 40,3 6,5 86,7
108 100,0 ASTM D4124
70%Ur/30% ME, [40] 1,01 11,7 36,8 43,7 7,8 88,3
109 100,0 ASTM D4124
0,
14%U1/36%LSCO/50%ME 1.02 10,1 39.1 27 8.1 £9.9
110 | [40] 100,0 | ASTM D4124
Madero [41] 1,05 8,4 232 41,5 26,8 91,5
111 99,9 ASTM D4124
Tula [41] 1,05 7,2 28,2 42 21,6 91,8
112 99,0 ASTM D4124
Salina Cruz [41] 1,03 9,5 30,2 41,2 18,5 89,9
113 99,4 ASTM D4124
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Salamanca [41] 1,03 8,5 29,6 40 18,3 87,9

114 96,4 | ASTM D4124
Minatitlan [41] 1,03 11 324 | 377 18,2 88,3

115 99,3 | ASTM D4124
VR 1[42] 1,00 29,1 | 41,6 | 234 5,9 70,9

116 100,0 ASTM D2007
VR 2 [42] 1,06 55 39,1 26,1 29,3 94,5

117 100,0 ASTM D2007
VR 3 [42] 1,07 3,5 38,1 29,2 29,2 96,5

118 100,0 ASTM D2007
VR 4 [42] 1,06 73 37,5 249 30,3 92,7

119 100,0 ASTM D2007
VR 5 [42] 1,03 132 | 444 | 316 10,8 86,8

120 100,0 ASTM D2007
VR 6 [42] 1,05 11,9 | 473 17,3 23,5 88,1

121 100,0 ASTM D2007
VR 7 [42] 1,07 42 34,1 32,9 28,8 95,8

122 100,0 ASTM D2007
VR 8 [42] 1,06 73 37,5 24,5 30,3 92,3

123 99,6 ASTM D2007
VR 9 [42] 1,07 28 36,4 | 282 32,6 97,2

124 100,0 ASTM D2007
Crudel [43] 0,973 358 | 303 32,1 18 64,2

125 100,0 ASTM D2007
Crude2 [43] 0,997 27,9 | 31,7 | 321 73 71,1

126 99,0 ASTM D2007
Crude3 [43] 1,024 16 37,5 294 15,0 81,9

127 97,9 ASTM D2007
Crude4 [43] 0,995 20,5 | 392 | 365 3,6 79,3

128 99,8 ASTM D2007
Blend [43] 1,026 11,6 | 41,6 | 342 10,6 86,4

129 98,0 ASTM D2007
Crude6 [43] 1,071 5.8 28,6 | 32,8 30,3 91,7

130 97,5 ASTM D2007
Urals1 [44] 1,014 12,7 | 424 | 406 4,1 87,1 TeTHA XPOMATOT-

131 99,8 padust
Maya [44] 1,040 18 17 40 25,0 82 TCHa XpoMator-

132 100,0 | padus
Athabasca [44] 1,061 6,2 26,4 4728 19,3 93,5 TCHa XpoMaTor-

133 99,7 padust
Morichal [44] 1,040 10,5 30 43,6 15,8 89,4 TEHUHA XpoMATOr-

134 99,9 padust
Arabian H 44 1,045 2 38,2 37,1 16,8 2,1 TeHa XpoMator-

135 abian Heavy [44] ) 7, . 7, R 92, 993 padus
Athabasca [45] 1,044 6.8 312 | 479 14,1 93,2 TEUHA XPOMATOT -

136 100,0 padust
Urals [45] 1,003 11,7 46,1 37,6 46 88,3 TeYHa XpOoMaTor-

137 100,0 padust
Duri [45] 0,964 21 28,6 | 447 5,7 79 TETHA XPOMATOT-

138 100,0 | padus
Arab Light [45] 1,022 11,6 | 486 | 321 7,7 88,4 TEUHA XPOMATOT -

139 100,0 padust
Rhem [39] 1,039 15 49,8 12 232 85 TCHHA XpOMATOT-

140 100,0 padust
VRO-1 [39] 1,071 08 | 51,6 | 382 94 99,2 TLC-FID

141 100,0 (latroscan)
VRO-2 [39] 1,056 8 494 | 318 10,8 92 TLC-FID

142 100,0 (Iatroscan)
VRO-3 [39] 1,076 5 366 | 416 16,8 95 TLC-FID

143 100,0 (Iatroscan)
VRO-4 [39] 1,010 19,4 51 17,6 12 80,6 TLC-FID

144 100,0 (latroscan)
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TLC-FID

VRO-5 [39] 1,010 20,3 | 473 20,2 12,2 79,7
) atroscan
145 100,0 | (Tat )
VRO-6 [39] 1,056 5,7 46 34,8 13,5 943 TLC-FID
A atroscan
146 100,0 | (lat )
VRO-7 [39] 1,010 6,5 55 25,8 12,7 93,5 TLC-FID
147 100,0 (Iatroscan)
VRO-8 [39] 1,056 23 | 41,1 | 439 12,7 97,7 TLC-FID
) atroscan
148 100,0 | (Tat )
VRO-9 (Deasphalied VRO) |y o756 | o8 | 545 | 341 | 106 99,2 TLC-FID
A atroscan
149 | [39] 100,0 | (lat )
VRO 9 [39] 1,010 1,6 | 586 | 259 39 88,4 TLC-FID
) atroscan
150 1000 | (Tat )
VRO-11 [39] 1,010 18 38 27 16 81 TLC-FID
151 99,0 (latroscan)
VRO-12 [39] 1,010 20 36 30 11 77 TLC-FID
, atroscan
152 97,0 (lat )
100% Urals [39] 0,996 198 | 62,9 11,7 57 80,3
153 1000 | HPLC
100% Urals [39] 0,995 182 | 60,8 14,0 6,9 81,7
154 100,0 | HPLC
80% Ur./20%ME [39] 1,007 17,8 | 64,5 11,0 6,7 82,2
155 1000 | HPLC
70%Ur./30%ME [39] 1,012 159 | 66,6 10,9 6,6 84,1
156 100,0 | HPLC
50%Ur./50%ME [39] 1,023 140 | 69,8 9.4 6,9 86,0
157 100,0 | HPLC
Is1 [46 0,996 25,6 52,5 8 14,1 4.4 TCHHa XpoMator-
g | Uralst [46] 99 ’ ’ 7 ’ " 100,0 | padus
Urals2 [46] 0,995 224 | 66,5 49 6,3 77,7 TeHHa XpoMaror-
159 100,1 padus
Arab Medium [46] 1,030 11,8 | 683 53 14,6 88,2 TeHHa XpoMaror-
160 100,0 padus
Arab Heavyl [46] 1,040 124 | 619 4.4 21,3 87,6 TcHHa XpoMatror-
161 100,0 padus
Arab Heavy?2 [46 1,04 12,0 62,2 6,1 1 88,2 TeHHa XpoMatror-
16, | Arab Heavy2 [46] ,047 ) , , 9,9 , 1002 | pagus
Val'Dagri [46] 1,052 11,7 | 73,5 6,4 8,5 88,3 TeHHa XpoMaror-
163 100,0 padus
Basrah Lightl [46] 1,051 123 | 648 49 18,0 87,7 TeHHa XpoMaror-
164 100,0 padus
Basrah Heavy [46] 1,070 12,3 54,1 5,8 27,7 87,7 TcHHa XpoMator-
165 100,0 padus
Kirkuk [46] 1,053 15,2 554 5,0 24,3 84.8 TedHa XpOMaTor-
166 100,0 padus
Iranian Heavy [46] 1,049 17,0 | 52,6 5,0 25,4 83,0 TeHHa XpoMaror-
167 100,0 padus
Kuwait Export Blend [46] 1,036 150 | 642 42 16,6 85,0 TCHHa XpoMaTor-
168 100,0 padus
El Bouri [46] 1,049 12,0 57,9 12,6 17,5 88,0 TedHa XpOMaTor-
169 100,0 padus
Kazakh H 46 0,989 33,0 50,2 5 11,1 67,0 TeHHa XpoMaror-
170 | Kazakh Heavy [46] 9 ’ ’ 7 ’ 7, 100,0 | padus
ISAB Residual Blend [46 1,042 16,9 57,6 5 19,6 83,1 TeHHa XpoMaror-
171 S esidual Blend [46] ) 5 7, 9 9, S 100,0 pads
Kazakh Heavy [46] 0,973 36,9 | 449 58 12,3 63,1 TCHHa XpoMaror-
172 100,0 padus
Kazakh Heavy [46] 0,967 445 | 427 9,8 3,0 55,5 TCHHa XpoMaror-
173 100,0 padus
CPC1 [46] 0,956 444 | 46,2 3,8 5,6 55,6 TedHa XpOMaTor-
174 100,0 padus
LSCO1 [46 0,992 250 | 61,1 6,1 8 5,0 TeHHa XpoMaror-
175 SCOT [46] 99 ’ ’ ’ 7 7 100,0 | padus
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Tabauna 2 Pasnpenenenne Ha U3MIOI3BAHUTE METOIH 3a aHau3 Ha TpynoB (SARA) cheeraB Ha 175
poOu OT T'yIPOH ChC CBOMCTBA, MOcoUeHH B Taor. 1

MeTtonu 3a aHAJIM3 HA TPYNOB ChCTAB Ha He(pT

% oT 00110 H3CJIeIBAHNTE THNOBE HedT

ASTM D2007
Teuna xpomarorpadus
Bucoko epextnBHa Teuna xpomarorpadus (HPLC)

ToHKo cnoiina xpomarorpadus (TLC-FID (latroscan))
ASTM D4124

18
65.1
2.9
6,9
6.9

PesysraTu u o6chiKIaHe

HNannaute B Tabn.2 nokas3ear, 4e Hai-IIMPOKO
pUIoXKeHHe 3a aHaim3 Ha SARA cbcraB Ha
TYIpOH € HaMepWJ MeTo/a Ha TedyHaTa XpoMa-
Torpadusi, cienBaH OT CTaHAAPTU3UPAHUTE Me-
Tomu ASTM D 2007 u ASTM D 4124, TpHKOC-
JoifHaTa xpomarorpadusi U Ha MOCIETHO MSCTO
3aeMa METOJa Ha BUCOKO e(eKTHBHATa TEYHA
xpomatorpadus. Tyk TpsaOBa na ce orOenexu, ye
JIOKaTO CTaHAAPTHU3UPAHWTE METOIM IPEnroia-
rar W3BbpIIBaHE Ha (paKIMOHHPAHETO Ha
TyJpoHa Ha HACUTECHH, apOMaTHHU, CMOJHH U
ac(anTeHOBH KOMIIOHEHTH CJICAIBAWKH elHa U
ChIlla METOJMKA, TO METOJa Ha T€YHATa XpoMa-
Torpadusi ce mpuiara OT PasIM4YHUTE H3CIEI0-
BaTeNH, CIEIBAWKUA Pa3UYHA METOMuKu. Taka
Hanpumep CtpaTneB U KOJEKTUB [47] cpaBHS-
BallkW JBa METOJa Ha Te4YHa XpoMaTorpadus:
metona Ha JIYKOWJI Hedroxum Byprac (JIHB)
[48] u merona Ha PpeHckus MHCTUTYT 1O meT-
pona (IFP 9305) npu aHanu3upaneTo Ha €IHU U
CBIIU TYAPOHOBHU MPOOU yCTAHOBSBST, Ue JIOKATO
MIPY ChIBPKAHUETO Ha HACUTCHH U ac(haJITeHOBU
KOMITOHCHTH UMa CPaBHUTEITHO T0OOPO CHOTBETC-
TBHE, TO TPH CHABPKAHHUETO HA apOMATHH U
CMOJIHM KOMITOHEHTH Pa3IMKUTE ca MHOTO TOJie-
Mu. OCHOBHaTa MpUYHMHA 32 TOBA pa3inyKe B
CHIbP)KaHUETO HA apOMAaTHH U CMOJHH KOMIIO-
HEHTH TI0 JIBETE Pa3INYHU METOJNKH Ha TedHaTa
xpoMatorpadusi ce ObDKM Ha Pa3InYHUTE
eJIIOCHTH, W3IMOJI3BaHU 3a €JIOMpaHe Ha aJcop-
OWpaHNTE apOMAaTHH W CMOJHH KOMIIOHEHTH
BBPXY IBJIHEXA OT afcopOeHT Ha xpomarpadc-
kaTta kojoHa. MeroasT Ha JIHb u3non3sa tomy-
€H 3a eNMoMpaHe Ha apOMAaTHUTE KOMIIOHEHTH H
CMEC OT TOJyeH W €TaHox B choTHOIIeHne 50/50
3a eJIOMpaHe Ha CMOJIHUTE KOMIOHEHTH [48].
Meroast IFP 9305 uznonsea cMec OT HOpMalieH
XeNTaH W TONyeH B ChoTHOmIeHHe 2/1 3a emon-
paHe Ha apoMaTHUTE KOMIIOHEHTH U CMEC OT
TOJIyeH, JUXJIOPMETaH M METaHOJ B CHOTHOILE-
Hue 1/1/1 3a emrompane Ha CMOJIHATE KOMIIOHE-
™. MeTonsT Ha JIHB m3mon3Ba karo agcopbeHT
cunukaren, gokato MmetoasT IFP 9305 wusmonsBa
KaTo agcoOpeHT CWIMIHMEB THUOKCUA M JBYaly-
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MUHHEB TpHOXuJ B choTHommeHue 20/35. Brope-
KM TE3H Pasziuyusl B M3MOJI3BAHUTE aICOPOCHTH
BaTa METOAa [OKJIagBaT CHIIOCTABUMH CTOM-
HOCTH Ha CHABPKAHHUETO HA HACUTEHH KOMIIO-
HeHTH. OUeBUHO H3IMOJI3BAHETO Ha Pa3INYHHUTE
eIOEHTH OT JBaTa METOJa Ha TeyHaTa XpoMa-
Torpadus ce SBSIBAT NPUYHMHATA 32 JIOKJIABaHU-
T€ 3HAYWIHO pa3iIMyYaBalllUTE CE€ CTOMHOCTH 3a
CBHABPKAHUETO HAa aPOMATHU M CMOJIHU KOMIIEH-
TH.

[TonoGHO Ha KOHCTaTauusATa OT HAIIETO Mpe-
IUITHO u3cheaBaHe [21] 3a HECHBMECTUMOCTTA
Ha pe3yJTaTUTe OT YeTHpUTE MeTona 3a SARA
ananu3 Ha HehT (ASTM D 2007, ASTM D 4124,
TedHa XpomaTorpadgus M BHCOKO e(EeKTUBHA
Te4yHa Xpomarorpadus) ¢ pesyararure 3a SARA
aHallM3 Ha He(T Mo MeToaa Ha THHKOCIIOWHATa
xpomatorpadusi CtpatueB U KonekTus [47] cb-
10 JOKIAJBAT 3a 3HAYHUTENHO pa3jndue Ha pe-
syatatute oT SARA aHanmu3 Ha e€IHM W ChHIIU
poOH OT TYAPOH MO METOJ]a Ha THHKOCIOWHATA
xpomaTorpadus U JBaTa METOJa TeYyHa XpOoMa-
torpadust (JIHb u IFP 9305) u MeTona Ha ThH-
KocioiiHata xpomarorpadus. Te3u Qakrtu mo-
Ka3BaT, Y€ METONbT Ha THHKOCIOWHATa XpoMa-
Torpadus TOKIaaBa pe3yaTaTd HECbBMECTHMH C
OCTaHaJINTE METOAU 3a ompenensHe Ha SARA
ChCTaBa KakTO Ha He(T, Taka W Ha TyapoH. UH-
TEPECHO € Ja ce OTOeNexH, 4e MoAo0HO Ha ycTa-
HOBEHAaTa CTATHCTHUYECKH 3HAYMMa 3aBHUCHUMOCT
MEXIy ChIbPKaHWETO Ha apoOMaTHH CTPYKTYpH
(TOBa ca BBIIEBOJOPOTHUTE CTPYKTYPH B ChCTa-
Ba Ha IyJpOHA, KOUTO ChIbpPXKAT apOMaTeH BbI-
JIepo[I) U TUIBTHOCTTA Ha He(hTa ce TIOTBBPIKIaBa
Y TIPH TYAPOHA KaKTO Ce BWXKIA OT JaHHUTE Ha
Ourypa 1. M3non3Baiiku HEMWHEHHUS METOJ Ha
Hali-MaJKuTe KBajapatu W AaHHuTe 32 SARA
chcTaBa Ha 175 m3cienBaHu TyapoHH Oelre w3-
BEJICHO CJIETHOTO YpaBHEHHE!
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ARO = 0.14784226+9167.6983¢e— 144812464
573.92613 (D)
Kopaero

ARO = cpappikanre Ha apOMaTHU CTPYKTYPH
B TYApOHa, Mac.%
d = oTHOCHTENHA IIBTHOCT Ha ryapoHa d4*°
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®@ur. 1 3aBUCUMOCT MEX/Iy OTHOCUTEITHATA TUTHTHOCT HA TYJIPOHA U ChIIbPKAHUETO HA apOMaTHH
CTPYKTYPH B HETO (MAJIKHTE CHHU TOYKH Ca CTOMHOCTUTE Ha ChIBPKAHUETO HA apOMATHH CTPYKTYPH,
M3YMCIICHU 9pe3 ypaBHEHHE 1)

VYpasuenue 1 Oerne n3BeaeHO MpUEMAIKH, de
¢yaknusata ARO e monoroHHO pactsima. Chb-
mectByBa Touka do B mHTepBana [0.8, 0.9], 3a
kosito ARO = f(dg) = 0 (chappkaHue Ha apo-
MaTHH cTpykTypu = 0). To3m uHTepBan Oerie
JeUHUpaH OT CTOMHOCTHTE 3a IUIBTHOCTTA Ha
pasmuuaute SARA Qpakuum, AokIanBaHu B
uscnensanusara [26, 49-51].

ARO(d) <100 3a BCHYKH CTOHMHOCTH Ha
de[d _0,:0].

Oynknusta anpokcumupa naHaure d, ARO
ot nannute B Taon.1. Karo mozen Ha QpyHKIusTa
ARO(d) nue pasrmiexxaaMme JorucTuyHara QyHK-
sl BbB BHJA

100

fiGe ai, by, ¢ ly) = citazexp(—bix)
d;i=123. 2)
Tyk ai, bi, ci, and 1; ca xoncrantu. Heka
npueMeM, ue do € Koe J1a € peasTHO YHCIIO

100 i
citaiexp(—bixy)’

i

=1,2.3.
€)

Torasa, oueBuaHO f;(xg) = 0.
CrnenoBatenHo TpsOBa 1a ce PELIH CIICAHUS
MUHUMH3AIHMOHEH (min-min) mpooiieM
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ming,(ming, .0 ), 0i= G
=

21
+ minaz,bz,cz {2i21 (Yi
— f2(x))*}

i = fGD* @

: 20
tming, p,,c, iz

Beme m3moms3BaHa KOMITIOThpHA anreOpuyHa
cucrema Maple (u Global Optimization
Toolbox) 3a umcneHO pemiaBaHe Ha MOTYYEHHS
HETTMHEEH MUHUMH3AIMOHEH (min-min) 1poo-
neM. Karo anropuTsM 3a ThpceHe Ha MIOOaTHUS
MUHHMYM Oelle H3MOJI3BaH Au(epeHIHaTHUS
€BOJTIOITMOHEH METOJ, ONHCaH B [52] u B muTepa-
Typara, IMTHpPaHa TaM.

3a Bcmuku SARA MeTonu ¢ M3KIIIOYEHUE Ha
TBHHKOCIIOHHAaTa Xpomarorpadusi cpeagHoTo abco-
JIOTHO OTKJIOHEHWE Ha NPEICKa3aHOTO upe3
ypaBHeHHE | OT HM3MEPEHOTO ChIbpKaHUE Ha
apOMaTHU CTPYKTYpU B TYOPOHHUTE BB3NH3a Ha
3.6%. CpenHoro aOCOJIOTHO OTKJIOHCHHE 32
MeTOolla Ha TBHHKOCIOWHAaTa Xxpomartorpadus e
MpeHeOPeKUMO TO-BHCOKO OT TOBAa HA OCTaHAJIHU-
Te Metoau U Bh3nM3a Ha 4.0%. B pesyarar Ha
TO3U aHAJIM3 Ha JAHHUTE MOXE [la CE HampaBu
W3BOJA, Y€ MPH OTKJIOHEHHE HAa U3MEPEHOTO Ch-
IbpKaHHE HA apOMaTHU CTPYKTYpU OT MpelcKa-
3aHOTO OT ypaBHeHHe | ce mpemopbuBa aa ce
nosropu SARA ananuza Ha rygpona. I[lomoGen
cllyyail € TUCKYTHpaH B HAalleTO HEOTAaBHAIIHO
m3ciensane [39].

Tabmuria 3 oKa3Ba JaHHUTE OT KOPEIAIMOH-
HUS aHAJIN3 Ha 3aBUCHUMOCTUTE MEXIY OTIEIHH-
Te SARA (pakiuu, OTHOCUTETHATA TIBTHOCT U
WHJEKCAa Ha KOJOWAHA HEeCTAaOMITHOCT 3a M3CieN-
BaHUTe 175 mpoOu OT BaKyyMHH OCTAaThLUM Ha
pasnuuHu TUnoBe HepT. U TyK, KakTo M B mpe-
JUITHOTO HaIlle HW3CNEABaHE BBHPXY TPYMOBHS



BBIVICBOJIOPOJICH CHCTAB HAa Pa3INYHU THIIOBE
He(T ce 3a0eisi3BaT €JHU U ChHIIM 3aKOHOMEp-
Hoctu. KomouaHata cTaOMIHOCT HamalsBa ¢

YBCJIN4YAaBaHE CBAbPXKAHUCTO HAa HACUTCHU KOM-
IIOHCHTU.

Tabauna 3 Kopenanmonna marpunia Ha SARA ¢pakiuuTe u OTH. IITTHOCT Ha 175 u3cieaBaHu
MPOOH OT BAKyyMHH OCTATBIM HA PA3IMYHK TUIIOBE HE(T upe3 meroaute (ASTM D 2007, ASTM D
4124, Teuna xpomaTorpadusi, BUICOKO e)eKTHBHA TEYHA XpOMATOrpadus U ThHKOCIOWHA XPOMATOT -

padus.
ARO %Aro in ARO %Res in ARO %Asp. in ARO

SG Sat  Aro Res. Asp. str. str. str. str. CII
SG 1,00
Sat 0,-90 1,00
Aro 0,20 O,-29 1,00
Res. 0,28 0,214 O,_57 1,00
Asp. 0,78 0,-57 0,-1 1 006 1,00
ARO str. 0,90 I,E)O 0,29 044 0,56 1,00
%Aro in ARO str. 0,214 045 0,72 O,;36 -0,48  -0,45 1,00
%Res in ARO str. O,E)l 0,-14 0,-73 0,94 -0,13 0,13 -0,80 1,00
%Asp. in ARO str. 0,75 O,_55 0,_11 0,03 0,99 0,54 -0,47 -0,15 1,00
CII 0,_58 0,83 0,211 0,217 -0,08  -0,83 0,24 -0,22 -0,07 1,00

CIl = uHAeKc Ha KOJOMIHA HECTAOMIHOCT
(Colloidal instability index)

_ Saturates+Asphaltenes

Aromatics+Resins
*MapKupaHuTe ¢ ILIbTEH IIPUQT YuCiIa ce

OTHACAT JI0 CTaTUCTUYECKH 3HAUUMHU CTOHHOCTH.
IIpu R>0.75 mexnay oTnenHWTE mapaMeTpu ce
CUMTa, Y€ MMa CTATHUCTUYECKU 3HAauuMMa BpPB3Ka.
IIpu R > 0.75 < 0.85 ce cuwnra, 4e Bpb3KaTa €
CTaTHCTUYeCKH 3HaunMa U crnada. [lpu R > 0.85
< 0.95 BpB3KaTa € cpeaHa CTATHCTHYSCKH 3Ha-
guma. [Ipu R > 0.95 Bpw3kara e cunHa craruc-
THiecku 3HaunMa. (R = xoeuiueHT Ha Kopena-
us).

ARO str. = apomMaTHU CTPYKTYpH = apOMaTHH
+ cMmonu + acanreHu; Sat = HacUTeHH; Aro =
apomatHu; Res = cmonn; Asp = acdanteHu.

%Aro in ARO str. = % apomMaTHH KOMIIOHEH-
TH B apoMaTHUTE cTpyKTYypH; %Res in ARO str.=
% cMoOIM B apoOMaTHUTE CTPYKTYp; %Asp in
ARO str. = % acdantenn B apoMaTHUTE CTPYK-
TypH.

VYBenn4aBaHETO Ha IUIBTHOCTTA HA TyJpOHA €
CBBP3aHO HE CaMO C yBEJIMYaBaHE Ha ChIbpiKa-
HUETO Ha apOMaTHU CTPYKTYpH, HO U C yBelIHYa-
BaHE Ha OTHOCUTENHMS IsUI acQalTCHOBH KOM-
MMOHEHTH B Te3W CTpyKTypu. Abutaqiya [53] e
W3BEJ eMIIMpUYHA 3aBHCHUMOCT, T03BOJIBAIla Ja
ce onpenaenu Oposi HA apOMAaTHHTE sIIpa B MOJIU-
LUKJIEHaTa apoMaTHA CTPYKTypa Ha He(TeHHS
nepuBaT. Ta3u 3aBUCHMOCT € IIOCOYEHa upe3
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ypaBHeHue 5 u ¢ o0Oo3HaueHa kato ARI
(Aromatic ring index).
ARI =f(MW,FRI) -

MW
2[+—-(3.5149MW+73.1858
e ~( }

(3.5074MW—91.972—(3.5149MW+73.1858) (5) [33]

KBJETO

MW = MoltekyiHa Maca Ha HETCHHS JIepH-
BarT, g/mol;

FRI20 = ¢yHk1us Ha nHAEKCa HA pedpakius

2

Frizo0 = Zgz—?ﬁ; (6)

[53]

KBJETO, Np2o = WHJEKCA Ha pedpakius mpu
20°C

Tabmuia 4 npencrasst JaHHU 32 MOJICKYTHATa
Maca, OTHOCHTENHATa IUTbTHOCT, HWHJEKCa Ha
pedpakumust 1 Opos Ha apOMATHHUTE NPHCTCHU
(ARI) BpB SARA ¢pakuuute, ChIbpKaLIKA apo-
MaTeH BBITIEPOJl (apOMaTHH CTPYKTYpPH) Ha TIET
ot uzcneaanute 175 ryaponosu dpakuuu. Te3u
JIAHHY TIOKa3BaT, Ye CPEAHUAT Opoil Ha apomar-
HUTE AJIpa B CpeJlHATa BHIIIEBOIOPOIHA
CTPYKTypa Ha apOMaTHUTE KOMIIOHEHTH € OKOJIO
5. BposiT Ha apoMaTHHTE spa B CpeAHATA BBIJIC-
BOJIOPOJHA CTPYKTYpa Ha CMOJIHUTE KOMITOHECH-
TH € OKOJIO 8, a B achalTeHUTE € 0KoJIo 16.

[TpoBeneHOTO OT HAC U3CIie/IBaHE TIOKA3Ba, 4e
C yBeIM4YaBaHEe Ha IDTBTHOCTTA Ha TYJPOHUTE OT
pa3IMYHUTE THIIOBE HE(T HApacTBa ChABPKAHU-
€TO Ha apoMaTHU CTPYKTypH U OpOAT Ha apo-



MaTHHTE sipa B T€3W CTPYKTYypH, ThH KaTo ce
yBeIMYaBa OTHOCUTENHHS U Ha CMOJHO ac-
(hanTOBUTE KOMITOHEHTH, KOUTO MMAT IO-TOJISIM

Opoil Ha apoMaTHHTE fpa B TEXHUTE CPEIHH
BBIIIEBOJIOPOIHU CTPYKTYPH.

Tabauua 4 Jlagau 3a MOJIEKyJTHaTa Maca, OTHOCUTEIHATA IITHTHOCT, MHICKCA Ha pedpakius u
Opost Ha apomaTHuTe TIpbcTeHU (ARI) BB SARA dpakuuunte, chabpIKally apoOMaTeH BbIIIEPO/I (apo-

MaTHHU CTPYKTYPH)

BakyymeH ocrarbk T'ynpon ApomaTHU Cmonu Acdanrenu
Iony4en ot HedT ds?° MW d,?° MW npo | ARI| ds2° | MW npo | ARL| ds? | MW | npy | ARI
Resid E 0,9823 | 766 1,014 | 718 | 1,5905 | 5,5 | 1,056 | 1000 | 1,6232 | 8,7 | 1,118 | 1500 | 1,672 | 15,2
Daging 0,9396 | 1120 | 0,963 | 1080 | 1,5509 | 5,6 | 1,028 | 1200 | 1,6011 | 9,1

Columbian VR9 0,9849 | 708 | 0,9894 | 640 | 1,5713 | 44 | 1,055 | 798 | 1,6224 | 7,2 | 1,096 | 1718 | 1,654 | 16,0
Gudao 1,0185 | 1030 | 1,005 760 | 1,5836 | 5,5 | 1,056 | 1000 | 1,6232 | 8,7 | 1,177 | 2000 | 1,717 | 22,5
Columbian VR3 1,0273 | 663 | 09941 | 600 | 1,5750 | 4,3 | 1,015 | 784 | 1,5914 | 6,0 | 1,089 | 1107 | 1,649 | 10,7

3akioueHue JInTepaTypa

O6o6mieHa ¢ wHpOpMaNUATa 32 BBIIICBOJIO-
POIHUS CHCTaB HA BaKYyMHH OCTaTbBIIH, ITOJIyde-
HU OT CBPBX JICKH, JICKH, CPETHH, TEHKKH U CBPBX
TEXKU TUTMOBE HEDT, HEPTCHH TSICHLIU U TIPHU-
poauu outymu. Kakto u nmpu SARA aHanuza Ha
Heda, Taka ¥ NP BaKYyMHHUTE OCTATBIM CE M3-
IOJI3BaT CBHIMUTE NeT MeToaa 3a a"Hauu3 ASTM D
2007, ASTM D 4124, teuna xpomatorpadus,
BUCOKO e(eKTHBHa Te4Ha XpomaTtorpadus
ThHKOCIOWHA XpoMmaTtorpadus. ChIbpKaHHUETO
Ha apoOMaTHH CTPYKTYPH BBB BaKyyMHHUTE OCTa-
THIIM CTATHCTHYECKH 3HAYUMO KOPENUpa C IUTbT-
HOCTTa Ha TyJpoHa. Ta3um 3aBHCHUMOCT MOXeE Ja
ce MoJeNnupa 4Ype3 M3MOJ3BaHE Ha HENWHEHHHS
METO/I Ha Hall-MaJIKuTe KBaJIpaTh U Jia ce U3MO0J-
3Ba KaTO KPUTEPHUH 32 KOPEKTHOCTTa Ha U3BBP-
mennss SARA anamms. CpemHoTo aOCOIIOTHO
OTKJIOHEHHE Ha MPEACKa3BaHETO Ha ChIbpIKaHU-
€TO Ha apoMaTHU CTPYKTYpH OT ILTBTHOCTTA €
3.6%, KoeTo € 2 mbTH IO-MajKO OT TOBa Ha
MPE/ICKa3BaHETO Ha CHABPKAHUETO HA apOMaTHHU
cTpykTypu B Hedra. Tasm paznuka moxe aa ce
00sichu ¢ akra, 4e HW3MOJ3BAHUTE METOIU 3a
SARA ananu3 ca pa3pabOTeHH 3a TEKKH HedTe-
M Macna, kunsimy Hag 300°C u 3aToBa jmaBar
MO-KOPEKTHH PE3YyJITaTH, KOTaTO Ce aHAIM3HpaT
BHCOKO KHUITALIM HeQTeHH (HpaKuuu.

Upes u3nos3BaHe HAa 3aBUCUMOCTTA, U3BEICHA
B quceptanmsTa Ha Abutaqiya [53] ca u3uncieHu
Opos Ha apoMaTHHUTE MPBCTEHHU B CPEIHATA BBHI-
JIEBOJIOPOJIHA CTPYKTYypa Ha apOMaTHHTE, CMOJI-
HUTe W achanTeHOBHM (PAKIUK OT Pa3IHYHH
TYIpOHHU. YCTaHOBEHO €, 4e OpOosIT Ha MPBCTEHU-
T€ B apOMAaTHUTE (PPAKIUU € OKOJIO 5, B CMOJIUTE
okoio 8 u B acanrenure okono 16. To3u Opoit
Ha apOMAaTHH NPHCTCHH MOXKE J]a Bapupa B 3aBH-
CUMOCT OT MPOM3XO0Na Ha CYpPOBHS METPOI, OT
KOHTO € TMOTy4YeH BaKyyMHHS OCTaThK.
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5-XUIPOKCUMETUI®OYPDYPAJI B XPAHUTE. IOTEHIIUAJIHU BPEJIU 3A YO-
BEHIKHA OPTAHU3BM U CTPATEI'NU 3A HAMAJISIBAHE HA KOJIMYECTBATA MY
B XPAHUTE

WBan I'eoprues lBanos

5-HYDROXYMETHYLFURFURAL IN FOODS. POTENTIAL DAMAGE TO THE HUMAN
BODY AND STRATEGIES FOR REDUCING ITS QUANTITIES IN FOOD

Ivan Georgiev Ivanov

ABSTRACT: Hosopopmupanume 3amvbpcument ca cbeOuHeHus, Koumo ce oopasyeam no eépeme Ha npoye-
cume Ha HazpAsaHe UIU NPU CbXpaHneHue Ha Xxpanume. Te mMozam 0a NPoOsABABAM 6b3IMONCHU BPEOHU edhekmu
8bPXY Yoseuikomo 30page. S-Xuopoxcumemungyppypan (XM®P) npusnuuam eHumanuemo Ha HaAyYHama oouy-
Hocm npe3 nociedHume 200unu. XM® ce cuuma 3a nOMmeHyuaiHo KAHYepoeeHer 3a Xopama nopaou 6b3modic-
HOCcmma 0a ce MemaboIu3uUpa om Y08euwKUus OPeaHu3bM 00 CbeOUHEHUsI C NOMEHYUATIHO KAHYEPO2SEHHO Oelic-
sue. XM® ce obpa3zysa 2nasno upes peakyus Ha Maiiap npu monaunnama obpabomxa Ha xpanama. XM® modrce
0a ce npespvuwja in vivo 6 uosewkus ocpanuzvm 6 5 cyagoxcumemuipypdypor (CM®D), xoiimo e onpedenen
Kamo moxcuyHo cveounenue. Xpanumennusim npuem Ha XM® e om nopsovka na mg/kg, MHO20 NO-UCOK Om
Mo3u Ha Opy2u XpanumenHu MoKCUyHu eewecmea. B masu cmamus ca pasenedanu naruunu OaHHU 8 HAYYHAMA
aumepamypa 3a cvovpircanue Ha XMD ¢ akyenm 8vbpxy HATUUHUME CMpame2uu 3a HAMAIA8AHe HA KOHYEeHmpa-
yuume 8 xparume, MemabOaUIMA, eKCHOSUYUANA HA XPAHAMA U MOKCUYHOCIMA M).

Key words: 5-Xunpoxcumerundypdyparxpanu

BbBenenune AHTUOKCHJIAHTHA, AHTUMUKPOOHAa W aHTHANEp-
ruuHa aktuBHOCT (Borrelli & Fogliano, 2005;

TepmuunuTte mponecu yecto ce u3nonszpaT B Lindermeier & Hofmann, 2004; Van Boekel et
MIPOM3BOACTBOTO HAa XpaHW 3a monyuaBane Ha  al., 2010). Hsakou OT HOBOIIOJIyUYEHUTE CheIMHE-
0e30macH TPOJIYKTU C YABIDKCH CPOK Ha TOJ-  HHUS NPHU TOIUIMHHUTE MpolecH TpsiOBa na ObaaT
HOCT ¥ UMaT CUJIHO BB3/IEHCTBUE BbPXY KpailHO-  BHMMATEJIHO OLIEHEHU IO OTHOIIEHHE HA TEXHU-
TO OpPraHOJENTHYHO KadecTBO Ha xpaHute. [le-  Te BpeaHu edeKTH BbPXY YOBELIKOTO 3IpaBe.
YEHETO, TPENHYaHeTo, TBbPKEHETO, CTepuiin3a-  3arybata Ha TEpMOJAOWIIHM CHEJUHEHUS, KaTo
UsITa BOAAT 110 JKETaHU W HEXKeNaHu e(eKTH, BHUTAMHHH, KAKTO M HE3aMEHUMH aMHHOKHCEIHU-
OBJDKAIlM ce Ha PasiNyHM XUMHYHH peakuud, HU (IM3uH, TpunrodaH) u / wim oOpa3yBaHETO
KaTo peaknus Ha Maiisip, kapaMenu3anusi U Ju-  Ha He)KETaHU BKYCOBE M HENMPUSTHH MUPU3MH Ca
NUIHO OKuclieHWe. EnmHa oT menwre Ha TepMud-  100pe yCTaHOBEHH SIBICHUSI, BOJACLIM N0 3aryba
HaTa o0pa0oOTKa Ha XpaHaTa € Aa ce MoAoOpSAT  Ha XpaHUTEIHA CTOMHOCT U CEH30pHO KauecTBO
CCH30PHUTE U XapaKTEPUCTHKH, ChIIO Taka BKy-  Ha HarpeTute XpaHu. OCHOBHHAT MpoOieM, mpo-
COBHUTE KaueCTBa, KaKTO U JIa CE pa3lllpy raMaTa  HM3THYaI] OT NPOLIECUTE HAa HAarpsiBaHe, € CBbpP3aH
OT IIBETOBE, BKYCOBE, apoOMaTh M TEKCTypH B ¢ 00pa3yBaHETO HAa ChEIMHEHHS, KOHTO €CTECT-
XpaHuTe. HarpsBaHeTo ChINO Taka paspyliaBa  BEHO HE NPHCHCTBAT B XpaHWUTE, HO MOTaT Ja ce
EH3UMHTE WM MHUKPOOPTaHM3MHUTE W HaMaisBa  00pa3yBar MO BpeMe Ha MPOLIECHTE Ha 3arpsiBaHe
BOJIHaTa aKTUBHOCT Ha XpaHaTa, KaTo MO TO3M  WJIM ChXPaHEHHE U Ja MOKakaT BPeIHU e(eKTH,
HAa4YMH CHhXpaHsBa XpaHWTE M IOBHIIABA CPOKAa  KaTO MYTAareHHH, KaHIIEPOTCHHU M IUTOTOKCHY-
uM Ha rogHoct. OT gpyra cTpaHa. € JoOpe W3-  HH aKTUBHOCTH (HOBO(OPMHUpAHH 3aMBbPCUTEIH
BECTHO, Y€ HIKOW BEIIECTBa, MpoAylHpanu npu ). JJoOpe U3BECTHH MPUMEPH 3a TE3H ChEIUHECHUS
IPOLIECUTE Ha HarpsBaHe, MOTAT Jia WIPasT MO-  Ca XETePOLMKIMYHU aMHUHH, HUTPO3aMUHH U I10-
JIOKHUTENHA POJIS 32 YOBEIIKOTO 37paBe. MHOTO  JIMOUKJIWYHU apoMaTtHu Bwraesogopoxu (Knize
HOBOOOpa3yBaHMW ChEIUHCHUS, KOMTO ce oTkpu- et al., 1999; Skog et al., 1998). Hamocnembk
BaT B TEPMHUYHO 0OpabOTEHM XpaHH , MOKA3BaT  CIUH OT HEXKEIaHUTE MPOAYKTH OT TEPMUYHATA
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00paboTKa Ha XpaHara, SBABAIl CE€ 3aMBPCHUTEIL,
mpuIo0r TONSM HHTEpPEC MOpaad MOTEHIIHATHO
BUCOKHS CH TOKCHUKOJIOTHYEH e(eKT U IUPOKOTO
My paslpoCTpaHEHHWE B  XpaHHTE 5-
xuapokcumetundypdypan. Ilo-cnenmanHo ax-
punamuabT 1 XM® morar ga ce pasriexiar
KaTo Hal-Ba)XHUTE 3aMBPCUTENH, INPOIYUECHU
MpU TOTUTMHHATA 00paboTKa Ha XpaHaTa, KOWTO
ce cpemat B xis10a u xueOHuTe poaykTu. B Ta-
31 paboTa ca MperjiefaHu MOCIeIHUTE JaHHH 32
MosIBaTa, CTPATETMUTE 3a HaMaJIABaHE KOJINYECT-
BoTO HAa XM® B XpaHaTa, U INOTCHUUATHUTE MY
TOKCHYHH €(EeKTH BbPXY YOBEKA.

Cunre3s B XpaHUTE

S-xuapoxkcuMeTunapypPyparst (5- (Xuapok-
cumetun) ¢pypan-2-kapoanaexun, XM®) (dury-
pa 1) e pypaHoBO chenmuHEHNE, KOETO Ce 00pa3y-
Ba KaTO MEXJUHHO ChEIUHEHHUE B peaklusITa Ha
Maitsap (MP) (Ames, 1992). ToBa cheannenue ce
¢dbopmupa U OT AMPEKTHA AeXHUIpaTalys Ha 3axa-
¥ B KUCENMHHU YCJIOBHSA (KapaMeInu3upaHe) mpu
TepMUYHaTa 00paboTKa, MpUI0KEeHa KbM XpaHu-
te (Kroh, 1994). 3-JleokcH3030H € M3BECTEH Ka-
TO KIIFOYOB MEXJIHHEH IMPOAYKT mpu o0pa3ysa-
Heto Ha XM®. Toii ce ¢dopmupa ot 1,2-
CHONM3ALUATA U ACXUIpaTalusiTa Ha TII0K03aTa
wi ¢pykroszara. [lo-HATATHITHOTO AEXUIPATH-
paHe W NUKIM3alus Ha 3-JI€OKCHO30Ha JaBa 5-
xugpokcumetTundypdypain. B kucenn ycnosus
XM® moxe ga ce oOpasyBa NOpPH IPU HHUCKH
temneparypu (Lee & Nagy, 1990), Bpnpeku ue
HETOBUTE KOHIEHTPALMHM IPACTHYHO CE€ YBEJH-
9aBaT MpH MOBHIIABAHE HA TEMIIEPATYypPHUTE IPH
TEpMUYHO 00paboTBaHe Ha XpaHuTe. [Ipu cyxu u
MUPOIUTUYHNA YCJIOBHSI € TPEUIOKEH alTepHa-
THBEH ITBT 32 00pazyBane HAa XM® ot ppykTo3a
u 3axaposa. Toll BkiouBa 0Opa3yBaHETO Ha BU-
COKO peakThBeH (pyKTo(QypaHO3WIOB KaTHOH,
KOUTO TMO-0Bp30 MOXe Na ObJe IDUPEKTHO Tpe-
BepHaT B XM® (Perez-Locas & Yaylayan,
2008). OceeH TemrepaTypara CKOPOCTTa Ha 00-
pazyBane Ha XM® B XxpaHuTE 3aBUCH OT BHJa Ha
3axapra (Lee & Nagy, 1990), ot pH (Gékmen et
al., 2007), or BogHara aktuBHOCT (GOkmen et
al., 2008; Kroh, 1994) u koHueHTpalusTa Ha
IBYBaJIEHTHH KaTnoHHM B XpaHute (GOkmen &
Senyuva, 2006).
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Qurypa 1. S-Xunpoxcumermndypoypan -
CTPYKTypa

H OH

IosiBaTa M XpaHUTEeTHUS IPUEM

KommaectBoro XM®, K0eTO MOXKE J1a CE OTK-
pue B XpaHHTE, € MPSKO CBBP3aHO C MPOIBIDKH-
TETHOCTTa W BHJAa Ha TOIUTMHHATa 00paboTKa,
npujaraHa BbpPXy XpaHHUTe, OOraTH Ha BbIJie-
xunpatd. Apyr n3rounuk Ha XM® e nobassue-
TO HAa WHTPEIUCHTH, W3IOJ3BaHU B ChCTaBa Ha
XpaHUTE, KaTo KapaMejIOBU Pa3TBOPH WJIM ITye-
neH men. Konnentpamuntre Ha XM® B XpaHute
MOTaT JIa BapuparT JI0 TojisiMa CTETIeH U TOHAKOTa
na Hageumar 1 g/kg B HIKOM CyIIECHH TUIOIOBE U
kapamenusupanu npoayktu (Akkan et al., 2001;
Ibarz et al., 2000; Rada-Mendoza et al., 2004).
XM® ce oTkpuBa W B XJEOHU H3IEIHUSA, MAII,
TUIOZIOBU COKOBE, Kade u Oancamos omeT. O600-
IEHO KOHUEHTpauuuTe Ha XM®P B XpaHHUTE €
mpencraBeHo B Tabmmma 1. Karto 1smo, XM®
MOJKE Jia C€ M3IO0JI3Ba KaTO MapKep 3a KauyeCTBO
Ha IIUPOK CIEKTHP OT NpepabOTeHU ILIO0BE
(Rada-Mendoza et al., 2004; Rada-Mendoza et
al.,, 2002), xade (Dauberte et al., 1990) men
(Fallico et al., 2004; Tosi et al., 2002) u Mmsiko
(Morales & Jiménez-Pérez, 2001). KoamaectBo-
To HAa XM® ce sBsBa KayeCTBEH IOKazaTesl 3a
MOHHMTOPUHI' Ha MPOIECUTE HA HarpsiBaHe, MPH-
JIaTaH! TIPU 3bPHEHU MPOIYKTH, KaTO HAIPUMEP
cymeHe Ha macta (Resmini et al., 1993), meuene
Ha x50 (Ramirez-Jiménez et al., 2000a; Ramirez
-Jiménez , 2000b), kakTO M eKCTpy3us Ha Oe-
Oemku w 3ppHeHH XpaHW (Ramirez-Jiménez et
al., 2003) 1 MPOU3BOACTBO HA 3bPHEHU 3aKYCKH
(Garcia-Villanova et al., 1993).

Ta6mmma 1. Kornenrparun Ha XM® B Xxpa"uTe

XpaHUTETIEH NPOAYKT XMO,
mg/kg
Kade 100-1900
WncranTtHO Kade 400-4100
Baszkodennoso kade 430-494
3amecTuTen Ha KadeTo 200-22500



MIPOU3BEACHO OT IUKOPHS

Mag 100-6300
Men 10-59
bupa 39
Cmanka 6-38
[InonoBu cokxoBe 2-22
YepBeHO BHHO 1-2
bucksuru 0.5-74
Bsut xna6 3-68
b6 tum Toct 11-87
CuakcoBe 2-10
3bpHEHH 3aKYCKH 7-240
XpaHna 3a OeOeta Oa3upana 0.2-0.3
Ha MJICYHH MIPOAYKTH

XpaHna 3a OeOeta Oa3upana 0-57
Ha 3bPHEHU KyIATYpH

Cy1enu mioaose 25-2900
Bunen ouer 0-22
Oner 6ancaMuko 316-35251

Brrpeku 4e KOHLIEHTpalMUTE B HSIKOM Xpa-
HUTEIHU TPOAYKTH, KaTo CYIICHHU IUIOAOBE, Ka-
pamen u 6ancaMoOB OLET ca M3KJIIOYUTEIHO BU-
COKH, XJSIOBT M KadeTo ca Hal-BaKHUTE XPaHH-
TEJIHU HPOAYKTH, KOUTO IOIPHUHACAT 3a €Xel-
HEBHUS  XpaHWTeneH mnpuemMa Ha XMO
(Murkovic & Pichler, 2006). ITo-panHuTe OlCH-
KM 32 eXeAHEBHUAT npuema Ha XM Bapupat
or 30 go 150 mg Ha yoBek (Janzowski et al.,
2000; Ulbricht et al., 1984). B eano Heotnmas-
HalmHO mpoyuBaHe Ha Rufian-Henares and de la
Cueva (2008) oueHsBaT AHEBHUS IpUEM Ha Xpa-
Ha 32 XM® B UCIIAHCKOTO HaceJIeHHE. ABTOPHUTE
ChOOIIABAT 3a CPEJICH JTHEBEH XPaHUTENCH TPH-
eM e oT 2 mg, 1o 23 mg. Te3u pe3ynTatu chHOT-
BETCTBAT Ha TE3HM, AOKJIAABaHU OT IPYTU aBTOPH,
HO ca maneu nop ounenkure or Ulbricht et al.
(1984). HeormaBHa B enHo mpoy4yBaHe Ha 53
HOpBexKHu noodposonu Husey et al. (2008) ore-
HSBAT XpaHUTeNHUs npueM Ha XM® . ApTopute
CchOOIIaBaT, Y€ CPEeIHUIT [HEBEH IpHEM 3a
XM® e 5,6 mg / 4oBeK, a KOITUYECTBOTO B ypH-
HaTta Ha S-xuapokcuMmeTundypdypoHOBa Kuce-
JIMHA, OCHOBHUAT MeTaboauT Ha XM® mipu xopa,
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e cboTBeTHO 12,4 mg / 4oBeK, KOETO IMperoara
alTepHaTUBEH U3TOYHUK Ha XM® oCBeH XpaHa-
Ta. GapMalleBTUYHUTE NpenapaTH U UUTAPCHUAT
UM TpsAOBa Ja ce pasriexiaT ChII0 KaTto Jo-
OBIHATENTHN u3TouHMIM HAa XMO® (Crump &
Gardner, 1989). Bce nak gaHHUTE 3a KOJMYECT-
BOTO Ha XpaHuTenHus npueM Ha XM® ca MHOro
orpanuueHu. CregoBaTeIHO ca HEOOXOJUMHU
JOIBIHUTEIHU MIPOYUYBAaHUSA 3a OIEHKAa Ha Cpell-
HHS U MaKCHMAaJHUS MIPUEM Ha Pa3IMYHU IOIMYy-
JAIllii U CETMEHTH OT HaceJeHHWeTo. 3a TOYHa
OLICHKA Ha XPaHHUTENHUs [IPHEM ca HEOOXOIUMH
JIaHHU 32 KOHIleHTpanuuTe Ha XM® B XpaHuTe,
KoraTto Te ce kKoHcymmpar. Kakro e orbenszano
3a IpYyr'M XpaHUTEIHU TOKCUYHH BEIIECTBA, yC-
JIOBUATA 32 CbXPAHEHHE M T'OTBEHE B JIOMAIIHU
YCIJIOBHSI MOTaT CWJIHO J1a MOBJIUSAAT ACUCTBUTEI-
HOTO u3narane Ha XM®.

Crparerun 3a HaMaJsiBaHe HA KOHIIEHT-
pauunte Ha XM® B XpaHuTte

[ocera He ChIECTBYBAT KOHKPETHU CTpaTe-
TMH, HACOYCHU KbM HaMallsBaHE Ha ChbIbp)KaHU-
ero Ha XM® B xpanute. llenrta e npeausBuka-
TEJIHA IOPaJy €CTECTBOTO Ha HETOBHUTE IPEKyp-
copu u mbTHLIATa 3a hopmupanero my. XM ce
oOpasyBa upe3 peakuus Ha Maiisip U Kapamenu-
3UpaHe, KOMTO JONPHUHACAT Hal-Beue 3a Kella-
HUSI LBAT, BKYC M apOMaT Ha TOIUIMHHO 0Opabo-
TEeHa XpaHa OT moTpedurenute. 3a ChXKaJCHUE,
obpazyBaneTro Ha XM cienBa ChIUTE IHTHINA,
BOJIETIN 10 KapeBU M apOMATHYHU CHEIUHEHHUS.
Hanpumep MHOrokpaTHO ce choOlIaBa 3a BUCOKa
Kopenanusi MexJy CbAbpxkaHueto Ha XM® u
pasButHeTo Ha moTbMHsBane (Capuano et al.,
2008, 2009), Taka ye MoAeIMpaHeTo Ha Ipoduia
Ha TeMIlepaTypara 4pe3 HamaJsiBaHe Ha BPEMETO
3a HarpsiBaHe W / WU TeMIlepaTypara BEPOSTHO
e Hamalud KoHueHTpauuute Ha XM® u B Cb-
IIOTO BpeMe Iie J0Belae A0 HamajsBaHE Ha IO-
TBMHSBAHETO, KOETO OT CBOSl CTpaHa IOTEHIIHU-
aTHO MOJXKE Jla KOMIIPOMETHpa KayecTBOTO H
NPUEMIIMBOCTTA HA KpalHHUTE MPOLYKTH OT MOT-
pebutenure. ChIIOTO ce CIy4yBa, KOraTo ce Ipu-
jlaraT CTpaTeruy 3a HaMalsgBaHE Ha KOHIIEHTpa-
LIUUTE, OCHOBABAIM CE HA IPOMEHH B PELENTH-
T€, HaIpUMEp Ype3 3aMECTBaHE Ha peayLHpallu-
T€ 3axapy ¢ HepeAyLupalld 3aXapy WIN MOJIHO-
mu. CplIo Taka ce choOLaBa, ye 3aMsHaTa Ha
TIIFOKO3a WM (PYyKTO3a ChC 3axaposa (Hepemy-
ypaina 3axap) B OMCKBHTH BOJH 110 IO-BUCOKH
KoHIleHTpauuu Ha XM®, korato ce mede npu
temneparypa Ham 250 °C (Ait-Ameur et al,
2007). Ilpeamnonara ce, 4e BUCOKOAKTUBEH (PpyK-



To(hypaHO3WIOB KaTHOH ce o0pa3yBa OT 3axapo-
3a TIpH BUCOKAa TeMIeparypa, KOeTO BOAU [0
¢dhopmupane Ha XM®D mHoro 0bp30 (Perez-Locas
& Yaylayan, 2008). Uscnenanusra 3a oOpa3sy-
BaHeto Ha HMF ca MHOro orpanu4eHu u ce oc-
HOBaBaT TJIABHO HA €MIHUPUYHU MOJEINH, OIIHC-
Baiu obpasyBaHeTo Ha XM® (Ait-Ameur et al.,
2007; Capuano et al., 2008). [lokiazBaHo € U
BIMsHUETO HAa pH Ha TectoTo BBpXY 0OpasyBa-
HeTo Ha XM®. Kato usmno nosumasaneTo Ha pH
Ha TECTOTO BOAM /A0 MOHIKEHO KOJMYECTBO Ha
XM® B xnebnute mnpoayktu (Gokmen et al.,
2007). Bewmaoct HuckoTO pH, KakTo M HaIW4H-
€TO Ha KHCEJIMHEH KaTaln3aTop, ClioMaraT 3a
TOIJIMHHO WHAYIMPAHO pa3iiarane Ha (ypaHoBH
npousBoanau (Lee & Nagy, 1990).

31paBOCIOBHH PHCKOBE OT HAJINYUETOHA
XM® B xpaHuTe

Hoxazano e, ye XM® npu BUCOKH KOHIEHT-
pauuu € IUTOTOKCUYEH, Ipa3Hell OYuTe, FOPHU-
T€ IUXATelIHU MBTUIA, KOXKaTa M JIUTABUIIMTE.
Ulbricht et al. (1984) uzuncnssat opanen LD50
or 3,1 g / kg TemecHo Terno npu Irbxose. B
Ipyr ekcrmepuMmeHT mpu 1urbxoBe, US EPA
(1992) onensBat octpa opanna LD50 ot 2.5 g /
kg u mexny 2.5 u 5.0 g / kg cbOTBETHO 32 MBXKe
n xeHH. KaHneporenHara akTUBHOCT HAa XM® e
MpOyYBaHA B M3CJIEABAHUS BHPXy rpuszaqu. llo-
Ka3aHo e, ye XM® unaynupa u npomoTupa ade-
paHTHU MPOMeHH U (HopMHUpaHe Ha MpeHeoIac-
TUYHHM JIE3UU B 1e0CJI0TO YepBOo Ha mibX (Archer
et al.,, 1992; Bruce et al., 1993). Surh et al.
(1994) onmcBat MHAYIMPAHETO HA KOXXKHU TaIH-
JIOMHU CJieJ] JOKATHO mnpuioxkenue Ha 10-25
mmol XM® na mumku. O6patao, Miyakawa et
al. (1991) He choOmIaBaT 32 3HAYUTEIHO YBEJH-
YeHHe Ha CKOpOCTTa Ha TYMOpHUTE Ha KoXKaTa
cinen tperupane ¢ XM®. Hackopo mpoBelneHO
mpoy4uBaHe cho0mana, ue XM® e cinab kaHIepo-
TeH NpPU MHIIKH, KaTO 3HAYWUTEITHO YBEIUYaBa
Opos Ha ajJieHOMUTE B ThHKUTE 4epBa (Svendsen
et al., 2009). OcBeH ToBa B 2-TOAMIITHO MPOYYBA-
HE CBC COHJIAa, IpoBeAeHO oT HanuoHamHaTa
IporpaMa Mo TOKCHUKOJIOTHSA, € YCTaHOBEHO, 4e
XM® yBenuuaBa yecToTaTa Ha XemaToLEIyIap-
HUTE afeHoMH TpH xkeHcku BO6C3F1 mumkn, Ha
Kouto ca npunoxenu 188 - 375 mg / kg XM
(NTP, 2008). MyTareHHUST ¥ T€HOTOKCHUYHHSIT
noreHnuan Ha XM® e tectBaH in vitro B OakTe-
pHaHH TECT CHUCTEMH, KakTO ChC, Taka W 0e3
MeTabonryHa akTuBanys. Karo msmo pe3yiaraTu-
T€ OT TE3U IPOYYBaHUs MOKA3BaT HUCHK WIH HU-
KakbB MyTareHeH eext Ha XM®. 3a pa3nuka ot
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TOBAa, 328 XM® € yCTaHOBEHO, Y€ € MyTarcHeH 3a
S. typhimurium TA104, korato ChbeTUHECHHETO ©
TECTBAHO B MPHCHCTBHETO HA YEPHOJIPOOHA CYII-
dhotparcdepaza npu mrpx (SULT) u cpmo Taka
e mokazano, ye¢ XM® e myrareHeH B mam S.
typhimurium TA100, ekcmpecupall YOBEMIKH
SULTI1A1 mporenn (Sommer et al., 2003), kakTo
U B KJICTKH-MHIICHH Ha 003aliHHUIM, POCKTHPA-
HU 3a ekcnpecus Ha yoBemku SULT1AT mpore-
uH (Glatt & Sommer, 2006). HMF ce mpeBpsIa
in vitro u in vivo ot SULTs B cyndokcumeTmi-
dbypdypan (CM®D) — cprenuHeHHE, 32 KOETO CE
ChOOIaBa, Y€ € MyTarecHHO B KOHBEHIIMOHAJICH
TeCT Ha Ames W WHUIIMKPA TYMOPHU B KOXKaTa Ha
mumiku (Surh & Tannenbaum, 1994 ). CM®, 3a
pasnmuka ot XM®, obpasysa IHK anykru B Oe3-
KJIICTPYHH CHCTEMU W € MyTareHeH 3a OaKTepu-
aJHU KJICTKM W KJICTKH Ha Oo3ainmm (Glatt &
Sommer, 2006; Surh & Tannenbaum, 1994). B
€IHO Tpoyd4BaHe € ycraHoBeHo, ye CM® e cun-
HO HE(POTOKCHYEH MPU MUIIKH in vivo (Bakhiya
et al., 2009). XuCTOMATOIIOTUYHATE AHATH3H T10-
ka3BaT, ye¢ CM® npenn3BUKBa yMEpPEHO YBpPEXK-
JaHe Ha YepHUs Jpo0 W CHIHH YBpPEXKIAHHS B
O0bOpenyTe, 0COOEHO B MPOKCUMAIIHUTE TYOYIIH.
BBb3 ocHOBa Ha JaHHWUTE, NOKJIAIBAaHU B
JIATEPATYpaTa, HE € SICHO JAIN E€KCIO3UIUs-
Ta Ha 4oBeka Ha XM mpexncrasisiBa Io-
TEHIIMAJICH PHUCK 3a 37paBeTo. Janzowski et
al. (2000) zaxmrouaBatr, ye XM® He mipejc-
TaBJIABA CEPUO3€H PUCK 3a 3APABETO, BBIIPE-
KM Y€ Hal-BUCOKUTE KOHUEHTPALMHU B CIIE-
nuuaHn XpaHu ce AoOmkaBaT 10 OMoJo-
TUYHO €(EeKTUBHUS JHUANa3oH HAa KOHIEHT-
pauusi B KIEThYHHTE cHcTeMu. HayuHara
rpyna mo XpaHUTENHU T00aBKH, apoMaTH-
3aHTH, TOMOIITHU MaTepuaIn 3a o0paboTka u
MaTepUalIi, KOUTO Ca B KOHTAKT C XPaHH,
M3YUCIIM XpaHUTeaHus npueM Ha XM ot
1,6 mg / woek aueBHO (EFSA, 2005). Ta3u
OIIEHKa € Jajey HaJ mpara Ha 3arpuKeHOCT
oT 540 mg / 4oBek / 7ieH, MOJy4YeH OT rojsma
0a3za maHHM, ChABpXKalla WHOOpMAaIUs 3a
CyOXpOHWYHH W XPOHHYHU TPOYYBAHUS
BepXYy kuBOTHH (JECFA, 1996). Hanuunure
MMOHACTOSAIIEM OLIEHKW HA XPAHUTEIHUS TTPHU-
€M ca jajiey noj Ta3u cToiHoct. OCHOBHUST
npo0ieM 3a chabpkanneTo Ha XM e cBbp-
3aHa ¢ npespbiiaieTo my B CM®. B crano-
BUIIETO CH OTHOCHO TIPOW3BOJHUTE Ha
¢ypana EFSA 3axmioun, 4e Bb3 OCHOBa Ha
MyTtareHHocT Ha CM® mMa [10CTaTbhyHO J10-



Ka3aTeJlCTBA, KOUTO Jla MPEIU3BUKBAT 3ar-
PUKEHOCT OTHOCHO T€HOTOKCUYHHS MY IIO-
teHuras. CbOTBETHO MpoOIeAypaTa 3a OLICH-
Ka Ha MOCJENCTBUATA OT nmpuemMa Ha XM
BBPXY YOBEIIKOTO 3/IpaBe HE € OuIia Impuio-
JKeHa B OYaKBaHE HAa HOBU JaHHM 3a T'€HO-
tokcuyroctTa (EFSA, 2005). Monien et al.
(2009) orkpuBatr CM® B kpwBTa Ha FVB / N
MUIIKH CJIE]] MHTPABEHO3HO MPUJIOKEHUE Ha
XM®. ToBa e nbpBUAT 0BT, korato CM® ¢
OMJ1 OTKPHUT B EKCIIEPUMEHTH 3a OMOTpaHC-
dbopmarusi, mpoBeneHu BBPXYy XMD mpu
xopa 1 xuBOTHH in vivo. Yosemkure SULTSs
ca MOo-aKTUBHU OT T€3H, U3PAa3eHHU OT I'pu3a-
gn (Glatt & Sommer, 2006). OcBen TOBa,
xopara ekcnpecupar SULTs B ekcTpaxena-
TaJHUTE THKAaHU IOBEYE OT TpPU3AUYUTE U
clefoBaTeTHO  Morar jJa  ObAar  1o-
yyBcTBUTEeTHU KbM XM® (Glatt et al., 2005;
Teubner et al., 2007). ToBa npeamnosara, 4e
PUCKBT, CBbp3aH ¢ ekcrozunusara Ha XM
OT XpaHa, MOXKe J1a ObJie MO-BHCOK 3a XOpaTta
OT TO3U, IOCOYEH OT EKCHEPUMEHTH IMpHU
rpuszaud. BebmiHOCT, THH KaTO MPUEMBT HaA
XM® e MHOro BHCOK, I0PY U OTPAaHUYEHOTO
npeoOpazyBaHe O H3JIOKHIO XOopaTra Ha
JocraThbuHo KonmmdecTBO CM®, koeTo MoxkKe
a UMa OTPHULATENIHO BB3ICHCTBHE BBPXY
3/IpaBETO UM.

Iponyckn n Obaemu Hy:kau. OuneHka
Ha pUcKa

XM®O® e mupoKo pa3npocTpaHeH TOIUIHH-
HO MHAYIHPaH HOBOPOPMUPAH 3aMBPCUTE,
YUITO XpaHUTENEH MPUEM € C HAKOJKO IOo-
pAlbKa TO-BUCOK OT TO3HW, JOKJIaJBaH 3a
JIPYTU XpaHUTETHU TOKCUYHU BEILIECTBA, Ka-
TO akpwiamua win Qypad. B cBeTnmHaTta Ha
KoHcTaTarmuTe 3a XM® noTeHIMaIbT 3a
T€HOTOKCUYHOCT, 3HAUEHUETO Ha MOHM)KaBa-
HETO Ha ChAbpkaHUeTO Ha XM B 3arpeTu-
T€ XpaHU M OT CBOS CTpaHA XpaHHUTEIIHATa
eKCIIO3UIUs TPsiOBa BHUMATEIHO J1a Ce Tpe-
OLICHST.

Onenkara Ha pucka 32 XM® TpsOBa na
O0bpne momoOpena. CtemeHTa Ha OMOTpaHC-
¢opmanus Ha XM®D kM CM® TpsOBa ma
Ob/ie JOMBIHUTENHO mpoydeHa. HeobOxomu-
MU Ca U JOMBJIIHUTEIHU MPOYyUYBAHUS 32 KaH-
LIEPOre€HHOCT M TE€HOTOKCMYHH MEXaHU3MU
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Ha CM®. OcBeH TOBa, HAMA CIHACMHUOJIO-
TMYHU JAHHU 3a Bpb3KaTa MEXAY XpaHUTEI-
Hata excno3unusl Ha XM® u moBUIICHUSA
PHUCK OT pax.

JlaHHUTE 3a XpaHUTENHATA EKCIIO3UIUS Ca
MHOTO orpaHu4eHu. Ciie1oBaTeIHO ca HE0O0-
XOJUMH JOMBJIHUTEITHU TNPOyYBaHUS 32
OIICHKA Ha CPEIHHUS U MAKCUMAaJHUS MPHUEM
Ha PA3JIMYHM IMOMYJIALUA U CETMEHTH OT Ha-
cenenueTo. TpsOBa ma ce M3rpaau IIUPOKa
0a3a manHM 3a mosiBata Ha XM® B paznuy-
HUTE XpaHHU, KOATO Ja MOMOTHE 3a UJICHTH-
durupane Ha XpaHU, KOUTO OMPUHACHT
Haii-Be4e 3a EKCIO3ULMATA Ha XpaHU U Ja
HAco4BaT OBACIIUTE U3CIICABAHUS HA IIOTCH-
UATHATE U TTOAXOSIIHN CTPATETUU 32 CMEK-
yaBaHe, KOUTO J1a ce Mpujiarat KbM XpaHUTE.

3akiaouenue

Jocera He ChIIECTBYBAT KOHKPETHU CTpa-
TETUU 3a CMEKYaBaHE, HACOYCHU KbM HaMa-
JsiBaHE HA ChAbpkaHueTo HAa XM B xpa-
Hute. llenra e npeau3BuKareaHa nmopaau ec-
TECTBOTO Ha HETOBUTE MPEKYPCOPU U IBTH-
n1a Ha oOpa3yBaHe: MPEMECTBAHETO Ha peak-
UOHHUTE MbTUIIA HA Maiisip oT reHepupa-
HeTo Ha XM® B CchIIOTO BpeMeE, KaTo ce 3a-
a3y KayeCTBOTO HA XPAHUTE, € MHOIO IO-
TPYIHO MOCTHUXKUMO, OTKOJKOTO APYTH Xpa-
HUTEJIHU TOKCUYHM BEIECTBA KaTO aKpHJIa-
MM/,
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ACRYLAMIDE IN FOOD. POTENTIAL DAMAGE TO THE HUMAN ORGANISM AND
STRATEGIES FOR REDUCING ITS QUANTITIES IN FOOD

Ivan Georgiev Ivanov

ABSTRACT: Axpunamuovm, uiu 2-nponeHamudvm, ce 00pazyéa 6 HAKOU XPaHu, 602amu Ha 6blexXuopamu
no 8peme Ha mepMuiHama um oo6pabomka, 0cO6eHo0 MHO20 Npu neyexe u nvpaicere. JJokazamo e, ye akpuiamu-
0bm e KaHYepo2eHeH Npu JHCUGOMHUME U e 8eposimen KanyepozeH u 3a uosexka. Obpasyea ce 2nagHo npu nazps-
6aHe HA XpaHume 6 YCI08UsL HA BUCOKA MeMNepamypa U HUCKA GIANCHOCH OM AMUHOKUCETUHAMA ACNAPASUH 6
NPUCHCMBUEMO HA pedyyupawu 3axapu (21roKosa, gpykmosa u op), kamo uacm om peaxyuama Ha Matisap. Oc-
HOBHAMA Yei Ha Mo3u 00630p e 0a 0600w pe3yImamume om aKkadeMuyHume U NPOMULUIeHUMe U3CIe08aHUs 3d
CUHme3 U HAIUYHOC 8 XPAHU HA AKPULAMUO, d CHUO MAKA 0d NPedcmagy MexaHusma Ha oopasyeane u MepKu-
me 3a HaMAISI8AHEe HA KOHYEHMPAYUsima My 6 XpaHumeiHume npooyKmu.

Acrylamide, or 2-propenamide, is formed in some foods rich in carbohydrates during heat treatment, espe-
cially during baking and frying. Acrylamide has been shown to be carcinogenic for animals and as well as toxis
and likely carcinogenic for human. It is formed mainly by thermal heating of food in conditions of high tempera-
ture and low humidity from the amino acid asparagine in the presence of reducing sugars (glucose, fructose,
etc.), as part of the Maillard’s reaction. The main purpose of this review is to summarize the results of academic
and industrial researches on the synthesis and availability of acrylamide in food, as well as to present the mech-
anism of its_ formation and measures to reduce acrylamide in food products.

Key words: akpunamui, XpaHUTEIHA POAYKTH, CTPATETHH 33 HAMAJSIBEHE KOHIIEHTPAIMUTE HA aKPHIAMH/]T

BouBenenue AKpHUIaMHIBT € KaHIIEPOTeH MPH TPU3add U T10-
TEHIMAIEH KapLUUHOI'eH IPU X0pa, KaTo MOXKE Aa
Axpunamunpt (C3HsNO; 2-nporieHaMUABT) MIPUYMHU MYTAllMU HA T€H WM I'€HH U [1a T0BENE
(dur. 1) e Oe3uBeTHO, HENETIMBO KpucTtamHo 1o yBpexaane Ha JIHK (Friedman et al., 1995,
TBBPJO BEIIECTBO, pa3TBOPUMO BBB Bojga U uMa  Rosen and Hellenas 2002, Tareke et al., 2002,
MmonekyiHa maca ot 71.08 kDa (Eriksson 2005).  Rice 2005). BeposiTHO BHHaru € mpuchCTBal B
[MpomumieHO ce MPOM3BEXKIA Ype3 XHIAPOIU3U-  TOTBEHUTE XpaHW M IHUrapeHus AuM. Bbopekn
paHe Ha akpuinoHUTpwi. [IpenumMHO ce W3monm3Ba  TOBA MPUCHCTBHETO HA aKPWJIAMUJ B XpaHUTE 3a
32 TPOM3BOACTBO Ha IMOJMAKPWIAMHIHHU MOJH-  IIbPBH IbT € AoKIanBaHo ot llIBexnckaTta Haumo-
MepH, KOUTO HAMUPAT IIMPOKO NMPUIOKEHNE Ka-  HajiHa agMuHucTpauus no xpanure (SNFA) npes
TO KOAarylaHTd B mpeunctBaHero Ha oTmagau 2002 r. Toil ce cumTa 3a Bak€H 3aMBbPCUTEN,
BOIM M W30MCTpsSHE HA NUTEHHATa BOJA, KaTo  IPOM3IM3AIL OT NPOLECHTE Ha TEpMUYHA oOpa-
¢yrupamu BellecTBa 3a M3rpaxiaaHe Ha ¢yHAa- OOTKa Ha XpaHarTa, Hal-Beue IpU KapToQeHw,
MEHTHU M TYHEJIH Ha SI30BHPH M KaTO eNeKTpodo-  3bpHEHH U XJICOHU U3/ACITHA.
pesnu renose. IIpe3 1994 r. MexnyHaponHata
areHnus 3a u3cinensane Ha paka (IARC) kmacu- O
¢unmpa akpuwiammuna KaTo NOTECHIUANEH KaHIIe-
poreH mpu xopara (rpyna 2A) BB3 OCHOBa Ha
HETroBaTa KaHLEPOIeHHOCT Npu rpu3aud. Taszu CH2
knacudukanus e ogoopena or C30 npe3 2002 r. H 2 N =
HeotnaBHa ce ycraHoBH, e eiMHUYHATa (MOHO-
MepHa) (hopMa Ha aKpuIIaMHJl IPUCHCTBA B Xpa-
HaTa U TOW € TOKCHYEH 3a HEepBHATA CHCTEMA.

@urypa 1. CTykTypa Ha akpHJIaMHJ
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IlosiBa u TUeTHYEH npuemM Ha akpuwjiamMuj €
XpaHaTa

B 3aBucuMocT 0T gueTaTa xopara ca U3JIoxe-
HY Ha Pa3IM4YHM KOJHWYecTBa akpmiaamua. Ilos-
BaTa Ha aKpWIaMHJ B XpaHHUTE C€ M3CJIeaBA WH-
TEH3UBHO CJIe]] MbPBOHAYAIHOTO CHOOLICHUE 32
BHCOKHTE My KOHLICHTPAIlMd B XPaHHUTE, KOUTO
ca MOAJIOKEHH Ha BHCOKOTEMIepaTypHa o0Opa-
oorka (Tareke et al., 2002). AxpunamuabsT ce
OTKpHBA NPEIUMHO B PACTUTEITHH XpaHH, 0co0e-
HO TEpPMHYHO OOpabOTEHUTE HHINIECTE ChIBP-
JKallld XpaHH, KaTo KapTodeHu, 3bpHEHU U XJIe0-
HHU nponykTu (Svensson et al., 2003, Borda and
Alexe, 2011, Riboldi et al., 2014). Axpunamun
HE Ce HaMUpa B XpaHHW, KOUTO Ca MPUTOTBEHU
Yype3 BapeHe WM MUKPOBBIHOBa 00paboOTKa, a B
XpaHH, KOUTO ca TIPUTOTBEHH Ype3 ITbPIKEHE HITH
neueHe (Eriksson, 2005; Toérnqvist, 2005). Otk-
pHBa ce B MHOTO HHCKU KOHIICHTPAIIUU B XpaHH-
TEITHH TPOJYKTH OT >KUBOTHHCKH IPOM3XOJ, Ka-
TO MecoTo u pubara. KbM qHemHa naTta B CBETO-
BCH Mamad HsAMa yCTAaHOBEHH OTPaHUYCHHS 32
KOHCyMalusl Ha akpwiamuJ B auerata. [Ipoyd-
BaHMs TIOKa3BaT, Y€ KOJMYECTBOTO Ha aKpuia-
MUJIa € U3KITIOUYUTETHO BUCOKO B MPOIYKTUTE OT
mbpXKeHH KapTodu (Kato mhpKeHH KapTtohu u
KapTo(heH YHIiCc), TTOCIEABAHA OT 3bPHEHU Xpa-
HHU, XPYIKaBU XJI100Be, OHWCKBUTH H JPYTHU
xne6Hn mpenus (Tabmuna 1). KonnenTparusita
Ha aKpHjIaMHuIa B XpaHaTa 3aBHCH OT METOIUTE
Ha mpurotBsiHe (Konings et al., 2003, Dybing
and Sanner 2003, Capuano and Fogliano, 2011).
dakropuTe, KOUTO OKa3BaT CBHIIECTBEHO BIIHS-
HHUE BbPXY KOHLIEHTpALUATA Ca BUCOKATa TeMIIe-
patypa (moseue ot 120 °C), rogemMuTe KoJndec-
TBa BBITICXUIPATH, KOJIMYECTBOTO HA CBOOOTHHS
acraparvH, KOJWYECTBOTO Ha peXylUpariuTe
3axapH, pH, BOIHOTO chAbpX)aHUE, AMOHUEBUST
OmkapOOHAT W BHCOKAaTa KOHIICHTpAIMs Ha KOH-
KypeHTHH amuHOKucennHu (Matthidus et al.,
2004, Taubert et al., 2004, Deryck 2007,
Medeiros et al., 2012). [Ipuemanero Ha akpuia-
MU MOXE Ja TIOBHIIM PHCKa OT pak Ha OBOpe-
rute u repaata ( Olesen et al., 2008, Hogervorst
et al., 2008). JIlHeBHUAT TpHEeM Ha aKpuiIaMHuI B
JeraTta Ipu xopara ce orerssa Ha 0,3 g0 0,8 pg
Ha kg tenecho Ttermo (World Health
Organization (WHO), 2002). IIpu HopmamHH
YCIIOBHS CPETHUAT OOII JHEBEH NPHEM Ha aKpH-
namun ¢ okojo 0,85 pg Ha kg TenecHo Terio
(Schettgen et al., 2002). OOmMAT MaKpo- U MHK-
POXpaHHUTENEH ChCTaB Ha XpaHara ce MoyyyaBa
[JIABHO OT XPaHHW, ChAbPXKAIIM aKpPUIaMHUJ
(Wilson et al., 2006). XpaHnute, KOUTO JOMPHUHA-
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CAT HA-MHOTO 32 TIPUEMAaHETO Ha aKpUJIAMUJ C
XpaHaTa, C€ pa3IUyYaBaT B Pa3IMYHUTE CTPaHU
(Medeiros et al., 2012). XpaHuTe C BHCOKO Ch-
I'bpKaHUE HA aKpHUJIaMKT JONPUHACST 3a MpUeMa
Ha 38% or mqHeBHUTE Kanopuu, 36% ot hubpute
u 1noBeue OT 25% OT MUKPOEIEMEHTUTE
(Petersen and Tran, 2005). Karo msiio mo-rbMeH
€ IBETHT HA XPAHUTEIHUS MPOIYKT, B KOUTO Ch-
IIbPKAHUETO Ha aKpHUJIaMUIl € Mo-BuCcoKo. O0pa-
3yBaHETO Ha aKpUJIAMH]] CE€ yYBEJIUYaBa APACTHY-
HO KBbM Kpas Ha Mpolieca Ha MbP)KECHE U MeUYCHE
(Xu et al., 2014). KonuuecTBara Ha akpuiaMuaa
B Pa3IMYHUTE XPaHU M XPAHUTEIHU TPYIU ca
0006menu B Tabnuna 1.

Ta6muma 1 KosmyecTBa akpuiiaMuj, OTKPUTH B Xpa-
HUTEITHH POJTYKTH.

XpaHHTENICH IPOIYKT CbabpxkaHue — Ha
akpwiamun, pg/kg

Xnebuu nznenus u oucksutu | 18-3324

X516 10-3200

3bpPHEHU 3aKyCKU 10-1649

[MoxonagoBU IPOAYKTH 2-826

3amecrurenu Ha Kade 80-5399

Mne4yHu npoayKTH 10-130

[Ipprxenn kapTodu / uunc 59-5200

Mecoto 10-116

[eueno xade 45-9359

Oo0pa3yBaHe Ha aKTWIaMUIa B XpaHHTe.
Mexanuzmu Ha popMupaHe

AKpHuiamMH[ HE € BELIECTBO, KOETO ce J00aBs
KBM XpaHaTa, a ce o0pa3yBa B XpaHaTa 110 Bpeme
Ha TOIUIMHHAaTa W oOpabotka. M3cineaBanmsra
MOKa3BaT, Y€ 3arpsBaHETO Ha XpaHaTa MOXeE Ja
0bJe BaXXKCH M3TOYHUK Ha oOpasyBaHe Ha aKpH-
namua. AKpUIaMHUIBT ce o0pa3yBa B TOJISIMO
KOJIMYECTBO MPH XpaHHU, OOraTH Ha BBIIIEXUApaA-
TH (pelynupaliy 3axapH), IPUrOTBEHH TPU TEM-
neparypa Hag 120 °C mpu mbpKeHe W Te4eHe
(Becalski et al., 2003, David et al., 2012).

OCHOBHHAT BT, BOACL] A0 oOpa3yBaHE Ha
aKpHJIaMHJ] B XpaHUTE, € YacT OT peakIusiTa Ha
Maiisip - oT cBOOOJIHM aMMHOKHCEIMHHU (acmapa-
TUH) U penylupaiiy 3axapu (TJIaBHO TIIFOK03a U
tdpykrosza) (Stadler et al., 2002, Friedman, 2003,
Yaylayan and Stadler, 2005) (®wur 2.). Peakuus-
Ta Ha Malisp € HeeH3MMHa peaknus Ha mokade-
HSIBaHE, KOSTO C€ IMOSBSBA B XPAHHUTE IO BpPeMe
Ha MeYCHE WIIM Ibp)KeHe. ACMaparuHbT € CBO-
00iHaTa aMHUHOKHMCEIIMHA, ChAbpXKAIla ce B Kap-
TopUTEe B KOHIIEHTpPAMX OT OKoyio 93,6 mg Ha
100 g (Martin and Ames, 2001). [ToreHIMaIbT
3a 00pa3yBaHETO Ha aKpWJIaMHJl € CHIIHO 3aBH-
CHUM HE caMO OT KOHIICHTPAIUUTE Ha aclaparu,




HO M OT KOJIMYECTBOTO Ha PeylHpalluTe 3axa-
pu, kKato roko3a u ¢pykrosza (Pedreschi et al.,
2006). KonneHTpanusTa Ha cCBOOOJICH acriaparuy
€ OCHOBHUSAT onpenaensin] GpakTop 3a o0pasyBaHe-
TO Ha aKpWJIAMHJI B XPaHUTEIHU MTPOAYKTH, MPO-
W3BEJICHH OT PBKEHO M TMIICHUYHO OpaliHo
(Hamlet et al., 2008, Curtis et al., 2010). M13c-
JieBaHUsITa TI0Ka3BaT, Y€ KOJMYecTBaTa Ha pe-
JOyUpalinuTe 3axapd ca OCHOBHHTE OrpaHhYa-
Baly (pakTopu 3a MPOAYKIMATA HA aKPUJIAMH]T B
kaprodpenute m3aenua (De Wilde et al., 2004,
Sanny et al., 2012).

Asparagine _—..Sigiar_. Acrylamide
+ Heat
NH; O 0]
HO
NH2 QJ\NHz
0

®urypa 2. ObpazyBaHe Ha aKpWJIaMH]] B XpPaHUTE

CTpaTernn 3a HAMaAJIIBaH¢ Ha aKpuJIaMu-
Aa B XpaHUTE

Pa3paboTrenu ca noaxonsy CTpaTeruy 3a Hama-
JIIBaHE Ha aKkpwilaMuaa B Xxpanurte. Hamansasane-
TO Ha ChABPKAHUETO HAa aKpWJIAMHUJ B XpaHUTE,
MPUTOTBEHH B JOMAKHHCTBaTa M B NPOMHIILIE-
HOCTTAa, Ch3/1aBa IPEATNIOCTABKU 33 U3TOTBSHE HA
Oe3onacHu xpanu. Hanuuynu ca peamua crtpate-
TUH MPUJIAraHeTo Ha KOMTO BOJM O HaMaJsiBaHE
KOHIIEHTpAIIMUTEe Ha OOpa3yBaHUS aKpWUIAMH] B
pa3JIMYHUTE €Taly OT IPOU3BOJACTBOTO Ha Xpa-
HHU.

Bnuanue na cyposunume

KonmuectBata Ha peaymupammre 3axapu
OKa3BaT CBIIECTBEHO BIMSIHHUE BBPXY (popmmupa-
HETO Ha aKpWIaMH] IpU KapTohuTe U 3bPHEHH-
Te Kyntypu. Haquumero Ha peayIupaniy 3axapu
CHJIHO C€ BJIHMSIE OT COPTa, PEKOJITaTa, yCIOBHITA
Ha TopeHe u chxpanenue (De Wijde et al., 2005,
Muttucumaru et al., 2008, Truong et al., 2013).
YcTaHOBEHO €, Y€ KOJIMYECTBOTO Ha peaylupa-
IIUTE 3axXapH MpH KapTopuTe Bapupa IpH pas-
JTUYHUTE copToBe. KommyecTBOTO Ha CHHTE3Upa-
HUS aKpUJIaMua B KapTOPEHUTE MPOIYKTH € B
MpsIKa 3aBUCHUMOCT OT KOHIICHTPAI[MMTE Ha peay-
LUPALIUTEe 3aXapd B M3XOJHUTE CYPOBHUHHU (
Fiselier and Grob, 2005, Torres and Parrefio,
2009). CnenmoBaTeqHO KOHTPOJIHMPAHETO Ha pe-
OyLUpaIllyd 3aXxapd W aclaparuH B H3XOJHUTE
CYpPOBUHHM MOXE Ja JOBEJC 10 HaMmalliBaHEe Ha
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aKpuwiamMHaa B KapToeHHTe W 3bPHEHHUTE MpO-
nyktu (David et al., 2012). Heobxomumo e na ce
U3II0JI3BAT U CEJIEKTUPAT HOBH COPTOBE KapTO(H,
KOWTO MMAaT HHUCKM KOHLEHTpPAIMU Ha peryIH-
pamy 3axapH, ¥ Ja ce M3IO0JI3BaT Kato edexTu-
BCH HA4YMH 3a HaMaJIsIBaHC Ha KOHICHTpaluATa
Ha aKpWIaMHJ B XPaHUTEIHATE MPOIYKTH, MPO-
u3Benenu ot 14ax (Lindsay and Jang, 2005, Sanny
et al.,, 2012). KnumaTtuunute ycloBHsS OKa3Bat
3HAUUTEIHO BB3/ICHCTBHE BBPXY KOJIMYECTBATA
Ha acmaparrHa ¥ pexylypaniire 3axapu B Kap-
todure. Pexynupamure 3axapu B kKapTohuTe He
ce MPOMEHAT 3HAYHUTETHO, KOraTo KapTopure ce
chpXxpassBar mpu temneparypa ot 8 °C (De Wilde
et al.,, 2002, CIAA, 2009). Temneparypata Ha
CbXpaHEHHE HE OKa3Ba ChIICCTBEHO BIIMSHHE
BBPXY CHABPKAHUETO HA aclaparvH B KapTo(u-
Te, TO € coproBo 3aBucuMo (De Wilde et al.,
2002, Kumar et al., 2004, Ciesarova et al., 2006,
CIAA 2009).

Bauanue na xpanumennume 006aexu

Jlo6aBsHETO HA €H3MMa acmaparuHasa, KOWTo
MPEeBpbIla MpeKypcopa (acnaparvH) B aMOHSK U
acmapTaHOBa KUCEJIMHA, CHIIO0 MOXE Ja HaMalu
o0pa3yBaHeTO Ha akpuiaMmuj B xpaHute. EH3u-
MBT C€ TIpoU3BeXaa OT Aspergillus niger vmm oT
Aspergillus oryzae m ce npuiara mpyu MpOU3BO/I-
CTBOTO Ha KapTOPEeHH U 3bPHEHH MPOIYKTH
(Kumar et al., 2004, Pederschi et al., 2008,
Henderiksen et al., 2009).

Jlo0aBssHETO HA aMUHOKHCEIHMHHU WM OOraTH
Ha OCNTHYMHU MPOAYKTH CHIIO0 HAMAJSABAT Ch-
Obp)KaHUeTo Ha akpwiamun B xpanute (Rydberg
et al., 2003). AMHUHOKHCENWHH, KaTO TIIUIUH,
LIUCTEHH, METUOHHUH, TJIyTaTHOH M JIM3MH, OKa3-
BaT HETaTHBHO BJIUSHHE BbPXY 00pa3yBaHETO Ha
akpunamug (Brathen and Knutsen, 2005, Chaeys
et al., 2005, Anese et al., 2009). O6Gpa3yBaHeTO
Ha akpwiamua HamaisBa ¢ 50% npu goOaBsiHE
Ha IIUCTCHH U METHOHHWH B 3bPHEHH U KapTode-
Hu npoayktu (Levine et al., 2009)

VceraHoBeHO €, 4e J00aBSIHETO HA aHTUOKCH-
JIAHTHU BJIMSC BHPXY peaknuaTa Ha Maiisip, KosTo
BO/IM /10 oOpasyBaHe Ha akpmiamuj (Fernandez
et al., 2003, Summa et al.,2006, Zhang et al.,
2007, Zhu et al., 2010, Ou et al., 2010). AnTHOK-
CUJIAaHTHTE, TPUCHCTBAIIUA B EKCTPAKTHTE OT
po3mapuH, 6aMOYKOBH JIUCTa M €KCTPAKT OT 3€-
JIeH 4ai, MoraT e()eKTHBHO Jla HAMAJIAT MPHUCHC-
TBUETO HA aKpHJIAMHUJ B pa3iudHu Xpauu (Zhang
et al., 2005, Zhang et al., 2008). Tounusar mexa-
HU3BM 3a MHXHOWpaHe OOpa3yBaHETO Ha aKpH-
JaMUJ BCE OIe He ¢ W3ICHEH HAIbJIHO, HO Ce



npejiara B3auMo/IeHCTBHE Ha aHTUOKCHIAHTUTE
C aKTUBHH aIIJICXUIU, KOETO BOJM JIO OJIOKHpaHe
okucnenneto Ha akponemHa (Totlani and
Peterson, 2006, Granby et al., 2008). OcBen ToBa
MOBEYETO OT TE3W NMPOYYBAHHs CE OCHOBABaT Ha
YCIIOBHS In Vitro Wik B MajJIbK Malad; Heo0xo-
JUMO € Jla C¢ MPOBEAAT SKCIICPHUMEHTH B IMPO-
MHUIIIEHH YCITOBHSL.

Mono- u aByBajeHTHuTe KaTnoHn (Na' u
Ca* wm Mg*"), 106aBeHH KbM TECTOTO, IOKa3-
BaT 3a0€ICKUTENCH eEKT BbPXY PEAYKIHATA B
KOHIICHTpAIIMUTE Ha aKkpwiamuaa. B mombiHe-
HHUE TIOJMBAJICHTHUTE KATHOHHU CBINO €a CHOCO0-
HU Jla HAMAJIAT 00pa3yBaHETO HA aKPUIAMUJL IO
Bpeme Ha Harpssane (Elden et al., 2004, Tomoda
et al., 2004). Te3u WoHM MOTaT Ja B3aMMOJCHCT-
BaT C aclapardHa, Taka 4e Ja ce NpeaoTBpaTH
oOpa3zyBaHeTo Ha MeXJIUHHA QopMa Ha MHUPOBU
0a3u ¥ 10 TO3W HAYMH JIa IPEJOTBPATAT 00pazy-
BaHeto Ha akpmwiamuna (Gokmen et al., 2007,
Levine et al., 2009, Pedreschi et al., 2010). O6-
pasyBaHETO Ha aKpUIAMHA B KapTO(PEHU HBHUIIH
ce peaynupa Mpy U3MOJ3BaHE HA XUIPOKOJIOU/-
HHU TIOKPUTHUS OT aJrMHOBATA KHCENWHA U TICK-
TuH. HO MOKPHTHS, CHABPIXKAIIN TaJlaKTOMaHaH
OT POKKOB, KapareHaHbT WIIM KCAaHTaHOBAaTa Ty-
Ma CTUMYJUpAT 00pa3yBaHETO HAa aKpUIaMuj B
npoayktute (Zeng et al., 2010).

Bauanue na ycnosuama na oopabomka na
Xpanama

[loBeueTo OT IpeUIOKEHUTE CTpAaTeruu 3a
HaMajsiBaHe Ha akpuwiamuga ca (OKyCHpaHH
BBPXY Pa3IMYHU €Taly OT 00paboTkara Ha Xpa-
HuTe. Baxkuu pakTopu, KOUTO BIMSAT Ha MpOLe-
ca Ha oOpa3yBaHe Ha aKpWIaMu, ca TeMIepary-
paTa ¥ BpeMeTo Ha 3arpsiBaHe, OJaHIIMPAaHETO U
nbprkeHero (Ciesarova et al., 2006). [IposeneHu
ca M3cielBaHMs 3a BIMSHUETO Ha TeMIeparypa-
Ta Ha Ie4YeHe, BPEMETO Ha MeYeHe U 00pa3yBaHe-
TO Ha aKpwWjaMmuj B TOTOBHUTE MPOAYKTH. YcTa-
HOBEHA € CHJIHA KOpelalus MEXAy TeMIlepary-
pata Ha meueHe u BpemeTo (Ahrne et al., 2007,
Lukac et al., 2007). Hait-6naronpusitHa koMOu-
HalMs, TPH KOSATO Ca OTYETEHW Hai-HUCKHUTE
KOHIIEHTPAllMl AaKpWIaMuI B TOTOBUTE MpO-
IyKTH, € Temrneparypa 260 °C u Bpeme Ha U3Mu-
yane 20 munyTH. Ilpy onTuMuzanus ycioBusiTa
Ha W3NMYaHe (TeMIlepaTypara, OTHOCHTEJIHATa
BIIQXKHOCT U BpeMe) Morar na jgoseaatr a0 50%
HaMaJsBaHE Ha KoNMuecTBaTa akpuiaamui. Kom-
OMHAIMATAa OT KOHBEHI[MOHAIHO M JIUEIICKTPHY-
HO (MHKPOBBJIHOBO) HarpsiBaHe Ha MPOJLYKTUTE €
MO-TIOAXOAINA 332 PEAYKLMs Ha akpwiIaMHuzI B
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XJIeOHU M3/eNHs B CPaBHEHHE C KOHBEKI[MOHHO-
TO HarpsBaHe. M3nnyaneTo pu BUCOKAa OTHOCH-
TEeJTHA BIIAYKHOCT (C M3IMOJI3BaHE Ha IMapa) ce OKa-
3a e()eKTUBHO 32 HaMallsBaHE Ha aKpWIaMHUIa B
xyneonn m3genus (Vleeschouwer et al., 2007,
Anese et al., 2010). OOpa3yBaHeTO Ha aKpuJia-
Mu7 ce HaOrogaBa MmoBede BB BHHIIIHATA KOPA,
OTKOJIKOTO BBB BBTpPEIIHATA YacT Ha KopaTa Ha
xJs10a, JOKaTo B CpeJuHaTa aKpWIaMHIBT Ce
MOsIBSIBA CamMo B CJeNOoBH KoHIeHTpauuu (Sadd
and Hamlet, 2005, Sadd et al., 2008).
Bnanmmpanero e BakHa omepanus 3a Hama-
NsBaHE HAa aKpWIAMHUAA B TPOHW3BOJICTBOTO Ha
mepkeHn kapTodu. KommaectBoTo Ha 0OpasyBa-
HUSl aKpWIaMHJl HaMalsBa TJIaBHO IOpaad M3-
BJIMYAHETO Ha MpEKypcopure (peaynupaiy 3a-
XapW) Tpean mepkeHe Ha kaprodure (Pedreschi
and Moyano 2005, Pedreschi et al., 2009, Samir
et al., 2013). YcnoBusta Ha OnaHmmpane (TeM-
meparypa U BpeMe) Morar Jia ce IpOMeEHSIT, 3a Ja
ce 3ama3fiT IOCTOSHHUTE XapaKTEPUCTUKUA Ha
KpaiiHus nponaykT. bmanmmpane mpu 70 °C B
npoasokerne Ha 10 mo 15 mMmHYTH, HaMansBa
o0pa3yBaHETO Ha aKpWJIaMui CHOTBETHO ¢ 65%
u 96% 3a mppxeHu kaprodpu U KaprodeH YuIcC.
[IppskeHeTo ce M3Mo3Ba KaKTO B XpaHHUTEIHATA
MIPOMUIILIEHOCT Taka M B JIOMAIlHU ycloBus. B
Kpas Ha mpolieca Ha IbpKeHe ce o0pa3yBa Haii-
IJIIMO KOJMYECTBO aKpHJIAMHUZ, KOETO OT CBOS
CTpaHa € CBBP3aHO U ¢ pa3BUTHETO (hopmupaHe-
TO) Ha IIBETOBETE, KOETO CE JIBJDKU Ha PEaKInsiTa
Ha Maitap (Fiselier et al., 2006, Amrein et al.,
2007). IHTeH3UBHUTE yCIOBUS 3a IbpKEeHE (BU-
COKa TeMIlepaTtypa H MpPOJBIDKUTEIHO BpEME)
BOJAT 0 MO-TBMHHU KapTO(U U C MO-BHCOKO KO-
nuyecTBo akpunamun. Ilo Tasu mpuunmHa nBaTa
(dakTopa - TemreparypaTra Ha IbpKEHE U BpeMe-
TO, TpsIOBA Ja CE CUMTAT 3a BaXKHHU, KATO TEMIIE-
parypata He TpsiOBa ma Hagsumasa 170-175 °C,
a BPEMETO 3aBHCH OT BWJA HA MPOJYKTA U MOXE
Jla Bapupa W TpsiOBa Ja ce YCTAaHOBU OITUTHO
(Fiselier et al., 2006, Amrein et al., 2007).

Bauanue na pH, éoonama axmuenocm u
depmenmayuama 6vpxy npoOUKUUAMA HA AK-
punamuo

Peakuusara na Maiisp cunso ce Biuse ot pH
Ha xpanute (Eriksson, 2005). M3scnensanusita
MOKa3BaT, 4e MOHWKeHoTo pH Bomu mo mpactud-
HO HaMaJsIBaHE B CHIbPKAHUETO HA aKPUIIAMHM]]
o BpeMe Ha mbpkeHe u medene (Jung et al.,
2003, Grab 2007). Besika kucenurHa o0paboTKa
Ha CypOBUHHTE, HaMajsBIIa pH Ha xpaHuTe, BO-
1 JI0 HamallsiBaHE KOHIICHTPAIMUTE Ha CHHTE-
3upaH akpwiamuy. JloO0aBsiHETO Ha pa3IHYHU



KHCETMHN HaMmalsiBa KOJIMYECTBOTO Ha aKpHia-
MHUZa B XJeOHU MPOIYKTH, CHIIO TaKa B I[apeBH-
YeH 4YWIic, OUCKBUTH W Kkpekepu (Jung et al.,
2003, Graf et al., 2006). AKTHBHOCTTa Ha BoJaTa
(aw) B XpaHUTEe WTpae BaKHA pOJISI 332 HaMalls-
BaHEe 0Opa3yBaHETO Ha aKpwiamMHua. AKpuia-
MUIBT ce 00pa3yBa B XpaHaTa caMO KOTaToO BOJI-
HaTta akTHBHOCT (aw) € mox 0.8, mokaTo oOpazy-
BaHETO Ha aKpHJIAMHUJ € BHCOKO TPW BOIHA aK-
TUBHOCT, mo-HHCKa OT (.4, KakBaTo BOJHA aK-
TUBHOCT C€ HaOJI0/1aBa, IPH MPOU3BOJICTBOTO HA
ouckBuTky U kapTodeH uunc (Hoenicke and Ga-
termann, 2004, 2005). ®epMeHTaIMsATa KOHTPO-
JUpa CKOPOCTTa Ha 00pa3yBaHe Ha aKpHJaMUJl B
XpaHaTa 4pe3 MOJIbp)KaHe HAa HUCKU KOHIICH-
TpalyK Ha IpeKypcopute (peaylupaliy 3axapu
W acmaparut) u noHwkeHo pH. Ycranoseno e,
4Ye yIBIDKEHOTO BpeMe Ha (epMmeHTanus (Hai-
MaJIKO €JIUH Yac) € MOAXOAIIO0 32 PEAYKIUS Ha
aKpUIIaMUJI B XJII0 M MbPKEHU KapTo(deHU Tpo-
nyktu (Konings et al., 2007, Sadd et al., 2008).
KoMmOuHMpaHaTa MieuHOKKCEIa (epMEHTAIS C
ONaHIIMpaHe € MOAXOJIAIIA 32 MO-TOJIIMO Hama-
NsBaHE Ha aKpWIaMuaa B KapTOQEeHHUTE Ipo-
nyktu (Baardseth et al., 2006).

3akiouenue

OcHOBHHUTE OTrpaHWYaBamy (HaKTOpPH, OTrO-
BOpHH 3a 00pa3yBaHETO Ha aKpHJIaMH[ B KapTo-
(deHnTe W 3BpPHEHUTE MPOAYKTH, Ca peryuupa-
mure 3axapu (TIoKo3a U Gpykro3a) U ChOTBET-
HO KOJIMYECTBOTO Ha cBOOOmHATa (HECBBp3aHa B
NENTUAM U MPOTEHHU) aMHHOKHCEIMHA acrapa-
T'MH. 32 TBPTOBCKO MPOU3BOJICTBO Ha KapToheHH
MPOJYKTH € HEOOXOMMO J1a ce u30epaT CopToBe
C HUCKH KOHLIEHTPALWHU Ha peAyLHpallH 3aXapH,
KaTo ce OTYMTA CE30HHATa W pETHOHANHATa Ba-
puabunHoct. HeoOxoqumo e nma ce u30srea u3-
MOJI3BAHETO HA KapTO(u, ChbXpaHIBaHU MIPU TEM-
neparypa nog 6 °C. OnTumanHaTa TemmnepaTtypa
Ha ChXpaHeHHE Ha kKaprodure ¢ okoio 8 °C.
bnanmupaneTro BB BOAa, MOCJIEABAHO OT IIbp-
KEHEe TpU  KOHTPOJIHMPAHU  TEMIEPaTypHO-
BpEeMEBH KOMOMHAIIMH, MOXe J1a Objae mo-n1o0pa
BB3MOYKHOCT 32 HaMaJlsiBaHe Ha 00pa3yBaHETO Ha
aKpuiaMua B KaprodeHuTe npoayktu. M3moins-
BaHETO Ha JIOOABKH, KATO aMHUHOKHCEIIWHH, aC-
naparvHa3cH €H3UM, KATUOHHU U aHTUOKCUAAHTH,
¢ e()eKTHBEH MOJXOJ 332 PEIYKIMsA HAa KOHIICHT-
panusaTa Ha aKpwiaMHI B XJICOHH W 3bPHCHH
npoaykTH. Benpekn ToBa 100aBKUTE HE TpsiOBa
na MPOMCHAT Ka4€CTBOTO U MPUEMIIMBOCTTA OT
MOTPEOUTENIUTE HA XPAHHUTEIHUTE MPOIYKTH.
depMeHTaNUATA C APOKAN € 0OelIaBaia TeXHO-
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JIOTHA, KOATO MOXKE OJa HaMalld CbABbPKAHUCTO
Ha cBOOOJHM MPEKYypCOPH Ha acrapariHa B 3bp-
HEHU NPOJYKTH Karo mmienuna. KomOnHanmsta
oT (pepMeHTaNWS C APOXKIN W ONAHIINpaHE 3HA-
YUTEIHO 1€ HAMaJll ChABPKAHUETO Ha aKpuia-
MUl B KapTOQeHWUTe NpPOAYKTH. Bbmpekn ToBa
CTpaTeTUUTe WIN MOAXOAUTE, Pa3padOTeHH 3a
KapTOEeHUTE MPOAYKTH, HE ca MPUIOKHMHU KbM
JpPYTU XpaHUTETHU NPOIYKTH, HAIPUMED XIJICOHH
U 3bpHEHN m3nenus. ChIIecTByBa CHIIHA IIOJIO-
KHUTEITHA KOpeNamus MeXIy TeMIieparypara Ha
neyeHe ¥ BpEMETO Ha M3MHYaHe ¥ 00pa3yBaHETO
Ha akpmwiamua. V3nomsBaHero Ha OpamHO C
HHCKO ChABbpP)KaHHE Ha acllaparuH MOXKe Ja Ha-
MaJli ChABPKAHUETO Ha aKpujaMuz B XJeOHUTE
nponykTu. Upe3 BbBEKIaHE Ha Mapa B KOHBEH-
[IMOHAJIHA WJIM TPAJUIMOHHA CHCTEMa 3a MeYeHe
€ BB3MOXXHO Jia C€ Hamald ChABPKAHHUETO Ha
aKpujaMui B IeueHHu Nponyktu. Paspaborenure
Jlocera CTpaTeTHH 3a CMEK4YaBaHe Ha oOpa3yBa-
HETO Ha aKpWIaMHI c€ H3ydaBaT NpH Jabopa-
TOPHH YCJIOBHSI, KOUTO MOXE Ja HE ca MOAXO.s-
K 33 THPTOBCKU IIPOIIECH. 3aTOBa € HEOOXO0IU-
Ma I0-HaTaThIIHA paboTa, CBhP3aHa C TECTBAHE
Ha J1abOpaToOpHO MOJYYCHUTE CTPATErHH B IPO-
MUIIUIEHH YCJIOBUS Ha Mpou3BoicTBO. Hamais-
BAaHCTO Ha aKpujIaMuJIa B XPAaHUTCIHUTE IIPO-
JIYKTH, KaTO CBIIEBPEMEHHO C€ 3aIlIUTaBaT APy
aCIeKTH Ha KadyeCTBOTO MM (OpraHoJIENTUYHU
Ka4yecTBa) BCE OIIEC OCTaBaT OCHOBHO IMPEIHM3BH-
KaTCJICTBO 3a XPAHUTCIIHUTEC TCXHOJIOTUH.
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ABSTRACT: Aryliodides are valuable precursors in organic synthesis. Their synthesis is generally carried
out using the classical methods for direct and indirect halogenation (iodination). The subject of the present
study, however, are the strategies for targeted synthesis of the much less readily accessible and atypically

substituted 2,6-diiodosubstituted aromatic acids.
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BnBenenne

MonoapenuTe ca aTpakTHBEH KIAC OpraHMU-
HU cheinHeHus. OT CHHTETHYHO TJeIUIIe, Te Cce
MOJI3BAT KaTO PEaKTaHTH B PEAKIMHUTE Ha KPhC-
tocano C-C kymmmpane [1,2]. CrpykrypHaTa
HecTabunHocT Ha HamumuHute UM C-1 Bpb3kn
MIPEIOTIPEIETIS 10 TOJIsiIMa CTETeH U TAXHATa BU-
COKa PEaKTHUBHOCT B TO3HM THII B3aMMOJEHCTBHUS
[3].

Monoapenute mposiBaBaT ChII0 U (hapMaKo-
XMMHMUYEH mnoTeHnuan. Penuiia omoapomaTtu ce
MOJI3BaT KaTO KOHTPACTHU BEIIECTBA, a JPYTH —
KaTo MEJIMKaMEHTH B TepalHsiTa Ha OHKOJIOTHY-
HU ¥ MHQEKIIMO3HU 3a00sBanus [4].

OOVKHOBEHO CHHTE3bT Ha HOAOOPTaHUYHH
CHEIMHEHUS HE CE OCBIICCTBSBA C KOJINYECTBCHH
nobuBu. OcBeH TOBa, TOBEYETO OOIIONPHETH
METOJI 32 apOMaTHO HOaUpaHe OMOJI30TBOPSIBAT
pearenTH ¢ mo-ciaba I'-moTupaiia aKTHBHOCT
[5]. OtnenHo, HE Bceku cyOcTpaT OMBa KOJIMYEC-
TBEHO XaynoreHwpan (fommpan). B pemmma ciy-
Yau JOCTHIBT Ha [* OMBa CTEPUYHO OrpaHUYCH, a
B JPYTH - €JIEKTPOHHO BB3MPEIATCTBaH. BbBexk-
JTAHETO Ha BTOPH HOJIEeH aTOM B ChCTaBa Ha Beue
HoaupaH (IeaKTUBUpPaH) apoMaTeH BBIJIEBOMAO-
POJ € ChIIO 3aTpyaHeH. MomupaHeTo Ha apomar-
HU KHCEJWHH, TI0 aHAJIOTHS, HE CE€ OCHIIECTBSIBA
BBB BHCOK MpOIEHT. ETo 3aI10, 1o mpe3yMmmims,
CHUHTE3UTE Ha AMHOJ03aMECTEHUTE MPOU3BOJHH
Ha OeH30eHaTa KHCEeIMHA He Ie Ce peallu3upar ¢
JKEJAaHUTE KOJTHMYECTBEHH JOOUBH.
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B caydyaure obaue, xorato € HEOOXOIUMO
OCBIIECTBIBAHETO HA apOMAaTHO IUHOAMpAHE B
HeoOWYaifHUTE 332 3aMECTBAHE TIO3UIIUU - OPMO,
cupsimo npuckerBans COOH ¢ynkimonan -,
TO CJIEJBA J1a CE MOJI3Ba IMOTEHIMAIA Ha HIKOH OT
cnegaute metoau (Cxema 1):

(H2N)R COOH
(H2N)R ;

R(NH2)

121 Metoa D
2. 2HNOHCI | “2N2
e MeTo,
H TOn L | eTOn C H
COOH HOOC R
0N pgoAc A 21"
‘ — | ,‘, P
RF H PhI(OAc): AN H R
DMF
1.2 HN02/HCIT -2N,
2.2KI - 2KCl
Meton B NH,

ﬁCOOH
B

/

A SNH,

R

Cxema 1. CTtpaTeruu 3a HaCOU€H CHHTE3 Ha 2,6-

JUHO0103aMECTEHN IIPOU3BO/IHU HAa OEH30€HaTa
KHCETTMHA

[IpenacTaBeHOTO TYK IIenM na 0000mM W W3-
JIOXH B Pe3fOMe HaJMUYHUTE M XUIIOTETHYHH Me-
TOAM 3a CHUHTE3a Ha MHOroooOemasammure 2,6-
JIU0/103aMECTEHN apOMAaTHH KHCEITUHHU.

H3o:xkenne

Haii-o01mo werogure 3a cuHTE3 Ha 2,6-
nuiiogo3amecTeHaTa OEH30€Ha KUCEJIMHA U HEH-



HUTE TOJIM3aMECTEH! MPOM3BOJIHU MOTaT Jla C€  HHI apOMAaTeH PEaKTaHT Ja NMpHUTeKaBa T. Hap.
KIacHGUIMpaT KaTo KIIACHYECKH M ChBPEMEHHH.  METalo-Haco4Ball 3amecTuTel. [locieHusT e
[TopssnbKBT B KOWTO Ca MPEACTABEHW B TEKCTAa  OCUTYPU IOJIOKUTEIHUS XOJ HAa OCHOBHATa pe-
obade e ciydacH, Oe3 ompejelicHa 3aKOHOMEp-  aKIHs Ha IUPEKTHO ortho-meranupane. B kadec-
HOCT - XpOHOJIOTUYHA WK Jpyra. TaMm, KpIeTo €  TBOTO Ha IOJAXOJIEH, B CiIydas, ce OTOeis3Ba -
CYeTeHO 3a HeoOxomumo ¢ BbBeAcHa moapooHa  COOH ¢yHknmMoOHaI. AKTHBHOCTTA Ha KapOOK-
nH(pOpMAaIs, IPECTABIIIA MEXaHU3Ma Ha pa3r-  CHJIHHUS (PYHKIMOHAT B TE3W B3aWMOJCHUCTBUS
JEXKIAHOTO B3aMMOJICHCTBHE MM € IocodeHa  obave OWBa MPOSBEH €JIWHCTBEHO W CaMO TIO]
TakaBa, KOSTO Jla U3SCHU TEXHHUTE 0COOGHOCTH —  (hopMmara Ha cIperHata OCHOBa - KapOOKCHIIATCH
o3y, Hemoctarhiy. [IpunoxkeHnero Ha HIKOM  aHMOH. ETO 3amio, B Ka4yecTBOTO HAa IPOMOTOP
ot npencraBenutre meroan (A u C) e excnepu-  (aJUTHBEH pearcHT), B pEaKIMOHHATA CHCTEMa
MEHTAJTHO TIOTBBPACH, TIOCPEACTBOM CHHTE3a Ha  c€ BHacs chIo Oasa (B:) - akmentop Ha BOJO-
yMepeH Opoif, ciiydaliHu Tpow3BOMHU Ha BbI-  poaHus COOH npoTtoH.:

pocHara kucenuHa. OcTaHaIUTEe METOAM MPHUTE- o s
»KaBaT MOTEHIMANa 32 CHHTE3 Ha TpEIBUACHUTE 0
OO Pd(0AC) X 0
kucennHu. [locnepnure npencraBaMe  Kato ©/ —_— (p) — U T &
AL B: -BH L.~ d A
HpeAroIaraeMo moTpeOH. R RS H ae R0 one
: (M
Metoa A. MeTon Ha JUPEKTHOTO ortho Me- ACOH  AcO: o
TalupaHe C TIOCJIEABANIO HOJOJeMeTaTUpaHe N
(cvepemenen nooxoo) - AcOH R‘/ AR )

Peakmmute OoT TO3W THUIT OOMKHOBEHO CE€ OCh-
IECTBABAT B MPUCHCTBHUETO HA NMPEXOJHU METa-
mu — Rh, Ni, Ir, Pd, Hg, TI [6-8]. Haii-uecto
MpWJIaraHd B MPAKTHKAaTa PEareHTH ca CheAnHe-
Husta Ha Pd. JlokaszaHno e, ue noj ¢opmara Ha
anierat (Pd(OAc),), mamagusT mnposiBsIBa CBOSITa
Hal-BHCOKa PEaKTUBHOCT B CEPHUS PCAKIUH, BKIL.
Y B Te3U Ha Homupane [7,9]. 3a na Obne ycrenrHo
OCBIIECTBEHA peaKknuATa Ha WOAWpPaHE B
npuchkcTBUETO HAa Pd ¢ HeoOxomumo w3mon3Ba-

COOH
\ d(u O/
(O} o g
Qﬁr% Phi OAc R Bd OAc dk bAC_ ~_COooH O)k bAC
@) R@
OAc

N |
(e o

pheny|.)~3-iodanediyl diacetate

O6pa3yBanute cMmeceHonuranaau Pd cwemnu-
Henus (1) ca HectabwinHu. B pesynrar Ha BbTpe-
MOJICKYJIHA IUKIU3AIUs CIIOHTAaHHO ce (OpMHU-
pat netwieHHn Pd-tukmm (2). OpraHuszupanuTte
METaJIO-BBIIIEPOJHH BPB3KU C€ TIO3UIMOHHUPAT B
OOKpBXKEHUETO (0pmo) Ha MeTajo-Haco4BalaTa
rpyna, B cirydas — COOH dyHKIIMOHA.

[IECTBEHHsI KOHTAKT MEXIy BBBEACHUTE HOTHH
MOJICKYJIM U H3IOJI3BAHUAT OKUCIUTEN ce (op-
MHUpa aKTHBHUAT HOA-IOTHpAIl pEareHT —
CH3;COOI (cpkp. I0Ac). @opMupaHuAT XHIIO-
HOOUI OKHCISABAa CHUIO M MEXIMHHO (hopMHpa-
mute ce apun-Pd(Il) mukmm mo TakwBa, B KOUTO
| Porsra sa PhI(OAC), B pastiesianara peak- METaTbT NpHEMa I0-BUCOK 3apsiji (CTENeH Ha

’ okucnenue - (IV)) (3) [10]. B ta3zu cu ¢popma Pd

uus, € pasHoctpanHa. C oMoIITa Ha TO3M OKHC- o ETMMUHUPA JIECHO (IO PEYKIMOHEH MHT) OT
JIHATEIT CC OC'I)H.IGCTBHBZ? CBIIO W PCAKTHBAIMATA apoMaTHUA OCTaTbK, FeHepHpaﬁKH JKCIIAHUTEC
HA ,MHAKTHBUDAHWA WM BHECEH B  CIEAM  jonumany nponykru (4).

OOmMsiHaTa Ha mMajgagueBH C HOAHU aTOMHU ce
OCBIIECTBSIBA WHIUPEKTHO, B MPHCHCTBUETO HA
HNOAXOMSI IO CHJIa W TPHUPOAA OKUCIHTEI
(o6uknoeno PhI(OAc)>)!. B pamkure Ha 0Chb-

Pd(OAc),.:
oA Karo HemocTaThlii Ha CTpaTerusaTa OHUXME
MOCOYMIIA: HEOOXOJMMOCTTa OT HAalaraHeTo Ha
~OA
©/ ¢ *Pd; —-= PdOAck* xpomarorpacko pasaesisHe Ha Taka MOTyUCHHS

82



HPOAYKT OT CBHIIBTCTBAIIMA T'O HomoOeH3eH
HEXKEJIAHOTO MPUCHCTBHE HA CTPAHUYHH MPOIYK-
TH Ha Hecneunpu4IHo (para) oaupane; ynorpe-
0ara Ha CKBIIOCTPYBAII U TPYAHO OTCTPAHUM OT
peaKIMOHHATa CUCTEMa INaJlaJueB aleTaT, a Ch-
II0 ¥ B HEOOXOAMMOCTTA OT IOJI3BAHETO HA CIe-
OU(QUYHA, BUCOKO KHUIISIIH MOJSIPHUA OpraHUYHH
Pa3TBOPHUTEIH.

[lozuTHBHUTE Ha CTpaTErusITa HAMUPAaMeE B: OT-
CBHCTBUETO Ha OCOOCHM OTPaHWYEHHUS B M300pa
Ha pEakTaHT U B IIOCTUTHaTaTa BUCOKA peruoce-
nextuBHOCT. OCBEH TOBa, MPH TOAXOISAIIHSL
nog0op Ha PEeakUMOHHH YCJOBHUS, NOOUBHT Ha
JKEJTaHNUTE MPOLYKTH MOXKE Ja IpueMe KoJIndec-
TBeHU u3mepenus [7,11].

H | [
ﬁCOOH 5 mol% Ffd(OAc)z @(COOH
R‘/ ZNH 3 QQ@(E?C)z RK/ I
DMF
100°C; 36 h

MonupaneTo Ha apoMaTHHsS CyOCTpaT MoXe
Jla CE OCBIIECTBU U B OTCHCTBUETO HA MPEXOTHO-
MeTajeH peareHr [12], HO peanu3upaHuTe J00HU-
BU M CEJIEKTHBHOCT B T€3W CIy4yaW Ca MHOTO IIO-
HUCKHU OT T€3H, JIOCTHTHATA B MPUCHCTBHETO HA
TaKbB.

> 65%

CeNeKTUBHOTO opmo-HOAUpaHe Ha apOMAaTHH
KUCEIIMHA MOXKE CBIIO Ja CE OCBIISCTBH M C
nBoiikata [,-T1(OAc);. Bucokara TokcuuHOCT Ha
TI(OAc); Hamara HEroBOTO IOJI3BaHE Ja ObIeC
OTPaHWYCHO W J1a CE IMpujlara camMo B CIydauTe
Ha KpaliHa HEOOXOJHMMOCT; NMPU OTCHCTBUE Ha
anTepHaTUBEH Hero peareHT [13,14]. Cexaenue-
TO € BaIMAHO W TIO0 OTHomieHWe Ha Hg-
ChIObpXKAIIUTE pearentu [15].

Meton B. Metox Ha 3aamaiiep (kiacuuecku
n00x00)

BbBexmaneTo Ha WOTHU aTOMH B OOKpPBIKE-
HUETO Ha KapOOKCWIHUS (PYHKIIMOHAII MOXE Ja
Ce OCBHIIECTBH CBHINO U TIO IUIaH, KOHTO BKIIOYBA
eHOMMEHHATA peaknys Ha 3aHamMamnep.:

NH, N C!
@rCOOH 2.1 eq. NaNO, N COOH 2Kl COOH
| H,O/HCI \ T
= _ 2 -
R ONH,  08%: 15min R N3 CF oy RS

DopMHUpaHETO U 3aMECTBAHETO HA JUA30HHE-
BU TPyNH ¢ WOIHU aTOMH, TYK, C€ OCBHIIECTBSIBA
MOCJIEOBATENIHO, in Situ, 0€3 HeoOXOIUMMOCTTa
OT U30JIUPAHETO Ha MEKIUHHO 00pa3yBalHTe Ce
NpOAYKTH. B3auMoJielicTBUsATa C TIOCOYEHUTE
p€arcHTu €€ OCHIIECTBABAT B €IUH PCAKIIMOHCH

83

cbA (one pot) 1 3a KpaThK MepuoJ oT Bpeme. He-
00XO/IMMUTE YCIIOBHS 32 PEalM3HPAHETO Ha pe-
aKnusATa Ha HojupaHe OWXME TOCOYMIHM KAaTro
onarompuatHu (Mmexu). IlocinenHuTte cnemBa na
obe3neyaT U CTPYKTypHATa IUIOCT Ha HOBOOP-
raausupanute C-1 Bpw3ku [16,17].

3a cuHTE3a Ha HaH-CEMIUTHS MO CTPYKTypa
npeacTaBuTen, 2,6-1uiio00€H30¢Ha KHCEIINHA,
CBIJIACHO TO3W CHHTETHYEH IUIaH, CJelBa Ja ce
MOJ3Ba  NPEABAPUTENIHO  TModydeHata  2,6-
nraMuHOOeH30eHa kucenuHa. CHHTE3BT Ha MoC-
JieJIHaTa € MHOTOCTBIIKOB M OCBIIIECTBEH 3a MIbP-
Bu T npe3 1950 ot C. Moser u T. Gompf [18].:

o NO, o NO, o
C%Hé[éo_»@[‘ém _>

NO, NO, NH,
COOH COOH COOH
— —_—
CONHZ NH2 NH2

Pa3bupa ce, ako € HEOOXOMUMO TTOTyIaBaHE-
TO Ha JIPYTH TPOMW3BOJHU Ha BBIIPOCHATA KHCE-
JIMHA, TO CIlie/iBa J]a ce TOJ3BAT IelechoOpaszHu
PEaKTaHTH, aHAJI031 Ha YKa3aHUs aHXUJPUI.

OTCchCTBUETO HA 2,6-TMaMUHOOCH30€HaTa KH-
cenvHa (BKJI. M HA HEWHW MPOU3BOJTHU) B MEK-
IyYHApOIHUTE THPTOBCKHM KaTajlo3W, Hajlara TAX-
HaTa HAJIMIHOCT JIa C€ OCHTYPH I10 YUCTO TIpera-
paTuBeH ObT. ETO 3al10 CUHTE3bT Ha XKCIAHUTE
MIPEKYPCOpH, IIPOU3BOIHU Ha 2,6-
JIMaMUHOOCH30€HaTa KHCEIIMHA, CBIVIACHO TO3U
IJIaH, U3UCKBA Pa3xoja Ha 3HAUYUTEIHO EKCIie-
PUMEHTAITHO BpeMe U yrnorpebaTa Ha MHOXKECTBO
XUMUYHHA PEarcHTH.

Brnpeku, ye flogupaHeTo Ha apOMAaTHU BBI-
JIEBOJIOPOAM O MeToja Ha 3aamaiep ce ocCh-
IIECTBSIBA C BHUCOK IPOLEHT, YECTO ITBTH JKela-
HUAT TPOAYKT € CHIIPOBOJECH OT MPUCHCTBHETO
Ha TMPOAYKTH HA Pa3IMYHU CTPAHWYHM B3aUMO-
JIEHCTBHS, KaTo Hamp.: MPOTOJAeANa30THpPaHE
(3amecTBaHe Ha Juasorpynara ¢ BOJOPOJCH
aToMm), KynemnyBasne 1 C-C Kymiupase.

3a nma ce m3berdHe GpopMHupaHETO HA CTPAHUY-
HU PEakIUOHHU TPOAYKTH, YECTO IBTH, € TIpe-
MOPBHYNUTEITHO JUA30HUEBUTE TPYNH N1a Ce Tpe-
oOpa3yBaT WHPBO JIO MHOTO TIO-CTA0MIIHUTE
(KaKTO B TBBPMO, TaKa U B TEYHO arperaTHO ChC-
TOSIHUE) TUPOIUAUHANA3CHIIOBA (WIN  JIH-
ANKUIITPUA3EHUIIOBH) IPOM3BOIHHU [15, 19]:



O

zZ

NH, H N |
2.1 eq. NaNO. COOH
\_COOH eq 2 coon 2K 2N
| H,O/HCI [ 2N L
R NH, 0-5°C; 15 min RF ) I

R
Q
H

z=Z

O

Meton C. lupexkTHO HonupaHe (kiacuyecku
1n00x00)

N300pbT HA MOAXOMAIN apOMAaTeH pEaKTaHT,
mpuTekKaBamni nBa ,.BakaHTtHH CH mentepa B
JKEaHWUTE TIO3UIUHU, 2 U 6, € CTpaTerus, KOsSTO
MOJXKE J1a H OCUTYPHU TUPEKTHHUAT CHHTE3 Ha Ce-
pus 2,6-muiiono-3,4,5-monmu3aMecTeHl  TIPOU3-
BOAHH Ha OeH3oeHaTa KucenwHa. Karo momxo-
JISAIIM 33 HOMpaHe, B TO3U CIIy4aid, OMXMe 1moco-
YUJIM  CJICAHUTE OOIIOAOCTBIIHA (THPrOBCKH)
BemecTra: 3,4,5-TpuxuapokcuOeH30eHa KUCEIH-
Ha  (eanosa  Kucenuuna),  4-MeTokcu-3,5-
JUXUAPOKCUOCH30€Ha KHUCeNUHA (cupuneo6a Ku-
cenuna), 3,4,5-TpUMETOKCUOCH30€HA KHCEIIMHA,
3,4,5-tpuerokcuben3oena  kucenuwHa,  3.,4,5-
TpuIyopoOeH30€Ha KUCETNHA, S5-METOKCHU-3,4-
MUXHIPOKCUOCH30€Ha  KucenuHa W 3,4,5-
Tpuc(OeH3MIOKCH)OCH30CHA KUCETHHA.

N36oppT Ha 3,4,5-TpuMeTokcmOEH30€HaTa
KHCEJIMHA, KaTO PEaKTaHT 3a CHHTEe3a Ha ChOT-
BETHHS U IUHOM03aMECTEH aHAJIOT, 110 TO3U Me-
TOJM, € TPWIOKEH HEOTHABHA OT HAIIUS CKUI
[20].:

H |

MeO COOH 21, MeO COOH
—_— O +2 gl
MeO H 2 AgOOCCF3 \MeO I
CHCI
Me 3 OMe > ggo
65°C; 5 h 99%

N3uepnaTenHoTo HoaupaHe Ha TajioBa KUcCe-
nuHa e ochiuecTBeHo npe3 1900 r. Ilomydenoto
HEIHO IUIOAONPOU3BOAHO € M3IOJI3BAHO KAaTo
e(eKTHBHO aHTHUH(EKIIMO3HO CPEACTBO.

He Bunarm obGaue, u300pbT Ha OIpEACICH
CyOCTpaT MOXe Jia ce Bb3IpHUEMe KaTO HAIBIIHO
moaxonsm. Taka Hamp., ropeykasanara 3,4,5-
TpHuc(OCH3MIOKCH )0€H30€Ha KICEIMHA CIIeIBa J1a
MpeCcTaBUM KaTo HemnenechoOpasHa. [Ipuchbcrt-
BalllUTe B HEWHHS CHCTaB HIKOJIKO OCH3WIIOK-
CHUJIHU 3aMECTHUTEIM CE SIBIBAT KOHKYPEHTHH pe-
AKIMOHHU IIEHTPOBE B PEAKIUATa HA HOJHMpaHE.
[Mocneanure 1me MO3BONAT (POPMHUPAHETO HaA
CMEC OT HSKOJIKO Pa3jIMYHH IO CTPYKTypa Ipo-
IyKTa.:
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HOOC

Ov© '+ HOOC O\/©
o 0N
O

Enga nu B TO3U cityuail, JOpy U B Clieqd, 1IE
ce ¢opmupa meneBara 2,6-muitono-3,4,5-
Tpuc(OeH3miokcn)oenzoeHa kucenuHa. OcCBeH
TOBa, OposT H©Ha oOmomgoctenHE  3,4,5-
TPU3aMECTBEHU MPOM3BOJHU Ha OCH30€HATa KH-
CeJIMHA € TBBPJE OTPaHMYEH, 3a JIa CE MOCTUTHE
CUHTE3a Ha XOMOJIOJKHA CEpHUs OT ChEIUHEHUS C
JKeTIaHUs CTPYKTYPEH OerIer.

Metoa D. U300p Ha peakTaHT CbC ,,3aIH-
TeHu“ apomatHu CH uneHtpoBe (kracuuecku
no0xo00)

[IpencraBeHaTa CUHTETHYHA CTPATErus HOCU
JOHSIKBAE Oene3nuTe Ha TOpeyKa3aHWTE CHHTE-
tHaHU MeToau - B u C. 3a paznuka oT Tsx obaue,
TyK M30paHaTa CTpaTerusi € MHOTOCTHIIKOBA H
CJIOXHA 3a EKCIEPUMEHTAITHO peanusupane. Oc-
BEH TOBA, 3a WU3IBJIHEHUETO HA MpPEICTaBEHUS
CHUHTETHYEH IJIaH HE MOXKeM Ja IOCOYHM KO-
MepcHUajJeH pPEeaKTaHT, apoMaTHa KHCEIHHa C
MIPUCHCTBAIIHN ,,3alIUTHA" TPYIIH B HEKEIAHNUTE
3a Honupane mo3unuu — 3, 4 win 5. 3aroBa Ha-
JUYUETO Ha CcHenu(UYeH peakTaHT clie/iBa Ja
NOCTUTHEM CJI€[ TPEIBAPUTEIIHO HAIOKEHA
cTpaTerus 3a 3ammura Ha rnocouenure CH rpynm.
[Ipensun BUCOKaTa PeakTUBOCIIOCOOHOCT HA HO-
Boch3aaneHute C-1 Bpb3kH € Heo0X0AUMO, MpH-
CBCTBAILUTE ,,3alUTHU I'PYNHU 1a C€ OTCTpPaHS-
BaT JIGCHO W TIPH ,,01arONPHUATHU PEaKIIMOHHU
oOcrosrencTtBa. ETo 3amo karo moaxonsmu 3a
3alUTa cieBa 1a IOCOYMM apOMaTHUTE IIbp-
BuuHu NH», pecnextBHo NO;-rpymu (Cxema
2).

H
O2N COOH  H,N COOH H,N
[H] 21"
—_— >
R H R H R
NO, NH,
I
I COOH
R O [

Cxema 2. Ctpaterus 3a apoMaTHO HOAMpaHE B
IIPUCHCTBUETO HA JIBE 3AIUUTHU I'PynU B 3 U 5
TTO3ULUS

|
COOH

NH,

2 HNO,

—_—
2N,

OTcTpaHsIBaHETO Ha MPEBAPUTEIHO BbBEIEC-
HUTE aMHUHOTPYIIH, CJeJ HaJIOKEHO HoIupaHe,



peanmzupame TO OOIIUS MapuIpyT Ha apoMaTHO
IIi- B 1eazoTupade B nmpucherBuero Ha HNO, n
(hocdopHa kucennHa.

3akiIoueHne

IIpemioxkeHnTe CHHTETHYHA METOIH IIEISIT
Jla TIOJIIOMOTHAT pa0oTaTa Ha BCEKH, KOHTO ce
CTpPEMH [1a TIOJTYYH BBIPOCHUTE TUHOI03aMeCcTe-
HU apOMAaTHU KHCEITUHHU.

IIpousBognute Ha 2,6-Auilogo3amecTeHaTa
OcH30€Ha KHCEIIMHA MOTaT Jia Ce IOJ3BaT C yC-
MeX B CHHTE3a Ha MHOTO IO-CJIOKHO YCTPOCHH U
PAIKO CpelllaHy MPUPOIHU ChEIUHEHUS, KAKBUTO
ca Harp. mMema-TepPEHUIOBUTE TPOU3BOIHH.

IIpousBoguure Ha 2,6-muiiogo3amecTeHaTa
OcH30¢HA KHCEIMHA UMHUTHPAT CBINO MOBEICHHU-
€TO Ha MOBEYETO PEHTICHOKOHTPACTHHU BEILECT-
Ba. M3cmenBa ce AOpPU W TEXHUAT MOTEHITHAT B
U3TPaXIaHEeTO HAa THKAHHO-UMUTHPAIIW U JHAr-
HOCTWYHH Matepuainu. OTKpuBaT JIOpPH U BbH3-
MOJKHOCTTA 3a U3ydaBaHe IMpeleinTe Ha T. Hap.
ortho-eexT.

Baarogapuoct

This work was supported by the Science Fund
of the Medical University ,,Prof. Dr. Paraskev
Stoyanov" Varna, Bulgaria (Grant Ne
20023/11.12.2020).

Jluteparypa

1. Liebscher, Y., J. Jiirgen, 2007. Car-
bon—Carbon Coupling Reactions Catalyzed by
Heterogeneous Palladium Catalysts, Chemical
Reviews, 107, 1: 133-173.

2. Molnar, A, 2011. Efficient, Selective, and
Recyclable Palladium Catalysts in Car-
bon—Carbon Coupling Reactions, Chemical Re-
views, 111, 3: 2251-2320.

3. Kolev, 1., 2019. Farmakohimichen
kachestven analiz - Osnovni polozheniya v
analiza na vaglevodorodni, halogeno- i

kislorodosadarzhashti funktsionali, Izd. MU
"Prof. d-r P. Stoyanov", ISBN 978-619-221-227-
8

4. Beale, J., J. Block, 2011. Wilson and Gis-
vold’s textbook of Organic Medicinal and Phar-
maceutical Chemistry, 12th ed., ISBN 978-0-
7817-7929-6

5. Kolev, 1., S. Petrova, R. Nikolova, et al.
2013. Synthesis, characterization, and crystal
structure of 2-iodo-3,4,5-trimethoxybenzoic acid,
Journal of Molecular Structure. 1034: 318-324.

85

6. Erbing, E., A. Sanz-Marco, A. Vazquez-
Romero, et al. 2017. Base- and Additive-Free Ir-
Catalyzed ortho-lodination of Benzoic Acids:
Scope and Mechanistic Investigations, ACS Ca-
talysis, 8(2), 920-925.

7. Mei, T.-Sh., R. Giri, N. Maugel, et al.
2008. Pd(II)-Catalyzed Monoselective ortho
Halogenation of C-H Bonds Assisted by Counter
Cations: A Complementary Method to Directed
ortho Lithiation, Angewandte Chemie. 120, 28:
5293-5297.

8. Schroder, N., J. Wencel-Delord, F. Glorius,
2012. High-Yielding, Versatile, and Practical
[Rh(II[)Cp*]-Catalyzed Ortho Bromination and
lodination of Arenes, Journal of the American
Chemical Society. 134, 20: 8298-8301.

9. Grennberg, H., J. Foot, M. Banwell, 2008,
Palladium (II) Acetate, Encyclopedia of Reagents
for Organic Synthesis.

10. Dick, A., J. Kampf, M. Sanford,
2005, “Unusually Stable Palladium (IV) Com-
plexes: Detailed Mechanistic Investigation of
C-O Bond-Forming Reductive Elimination”,
Journal of the American Chemical Society. 127
(37), 12790-12791.

11. Al-Zoubi, R., H. Al-Mughaid, R. McDon-
ald, 2015. A Simple and Efficient Two-Step Syn-
thesis of 1,2,3-Triiodoarenes via Consecutive C—
H lIodination/ipso-lodode-carboxylation Strategy:
A Potential Application towards ortho-
Diiodoarenes by Regioselective Metal-lodine
Exchange Reaction, Australian Journal of Chem-
istry. 68, 6: 912.

12. Sarkar, S., M. Jana, T. Narender, 2013.
Metal-Free Directed ortho C-H lodination: Syn-
thesis of 2'-lodobiaryl-2-carbonitriles European
Journal of Organic Chemistry. 29: 6491-6495.

13. McKillop, A., D. Bromley, E. Taylor,
1969. Thallium in organic synthesis. VI. Synthe-
sis of primary aliphatic bromides, The Journal of
Organic Chemistry. 34, 4: 1172-1173.

14. Banerjee, A., L. Silva, V. Carneiro, 2008.
Thallium (III) Acetate, Encyclopedia of Reagents
for Organic Synthesis.

15. Merkushev, E., 1988. Advances in the
Synthesis of Iodoaromatic Compounds, Synthe-
sis. 12, 923-937.

16. Dong, C., K. Nakamura, T. Taniguchi, et
al. 2018. Synthesis of Aryl lodides from Arylhy-
drazines and lodine, ACS Omega. 3, 8: 9814—
9821.

17. Nemati, F., A. Elhampour, 2012. Green
and efficient diazotization-iodination of aryl
amines using cellulose sulfuric acid as a biode-
gradable and recyclable proton source under sol-



vent-free condition, Scientia Iranica. 19, 6:
1594-1596.

18. Moser, C., T. Gompf, 1950. ,,The synthe-
sis of 2,6-diaminobenzoic acid“ The Journal of
Organic Chemistry. 15, 3: 583-586.

19. Foster, N., N. Heindel, H. Burns, et al.
1980. Aryl lodides from Anilines via Triazene
Intermediates, Synthesis. 07: 572-573.

20. Kolev, 1., N. Hadzhieva, M. Rogozherov,
2021. Spectral behavior peculiarities of the car-
boxyl functional group in iodine encirclement -
the case of 2,6-diiodo-3,4,5-trimethoxybenzoic
acid, Journal of Molecular Structure. 1226:
129303.

Mar. ¢papm. a-p Taus AumoBa

Menutnacku YHusepcuteT “TIpod. a-p Iapac-
keB CtosiHOB - BapHa

@axyntet ,,Papmarusa

Karenpa ,,®apmaneBTHuHa XUMUS

rp. Bapna, m.x. 9000

oyn. "Llap OcBoboguten" 84

e-mail: biotan@abv.bg

86

Mmar. ¢apm. Hans Xamxuesa

Meaununcku Yuausepeutet “IIpod. n-p [Mapac-
keB CTosHOB* - BapHa

@Paxkynret ,,Papmarusa

Karenpa ,,@apmaneBTiaHa XHMES

rp. Bapna, m.kx. 9000

oyx. "Lap OcBobomuren" 84

e-mail: hadjieva.nadja@mail.com

Hapexna Hedenosa

Menummacku Yuausepeutet “IIpod. n-p I[Tapac-
keB CrostHOB - BapHa

®PaxynreT ,,Papmanusa

Katenpa ,,@apmaiieBTHUHA XUMUS

rp. Bapna, m.x. 9000

oyn. "Llap OcBoboauTen" 84

e-mail: merely.es@gmail.com

non. Mmsaa Kones, 1.X.

Menumunacku Yuauepeutet “IIpod. n-p Ilapac-
keB CTossHOB* - BapHa

®akynrer ,,Oapmarus

Karenpa ,,®apmaneBTHuHa XUMUS

rp. Bapsna, n.kx. 9000

oyn. "Llap OcBoboauTen" 84

e-mail: ilian.kolev(@mu-varna.bg



mailto:biotan@abv.bg
mailto:hadjieva.nadja@mail.com
mailto:merely.es@gmail.com
mailto:ilian.kolev@mu-varna.bg

WHIYCTPUAJHHU TEXHOJIOT N INDUSTRIAL TECHNOLOGIES
TOM 8 (1) 2021 —— VOL. 8 (1) 2021

CEH3OPEH ITPO®PUJI HA Ca (1I) - AITHHATHU MUKPOC®EPHU C XUJIPO30J1 OT
ROSA DAMASCENA MILL.

NBanka IlerpoBa, Hagexna IlerkoBa

SENSORY PROFILE OF
CA (ID-ALGINATE BEADS CONTAINING HYDROSOL FROM ROS4 DAMASCENA MILL.

Ivanka Petrova, Nadezhda Petkova

ABSTRACT: Current trends in food technology aimed to study the possibility of encapsulating the plant ex-
tracts rich in the biologically active substances by including them in the composition of Ca (Il) - alginate micro-
spheres with different concentrations of hydrocolloids. Our previous research reveals that the encapsulation of a
rose hydrosol in Ca (Il)-alginate beads with hydrocolloids appeared to be a procedure with a high reproducibil-
ity and relatively low cost. The present study aims to analyze the sensory profile of Ca (Il) -alginate micro-
spheres containing a hydrosol from Rosa damascena Mill. A different amounts of sodium alginate were used to
form the alginate microspheres with the addition of selected hydrocolloids (inulin, pectin, kappa carrageenan,
xanthan and guar gum). The further application of this knowledge can be useful in the development of various
food products with an improved health profile.

Key words: sensory profile, alginate microspheres, hydrocolloids, Rosa damascena Mill

Introduction antioxidant, antimicrobial and anti-inflammatory
properties. Rose hydrosol contains less than 1
Recently considerable interest has been de-  g/L of dispersed rose oils giving the organoleptic
veloped concerning the alternative uses of edible  properties which is the main reason for to be
flowers, rich in essential oils as an antioxidant  popular in some Eastern country as an additive in
and antibacterial agents in the food industry (Pe-  some specialty foods and drinks as well as in the
trova et al., 2016). food industry (Labadie et al., 2015; D’ Amato et
Rosa damascena Mill is an ornamental plant, al., 2018; Abidi et al.,, 2019; Bayhan et al.,
that belongs to the Rosaceae family. Flowers  2020). In Bulgaria rose hydrosol is used mainly
have traditionally been grown in Bulgaria since  for cosmetic purposes, but is also included in
many centuries mainly for the production of rose  certain desserts and drinks.
oil. In ancient medicine R. damascena Mill was Many biologically active substances as anti-
used to treat abdominal pain, strengthen the  oxidants in plant extracts are highly sensitive to
heart, treatment of menstrual bleeding and diges-  several factors as the heat and the light. Beside
tive disorders and reduction of inflammation, that when they are in their free form, they show a
especially of the throat (Yassa et al., 2009; Bos-  low water solubility and a high rate of metabo-
kabady et al., 2011; Abidi et al., 2019). The rose  lism. These factors decrease the stability, the bi-
has been used not only in medicine and cosmet-  oavailability, and drastically reduce the effec-
ics, but also as a flavoring agent and for preserv-  tiveness of the biologically active substances in
ing or improving the colour of food, against en- the human body. Encapsulation of bioactive
zymatic browning and fruit beverage stabiliza- compounds has shown a good performance in
tion (Xiao et al., 2020). Historically the rose has  order to preserve their stability during processing
been used in the form of oil, syrup, honey, rose  and storage. This technique also leads to prevent
water, decoctions, tinctures, ointments and others  undesirable interactions between the added com-
including fresh flower petals. pounds and food matrices, thereby it promoting a
Rose hydrosol, also called “rose water” is ob-  controlled release of the encapsulated com-
tained by the hydrodistillation of R. damascena  pounds (Arriola et al., 2016).
Mill in the production of rose oil and exhibits
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Alginates are used for encapsulation of sensi-
tive and unstable substances. In the presence of
calcium ions alginates rapidly exhibit their gel-
ling abilities by forming microspheres with fa-
vourable characteristics. Alginates are widely
used in medicine, the pharmaceutical industry
and more recently in the food industry as a suita-
ble matrix for the supply of active compounds,
they are biodegradable, non-toxic and can mask
the flavour (Alkhatib et al., 2020). The addition
of sugars and hydrocolloids in Ca (II)-alginate
systems have some beneficial effect on the struc-
tural-mechanical properties of the formed beads
(Aguirre Calvo et al., 2019). Our previous study
showed that the addition of 3% inulin in the
composition of Ca (I)-alginate alginate micro-
spheres improves their plasticizing effect and a
higher alginate concentration of 4% leads to an
increase in the rupture force (Petrova et al.
2021).

The aim of the present study is to analyze the
sensory profile of Ca (II) -alginate microspheres
containing the hydrosol from Rosa damascena
Mill and study the influence of selected colloids
on their sensory characteristics.

Materials and methods

1. Materials

Commercial rose hydrosol (Ikarov, Bulgaria)
was purchased from a local drugstore in Plovdiv,
Bulgaria. The hydrosol was not further processed
or pretreated before use.

Sodium alginate, CaCl,, xanthan and sucrose
were purchased from Sigma (Germany).

Inulin with two different degrees of polymeri-
zation Frutafit®*TEX (DP = 22) and Frutafit HD
(DP = 9-12) were kindly supplied by Sensus
(Roosendaal, the Netherlands).

Pectin from celery tubers with the avarage
degree of esterification (DE) = 46%, anhy-
drouronic acid content (AUAC) 70% and aver-
age Mm of 912694 g/mol were obtained as pre-
viously described (Tumbarski et al., 2020).

K-carrageenan and guar gum was purchased
from Orion (Karlovo, Bulgaria).

2. Methods

2.1. Preparation of Ca (II)-alginate beads
containing hydrosol from R. damascena and
hydrocolloids

The sodium salt of alginic acid with M-block
61%, G-block 39% and M/G ratio 1.55 (Sigma
Aldrich, Germany) were used for the preparation
of the alginate beads with a rose hydrosol. Sodi-
um alginate (1 g or 2 g) and 5 g sucrose was sus-
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pended in 50 ml rose hydrosol. The resulting
suspension was heated at 35°C for 3 min and stir-
ring with a laboratory homogenizer Polytron
PT45-80 (Kinematica, Switzerland) - 1600 W,
max 250.s" for 1 min. Nine different samples
were prepared as follows: blank samples, con-
taining only 2% and 4% sodium alginate and
samples with the addition of selected hydrocol-
loids in the different amount (2% alginate + 3%
inulin; 4% alginate + 6% inulin; 2% alginate +
1% xanthan gum; 0.5% x-carrageenan + 2% al-
ginate; 0.5% guar gum +2% alginate; 2% algi-
nate + 6% inulin, and 0.5% pectin + 2% algi-
nate). For removing the air bubbles, the obtained
suspension was placed in the fridge for 60 min.
The alginate beads were prepared as liquid solu-
tions were transferred into a syringe and dropped
into a cold CaCl; solution (2%) with temperature
7°C. Then the Ca (Il)-alginate beads containing
rose hydrosol were rinsed with water and used
for sensory analysis.

2.2. Sensory evaluation

Sensory characteristics of alginate beads were
estimated by descriptive sensory analysis using a
trained panel of nine members, four man and five
women. Selected members were exposed to sev-
eral screening tests according to the ISO stand-
ards. Panel members were asked to rate the in-
tensity of their perceptions of colour, transparen-
cy of beads, smell, taste, flavour, aftertaste and
texture attribute (density, elasticity, adhesive-
ness) on a 15 cm scale. All nine samples are pre-
sented in sequential order.

2.3. Statistical analysis

Statistical analysis was performed using MS
Excel 2019. All data are expressed as mean +
standard deviation, the difference was considered
statistically significant when p < 0.05.

Results and discussion

Sensory evaluation of food products is emerg-
ing as an essential component of its develop-
ment. In sensory analysis, certain standards are
used to create, test, analyze and interpret sensory
results of products that are already at an ad-
vanced stage. Consumer perception of a food
product can be a leading idea in the early stages
of product development, and sensory tests can
help determine the necessary sensory characteris-
tics leading to acceptability. It is useful to identi-
fy target consumers, product competitors and to
evaluate new ideas in the creation of food and
beverages.



Hydrocolloids affect the viscosity and texture
parameters of the products in which they are in-
cluded. In addition, they are used to stabilize the
mouthfeel sensation with a possible variation in
the sensory parameters, such as acidity, salt or
sugar content and mainly the temperature at

warming (Vilgis, 2012).
In Table 1 were given

described.

Table 1. Sensory attributes and definitions

which the product is consumed, cooled or after

in details all sensory at-

tributes to the test products. The references that
were used to compare the final product were also

Attributes Characteristics Definitions References
Appearance Colour Light to dark yellow in daylight Paper with standard
yellow colour
Transparency Lack of transparency (ability of Distilled water
products to omit light falling on
them)
Smell Rose The smell associated with rose Rose hydrosol
“Ikarov”
Taste Sweet Taste associated with the taste of An aqueous solution
sucrose of sucrose with con-
centration of 20%
Bitter Taste associated with the taste of An aqueous solution
caffeine of caffeine at a con-
centration of 0,0042%
Flavour Rose The "trigeminal senses" Rose hydrosol
“Ikarov”
Aftertaste Sweet Intensity of the lingering sensations An aqueous solution
of sweet taste of sucrose with con-
centration of 20%
Bitter Intensity of the lingering sensations An aqueous solution
of bitter taste of caffeine at a con-
centration of 0,0042%
Texture Firmness The force required to attain a given Jelly Sweets
deformation during the mastication
Elasticity Property of the product to restore its Jelly Sweets
original shape after exerted force
Adhesiveness The force required to remove the Jelly Sweets
food adheres to a specific surface

Table 2. Sensory characteristics of appearance of alginate microspheres samples

Code smeles Colour Appearan’:‘iansparency
A 2% alginate + 3% inulin TEX 92,3+15,5% 74,7+10,12
B 6% inulin TEX + 4% alginate 60,9+8,9° 75,7+13,0°
C 2% alginate + 1% xanthan gum 59,0+10,7° 74,7+10,5%
D 2% alginate 57,4+6,1¢ 75,0+11,22
E 4% alginate 66,1+16,8¢ 66,6+£10,9°
F 0.5% «-carrageenan +2% alginate 55,349,3¢ 87,1+£19,2¢
G | 0,5% guar gum + 2%alginate 73.4+16,2¢ 98,1+8,94
H 2% alginate + 6% inulin HP 54,7+11,8¢ 75,6+17,6*

I 0,5% pectin + 2% alginate 47,1+142f 90,7+16,5¢

Note: Values are reported as mean +=SD, significant at p < 0.05
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Bitter artetaste

Sweet aftertaste

Sweet taste

Rose flavour

Fig.1. Sensory profile of alginate microspheres samples
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Fig.2. Texture profile of alginate microspheres samples

Colour is the most important attribute of the
appearance of any food, it is an element of the
first perception of the product, it is directly relat-
ed to other qualities of the food. Colour had a
great effect on the food acceptance (Dias et al.,
2012).

Experimental data from sensory evaluation of
alginate microspheres samples (table 2) suggests
that addition of selected hydrocolloids can affect
the color. The samples shown the statistically
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significant differences in the shades of yellow
colour and the degree of the transparency. The
microspheres with 0,5% pectin + 2% alginate are
lighter, but most opaque of all samples. The
darker yellow shade is represented in the micro-
spheres with 2% alginate + 3% inulin. However,
these samples are translucent with average values
of transparency about 74,7+10,1.

The most pronounced masking effect on the
smell of a rose was found on the alginate micro-



sphere with the addition of 0,5% guar gum. A
similar slightly weaker effect showed the sam-
ples with 2 % alginate and 6% inulin HP. The
scent of a rose is most strongly perceived in the
samples with different compositions between
inulin and alginate.

Taste is a sensation provoked by the chemical
composition of food and is crucial for the senso-
ry evaluation of food (Bradbury, 2004).

Aftertaste may be described as the lingering
sensations of flavours or tastes and it remains in
the mouth after the product is swallowed or ex-
pectorated (Schlossareck & Ross, 2020).

No statistical differences in the perception of
the taste profile of the microspheres were
found. All hydrocolloids lead to the lower per-
ception of sweet taste compared to the reference
solution of 20% sucrose. The low values of bitter
taste and aftertaste can be explained by the pres-
ence of calcium chloride in the composition of
the alginate beads and presence of rose hydrosol,
which is rich of bitter taste polyphenols (Fig 1).

Firmness, also known as hardness, is a signif-
icant sensorial parameter used to evaluate the
mouthfeel and it is defined as the force required
to attain a given deformation (Yusof et al.,
2019).

Elasticity is the property of the product to re-
store its original shape after exerted force. Adhe-
siveness can be described as a force needed to
remove the material that adheres to a surface, for
example the mouth or teeth (Guiné et al., 2020).

The data from our analysis show that micro-
spheres with the lowest elasticity are with 0,5%
pectin +2% alginate (Fig 2. All microspheres
show extremely low adhesion values, with no
statistically significant difference between them.
Firmness is most pronounced in the samples in-
volving alginate and inulin and alginate and guar
gum (Fig. 2). In our previous study was found
after texture analysis that the addition of inulin in
the concentration 3% and 6% resulted in the in-
crease of the rupture force by 34% and led to
improvement in plasticizing effect of alginate
beads with rose hydrosol (Petrova et al., 2021).

The role of the consumer remains essential
for success in the market of this product, so it is
recommended to conduct additional studies on
consumer acceptance of products containing al-
ginates microspheres.

Conclusion

The current study demonstrated sensory evalua-
tion of Ca (II)-alginate beads containing rosehy-
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drosol and different hydrocolloids. The beads
with rose hydrosol and 2% alginate + 6% inulin
demonstrated the lowest bitter taste, better rose
smell, good firmness and elasticity. The de-
scribed procedure for alginate bead preparation
can be used for the design of new foods with de-
sirable and attractive sensory properties, enriched
with prebiotics as inulin and fibers, as pectin.
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BUOJETPAJALINA HA ®PEHOJHU CBEAUHEHUSA OT TRAMETES VERSICOLOR

Panuna Konesa, Mapus bpb3koBa, ['anena Anrenosa

BIODEGRADATION OF PHENOLIC COMPOUNDS BY TRAMETES VERSICOLOR

Ralitza Koleva, Mariya Brazkova, Galena Angelova

ABSTRACT: Phenol and its derivatives are persistent toxic pollutants and mainly because of their wide us-
age as intermediates in various industrial processes they are abundant in the environment. The ability of the
white- and brown wood decaying fungi to mineralize such compounds has drawn research interest in the last
years. Trametes versicolor, a white-rot basidiomycete, used in this research demonstrated remarkable ability not
only of growing on phenolic compounds and utilizing them, but fully removing them from the growth medium.
Phenol, catechol, resorcinol, hydroquinone, p-cresol and o-nitrophenol were used as substrates for the fungal
growth. The degradation of binary mixtures of phenol and phenolic compounds were also examined. The strain
was able to degrade mixtures of phenolic compounds as well, thus proving its applicability in industrial

wastewaters treatment processes.

Key words: Biodegradation, phenol, phenolic compounds, Trametes versicolor

Introduction

Phenolic compounds are some of the most
abundant environmental pollutants. They are pre-
sent in the wastewaters of various industrial and
agricultural processes, for example pulp and pa-
per industry, distilleries, wineries, pesticides and
disinfectants production (Raj et al., 2014; Aknu
et al, 2017). Phenol and its derivatives are persis-
tent and toxic aromatic compounds which pos-
sess mutagenic, cancerogenic, allergic and tera-
togenic properties towards living organisms even
at extremely low concentrations (Gami et al.,
2014). The benzene ring in the molecule of the
phenolic compounds is the main reason for their
rigidity towards biodegradation techniques. Their
stability allows the accumulation and transporta-
tion in tissues prior its excretion by metabolic
pathways outside the body. The accumulation
ability of phenol is an issue mainly due to its tox-
icity and the problem with its degradation is up-
coming because of its usage as intermediate in
many industrial processes (Wasi et al., 2013,
Aknu et al., 2017).

The constant growth of Earth's population,
the urbanization and the development of the in-
dustry leads to increased concentration of pollu-
tants in the industrial wastewaters, especially
compounds with phenolic origin. Research in the
field shows high phenolic concentrations in wa-
ter sources as well as heavy metals and pesti-
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cides. The prognosis is that by 2025 more than
65% of Earth's population will be living in coun-
ties with serious water limitations (Azizullah et
al, 2011).

Bioremediation is defined as transformation
of complex compounds by biological objects.
Mainly, this process includes three sub-
processes:

e Transformation or slight change in the con-
figuration of the molecule

Fragmentation or decomposition of the mole-
cule to simpler compounds

Mineralization or transformation of the com-
plex compound to water, carbon dioxide, me-
thane, hydrogen, etc.

Bioremediation is preferred method for treat-
ment of domestic wastes, heavy metals, toxic
chemical compounds and radioactive waste. The
process is used as method for monitoring the
natural degradation processes of pollutants for
specified amount of time (bioatenuation). The
additional stimulation of the natural occurring
xenobiotic-degrading microorganism with addi-
tion of nutrients is also known as biostimulation.
Biodegradation or the biological removal is a
process which involves aerobic, mainly indige-
nous microorganisms and commonly reaches the
mineralization of toxic compounds to inorganic
forms (Vasques-Murrieta et al., 2016).



Recently the researcher’s interests are focused
on the white and brown rot wood decay fungi as
biodegradation agent. The available data demon-
strates the perceptivities for application of those
fungi for degradation of phenolic compounds
(Kietwanboot et al., 2020; Stoilova et al., 2009;
Yuan et al., 2021). They prove the necessity of
investigation and selection of newly isolated
strains, preferably from contaminated areas
which to be used as agents for detoxification of
the environment.

The aim of this study was to evaluate the abil-
ity of Trametes versicolor 8939 to grow on phe-
nol and its derivatives as single source of carbon
and on mixtures of phenolic compounds.

Materials and methods
1. Chemicals

All used chemical were analytical grade un-
less otherwise stated. Sucrose, yeast extract and
salts for the media were purchased from Schar-
lau, Spain. Phenol (99%), catechol (99%), resor-
cinole (99%), hydroquinone (99%), p-cresol
(99%) and o-nitrophenol (98%) were purchased
from Sigma-Aldrich, Germany.

2. Microorganism and cultivation conditions

Trametes versicolor was purchased from the
National Bank of Industrial Microorganisms and
Cell Cultures of Bulgaria under Ne 8939. The
culture was grown on malt agar slots for 7 days
and then stored at 4°C.

Liquid Czapek-Dox medium containing (in g/
dm?) 30 g sucrose, 5 g yeast extract, 2g NaNOs,
lg KoHPO4, 0.5g MgSO4 x 7H20, 0.5g KCI,
0.01g FeSO4 x 7H,0 with pH 6.5 prior steriliza-
tion was used for production of vegetative inocu-
lum. After 7 days of cultivation the pellets were
collected aseptically and saved under saline solu-
tion until further use.

3. Biodegradation of phenolic compounds

The biodegradation process was carried out
on Czapek-Dox medium as given above without
sucrose and yeast extract with pH prior steriliza-
tion 6.5.

The medium (50 cm?) was transferred into Er-
lenmayer flask (300 ¢cm?) and sterilized at 121°C
for 20 min. Each phenolic compound was added
aseptically with final concentration 500 ppm.
When the biodegradation of phenolic mixtures
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was examined the applied concentrations were as
follows:

e in the two-component mixtures 300 ppm for
phenol and 200 ppm for the other compounds
(final concentration of phenolic compounds
500 ppm)

in the four component mixture 200 ppm for
phenol and 100 ppm for resorcinol, p-cresol
and o-nitrophenol (final concentration of phe-
nolic compounds 500 ppm)

The flasks were then inoculated with fungal
pellets (0.01£0.002 g/dm? dry weight) and placed
on rotary shaker at 220 rpm and 28°C. The dura-
tion of the cultivation depended on the biodegra-
dation rate. Samples were taken every 24 hours.

4. Phenol determination

Residual phenol concentration was deter-
mined after filtration of the samples. Properly
diluted sample was added to mixture of 0.5 ¢cm?
Folin-Ciocalteu reagent and 2.0 cm® 10%
Na,COs; solution. After 10 min 1 ¢m® from the
mixture was taken for absorbance measurement
at 680 nm.

The phenolic compounds concentrations were
determined using C;s 10um Bondapac column
(3.9 mm x 300 mm) and UV detector (Waters).
The mobile phase was methanol:water (70:30)
with constant flow of 2 cm?min at 22°C. The
sample volume was 20 pulL and each sample was
ran in triplicate.

5. Biomass dry weight determination

The dry weight of the biomass was analyzed
on a RADWAG 50/NH moister analyzer (Po-
land) at 105°C until constant weight.

Results and discussion

As part of the Agaricomycetes class the strain
Trametes versicolor 8939 possess unique en-
zyme systems which allow the biodegradation of
toxic phenolic and polycyclic pollutants. The
lignin-degrading enzyme system together with
the phenol hydroxylase and cis,cis-muconate lac-
tonase are the key enzymes in transformation and
degradation processes. It has been demonstrated
that the fungi metabolize aromatic compounds
using the orthofusion pathway (Alexieva et al.,
2007, Yemendzhiev et al., 2008).

Phenol was added as single carbon source at
final concentration 500 ppm. The flasks were
then inoculated with 0.01+£0.002 g/dm?® (dry



weight) with pellets. All experiments were per-
formed in triplicate. The obtained data (Fig.1)
showed that the strain grows on phenol as single
carbon source with biomass gain of 5.5 fold until
the 72 h and decrease afterwards due to culture
lysis. The phenol concentration on the other hand
drops significantly between 24 and 48 h of the
process with 270 ppm reaching 30% of the initial
phenol concentration. Full degradation of the
compound was registered at 144 h.

The phenol utilization of Trametes sp. was
demonstrated previously by Yemendzhiev et al.,
(2008) where the used strain 7. versicolor 1 was
able as well to fully metabolize 0.5 g/dm® phenol
for 6 days. In their research until the 120 h the

henol concentration was over 50% of the initial.
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Fig. 1 Growth of T. versicolor 8939 on phenol as
single carbon source

Catechol is used as monomer in the produc-
tion of pesticides or precursor in the manufactur-
ing of fine chemicals such as perfumes and
pharmaceuticals. In the conducted experiment
catechol was used as single carbon source for the
T. versicolor 8939 growth with final concentra-
tion of 500 ppm. The flasks were inoculated with
0.01£0.002 g/dm? (dry weight) fungal pellets. All
experiments were performed in triplicate.

T. versicolor 8939 showed ability of full deg-
radation of catechol in 96 h (Fig. 2). During the
experiment the biomass concentration was only
increasing which means that the culture degraded
the compound during its exponential growth
phase.

The fungal strain Aspergillus awamori NRRL
3112 showed remarkable catechol-degrading ca-
pacity being able to metabolize 3 g/dm?® in 5 days
(Stoilova et al., 2006). The strain used in our re-
search was able to fully degrade catechol for 96
h, with most intensive degradation between the
24 and 48 h with 66% degradation after 48 h.
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Fig. 2 Growth of T. versicolor 8939 on catechol
as single carbon source

Resorcinol is widely used as precursor in the
manufacturing of pharmaceuticals, azodyes, anti-
septics and disinfectants. In the literature there
are several researches by different teams regard-
ing resorcinol degradation where primary bacte-
ria were used as biological agent. Pseudomonas
sp. was able to degrade 37.12% resorcinol in 12
days (Hajizadeh et al., 2016). Sharma et al.
(2010) used active sludge in sequential batch
reactor for resorcinol biodegradation. The team
achieved 85% efficiency of the resorcinol degra-
dation with initial concentration of 50 ppm.

Compared with bacteria, fungi demonstrate
excellent biodegradation abilities. The experi-
mental flasks contained 500 ppm final concentra-
tion of resorcinol. Each flask was inoculated with
0.01+0.002 g/dm? (dry weight) pellets. All exper-
iments were performed in triplicate. T. versicolor
8939 was able to fully degrade resorcinol in 120
h (Fig. 3). The registered biomass gain was 5.9
fold until 72 h followed by decrease.
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Fig. 3. Growth of T. versicolor 8939 on resor-
cinol as single carbon source

Hydroquinone is the main component in the
photographic developers. It could be used in
medicines for local skin stains treatment. The
compound is also used as precursor in the pro-
duction of herbicides, antioxidants and rubber.
Hydroquinone is often product of the degradation
of other phenolic compounds. The metabolism of



the benzaldehyde and benzoic acid by the brown-
rot basidiomycetes Tyromyces sp. and Gloe-
ophyllum sp. results in hydroquinone, which was
metabolized afterwards (Engiuta and Leitdo,
2013).

In our research 0.01£0.002 g/dm*® (dry
weight) biomass was used for inoculation of
three flasks containing 500 ppm final concentra-
tion of hydroquinone each. The data (Fig. 4)
showed that 7. versicolor 8939 possess the abil-
ity of using hydroquinone as sole source of car-
bon. There was 5.8 fold gain of biomass until 72
h. The culture fully degraded hydroquinone for
96 h. Kamada et al. (2002) demonstrated that
hydroquinone was metabolized with no for-
mation of other products. The compound was
registered in combined phenol and glucose cul-
tures of Penicillium chrysogenum where during
the phenol metabolism hydroquinone was me-
tabolized in the exponential phase of the culture
growth, and after 80 h no traces of the pollutant
were found (Leitdo et al., 2007).
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Fig. 4. Growth of T. versicolor 8939 on
hydroquinone as single carbon source

Cresols are used as solvents for various chem-
icals, as disinfectants and insecticides, in perma-
nent markers. They are one of the most toxic
compounds for the environment.

The ability of white-rot fungi to remove a
variety of toxic pollutants thus detoxifying
wastewaters has been an object of scientific in-
terest in the recent years. This process was found
to be dependent on fungal growth, enzyme pro-
duction and the presence of some inductors
(Ryan et al., 2007). In a study from 2010 Alex-
ieva's research team demonstrated the ability of
Trametes versicolor strain 1 to preferably de-
grade p-cresol instead of o- or m-cresol (Alex-
ieva et al., 2010).

In the present study p-cresol was used as sin-
gle carbon source in final concentration of 500
ppm. All experimental flasks were inoculated
with 0.01+0.002 g/dm® (dry weight) biomass in
pellet form. Samples were taken every 24 h. The
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collected data (Fig. 5) showed the ability of the
strain to grow on p-cresol in correlation with
previously reported experiments (Alexieva et al.,
2010).
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Fig. 5. Growth of T. versicolor 8939 on p-cresol
as single carbon source

Strain 7. versicolor 8939 was able to fully
degrade p-cresol for 96 h at the incubation condi-
tions. The biomass gain for that time was 5.5
fold.

o-Nitrophenol (0-NP) is a phenol derivative
which is used widely in the manifacturing of
agrochemicals, fertilizarers and pesticides. There
is limited information about the toxicological
profile of the compoundq and it is not yet fully
testet for genotoxicity (WHO, 2010).

The final concentration of o-NP in the
experimental flasks was 500 ppm. The
biodegradation process was carried out on a
rotary shaker at 220 rpm and 28°C. Samples
were taken every 24 h and analysed for o-NP
residual concentration and biomass concentration
(Fig. 6).
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Fig. 6. Growth of T. versicolor 8939 on o-
nitrophenol as single carbon source

Unlike the other phenolic compounds o-NP
seems more difficult to degrade by T. versicolor
8939. Full degradation was obtained after 240 h
at the inoculation conditions. Within that time
the biomass concentration increased 6.2 fold for
120 hours followed by slight decreasing due to
culture’s lysis.



A consortium of eight bacterial cultures was
used for degradation of mononitrophenols iso-
mers where full degradation of o-NP was not
accomplished. Several intermediates were de-
termined, such as cathecol, cis,cis-muconic acid,
maleyacetate and f-ketoadipate indicating a deg-
radation pattern following the Zeyer model
(Basheer et al., 2007).

Further in our study the degradation process
of two-component mixtures of phenolic com-
pounds was examined. Mixture 1 (M1) contained
300 ppm phenol and 200 ppm resorcinol, mixture
2 (M2) contained 300 ppm phenol and 200 ppm
p-cresol and mixture 3 (M3) contained 300 ppm
phenol and 200 ppm o-NP.

The full degradation of M1 components was
achieved in 72 h (Fig. 7). In this experiment res-
orcinol was not present in the samples after 48 h
incubation, while phenol was completely degrad-
ed after 72 h.
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Fig. 7. Growth of T. versicolor 8939 on M1 as
carbon source

In a similar research Yemendzhiev's group
used Aspergillus awamori NRRL 3112 for bio-
degradation of mixture of phenol and resorcinol
with final concentration 300 ppm and 200 ppm,
respectively. The data showed faster phenol deg-
radation in the beginning of the process as the
rate of resorcinol degradation increased in the
second half of the process (Yemendziev et.al.,
2010). Those results differ from the ones ob-
tained for T. versicolor 8939 where the degrada-
tion of the components of M1 was going with
similar speed for both of them. The full degrada-
tion of M1 was obtained after 72 h at the incuba-
tion conditions. Within that time the biomass
increase was 5.5 fold.

The degradation of M2 was investigated dur-
ing 6-day incubation process on a rotary shaker
at 28°C. The degradation of both components
started simultaneous. Complete degradation of
both substrates was accomplished after 120 h. p-
Cresol was absent from the samples at 48 h but
residual phenol concentration was detected until
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the 96 h (Fig. 8). The influence of phenol over
the p-cresol degradation was significant. When
used as sole energy source (Fig. 5) p-cresol was
utilized from the fungal strain for 96 h, while in
M2 the degradation speed was higher.
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Fig. 8. Growth of T. versicolor 8939 on M2 as
carbon source

Results from similar degradation experiments
using bacterial, yeast and fungal strains capable
of degrade mixtures of phenolic compounds are
reported by other authors. The ability of
T.versicolor strain 1 to degrade similar mixtures
of phenol and p-cresol is analogous to the results
obtained in our experiment although 7. versicol-
or strain 1 degraded both compounds for shorter
time. In both investigations phenol degradation
was slower than p-cresol's (Alexieva et al.,
2010). This might be due to the fact that the both
strains possess similar enzyme activity thus simi-
lar modes of degradation.

The binary M3 mixture was degraded by the
fungal strain for 7 days (Fig. 9). Phenol was ful-
ly degraded within 48 h while o-NP was detected
in the mixture until the 168 h.
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Fig. 9. Growth of T. versicolor 8939
carbon source

on M3 as

The lower phenol concentration in the mix-
tures benefits the higher degradation rate of the
compound despite the fact that the phenolic
compounds concentration in total is 500 ppm.
There is a relation between the composition of



the mixtures and the degradation rate of the
compounds. When 7. versicolor 8939 was grown
on M2 p-cresol was preferably degraded, while
on M3, despite its high concentration, phenol
was degraded first. When used as sole carbon
source phenol was degraded for 144 h (Fig. 1)
while in M3 the degradation time was shortened
dramatically to 48h. Time needed for full elimi-
nation of 0-NP from the M3 also decreased from
240 h (when used as single carbon source) to 168
h.

The simultaneous presence of various phenol-
ic compounds in effluents is the main reason for
investigation of mixture degradation processes.
The removal of one of the components of the
mixture is often dependent of the mixture com-
position.

A mixture of four phenolic compounds with
total concentration of 500 ppm (phenol — 200,
resorcinol — 100, p-cresol — 100 and o-NP -100)
was used as medium for the growth of 7. versi-
color 8939. The residual concentration of each
component as well as biomass concentration
were monitored every 24 h. The results are pre-
sented on Fig. 10.
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Fig. 10. Growth of 7. versicolor 8939 on medi-
um containing mixture of phenol, resorcinol, p-
cresol and o-NP as carbon source

Complete biodegradation of the investigated
mixture was achieved after 120 h and during that
time the biomass concentration was growing
constantly proving that the culture was in expo-
nential growth phase. Phenol, resorcinol and p-
cresol were degraded for 48 h, with over 80%
degradation for phenol and resorcinol at 24h. o-
NP had the slowest degradation speed, but yet
the full degradation was obtained two times fast-
er with comparison to the degradation of the
compound as single carbon source. In this exper-
iment the preferred substrates for fungal growth
were phenol, resorcinol and p-cresol.

The capacity of T. versicolor strain 1 for deg-
radation of similar mixture was investigated by
Yemedzhiev et al., (2011). The culture complete-
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ly assimilated all compounds in 144 h, where the
o-NP degradation was with slowest rate, espe-
cially in the first 24-48 h (Yemendzhiev et al.,
2011).

Conclusion

Phenolic compounds in final concentration
500 ppm were used as energy source for the
growth of Trametes versicolor NBIMCC 8939.
When single component growth media were used
the strain demonstrated the ability to assimilate
all used compounds. Catechol, hydriquinone and
p-cresol were utilized for 96 h each, for resor-
cinol the degradation time was 120 h, 144h for
phenol. The longest biodegradation process was
observed when o-NP was used as sole carbon
source with the highest biomass concentration
registered. When binary mixtures were tested the
results showed shortened time for biodegradation
of mixtures monomers despite that the total con-
centration of phenolic compounds remained un-
changed. The examination of biodegradation
ability of the strain over four-component mixture
demonstrated even briefer times. There is a rela-
tion between the composition of the mixtures and
the degradation rate of the compounds.

The complete utilization of the phenolic com-
pounds indicates the potential of Trametes versi-
color 8939 for its employment in industrial tech-
nologies for purification and detoxification of
polluted areas and effluents.
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ABSTRACT: In the period of 16th-17th century the progress of chemistry is due to Galilei, Descartes, New-
ton, Torricelli, Pascal, Hooke, Bayle, Marriott and many students. In Western Europe on the arena of public life
and political struggle a new class appeared - the bourgeoisie. Atomic-corpuscular studies emerge. Scientific

revolution began.
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Introduction

In the period 17-20 century the development
of chemistry is divided into four main periods:

First period - the emergence of Atomic-
corpuscular studies:

16th centure — Galileo Galilei

17th century — Rene Descartes

1661 1. - Boyle, Newton.

Second period - creation and validation of the
Atomic-molecular theory:

1808

France - Gay Lussac, Ampere, Gerard

Italy - Avogadro, Canicaro

Sweden - Berzelius

England - Faraday.

1861

Russia - Butlerov, Mendeleev

The Netherlands - Vant Hof, Van der Vals

Germany - Kekule

England - Cooper, Maxwell.

Third period - the creation of studies on the
complex structure of the atom:

1881

England - Thompson, Rutherford

Germany - Helmholtz, Nernst

Sweden - Arenius

France - Becquerel, Marie and Pierre Curie.

Fourth period - development of modern elec-
tronic and quantum-mechanical ideas about the
structure of the atom: 1913-nowadays.

1. Nature of science and scientific thinking
in the late 16th and early 17th centuries

In the 16th century, in the most technically
and economically developed countries of West-
ern Europe, a new class appeared on the arena of
public life and political struggle - the bourgeoi-
sie. The rapid growth of capitalist social relations
began. Cities grow, maritime trade expands, new
sources of minerals are discovered, new crafts
emerge - all this creates new socio-economical
and cultural-historical conditions for the devel-
opment of science and technology.
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At the end of the 16th century, the Italian sci-
entist Galileo Galilei, studying falling bodies
was the first one that shows the need for mathe-
matical processing of experimental data.



mathematical analysis, a branch of mathematics
dealing with mathematical functions such as dif-
ferential and integral calculus.

Galileo Galilei (1564-1642) was an Italian
physicist, astronomer, astrologer and philoso-
pher, considered together with Francis Bacon as
the founder of the modern scientific method. He
is known with the First Astronomical observa-
tions with a telescope, the discovery of Jupiter's
satellites and the phases of Venus, the law of in-
ertia.

Galilei's conflict with the Roman Catholic
Church is one of the first significant examples of
the conflict between authority and freedom of
thought in the Western world. In 1632, Galileo
was tried by the Inquisition on charges of heresy,
namely the idea that the Sun was motionless and
the Earth rotated. However, the results of his re-
search helped the work of many scientists such
as the Frenchman Rene Descartes and the Eng-
lish scientist Isaac Newton.

Rene Descartes (1596-1650), also known as
Cartesian, was a French philosopher, mathemati-
cian and physicist. He gained world fame mostly
with his innovative philosophical ideas. Des-
cartes is also known as the creator of the Carte-
sian coordinate system, which influenced the
development of modern analytical geometry and
mathematical analysis.

Newton's contribution to the development of
mathematics and various fields of physics played
an important role in the scientific revolution.

Isaac Newton's most important contribution Isaac Newton (1642-1727) was an English
to mathematics was the development of the  physicist, mathematician, astronomer, alchemist,
method of fluxes, which would later become  philosopher and politician.
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The Italian physicist and mathematician
Evangelista Torricelli (1608-1647) also worked
during this period. He invented the mercury ba-
rometer (in 1643 or 1644), discovered atmos-
pheric pressure and vacuum (1644) and formu-
lated the Torricelli equation (1641).
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Some of Torricelli's experiments were contin-
ued by the French mathematician and physicist
Blaise Pascal (1623-1662).

Due to his incompetent handling of chemicals
such as mercury, he developed serious health
problems. He carried out famous barometric ex-
periments that gave way to the development of
hydrodynamics and hydrostatics and destroyed
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is afraid of empti-

the old notion that "nature
ness."

In the 17th century, mechanics also received
great development, thanks to the experiments
and results of Pascal, Descartes, Galilei and
Newton. They have all studied the movement of
bodies and the forces that cause them. In 1687,
Newton formulated the three fundamental laws
of motion that underlie classical emerge and were
used by scientists unchanged for the next two
centuries. They are:

1. Bodies shall remain at rest or maintain their
rectilinear motion at a constant speed if no exter-
nal force acts on them.

2. F = m % a - force acting on the system
from the outside leads to acceleration of the sys-
tem

3. F; =- F, - each impact corresponds equal-
ly in strength and opposite in direction counter-
action.

Isaac Newton also formulated the law of uni-
versal attraction - gravity. It reads: “The force
with which two material points are attracted to
each other is directly proportional to the product



of their masses and inversely proportional to the
square of the distance between them:
F=m;xm,/ ¥

Nowadays, Newton's theory has been re-
placed by Albert Einstein's general theory of
relativity, but in most cases Newton's simpler
law gives excellent approximate results.

At the University of Cambridge, Newton
taught optics and conducted experiments related
to the refraction of light, and expressed the idea
of the corpuscular properties of light. According
to Newton's theory, light is composed of parti-
cles, but he is forced to give them wave proper-
ties to explain the phenomenon of diffraction.
His work was severely criticized by Robert
Hooke, after which Newton was very offended
and withdrew from a public dispute, and the two
remained enemies until Hooke's death.

Robert Hooke (1635-1705) was an English
scientist, inventor and microscopist, a key figure
in the Scientific Revolution.
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The rapid development of mechanics gave
impetus to the development of chemistry. The
scientists believed that chemical changes were
related to motion, so they were obliged to obey
the laws of mechanics and it could be explained
by its laws.

This is the first example of the subordination
of a broad field of disparate facts to a common
principle. However, the general tendency for
mechanistic interpretations of natural phenomena
took on a different character in the work of 17th-
century scientists, depending on the tasks they
set themselves. Rene Descartes spoke of the uni-
ty of matter and justified his idea by comparing it
to water, which he thought could take the form of
ice, snow or foam. In the end, he naively as-
sumes that all substances are formed from them:
fire, air and earth. Fire consists of small particles
devoid of size and shape. Air, according to Des-
cartes, consists of particles of a certain size and
shape that move more slowly than those of fire.
The slowest moving particles on earth. Descartes
denied the doctrine of Democritus, according to
which the world consists of indivisible atoms
moving in empty space. Descartes' mathematical
ideas contained the ideas of the material unity of
the world and its development.

2. Doctrine of chemical elements. Robert
Boyle's corpuscular theory

After discovering the barometer, Torricelli
proved that air exerts pressure. The gases are
becoming less and less mysterious. Like liquids
and solids, gases also have weight and differ
from them by their lower density. The experi-
ments with gases at that time attracted the atten-
tion of the young Irish scientist Robert Boyle.

At the age of 25, he took part in the organiza-
tion of the Royal Society of London, whose task
was as follows: "Society will not recognize any
hypotheses, systems, teachings of natural philos-
ophy, proposals and/or recognition of ancient or
modern philosophers ... but will experience and
discusses all opinions and will not accept them
until the discussion of their evidence, supported
by experiments, proves their truth in any situa-
tion. Boyle has published numerous books and
articles. He was more of a lab director than an
experimenter. He was assisted by many assis-
tants (for example, one of them is Robert Hook)
and mechanics. Mechanistic notions played an
important role in Boyle's worldview.



Robert Boyle (1627-1691) was an Irish physi-
cist, chemist, theologian and nobleman of Eliza-
beth I.

F

Boyle studled the chemical and physical
properties of air by constructing an air pump to
compress the air. In a long U-shaped tube, he
pours mercury and compresses the air at the
closed end of the tube. When the amount of mer-
cury doubled, the volume of air also decreased
twice. If the pressure doubled, the volume in-
creased.

This inverse relationship was called Boyle's
Law (1662): "If a certain amount of ideal gas is
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kept at a fixed temperature, its volume (V) and

pressure (P) will be inversely proportional.”
Mass =

Frozen: Mass & Temp.

L

The same law was discovered later, in 1676,
by the French physicist Edmond Marriott, who
emphasized that the dependence is followed only
at a constant temperature, i.e. P x V = const., at T
= const. The law was called the Boyle-Marriott
Law.

Boyle was one of the first to obtain and de-
scribe hydrogen, obtain phosphorus, and study
several of its compounds. He developed some
methods of qualitative wet chemical analysis,
introduced color decoctions as indicators in the
determination of acids and bases.

After many chemical experiments, Boyle pub-
lished his book ,,The Skeptical Chemist‘, in
which he sought to prove the unreality of the El-
ements of Aristotle (air, earth, fire, water) and
Paracelsus (salt, sulfur, mercury) and to lay the
foundations of corpuscular theory.
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The book addresses the follow
1) Is fire a universal analyzer for all substances?




2) Can calcination products be called elements?
3) Can the number of substances taken as ele-
ments be limited?

4) Are there really elements "sulfur", "mercury"
and "salt"?

5) Are there any elements or principles at all?

Thanks to the logic of his arguments and his
precise statements of his ideas, he struck a chord
with the views of the alchemists. However, the
teachings of alchemists made it possible to clas-
sify substances according to their similar proper-
ties.

Robert Boyle was the first to develop the idea
of chemical elements as practically indecompos-
able substances, and the decomposable compo-
nent of substances - compounds. It is characteris-
tic of Boyle that, unlike ancient Greek thinkers,
he emphasized the great importance of experi-
ence.

(To be continue)
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DERIVATIVE SPECTROPHOTOMETRIC METHOD FOR DETERMINATION
OF PALLADIUM (II)

Chand Pasha, Krasimira Stancheva

ABSTRACT: A derivative spectrophotometric method for the determination of palladium (II) using new
chromogenic reagents p-dimethylamino benzaldehyde-(p-anisyl)-thiosemicarbazone (DBATSC) and glyoxal (p-
anisyl)-thiosemicarbazone (GATSC) has been described. The reagents interacts with palladium (Il) to give col-
oured species. The developed methods are simple, sensitive and selective in aqueous medium without prior sepa-
ration or extraction. This method has been applied for the spectrophotometric determination of palladium (II) in
various synthetic mixtures and hydrogenation catalysts.

Key words: : palladium (II) determination, direct and derivative spectrophotometry, DBATSC, GATSC.

Introduction

Palladium is discovered by the English chem-
ist William Hyde Wollaston in 1803. It is a rare,
lustrous silvery-white metal used for catalytic
converters along with platinum and rhodium in
automobile industries [ 1], which convert as much
as 90% of the harmful gases in automobile ex-
haust into less harmful substances like N;, CO
and H»O vapor. Palladium and its alloys have
wide range of applications both in the chemical
industry and in manufacturing instrument [2].
Palladium itself has occasionally been used as a
precious metal in jewelry, as replacement for
platinum or alloyed with platinum. Palladium is a
component of the system for the manufacture of
nitric acid and petroleum in the chemical indus-
try. It is widely used in the production of synthet-
ic polymers like rubber and nylon. Palladium is
also used in jewelry, dentistry [3], watch manu-
facture, blood sugar test strips, aircraft spark
plugs and surgical instruments [4]. Pd is used in
many electrical devices, which makes it an alter-
native to gold in galvanic elements. Palladium is
also used to create drugs for cancer treatment [5.
6]. Palladium is finely divided on carbon; it
forms a good catalyst and is used to speed up in
hydrogenation and dehydrogenation reactions, as
well as in petroleum cracking.

It is used in making special photographic
printing paper and detecting carbon monoxide in
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the air of industrial areas. Hence, emission of
these metal ions into the environment has in-
creased [7]. From the health hazard viewpoint, it
is one of the strongest allergens [8]. Therefore
accurate determination of micrograms of palladi-
um using simple and sensitive method is of great
importance.

Various chromogenic reagents have been
used for the spectrophotometric determinations
of palladium. Analytical reagents containing S
and N as donor atoms, thiocarbazones play im-
portant role in the determination of palladium.
The most widely used method for the determina-
tion of palladium is extractive dithizone method
[9], but it suffers serious interference from
Cu(1D), Cr(VI), Au(Ill), Pt(IV) and Hg(I). In the
current work, two simple, sensitive and non-
extractive derivative spectrophotometric methods
for the determination of palladium (II) using p-
dimethylamino benzaldehyde-(p-anisyl)- thio-
semicarbazone(DBATSC) and glyoxal (p-
anisyl)-thiosemicarbazone (GATSC) as chromo-
genic reagents are reported. The proposed meth-
ods can be successfully applied to the analysis of
palladium in hydrogenation catalysts and alloys.

Experimental

Apparatus

A Systronics 2201 UV-Vis. Double Beam
Spectrophotometer with 1 c¢cm quartz cell was



used for the absorbance measurements and a pH
meter WTW pH 330 was used.

Reagents and Solutions

Solution of GATSC (0.1%) was prepared in a
1:1 mixture of ethanol and DMF, and DBATSC
(0.1%) was prepared in ethanol (few drop of
DMF) by dissolving the recrystallised com-
pounds. The standard stock solution (1000 pg
mL") of Pd(II) was prepared by dissolving 1 g
of palladium chloride (Johnson Mathey, Eng-
land) in hydrochloric acid (5 mL, 2 M) and dilut-
ed to mark in a 250 mL volumetric flask with
distilled water. Stock solution was standardized
and standard working solutions were prepared by
suitable dilution.Acetic acid 10 M was prepared
and used in the present study. Aqueous solution
of 2% Triton X-100 (CDH Pvt. Ltd., India) was
prepared by dissolving 2 mL of Triton X-100 in
distilled water.Solutions of the studied interfer-
ing ions were prepared by dissolving the required
amounts of A.R. grade.

Recommended procedures

The following procedures were suggested af-
ter an intensive and thorough study of various
parameters involved in the development of col-
ored species.

GENERAL PROCEDURE

Suitable aliquots of Pd(I) [1.4-25 mg for
PDABPTSC and 3.5 42 mg for GATSC] were
transferred into a series of 10 mL calibrated vol-
umetric flasks. To each of these were added
DBATSC or GATSC (1.0 mL, 0.1%), acetic acid
solution (1.0 mL, 10 M for DBATSC and 3 mL,
10 M for GATSC) and TritonX-100 (2 mL, 2%
for DBATSC) and diluted with distilled water.

The first order derivative spectra were rec-
orded with AA=2 nm, scan speed of 370 nm/min
and slit width of 1 nm in the wavelength range
350-650 nm against reagent blank. The first or-
der derivative amplitudes were measured at 410
and 455 nm for Pd(I[)-DBATSC and 432 and
520 nm Pd(II)-GATSC complex. Calibration
graphs were constructed by plotting the deriva-
tive amplitudes against the concentration of pal-
ladium (II) ions.

Analysis of hydrogenation catalysts and syn-
thetic samples. Hydrogenation catalyst (about
0.5g) sample was transferred into a 250 mL
beaker. It is treated with 5 mL of 2N HNO; and
covered. 10 mL of aqua regia was added after the
gas evolution was ceased and solution was evap-
orated to near dryness on a sand bath. The resi-
due was dissolved in 5 mL of 2N nitric acid and
diluted to 100 mL with distilled water. Also, syn-
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thetic solution containing Ru(Ill), Rh(III),
Os(VIII) and Ir(III) along with Pd(II) and alloys
corresponding palladium were prepared. Suitable
aliquots of these solutions were taken and ana-
lysed for palladium as per the recommended
general procedure.

Synthesis of glyoxal p-(anisyl) thiosemi-
carbazide. Glyoxal (p-anisyl) thiosemicarbazone
was synthesised by refluxing 1:2 molar amounts
of glyoxal and (p-anisyl) thiosemicarbazide in
presence one drop of H,SO4 in ethanolic medi-
um for 1 hour. The resulting solution was recrys-
tallised from a mixture of DMF and ethanol (m.p
=220-222 °C, yield 80%). The reagent is charac-
terised by IR & NMR spectral data.
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Structural formula of GATSC
Results and Discussion

Preliminary studies have shown that palladi-
um (II) reacts with DBATSC or GATSC in pres-
ence of acetic acid in aqueous medium to form
dark yellow coloured species. The development
of colour is immediate upon mixing the reagent
without heating or extraction.

Spectral characteristics of the complexes.
Absorption spectra of Pd(I)-DBATSC and
Pd(I1)-GATSC were scanned in the wavelength
range 350-650 nm against the corresponding
reagent blank. The absorption spectra of the col-
oured species showed characteristic absorption
maxima at 425 and 465 nm for Pd(II)-DBATSC
and Pd(I)-GATSC respectively, where the rea-
gent blank showed negligible absorbance (Fig.
1).

The first order derivative spectra were rec-
orded with reference to the corresponding rea-
gent blank in the wavelength range 350-650 nm.
First order derivative spectrum of Pd(Il)-
DBATSC complex shows two troughs at 410 and
455 nm and two zero-crossing points at 400 and
425 nm. Zero-crossing point at 425 nm corre-
sponds to the Amax of the complex. Similarly first



order derivative spectrum of Pd(II)-GATSC
complex shows two troughs at 432 and 510 nm;
two zero-crossing points at 410 and 465 nm. Ze-
ro-crossing point at 465 nm corresponds to the
Amax of the complex. The derivative amplitudes
measured were found to be proportional to the
concentration of palladium (II). The first order
derivative spectra of both the systems are shown

in Fig.2.
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Fig. 1. Absorption spectra of palladium com-
plexes: (a) PA(ID[1.5 pg mL']-DBATSC; (b)
Pd(II) [3.0 pg mL']- GATSC against reagent
blank and (¢ & d) Corresponding reagent blanks
of (a & b) against distilled water.
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Fig. 2. First order derivative spectra of palla-
dium (II) complexes: (-) Pd(I)-DBATSC (a-d)
0.3, 0.6, 0.9, 1.2ug mL" of Pd(Il); (-) Pd(I)-
GATSC (f-) 1.0, 1.5, 2.0, 2.5 ug mL"!' of Pd(IT)
and (e) and (j) reagent blanks.

Optimisation of experimental conditions for
the formation of coloured species

The optimum reaction conditions necessary
for the development of the coloured species with
greater stability and higher sensitivity were es-
tablished via number of preliminary studies
measuring the absorbances of the coloured spe-
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cies at their Amax for a series of solutions by vary-
ing one parameter at a time and fixing the others.

Selection of the medium

The experimental results revealed that the
colour development was slow in various acids
such as sulphuric, hydrochloric, nitric and phos-
phoric acid except acetic acid and there was no
colour formation in bases such as NaOH and
NH4OH for Pd(II)-DBATSC system. But in the
case of Pd(II)-GATSC there was colour devel-
opment in sulphuric, hydrochloric, nitric and ace-
tic acids after few minutes precipitates except
acetic acid and no colour formation with bases
such as NaOH and NH4+OH. Hence, the effects of
acetic acid on the absorbance of the coloured
complexes were investigated. Studies revealed
that, acetic acid 1.0 mL (10 M) for DBATSC and
3 mL (10 M) for GATSC was found to be opti-
mum for the colour development of the systems.
The results are shown in Fig.3. Also, the effect
buffers on the colour development were studied
using different buffers such as sodium acetate-
HCI (pH 0.65 — 5.2), KCI-HCI (pH 1.0-2.2), so-
dium acetate—acetic acid (pH 3.48 — 6.04), potas-
sium hydrogen phthalate-HCl (pH 2.2-4.0) and
potassium hydrogen phthalate-NaOH (pH 4.1-
5.9). The colour development was slow in the pH
range 1.0-6.0 for both the systems.
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Fig.3. Effect of acetic acid on the absorbance
of Pd(ID[1.5 pg mL'1]-DBATSC and Pd(II)[3.0
ug mL!]-GATSC coloured species.
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Fig.4. Effect of DBATSC and GATSC on the
determination of 1.5 pg mL"'and 3.0 pg mL™! of
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Fig. 5. Effect of concentration of Triton X-
100 on the absorbance of Pd(IN)[3.0 pg mL"']
GATSC complex

Calibration graphs and analytical parame-
ters

Under the recommended conditions, first or-
der derivative amplitudes [at 410 or 455 nm for
Pd(I1)-DBATSC and 432 or 510 nm for Pd(Il)-
GATSC] were recorded for a series of solutions
containing different amounts of Pd(Il). Calibra-
tion graphs were constructed by plotting ampli-
tudes against concentration of palladium (II)
(Fig. 6). The optimum concentration ranges ob-
tained from Ringbom plots are 0.14-2.5 and 0.35
to 4.2 ug mL! for Pd(I[)-DBATSC and Pd(1)-
GATSC complexes respectively. The molar ab-
sorptivity, Sandell’s sensitivity, specific absorp-
tivity, slope, intercept and correlation coefficient
values are summarized in Table 1. The calibra-
tion graphs follow the straight-line equation y =
mx + ¢; where x is the concentration of palladi-
um (I) in pg mL", y is the measured derivative
amplitude, m is the slope and ¢ is the intercept.
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The linear regression analysis of the change in
derivative amplitude, versus metal ion concentra-
tion shows a good linear fit. The high value of
correlation coefficient and closeness of the inter-
cept to zero show that calibration graphs are lin-
ear and obey Beer’s law.

The precision of the method in different
modes, reported as relative standard deviations
(RSD) determined by measuring absorbances or
derivative amplitudes of five replicate samples
containing known amounts of palladium (II). The
low RSD values indicated good precision of the
methods. The accuracy of the proposed method
was checked using known amounts of palladium
(II). The low percentage errors at 95% confi-
dence limit values calculated from five replicate
analyses have demonstrated good accuracy of the
proposed method. The results are recorded in
Table 1.
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Fig.6. Beer’s law plots for first order deriva-
tive method of Pd(II)-DBATSC and Pd(Il)-
GATSC Complexes

Effect of diverse ions

The effect of diverse ions has been investi-
gated in first order derivative modes. An error of
less than +3 % in the absorbance values was con-
sidered to be tolerable. The tolerance limits of
the foreign ions tested are given in Table 3. It
was found that, metal ions like Cr(VI), Ag(]),
Al(IIT), Fe(lll), Zn(Il), Zr(IV), Rh(Ill), Ir(I1D),
Ru(Ill), alkali & alkaline earth metal ions and a
large number of anions did not interfere even
present in large excess. Pt(IV), Cu(Il), Ni(Il),
Co(Il)&Hg(Il) interferes. The interference of
Cu(Il), Ni(IT) and Co(Il) can be minimized by
complexing with Na,EDTA (500 ppm) and that
of Hg(Il) ) and Pt(IV) by adding tartarate (100
ppm) respectively. Also interference due to
Cu(Il), Ni(II), Co(Il) and Hg(I) can be mini-
mized in the derivative mode.



Table 1. Analytical parameters of Pd(I)-DBATSC and Pd(II)-GATSC complexes

Pd(II)-DBATSC Pd(II)-GATSC
Parameters First deriva- | First deriva- First deriva- | First deriva-
tive, 410 nm | tive, 455 nm tive, 432 nm tive,
510 nm

Molar absorptiv- 3.71x10% | - - 223 x10* | - -

ity,e (L mol"' cm™)

The Sandell sensi- | 2.8 - - 4.65 - -
tivity (ng cm™)

Specific absorptiv- | 0.351 - - 0.215 - -

ity, a (mL g! em™)
Linear range (png 0.14-2.5 | 0.14-2.5 0.13-2.5 0.35-4.2 0.34-4.6 0.32-4.2
mL")

Regression analy-

sis (y)*

Slope, m 0.3488 0.01 0.0175 0.008 0.02025 0.012
Intercept, ¢ -0.0011 -5.2x10*4 2x10* 0.00056 1x10* 5x10*
Correlation coeffi- | 0.99981 0.9996 0.9998 0.9993 0.99765 0.9997
cient, r
Relative standard 0.614 0.00032 0.00012 0.0125 0.102 0.0106
deviation ( %)°

% Range of error® 1.08 1.22 0.94 1.36 1.26 1.09
(95% confidence

limit)

%y = mx + ¢ where y, absorbance/derivative amplitudes; m, slope; x, concentration of palladium (I); c,
intercept. ® For five replicate analyses within Beer’s law limits, © Recommended for estimation

Table 2. Determination of Pd(II) in synthetic mixtures and alloy compositions

DBATSC GATSC Reference DBATSC GATSC
method method method method method
Pd Found | RSD | Pd Found | RSD | Pd Found ? [ RSD | ¢ F t F
2 (Recov- | % ? (Recov- | % (Recovery) | % test test test test
ery) ery) %
% %
Synthetic
mixture
Pd,30; 29.89 1.08 2991 0.89 29.96 0.86 1.24 1.57 1.15 1.71
Ru,20; (99.6) (99.7) (99.86)
Rh,25;
Os,5; Ir,20
Pd,50; 49.88 0.95 49.94 1.02 49.94 1.01 0.96 1.12 1.54 1.28
Ru,20; (99.7) (99.88) (99.88)
Rh,25; Pt;5
Alloys
Pd,72;Ag,2 | 72.06 1.24 72.08 0.77 72.02 0.95 1.18 1.32 1.44 1.14
6;Ni,2 (100.08) (100.1) (100.02)
Pd,34;Au,1 | 33.92 0.92 33.96 1.15 33.93 0.74 1.31 1.63 1.27 1.62
0;Co0,22;Ni | (99.76) (99.88) (99.79)
,34
Pd,40;Ag,3 | 39.89 0.78 39.95 0.99 39.98 0.98 1.29 1.09 1.19 1.56
0;Cu,30 (99.7) (99.87) (99.95)

Na,EDTA. Also, interference can be minimised
in the derivative mode as spectral profiles of the
coloured species of the interfering ions get re-
solved from that of the analyte.

The interference due to Pd(II) can be masked
by adding 100 ppm of dimethylglyoxime and
Cu(1l), Co(II) and Ni(II) by adding 500 ppm of
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Analytical applicability

The validity of the proposed method was
checked by determining Pd(Il) in hydrogenation
catalysts, synthetic mixtures containing Pt,
Ru(III), Rh(III), Os(VIII) and Ir(IIl) along with
Pd(II) and alloys corresponding palladium. Satis-
factory results were obtained for the recovery of
palladium in both methods, indicating that the
proposed methods were effective. The students #-
values at 95% confidence level and the variance
ratio F-values calculated for p=0.05 did not ex-
ceed the theoretical values, indicating that there
was no significant difference in accuracy and
precision between proposed and reference meth- ¢
od. The results are summarized in Table 2.

Conclusions

The proposed method are advantageous in
terms of simplicity, selectivity and sensitivity. 7.
The methods need require tedious separation or
solvent extraction procedures. Most of the com-
monly associated metal ions do not interfere and §_
utilisation of first order derivative spectropho-
tometry, increased the tolerance limit, sensitivity
and selectivity. The low percentage relative
standard deviation and percentage recovery val- 9
ues highlighted good accuracy and precision of
the proposed methods. The results obtained by
the proposed methods are accurate and reproduc-
ible. The proposed have been successfully ap-
plied for the determination of palladium (II) in
various synthetic mixtures and hydrogenation
catalysts.
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TEPMOJUHAMUWYHU U KNHETUYHU XAPAKTEPUCTUKU HA AICOPBIIMOHHU
MNPOLHECH HA CPEJHOAECTUJIATHA ®PAKIIUA

Wopnanka TameBa, Munena JlumutpoBa, Anekcanabp JuMuTpos

THERMODYNAMIC AND KINETIC CHARACTERISTICS OF ADSORBTION PROCESSES
OF MIDDLE DISTILLATED FRACTION

Yordanka Tasheva, Milena Dimitrova, Aleksandar Dimitrov

ABSTRACT: Purifying of middle distillated fraction by adsorption was investigated. The aim of adsorption
processes is to separate unlikely sulfur compounds. Si-gel and alumina were analyzed and compared. The ther-
modynamic and kinetic parameters of the process were determined. Activation thermodynamic parameters as
free molar energy (Gibbs energy), entropy, enthalpy and equilibrium constant were obtained for adsorbates,
respectively. The calculated kinetic process parameters were activation energy, Arrhenius constant and reaction

rate constant.

Key words: adsorption purification, gasoil, fuel, sulphur compounds

BnBenenne

IIpe3 mocneaHOTO AeceTUsIeTHE B CBETa U B
Benarapus Hali-cMIHO ce MpoOMEHuXa HM3UCKBa-
HUATA 32 CHIBbpPXKAHHE Ha Cspa W TOJHApeHU B
nr3enoBuTe TopuBa [1].

[Ipy mBIHO W3rapsHE CEpPHHUTE CHEIUHCHHS
obpasyear okcuau (SOy). Ilpu BUCOKHTE TeMIie-
paTypu Ha TOPUBHHS IMPOLIEC, OKUCUANUTE KOPO-
UpaT MeTanuTe B razoBa (aza. [Ipu HuCKM Tem-
mepaTypu T€ c€ pa3TBapsT B KOHICH3MPAIIUTE
KaIquI BOJa, MPH KOETO C€ IMOJIydaBaT CEPHHU-
CTa U CApHA KUCEIMHU, KOUTO aTaKyBaT eJIEMCH-
TUTE HA JBUTaTeNs B TeuHa ¢aza. Kopo3monnu
ca M HepasJIOKEHUTE CEPHU ChEAMHEHHs, 0co0e-
HO MEpKalTaHWUTEe, OT KOWTO Hal-arpecUBHU ca
aApEHOBUTE, a IUKJIAHOBUTE MEPKANTaHH 3aeMaT
MEXJIUHHO MSCTO [2].

CepHHTE OKCHAM, OTIENSAHU C OTpabOTeHHTE
TOPUBHH Ta30B€ BIUSAT HETaTUBHO BBHPXY Kara-
JIN3aTOPHUTE CUCTEMHM 3a IOM3rapsiHe, a B aTMO-
cdepara ca MpUUMHA 3a KUCSTUHHHUTE AbXKI0BE.

Csipara ydacTBa W Ipu 00pa3yBaHETO Ha Hara-
pu U ,J1aKoBe”, KaTo MpH €IHAKBH JAPYTH YCIO-
BUsI, TTOBUINIABA IJIBTHOCTTA UM. [Iponykture
OT M3TapsiHe Ha TOPUBOTO, BKI. SOX, momajgaT u
B MacJOTO, BIIONIABAT HA KAa4eCTBOTO MYy H YBe-
JIn4aBaT CKOPOCTTa Ha cTapeeHeTo My [3-5].

JomycTuMOTO ChABPKAHUE HA Cspa B MOTOP-
HUTEe nu3enoBu ropusa mo 31.12. 2003 r. Geme
0.2 %; or 01.01.2004 r. - 350 ppm, oT
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01.01.2007 r. - 50 ppm u ot 01.01.2009 r. - 10
ppm [10].

Ot 31.07.2018 r. w3UCKBaHUATA 32 ChIbpXKA-
HUE Ha CfApa B Ta3h0J 33 MPOMUILIEHH U KOMY-
Hamay nenm e mox 0,1%, 0,02 % u 0,01 %. B
[IOBEYETO EBPONEUCKU CTpaHu U B SnoHus
m3uckBa”ero 3a 10 ppm e ot 2007 r. B CAl]
ABTOMOOMITHOTO JTM3€JI0BO TOpPHBO € ¢ 15 ppm
csapa ot 2006 r., a mpe3 2010 r. ce mpemuHaBa
KbM mOpousBogacTBO Ha [I' ¢ ynrpaHucko
chabpkanue Ha csapa (mox 10 ppm) [11].

3a nma ce Hamanu cspara oT 50 Ha 10 ppm B
CHOTBETCTBHE C HOPMHUTE 3a IMPOW3BOACTBO Ha
€KOJIOTHYHH YNCTH TOpUBa B SMIOHCKaTa He(TeHA
MHIyCTpUsl ca MHBECTHPaHH OKoJo 4 OWIIMOHa
(10°) nmomapa, B amepukaHckute paduHEpHU —
OKOJIO 8 OMJIMOHA Jj01apa, KaTo € YCTaHOBEHO, Ye
U3MOJI3BaHUTE Jocera katanuzatopu 3a XJC He
Omxa MOTJIHM Ja MMOHMXKAT csapara mox 5 ppm. To-
Ba Hamara Ja ObJarT ch3JaJeHH HOBH KaTalu3a-
TOPH, Ja C€ YCHhBBPILICHCTBAT MPOLIECUTE U 000-
pynBareto 3a XO u 5a ce pa3paboTAT anTepHa-
TUBHH, HCKOHCYMHpAIIX BOAOPOJ TEXHOJIOI'MH
3a gecyndypupane [6].

W3non3BaHeTo Ha AM3E0OBH TOpUBA C YJATpa-
HUCKO CBHIBbpXKaHHE Ha csSpa BOAH M JI0 HIKOH
HOBHU MPOOJIeMH — TJIaBHO W3HOCBaHE Ha CHCTe-
MUTE 32 BIPHCKBaHE Ha TOPUBOTO, 3aIOTO TOPH-
BOTO B [W3€JOBHA JBWTaTell Wrpae poys Ha
cMas3Balll arcHr. CbabpKaHUeTO Ha II0-
JULOUKINYHA apeHd B CHBPEMEHHHTE aBTOMO-



OWMJIHU JM3EJI0OBH TOPHBA CHIIO CE€ OTPaHHYABa,
MopaJv TOBA 4e MPH TSAXHOTO M3rapsHE ce MOIy-
yaBaT KaHIEPOTCHHU MPOAYKTH, KaTO Hall-CUITHO
HETaTHBHO OMOJIOTMYHO BB3JCHCTBHE OKa3Ba
OensnupeHa. [lomMIUKINYHNTE apeHu ca u Oc-
HOBEH M3TOYHUK 3a 00pa3yBaHE HAa KOHAECH3Hpa-
HU BBIIEPOJIHU YaCTHUIIH — ,,CAXIU~ U KOKC [7].

ABTOpY yCTaHOBSIBAT, Y€ B MPOAYKTHUTE OT
ropene Ha JII' ce chabpkar JiBe- JO YETUPHUIIUK-
JUYHU apeHH, KOUTO MPUCHCTBAT U B ChCTaBa Ha
H3XOAHOTO ropuBo. Te ce aacopdbupar BBPXY
o0pa3yBaHWTE TpPH TOPEHETO BBIVIEPOAHH dYa-
ctuuu. ToBa ru mpaBu OCOOEHO OMaceH BTOPH-
YEeH 3aMbpPCUTEN, HETATUBHOTO EUCTBHUE HA KOM-
TO € IMO-TOJSIMO, OTKOJKOTO Ha J[BaTa MMbPBUYHU
3aMBPCHUTETN TOOTACITHO [8].

OO0pasyBaHHUTe NpU U3TrapsiHE Ha MOJUAPEHUTE
YaCcTHIIM, Ca ChCTaBHA YacT Ha Harapure | JaKo-
BETE, KOCTO € ChIIECTBEH TEXHHUUYECKH MPOOIIEM.
B orpabotenure razoBe OT CbBPEMEHHHUTE aBTO-
MOOWIN Te TpsAOBa na ce YJIOBAT Npeaud Ja ce
W3M0JI3Ba KaTalu3aTop, Thil KaTo OuXa Mmonpeyu-
JIM Ha HeToBaTa paboTa.

C yBennuaBaHe Ha CHABPKAHUETO HA Ta3boll
ot KK B nu3enoBuTe ropuBa ce yBeaudaBa U KO-
JMYECTBOTO HA MOJUIUKINYHU apeHH B 0Tpabdo-
TEHUTE Tra3oBe Ha JW3ENIOBHTE IBUTarenu. Pe-
3yJATAaTUTE OT U3CIEABAHUATA HA HIKOU KOJIEKTH-
BH IIOKa3Batr, ye ¢ gobaesHeTo Ha 3.5 % JIKD
KBM THProBcKo am3enoBo ropuso (TIY) B mpo-
IYKTHTE OT TOPEHETO Ha CMEeCTa, IMOJUIUKINY-
HuTe apeHu ce yBenmuaBar ¢ 80 %. Cropen
aBTOpUTE TOBAa C€ IBJDKM Ha 3HAYUTEIHO IIO-
BHCOKOTO CBHABp)KaHWE HA apeHH W TOIHUINK-
JIMYHA apoMaTuKa B ra3pboja B cpaBHeHue ¢ T
(ra3posrbT Chabpka 28.7 MHTH MOBEYE MOTUITUK-
JIMYHU apeHHU U 2.5 IbTU NOBEYE APEHU OTKOJIKO-

To 1) [9].

IlenTa Ha HacTosmaTa paboTa € M3UUCIsIBaHE
Ha TEPMOJMHAMUYHUTE ¥ KHHETHIHH ITapaMeTpH
Ha aJICOPLIMOHHU NIPOLIECH HA CPEIHOAECTUIATHA
¢dpakuus.

ExcnepumeHTa Ha 4acT

C 1en u3ciieBaHe Ha TEPMOJAMHAMUYHHUTE M
KHHETUYHHM XapaKTEPUCTUKH HA OTICIIHU aJcop-
OIIMOHHM TPOIECH B J1a0OPAaTOPHHU YCIOBHUS Oe-
IIe HM3M0JI3BaHA CpeaHOoAeCTHIaTHA (paKius,
YUHTO (DM3UKOXMMHUYHH CBOMCTBA ca OTPA3CHH B
Tabmmna 1.

Taoaunma 1. OU3UKOXUMHUYHU CBOIMCTBA Ha H3-
MOJI3BaHATa CPEIHOACCTUIIATHA CYpOBUHA

Ioxa3aTeJ CroiiHocT

[LrsrHOCT pu 15°C, g/em? 0.8355
[Tnamua Temneparypa, °C 69.5
KunemaTtuuen Buckosuret npu 40
o ) 2.87

C, mm?/s
JlecTunanpoHHN
XapakTepucTuKH, °C
H. K.,°C 178
10 %, °C 201
50 %,°C 248
90 %,°C 325
95 %,°C 345
K. k.,°C 356
Cspa, % 0.16
Bona, % (v/v) OTCBHCTBHE
MexaHn4yau mpumMecH, % 0.007
ITenen, % 0.001
I'parnyna Temmepatypa Ha -11
dunrpyemocr, °C
KoxkcoB octarsk (Ha 10% 0.02
0CcTaThK), %
CeabppxaHue HAa MOJHUIIUK- 25.0
JEeHU apeHu, %
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AncopOnroHHUTE JTabOpaTOPHU TIPOIIECH Osxa
MIPOBEJICHM B amaparyparta ¢ onucana B [10], mpu
temneparypu ot 20 mo 40 °C u Bpeme Ha KOH-
TakKT Ha  OTAEJIHUTE CHCTEMHU  CYpOBU-
Ha:amcopbet ot 1,0 g0 6, 0 gaca. ChOTHOIICHH-
€TO MEXAy CYpOBHHATa U OTAEITHHUTE aacopOcH-
TH /CUIUKaren u anymuHueB okcup/ Oeme 1:10.
N360pa Ha IbOTHOLIEHHE ce Oa3upalne Ha Mmpea-
XOJIHU W3CJICJIBAHUS, JIUTEPATypHH JAHHU U HE
Ha MOCIIEIHO MSICTO HKOHOMHYECKA e()EeKTHBHOCT
Ha mpouecuTe. MeToanKkaTa Ha MPOBEXAAaHE Ha
OTACTHHUTE JTAOOPATOPHU aJICOPOLIMOHHM EKCIie-
PUMEHTH, KaKTO M aKTUBHPAHETO U pereHepanu-
ATa Ha afgcopOeHTuTe e npencraseHa B [11]. Bu3
OCHOBA Ha IMOJIyYeHUTE EKCIIEPUMEHTATHH JaHHH
0sixa M3YHCICHH TEPMOAMHAMUYHHUTE WM KHHE-
TUYHU XapaKTEPUCTHKH Ha OTICIHUTE CHCTEMH
cypoBuHa:ajcopOent. [locnennure Osixa H34MC-
JIEHH TO-100pe Mo3HATUTE (PUBMKOXUMHUYHH 3a-
BUCHUMOCTH, NIPEJICTABEHH I10-/10JTY:

A =[(T.R/N.h)e®"] (1)
AH=E, —RT, kJ/mol (2)
AG = - RT InK, kJ/mol 3)

AG = AH — TAS, kJ/mol (4)




KbaeTo: N — KOHCTaHTa Ha ABOTaapo; /# - KOHC-
tanTa Ha Ilmank; AS — eHTponHMsS Ha OTICITHHUTE
cuctem, kJ/mol K; AH — edranmnusa Ha OTAEIHU-
te cucremu, klJ/mol; AG — eneprus Ha ['ubc,
kJ/mol, K — paBHOBeCHa KOHCTaHTA.

3a na ObJaT U3YHCIICHU TEPMOJUHAMUYHUTE
Y KUHETUYHH TIapaMeTPU Ha OTACITHHUTE CUCTEMHU
MPEIBAPUTEIHO OsXxa HU3YMCICHH KOCPHUIIMECHTH-
T€ Ha paslpeJieNieHue, KaTo 3a [EeNTa U3YNCIIHX-
M€ MOJHHTE KOHIIGHTPAIlUd Ha CEPHHUTE ChEIH-
HEHHUS B ajcopOaTa Ha BCSKa OT CUCTEMHTE. 3a
nenrta Oeie M3YKMCICHA MOJIEKYJHATa Maca Ha
W3CcIIeIBaHaTa CypOBHHA, KaTo IISJI0 M HA cyMaTa
OT CEepHHUTE ChEJWHEHUS, KOUTO C€ ChIbpPXKAT B
Hes. Buma Ha cepHUTE ChEAMHEHHUS, KaKTO H
BBIJICBOJIOPOHUS ChCTaB Ha CypOBHMHATa Oelle
ompesieNieH eKCIEPUMEHTATHO 4Ype3 MeToja Ha
TeyHata xpomatorpadus u ASTM D 2007. Ha
0a3a Ha JJaHHHUTE 3a MOJIEKyJHATa Maca cMe Kajl-
KyJIUpaId MOJIHUTEC KOHICHTPAIMK Ha TMOJTyde-
HUTE TIPU CKCIIEPUMEHTUTE POTYKTH.

Pe3ysraTu u o0ch:kIaHe

Ha cnenpamure Tabuuiy u GUrypu ca npei-
CTaBCHU H3YHUCJICHUTC TCPMOJMHAMHUYHU U KH-
HETHYHH XapaKTEPUCTUKH HA KOHKPETHUTE CHUC-
TEMHU CYPOBHHA:CEIICKTUBEH aJICOPOCHT.

-1000

-2000

-3000

-4000

-5000

-6000

——AG, kJ/mol; Si-Gel

-7000 - ——AG, kl/mol; alumina

®@ur.1. 3aBucumoct Ha Exeprusita Ha ['u6c ot
BPEMETO Ha KOHTAKT mpu Temieparypa -20 °C

-5000 -

0 T T 1
2 a4 6 8
-1000 -
-2000 -
-3000 -
-4000 - /

-60Q0p= G, kJ/mol; Si-Gel == AG, kJ/mol; alumina

®ur.2. 3aBucumoct Ha Eneprusita Ha ['ubc ot
BpPEMETO Ha KOHTAKT Ipu Temneparypa -30 °C

1

2 8
-1000 +
-2000
-3000 +
-4000 -
-5000 +

6000 ——AG, kl/mol;Si-Gel == AG, kJ/mol;alumina

®wur.3. 3aBucumoct Ha Eneprusita Ha ['nu6c ot
BpPEMETO Ha KOHTAKT Ipu Temneparypa -40 °C

O T T T 1
2 4 6 8

iy .

4 -

6 -

8 -

——AS, kl/mol.K, Si-gel
== AS, kJ/mol.K, allumina

-10 -

®ur.4. 3aBUCUMOCT Ha CHTPOIIHSITA OT BPEMETO
Ha KOHTAKT npu Temnepatypa -20 °C




15
10
5 -
O T T 1
2 4 6 8
-5 4
,10 -
-15 - ——AS, kl/mol K, Si-gel

Tadauua 3. KuHeTnyHu mapaMeTpu Ha aicopo-
IIMOHHY CHCTEMH M3CJIC/IBAHA CYpPOBHHA: aTyMH-
Hues oxkcug = 1:10

Temneparypu: 20 °C, 30 °C u 40 °C

Peakmmonna Ea, kJ/mol Koncranra Ha

KOHCTAHTa, §™! Apennyc
388,73 0,6804 104674,32
388,73 0,6580 104674,32
533,66 0,6370 104674,32

®@ur.5. 3aBUCHUMOCT Ha CHTPOIIHSITA OT BPEMETO
Ha KOHTaKT npu Temneparypa -30 °C

=—4=—AS, kJ/mol.K, Si-gel
-10 - == AS, kJ/mol.K, allumina

®@ur.6. 3aBUCUMOCT Ha CHTPOIIHSITA OT BPEMETO
Ha KOHTaKT Ipu Temneparypa -40 °C

Taoauua 2. Kunetnunu napameTpu Ha afcopo-
[IMOHHU CHCTEMH U3CJIEIBaHa CYypOBH-
Ha:cwmkaren = 1:10

Temneparypu: 20 °C, 30 °C u 40 °C

Peakimonna Ea, kJ/mol Koncranra Ha

KOHCTaHTa, S’ Apennyc
223,28 0,9299 568682,60
353,16 0,8992 568682,60
459,10 0,8705 568682,60

KakTo moOKa3BaT NONYYCHHTE H3YMCIUTCITHH
JaHHW TIPU BCUYKH TEMIIEPATypHU U TPOIBIKU-
TEJIHOCT Ha KOHTAKT aJCOPOLIMOHHUS J1abopaTo-
PEH MpoLEeC Ha OYUCTBAHE OT CEPHU CHEIUHEHUS
€ TepMOJIMHAMHYHO BB3MOXKEH. TpsiOBa ma ce
oTOelNeKH, Ue C MOBUIABAHE HA TeMIlepaTrypara
W BPEMETO Ha KOHTaKT ToJlydyaBame Mo-100pu
pesynraTu 3a eHeprusaTta Ha ['mOc, eHTponusTa U
eHTanmusaTa. Hail-mobpu pesynratu ce momyda-
BaT TPU H3IIOJI3BaHE HA afCOPOCHT alyMUHHCB
OKCHJI ¥ M3CJIe[[BaHaTa CYpOBHHA IIPH TeMIIepa-
Typa 40 °C u BpeMe Ha KOHTaKkT — 6 yaca, MeX-
JVMHHU ca pe3yNTaTuTe TpH aJicopOeHT amyMu-
HHEB OKCHJ] U CHJIMKAres mpu temmeparypa — 30
°C u BpeMe Ha KOHTakT oT 4 mo 6 uwaca. Haii-
JIOUIM ca TEPMOJUHAMUYHUTE M KUHETHYHH Xa-
PaKTEpUCTUKH Ha aJICOPOLIMOHHHUTE CUCTEMH CY-
POBHHA:CHJIMKArey, CypOBHHA:aIyMHHUEB OKCHJ]
npu temneparypa — 20 °C u BpeMe Ha KOHTakT 1
u 2 yaca.

OTpullaTeTHUTE CTOWHOCTH TIOJY9EeHH 32 CBO-
0omHaTa €HEeprusi MOTBHPKIABAT EKCIepPUMEH-
TAJHUTE JaHHW 32 W3BBPIIBaHE Ha Ipoleca Ha
ajcopOLMsl Ha W3cleIBaHaTa CypOBHMHA, KaTo
CBHIIICBPEMEHHO IMIOKa3BaT, Y€ TO3M MpOIeC 3a
BCHYKH M3CIICIBAHU OT HAC CUCTEMH € TEPMOJIH-
HAMHYHO BH3MOXKEH.

OT momydeHUTe JaHHU 32 EHTPONHITA Ha pas-

Mpe/ieJieHne Ha OTAETHHUTE CHCTEMH Ce BIDKIA,
4e Ipu Mpoleca Ha afcopOlus Ha U3ClieIBaHaTa
OT Hac cpeHoJecTUIaTHA (PAKIIHS CE€ U3BbPIIIBA
Hali-BEpOSITHO B3aMMOJCICTBUE OT THMA CIICLH-
¢uuHa conmBaTauus, 0e3 3a0eNMKUM TOTUTUHEH
edexT.
[lomyuenuTe excnepuMEHTaTHH JaHHU 3a €H-
TaJNusITa Ha aJCOPIMOHHUTE MPOIECH Ha H3C-
JiefBaHaTa CpeJHOJCCTUIAaTHA (pakius ca mpe-
HEOPMKMMO HHCKH W JIOKa3BaT HAMPABEHUTE JIN-
TepaTypHU MPOYYBAHHA, KAaKTO W CE Hallara us3-
BOJIa, Y€ MOTaT Jja ce MpeHeOperHar.

Bb3 ocHOBa Ha W3YHMCIECHUTE KUHETHYHU Xa-
pPaKTepUCTUKH, TpefacTaBeHn B Tabmumm 2 w 3
MOXE Ja C€ 3aKII04d, Y€ Hail-BEpOsTHO Mexa-
HU3Ma Ha PEaKIHATa Ha aJCOPOIMOHHUTE IPO-




IIECH 3a M3CcIielaBaHaTa OT Hac CPEeTHOACTHIIATHA
CypOBWHA M MOAOpaHU aACOPOCHTH € OT IIBPBH

MNOpAABK OT IJICAHA TOYKA HAa XMMHUYHATaA kuue-1.

THKa.

2.

3akiarouenne

IIpe3 mocnemHWTE TOAMHH BCE IO-IIHPOKO3.

HaBJIM3aT AJITCPHATUBHUTC METOJIU HA OYUCTBAHC
OT HCXKCJIaHW KOMIIOHCHTHU, IOpagu TCXHHUTC
HUKOHOMHYCCKHU U TCXHOJIOTMYHU IMPEAUMCTBA, a

OTTaM KaTo CIIEJICTBHE € BTOpaTa MpuyurHa 1a ced.

uacjaceaBar TCPMOAWMHAMUYHUTC W KHUHCTUYHU
napamMeTpu Ha OTACIHU MPOLCCHU Ha OYUCTBAHC

4pe3 aacopOus. 5.

BuB BpBb3Ka C IMOCTaBC€HATa 1I€JI Ha HACTOAIIA-
Ta pa60Ta 0s1Xa U3YHCIICHU TCPMOANHAMUYHUTC
U KHHCTUYHH XapaKTCPUCTHUKU HaA OTIACIIHUTC
CHUCTEMU CypOBI/IHaZaZICOp6eHT, KaTo OT mmpeacra-

BCHUTC PE3YJITATH MNPCACTABCHU B HaCTOSIH_IaTa6.

MO’KEM J1a HAaIIpaBUM CJIETHOTO 3aKJIIOUEHHE:
JlokazaHo e, ue ¢ NOBHILIABaHE Ha TeMIlepaTy-

pata U BpPpEMETO Ha KOHTAKT IIOJTy4daBaMe mo-7/.

nmo0Opu pe3ynrtatu 3a eHeprusara Ha ['ubc u eHr-
porusita. Haii-moOpu pesynraTu ce TmoirydaBat
NpY U3M0J3BaHE Ha aJcOPOEHT aTyMHHUEB OK-

cun U cypoBuHata mpu Temmeparypa 40 °C wu8.

BpEME Ha KOHTAakT — 6 4aca, ME&XIUHHHU ca pe-
3yITaTUTE TIPH aJCOPOCHT alyMUHHEB OKCHJ W
cunmkaren npu remreparypa 20 u 30 °C u Bpeme

Ha KOHTakKT — 4,5,6 daca.. Haii- momm ca tepmo-9.

JUHAMUYHUTE U KUHETUYHU XapaKTEPUCTUKU Ha
CUCTEMHUTE  CYPOBHHA:CWJIMKAreia,  CypOBU-
Ha:aJlyMUHHEB OKCHJ NPH BpeMe Ha KOHTAakT | u

2 yaca u Temnepatypa 20 °C. 10.

OTpuuareHUTe CTOMHOCTH IIOJIyYEHH 3a CBO-
OonHaTa eHeprus HOTBBPXKAABAT EKCIIEPUMEH-

TaJHATE JaHHW 32 W3BbpIIBaHe Ha Tmporecall.

Haazlcop6u1/m Ha u3cCji€ABaHaTa OT HaC CypOBHHA,
KaTO CbLICBPEMEHHO IIOKa3BaT, Y€ TO3U ITPOLEC

32 BCUYKH U3CJEABAaHU OT HAC CUCTEMH € TepMO-12.

JMIUHAMHYHO BB3MOXKECH.

OT noJy4YeHHUTE JaHHU 33 SHTPOMMSITA HA pa3-
npeJieficHre Ha OTJCIHUTE CHCTEMH C€ BUXKIA,
4e Ipu mpoleca Ha aacopOuus Ha u3bpaHaTa oT
HAC CPEIHOJIECTHIIATHA (PAKIMs Ha-BEpOSTHO
Ce UW3BHPIIBA B3aUMOJCHCTBHE OT THIIA CIICIHU-
¢uuHa comBaranus, 0e3 3a0eTKHM TOIUIMHEH
edexr.
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ANTIOXIDANT PROPERTIES AND ANTIMICROBIAL ACTIVITY OF COMMERCIAL
PROPOLIS EXTRACTS FROM BULGARIA

Mariyana Topuzova, Mina Todorova, Yulian Tumbarski, Nadezhda Petkova and Ivan Ivanov

ABSTRACT: Propolis (bee glue) is one of the most valuable and unique bee products, possessing a broad
range of biological activities and health benefits. Propolis is widely used as a remedy in the traditional and
alternative medicine, commercially available in different forms such as capsules, ethanolic extracts (tinctures),
mouthwash, throat lozenges, toothpastes, creams, and powders. In the present study, five commercial ethanolic
propolis extracts manufactured in Bulgaria were examined. The total phenolic content, the total flavonoids
content, the antioxidant properties and antimicrobial activity of the extracts were evaluated. All commercial
propolis preparations demonstrated promising antioxidant activity by the three methods used — DPPH, ABTS
and FRAP. The propolis extracts exhibited high antimicrobial activity against Gram-positive bacteria,
particularly against Bacillus subtilis ATCC 6633, Micrococcus luteus 2YC-YT, Staphylococcus aureus ATCC
25923, Listeria monocytogenes NBIMCC 8632 and Listeria innocua ATCC 33090. Regarding the rest Gram-
positive bacteria, Gram-negative bacteria Salmonella enteritidis ATCC 13076 and Escherichia coli ATCC 8739,
yeasts and fungi, the antimicrobial effect was moderate. The antimicrobial activity against Pseudomonas
aeruginosa ATCC 9027 was weak. The propolis extracts did not inhibit the test microorganisms Bacillus cereus,
Salmonella abony NTCC 6017, Klebsiella sp., Proteus vulgaris ATCC 6380, and fungus Rhizopus sp.

Key words: propolis, commercial propolis extracts, antioxidant activity, antimicrobial activity

Introduction nus spp.) etc. (Moise and Bobis, 2020). To pro-
duce propolis, the worker bees transport the plant

Propolis (bee glue) is one of the most valua-  material to the hive and mix it with beeswax and
ble and unique bee products, possessing a wide  saliva, thereby obtaining a highly adhesive sub-
range of biological activities. Propolis is a sticky  stance. The color (green, brown, red or yellow),
resinous substance produced by honey bees (4pis  chemical composition and biological properties
mellifera L.), which serves mainly as a building  of propolis can vary greatly depending on the
material. Bees use it to fill cracks, to cover the  plant source and the characteristics of the
internal hive walls, to repair and seal the  geographic region from which it is obtained
honeycomb cells, and to embalm the carcasses of  (Bankova et al., 2016). At present, more than 300
invaders who penetrated and died inside their = chemical compounds have been identified as
hives, thus removing the unpleasant odor and  constituents of propolis (Toreti et al., 2013). Raw
bacterial flora accompanying their decomposi-  propolis contains 50% plant resins, 30% waxes,
tion (Sforcin and Bankova, 2011; Wagh, 2013). 10% essential and aromatic oils, 5% pollen, and
Propolis is a complex natural product that is 5% other organic substances (Moise and Bobis,
collected and processed by honey bees from  2020). Among the major components are poly-
flowers, leaf buds and exudates of various tree  phenols, presented mainly by flavonoids (fla-
species. In Europe, the primary sources of propo-  vones, flavonols, flavanones, flavanonols, chal-
lis are the resins of poplar (Populus alba, P.  cones, dihydrochalcones, isoflavones, isodihy-
tremula and P. nigra), birch (Betula pendula),  droflavones, flavans, isoflavans and neoflavo-
pine (Pinus spp.), spruce (Picea spp.), fir (4bies  noids), followed by aromatic acids, aromatic es-
spp.), alder (Alnus glutinosa), willow (Salix al-  ters, aliphatic acids, aliphatic esters, volatile
ba), acacia (Acacia sp.), horse chestnut (desculus ~ compounds, aromatic compounds, hydrocarbons,
hippocastanum), oak (Quercus spp.), ash (Fraxi-  steroids, enzymes, waxy acids, alcohols, alde-
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hydes, ketones, amino acids, micro- and macro-
nutrients, vitamins, essential oils, sugars, pollen
and other organic matter (Sahinler and
Kaftanoglu, 2005; Toreti et al., 2013; Huang et
al., 2014; Pobiega et al., 2019). The rich chemi-
cal composition determines the diverse pharma-
cological properties of propolis. It has been
found that propolis possesses antioxidant, im-
munomodulatory, anti-inflammatory, antimicro-
bial, antiviral, antiparasitic, anticarcinogenic,
hepatoprotective, anti-ulcerogenic, anti-allergic,
antidiabetic, astringent, anaesthetic and other
beneficial biological activities (Salomao et al.,
2004; Sforcin and Bankova, 2011; Toreti et al.,
2013; Cauich-Kumul and Segura Campos, 2019).

The therapeutic effects of propolis and its use
as a natural remedy have been known since an-
tiquity. The ancient Egyptians, Persians, and
Romans have used propolis as an embalming
substance due to its anti-putrefactive properties,
while Incas have used it as an anti-pyretic agent.
The ancient Greek and Roman physicians Hip-
pocrates, Aristoteles, Dioscorides, Pliny and
Galen wrote about the healing properties of
propolis and its application as an antiseptic, as a
wound cicatrizant, and as a mouth disinfectant.
In the Middle Ages, the interest in the use of
propolis decreased, and resumed during the Re-
naissance, when it was recognized as an effective
remedy for treatment of various diseases
(Castaldo and Capasso, 2002; Martinotti and
Ranzato, 2015). Nowadays, propolis is a popular
remedy in the traditional and alternative medi-
cine, commercially available in different forms
such as capsules, ethanolic extracts (tinctures),
mouthwash, throat lozenges, toothpastes, creams,
and powders. In recent years, the biological
properties of propolis attracted the research
attention on its application in other fields of life
and industry. The broad antimicrobial spectrum
and antioxidant potential of propolis made this
natural product perspective for application as a
food additive, as a functional food ingredient,
and as a means for food biopreservation
prolonging the shelf-life or improving the quality
of food products.

The aim of the present research was to evalu-
ate the total phenolic content, the total flavonoids
content, antioxidant properties and antimicrobial
activity of some commercial ethanolic propolis
extracts (tinctures) available on Bulgarian mar-
ket.

Materials and methods

1. Materials

1.1. Propolis extracts

Five 30% ethanolic propolis extracts (tinc-
tures) were purchased from drugstores, nutraceu-
tical food stores and producers of bee products
from different regions of Bulgaria. The commer-
cial propolis extracts were designated as samples
Cl1, C2, C3, C4 and C5. To conduct the experi-
ments, the ethanol from the propolis extracts was
evaporated, and then the dry substance was dilut-
ed with methanol.

1.2. Test microorganisms

Twenty-three microorganisms including nine
Gram-positive bacteria (Bacillus subtilis ATCC
6633, Bacillus cereus - clinical isolate, Bacillus
amyloliquefaciens 4BCL-YT, Staphylococcus
aureus ATCC 25923, Listeria monocytogenes
NBIMCC 8632, Listeria innocua ATCC 33090,
Enterococcus faecalis ATCC 19433, Enterococ-
cus faecium ATCC 19434, Micrococcus luteus
2YC-YT), six Gram-negative bacteria (Salmo-
nella enteritidis ATCC 13076, Salmonella
abony NTCC 6017, Klebsiella sp. - clinical iso-
late, Escherichia coli ATCC 8739, Proteus vul-
garis ATCC 6380, Pseudomonas aeruginosa
ATCC 9027), three yeasts (Candida albicans
NBIMCC 74, Candida utilis ATCC 9950, Sac-
charomyces cerevisiae ATCC 9763) and five
fungi (Aspergillus niger ATCC 1015, Aspergillus
flavus, Penicillium sp., Rhizopus sp. - plant iso-
lates, Fusarium moniliforme ATCC 38932) from
the collection of the Department of Microbiology
at the University of Food Technologies - Plov-
div, Bulgaria, were selected for the antimicrobial
activity test.

1.3. Culture media

1.3.1. Luria-Bertani agar medium supple-
mented with glucose (LBG agar)

LBG agar was prepared by the manufacturer’s
(Laboratorios Conda S.A.) prescription: 50 g of
LBG-solid substance mixture (containing 10 g
tryptone, 5 g yeast extract, 10 g NaCl, 10 g glu-
cose and 15 g agar) was dissolved in 1 L of de-
ionized water. The final pH was adjusted to 7.5,
and then medium was autoclaved at 121°C for 20
min.

1.3.2. Malt extract agar (MEA)

This medium was prepared by the following
prescription: 20 g malt extract, 20 g dextrose, 6 g
peptone, and 15 g agar were dissolved in 1 L of
deionized water. pH was corrected to 5.5, and
then medium was autoclaved at 121°C for 20
min.
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2. Methods

2.1. Total phenolic content

The reaction mixture contained 1 ml of Folin-
Ciocalteu reagent, 0.8 ml of 7.5% sodium car-
bonate solution and 0.2 ml of the tested propolis
extract. The mixture was left at room tempera-
ture for 20 min, in the dark. The absorbance was
measured at 765 nm against a blank with distilled
water. The results were expressed as mg equiva-
lent of gallic acid (GAE) per g propolis (Ivanov
etal., 2014).

2.2. Total flavonoids content

The reaction mixture (0.5 ml of the tested
propolis extract, 0.05 ml of 10% aluminum ni-
trate solution and 0.05 ml of 1M potassium ace-
tate solution) was left at 20-24°C for 40 min, and
then the absorbance was measured at 415 nm
against a blank. The results were calculated as
mg equivalents quercetin (QE) per g propolis
according to a calibration curve (Ivanov et al.,
2014).

2.3. Antioxidant activity

2.3.1. DPPH radical-scavenging ability

The reaction mixture containing 2.85 ml of
2,2-diphenyl-1-picrylhydrazyl (DPPH reagent)
and 0.15 ml of the tested propolis extract was
incubated at 37°C for 15 min, and then the ab-
sorbance was measured at 517 nm against meth-
anol. The antioxidant activity was expressed as
mM Trolox® equivalents (TE) per g propolis
(Ivanov et al., 2014).

2.3.2. ABTS assay

The ABTS reagent was prepared according to
the method of Ivanov et al., 2014. The reaction
mixture contained 2.85 ml of ABTS+ solution
and 0.15 ml of the tested propolis extract. The
absorbance was measured at 734 nm against
methanol after incubation at 37°C for 15 min, in
the dark. The antioxidant activity was expressed
as mM (TE)/g propolis by using a calibration
curve.

2.3.3. Ferric reducing antioxidant power
(FRAP) assay

The FRAP reagent was prepared immediately
before use by mixing of 300 mM acetate buffer
with pH 3.6, 10 mM 2.4,6-Tris(2-pyridyl)-s-
triazine (TPTZ) in 40 mM hydrochloric acid and
20 mM Iron (III) chloride hexahydrate in dis-
tilled water in a ratio of 10:1:1.

The reaction mixture (3 ml of FRAP reagent
and 0.1 ml of the tested propolis extract) was
incubated at 37°C for 10 min, in the dark. The
absorbance was measured at 593 nm against a
blank with water. The antioxidant activity was

presented as mM Trolox® equivalents (TE) per g
propolis (Ivanov et al., 2014).

2.4. Antimicrobial activity

The antimicrobial activity of propolis extracts
was determined by the agar well diffusion meth-
od. The test bacteria B. subtilis, B. cereus, B.
amyloliquefaciens and M. luteus were cultured
on LBG agar at 30°C. The test bacteria S. aureus,
L. monocytogenes, L. innocua, E. faecalis, E.
faecium, S. enteritidis, S. abony, Klebsiella sp.,
E. coli, P. vulgaris and P. aeruginosa were cul-
tured on LBG agar at 37°C for 24 h. The yeasts
C. albicans were cultured on MEA at 37°C,
while C. utilis and S. cerevisiae were cultured on
MEA at 30°C for 24 h. The fungi 4. niger, A.
flavus, Penicillium sp., Rhizopus sp., and F. mo-
niliforme were grown on MEA at 30°C for 7
days or until sporulation.

The inocula of test bacteria/yeasts were pre-
pared by homogenization of a small amount of
biomass in 5 ml of sterile 0.5 % NaCl. The inoc-
ula of test fungi were prepared by the addition of
5 ml of sterile 0.5 % NaCl into the tubes. After
stirring by vortex, they were filtered and replaced
in another tubes before use. The number of via-
ble cells and fungal spores was determined using
a bacterial counting chamber Thoma. Their final
concentrations were adjusted to 1x10% cfu/ml for
bacterial/yeasts cells, and 1x10° cfu/ml for fungal
spores, and then inoculated in preliminarily
melted and tempered at 45-48°C agar media.
Next, the inoculated media were transferred in
quantity of 18 ml in sterile Petri plates (d=90
mm) and allowed to harden. Then six wells (d=6
mm) per plate were cut. Triplicates of 60 pl of
each propolis extract were pipetted into the agar
wells.

The antimicrobial activity was determined by
measuring the diameter of the inhibition zones
around the wells on the 24-th and 48-th hour of
incubation. Test microorganisms with inhibition
zones of 18 mm or more were considered sensi-
tive; moderately sensitive were those in which
the zones were from 12 to 18 mm; resistant were
those in which the inhibition zones were up to 12
mm or completely missing (Tumbarski et al.,
2018).

2.5. Statistical analysis

Data from triplicate experiments were pro-
cessed with MS Office Excel 2010 software, us-
ing statistical functions to determine the standard
deviation (£SD), and maximum estimation error
at significance level P <0.05.
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Results and discussion

The results obtained for the total phenolic
content (TPC) and total flavonoids of the tested
commercial propolis extracts as well as for the

antioxidant activity (determined by the DPPH,
ABTS and FRAP methods) are summarized in
Table 1.

Table 1. TPC, total flavonoids and antioxidant activity of the tested commercial propolis extracts.

Commercial | Total phenolic Total DPPH ABTS FRAP
propolis content flavonoids (mM TE/g (mM TE/g (mM TE/g
extract (mg GAE/g (mg QE/g propolis) propolis) propolis)

propolis) propolis)
C1 250.02 +£2.37 157.30 +1.43 1443.50 £ 72.68 | 2025.23 £10.21 | 1320.17 £27.12
C2 193.74 £0.71 144.98 +3.30 1203.26 +24.64 | 1414.00 £79.87 | 1162.48 +50.48
C3 248.68 +£25.20 134.74£11.53 | 1711.83+37.17 | 2366.36 £42.66 | 1478.05+5.39
C4 216.87 £15.46 176.56 £2.72 1202.51 £ 13.14 | 2761.49 £ 64.64 | 1106.70 + 28.60
C5 209.54 £ 12.63 130.60 £ 1.00 1288.94 +£28.90 | 1979.00+ 11.85 | 1304.20+£2.10

The highest values of total phenolic content
were found in propolis extracts Cl1 and C3
(250.02 £ 2.37 and 248.68 + 25.20 mg GAE/g
propolis). The content of total polyphenols of the
rest extracts C2, C4, and C5 was 193.74 + 0.71,
216.87 + 15.46, and 209.54 + 12.63 mg GAE/g,
respectively. In contrast, the highest value of
total flavonoid content was detected in extract
C4 (176.56 = 2.72 mg QE/g propolis), followed
by extract C1 with 157.30 £ 1.43 mg QE/g
propolis. The propolis extracts C2, C3 and C5
exhibited lower flavonoid content in comparison
with C1 and C4. The lowest value of total
flavonoids was obtained for the extract CS5
(130.60 + 1.00 mg QE/g propolis).

The contents of total phenols and total flavo-
noids in the Bulgarian commercial samples of
propolis were close to those of propolis extracts
originating from different regions of Guanajuato,
Mexico (Zarate et. al., 2018). The amount of to-
tal phenols of our samples was higher in compar-
ison with propolis extracts from various regions
of Poland, in which the TPC varied between
150.05 + 0.93 and 197.14 £ 9.39 mg GAE/g
propolis. The total flavonoids content of the
Polish samples ranged from 35.64 + 2.23 to
62.04 + 2.17 mg QE/g propolis, which was sev-
eral times lower than that of our samples (Socha
et al., 2014). The observed variations in the con-
tents of polyphenols and flavonoids are due to
the difference in the chemical composition of
propolis, which depends on the flora of the cer-
tain geographic region (Bankova, 2005).

The antioxidant activity of commercial
propolis extracts was evaluated by three methods
based on different mechanisms — DPPH, ABTS
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(mixed hydrogen atom transfer and single
electron transfer mechanisms), and FRAP (single
electron transfer mechanism).

The results obtained from the DPPH method
showed that commercial propolis extract C3
possessed highest antioxidant activity (1711.83 +
37.17 mM TE/g propolis), while the commercial
propolis extracts C1, C2, C4, and C5 exhibited
lower DPPH values. In contrast, the results from
the ABTS assay revealed that propolis extract C4
had the highest antioxidant activity (2761.49 +
64.64 mM TE/g propolis), while the rest propolis
extracts C1, C2, C3, and C5 were characterized
by lower ABTS radical scavenging activity.

The results obtained by the FRAP method
demonstrated that propolis extract C3 possessed
the highest ferric reducing ability (1478.05 +
539 mM TE/g propolis), followed by the
extracts C1 and C5, while the extracts C2 and C4
had a lowest FRAP activity (Table 1).

The relationship between the antioxidant
activity determined by the three methods (DPPH,
ABTS and FRAP) and the TPC values of the five
commercial propolis extracts is presented in Fig.
1A, 1B and 1C. The obtained results revealed a
positive linear correlation (R?) between the
antioxidant activity and the TPC. The results
showed also a high correlation between the TPC
and the DPPH assay - R?>=0.6939 (Fig. 1A), a
medium correlation between the TPC and the
FRAP assay - R>=0.4917 (Fig. 1C), and a low
correlation between the TPC and the ABTS
assay - R?=0.2046 (Fig. 1B). Consequently, the
TPC contributes to the antioxidant properties of
the tested commercial propolis extracts.



Mihai et. al. (2011) examined twenty propolis
samples collected in Transylvania, Romania, and
reported significantly lower TPC content (be-
tween 24.46 £ 0.91 and 62.39 + 2.02 g standard
mixture/100 g propolis) as well as lower DPPH
activity (0.29 = 0.10 — 1.24 + 0.01 mM TE/g
propolis) and FRAP values (0.74 + 0.05 - 2.54 +
0.10 mM Fe'SO4/g propolis) compared to the
results obtained for our propolis extracts. The
same authors found a positive -correlation

between the concentration of TPC and DPPH
values (R?=0.8387), and TPC and FRAP values
(R?>=0.3522). In this regard, Silva et al. (2006)
analysed 49 ethanolic commercial Brazilian
propolis extracts and observed a positive
correlation between their DPPH ability and total
phenolic and flavonoid levels. The same trend in
20 ethanolic Chinese propolis extracts was re-
ported by Ahn et al. (2007).
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Figure 1. Linear correlations between DPPH (A), ABTS (B), FRAP (C) values and the total phenolic
content (TPC) values of the tested commercial propolis extracts.

As seen from the results presented in Table 2,
the commercial propolis extracts used in the pre-
sent study showed similar antimicrobial proper-
ties. All propolis extracts demonstrated highest
antimicrobial activity against Gram-positive
bacteria. The inhibitory effect was most pro-
nounced on B. subtilis ATCC 6633, M. luteus
2YC-YT, and foodborne pathogens S. aureus
ATCC 25923, L. monocytogenes NBIMCC 8632
and L. innocua ATCC 33090. The antimicrobial
activity against B. amyloliquefaciens 4BCL-YT,
E. faecalis ATCC 19433 and E. faecuim ATCC
19434 was moderate. All tested propolis extracts
were inactive against B. cereus. Regarding the
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Gram-negative bacteria, all tested propolis ex-
tracts exhibited moderate antimicrobial activity
against S. enteritidis ATCC 13076 and E. coli
ATCC 8739, and low antimicrobial activity
against Pseudomonas aeruginosa ATCC 9027
(except of extract C1, which had no inhibitory
effect on P. aeruginosa). None of the examined
propolis extracts inhibited the Gram-negative S.
abony NTCC 6017, Klebsiella sp., and P. vulgar-
is ATCC 6380. Moderate inhibitory effect of all
propolis extracts on the yeasts C. albicans
NBIMCC 74, C. utilis ATCC 9950, and S. cere-
visiae ATCC 9763, and the fungi 4. niger ATCC
1015, A. flavus, Penicillium sp., and F. monili-



forme ATCC 38932 was observed. None of the
tested propolis extracts inhibited the growth of
the fungus Rhizopus sp. Methanol (MeOH) used

as a solvent after the evaporation of ethanol from
the propolis extracts did not show antimicrobial
effect.

Table 2. Antimicrobial activity of the examined commercial propolis extracts.

. . Commercial propolis extracts

Test microorganism MeOH*
ct | 2 | 3 | c4 Cs

Gram (+) bacteria
Bacillus subtilis ATCC 6633 16 19 18 17 18 -
Bacillus cereus™* - - - - - -
Bacillus amyloliquefaciens 4BCL-YT 14 15 14 13 15 -
Staphylococcus aureus ATCC 25923 25 26 24 21 25 -
Listeria monocytogenes NBIMCC 8632 20 21 18 16 18 -
Listeria innocua ATCC 33090 18 20 17 14 19 -
Enterococcus faecalis ATCC 19433 15 15 13 12 15 -
Enterococcus faecium ATCC 19434 14 15 13 13 15 -
Micrococcus luteus 2YC-YT 18 20 18 17 19 -
Gram (-) bacteria
Salmonella enteritidis ATCC 13076 14 16 16 13 14 -
Salmonella abony NTCC 6017 - - - - - -
Klebsiella sp.** - - - - - -
Escherichia coli ATCC 8739 14 17 14 13 16 -
Proteus vulgaris ATCC 6380 - - - - - -
Pseudomonas aeruginosa ATCC 9027 - 9 9 10 9 -
Yeasts
Candida albicans NBIMCC 74 12 11 10 10 12 -
Candida utilis ATCC 9950 12 13 10 10 12 -
Saccharomyces cerevisiae ATCC 9763 15 14 12 10 12 -
Fungi
Aspergillus niger ATCC 1015 13 14 13 11 14 -
Aspergillus flavus*** 13 13 10 8 14 -
Penicillium sp.*** 12 14 12 11 13 -
Rhizopus sp.*** - - - - - -
Fusarium moniliforme ATCC 38932 13 13 11 10 12 -

Legend: * control (methanol); **clinical isolate; ***plant isolate; dwey=6mm.

It was found that the antimicrobial activity of
propolis is higher against Gram-positive bacteria
than Gram-negative ones. This is because the
outer membranes of Gram-negative bacteria
produce some hydrolytic enzymes, which break
the active compounds of propolis (Sforcin,
2016). Do Nascimento et al. (2018) examined
four commercial extracts from brown and red
propolis from Brazil, and stated that all extracts
possessed high antimicrobial activity against S.
aureus ATCC 25923 (inhibition zones 16-25
mm), but moderate activity against P. aeruginosa
ATCC 27853 (inhibition zones 8-12 mm), which
is comparable to our results from antimicrobial
screening. Curifuta et al. (2012) investigated the

antifungal activity of six commercial ethanolic
extracts of Chilean propolis, and ascertained that
EEP-3 extract had the highest total polyphenols
and flavonoids contents, and effectively inhibited
the mycelial growth of the tested fungi
Alternaria alternata, Fusarium sp., Ulocladium
sp., Botrytis cinerea, Penicillium expansum and
Trichoderma reesei.

Tosi et al. (1996) examined the antimicrobial
activity of commercial propolis extracts (30%)
prepared with different solvents — ethanol, glyc-
erol, propylene glycol and blended oil of edible
cereals. All propolis preparations exhibited in-
hibitory activity, particularly against Gram-
positive bacteria (S. aureus, Sarcina lutea),
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yeasts (Candida albicans, Rhodotorula glutinis,
Saccharornyces cerevisiae, Schizosaccharomy-
ces pombe) and dermatophytes (Microsporum
cookie, Nannizia cajetani) with zones of inhibi-
tion ranging from 3 to 30 mm in diameter.
Against yeasts and dermatophytes, oil, ethanol
and propylene glycol solutions showed an inhibi-
tion for more than 2 weeks, while the glycerine
maintained inhibition only for some days. The
authors concluded that the nature of the solvent
used for the extraction may enhance the potency
of the antimicrobial activity of propolis.

Quintero-Mora et al. (2008) evaluated the an-
tifungal activity of four propolis ethanolic ex-
tracts from three different Mexican states, and
four commercial extracts on the growth of Can-
dida albicans ATCC 10231 (a reference strain)
and 36 clinical isolates of C. albicans. The au-
thors stated that propolis ethanolic extract ob-
tained from Cuautitlan Izcalli, State of Mexico,
showed the highest antimicrobial activity, inhib-
iting 94.4% from the clinical isolates at concen-
tration of 0.8 mg/ml, while the reference strain
was inhibited at 0.6 mg/ml. In addition, the
commercial propolis preparations also showed
high inhibitory activity against C. albicans.

Conclusion

The current research provides information
about the biological activity of five commer-
cial ethanolic propolis preparations, available on
Bulgarian market. The study clarifies the content
of polyphenols and flavonoids, as well as their
relationship with the antioxidant properties and
antimicrobial activity of the extracts. This is the
first study concerning Bulgarian commercial
propolis preparations, and the obtained results
revealed their great antioxidant potential and an-
timicrobial capacity, which can have significant
health benefits after their application.
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AHTUMHUKPOBHA AKTUBHOCT HA HAKOU ETEPUYHU MACIJIA, U3I10JI3BAHU B
KYJMHAPUATA U BUOKOHCEPBUPAHETO HA XPAHU CIIPAIMO
NPEACTABUTEJIN HA CTOMAIIIHO-YPEBHATA MUKPOBUOTA

IOnuan Tym0apcku, MBanena Yomakosa, Pem3u Homnakos, Hanexaa I[letkosa, MiBan MBaHos, [TaBen
Mepnxanos, Huxonaii [TanaiioroB u Anexcanasp TpasHoB

ANTIMICROBIAL ACTIVITY OF SOME ESSENTIAL OILS USED IN THE CULINARY
AND FOOD BIOPRESERVATION AGAINST REPRESENTATIVES OF THE
GASTROINTESTINAL MICROBIOTA

Yulian Tumbarski, Ivanela Cholakova, Remzi Cholakov, Nadezhda Petkova, Ivan Ivanov, Pavel
Merdzhanov, Nikolay Panayotov and Alexander Trayanov

ABSTRACT: Essential oils are aromatic and volatile liquids produced from different parts of the plants -
flowers, roots, stems, barks, leaves, seeds, peels, fruits, or from whole plants. They are widely used in the culi-
nary as spices or flavouring additives enhancing the sensory features of foods, in the perfume industry as fra-
grances, and in the folk and traditional medicine for treatment of various diseases. The broad antimicrobial
spectrum and antioxidant potential of essential oils have focused the research attention on their application in
food biopreservation as means of prolonging the shelf-life and improving the food quality and safety. The aim of
the present study was to examine the antimicrobial activity of thirteen essential oils (ginger, clove, cinnamon,
basil, cardamom, cumin, coriander, rosemary, dill, black pepper, spearmint, orange and carrot seed) used in the
culinary and food biopreservation against some representatives of the gastrointestinal microbiota. The obtained
results demonstrated that the essential oils of cinnamon, cardamom, rosemary, dill and carrot seed at concentra-
tion of 10 mg/ml were characterized by the highest antimicrobial activity against the microorganisms used in the
study. The values of minimum inhibitory concentration (MIC) of the essential oils varied widely — from 10 mg/ml
to 0.313 mg/ml, depending on the test microorganism.

Key words: essential oils, antimicrobial activity, food biopreservation, gastrointestinal microbiota

Introduction of EOs determines their antimicrobial, antiviral,
antioxidant, antiparasitical, insecticidal and other
Essential oils (EOs) are aromatic and volatile  biological activities, which find medical,
liquids produced from different parts of the  cosmetic, agricultural and food applications
plants - flowers, roots, stems, barks, leaves, (Prakash et al., 2015). Some EOs extracted from
seeds, peels, fruits, or from whole plants vegetable seeds are rich in proteins and vitamins
(Hyldgaard et al., 2012), and stored in secretory  (Bhavaniramya et al., 2019), and their addition to
cells, cavities, canals, epidermic cells or various food matrices can increase the nutritional
glandular trichomes (Teixeira et al., 2013). They  value of the products.
are synthesized by more than 17,000 higher EOs are widely used for many centuries in the
aromatic plants belonging to the angiospermic  culinary as spices or flavouring additives
families Lamiaceae, Rutaceae, Mpyrtaceae, enhancing the sensory features of foods, in the
Zingiberaceae and Asteraceae (Regnault-Roger  perfume industry as fragrances, and in the folk
etal., 2012). and traditional medicine for treatment of various
EOs are multicomponent, water insoluble  diseases. The broad antimicrobial spectrum and
mixtures of polar and nonpolar natural antioxidant potential of EOs have focused the
compounds such as terpenes (monoterpenes and  research attention on their application in food
sesquerpenes), aromatic compounds (aldehydes,  biopreservation as means of prolonging the shelf-
alcohols, phenols, methoxy derivatives) and life and improving the food quality and safety
terpenoids (isoprenoids) (Tongnuanchan and  (Calo et al., 2015). In this regard, the EOs can be
Benjakul, 2014). The rich chemical composition  considered as an alternative to the chemical
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preservatives, which are associated with various
harmful effects on the human health. The lipid
oxidation and microbial spoilage are the major
factors responsible for the deterioration of
quality and reduction of the shelf-life of foods,
leading to a risk for the consumers and economic
losses for the manufacturers (Ribeiro-Santos et
al., 2017). These important problems in the food
industry could be overcome by appropriate
selection and optimised application of EOs and
their combinations as biopreservatives in the
food products.

The application of EOs as substitutes of
synthetic preservatives requires knowledge of
their chemical composition, physicochemical
properties, and possible interactions with food
ingredients. The effectiveness of EOs as
antimicrobial agents might be reduced by some
food components (fats, proteins, carbohydrates,
minerals) or pH value (Perricone et al., 2015).
For example, the high levels of fat and/or protein
in foods protect bacteria from the action of the
EOs (Gutierrez et al., 2008). On the other hand,
the use of higher doses of EOs in order to
increase their antimicrobial effect, could have a
negative impact on the organoleptic properties of
food due to their strong smells (Tserennadmid et
al., 2010). To avoid these limitations and to
enhance the antimicrobial activity of EOs in food
systems, several novel approaches have been
developed such as their use in additive or
synergic combinations (Bassolé and Juliani,
2012); encapsulation into nanoemulsions as
delivery systems for application in various food
matrices (Donsi et al., 2011; Prakash et al,,
2018); incorporation in biodegradable films and
coatings for active food packaging (Atarés and
Chiralt, 2016).

At present, the information about antimicro-
bial effects of EOs on the gastrointestinal micro-
flora and its pathogenic and especially beneficial
members is very limited. Therefore, the aim of
the present study was to examine the antimicro-
bial activity of some essential oils used in the
culinary and food biopreservation against some
representatives of the gastrointestinal microbiota.

Materials and method

1. Materials

1.1. Essential oils

Thirteen EOs obtained from ginger (Zingiber
officinale), clove (Syzygium aromaticum),
cinnamon (Cinnamomum zeylanicum), basil
(Ocimum  basilicum), cardamom (Elettaria
cardamomum), cumin (Cuminum cyminum),
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coriander (Coriandrum
(Rosmarinus  officinalis),
graveolens), black pepper (Piper nigrum),
spearmint (Mentha spicata), orange (Citrus
sinensis) and carrot seed (Daucus carota subsp.
sativus variety Tucson) were tested in the present
study. The EOs were isolated by steam
distillation for 3 h using a glass Clevenger-type
apparatus. The extracted EOs were dried over
anhydrous Na»SOy4, and then stored in sealed
dark glass vials under refrigerated conditions
(4°C) for further analysis.

sativum), rosemary
dill  (Anethum

1.2. Test microorganisms

Ten microorganisms including five Gram-
positive bacteria (Staphylococcus aureus ATCC
25923, Enterococcus faecium ATCC 19434,
Enterococcus faecalis ATCC 19433,
Lactobacillus brevis ATCC 14869, Lactobacillus
acidophilus RC2 — isolated from fermented
cucumbers), four Gram-negative bacteria
(Salmonella enteritidis ATCC 13076,
Escherichia coli ATCC 8739, Proteus vulgaris
ATCC 6380, Pseudomonas aeruginosa ATCC
9027), and yeasts Candida albicans NBIMCC 74
from the collection of the Department of
Microbiology at the University of Food
Technologies - Plovdiv, Bulgaria, were selected
for the antimicrobial activity test.

1.3. Culture media

1.3.1. Luria-Bertani agar medium
supplemented with glucose (LBG agar)

LBG agar was prepared by the manufacturer’s
(Laboratorios Conda S.A.) prescription: 50 g of
LBG-solid substance mixture (containing 10 g
tryptone, 5 g yeast extract, 10 g NaCl, 10 g
glucose and 15 g agar) was dissolved in 1 L of
deionized water. The final pH was adjusted to
7.5, and then medium was autoclaved at 121°C
for 20 min.

1.3.2. de Man, Rogosa and Sharpe agar
medium (MRS agar)

MRS agar is a selective culture medium
designed for cultivation of Lactobacilli. The
medium was prepared by the manufacturer’s
(Merck, Germany) prescription: 55.2 g of MRS
broth (containing 10 g peptone, 5 g yeast extract,
10 g beef extract, 20 g glucose, 2 g potassium
phosphate, 5 g sodium acetate, 0.2 g magnesium
sulphate, 0.05 g manganese sulfate, 1 g Tween
80 and 2 g ammonium citrate) was dissolved in 1
L of deionized water. The final pH was adjusted
to 6.4, and then 15 g of agar (Sigma-Aldrich)



was added. The medium was autoclaved at
121°C for 15 min.

2. Methods

2.1. Antimicrobial activity test

The test bacteria and yeast were cultivated on
LBG agar at 37°C for 24 h, except of L. brevis
ATCC 14869 and L. acidophilus RC2, which
were cultivated on MRS agar at 37°C for 24 h. In
order to prepare bacterial/yeast inocula, a small
amount of biomass of each test microorganism
was suspended in 5 ml of sterile 0.5% NaCl, and
then vortexed for 10-15 s. The number of viable
cells in each inoculum was determined using the
bacterial counting chamber Thoma, and the final
concentration was adjusted to 1.0x10% cfu/ml.
Next, bacterial/yeast inocula were dissolved in
preliminarily melted and tempered at 45-48°C
LBG and MRS agar media. The inoculated agar
media were transferred in quantity of 18 ml in
sterile Petri plates and allowed to harden. Then
six wells (d=6 mm) per plate were cut.

The EOs were diluted in methanol in
concentration of 10 mg/ml, and then a quantity
of 60 ul of each sample was pipetted into the
agar wells. The antimicrobial activity was
determined by measuring the diameter of the
inhibition zones around the wells on the 24-th
and 48-th h of incubation. Test microorganisms
with inhibition zones (IZ) of 18 mm or more
were considered sensitive; moderately sensitive
were those in which the zones were from 12 to
18 mm; resistant were those in which the
inhibition zones were up to 12 mm or completely
missing (Tumbarski et al., 2017).

2.2. Minimum inhibitory concentration

The minimum inhibitory concentration (MIC)
of the EOs was determined by the dilution
method. Two-fold serial dilutions of each EO in
methanol, ranging from 10 mg/ml to 0.078
mg/ml were prepared. The samples were pipetted
in quantity of 60 ul per well in a preliminarily
inoculated with test microorganisms LBG and
MRS agar media. The Petri plates were
incubated at 37°C for 48 h. The MIC value was
determined as the lowest concentration of the EO
inhibiting completely the growth of the test
microorganism around the agar well (Tumbarski
etal., 2017).

Results and discussion

The results from the antimicrobial screening
and determination of MIC values are summa-
rized in Tables 1 and 2.
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As seen from the results presented in Table 1,
the EO of cinnamon exhibited the highest anti-
microbial activity, inhibiting all of the test mi-
croorganisms. The antimicrobial effect on E. fae-
calis, S. enteritidis, E. coli, Proteus vulgaris and
C. albicans was strong (IZ >18 mm), while on
the rest microorganisms — S. aureus, E. faecium,
L. brevis, L. acidophilus and P. aeruginosa was
moderate (IZ of 12-18 mm).

Cinnamon is a valuable spice, originating
from Sri Lanka that has been used for centuries
as a flavourant, a colourant, a food biopreserva-
tive, as well as for many medicinal purposes due
to its antioxidant properties and antimicrobial
activity (Thomas and Kuruvilla, 2012). The an-
timicrobial activity of cinnamon EO has been
studied by many researchers. Unlu et al. (2010)
found that EO of cinnamon possessed high anti-
microbial activity against a wide spectrum of
microorganisms, including Gram positive bacte-
ria S. aureus ATCC 29213, E. feacalis ATCC
29212, E. faecium ATCC 6057 and Gram nega-
tive bacteria E. coli ATCC 25922, Salmonella
typhimurium ATCC 14028, P. aeruginosa ATCC
27853. The authors stated that cinnamon EO was
also highly effective against four Candida spe-
cies. Similar findings were reported by Zhang et
al. (2016) who observed that cinnamon EO effec-
tively inhibited E. coli ATCC 25922 and S. au-
reus ATCC 25923. The MIC of cinnamon EO
for both test bacteria was 1.0 mg/ml, which is
comparable with our results. Babu et al. (2011)
examined the antimicrobial activity of different
EOs, and found that EO of cinnamon possessed
strong inhibitory effect on the test microorgan-
isms E. coli MTCC 452, S. aureus MTCC 3103,
S. typhimurium MTCC 1251, Bacillus cereus,
Campylobacter jejuni, Listeria monocytogenes,
Streptococcus pyogenes and Methicillin resistant
S. aureus. The antimicrobial activity of cinna-
mon EO was studied also by Andrade et al.
(2013) who confirmed its high efficacy against
11 strains of S. aureus, 11 strains of E. coli and
10 strains of P. aeruginosa.

The EO of cardamom demonstrated high an-
timicrobial activity against S. aureus, E. faecium,
E. faecalis, S. enteritidis, E. coli and P. vulgaris.
The inhibitory activity against L. acidophilus and
C. albicans was assessed as moderate, while
against P. aeruginosa was low. The EO of
cardamom did not inhibit L. brevis (Table 1).

Cardamom, popularly known as “Queen of
Spices” is one of the most expensive spices in
the world. Cardamom is native to India and is
well known for its pharmacological properties



and culinary applications (Parthasarathy and Pra-
sath, 2012). In recent years, the biological activi-
ties of cardamom have attracted the research at-
tention, which led to intensive studies on its an-
timicrobial potential. Singh et al. (2007) reported
that EO of cardamom exhibited high antibacterial
activity against the food-borne pathogens S. au-
reus, B. cereus, E. coli and Salmonella typhi at
concentration of 3000 ppm, and lower inhibitory
activity at 1000 ppm. Bano et al. (2016) found
that EO of cardamom exhibited high antimicro-
bial activity against enteropathogenic E. coli -
EPEC (IZ of 20.3 mm) and moderate antibacteri-
al activity against L. monocytogenes and Bacillus
pumilus.

The EO of rosemary showed strong inhibitory
effect only on P. vulgaris. Regarding the test mi-
croorganisms S. aureus, E. faecium, E. faecalis,
S. enteritidis, E. coli and C. albicans the antimi-
crobial effect was moderate. The antimicrobial
activity against L. acidophilus and P. aeruginosa
was low (IZ <12 mm), while L. brevis was not
inhibited (Table 1).

Rosemary is an aromatic evergreen plant,
originating from the Mediterranean region, and
widely used as a spice, flavouring agent and for
many medical applications (Senanayake, 2018).
Rosemary is a rich source of biologically active
compounds, therefore it possesses promising an-
timicrobial properties. EO of rosemary was re-
ported as an important antimicrobial agent inhib-
iting the growth of S. aureus, E. coli, Bacillus
subtilis and Klebsiella pneumoniae at very low
concentrations (Stojanovi¢-Radi¢ et al., 2010).
Pintore et al. (2001) compared the antimicrobial
activity of two kinds of rosemary EO - from Sar-
dinia and Corsica. The authors determined that
Gram-positive bacteria used in the experiment
were more sensitive (MIC 2.5-4 mg/ml) than
Gram-negative bacteria. Bosni¢ et al. (2006)
evaluated the antibacterial effects of different
EOs, and found that rosemary EO had the high-
est inhibitory activity against Bacillus subtilis (1Z
of 20 mm), followed by S. aureus (IZ of 15.9
mm), E. coli (IZ of 13 mm) and P. aeruginosa
(IZ of 9 mm), which was in accordance with our
results.

The EO of dill exhibited antimicrobial activi-
ty similar to that of rosemary. This EO was char-
acterized by the highest inhibitory activity
against P. vulgaris. Against S. aureus, E. faeci-
um, E. faecalis, S. enteritidis, E. coli and C. albi-
cans the antimicrobial activity was moderate.
The antimicrobial activity against L. brevis, L.

acidophilus and P. aeruginosa was low (Table
1).

Dill is a herbaceous annual plant, originating
from Asia and the Mediterranean area. Dill has
been known from ancient times, and its valuable
properties have being given by its essential oil,
presented in all parts of the plant. The EOs of
different dill plant parts are excessively used in
many applications of the spice and food industry,
especially for their pleasant aroma. Numerous
studies revealed the antimicrobial potential of
dill EO against a wide range of saprophytic and
pathogenic microorganisms as Staphylococcus
epidermidis ATCC 12228, S. aureus ATCC 6538
P, B. subtilis, B. pumilus, E. coli ATCC 8739, P.
aeruginosa, Salmonella abony NCTC 6017, Sac-
charomyces cerevisiae ATCC 9763 and C. albi-
cans ATCC 10231 (Jirovetz et al., 2003). Ac-
cording to Dimov et al. (2017) EOs of dill exhib-
ited strong antimicrobial effect on S. aureus
ATCC 6538 and Micrococcus luteus ATCC
9341, and moderate effect on B. subtilis ATCC
6633, E. coli ATCC 8739, P. aeruginosa and S.
abony NTCC 6017, which corresponded to our
results.

The EO obtained from carrot seed possessed
highest inhibitory activity against S. aureus.
Against C. albicans the antimicrobial activity
was moderate. Regarding the rest of the microor-
ganisms - E. faecium, E. faecalis, L. brevis, L.
acidophilus, S. enteritidis, E. coli and P. vulgar-
is, the inhibitory effect was weak, except of P.
aeruginosa, which was not inhibited (Table 1).

Carrot seed essential oil (CSEO) is a common
fragrance component in cosmetics and perfumes,
and a flavour ingredient in different food prod-
ucts. In traditional medicine its tonic properties
are widely used for treatment of digestive disor-
ders. The analgesic and anti-inflammatory prop-
erties of CSEO are very effective in the treatment
of joint diseases (Sieniawska et al., 2016). CSEO
is also known for its antimicrobial properties,
being able to inhibit the growth of various mi-
croorganisms such as E. coli, S. typhimurium, S.
aureus and C. albicans (Rokbeni et al., 2013).
The same authors reported the highest antimicro-
bial activity against S. aureus and C. albicans,
which was in accordance with our results.

The antimicrobial activity of the other EOs
was found significantly lower. The EO of clove
(a spice native to Indonesia, and used as a food
biopreservative and a medicine) exhibited mod-
erate antimicrobial activity only against S. aure-
us and C. albicans, while against E. faecium, E.
faecalis, S. enteritidis, E. coli, P. vulgaris and P.
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aeruginosa the activity was low. L. brevis and L.
acidophilus were not inhibited (Table 1).

Similar results were obtained by Hossain et
al. (2014), who examined three clove EOs from
Saudi Arabia (SA), United Arab Emirates (UAE)
and Jordan. The authors found that clove EOs (at
concentrations of 2, 1 and 0.5 mg/ml) had weak
antimicrobial activity against E. coli ATCC 9637
and S. aureus ATCC 29213. The EOs from SA
and UAE (0.25 mg/ml) and the EO from Jordan
(2 mg/ml) exhibited higher antimicrobial activity
against S. aureus. None of the clove EOs inhibit-
ed P. aeruginosa ATCC 9027.

The EOs of basil and spearmint demonstrated
identical results from the antimicrobial test. Basil
EO had weak inhibitory effect on S. aureus, E.
faecium, E. faecalis, P. vulgaris, P. aeruginosa
and C. albicans, while the EO of spearmint ex-
hibited weak antimicrobial activity only against
S. aureus, E. faecium, L. brevis, P. vulgaris and
C. albicans (Table 1).

Similar to our results were obtained by Ozcan
and Erkmen (2001), who evaluated the antimi-
crobial activity of EOs of Turkish plant spices,
and determined that basil EO at concentrations of
1, 10 and 15% inhibited the growth of E. faecalis
KUEN 1514, S. aureus ATCC 27706, and Yer-
sinia enterocolitica 03. The spearmint EO at the
same concentrations had no inhibitory effect on
the used test microorganisms.

The next four EOs demonstrated low antimi-
crobial activity. The EO of ginger had weak in-
hibitory effect on S. aureus, E. faecium, E. fae-
calis, S. enteritidis, E. coli and P. aeruginosa.
The EO of cumin inhibited the growth of S. au-
reus, E. faecium, E. faecalis, S. enteritidis, E.
coli, P. vulgaris, P. aeruginosa and C. albicans.
The EO of coriander possessed weak antimicro-
bial effect on E. faecium, E. faecalis, L. acidoph-
ilus, E. coli, P. vulgaris and C. albicans. The EO
of black pepper inhibited test microorganisms .S.
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aureus, E. faecium, E. faecalis, S. enteritidis, P.
vulgaris and C. albicans (Table 1). Our results
confirmed the low antimicrobial activity of gin-
ger, cumin, black pepper and coriander EOs as
previously reported by some other authors (Zai-
ka, 1988; Teneva et al., 2015).

The EO obtained from orange showed limited
antimicrobial activity. Orange EO had moderate
inhibitory activity against S. aureus, and weak
inhibitory effect on the test microorganisms E.
coli, P. vulgaris and C. albicans (Table 1).

According to the results obtained by Bozkurt
et al. (2017) who investigated the antimicrobial
activity of EOs of different citrus fruits, the or-
ange EO demonstrated weak inhibitory effect on
E. coli (similar to our results), B. cereus, S. aure-
us and E. faecalis, and moderate effect on L.
monocytogenes. The orange EO was ineffective
against S. typhimurium.

The MIC values of the EOs varied widely —
from 10 mg/ml to 0.313 mg/ml, depending on the
test microorganism (Table 2). Methanol (MeOH)
used as a solvent of EOs and a control did not
show antimicrobial effect.

Conclusion

The obtained results demonstrated that the es-
sential oils of cinnamon, cardamom, rosemary,
dill and carrot seed were characterized by the
highest antimicrobial activity. Moreover, the in-
hibitory effect was expressed mainly on patho-
genic bacteria, while beneficial members of the
gastrointestinal microbiota such as Lactobacillus
brevis and Lactobacillus acidophilus were rela-
tively resistant, which can be emphasized as a
positive property as well as a contribution to the
knowledge of essential oils. Consequently, these
essential oils can find successful application in
food biopreservation, contributing to safety and
shelf-life extension of food products.



Table 1. Antimicrobial activity of the tested essential oils at concentration of 10 mg/ml.

Inhibition zones, mm** (10 mg/ml)

Test microorganism . Cinna- . Carda- . Corian- Rosa- . Black Spear- Cartat MeOH
Ginger Clove Basil Cumin Dill . Orange
mon mom der mary pepper mint seed
Staphylococcus aureus
12 13 15 9 18 9 - 16 15 9 9 14 20 -

ATCC 25923
Enterococcus faecium 10 11 14 12 18 10 9 12 13 9 8 - 11 -
Enterococcus faecalis 10 12 25 8 26 8 8 15 13 9 - - 12 -
Lactobacillus brevis
ATCC 14869 i i 12 ) i i ) i 8 i 8 ) 10 i
Lactobacillus acidophilus

- - 12 - 12 - 9 9 9 - - - 10 -
RC2
Salmonella enteritidis 9 11 25 - 26 9 - 15 14 9 - - 11 -
Escherichia coli

10 11 30 - 25 8 8 15 14 - - 8 12 -

ATCC 8738
Proteus vulgaris

- 12 28 10 18 10 11 26 21 9 10 10 12 -
ATCC 6380
Pseudomonas aerugino-
sa 12 12 14 10 10 10 - 10 10 - - - - -
ATCC 9027
Candida albicans

- 13 35 9 13 11 10 16 14 9 10 9 15 -
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TOKCHUKOJIOI'MYHO OLHEHSABAHE HA 2-METUJITUO®EH OT IIETPOJI

SIna Koxesa

TOXICOLOGICAL EVALUATION OF 2-METHYLTHIOPHENE FROM PETROLEUM

Yana Koleva

ABSTRACT: Petroleum contains heteroatom species (nitrogen-, oxygen, and sulfur-containing organic
compounds). The presence of sulfur compounds in petroleum products often leads to harmful effects on living
organisms. There is limited experimental toxicological data on sulfur-containing organic compounds in oil. This
necessitates the search for and application of alternative methods for predicting the toxicological properties of
sulfur compounds in oil. The present work focused on the use of alternative methods such as the CompTox
Chemistry Dashboard to predict the toxicological properties of 2-methylthiophene.

Key words: 2-methylthiophene, toxicological properties, prediction, CompTox Chemistry Dashboard

Introduction

Fossil fuel-based hydrocarbons are a primary
energy source for current civilizations, which
nowadays accounts for 83% of global energy
consumption, and this tendency is forecasted to
continue even after two decades [1]. However, to
satisfy such rapidly growing appetite for fossil
fuels, the petroleum industry will have to face a
lot of challenges. Oil and gas companies, which
have always preferably produced the oil and gas
from the reservoirs technically the easiest to de-
velop, will have to develop more complex and
extremely challenging sour hydrocarbon pro-
jects. In the nearest future, crude oil and natural
gas with high sulfur content will be the energy
source of choice to meet increasing demand [2].

In order to understand the importance of those
challenges thorough analysis of hydrocarbon
quality is needed. To start with, it should be that
the value of the reservoir fluid is commonly
based on its quality characteristics. Lower quali-
ty Dubai crude is sold at discount rate to lighter,
sweeter Brent crude. Sulfur content is among the
most important characteristics of the crude oil
and natural gas. Currently, there is a negative
trend of increase of sulfur content in hydrocar-
bons worldwide. If US sulfur content of crude oil
input to refineries was 0.88% in 1985, as of Feb-
ruary 2013 it was 1.44% [3].

Another unfavorable for refineries tendency
regards to environmental sulfur regulations. If in
2012 the maximum allowable level of sulfur was
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795 ppm in Africa, 605 ppm in the Middle East,
520 ppm in Latin America, in 2030 it is expected
to decrease the sulfur content to 95 ppm, 16 ppm,
and 30 ppm respectively. The other nations of
the world are moving towards environmentally
friendly transportation fuels too. New transporta-
tion fuel specifications are being put into effect
worldwide. As a result, those contra directional-
factors, such as hydrocarbon quality deterioration
and reducing the maximum allowable level of
sulfur, are making the situation even worse [2].
Depending on the amount of sulfur the crude
oil can be sweet or sour. When the total sulfur
level in the oil is less than 0.5 % the oil is called
sweet and if it is more than that the oil is called
sour. Sweet crude oil is more preferred by refin-
eries as it contains valuable chemicals which is
needed to produce the light distillates and high
quality feed stocks. Historically, early prospec-
tors tasted the crude oil to determine its quality.
Crude petroleum had a sweet taste and pleasant
smell if the content of sulfur was low. For this
reason, sweet crude is a low sulfur crude oil [4].
In general, the higher the density of the crude
oil, the lower the API gravity of the crude and
the higher the sulfur content. The total sulfur in
crude oil can vary from 0.04% w/w for light
crude oil to about 5% w/w for heavy crude oil
and tar sand bitumen. Nevertheless, the sulfur
content of crude oils which is produced from dif-
ferent locations varies with time, depending on
the chemical composition of newly discovered



fields, especially those in different geological
environments [5].

Sulfur compounds are substances of different
chemical nature, from the elemental sulfur to
hydrogen sulfide and mercaptan compounds, sul-
fides, open-chain and cyclic disulfides, and het-
erocyclic derivatives of thiophene, thiophane and
other more complex compounds. To date, with
the exception of low molecular weight com-
pounds, most of the sulfur compounds oils are
not deciphered. Free elemental sulfur is rarely
found in crude oils. The emergence of free sulfur
is associated with the decomposition of more
complex sulfur compounds [2].

The bulk of sulfur compounds found in crude
oil are distributed between the heavy cuts and
residues in the form sulfur compounds of the
napthenophenanthrene or naphthenoanthracene
type, or in the form of benzothiophenes, that is
molecules having one or several naphthenic and
aromatic rings that usually contain a single sulfur
atom [6].

Thiophene and its derivatives are neutral cy-
clic and temperature resistant compounds with
five-membered ring. They do not dissolve in wa-
ter, and their chemical properties are similar to
aromatic hydrocarbons. The first determination
of thiophene and its derivatives was in 1899, and
it was believed that they came from the degrada-
tion of sulfides during refining operations. That
was until 1953, the year when the methyl-
thiophenes were identified in kerosene from
Agha Jari crude oil, Iran. The existence of those
sulfur compounds was no longer doubted after
the identification of benzothiophenes and their
derivatives [2].

The present work focused on the use of alter-
native methods such as the CompTox Chemistry
Dashboard to predict the toxicological properties
of 2-methylthiophene.

Material and Methods

Compound. The 2-methylthiophene (known
as 2-thiotolene) [7], belong to the class of organ-
ic compounds known as heteroaromatic com-
pounds with CAS number 554-14-3. The struc-
tural formula is as follows (Figure 1):

S

Figure 1. Structure of 2-methylthiophene.
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CompTox Chemistry Dashboard. The Dash-
board is a freely accessible web-based applica-
tion and data hub providing access to data asso-
ciated with chemical substances. It accesses data
from nine component databases housing generic
data types. The Dashboard also integrates data
from other platforms (specifically PubChem and
PubMed) via web services and visualization
widgets. The Dashboard represents a first step in
building a comprehensive chemical substance-
centric informatics architecture to provide flexi-
ble access to data, models and analysis tools in
support of EPA’s research programs [8,9].

Results and Discussion

The CompTox Chemistry Dashboard soft-
ware was used to predict the toxicological prop-
erties of 2-methylthiophene. Data of prediction
(toxicological endpoints) of 2-methylthiophene
are presented in Table 1.

Toxicological endpoints are values derived
from toxicity tests that are the results of specific
measurements made during or at the conclusion
of the test. Two broad categories of endpoints
widely used are assessment and measures of ef-
fect. Assessment endpoints refer to the popula-
tion, community, or ecosystem parameters that
are to be protected (e.g., population growth rate,
sustainable yield). Measures of effect refer to the
variables measured, often at the individual level,
that are used to evaluate the assessment end-
points. The measures of effect describe the vari-
ables of interest for a given test. The most com-
mon measures of effect include descriptions of
the effects of toxic agents on survival, growth,
and reproduction of a single species. Other
measures of effect include descriptions of com-
munity effects (respiration, photosynthesis, di-
versity) or cellular effects such as physiologi-
cal/histopathological effects (backbone collagen
levels, ATP/ADP levels, RNA/DNA ratios, bi-
omarkers, etc.). In each case the endpoint is a
variable that can be quantitatively measured and
used to evaluate the effects of a toxic agent on a
given individual, population, or community. The
underlying assumption in making toxicological
endpoint measurements is that the endpoints can
be used to evaluate or predict the effects of toxic
agents in natural environments [10].


https://sciencing.com/definition-toxic-endpoint-6603458.html

Table 1. Predicted results of toxicological endpoints of 2-methylthiophene

Experi Hierar- Sinele Group Nearest
Property mental Consensus chical mO(glel contribution neighbor
value clustering
96 hour —i'ol 117 0
fathead (mo%/L)
minnow 749 934
LCso mé/L
48 hour i.le 3887 i.72;10 ]3;50190 i.50130
Daphnia -Logl0 -Logl0 08 08 ~-08
maena (mol/ L) (mol/ L) (mol/ L) (mol/ L) (mol/L)
gh 68.629 185.475 30.419 mg/L 308.572
LCso mg/L 12.742 mg/L mg/L
g mg/L g g
48 hour 2410 2.245 -121?212 0 _iolgf 0
Tetrahy—. -Logl0 -Logl0 (mol/ L) (mol/L)
mena pyri- (mol/ L) (mol/ L) 141386 705.813
formis 382.102 559.042 m '/L m '/L
IGCso mg/L mg/L & &
1.708 1.637 1.779
Oral rat -Logl0 -Logl0 -Logl0
LDso 1.487 (mol/kg) (mol/kg) (mol/kg)
-Logl10 1923.357 2266.889 1631.886
(mol/kg) mg/kg mg/kg mg/kg
3199.065
mg/kg
1.524 0.516
Bioaccu- 0.850 0.695 0.666 Logl0 Logl0
. Logl0 33.434 3.282
mulation 7 084 Logl0 Logl0
factor ) 4.953 4.635
Develop
mental false false false true
toxicity
Ames.n?“' false false false false
tagenicity
Estrogen foz(l)g
Receptor 10
RBA 1.259*10"-4
Estrogen
Receptor false false false true false
Binding
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https://comptox.epa.gov/dashboard/web-test/report?id=O(C1=CC=C(C=C1)C=C(C2=CC=C3C(=C2)C(C)(C)CCC3(C)C)C)CCN4CCOCC4&endpoint=LC50DM&method=consensus&type=html
https://comptox.epa.gov/dashboard/web-test/report?id=O(C1=CC=C(C=C1)C=C(C2=CC=C3C(=C2)C(C)(C)CCC3(C)C)C)CCN4CCOCC4&endpoint=LC50DM&method=consensus&type=html
https://comptox.epa.gov/dashboard/web-test/report?id=O(C1=CC=C(C=C1)C=C(C2=CC=C3C(=C2)C(C)(C)CCC3(C)C)C)CCN4CCOCC4&endpoint=LC50DM&method=consensus&type=html
https://comptox.epa.gov/dashboard/web-test/report?id=O(C1=CC=C(C=C1)C=C(C2=CC=C3C(=C2)C(C)(C)CCC3(C)C)C)CCN4CCOCC4&endpoint=LC50DM&method=consensus&type=html
https://comptox.epa.gov/dashboard/web-test/report?id=O(C1=CC=C(C=C1)C=C(C2=CC=C3C(=C2)C(C)(C)CCC3(C)C)C)CCN4CCOCC4&endpoint=LC50DM&method=consensus&type=html
https://comptox.epa.gov/dashboard/web-test/report?id=O(C1=CC=C(C=C1)C=C(C2=CC=C3C(=C2)C(C)(C)CCC3(C)C)C)CCN4CCOCC4&endpoint=LC50DM&method=consensus&type=html
https://comptox.epa.gov/dashboard/web-test/report?id=O(C1=CC=C(C=C1)C=C(C2=CC=C3C(=C2)C(C)(C)CCC3(C)C)C)CCN4CCOCC4&endpoint=LD50&method=consensus&type=html
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https://comptox.epa.gov/dashboard/web-test/report?id=O(C1=CC=C(C=C1)C=C(C2=CC=C3C(=C2)C(C)(C)CCC3(C)C)C)CCN4CCOCC4&endpoint=BCF&method=consensus&type=html
https://comptox.epa.gov/dashboard/web-test/report?id=O(C1=CC=C(C=C1)C=C(C2=CC=C3C(=C2)C(C)(C)CCC3(C)C)C)CCN4CCOCC4&endpoint=BCF&method=consensus&type=html
https://comptox.epa.gov/dashboard/web-test/report?id=O(C1=CC=C(C=C1)C=C(C2=CC=C3C(=C2)C(C)(C)CCC3(C)C)C)CCN4CCOCC4&endpoint=BCF&method=consensus&type=html

There are no experimental values of 2-
methylthiophene for seven of nine toxicological
endpoints. Prediction results (Consensus method)
for all toxicological endpoints (without 96 hour
fathead minnow LCso and Estrogen Receptor
RBA) are obtained of individual predictions with
the following methods (Hierarchical clustering,
Single model, Group contribution, Nearest
neighbor).

For each toxicological endpoint a training and
an external test set are defined. Predictions for
the test chemical and for the most similar
chemicals in the sets have been made.

Endpoints most often measured in acute tox-
icity tests include a determination of the LC or
ECso (median effective concentration), an esti-
mate of the acute no-observed effect concentra-
tion (NOEC), and behavioral observations. The
primary endpoint is the LC or ECso. The LCs is
a lethal concentration that is estimated to kill
50% of a test population. An ECso measures im-
mobilization or an endpoint other than death
[10].

Prediction of toxicological endpoint (96 hour
fathead minnow LCso) of 2-methylthiophene was
performed with the individual method Nearest
neighbor. The predicted value is 749.934 mg/L.

The predicted result (Consensus method) of
2-methylthiophene for toxicological endpoint (48
hour Daphnia magna LCsy) is 68.629 mg/L
(3.156 -Logl0 (mol/L)). A training set of ten
similar compounds used to predict the 2-
methylthiophene (similarity coefficient is greater
than 0.5 (0.58)). An additional external test set of
ten similar compounds was used to evaluate 2-
methylthiophene (similarity coefficient is greater
than 0.5 (0.52)). Individuals predictions of meth-
ods for 2-methylthiophene are 3.89-Logl0
(mol/L) (Hierarchical clustering), 2.72-Logl0
(mol/L) (Single model), 3.51-Logl0 (mol/L)
(Group contribution) and 2.50-Logl0 (mol/L)
(Nearest neighbor).

The predicted value of toxicological endpoint
Tetrahymena pyriformis 1GCso (48 hr) for 2-
methylthiophene from Consensus method is
2.41-Logl0 (mol/L) (382.10 mg/L). A training
set of ten similar compounds used to predict the
2-methylthiophene (similarity coefficient is less
than 0.5 (0.29)). An additional external test set of
ten similar compounds was used to evaluate 2-
methylthiophene (similarity coefficient is less
than 0.5 (0.22)). Individuals predictions of meth-
ods for 2-methylthiophene are 2.24-Logl0
(mol/L) (Hierarchical clustering), 2.84-Logl0
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(mol/L) (Group contribution) and 2.14- Logl0
(mol/L) (Nearest neighbor).

For toxicological endpoint Oral rat LDs the
experimental value of 2-methylthiophene is 1.49-
Log10 (mol/L) (3199.06 mg/kg) and its predicted
value (Consensus method) is 1.71-Log10 (mol/L)
(1923.36 mg/L). A training set of ten similar
compounds used to predict the 2-
methylthiophene (similarity coefficient is less
than 0.5 (0.15)). An additional external test set of
ten similar compounds was used to evaluate 2-
methylthiophene (similarity coefficient is less
than 0.5 (0.38)). Individuals predictions of meth-
ods for 2-methylthiophene are 1.64-Logl0
(mol/L) (Hierarchical clustering) and 1.78-
Logl10 (mol/L) (Nearest neighbor).

The predicted value of the endpoint Biocon-
centration factor for 2-methylthiophene from
Consensus method is 0.85 Logl0 (7.08). A train-
ing set of ten similar compounds used to predict
the 2-methylthiophene (similarity coefficient is
less than 0.5 (0.28)). An additional external test
set of ten similar compounds was used to evalu-
ate 2-methylthiophene (similarity coefficient is
less than 0.5 (0.23)). Individuals predictions of
methods for 2-methylthiophene are 0.69 Logl0
(Hierarchical clustering), 0.67 LoglO (Single
model), 1.52 Logl0 (Group contribution) and
0.52 Log10 (Nearest neighbor).

Developmental Toxicity value of 2-
methylthiophene from Consensus method is
0.45, i.e. developmental non-toxicant (false). A
training set of ten similar compounds used to
predict the 2-methylthiophene (concordance
(0.60 (6 out of 10)), sensitivity (0.60 (3 out of 5))
and specificity (0.60 (3 out of 5))). An additional
external test set of three similar compounds was
used to evaluate 2-methylthiophene (concord-
ance (0.67 (2 out of 3)), sensitivity (0.50 (1 out
of 2)) and specificity (1.00 (1 out of 1))). Indi-
viduals predictions of methods for 2-
methylthiophene are 0.49 (Hierarchical cluster-
ing) (false), 0.18 (Single model) (false) and 0.67
(Nearest neighbor) (true).

For Mutagenicity the experimental value of 2-
methylthiophene is 0.00 (mutagenicity negative)
(false) and its predicted value (Consensus meth-
od) is 0.26 (mutagenicity negative) (false). A
training set of ten similar compounds used to
predict the 2-methylthiophene (concordance
(0.90 (9 out of 10)), sensitivity (0.50 (1 out of 2))
and specificity (1.00 (8 out of 8))). An additional
external test set of ten similar compounds was
used to evaluate 2-methylthiophene (concord-
ance (0.80 (8 out of 10)), sensitivity (0.00 (0 out



of 2)) and specificity (1.00 (8 out of 8))). Indi-
viduals predictions of methods for 2-
methylthiophene are 0.18 (Hierarchical cluster-
ing) (false) and 0.33 (Nearest neighbor) (false).

Prediction of toxicological endpoint (Estrogen
Receptor RBA) of 2-methylthiophene was per-
formed with the individual method Nearest
neighbor. The predicted value is -3.900 Logl0
(1.259*107-4).

The predicted value of Estrogen Receptor
Binding for 2-methylthiophene from Consensus
method is 0.25 (Does not bind to estrogen
receptor (false)). A training set of ten similar
compounds used to predict the @ 2-
methylthiophene (concordance (N/A), sensitivity
(N/A) and specificity (N/A)). An additional ex-
ternal test set of four similar compounds was
used to evaluate 2-methylthiophene (concord-
ance (0.50 (2 out of 4)), sensitivity (1.00 (2 out
of 2)) and specificity (0.00 (0 out of 2))). Indi-
viduals predictions of methods for 2-
methylthiophene are  0.14  (Hierarchical
clustering) (false), 0.16 (Single model) (false),
0.71 (Group contribution) (true) and 0.00
(Nearest neighbor) (false).

Conclusion

The presence of sulfur-containing compounds
in crude oil poses a number of technical, toxico-
logical, environmental, economic and other prob-
lems. Due to the limited experimental toxicolog-
ical data on sulfur compounds, alternative meth-
ods for their prediction are being sought. In the
present work, a toxicological evaluation of 2-
methylthiophene for various toxicological end-
points was performed using the the CompTox
Chemistry Dashboard through Consensus meth-
od.
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PROBABLE REACTIVITY OF 2-METHYLTHIOPENE
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ABSTRACT: This work examines the possible hepatic metabolic activation of 2-methylthiophene and the
possible reactivity of the generated metabolites to DNA and protein by in silico methods (QOSAR Toolbox sofi-
ware). Generated hepatic metabolites of 2-methylthiophene are twelve (in vivo rat metabolism simulator) in the
following mechanistic domains — Ay?, radical, Sx* by DNA binding and six reactive metabolites in the mechanis-
tic domain (Michael addition, Schiff base formation, Sx* and acylation) by protein binding. Sixteen reactive he-
patic metabolites of 2-methylthiophene were predicted (rat liver S9 metabolism simulator) in the following
mechanistic domains — radical and Sy° by DNA binding and eleven reactive metabolites in the mechanistic do-
main (Michael addition, Sx*, Schiff base formation and acylation) by protein binding.

Key words: 2-methylthiophene, metabolic activation, predict, QSAR Toolbox

Introduction

Sulfur compounds are substances of different
chemical nature, from the elemental sulfur to
hydrogen sulfide and mercaptan compounds, sul-
fides, open-chain and cyclic disulfides, and het-
erocyclic derivatives of thiophene, thiophane and
other more complex compounds. To date, with
the exception of low molecular weight com-
pounds, most of the sulfur compounds oils are
not deciphered. Free elemental sulfur is rarely
found in crude oils. The emergence of free sulfur
is associated with the decomposition of more
complex sulfur compounds [1].

A major cause of air pollution is the burning
of fossil fuels and producing compounds such as
NOx and SOx, which is released from factories
and vehicle exhausts. Sulfur contentin crude oil
is highly significant due to the high toxicity, cor-
rosivity and air pollution that results from the
burning of sulfur-containing fuel products [2]. In
accordance with the increasingly stringent envi-
ronmental regulations on sulfur concentration in
transportation fuels and the demand for diesel
fuel with low sulfur content, removal of sulfur-
containing compounds is an important issue for
the petroleum refining industry [3].

To achieve this goal, most sulfur-containing
compounds are easily desulfurized by hy-
drodesulfurization (HDS), in which H, gas is
used to remove the S-compounds through the
formation of hydrocarbons and H,S. It is diffi-
cult to decrease the sulfur content from several
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hundred ppm to a few ppm by the HDS method
which is extremely efficient in removing thiols,
sulfides and disulfides, but less effective for thi-
ophenic compounds [4]. Due to the high capital
and operating costs of the HDS process due to
factors such as reduced catalyst life time, higher
hydrogen consumption, high temperature and
pressure, oxidative desulfurization (ODS) is pro-
posed as an appropriate substitute for the tradi-
tional HDS process and complementary method
with ambient pressure, relatively low tempera-
ture, high selectivity and no consumption of hy-
drogen [5, 6].The integration of an ODS unit
with a conventional hydro-treating unit can im-
prove the economics of diesel desulfurization
process in comparison with the current HDS
technology [7].

This work examines the possible hepatic met-
abolic activation of 2-methylthiophene and the
possible reactivity of the generated metabolites
to DNA and protein by in silico methods (QSAR
Toolbox software).

Material and Methods

Compound. The 2-methylthiophene [8] is a
heterocyclic compound. It consists of a planar
five-membered ring with CAS number 554-14-3.
The structural formula is as follows (Figure 1):



Figure 1. Structure of 2-methylthiophene.

Organisation for Economic Co-operation and
Development (OECD) (Q)SAR Toolbox (version
4.3). (Quantitative) Structure-Activity Relation-
ships [(Q)SARs] are methods for estimating
properties of a chemical from its molecular struc-
ture and have the potential to provide infor-
mation on the hazards of chemicals, while reduc-
ing time, monetary costs and animal testing cur-
rently needed [9].

Liver metabolism (observed and simulator) —
in vivo and in vitro for rat:

Observed rat in vivo metabolism. The ob-
served (documented) metabolic pathways for 647
chemicals, extracted from the scientific litera-
ture, and associated with the in vivo biotransfor-
mations of xenobiotic chemicals in rodents
(mostly rats) are stored in a database format that
allows easy computer access to the metabolism
information. This database includes structurally
different chemicals of various functionalities
such as aliphatic and aromatic hydrocarbons,
halogenated hydrocarbons, alcohols and phenols,
carbonyl compounds, carboxylic acids and es-
ters, nitro compounds, amines, organic sulfides,
heterocyclic and, mostly, multi-functional chem-
icals etc. [9]

In vivo rat metabolism simulator. The current
in vivo rat liver metabolic simulator (transfor-
mation table) represents electronically designed
set of 671 structurally generalized, hierarchically
arranged abiotic and enzymatic transformation
reactions, which are characteristic for the metab-
olism for in vivo experimental systems such as
rodent (mostly rat). The principal applicability of
this simulator is associated with the reproduction
as well as the prediction of the metabolic activa-
tion reactions and pathways of xenobiotic chemi-
cals, which may elicit in vivo genotoxicity effects
[9].

Observed rat liver S9 metabolism. The docu-
mented metabolic pathways for 261 chemicals
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observed with the use of in vitro experimental
systems such as rodent (mostly rat) liver micro-
somes and S9 fraction are stored in a database
format that allows easy computer access to the
metabolism information. This database includes
structurally different chemicals of various func-
tionalities and fields of application such as ali-
phatic and aromatic hydrocarbons, halogenated
hydrocarbons, carboxylic acids and esters nitro
compounds, amines, heterocyclic and multi-
functional chemicals, etc. [9].

Rat liver S9 metabolism simulator. The cur-
rent in vitro rat liver metabolic simulator (trans-
formation table) represents electronically de-
signed set of 551 structurally generalised, hierar-
chically arranged biotransformation reactions,
which are characteristic for the metabolism for in
vitro experimental systems such as rodent (most-
ly rat) liver microsomes and S9 fraction. The
principal applicability of this simulator is associ-
ated with the reproduction as well as the predic-
tion of the metabolic activation reactions and
pathways of xenobiotic chemicals, which may
elicit in vitro genotoxicity effects such as bacte-
rial mutagenicity and chromosomal aberrations
[9].

DNA binding by OASIS. The profiler is based
on Ames Mutagenicity model part of OASIS
TIMES system [9].

Protein binding by OASIS. The scope of the
profiler is to investigate presence of alerts within
target molecules responsible for interaction with
proteins [9].

Results and Discussion

Hepatic metabolic activation (generation of
metabolites) and their reactivity (DNA and pro-
tein binding) of 2-methylthiophene were studied
using the QSAR Toolbox software. The parent
structure of the 2-methylthiophene cannot bind to
DNA and protein, i.e. the parent structure is not
reactive. Experimental metabolic pathways of
activation were not observed for rat in vivo and
in vitro for the 2-methylthiophene. The heterocy-
clic sulfur-containing compound was metaboli-
cally activated, i.e. twelve metabolites are gener-
ated in the hepatic metabolism simulator (in vivo
rat). The generated metabolites of 2-
methylthiophene are presented in Table 1.



Table 1. Number and structure of the predicted hepatic metabolites of 2-methylthiophene (in vivo rat

metabolism simulator)
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DNA binding by OASIS is a general mecha-
nistic profiler, consisting of list of structural
alerts. The profiler relies on the alerts from the
AMES mutagenicity TIMES model. The profiler
is based on 85 structural alerts responsible for
interaction of chemicals with DNA. The scope of
the profiler is to investigate presence of alerts
within target molecules which may interact with
DNA. The list of 85 structural alerts has been
separated into eight mechanistic domains. The

profiling result assigns a target to the corre-
sponding structural alert, mechanistic alerts and
domain [9].

The potential DNA binding (the probable re-
activity) of hepatic metabolites for 2-
methylthiophene are predicted by QSAR
Toolbox software. Results of DNA binding of
hepatic metabolites of 2-methylthiophene are
present in Table 2.

Table 2. DNA binding of hepatic metabolites for 2-methylthiophene by QSAR Toolbox (in vivo rat

metabolism simulator)

Number of DNA binding by OASIS
metabolite (mechanism of reaction)
Structural alert Mechanistic alert Mechanistic domain
5,6,10-12 No alert found
1 alpha,beta-unsaturated | Nucleophilic addition to alpha,beta- AN?
aldehydes unsaturated carbonyl compounds
1 alpha,beta-unsaturated Schiff base formation AN?
aldehydes
2-4,7-9 thiols Radical mechanism via ROS for- radical
mation (indirect)
7,9 epoxides and aziri- Alkylation, direct acting epoxides Sn?
dines and related

For five of the twelve generated metabolites
were not found alerts by DNA binding, i.e. they
are not reactive. The remaining seven metabo-
lites are reactive, i.e. structural alerts were found
by DNA binding. The metabolites are in the fol-
lowing mechanistic domains - An? radical and
Sx% The mechanistic alerts of metabolites are
nucleophilic addition to alpha,beta-unsaturated
carbonyl compounds, Schiff base formation, rad-
ical mechanism via ROS formation and alkyla-
tion, direct acting epoxides and related with a
structural alert (alpha,beta-unsaturated alde-
hydes, thiols and epoxides and aziridines).

The profiler (protein binding) is based on the
rules defined in the OASIS TIMES models for
skin sensitization (SS). It consists of 112 struc-
tural alerts related to interactions with proteins
especially skin proteins and proteins such as
topoisomerases, cellular protein adducts, etc. It is
believed that positive results are result of interac-
tions with proteins. The list of structural alerts
has been separated into 11 mechanistic domains.
Each of the mechanistic domains has been sepa-
rated into more than 2 mechanistic alerts. The
profiling result outcome assigns a target to the
corresponding structural alert, mechanistic alerts




and domain. The absence of a structural alert
should not be taken as an absence of toxicity [9].

Prediction results of protein binding of hepat-
ic metabolites of 2-methylthiophene are present
in Table 3.

Table 3. Protein binding of hepatic metabolites for 2-methylthiophene by QSAR Toolbox (in vivo rat

metabolism simulator)

Number of Protein binding by OASIS
metabolite mechanism of reaction)
Structural alert Mechanistic alert Mechanistic do-
main
3-6, 11,12 No alert found
1 alpha,beta-aldehydes Michael addition on alpha,beta- | Michael addition
unsaturated carbonyl compounds
6 polarised alkenes - sulfinyl Michael addition on polarised Michael addition
alkenes
1,10 aldehydes Schiff base formation with car- Schiff base for-
bonyl compounds mation
2 thiols and disulfide compounds | Interchange reaction with sulphur Sn?
containing compounds
7,9 epoxides, aziridines and sulfu- Ring opening Sn? reaction Sn?
ranes
8 thio(acetates) Direct acylation involving a leav- Acylation
ing group

Six metabolites of twelve are not reactive and
for six metabolites were found alerts by protein
binding. Two metabolites are in Michael addition
mechanistic domain as the mechanistic alerts are
Michael addition on alpha,beta-unsaturated
carbonyl compounds and Michael addition on
polarised alkenes with  structure alerts
(alpha,beta-aldehydes and polarised alkenes -
sulfinyl). Two of reactive generated metabolites
are in Schiff base formation mechanistic domain
as the mechanistic alert is Schiff base formation
with carbonyl compounds with a structural alert
(aldehyde). Three of six metabolites are in Sn?
mechanistic domain as the mechanistic alerts are
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interchange reaction with sulphur containing
compounds and ring opening Sx? reaction with
structural alerts (thiols and disulfide compounds,
epoxides, aziridines and sulfuranes). Finally, one
of the six metabolites is in acylation mechanistic
domain as the mechanistic alert is direct
acylation involving a leaving group with a
structural alert (thio(acetates)).

In the hepatic metabolism simulator (rat liver
S9 metabolism simulator), sixteen metabolites
were predicted. Results of metabolic activation
(generated metabolites) of 2-methylthiophene in
liver (rat liver S9 metabolism simulator) are pre-
sented in Table 4.




Table 4. Number and structure of the predicted hepatic metabolites of 2-methylthiophene (rat liver S9

metabolism simulator)
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The potential DNA binding (probable reactive
mechanism) of hepatic generated metabolites of
the derivative of thiophene are predicted by
QSAR Toolbox software (rat liver S9 metabo-

lism simulator). Results of DNA binding of he-
patic metabolites (rat liver S9 metabolism simu-
lator) of 2-methylthiophene are present in Table
5.

Table 5. DNA binding of hepatic metabolites of 2-methylthiophene by QSAR Toolbox (rat liver S9

metabolism simulator)

Number of DNA binding by OASIS
metabolite (mechanism of reaction)
Structural alert Mechanistic alert Mechanistic domain
4,5,12-15 No alert found
1-3,6,8,9, thiols Radical mechanism via ROS formation Radical
11,16 (indirect)
6,7,9-11 epoxides and Alkylation, direct acting epoxides and Sn?
aziridines related

Six of sixteen metabolites are not reactive, i.e.
for them were not found structural alerts by DNA
binding (the QSAR Toolbox). The following
structural alerts (thiols, epoxides and aziridines)
were found for the ten metabolites in several
mechanistic domains (radical and Sx?) with
mechanistic alerts (radical mechanism via ROS
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formation and alkylation, direct acting epoxides
and related).

Prediction results of protein binding (rat liver
S9 metabolism simulator) of hepatic generated
metabolites of 2-methylthiophene are present in
Table 6.




Table 6. Protein binding of hepatic metabolites of 2-methylthiophene by QSAR Toolbox (rat liver S9

metabolism simulator)

Number of Protein binding by OASIS
metabolite (mechanism of reaction)
Structural alert Mechanistic alert Mechanistic domain
1,3,4,13, 14 No alert found
2,8,16 (thio)acetates Direct acylation involving a leaving Acylation
group
5,7,10, 15 polarised alkenes - | Michael addition on polarised alkenes Michael addition
sulfinyl
6,7,9-11 epoxides, aziridines Ring opening Sx?reaction Sn?
and sulfuranes
12 aldehydes Schiff base formation with carbonyl Schiff base for-
compounds mation

For five of sixteen metabolites were not found
structural alerts, i.e. they are not reactive by
DNA binding (the QSAR Toolbox). The eleven
generated metabolites that are reactive are in the
following mechanistic domains (acylation, Mi-
chael addition, Sn? and Schiff base formation) as
the mechanistic alerts are direct acylation involv-
ing a leaving group, Michael addition on polar-
ised alkenes, ring opening Sx? reaction and
Schiff base formation with carbonyl compounds
with structural alerts ((thio)acetates, polarised
alkenes — sulfinyl, epoxides, aziridines and sulfu-
ranes, and aldehydes).

Conclusion

The presence of sulfur compounds in oil can
lead to a number of harmful effects, as well as
toxic effects on living organisms. The probability
of the derivative of thiophene  (2-
methylthiophene) to generate metabolites in the
liver and their probable reactivity was investigat-
ed using the QSAR Toolbox software. Some of
the generated metabolites in the liver of 2-
methylthiophene are reactive to DNA and pro-
tein, i.e. have an electrophilic effect. Therefore,
the derivative of thiophene would have toxic ef-
fects on living organisms.
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BB3MOXKHOCT 3A OIIEHKA HAU3OJTAIMETOUOHHATA U AKYMYJIAIIMOHHATA
CIHOCOBHOCT IOMEIEHME 110 JAHHUTE OT IIPEXOJHUSA ITPOLEC CJIEJ U3K-
JIIOYBAHE HA OTOIIVIEHIETO

Pymen SnkoB

OPPORTUNITY TO EVALUATE INSULATION AND ACCUMULATION ROOM
CAPACITY ACCODING TO THE TRANSITION PROCESS AFTER SWITCHING OFF
HEATING

Rumen Yankov

ABSTRACT: Based on the comment on the energy meaning of the generalized factor (D) for the insulation
capacity of the enclosing elements and the coefficient (B) of heat absorption, a method for their practical
determination is proposed. The method refers to a room in an existing residential building and is based on
obtaining certain technical information experimentally. The final results are obtained after graphoanalitical
processing of the experimental data. A numerical is presented which confirms the usefulness of the method.

Key words: insulating ability, heat absorption, energy efficiency

1.BbBenenue tnstA), a BBHIIHATA TEMIIEpaTypa € paBHA MU
Enepruitnata epexkTHBHOCT Ha CTpaaWTe Ce€  IO-HUCKA OT U3UHMCIUTEIHATa (tys ) 32 KIMMATHY-
OLIEHsIBA 110 M30JIAlIMOHHATA CIIOCOOHOCT Ha 3ar-  HHs PalOH, KBJIETO € Pa3IoNIokKeHa crpajara.

paxagamuTre CJICMCHTU Ha BCAKO IIOMCIICHUC B cnexgsamoro ce npeayiiara €aAHa Bb3MOXHOCT
(B’BHH_IHI/I CTCHH, IIpO30pLH, BpaTHU, TaBaH, IMOA, 34 OLICHKA Ha H30JIallMOHHATA U aKyMYyJidpaliaTa
MCKIWHHU CTCHU U I[p) 1 110 3aTUXBAHCTO HAa aM- CIIOCOOHOCT Ha ChIICCTBYBAIIO XUJIUIIHO ITOME-

IUINTYaTa Ha TEMIIEpaTypara B TAX IPE3 BPEMETO  IIEHHE, KaTO CE U3IO0I3BaT JaHHH 3a X014 Ha TEM-
Ha M3KJIIOYBAaHE WM HaMalliBaHE Ha TOIUIONOJa-  meparypara (t;)B HETO CIe U3KIF0UBaHEe Ha TOII-
BaHETO. /[aHHUTE 32 KOJIMYECTBEHA OLIEHKA CE [I0-  JIOMOJaBaHETo.
JIydaBaT 110 U3YUCIUTECIICH, OIMUTCH WIIN KOM6I/I-
HUPaH IbT. 2.IlocTaHoBKA Ha 3aa4yaTa

Temneparypata B KWIMIIHOTO IOMEIIEHUE 2.1.A301auM0HHATA CIIOCOOHOCT HA TOMe-
(tn) ce ompenens Mo CaHUTAPHO-XUTHEHHN HOPMH  IIIEHUETO ce oleHsiBa upe3 paxropa (D), koiito
B 3aBHCHMOCT OT NIPEAHA3HAYEHUETO My (BCEKHA-  MMa CMHCHJIAa Ha 0000I1aBail Koe(hHUIIMEHT Ha
HeBHa, OaHs, CIIaHA, KyXHd, 1eTcka U T.H.). [Ipe3  TorumonpemMrHaBaHe 3a M3YUCISBAHE HA Cymap-
OTOIUTUTENHHS CE30H Te3W TEMIIEPaTypH ce MOJ-  HUTE TOIUIMHHU 3aryom [1]:

IBPOKaT B ONIPEeNICHH IPaHHULIM Ype3 II0AaBaHe Ha Q= ki Fi+Xajlcy). (tg — tys).
HEOOXOIMMOTO KOJIMYECTBO TOILUIMHA OT ChOTBET- (1)

HUTE OTOIUIMTENHH YCTPOWCTBA (pajraTopH, W

MEYKH, KIMMATHIM; KOHBEPTOPH H T.H.). B cb- Q,=D.F.(t; — t,s) )

IUTE XUTHEHHA HOPMH €€ TIPENOPBHYIBAT NOIYC- OTKBJAETO, Clie] NPUPABHSABAHE HA JCCHUTE
TUMHUTE OTKIOHEHHs (A) Ha TemIlepaTypara 0T 3a8-  cTpaHH ce MOoNydaBa:

JlajieHaTa HOMUHATHA CTOMHOCT (tn.4). Hampumep, _ (ZkiFi+Zajljcy) [ w ] 3)

3a CIIOMEHATHTE ITOMEIICHUS TOBa OTKJIIOHEHHUE € F m2.°cl’

A=+3°C. Tyk: -Y k;.F;--TOTuTMHHUTE 3ary0Ou mpes3 i-st

KakTo ¢ n3BeCcTHO, KOJIMYSCTBOTO HA IIOJaBa- 3arpakJanl eIeMeHT (CTeHa, IPO30pell, BpaTa u
HATa B TIOMEINIEHHETO TOIUIMHA NPH cTaruoHaper  T.H.) 32 At=1°C;

peXuM € paBHA Ha TOINIMHHUTE 3ary6H U € MakK- - Z a;. lj--TOHHI/IHHI/ITe 331"}’61/1 oT I/IH(bI/IﬂTPa-
CUMAaJIHO, KOraTo TeMIlepaTypara B HOMEIEHUETO WS Ha BB3/1yXa Ipe3 GyruTe Ha MPO30PIH U BHH-
€ paBHa Ha MaKCHMallHO JomycTuMara (t,=  OIHH BpaTH, ChIIO 3a At=1°C;
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-C5-MaCOB TOTUIMHEH KallallUTeT Ha BB3/IyXa;

-F-cymara or miomuTe Ha BCHYKH 3arpax-
JaIy eJIeMEHTH;

-tp-TeMIlepaTypara B IOMELICHUETO;

- ty;-M3YMCIINTEIHATa CTOWHOCT HA BHHIIIHATA
Temrepatypa. JlaBa ce B ClIpaBOYHHK 32 CHOTBET-
HUS KJIMMaTH4eH PalioH.

—a; (kg/m.s) — nporyckaTenHaTa cocoOHOCT
Ha eIWH MeTbp OT (yraTta Ha j — 51 3arpaxaall
€JIEMEHT (Bpata, Mpo30peL).

B ypaBnaenwue (1) He € OTYETEH IPEHOC Ha TOII-
JIMHA MPe3 MEXIUHHU CTEHH KbM ChCEIHH ITOMeE-
menus. [Ipueto e, 4e TakbB MpEeHOC JIUICBA.

2.2. AKyMyJpamara crnocooHoCT ce orpe-
Jensl IO KOJIMYECTBOTO TOIUIMHA, KOATO MOTIIb-
mar WIM OTAaBaT 3arpaXkJalluTe eJIeMEHTH
(ctenu, TaBaH, 1OJT) MPU U3MEHEHNE HA TeMIIepa-
Typara UM B uHTepBana (t.,=4). [Ipenaara ce,
aKyMyJipaliaTa CocoOHOCT Aa ce OLEHsBa MO
KOJINYECTBOTO TOIUIMHA Q,, OTAAJCHA OT CTEHATa
3a 1s., T.e. IO MOIIHOCTTAa Ha OTJAaBaHUs TOILIU-
HEH MTOTOK HETOCPEACTBEHO CIEM U3KIIOYBAHETO

Ha TOIUIOIIOAaBaHETO:
dt

Qa = X Cimy—. 4)

Tyk:-Ci ¥ m; ca TOIUTMHHHS KalalUTeT ¥ Ma-
cara Ha i-s 3arpaxaail eaement. He Biu3at mpo-
30pIIH | JIEKH BPATH KaTO HE3HAYUTEITHH CIPSIMO
CTEHHUTE, TOJOBETE, TABAHUTE, KAKTO U JPYTH
MAacHBHH Tejia B MOMEIIECHHETO, KOMTO MUMAT BH-
COK TOIUTHHEH KamamureT (Ci) ¥ rojisiMa Maca,

-ter — MOBBPXHOCTHA TEMIIEPATYpa Ha 3arpax-
JaIust eIEMEHT OTBBTPE;

-T-BpeMe;

I[Iprema ce, ue BbB BCHYKH TOYKH OT BBTPELI-
HaTa TOBBPXHOCT HA 3arpakIaiius CICMEHT,
KaKTO M Ha Bb3IyXa B MOMEIICHUETO MPOMSIHATA
Ha TemIieparypaTa € €JHOBPEMEHHA, C €lHa W
CBhIIIA CTOMHOCT U 3HAK.

O4YeBHUIHO, MOIIHOCTTA HA TOTUIMHHUS TIOTOK
(Qa) € MakcHMasIHa B HAYAJIHUS MOMEHT, BEIHAra
Clie]] U3KIIFOYBAHE Ha OTOILTUTEHOTO TSIO, KO-
raTo ¢ HaJWIle MaKCHMajHa BbHIIHA TeMIepa-
TypHa pasnuka (tymax — tus) -

[onara ce:

dt,
Q. = Zci-mi-g =B.F. (tmax - tmin) 5

)

OTKBIETO
Ycim; dt
B=_2am 4 6
F.(tmax—tmin) dT ( )
tmin = tou — A, tmax = tou + A

CrpriacHo npeioKeHoTo, B e mocTosiHHa Be-
nuuuHa. HeitHata cToifHOCT ce ompezens OT ma-
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cata M TOIUIOGHU3HIECKUTE CBOMCTBA HA M3IOJI3-
BaHWUTE CTPOUTEIHU MaTepuany. ToBa e Koauuec-
TBOTO TOIUIMHA, HEOOXOIUMa 32 MOBHUILIABaHE Ha
temneparypara ¢ 1°C Ha crena ¢ mwiomy 1 m?.

Or (6) ce BX I, 9e KoehUIIUCHTHT B nma au-
mencus [W/m*C]J.

B ypaBuenue (5) Q. e u3paseHa upes rpaau-
€HTa Ha NOBbPXHOCTHATa TeMIlepaTypa Ha cTe-
HaTa (ter).

2.3. TepMocTaOMIIHOCTTA HA TOMeENIeHUETO
ce OLIEHSIBA MO CTOHHOCTHTE HA OTHOLIEHHETO
Me:xxkay ¢paxropure D n B.

3.Peuienne Ha 3a1a4yara.

ChIHOCTTa Ha TIPEJIOKEHOTO ce 0azmpa Ha
CIIETHUTE TIPEIOCTABKH:

a) B HAYAJIOTO, MPHU BKIFOYBAHE HA OTOIICHU-
€TO, [IAJ1aTa MOIIIHOCT Ha TOTUTMHHUS U3TOYHHUK Ce
U3pa3xoJ[Ba 3a 3arpsBaHe Ha 3arpaxkJalluTe
CTEHH Ha ITOMEIIEHUETO (32 OBHIIABAaHE HA THAX-
HaTa TeMIepaTypa), T.e. Io/1aJieHaTa TOIUITMHA 13-
sU10 ce akymynupa. C moBHIlIaBaHe Ha TeMIepa-
TypaTa Ha Bb3/[yXa B IIOMEIIEHUETO 1 Ha CTCHUTE
4yacT OT MOJaBaHaTa TOIUIMHA C€ M3Pa3XojBa 3a
IMOKPUBAHE HAa HApaCTBAIUTC TOIUIMHHHA 3ary61/1.
Cren nocturane Ha MaKCUMajHaTa TeMIlEpaTypa
B MOMEIMIEHUETO (t max= tnntA) IPOLECHT HA aAKY-
MYJIUpaHE 3aBBPIIIBA, PA3MpPECIICHUETO Ha TEM-
neparypaTa HalmpeyHO B CTEHHUTE CTaBa CTaIlHO-
HapHo. [loaBanaTa TOTUIMHA H3ISLTO CE U3ITOI3BA
3a KOMIICHCHpaHe Ha TOILIMHHHUTE 3aryOu Ha To-
MEIIEHNEeTO, KOUTO B TO3M MOMEHT ca MaKCH-
MastHu. Hanurie e ycTaHOBEH pexuM;

0) HEMOCPEeNCTBEHO clel W3KIIYBaHe Ha
OTOINICHUETO, TOINIMHHHUTE 3ary61/1 C€ KOMIICHCH-
par 4pe3 akyMyjupaHaTa B CTEHUTE TOIUIMHA.
ToBa BoIM N0 TIOHIKABaHE Ha TeMIlEpaTypaTa
UM, PECIIEKTUBHO [0 HaMaJsIBAHE Ha TeMIIepaTy-
para B momMerieHuero. [Ipriema ce, 4e OT MOMEHTa
Ha M3KJIFOYBAaHE Ha OTOIUICHUETO TOIUTMHHUSAT Oa-
JIaHC €:

Q:=-Qa. (8)

[IporechT OTHOBO cTaBa HECTAIIMOHAPEH, TTO-
paau IOCTENCHHOTO MTOHIKABaHEe HA TEMIIepaTy-
paTa B MOMEIIEHUETO U HA CTEHUTE ;

B) MOIIHOCTTA Ha TOIJIMHHUSA MOTOK, OT/JIaBaH
ot crenute (Q.) ce u3pazspa upe3 pakropa B mo
(5), B K0SITO IPOU3BOIHATA HA TEMIIEpaTypara Io
MOBBPXHOCTTA Ha CTEHATa Ce M3pa3siBa Ype3 mpo-
M3BOJHATA HA TEMIlepaTypara B MOMEUICHHETO
(dts/d7). 3a menrta ce w3MON3Ba JIECHO JOKa3zye-
MuAT monpaBbyeH koedummeHnt [1-(k /aq )],
KOWTO C IBPBO NMPHUOIIKaBaHE ce Ipuema 3a 1,
KaKTO € HaIPaBeHO MO-HATAThK B U3JI0KCHHUETO.



Tyx:- k-060011eHHAAT KOSHUITUEHT HA TOTLIOM-
pemunaBane (k=D) ceriacho (2);

- Q1 - KOCQUIMEHT Ha TOIIOOTIABaHE OT Bb3-
Jlyxa B CcTasTa KbM BBTPEIIHATA CTpaHa Ha CTe-
HaTa.

CrnemoBaTenHo, ot (2) u (4) ce moxydana:

dn _— _A. dr; 9)

(tn_tm) -

tn = tus + (bnax — tus)- e A7 (10)

Ot mocneHaTa 3aBHCUMOCT C€ HAMHPA TIPO-
u3Bozanara dt,/dt 3a 7=0 u (t,;=const.):

dt,
T = —A. (tmax - tua)- (11)

Ilo aHamornyeH HaAYMH C€ ONMHCBA M3MCHEHHU-
€TO Ha TOIUIMHHUA ITOTOK IIPE3 CTCHUTC KAaTO (byH—
KU OT BpEMETO, KaTO CC U3MOJI3Ba (baKTOp’LT B:

dt
Z(ci-mi)a =B.F. (tn - tmin)- (12)
Tlosara ce
B.F
P K. (13)

Crnen 3amectBane B (12) m mHTErpHpane, ce
moJryyaBa

tn = tmin T (Emax — tmin)- eX” (14)

[IpousBoHaTa OT MOCHETHHS U3pa3 IPH T =
Oe

dt,

dr K. (tmax — tmin)- (15)

3aBucumoctute (11) u (15) umMat BayKHO mpak-
THUYECKO 3HaueHue. Te JaBaT Bb3MOKHOCT 3a MO-
JMy4aBaHe Ha Obp3a M JIOCTATHYHO TOYHA MHDOP-
MaIys OT CPaBHUTEITHO JIECHO MTPOBEJCHH N3MEP-
BaHMS B PEAHU YCIIOBHSI.

Ha ¢ur.1 e npeacraBen rpaduyHUSAT BUA Ha
ypaHenue (10). Toit moka3Ba arepuoIunIHUs Xa-
pakTep Ha QyHKOMATA to(T) cled U3KIIOYBAHE HA
OTOILJICHUETO.

Jlunusra (dt,/dt) mo (11) e mommparenHaTa
nuHUA KbM rpadukara to(t) mo (10) mput =0, 1.
€. B HauaJHaTa M TOUKa.

KaxTo e m3BecTHO [2], monmuparenHaTa B TOUKa
ot rpadukara e rmpapa JIMHHS, YHUHTO BIIIOB KOE-
(ULMEHT YHCIICHO € PaBEeH Ha TaHTeHCa Ha BI'bjia
¢ abrucHara oc. ‘briioBusT koeduruent no (15) e
paBeH Ha MPOM3BOAHATA Ha (QyHKuusaTa t,(T) B
Ta3u To4ka 1o (14). B koHKpeTHHUs pUMep TOBa
e

dt/dt=—tgpf. (16)

Heobxomumo e na ce 3Hae, 4e tg a, ChIIacHO
¢ur.1, uma qumencus [°C/s], T.e. KaKTO Ha TIPO-
u3BojHarta (dt/dt) - ckopocT Ha oXJlakaaHe.
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Change the rooms temperature after stopping of thermal source

Rooms temperature (oC)

1y 5(1)=D 0:38;

_______ N N B

D= 003728 S0°=1 Sipwim? oy, 1 & 1

<

400 500 GO0
Time(s)

0 | | I
700 800 900 1000

1] 160 EDID 360

®ur.1

Ha ¢wur.1 ca nokazanu rpadukute Ha cTaifHaTa
TeMIlepaTypa 3a CHIIECTBYBAIIO TIOMEIICHHUE C
HOpMajHa TeMmepartypa tn, = 22°C u amrum-
tyga £A= +3°C = 6°Cu t,; = —10°C. [Jonnara
rpaduka ce oTHacs 3a JCHCTBUTEIHUTE TOIUIMH-
HuTE 3aryou, u3paseHu ¢ daxropa (D) u Temre-
parypHa pasiuka (tpgx — tus). OTpeneneHusT
no rpaduden HaumH tan(1l) = 0,038. Ot TyK 1
cbrIacHo (3), IO KOHKPETHH JTaHHHM, CE OTIPEaeIis

D= 0,264[ w

m?2°C
Typata [1] Tasu CTOMHOCT € OaronpusTHa U He
ce MpernopbuBa JOMBIHUTEIHA U30JIAINI HA Ta3n
CTEHa.

I'padukara ce OTHACS 3a TOIUIMHHUTE 3aryowu,
n3pazeHn upe3 Koeduuenrta (B) 3a akymyamu-
OHHATa CIIOCOOHOCT M aMIUIMTY/aTa Ha TeMIepa-

TypaTta B ctasTta. Cropes clipaBoYHarTa JIMTEpa-
w

m2°C]
BJIM3a B 'paHUUTE, MaKap U KbM HUCKUTC CTOH-
HOCTH, KOHUTO Ca He6HaFOHpHHTHI/I.

qpe3 IMMOKa3HUA YUCIICH MPUMEP Y6€Z[I/ITCJ'IHO
C€ J0Ka3Ba BB3MOXHOCTTA 34 HpI/I6HI/I3I/ITeHHa
OIICHKa Ha C€HEProcCreCTABAIIMTE ITOKA3aTCJIM Ha
IIOMCIICHUCTO.

]. Cnopeﬂ HU3BCCTHOTO B JIUTCpA-

Typa Hoiy4yeHata cToiHocT 3a B = 1,26 [

3akiaouenne

WznoxeHotro B HacToflIaTa CTaTUsl 0OOCHO-
BaBa €IMH NPHUOIM3UTEIIEH HAYMH 33 HM3YUCIS-
BaHe Ha croiHoctuTe Ha (D) M Ha OTHOIIEHUETO
MeXIy (akTopa Ha M30JalMOHHATA CIIOCOOHOCT
Ha crpagara (D) u Ha akyMmynupaiaTa i crnocoo-
HocT (B), kaTo ce u3noa3Ba ypaBHEHHETO 32 TOI-
JUHHUS OalaHc Tpe3 BpeMe Ha MPEXOIHUS Mpo-
LecC ciel U3KII0YBaHe Ha TOIIoNoAaBaneTo. Me-
TOIBT ce Oa3upa Ha eKCIIEPUMEHTAIHO yCTAaHOBS-
BaHe Ha JCWCTBUTEITHUTE TOTUIMHHHY 3aryOu U U3-
MEHEHHETO Ha TeMIlepaTrypara B MOMEUICHHETO



pe3 BPEMETO Ha TO3M IEPHO/I, 33 IPOU3BOIIHO H3-
OpaHa BBHIIIHA TeMmIeparypHa pasiuka (t; —
tB'bH) .

[TomydeHuTe 110 TO3M METO]] CTOMHOCTH Ha OT-
nomenueTo (B/D) maBat B3MOXKHOCT 3a 0000-
IICHA OICHKAa Ha TepMOCTaOWIIHOCTTa Ha TMOMe-
HmeHneTo (crpagara), KOETo TyK HE € IMpejcTa-
BeHO. TOYHOTO ClIa3BaHe Ha YCIIOBHATA Ha €KCIIe-
pPUMEHTa ¥ M3MEPBaHUATA OOYCIABAT JOCTOBEP-
HOCTTa Ha pe3yJITaTHUTe.

MeTtoukaTa Ha eKCIIEpUMEHTa aBTOPBT Ipe/-
CTaBs B JIpyra CTtaTus.
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B CEJIEKIMATA HA KYJTYPU OT CEMEUCTBO SOLANACEAE

Amnnpeii [lormaranacos, Hacs TomiekoBa

BIOINFORMATICS AND MICROSATELLITE MARKER DEVELOPMENT FOR
SOLANACEAE CROPS BREEDING

Andrey Popatanasov, NasyaTomlekova

ABSTRACT: Nowadays the molecular markers play important role in the crops breeding. Many markers
systems were developed over the years — some became obsolete, while others are still used and developed.
Among them the microsatellite markers gained respectable popularity and became one of the most used marker
system since their introduction several decades ago. During this period their development strategies and work-
flow underwent significant progress and transformation. This progress to some extent was driven by several
technological breakthroughs and innovations in the sequencing technologies and the information processing
hardware and software. During the evolution of the microsatellite molecular markers developmental process
and strategy in the last couple decades the role of the bioinformatics underwent significant change gaining piv-
otal importance in it. With the help of the bioinformatics it became possible significant part of microsatellite
markers development to be performed in silico which greatly reduces the cost of the application of this marker
system in crop breeding programs and also offers new possibilities for usage and progress.

Some of the most important crops worldwide belong to Solanaceae family and as of today the number of their
varieties is in the range of thousands. It was found that the microsatellites have rather abundant distribution in
many of their genomes which partly makes the microsatellite markers appealing system of choice for many re-
searchers and crop breeders.

Keywords: Capsicum spp., Solanum spp., Solanaceae, genome, SSR, microsatellite

Molecular markers in plant breeding - mi-  etc. (Lérz & Wenzel, 2006; Farooq & Azam,
crosatellites and other common systems used 2002; Senan et al., 2014).
Generally molecular markers can be charac-
The plant genetic variations and their identifi-  terized as assays that provide detection of specif-
cation and utilization for the crop improvement ic sequence differences between two or more
are fundamental in plant breeding. To select the  individuals of interest. The early molecular
most appropriate parents, to cross them and to  markers methods were protein-based as the iso-
assess and select the most desirable individuals  enzyme ones which were popular before the in-
in the resulted progeny can be rather time con-  troduction of the DNA-based molecular markers
suming, laborious and expensive. Since their in-  in the 80s. DNA-based molecular markers grad-
troduction in the plant breeding in XX-th century  ually replaced the protein based ones. So far var-
the molecular markers proved they are able to  ious DNA-based molecular markers systems
simplify, improve and speed up this process and  were invented and are in use in plant breeding. In
reduce the costs to some extent. each one of them is detected DNA sequence var-
The molecular markers are used to: A/. track  iation, but each one analyzes different aspects of
loci, genes and/or genome regions; B/. detect = DNA sequence variations and different regions
polymorphisms; C/. track loci in backcross of the genome. The decision which molecular
breeding to eliminate specific genetic defects;  markers system to use depends on many factors
D/. build crucial parents or enrich Fls from as the species of interest, objective of the
complex crosses in progeny breeding; F/. im-  work/study, the available resources etc. (Senan et
prove strategies for gene deployment or improve  al., 2014; Nadeem et al., 2017; Loérz & Wenzel,
understanding of gene control of complex traits  2006). To provide base for comparison with mi-
crosatellites (table 1) are presented briefly some
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of the most common DNA-based molecular
markers system used in the plant breeding.

Table 1: Comparison of the most popular
molecular markers. Abbreviations: ¢cD — co-
dominant; D - dominant; H — high; M — Medium;
L —low; LG — large; S — small; SS — specific se-
quence; PM - Physical mapping; GT - Gene tag-
ging; GM - Genetic diversity.

RFLP RAPD AFLP  |SSR ISSR SNP
Genomic H H H H H VH
abundance
Inheri- cD D D/cD cD D cD
tance/
expres-
sion
Reprodu- H H H M-H L H
cibility
Polymor- M M-H M-H M-H H H
phism
Number of S S M H M VH
loci
Technical M L M L L H
requiren-
ments
DNA LG S M S S S
amount
DNA quali- H M H M-H H H
ty
Type of cDNA 10bp PR SS SS SS allele
probes/ clone spec.
primers
PCR-based no yes yes yes yes yes
Ease of L M M-H H M-H H
automa-
tion
Cost per H L M L L L
analysis
Develop- M-H L M M-H M H
ment cost
Major PM GT GT GD GD
applica-
tion

RFLP (restriction fragment length polymor-
phism) technique is historically the first DNA-
based molecular marker system which was intro-
duced in 1980 (Botstein, et al., 1980). The meth-
od is based on the usage of restriction enzymes.
Mutations can occur at the restriction sites of
some enzymes or in the fragments cleaved by
them which results in fragment size differences.
The different restriction products are detected by
electrophoresis and DNA probing techniques.
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RFLP markers are very useful for comparative
and synteny mapping. The usage of radioactive
materials, laboriousness and large amounts DNA
make it less preferred method nowadays (Farooq
& Azam, 2002; Senan et al., 2014).

The discovery of the polymerase chain reac-
tion (PCR) (Mullis et al., 1986) created a break-
through in the field of the DNA-based molecular
markers. Due to its efficiency, simplicity and
ease of use and many molecular marker systems
were developed based on it as random amplified
polymorphic DNA, amplified fragment length
polymorphism, microsatellites etc.

Random amplified polymorphic DNA
(RAPD) technique was introduced in 1990 by
Williams et al. and Welsh and Mcclelland (Wil-
liams et al., 1990; Welsh & Mcclelland, 1990).
This PCR-based method uses single short
(10nucleotides) and random primer to amplify
matching parts of the total genomic DNA of the
individual. Polymorphisms are observed through
electrophoresis and are result from mutations or
rearrangements which occurred either between or
at the primer-binding sites (Nadeem et al., 2017;
Agarwal, et al., 2008). This method can be used
without prior knowledge of the analyzed genome
and can be employed across species by using
universal primers. It also is rather simple and
cost effective and is still used in many crops
breeding programs. However its major draw-
backs are the very low reproducibility and lack
of capacity to detect allelic differences in hetero-
zygotes (Farooq & Azam, 2002; Senan et al.,
2014; Nadeem et al., 2017).

Amplified fragment length polymorphism
(AFLP) technique was introduced in 1995 by
Vos et al. (Vos et al., 1995). It overcomes the
limitations of RFLP by using PCR with limited
set of primers to amplify the restricted DNA
fragments which are ligated with primer recogni-
tion sequences (adaptors) to them. Usually an
AFLP fingerprint consist of 50-100 amplified
fragments produced by used primer pairs per as-
say. This technique also does not require a priori
knowledge of the genomic DNA. It is helpful in
establishing linkage groups in crosses, assessing
the degree of relatedness or variability among
cultivars etc. Among its disadvantages are the
demand for high quality DNA, higher complexi-
ty and cost, low polymorphic information for for
bi-allelic markers, dense clustering in some
chromosome regions etc. (Farooq & Azam,
2002; Senan et al., 2014; Jiang, 2013).

Single nucleotide polymorphism (SNP) tech-
nique was introduced at the beginning of the



XXI-st century (Gupta et al., 2001). It is based
on the single nucleotide variations in genome
sequence of individuals of a population of inter-
est. The estimated frequency of these variations
is very high for example — 1 SNP per 100-300bp
in general in plants, 1 SNP per 60-120bp for
maize and 1SNP per 1000bp in humans, however
most of them are located in the non-coding re-
gions (Nadeem et al., 2017, Agarwal, et al.,
2008).

Various techniques were developed for the
detection of the SNPs, however the most promis-
ing and thorough are the high-throughput geno-
typing methods. However they their cost and
equipment is still prohibitive for many low in-
come countries.

They can be used for many purposes as con-
struction of ultra high-density genetic maps, rap-
id identification of crop cultivars and etc.
(Nadeem et al., 2017; Agarwal, et al., 2008;
Senan et al., 2014).

Most of these methods are decreasingly popu-
lar nowadays according to Schlotterer, C. and
Grover & Sharma (Schlétterer, 2004; Grover &
Sharma, 2016). With exception of the SNPs they
do not rely on bioinformatics’ tools as core part
of their workflow.

Microsatellites — properties and usefulness
as molecular markers

Microsatellites also termed - simple sequence
repeats (SSRs), Short Tandem Repeats (STRs) or
just simple sequences - are tandemly arranged
repeats of short DNA motifs with length 1-6 bp.
(Farooq & Azam, 2002; Senan et al., 2014;
Jiang, 2013). They were discovered in the 1980s
and since then they were found in many prokary-
otic and eukaryotic genomes in consequent stud-
ies (Zane et al, 2002). There is huge amount of
simple sequence repeats spread out all over the
genome and especially in the euchromatin of the
eukaryotes. They are distributed in the protein-
coding nuclear DNA and as well in the non-
coding one and they are also found in the orga-
nellar DNA. However it has been shown that
simple sequence repeats are more abundant in
non-coding regions than in coding regions
(Popatanasov & Tomlekova, 2019).

Microsatellites or simple sequence repeat
(SSR) technique emerged as molecular marker
system in the early 90s shortly after the discov-
ery of the microsatellites.

The simple sequence repeats have relatively
high mutation rates with range from 1072 to 107°.
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This results in alterations in their length. Such
length variability of the simple sequence repeats
is one of the reasons for their wide usage as
markers for use in genetic mapping and breeding.
Since their discovery microsatellites became one
of the most attractive markers for plant genetics
and breeding. Because of some of their proper-
ties as their ease of detection by PCR, being lo-
cus-specific and multi-allelic, exhibiting co-
dominant transmission, and their high rates of
transferability across species microsatellites have
several appealing advantages as molecular mark-
ers. (Farooq & Azam, 2002; Senan et al., 2014;
Nadeem et al., 2017).

Inter simple sequence repeat (ISSR) tech-
nique is derivative of the microsatellites method
introduced in 1994 by Zietkiewicz et al.
(Nadeem et al., 2017). It is uses two identical but
oppositely oriented microsatellite repeat regions
for the amplification of the DNA sequence locat-
ed in between them. The used primers with
length 15-30 bases are part of the microsatellite
regions whose adjacent segments will be ampli-
fied. Typically the used primers are anchored i.e.
have 1-4 degenerate bases at one of their ends
which disturb the microsatellite motif repetitive
pattern (Senan et al., 2014; Nadeem et al., 2017).

ISSR is simple to use and unlike the closely
related microsatellites technique it does not re-
quire a prior knowledge of the genome of inter-
est. However as dominant markers they have
lower reproducibility with homology of co-
migrating amplification products (Nadeem et al.,
2017).

Microsatellites in the some crops from Sol-
anaceae family

Some of the most important crops in the
world belong to the Solanaceae family. Some of
them as tomato (Solanum lycopersicum L.), egg-
plant (Solanum melongena L.), pepper (Capsi-
cum annuum L.) and etc. with the advance the
whole genome sequencing methods got their
whole genomes sequenced and assembled. Thus
high quality reference or draft genomes of them
became available to the scientific community
(Fernandez-Pozo, et al., 2015). Tomato has been
found to have over 1,400,000 SSRs spread over
the draft genome of 760 megabases (while its
total predicted size is over 900MB) (Tomato Ge-
nome Consortium, 2012); the eggplant has over
133,000 SSRs distributed in 74% of the draft
genome (whose total size is predicted to be ap-
prox. 1.1GB) (Hirakawa, et al., 2014; Portis, et



al., 2018); the pepper has over 3,000,000 SSRs
distributed in the draft genome of 3GB (whith
estimated genome size of 3.48GB) (Popatanasov
& Tomlekova, 2019; Kim, et al. 2014). As we
can see the microsatellites are considerably
abundant especially in the pepper’s genome
which also is 3-4 fold larger than the other men-
tioned genomes, something which should give
more opportunities for SSR-marker design for
use in the breeding practices. However regard-
less this wealth of microsatellites the number of
them which is utilized as molecular markers so
far is negligibly low — for the eggplant it is less
than 1%, and for pepper is even lower (Portis, et
al., 2018; Popatanasov & Tomlekova, 2019;
Kim, et al. 2014).

Such low level of utilization of the microsat-
ellites is mostly due to the fact that unlike most
of the discussed molecular marker systems this
one needs a priori knowledge at least for part of
the genome of interest. To gain such knowledge
even today is expensive and time consuming for
most of the species with less studied genomes.

However regardless such hinders SSRs are
still one of the most common markers in use
even though there are newer marker systems as
SNPs (Grover & Sharma, 2016).

The evolution of the microsatellite marker
system

As in many areas of the science the progress
of the microsatellite molecular markers devel-
opment is helped or driven by the breakthroughs
and innovations in other fields. In order to under-
stand the role and the possibilities of the bioin-
formatics in the microsatellite marker develop-
ment will be presented briefly in historical fash-
ion the key periods of the strategies for the mo-
lecular marker development. The proposed key
periods are divided based on significant changes
in the methods utilized in such marker develop-
ment, the changes in the workflow etc. Typically
the transition is marked with some technological
breakthroughs in DNA-technologies or infor-
mation processing tools and facilities. As it will
be shown the role of the bioinformatics changes
dramatically and becomes nowadays a corner-
stone for the development of these type molecu-
lar markers.

Development microsatellites molecular
markers in the era of the “unknown” DNA-
sequence code
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In the pre-genomic era at the end of XX-th
century the available sequencing technologies
permitted rather slow and expensive sequencing
of short fragments of DNA. The majority geneti-
cist were focused mostly on the coding regions
of the genomes of the organisms of interest.
However the majority of microsatellites were
found mostly in the non-coding regions, so the
sequencing efforts of the geneticists were of little
value for the development of microsatellite based
molecular markers. Therefore in most cases the
part of the genome of the organism of interest
had to be sequenced de novo with the purpose of
development of microsatellite markers for it.
This in most cases was rather time-consuming
and laborious and costly process. The role of the
bioinformatics was secondary at most — to ana-
lyze and process statistically relatively short
DNA-sequences of approx. few hundred bases in
length. Personal computers were scarce and with
command line interface and only general DNA-
analyzing tools as Repeatmasker were available
(Grover & Sharma, 2016; Gauthier et al., 2019;
Ouzounis, 2009). Many protocols have been de-
veloped and here schematically is presented one
of the most common (Senan, et al., 2014; Kalia,
etal, 2011):

1/. Fragmenting high quality genomic DNA
using restriction enzymes or by sonication.

2/. Size-selection of the fragmented DNA to
obtain small fragments (300—700 bp)

3/. Ligation of the DNA fragments into some
common plasmid vector directly or after ligation
to specific adaptors.

4/. Bacterial cells transformation with the li-
gation products. This usually yields thousands of
recombinant clones.

5/. Screening for positive clones for the pres-
ence of microsatellite sequences usually with
Southern hybridization and repeat-containing
probes.

6/. After the identification of the repeat con-
taining clones, are designed specific primers.

7/. Optimization of the PCR conditions in or-
der to allow the amplification of each locus from
different individuals of a given population.

Development microsatellites molecular
markers in genes era

By the end of XX-th and the beginning of the
XXI-st century the quest for gene decoding with
the advance of the sequencing technologies lead
to accumulation of increasing amount of se-
quenced genomic data for many organisms.



Since microsatellite in lower extend occur in the
coding regions and increasing number expressed
sequence tags (EST) became available free of
charge gradually it was developed and gained
popularity EST-simple sequence repeats (EST
SSR) markers. Computer hardware and software
became more powerful and available for more
scientists and labs. Desktop stations became
smaller and were developed more dedicated to
DNA-sequence analysis software tools with bet-
ter user interface, which probably helped more
researchers even without programming skills to
get involved in such type research (Gauthier et
al., 2019; Ouzounis, 2009). Many specialized
software tools for microsatellite searching and
analysis in DNA-sequence data were developed
as MISA, tools as VNTRfinder, Poly also at-
tempted to predict the polymorphic potential of
the microsatellites (Grover & Sharma, 2016).
Web resources as DNA sequence libraries and
sequence analyzing tools as WebSat became bet-
ter and available to the researchers under the
Richard Stallman’s philosophy of free software
for the scientific community (Gauthier et al.,
2019; Martins et al., 2009). All this opened new
possibilities and strategies for microsatellite
markers development. The bioinformatics took
more prominent role in the microsatellite mark-
ers development process and schematically the
workflow can be divided in the following stages
(Senan, et al., 2014; Kalia, et al., 2011):

1/. Acquiring/building database of available
sequenced expressed sequence tags produced
mostly for non-SSR marker purposes.

2/. In silico data mining and analysis:

2.1/. Sequence data analysis and processing
(trimming, contig assembly etc. if needed)

2.2/. SSR identification using bioinformatics
tools

2.3/. Primer design

3/. Primer synthesis

4/. Screening and optimization of PCR condi-
tions

5/. Testing primers for polymorphism in ge-
netically related and distant individuals

Development microsatellites molecular

markers in the genomic era

The field of the molecular markers develop-
ment in second decade of the XXI-st century was
changed further by the significant advances in
the DNA sequencing technologies. The world
welcomed the BigData revolution - Moore’s Law

153

stopped being a good predictor of DNA sequenc-
ing costs, since they dropped several orders of
magnitude (Gauthier et al., 2019).

These sequencing technologies became better
in their capacity, quantity and quality output, the
equipment and some consumables became
cheaper plus the speed and cost of DNA-
sequencing was dramatically reduced and more
research centers and labs increased their interest
in larger scale DNA sequencing as is the task of
sequencing the often huge non-coding regions or
even whole genomes. This change was also pos-
sible and boosted by the parallel advances in the
computer industry. Multi-core processors and
high density processing units were invented and
produced, while jointly increasing their calcula-
tion capacity per core. The old software was re-
built and new one was created to benefit and im-
plement the multi-thread capacity of the new
processors. Also the capacity and speed of the
storage hardware was greatly increased, while
the cost was reduced. (Esteban, et al., 2011;
Gauthier et al., 2019; Ouzounis, 2009). Bioin-
formatics web-tools and web-resources as NCBI,
BLAST etc. which facilitate the microsatellite
research were further developed and made acces-
sible under the Richard Stallman’s philosophy of
free software for the scientific community
(Gauthier et al., 2019). Gradually increasing
number of crops including the some of the Sola-
naceae got their whole genome sequenced and
available to the scientific community (Fernan-
dez-Pozo, et al., 2015; Tomato Genome Consor-
tium, 2012; Hirakawa, et al., 2014; Kim, et al.
2014). Special web-tools as GMATo capable to
more efficiently process whole-genome search
and analysis of microsatellites were developed
(Wang, et al. 2013).

The bioinformatics took fundamental role in
the microsatellite markers development strategy
and schematically the workflow can be divided
in the following stages (Senan, et al., 2014; Kal-
ia, et al., 2011):

1/. Next generation sequencing

2/. Generating short reads of the genomic se-
quence/s of interest

3/. In silico data mining and analysis:

3.1/. Sequence data analysis and processing
(trimming, contig assembly etc.)

3.2/. SSR identification using bioinformatics
tools.

3.3/. Primer design

4/. Primer synthesis

5/. Screening and optimization of PCR condi-
tions



6/. Testing primers for polymorphism in ge-
netically related and distant individuals

Current trends in the development mi-
crosatellites molecular markers

In the last few years we observed the global
revolution of the cloud computing progress and
its worldwide implementation in many fields of
life. The field of the molecular markers devel-
opment greatly benefited from it. Now even re-
search centers with limited funds can become
more engaged in the microsatellite markers de-
velopment with low to moderately powerful per-
sonal computer stations and sufficiently good
broadband access to the internet. These innova-
tions further change the process of the microsat-
ellite markers development.

Recently as part of the international G2P-SOL
project: “Linking genetic resources, genomes and
phenotypes of Solanaceous crops” was devel-
oped the web resource “Eggplant Microsatellite
DataBase” (EgMiDB). The team analyzed the
whole genome of the eggplant and mapped all
the microsatellites. As a result it was found that
almost 5000 genes have at least one perfect or
imperfect microsatellite. With such information
in the cloud it permits identification of SSR
markers in terms of their location on the genome,
type of repeat (perfect vs. imperfect), motif type,
sequence, repeat number and genomic/gene con-
text. It also suggests forward and reverse pri-
mers.

This will further revolutionize the microsatel-
lite marker development since it will help the
researcher to narrow and place it microsatellite
marker development goals in advance and look
for the appropriate solution in the genome-
microsatellite database. Something which was
impossible few decades ago when the researcher
was mostly blind of the position of the found
candidate microsatellite markers which he dis-
covered after long and tedious process as can be
inferred from the related studies (Nunome et al.,
2003a,b; Nagy et al., 1995) from that era.

So depending on the research goal/s a possi-
ble scenario of workflow for the microsatellite
markers development with the usage of the Eg-
MiDB web resource will schematically look like:

1/. Select and define the trait/s of interest.

2/. Find as much as possible, which genes are
involved in it.

3/. In silico mining and analysis.

3.1/. Identify the position of the genes in the
pseudo-chromosomes.
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3.2/. Find the microsatellites in the coding re-
gion or in the adjacent non-coding regions.
Choose the most appropriate/s.

3.3/. Primer design

4/. Primer synthesis

5/. Screening and optimization of PCR condi-
tions

6/. Testing primers for polymorphism in ge-
netically related and distant individuals.

Conclusion

The microsatellite marker system has evolved
considerably since its introduction in the 90s.
And regardless there are newer molecular marker
systems which are better in some aspects, the
microsatellites are still the most used molecular
marker system as a recent comparative study
showed (Grover & Sharma, 2016). With its sim-
plicity, good reproducibility, high polymorphism
and increasingly dropping costs it will continue
to be among the choices of the researchers in the
future. And with the additional benefit of the
nowadays almost free marker selection and de-
sign of markers for the crops with sufficiently
available genomic information and data in the
web-resources and services it is expected that
this marker system will be further maintained
and developed.
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NEW PERSPECTIVES FOR THE APPLICATION OF BEE POLLEN IN ALTERNATIVE
DIRECTIONS

Mariyana Topuzova, Mina Todorova, Nadezhda Petkova, Ivan Ivanov

ABSTRACT: Recently, interest in bee pollen is growing due to the recognition of its nutritional and
biological potential. The bee pollen has a valuable chemical composition that varies depending on the flora and
climate in the latitudes from which it is collected. It contains carbohydrates, proteins and all essential amino
acids. In the beehive, pollen is the only food for bees and larvae and is important for their survival. The collected
pollen of bees attracts attention as a "functional food" due to its high content of bioactive substances. In the hu-
man nutrition it is most often used as a dietary supplement, providing a feeling of well-being and contributing to
the functional and nutritional balance of the body. It is rich in polyphenols, flavanoids, f-carotene, vitamin C, as
well as micro- and macroelements, as a result of which it has a wide range of pharmacological activities (anti-
oxidant, anti-inflammatory, antimicrobial, immunomodulatory, antiallergic, etc.). All this predetermines the in-
terest in this bee product and its great potential in its application to various areas of life such as pharmacy, al-
ternative medicine, cosmetics and food industry. The study of detailed information about its chemical composi-
tion is important for both nutrition and medical cosmetics.

Key words: bee pollen, functional foods, cosmetics.

IMuenen mpamien ¥ HErOBUSI XUMHYEH ChC-  TUTEIHUS HM3TOYHUK M Teorpadcku MpOM3XOf,
TaB 3aeqHO C ApYyru (aKTOpu KaTo KIMMATUIHH YC-
JIOBWSI, XapaKTEPUCTUKUTE HA TIOYBaTa, BUABT Ha

[TyenHuAT mparelr; ce MPOU3BEKIa KaTo Me-  IUENHTEe U paboTara Ha muenaps [5,6].
noHocHure muenu (Apis melliferra) cnOupat B cbcraBa Ha mpainenia Bu3aT OIThIM, KaK-
[[BETEH TpaIllel], KONTO Ce CMECBa ChC CEKPET OT  TO W BCHYKH HE3aMEHHMH aMHHOKWCEIWHH, He-
TEXHHUTE CIIFOHYCHH JKJIe3H U HekTap. [loJieHbT ce  00XOAMMHU Ha YOBEILKHSI OPraHU3bM U 3aTOBA € U
cbOUpa OT pa3HOOOpa3HU pacTEeHUs, Taka 4e Ch-  OMNpeZelieHa KaTo ,,MICaIHO ITBIHOIIEHHA XpaHa
JIbpKAHUETO Ha MYEJIeH Ipaiiel] MoXxe Ja Bapu-  [7]. B MacoBo KOHCyMHpaH W W3HACSH Ha CBe-
pa 3HAYMTEIHO B 3aBHCHMOCT OT Teorpad)CKusi  TOBHHUS Ma3ap KUTAWCKH Ipaiier] ChIbpKaHUETO
PETHOH M KIMMaTHYHHUTE yciioBus. B xomepa ro  Ha 6entbk e Hag 20% [8], kakto u B mpodu mpa-
0oOpMAT KaTO TOMYETA, IOKPUTH C MEJl M BOCBK eI, ChOmpaH B o’kHATa yacT Ha bpazmmms [9].
U Ce MOJTy4YaBa Taka HApEeUeHWs IMUENeH mpamer] BbB BCHYKK NMPOOM OT W3CIEABAHHUA KHUTANCKU
uni nepra. [lpu TakuBa ycjaoBUsS aHaepoOHAaTa  Mpailel] ce ChIbpXKAT HE3aMCHUMHTE aMHHOKH-
(dbepMmeHTalUss TpoTHYa ¢ 00Opa3yBaHETO Ha  CEJIMHHM, KATO TEXHUTE CTOMHOCTH Ca OJIM3KH WU
MJIEYHA KHCEIMHA, KOATO CIY)XH KaTo KOHCEep-  HaJBWIIABAT MPEIOPhYaHNUTE KOJUYECTBA OT
BaHT. IMYEJIUTE Ce XPaHAT ¢ mpairneiia B komepa  CBeToBHaTa 3apaBHa opraHu3arus. OCBeH TOBa
Mpe3 BCUYKH eTany Ha pa3sutue [1-3]. Ce€ ChABbPXKAT U HEECEHLUMAIHY AMUHOKHUCEJIMHU —
[ToneHbT € eNMHCTBEHUIT M3TOYHHUK HAa TPO-  CEPHH, MPOJIHH, TIWINH, alaHWH, [UCTEUH, TH-
TEWHH ¥ JIMITUIA 1 OCHOBEH U3TOYHHUK Ha Makpo-  PO3WH, XMCTUAWH, ApTHHUH, aCIaprHHOBA H TITy-
U MHKPOCJIEMEHTH 3a ITYEITHOTO ceMeHCTBO [4].  TamMuHOBa kucenwHa [8]. B uHaniicku MoHO(IO-
B cbcraBa My ca oTkputH Hajg 250 OMOJOrMYHO-  PEH MUeNIeH Iparielr] 3axapure ca okoio 50%
aKTHBHHU BEIIeCTBa - MPOTEeWHH, Bbraexuapatd, [10], a B 22 nmpoOu moneHu, ChOpaHu B MEXAY-
UM, GSHOJTHHU CheAMHEHUS, CH3UMHU, KAKTO 1 HapoIHUs mpuponeH mapk Douro B llopryra-
BUTAMUHHM U MHKPOCJIEMEHTH. XUMHUYHUAT Chc-  Jus — oT 62 mo 70%[11]. B kwuraiicku mnpobu
TaB Ha MYETHWs Ipalllell, 3aBUCH CHITHO OT pac-  mparren Ma3HuHuTe ca ot 0.66 1o 6.56 % [8], a B
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Opaswmiicku - 6% [9]. B unaniicku moHnodmopex
myesieH mpamen Junuante ca okoio 10% [10].
BbB BcHukM ABaHameceT BHUIA, W3CIEIBaH KH-
TalCKN MOHOGIIOpEH MMYelieH Mpaiier] ca OTKTPHU-
i manmutuaoBa (C'%%), onennosa (C'* 1), nm-
Honosa (C'* ?) m apaxunosa kmcemuna (C2°9),
3a€JHO C MaJKU KoaudecTBa Kampuiaosa (C%0),
karpurosa (C!%%), maypunosa (C'*°) u mumpwuc-
trHOBa KucenuHa (C'*0). a B onpenenenu npoou
— y-nenonenosa kucemuna (C'8%) [8]. Tlonensr,
cbOpaH OT IIBETOBETE Ha KECTEH CE XapaKTepH-
3Wpa ¢ BUCOKO ChAbpP)KaHWE Ha OMera-6 MacTHU
KHCEJIMHH, JOKATO TO3U OT LBST OT BbpOa € ¢ mo-
BHCOKa KOHIIEHTpAIUs HA OMera-3 MacTHU KHCe-
nuan [12]. B mpobu KuTaiicKy muesieH mparelr €
YCTaHOBEHO BHCOKO ChIbP)KaHHE Ha TMOJE3HH
enement K, Ca, Mg, Zn, Fe, Mn u Cu. B u3c-
JieIBaHUTE NPOOU € OTKPUTO BUCOKO KOJIMUECTBO
Ha Al ¢ xonuentpauus 100 mg/kg cyxo Tterio.
KommuectBoto Ha otkpurute Pb, Cd m Hg e
HUCKO WM HE € OTKpUTO [§]. B MuHUManHu Ko-
jgudecTBa ca ycraHoBenu u Na, Cr, Sr, Sn, Ni u
V [13].

[TyenmHUAT TONEH CHABPKA KAKTO BOAOPA3T-
BOpPUMH BUTAaMHUHH OT B-komruiekca, ButamuH C,
ButamuH PP (pytun) u B8 (unHO3mTON), Taka u
MacTHOPa3TBOPUMH BHTAaMHUHH KaTto A (TJIaBHO
B-xaporeH), ButamuH E u Butammn D [14].
Soares de Arruda wm cbaBT. u3CIHEABAT dUpe3
HPLC ¢ d¢nyopecuenren  perektop  B-
BUTaMHHHHMS  KomIuiekc  (Bl-tmammu, B2-
pubogaapuH, B3-HUKOTHHOBAa KHCEIMHA U HH-
KoTuHamuJ, B6 (mupumokcuH, mHUpUAOKcad U
MUPHUIOKCAMIH) Ha 3HAYNMH BHJIOBE TIOJICH
Arecaceae, Cecropia, Cestrum, Cyperaceae,
Eucalyptus, llex, Myrcia, Piper, Vernonia n
Trema ot mara Cao Ilaymo, bpasunus. B mone-
HUTE CHOTHOIICHHETO MEXKAY KOMITOHEHTUTE Ha
B-xomriekca e pa3nuaHO, HO KaTo Bjara, mermed,
JUTUAA U TIPOTenHU ca Onm3ku. MadopmarusrTa,
KOSITO C€ TIOydaBa CIY)KH 3a IMOKa3arel 3a Xpa-
HUTEITHOTO Ka4yeCTBO HA TBPTOBCKHS ITYEIICH
nparuer [ 15].

[MuenmnusaT mpamen e xpaHa/mo6aBka, KOSATO
HE ce KOHCYMHpa BeJHara ¥ MOHSKOra ce ChXpa-
HSIBA POIBIDKUTEIIHO BpEME Mpenu Aa JOCTUTHE
1o morpeourens. ChIbpKaHUETO HA aHTHOKCH-
nantaute Butamuau C, E u B-kaporeH B m3cy-
LIEH TI0JIEH ce MOBJIMABAa CEPHO3HO OT BUJAA Ha
OITaKOBKaTa, YCIOBHUATA M BPEMETO Ha ChXpaHe-
Hue. Tpute BUTaMWHA HaW-700pe ce 3ama3Bar
npu cbxpaHeHue BbB ¢pusep. Butamun E e naii-
yCTONYMB IIpH TE3U ycioBud [16].
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AHTHOKCHIAHTHA aKTHBHOCT

AHTHOKCHJIAaHTHATA, KAKTO ¥ aHTHMUKPOOHA-
Ta aKTUBHOCT Ha IMYENHUS TIOJIEH € CBBbp3aHa C
0OTaHWYECKUsl MPOU3XOJ HA PACTCHHATA U CHC
ChIbpKalMTe ce (PEeHOTHH U MOIU(EHOTHH Ch-
enunenus [13]. B mpobu oT mopryraicku mye-
JIeH TIOJICH ChIbP)KaHHETO Ha oM (eHoNu € B
rpanurure  18.55 nmo 32.15 mg ranosa
KHCEJIMHA/g Tpalell, o0muTe (pJIaBOHOUIN — OT
3.92 no 10.14 mg KaTeXWH EKBUBAJICHTH/g Tpa-
mrell. AHTHOKCHUAAHTHATA aKTHBHOCT, U3MEpeHa
cupsimo 1, 1-1udeHnn-2-MMKpHUIXUAPA3UITIOBHS
panukan (DPPH meron) u mHxubOupane Ha rie-
POKCHUAHOTO OKHCJICHHE Ha JUMUIUTE C pearcH-
TH, KOUTO B3aUMOJEHCTBAT C THOOapOUTypoBaTa
kucenuHa. HampaBena e kopenanMoHHa 3aBHUCH-
MOCT MEXAY ChABPKAHWETO Ha MOJU(PEHOTU U
(h1aBoHOMAY C TPOBEJCHUTE J1Ba METOAa. YcCTa-
HOBEHO €, Ye aHTHOKCHJaHTHATa akKTUBHOCT Clia-
00 ce MOBIUSABA OT CHABPKAHUETO Ha TE3H Che-
nuHeHus. BeposTHO oOsicHeHHe 3a TOBa HAOIO-
JIEHHEe € XEeTepOreHHOCTTa Ha H3CJIeABaHUTE
poou [22].

Leja 1 cbhaBTOpH yCTaHOBSIBAT, 4€ ChABPXKa-
HUETO Ha (eHOIH, (IaBOHOUIN W aHTUOKCHIAH-
THaTa aKTUBHOCT Ha ITYENTHUS Tpaliel] ce MOBJIHU-
sgBa OT TIOJICHOBUTE BHJIOBE OKOJIO KOILIEPUTE
[23]. Te3u HaOmomeHUs ce MOTBBPIKIABAT H OT
Blaise u cpaBTOpH, KOWTO H3CIenBaT MYEIICH
nojieH U (opata OKOJIIO KOLIEPH B ITyCTHUHSTA
Conopan cesepro ot Tycon, Apmzona, CAIILI.
[lonenoBute rpaHynan ca CbOMpaHH OT MapT IO
HOEMBpPHU. YCTaHOBEHO €, Ye CHOpaHHAT MOJICH B
JIETHUTE MECELU IJIM M aBryCT IpOsBSABA IIO-
rojsMa aHTUOKCHJAHTHA aKTUBHOCT B CpaBHe-
HUE C TO3U — NIPE3 ECEHHUTE Meceluu. MeTaHod-
HHUTE TIOJICHOBU eKcTpakTh abcopbupar YB-B
JBYEHUTO, & TOBA CE IABJIKH HA ChIBPKALIUTE CE
(h1aBoHOMIM ¥ MPOM3BOJIHM Ha KadeeHaTa Kuce-
nuHa [24]. Saral v chaBT. H3CNEABAT Mpalrena Ha
yeTUpH MmuenHu pacu B Typrus (Apis mellifera
caucasica, Apis mellifera anatoliaca, Apis
mellifera syriaca u Apis mellifera carnica). Ilpo-
BEJICHUTE M3CJECABaHUS IOKa3BaT, 4e duiopaTa
OKa3Ba I10-ChILECTBEHO BIMSIHUE BbPXY AHTHUOK-
CHJIaHTHaTa aKTUBHOCT B CpaBHEHHE C BHJa Ha
muenure [25].

AHTHMHKPOOHA AKTHBHOCT

WHTEpechT KbM MUENHHA TpAIIel] C€ yBEH-
yaBa TOpaAd HeroBata OHMOAKTUBHOCT W Bb3-
MO>XHOCTTA 32 MPUIOKEHUETO MYy B aITEPHATUB-
HaTa MEIWIIMHA M amuTepanusTa. Peawma wsc-



JIeIBaHUA TIOKa3BaT, Y€ IMUEIHUAT Mparier] mpos-
BABa AHTHUMUKPOOHW CBOMCTBa, T€ Ca BaXXHU
BCJICJICTBHE Ha BB3HMKBAIla aHTUMHUKpOOHa pe-
3UCTEHTHOCT OT maroreHu. M3cineaBanusita co-
4aT, 9e rpaM (+) OaKkTepuu ca MO-IyBCTBUTEIHU
CITPSIMO TIparmerna B CpaBHEHHE ¢ TpaM ( - ).
Fatrcov u cpaBT. m3cnenBatr ChabP)KaHUETO
Ha TMONU(EHONN, AHTHOKCHJAHTHA U AHTUMHK-
poOHa aKTUBHOCT Ha TIOJIEHH OT MakK, panuia M
CIIBHUOTIIE], ChOpaHM OT 3amajgHara 4YacT Ha
Crnosenus, paiion Hutpa. L{BeTHuAT mpamen Ha
MaK TpOsBSBA aHTHOAKTEpHATHH CBOWCTBA Cpe-
my Staphyloccoccus aureus, oT pamuna cpeury
Salmonella enterica, a Haii-noOpa aHTUMHKPOO-
Ha aKTHUBHOCT c€ HaOJlloJaBa MPH TIOJNEH OT
crpHYOTINIe] cpemty Listeria monocytogenes U
Salmonella enterica [17]. Ilonen ot Typuus mo-
Ka3Ba aHTHOAKTepuallHa aKTHBHOCT cpemry S.
aureus M L. monocytogenes [18]. Margdoan u
ChaBT. M3CJIEABAT aHTHOAKTEpHaTHATa AaKTHB-
HOCT Ha TIOJIeHH cpelty Staphylococcus aureus B
€TaHOJIHM W MeTaHOJIHU pa3teopu (60, 70, 80%)
¢ KoHIeHTpauusa Ha npamena 5%, 10% u 15%.
VYcranoBeHo €, ye 70% MeTaHONEH EKCTpPakT C
15% 1uBeTeH mpariier] nposiBIBa Hail-BUCOKAa WH-
xuOupaia aKTUBHOCT cpeiry Oakrtepusra [19].
Katarzyna u cpaBT. aHaIH3UpAT MYESITHH TOJIEHO-
BH TIPOIYKTH - MYEITHU TPaHyIH, MAKPOHH3HUPA-
HH TYENTHU TPaHyJH, [BETEH Mpaiiel TabIeTKH,
ITYeNIeH XJII0 | ImYeNieH XJsi0 B MeJ OT ThProBC-
kata Mpexa B Ilonma. EtaHonHuTe M MeTaHOIN-
HUTE EKCTPAKTH MPOSBSIBAT aKTHBHOCT Cpemry S.
aureus, a €TAaHONHUAT U METAaHOJIHUAT €KCTPAKT
Ha TUeleH X0 B Men cpemry Salmonella sp.
[20]. Kacaniova u chaBT. TeCTBAT CTAHOJIHU H
METAaHOJIHHN €KCTPaKHU Ha TOJIEH OT TEPUTOPHSITA
Ha CrnoBakus cpemty rpam (+) u rpam (-) Oakre-
puu. Listeria monocytogenes CC M 4699,
Pseudomonas  aeruginosa CC M 1960,
Staphylococcus aureus CC M 3953, Salmonella
enterica CC M 4420 ca Hal-9yBCTBUTEIHHU II0
otHoueHnue Ha 70% MeTaHOJIEH eKCTPaKT Ha I10-
JeH, nokato Escherichia coli CC M 3988 - 96%
eranoyieH exkctpakT. Candida krusei € 4yBCTBU-
tenHa kbM 70% wmetaHoneH u 96% eraHoleH
ekcTpakT. 70% MeTaHONeH eKCTPaKT MHXUOUpa
pacTeka Ha IPOXKIUTE Candida albicans,

Candida  glabrata, Candida  parapsilosis,
Candida tropicalis, a 70% eraHoneH -
Geotrichum candidum u Rhodotorula

mucilaginosa. Ilnecenure Aspergillus fumigatus
u Aspergillus niger ce nonusiBat cupsimMo 70%
€TaHOJICH IIOJICHOB €KCTPaKT, a Aspergillus
flavus - 70% metanonen [21].
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IpunoskeHusi Ha MYeTHUS Mpaulel B Xpa-
HHUTEJTHU NPOAYKTH

Mneunu xpanu Ilyennusat npamen e OoraT
W3TOYHUK Ha OMOJIOTMYHO-aKTUBHU ChEIMHEHUS,
a TOoBa MpeaomnperieNis HU3IOI3BAHETO MYy Karo
(G yHKI[MOHATHA TUCTUIHA XpaHa [26].
Karabagias u cpaBT. pazpaborBat HOBH OHO(YH-
KIIMOHAITHU XpaHU C TEHACHIUS J]a Ce MPEBbPHAT
B aJITEPHATHBHU BapHaHTH 3a JICYCHHE HAa XPO-
HUYHU 3a00s1sBaHusl. EKUIBT OT y4eHH paspa-
00TBa KHCeIu MJIeKa OT KpaBe, KO3€ U OBYE MIIs-
KO ¢ 700aBeH IUEJICH Ipaliel] ¢ pa3nyHA KOH-
HEHTpAIUH. [n vitro aHTHOKCUIAHTHUAT Karallu-
TeT W OOIIOTO CHhABPKAHWE HA TOJU(EHONH ca
3HAYUTEIHO YBEIMYCHH B CPaBHEHHE C KOHBEH-
IIUOHAJTHUTE KUCETH MJeKa. BKychT, MUPUCHT U
BBHIIHUAT BUJ HA TE€3W MPOAYKTH Ca 3HAUYUTEITHO
mooOpeHr U MHOTO J00pe ce BB3MpHeMaT OT
notrpedurens [27]. Fuenmayor u chaBT. mojy4a-
BaT MPOOMOTHYHHM TMPOJIYKTH C BHECEH MYCIICH
mparery [29].

Bxnioueane nonena ¢ nokpumus Skowron u
ChaBT. M3CJICABAT MOKPUTHS C BKJIIOYECHU B ChC-
TaBa UM TIPOTIONMC W KOMOWHAIUS TPOTIONHC C
MYeNieH TMpamier] BBPXY pa3BUTHETO Ha L.
Monocytogenes. BxinouBaHETO Ha MYEIHUTE
MPOJAYKTH TMOAO0OpSBa aHTUIMCTEPUAHATA aK-
THBHOCT [28].

Tecmenu uzdenus Krystyjan u chaBT. mony-
yaBaT OUCKBHUTH C JoOaBeH mparnien 10 5%, Thil
KaTo TOBa KOJHYECTBO € ONTHMAJIHO M HE IOB-
JUSIBA TOMBIHUTETHO OpTraHOJENTHYHATa Xapak-
TEPUCTUKA HA KpaWHUS MPOAYKT. DyHKIMOHAI-
HUTe OWCKBUTH C€ OTIMYABAT C IMOBHIIEHO Ch-
IbpKaHHE Ha 3axapu, OCATHLH, Hernea u Guopu
B CpaBHEHHUE C KOHTpoiaTa. BioxxeHusT mpariery
HE OKa3Ba BJIUSHUE BBPXY KOJIMYECTBOTO HA JIU-
nuanTe. BeposTHa MpUyYMHA 3a TOBA €, 4e MJel-
HUAT TpaIiel] uMa TOJOXHUTEITHO BbB3JICHCTBUE,
Mpena3Baiku OT JUIHIHO OKUCIIeHUE. buckBu-
THTE C TIOJICH ChABPXKAT OT 2 110 4 IITH TIOBEYE
nmosu)eHOU B CpaBHEHHE C KOHTpoJaTa, a OT-
TaM ¥ T0-BHCOKa AHTHOKCUJIAHTHA aKTHBHOCT
[30]. Conte u cwaBT. oborarsiBaT OE3TIIyTCHOB
xys16 ¢ 3% mueneH mpaimer; ¥ mogo0psBaT HEro-
BaTa CEH30pPHA XapaKTEPHUCTHUKA W BBH3IPHEMYH-
BocT oT notpedutens [31]. Te ycraHoBsiBaT, 4e
0e3rIyTeHOBHUAT XJIA0 ¢ qo0aBeH mpaiier; uma
MO-TOJISIMO KOJMYECTBO OENTHK, MEMell, MaKkpoe-
nementu karo K n Ca, monmudenonn u kapore-
Houu [32].

Mecnu npodykmu Ilpaiien; € nobaBeH U B
KIoTeTa U € YCTAaHOBEHO, Y€ TOW MHXWUOUpa -
nuaHOTO oKucieHue [33]. ChluusaT HAyYeH eKuIl



Ce OMWTBAT Ja KOHTPOIWPAT JUMHIHOTO OKHC-
JIeHNE Ha KbCUETa MECO IMPH CHXPAHEHHETO UM
npu 3ampb3Bane [34]. Almeida u cpaBT. mpuna-
rar mpailena Hpud CbXpaHeHHEe Ha Koinbacu OT
CBHHCKO Meco [35]. M3momn3BaH € CBINO U MpHU
MPUTOTBSIHETO HA YepeH IMyAHMHT 32 BB3MPEIATC-
TBaHE Ha JUMUIHOTO okucienue [36]. UepHusr
MTyJIMHT € Pa3JINdeH PeTHOHAJEeH THUIl KPEHBUPIIU
¢ mpomsxox ot OOeamHEeHOTO KpanctBo u Hp-
nangus. [IpuroTBs ce OT CBHHCKAa KpPBB, CBC
CBMHCKA Ma3HMHA WJIM TOBEXJ0 MECO U 3bPHEHH
XpaH#, OOMKHOBEHO OBECCHH SIIKH, OBECEHH SI/I-
K1 uinu edeMuueHu [37]. IluennusaT npamen mMo-
Ke Jla ce XapakTepusupa KaTo (QyHKIHOHAJICH
XpaHa ¢ pa3IudHu 1moao0psBamm eheKTH BbPXY
YOBEUIKOTO 3/IpaBe MOPagyl HETOBUTE XpaHUTEN-
HHU cBocTBa [38].

IIpuiioxkeHus Ha MYeJTHUS Mpaien B anu-
TepanusTa

AnutepanusTa € KJIOH Ha alTepHATHBHATA
MEAWIHA, W3IO0JI3BAIl MMYETHH NPOLYKTH KAaTo
MeJ, TUeNeH Mpallel, MYeTHO MIIeYHule, IpoIo-
JUC, BOCBK, myenHa oTpoBa [39]. Iluenmnusr
npaliell ce U3Moia3Ba B aluTepanusira, Thid KaTo
TOH TpHTEX)aBa MPOTUBOTHOMYHA, AHTUMHKPOO-
Ha, AHTHBUPYCHA, NPOTHUBOBB3NAIUTEIHA, M
UMyHOCTHMYyJHpama akTuBHoOCT [40]. [TuenHusT
Ipaulel MpUTeKaBa MUPOK CIEKThP OT TEpaIeB-
TUYHU CBOWCTBA, KaTO: aHTUMHUKPOOCH, aHTHOK-
CH/IaHTEH, XeMaTONpPOTEKTHUBEH, XHMHOIPOQU-
JAKTHYHA W aHTHKAaHLUEPOTCHHU, aHTHATEPOCK-
JIEPOTUYHY, IPOTUBOBB3NAIUTEIIHH, AaHTHAJEp-
TUYHU M UMYHOMOJynupauy neiiHocta [41].
[TuenHUTE MPOAYKTH Ca BKIIOUYEHH B METUIIMHC-
Kara IpakTHKa, KbETO (POKYChT HA BHUIMaHHUETO
¢ npoduakTrKaTa Ha 3abomsBanusaTa [42].

Trumbeckaite u cbaBT. ca HapaBWIU MIPOYY-
BaHE CpeJl CTyJeHTH OakanaBpu 1o (papmarms B
JIutBa Kak ce Bbp3IpHEMa alUTEpaNUITa MIPH JIe-
YEHUETO W MPEBEHUMATA HA Pa3InuHU OOJIECTH.
[lonoxurenHo ce BB3NPHEMA, Y€ MMYESTHHST
Ipauler; CTUMyJIMpa UMyHHaTa CUCTEMa U MOXKe
Ja ce ynorpe0siBa KaTo NpoQHIaKTHKa Cpelry
cienHuTe 3a00sABaHMs: MHGEKIUN Ha TuXaTes-
HUTE IBTUINA, CHPJCUYHO-CHIOBU 3a00JIABaHUs,
paKk, HapylleHUs Ha CHJIOKpUMHHATa CHUCTEMa,
CTapeeHe Ha Ko)KaTa, aHeMUs, IOBHUILABAaHE Ha
TUTOJIOBUTOCTTA MPH MBXKETe / KEHUTE U TOBH-
1aBaHe Ha yMCTBeHaTa JeHHocT. M3cneaBanusi-
Ta Cpejl MHEHHETO Ha CTYyIEHTHTE OTHOCHO I03-
HaBaHETO WM M3IOJI3BAHETO Ha MYEJIEeH Mparier 3a
JiedyeHre MoKa3Ba, 4e 3a MHQPEKINH Ha JuXaTell-
HUTe mhTUIA, 19.1 % wW3nona3BaT MYEITHUS TIpa-
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et kato ocHoBHa Tepanus (OT), a 54.4 % karo
nomeaauTenHa teparmus ([ T); koxxau 3aboinsBa-
Hus - 13.2 % (OT) u 33.9 % (AT). Ilpu cromar-
HO-YPEBHU HApYUICHUS, apTpUT, TyOepKyJo3a,
OHKOJIOTHS, aHEMHs, Xeprec, THHEKOJIOTHYHH
BB3MAJNICHUsI, TOOpOKavYeCTBEHA XUIIEPIUIA3Hs Ha
npocratara ¥ O(TAIMOJOTHYHH HapYyIICHHS
ynotpebaTa Ha Tpamieria € KaTo JOITbIHCHUE
KBbM OCHOBHOTO JieueHue [43].

Huda u cpaBT. moka3saT moTeHIMana B IpH-
JIOKCHUETO Ha TYENHUS Tpaliel] B ChBpEeMeHHa-
Ta KJIMHWYHA TIPAKTHKA TPU MPOQHIaKTUIHA U /
WIW aJ0BaHTHA Tepamnus MpH JEYCHUETO Ha pa3-
CTpO#CTBa OT ayTHUCTUYHMS cHeKThp [44]. Akkol
7 ChaBT. B CBOETO W3CIIEIBaHE YCTAaHOBSBAT, 4Ue
»MEIHHA ITYelieH mpamren’ (cMec OT MeJ U ITde-
JIeH TIpalneln) uMa OJaronpusTHA €QEeKTH Cpelry
BB3MAUTEIIHH, UMyHHA W WH(EKIHO3HN 3a00-
nsBaHuA [45].

[lopanmm ycraHoBeHaTa MOIIHA MPOTHBOTB-
OWyHa, aHTUMHKPOOHA, aHTUBHPYCHA, MPOTHUBO-
BB3MATUTENTHA 1 IMYHOCTUMYJIHpAIa aKTHBHOCT
Ha MYEJTHHUS Mpallel, TOd HaMupa TePaleBTUIHO
MPUIOKEHUWE TpU JIeUCHHE Ha penula KOKHH
3a00nsaBaHMs KaTo AepMaTo(uTO3a, W3TapsHUS,
aTONMYEH JepMaTHT U aKHe [46].

IIpuitoxkeHus: Ha MYeJHUS] Mpamieln B KO3-
MeTHKaTa

CrliecTByBaT peaulia U3CIEABaHMs, KOUTO ca
H3CIIEIBAIN MEXaHU3MHUTE Ha OJIaroTBOPHOTO
BIIMSIHUE HA KOMIIOHEHTUTE Ha MYEIHHUS Mpaliel
BBPXY 4YOBEUIKaTa KO)Ka KaTO aMHHOKHCEJIHHH,
OenThLy, BBINIEXUPATH, TOJIMHEHACUTEHU Mac-
THHU KHCEJIMHU, BUTAMHUHU, TJIMKOJIMIUIH, TIOJIHU-
¢enomu. Te edpeKkTUBHO MOZOOPSBAT 3aLIUTHUTE
MEXaHM3MM Cpellly CTapeeHeToO M CyxXoTaTa Ha
KoXkaTa, Ae3zaktuBupar UV-B mpueHuero, Hama-
JSBAT OKUCIUTETHOTO YBPEXAaHE U Mpolieca Ha
o0Opa3yBaHe Ha IBETHUS MUTMEHT MEJIaHWH, a
TOBa IpeAroyiara M ToJIeMHsl IOTEHLMal Ha
Ipamiena B MPUIOKEHUETO My B Pa3IUuHU KO3-
MeTHyHH nponykTu [47]. Kim u cbaBT. mpoyyBar
BB3MOKHOCTTA 3a IIpUJIaraHe Ha IIYeJIHUS IIpa-
mer] B KO3METHYHATa TEparus 3a HaMaJsiBaHe Ha
OKCHJIAaTUBHUS CTpPEC M XHUIEPIUTMEHTALUATA
KaTo OLEHSBAT WHXMOWPAHETO Ha THPO3MHA3aTa
Y aHTHOKCHIAHTHATa aKTHUBHOCT, KOUTO KOPEIH-
paT CbC CHABPKAHUETO HA OOIIMTE MOTU(PEHOIH
[48]. B ko3MeTHYHHTE TPOLYKTH OOWKHOBEHO
MUETHUAT TIpallel] ce Biara moj Qopmara Ha
BOJIHU WJIW JIMTIUIHU €KCTPaKTH (TIPOIMIICH TIIH-
KOJI, TJIMLEPUH M Macia), KakTo U Kato Juopu-
Ju3aT, KaTo KoHUeHTpauuara my e 0,5-5% [46].



Anepruynm edextu

Bbnpekn 4e mUENHHAT Tpaiier] MpuTexaBa
MHOTO TIOJIC3HU CBOWCTBA M HaMHpa MpPHUIIOKeE-
HHE B Pa3IMYHK 00J1aCTH Ha )KUBOTA, HAKOH X0Pa
CC OKa3BaT 4YyBCTBUTCIIHU IIPHU KOHCyMaluiATa My
W TIPOSIBABAT aJepruuHu peakiuu. [loneHbT ce
CcMsTa 3a aJlepreH U € KPbhCTOCAHO PEaKTHBEH C
MHOTO aneprenu [49].

Choi u cphaBT. OomUCBAT alepruyHa peaKius
Ha TAIMEeHU ChC CE30HEH PUHUT C YYBCTBUTEI-
HOCT KBbM TOJICHUTE OT [apuye, aMOpO3Us, XPH-
3aHTeMa U riryxapue. [loka3aHo e, 4ye eKCTpaKTH-
T€ OT MYEJeH Mpaliel] UMaT CHIIHA KPBhCTOCaHa
PCAKTUBHOCT C IMPEACTABUTCIUTE HA CEMEHCTBO
CrnoxxHOUBEeTHH. XOpa C aJeprud WU C Ipel-
pasmoiiokeHue KbM TaKknuBa TpsiOBa Jla ca U3KI0-
YUTCJIHO BHUMATCIIHU MO OTHOUICHHUE HAa KOHCY-
MarsaTa Ha mueneH npaier| [50]. Yectu Habmr0-
JABAaHU AQIIEPTUYHA PEaKIUH ca TIOAyBaHE Ha
TBPJIOTO, YCTHHUTE, 3aAyX, 3aTPYAHEHO MPETTb-
aHe, 4yBCcTBO Ha ciadoct [49]. [Ipu ecrecTre-
HUTE MPOJYKTH, KAKBBTO € W IMUESIHUAT Tpallell,
€ TPYIOHO N1a c€ TPEeHAT ONTHMATHHUTE 03H,
KouTO ca epekTHBHU U Oe3omacHu. ToBa mpowus-
X0XIa OT (hakTa, Y€ ChCTaBbT HAa TaKWBa IPO-
IYyKTH MOJKE J1a Bapupa B 3aBHCHMOCT OT T€O0T-
padckoTo monoxkeHue, (propaTa M KIMMaTHIHH-
Te ycaoBust. OT TOISIMO 3HAYCHHE € U KaK Imuelia-
Ta chOWpa, chXpaHsBa M 00paboOTBa IBETHUS
npamier]. Bp3 ocHOBa Ha BCHYKO TOBa MOXeE J1a Ce
3aKJIFOYH, Y€ TIPOJYKTH OT Pa3IMYHU PETHOHU ca
pa3HOOOpa3HHM MO ChCTaB U HE MoraT ja ObaaT
CpPaBHEHH IO OTHOIIEHWE HAa TEXHUTE €(EeKTH.
ITopanu ToBa € MHOTO CIOXHO Ja OBJIAT CTaH-
JApTU3UpPaHU TakKWBa MPOAYKTH. llpenopbum-
TETHHUAT MPHEM Ha IYENIEH IOJIEH 32 BB3PAaCTHU
Hag 18 rommau e 1/8 go 1/4 waena mpKUYKa Ha
neH. Jlo3upoBkaTa MOKE MOCTEIICHHO Jla Ce YBe-
auau 10 1-2 9aeHW JIBKUYKH BEIHBXK 10 TPHU
ITBTH Ha JeH. 3a aena moxa 18 roguHu HAMA J0C-
TaTh4HO MHpopMauus [51].

3akiaiouenue

ITuenHusT mpaimen € NEHEH TPUPOACH Mpo-
IIYKT, KOWTO CE€ W3IOJ3Ba OT ITYEIIUTE M XOpaTa.
ChIabpka THIHOICHHN MaKpO- M MHUKPOHYTPH-
€HTH, KOUTO MY MpHUAABAT U3KIIOUUTEIHU Xpa-
HUTEIIHA CTOMHOCTH.

BB3 ocHOBa Ha HampaBeHaTa CIIpaBKa B JINTE-
paTtypara OT MOCJIeIHUTE TOJUHK cE€ HaOIro1aBa
UHTEpEC KbM MMUYEIHUS TOJIEH, U3pa3eH KaTo Haii-
pa3HOOOpa3Hu BBH3MOKHOCTH 3a TMPHIOKECHHETO
My. OCBEeH dYe JOmpWHACS 3a IOBHINABAHE HAa
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3APaBOCIOBHUA e(l)eKT Ha XpaHaTa, B KOATO €
BHCCCH, IMOJIOKHUTCIHO BJIUAHHUC HMa U BBPXY
HEHWHHUTE OPraHoJICTITUYHN XapaKTECPUCTUKU U
BB3NPUEMYNBOCT OT HOTpe6I/ITe.]'I$I. B gosemikus
JKUBOT MOJICHBT HaMHpa IPUIIOKCHUC HE CaMO
KaTO XpaHHUTCIIHA I[O6aBKa, a U B 00JacTH KaTo
KO3MCTHUYHA H (bapMaueBanHa IMPOMUIILJIICHOCT,
KaKTO M B aJITCPHATHBHATA MCAWULINHA.
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