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III. AN

OVERVIEW OF THE SCIENTIFIC PURPOSE OF THE ABOVE-MENTIONED WORKS AND

THE RESULTS ACHIEVED, ALONG WITH AN ANALYSIS OF THEIR POSSIBLE APPLICATION

A. INTRODUCTION
In order to justify the purpose of the studies conducted, it seems reasonable to
present several issues which constitute a motivation for its achievement, both in
terms of scientific and academic research, as well as popularization and
economy. Therefore, the discussion regarding three subsequent parts of chapter
III is preceded by the sub-chapter A, entitled "Introduction," which discusses
some of the issues based on statements found in literature, which form the basis
of the work presented in relation to the issues included in the title of chapter III.
Using the broad potential of the forest environment is associated primarily with
the production of timber, which constitutes one of the basic raw materials of
many branches of industry [ZALESKI AND CHREMPIŃSKA 2012, Ważyński 2014,
ŻORNACZUK-ŁUBA 2014]. At the same time, it should be emphasized that the
forest environment provides the so-called forest by-products, which are often
niche products of considerable value [STANISZEWSKI AND KALINOWSKI 2011].
They are described in English by the abbreviation NTFP/NWFP (Non
Timber/Wood Forest Products), while their Polish name could be translated
literally as "forest by-products". The English name, therefore, lacks the
pejorative term "by-products," present in Polish. In turn, the definition of
NTFP/NWFP, given by the FAO in 1999, which reads "non-wood forest
products consist of goods of biological origin other than wood, derived from
forests, other wooded land and trees outside forests," draws attention to the fact
of trees growing outside the forest environment also being classified as a source
NTFP/NWFP. STANISZEWSKI AND KALINOWSKI [2011] emphasize that
"nowadays, in multifunctional forestry, the concept of by-product forest use
takes on a much broader meaning and goes beyond the sphere of raw materials
and products. (…) This complexity makes it difficult to establish a universal
classification of non-timber forest lands." The most comprehensive and inclusive
definition in this respect was proposed by STANISZEWSKI. It defines "non-timber
forest products as tangible goods which are not timber, obtained from forest
ecosystems, plantations and from trees growing outside of forests, as well as
intangible goods (services, aids, benefits) obtained as a result of the nonproduction functioning of a forest" [STANISZEWSKI 2013]. At the same time,
STANISZEWSKI[2014] considers the terms "non-timber forest products" and "nontimber forest use," which are associated with English terminology, to be the most
appropriate, while he speaks negatively of using the word "by-product" present
in the Polish term. Based on the quoted works, these terms have been adopted as
binding in the present "Summary of professional achievements."
It should be noted that non-timber forest products may be considered
simultaneously as belonging to the field of forest sciences and as a branch of the
economy, where it is emphasized that, on the one hand, the significance of nontimber forest products is undisputed [STANISZEWSKI AND NOWACKA 2014] and,
on the other hand, that it is underestimated: both by forest administration
authorities as a source of their potential income [STANISZEWSKI AND
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KALINOWSKI 2011], as well as by the public [GOŁOS 2016]. Meanwhile, nontimber forest use is provided for in the "Act on forests" as one of the
responsibilities of forest owners. It consists of activities leading to forest
production, in accordance with the so-called permanently sustainable forest
management policy [STATEMENT 2017]. This form of forest use is also indicated
as very significant not only in the context of the impact of the forest-timber
sector on regional development [ŻORNACZUK-ŁUBA 2014] but also as important
in constructing a national forest program [STANISZEWSKI 2014]. Non-timber
forest use and its broad array of social functions should go hand in hand with the
constant and intensive educational and promotion activities, both on the part of
forest services, as well as higher education institutions [STANISZEWSKI ET AL.
2016A, STANISZEWSKI ET AL. 2016B, STANISZEWSKI 2017].
As recently as in the 1990s, the Polish forest management generated substantial
amounts of the very profitable pine sap, currently, however, this type of
production is nil. It was replaced by obtaining the so-called "Christmas trees,"
spruce branches and other decorative plants, however, in recent years, this type
of non-timber forest production has also been noted to be several times lower
[STANISZEWSKI AND KALINOWSKI 2011, FOREST ENCYCLOPAEDIA 2017]. Among
the non-timber forest products collected in Poland, minerals (peat, sand, amber)
and products of animal origin such as snails, goods related to forest beekeeping
and silk production, are also listed. Primarily, however, fruits of the forest
undergrowth are gathered [STANISZEWSKI AND KALINOWSKI 2011, Forest
Encyclopaedia 2017]. Among others, as part of obtaining medicinal plants in the
wild, plants rich in essential oils are being gathered in a forest environment for
use in the pharmaceutical industry. The fruits of forest plants, including
lingonberries and blueberries, elderberries, wild rose fruit, blackberries, rowan
berries, raspberries, blackthorn and cranberries, are widely obtained by
purchasing and gathering them for individual needs. They are used not only as a
component of jams, juices, fillings and dried fruit preserves, blends of herbal
teas, but are also very often the subject of profitable export. Edible forest
mushrooms, mainly chanterelles, bay boletus and boletus edulis, are obtained in
a similar way [STANISZEWSKI 2014]. In the years 2007-2011, between 8.4 and
16.4 thousand tons of fruits of the forest with a value of between 36.6 and 97.5
million PLN and between 4 and 6.9 thousand tons of mushrooms with a value of
between 46.4 and 64,7 million PLN were obtained through purchase, while the
total potential value of the collected mushrooms, including gathering for the
needs of individual households, is estimated at 740 million PLN [KUC ET AL.
2014].
Processing of the above-mentioned non-timber forest products, i.e. fruit and
mushrooms, has resulted in the formation of a lasting platform for cooperation
between the forest management and the food industry [GROCHOWSKI 1990,
GŁOWACKI 1999, KIRYK 2013]. However, the area of forests used for non-timber
products under the umbrella of State Forests is still small and amounts to only a
few hundredths of a percent per FOREST DISTRICT [FOREST RESOURCES 2014,
REPORT ON THE STATE OF FORESTS IN POLAND 2016, FOREST RESOURCES 2017].
At the same time, a mass exploitation of these forests takes place in the form of
unregistered gathering done by private individuals, often as a kind of theft
[GRZYWACZ 2010].
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Those goods, which are obtained due to their historical significance, since they
are related to folk traditions, are also enumerated among non-timber forest
products. These include seeds of conifers and deciduous trees, foliage and
needles for use as animal feed, lime phloem, as well as simple food obtained by
processing non-timber forest products, including "coffee" and flour made from
acorns, as well as juniper and acorn beer [GŁOWACKI 1996]. It is worth noting
that, in recent years, these products have started to be sold again and, according
to STANISZEWSKI AND NOWACKA [2014], not only do they contribute to "the
creation of workplaces associated with obtaining and processing raw materials,"
but they may also constitute "an element in the promotion of State Forests from
which they originate," which serves as one of the motives for the purpose of the
research conducted [BARSZCZ 2005, BARSZCZ 2006, BARSZCZ AND SUDER 2009].
Non-timber forest products were and still are of interest to the pharmaceutical
industry. Products obtained from only one conifer species - Scots pine - might
serve as an example. Pine needles are the raw material from which pine oil
Oleum Pini sylvestrisis obtained. It is an effective antimicrobial agent with
warming properties, used for infusions in diseases of the upper respiratory tract
and as an ointment in rheumatic afflictions. A similar composition and effect is
demonstrated by turpentine oil, obtained by way of steam distillation of
turpentine from Scots pine (Oleum Terebinthinae). The residue from this process
is rosin (Colophonium), used to manufacture patches, adhesive tapes and
ointments, as well as additionally exhibiting antibacterial properties. From the
shoots of this tree [Turiones Pini), a valuable pine syrup (Sirupus Pini), which
has an expectorant effect, is obtained [KOHLMÜNZER 2016].
Where nutritional and medical practices overlap, another kind of non-timber
forest products, that is, tree saps, is also used [SVANBERG ET AL. 2012]. This
forest product was widely used in Slavic countries, however, in modern Polishlanguage academic sources and publications, information on tree saps is
fragmentary [ Łuczaj 2012, STAWARCZYK 2015]. Tree saps primarily constituted
the only food of plant origin available during the hungry gap, that is, during the
period of the greatest famine and hardship. They were mostly consumed fresh,
directly after being collected from the trunk of a tree, as such unconsciously
meeting the demand for energy and carbohydrates, as well as supplementing the
deficit in minerals. Simple technological measures were also implemented: water
was evaporated from saps until they adopted the texture of a syrup which was
used as a flavour enhancer, or they were stored in barrels and subjected to slow
fermentation until a beverage containing small amounts of alcohol was obtained
[ŁUCZAJ 2012, SVANBERG ET AL. 2012]. As a result of careful observation, which
was the essence of folk medicine, tree saps and product obtained by processing
them began to be perceived as significant not only in terms of nutrition but also
medicine. Folk medicine pointed to the beneficial effect of tree saps in, among
others: kidney diseases, reduced immunity, infectious and parasitic diseases,
hypertension, general weakness of the body and anaemia, treating damaged skin,
hair and nails and even in cancers [SvanbergET AL. 2012; PAPP ET. AL. 2014;
RASTOGI ET AL. 2015]. Contemporary science, inspired by those records,
confirmed the effects of some of the past, folk applications of tree saps in studies
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employing modern analytical techniques, cancer cell lines or animal organisms
[CHOI ET AL. 2005, LEE ET AL. 2009, QADIR ET AL. 2007, PEEV ET AL. 2010].
The topic of tree saps and their possible applications has been discussed since
the eighties in publications by scientists from Finland, Canada, France, the
United States, Lithuania and Latvia, Russia and South Korea, that is, countries
where tree saps are used in food processing [SVANBERG ET AL. 2012,
STAWARCZYK 2015]. Publications by authors from Canada and the United States
estimated, among others, the presence of environmental toxins in tree saps.
However, these studies have focused primarily on heavy metals [BERG 2015,
CAMERON 2015, HOPKINS 2015], while other harmful substances, often of vital
importance to human health, such as inorganic anions, polycyclic aromatic
hydrocarbons and residues of plant protection products remained untested, or
were tested in a way that leaves some doubts. In Korean, Lithuanian and Latvian
publications [Viškelis, RUBINSKIENĖ 2011, JEONG ET AL. 2012, JEONG ET AL.
2013, KŪKA ET AL. 2013], the fact of minerals beneficial to human health being
present in tree saps has been pointed to numerous times. However, no attention
was paid in any of these studies to the very high variability of mineral
composition, occurring both between the saps of trees growing on the same
stand, and the variability of mineral composition of the sap of one tree over a
period of time. Meanwhile, these differences may be significant in determining
the nutritional benefits of tree saps and often limit the purposefulness of their
collection. In Canada, the United States and Finland, particular attention was
paid to the content of sugars, organic acids and free amino acids as substances
determining the suitability of maple and birch saps for the production of tree
syrups, which are now an exclusive and highly appreciated flavour enhancer in
gastronomy [KALLIO ET AL. 1985A; KALLIO ET AL. 1985B, KALLIO ET AL. 1989].
However, in these works, the scope of research was narrowed down to two
botanical types, i.e. maple and birch, while a number of species popular on the
northern hemisphere have not been verified in terms of their suitability for the
production of tree syrups.
In Poland, the topic of tree saps, after a long period of being almost completely
forgotten, is becoming popular again. For several years, tree saps have occupied
a special place in the media. During the harvest period, in March and April, they
become the focus of numerous radio and television programmes [including LET'S
DRINK BIRCH SAP 2012, WHEN BIRCH SAP IS HEALTHY 2015]. [in Polish] Above
all, however, they are featured in posts on opinion-forming internet blogs by
famous scientists and popularizers of science [HEBDA 2015, ŁUCZAJ 2016]. Birch
sap is promoted in these sources as a forest product which is characterized by its
high nutritional value, the possibility to obtain it on one's own and, at the same
time, to consume it without introducing any additional substances. In their
narrative, the proponents of consuming birch sap also refer to folk traditions and
recall the past medical applications of this raw material. These tendencies have
also been officially reflected in the activities of the National Forest Holding State
Forests: The Krynki Forest District organizes the annual "Birch Festival" in
Poczopek. During this event, presentations of how birch sap is collected and its
tastings are held. Information about the "Birch Festival" is published not only on
the website of the Krynki Forest District [BIRCH FESTIVAL IN POCZOPEK 2017],
but also on the website of the Regional Directorate of State Forests in Bialystok
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[CROWDS ARRIVED FOR BIRCH NECTAR 2017] and the national information portal
of the State Forests [BIRCH FESTIVAL 2013].
The growing interest of individual consumers in birch sap does not go hand in
hand with the use of Polish forest resources by the industry. The last mass
collection of birch sap in Poland was conducted in the eighties by the company
"Las" [FOREST ENCYCLOPAEDIA 2017]. The lack of organized collection of tree
sap in Poland leads to a situation where, on the one hand, the area of birch
forests is very extensive but, on the other hand, several companies offering
bottled birch sap on the Polish market use imported raw materials, mainly from
Ukraine, Belarus and less frequently from Slovakia and Finland. Another
paradox related to the collection of tree saps in our country is that although they
are popularized and increasingly more commonly collected by individual
consumers, the properties and chemical composition of tree saps originating
from Poland have not been analysed so far. Therefore, there is no reliable data
that could be used as a basis to determine the suitability of this native forest
product in food processing or its nutritional values. This statement constitutes an
argument in favour of achieving the outlined research purpose which is the basis
for the present study, as well as the entirety of advancements in this field.
The necessity to analyse and promote the collection of birch sap is postulated by
the scientific community associated with the Warsaw Forestry Faculty of the
Warsaw University of Life Sciences. Already in 2009, as part of the report on the
research topic Forest management certification in the use of forests in Poland,
experts from the Department of Forest Use at the Warsaw University of Life
Sciences determined detailed procedures for birch sap collection [FOREST
MANAGEMENT CERTIFICATION IN THE USE OF FORESTS IN POLAND 2009 ]. In
reference to this report, STANISZEWSKI AND KALINOWSKI [2011] put forth the
thesis that "the certification of non-timber forest materials and products is (...) a
challenge; in comparison to the timber and products of agriculture, it is not duly
analysed and documented," also pointing out that "the idea of the certification of
non-timber forest products has only started to be implemented recently: there is
still a lack of details, procedures or experiments in this area." Meanwhile, in
another work, STANISZEWSKI [2014] indicated serious "deficiencies regarding
(...) the knowledge on the structure of resources and the possibilities of utilizing
them." In the previous year, authors of the publication Needs and challenges of
education in the field of non-timber forest use postulated the need for "specialist
education related to the principles of obtaining, marketing, use and processing of
selected forest products, e.g. tree secretions, among which birch sap is growing
in importance in Poland." As it was emphasized, "the focus should be not only
on the technique of collection but also on activities at the political level, which
can significantly affect the development of commercial use (including the
support in establishing small enterprises, the development and availability of
technology, training sessions, fiscal initiatives, promoting the exportation of
products, etc.)" [STANISZEWSKI ET AL. 2016].
Fundamental deficiencies and the need to supplement them could also be
observed in the context of the previously published works from the field of the
chemistry of tree saps. They were all the more glaring because they were related
to such significant issues as the chemical composition, nutritional benefits and
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health risks associated with tree saps. For example, the information reported thus
far in publications with regard to the concentration of minerals in tree saps
consisted of mean values for many trees from just one day; as such, no attention
was paid to the chemical composition of sap from individual trees and its
variability over a span of time. Moreover, there exist no reliable ways of testing
for the contents of determinants of a consumer's safety, which are of crucial
importance to human health and include inorganic anions, polycyclic aromatic
hydrocarbons, residues of plant protection products. By narrowing down the
scope of studies to two botanical types, a number of important species, such as
the European hornbeam, black alder or white willow, have been overlooked in
the research that has so far been carried out on tree saps. In addition, the methods
of extending the shelf life of tree saps, postulated by a number of scientific
publications, are solutions which are very costly and do not cater to the needs of
individual consumers and small-scale food processing businesses.
Referring to the clear demand from both consumers, the food industry and the
forest management, the author has conducted extensive research in the years
2013-2018, the results of which were published in the period 2014-2019. The
theme of tree saps became the subject of 31 scored articles, including 7 from the
JCR list, one patent, seven popular science publications and 6 summaries from
national conferences. The studies were conducted in the Podkarpackie Province,
which is ranked second in Poland in terms of having the largest area of forests
[REPORT ON THE STATE OF FORESTS IN POLAND IN 2016]. In the conducted
research, the author observed the phenomenon of the composition of tree saps
being diverse, depending on factors such as the time of collection, individual
traits, or stand placement. These observations have given the impetus to a deeper
analysis of the essence of these issues. Hence, the prime position among the
works discussed is occupied by those studies, in which for the first time attention
was paid to the variability of the mineral composition of tree saps, an issue of
fundamental practical significance. The differences existing between the content
of minerals in tree saps of various species and trees of the same species, growing
both on the same stand and on different ones, were indicated. Moreover, the
diversification of the mineral content over a span of time was also examined. As
it turned out, the demonstrated differences may not only determine the suitability
of tree saps in food processing, but they are also fundamental for the nutritional
benefits of the raw material studied. Furthermore, the issue regarding the
variability in the content of inorganic anions and phenolic compounds, as well as
the antioxidant capacity of the tree saps of various species, and therefore the
substances determining both the positive and potentially harmful properties of
the raw material, has been addressed for the first time.
The research conducted was focused on determining the variability of saps
obtained from silver birch (Betula pendula Roth.), a species characterized –
according to the latest data – by the highest share of the surface area in private
forests among deciduous trees in Poland, amounting to over 9.5%. Meanwhile,
in the forest of The State Forests National Forest Holding, the share of birch
amounts to just below 7% and it is the second, after oak, share in the surface area
among deciduous trees. Overall, the share of birch in the surface area across all
forms of ownership of Polish forests totals nearly 7.5% [REPORT ON THE STATE
OF FORESTS IN POLAND 2016]. Therefore, possessing detailed knowledge
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regarding the supply of birch trees and their share in the surface area of Polish
forests means the fulfilment of the most important postulate dictated by the
"Polish concept of non-timber forest use" [GROCHOWSKI 1967], referring to the
necessity to identify non-timber forest products, in order to "move from
uncontrolled exploitation towards rational use" [STANISZEWSKI AND
KALINOWSKI 2011, STANISZEWSKI AND NOWACKA 2014]. For the purposes of
comparison, analyses of tree saps collected from other tree species have been
carried out, both those occurring naturally in south-eastern Poland, such as
downy birch (Betula pubescens Ehrh.), European hornbeam (Carpinus betulus
L.), black alder (Alnus glutinosa Gaertn.), Norway maple (Acer platanoides L.)
and white willow (Salix alba L.), as well as species introduced from abroad,
such as Eastern black walnut (Juglans nigra L.), or ashleaf maple (Acer negundo
L.).
To summarize, the general scientific purpose of this research includes multidimensional work on tree saps:
 estimation of the differences in mineral content between tree saps of
different species, between tree saps of the same species growing on the
same stand and on different ones, as well as the variability in the mineral
content of the sap of the same tree over time;
 examination of selected chemical parameters determining the safety and
health benefits of tree saps;
 analysis of the sugar content in native tree saps and determining their
suitability for the production of tree syrups;
 suggesting collection procedures that ensure the high commercial
suitability of tree saps.
The element of novelty is significant in the conducted studies. In the quantitative
analysis of sugars in tree saps, the technique of high-performance liquid
chromatography with evaporative light scattering detection was applied for the
first time, and in the qualitative analysis of sugars – the technique of thin-layer
liquid chromatography was applied. Both of the methods proved to be selective
in terms of the analytes determined and may be recommended as reference
methods in analyses of tree saps. In assessing the content of inorganic anions, the
most reliable technique of liquid chromatography with conductometric detection
was used for the first time. Thanks to this, unlike in the only other work which
addresses this issue, where the photometric technique was employed, the actual
content of inorganic anions was presented, including those that are as crucial to
human health as nitrates (V). It was also the first study on the antioxidant
capacity and the content of phenolic compounds carried out for the species of
downy birch, European hornbeam, Norway maple, ashleaf maple, Eastern black
walnut, black alder and white willow. Meanwhile, for the species of European
hornbeam, Eastern black walnut, black alder and white willow, the mineral
content was defined for the first time. In order to focus on the nutritional benefits
of tree saps, the results of determining the content of minerals were presented not
only in the form of traditional mass and volumetric concentrations, as was the
case in the previous works by many authors, but they were also expressed as a
percentage of the daily demand in one litre of sap. Due to this, attention was paid
for the first time to the high nutritional content of, among others, copper, zinc
and manganese, despite their relatively low mass and volumetric concentrations.
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At the same time, also in the context of nutritional benefits, a very large variation
in the mineral composition of the sap of one tree over time, the variability with
respect to the nutritional benefits of trees growing on the same stand and the
variability in the nutritional benefits among tree saps of various species, were
indicated. In order to achieve these plans – in comparison to the majority of the
works published previously – it was necessary to collect tree saps from a much
larger number of trees, as well as to collect samples of tree sap daily for the first
time, in order to analyse how its mineral composition changes over a span of
time. The obtained research results, indicating the variability in the composition
of tree saps, have given impetus to proposing a set of clearly outlined principles
of sample collection, in order to obtain the most reliable results.
The five papers in which these issues are presented are the subject of the
scientific achievement1.
B. DISCUSSION
ACHIEVEMENT2

OF THE RESULTS OF THE WORKS INDICATED AS A SCIENTIFIC

1. BILEK M.*, STAWARCZYK K., GOSTKOWSKI M., OLSZEWSKI M., KĘDZIORA
KM, CIEŚLIK E. 2016: Mineral content of tree sap from the Subcarpathian
region.
"Journal
of
Elementology",
21,
669-679,
DOI:
10.5601/jelem.2015.20.4.9323
PURPOSE OF THE WORK AND RESEARCH JUSTIFICATION
The purpose of the work was to determine the content of minerals4 in tree
saps and to estimate the differences between the tree saps of various tree
species and trees of the same species hrowing within the same stand.
Most authors of modern works devoted to the chemical composition of tree
saps agree that the nutritional value of these non-timber forest products is
determined by the mineral content. The research carried out in Lithuania,
Latvia and South Korea concerned only two botanical types, i.e. birch and
maple [VIŠKELIS, RUBINSKIENĖ 2011, JEONG ET AL. 2012, JEONG ET AL.
2013, KŪKA ET AL. 2013]. In Poland, studies on the chemical composition
of tree saps have not been carried out so far, thus the mineral content of the
saps of trees growing in our country remained unknown. Therefore, it was
not possible to speak unambiguously about their nutritional benefits,
instead, one could only refer to the results of research on tree saps collected
from stands located hundreds and thousands of kilometres from Poland.

Journal of laws od 2016, item 882, as amended in Journal of laws of 2016, item 1311.
* Correspondence author.
2
Achievements as defined under Art. 16, paragraph 2 of the Act from 14 March 2003 on academic degrees and
the academic title and degrees and title in arts (Journal of Laws of 2016, item 882, as amended in Journal of
Laws of 2016, item 1311):
3
A copy of the publication is included in the Annex No. 5, item 1.
4
The term "mineral", in reference to the discussed English-language studies, is used in this study as an umbrella
term for metallic elements found in tree juices in the form of cations, classified by nutritional standards as
minerals, electrolytes and heavy metals.
1
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MATERIAL AND METHODS
To determine the mineral content in tree saps and to estimate the
differences between trees of different species, five trees of each of the
following eight species, namely, silver birch (Betula pendula Roth.) and
downy birch (Betula pubescens Ehrh.), European hornbeam (Carpinus
betulus L.), black alder (Alnus glutinosa Gaertn.), Eastern black walnut
(Juglans nigra L.), Norway maple (Acer platanoides L.) and ashleaf maple
(Acer negundo L.), as well as white willow (Salix alba L.) were selected,
where for the species of hornbeam, alder, walnut and willow, these were
the first studies on the chemical composition of tree saps. The samples
were collected in south-eastern Poland (Werynia, Subcarpathian Province),
from a stand located far away from industrial plants and busy
communication routes. The tree saps were collected in 2014 using the
technique of trunk drilling, as recommended by YOON ET AL. 1992 and
COONS 1987 The contents of four elements classified by Polish nutritional
norms [JAROSZ 20125] as mineral components, i.e. calcium, magnesium,
zinc and copper, and two elements classified as electrolytes, that is, sodium
and potassium, were determined. The technique of atomic absorption
spectroscopy was employed.
RESEARCH RESULTS AND THEIR INTERPRETATION
Across the forty samples examined, a large variability was observed in the
composition of tree saps of different species. Tree saps of the white willow
were characterized by the highest content of four out of the six minerals
tested: magnesium, zinc, calcium and potassium. The highest average
concentrations of copper were found in hornbeam sap, while the lowest
concentrations of five out of the six minerals tested, i.e. magnesium, zinc,
copper, potassium and calcium, were recorded simultaneously in alder and
ashleaf maple saps. In the saps of silver birch, downy birch, common
hornbeam, ashleaf maple, Eastern black walnut and white willow, the
dominant minerals were potassium, calcium and magnesium, whereas in
the saps of Norway maple – calcium and magnesium, while in black alder
– calcium and potassium. At the same time, for the forty trees examined,
age was not found to be a factor influencing the content of minerals in the
sap collected from it.
For the first time in a publication on the chemistry of tree saps, the
obtained results were placed in the context of nutritional benefits and
presented as a percentage of the daily nutritional demand met by one litre
of a sap. It has been demonstrated that one litre of tree sap, depending on
the species, meets the recommended daily intake of copper in an amount
from several dozen per cent to over 100% of the norm. The richest sources
of this mineral component that have been indicated until now only included
solid foodstuffs, such as seeds of sesame, sunflower, pumpkin, oysters,
chocolate, or animal liver [KUNACHOWICZ ET AL. 2005]. A hundred grams
At the time of the development of the present scientific achievements, "Nutrition standards for the Polish
population were in force. Amendment" of 2012. The nutritional benefits of tree juices were referred to them. In
December 2017, the new "Nutrition standards for the Polish population" was published.
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of these products met the recommended daily intake at a similar percentage
range as one litre of sap, however, due to the nutritional specificity, the
consumption of such large quantities of sunflower seeds, for example, is
impossible, while the consumption of one litre of the liquid product that a
tree sap or a drink prepared on its basis constitutes fits the traditional
nutritional behaviours. The percentage of the recommended daily intake of
zinc that is met by one litre of sap amounts to between several and several
dozen per cent, depending on the species. The percentage at which the
daily nutritional norm for magnesium is met by one litre of tree sap totals
several per cent irrespective of the species, while for the rest of the
examined minerals, the amount at which the daily nutritional norm is met is
infinitesimal, which is especially significant with respect to sodium, since
tree saps may be considered low-sodium products, ones highly sought after
in the current nutritional model.
It should be noted that from the nutritional point of view, regardless of the
variability in the composition among saps from different tree species, tree
saps are primarily a source of copper and zinc, and therefore the elements
which determine i.a., the hormonal balance, the body's resistance, or the
condition of the skin, hair and nails. In this way, the validity of past folk
applications of tree saps, practised especially in the early spring during
periods of the greatest shortages of these minerals, was confirmed using
modern research techniques [SVANBERG ET AL. 2012, PAPP ET. AL. 2014,
RASTOGI ET AL. 2015]. Among the saps of the tree species studied, the
species of silver birch stands out, characterized by the largest share of
surface area in private forests (over 9.5%), while placing second behind
only oak in state forests (nearly 7%) in Poland, leaving the other tree
species examined in this dissertation far behind [REPORT ON THE STATE OF
FORESTS IN POLAND 2016]. Therefore, the silver birch is a species from
which not only one of the most nutritionally beneficial saps is obtained, but
also one that creates perspectives for mass collection of tree sap.
Meanwhile, collecting sap from the forest environment is the only means
which guarantees the possibility of obtaining sap from a large number of
trees at the same time, enabling the State Forests National Forest Holding
to not only cooperate extensively with the food industry, but also to enjoy
the benefits related to its image, as a result of the more effective fulfilment
of the social functions of a forest. Organizing a mass collection of birch sap
in a forest environment will be inextricably linked with the involvement of
foresters and forestry workers, which, in turn, will ensure the possibility of
the established procedures being fully observed. They should be based on a
repeatable method of drilling trees, sap collection being carried out in the
most hygienic conditions possible, as well as securing trees after the
collection process, so as to minimize the risk of damage, and thus, preserve
them until the next collection. It is also necessary for the forestry workers
to pre-select the trees intended for the collection of birch sap and to
exclude from this group those trees which are prospective in the context of
obtaining valuable assortments in the future, such as plywood. These trees
cannot be selected for sap collection, since this activity interferes with the
structure of the wood. Meanwhile, the implementation of this type of
permanent procedures is impossible when organizing the purchase of birch
13

sap collected from any stand. The delivered raw material will then be
characterized by variable collection conditions, it will also raise doubts in
terms of sanitation; additionally, due to the collection process bearing the
traits of theft, it can lead to the destruction of many trees, especially those
included in the so-called field plantings, very valuable from the ecological
point of view.
The study also shows the fact of a significant variability being present
between the content of minerals in the tree sap of the same tree species
growing on the same stand. For example, among five of the examined
trees, the levels of potassium concentration ranged from several dozen to
one hundred and several dozen milligrams per one litre of sap, for calcium
from a dozen or so to over one hundred milligrams per a litre of sap, and
for zinc from tenths of a milligram to over five milligrams per litre. These
observations then gave the impetus to further identification of the
variability in the content of minerals in tree saps.
2. BILEK M.*, SIEMBIDA A., GOSTKOWSKI M., STAWARCZYK K., CIEŚLIK E.
2017: Variability of the minerals content as a factor limiting health properties of
birch
saps.
"Journal
of
Elementology",
22,
957-967.
DOI:
6
10.5601/jelem.2016.21.4.1224.
PURPOSE OF THE WORK AND RESEARCH JUSTIFICATION
The main purpose of the work was to estimate the content of minerals in
silver birch saps in the context of the variability between trees growing
within the same stand and between trees growing on various stands.
The impetus to conduct an examination which would encompass not only
a larger number of trees, but also trees from different stands, was given by
the results of an analysis of silver birch saps from Latvia announced before
[KŪKA ET AL. 2013], which indicated a negligible variability between the
trees examined, both within one stand, as well as between different stands.
In turn, based on the results presented in the work Mineral content of tree
sap from the Subcarpathian region, it was found not only that the silver
birch is the species meeting both the criterion of prevalence and
simultaneously being a source of a sap with high nutritional values but
also, it was demonstrated that significant differences in the mineral content
of birch saps, occurring between trees within the same stand, were present.
It is a factor that significantly limits the attainment of nutritional benefits.
MATERIAL AND METHODS
Similarly to the work above, in order to estimate the content of minerals in
the saps of silver birch (Betula pendula Roth.), the technique of atomic
absorption spectroscopy was applied and the content of six elements, i.e.
copper, zinc, calcium, magnesium, potassium and sodium was also
determined. The collection of samples was carried out in 2014 in south6
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eastern Poland (Niwiska, Subcarpathian Province), in a location far away
from the place of collection described above, at a distance of approx. 10
km. Four groups of five trees each were selected for the collection of
samples. The first group was situated in a forest environment, the second
group was located on a barren land at a distance of approx. 50 metres from
cultivated fields and 20 metres from a rather quiet municipal road, the land
was used temporarily for cow grazing; the third group – in an area 10-20
metres away from an intensely functioning farm, through which flows a
small watercourse collecting sewage from the farm, and the fourth group –
in a balk near a cultivated field. The stands described were no more than
three kilometres apart from each other in a straight line.
RESEARCH RESULTS AND THEIR INTERPRETATION
The average content of zinc, sodium and copper for tree saps collected
from the respective stands did not differ statistically from each other.
Therefore, this means that the nutritional benefits of birch saps are not
associated with the stand where the collection is carried out. A statistical
analysis demonstrated that significant differences between the saps
collected from trees on particular stands were only found for those
components of a sap which are less important from the nutritional
standpoint, that is, for potassium, calcium and magnesium.
In comparison to the nutritional norms for the Polish population [JAROSZ
2012], the content of magnesium, calcium and potassium found in birch
saps was low, which confirmed the research conducted in Werynia.
Meanwhile, large differences were found in the content of zinc and copper
in the saps of trees growing within the same stand. Therefore, the
nutritional benefits associated with the high content of these two minerals
are inconclusive. For instance, with regard to the stand of five birches in a
forest environment, situated only a few meters away from each other, the
percentage at which the daily demand for copper per one litre of sap was
met totalled 0% in relation to the saps of three trees, whereas for the next
two trees, this number amounted to as much as 32.5% and 63.5%.
Research on the variability in the composition of the sap of trees located on
different stands in terms of the content of manganese was carried out
parallelly. The sap of the trees growing in a forest environment contained
the largest amount of manganese by a significant margin (17.59 mg / L ±
8.46), while the smallest amount of it was found in the sap of the threes
growing in the vicinity of a farm (1.99 mg / l ± 1.27) and a cultivated field
(3, 98 mg / L ± 2.31). In terms of nutrition, the percentage of a person's
daily demand for manganese that was met per one litre of birch sap ranged
from several dozen to several hundred per cent, where the highest content
was recorded with regard to the sap of a tree located in a forest
environment. A litre of the sap of this tree met the daily norm at over a
thousand per cent [EFSA 2013, BILEK ET AL. 2016B7].

7
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Therefore, the significantly large variability that has been found among the
trees growing on the same stand in terms of their content of the most
valuable minerals of birch saps, i.e. copper, zinc and manganese, is a
fundamental factor limiting the potential nutritional benefits, which in turn,
is of substantial importance to processing. Eliminating this issue is possible
only by collecting birch sap from as many trees as possible at the same
time, and by mixing the collected sap in such a way that the large
differences in the concentrations of minerals are evened out. This is only
possible by obtaining saps from a forest environment, particularly from the
forests of the State Forests National Forest Holding in which, thanks to the
well-developed forest economy and an advanced infrastructure which
allows for making the forest available for communication, it is possible to
collect sap from numerous trees at the same time and then to quickly
transfer the non-timber forest product obtained to food-processing plants. It
is necessary that the observance of the appropriate procedures of collection
be supervised by foresters and qualified forestry workers and not by
random people, as would have to be the case in a situation where
unregulated purchase of tree saps was adopted. In addition, collection from
a forest environment under the supervision of foresters and with the use of
specialist equipment, which has already been devised in Canada and the
United States [BERG 2015, CAMERON 2015], will ensure compliance with
the highest sanitary standards and will thus increase the durability of the
sap obtained.
3. BILEK M.*, SZWERC W., KUŹNIAR P., STAWARCZYK K., KOCJAN R. 2017:
Time-related variability of the mineral content in birch tree sap. "Journal of
Elementology", 22, 497-515, DOI: 10.5601/jelem.2016.21.3.12458
PURPOSE OF THE WORK AND RESEARCH JUSTIFICATION
The main purpose of the undertaken research was to determine the
variability in the mineral content of birch tree saps over a span of time.
In the studies which have been conducted thus far, attention was paid to the
variability of the composition of tree saps over a span of time in terms of
the content of sugars [KALLIO ET AL. 1985, KALLIO AND AHTONEN 1987A,
JEONG-JEONG ET AL. 2012], amino acids [AHTONEN AND KALLIO 1989] and
organic acids [KALLIO AND AHTONEN 1987B, JEONG-JEONG ET AL. 2012]
and thus, those ingredients that directly determine the suitability of saps of
different birch species for processing into birch syrup. The mineral content
over a span of time was examined twice. In South Korea, in the studies
involving the sap of the Betula platyphylla species, the content of minerals
was tested at weekly intervals [JEONG-JEONG ET AL. 2012]. On the other
hand, in Finland – in the area of the geological anomaly Attu, the mineral
composition of saps of various species of birch was examined at three-day
intervals and at a varying distance from deposits of polymetallic sulphides
[HARJU AND HULDÉN 1990].

8
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MATERIAL AND METHODS
The variability of the composition of silver birch saps over a span of time
(Betula pendula Roth.) was analysed using samples obtained from southeastern Poland (Niwiska, Subcarpathian Province). In March 2015, birch
sap was collected from three silver birch trees, situated at a distance of
several metres away from each other, employing the technique of drilling a
hole measuring at least 30 cm in diameter in the trunks of the trees,
according to the recommendations of YOON ET AL. 1992 and COONS 1987.
The samples were collected at the same time of day for 14 days. To assess
the content of minerals, the atomic absorption spectroscopy technique was
used, determining the concentrations of sodium, potassium, zinc, copper,
calcium, magnesium and iron. At the same time, the basic physical
parameters of birch sap were determined, such as dry mass, electrolytic
conductivity, pH, refraction, as well as the total sap volume harvested from
a given tree during the day.
RESEARCH RESULTS AND THEIR INTERPRETATION
The results obtained in the work discussed have shed a new light on the
data presented in earlier works, in which the collection of tree saps was
only carried out once. Only thanks to measurements conducted at one-day
intervals was it possible to detect that, for instance, in terms of the
concentration levels of calcium and potassium, there occur days when the
content of these minerals becomes a significant nutritional benefit, which
has not been demonstrated in previous studies. The two-week variability of
the content of potassium in three silver birch trees, converted into the
percentage of the daily recommended intake that is met by them [JAROSZ
2012], ranged from 8.5 to 26.3% for tree A, from 0.9 to 2.8% for tree B
and from 9.2 to 20.2% for tree C. In relation to zinc, these values amounted
to between 0 and 2.1%, between 0.8 and 21.5%, as well as between 7.3 to
15.6% respectively. Thanks to the two-week observation period, it was also
shown that the content of iron, which has not yet been found in research on
Polish tree saps, increased over just one day and met 1% of the
recommended daily intake per litre of sap. Similar results were obtained in
studies on the variability in the content of manganese in the tree saps of
three downy birch trees over time, lasting two weeks and conducted
parallelly. In terms of nutritional benefits, the variation in providing the
sufficient daily intake ranged respectively between 3.8 and 12.7%, between
15.3 and 62.5%, as well as between 18 and 35.3% for the three examined
trees [BILEK ET AL. 20189].
Based on the author's own research on the content of mineral components
in birch tree saps over a span of time, it cannot be concluded that there is a
moment when a birch sap is characterized by more favourable nutritional
values, or that the variability of mineral composition over a span of time is
governed by correlations which are common to all the examined trees and
could serve as a basis for establishing the procedures of sap collection for
9
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food processing. For example, for trees B and C, the higher total mineral
content occurred at the beginning of the collection process, while for the
tree A, it was the case at the end of collection. With regard to potassium, an
upward trend in concentration levels was observed for the tree A, whereas
for the tree B, the concentration did not change significantly, while for the
tree C, the trend had a downward character. In turn, for calcium
concentrations the situation was reversed because for the tree A, there was
an upward tendency, for B - a downward one, while for C, there was no
change in the concentration of the examined mineral.

Examination of the physical parameters of tree sap, as well as the
measurement of the sap volume obtained, were to indicate whether on their
basis conclusions can be drawn about the content of minerals, beneficial
from the nutritional point of view, without using expensive analytical
techniques. however, statistical analysis showed that this is not possible,
although for the sap of two of three examined trees, it was observed that
the increase in electrolytic conductivity corresponding with the increase
content of potassium, zinc and calcium in birch sap. The largest volume of
collected sap is obtained after about a week from the moment of drilling
the tree trunk, and it is, depending on the tree, from three to more than five
liters per day. The discussed research also allows to provide information on
the impact of atmospheric conditions on the volume of sap collected. After
the night frost, which is below -5°C, there is a complete stopping of the sap
flow, which lasts until the next day, despite the positive temperature during
the day. Therefore, days following significant frosts should be excluded
from carrying out the collecting of birch sap. It has also been shown that
night frosts not exceeding -1°C do not affect the volume of juice obtained.
The described variability over a span of time, as well as the lack of shared
correlations in the content of mineral components, which is another factor
contributing to the diversification between trees growing within the same
stand, have a practical dimension. Birch sap may be collected over a period
of at least two weeks, without the possibility of indicating the moment
when it would be characterized the most optimal nutritional values. The
observed variability of the mineral composition over a span of time is
another factor contributing to the forest being indicated as the optimal
environment for tree sap collection. Indeed, it is only the collection and
mixing of birch sap from many trees that will provide the food processing
industry with the right quantities of a raw material collected in hygienic
conditions, characterized by stable parameters as a result of eliminating the
variability of mineral composition, both over a span of time and between
individual trees. This, in turn, will allow for the collection of tree saps to fit
into the very restrictive quality requirements which must be observed by
the food processing industry.

The results obtained in the works Variability of the minerals content as a
factor limiting health properties of birch saps and Time-related variability
of the mineral content in birch tree sap also have a very significant
methodological dimension and call into question the conclusions drawn
across a number of works published thus far. This is the case because in
most of them [among others VIŠKELIS I RUBINSKIENĖ 2012, KŪKA ET AL.
18

2013] the nutritional benefits of tree saps are determined on the basis of
research carried out in only one stand and after a single collection, which
usually takes place at the moment when the sap flows the most intensively.
In the context of the presented results of the author's own research, such a
strategy is not confirmed.
4. BILEK M.*, STAWARCZYK K., KUŹNIAR P., OLSZEWSKI M., KĘDZIORA K.M.,
CIEŚLIK E. 2016: Evaluation of the content of inorganic anions in tree saps.
"Journal
of
Elementology",
21,
1277-1288,
DOI:
10.5601/jelem.2015.20.4.104810
PURPOSE OF THE WORK AND RESEARCH JUSTIFICATION
The main purpose of the work was to determine the content of inorganic
anions in tree saps, taking into account the variability between trees of
different species, between trees of the same species growing within the
same stand and between trees of the same species growing on different
stands.
In the studies devoted to tree saps which have been carried out so far, no
attention was paid to the content of inorganic anions. Only MORSELLI and
WHALEN [1987] estimated the content of chlorides in the maple sap of trees
adjacent to roads on which sodium chloride was used to de-ice the
blacktop. The results of a research were also published, in which the
content of inorganic anions was indeed presented, but which was carried
out using the unreliable technique of photometry, based on procedures
intended for the examination of drinking water [KŪKA ET AL. 2013].
Meanwhile, inorganic anions, especially nitrates (V), are considered to be
one of the most important risk factors associated with products of plant
origin [MurawaET AL. 2008, TELESIŃSKI ET AL. 2013]. In connection to this,
research was undertaken to determine the content of inorganic anions in
tree saps.
MATERIAL AND METHODS
The collection of tree saps for the purpose of testing the content of
inorganic anions was carried out taking into account the conclusions drawn
in the works Mineral content of tree sap from the Subcarpathian region
and Variability of the minerals content as a factor limiting health
properties of birch saps. The collection was carried out in south-eastern
Poland(Werynia and Niwiska, Subcarpatian Province), in accordance with
the procedures suggested by YOON ET AL. 1992 and COONS 1987. In order
to estimate the variation in the composition of tree saps of different
species, in the first location the sap was collected from five trees of six tree
species, i.e. from silver birch (Betula pendula Roth.) and downy birch
(Betula pubescens Ehrh.), European hornbeam (Carpinus betulus L. .),
Norway maple (Acer platanoides L.) and ashleaf maple (Acer negundo L.),
10
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as well as white willow (Salix alba L.). In the second location, in order to
demonstrate the possible variability between stands, the collection was
carried out each time from five trees growing on four stands with a
different utilization history: in a forest environment, from a barren land
temporarily serving as a grassland, from trees in the vicinity of an intensely
functioning farm and in the immediate vicinity of a cultivated field.
In order to determine the content of inorganic anions, ion chromatography
with conductometric detection was employed, according to the analytical
procedure developed and validated independently by the author. The
concentration levels of fluorides, nitrates (III) and (V), sulphates (VI),
phosphates (V) and chlorides were investigated.
RESEARCH RESULTS AND THEIR INTERPRETATION
The obtained results confirmed the variability observed for minerals
between the sap of different species of trees and between the sap of the
same species growing in the same stand, in addition to demonstrating that
the sap from the species of silver birch may be considered the safest with
regard to the risk for the functioning of the body. That is because the
research carried out indicated that among all the examined species of trees,
only the sap of the silver birch is free from containing nitrates (V),
regardless of whether the area of collection was a forest environment, a
barren land, the vicinity of a cultivated field, or the trees around a farm
through which flows sewage from a cowshed, and thus the stand is
contaminated by nitrogen compounds to a significant extent.
The lack of the content of nitrate (V) may be considered as the distinctive
feature of the silver birch. The sap of both Norway maple and ashleaf
maple contained statistically significantly higher amounts of nitrates (V),
often exceeding the acceptable limits for drinking water [REGULATION OF
THE MINISTER OF HEALTH 2015]. A species-specific feature of the white
willow was the high content of sulphates (VI) in its tree saps, while in the
case of hornbeam and Norway maple - the higher content of chlorides
which was statistically significant.
The content of chlorides proved to be a differentiating factor of the stands
occupied by silver birch. Their content was statistically significantly lower
for saps collected from birches growing in a forest environment, and thus
in a stand with the smallest degree of anthropopressure. This parameter
may thus be a determinant of human influence on the sanitary conditions of
not only water, as has been assumed so far, but also tree saps. At the same
time, measuring the content of chlorides in a tree sap may become a
method helpful in estimating the intensity of anthropopressure on a forest
environment.
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5. BILEK M., STAWARCZYK K., SIEMBIDA A., STRZEMSKI M., OLSZEWSKI M.,
CIEŚLIK E. 2015: Content of sugars in tree saps from the Podkarpacie region [in
Polish]. „Żywność Nauka. Technologia. Jakość”, 22, 53-63, DOI:
10.15193/zntj/2015/103/08711
PURPOSE OF THE WORK AND RESEARCH JUSTIFICATION
The main purpose of the work was to determine the differences between
the content of sugars in the tree saps of different species and trees of the
same species growing within the same stand, as well as to determine the
suitability of the investigated tree saps for the production of tree syrups.
Tree saps may be used for direct consumption but, at the same time,
constitute a raw material for the production of a tree syrup. Birch syrup,
produced in Finland and the United States, has only started to gain
popularity in gastronomy. In turn, the position of the Canadian maple
syrup, which is one of the best known and commonly used non-timber
forest products, has been well-established in the food industry for many
years. Obtaining maple sap for the production of maple syrup is now the
key branch of Canada's forest management. Both maple syrup and birch
syrup are used as exclusive and very expensive substitutes of sugar,
toppings for dishes, condiments to fruit, desserts and salads. Birch syrup is
also valued as a flavouring for vegetables, fish and meat [KALLIO ET AL.
1989, SVANBERG ET AL. 2012, CAMERON 2015, HOPKINS 2015].
The economic suitability of maple and birch tree saps for the production of
syrup is determined by the sugar content, whose specification has been
attempted in the work discussed.
MATERIAL AND METHODS
In order to estimate the suitability of tree saps for the production of tree
syrups from the area of south-eastern Poland (Werynia, Subcarpathian
Province) material was taken from two species of maple (Norway maple
Acer platanoides L. and ashleaf maple Acer negundo L.), two species of
birch (silver birch Betula pendula Roth. and downy birch Betula pubescens
Ehrh.), as well as – for comparison – European hornbeam (Carpinus
betulus L.) and white willow (Salix alba L.).
The determination of the content of sugars was carried out in accordance
with the analytical methods devised and validated independently by the
author. The qualitative analysis of sugars was carried out using the method
of high-performance thin-layer chromatography (HPTLC) and the
quantitative analysis – using the method of high-performance liquid
chromatography with evaporative light scattering detection (HPLC-ELSD).
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RESEARCH RESULTS AND THEIR INTERPRETATION
The obtained results confirmed the literature data, according to which
glucose and fructose dominate in the saps obtained from birch and
hornbeam species, and in maple saps – sucrose [KALLIO ET AL. 1985,
KALLIO AND AHTONEN 1987B, VIŠKELIS AND RUBINSKIENĖ 2011, ŁUCZAJ
ET AL. 2014]. It was the first time that sucrose was proved to be the sugar
occurring in white willow sap.
The maple saps examined were significantly poorer in sugars than maple
saps, from which syrups are produced in Northern American countries
[CONGER 2007]. In turn, the results of tests on the content of sugars in birch
saps showed that they are a raw material which is as rich in or richer in
sugars than Finnish and American birch saps [BERG 2015, KALLIO ET AL.
1985A; KALLIO ET AL. 1985B].
In the context of the variability in the composition of tree saps of different
species and trees of the same species growing within the same stand
discussed in the above-mentioned works, additional research by the author
was carried out, in which the content of sugars in the birch sap from trees
growing on four stands was compared: in a forest environment, in the
vicinity of a farm, on the border of a cultivated field and on a barren land.
In these studies, the average sugar content for individual stands ranged
between 0.76 and 1.03 g/100 ml. At the same time, It should be
emphasized that in the United States, the production of birch syrup is
considered to be profitable when the birch sap demonstrates an average
specific rotation of 0.74˚Brix, that is, approx. 0.7 g/100 ml of total sugars
[BERG 2015, CAMERON 2015]. Additionally, It has been shown that the
variability between twenty trees of the silver birch species in terms of sugar
content is much smaller than the variability in the content of minerals,
while no statistically significant differences have been found between the
four birch stands in terms of the average sugar content [BILEK ET AL.
2016C12]. This means that the potential procedures of birch sap collection
for the purposes of producing tree syrup do not have to take into account
the selection of both trees and stands because all the saps tested, regardless
of the stand, create perspectives for use in the production of tree syrups. At
the same time, it has been demonstrated that the sap obtained from a forest
environment is as goods as the saps from other stands, both in terms of its
health properties and suitability for the production of birch syrup.
C. PRESENTATION
RESULTS

OF THE PERSPECTIVES OF PRACTICAL USE OF THE OBTAINED

The reason for undertaking the present research was the lack of information in
Polish scientific literature on the properties of native tree saps in terms of their
nutritional benefits and potential use as part of non-timber forest use and, by
extension, - in food processing, as well as in cosmetics and pharmaceutical
industry. The obtained results indicate that Polish tree saps are characterized by
12
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high nutritional values and suitability for processing. As indicated by the studies
on the variability of the composition of saps of different tree species, silver birch
is the species that is characterized by a high content of mineral components
(mainly copper, zinc and manganese) in the collected sap - commonly used in
forest management due to its timber of a high mechanical and economic value.
This species also finds a number of other applications as part of non-timber
forest use, including the use of its foliage in the pharmaceutical industry and
bark in the cosmetics industry [KOCIOŁEK-BALAWEJDER AND ŻEBROWSKA 2009].
Its prevalence and the large surface areas that are occupied by silver birch
[REPORT ON THE STATE OF FORESTS IN POLAND 2016] create perspectives for
mass use. An important advantage of birch sap is the lack of the content of
nitrates (V), commonly found in raw materials of plant origin and posing a
serious health risk. For tree saps of this species, for control purposes, potential
contamination with environmental toxins was also estimated, showing that birch
saps collected from a forest environment do not contain excessive amounts of
heavy metals, residues of plant protection products or polycyclic aromatic
hydrocarbons [BILEK ET AL. 2016A13, BILEK ET AL. 2017A14, BILEK ET AL.
2017C15]. The examined birch saps may thus be considered not only a raw
material with broad nutritional benefits, but also one that is safe and creates real
possibilities of use, as a prospective part of non-timber forest use, which
additionally generates the so-called "green workplaces" that stimulate the
competitiveness of green areas and have a positive impact on regional
development [ŻORNACZUK-ŁUBA 2014]. In addition, the collection of birch saps
fits the so-called "Polish concept of non-timber forest use" [STANISZEWSKI AND
KALINOWSKI 2011, STANISZEWSKI AND NOWACKA 2014], established in the
1940s, moreover constituting a potential, very attractive subject of the
promotional activities of State Forests, which can have a positive influence on
the image of forest management and forest services.
The obtained results allow to postulate for a number of practical possibilities of
using a native raw material with regard to birch sap. In studies carried out on
birch saps taken from the area of south-eastern Poland, a particularly high
content of copper and zinc, the elements responsible for the condition of the
skin, hair and nails, has been demonstrated. Copper is a mineral that participates
in the formation of cross-links in collagen and elastin, in the synthesis of skin
and hair pigments and in maintaining the structure of keratin. In turn, zinc
deficiencies manifest themselves with psoriasis-like changes of the skin and hair
loss. All this makes birch sap potentially helpful not only in terms of consuming
it, but also adding it to cosmetic products used to improve the condition of hair
and skin.
Another manner in which birch saps could be used, and one that is of particular
importance, was presented by the author in the form of a patent entitled "A
method of obtaining a drink with increased durability and health properties on
the basis of a tree sap, especially birch sap [in Polish]." This application
addresses the possibility of producing seasonal, unpasteurized beverages with
various flavourings, correcting the taste and improving the nutritional benefits,
A copy of the publication is included in the Annex No. 7, item 11.
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through the use of a birch sap of increased durability. Short-lasting,
unpasteurized seasonal drinks based on vegetable and fruit juices are already
very popular among consumers, thus paving the way for promoting similar
drinks, whose content is based on a non-timber forest product- namely, birch
sap. Due to the high content of minerals and low concentrations of sodium and
inorganic anions, they may become a unique and valuable functional beverage in
the nutritional economy, while also generating significant incomes in the area of
forest management. The possibility of using the native raw material in food
processing is confirmed by parallel studies on bottled birch saps, manufactured
on the basis of raw materials imported mainly from Ukraine and Belarus. By
applying the same analytical techniques as in the work Time-related variability
of the mineral content in birch tree sap, it was demonstrated that bottled saps are
similar in terms of their mineral composition to the native raw material. The
content of, among others, potassium, calcium, zinc, manganese, sodium, or
magnesium was similar. It should be emphasized, however, that Polish birch sap
turned out to be richer in copper and, at the same time, contained less lead and
chromium. These features seem to be very important from the point of view of
both the nutritional and health properties, as well as from the perspective of the
consumer's safety, putting the Polish raw material in a position to compete
against the imported one [BILEK ET AL. 2018B].
The research conducted particularly indicates the possibility of producing birch
syrup. Currently, this foodstuff is only being manufactured in three countries, in
the United States, Canada and Finland, however, thanks to its well-known taste
and health benefits, it is becoming more and more popular all over the world.
Birch sap, obtained from various birch species and used for the production of
birch syrup, must be characterized by the appropriate content of sugars. The
research carried out indicated that the sap from silver birch, collected, among
others, from trees growing in a forest environment, constitutes a competitive raw
material, often exceeding Finnish and American saps in terms of the content of
sugars. The technology of birch syrup production is uncomplicated and generates
low costs when creating a technological line. Determining Polish birch sap from
trees growing in a forest environment to be suitable for the production of birch
syrup has significant practical implications. That is because it allows to plan for
the production of an original foodstuff, whose manufacturing may involve,
among others, The State Forests National Forest Holding, which is currently in
the process of opening its own chain of food stores. The availability of birch sap
as a non-timber forest product is of great economic importance and enables the
development of a separate sector of a non-timber forest use, which would
manufacture Polish birch syrup - a product from ecologically pristine forest
areas, competitive in relation to the syrups from Finland and Alaska. The State
Forests National Forest Holding is particularly predisposed towards an activity
of this kind. It has the most advantageous field infrastructure and qualified staff,
thanks to which it is certain that the collection of birch sap will not take the form
of uncontrolled exploitation. State Forests, as a company operating within the
framework of the free market, also has the greatest potential to overcome all the
limitations which STANISZEWSKI AND KALINOWSKI [2011] indicate as the factors
inhibiting non-timber forest use. These include, among others, unwillingness to
undertake new forms of activity, lack of interest in running a business, the
owners of forests being focused on agricultural activity, uneven distribution and
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poor concentration of resources, lack of promotional activities and poorly
developed information channels, or the lack of an infrastructure adapted to the
collection of non-timber forest products and the lack of quality control.
However, the potential processing of birch sap into syrup must take into account
the content of environmental toxins, especially heavy metals, including
cadmium, which is one of the most common harmful contaminants of food of
plant origin. In the case of parallel tests, the content of cadmium in the majority
of several dozen samples of birch sap samples was lower than five micrograms
per litre of juice, thus complying with the norms for drinking water
[REGULATION OF THE MINISTER OF HEALTH 2015]. Only a few of them were
characterized by the cadmium content ranging between five and eight
micrograms per litre of sap, and only one sample slightly exceeded the
concentration of 10 micrograms per litre of sap[BILEK ET AL. 2016A16, BILEK ET
AL. 2017C17]. The category of tree saps is not included in the applicable EU legal
regulations, however, for foodstuffs of plant origin, such as fruit, vegetables or
herbs, the maximum acceptable concentration levels of cadmium in terms of the
fresh weight of a raw material range between 50 and 200 micrograms
[COMMISSION REGULATION 2006, COMMISSION REGULATION 2008]. As such, all
the tested samples of birch sap were characterized by cadmium concentration
levels several times lower than the norms provided for foodstuffs of plant origin.
However, condensing birch sap into a syrup means an increase in the
concentration levels of all of its components by more than a thousand times per
kilogram of fresh mass, which, in turn, would result in the norms being exceeded
by a significant margin in the case of the majority of its samples. Birch sap
collection stations for the production of syrup should therefore be selected with
particular caution and while taking into account the history of land development
activities in a given area – in this context, the forest environment seems to be in
a particularly privileged position, however, only under the condition that the
forest is not located on a soil which has previously been used for agricultural
purposes and on which artificial fertilizers contaminated with cadmium have
been used. Detailed analyses of the content of environmental toxins in a birch
sap from such a station would also be advisable. They should be carried out
during the season preceding the collection of sap for processing, in order to
obtain data on the potential variability of the content of the sap from trees
growing within the same stand, as well as the variability of its content over time.
Thorough control of the content of environmental toxins in a birch sap from a
given stand, followed by its utilization, seem to be much more rational and less
costly, than testing the content of environmental toxins in a birch sap which has
already been harvested and is intended for processing or, alternatively,
controlling the syrup produced [BILEK ET AL. 2017B18, BILEK ET AL. 2017C19].
In turn, the fundamental limitation for the broad array of tree sap applications in
terms of their direct consumption and use in the production of beverages
postulated above, is the variability of the chemical composition of a sap obtained
from trees of the same species growing within the same stand and the variability
in the content of a sap of one tree over a span of time. The obtained results
A copy of the publication is included in the Annex No. 7, item 11.
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indicate that a single collection of tree sap from one tree may lead to obtaining a
raw material of negligible nutritional value. For this reason, it is necessary to
introduce recommendations, schemes and procedures that, in the context of
utilizing tree sap in the food industry, will be based on collection carried out
simultaneously from many trees. The implementation of this suggestion is only
possible in a forest environment which gives the opportunity of carrying out a
process of collection which involves several hundred trees at a time, as opposed
to field plantings, which consists of several or a dozen or so trees. The developed
communication infrastructure providing access to the forest and the qualified
staff composed of foresters and forest workers make it possible to organize a
professional, fully repetitive mass collection of birch sap and its refrigerated
transport directly to food processing plants. Professional supervision over the
collection of birch sap also guarantees compliance with the fundamental
guideline for the acquisition of non-timber forest products, i.e. no overexploitation of the source of raw material. The observance of specific procedures
of birch sap collection under the supervision of foresters and forestry workers
would allow for the product obtained to be certified, e.g. according to the Polish
Criteria and Indices of Sustainable and Organized Forest Management for the
Needs of Forest Certification, according to the Programme for the Endorsement
of Forest Certification Schemes [STANISZEWSKI AND KALINOWSKI 2011].
As part of the research topic Forest management certification in the use of
forests in Poland, implemented by the Department of Forest Use of the Forestry
Faculty at the Warsaw University of Life Sciences, the requirements for the
certification audit under the PEFC system in the scope of non-timber forest use,
including for the collection of birch sap, were determined. These principles are
the same ones which were used for the collection of birch sap in the studies
presented above, that is "by drilling holes in the trunks of trees. According to the
devised recommendations, holes are drilled at the height of approx. 1 m; the
number of holes depends on the tree's diameter at breast height. After the leak
which, on average, lasts for 2-3 weeks, has stopped, the holes should be secured
with wooden, impregnated (e.g. with paraffin) pegs." According to the authors of
the cited work, the collection of birch sap should take place "in specific
conditions, approved by the forest district," following the prior identification of
the capacity of the source of raw material. However, the quoted report did not
introduce any restrictions on the percentage of surface area occupied by the
source of raw material that consists of the species of silver birch, which may be
used in the collection of sap [FOREST MANAGEMENT CERTIFICATION IN THE USE
OF FORESTS IN POLAND 2009]. The research results summarized above may
enrich the quoted report, pointing to the necessity of, inter alia, collecting and
mixing birch sap from as many trees as possible, in order to average out the
differences in the content of minerals, which are a consequence of the variability
in the content of the sap of trees growing within the same stand, as well as the
variability in the composition of the sap of one tree over time. In turn, from the
point of view of the food industry, birch sap that is certified and obtained in this
way, ensures the highest microbiological purity and, at the same time, durability,
necessary during its transport and processing, as those stages may already be
incorporated into the HACCP quality system. At the same time, thanks to the
mixing of saps collected from many trees, the likelihood of processing a stable
raw material and providing the consumer with a product that has the desired
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characteristics and the mineral content which guarantees nutritional benefits will
increase significantly. An estimate of the variability of the mineral content of
birch saps over a span of time also indicates that this raw material may be
collected in Polish conditions for at least two weeks in the amount of several
litres from one tree over the whole day [BILEK ET AL. 2016D20], which, in the
context of obtaining the sap from many trees and ensuring fast transport thanks
to the network of forest roads, allows for the provision of quantities desirable for
processing on an industrial scale.
D. SUMMARY
The conducted research indicates that Polish tree saps are a very valuable nontimber forest product, in whose favour are all the advantages of developing nontimber forest production enumerated by STANISZEWSKI AND KALINOWSKI[2011],
namely, the possibility of cooperation between forest management and small, as
well as medium-sized modern enterprises, the large potential for innovation and
development and, at the same time, being deeply rooted in tradition. In the
context of nutritional benefits, the high content of minerals, especially copper,
zinc and manganese, comes to the fore. Studies on the variability between the
composition of the sap of different tree species indicate that the species
characterized by one of the highest contents of minerals and, at the same time,
the absence of nitrates (V), is silver birch. It is also the species of tree which
creates the greatest prospects for utilization among deciduous trees,
characterized by the highest surface area in private forests and only coming
second to oak in state forests.
The research results on the variation in the content of the sap of trees growing
within the same stand, on different stands and on the variability of the content of
one tree sap over a span of time also point to a strictly defined method of sap
collection, one that is most favourable to the food industry. It should take into
account the mixing of saps collected from as many trees as possible at the same
time, so as to eliminate large differences between the mineral content of a sap
from trees growing within the same stand and to provide significant nutritional
benefits. It is only possible when collecting tree sap from a forest environment,
which can be done most favourably in the forests of the State Forests National
Forest Holding that have the most well-organized and well-kept infrastructure.
The results obtained also constitute a new indicator in the methodology of
further research on the composition of tree saps. The collection of samples
should be repeated multiple times and encompass as many trees as possible
because only under this condition will reliable data be obtained, excluding the
variability between the content of trees growing within the same stand and in the
content of one tree sap over a span of time.
To conclude, with regard to the conducted research and the results obtained, it
may be stated that the development of birch sap collection as part of forest
management and of birch sap processing within the food industry may lead to a
significant increase in the diversity of forest goods and services and forest
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management, thus contributing not only to the desired image benefits, but also to
the intensity of regional development and the occurrence of favourable changes
in rural areas, including the creation of new workplaces. The consumer, who will
be able to purchase products of high nutritional, health and cosmetic value from
ecologically pristine areas, will also benefit from it.
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IV. DISCUSSION ON THE REMANING SCIENTIFIC AND RESEARCH ACHIEVEMENTS
A. THE

FORMULATION OF ANALYTICAL TECHNIQUES OPTIMAL FOR
DETERMINING
THE
CONTENT
OF
SELECTED
SUBSTANCES
IN
AGRICULTURAL PRODUCTS AND FOODSTUFFS

The content of sugars determines the degree of suitability of many
raw materials in food processing. This also applies to tree saps, in
which the percentage concentration of sugars determines their
suitability for the production of tree syrup. In this area, there exist a
number of analytical techniques used to assess the content of sugars,
starting from traditional techniques, such as titration or
spectrophotometric methods, and ending with modern instrumentbased methods, among others, chromatographic ones including the
most popular and the most modern of all the techniques currently
used, i.e. the technique of high-performance liquid chromatography.
However, its disadvantage is the number of other chemical
compounds that are visible in the chromatogram, what leads to
difficulties with interpretation when analysing various raw materials.
Therefore, for the first time, the author applied the technique of highperformance liquid chromatography with evaporative light scattering
detection (HPLC/ELSD) for the purpose of assessing the content of
sugars in raw materials of plant origin. This resulted in the attainment
of chromatograms in which - regardless of the chromatography
column used - only monosaccharides and disaccharides were visible.
This methodology was used in practice after extensive consultation
with leading Polish centres involved in instrument-based analyses,
including chromatography. Among these centres, the following might
be enumerated: Department of Analytical Chemistry of the Faculty of
Chemistry at the Gdańsk University of Technology and the
Department of Analytical Chemistry of the Faculty of Pharmacy at
the Medical University of Lublin.

By using this technique, the content of sugars in raw materials
popular in the food industry, such as various tomato varieties from
greenhouse cultivation [II.B.1621], selected varieties of onion
cultivated conventionally on breeding and seed farms [II.B.17], or
cucumbers with different levels of ripeness [II.B.7] has been
estimated. Based on this methodology, the quality of white sugar was
also assessed [II.B.14] and the content of sugar in different parts of a
bulb of sugar beet was estimated [II.B.17]. The correctness of labels
used for domestic and foreign wines was also checked [II.B.7,
II.B.26, III.B.2] and the diversity of the botanical origin of domestic
honey was identified [II.B.11]. The formulated methodology also
proved to be effective in determining the quality of non-alcoholic
beverages based on checking the correctness of producers'
declarations [II.B.12, II.B.13, II.B.19, II.B.23, II.B.24, II .B.27].
Basing on the HPLC/ELSD technique, research was carried out on
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the methods of assessing the effectiveness of treatments prolonging
the durability of food by way of ozoning [II.C.10, II.C.11, III.B10.,
III.B.12].

Among the components of foodstuffs which determine their potential
toxic effects, inorganic anions are indicated, including chlorides,
nitrates (III) and (V), as well as sulphates (VI) and fluorides. In
particular, this applies to the content of nitrates (V) in raw materials
of plant origin. The inaccurate titrimetric and electro-chemical
techniques, as well as the technique of spectrophotometry, which is
just as unreliable, are used most commonly in order to determine the
content of these ions. Therefore, the author used the technique of ion
chromatography with conductometric detection in order to assess the
concentrations of inorganic anions in fruit, which was an innovative
solution. Thanks to the formulated methodology, chromatographic
assessment of the content of inorganic anions in fruit and vegetables,
including in tomato fruit and asparagus shoots, was conducted for the
first time in Poland [II.B.16, II.B.34, III.B.6]. The methodology
described was also used to assess the health security associated with
the consumption of tea infusions, which turned out to be a substantial
source of fluorides [II.B.8], as well as to control the quality of
mineral and spring waters [II.B.20, III.B.1].
The author used the analytical techniques described above as a
preliminary, screening method of estimating the quality and health
security of tree saps collected from the area of south-eastern Poland.

Number of works published: 19
Number of patents published: 1
Number of conference presentation: 6
Scoring of the Ministry of Science and Higher Education with
regard to the published works and patents22: 127 points

B. CONTROL

OF THE QUALITY OF DRINKING WATER FROM PRIVATE
WATER INTAKES FROM THE TERRITORY OF SUBCARPATHIA

The technique of ion chromatography was also used to control the
quality of the most commonly consumed foodstuff, i.e. drinking
water. Research was carried out by collecting samples from private
water intakes on the territory of Subcarpatia, where the consumption
of well water as the main source of drinking water is still very
common. These intakes, however, due to a legal loophole, are not
subject to the statutory control of the State Sanitary Inspection, thus
constituting a potential source of harmful substances for consumers.
In the conducted studies, disturbingly high concentrations of nitrates
(III) were found in samples collected from wells adjacent directly to
outbuildings, which posed a significant threat to the health of the

Scoring in accordance with the current regulations and communications of the Minister of Science and Higher
Education and Bibliometric analysis of the publication prepared by the Library of the University of Rzeszów
(Annex No. 8).
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population, especially children [II.B.21, II.B.22, III.B.9, III.B.11]. At
the same time, a study on well water was carried out in terms of its
physical indicators, such as electrolytic conductivity, pH or turbidity,
indicating that the last parameter is exceeded most often in the case
of wells dug on backyards [II.B.30, II.B.42]. Only a few wells were
characterized by concentration levels of heavy metals which
exceeded the acceptable limits. These values, however, did not
exceed the so-called temporary deviations, allowed by the State
Sanitary Inspection [II.B.45].
The results obtained allowed to postulate, together with the Control
Department of the Regional Water Management Board in Krakow,
the necessity to introduce regular health security tests of the water
from wells dug on agricultural areas, as well as to estimate the
potential frequency with which these tests are going to be conducted
[II.B.28, II.B.37]. Simultaneously, it was pointed out that well water
collected from the territory of selected Subcarpathian municipalities
is a very valuable reservoir of high quality drinking water, which,
under the condition of regular checks, could be used during the socalled emergency situations and failures of the collective supply
system [II.B.47]. Conducting research in agricultural areas made it
possible to estimate the impact of anthropopressure not only on wells
but also on flowing waters and the obtained results allowed to
recommend the introduction of new, more effective methods of
monitoring the environment [II.B.25]. Attempts were also made to
estimate the degree of anthropopressure on small retention tanks in
agricultural areas and in a forest environment [II.C.9].
Number of works published: 12
Number of conference presentation: 2
Scoring of the Ministry of Science and Higher Education with
regard to the works published23: 63 points
C. ESTIMATION

OF THE CONTENT OF SELECTED SUBSTANCES IN TREE
SAPS CONSIDERED TO BE THE DETERMINANTS OF THE HEALTH SECURITY
ASSOCIATED WITH THE CONSUMPTION OF FOODSTUFFS

The studies on tree saps in terms of the content of substances harmful
to human health conducted thus far essentially consisted of analyses
of the content of lead in maple juices, in the context of exposure to
anthropopressure. The results obtained necessitated supplementing
the procedures of sap collection with a warning advising against the
utilization of trees located in the immediate vicinity of roads and
industrial plants, so as to reduce the risk of saps contaminated with
lead being used in the production of maple syrup. Above, the results
of the work Evaluation of the content of inorganic anions in tree
saps, in which it has been demonstrated that the content of chlorides
Scoring in accordance with the current regulations and communications of the Minister of Science and Higher
Education and Bibliometric analysis of the publication prepared by the Library of the University of Rzeszów
(Annex No. 8).
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in birch tree saps is statistically significantly lower for trees exposed
to the lowest degree of anthropopression, i.e. in a forest environment,
have also been presented.
The collection of tree saps from south-eastern Poland was carried out
away from industrial plants and busy roads, but instead, in areas
which either are currently, or have been in the past, the subject of
intensive agricultural activities. The problem might not have been
contamination with lead but with cadmium, an element that can be
present not only in the immediate vicinity of transportation routes and
in zones contaminated by industrial plants, but also in areas where
agricultural activity was carried out, mainly related to the usage of
artificial fertilizers, including superphosphates.
In order to estimate potential differences between composition of sap
of different tree species for cadmium contamination, a position was
chosen where eight species of trees grew: i.e. silver birch (Betula
pendula Roth.) and downy birch (Betula pubescens Ehrh.), hornbeam
(Carpinus betulus L. .), black alder (Alnus glutinosa Gaertn.), black
walnut (Juglans nigra L.), common maple (Acer platanoides L.) and
ashleaf maple (Acer negundo L.) and white willow (Salix alba L.)
Cadmium content did not exceed the standards acceptable for raw
materials of plant origin, however, it was statistically significantly
higher in willow sap [II.B.3824]. The result obtained is important not
only from the point of food safety. It also indicates that the species of
white willow can be used for phytoremediation and biomonitoring.
The tests for cadmium content were also carried out in relation to
silver birch sap, collected from trees growing in various tree stands.
In birch sap, no exceedance of admissible levels of cadmium content
was recorded, as specified in the applicable legal acts. Significantly
lower amounts of cadmium were contained by sap extracted from
trees growing near farms where crop cultivation had not been carried
out [II.B.4025]. Among the stands with a significantly higher
concentration of cadmium in birch sap, there was also about a fiftyyear-old birch forest, planted in the area once used for growing
potatoes. This means that birch sap tests allow for reproducing a very
long history of land use, which in case of classic soil science research
is often problematic.
The research on the content of four heavy metals was carried out for
birch sap from an area of protected landscape [II.B.4626]. The content
of cadmium, lead, chromium and nickel was determined. Despite
close proximity of the trees to a municipal road, the lead content in
analysed tree sap was below the limit of quantification of the applied
method, while for chromium, cadmium and nickel the concentrations
were from several to over dozen μg/l. Amongst the examined birch
A copy of the publication is included in the Annex No. 7, item 9.
A copy of the publication is included in the Annex No. 7, item 11.
26
A copy of the publication is included in the Annex No. 7, item 15.
24
25

39

sap samples, very large differences were found, both among the trees
within the shared stand and in the composition of the sap from the
same tree in the time profile. The highest figures were recorded for
chromium, with lower ones for cadmium and nickel. This is
confirmed by the results already mentioned above, indicating
variation in the mineral composition of a single tree's sap in time and
variation between the mineral composition of tree sap within a
common stand. The obtained results of the quantification of heavy
metal content in birch sap, related to standards (including the
percentage of weekly tolerated cadmium intake) indicate that the
examined birch sap samples can be considered safe and posing no
hazard for individual consumers. And yet the mere fact of the
presence of heavy metals in birch sap stipulates the necessity of
carrying out control tests of the purchased raw material by the
analytical facilities of the food industry before processing birch sap
in order to eliminate the sap obtained from the stands and trees
subjected to industrial and agricultural pollution.
Tests for heavy metal content were also performed on bottled birch
sap of four Polish producers, confirming a high level of health safety
presented by these market products. At the same time, studies on the
content of minerals have demonstrated that imported birch sap are
characterized by a similar content of, among others, zinc, manganese,
calcium, sodium, potassium and magnesium to birch sap extracted in
the Subcarpathian region. The latter are characterized by higher
concentrations of copper and lower concentrations of chromium and
lead, which confirms the above-indicated suitability of domestic raw
material for food processing [II.B.5627].
In order to estimate the content of polycyclic aromatic hydrocarbons
and residues of plant protection products in tree sap, being other
environmental toxins capable of impacting the safety of consuming of
tree sap, samples were collected from protected landscape areas, both
from agricultural sites and from forest environment [II.B.4428]. The
analysis showed presence of trace amounts of five pesticides, i.e.
methiocarb, propoxide, carbaryl, parathion and 4,4'-DDD. In birch
sap of trees occurring in the forest environment, the content of
carbaryl and parathion was recorded. Of great interest is the
occurrence of 4,4'-DDD in birch sap from the forest environment - a
compound which is a metabolite of once commonly used toxic plant
protection product - DDT. The forest from which birch sap samples
were collected was planted in the 60s of the last century on land used
for potato growing. Similarly, as in the case of cadmium, the analysis
of tree sap enables detailed reconstruction of the history of land use
and provides knowledge about possible contamination which
occurred in the distant past. In the studied tree sap, the content of
heavy polycyclic aromatic hydrocarbons - the most dangerous for
human health with a strong carcinogenic effect – was not recorded.
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However, the presence of the so-called low PAHs, i.e. fluorene,
phenanthrene, pyrene, chrysene, and in the sap of individual trees:
anthracene, benzo [a] anthracene and acenaphthylene was recorded.
The tree sap from the forest environment showed presence of
fluorene, phenanthrene, anthracene, pyrene and chrysene, which
indicates a potential impact of low emissions from the nearby village
on the forest areas. The analysis of PAH content in birch sap can
therefore be helpful in estimating the degree of anthropopressure on
forest ecosystems. From a practical point of view, it should be stated
that the trees from which birch sap is obtained should be located as
far as possible from the sources of PAH emissions, which, similar to
heavy metals exposure, can only be obtained in a forest environment.
Number of published works: 5
Points awarded by the Polish Ministry of Science and Higher
Education Scoring for published works29: 35 points
D. RESEARCH ON THE HEALTH PROPERTIES OF TREE SAPS
Inspired by traditional folk wisdom about numerous health-promoting
properties of tree sap, not only determination of the content of
minerals was carried out, but also tests were on HepG2 cell lines
[II.A.530]. At the same time, the content of sugars and organic and
inorganic anions was examined, and the interdependence between the
chemical composition and the influence of tree sap on the metabolism
of HepG2 cells was determined by advanced statistical analysis
methods, i.e. grade correspondence analysis and multiple regression
analysis, indicating their suitability in biological research, especially
in differentiation of species traits. It was found that the key
components of tree sap stimulating the metabolism of HepG2 cells
are monosaccharides and fumaric acid. Thus, in the course of analysis
carried out at the cellular level, folk wisdom was confirmed whereby
silver birch sap, black alder and hornbeam sap possess nutritional and
hepatoprotective properties.
Antioxidant potential and the content of phenolic compounds in tree
sap in terms of variability between trees of different species and trees
of the same species growing within the common stand were also
estimated [II.A.331]. High antioxidant potential and high content of
phenolic compounds with known properties in relation to the human
body are among the most important, health-promoting attributes of
raw materials of plant origin. Consumption of products rich in
phenolic compounds and high antioxidant potential prevents
cardiovascular, neoplastic diseases and peptic ulcer of the stomach
and duodenum. The total content of phenolic compounds was
Scoring in accordance with the current regulations and communications of the Minister of Science and Higher
Education and Bibliometric analysis of the publication prepared by the Library of the University of Rzeszów
(Annex No. 8).
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determined by the colorimetric method using the Folin-Ciocalteau
reagent, while the antioxidant activity was determined with the free
radical quenching method ABTS•. The highest average content of the
sum of phenolic compounds as well as the highest average
antioxidant potential was found in the black walnut sap. The smallest
average content of the sum of phenolic compounds and the lowest
average antioxidant potential was found in European hornbeam sap.
Only for sap of the box maple the correlation between the content of
phenolic compounds and the antioxidant potential was demonstrated.
For six species of the trees studied, a relationship between age and
the total amount of phenolic compounds in wood sap was found.

There was also a statistically higher content of phenolic compounds in the
sap of ninety-year-old trees, compared to sap of younger and older trees.

Regardless of the tree species and relations described, wood sap
proved to be a very poor source of phenolic compounds and are
characterized by a low antioxidant potential, several dozen to several
hundred times lower in relation to, for example, fruit or vegetable
juice.

The investigation the content of phenolic compounds and antioxidant
potential was also carried out for the sap of twenty silver birch trees
which were obtained from the forest environment, from an unusable
patch of land, from a farmstead and from a cultivated field
[II.B.4332]. Not only were the low values of the antioxidant potential
and low content of phenolic compounds found, but also several
differences in these parameters between the sap of the studied trees.
There was also a lack of statistical differences between the four
examined sites. Demonstration of a low content of phenolic
compounds and negligible antioxidant potential of common birch sap
has important practical implications and indicates that in the
development of beverages on the basis of silver birch sap inclusion of
functional additives with a high content of phenolic compounds
should be considered in order to improve the health-promoting
properties of the obtained food products.
Number of published works: 3
Points awarded by the Polish Ministry of Science and Higher
Education for published works33: 46 points
Impact factor points34: 0.876
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E. SEARCHING

FOR EFFECTIVE METHODS OF IMPROVING THE
SUITABILITY OF BIRCH SAP IN VARIOUS BRANCHES OF THE FOOD
ECONOMY

Despite the fact that in the light of the research conducted, birch sap
represents high values as a raw material with versatile applications in
the food industry, its use is limited due to very low durability, the loss
of which manifests itself in the smell and rapid turbidity, also
occurring in refrigeration and deemed unacceptable by consumers.
Birch sap, containing sugars and minerals, is an optimal environment
for the development of microorganisms, including pathogens. The
concentration of sugars and organic acids is too low to impart a
distinctive flavour to birch sap. A factor negatively affecting the use
of birch sap in the food industry is also low antioxidant potential
mentioned above, which in relation to food of vegetable origin is
indicated by consumers as a primary, positive and desirable factor.
The properties of birch sap presented above encourage the search for
solutions to improve the parameters which lower the interest of
producers and consumers in the field of wider introduction to the
food market. To extend the shelf life of birch sap, the author applied
chemical preservatives for the first time, i.e. potassium sorbate and
sodium benzoate, as well as food acids, i.e. citric acid, malic acid and
lactic acid, to obtain a beverage stable at room temperature for at
least one month [II.B.3335, II.B.4136]. This gave rise to the patent
application "The method of obtaining a beverage with increased
durability and health properties based on tree sap, especially birch
sap" [II.D.1], which assumes that the durability of birch sap can be
extended by the use of food acids, food acids along with subjecting
the solution to ultrasound, food acids with the addition of potassium
sorbate and all mentioned combinations in conjunction with
refrigerated conditions. The effect obtained in the form of
suppressing the turbidity and preventing odour changes may last for
at least one month, thus the shelf life of the sap is significantly
prolonged. There is no need for pasteurization, which affects the
richness of the chemical composition of birch sap and limits its
nutritional value. This solution, especially the addition of commonly
available citric acid (in a concentration not exceeding 0.5%) and
storage of sap in refrigerated conditions, can be used to extend the
shelf life of birch sap as soon as it is sourced from the forest
environment. Such an additive should, however, be agreed with the
recipient of the raw material, because after applying food acid birch
sap can still be used for the production of beverages, but loses its
suitability for producing birch syrup. The prolongation of durability
was also obtained using ascorbic acid as a supplement, i.e. vitamin C
[III.B.16].
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Durable drinks based on birch sap with honey or fruit syrup
admixture have also been developed [II.B.3637, II.B.5738, III.B.16].
Thanks to the simultaneous addition of citric / lactic acid and honey /
syrup, not only a significant improvement in flavour was achieved in
cooling conditions, but also durability of up to 21 days, with
possibility of combining citric / lactic acid and honey / syrup in
various proportions, adjusting the flavour balance between sweet and
sour to the individual preferences of the consumer. The developed
solution seems to be optimal for creating short shelf-life, seasonal
beverages which the State Forests National Forest Holding could use
as part of promotional and image-boosting campaigns which make
the forest accessible, such as early spring tourism and forest
recreation and during events such as the "Birch Festival" mentioned
above. The obtained drink does not contain potentially harmful
chemical preservatives with allergenic properties, but only the
addition of a commonly known and valued natural sweetener, i.e.
honey/syrup, and citric acid, considered to be one of the safest food
additives, being a natural component of birch sap at the same time.

As part of the works contained in this presentation, an effective
solution was also developed, thanks to which birch sap durability was
extended by means of a physical technique - microfiltration, in
response to the growing reluctance of consumers to use additional
chemicals [II.B.4939, II.B.5940, III.B.15, III.B.23]. The application of
filtration through sterile filters with pore diameters ranging from 0.22
to 0.8μm, into a sterile vessel and maintaining the sterility of the
whole process, allowed for obtaining durability of at least a year after
filtration - at room temperature and without application of any
chemical additives . However, the solution described seems to be
beyond the scope of interest of forest management, as it requires very
expensive technical solutions, the implementation of which in the
field conditions seems to be impossible at the moment. Research has
also been conducted on the possibility of using other new
technologies of the food industry in extending the durability of birch
sap. Application of ultraviolet radiation yielded no satisfactory
results, however, an effective procedure was developed to extend the
shelf life of birch sap by using ultrasound. The durability of nearly
two weeks was achieved, but only in refrigerated conditions
[II.B.5941].

However, a simple construction solution, simplifying not only the
potential production of birch syrup, but also the production of
beverages based on birch sap, is a designed laboratory apparatus
using the reverse osmosis technique. The technical solution presented
in the works II.B.4842, II.B.5443, II.B.5544 and II.B.6045 has a very
A copy of the publication is included in the Annex No. 7, item 8.
A copy of the publication is included in the Annex No. 7, item 25.
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favourable price-performance ratio and low energy consumption, and
at the same time offers a range of potential applications of the
obtained product - birch sap concentrate. It can be, as much sweeter
than the original raw material, intended for direct consumption or
become the basis for further enrichment and creation of beverages. In
the context of their design, it must be emphasized that the use of
reverse osmosis affects not only the improvement of sensory
characteristics, but also the increase in the concentration of healthpromoting substances in the sap, including minerals, causing their
nutritional benefits to grow proportionally. This applies not only to
the concentration of these minerals, whose content in birch sap is
very high, such as copper, zinc or manganese, and whose nutritional
benefits vary depending on a tree, accounting for up to several dozen
and several hundred percent of the recommended daily intake with
one litre of sap . The concentration of sap will also cause the final
product to have a several-fold increase in the concentration of also
those minerals whose concentration in the initial raw material is
significantly lower, and their nutritional benefits - negligible,
amounting to several percent of the recommended daily intake. This
applies to minerals which are very important for the human body,
such as calcium and magnesium. Therefore, thanks to the reverse
osmosis concentration, the obtained concentrate of native birch sap
becomes a food product comprehensively satisfying human demand
for minerals and one which may become popular today as superfoods,
usually referred to exotic raw materials.
Number of published works: 10
Number of published patents: 1
Number of conference presentation: 4
Points awarded by the Ministry of Science and Higher Education
for published works and patents46: 111 points

F. RESEARCH OF PHYSICAL PARAMETERS OF BIRCH SAP IN THE CONTEXT
OF POSSIBILITY OF USE IN FOREST ECONOMY

Plans for mass harvesting of birch sap from a forest environment for
the production of bottled saps and birch syrup require developing not
only transparent rules for making the resource base available. Also,
procedures must be established that will guarantee the food industry a
raw material of an appropriate quality, without any signs of loss of
shelf life. The control of the shelf life of harvested, stored and
transported birch sap should be based on uncomplicated research of
physical parameters that can be performed by forest service
employees.
A copy of the publication is included in the Annex No. 7, item 19.
A copy of the publication is included in the Annex No. 7, item 20.
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The research on the possibilities of extending the shelf life of birch
sap was carried out. Among several physicochemical parameters that
can be used to monitor storage changes, the methods used so far in
the study of birch sap were rejected. Turbidimetry was selected as an
optimal technique - a method never used before in the research on the
stability of tree sap [II.B.3947, II.B.5848, III.B.14]. Thanks to this
technique, whose sensitivity far exceeds the tests of pH, refraction,
dry matter, electrolyte conductivity and absorbance, the durability of
raw birch sap was very precisely evaluated, as well as time criteria
for safe shelf life was created. It was shown that birch sap stored at
room temperature should be consumed on the day of collection,
while, when stored in refrigerated conditions, it has a four-day (4 ° C)
or five-day (1 ° C) shelf life. Then increased turbidity is observed
which is evidence of microbiological degradation of the raw material
and loss of usability, both for consumption and processing.

The results of the author's original research may constitute extension
of the CERTIFICATION OF FOREST MANAGEMENT REPORT ON FOREST
USE IN POLAND. It can be concluded that the durability of birch sap
obtained in the forest environment depends on air temperature. On
cooler days, when the air temperature does not exceed several
degrees Celsius, the sap can be stored under ambient temperature
conditions, while on warmer days subsequent sap batches should be
placed as soon as possible in refrigeration, or - if not possible - it
should be ensured that the collected raw material can be transported
to the processing sites as quickly as possible. Therefore, a solution
whereby the transport from the forest environment with refrigerated
vehicles is executed at one day intervals -at the longest- or more
frequently, in a situation of high ambient temperature, would be
optimal. For control purposes, a turbidimeter appears to be the
optimal analytical instrument with a high ease of use. This apparatus
could be used for testing the durability of birch sap: at the place of
harvest, during transport and after delivery to processing plants. Its
indications would allow for monitoring the correctness of the
conditions in which sap is collected, alerting when collection takes
too long and in excessively high temperature. At the same time, the
measurement of turbidity would detect excessively long storage
and/or transport at too high a temperature. Owing to turbidity
measurement, in the procedures related to the collection and transport
of birch sap, information about its suitability for further processing
would be obtained.
Research on the physical parameters of birch sap has also been
helpful in estimating the suitability of this raw material for the
production of birch syrup. In the work The content of sugars in tree
saps from the territory of Subcarpathia [I.B.5] discussed above, the
economic suitability of birch sap for the production of syrup has been
demonstrated, based on examinations conducted using the technique
of high-performance liquid chromatography, which was employed to
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determine the content of glucose, fructose and sucrose. However,
taking into account the significant variability in the composition of
birch sap between individual trees mentioned above (in the work
Variability of the minerals content as a factor limiting health
properties of birch saps, I.B.2), as well as the variability of its
mineral composition over a span of time (in the work Time-related
variability of the mineral content in birch tree sap, I.B.3), it was
decided to examine whether birch sap is a stable raw material for the
production of birch syrup, regardless of the tree from which it is
obtained and regardless of the time of its collection. This time,
physical parameters of birch sap were used, including dry weight and
the refractive index, widely recognized as reliable in assessing the
suitability of a tree sap for syrup production.

The refractive index and dry weight variability between individual
trees and the variability in the refractive index and dry weight over a
span of time proved to be much smaller than in the case of the
content of minerals or inorganic anions. For these substances, the
differences both between the consecutive measurement days and
between the saps of neighbouring trees often amount to several or
several dozen times, while in the case of the refractive index and dry
weight they are much smaller. At the same time, it was not found that
the daily volume of the sap obtained translates into the value of the
refractive index, dry weight and electrolytic conductivity.
On the basis of the measurements of both the refractive index and dry
weight, it may be concluded that birch sap is a stable raw material for
the production of birch syrup. At the same time, it has not been
shown that it is possible to indicate the optimal date on which the sap
is characterized by parameters which are the most favourable to the
suitability for production of birch syrup. However, similarly as in the
case of mineral components, it is advisable to collect and combine
sap from as many trees as possible in order to obtain a raw material
with averaged values. The research results are important from the
point of view of forest management. Regardless of examination of
physical parameters of birch sap and its chemical composition, in the
face of increasing demand for this raw material, it is necessary to
establish the rules of making trees and stands available for obtaining
raw material. These conditions and the results obtained in this work
may be strictly translated into recommendations regarding the
consumption of birch sap, which should be included in the developed
"Rules for the use of forests".

Number of published works: 449
Points awarded by the Polish Ministry of Science and Higher
Education for published works50: 28 points
Impact factor points51: 0.623
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G. RESEARCH
MATERIALS

ON THE TANNINS CONTENT IN SELECTED FOREST RAW

As in the case of tree sap, the next unexplored Polish forest material
is oak galls created by the oak wasp – Cynips quercusfolii (L.) on two
species of oaks: common oak and sessile oak. In medicine, only the
galls derived from Aleppo oak Quercus infectoria are used. Their
position in official medicine can be confirmed by the inclusion in the
current "Polish Pharmacopeia XI" (2017), as the richest source of
tannins, active plant-origin substances with a very wide range of
therapeutic properties. The aim of the research was to estimate the
content of tannins in Polish galls and compare it with guidelines
recommended by the current pharmacopoeia for oak galls of Q.
infectoria i.e. 20% tannin content. At the same time, an attempt was
made to determine the content of tannins in two batches of Polish oak
galls: those collected from tree foliage in summer, before the
beginning of leaf aging and in autumn, after foliage has completely
fallen down. The determination of tannin content was carried out in
accordance with the current pharmacopoeial methodology, based on
the spectrophotometric technique. In the batch of galls which were
collected from foliage on the trees, the tanning content was 12.53%,
while in the batch of galls collected from the leaves under the trees it
was 11.8%. Although these quantities are almost twice as high as
pharmacopoeial recommendations for oak galls of Q. infectoria,
native oak galls should be indicated as the richest native tanninbearing raw material. It can be used both by the pharmaceutical
industry to obtain a form of medication, as well as a raw material in
herbal medicine [II.B.61].
Another issue, taken up in research on native oak galls, was the
estimation of the stability of this raw material in terms of tannin
content. The weight after drying was taken as the variable factor.
Thus, the collected galls were divided into weight groups and 12
samples of three galls were created within them. To determine the
tannin content, a spectrophotometric technique recommended by the
current "Polish Pharmacopoeia XI" was used, and mass spectrometry
was used to confirm the identity of the raw material. The determined
tannin content ranged between 10.02 ± 0.2% and 15.47 ± 0.07%. For
the first weight group, the average result was 11.2 ± 1.36%, in the
second one 11.97 ± 1 , 56%, in the third 12.86 ± 2.27%, and in the
fourth 12.82 ± 1.58%. It was not found that there were statistical
differences between the four weight groups of the examined galls. In
turn, the mass spectral analysis showed the presence of gallic acid
and tannin decomposition products, ie. two compounds whose
presence is necessary according to the "Polish Pharmacopoeia XI" to
confirm the identity of the oak galls of Q. infectoria. The obtained
test results confirm earlier, indicating that native oak galls are lower
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in terms of the tannin content of Q. infectoria oak galls. At the same
time, it was not shown that the content of tannins in oak galls was
influenced by their weight. However, a large variation in tannin
content depending on the sample suggests that it is possible to
identify habitats, natural forest and climatic regions in which the
obtained galls will be characterized by high tannin content52.
Number of published works: 1
Number of conference presentation: 1
Number of works submitted in editors: 1
Points awarded by the Ministry of Science and Higher Education
for published works53: 7 points

The results of the research are presented in the work of Bilek M., Kozłowska-Tylingo K., Gostkowski M.,
Staniszewski P. Oak galls of native species of oaks as a potential tanning raw material. Manuscript submitted to
the editorial board of the journal “Sylwan” and directed for review.
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V. SUMMARY OF SCIENTIFIC ACHIEVEMENTS54

My current academic achievements include a total of 85 publications (83 after
obtaining the doctoral degree) , including 70 original creative works (9 with Impact
Factor, 19 in English), 11 are chapters in monographs (4 in English), 2 manuals and
2 patents. In 46 original creative works, I am the first author, in 14 original creative
works I am the second author, and in 10 the third and following. 8 original creative
works are indexed by the Web of Science database, 17 by the Scopus database, 8 by the
PubMed database. Among 70 original creative works and 2 patents, 31 and 1 items
respectively are devoted to tree saps.

My achievements consist of 23 national, international and foreign conference
presentations, published in post-conference publications. The achievements in the field
of implementation include the patent P.417738 A1 "The method of obtaining a drink
with increased durability and health-promoting properties based on trees sap, especially
birch" and patent P.412187 A1 "The method of extending the storage life of blue
huckleberries".
Expert achievements consists of the substantive evaluation of 30 projects for the
Ministry of Economy (currently Ministry of Development). I am a member of the
editorial board of the "Potravinarstvo. Scientific Journal for Food Industry" (indexed in
the international Scopus database), „Teka Komisji Motoryzacji i Energetyki Rolnictwa
O.L. PAN” (list B of MSHE), as well as professional journal of the District
Pharmaceutical Chamber in Krakow "Farmacja Krakowska". The author also created 12
reviews of publications for journals from the A list of the Ministry of Science and
Higher Education and 8 reviews for journals from the B list of the Ministry of
Science and Higher Education.
I was a supervisor of 40 diploma theses, including engineering: 15 and master's: 25.
Currently, 14 master's theses and 5 engineering theses are being created under my
supervision. I have reviewed 7 engineering theses and 5 master's theses.
My popular scientific achievements consist of 520 publications and 13 books.

The total sum of points in accordance with the list of Ministry of Science and Higher
Education being in force in the year of issue is 679 points, including five monothematic publications, constituting a scientific achievement with a total of 73 points
from Ministry of Science and Higher Education and 2,65 IF. The total Impact
Factor of all published works is 8.37 IF according to the year of publication. At 679
MSHE points, items devoted to tree saps constitute 340 points, and the total Impact
factor 8,37 consists of 4.859 points granted to articles on tree saps.

The Hirsch index of published works according to the Publish or Perish database is
6/3 (h-index and hI, norms), according to the Web of Science database – 2, and
according to the Scopus database – 3. The total number of citations of scientific
publications according to the Publish or Perish database is 115, according to the Web
of Science database 14 (10 excluding selfcitations), according to the Scopus database
43 (23 excluding selfcitations).
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A. NUMERICAL SUMMARY OF SCIENTIFIC ACHIEVEMENTS

Publication type

Number

The point score of the
Ministry of Science
and Higher Education
as per year of
publication 55

Impact Factor by year of
publication 56

Before obtaining the doctoral degree
Publications in journals other than
those in the JCR database

2

6

-

2

6

-

Publications in journals included in
the JCR database,

9

165

8,37

including scientific achievements

Publications in journals other than
those in the JCR database,

4

60

2,65

59

401

-

including scientific achievements

1

13

-

13

52

-

-

-

-

673

8,37

23
23

-

-

108

679

8,37

Total publications
After obtaining the doctoral degree

Manuals and chapters in scientific
monographs,
including achievements
Patent for an invention

Total publications and patents

2

55

83

-

Summaries from international and national conventions
Before obtaining the doctoral degree
After obtaining the doctoral degree
Total scientific presentations

TOTAL
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B. THE LIST OF JOURNALS IN WHICH SCIENTIFIC PAPERS HAVE BEEN PUBLISHED AND THEIR
SCORES

Journal

The point score of
the Ministry of
Science and Higher
Education as per
year of
publication57

The point score
of the Ministry of
Science and
Higher
Education
according to the
curent list

Number of works
Before
obtaining the
doctoral
degree

Scientific publications in journals in the Journal Citation Report JCR database
Journal of Elementology
Central European Journal of
Biology
Acta Poloniae Pharmaceutica
Acta Societatis Botanicorum
Poloniae
PLOS One
Sylwan58

After
obtaining
the
doctoral
degree

The sum of the
Ministry of
Science and
Higher
Education
points by year
of publication

152016, 152017

15

-

4

60

152016

15

-

1

15

152015

15

252017

25

352017
152019

35
15

-

1
1
1
1

15
25
35
15

Scientific publications in international or national journals other than those contained in the Journal
Citation Report JCR
Żywność. Nauka. Technologia.
Jakość
Bromatologia i Chemia
Toksykologiczna
Problemy Higieny i
Epidemiologii
Zeszyty Problemowe Postępów
Nauk Rolniczych
Etnobiologia Polska
Roczniki Państwowego
Zakładu Higieny
Przegląd Lekarski
Pediatric Endocrinology,
Diabetes and Metabolism
Endokrynologia Pediatryczna
Analityka – Nauka i Praktyka
Biotechnology and Food
Science
Medycyna Środowiskowa
Postępy Fitoterapii
Postępy Nauki i Technologii
Przemysłu Rolno-Spożywczego
Polish Journal for Sustainable
Development
Econtechmod. An International
Quarterly Journal on
Economics of Technology and
Modelling Processes

132015

13

-

3

39

6

-

12

68

72014

9

-

2

14

92014

13

-

1

9

72014, 142015

14

-

3

35

1

8

52013, 52014, 62015,
62017, 62018

52014

5

-

1

62014

10

-

1

92015
4 , 42016

9
4

-

1
2

32006, 82016, 82017
72016, 72017, 72018

8
7

2
-

3
5

62016, 62017

6

122007

12

82014

8

2015

82016, 82017

8

62016, 62017

6

-

-

5
6

9
8

3

24

3

18

-

4

24

-

4

48

-

30
35
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Studia i Materiały Centrum
Edukacji Przyrodniczo Leśnej
w Rogowie59

72018, 72019

7

-

2

14

The journals which are not listed in the JCR database but included in the lists of Ministry of Science and
Higher Education older than the curent list, journals whose name has changed (current name in brackets)
and journals indexed in the Scopus database, not listed in the curent list of Ministry of Science and Higher
Education
Zeszyty Naukowe PołudniowoWschodniego Oddziału
Polskiego Towarzystwa
Inżynierii Ekologicznej z
siedzibą w Rzeszowie i
Polskiego Towarzystwa
Gleboznawczego Oddział w
Rzeszowie (Polish Journal for
Sustainable Development
Journal of Microbiology,
Biotechnology and Food
Science
Potravinarstvo. Scientific
Journal for Food Industry

12013, 12014

6

-

6

6

72014

-

-

1

7

-

0

-

1

-

Chapters in monographs and other items not included in the lists of scientific journals of the Ministry of
Science and Higher Education
Chapters in monographs in
English
Chapters in monographs in
Polish
Chapters in non-pointed
monographs
Summaries from international
conventions
Summaries from national
conventions
Authorship of a scored
monograph or a manual
Authorship of a non-pointed
monograph or manual

52012

-

-

4

20

42014, 42015, 42016

-

-

3

12

-

-

-

4

-

-

-

-

3

-

-

-

-

20

-

202014

-

-

1

20

-

-

-

1

-

252016, 302018

-

-

2

55

-

-

2

106

679

Patents for inventions
Patent for an invention

TOTAL
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