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In Loving Memory of Professor d-r Dana Prelik

With heavy hearts, we bid farewell to a remarkable educator, professor d-r Dana Prelik, whose
indelible impact on Macedonian academic community will forever be cherished. A dedicated scholar,
mentor, and advocate for knowledge, she illuminated the path of learning for countless students.

Her passion for her field and commitment to excellence inspired all who had the E)rivile e of sitting
in her classroom. Beyond the lecture halls, she fostered an environment of intellectual curiosity,
encouraging her students to think critically and dream boldly.

As we reflect on her legacy, let us remember the profound influence she had on shaping minds
and nurturing futures. Professor d-r Dana Prelik will be dearly missed, but her spirit lives on in the
countless lives she touched.

May her memory continue to inspire us to pursue knowledge with the same vigor and dedication that
she exemplified throughout her esteemed career.

Rest in peace, dear professor d-r Dana Prelik.




INTORDUCTION

It is true that uncertainty and instability are expected to mark the year 2024, taking into
account a series of events with an unpredictable outcome - elections for the new European
Parliament, presidential elections in the USA, the outcome of the current wars, in Ukraine and
the Middle East, and the tensions between the main blocs in global geopolitics.

At the time, two relevant events had not yet occurred, with an impact on world markets:
the end of the Black Sea grain agreement, relatively expected, considering Russia’s demands,
and the Israeli conflict in Palestine, with the horrors to come, that we have seen in Gaza,
which took the focus and all mediatic attention away from the Russian invasion of Ukraine.
Apparently, in recent days, the situation seems to have reversed, with Israel having mortgaged
much of the sympathy in the West, and Ukraine once again gaining the interest of public and
published opinion, whether due to the ongoing debate in the USA and the divisions between
Democrats and Republicans — which will tend to be another theme for a strongly polarized
campaign.

Recently, delegates from nearly 200 countries gathered in Dubai for the COP28 climate
conference which resulted in nearly every country in the world agreeing to transition away
from fossil fuels. It appears that this agreement represents a milestone for global climate
progress. The main aim of this agreement is to decarbonize the real world, and this will
require the support of all industries, including finance and investment. Better understanding
climate-related risks and opportunities can drive the actions needed to achieve net-zero
emissions.

These challenges will have an effect in the agriculture production that has to make enormous
efforts and adaptations to the new uncertainties that we will face in 2024. Firstly, increasing
agricultural production and food quality with the aim of “feeding the world” and then
trying to respond to the challenges of environmental decarbonization on which modern
agriculture depends. We hope that the next publications of JAPS Vol. 21, No. 2 will be the
best contribution to a new agriculture full of challenges.

December, 2023 On behalf of JAPS Editorial Board,

Prof. d-r Kiril Bahcevandziev
Coimbra Agricultural School, Portugal
Member of JAPS Editorial Board
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Review paper

IMPACT OF INSECTICIDES ON BENEFICIAL ORGANISMS

Biljana Atanasova'’, Dusan Spasov’, Dragica Spasova', Mite llievski’
'Faculty of agriculture, Goce Delcev University, Krste Misirkov 10-A, 2000 Stip,
Republic of North Macedonia

*Corresponding author: biljana.atanasova@ugd.edu.mk

Abstract

In the process of increasing crop production, the use of insecticides is much greater than in the past. These
chemicals have largely emerged since the introduction of synthetic insecticides in 1940, when organochlorine
insecticides were the first used to control pests. Insecticides are now an integral part of our modern life and are
used to protect agricultural production, storage products, as well as to destroy pests that transmit dangerous
infectious diseases. It would be ideal if the applied insecticides are toxic only to the target organisms,
biodegradable and environmentally friendly to some extent. But, the most of them are non-specific and, in
addition to pests, destroy organisms that are harmless or beneficial to the ecosystem (predators, pollinators) or
affect their proper growth and development.

Key words: pests, insecticides, predators, pollinators, earthworms, biological control

INTRODUCTION

Knowing the fact that the world’s
population is expected to grow to nearly 10
billion by 2050 (Gill & Garg, 2014), increasing
food production is a major goal for all countries.
According to the Food and Agriculture
Organization (FAO) of the United Nations the
world food production needs to increase by
70% to keep up with the demand of a growing
population (Gill & Garg, 2014). In the process
of increasing crop production, pesticides and
fertilizers are now used in greater quantities
than in the past. These chemicals have largely
emerged since the introduction of synthetic
insecticides in the 1940s, when organochlorine
insecticides were first used to control pests (Gill
& Garg, 2014).

Pesticides are an integral part of our
modern life and are used to protect agricultural
production, stored products, flowers, as well as
todestroy peststhattransmitinfectious diseases.
Approximately, 2 million tons of pesticides are
utilized annually worldwide, where China is the

major contributing country, followed by the
USA and Argentina, which is increasing rapidly.
However, by the year 2020, the global pesticide
usage has been estimated to increase up to 3.5
million tons (Sharma et al., 2019). Nowadays
manufacturers and researchers are creating
new pesticide formulations that are specific
only to the target organisms, biodegradable
and environmentally friendly to some extent.
Although pesticides are beneficial for crop
production of view, extensive use of pesticides
can possess serious consequences because
of their persistence. The continuous use of
persistent and non-degradable pesticides
pollutes various components of water, air and
soil and indirectly affects the living organisms.

In this review paper, the impact of
insecticides on beneficial organisms and
possible ways to reduce the use of insecticides
in the plant protection from pests will be
presented.
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EFFECT OF PESTICIDES ON BENEFICIAL ORGANISMS

The effect of pesticides on non-target
organisms has been a source of worldwide
attention and concern for decades. Adverse
effects of applied pesticides on non-target
arthropods have been widely reported (Ware,
1980). Unfortunately, the natural enemies of
insects, for example, predators and parasitoids,
are the most susceptible to insecticides and are
severely affected (Gill & Garg, 2014).

Usually, if natural enemies are absent,
additional insecticide sprays are required to
control the target pest. Along with natural
enemies, the population of soil organisms is
also drastically disturbed due to indiscriminate
application of pesticides in agricultural systems.

Effects of pesticides on earthworms

Earthworms  represent the largest
proportion of terrestrial invertebrates (>80%)
(Yasminand D’Souza, 2010) and play a significant
role in improving soil fertility by decomposing
organic matter into humus. They also play a
major role in improving and maintaining soil
structure by making channels in the soil that
improve its water-air regime. They are also
considered an important indicator of soil quality
in agricultural ecosystems (Paoletti, 1999).
However, their diversity, density and biomass
are strongly influenced by the use of pesticides.
Various studies confirm the harmful impact of
carbamate and organophosphate insecticides
on earthworms by reducing their population
(Edwards, 1987). For example, carbamate
insecticides are highly toxic to earthworms,
and some organophosphates (chlorpyrifos
and azinphos methyl) have been shown to
reduce earthworm populations (Reinecke
& Reinecke, 2007), and increased exposure
periods and higher doses of insecticides can
cause physiological damage to earthworms
(Yasmin and D’Souza, 2010). Various scientific
studies have reported that pesticides affect
the growth and reproduction of earthworms,
and a study conducted in France showed that
a combination of insecticides and fungicides
at different concentrations caused neurotoxic
effects in earthworms (Schreck et al., 2008).

Effects of pesticides on predators

Predators are organisms that feed on
other organisms and they play a very crucial

role in keeping pest populations under control.
Predators (beneficial organisms) are also an
important part of the “biological control”
approach, which is one component of an
integrated pest management strategy. Various
comparative studies have been conducted,
showing the negative impact of synthetic
pyrethroids and neonicotinoids in relation
to biopesticides. Namely, treatment with
cypermethrin and imidacloprid caused higher
mortality of ladybugs, parasitic wasps and
predatory spiders compared to treatment with
bio-pesticides and insecticides based on Neem
(Azadirachta indica) (Ghananand et al., 2011). In
foliar application, all systemic neonicotinoids
such as acetamiprid, imidacloprid, thiame-
thoxam and thiacloprid were found to be highly
toxic to natural enemies compared to buprofezin
(IGR insecticides) and fipronil (phenylpyrazoles)
(Kumar et al., 2012).

In addition, pesticides can affect both
predator behavior and parameters that
determine their lifespan, including growth rate,
development time, and other reproductive
functions. In Calabria, Italy, dimethoate has
been shown to significantly reduce the body
size and hemocyte count of the carabid beetle
Pterostichus melas italicus (Giglio et al., 2011).

Effects of pesticides on pollinators

Pollinators are biotic agents that play a
very important role in the pollination process.
Some of the more important pollinators are
various species of bees, bumblebees (Bombus
spp.), honey bees (Apis spp.), fruit flies, some
beetles, and birds. The use of pesticides causes
direct loss of pollinating insects and indirect
loss of crops due to lack of adequate pollinator
population (Fishel, 2011). During our field
research, we noticed that fertilization in pepper
is reduced due to the absence of pollinators,
which is the result of the use of insecticides.

Pesticide application also affects a variety of
pollinator activities, including foraging, colony
mortality, and pollen collection efficiency.
Bees make up 80% of the insect pollinator
population and the most of the current
knowledge about the effects of pesticides on
changing pollinator behaviour comes from
various studies on bees. For example, many
laboratory studies have demonstrated the
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lethal effects of neonicotinoid insecticides
(imidacloprid, acetamiprid, thiamethoxam,
and thiacloprid), as well as their effects on bee
behaviour, learning, and memory (Blacquie're
et al., 2012). Of the listed neonicotinoids, only
acetaprimide is still used in plant protection,
due to the minimal doses with which it is used
and the immediate lethal effect it has on pests.
Due to the application of neonicotinoids and
pyrethroids mortality of worker bees, reduced
pollen collection efficiency and eventual colony
collapse occur. Lethal doses of imidacloprid

(the most commonly used pesticide in the
world) affected longevity and foraging in bees
(A. mellifera). Microsporidial infections in the
gut of bees were significantly increased after
treating plants with imidacloprid. It is expected
that interactions between pathogens (bacteria,
viruses...) and imidacloprid could be the main
reason for the mortality of honey bee colonies
worldwide (Gill & Garg, 2014). There are also
reports that imidacloprid reduces the fecundity
of bumblebees by decreasing fertility (Laycock
etal., 2012; Whitehorn et al., 2012).

HOW TO PROTECT BENEFICIAL ORGANISMS FROM PESTICIDES

Today, it is almost impossible to imagine
modern agricultural production without the
use of chemicals to destroy harmful insects.
The chemical method gives quick and visible
results, but in addition to the positive effects of
their application, negative consequences were
also quickly determined: resistance in insects,
disturbance of the balance in agro-ecosystems,
toxic effects on humans and domestic animals,
environmental pollution.

Contemporary directions in plant protec-
tion go in two ways, namely: the development
of new methods for controlling harmful insects
and the development of means of protection
with favourable toxicological properties and a
selective character against the natural enemies
of insects.

New methods for controlling the popu-
lation of harmful insects are based primarily on
the cultivation of resistant crop varieties, natural
bioregulatory systems in agrobiocenoses,
new plant protection products, with active
substances based on microorganisms or their
metabolites, and on synthesized protection
products with new mechanisms of action and
with favourable toxicological properties. The
installation of new systems in plant protection
is the result of realizing the negative side of
the one-sided application of chemical agents.
Current concepts for combating harmful insects
aim to integrate all existing possibilities for pest
control and reduce negative consequences for
the environment.

The fight against insects in agricultural
production must be seen from an ecological
point of view, because regardless of which
method is applied, it means the application of

a certain environmental factor within the limits
of the ecological valence for the population of
the certain insect. In addition, the fight against
insects automatically meansadisturbance of the
dynamic balance in agroecosystems. Therefore,
the fight against harmful insects in agricultural
production has an ecological content and must
be based on solid knowledge of the biology and
ecology of the individual harmful species and
the knowledge of the individual agrobiocenses.

Concern for the environment and the
production of safe food drives academic,
government and industry research towards the
development and promotion of a new and safe
strategy for the control of harmful organisms in
agricultural production, known as Integral pest
management.

Integral pest management is a plant
protection system, which implies the use of
all available methods of combating pests,
pathogens and weeds (growing resistant
varieties, agrotechnical, mechanical, biological,
chemical and others) in order to prevent the
increase in their number across the border
above which significant economic damages
occur.

By implementing integral protection
measures, the number of chemical treatments
is reduced, thus protecting and enabling
greater activity of natural enemies. Their role is
so important that many authors, under the term
integral protection, mean only the application
of natural enemies and chemical protection.
When choosing pesticides for chemical control,
one should take into account their selectivity in
relation to the most important natural enemies
of pests in a given crop. Also, unnecessary and
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excessive use of chemicals should be avoided.
By treating the entire surface to suppress soil
pests, almost all natural enemies are destroyed,
and the same effect is achieved by introducing
chemical agents only in the rows of plants,

which preserves many beneficial organisms.
The application of the system of integral
protection leads to less use of pesticides, and
therefore to cheaper protection. In addition,
environmental pollution is also reduced.

CONCLUDING REMARKS

Synthetic insecticides are used to control
the weeds and insect pests, affecting the
agricultural systems. Water, soil and air serve
as an important medium for transportation of
insecticides from one site to another. Insecticide
contamination is a serious problem for each
ecosystem and is harmful for all associated
organisms. So, in order to control insecticide

usage, new methodologies and techniques are
needed in assessing the effect of widespread
use of insecticides on ecosystem and efforts
should be made to provide awareness among
public to minimize the application of harmful
insecticides. Use of bioinsecticides should be
encouraged over chemical pesticides.
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BJIMJAHVE HA UHCEKTULUWAWUTE BP3 KOPUCHUTE OPTAHU3MU
Bunjana AtaHacoBa'’, lywan CnacoB', iparuya CnacoBa', Mute UnueBcku'
'3emjodencku ¢pakynmem, YHusepaumem ,loue [enyes’, yn. ,Kpcme Mucupkos” 10-A, 2000 LLimun,

Peny6nuka CegepHa MakedoHuja

*Konmakm asmop: biljana.atanasova@ugd.edu.mk

Pesume

Bo npovecoT Ha 3ronemyBarbe Ha PacTUTENHOTO MPOM3BOACTBO, yroTpebaTa Ha MHCEKTUUMANTE
€ MHOry norosieMa OTKOJIKy BO MuHaTtoto. OBMe xemuKanmu BO rojsemMa mepa ce nojasuja no
BOBelyBatb€TO Ha CUHTETUYKMTE NHCEeKTMLUMAW BO 1940 rogviHa, Kora opraHOXJ1I0pHUTE MHCEKTULIMAMN
6ea NpBUTE KOPUCTEHWN 3a KOHTPOJA Ha wWTeTHUUmMTe. IHCeKTMUMaNTe cera ce COCTaBeH hen of
HALLMOT COBPEMEH XKMBOT 1 Ce KOPMCTAT 3a 3aLlUTUTA Ha 3eMjOA4ENCKOTO NPON3BOACTBO, CKNAaApaHuTe
NPoun3BOAY, KaKo M 3a YHULITYBake Ha LITETHMLM KOW NpeHecyBaaT onacHu 3apasHu 6onectu. bu
6UNo ngeanHo LOKOMKY MPUMEHETUTEe MHCEKTULMAM Ce TOKCMYHM CaMo 3a LiefTHUTe OpraHm3mu,
6uopasrpagInBM U A0 oApefeH CTerneH ekosowku. Ho, noBekeTo oA HUB ce HecrneunduuHn 1,
NMOKpaj WTeTHNLMTE, YHULITYBaaT 1 OpraHu3mMmn Kou ce 6e30MnacHU Uiy KOPUCHU 3a eKOCUCTEMOT
(npepatopw, onpatlyBayn) Unm Bvjaat Ha HUBHMOT MPaBUIEH PacT 1 Pa3Boj.

KnyuHn 360poBu: wmemHuyu, UHCeKMuUyuou, npedamopu, onpawysadu, 00x008HU UpaU,
6U0/IOWKA KOHMPOA.

Journal of Agriculture and Plant Sciences,
JAPS, Vol. 21, No. 2, pp. 9-13
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2 Short communication

INTRODUCTION OF ULOMOIDES DERMESTOIDES (CHEVROLAT, 1878) (COLEOPTERA)
TO NORTH MACEDONIA: UNVEILING THE FIRST HUMAN-INDUCED RECORD OF A
NOVEL SPECIES - SHORT COMMUNICATION
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Abstract

This short communication presents first record of Ulomoides dermestoides (Coleoptera, Tenebrionidae,
Diaperinae) in North Macedonia. The problem of the introduction of this non-native darkling beetle as
alternative medicine is briefly discussed. Prior to this study, no data exist about the presence of U. dermestoides
on the territory of the former Balkan countries as well.

Key words: Tenebrionidae, Diaperinae, new data, Balkan

INTRODUCTION

Brief _taxonomic _history:  Ulomoides
dermestoides is a cosmopolitan species, non-
native for Europe, known under a variety of
different names, according Flores et al. (2002),
Histeropsis dermestoides by Chevrolat (1878).
Later on, Doyen et al. (1989) named the species
U. dermestoides (Chevrolat, 1878).

Brief history of species distribution: It is
considered native for Asia, with prevalence
in China, but meets other oriental countries:
Japan, Taiwan and Australia as well (Lobl et al.,
2008). Until 1988, it was only known for the
Oriental region, while later it was introduced
in the United States and Latin America, as well
as in Europe (Lourenco et al.,, 2022), with first
records in Sweden (Ferrer, 1988).

T Deceased 11.12.2023

U. dermestoides is widely used as a
traditional medicine in the countries of South-
East Asia, Africa, Australia, and particularly in
Latin America. There are many scientific papers
related to their breeding behavior, biology and
life cycle (Garcés Molina et al., 2009; Marinoni &
Ribeiro-Costa 2001; Morillo-Garcia et al. 2016),
as well as the effects caused by the beetle diet
and their usage in traditional medicine (Aguilar-
Toald et al, 2022; Deyrup et al., 2021; Jasso-
Villagomez et al., 2018). That is the main reason
for its introduction in other countries of the
world, including our country.

This paper presents the first record about
the presence of the species U. dermestoides and
its use as an alternative medicine in the Republic
of North Macedonia.
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MATERIAL AND METHODS

During February 2023, specimens of U.
dermestoides were brought at the Department
of Animal Ecology (Institute of Biology, Faculty
of Natural Sciences and Mathematics in
Skopje, Ss. Cyril and Methodius University) for
identification. The identification was made
according to Gorham (1987). Studied specimens

are deposited in the Macedonian National
Collection of Invertebrates. A stable colony of
this species is still maintained under laboratory
conditions at the same department (Fig.1).

Photographs of U. dermestoides (Fig. 1, 2,
3, 4) were taken under the WILD M3Z stereo
microscope.

RESULTS AND DISCUSSION

The specimen was identified as U.
dermestoides based on the head, which was
widest at eyes; large eyes, separated by distance
subequal to width of eye; asymmetrical and
broad antennal segments; and the pronotum
which was without anteromedial bead (Fig. 1, 2,
3,4).

The colony of U. dermestoides was
introduced in North Macedonia through illegal
transport from Sweden and was deliberately
grown and reared in captivity by the local
people in Negotino city (41.48419, 22.09108)
for alternative medical treatment of cancer and
diabetes. Later on, locals were breeding and
growing this beetle at home for personal use or
commercial purpose.

Local people believe that consumption of
U. dermestoides may treat some heavy diseases.
According to the breeder, there is a protocol
in the therapy of using beetles, in which the
first day only one live beetle with a glass of
water should be drunk, the second day two,
the third day three, and then every day the
number increases up to 40 beetles, then from
40 backwards. Thus, exactly 1,640 beetles
should be consumed in 80 days. Although this
practice is already well known among the local
population, this paper reports the practice of
using U. dermestoides as a medicine in North
Macedonia for the first time.

The abdominal glands of the species U.
dermestoides release secrete with quinones,
which has some anti-inflammatory, cytotoxic,

genotoxic,  antiproliferative,  antidiabetic,
antioxidant and antimicrobial effects causing
reduced cell viability and DNA damage (Cazares-
Samaniego et al. 2021). Therefore, these beetles
are used by locals for medical treatments. But
the problem is that the influence of quinones is
not selective, i.e. they act both on damaged and
healthy tissues, and long-term consumption
of these beetles in larger amounts can lead to
serious health problems. However, there are
no data related to the negative effects of this
species on human health in North Macedonia.

The presence of a new allochthonous
species in the country is a matter of concern
among the scientific community, especially
regarding the ability of the species to live
outside the controlled conditions created by
humans. Due to people’sinadequate knowledge
of species ecology and biology and their strong
beliefs that these beetles have healing power,
they are mass selling and breeding the beetles
in domestic conditions, thereby increasing
the likelihood of species dispersal in the
environment.

Unfortunately, there is currently no
documentation on the species’ occurrence
outside of captivity or in any of the nearby
Balkan countries. Therefore, in this paper we
base our observations on the potential risk
of adaptation of the species in its natural
habitats in the country solely on the literature
data that refer to its biology within its range of
distribution.
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Figure 1. Colony of U. dermestoides. Figure 2. Dorsal view of U. dermestoides.

Figure 4. Antennae of U. dermestoides.
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Biology of the species: This species has
complete metamorphosis with four life stages
presented with egg, seven larval instars, pupa
and adult stage (Morillo-Garcia et al., 2016). The
average life cycle (from egg to adult stage) has
duration of 67.63 days. The semi-mobile pupae
stage lasts 3-5 days after the larval stage, which
lasts about 60 days (Morillo-Garcia et al., 2016).

In its native range this species is typically
found in warm and humid environments, such
as tropical and subtropical forests, but it is able
to thrive in areas with temperatures ranging
from 20 to 30 °C and relative humidity above
50% (Marinoni & Ribeiro-Costa, 2001; Garcés
Molina et al., 2009). Given that the climate
of North Macedonia, with annual average
temperature 15°C and humidity around 70%
(Lazarevski, 1993), partially matches the climatic
preferences of this species, climatic conditions
are not anticipated to restrict the distribution of
U. dermestoides. In addition to this statement is
the presence of the species in Sweden (Ferrer,
1988), as an indication of its wide tolerance to
different climatic conditions.

In general, the adult and larval stages of
U. dermestoides are highly adaptable. They can
persist high temperaturesand low precipitations
through morphological, physiological and
behavioral adaptations. During the unfavorable
winter conditions this beetle hibernates by
burrowing in the soil (Garcés Molina et al., 2009).

Probably, fast growth and high
reproductive potential contribute in
overcoming physiological or other barriers
in order to reproduce successfully in a wide
range of climates and habitats, including stored
products as secondary habitats. This behavior
enhances potential persistence of the species
and its invasiveness. However, little is known
about species invasive potential (Lourenco et
al., 2022). Therefore, the possibility of its survival
in natural conditions is not excluded, especially
in southern and eastern parts of North

Macedonia where the climate is continental-
submediterranean. So, it is quite obvious
that this species can maintain self-sustaining
populations in the country, although there are
no published data.

The dispersion of this species is mainly
the result of human activity i.e. worldwide
commerce. Potential pathways for dispersion
are trade, transportation, use as pets’ food,
medical treatments, and climate change as
well. The transport of the species is mainly as an
adult, but the possibility of the larval presence
in the containers in which the adults are kept
is not excluded. Since North Macedonia is a
small country, high rate of distribution and
adaptability makes the presence of this species
concerning by itself, because there is high
probability that the species can very easily
expand its distribution to other parts and
habitats of the country. So far, this situation
can only be assumed because no additional
modelling of the possible spread (habitats,
climate, altitude, etc.) was done.

It is also well known that the species that
act as a strong allergen, can host endoparasites
and infests stored products such as peanuts,
oat, soybeans, corn, rice and bread (Vergara
et al, 1997). Worldwide, this pest is treated
with insecticides which can cause series of
health problems in humans, biodiversity loss
and reduced habitat quality (Plata-Rueda et al.,
2020; Plata-Rueda et al., 2022).

So far, there is no literature data that U.
dermestoides does not suppress the growth
of native taxa, nor has large negative impact
on flora and fauna, i.e. on the environment in
general.Butit possesses a strong biotic potential
and great adaptability, and if it is introduced can
very easily displace the native species from their
ecological niches and cause disturbance in food
chains and ecosystem functioning which will
cause ecological as well as series of social and
economic problems.

CONCLUDING REMARKS

This short communication presents first
confirmed record of the presence and use of
the species U. dermestoides as an alternative
medicine in the Republic of North Macedonia.
We truly hope that it will raise public awareness

and provoke a reaction among the competent
institutions to solve the problem of species
introduction in the country and its illegal
commerce.
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MHTPOAYKUWUJA HA ULOMOIDES DERMESTOIDES (CHEVROLAT, 1878) (COLEOPTERA)
BO CEBEPHA MAKEAOHWJA: NPB MOAATOK 3A HOB BUA UHTPOAYLUPAH
O CTPAHA HA YOBEKOT - KPATKA KOMYHUKALUJA
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Pe3snme

OBoj Tpya npeTcTaByBa NPB 3aMnunc 3a NpucycTBoTo Ha BUoT Ulomoides dermestoides (Coleoptera,
Tenebrionidae, Diaperinae) Bo CeBepHa MakegoHuja. [lafeH e KpaTok NpuKas Ha MHTPoAyKLMjaTa Ha
B1AoT Bo Peny6nunka CeBepHa MakefjoHWja 1 HeroBaTa NpUMeEHa KaKo anTepHaTBeH nek. Bpean pa

Ceé UCTaKHe f1eKa focera He I'IOCTOjaT nofartoun 3a NnpncycTBO Ha U. dermestoides Ha TepI/ITOpI/IjaTa Ha
OCTaHaTUTe GanKaHCKN 3eMjI/I.

KnyuHun 360poBu: Tenebrionidae, Diaperinae, Hog nooamok, bankar.
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Abstract

A high-quality learning process in higher education properly and constructively aligns essential elements:
study programs and course objectives, learning outcomes, content, student workload, teaching and learning
activities, assessment methods, and acquisition of student competencies, which is known in the literature as
constructive alignment (CA). In essence, CA is bringing into alignment the predetermined competencies, the
learning and teaching activities, and the assessment types. Furthermore, CA is an outcomes-based approach
to teaching in which the learning outcomes that students are intended to achieve are defined before teaching
takes place.

Learning success at all levels of study primarily depends on constructive alignment as one of the most
significant and influential principles in higher education. Detailed knowledge of this principle and consistent
application is the basic obligation of teaching staff in higher education. To develop a “constructively aligned”
course unit, a teacher should start from the intended course-specific competencies, after which they should
choose the most appropriate learning, instructive, and teaching activities, and assessment methods for these
specific competencies.

The paper explains in more detail the essence of CA between student workload expressed through ECTS,
study programs, course and unit objectives, learning outcomes, theoretical and practical contents, teaching
and learning methodology, formative and summative assessment methods, and effective acquisition of
student generic and course-specific competencies.

Keywords: constructive alignment, student workload, objectives, learning outcomes, learning and teaching
activities, assessment, competencies

INTRODUCTION

The roots of the most important elements
of constructive alignment (CA) in education
were laid by Ralph Tyler (1949) in his best-selling
publication Basic Principles of Curriculum
and Instruction. In the series of publications
by Biggs from 1993 to 2013, cognitive
systems approach (Biggs, 1993), enhancing
teaching through constructive alignment
(Biggs, 1996), teaching for quality learning
at higher education institutions (Biggs, 1999,
2001), assuring and enhancing the quality of
teaching and learning (Biggs, 2001) and many
other aspects of changing higher education
institutions (Biggs, 2013) were considered.

In addition, Biggs & Tang (2007; 2011; 2011a;
2011b) considered teaching for quality learning
at Higher Education Institutions (HEls) and CA
to represent an outcomes-based approach
to teaching in which the learning outcomes
(LOs) that students are intended to achieve are
defined before teaching takes place. The design
of curriculum, assessment, and evaluation in
Higher Education (HE) with CA were discussed
in the papers by Ali (2018), Fotoh & Lorentzon
(2021), and Maffei et al. (2022). Display of the
sequence of constructive alignments that
connects the explanations in the text of the
paper is given in Figure 1.
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Figure 1. Display of the sequence of constructive alignments.

For monitoring and management of the
quality of study programs at all levels of study
in the HEls, CA of student workload expressed
through European Credit Transfer and
Accumulation System (ECTS), study programs
(SPs), course and unit objectives, LOs, theoretical
and practical contents, teaching and learning
methodology, diagnostic, formative and
summative assessment methods and effective
acquisition of student generic and course-
specific (professional) competencies are of
crucial importance (Cullen et al., 2003; Vlasceanu
et al., 2004; Cincovi¢ et al., 2020). The currently
valid standards and guidelines for quality
assurance in the European Higher Education
Area (ESG) were defined in a publication by the
European Association for Quality Assurance in
Higher Education (ENQA, 2015). The National
Council of Higher Education of Serbia (NCHE)
of the Republic of Serbia defined the Rulebook
on Standards and Procedures for External
Quality Control of Higher Education Institutions
(2019). The National Entity for Accreditation
and Quality Assurance in Higher Education
(NEAQA) uses this rulebook, harmonized with
the ESG, to access study programs and HEls in
the Republic of Serbia. In essence, the quality
of study programs should be ensured through
monitoring and checking the goals, structure,
and workload of students, as well as through
updating the content and constant collection

of information about the quality of the program
from appropriate social institutions (VIdsceanu
et al, 2004, Vukasovi¢, 2006, Loughlin et al.,
2021, Divjak et al., 2023).

Although the importance of CA has been
clear for a long period, the work of Hamdoun
(2023) emphasizes that the constructivist
approachtolearningandteachingis still missing
in the educational practices of a reasonable
number of HEIs. The paper by Silander &Stigmar
(2023) examines the question of what university
teachers need to know about subject content
in higher education pedagogic courses.
Special attention in the paper is focused on
researching the relationship between theory
and practice, disciplinary contents, and forms
of pedagogical knowledge. The results showed
that university teachers seek more practical,
hands-on knowledge, while the government
focuses on the theoretical content of
pedagogical courses. It is also emphasized that
all stakeholders included in this very important
issue were unclear in their views on the content
of pedagogical courses, which indicates that
professional development cannot be seen as
a strategic issue. Certainly, the participation of
students as partners in assessment in higher
education must be taken into account, as
indicated by Chan &Chen (2023).

Bearing in mind the above, this paper
aims to consider the most important elements
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of constructive alignment in HE, i.e. student
workload expressed through ECTS, study
programs, course and unit objectives, LOs,
theoretical and practical contents, teaching

and learning methodology, formative and
summative assessment methods and effective
acquisition of student generic and course-
specific competencies.

THE EUROPEAN CREDIT TRANSFER AND ACCUMULATION SYSTEM

ECTS represents the basic tool of the
European Higher Education Area (EHEA) for
making the level of studies, SPs, and courses
more transparent. This tool helps students to
move between countries and to have their
academic qualifications and study periods
abroad recognized. Wagenaar (2006) described
an introduction to the European Credit Transfer
and Accumulation System (ECTS). Before that,
the same author (Wagenaar, 2003) considered
educational structures, LOs, workload and
the calculation of ECTS. Key features of ECTS
are given in the publication by the European
Commission (2004). Kennedy (2006) and
Kennedy &McCarthy (2016) have shown the
connection between LOs and ECTS (2015). Very
important questions are how ECTS is viewed by
teachers (Gleeson et al., 2021) and how realistic
are ECTS credits from the student’s perspective
(Salar et al., 2022).

The history of ECTS from 1989-2019 was
described in detail by Wagenaar (2019). The
development of ECTS had to start from scratch
because worldwide there was no experience
in setting up and running a national and/or
international student workload-based transfer
system that applied credit points. A Pilot
Scheme (1989-1995) was set up to define ECTS. It
involved five subject areas, and 145 HEls in total,
and set out to develop a sustainable, robust and
reliable tool to facilitate international student
mobility. Based on the notions of trust and
confidence and the concept of “relative” student
workload, this tool was unique. It opted for 60
credit points to represent one academic year. A
detailed description of relevant aspects about
key features of ECTS, ECTS and EHEA, ECTS
for SPs design, delivery and monitoring, ECTS
for mobility and credit recognition, ECTS and
lifelong learning, ECTS and quality assurance
and ECTS and supporting readers can find in
documents the ECTS users’ guide (European
Commission, 2015).

The introduction of ECTS makes sense
only if it is implemented at the end of the
curriculum development cycle, i.e. if and only

if LOs have been properly defined by then,
both for the entire SPs and for individual
courses within the SPs, as well as if and only
if, based on such defined LOs, methods have
been adequately formulated for learning and
teaching and assessment, i.e. evaluation of
student achievements. Any introduction of the
ECTS without satisfying the above conditions is
a difficult mistake (Vukasovi¢, 2006; European
Commission, 2015).

The basis of the ECTS is the student
workload. Therefore, ECTS is not a way to
measure the quality of the teaching staff or their
status, importance, or difficulty of the course
itself. This needs to be especially emphasized
since the experiences so far still bear witness to
a wrong understanding of ECTS. In this sense,
there are three important assumptions: 1. the
regular working week of an average student
should last 40 working hours; 2. the working
week includes all student activities related to
higher education, i.e. the working week includes
the student’s activity during the so-called
contact classes, as well as his independent work
(in terms of preparation for lectures, exercises,
work in the laboratory, preparation for tests,
exams, presentations, writing seminar papers
and essays, reading literature, etc.) and 3. ECTS
implies that one whole semester is worth
30 ECTS points (Vukasovi¢, 2006; European
Commission, 2015). Depending on the duration
of the semester, i.e. from how many weeks the
semester lasts, it is possible to determine how
many hours one ECTS credit is worth. In this
sense, the following can be distinguished: the
relative value of ECTS (in the sense that one
semester is worth 30 ECTS or one academic
year is worth 60 ECTS) and the absolute value
of ECTS, which is calculated by determining the
number of hours that make up the workload
during the academic year. In most cases, this
number is between 1500 and 1800 hours per
year, so one point represents 25-30 working
hours (Wagenaar, 2003; Vukasovi¢, 2006;
European Commission, 2015; Wagenaar, 2019a).

Consequently, considering the defined
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LOs and methods of teaching and evaluation,
the estimation of student workload for each
course is approached. During this process, it is
necessary to take into account the independent
work of students, and it is most often estimated
that for one “contact class” there is one and a
half to two hours of independent work, but
this should be understood only as a general
rule because such a proportion cannot be
applied automatically since it represents an
average ratio at the level of an average study
program as a whole. It is possible to use other
measures to assess the workload of students
in independent work, such as the number of
pages that can be read in an hour, estimating
the duration of other learning or research
activities, etc. The application of any measures
should not be approached superficially, and it is
also necessary to check the adequacy of those
measures continuously during all semesters.
It should be borne in mind that ECTS credits
once determined are not determined forever.
Precisely because the students’ workload
includes their independent work, it is necessary
to continuously check whether the workload
related to the student’s independent work

is determined adequately. This implies that
consultation with students is mandatory in this
process. The participation of students in the
bodies dealing with the introduction of ECTS
is necessary, which is guaranteed by the Law
on Higher Education, the relevant regulations
and standards for accreditation, and the self-
evaluation of study programs and HEls as a
whole. It should be noted that ECTS does not
replace a grade in any case. Every student who
has completed a certain course acquires the
numberof ECTS that are providedforthat course,
regardless of whether his/her grade is 6 or 10.In
the supplement to the diploma, both ECTS and
individual grades are listed, if they are provided
for listing at all (Bekhradnia, 2004; Wagenaar,
2003; Vukasovi¢, 2006; European Commission,
2015; Wagenaar, 2019a). In essence, by using
LOs and workloads in curriculum creation and
delivery, ECTS places the student at the centre
of the educational process. Furthermore,
the use of credit facilitates the creation and
documentation of flexible learning paths,
thus allowing students greater autonomy and
responsibility (European Commission, 2015).

LEARNING OUTCOMES

Learning outcomes (LOs) are one of the
basic elements of curriculum development, but
their formulation in practice often comes down
to simply satisfying the form prescribed by the
Bologna Process, the Law on Higher Education,
and standards for accreditation and self-
evaluation of study programs and HEIs. However,
the LOs hide within themselves the potential
for a fundamental change in the HE processes
(Allan, 1996; Maher, 2004). The potential of LOs
stems primarily from the new philosophy of
education, which implies a change in the focus
of education from the teaching process to the
learning and teaching process (Kennedy, 2006;
Kennedy & McCarthy, 2016).

Using learning outcomes in the European
Qualifications Framework and the National
Qualifications Framework of Serbia (NQFS) are
described in detail in relevant publications
(European Commission, 2011, and Ministry of
Science and Education of the Republic of Serbia,
2017, respectively). Averysignificantconnection

between LOs and ECTS was mentioned earlier,
which teaching staff should be aware of
(Kennedy, 2006; Kennedy &McCarthy, 2016).
Learning outcomes in HE have significant
implications for curriculum design and student
learning (Allan, 2004; Maher, 2004). There is
a significant connection between LOs and
student achievement assessment (Gosling &
Moon, 2002; Moon, 2004; Moon, 2006; Nusche,
2008; Liu et al.,, 2012; Kennedy &McCarthy, 2016;
Zlatkin-Troitschanskaia et al., 2016). A review of
the literature regarding student LOs assessment
in higher education and academic libraries was
given by Goss (2022). A guide to formulating
degree study program profiles including the
program competencies and the program LOs
is available (Lockhoff et al., 2011). Triangular
relationship between learning outcomes,
learning and teaching activities and outcome-
based assessments in constructive alignments
is shown in figure 2.
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and abilities the final
measured?) level?)

Learning and

Figure 2. Triangular relationship in constructive alignment.

In essence, the focus of constructive
alignment between the elements shown in
figure 2 is on what students learn and how
they do it with teacher facilitation. The learning
outcomes should be determined before the
start of the course and they should enable
determining which learning activities students
should undertake. The learning outcomes also
determine the basis for conducting formative
and summative assessments.These assessments
should show to what extent students have
achieved the learning outcomes.

It is a well-known fact that LOs are explicit
statements about the result of learning, they
describe the learner’s capabilities, they are
indicators of the area the learner knows, what
the learner can do under certain circumstances,
forwhich activity thelearneris qualified and how
the learner behaves concerning what learner
does (what attitudes the learner exhibits). In
education, the outcome is a minimum and
compulsory learning outcome. The LOs enable
confirmation of achievement and are aligned
with the developmental characteristics of
the learner. LOs are classified into cognitive,
psychomotor, and affective domains, and are
formulated at the level of knowledge, skills,
and attitudes (Kennedy, 2006; Vukasovi¢, 2006;
Kennedy &McCarthy, 2016).

A learning outcome is a precisely written
statement about what a student should know,
understand, or be able to demonstrate at the
end of a specific learning unit (a class, course,
or upon obtaining a qualification, i.e. at the
end of the study program) (Vukasovi¢, 2006;
Kennedy &McCarthy, 2016). In essence, the LOs
are a clear definition of competencies, skills,
and attitudes that the student should acquire
during a certain period of study (Kennedy,
2006). LOs, therefore, do not refer to the content
or teaching methods, but to what the student is
expected to acquire or develop during learning,
but the content and methods are defined based
on them. LOs can be defined both for the entire
study program and for an individual subject
or course, and, if necessary, even for smaller
units. LOs are most often written keeping in
mind the minimum competencies and skills
that an average student should acquire to
complete a given learning unit, but it is also
possible to write them keeping in mind the
most successful students and the maximum of
acquired competencies and skills. Therefore,
it is always necessary to emphasize whether
it is the expected LOs (those that correspond
to the minimum of competencies and skills)
or the desired LOs (those that correspond to
the maximum of competencies and skills).
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Regarding this comprehensive definition, the
authors emphasize the following: it isimportant
that the learning outcome is in written form (this
achieves transparency and avoids problems in
interpretation) and the “should” part indicates
a possibility and not a guarantee, since the
lecturer and the HEls as a whole can only create
the conditions for learning, but essentially
cannot guarantee that the student will learn it.
Also, the authors highlight that a well-written
learning outcome should include the following
sections: a verb that states what the student
is expected to be able to do at the end of the
learning period, a word that refers to what the

student has (in case the outcome refers to a skill,
the word can describe how the skill is applied)
and a word that refers to the nature of the
performance required as proof that the subject
has been mastered. Therefore, it is necessary
to clearly define which competencies the
student should have to be considered to have
achieved the learning outcome. In addition,
the learning outcome includes the obligation
to demonstrate the disposition of those
competencies (Gosling & Moon, 2002; Moon,
2004; Moon, 2006; Vukasovi¢, 2006; Nusche,
2008; Liu et al, 2012; Kennedy & McCarthy,
2016; Zlatkin-Troitschanskaia et al., 2016).

GENERAL AND SUBJECT-SPECIFIC COMPETENCIES

It is of great importance that teaching
staff and students understand the relationship
between learning outcomes and competencies.
According to NFQS (Ministry of Science and
Education of the Republic of Serbia, 2017),
competence is an integrated set of knowledge,
skills, abilities and attitudes that enable an
individual to effectively perform activities
at work, following the expected standard. A
framework for defining and comparing generic
competenciesinhighereducationwasdescribed
by Kallioinen (2010). The term “competence”
implies expertise in a particular field. Generic
competence includes the knowledge, skills and
abilities that an individual should possess at
a certain level of education, regardless of the
profession or scientific field he/she is engaged
in. Professional competencies imply knowledge,
skills and abilities related to a certain profession
and/or a certain scientific field. Braun &Mishra
(2016) presented a combination of five
approaches for assessing higher education
graduates’ competencies, focusing primarily
on employment-related competencies (both
cognitive and non-cognitive skills, such as
personal and social skills, leadership, and
communication skills). A detailed description
of a proposal for the assessment of generic
competencies in competency-based learning
is given by Sanchez & Ruiz (2008). The
development of generic competencies of
graduates in HE must be aligned with labour
market requirements (Pukelis & Pileicikiene,
2012). Today, the development of digital
competencies in HE is considered a core skill for
teachers, supporting them in managing several

technological, curricular, and pedagogical
aspects. Digital competence of teachers refers
to digital skills, pedagogical-didactic awareness
and understanding of the impact of learning
strategies on student learning. As facilitators of
the learning process, the teachers also support
the development of digital competencies of
their students (Inamorato dos Santos et al,
2023). In all this, the impact of pedagogical
training perceived by teachers is very important
for teacher professional development in higher
education and the development of students’
competencies (Fernandes et al., 2023).

It can be said that competencies are the
most important part of the formulation of
learning outcomes. It is impossible to define
the learning outcome if we do not have clearly
defined competencies that we want to develop
through a specific course or study program. The
difference between the list of competencies
and the list of learning outcomes is that the
learning outcome also defines how it will be
demonstrated, i.e. check whether a given
competence has been acquired or not. In this
connection, fromthe formulation of the learning
outcomes comes the method of evaluating
students, i.e. checks of acquired or developed
knowledge, skills and abilities. It should be said
that competencies and LOs in a large number
of countries also have a normative role, which is
primarily reflected in their use as a benchmark
for certain study programs in quality assurance
and accreditation processes (Vukasovi¢, 2006;
Kennedy & McCarthy, 2016).

If we agree that the student and the
learning process (and not the teaching process)
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are the focus of education and curriculum
development, the first step in the creation of
a new type of curriculum is starting from the
end, i.e. defining the competencies that the
student should have upon completion of the
study program. And here we come to a problem
related to the very concept of competence.
One would think that this is nothing new and
that both old and existing programs had final
competencies in mind, and at the same time,
one usually thinks of the goals of the programs,
usually defined as a list of occupations that a
graduate student will be able to perform or as
a list of materials that student to know after
graduation (Vukasovi¢, 2006).

The term competence usually refers to
knowledge, abilities and skills that a student
acquires or should develop, which make
them capable of doing something. Student-
centred education aims, among other things,
for students to be competent at the end of the
educational process, that is, to bring students to
possess certain knowledge, skills and abilities.
Competencies in this sense represent a dynamic
combination of knowledge and its application,
attitudes and responsibilities that describe the
learning outcomes of the educational program
(Sanchez & Ruiz, 2008).

Of course, there is not, nor can there be,
absolute agreement about what should be the
knowledge, abilities and skills that should be set
asthe goal of education. Different partnersin the
education process (academic staff, employers,
graduates, students still in education, etc.)
usually have different views on what the final
competencies should be, as well as on which
competencies are most important. This, of
course, does not mean that the dialogue should
notcontinue,northatthe processofharmonizing
between these partners about what should be
the learning outcome expressed in the form of
competencies is pointless. On the contrary, only
if we begin to look at curriculum development
and the educational process in general from its
projected end and if we begin to define and
discuss competencies, we will achieve greater
transparency of the entire education process.
This is precisely the often-mentioned new
language that is being developed, namely the
language of competencies that arises from the
belief that this language provides the possibility
to express comparability in terms of what

people who graduate can do. Also, the language
of competencies enables the expression
of common reference points for different
academic disciplines, thus offering a non-
prescriptive frame of reference for the academic
community. In addition to the importance, they
have for the educational process itself, teachers
and students, competencies make it easier
to communicate with parties interested in
education - primarily employers - who otherwise
have difficulty interpreting educational goals, as
well as understanding what graduate students
are, i.e. their potential employees know and can
(Wagenaar, 2014; Wagenaar, 2019a; Wagenaar,
2019b).

There are several divisions of competence.
Here we list the divisions created within the
Tuning project (http://tuning.unideusto.org/
tuningeu/). This division, first of all, divides
competencies into generic and professional:

- Generic competencies should be
possessed by everyone who completes a
certain level of education, regardless of the
science or profession they are engaged in
(such as knowledge of a foreign language,
application of knowledge in practice, or
electronic literacy) and

- Professional competencies are identified
for each profession or field of study and in
this sense they are narrower.

Within the framework of the Tuning project,
three groups of generic competencies have
been defined as instrumental, interpersonal,
and systemic.

Instrumental generic  competencies
include: 1.theabilitytoanalyze and synthesize, 2.
the ability to plan and organize, 3. basic general
knowledge, 4. grounding in basic professional
knowledge, 5. oral and written communication
in the mother language, 6. knowledge of a
foreign language, 7. elementary computer
knowledge, 8. information management skills
(ability to obtain and analyze information from
various sources), 9. problem-solving, and 10.
decision making.

Interpersonal  generic  competencies
include: 1. ability to criticize and self-criticize,
2. teamwork, 3. interpersonal skills, 4. ability
to work in interdisciplinary teams, 5. ability
to communicate with non-experts from
other fields, 6. an understanding of diversity
and multiculturalism, 7. ability to work in an
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international environment, and 8. ethical
commitment.

Systemic generic competencies include
1. ability to apply knowledge in practice, 2.
research skills, 3. ability to learn, 4. ability to
adapt to new situations, 5. ability to create new
ideas (creativity), 6. leadership, 7. understanding
of cultures and customs of other countries, 8.
ability to work independently, 9. creation and
management of projects, 10. initiative and
entrepreneurial spirit, 11. concern for quality
and 12. a desire for success.

This, of course, does not mean that this
division is the only possible one, nor that the
list of competencies that Tuning and this text
mention is final, and in particular it should be

taken into account that each curriculum is

created at a specific HEls and within a society
that may need special general and specific
competencies that are not listed here. If, for
example, the transitional nature of society
and the recent past of the region are taken
into account, competencies such as social
responsibility, critical thinking and reading,
understanding gender and gender relations,
etc. can be considered remarkably important.
As for professional competencies, it should be
emphasized that in this area dialogue within a
specific profession is necessary both for the sake
of mutual recognizability of the curriculum and
for the recognition of parts of studies or final
qualifications in the case of student mobility
(Vukasovi¢, 2006; Panti¢, 2008).

METHODS OF LEARNING AND TEACHING AND EVALUATION OF STUDENT ACHIEVEMENTS

After the LOes have been properly defined,
it is necessary to approach the development
of teaching and assessment methods that
will enable the realization of those LOs. Here,
first of all, the relationship between teaching
objectives and LOs should be considered.
These two terms are not the same: LOs refer to
students and what they learn, while learning
objectives refer to teacher activities that enable
the achievement of LOs (Kenedy, 2006; Kennedy
&McCarthy, 2016). Previously realized curricula
and SPs primarily talk about educational goals.
Teaching objectives are primarily related to
the content of teaching. This means that the
content of the lessons, i.e. the description of the
topics to be covered in one course should be
defined after defining the LOs for that course.
Otherwise, the course may be burdened with
redundant material, the mastery of which does
not lead to the acquisition of competencies
expressed through the LOs (Vukasovi¢, 2006).

Today, there is increasing interest in the
concept of active learning and teaching (ALT) in
higher education. In essence, ALT is a concept,
which most often refers to focused on student
teaching and learning methods, activating and
motivating methods and activities led by the
teacher (Bonwell &Eison, 1991; Prince, 2004;
Felder &Brent, 2009; Mitchell et al., 2017). Often
because of this, ALT is generally considered not
alearning concept but an instructional concept.
Student learning outcomes have been largely

positive in numerous studies of ALT (Prince,
2004; Freeman et al, 2014; Michael, 2006;
Prince &Felder, 2006; Smith, 2005). Accordingly,
ALT is a superior approach when compared to
traditional, more content-focused approaches
such as lectures. There are many barriers to
student active learning in higher education
(Borte, et al., 2023).

Regarding teaching methods, it is
important to note that the success of students
in achieving learning outcomes depends on the
attitude of the teaching staff towards learning
and teaching and the methods of learning and
teaching (Marbach-Ad et al., 200; Latchanna,
&Dagnew, 2009). Quality achievement of well-
definedlearning outcomesimplies that students
understand learning as a process in which they
review their understanding of concepts and
processes and/or create new concepts and
understand the connections between them.
For this to be possible, it is necessary that the
teaching staff, for their teaching goal, do not
simply go over the material, but try to achieve
as much as possible the so-called “interactive”
teaching, thatis, to apply the active learning and
teaching (ALT) methodology which implies the
purposeful application of numerous strategies,
methods and techniques of ALT in the classroom
and during an independent study of students at
home, in the library, etc. Interactive teaching
implies active participation of students during
lectures, exercises, laboratory work, etc., and
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through discussions, presentations, asking
questions, processing part of the material by
the students themselves, etc., and a variety of
methods used. This is especially important if it is
taken into account that the learning outcomes
imply the achievement of a diverse set of
competencies that cannot be developed if the
teaching methods are limited to ex-cathedra
lectures or only to work in groups or only to
presentations, etc. (lvi¢ et al., 2002).

As for the connection between learning
outcomes and assessment methods and criteria,
it is important to emphasize the following
(Vukasovi¢, 2006):

1. The difference between expected and
desired LOs should be kept in mind.
Concerning that difference, it is possible
to define: a. that it is necessary to fulfil
the expected learning outcomes for the
transitional assessment and b. that for the
highest grade it is necessary to fulfil the
desired learning outcomes. In the “space”
between the lower and upper criteria,
criteria for other grades can be clearly
defined;

2. The assessment method must correspond
to the defined LOs, or one learning
outcome and

3. ltis possible that one assessment method

evaluates the achievement of several

learning outcomes and vice versa - that

several different assessment methods are
needed to assess the achievement of one
learning outcome.

Bearing in mind that the LOs are expressed
through generic and specific competencies,
the question arises which teaching methods
enable the acquisition or development of
generic competencies, and which ones
enable the acquisition or development of
professional competencies? It was found that
research studies and active learning promote
professional competencies for the 21st century
in Finnish teacher education (Niemi &Nevgji,
2014). It is similar in other HE, for example,
biology (Armbruster et al.,2009) and information
and communications technology engineering

(Llorens et al., 2017). It should be borne in mind
that a part of generic competencies is already
developed to some extent at lower levels of
education,i.e.that the role of higher educationis
to deepen and/or expand these competencies.
It also implies that the role of HE must not
stop the development of given competencies
or even redirect it, although there are courses
in  which students are discouraged from
demonstrating certain competencies, such as
the ability to think critically if students’ opinions
are not sought or devalued, or the ability to
analyse and synthesize if the lecture is reduced
to an ex-cathedra reading of the material,
which is designated as my subject syndrome.
Additionally, if the given competencies were
not developed during previous education, the
role of higher education must be to correct
the mistakes made during previous education
(Vukasovi¢, 2006, Pérez Martinez et al., 2010).

Furthermore, it is important to understand
that there are generic competencies that can
be developed within one teaching unit (in the
sense of an individual lesson, but also the whole
course), i.e. a certain teaching unit is explicitly
dedicated to the acquisition of certain generic
competencies (or one of them), as well as
generic competencies that can be developed
within teaching units dedicated to specific
competencies, but with the use of adequate
learning and teaching methods. As for learning
and teaching methods intended for the
acquisition and development of professional
competencies, the only thing that can be
supposed at this level of generality is that the
choice of learning and teaching methods must
be approached responsibly, bearing in mind the
learning outcomes related to the acquisition
of professional competences. All this further
emphasizes the importance of well-formulated
learning outcomes. A well-formulated learning
outcome, in essence, contains, more or less
explicitly, the methods of learning and teaching
as well as an indication of the methods of
evaluating student achievements (Vukasovic,
2006).
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CONSTRUCTIVE ALIGNMENT

The paper under the title Reclaiming
Constructive Alignment by Loughlin et al. (2021)
gave many relevant aspects about the history
of CA, adoption and adaptation of Outcomes-
Based Education (OBE) by HE policymakers: the
European context and the national context of UK
and Sweden, a vitiated theory: CAin educational
practice, alignment: curricula overwhelmed
with policy requirements, LOs: a tension
between internal and external quality demands,
constructivism: disappears from the theory as
practised, reaction and resistance: contested
understandings, de-professionalisation,
academic development, conflating theory with
practice, critical appraisal of learning objectives
and outcomes, criticism of constructivism and
reclaiming CA. It states that CA and particularly
LOs are often vilified among academic staff as a
pernicious influence on learning and teaching.
Itis also emphasized that the mechanistic use of
alignment and learning outcomes for validation
and audit purposes can create an illusion of
quality control which bears little relation to
the reality of teaching practice and student
learning.

In essence, before the definition of CA by
John Biggs (1996), curriculum design in HEls
was largely an individual responsibility with
teachers using their personal experiences to
decide what students should learn. The idea
that course teams might work collectively on
a course design was only accepted in settings
focused on distance education where a more
industrial mode of developing course materials
was required. CA is now explicitly named as a
principle used by many HEls when designing
courses or programs. Part of its appeal is the
apparentsimplicity of the concept.Nevertheless,
it is an idea that also has the potential to be
misunderstood (Kandlbinder, 2014).

In the paper by Maffei et al. (2022)
described the design of the constructively
aligned educational unit. Students’ perspectives
on how different elements of CA support active
learning are studied in the paper by Hailikari et
al. (2022). It was found that different elements
of CA had a clear role in guiding student
learning and study. Factors related to teaching
and assessment seem to play a large role. In
the course that applied ALT, almost all students
had a deeper approach to studying the

material. Teaching that sufficiently challenges
students requires active student participation
throughout the course, provides opportunities
for peer support, and uses high-quality
teaching materials, appears to support students
to adopt a deep approach to studying. On the
other hand, traditionally organized courses with
lectures and final exams, and without engaged
activities, had significantly more students who
adopted a non-reflective or mixed approach.

In the Rulebook of the National Council
for Higher Education, 2019, on standards and
procedures for external quality assurance of
higher education institutions and Standards
and guidelines for quality assurance in the
European Higher Education Area (ESG),
European Association for Quality Assurance
in Higher Education (ENQA) (2015) it is
emphasized that it is necessary that the HEI
regularly and systematically checks and, if
necessary, re-determines the goals of the
study programs and their compliance with
its mission and goals, as well as the structure
and content of the study programs in
terms of the relationship between general-
educational, theoretical-methodological,
scientific-professional and professional-applied
disciplines, the workload of students measured
by the number of ECTS credits, the outcomes
and expertise that students acquire when they
complete their studies, as well as opportunities
for employment and further education. At the
same time, the HEIs should ensure that the LOs
are based on the descriptors of qualifications of
a certain cycle of education in a given scientific
field and on the corresponding European and
national framework of qualifications, including
the requirements of international and national
professional associations. To achieve this,
the HEIls should have established procedures
for approving, monitoring, and controlling
study programs. In addition, the HEls should
regularly obtain feedback from employers,
representatives of the National Employment
Service, and other relevant organizations about
the quality of studies in the degree programs.
The HEIls should also provide students with
participation in the assessment and quality
assurance of study programs. The higher
education institution must ensure continuous
updating of the content of the curriculum
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and its comparability with the curricula of
corresponding foreign higher education
institutions. Curricula of study programs should
encourage students to think creatively, to a
deductive way of research, as well as to apply
that knowledge and skills for practical purposes.
The conditions and procedures that are
necessary for completing studies and obtaining
a diploma of a certain level of education
should be defined and available to the public,
especially in electronic form, and should be
aligned with the goals, contents, and scope
of accredited study programs. A HEls should
have mechanisms for monitoring the quality of
study programs (e.g. a formal legal procedure
for approving study programs, procedures for
monitoring the success of studies in a study
program and establishing responsibility for
their improvement, as well as regular and
periodic evaluation of study programs). Within
those procedures, the HEls should regularly
review the educational outcomes within the
accredited study programs it runs, based on
learning outcomes. It is of great importance that
the HElIs regularly review how it has established
harmony between teaching methods, LOs,
and evaluation criteria, especially the teaching
method oriented towards student learning
and the evaluation system based on the
measurement of learning outcomes. Also, the
HEI should consider how the learning outcomes
determine the content of the study program and
its organization, teaching methods, strategies
and techniques, and proposed courses and
procedures for knowledge verification and
assessment. Finally, it is also of greatimportance
that the HEI looks at the subject mapping table
asanaid to gaining insightinto how the learning
outcomes of the study programs are covered
within the compulsory subjects defined by
the study programme. The mentioned aspects
of quality assurance are also emphasized by
Biggs (2001), Biggs &Tang (2007), Biggs &Tang
(2011a), and Cincovi¢ et al. (2020).

Within the framework of internal control,
self-evaluation, and accreditation, the HEls
must consider in detail the evaluations of
students’ achievements in realizing the
intended learning outcomes. In addition, the
HEIls should have a strategy and methods used
to check the achievement of learning outcomes
for each study program. Also, the HEI should

assess to what extent the achieved results on
study success match the planned learning
outcomes. Reviewing the share of learning
activities required to achieve the expected
learning outcomes (time spent on activities
directly led by teaching staff, time spent on
independent work by students, on mandatory
professional practice, time needed to prepare
for the knowledge test, and time included in the
knowledge test itself) in the total value ECTS for
each subject or module is of crucial importance
(Vukasovi¢, 2006; Cincovi¢ et al., 2020).

Assessment  of  student  workload
necessary to achieve the set learning outcomes
and compliance with ECTS should be subject
to regular review, through monitoring and
gathering feedback from students. The HEI
should use a method of exact measurement,
not estimation, of the student load for each
ECTS, thereby documenting that the allocation
of points to parts of the program is based on the
student load necessary to achieve the learning
outcomes in a formal sense. The institution
submits, if it has such data, the results of a
survey obtained from students in the process of
regular workload monitoring. Also, HEls should
adopt measures and activities to reduce the
rate of failure in exams and harmonize student
workloads with the values of ECTS points
(Gleeson, 2013; National Council for Higher
Education, 2019; Cincovic et al., 2020).

The improvement and continuous
modernization of the existing study programs
should be based on the development of science
and the new requirements that are placed
before the given educational profile. Teachers
and students should be familiar with the defined
requirements that the graduate work (thesis)
should fulfil, especially in terms of academic
methodology, formal aspects, practical
orientation, and evaluation criteria. The HEI
should establish an appropriate way to keep in
touch with its graduates. It should evaluate the
relevance of the study program for the labour
market (local, national, international), as well
as the achievements of the graduated students
in their later professional development (ENQA,
2015).

Following the Rulebook of the National
Council for Higher Education, 2019, on standards
and procedures for external quality control of
HEls by using the SWOT analysis method, the
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HEI should analyse and quantitatively evaluate
the following elements:
objectives of the study program and their
compliance with learning outcomes,
teaching methods oriented towards
learning outcomes,
an evaluation system based on the
measurement of learning outcomes,
compliance of the ECTS load with the
learning activities required to achieve the
expected learning outcomes,
mutual conformity of learning outcomes
and expected competencies based on
descriptors of qualifications of a certain

cycle of education,

the ability to functionally
knowledge and skills,
procedures for monitoring the quality of
study programs,

feedback from practice about graduated
students and their competencies,
continuous modernization of
programs,

availability of information about graduate
work and professional practice and
availability of information about study
programs and learning outcomes.

integrate

study

CONCLUDING REMARKS

Based on the literature review of the
most significant data related to CA between
objectives, teaching and LOs, student
competencies, and assessment methods in HE,
it can be concluded:

CA between objectives, teaching and LOs,
student competencies, and assessment
methods in HE is still not accepted in many
HEls, thatis, learning and teaching practices
in them are still based on the traditional
approach using teacher-centred strategies,
where the teachers impart knowledge and
students are passive learners and therefore
are not allowed to have autonomy over
their learning. In this way, students are not
experiencing enough chances to interact
and communicate to achieve the necessary
generic and professional competencies;

Teachers in HEls must become familiar

with the essence of CA between student

workload expressed through ECTS, SPs,
course and unit objectives, LOs, theoretical
and practical contents, teaching and

learning methodology, formative and
summative assessment methods, and
effective acquisition of student generic
and course-specific competencies;
Accordingly, this paper outlines the
specifications of the CA approach which
could be used to put an end to this
daunting situation in HEIs by designing and
developing the existing SPs to meet the
21st-century cognitive skills perspectives;
CA framework could enable teachers to
create and develop SPs based on the actual
needs of the target learners in different
contexts;

Also, the involved staff could plan learning
and teaching activities by applying this
approach in the given daily lessons and
Finally, it can be concluded that CA
improves the quality of students’ learning
and enables the acquisition of appropriate
competencies that trace the way for their
lifelong learning.
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KOHCTPYKTUBHO YCOIIACYBAHE MEIY LIEJINTE, HACTABATA U YYEHETO,
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Pesume

B1COKOKBanNMTETHMOT MpoLLeC Ha yuyere BO BUCOKOTO 06pa3oBaHue nogpasdupa npaBuiHO
N KOHCTPYKTUBHO YCOrnacyBame Ha CYLWITUHCKUTE efleMEeHTU, Kako CTYQUCKMTe Nporpamu, Lenurte
Ha KypCOT, COApKMHaTa Ha NpeAMeTHUTe Nporpamu, pesyntatute off yuyereto, 06eMoT Ha paboTa
Ha CTY[AEHTUTe, aKTMBHOCTUTE BO TEKOT Ha HacTaBaTa M yyemeTo, METOAWUTE Ha OLeHyBame U
CTEeKHYBaHEeTO Ha COOJBETHU KOMMETEHLMN, LUTO BO InTepaTypaTta € NO3HATO Kako KOHCTPYKTMBHO
nogpegyBamwe (CA). Bo cywtmnHa, CA rm ycornacyBa OfHarnpep onpefeneHute KOMMeTeHLuuu,
aKTMBHOCTUTE BO TEKOT Ha YYEHETO M HacTaBaTa, Kako M HauMHUTe Ha oueHyBame. CA e npuctan
3aCHOBaH Ha pe3ynTaTuTe Of HacTaBaTa, NPW LWTO Pe3ynTaTUTe Of YYEHETO KoM yueHuLmTe Tpeba aa
rM NOCTUrHAT ce fAepuHMpaaT npeq Aa ce o4pXu HacTaBarTa.

YcnexoT Ha CTyiIeHTUTe Ha CUTE HMBOA Ha CTYAMpPakbe MPBEHCTBEHO 3aBNCH O KOHCTPYKTUBHOTO
ycornacyBare Kako efleH Ofi Haj3HauajHUTe 1 HajBnnjaTeNIHATE MPYHL MM BO BUCOKOTO 06pa3oBaHue.
JleTanHOTO No3HaBake Ha OBOj MPUHLUWUM 1 HeroeaTta AoCiefHa NPUMeHa e OCHOBHa 0OBpCKa Ha
HaCTaBHUYKMOT Kaflap BO BUCOKOTO Obpa3oBaHuve. 3a fa ce pa3Bue ,KOHCTPYKTMBHO ycornaceHa”
npegMeTHa NporpamMa, HaCTaBHUKOT Tpeba Aa 3arnoyHe o NpefBuaeHNTe KOMMeTeHL MM cneundruyHn
3a KypcCoT, NoToa 1360p Ha HajcoOABETHUTE aKTMBHOCTU 3a YUYeHse, MOYYHM N HACTaBHU aKTUBHOCTY,
KaKo 1 MeToAUTe 3a OLleHyBake 3a OBUe crneundryHN KOMNeTEHLNN.

TpynoT nopgeTanHo ja objacHyBa cywTnHaTa Ha CA mefy 06emMoT Ha paboTa Ha cTygeHTuTe
n3paseH npeky EKTC, ctyanckute nporpamu, LennTe Ha HaCTaBHUTE NPOrpamm 1 KypcoT, pesyntatute
Off YUEHETO, TEOPETCKNTE N NPAKTUYHUTE COAPXKMHMW, METOAOMOrjaTa Ha HacTaBaTa U yyemeTo,
mMeTogmTe Ha GOpPMaTVBHO M CYMATMBHO OLeHyBahe U ePeKTUBHO CTEKHYBahe Ha FeHepuykn u
KomneTeHLMM cneundryHn 3a KypCoT.

KnyuHn 360poBu: KOHCMPYKMUBHO YCO2/1aCy8arbe, 0NMoeapysdrbe HA ydeHuyume, yesnu,
pe3ynmamu o0 yuyerbemo, akmusHOCMU 3d yuyerbe U HAcmasd, OUeHy8arbe, KoMnemeHyuu.

Journal of Agriculture and Plant Sciences,
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Abstract

Macronutrients are essential for the growth and development of all plants, including oriental tobacco.
Their availability determines the overall health and growth of tobacco plants and it is in the focus of sustainable
tobacco production. Proper management of soil macronutrients is necessary for high and quality crop yield.

In order to evaluate the macronutrient content and factors influencing their availability, different varieties
of oriental tobacco were selected for a field experiment. Plants were grown under the same agrotechnical
conditions, on two locations, on a colluvial-delluvial and fluvisol soil type. Available forms and total content
of nitrogen, phosphorus, potassium, magnesium and calcium as important macronutrients were determined
in soil samples, while only total content was analyzed in leaf samples. Availability ratios were presented by
available and total content as a direct measure of the potential effectiveness of the selected macronutrient in
soil. Macronutrients Ca and P have greater availability as compared to N, K and Mg. Analyzation of the available
and total content of macronutrients in soil and leaf samples gives helpful insight in application of certain

cultivation practices for specific agricultural and environmental management purposes.

Key words: tobacco, nutrients, macronutrients, growth factors

INTRODUCTION

Macronutrients have a multilevel and vital
role for plants with wide range of chemical
activities within their cells. In order to reach
optimal plant growth and overall plant health,
it is important to understand macronutrients
availability and to make certain that plants
receive an adequate supply of them.

In agriculture, plants are usually supplied
with nutrients from fertilizers. The impact of a
certain nutrient varies depending on the plant
type, and for oriental tobacco, it has direct
reflection on the quality of the raw material
(Adamu et al., 1989; Pelivanoska & Jordanoska,
2013, 2016, 2018). Nitrogen is essential element
fortobacco plants and its availability determines
the growth rate of the plant. The influence of
nitrogen fertilizers is directly related to the
content of nitrogen in the leaves; therefore,
it highly effects the ripening, drying, yield

and quality of oriental tobaccos (Pelivanoska,
2009; Gholizadeh et al., 2012). It was shown
that tobacco constantly accumulates nitrogen
and phosphorus during the vegetation period
and their content in the leaves is constantly
increasing (Hawks & Collins, 1987). Phosphorus
is essential for the formation of strong roots
and stems, flower development, and seed
production. It contributes to the maturity
and development of tobacco as prerequisite
for quality dried leaves that have good
chemical properties (Filiposki, 1990; Mitreski &
Korubin-Aleksoska, 2005; Filiposki et al., 2010).
Potassium significantly contributes to the
storage of carbohydrates, plays an important
role in maintaining the ionic status of the plant,
shortens the growing season, improves tobacco
burning qualities (Pelivanoska, 2009; Filiposki
et al, 2010; Pelivanoska et al. 2012, 2017;
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Zaprijanova & Hristova, 2018). Magnesium is an
integral part of the chlorophyll molecule and
has a catalytic role in protein synthesis within
plants (Campbell, 2000). Calcium plays a major
role in cell maintenance, growth and activation
of numerous enzymes in the tobacco plant.
Additionally, it acts as an antagonist to various
toxic metals such as Cu, Zn, Mn, Fe and protects
plants from the toxic reaction (Tiffin, 1977).

The main factors that affect availability
and uptake of macronutrients are their content
and form in the soil, soil characteristics,
plant biology, fertilization and utilization of

soil amendments (Tso,1990; Bell et al., 1992;
Rodgman & Perfetti, 2009; Golia et al., 2009;
Khan et al, 1992; Zaprijanova et al, 2010;
Subhashini, 2016; Jordanoska et al, 2018;
Kumaresan et al., 2019; Lisuma et al., 2020). This
study provides an analysis on the relationships
between factors that have a crucial role in the
availability and uptake of P, N, K, Ca and Mg.The
main purpose was to determine the availability
of selected nutrients for four oriental tobacco
varieties, considering soil characteristics and
different fertilization rates.

MATERIAL AND METHODS

Methodology of the field experiment

For the purpose of the research, two
experiments were set in two different locations.
Oneexperimentalfield was on a colluvial-diluvial
soil type at the experimental field at Scientific
Tobacco Institute — Prilep and the other field
was on fluvisol soil type in locality Dobrushevo.
The experimental fields were set up in complete
randomized block design with three replications
and with four oriental tobacco varieties (P-23,
P-79-94, Dzhebel Basma 1 and Elenski 817)
(Pelivanoska & Jordanoska Shishkoska, 2019).
The same agrotechnical practices were applied
for all varieties at both locations. Availability of
studied macronutrients was examined though
application of different nitrogen rates (0, 20,
and 30 kg/ha) and application of phosphorus
(60 kg/ha) and potassium (40 kg/ha) for both
experimental fields (Pelivanoska & Jordanoska
Shishkoska, 2019).

Soil and plant analyses

Pretreatment of soil samples for physico-
chemical analysis was done in accordance to
ISO 11464 (2006). Soil samples were collected
before planting and after harvest from both
locations and analyzed for soil texture, pH,
total nitrogen content, organic matter content,

carbon content, available phosphorus and
available potassium content (Pelivanoska,
2012). The total macronutrient content in soil
samples was determined according to ISO
14869-1 (2001), analyzed by the application of
atomic emission spectrometry with inductively
coupled plasma, ICP-AES (Varian, 715-ES).
Available nitrogen, calcium and magnesium
content was determined according to Kim
(2005).

The harvest of the mature tobacco leafs
was done manualy in 5 rounds. Leaves were
washed carefully to remove any adhering soil
particles and rinsed with redistilled water. The
plant material was dried and homogenized to
a constant weight after drying at 75 °C for 12
hours. Total nitrogen in leaves was analyzed by
modified Kjeldahl method (Srbinoska, 2012).
For the analyses of total P, K, Ca and Mg, plant
samples (0.5000 g) were digested in Teflon
vessels with HNO, and H,O, using the Mars
microwave system (CEM, USA) and analyzed
by ICP-AES with ultrasonic nebulizer CETAC
(ICP/U-5000 AT), (US-EPA Method 30508, 2007).

The reference standard materials JSAC
0401 (soil) as well moss samples M-2 and M-3
(Steinnes et al, 1997) were used for quality
control.

RESULTS AND DISCUSSION

Soil properties

According to the results from soil samples,
itis obvious that soils from the two experimental
locations have different properties (Table 1).
According to agrochemical parameters, soil
sample from experimental filed in Prilep has
low humus content, poorly acidic soil pH and
medium content of available phosphorus

and potassium. Soil sample from Dobrushevo
has an average humus content, low content
of available phosphorus, optimal content of
available potassium and neutral to poorly acidic
pH reaction. The results from soil analysis after
the harvest and at the end of the vegetation are
presented in Table 2.
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Table 1. Soil properties of experimental fields in Prilep and Dobrushevo before planting.

Prilep | Dobrushevo
Clay (%) 24.50 25.70
pH (H,0) 6.64 7.15
pH (KCl) 5.98 6.18
Humus (%) 0.81 1.77
Total N (%) 0.04 0.09
Total P (%) 0.05 0.03
Total K (%) 0.21 0.36
Total Ca (%) 0.24 0.18
Total Mg (%) 0.19 0.39
Available N (mg/kg) 6.10 7.10
Available P (mg/kg) 68.4 28.8
Available K (mg/kg) 110 180
Available Ca (mg/kg) 656 812
Available Mg (mg/kg) 114 190

Table 2. Soil properties of different experimental plots in Prilep and Dobrushevo.

Studied element Prilep Dobrushevo
Q N20P60K40, N30P60K40 @ N20P60K40, N30P60K40
pH (H,0) 6.12 6.02 6.02 6.58 6.70 6.70
pH (KCl) 5.96 5.86 5.86 6.10 6.12 6.12
Humus, % 0.62 0.60 0.60 0.96 0.92 0.92
Total N (%) 0.02 0.03 0.03 0.07 0.08 0.08
Total P (%) 0.04 0.04 0.04 0.02 0.02 0.02
Total K (%) 0.20 0.19 0.20 0.32 0.31 0.31
Total Ca (%) 0.23 0.24 0.25 0.19 0.20 0.20
Total Mg (%) 0.18 0.17 0.17 0.40 0.41 0.41
Available N (mg/kg) 5.18 6.70 6.70 7.20 8.20 8.20
Available P (mg/kg) 58.12 62.13 62.13 30.12 40.15 40.15
Available K (mg/kg) 120 150 150 220 210 210
Available Ca (mg/kg) 750 700 700 950 895 895
Available Mg (mg/kg) 112 110 110 179 192 192
*@- unfertilized control, N, P, K, , N, P_ K, (the index indicates applied nitrogen, phosphorus and potassium doses
in kg/ha).
Tobacco leaf samples 2018), the influence of nitrogen fertilizers is

The content of the analyzed macronutrients
in tobacco leaves from both locations are given
in Table 3 and Table 4. As it can be seen, highest
content of nitrogenis detected in the treatments
with highest nitrogen dosage of 30 kg/ha for
all tobacco varieties and on both locations.
According to Pelivanoska (2009), Pelivanoska et
al. (2012) and Pelivanoska & Jordanoska (2016,

directly related to the ripening, drying, yield
and quality of oriental tobaccos. The nitrogen
content in tobacco leaves (1.4 % - 3.6 %) are
in the limits to those observed in the oriental
tobacco samples (Jordanoska et al., 2018).
Similar findings are observed in the same
tobacco varieties by Zaprijanova & Hristozova,
(2018).
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Table 3. Macronutrient content in tobacco leaves from experimental field in Prilep.

Treatment Tobacco variety N (%) K (%) P (%) Ca (%) Mg (%)
0] 1.60 2.80 0.36 6.72 0.72
P-23
N, P Ko 2.10 3.20 0.36 7.33 0.78
NP Kao 2.23 2.60 0.32 7.69 0.70
@ P-79-94 1.71 2.99 0.38 6.82 0.67
N, PoKeo 2.46 2.92 0.32 9.32 0.82
NP Kao 2.57 2.74 0.35 8.49 0.70
@ Dzhebel 1.45 2.27 0.31 6.96 0.54
Basma 1
N, PoKeo 1.89 2.25 0.27 8.32 0.58
NP Kao 2.02 2.40 0.32 8.84 0.69
@ Elenski 817 1.68 2.21 0.30 7.36 0.66
NP Kao 2.01 2.25 0.28 8.02 0.74
N, PoKao 2.23 2.52 0.35 7.61 0.73
*@- unfertilized control, N, P, K, , N, P K, (the index indicates applied nitrogen, phosphorus and potassium doses
in kg/ha).

According to Campbell (2000), potassium
content in dry plant material ranges from 1.0
to 5.0% and the required amount for normal
development of the leaf is from 1.5 to 3.0%
potassium. In our study, potassium content
in all tested tobacco varieties is within these

cultivated variety in North Macedonia with
average potassium content from 0.26% to
1.33% (Jordanoska et al., 2018). According to
our findings, four tested oriental varieties (P-
23, P-79-94, Dzhebel Basma 1 and Elenski 817),
from both locations (Tabs. 3 and 4) have higher

limits. Oriental tobacco P-66 is the most potassium content compared to variety P-66.
Table 4. Macronutrient content in tobacco leaves from experimental field in Dobrushevo.

Treatment Tobacco variety N (%) K (%) P (%) Ca (%) Mg (%)

@ 1.78 3.24 0.33 5.19 1.41
P-23
N,,PKeo 194 | 3.10 037 5.07 1.36
N,,PKeo 219 | 3.53 035 536 1.42
@ P-79-94 1.8 2.91 0.35 4,79 1.16
N,.PKeo 203 | 355 036 5.96 1.44
N, P Keo 239 | 379 0.36 591 1.51
@ Dzhebel 1.46 2.79 0.31 5.23 1.36
Basma 1

NP K. 165 | 3.10 033 6.05 1.36
N,.PoKeo 1.9 | 268 0.29 5.44 1.22
@ Elenski 817 1.66 2.89 0.36 5.08 1.21
N,.P K. 194 | 245 030 4.67 1.18
N,,PKeo 205 | 3.03 032 532 1.32

*@- unfertilized control, N, P, K, , N, P, K,
in kg/ha).

Campbell (2000) found that phosphorus
content in technically mature tobacco leaves
from the upper, middle and lower harvest
belt are 0.14-0.3 %, 0.13-0.3 %, 0.12-0.3 %,
respectively. Similar content of phosphorus

(the index indicates applied nitrogen, phosphorus and potassium doses

was found in the most of the tested samples.
The results are higher as compared to oriental
tobacco P-66, that has phosphorus content
from 0.04% to 0.2 % (Jordanoska et al., 2018;
Zaprijanova & Hristozova, 2018).
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Calcium content for all varieties is higher
than the average 1.5% found in oriental tobacco
P-66 and the ranges from 1.0 to 2.1% (Jones
et al., 1991; Campbell, 2000; Jordanoska et al.,
2018; Zaprijanova & Hristozova, 2018). Several
studies found that calcium content in tobacco
leaves depends on the calcium content of the
soil and soil pH (Mylonas, 1984; Apostolova,
1990).

All tested varieties from experimental
field in Prilep have lower magnesium content
compared from the samples from Dobrushevo
(Table 3 and Table 4). A range of magnesium
content from 0.07-0.18% was observed in
oriental variety P-66 (Jordanoska et al., 2018).
The magnesium content in our samples was
higher as compared to findings of Zaprijanova
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& Hristozova (2018), who found magnesium
content in narrow limit of 0.38-0.56%.
Comparison of the results from both locations
shows that tobacco leaf samples from location
Dobrushevo are richer in macronutrients, which
is accordingly macronutrients content in soil
samples from same location.

Based on the available and total content
of the studied elements in soil samples, we
calculated the availability ratio (Figure 2).
Availability ratios are presented as direct
measure of the potential effectiveness of the
examined macronutrient in soil. Based on the
results from both locations, nutrients availability
percentage sequence the following order:
Ca>P>Mg>K>N.
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Figure 1. Availability of studied macronutrients calculated as a ratio of available content and total content of
each macronutrient in soil before planting.

CONCLUDING REMARKS

According to our findings, there was no
difference in the content of available and total
nitrogen in the analyzed soil samples from the
treatments with increased amounts of nitrogen
(20 kg/ha and 30 kg/ha). The content of most of
thestudied elementsin soil samples corresponds
respectively with those from the oriental
tobacco leaves from the particular location.
Increasing doses of nitrogen fertilizer leads to

increasing content of nitrogen in the leaves. For
any tested tobacco variety, absorption capacity
differs respectively for individual macronutrient.
Calcium and magnesium content for all tested
varieties from both locations were higher than
most of the findings for oriental tobacco. It was
found that Ca has greater availability compared
to other observed nutrients.
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AOCTAMHOCT HA MAKPOHYTPUEHTUTE 3A PA3JINYMHU BUAOBU OPUEHTAJIEH TYTYH
OAMMEAAH BO UCTU ATPOTEXHUYKIU N EKOJIOLLKW YCJ10BU

Bbunjana JopaaHocka-lUnwkocka ' BaneHTtuHa MennBaHocka' Mapuja Cp6uHocka’
"Hayyen uHcmumym 3a mymyH - [punen, YHusepaumem ,Ce. KnumeHm Oxpudcku” - bumona

*Konmakm asmop: biljana.jordanoska@uklo.edu.mk

Pesnme

MaKpOHYTpUeHTUTE Ce HeOMXOAHM 3a PacTOT U Pa3BOjOT Ha CUTE pacTeHWja, BKIY4yBajKu
ro U OpPUEHTANIHMOT TYTYH. HMBHaTa JOCTanHOCT ro oppefyBa LENOKYMHOTO 3ApaBje M pactoT
Ha TYTYHCKMTE pacTeHuja U e BO GOKYCOT Ha OAPKIUBOTO TYTYHCKO NMpon3BoAcTBO. [NpaBusiHo
yrnpaByBare CO MAaKPOHYTPUEHTUTE BO NMOYBaTa € HEOMXOAHO 3a OAPXKYBarbe Ha BUCOK 1 KBAJIUTETEH
npuHoc.

Co uen fa ce oUeHM COApPXKMHATA HA MAaKPOHYTPUEHTN 1 GaKTOpUTe KOW BKjaaT Ha HMBHATa
LLOCTAMHOCT, HanNpaBeH € OMUT CO YeTUPU Pas3INYHM COPTU Ha OpPUEHTaNeH TYTyH. PacTeHujaTa ce
OArnefaHu Co NCTU arpOTEXHUYKU YCIIOBY, Ha [iBe TOKALMKN Ha KOJTyBUjaNIHO-AenyBMjaneH TWM Noysa
1 Ha ¢nysBrcon. BKynHaTta n foctanHa cogpkrHa Ha a3oT, pocdop, Kannym, MarHesanym v Kanuuym,
KaKO HajBa)KHM MaKpPOHYTPUEHTU € OfpelieHa BO NPUMepoLMTe NOYBa, A0AEKA BKYMHATA COAPKIMHA
e oApefeHa BO NpyMmepoLuTe Of pacTuTenieH matepujai. [loctanHOCTa Ha UCNUTYBaHNTE eNeMeHTH €
npeTcTaBeHa Kako COOAHOC Ha OfpeeHaTa JoCTarnHa 1 BKyrnHa CoAp»K1UHa BO MOYBEHUTE NPUMepPOLI
N CNYXM KaKo AMPEeKTHA MepKa 3a NoTeHuujanHaTa epeKTUBHOCT Ha U30PaHMOT MAKPOHYTPUEHT.
Kanunymot n ¢ochopoT nmaat noronema AOCTanHOCT BO crnopefbda CcoO MarHe3mymoT, KanmymoT
n ¢ochopoT. AHanM3MpPameTO Ha COOOHOCUTE Mery CBOjCTBaTa Ha MouyBaTa M JOCTanHOCTa Ha
XpaHINBUTE MaTeEPUM laBa KOPUCEH YBUJ 3a MPYIMEHaTa Ha OfpefeH MepKU 3a cneunduyHn Lenm
BO 3€MjOJeNICTBOTO 1 yrNpaByBak€ CO XKMBOTHaTa cpeanHa.

KnyuHu 360poBU: mymyHCKU pacmeHuja, HympueHmu, MakpoHympueHmu, pakmopu Ha pacm.
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EVALUATION OF YIELD AND YIELD RELATED COMPONENTS OF SPRING BARLEY VARIETIES
BASED ON MULTIVARIATE ANALYSES
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Abstract

The aim of this study was to evaluate the yield and yield components of spring barley varieties cultivated
in the Republic of North Macedonia using multivariate analyses. Five spring barley varieties (Makedo, Xanadu,
Josefin Variety, Gladys Variety and Scarlet Variety) were used as an experimental material. Makedo is Macedonian
variety and the other barley cultivars were introduced. The experiment design was randomized complete
block with three replications, carried out on the field areas in Probistip, Republic of North Macedonia. Makedo
variety showed the highest value for grain yield (6 844 kg/ha), number of spikes per m? (668), number of grains
per spike (22) and hectoliter weight (68.5 kg/hl). Using Principal Component Analysis two main components
were extracted, accounted for 82.46% of the entire variability among the barley varieties for all investigated
traits. The first principal component explained 59.92% of the variance and factor loading for number of spikes
per m?(0.49), grain yield (0.48) and number of grains per spike (0.47) were the most important traits positively
contributing to the PC1. The second PC accounted 22.53% of the variation and the factor loading for 1 000
grain weight (0.84) was the main highly positively trait contributing to the PC2. From all spring barley varieties
only Makedo had positive values by both major components. Grain yield was positively correlated with the
number of spikes per m? (r = 0.795), from the one side and from the other side, with the number of grains per
spike (r =0.632).

Key words: barley, grain yield, principal component analysis, correlation

INTRODUCTION

As one of the oldest plant species, barley
has undergone substantial genetic change
during its domestication. Over many thousand
years of cultivation, the intended use of barley
has moved from staple food to an important
feed. Among the cereal crop barley is a species
with the greatest adaptability to a wide range
of environments. Barley is cultivated from
arctic latitudes to tropical areas, grown at the
highest altitudes and adapted to specific sets of
agro-ecological areas (Alemayehu & Parlevliet,
1997). Most of the world’s barley is used for
fee, followed by malting, 2-3% as food and
about 5% as a seed commodity (Ullrich, 2011).
In Republic of North Macedonia wheat and
barley are the major cereal crops. According to
the data from the Statical Office of the Republic

of North Macedonia (2023), barley production
in Republic of North Macedonia in the last ten
years tends to increase. On the National variety
list in the Republic of North Macedonia, besides
autumn forms of barley, only one variety
(Makedo) is registered as a spring domestic
variety (MAFWE, 2008).

A priority for global food security isinsuring
the yield potential and stability of small-grain
cereals, such as wheat (Triticum aestivum L.), rice
(Oryza sativa L.) and barley (Hordeum vulgare L.)
(Zoltan etal., 2020). Successful growing of spring
barley depends on many factors. Productivity is
the final result of the effect and interaction of
several yield related traits, which are basically
polygenetic (Madi¢ et al., 2014). Grain yield in
barley is a trait that is affected by an interaction
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of many factors like environment, physiology
and morphology of the genotype (Mousavi et
al., 2012). The most basic components of yield
are grain weight, plant height, number of grains
per spike and grain/kernel weight (Madi¢ et al.,
2009). Grain yield is dependent on combined
and well-balanced effects of these yield
components (Turk et al., 2003). Environmental
factors like drought affect the yield components
and consequently the grain yield of a genotype
(Soleymani & Shahrajabian, 2013). Also, many
authors studied the environmental effect
and the influence of variety on barley grain
yield (Helm, 1992; Paynter and Young, 2004;
Petkovski et al., 2018). The most important
traits in barley plants are grain yield and quality
of product, number of spikes per unit area,

number of grains per spike and grain weight
(Turk et al,, 2003; Kavitha et al., 2009; Sukram et
al.,, 2010). To be able to breed for a high yielding
genotype, the relationship between yield and
yield components and the correlation among
yield components need to be well studied and
understood (Dofing et al, 1992). Coefficient
analysis and Principal Component Analysis
are widely applied in the breeding researches
of many authors (Dyulgerova, 2012; Gocheva,
2014; Markova Ruzdik et al, 2015) and those
tools report the interdependencies between
the yield formation elements.

The objective in this study was to evaluate
the yield and yield formation elements of spring
barley varieties cultivated in the Republic of
North Macedonia, using multivariate analyses.

MATERIAL AND METHODS

Plant material and field trial

Five spring barley varieties (Makedo,
Xanadu, Josefin Variety, Gladys Variety and
Scarlet Variety) were used as an experimental
material for this study. Only Makedo was

domestic variety and the other cultivars were
introduced (Tab. 1). Macedo variety is registered
as a Macedonian variety on the National variety
list in the Republic of North Macedonia (MAFWE,
2008).

Table 1. The origin of spring barley varieties used in the experiment.

No. Spring barley varieties Breeder/Maintainer
1 Makedo North Macedonia
2 Xanadu Germany
3 Josefin Variety France
4 Gladys Variety Czech Republic
5 Scarlet Variety Germany

The field trial was carried out on the
experimental field area in Probistip, Republic
of North Macedonia, during two growing
seasons. Probistip is a town nestled in the

southwest corner of the Osogovo Mountains,
in northeastern Macedonia, located at 42°00'N
and 22°09°E, with an elevation above sea level
of 589 m (Fig. 1).
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Two row spring barley cultivars were
arrangedinarandomized complete blockdesign
with three replications. The size of experimental
plot for each variety and replication was 5 m2.
Row to row distance was maintained at 20 cm
and all recommended agronomic practices
were followed for growing the crop. The sowing
and the harvest were done manual.

Data collection

The number of spikes per m? was
determinate by counting the plants from m? of
each repetition. In maturity period, grain yield
and its components were measured. According
to descriptors for barley (IPGRI, 1994), 30 plants
were randomly were sampled from each plot to
determine plant height (cm). Plant height was
measured from the base of the plant to the tip
of the spike. Grains per spike were manually
counted and the 1 000-grain weight has been

determinate to measure 1 000 grains of each
repetition and variety. For hectolitre weight was
used hectolitre measuring system. Grain yield
was obtained from 5 m? and was calculated in
kg/ha.

Statistical data analysis

To evaluate the vyield and yielding
components of tested barley varieties and to
analyse the contribution of each trait on total
variation, multivariate analyses were applied.
Least significant differences were calculated
using Statistical analysis software JMP (2002).
Principal Component Analysis was done by
StatGraph 2.1 (Mohammadi & Prasanna, 2003)
and components with Eigen values greater than
one were considered. Linear correlation was
calculated according Singh & Chaudhary (1985),
with significance levels of 0.05 and 0.01, using
SPSS 19 (2010) software.

RESULTS AND DISCUSSION

In Table 1 the average values for grain
yield and yield components of tested barley
varieties are given. Number of spikes per m?is
one of the important traits and play significant
role in yield formation. LSD test show that all
tested varieties significantly differ. Makedo
variety showed the largest number of spikes per
m? (668) and the lowest was notes by Josefin
Variety (517). The tallest plants were registered
by Josefin Variety (76.3 cm), followed by Scarlet
Variety (69.8 cm). Number of grains per spike is
also one of the main yield related components.
According to LSD test, there were no significant
differences between tested barley varieties
except Makedo variety. Makedo variety had
the highest value for number of grains per
spike (22). 1 000 grain weight is a quality
trait and it is indicator for the seed size. This

property depends of genetic variety but also of
environmental conditions. In our study, this trait
ranges from 43.5 g to 50.1 g, with average value
of 47.1 g. Hectolitre weight (or weight per unit
volume) is the weight of 100 litres of the cultivar
and is the simplest criteria of grain quality. It
gives us a rough index of flour yield. Higher
hectolitre weight, means better flour yield. The
factors affecting the hectolitre weight are kernel
shape and uniformity of kernel size, orientation
of kernels in container when it is filled, density
of the grain influenced by structure of grain
and its chemical composition. In our research,
the highest value for hectolitre weight was
observed by Makedo variety (68.5 hg/hl).
Macedonian variety also showed the highest
value for grain yield (6 844 kg/ha), followed by
Xanadu Variety (6 638 kg/ha).

Table 2. Average values for yield and yield components of tested barley varieties.

Number of . Number of . Hectolitre o
Variety spikes per Plant height grains per ! O(.)O grain weight (kg/ Grain yield
m? (cm) spike weight (g) hi) (kg/ha)
Makedo 668a 64.8¢c 22a 49.4a 68.5a 6 844a
Xanadu 617c 64.4c 20b 43.5¢c 66.0c 6 638a
Gladys Variety 576d 68.8b 20b 50.1a 67.7ab 5841a
Scarlet Variety 638b 69.8b 20b 46.3b 67.0b 4 949b
Josefin Variety 517e 76.3a 20b 45.8b 64.7d 5279b
Mean 604 68.8 21 411 66.8 6 544
LSD .. 20.32 1.32 1.05 1.81 0.93 1922.3
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Principal Component Analysis (PCA)
reflects the importance of the largest
contributor to the total variation at each axis of
differentiation (Sharma, 1998).

In this study, Principal Component Analysis
was utilized to examine the variation and to
estimate the relative contribution of tested
traits for total variability. Principal Component
Analysis was carried out by using five spring
barley varieties and six traits. Table 3 presented
the results of PCA, viz.,, percentage, cumulative
variances, and Eigen value of the first two
principal components. This multivariate tool
usually is used to identify the properties
that were the main source of variability. The
importance of analysed traits to the different
principal components can be seen from the
corresponding loading factors.

In this research, two main components
were extracted with Eigen value greater than
one (Tab. 3). The first two principal components

accounted for 82.46% of the entire variability
among the barley varieties for all investigated
traits.

The first principal component (PC)
explained 59.92% of the variance. The
importance of traits to the different PC can be
seen from the corresponding factor loading,
presented in Table 3. Factor loading for number
of spikes per m?(0.49), grain yield (0.48) and
number of grains per spike (0.47) were the
most important traits positively contributing
to the first main component. This comment
relates to fact that spike number per m? had a
high significant correlation with grain yield. On
the other hand, the plant height was negative
correlated to PC1 (-0.51), which mean that
higher plants should have lower grain yield. The
second PC accounted 22.53% of the variation
and the factor loading for 1 000 grain weight
was the main highly positively trait of PC2 (Tab.
3).

Table 3. Principal Component Analysis and factor loading of all tested traits.

Parameter PC1 PC2
Eigen value 2.99 1.12
Percentage of variance (%) 59.92 22.53
Cumulative percentage (%) 59.92 82.46

Trait Factor loading of tested traits
Number of spikes per m? 0.49 -0.14
Plant height -0.51 0.34
Number of grains per spike 0.47 0.35
1 000 grain weight 0.12 0.84
Hectolitre weight 0.15 0.25
Grain yield 0.48 -0.20

The similar results were reported by
Zékova & Benkova (2006). According Zakova
& Benkova (2006) two main components were
extracted, which accounted 72.8% of variability
and also, the grain yield had the highest positive
factor loading but plant height was negatively
correlated by first main component.

Abdullah et al, (2018), also used PC
analysis in their experiment, and they reported

four main components with 85.5% cumulative
variability.

In Table 4 are given the factor loading of
tested barley varieties by main components.
From all spring barley varieties only Makedo
had positive value by both main components.
This means that the most suitable for breeding,
according to the tested traits and environmental
conditions was Makedo variety.

Table 4. Factor loading of tested barley varieties by main components.

Variety PC1 PC2
Makedo 2.54 0.71
Xanadu 0.54 -1.76
Gladys Variety -0.25 0.87
Scarlet Variety -0.64 -0.17
Josefin Variety -2.19 0.34
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Correlation  explained the  degree
of association between two traits. The
interrelationship of characters determines the
response to selection in breeding programs. It
also helps to apply indirect selection to improve
the target traits of interest (Joshi & Okuno, 2010).

Manu researches had been used linear
correlationtodeterminetheinteractionbetween
grain yield and yield related components in
barley (Zakova & Benkova, 2006; Dorostkar et
al., 2015; Markova Ruzdik et al., 2015; Abdullah
et al, 2018; Kaur et al., 2018; Al-Sayaydeh et al.,
2019; Tsige, 2020).

The values of phenotypic correlations of
yield and yield components are depicted in
Table 5. Grain yield was highly and significantly
in positive correlation with the number of spikes
per m?(r=0.795), at level of significance p<0.01.
Dorostkar et al., (2015), Abdullah et al., (2018)

and Madi¢ et al., (2019) also reported positive
interaction between spike number per m? and
grain yield.

Grain number per spike is an important
yield component and is usually used as
selection trait in barley breeding programmes.
In our research, also, significant positive
correlation was established between number
of grains per spike and grain yield (r = 0.632,
P<0.05). This correlation was also reported by
other researches such as Garcia del Moral et al.,
(1991), Doting & Knight (1992), Saed-Moucheshi
etal, (2013), Dorostkar et al., (2015), Madi¢ et al.,
(2019).

From the other side, grain yield and 1 000
grain weight had no significant correlation (Tab.
5). Same results were reported in Dorostkar et
al., (2015) study.

Table 5. Linear phenotypic correlation coefficients between yield and yield related components.

. N“”.“ber of 1000 grain | Hectolitre o
Plant height | grains per . : Grain yield
. weight weight
spike
Number of spikes per m? -0.823 -0.467 -0.075 -0.660 0.795%*
Plant height 0.636 0.172 0.760 0.492
Number of grains per spike 0.490 0.649 0.632*
1 000 grain weight 0.748 0.101
Hectolitre weight 0.424

*Statistical significance of differences at P<0.05;
**Statistical significance of differences at P<0.01

CONCLUDING REMARKS

From the performed research it can be
conclude that the highest yield was obtained
by Makedo variety. Also, Makedo showed the
largest number of spikes per m?, number of
grains per spike and hectolitre weight. The used
PCA extracted two major components that
accounted 82.46% of the total variability among
the barley varieties for all investigated traits.
Using linear correlation, grain yield showed
highly and significantly positive relationship
with the number of spikes per m? and with
the number of grains per spike. From all spring

barley varieties only Makedo had positive value
by both main components, which means that
this variety is suitable for cultivation and should
be more present in barley production. Also,
the other varieties can be included in barley
production because they showed optimal
values for the tested yield related traits and a
suitable breeding strategy required to combine
most, if not all, of the desired traits into a single
genotype in order to come up with superior
genotype.
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EBANTYALUUJA HA MPUHOC N KOMIMOHEHTWU HA MPUHOCOT KAJ NMPOJIETHUA COPTU HA
JAYMEH CO KOPUCTEHE HA MYNITUBAPUJAHTHU AHAJTU3U

Haranuja MapkoBa-Pyxpauk', Jbynuo Muxajnos’, Mure Unuesckun', Bepuua Unnesa’,
Bunjana KoBaueBuk', laHnena TogeBcka'
'3emjodencku pakynmem, YHusepaumem ,louye [enues’, yn. ,Kpcme Mucupkos” 66, 2000 LLimun,
Peny6nuka CesepHa MakedoHuja

*KoHmakm aemop: natalija.markova@ugd.edu.mk

Pesume

Llenta Ha oBOj TpyA e fa ce HanpasBu eBasyaunja Ha MPUHOCOT N KOMMOHEHTUTE Ha MPUHOC
Kaj NpONeTHM COpTW jaumeH ogrnepyBaHu BO Penyb6nuka CeBepHa MakefoHuja cO mprMeHa Ha
MyNTUBAPWjaHTHM aHanu3n. Kako maTtepujan 3a paboTa BO OBOj EKCMEPUMEHT 6ea ynotpebeHu
net NponeTHu coptn Ha jaumeH (Makedo, Xanadu, Josefin Variety, Gladys Variety n Scarlet Variety).
Makedo e makepoHCKa copTa, @ OCTaHaTUTE Ce CO CTPAHCKO noTekno. OnuToT Gelle NocTaBeH BO
paHaoMm3MpaH 610K CUCTEM, CO TPU MOBTOPYBakba, CNPOBeeH Ha NoBpLwKHKTe BO MpobuwTnn,
Peny6nuka CesepHa MakegoHuja. Coptata Makedo nokaa HajBucoKa BpeHOCT 3a MPUMHOC Ha 3pHO
(6.844 kg/ha), 6poj Ha knacoBn Ha m?(668), 6poj Ha 3pHa BO KNac (22) 1 XxeKTonMTapcKa maca (68.5
kg/hl). Co nomoL Ha KOMNOHEHTHa BEKTOPCKA aHanm3a U3ABOEHM Ce ABE [MaBHU KOMMOHEHTU, KO
npetcTaByBaa 82.46% of Lenata BapujabunHoCT nomery copTuTte n UCNUTYBaHUTE CBOjcTBa. lNpBaTa
rnaBHa komnoHeHTa (MNU1) npetctaByBa 59.92% opf BapujabunHocTa, a BpegHocTute Ha daktopute
Ha onToBapyBatbe 3a OpOojoT Ha KnacoBn Ha m? (0.49), nprHoc Ha 3pHo (0.48) 1 6poj Ha 3pHa BO
knac (0.47) no3uTMBHO BNMjaaT Mo NpBaTa rnaBHa KOMMNOHeHTa. BropaTta rnaBHa komnoHeHTa (ML2)
npeTcTaByBa 22.53% of BapujabunHoOCTa, a BpegHOCTa Ha $aKTopOoT Ha ONTOBAapYyBake 3a Maca Ha
1.000 3pHa NO3WTUBHO BNKjae Mo BTOpaTa FMaBHa KOMMoHeHTa. Of cuTe NposieTHU copTy Kou bGea
npegmeT Ha UCTpaxyBare, caMo coptata Makedo nokaxka no3nTMBHW BpefHOCTY NO ABETe rMaBHU
KOMMOHEeHTU. [IPMHOCOT Ha 3pHO MOKa)a No3nTUBHa Kopenauuja co 6pojoT Ha KnacoBu Ha m? (r =
0.795) oz egHa cTpaHa 1 co 6pojoT Ha 3pHa BO Knac (r = 0.632) og apyra cTpaHa.

KnyuHu 360poBu: jaumMeH, NpUHOC HA 3pHO, KOMNOHEHMHA 8eKMOPCKA AHAIU3d, Kopesayuja.
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Abstract

Wine is considered as a food and must be produced under conditions that will ensure the safety of the
product for human consumption. The HACCP system is the internationally recognized as a food safety tool, and
must be applied during the entire food production process. The implementation of a food safety management
system based on the principles of HACCP in the wineries should minimise the number and extent of exposures
to hazards and improve overall safety of the wine.

In this study, an exploratory multiple case study approach was adopted in order to provide better
understanding of the process of implementation and functioning of the HACCP system in the Macedonian
wineries. Twelve Macedonian wineries (cases) of varying size and annual production participated in the study.
Two methods for collecting empirical data have been applied: survey by applying a questionnaire sent via
e-mail and face-to-face interview.

Using survey data, the key factors affecting the functioning of the HACCP system in the Macedonian wine
industry were analysed. The findings provide evidence that the most common motives for the implementation
of HACCP system in the wineries are: enhanced compliance with regulation, improved communication and
control, and implemented traceability system. Also, the results showed that the main factors that hinder the
implementation and functioning of HACCP system are: excessive documentation, lack of time, and lack of
knowledge relevant to food safety (especially among micro sized wineries).

Key words: food safety management systems, wine

INTRODUCTION

Wine holds a profound significance In the journey from vineyard to consumer,

within the rich history and cultural heritage
of the Macedonian people. In present times,
it has emerged as a crucial agricultural asset
for the country. Specifically, as outlined in the
2014-2020 National Strategy for Agriculture
and Rural Development, viticulture and wine
production contribute approximately 17% to
20% of the agricultural Gross Domestic Product
(GDP). Demonstrating its economic influence, in
2021, the Republic of North Macedonia earned
the 29th spot among global wine exporters
based on financial impact. (http://www.
worldstopexports.com/wine-exports-country/).

the winery serves as a vital link in the wine
production process. As a producer in the food
industry, the winery assumes responsibility for
overseeing the entire food chain. Considering
the extensive nature of this chain, which
encompasses the grape as the raw material,
each stage involved in obtaining wine, including
maturation, product storage, bottling, and
often distribution and sale to the end consumer,
it becomes evident that a comprehensive and
meticulous analysis is necessary. This entails
conducting risk assessments, identifying critical
points, and exercising control throughout the
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entire production process to ensure the quality,
safety, and traceability of the final product
(Marcotrigiano et al., 2020).

Given our country’s strategic objective
of attaining full membership in the European
Union, R.N. Macedonia harmonises its national
legislation, including legal frameworks
pertaining to food safety in wine production,
with European regulatory standards. Wine
producers, as well as other food business
operators, are obliged to introduce, implement
and maintain a permanent procedure or
procedures based on Hazard Analysis Critical
Control Point (HACCP) principles, together with
the application of good hygiene practices, i.e.,
good production practices (Law on Food Safety
of RNM) in order to minimise the number and
extent of exposures to hazards and improve
overall safety of the wine. The HACCP system is
the backbone of any Food Safety System and
its application in the winery should provide a

systematic preventive approach to food safety
from biological, chemical, and physical hazards
in production processes that can cause the
wine to be unsafe, and designs measurements
to reduce these risks to a safe level (Culler &
Conklin, 2015).

Given that Macedonian wine has the
potential to be the most significant export brand
of the country’s agricultural and food sector
and bearing in mind that the quality and safety
of wine directly affect the competitiveness
of the product, our research was aimed at
understanding the current situation, as well
as analysis of the weaknesses, challenges and
benefits of establishing quality and food safety
systems in the wine sector in the Republic of
North Macedonia. This paper showcases the
results related to the process of implementation
and functioning of the HACCP system in the
Macedonian wineries.

MATERIAL AND METHODS

Qualitative research strategy - Case study

In this study, an exploratory multiple
case study approach was adopted in order to
provide better understanding of the process of
implementation and functioning of the HACCP
system in the Macedonian wineries. A case study
is a research strategy that involves an empirical
investigation of a specific contemporary
phenomenon, conducted within its real-life
context (Yin, 2009). This approach involves
leveraging multiple sources of evidence and
is considered appropriate for investigating
organizations and companies. It is particularly
useful when exploring subjects such as
best practices, policy implementation and
evaluation, industrial relations, management
and organizational issues, organizational
cultures, and processes of change and
adaptation (Robson, 2016).

The research used non random sampling
technique. Twelve Macedonian wineries (cases)
of varying size and annual production were
selected to participate in the study. To facilitate
a comprehensive analysis, the selection criteria
for the chosen cases encompassed both
wineries that had implemented a voluntary
food safety standard, as well as those that had
not. Furthermore, to ensure heterogeneity
and enhance the richness of the database for

analysis, the selection process considered the
year of establishment of the wineries and their
export activities. Care was taken to include
representatives from both older wineries
that were formerly state-owned, before the
dissolution of the Yugoslav federation in 1991,
as well as relatively new wineries established
within the last two decades. The selection also
included wineries with a strong focus on export
markets, alongside cases that exclusively target
the domestic market.

Data collection

Two methods for collecting empirical
data have been applied: survey by applying
a questionnaire sent via e-mail and face-
to-face interview. The survey questionnaire
contained open-ended and closed-ended
questions. For the majority of questions, extra
space was provided for additional comments
by the respondents, which in term made
it possible to avoid limitations on answers,
and the respondents had the opportunity to
provide a broader overview of the questions
of interest for the research. The interviews
were semi-structured, mostly with open-ended
questions. All the chosen wineries, which had
been contacted and agreed to take part in the
study, completed the survey questionnaire.
Subsequently, to delve deeper into the subject
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of our research and gain a more comprehensive
understanding of the voluntary food safety
and quality systems in Macedonian wineries,
interviews were conducted in five wineries.
Each interview involved two company
representatives. A representative from the
management and a person responsible for
managing quality and food safety systems in the
winery were interviewed, as persons who are
directly involved in the decision-making process
and implementation of quality and food safety
systems. The names of the interviewees were
protected, and they were identified by their
job positions. The interviews were prearranged
and conducted in person, that is, face to face
between the researcher (interviewer) and the
surveyed (interviewed) person. During the
interview, spontaneous questions that lead one
to the next were also asked. The results of the
survey questionnaire and the interview were
used to produce a case study for each winery
and as such were prepared for analysis.

In addition to the primary data provided
through the survey questionnaire and
interviews, theresearchalsousedsecondarydata
like reports from relevant organizations, winery
websites, as well as other published materials in
order to obtain a more diverse information basis
for analysis. The implementation of a multi-
source data collection strategy was intended to
facilitate the utilization of triangulation during
data analysis. This scientific research approach,
implemented throughout various stages of our
investigation, aimed to uphold the credibility of
the qualitative research.

Data analysis

Using survey data, the key factors affecting
the functioning of the HACCP system in the
Macedonian wine industry were analysed. In
the process of analysis and conclusion in the
research, the inductive-deductive process was
applied, as an appropriate methodological

approach in case studies (Perry, 1998). The
analysis of the data from our qualitative research
was conducted in three phases: (i) In the first
phase of the analysis, the qualitative data
obtained from the survey questionnaire and the
interviews were recorded and summarized. To
ensure anonymity, as well as to organize the data
in further analysis, each winery was assigned a
code consisting of one letter and one number.
The letters refer to the size of the company, and
the classification was made according to the
number of employees. In accordance with the
recommendations of the European Commission
(96/280/EC), regarding the definition of the size
of enterprises, in our research, when coding, an
enterprise with less than 10 employees is ranked
in the Micro group; with more than 10, but
less than 50 employees is ranked in the Small
group and with more than 50 and less than
250 employees - Medium enterprise (winery).
Hence, we have“C"for medium,“M”for small and
“Mwn"for micro-wineries. The number next to the
corresponding letter in the code represents the
average annual production level of the winery in
the last 5 years, and the lowest number (1) refers
to the lowest average annual production. The
results of the survey questionnaire, interviews,
and data from other sources were categorized
with codes, recorded, and compiled. This
process allowed for condensing the data into
relevant information for the research and
generating twelve case studies based on it. (ii)
In the second stage of the analysis, in order to
identify the similarities or differences between
the cases, the obtained data were further
selected and organized in tables according to
the research questions. (iii) In the third stage,
building upon the previous analysis, the data
underwent further examination, incorporating
insights from the reviewed existing literature on
the topic, which in turn lead to the deriving and
confirming research conclusions.

RESULTS AND DISCUSSION

Sample characteristics

Based on the applied coding criteria, five
micro-wineries (M1, Mn2, Mun3, Mn4 and Mu5),
three small wineries (M1, M2 and M3) and four
medium-sized wineries (C1, C2, C3 and C4) were
included in our research. Five of the wineries
(M2, M3, C2, C3 and C4) have an average annual

production of more than 1,000,000 litres of
wine, while the remaining seven wineries
are characterized by an average annual wine
production of less than 1,000,000 litres. The
characteristics of the selected wineries on bases
on the main criteria are presented in the Table 1.
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Table 1. Winery characteristics.

Winer Average annual Export orientation
y Year of establishment | Employees 9e: (% of the total amount of
code production (L) wine sold annually)
10 000 .
Mu 2008 4 (60% bulk, 40% bottled) 70%
12500 0
Mn2 2010 2 (60% bulk, 40% bottled) 0%
50 000 .
Mu3 2006 3 (50% bulk, 50% bottled) 10%
160 000
0,
Mu4 1997 8 (70% bulk, 30% bottled) 0%
203 000
0,
Mn5 2003 ° (100% bottled) 70%
56 231
[0)
M1 2006 40 (5% bulk, 95% bottled) 2%
1928
M2 (last change of 35 (392910/4 ngk) 91%
ownership-2016) °
3000 000
[0)
M3 2008 4| (80% bulk, 20% bottled) 75%
412225 .
C1 1998 54 (100% bottled) 45%
3690440
2 2002 100 (10% bulk, 90% 80%
bottled)
1979
7 800 000
c3 (last change of 92 o o 85%
ownership-2019) (80% bulk, 20% bottled)
1883
c4 (last change of 195 ( :)gffolc?o(t)’?lgd) 50%
ownership-2004) ?

Of the five micro wineries covered in our
research, three (Mu1, Mu2, Mu4) are focused
more on the production of bulk wine, one
winery (Mu3) produces an equal amount of
bottled wine and bulk wine, and the Mu5 winery
produces solely bottled wine. In small and
medium-sized wineries, with the exception of
wineriesM2and C3, bottled wineisthedominant
product. Considering that both wineries that
are an exception (M2, C3) were going through
a transitional period in the research period -
changes in ownership and financial challenges,
it is plausible that these factors contributed to
the witnessed state of affairs. From the analysis
of data, it was determined that bottled wine
convincingly dominates the export of wine,
and with the exception of wineries (Mu1, C3)

all other wineries exporting wine to foreign
markets, almost exclusively market bottled
wine.

Table 2 presents the situation concerning
the implementation of the HACCP system
in wineries. From the data shown, it is clear
that all 12 selected wineries as of 2020 have
implemented and operate according to the
HACCP principles. But when conducting the
questionnaire and initial data processing, at the
beginning of 2018, two micro wineries (Mn2,
Mwu4) had not implemented the HACCP system.
The Mun2 winery was not ready to introduce it,
whileinthe Mn4 winery theimplementation was
underway, and the system was implemented in
November 2018.



IMPLEMENTATION AND FUNCTIONING OF HACCP PRINCIPLES IN THE MACEDONIAN WINERIES:

A MULTIPLE CASE STUDY

Table 2. presents the situation concerning the implementation of the HACCP system in wineries.

Implementation of the HACCP system Engagement of External Expertise in
Winery 5018 2020 Implementation

Mwu1 + + yes
Mn2 - + yes
Mwn3 + + without external expertise
Mwn4 on-going + yes
Mwn5 + + yes

M1 + + yes

M2 + + yes

M3 + + yes

C1 + + yes

Q2 + + yes

ec} + + yes

c4 + + without external expertise

(+) implemented HACCP system

In Table 2 it can also be seen that the
implementation of the HACCP system in 10
wineries (82%) was carried out with the help
of an external expert, and 2 wineries (18%)
independently implemented the system
(C4, Mu3). It is interesting to comment that
the two wineries that have independently
implemented the system belong to different
groups of wineries according to the criteria we
adopted in the research. Namely, winery C4 is
a medium-sized winery with 195 employees,
including an employee in the position of Food
Safety and Quality Control Manager, while the
other, Mu3, is a micro winery with only three
employees, among which there is no expert
with knowledge relevant to food safety. The
winery Mu3 stated that it was more convenient
for them to invest in their own education and
learning for the implementation of the system,
than to pay an external expert. Unlike these two
wineries, most of the surveyed managers and
employees in the quality and safety sector in
the other wineries stated that it is much better
to hire an external expert because they have

too many other obligations. The results of our
study confirm the position of Mensah & Julien
(2011), who consider that enterprise size has
no significant effect in terms of motivation,
benefits and challenges to compliance with
food safety regulation. In accordance with the
results obtained in our research, it seems that
although Macedonian wineries most often
decide to seek external expert assistance for the
implementation of the system, the subsequent
stages of the application of the system and the
management of all activities are conducted
independently.

Critical Control Points (CCPs) determination
when conducting wine safety risk analysis is
essential in the HACCP system. CCPs are the
steps in the process where a control measure
is applied and is essential to prevent, eliminate
or reduce to an acceptable level the identified
food safety hazard(s). Table 3 shows the number
of CCPs determined per winery. The obtained
data showed that winery Mu1 has the most (6)
CCPs, and winery C1 has the least (1).
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Table 3. Identified Critical Control Points (CCPs) in the wineries.

Winery CCP1* CCP2 CCP3 CCP4 CCP5 CCP6 Total CCPs
Mn1 X X X X X X 6
Mn2 X X X 3
Mn3 X X 2
Mn4 X X 2
Mn5 X X 3

M1 X 3
M2 X 3
M3 X X 2
C1 1
C2 X 3
c3 X 2
c4 X X X X 4
Total 6 5 7 8 2 6

CCP1 - adding oenological agents
CCP3 - filtration
CCP5 - stabilization

CCP2 - grape receival
CCP4 - bottling
CCP6 - storage

* the number in the CCP mark is not related to the order of occurrence of CCPs in the production process

Literature sources do not provide a
definitive stance on the exact number of Critical
Control Points (CCPs) that wineries should
identify. This determination is made by the
hazard analysis team responsible for developing
the HACCP plan. As a result, each winery
independently establishes the number of CCPs
based on their specific requirements. Kourtis &
Arvanitoyannis (2001) consider seven critical
control points in the wine-making process. It is
also interesting to comment on the publication
by the New Zealand Food Safety Agency, Code
of Practice for grape wine WSMP (2011), which
does not establish any CCPs in the wine-making
process. The Agency believes that the control of
hazards can be adequately achieved through

Cross case analysis
The analysis of the obtained data among
wineries (Cross case analysis) made it possible
to determine the motives and aggravating
factors for implementation and functioning of
the HACCP system in Macedonian wineries:
MOTIVES for the implementation of HACCP
system in the wineries
- Enhanced compliance with regulation
- Improved communication
- Improved control (e.g.
traceability system)
HINDERING FACTORS for implementation
and functioning of HACCP system

implemented

the Code of Practice, that is, by observing good
manufacturing or hygiene practice.

When comparing the findings of our
research with the data presented in the
publication “Macedonian  Wine Industry
Performance Survey 2009” (Velkov, 2010), it
becomes evident that a great improvement has
been achieved regarding the implementation of
the mandatory HACCP system, as well as
voluntary standards in the Macedonian
wineries. In contrast to the situation determined
in our research —implemented HACCP system in
all 12 wineries in 2020, in the survey conducted
in 2009 - out of 57 wineries included in the
research, only 26 had implemented the HACCP
system (less than half).

- Excessive documentation

- Lack of time

- Lack of knowledge relevant to food safety
(especially among micro sized wineries).

The survey data obtained showed that
wineries (Mu1, Mu2, Mu3, M2) feel that the
implementation of the system is more help
in terms of monitoring documentation and
procedures but are not convinced that the
implementation of the system is a guarantee
of product safety. The larger wineries (M3, C1,
C3, C4), which have implemented voluntary
standards in wineries, believe that the
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implementation and functioning of the system
guarantees product safety and is an excellent
basis for the implementation of voluntary
standards (IFS, 1ISO 22000, ISO 9001, ISO 14001,
etc.) and international trade. Fairman & Yapp
(2004) point out that micro and small businesses
typically show insufficient knowledge and skills
regarding food safety, hence are not aware
of the risks posed by business and are not
motivated to improve the food safety system.
Therefore, for the implementation of such
systems in these companies, the role of state
bodies (inspectorate) that would encourage
them in the process of compliance with legal
provisions is of particular importance.
Regarding the engagement of professional
staff for food safety management, survey results
showed that the lack of staff is more pronounced
in smaller wineries. Namely, in most micro
wineries (three out of five) and one small-sized
winery (M1) there is no expert employee with
formal knowledge relevant to food safety, but
this is done by an employee who is assigned
this task and performs it in parallel with other
work tasks. In the other small and all medium-
sized wineries, it was stated that the winery has
an employee with formal knowledge relevant to
food safety whotakes care of the management of
the HACCP system. Often these persons are also
engaged inthe production process (oenologists,
technologists), and only wineries C3 and C4
stated that they have a person employed in
the position of Food Safety and Quality Control
Manager. In the comment on this situation, it
was indicated that this is not required by law,
or rather they say: “..no one requires us legally
to have a person employed in the position, so we
manage in a way that is easier for us, we do not
pay plus, and the work is done”. The findings of
Aggelogiannopoulos et al. (2007) align with the
results obtained in this study. Their research
examined the implementation of the voluntary
quality management standard I1SO 9001 and
concluded that smaller companies within

the wine sector face challenges in allocating
a dedicated employee solely responsible for
system management. Instead, these companies
often distribute system-related tasks among
existing employees, imposing additional
responsibilities on them and thereby making
implementation more challenging.

Record keeping in compliance with
standard requirements was highlighted as
a challenging aspect of implementing and
operating the HACCP system in the majority
of wineries. This was attributed to the time-
consuming nature of documentation tasks and
the need for trained staff to carry them out. In
this context, it is interesting to bear in mind
that barriers, such as time and finance, can
conceal deeper and more complex attitudes
in enterprises, including distrust of food safety
legislation, lack of motivation in dealing with
requirements regarding food safety legislation,
and lack of knowledge and education (Yapp &
Fairman, 2006).

The results of our analysis showed
that all wineries have the full support of
the management to create an environment
conducive to improving the quality and safety
of the product. Regarding the support of the
HACCP system by the other employees in the
wineries, it can be concluded that employees
support the system once it is established and
begins to function, but at the beginning of
the implementation most wineries encounter
resistance from the employees, who found
it harder to get used to the new way of
operating and keeping records. The wineries
applied different strategies to overcome the
problem: training, regrouping of working
groups, additional education, and, if necessary,
sanctions. After the conducted trainings and
years of operation, today in the wineries the
system is accepted, and the procedures are
perceived as a common integral part of the
overall process.

CONCLUDING REMARKS

The requirements that ensure quality
during the entire winemaking process and
safeguardagainstrelevanthazardshave become
important to consumers and mandatory for
protecting human health. When it comes to
wine, the risks associated with quality typically

involve sensory aspects such as taste, colour,
clarity, aroma, and the presence of specific
components that make it an appealing and
desirable product for consumers. Conversely,
safety hazards can be categorized into
physical risks (e.g., metal or glass fragments),
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chemical hazards (such as pesticide residues,
sulphur dioxide, heavy metals, or urea), and
microbiological threats (e.g., the presence
of pathogenic organisms), all of which pose
potential health risks to consumers. The risk
associated with microbial contamination is
generally considered to be relatively low in the
final product, given that the presence of alcohol
and polyphenols, as well as the pH value of wine
make the product an unsuitable environment
for the existence of pathogenic microorganisms,
but nevertheless, identification of all potential
hazards and retrieval of appropriate preventive

and corrective actions is of primary importance
to minimize the outbreaks of incidents in the
wine sector that are hazardous for human health
(Kourtis & Arvanitoyannis, 2001). Considering
that wine is a strategic product in the agri-food
sector of the country, the improvements of the
food quality and safety management systems
in the Macedonian wineries will contribute to
increasing the competitiveness of Macedonian
wine through increased consumer confidence
and improved product image, and this will
also provide an economic benefit to both the
company and the state.
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MMMNNEMEHTALUMJA N OYHKLUWOHUPAKE HA HACCP NPUHUUMNUTE BO
MAKEQOHCKUTE BUHAPUWN: CTYQUJA HA NOBEKE CJTYYAU

Hanunena HukonoBcka-Hepenkocka'’, bunjaHa Pucrtecka', TatjaHa KaneBcka',
BecHa AHTocka-Knights', Besupka Jankynocka', Cawko MapTuHoBckn'
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*KoHmakm asmop: daniela.nedelkoska@uklo.edu.mk

Pesume

BuHOTO Kako npexpaHbeHa HaMMpPHKLEA MOpa Aa ce Npou3BeayBa BO YCII0BM Kou Ke 06e36enat
6e36eqHOCT Ha MpPoM3BOJOT 3a 4YoBeuka ynoTpeba. HACCP (Hazard Analysis Critical Control
Point) cuctemoT e mefyHapogHO Mpu3HaT cucTem 3a 6e36efQHOCT Ha XpaHa, KOj 3af0SIKUTETHO
ce NpuUMeHyBa BO TeKOT Ha LeMOT npoLec Ha Npon3BoACTBO. ViMnnemeHTaumjata Ha cUCTeM 3a
ynpaByBarbe co 6e36elHOCTa Ha XpaHaTa 3acHoBaHa Ha npuHumnuTe Ha HACCP Bo BUHapuuTe Tpeba
[ia rO MUHUMM3KMPA BPOJOT 1 CTEMEHOT Ha U3NOXKEHOCT Ha OMACHOCTY 1 Aia ja Nofobpu ceBKymnHaTa
6e36eHOCT Ha BUHOTO.

Bo oBa ncTpaxyBame bGelle npumeHaTa cTyamja Ha noseke ciyyaun (multiple case study), kako
MeTOA0JIOWKN NprcTan co uenpgace obesbenn nogobpo pa3buparse HanpoLecoT Ha MMNaeMeHTauUnja
1 pyHKuMoHnparbe Ha HACCP cncteMoT BO MakeOHCKUTE BUHapuW. Bo nctpaxysameTo yyecTByBaa
12 MmaKke[OHCKM BUHapuu (ciy4vam) Co pasnnyHa roneMmrmHa U rogullHo Npomn3BoAacTBo. [prmeHeTn
ce ABe MeToau 3a cobrpatbe eMNUPUCKN NoJaToOLM: aHKeTa CO MPUMEHA Ha MpaLlanHUK NCnpaTeH
npeky e-nowTta 1 UHTEePBjy nu1ue B nuue.

AHanusaTta Ha pobreHuTe MopaTouM OBO3MOXM [a Ce W3BfleyaT 3akiyyouu BO OOHOC Ha
dakTopute Kom BnMjaat Ha yHKUMOHUparweTo Ha HACCP cuctemMoT BO MakedoHCKaTa BMHCKa
nHAycTpuja. Haogute gaBaaT fOKas AeKa HajuecTuTe MOTUBY 3a MMmnnemeHTauuja Ha HACCP cuctemot
BO BMHapWKWTe Ce: yCOrnaceHoCT CO 3aKOHCKaTa perynatusa, nogobpeHa KoOMyHMKalumja 1 KOHTpona
N MMNNEMEHTUPaAH CUCTEM 3a CnepnmnBocCT. VICTo Taka, aHanm3aTa NoKaka AeKa rnaBHU dakTopu
Kou T nonpeyyBaaT MMniemeHTaumjata n eyHkumnoHmpareto Ha HACCP cuctemot ce: obemHaTta
LOKYMeHTauMja, HeloCTaTOK Ha BpeMe M HefOoCTaToK Ha 3Haere peneBaHTHO 3a 6e36efHOCTa Ha
XpaHaTa (0cob6eHO Kaj BMHAapUmnTe CO MUKPO rofieMumnHa).

Kﬂy‘-IHIII SGOPOBVI: cucmemu 3a ynpasysdrbe co b6e3bedHocma Ha XpaHamada, 8UHoO.
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Abstract

The scope of this paper is determination of the content of soluble dry matters, total sugar, total acids,
invert sugar and citric, malic, tartaric and lactic acid in some autochthonous fruit species: pomegranate
(Zumnarija, Bejnarija, Valandovska kisela, Valandovska kiselo-slatka, Hidjas, Kisela, Lifanka, Ropkavec), apple
(Ubavo cvetka, Shareno blago, Prespanka, Tetovka, Karapasha, Kozharka, Bela Tetovka) and cherry (Ohridska
brza, Ohridska rana, Ohridska crna, Dolga shishka, Dalbazlija, Ohridska bela). Comparative studies were
performed in relation to the standard varieties (Karamustafa-pomegranate, Idared-apple and Bigaro burlat-
cherry).

Pomegranate fruits have the highest content of soluble dry matters (15.6%), total sugars (149 g/L) and
total acids (20.1 g/L). The highest content of invert sugar was observed in pomegranate (113 g/L which means
76.3% of total sugar). In apple and cherry fruits, malic acid dominates (above 5 g/L), while in pomegranate
fruits, citric and malic acids are almost equally represented. Tartaric acid is present only in apple fruits (0.383
g/L). Lactic acid was not found in all fruit species.

A strong positive correlation was found between soluble dry matter and total sugar with coefficient
of determination R?= 60%. A moderate positive correlation exists between the contents of total and invert
sugar with coefficient of determination R2= 20%, between total acids and invert sugar with coefficient of
determination R?=22% and between the content of malic and citric acid with coefficient of determination R?=
30%. A strong negative correlation was found between the content of total acid and malic acid with coefficient
of determination R?= 37% and very strong negative correlation between malic acid and invert sugar with
coefficient of determination R?=77%.

Key words: pomegranate, apple, cherry, soluble dry maters, sugars, organic acids

INTRODUCTION

Fruit taste is an important trait majorly
controlled by organic acids and together
with aromatic volatile compounds and
soluble sugars, they strongly facilitate overall
organoleptic quality and fruit stability. The
chemical composition of fruits depends on
several factors as: genotype, climatic and
pedological conditions, the way of growing the
fruit trees, the applied agrotechnical measures,
the degree of maturity and the way of keeping
and storing the fruits.

Organic acids and soluble sugars play
important roles, in fruit flavour and nutrition,
thus, can affect fruit flavour and indirectly
exert advantageous and disadvantageous
effects on commercial fruit quality. Sugars
are an important ingredient in fruits. Fresh
fruits usually contain 2-15% sugars (glucose,
fructose and sucrose) which are the significantly
important for nutrition. Invert sugar (a mixture
of equal parts of fructose and glucose) is the
most prevalent. These are easy digestible sugars
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for the body, necessary for the normal function
of the muscles, they refresh the body, have a
calming effect on the brain, remove fatigue
and increase the level of serotonin (Selamovska
& Miskoska-Milevska, 2021). According Li et al.
(2020) sucrose is the most abundant sugar in
peach juice (72.5% of the total sugar content).
In blueberry, sweet cherry juice, glucose and
fructose are the predominant sugar (Li et al,
2020; Sokol-Letowska et al., 2020), in sour cherry
fruits glucose is dominant sugar (Glindogdu &
Bilge, 2012.). The taste in pomegranate fruits
is governed mainly by the presence of sugars
(glucose and fructose) (Mayuoni-Kirshinbaum &
Porat, 2014). Apple, peach, apricot and banana
contain almost equal amount of glucose,
fructose and sucrose.

In fresh fruits, organic acids primarily
include malic, citric, quinic and tartaric acid,
in smaller quantities succinic, formic, salicylic,
oxalic, benzoic and other acids. In pome fruits
and stone fruits, malic acids predominate,
berry fruits and citrus fruits mostly contain
citric acid, less malic acid. Citric acid and quinic
acid are the main organic acids in kiwifruit
(Nishyama et al., 2008) and blueberry (Zhang
et al.,, 2020). The presence of shikimic acid has
been detected in gooseberries. In strawberry
and raspberry there is the presence of salicylic
acid (0.0011-0.0028 g/L) and small amounts
of formic acid, in blackberries isocitric acid is
detected, in unripe blackcurrant fruits there is
succinic acid (Selamovska & Miskoska-Milevska,
2021). Tartaric acid is detected only in grape
juice, malic acid is the predominant organic
acid in apple (82.9% of the total acid content)
and sweet cherry juice (98.2% of the total acid
content), citric acid is the predominant organic
acid in strawberry (75.3%) and blueberry juice
(80.2% of the total acid content) (Li et al.,
2020). Malic acid contributes to the pleasant
sour taste of the fruit. It has a significant role
in biochemical processes, controls blood sugar
levels, high blood pressure and cholesterol,
acts against allergies, chronic fatigue, problems
with digestive tract, various inflammations,
infections etc. Citric acid is natural antioxidant.

Citric and tartaric acids are naturally
occurring weak organic acids. They play an

important role in product characteristics like
taste and aroma. Their presence determines
the tartness and flavour of fruits as well as fruit
beverages. Both acids are used extensively as
food acidulants. Together with fumaric and
phosphoric acids, citric and tartaric acids are
used in the food industry to enhance beverage
flavour. Some studied indicate that citric acid
and tartaric acid can have unwanted effects
on human health, high concentrations of
citric acid can affect tooth enamel, reduced
enamel’s hardness by 84% (Ren et al., 2009),
high doses of tartaric acid can give rise to acute
kidney injury, gastrointestinal symptoms and
cardiovascular collapse (Naqvi, 2017; Rusyniak
etal., 2012), therefore, regulatory organizations,
such as Commission regulation of EU (2011),
set up a maximum concentration of citric acid
at 5.0 g/L (in fruit nectar) and 3.0 g/L (in fruit
juice) and for tartaric acid is set at quantum
satis, an amount not higher than necessary to
achieve the purpose in accordance with good
manufacturing practice.

The research is a part of the scientific
project “Antioxidant activity of fruits of some
indigenous varieties of fruits species, vegetables
and grapes” where the content of specific
biologically active substances (antioxidants)
in fruits and vegetables are detected for each
autochthonous variety and population of
fruit species (pomegranate, apple and cherry),
grapes and vegetables (tomato and pepper). As
expected, confirmation of the quality and high
content of biologically active substances in the
fruits of our autochthonous varieties of fruit
species, grown in agro-ecological conditions of
R.N. Macedonia, was obtained. This research will
show that the quality does not deviate from the
world-famous international, introduced species
and varieties and even surpass them. According
to the values obtained from the examination
of the parameters, most of the autochthonous
varieties show higher values compared to the
proposed standard varieties, which indicates
the fact that the autochthonous varieties are
characterized by high antioxidant activity of the
fruits and have a strong positive impact on the
human organism.
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MATERIAL AND METHODS

a) Fruit samples

Eight autochthonous varieties  of
pomegranate (Zumnarija,Bejnarija,Valandovska
kisela, Valandovska kiselo-slatka, Hidjas, Kisela,
Lifanka, Ropkavec), seven autochthonous
varieties of apple (Ubavo cvetka, Shareno blago,
Prespanka, Tetovka, Karapasha, Kozharka, Bela
Tetovka), and six autochthonous varieties of
cherry (Ohridska brza, Ohridska rana, Ohridska
crna, Dolga shishka, Dalbazlija, Ohridska bela)
were taken as material for analysis. All fruits are
from the harvest year 2021, collected in harvest
maturity. Pomegranate fruits are fromValandovo
region, cherry fruit from Ohrid and apple fruit
from Resen region. Comparative studies were
performed in relation to the standard varieties
(karamustafa-pomegranate, idared-apple and
burlat-cherry).

b) Chemical analyses

The laboratory analyses were performed
in the oenological laboratory at the Institute of
Agriculture in Skopje. The content of soluble dry
matters (%), total sugar (g/L), total acids (g/L),
invert sugar (g/L) and some organic acids as
citric (g/L), malic (g/L), tartaric (g/L) and lactic
(g/L) were examined. The content of soluble
dry matters and total sugars was determined
refractometrically. The determination of total
acids was performed potentiometrically, using

titration with NaOH (0.25 N) to pH=7, according
to the ISO 750:1998. Organic acids and the
content of invert sugar were determined
spectrophotometrically by appropriate
enzymatic tests (Poyrazoglu et al., 2002).

c) Statistical analyses

Correlation analysis (r) between deter-
mined variables was applied using XLSTAT 2014
software. Data matrix has been introduced
using descriptive statistical analysis: minimum,
maximum, mean value and standard deviation.

Correlation coefficient (r.) description (LaMorte,
2021):

+1.0 Perfect positive

+0.8t0 1.0 Very strong positive

+0.6t0 0.8 Strong positive

+0.41t00.6 Moderate positive

+0.2t0 0.4 Weak positive

0.0to +0.2 Very weak positive or no
association

0.0to-0.2 Very weak negative or no
association

-0.2to-04  Weak negative

-041t0-0.6 Moderate negative

-0.6t0-0.8 Strong negative

-0.8to-1.0 Very strong negative

-1.0 Perfect negative

RESULTS AND DISCUSSION

The obtained results from the analysis are
shown in Tab. 1. The examined fruit species have
approximately the same values of the content
of soluble dry matters. From the analysed fruit
species, pomegranate has the highest content
of soluble dry matters (15.6%), total sugar
(149 g/L), invert sugar (113 g/L) and total acids
(20.1 g/L). Compared to the standard varieties,
Zumnaria, Lifanka and Ropkavec variety
(pomegranate) and all varieties of apple and
cherries have a higher content of soluble dry
matter.

All varieties of apples, Zumnarija and
Lifanka pomegranate variety and Ohridska

brza, Ohridska crna, Dalbazlija and Ohridska
bela cherry variety, contain more sugar than
the standard variety. Zumnarija (pomegranate),
Ubavo cvetka (apple) and Ohridska crna
(cherry) have the highest content of soluble
dry matter and total sugar. The highest content
of invert sugar (sum of glucose and fructose)
has pomegranate fruits (113 g/L which means
76.3% from the total sugars), it has almost equal
representation of glucose and fructose. The
content of invert sugar is lower in apple and
cherry (61.4 g/L means 54.9% from total sugars
and 64.3 g/L which means 44.7% from total
sugars, respectively).
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Table 1. Results for the content of soluble dry matters (%), total sugar (g/L), total acid (g/L), invert sugar (g/L)
and some organic acids: citric (g/L), malic (g/L), tartaric (g/L) in some autochthonous fruit species.

Variety Solubledry| Total Total Citric Malic Tartaric Sum of
-‘§ T matters /% | sugars acids acid | acid/g/L | acid/g/L | glucose and
(g /g/L /g/L /g/L fructose
/g/L
Zumnarija 19.0 194 7.00 0.898 0.800 Tr 112
Bejnarija 15.4 134 4.10 0.974 1.891 Tr 110
o \k/iasljl’;do"s"a 1.2 131 352 | 0983 | 0182 Tr 102
®
§ |Valandouska 14.7 149 730 | 1028 | 0653 Tr 118
o | kiselo-slatka
£ |Higjas 14.8 125 433 | 1486 | 0577 Tr 104
& Kisela 15.0 129 52.6 0.425 0.031 Tr 116
Lifanka 18.2 169 23.3 0.687 0.920 Tr 99.4
Ropkavec 16.5 150 4.00 1.103 0.865 Tr 129
Karamustafa 15.6 159 4.20 0.497 0.817 Tr 129
Ubavo cvetka 20.3 151 5.80 [0.971 5.21 0.187 71.8
Shareno blago 13.2 106 6.10 0.950 6.00 0.336 61.7
Prespanka 16.2 125 1.65 0.932 5.230 0.487 55.9
%_ Tetovka 12.0 104 3.00 0.947 3.951 0.381 58.6
2‘ Karapasha 14.0 106 240 0.961 4.206 0.444 62.3
Kozarka 13.2 114 7.00 0.973 6.122 0.285 57.4
Bela tetovka 15.2 123 7.00 0.936 5.553 0.692 65.5
Aidared 8.00 63.5 7.30 0.971 3.931 0.250 58.3
Ohridska brza 16.8 130 4.60 1.81 5.58 Tr 57.50
Ohridska rana 12.9 104 5.20 1.12 6.77 Tr 50.47
> | Ohridska crna 18.2 156 4.60 1.84 5.98 Tr 73.22
@ | Dolga shishka 14.5 123 8.10 1.85 7.18 Tr 52.32
VU | Dalbazlija 16.5 193 5.60 1.13 6.37 Tr 81.57
Ohridska bela 16.0 172 7.90 2.58 6.46 Tr 76.77
Burlat 11.9 125 4.90 1.69 6.78 Tr 58.56

A strong positive correlation was found
between soluble dry matters and total sugars.
The coefficient of determination R?=60%
dependence of the variations in the content of
soluble dry matters with the content of total
sugars (Tab. 2). A moderate positive correlation
was observed between total sugars and the

content of sum of glucose and fructose with
coefficient of determination R*= 20%, as well
as between the content of total acids and the
content of sum of glucose and fructose with
coefficient of determination R?=22%. Summery
statistic is given in Tab. 3.

Table 2. Matrix of correlation (Pearson correlation).

Variables Soluble dry Total Total acids | Citric Malic Tartaric Sum of

matters /% | sugars /g/L /g/L acid |acid/g/L| acid/g/L | glucose and

/g/L fructose /g/L

Sol. dry maters /% 1 0.7768 -0.0662 | 0.1008 | -0.0189 | 0.0514 0.2459
Total sugars /g/L 0.7768 1 0.0218 0.1763 | -0.1314 | 0.0551 0.4477
Total acids /g/L -0.0662 0.0218 1 -0.2224 | -0.6101 | -0.0213 0.4638
Citricacid /g/L 0.1008 0.1763 -0.2224 1 0.5446 | -0.0143 -0.3611
Malic acid /g/L -0.0189 -0.1314 -0.6101 | 0.5446 1 0.0168 -0.8776
Tartaric acid /g/L 0.0514 0.0551 -0.0213 | -0.0143 | 0.0168 1 -0.0088
Glucose and 0.2459 0.4477 0.4638 | -0.3611 | -0.8776 | -0.0088 1
fructose/g/L

Values in bold are different from 0 with a significance level alpha=0.05
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Table 3. Summary statistics.

Stdandard

Variable Observations Minimum Maximum Mean deviation
Soluble dry maters /% 29 8.00 20.3 14.96 247
Total sugars /g/L 29 63.5 194 135 27.9
Total acids /g/L 29 1.65 52.6 10.8 12.4
Citric acid /g/L 29 0.42 2.58 1.17 0.45
Malic acid /g/L 29 0.03 7.18 3.98 2.40
Tartaric acid /g/L 29 0.18 0.69 0.38 0.07
Glucose and fructose/g/L 29 50.4 129 80.5 25.0

The content of these parameters depends
on the type, variety, climatic conditions, degree
of maturity etc. The determined results match
the available literature data. Self-sprouting
pomegranate varieties contain  9.5-13.8%
dry matters (Markovski et al., 2017). Apples
contain 6.6-15.5% total sugars and cherries
contain 4.7-11.5% (Niketic-Aleksic according to
Seelamovska & Miskoska-Milevska, 2021), while
self-sprouting pomegranate varieties contain
110-152 g/L total sugar (Markovski et al., 2017).
Cherry cultivars contents 119.94-215.90 g/kg
glucose, 25.24-61.44 g/kg fructose and 1.73-
7.60 g/kg sucrose (Glndogdu & Bilge, 2012).The
sum of sugars (glucose, fructose, sucrose and
sorbitol) in sweet cherry fruit is ranged from 125
to 265 g/kg fresh weight (FW). In different cherry
cultivars glucose content is range between
61.8-123 g/kg, fructose content between 47.6-
101 g/kg and sucrose content between 3.57-
12.5 g/kg (Usenik et al., 2008). Total sugars in
pomegranate are ranged between 139-160 g/L
(average 148 g/L) (Poyrazoglu et al., 2002). The
taste in pomegranate fruits is governed content
mainly by the presence of sugars (glucose
and fructose) and organic acids (Mayuoni-
Kirshinbaum & Porat, 2014). According Sokol-
Letowska et al. (2020) in sour cherries the main
sugars are glucose (2.81-5.68 g/100gFW) and
fructose (2.74-4.88 g/100g FW).

The autochthonous varieties of
pomegranate have the highest content of total
organic acids (about 20%). In pomegranate
fruits, citric and malic acid are almost equally
represented, with a slight predominance of
citric acid, whose content is most pronounced
in the Valandovska kiselo-slatka, Higjas and
Ropkavec (more than 1.0 g/L). Compared to
the standard variety, almost all pomegranate
varieties have a higher number of total acids

(with the exception of Ropkavec and Bejnaija).

Apple and cherry fruits contain fewer total
acids (about 5%). They are dominated by malic
acid (above 5 g/L). Cherry fruits on average
contain a higher citric acid content (1.72 g/L)
than pomegranate and apple (0.898 g/L and
0.955 g/L, respectively). All autochthonous
varieties of apples have a lower content of
total acids compared to the standard variety,
while autochthonous varieties of cherries, with
exception of Ohridska crna and Ohridska brza,
have a higher content of total acids than the
standard variety. The highest content of citric
acid was found in the fruits of the Ohridska bela
variety (2.58 g/L).

A very small amount of tartaric acid was
found in apple fruits, an average of 0.383 g/L,
while in pomegranates and cherries, tartaric
acid was not found. The presence of lactic acid
was not found in all fruit species.

A statistically strong negative correlation
was observed between the contents of total
acids and malic acid, as well as weak negative
correlation dependence with the content of
citric acid. This means that if, for example,
the content of total acids in the tested fruits
increases, the part of citric and malic acids in
the total acids decreases, so the increase of total
acids is due to some other untested acids. The
coefficient of determination R? shows a weak
dependence of 37% between the contents
of total acids and malic acid and only 5%
between the content of total acids and citric
acids. A moderate positive correlation was
found between the content of malic and citric
acid with coefficient of determination R>=30%.
The very strong negative correlation between
the content of malic acid and the sum of
glucose and fructose in the fruits is particularly
emphasized. The coefficient of determination R?
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shows as much as 77% dependence between
the content of malic and the sum of glucose and
fructose (Tab. 2).

Ma et al. (2018) noticed a strong positive
correlation was detected between fruit total
organic acid with malic acid and citric acid
content. In contrast to malic acid, citric acid
was predominantly detected in partial wild
apples, while extremely low to undetectable
concentrations of citric acid were observed in
cultivated apple fruits.

The results obtained from the examination
of the content of total acids, as well as some
organicacids, matchtheavailableliterature data.
Total titratable acidity in pomegranate is ranged
between 4.58-17.30 g/L (average 9.82 g/L), citric
acid is predominant acid with a range of 0.33-
8.96 g/L, malic acid is the second most abundant
with a range of 0.56-6.86 g/L and tartaric acid
respectively 0.28-2.83 g/L (Poyrazoglu et al.,
2002). Self-sprouting pomegranate varieties
contain 4.9-34.7 g/L total acids (Markovski et
al, 2017). According Mayuoni-Kirshinbaum
and Porat (2014) pomegranate fruits content
primarily citric and malic acids. The aroma
evolves from the presence of dozens of volatiles,
including alcohols, aldehydes, ketones and
terpenes which provide a mixture of various
“green’,“woody’, “earthy”, “fruity’, “floral”, “sweet”
and “musty” notes.

The sum of organic acids (malic, citric,
shikimic and fumaric) according Usenik et al.

(2008) in sweet cherry ranged from 3.67 to 8.66
g/kg FW. According Sokol-Letowska et al. (2020)
the content of total acids in sour cherries is
1294.4-2300.5 mg/100g FW. The main organic
acids in sour cherries are malic and malonic
acids. Apples contain 0.4-0.8% total acids,
while cherries 0.3-0.6% (Niketic-Aleksic, cit.
Selamovska & Miskoska-Milevska, 2021). Malic
acid is the primary acid detected in apple (Ma
etal, 2015, 2019), cherry (Gundogdu and Bilge,
2012; Serraetal,, 2011), sweet cherry (Hayaloglu
& Demir, 2015; Usenik et al., 2008), sour cherry
(Sokol-Letowska et al., 2020), pear (Wu et al.,
2022). The level of citric and tartaric acids in
fruits nectars ranged from 1.26 to 4.42g/L" and
0.68 to 0.86 g/L" and in fruits juices ranged from
3.03to 7.67 g/L" and 3.09 to 4.68 g/L". The level
of tartaric acid in fruit juices is higher than in
fruit nectars. In general, the level of both acids
is higher in fruit juices than in fruit nectars (Inic
etal., 2020).

The results of this study indicate that the
level of citric acid (0.898-1.719 g/L) and tartaric
acid (0.38g/Lonlyinapplefruits) infruitavailable
on the market is below the concentration
allowed by EU regulations and do not pose
a threat to human health, confirming good
manufacturing practices (GMP). The monitoring
of the level of citric and tartaric acids in fruit
beverages is needed in order to protect human
health.

CONCLUDING REMARKS

According to the data obtained from
determination of chemical composition of the
fruits of autochthonous varieties of fruit species,
the following conclusions can be extracted.

Pomegranate fruits have the highest
content of soluble dry matters, total sugar, invert
sugar and total acids. In the fruits of apple and
cherry varieties, malic acid dominates, while in
pomegranate varieties, the contents of citric
and malic acid are almost equally represented.
A very low content of tartaric acid is observed
only in apple fruits. The presence of lactic acid
was not found in the fruits of all fruit species.

A strong positive correlation was found
between soluble dry matters and total sugars.
A moderate positive correlation was established
between the content of total sugars and the

sum of glucose and fructose in fruits, between
the content of total acids and the sum of
glucose and fructose, as well as between the
content of malic and citricacid. Strong negative
correlation exists between the content of total
acids and malic acid, and very strong correlation
between the content of malic acid and the sum
of glucose and fructose.

According to the results obtained from
the investigated parameters, most of the
autochthonous apple, pomegranate and cherry
varieties compared to the proposed standard
varieties show higher values, which indicates
the fact that the autochthonous varieties are
characterized by the quality that does not
deviate from the world-famous international
introduced species and varieties.
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XEMWCKWN COCTAB HA HEKOU ABTOXTOHU
OBOLWHW BUAOBU o4 MAKEAOHWUJA
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Anekcanpap MapkoBcku', Bunjana KopyHocka'
'YHusepzumem ,Ca. Kupun u Memoouj’; 3emjodencku uHcmumym — Ckonje,
yn.,16. MakedoHka 6puzada” 3A, 1000, Ckonje

*KoHmakm asmop: milenataseska2005@yahoo.com

Pesume

Llenta Ha HayYHMOT Tpya e onpegenyBarbe Ha COAp»KMHATa Ha PacTBOPSINBY CYBU MaTepuy,
BKYMHU LWeKepu, BKYNMHU KUCENHW, NHBEPTEH LWeKep Y IMMOHCKA, jabonkoBa, BMHCKA 1 MieyHa
KUcenvHa BO HEKOW aBTOXTOHM OBOLWIHM BUAOBW: KanuHKa (3ymHapuja, bejHapuja, sanaHooscka
Kucesa, 8anaHO0BCKA KUCeI0-CIamKa, Xuyac, Kucesnd, ughaHka, ponkasey), jabonko (ybaso ysemxa,
wapero 67120, NpecnaHKa, memosKda, Kapanawd, Koxapka, 6esia memoska) n upetua (oxpudcka 6p3a,
0XpUOCKa paHd, oxpuocka ypHa, 0os12a WUWKa, oanabasnuja, oxpudcka 6ena). Vi3pplueHa e cnopepba
CO CTaHZapAHUTe COPTU Kapamycmadga - KanvHka, ajoapeo - jabonko n bueapo 6ypsiam - upewa.

MnogoBute of KanvHKa MMaaT HajBMCOKAa COAPXMHA Ha pacTBOP/MBKU CyBM MaTepun (15.6%),
BKYNHU wekepwu (149 g/L) n BkynHu KucennHm (20.1g/L). CogpKmHaTa Ha UHBEPTEH LeKep € Hajronema
BO NyiofoBuTe of KanvHKa (113 g/L ogHocHo 76.3% opf BKynHUTe Wwekepw). Bo nnogosute of jabonko
1 upeLa AoMrHUPa jabonkosaTa KucenuHa (Hag 5 g/L), fopeka BO KanvHKaTa peuncy nogefHakso
ce 3acTaneHu NMMOHCKaTa 1 jabonkoBaTa KucenuHa. lNpucycTBo Ha BUHCKa KMCeNnHa nma camo BO
nnoposuTe of jabonko (0.383 g/L). Hema npucycTBo Ha MiieyYHa K1UCenmnHa BO CUTe OBOLUHW BUAOBM.

KoHcTaTupaHa e cunHa no3nTuUBHa Kopenauuja mery pacTBOpnBUTE CYBU MaTEPUN U BKYNHUTE
wekepn (koednumMeHT Ha peTepMuHaumja R*=60%). YMmepeHa MO3UTUBHA Kopenauuja nocTtou
Mery BKYMHMOT M MHBEPTHUOT LeKep co KoebuumneHT Ha geTepMuHalmja R>=20%, mery BKynHuTe
KUCENMHN N UHBEPTHUOT WeKkep co KoedbuumeHT Ha aetepmuHalmja R*=22% u mery cogprkuHaTta
Ha jabonkoBaTa M JIMMOHCKaTa KuMcennHa co KoeduumeHT Ha pgetepMuHaumja R*=30%. Bucoka
HeraTyBHa Kopenavluja nocTon Mery coap»KuHaTa Ha BKYMHUTE KUCEeNHM U jabonKoBaTa KucenmHa co
KoedbunUMeHT Ha geTepMmunHaumja R>=37% n MHOTy BUCOKa HeraTvBHa Kopenauuja mery jabonkosaTta
KUCenvHa U MHBEPTHUOT WeKep co KoedburLMeHT Ha fieTepMuHaLmja R*=77%.

KnyuHu 360poBWM: Ka/IUHKA, jaboJIKo, Upewd, pacmeopsiusu Cysu Mamepuu, wekepu, Op2aHCKu
KUCEeJIUHU.
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Abstract

The changesin lifestyle of modern consumers have increased demand for healthier meat products. Animal
fat, which is an integral part of meat products, is directly related to the occurrence of chronic diseases and
overweight. Polyunsaturated vegetable oils are healthier for human consumption, but their liquid consistency
can pose a problem when directly applied in the technological process. Application of oleogels, obtained with
innovative technology for gelling vegetable oils using gelators, is a new approach to create healthier meat
products with an improved fatty acid profile. This paper aims to review the different approaches for obtaining
oleogels and the latest trends for their use in meat products.

Key words: oleogels, gelators, vegetable oils, meat products

INTRODUCTION

Fats can be present from 30% to 50% in
some types of meat products, thus directly
affecting their technological (Badar et al., 2021;
Oliveira et al,, 2021) and sensory characteristics
(Totosaus-Sanchez, 2008; Zampouni et al.,
2022). Although meat products contain a high
percentage of fat in their composition, they are
still highly respected and consumed mainly
because of their sensory attributes (Agregan et
al., 2018). However, a higher intake of saturated
and trans-fatty acids is associated with the
prevalence of various diseases, including
diabetes, obesity and especially cardiovascular
diseases (de Souza et al., 2015; Hooper et al,,
2020).

In the past, reducing total fat intake was
recommended as a preventive measure for

cardiovascular disease (Mozaffarian et al., 2018),
but today, the focus is shifting to improving the
quality of dietary fat (Schwingshackl et al., 2022).
The trends for the creation of new formulations,
in which complete or partial replacement of
saturated and trans-fatty acids with unsaturated
fatty acids, present a challenge for the food
industry (Hooper et al., 2020).

By applying oleogels there is an
opportunity to create a wide range of semi-
solid and solid meat products with an improved
lipid profile suitable for consumption (Wang et
al., 2023). The market for healthier processed
meats is expected to grow. Current generation
of consumers are health conscious and choose
‘health; regardless of the price of meat products
(Badar et al., 2021).

OLEOGELS AS ALTERNATIVES TO ANIMAL FATS

Incorporating unsaturated fats into meat
products is difficult due to maintaining the
consistency of the product and obtaining
a final product with undesirable softness,
lower sensory acceptability and greater

chances of oxidative degradation (Pintado &
Cofrades, 2020). Lima et al, (2022) consider
that the incorporation of vegetable oils into
meat products is a viable alternative, and
oleogelation, as the technological strategy for
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the restructuring of vegetable oils into oleogels
and their incorporation into meat processing,
will meet the demands of the industry and
consumers.

The ideal fat should have the chemical
composition of liquid oil (high fraction of mono
and polyunsaturated fats) and all the functional
properties of solid fat (Pehlivanogluet et al.,
2016). Oleogels have the characteristics of
solid fats (providing unique taste, texture and
plasticity) without changing the health and
nutritional composition of vegetable oil (Ferro
et al, 2021; Li et al, 2021). In fact, oleogels
are solids with a three-dimensional network
structure obtained by dissolving a gelator in an
organic solvent under the influence of various
interactions (Perta-Crisan et al., 2023). To obtain
oleogels, direct and indirect methods are used
(Feichtinger & Scholten, 2020), but the most
commonly investigated are: straightforward
dispersion and indirect approaches such as
foam or emulsion-templated processes (Wang
etal., 2023).

Direct dispersion involves: adding the
gelator to oil, heating to a point above the
melting point of the gelator, and natural
or forced cooling. As a result of the cooling
process, nucleation, crystallization and self-
assembly occur (Aguilar-Zéaratea et al.,, 2019).
The most commonly investigated gelators used
in the direct dispersion method are: glycerol
esters of fatty acids such as mono- and di-
acylglycerols, natural waxes, hydroxylated fatty
acids such as 12-hydroxy stearic acid and its
12-hydroxy derivatives, trans-9-Octadecenoic
acid (ricinelaidic acid), sphingolipids and mixed
systems such as a combination of phytosterols
and sterol esters in particular, B-sitosterol +
y-oryzanol and ethylcellulose (Draper & Adams,
2017).

The emulsion approach involves several
steps: adding the gelator to the oil and stirring
at low speed to achieve dispersion, adding
water (T< 100 °C) and homogenizing at 16 500
rpm. The resulting emulsion is transferred to
a mould and dried by forced convection. The
dried samples are processed at a high number
of revolutions until the formation of an oleogel
(Espert et al., 2021). In the foam approach, the
gelator is dissolved in water, homogenized
at 13 000 rpm to obtain a foam that is dried
by lyophilisation to obtain a cryogel, which is
ground and oil is added to it, after which it is
processed by homogenization at 10 000 rpm
in order to obtain an oleogel (Abdollahi et al.,
2019). The most commonly used gelators for
indirect methods are polysaccharides, proteins,
polymers (Kavya et al., 2022).

The technological challenge is to design
oleogels that exhibit the desired structural
and physicochemical properties (Feichtinger
& Scholten, 2020). The different approaches,
the type and content of oil, as well as the
type of gelator allow obtaining oleogels with
different properties and functions (Wang et
al., 2023). By using various types of gelators
to structure oil, oleogels with distinct textural
and thermorheological characteristics can be
produced (Lim et al., 2017). Oleogel properties
are closely related to solvent structure and
processing conditions (Patel et al, 2015). By
adding larger amounts of gelator, oleogels
with higher viscosity are obtained, but as
the temperature of the oleogel increases,
its viscosity decreases (Ruiz Martinez et al.,
2003). Oleogels that have a higher proportion
of polyunsaturated fatty acids in their oil
composition exhibit faster gelation rates,
more extensive microstructures under varying
cooling rates, and stronger Van der Waals forces
(Han et al., 2022).

POSITIVE PROPERTIES OF OLEOGELS

Oleogels excel in the ability to encapsulate
and aid in the controlled release of lipid-soluble
nutrients (Manzoor et al,, 2022). The solid-phase
gelator can modulate lipid digestion, that is,
alter the release of lipids into the bloodstream
as a result of the complex network structure,
protecting the sites for triacylglycerol digestion
by the enzyme lipase (Hwang, 2020). During
digestion, an oil-water interface is formed,

this interface allows the binding of surfactant
components in the small intestine, such as bile
salts and colipase/lipase complexes. Unlike
classical lipids, the structuring networks of
gelators act as a physical barrier preventing
digestive enzymes from coming into close
proximity to lipids and causing a delay in
digestion (Tan et al., 2023). After 4 weeks of
feeding rats an oleogel formed from rice bran
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and rice bran oil, compared to margarine and
beef tallow, it was confirmed that the levels
of triacylglycerol decreased by about 30% in
the serum and liver and increased the levels
of excreted triacylglycerol by 30% in feces,
compared to rats fed margarine and beef tallow
(Limpimwong et al., 2017).

In their study, Ghosh et al. (2017) evaluated
the nutritional properties of oleo-gels made
from a blend of palm stearin with cetyl laurate
and palm stearin with cetyl caprylate as gelators
at 15% (w/w) for a blend of linseed oil and rice
bran in rats. The analysis of the blood lipid
profile revealed that rats fed with oleogels had
lower cholesterol levels compared to those fed
only the oil mixture. In a separate study, Tan
et al. (2017) examined the effects of coconut
oil in liquid or oleogel form on triglycerides,
glucose, insulin, and hunger when consumed
with a high-carbohydrate meal. The results
indicated significant changes in glucose, insulin,
triglycerides, and hunger. Gelled coconut oil
also reduced the peak glucose response and
increased the incremental area under the curve
for postprandial triglycerides

The absorption rate of plant sterols in the
gastrointestinal tract is much lower, about 5%
compared to cholesterol absorption which
is about 55% - 60% (Scharfe & Floter, 2020).
Phytosterols such as [3-sitosterol and y-oryzanol,
which are used as gelators, can affect the
inhibition of intestinal absorption of cholesterol,
thereby reducing the level of LDL cholesterol in
the blood. For example, phytosterols in doses
of 2-3 g/day reduce LDL-cholesterol levels by
6%-15% (NCEP 2002). Three different gelators
were investigated for the gelation of canola oil:
ethyl cellulose, mono- and di-glycerides, and a
mixture of B-sitosterol + y-oryzanol. Simulated
intestinal lipolysis revealed a significantly
different pattern of lipolysis for the different
gelation mechanisms. Ethylcellulose-based
oleogels are more susceptible to lipolysis
compared to the [-sitosterol + y-oryzanol
mixture, while glycerides showed a high level
of lipolysis up to 90% due to the hydrolysis of
the gelator itself (Ashkar et al., 2019). However,
it is challenging to incorporate these oleogels
into water-containing systems, because the
presence of water can interfere with the ability

of the gelator to assemble into tubules or cause
recrystallization of the network (Duffy et al.,
2009). Applications are successful where water
activity is controlled through the interaction
of other ingredients such as proteins and
hydrocolloids (Matheson et al., 2018).

Another positive property of oleogels is
the delivery of bioactive molecules, as a result
of their lipid medium which is well suited to
prevent deposition of bioactive substances,
slow lipolysis and release of nutrients from
crystalline and fibrillar networks (O'Sullivan
et al,, 2016; Martins et al., 2020). Two types of
gelators, beeswax and a mixture of 3-sitosterol +
y-oryzanol, were used for gelation of long-chain
triglycerides. In both cases, the gelator was
added in an amount of 8% (w/w) and enriched
with 0.1% (w/w) B-carotene. In vitro digestion
indicated a bioavailability of 26% of 3-carotene
in sterol-based oleogels and approximately 20%
in beeswax-based oleogels (Martins et al., 2018).
In vitro lipolysis and transfer of 3-carotene was
also investigated by Chloe et al., (2017) in canola
oil gelled with ethylcellulose, results indicated
increased stability of 3-carotene in the oleogel
and antioxidative behavior. Curcumin, a natural
polyphenolic compound, possesses a spectrum
of health benefits, including anticancer,
anti-inflammatory,  antioxidant,  antiviral,
and cytoprotective properties. However, its
limited solubility in water, susceptibility to
degradation from light, heat, and physiological
pH conditions result in an exceptionally low
bioavailability (Pérez et al., 2019). To address
this challenge, curcumin was incorporated into
a corn oil oleogel structured by -sitosterol and
lecithin. The oleogel demonstrated heightened
oxidative stability and improved bioavailability
compared to the control. Specifically,
crosslinking curcumin in the oleogel increased
its bioavailability in the fasting state to 67.66%
(Li et al., 2019)”

A positive feature of oleogelsis thattheyare
obtained by gelation without hydrolysis, while
sterols and vitamin E remain stable during gel
formation (Xu et al.,, 2022). However, the effect
of processing, cooking, freezing storage as well
as the type of fat used can affect the stability
and content of vitamin E in meat products (Wan
Rosli et al., 2006).
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APPLICATION OF OLEOGELS IN MEAT PRODUCTS

Oleogels have been recognized as a very
promising alternative to replace trans and
saturated fats, but no oleogels have yet been
used on a commercial basis in food production
(Hwang, 2020). By applying oleogels there is
an opportunity to create a wide range of semi-
solid and solid meat products with an improved
lipid profile suitable for consumption (Wang et
al., 2023). The use of low-quality oleogels can
cause technological problems, such asimproper
drying, greasy appearance, delamination, etc.
(L6pez-Pedrouso et al., 2021).

By replacing 50% of the animal fat with
an oleogel structured from sunflower oil using
monoglycerides of phytosterols in a ratio of
15:5 (w/w) in sausages of the “Frankfurt” type,
a product with an improved fatty acid profile is
obtained without significantly compromising
the physical, chemical, textural and sensory
characteristics (Kouzounis et al., 2017). 12-fold
reduction of the ratio of polyunsaturated fatty
acids, n-6/n-3 compared to control samples, in
fermented sausages of the “Fuet” type using
oleogels based on 80% olive oil and 20% chia
seed oil, obtained by direct dispersion using
beeswax or emulsion approach using isolated
soy protein and gelatin (Pintado & Cofrades,
2020). By completely or partially replacing the
animal fat in foie gras with oleogel obtained
from olive oil (44.39%), linseed oil (37.87%) and
fish oil (17.74%) with gelators ethyl cellulose
and beeswax, an optimal fatty acid profile was
obtained, a high PUFA/SFA ratio and a low
n-6/n-3 ratio. Lipid oxidation was increased
while, the substitution insignificantly affected
the emulsion stability, color and texture,
compared to the control. Sensory characteristics
were insignificantly affected using beeswax,
while a negative effect on sensory properties
was confirmed when using ethyl cellulose,
depending on the level of substitution (Gémez-
Estaca et al,, 2019). A different degree of lipid
oxidation depending on the oleogel used for fat
replacement has been reported (Wolfer et al.,
2018).Increased lipid oxidation compared to the
control sausage was reported in samples using
the rice bran wax oleogel (10%) during 0, 42, 70
and 84 days of storage, but the thiobarbituric
acid TBA value never exceeded 0.201 mg/kg
for any day of analysis. Curcumin was added to
oleogels gelled with beeswaxand ethylcellulose.

The resulting oleogels are incorporated into
pork burgers. Curcumin effectively reduced
the oxidation process, burgers with beeswax
oleogel showed adequate technological
properties, but with the addition of curcumin,
a yellow color was obtained, which reduced the
sensory acceptance (Gomez-Estaca et al,, 2020).
Incorporated into paté, oleogels obtained in
optimal conditions 9.12% beeswax and 0.54%
curcumin. The oleogels showed a mechanical
strength similar to porcine hard adipose tissue
and a high oil binding capacity of over 90%.
The addition of added curcumin attenuated
lipid oxidation during cold storage (Ramirez-
Carrasco et al., 2020). Jeong et al. (2021) found
that applying an oleogel with added (3-carotene
as an antioxidant resulted in lower peroxide
number values in muffins. However, further
research is needed to investigate the application
of B-carotene or other antioxidants in oleogels
and their use in meat products.

Replacing 50% of animal fat with an oleogel
of glyceryl-monostearate with sunflower oil
did not impact the firmness of sausages, while
sensory evaluations showed that they were
more acceptable than the control (Ferro et al.,
2021). For good retention of the oil phase in foie
gras, Barbut et al. (2020) recommend replacing
60% of the animal fat with an oleogel based on
canola oil gelled with 12% ethyl cellulose and
3% glycerol monostearate. Also, Barbut et al.
(2021) recommend replacing 60% of lard with
an oleogel based on canola fat, ethyl cellulose
and glycerol monostearate in foie gras to retain
oil and maintain textural properties without
affecting sensory properties and colour.
Contrary to this, Martins et al. (2020), report a
decrease in hardness and increased stickiness
in foie gras by replacing animal fat by 60% with
oleogelfromlinseed oiland beeswax, butalsoan
increase in the percentage of polyunsaturated
fats and a decreased ratio of n6/n3 by 90%. Tarté
et al. (2020), obtained a softer product and an
improved fatty acid profile by replacing 41.9% of
the animal fat with soybean oil oleogel with rice
bran wax in sausages, linseed oil-based oleogel,
structured with a mixture of y-oryzanol and
B-sitosterol and beeswax, and incorporated into
fermented sausages in an amount of 20% and
40% resulted in products with reduced sensory
quality, which decreased with an increase in the
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percentage representation of oleogel (Franco et
al., 2020). Incorporation of oleogel obtained by
gelling cannabis oil using gelators such as rice
bran wax (5%; 7%) or candelilla wax (3%; 7%)

in meat patties improved their fatty acid and
oxidative stability but sensory acceptability was
low (Hamidioglu et al., 2022).

CONCLUSION

The attractiveness and actuality of oleogels
obtained by gelling vegetable oils with the help
of gelators is growing daily. The use of different
vegetable oils and their combinations, as well
as the use of different gelators offer a wide
range and design of oleogels with different
characteristics. However, as a common positive
characteristic of meat products in which animal
fats have been replaced with oleogels, it is an
improvement in the fatty acid profile of meat

products, which makes the products more
nutritionally acceptable for consumers. With the
suitable choice of: technique, oil, gelator and
selection of the optimal amount of replacement,
a product will be obtained that will satisfy
the sensory and technological qualities of the
conventional product. The acceptability of a
product by consumers is important assessment
in creating a quality product with a successful
replacement of the fats.
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Abstract

Cold pressed sunflower oil is an unrefined oil with great biological value and good sensory properties.
Due to its chemical composition, this oil easily oxidizes, creating harmful products for human health. Various
artificial and natural stabilizers are added to prevent oxidation. Essential oils or aromatic herbs are used as
natural stabilizers, which also change the sensory properties of the oils.

The oil analysed in this paper is cold pressed sunflower oil to which fresh aromatic herbs have been
added, such as rosemary, garlic, parsley and mint. One aromatic herb is added to each bottle of oil, and one
bottle of oil is without additives (control). The oils are stored for 6 weeks in the dark, and then the sensory
characteristics of these oils are assessed through validated questionnaires and sensory tests. The following
characteristics of the oils were determined through a series of hedonistic and visual tests: aroma, colour, clarity,
taste, crunchiness, and chewiness.

The aromatic herbs that are added do not affect the crispness and chewiness, but they do affect the
smell, taste, colour, and clarity. The oil without additive and the oil with the addition of rosemary have the most
acceptable smell and taste and the highest grades for colour and clarity. Apart from these two oils (without

additive and with the addition of rosemary), there is also the oil with the addition of garlic.

Key words: cold pressed sunflower oil, rosemary, garlic, parsley, mint

INTRODUCTION

Cold-pressed sunflower oil is highly
valued for its pleasant sensory properties and
high biological value. Unrefined sunflower oil
has a light-yellow colour and the typical smell
of sunflower seeds. It is rich in unsaturated
fatty acids, vitamin E, provitamins, lecithin,
phytosterols, minerals, and other ingredients.
extremely useful for human health. (Dimi¢, 2005;
Dimicetal.,2015;Konuskanetal.,2019;Bendiniet
al., 2011). Since oils oxidize easily, it is important
to prevent their oxidation. The oxidative stability
of oils is increased by antioxidant fractions from
Lamiacae herbs (Babovic et al., 2010; Mousavi
et al., 2012; Niamat et al., 2016). Many herbs
such as rosemary, mint, parsley, garlic, sage,
thyme, etc. contain antioxidants that stabilize

lipids and lipid-containing foods (Eftinzjijoska
& Pavlovska, 2019; Yanishlieva et al., 2006; Bravi
et al., 2016; Mousavi et al., 2012; Niamat et al.,
2016; Temelkovska & Pavlovska, 2021).
Regarding the natural antioxidants,
rosemary is widely accepted as one of the
spices with the greatest antioxidant effect.
(Yanishlieva et al, 2006; Olmedo & Grosso
2019; Aguilar et al., 2008). The antioxidant
activity of rosemary extract is related to the
presence of several phenolic diterpenes such as
carnosic acid, carnosol, rosmanol, epirosmanol,
isorosmanol, rosmarinic acid, and other steroids
and triterpenes (Genena et al, 2008; Nieto
et al, 2018). The use of rosemary as a natural
antioxidant is highly accepted by consumers
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due toits beneficial sensory properties (Olmedo
& Grosso, 2019; Ghafoor et al.,, 2020; Ali et al.,
2021).

The most important active components
of parsley are flavonoids, phenols, coumarins,
vitamin C, and the high content of beta-
carotene, which is an important liposoluble
antioxidant (Trifunschi & Ardelean, 2012).
The characteristic aroma and taste of parsley
come from the volatile components (Sitarek
et al., 2015; Ulrich et al., 2011). Mint has a high
content of namonoterpene ketones, aldehydes,
natural phenols, and flavonoids that have a high
antioxidant effect. The specific smell of menthol
is due to a-cyteral, menthofuran, isomenthone,
menthol, carvone, and linalool. (Zhang et al.,
2022).

Garlic contains two types of antioxidant
compounds, flavonoids and sulfur-containing
compounds: allyl-cysteine, dialyl sulfide, and
allyl trisulfide. Derivatives of amino acids that
contain sulfur allin (S-allyl-L-cystein sulfoxide)
can be converted into allicin (diallyldisulfide-S-
oxide), a compound responsible for the smell of
garlic, under the action of the enzyme allinase.
(Pardo et al., 2007).

Rosemary, parsley, garlic,and mintimprove
human health due to their high antioxidant,

antimicrobial, anti-inflammatory, and anti-
cancer potential and reduce the risk of chronic
diseases such as diabetes, cardiovascular
diseases, neurological disorders, etc. Food that
is enriched with spices and herbs has functional,
nutritional, and health benefits. (Labban et al.,
2014; Rahbardar & Hosseinzadeh, 2020; Lesnik
et al,, 2021; Agyare et al, 2017; Nayak et al,,
2020; Ansary et al., 2020).

Spices and herbs are widely used as
food additives, increasing oxidative and
microbiological stability and thus extending
the shelf life of food (Przygodzka et al., 2016; Al
Soudy et al., 2020; Rababah et al., 2012; El-Sayed
& Youssef, 2019). Spices and herbs affect the
sensory properties of the food to which they are
added, improving the taste and smell, thereby
making them acceptable for consumption
(Habib et al., 2017; Tawfek & Ali, 2022; Amer
& Rizk, 2022; Hamad et al., 2017; Issaoui et al.,
2016).

One of the most important parameters of
edible oils is the sensory evaluation, because
with the addition of spices to improve the
stability of the oils, there is a change in the
sensory characteristics. (Olmedo & Grosso, 2019;
Akcar & Gumusgkesen, 2011).

MATERIAL AND METHODS

Cold-pressed “Fila” sunflower oils with
a volume of 750 mL (Agrofila DOOEL Shtip,
Republic of North Macedonia) were used for
analysis. Oil without addition (control) and oils
with additions of aromatic herbs and spices
were used. 20 g of fresh rosemary (Rosmarinus
officinalis L.), garlic (Allium sativum L.), parsley
(Petroselinum crispum Mill.), or mint (Mentha
piperita L.) originating from N. Macedonia
were added to the oils. The herbs in the oils
were added at a concentration of 2.8%. The oil
without the addition was opened immediately
before the analysis, while the oils with the
addition of aromatic herbs and spices were
stored in the dark for a period of six weeks.

Sensory analyses were performed at the
Department of Nutrition, Faculty of Technology
and Technical Sciences Veles. In the research,
validated questionnaires were used to assess
the sensory characteristics of oils by a selected
group of 20 panellists (students), all of whom
had previous experience and training in the

sensory analysis of different food products. All
respondents were familiar with the activities
that would follow. Before the beginning of
each sensory test, the requirements in the
questionnaire, the method of rinsing the oral
cavity after each tasting, and the method of
cleaning the nasal cavity after each analysis are
clarified. Each sensory analysis was followed by
a short break in order to rest the senses.

The following sensory tests were used
for the sensory evaluation: hedonic smell test,
preference and ranking test, colour and clarity
test,hedoniccolourand clarity test, taste test, the
hedonic taste test, crispiness test, the hedonic
crispness test, chewiness test, and the hedonic
chewiness test (Carabante & Prinyawawatkul,
2018; Yang & Lee, 2019). To perform the hedonic
smell test, colour and clarity test, and hedonic
colour and clarity test, one sample of all cold-
pressed sunflower oils (the oil without additives
and the oils with additives) was used for these
tests. In order not to mix the smells, the samples
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were placed in transparent cups covered with
a piece of paper, and between smelling the
samples, it was necessary to smell the upper part
of the palm. Each panellist received 5 samples

for analysis, blindly labelled with a three-digit
code. The cups with the oil samples were placed
on a white sheet of paper to observe the colour
shade and clarity of the oil (Figure 1).

Figure 1. Oil's samples for sensory analysis.

To perform the crispiness test, the hedonic
crispness test, the chewiness test, and the
hedonic chewiness test, a few drops of the oils
were placed on a piece of cucumber as a neutral
sample. Samples of cucumber and a two-pack
with oil drops were blindly marked with a three-
digit code. The taste test and the hedonic taste
test were determined by placing a few drops of
oil on a piece of biscuit as a neutral sample. The
panellists tried the samples in order from left to
right and determined the required parameters
according to the questionnaire requirements.
Between each trial, the panellists cleaned the

oral cavity with water and a piece of biscuit.

For the hedonic tests, a 9-point hedonic
scale (1 = disliked extremely, 2 = disliked very
much, 3 = disliked moderately, 4 = disliked
slightly, 5 neither liked nor disliked, 6 =
liked slightly, 7 = liked moderately, 8 = liked
very much, and 9 = liked extremely) is used
to determine the acceptability of the oils
(Wichchukit & O’'Mohony, 2014).

Statistical analysis was performed with
descriptive statistics using Microsoft Office
Excel data analysis (Levine et al., 2008).

RESULTS AND DISCUSSION
The results obtained for sensory characteristics of the oils from the hedonistic tests are shown

in Table 1 and Figure 2.

Table 1. Mean sensory scores and standard deviation from the hedonistic tests.

OWA OWR OWG OWP OWM
Sample _
x =SD
Smell 690+1.18 6.75+1.83 330+254 2.50+1.57 3.15+£1.90
Taste 595+1.64 590+199 340+274 3.85+1.73 440 £2.01
Colour 745+1.10 6.05+193 6.65+157 440+179 525+197
Clarity 767+0.86 695+150 6.80+1.36 2.95+1.70 3.50 +2.06
Crunchiness 775+091 760+099 6.85+0.99 7.35+0.75 7.10+1.02
Chewability 785+0.75 7.65+067 6.85+0.75 6.90 + 0.85 6.75+0.91
Overall acceptance 722+081 6.83+0.83 6.11%+1.52 509+ 1.94 540+ 1.53

*n = 20; X + SD mean value * standard deviation; OWA-oil without additive; OWR-oil with rosemary; OWG - oil with

garlic; OWP -oil with parsley; OWM-oil with mint.
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Figure 2. Sensory profile of the oils from the results obtained from hedonistic tests.

The biggest differences between the oils
are in the ratings for smell, clarity, and taste
(Table 1, Figure 2). The panellists gave high
marks for smell to the oil without the addition
(6.9 points) and to the oil with the addition of
rosemary (6.75 points), while the oils with garlic,
parsley,and mint have very low marks (3.30, 2.50,
and 3.15 points, respectively). In terms of colour
and clarity, the most acceptable are oils without
additives (7.45 and 7.65 points, respectively),
garlic oil (6.65 and 6.8 points, respectively), and
rosemary oil (6.05 and 6.95 points, respectively),
while parsley and mint oils are less acceptable
(4.4,2.95,5.25, and 3.5 points, respectively). The

oil without addition and the oil with addition
of rosemary have an acceptable taste (5.95
and 5.9 points, respectively), the oil with mint
is less acceptable (4.4 points), at least the oils
with addition of parsley (3.85 points) and garlic
(3.4 points). Crunchiness and chewiness are
acceptable for all oils by the panellists. The oils
with the highest scores for overall acceptability
are the oil without addition and the oil with
rosemary (7.22 and 6.83 points, respectively).
The oil with the addition of parsley has the
lowest score for the hedonic tests (5.09 points).

A visual test is performed to determine the
colour of the oils (Figure 3)

16
14 -
12
£ 10- ,
T | Light yellow
c
g 8 M Intense yellow
5 6 i Yellow-green
g M Light green
[ 4 - M Green
>
2
2 -
~ 0l Oilwith Oilwith Oilwith  Oil with
without rosemary  garlic parsley mint
addit ve

Figure 3. Sensory analysis for color of oils without and with additives.
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According to the panellists, the oil without
the additive has a light yellow to intense yellow
colour (15 and 5 points, respectively), the oil
with the addition of rosemary has a yellow-
green to light green colour (8 and 6 points,
respectively), the oil with the addition of garlic
has a light yellow to intense yellow colour
(13 and 7 points, respectively), and the oils

with the addition of parsley and mint have a
mainly yellow-green colour (10 and 11 points,
respectively) (Figure 3).The green pigments in
the oil are chlorophyll compounds from herbs
that have been added to the oil, chlorophyll also
has a high antioxidant effect and reduces the
oxidation process in cold pressed oils (Solymosi
& Mysliwa-Kurdziel, 2017).

18 -
16
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I

Qil with
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NMumber of panelists
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= o
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B Very clear

u Clear
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u Very claudy

1

Oil with
parsley

Qil with
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Figure 4. Sensory analysis for clarity of oils without and with additives.

The visual sensory test for the clarity
of the oils shows that the clearest is the oil
without additives, which is very clear (16.00
points), followed by the oils with the addition

of rosemary and garlic (12.00 and 11.00 points,
respectively), which are clear. The oil with mint
is slightly cloudy, and the oil with parsley is
cloudy (Figure 4).
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Figure 5. Sensory analysis for crispiness of oils without and with additives.
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Figure 6. Sensory analysis for chewiness of oils without and with additives.

According to the sensory tests for the
crunchiness and chewiness of the cucumbers
with oil, there were no big variations between
the obtained results, so all the cucumbers

with oil have good crunchiness and chewiness
(Figures 5 and 6). This means that the additives
in the oils do not affect the crunchiness and
chewiness of the food.
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Figure 7. Sensory analysis for taste of oils without and with additives.

The taste of the oil was determined on a
sample of a few drops of the analysed oil on a
baking sheet as a neutral sample, and the results
of these analyses are given in figure 7. The oil
without addition and the oil with addition of
rosemary have the highest sweetness (18.00
and 10.00 points, respectively). Oils with the
addition of rosemary and garlic have a slightly
bitter taste (6.00 and 7.00 points, respectively),
and oils with the addition of parsley and mint
have a more intense bitter taste (9.00 points,
both). Qils with the addition of garlic and mint
have the highest degree of astringency (11.00
and 9.00 points, respectively). According to the

oil taste preference test, the oil without the
additive, the oil with the addition of rosemary,
and the oil with the addition of garlic have a
taste with greater acceptability than the oils with
the addition of mint or parsley. The panellists
mentioned that after consuming the samples of
oils with the addition of parsley and oil with the
addition of mint, they felt an unpleasant odour
retronasally. Changes in the taste of oils with
additives are due to the components from the
herbs that have passed into the oil, and most
often these are the phenolic components that
have strong antioxidant activity.



SENSORY CHARACTERISTICS OF COLD PRESSED SUNFLOWER OIL WITH THE ADDITION OF AROMATIC HERBS
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Figure 8. Sensory analysis for flavour intensity of oils without and with additives.

The flavour intensity test was made for the
oils on a scale from 1 to 5, where 5 represents
the most intense flavour and 1 represents the
least intense flavour. Figure 8 shows that the
taste of the oil with the addition of garlic is the
most intense (2.90 points), while the taste of the
oil without the addition is the least intense (1.25
points).

The majority of the respondents answered
that the oil without addition and the oil

with addition of rosemary have the highest
acceptability, while the oils with addition of
garlic, parsley, and mint have an unacceptable
smell. The panellists answered that the oil with
the addition of garlic has the most intense
smell, the oils with the addition of mint and
parsley have an intense and unpleasant smell,
the oil with the addition of rosemary also has an
intense but pleasant smell and the oil without
the addition has the least intensity smell.

CONCLUDING REMARKS

From the sensory analysis, it can be seen
that the oils without addition and the oils with
the addition of rosemary are more acceptable
than the oils with the addition of garlic, parsley,
and mint, in terms of their smell and taste. QOils
with the addition of garlic have an intense
smell of garlic, oils with the addition of parsley
and mint have an unpleasant smell and taste.

Additives in oils do not affect the crunchiness
and chewiness of food, and they are the same as
oils without additives. The oils with the addition
of parsley and mint are cloudier than the others.
Oils with the addition of rosemary are the most
acceptable for consumption because they have
the most acceptable sensory properties.
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CEH30PHU KAPAKTEPUCTUKWN HA NTAAHO LEAEHO COHYOMNEQOBO MACJ10
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Pesunme

JlagHO LefeHOTO COHYOrNeaoBO Macino e HepadMHMPAHO Maclo co rosieMa OGuMonoLWKa
BPEAHOCT 1 A06pY CEH30PHM KapaKTepUCTUMKN. [Topaan CBOjOT XeMUCKU COCTaB OBa MAC/o J1IECHO
OKCMAWpa, Npu WTO Ce co3faBaaT WTeTHM MPOAYKTU 3a 34paBjeTo Ha YOBEKOT. 3a CripeuvyBarbe
Ha OKCMAauwjaTa ce AodaBaaT pPa3HM BewWTauykyu U NPUPOAHM cTabunmusatopu. Kako npupogHu
cTabunusatopu ce KoOpuCTaT eTepUYHN Macsia UAM apoMaTUYHU OWAKK KOW M MPOMeHyBaaT U
CEH30pHUTE KapaKTePUCTUKM Ha MacsaTa.

MacnoTo Koe e aHanu3MpaHo BO OBOj TPYZA € NafHo LieeHO COHYOrNe40BO BO KOe ce AofJafeHN
CBEXWN apoMaTUUHWN OUNKKU: py3mMapuH, YK, MargoHOC 1 HaHe. Bo cekoe lwimlie mMacno ce foaasa
no efHa apomaTnyHa 6unka, a egHo wuwe macso e 6e3 gopatok (koHTpona). Macnata ce uyBaat 6
HeJenn Ha TEMHO, a MOTOa Ce BPLWM NPOLEHa Ha CEH30PHUTE KapaKTepuCTUKIM Ha OBMe Macsa Npeky
BaNMAMPAHU NPALLANHULM N CEH30PHW TecTOBW. [TpeKy H13a o XeOHUCTUYKN 1 BU3YeNHN TeCTOBY
6ea onpepfeneHn cnefHMUBe KapakTepUCTMKM Ha MacnaTa: Mmpuc, 60oja, GUCTprHA, BKYC, KPLKaBOCT
1 LIBAaK/IMBOCT.

ApOoMaTnUHNTE BUSIKN KOW Ce AoAaBaaT He BAMjaaT Ha KPLKABOCTa M LIBaKMBOCTA, HO UMaaT
BAINjaHKe Ha MMPUCOT, BKYCOT, 6ojaTta n buctprHaTa. MacnoTo 6e3 foaaTok M MacioTo CO AOAATOK Ha
py3MapuH nMaaT HajnpudaTtnre MUPUC 1 BKYC, a HajBUCOKM oLeHKM 3a 60ja 1 BUCTprHa OCBEH OBMe
ABe Macna (6e3 [oaaTokK 1 Co JOAATOK Ha Py3MapuH) MMa 1 MacsioTo CO JOAaTOK Ha NyK.

KnyuHun 360poBu: 1a0HO yedeHO COHY02/1e0080 MAC/IO0, PY3MAPUH, J1YK, MA20OHOC, HaHe.
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