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W ostatnim dziesiecioleciu liczebno§é populacji osiagneta wzgledng stabilizacje. Jednak mimo
zblizonej liczebnosci ogdlnej gatunku, zmiany liczby osobnikéw w poszczegélnych koloniach sg bardzo
duze. Populacje liczace kilkaset osobnikéw w sprzyjajacych warunkach siedliskowych byly w stanie
zwiekszy¢ swa liczebnosé, nawet do granic pojemnoSci siedliska, i ja utrzymuja. Dynamiczny rozrost
sztucznie utworzonej populacji (Swidnik) doprowadzil do przegeszczenia kolonii, co skutkowato
catkowitym zalamaniem liczebnoS§ci. Z kolei male populacje nawet w dobrych warunkach siedlis-
kowych nie sg w stanie samodzielnie sie odrodzi¢.

Introduction

Spotted souslik (Spermophilus suslicus) is a small rodent, similar to
a squirrel in shape and size (Figure 1). Sousliks live in underground burrows,
which are for them shelters, places of reproduction and hibernation. They form
colonies, but may also occur in dispersion. Sousliks are herbivores, but also
benefit from the animal food. Sousliks hibernate in the autumn-winter period,
during which many of them die (50-60%). After awakening they start the heat
and beget 3-8 youngs. Sousliks live up to 5 years (MECZYNSKI 1991, PISKORSKI
2004, MECZYNSKI et al. 2008b, PROCHNICKI 2008a).

Fig. 1. Spotted souslik Spermophilus suslicus (K. Zub)

Spotted souslik is an animal of open areas, it inhabits steppes. The
agricultural landscape let it adapted to the new conditions. In Poland, it exists
in vast areas of dry meadows, pastures, perennial fallow lands, wastelands,
unploughed sections of fields, on the field roads, roadsides, grassy airports. Its
sites are mainly found in soils created on loess, much less on sand or sandy-clay
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and limestone (MECZYNSKI 1991, PISKORSKI 2004, GRADZIEL 2008). The best
living condition for souslik is low grass pasture where the vegetation
is eaten/browsed by grazing animals. Ryegrass pastures create optimal condi-
tions for sousliks — low grass does not limit their visibility, makes it easy to
move, and if necessary, escape to the burrow. Sousliks have many natural
enemies. They are both mammals and birds. The mortality caused by predators
is high; it mainly affects youngs (PISKORSKI 2004, PROCHNICKI and STYKA 2008).

Spotted souslik is an Eastern European species, typical of the continental
steppe — its colonies might be found from the Volga River in Russia, through
Ukraine and Moldova to the Black Sea and the mouth of the Danube River in
the south (ZAGORODNYUK et al. 2008, PROCHNICKI 2008a, SHILOVA et al. 2010,
SHILOVA 2011). Its largest population is located in Ukraine and Russia, the
smaller ones are in Moldova, Belarus and Poland. The western border of the
species runs through the south-eastern Poland. Polish sites of spotted souslik
in the eastern Lublin Region are the only ones within the European Union. It
can be assumed that this species was very common in the Lublin Region in the
past. After the agricultural landscape was formed, it survived as a relict animal
(SURDACKI 1963, PISKORSKI 2004). Souslik populations in Poland are part of
the isolated, insular range covering Volhynian Upland in the central-western
Ukraine (GELOWACINSKI and MECZYNSKI 2001). In Poland, there are 6 cohesive
colonies, in the south-eastern part of the Lublin Upland and Roztocze. The
westernmost site of spotted souslik is an introduced colony in Swidnik — totally
detached and spaced approx. 70 km from the area of “compact” occurrence
(PISKORSKI 2004, PROCHNICKI 2008b). It occurs in dispersed midfield sites away
from compact colonies. Its population is difficult to determine.

Spotted souslik is one of the most endangered mammal species in Poland.
The story of its protection dates back to 1982, when the first reserves Hubale
and Gliniska were created to protect this rare animal, in the following years
another reserves were created: Popéwka in 1988, Suéle Wzgérza and Wygon
Grabowiecki in 1995. Since 1984, spotted souslik has been under strict species
protection; currently according to the Nature Conservation Act of 16 April
2004 (Journal of Laws No. 92 item 880, as amended) — it is a species that
requires active protection. It is also protected in the framework of the Bern
Convention (1979) (Appendix II). Polish sites of spotted souslik under the
Habitat Directive (1992) (Annex I and IV) are protected within the European
Natura 2000 network. In the EU, souslik has the status of priority species.

Populations of spotted souslik were subject of numerous studies, mainly in
Russia, Ukraine and Poland. These studies were focused on the species and the
diversity of habitat (ERMAKOV et al. 2002, TCHABOVSKY et al. 2005, SHILOVA et
al. 2010, SHILOVA 2011, SLIMEN et al. 2012). Diseases of species and genetic
aspects are well described (SZCZURKOWSKI 1999, ERMAKOV et al. 2002, GONDEK
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et al. 2006, BIEDRZYCKA and KONOPINSKI 2008, BIEDRZYCKA et al. 2011, KLOCH
and BAJER 2012, SLIMEN et al. 2012). There are also studies related to the
warning sound issued by spotted sousliks (VOLODIN 2005, MATROSOVA et al.
2012).

The aim of the study is to examine changes in the population of spotted
souslik in eastern Poland, against threats to the species and implemented
protective measures.

Materials and Methods

Analysis of changes in population of spotted souslik in Poland was carried
out on the basis of published and unpublished data. It proceeded in two stages.
Firstly, historical data were analyzed. The oldest studies from the 19*" and
early 20" century, contain only general information on the observed occur-
rence of this species in some area of south-eastern Poland (STRONCZYNSKI
1839, TACZANOWSKI 1855, WALECKI 1866, TENENBAUM 1913, SKURATOWICZ
1948) and does not represent a useful material for analysis of changes in the
population. The first historical data on population of spotted sousliks have
been obtained from SURDACKI’S studies (1956, 1963). The author applied the
method of questionnaire with subsequent field verification, as described in
1956. These data are only approximate (SURDACKI 1956). Subsequent data
come from an inventory conducted in the years 1979-1985 by MECZYNSKI
(1991, 1992). After interviews with the inhabitants he made direct field
observations. These activities were focused on establishing places of the
species. The author introduced the definitions of: compact colony and midfield
colony. However, the information is inaccurate: “Compact colonies [...] usually
expect from a dozen to hundreds, or even tens of thousands of individuals”
(MECZYNSKI 1992, p. 255). Unfortunately, the accuracy of the results of these
studies is questionable. Next studies are expert reports which results were not
published (PROCHNICKI et al. 2008a). Since 2000 when the program: “Protec-
tion of spotted souslik sites...” was implemented, constant monitoring of the
spotted sousliks population within compact colonies has been carried out. The
results of this monitoring were not published. Data of our detailed analysis are
the results of the spotted souslik population in years 2006-2015 obtained from
various sources:

1. Zamojskie Wildlife Society — “Inventory of spotted souslik in Poland
2006-2008” (MECZYNSKI et al. 2006, MECZYNSKI et al. 2007, MECZYNSKI et al.
2008a, for: Forum dyskusyjne Przyroda... 2016).

2. Regional Directorate of Environmental Protection in Lublin (RDEP) -
unpublished data for the years 2009-2015, available to the authors.
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3. Airport Swidnik SA — Report on the state... (MECZYNSKI et al. 2013,
MECZYNSKI et al. 2015), Report on the introduction... (MECZYNSKI et al. 2014).

The methodology used by the authors of the above mentioned studies is
described in: http:/siedliska.gios.gov.pl/pdf/publikacje/przewodnik_metodyczny
_zwierzeta_l.pdf. and MECZYNSKI et al. (2010). Two methods were used:
method I — counting borrows after clogging of the inlet holes; method II -
counting burrows without clogging of the inlet holes. Each method may be
option 1 — the whole area inhabited by the sousliks or on the test surface —
option 2. Using option 2 tests are conducted in transects, and the results are
carried out statistically.

The collected data have been developed in graphical and statistical way.

Results and Disccusion

The oldest mention of the spotted souslik occurrence in Poland dates back
to the mid-19*" century, when this species was observed in the vicinity of
Zamo§é, Chelm, Szczebrzeszyn and Hrubieszow (STRONCZYNSKI 1839,
TACZANOWSKI 1855, WALECKI 1866). Just as the studies from the first half
of the 20** century, they contained only a reference to the occurrence of the
species (TENENBAUM 1913, SKURATOWICZ 1948).

The first detailed data on the population of spotted souslik in Poland date
back to 1950’s. As a result of an inventory conducted in 1953-1954, SURDACKI
(1956) found 153 sites of spotted sousliks (132 active), which together counted
70 thousand of animals. All the sites were located in the south-east of Lublin
(generally in poviats: tomaszowski, zamojski, hrubieszowski). By 1961, the
population had dropped by more than a half — only approx. 24 thousand
individuals at 81 sites were reported (the disappearance of more than 40% of
sites). At the same time the number of large colonies decreased from 20 (19) in
1954 to just 8 in 1961. Including 2 new ones (SURDACKI 1963) — Figure 2a and
Figure 2b. Decline of the species is partly due to natural causes. In spring of
1957 and 1958 there were very heavy rainfalls which caused flooding of
souslik’s burrows with youngs (SURDACKI 1963). But the most important
reason for the decline of the spotted souslik population was the intensification
of agriculture, changes in agricultural techniques and industrialization of the
area. This has led to the disappearance of favorable habitats. Large tracts of
lands which used to be fallow lands and pastures have been converted into
arable lands used permanently, lands were merged in many hectares of
cultivation (reducing the length of midfield roads). Chemical pesticides and
mechanization of agriculture were also used in a large scale, which resulted in
the total destruction of many colonies (SURDACKI 1963, PISKORSKI 2004,
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BiEDRZYCKA 2009). This has led to the dismemberment of the spotted souslik
natural area, isolation of individual colonies and increase of the distance
between them.
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Fig. 2. Distribution of spotted souslik compact colonies in Poland: a — Surdacki (1956); b — Surdacki
(1963); ¢ — Meczynski (1992); d — RDEP (unpublished data 2015)

Another inventory conducted in the years 1979-1985 by MECZYNSKI (1991,
1992) showed a decrease in the number of spotted souslik sites by 61% in
relation to the number of sites registered by SURDACKI (1963). Meczynski
writes about the existence of 32 sites in this period: 12 (11) cohesive colonies
and 20 midfield colonies. The basic known cause of the sites reduction was
further adverse effects on the spotted souslik habitats: mainly plowing the
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pastures and conversion into cropland or pasture and wasteland afforestation
(MECZYNSKI 1991, 1992). In 1989, two large cohesive colonies of spotted
sousliks were found in Zamoéé¢ voivodeship (Chochléw and Mycéw), while in
1990, a large colony at the airport in Swidnik near Lublin was discovered
(MECZYNSKI 1992). This colony, estimated at approx. 1.5 thousand of individ-
uals, appeared suddenly, out of the reach of compact occurrence and is the
result of bringing sousliks by a human. Sousliks had never been seen as far
west sites. As a result of these findings it can be assumed that in the late 80’s
there were 14 cohesive colonies of spotted souslik in Lublin Region (Figure 2¢).
Further inventories showed in the late 90’s the existence of only 7 cohesive
colonies and only 18 midfield sites (PISKORSKI 2004). At the beginning of the
90’s there was the collapse of the cattle and sheep rearing, and thus degrada-
tion or reduction of pasture acreage. Habitats most relevant to sousliks were
overgrowing with herbaceous vegetation and thickets of trees and shrubs,
which led to the disappearance of food base for sousliks. Indirect adverse effect
of reducing the area of souslik habitats was the internal-population increase in
mortality resulting from overcrowding in the descending area. The following
habitat fragmentation and disruption of communication between the sites led
to the isolation of the subpopulations. Impossibility of animals migration from
one colony to another causes a reduction of genetic variation which increases
the susceptibility of parasites and viral diseases (MEAGHER 1999, RUSHTON et
al. 2000, BIEDRZYCKA 2008, BIEDRZYCKA and KONOPINSKI 2008). To sum up - in
the second half of the 20" century the number of spotted souslik sites
decreased by 90%. The number of animals within individual colonie also
declined significantly.

At the beginning of the 21% century the largest site of the spotted sousliks’
was a colony in Swidnik, which represented about 90% of Polish population
(GONDEK 2007). In addition, spotted sousliks occurred in six cohesive colonies
near Zamo$¢. Four of them are reserves: Hubale, Popéwka, Wygon
Grabowiecki and Susle Wzgorza; an ecological ground — Blonia Nadbuzanskie
and the pasture near Tyszowce village (currently planned reserve Pastwiska
nad Huczwa) — Figure 2d. In addition, sousliks were found scattered at several
sites in Zamo&é Region (GONDEK 2004, PISKORSKI 2004).

On the basis of the collected data, a detailed analysis of the sousliks
population for the years 2006-2015 was carried out. In 2006, there were 10.5
thousand individuals in monitored cohesive colonies (Figure 3). In the years
2008-2009, the number of populations dropped significantly to less than 4.5
thousand individuals. Next years are characterized by the restoration of the
species population to 7.5-9.3 thousand. Recent data inform about 8 thousand
sousliks in 2015 (Figure 3). The trend line for the analyzed decades indicates
statistical stabilization of the population for that period. Despite the fact that
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between 2006 and 2015 the similar total number of sousliks was reported, it
consists of individuals living in different locations. While in 2006, the vast
majority of species (9800 individuals, >90% of the population) were associated
with anthropogenic colony at the airport in Swidnik, then in 2015 the
population of sousliks living in colonies Popéwka and Susle Wzgérza was
dominating (respectively: 71.5% and 23%).
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Fig. 3. The number of spotted souslik populations in compact colonies in the years 2006—2015
(A - Gliniska, B - Hubale, C - Pastwiska nad Huczwa, D - Susle Wzgbrza, E — Popéwka, F' — Airport
Swidnik, G — Wygon Grabowiecki, H — Blonia Nadbuzanskie)

Predominant in population in 2006 colony at the Swidnik Airport is an
example of “temporarily” successful, although unplanned introduction of
spotted souslik. It was created as a result of bringing dozens of individuals
from Chochléw (now reserve Su§le Wzgorza) and releasing them into a favor-
able habitat in the 1970’s (PROCHNICKI et al. 2008a). Since 2006 spotted souslik
population in Swidnik have plummeted to only a few individuals in 2010
(Figure 4f). The reason for this situation was probably an unnatural over-
crowding. Another factor threatening the population was its isolation. It has
led to restrictions and so small (“founder effect”) genetic variation within the
colony, which was the subject of detailed studies (GONDEK 2004, BIEDRZYCKA
2008, BIEDRZYCKA and KONOPINSKI 2008). Each decline even further reduced
genetic variability of the population through genetic drift (ERMAKOV et al 2002,
GONDEK 2007, P1LoT 2009, L.OMNICKI 2009). In order to rebuild the population
of sousliks in Swidnik, 150 and 60 individuals from the reserve Popéwka were
introduced in 2011 and 2014. In 2015, the population amounts to 152 individ-
uals (MECZYNSKI et al. 2015).
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Fig. 4. Population of spotted sousliks in compact colonies in the years 2006-2015: a — Gliniska;
b — Hubale; ¢ — Pastwiska nad Huczwa; d - Susle Wzgérza; e — Popéwka; f — Airport Swidnik;
g — Wygon Grabowiecki; & — Blonia Nadbuzanskie

In contrast to the declining population of sousliks at the Swidnik Airport
number of species in the reserves Popéwka and Suéle Wzgoérza was gradually
increasing (Figure 3). In Popéwka reserve in the years 2006-2015 the popula-
tion of sousliks increased from 249 to more than 5.5 thousand, exceeding
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7 thousand individuals in 2012 (Figure 3e) — it determined the capacity of the
reserve. Data from the year 2006 (249 individuals) should be treated with
caution, as surprising is the fact of 10-fold increase in the number of sousliks
year-on-year, to 2577 individuals in 2007 (MECZYNSKI et al. 2006, MECZYNSKI et
al. 2007). At the same time in the reserve Su§le Wzgérza there was an increase
of the population from 449 to 1820 individuals at present, with a maximum
ratio amounting to 2164 individuals in 2012 (Figure 3d). The increase of the
sousliks population in these two sites is probably largely the result of active
protection. Since 2000, the following programs have been implemented: “Con-
servation of spotted souslik habitats in Zamo§é Region/in Poland”, “Conserva-
tion of natural habitats and species in the Natura 2000 sites in the Lublin
voivodship” and “Implementation of protection assignments for the Natura
2000 sites and nature reserves in the Lublin voivodship” under the supervision
of the Regional Directorate of Environmental Protection (RDEP) in Lublin
(PROCHNICKI et al. 2008b, RDEP data). The main aim of these activities is to
increase the number of animals by restoring the optimal habitat conditions for
the sousliks. Conservation activities such as grazing and/or systematic mowing
of the vegetation, cutting thickets of trees and shrubs, turf reclamation by
reseeding plants preferred by sousliks and fertilization, which were carried out
under the project, allowed for the restoration of grazing character of the
protected objects (RDEP data).

After 2006, at the sites Pastwiska nad Huczwa, Hubale and Wygon
Grabowiecki a trend of decline is indicated, which led to the disappearance of
the population existing there in 2013 (Figure 4c, b, g). This happened despite
the measures implemented to improve the habitat conditions. The reason for
the extinction could be too small population (several-dozen of individuals),
insufficient for its rebirth. It is assumed that the minimum number of
individuals required to rebuild the population of sousliks is 150 individuals
(MECZYNSKI et al. 2014). Another factor contributing to the loss of such a small
population could be adverse weather conditions in winter 2012/2013 and rainy
period of heat (personal communication from RDEP). As part of the ongoing
programs, attempt to restore populations of sousliks was undertaken by
reintroductions of sousliks in 2014 in the reserves Hubale (80 individuals) and
Gliniska (150), where the sousliks were extinct in the early 90’s, and in the
nature reserve Pastwiska nad Huczwg in 2015 (120 individuals) — Figure 4.
The animals were obtained from the Popowka site. Today, the worst situation
is in the reserve Wygon Grabowiecki where since 2013 the population has not
been existing. Unfortunately there is no current data to the site Blonia
Nadbuzanskie where sousliks died out in 2008. Since 2009 the monitoring has
not been carried out there.
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Conclusions

The last sixty years show that Polish population of spotted souslik is highly
unstable. Since the 1950’s, when it was estimated at approx. 70 thousand
individuals, number of species has been gradually decreasing to about 10
thousand today. This was due to natural factors, and — especially — an-
thropogenic ones. Conservation activities in the last decade has led to a relative
stabilization of souslik population in the Lublin Region. Regardless of a similar
total population of individuals of the species, changes in individual colonies are
very large and move in different directions. Populations numbering several
hundred individuals in favorable habitat conditions are able to increase their
numbers, even to the limits of the capacity of the habitat, and maintain it
(Popéwka, Susle Wzgérza). In contrast, the dynamic growth of the artificially
created population in favourable habitat conditions has led to overcrowding of
the colony (Swidnik). Along with a small genetic variability it resulted in a total
collapse of the population. On the other hand, small populations, numbering
from a few to several dozen individuals, even in the good habitat conditions are
not able to be reborn (Pastwiska nad Huczwa, Hubale i Wygon Grabowiecki). To
the restoration and maintenance of historic sites of spotted souslik in Poland,
further action within the framework of active conservation is needed. Apart
from maintaining habitats in an optimum state for a species, to reproduce small
or extinct populations subsequent reintroductions are necessary. To avoid
inbreeding depression and increase the genetic variability of the Polish popula-
tion of sousliks the best solution is to introduce the individuals from Ukraine,
where sousliks are still in a good condition. It is hoped that consistent measures
will save Polish population of spotted souslik from annihilation.
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Abstrakt

Przeanalizowano zagospodarowanie turystyczno-rekreacyjne Jeziora Drweckiego w Ostrodzie.
Sposoéb zagospodarowania, bogata oferta gastronomiczna i noclegowa oraz atrakcje zwigzane
z mozliwo$cig uprawiania sportéw wodnych i organizowania imprez masowych przyciagaja w sezonie
letnim wielu turystéw i mieszkahcéw miasta. Zbadano takze wplyw form uzytkowania turystyczno-
-rekreacyjnego na Srodowisko przyrodnicze Jeziora Drweckiego, wyznaczajac wskazniki stopnia
obcigzenia strefy brzegowej (K) oraz klasy obciazenia jeziora. Stwierdzono, ze obydwie strefy — ladowa
oraz wodna — sg w znacznym stopniu obcigzone z powodu intensywnego zagospodarowania prze-
strzeni oraz intensyfikacje réznorodnych form uzytkowania turystycznego i rekreacyjnego. Moze to
by¢é przyczyng nadmiernej presji antropogenicznej i wplywaé negatywnie na przeobrazanie obszaréw
zlokalizowanych wokél Jeziora Drweckiego. Obecna sytuacja moze doprowadzié do nadmiernej
degradacji wod jeziora i w efekcie obnizy¢ walory turystyczne tego obszaru.

Introduction

Lakes can be an attractive tourist destination not only because of the
quality of lake water or their size (DUDA-GROMADA et al. 2010, REMENYIK et al.
2013). What matters is also the visual quality of a lake’s surroundings, which
frequently depends on buildings or woods on the lake’s shores (FURGAELA-
-SELEZNIOW et al. 2012, POTOCKA 2013). For the recreational use, the most
valuable are lakes with clean water, gently sloping shores, sandy bottom and
lying in an afforested catchment (KOZUCHOWSKI 2005, SERAFIN et al. 2014,
TANDYRAK et al. 2016). Another important aspect is the tourist and recre-
ational development of the adjacent land, which can attract both local resi-
dents and visitors (DUDA-GROMADA et al. 2010, HALL 2010, RYAN et al. 2010,
HAKUC-BrAZOWSKA and TURKOWSKI 2013).

The use of lakes for tourism and recreation often creates negative influen-
ces on the environment, giving rise to conflicting situations between the
hospitality industry and environmental protection (BNINSKA 2000, DUNALSKA
et al. 2015, TANDYRAK et al. 2015). Excessive numbers of tourists in areas
around water bodies, which have a specific tourism capacity, stimulates an
anthropogenic pressure and causes degradation of nature (CURTIS 2003). The
adverse impact of accumulated tourist traffic arises from such events as grass
trampling and burning, ground damage by cars, littering, atmospheric pollu-
tion, for example with exhaust fumes (KRUKOWSKA and KRUKOWSKI 2013). All
these negative circumstances threaten both plants and animals. When the
number of visitors coming to a given place seems exaggerated, tourists and
residents feel uncomfortable, which can trigger outbursts of aggression
(PuczkO and RATZ 2000, SUPREWICZ 2008, PAWLIKOWSKA-PIECHOTKA 2009).

The land development for the tourism industry leads to transformations
of the lithosphere (FURGALA-SELEZNIOW et al. 2011, PASEK and NOWAK-ZALESKA
2011), changes in the hydrosphere (quantity and quality of waters) (SKRZYP-
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CzZAK et al. 2011), increased traffic and noise, higher emission of waste
(SIKORSKA-WOLAK 2004) and even climate changes (PATTERSON et al. 2006).

SKEODOWSKI (2009) lists numerous factors connected with water tourism
which have an adverse impact on water environment and woods. They include
pollution of the habitats of fish and invertebrates caused by two-stroke
engines, which emit to water between 10 to 20% of the used diesel oil and fuel
mixture (nitrogen oxide, hydrocarbons, carbon, sulphur oxides, lead com-
pounds, PAHs), chemical poisoning of animals due to spills of oil and fuel while
filling up cars (lead(IV) oxide, ethyl bromide, short- and long-chain hydrocar-
bons, dichloroethane, phosphorus, zine, sulphur oxides, etc.), water contami-
nation due to discharge of wastewater with chemical compounds to lake waters
rather than at marinas (about 25% of boat users), introduction of detergents to
lake waters by swimmers who apply sun protection creams or persons who
wash up dishes in lake waters using detergents.

Another source of negative impact is the creation of waves and turbulences,
responsible for the erosion of the lake bottom and shores as well as the soil
leaching around tree roots, which may then fall into the water. Defects
observed along the shores are attributed to a variety of causes, for example
anchoring of boats (BRAMWELL and POMFRET 2007, KURLETO 2014), bathing,
hiking, camping or digging holes in the ground serving as earth closets, digging
steps in the ground for easier access to the lake when fishing, damaging plants
with oars or boat propellers, frightening animals with the sounds and views of
moving boats. Finally, there is a notable negative influence of land engineer-
ing, e.g. transformations of shores, construction of embankments, the leveling
of ground (SKEODOWSKI 2009).

Overtly intensive plans for the spatial management of areas around
natural water bodies are frequently a cause of excessive pressure and trans-
formations of the natural environment (HAKUC-BLAZOWSKA and CYMERMAN
2011). As a consequence, a completely transformed area may preclude any
tourist or recreational function.

The essence of this study has been to evaluate Drweckie Lake, in Ostréda,
regarding its appeal to tourists and possible use for tourism and recreation.
The assessment was followed by an analysis of the effect of land management
for tourism and recreation as well as the forms of recreational use available
today on the burden to the natural environment in the lake’s shoreline
zone.
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Material and Method
Research object

Drweckie Lake lies at the latitude 53°42’ 57°° N 19 and longitude 55’°11” E
in the Mazurian Lake District in Poland, in the catchment of the rivers
Drweca and Vistula. Location of Drweckie Lake is presented in Figure 1. The
lake’s surface area is 880.8 ha. There is an islet Ostréw on the lake, covering
10.8 ha. The maximum length and width of the lake are 15,500 and 1,100 m,
respectively. The maximum depth is 22.3 m, and the average depth is 5.7 m.
The shoreline length is 40,600 m and shoreline development index is 3.86
(CHOINSKI 1991, DARMOCHWAL and RUMINSKI 1996).

Y, Aol
0 200 km = X
| I I

Fig. 1. Location of Drweckie Lake (NE Poland; The Mazurian Lake District)

The southern shores are flat, wooded and waterlogged. To the north, the
shores are high and sometimes steep, descending towards the lake. Most of
the lake’s surroundings are covered in forests, especially in the north and off
the northern part of the lake’s shoreline called the Samborowska Channel.
The bottom is irregular and muddy, same as the slopes of the shoal (WALUGA
and CHMIELEWSKI 1996).

According to the 2014 data the lake belongs to class II of degradation
sensitivity, which means it is relatively resistant to the impact of its catch-
ment. The lake waters were classified between water quality class III and
classless category (Informator turystyczno-przyrodniczy 2014).
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Methodology

The data collected during the field observations in the spring of 2014 were
plotted onto topographic maps (Figure 2) and a satellite map of this area, so
as to illustrate the current state of the land management for tourism and
recreation around Drweckie Lake in the town limits of Ostréda. The shore
zone was divided into the land and water parts. The land shore zone is the
area from the shoreline into the land over a distance of 200 m, and it has been
divided into sections 500 m in length along the lake’s banks. The water shore
zone is the area from the shoreline into the lake, 100 m wide and likewise
divided into 500-meter sections along the banks.

The total surface area was determined as well as the areas under different
forms of development for the tourist and recreational purposes (planimetric
representation — Sokkia Placom KP 90 N planimeter).

Each distinguished area (P; — area under different types of tourist use)
was assigned valuation scores (B;), which should differentiate between the
types and direction of impact on the natural environment, according to the
indicators proposed by MIKA (2004) and FURGALA-SELEZNIOW et al. (2011).
The total area (P,) of the designated field is a unit valid for the sum of
products of the determined valuation scores and the character of a given area.
The index of the burden to the natural environment in the lake shore zone
(K) was derived from the formula (MikA 2004):

P; - Bi

K=Y —p

K - index of tourism infrastructure burden on the natural environment in
the lake shore,

P; - area under different types of tourist use,

B, - valuation score,

P, - reference unit area (total area of designated field).

The calculated value of the shore burden index (K) and lake burden class
served to estimate the degree of impact produced by individual forms of
tourism and recreation on the natural environment in the shore zone of
Drweckie Lake, in accordance with the guidelines specified in Table 1.
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Table 1

Class burden indicator of the natural environment for a specific character recreational use of lake’s
shoreline (Mika 2004)

Class of lake’s shoreline burden Degree of lake’s shoreline Value range of K indicator
burden
I considerable > 0.1
II moderate 0.1-0.01
II1 slight < 0.01

K - index of tourism infrastructure burden on the natural environment in the lake shore (shore
burden index)

Results

Description of the development and management for tourism
and recreation of Drweckie Lake in the town limits of Ostroda

The field observations carried out in 2014 verified good accessibility of
Drweckie Lake from the western and southern sides, near urbanized areas,
where there are numerous foot paths and a bikeway. The shores are well
maintained. Litters are almost absent and found only sporadically close to
some buildings.

The tourist and recreational development around Drweckie Lake com-
prises such facilities as the Marina, the premises of the Ostr6da-Elblag Cruise
Company, an amphitheatre, a stadium, the Willa Port Hotel, the Promenada
Hotel, many restaurants, a water-ski lift, a caneoing track, a lifeguarded
bathing beach, small jetties, a pier, summer cottages, water equipment
rentals, a fountain and a playground.

Drweckie Lake marks the beginning of a cruising trail on the Elblag
Canal. The canal, recently renovated, is equipped with a system of lifts for
ships that is unique in the world. In order to surpass a 100-meter difference
in water table levels, boats enter carriages which are then pulled over five
consecutive inclined planes. The mechanism is powered by the water flow in
the canal. In 2012, a Decision of the President of the Republic Poland was
passed that instituted the Elblagg Canal as a Heritage Site.

Other popular water trails are the Ostréda-Stare Jablonki Canal, the
John Paul II Trail from Ostréda to Itawa, the Drweca River Trail, as well as
the trails connecting Ostréda and Torun, Ostréda and Taboérz, Ostréda and
Idzbark, Ostréda and Elblag and many others connecting to such lakes as
Pauzenskie, Szelag Wielki and Szelag Maly. The section of the trail from
Milomlyn to Ostréda runs through some waterlogged areas, which necessi-
tated the construction of four locks: Milomlyn (water elevation of 2.8 m),
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Zielona (1.4 m), Ostréda and Mata Ru$ (1.4 m), which are now an additional
technical attraction for tourists (STACHURSKI 2002). The company Zegluga
Ostréodzko-Elblagska Sp. z 0.0 in Ostréda, which was founded in 2011, is
currently among the best thriving cruise operators in the western part of
Mazury.

Drweckie Lake is an excellent destination for the pursuit of all types of
water sports and active pastime. Among the recreational facilities there is
a waterski lift, which was installed in 2009. It is 800 m long and can be remote
controlled from the shore. The lift can serve 9 users at a time. There is some
expensive infrastructure on the shore, for example a building with changing
rooms and showers for waterskiers, and an equipment rental. The estimated
number of waterskiers and wakeboarders using the lift each season is several
thousand. The water lift attracts both amateur and professional athletes who
practice water sports. Since 2010, the All Poland Wakeboarding Champion-
ships have been held on Drweckie Lake. In 2014, Ostréoda hosted the
European Wakeboarding Championships. In 2009, two Olympic-size oar
racing tracks (1000 and 500 m) were opened on Drweckie Lake. Last but not
least, there are several boat races taking place in Ostréda, which all attest to
the rich tradition of water sports in Ostrdda.

A large pier stretching lakeward out from the shore of Drweckie Lake is
the largest construction of this type in Polish inland waters. At the far end,
there is a big gazebo and a wooden promenade around it, over the lake waters,
which is used for walks, social meetings but also for open-air concerts in the
summer. There are benches and some carved wooden statues on the pier.
Nearby, there are many cafes and restaurants as well as hotels and hostels,
serving needs of all tourists.

A roofed amphitheatre, co-funded by the European Union, was construc-
ted near the lake’s shores in 2012. This is the largest roofed amphitheatre in
Warmia and Mazury and has become a venue of various artistic and cultural
events, including summer shows of cabarets, music concerts, theatrical
performances, all drawing crowds of local residents and visitors (for example,
the Dance Music Festival Preselection, the Sea Days, the Days of Ostréda, the
Stars Olympic Games and supporting concerts, the Ostréda Reggae Festival).
In the same year, a municipal fountain with an audiovisual system of
colourful lights and musical sounds was built. The fountain’s central element
is a statue of a fisherman.

Preparations for the Euro 2012 Games in Poland included the construc-
tion of a stadium with football pitch and the renovation of Collis Park near
Drweckie Lake. The football pitch was created mainly for playing football
matches. It is classified as auxiliary infrastructure. It is equipped with
additional sports and recreational facilities and devices, for example two
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tennis courts, a climbing wall, a skateboarding ramp and a roofed ice rink.
There are also toilets, showers, changing rooms, and rooms for medical and
uniformed services. The youngest generation was taken into consideration
when restoring Collis Park. There are table tennis tables, a rope park, an
open-air gym, fitness paths, a basketball court and a mini golf course.

There is a bathing beach near the park and a hotel. The beach has the
most favourable location as it is well exposed to the sun and presents high
landscape values. This is a large beach with good access to the lake’s shores.
It is also easily accessible to visitors, who are offered such infrastructure as
changing rooms, toilets, a first aid point, and a water equipment rental. This
bathing beach is an example of a developed facility, adapted to seasonal use,
with a designated although unguarded bathing area and a jetty (in 2014).
There are other water equipment rentals, for example at the Morliny Sailing
Marina, the LOK marina or the Sokdét Sports Club, which rent equipment to
tourists for charge fees.

Indicators defining the degree of impact of tourism on the natural
environment of the lake’s shore zone

Values of the indicator (K) reflecting the load on the lake’s shore zone
(both land and water) were determined in relation to various types of tourism
and recreation activities. Subsequently, classes of the burden to the natural
environment in the shore zone were assigned (Table 2 and Table 3). The
forms of land development for tourism and recreations identified within the
shore zone of Drweckie Lake in the town limits of Ostréda are presented in
Figure 3.

The land and water shore zone of Drweckie Lake was divided into 7 fields
of different surface areas, adding up to 67.723 ha of the land (Table 2) and
32.138 ha of the water shore zone (Table 3).

The highest degree of loading onto the lake’s natural environment was
detected in fields 5 and 6 (Figure 4), where the dominant land use types are
accommodation and active recreation facilities for tourists, which are
examples of permanent land development and therefore most strongly stimu-
late denaturalization of the environment (Figure 3).

In field 6, where the degree of burden was the highest, the land shore zone
K index reached 1.09, which corresponds to class I of natural environment
load (Table 2, Figure 4). The underlying cause was the presence of sports
facilities, such as a stadium and tennis courts. Moreover, much of this part of
the lake’s shores is occupied by a hotel and three other, smaller guesthouses.
There is also Collis Park near the stadium but it is less of a burden than the
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Table 2
Evaluation of the influence of various forms of tourism and recreation on the environment of land
shore zone of Drweckie Lake in the town limits of Ostréda

Area The forms of tourist exploit — area [ha] | valuation score (B;)
N b £ land Pl; Pz; PS; P4; P5 _ Symbol of area for different kind
un} €r| o han of tourist impact
0 shore
field zone tourist Active recreation other
[ha] settlement areas recreationall P | P [P | P | P
P, P, Py P, P 1(2|3|4]|5 K K,
1 8.6950 - - - - 3.6300 -{-1-1-1110420 I
2 9.6550 0.0640 0.0620 | 0.0560 | — - 5|43 ]|-1|-1]0.080 II
3 7.7260 - - 0.1000 | - - -1 -13]-1]-10040 1II
4 13.2210| 0.2040 0.3090 | 0.1100 | - 1.5100 514 |13|-1]11]0430 I
5 8.3140 1.4580 0.0091 | 0.1100 | - 1.1900 514 |3 |-1]11]1060 I
6 10.7180| 0.3390 1.8940 | 0.1200 | — 2.0600 514 (13|-1]11]109 I
7 9.3940 0.7090 0.6080 | 0.0900 | - - 5(4|3|-1|-10660 I
Total |67.7230| 2.7740 |2.8821 |0.5860 0.0| 8.3900
K - shore burden index; K; — class burden index
Table 3

Evaluation of the influence of various forms of tourism and recreation on the environment of water
shore zone of Drweckie Lake in the town limits of Ostréda

K - shore burden index; K; — class burden index

Area The forms of tourist exploit — area [hal] VFluztlifcf)n scir;:. (ﬁi)
Py; Py; Ps; Py; Ps — Symbol of area or different xin
Nun}ber of }\ivater o fe B B TRy of tourist impact
0 shore
field zone tourist Active recreation other
[ha] settlement areas recreationall P | P [P | P | P
P, P, |P;| P, P. 112|345 K K
1 4.9500 - - - - - -|=-1-1]-1-10.000 III
2 4.7690 - - - 10.0314 - -|-1-121]-1]0.0138 II
3 4.8740 —_— - - - - -|-1-1-1-10.000 III
4 3.7750 - - - 10.0074 - - | =-1-121]-10.004 III
5 4.7110 - 1.6850 | — | 0.0091 - -4 | -12]|-1]1430 I
6 4.2270 - 0.3130 | — | 0.0070 - -4 ]|-12]-1]0300 I
7 4.8320 - 1.7360 | — | 0.0041 - -4 |-12]-]1440 I
Total |32.1380 0.0 3.7340 (0.0 | 0.0590 0.0

other elements of permanent land development. Another example of develop-
ment for tourism and recreation is the foot and bicycle path along the lake.
The water shore zone in this field comprises a jetty and part of a canoe track,
which correspond to forms of the recreational use of lake waters — K index
reached 0.30 (Table 3, Figure 3).
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Fig. 3. The forms of development of tourist and recreational in the shoreline zone of Drweckie Lake
in the town limits of Ostréda

[ 1 degree (considerable)
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M degree (slight)

Fig. 4. The degree of burden the shoreline of Drweckie Lake caused by the land development for
tourism and recreation
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The second most heavily burdened field is the one designated number 5,
where the land shore zone K index was 1.06, which also corresponds to the
natural environment burden class I (Table 2, Figure 4). There are four
accommodation facilities in this field, including 3 exclusive hotels, and
several other summer apartments. There is an amphitheatre next to a hotel,
a hardened surface car park and a water equipment rental with changing
rooms. The catering industry is represented by a tavern and hotel restaur-
ants. The bicycle and foot path runs along the lake’s shores. There are also
some green areas. The water part of this field was assigned the environment-
al load index value of 1.43 (Table 3). The reason is the waterski lift
with a jetty, which attracts high numbers of tourists in the summer season
(Figure 3).

Other fields classified to the first class of environmental burden (land
shore zone) are the ones numbered 1, 4 and 7 (Table 2, Figure 4). Field I is
dominated by woods and green areas (Figure 3). Field 4 contains such
elements of permanent land development as a lodging object with a casino,
cafes and restaurants, including one in the shape of a ship. There are also
green areas, a playground for children and a bicycle and foot path. The water
part of the field 4 is occupies by the pier, which puts the field into class III of
environmental burden (slightly loaded) — Table 3, Figure 4. Field 7 has such
elements of land development as the recently opened Plaza Hotel with an
unguarded beach and a water equipment rental, and a private residence. The
water part of the field has been assigned a distinctly high value of the
K index, i.e. 1.44 (considerable load), due to the presence of a jetty and part of
the canoe track (Table 3, Figure 3).

The remaining fields 2 and 3 belong to class II land zone burden
(moderate load) (Table 2, Figure 4). Except for a marina and a water
equipment rental, the land parts of these fields do not comprise any signifi-
cant tourist industry amenities. There is a cycle and foot path, same as in the
other fields of the lake’s shoreline. The water part of field 2 contains 9 small
wooden jetties (Figure 3), which also corresponds to class II (Table 3,
Figure 4).

The index K for the land shore zone did not reach, in any of the fields,
such values that would classify the fields into class IIT of environmental load
due to excessively intensive land development for tourism and recreational
purposes (Table 2). Only fields 1, 3 and 4 in water part, where there were just
small jetties (Figure 3), had the K index values of less than 0.01 (Table 3) and
were classified as belonging to class III (slight load) — Figure 4.

Due to the high K index values representing the environmental burden
caused the land development for tourism and recreation (Table 4), both the
land and water shore zones belong to class I of the environmental burden.
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Table 4
Degree of land and water shore zone burden (K) of Drweckie Lake, and their class burden (K;)
Specificati K K,
peciiication shore burden index class burden index
Degree of land shore zone burden 0.52 I
Degree of water shore zone burden 0.47 I

Discussion

A degree of the transformation of nature by tourism depends on the
character and form of tourism (PuczkKO and RATZ 2000), level of tourism
industry development, planning and development of suitable infrastructure
(PoMmucz and CSETE 2015), organization and management of tourist traffic,
ecological awareness of tourists and the resistance of the natural environ-
ment to man-made pressure (MIKA 2000, BRAMWELL and POMFRET 2007).

A more intensive tourist flow often produced negative influences on the
natural environment (KRUKOWSKA and SWIECA 2012). The most common
adverse consequences are worse contamination of waters, air and soil,
degradation of the landscape, interference with the biological balance, the
littering of beaches and forests, and a higher level of noise (SIKORSKA-WOLAK
2004). When lakes are used for recreational purposes, the shoreline zones of
water bodies are exposed to the most severe environmental risk (FURGALA-
-SELEZNIOW et al. 2011). The underlying cause of degradation is the intensive
development of infrastructure for tourists and holidaymakers. This attracts
more visitors, including those who come to beaches for sunbathing and
swimming, to attend cultural and sports events, to ride motorboats or go on
cruise ships, etc. (DEJA 2001, KURLETO 2014).

Drweckie Lake is popular with many tourists for a number of reasons.
First, it is located centrally in a town and therefore it is easily accessible.
Second, the areas along the lake’s shores offer many places to stay overnight
(hotels, summer apartments, etc.) and to eat (restaurants, cafes). There is
also well-developed infrastructure for water sports and excellent facilities for
holding mass events. The lake attracts crowds of tourists and town residents
in the summer season (STASIAK and WELODARCZYK 2003, DAVID et al. 2007,
VASVARI et al. 2015).

Our research has demonstrated that both land and water shore zones
around Drweckie Lake are heavily burdened by various forms of land
development for tourism and recreation. Among the seven distinguished
fields, as many as five in the land zone, are considerably loaded while the
remaining two are submitted to moderate burden. In the water part of the
shore zone, 3 out of 7 fields have been determined to be considerably loaded,
1 field is distinguished by moderate burden and 3 other fields belong to class
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IIT (slightly loaded). This confirms that the growth of infrastructure and
increasing tourist attractiveness can exert strong pressure on the natural
environment (PUCZKO and RATZ 2000, FURGALA-SELEZNIOW et al. 2010, KRU-
KOWSKA and KRUKOWSKI 2013).

Strong man-made pressure applied to waters and shores of Drweckie Lake
is created by mass events. Crowds of people are drawn to the lake by
numerous attractions such as water sports shows and competitions. Conse-
quently, all the factors mentioned by SKLODOWSKI (2009) can produce adverse
influences on the transformations occurring in the natural surroundings and
waters of Drweckie Lake.

Factors that affect negatively the natural environment, when accumu-
lated intensively over a relatively small area, become an obvious threat to
nature. Moreover, they can also threaten any further growth of tourism and
recreation in this location because of the unwanted transformation of the
surroundings or deteriorated water quality (HALL and HARKONEN 2006,
PANTELIC et al. 2012, LOPES et al. 2016).

Our investigations have revealed certain threats to the shoreline area of
Drweckie Lake within the town limits due to the more and more intensive
land development for tourism and recreation. Meanwhile, it should be
emphasized that this is the most important water body that contributes to
the development of tourism and recreation in the administrative district of
Ostréda (NAWROCKA 2011, STASIAK and ROCHMINSKA 2011, SZWACKA-MOK-
RZYCKA 2012.). Hence, it is necessary to observe interactions between the
growth of the tourism industry and the state of the natural environment
(REMENYIK et al. 2013, Pomucz and CSETE 2015). It is advisable to foresee
whether the consequences of the lake’s degradation will force the municipal
authorities to undertake, some time in the future, costly efforts to reverse the
trend and restore the lake (L.OPATA 2013).

Conclusions

In this article, we draw attention to the importance of skilful spatial
management within the lake’s direct catchment. Another important point to
make is that lake protection efforts should involve such actions that prevent
excessive growth of infrastructure addressed to tourists. Denaturalization of
the environment within the shore zone of a lake may lead to its future
exclusion from use as a tourist destination due to unacceptable water quality.
Hence, constant monitoring of environmental consequences brought about
by the tourism industry is in order.

Translated by JoLaNTA IDZKOWSKA
Accepted for print 12.09.2016
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Abstract

Vegetables are a very important element of the human diet due to the fact that they are carriers
of many bioactive substances. Tomatoes are among them as a valuable source of dietary fibre,
antioxidants (carotenoids, flavonols, vitamin C, tocopherol). Unused tomato waste resulting from the
production of juice and paste can be used for making functional foods.

The aim of the research was to characterise tomato fibre as a carrier of bioactive substances and
assess its usefulness as a functional component of foodstuffs.

Our research results showed that tomato pomace is a rich source of dietary fibre and in particular
of its active fractions. However, the expected amounts of carotenoids including lycopene were not
found out in them. Still it reveals an ability to bind metal cations. The tomato preparation can be
regarded as a potential functional food additive.
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Abstrakt

Warzywa sa bardzo waznymi elementami pozywienia czlowieka jako noéniki wielu substancji
bioaktywnych. Do nich zaliczane sa tez pomidory jako cenne Zrdédio blonnika pokarmowego,
antyoksydantow (karotenoidéw, flawonoli, witaminy C, tokoferolu). W tworzeniu zywnoSci fun-
kcjonalnej moga by¢ wykorzystane powstale z produkcji sokow i przecieréw niezagospodarowane
odpady pomidorowe.
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Celem badan byla charakterystyka mltéta pomidorowego jako nos$nika substancji bioaktywnych
i ocena jego uzytecznosci jako skladnika funkcjonalnego zywnosci.

Wykazano, ze mléto pomidorowe jest bogatym zrédlem blonnika pokarmowego, w tym
w szczegolnosci jego aktywnych frakeji. Nie stwierdzono w nim natomiast spodziewanej iloéci
karotenoidéw, w tym likopenu. Wykazuje ono zdolno§é do wigzania kationéw metali. Preparat
pomidorowy moze byé uznany jako potencjalny funkcjonalny dodatek do zywnosci.

Introduction

Vegetables as carriers of numerous bioactive substances are very important
components of the human diet. Tomatoes are among the most popular
vegetables in our country. They are a rich source of antioxidants (carotenoids,
flavonols, vitamin C and tocopherol) and potassium. What is more, they
contain very valuable from a nutritional point of view components such as:
vitamins D, K and from the B group as well as dietary fibre (BOROWIAK 2007,
FANASCA et al. 2006).

As a source of antioxidants tomatoes are first and foremost associated with
the presence of carotenoids. Carotenoids are a group of bioactive compounds
which in plants fulfil a protective role and the main pigment in tomatoes —
lycopene - is responsible for the characteristic red colour of the fruit. In ripe
tomatoes lycopene makes 80-90% of all caretonoids.

Dietary fibre is a natural component of plants; it is a mixture of compounds
resistant to the activity of digestive enzymes in the human digestive system.
Admittedly, dietary fibre has no nutritional value but is indispensable in a diet
as it fulfils other pro-health functions. Soluble fibre has the ability to reduce
the levels of LDL cholesterol and at the same time improves proportions
between the desirable HDL and undesirable LDL fractions, and slows down
the hydrolysis and absorption of nutritional components. The insoluble fibre
fraction stimulates peristalsis and accelerates the flow of intestinal contents.
The ability to bind heavy metals is a particular advantage of dietary fibre
(BARTNIKOWSKA 1995, BORYCKA 2012, GORECKA 2004).

It is worth mentioning that a lot of research points to a correlation between
consumption of tomatoes and their products and reduced risk of cancer
diseases (BOURN and PRESCOTT 2002, SHI and LE MAGUER 2000).

In Poland tomatoes are a valuable raw-material used in the fruit and
vegetable processing industry. Literature data (ZALEWSKA-KORONA and
JABLONSKA-RYS 2012) indicate that ca. 150 thousand tonnes of field-grown
tomatoes, i.e. ca. 50% of entire crops, are processed annually, mainly into
a tomato concentrate and to a lesser degree into juices, ketch-up and other
sauces; in smaller amounts — into canned tomatoes and as additives to meat,
fish and vegetable products. A post-production waste in these processes is
tomato pomace.
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On the one hand, worldwide trends in waste management aim at convert-
ing as much waste as possible into useful products; on the other hand,
investigations are carried out into the ways of minimising the risk for the
natural environment not only by eliminating waste but also by converting it
into useful components (OKONKO et al. 2008). The most popular way of fruit
and vegetable waste management, including pomace management, is using it
for fodder due to the high contents of such components as: organic acids,
nitrogen-free compounds, saccharides, fatty substances and vitamins. The
result is reducing the costs of feeding animals (SWIATKIEWICZ and KORELESKI
2003, TARKO et al. 2012). Fruit and vegetable pomace, when used for the
production of ethanol, can become an important source for biofuel. Fermenta-
tion of saccharides into alcohol is perceived as one of the best methods to get
out the cumulative energy from the biomass (CHATANTA et al. 2008). Fruit and
vegetable waste is also a rich source of dietary fibre. What is more, the colour
fruit and vegetable waste can be a source of natural, biologically active
pigments (and tomato pomace is a carotenoid carrier).

Tomato pomace is also used in beauty and food sectors. It is worth
mentioning that in 2011 J. Bajerska from Poznan University of Technology
prepared special rye bread on the basis of the tomato pomace enriched
leavening. The product was a finalist of the 2011 Poznan Invention Competi-
tion (Portal innowacji. 2013). It was the inventor’s intention to make the
product counteract obesity and factors contributing to the development of
sclerosis and diabetes and at the same time be tasty. However, a considerable
part of this valuable raw material goes to rubbish dumps.

The aim of our investigations was to characterise tomato pomace as
a bioactive substance carrier and to assess its usefulness as a functional
component of foodstuffs.

Materials and Methods

In our work we used tomato pomace obtained during the tomato concen-
trate production in the Fruit and Vegetable Processing Industry Plant (ZPOW)
in Milejow.

In the organoleptic analysis we used canned patés which are commonly
available on the domestic market: Mazowiecki paté — PM and poultry paté —
PD.

In the investigated preparations we determined the TDF (total dietary
fibre) content by means of the AOAC method (PROSKY et al 1984) in the course
of which the ash content was determined and the Kjeldahl method was used to
determine the amount of protein. To determine the complete chemical compo-
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sition of fibre preparations, the fat content was determined in the ether extract
using the Soxhlet method as it is recommended by Polish standards (KUELAS-
-KRELOWSKA 1993). Moreover, the saccharide content in the fibre samples was
determined according to the AOAC reference procedures (AOAC 1990). Soluble
and insoluble parts of dietary fibre were determined by the Aspa method (Asp
1983).

In the investigated preparations dietary fibre fractions (cellulose, hemicel-
lulose, lignin) were determined by the detergent method according to Van
Soest, and McQueen and Nicholson (VAN SOEST and MCQUEEN 1973,
MCQUEEN and NICHOLSON 1979).

Total pectin fractions were isolated in high temperatures with the use
of 0.5 M HCI according to the procedure developed by KING (1987) whereas the
water soluble fraction was isolated by Kawabata’s extraction method (KAWABATA
1997). To determine the uronic acid contents in extracts we used Bitter’s
borate-based spectrophotometric method (KEYSZEJKO-STEFANOWICZ 1972).

The cation-exchange capacity was determined on the basis of MCCONNELL’S
procedure (MCCONNEL et al. 1974).

Mineral characteristics of pomace preparations included dry mineralization
of samples and atomic absorption spectrometry (AAS) (KULAS-KRELOWSKA
1993). To determine cadmium and lead contents we used the flameless method
with use of the graphite cuvette.

In all investigations the average of was calculated from 9 measurements.

The sensory evaluation based on a 5-point scale reference card for meat
patés (PIECZONKA 1995) was carried out by a panel of 11 persons of verified
sensory sensitivity and meeting the requirements of the PN-ISO standards
(8586-1:1996, 8586-2:1996, 6658:1998). They evaluated: general appearance
and colour, texture, taste and flavour of meat patés with and without additives.
The following importance coefficients (determined by the experts’ estimation
method) were attributed to particular product characteristics: 0.15 - to
appearance and colour, 0.25 — to texture and 0.60 - to taste and flavour. Using
the importance of particular characteristics, the sensory evaluation of total
quality was calculated.

By comparing two independent samples and two dependent samples (Stu-
dent’s t-test) (DOBOSZ 2001), it was analysed whether the tomato pomace
additive to a paté had any impact on the sensory quality of the final product.

Results and Discussion
The investigated preparation was characterised by an orange red colour.

The examined tomato waste contained ca. 12% of fat, significant amounts
of proteins (ca. 21%) and small amounts of total saccharides (ca. 8.5%) — Table 1.
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The research by Del Valle and co-workers (DEL VALLE et al. 2006) confirms the
above contents of proteins (ca. 19%), although indicates lower by half levels of
fat (ca. 6%) and higher contents of total saccharides (ca. 26%).

Table 1
Chemical characteristics of tomato pomace (on a dry matter basis (DMB))
Components Parameter xS,
Protein n - 6.25 [%] 21.06 + 0.92
Fat [%] 13.92 + 1.19
Saccharide content total saccharides content [%] 8.42 + 0.08
saccharose content [%] 0.11 £ 0.01
Bioactive components carotenoid content [mg/100 g 1.52 + 0.03
lycopene content [mg/100 g] 0.004 + 0.001

The differences in determinations can be caused by different varieties of
the raw-materials used in processing, the country of origin and applied
research methodology. On the other hand, PACHOLEK (2010) determined
a similar protein content in tomato pomace (ca. 24%) and considerably higher
in tomato seeds (ca. 33%), and higher, almost twice as high, fat content (in
pomace and seeds — ca. 21% and 22.5%, respectively).

Carotenoids can be a particularly important bioactive component of tom-
atoes and tomato waste. Research work reveals that they can reduce or stop
negative changes in foods (CLINTON 1998, HARMULKA and WAWRZYNIAK 2004).
Lycopene and fS-carotene are among basic carotenoids appearing in tomato
fruits. The composition and content of carotenoids in tomatoes, and in particu-
lar of lycopene, depend to a large extent on the fruit variety and its ripeness.
According to Sadler (SADLER et al. 1990) the average lycopene content in
field-grown tomato varieties can range between 4.0 to 11.0 mg/100 g, whereas
Harmutka and Wawrzyniak (2004) speak about the levels of 0.9 + 7.74 mg/100 g
of fresh mass, depending on the fruit variety and ripeness.

The investigated tomato waste proved to be a rather poor source of
carotenoids, the content of which was determined at the level of 1.5 mg/100 g,
including only 0.004 mg/100 g of lycopene. In the available literature on the
topic no information was found concerning the morphological structure of the
tomato and the location of carotenoid (including lycopene) particles in it,
therefore we can only make conjectures about the causes of this phenomenon.
Literature sources claim (HARMUEKA and WAWRZYNIAK 2004) that carotenoids
are very sensitive to oxygen, especially in high temperatures. It is worth
mentioning that after the raw-materials have been processed, carotenoids
including lycopene, are more easily accessible owing to a larger surface
of the processed products. Moreover, their chemical structure changes under
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the influence of temperature and they enter the processed products more
easily (HARMULKA and WAWRZYNIAK 2004). Thus it can be assumed that very
few of them remain in the pomace after the carotenoid rich paste has been
obtained.

The research results for tomato waste dietary fibre and its fractional
composition included in Table 2 show that it is a valuable source of fibre as it
contains 52% + 54% of total dietary fibre (TDF). It is worth mentioning that
this level is stable despite the application of different methods of its determina-
tion. The research results compared with literature data regarding other
vegetable waste also prove that the tomato preparation is characterised by
a high TDF level, in many cases much higher than that for other vegetable
waste. In their research Del Valle and co-workers (DEL VALLE et al. 2006)
obtained similar results for TDF contents (ca. 59%). The literature on the
subject gives different TDF values for other vegetable pomace; for example in
carrot pomace BORYCKA and GORECKA (2005) found ca. 65% of TDF, whereas in
sugar beet pomace Tarko and co-workers (2012) determined only ca. 13% of
total dietary fibre.

Table 2
Dietary fibre content in tomato pomace (on a dry matter basis (DMB))
Components Parameter [%] xS,
total TDF 52.60 £ 0.77
_ insoluble 50.13 + 2.76
soluble 4.29 + 0.40
NDF 48.42 + 0.44
Dietary fibre cellulose 15.15 £ 0.34
hemicellulose 10.80 £+ 0.53
lignin 22.76 + 0.36
total pectins 4.48 £ 0.14
water soluble pectins 0.12 £ 0.03

The investigated tomato pomace contains over 48% of detergent dietary
fibre (NDF), which in comparison to other vegetable waste is a significantly
high value (Table 2). For example: literature sources (BORYCKA and GORECKA
2005) quote its content in carrot pomace as NDF < 35%. It is worth noticing
that research results obtained by NAWIRSKA and UKLANSKA (2008) also point to
a significant effect of the carrot variety on the fractional fibre content in
pomace. Apparently the difference can reach as much as ca. 10% NDF. On the
other hand Schmidt and co-workers (1999) determined the NDF content in
tomato from the Cucurbitaceae family to be at a low level of ca. 15%.
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The presence of fractions containing reactive functional groups, i.e. lignin,
hemicellulose and pectins accounts for the dietary fibre functionality. Thus,
thinking about the pomace as a potential functional food additive the relatively
high contents of lignin and hemicellulose in comparison to other vegetable
waste (among others, carrot pomace) must be emphasised (BORYCKA and
GORECKA 2005, NAWIRSKA and UKLANSKA 2008). Apart from this, tomato
pomace is a rather poor (ca. 5%) source of pectins in comparison to, for
example, carrot pomace (ca. 8%) (BORYCKA and GORECKA 2005, NAWIRSKA and
UKLANSKA 2008). In comparison to fruit pomace it is characterised by signifi-
cantly higher contents of lignin and hemicellulose fractions, but a lower
content of pectins (BORYCKA 2000, 2012). The function of the above mentioned
presence of fibre fractions and at the same time an indicator of the ability to
bind, among others, metals including heavy metals, is the determined CEC -
i.e. ability to bind sodium ions (BORYCKA 2012).

Literature data indicate that ion-exchange resin capacity is related to the
number of ions which can be exchanged per unit mass of ion-exchange resin
and is defined in equivalents or millequivalents per a gram of the ion-
exchanger. McConnell and co-workers (MCCONNEL et al. 1974) proved that
a significant number of fibre varieties behave like a monofunctional resin
poorly exchanging a cation. However, it must be mentioned that fruits were
characterised by higher CEC capacity than vegetables (e.g. apples — 1.9 mE/g,
oranges — 2.4 mE/g, whereas carrots — 0.15 mE/g, and potatoes — 0.04 mE/g)
(GORECKA 2004).

In the case of tomato waste CEC was determined at the level close to that of
currant pomace and slightly lower than in apple-currant pomace preparations
of the same weight (0.26 mEq/1 g and 0.30 mEq/1 g, respectively) (BORYCKA
2000). It must be mentioned that both compared pomace preparations turned
out to be good sorbents for heavy metals, which lets us expect a metal sorption
ability in the case of tomato preparations (GORECKA 2004).

CASTERLINE and KU’s thesis (1993) that the presence of metals in the
environment can affect properties of acidic polysaccharides due to the creation
of insoluble metal-polysaccharide complexes is also worth remembering.

Research results included in Table 3 let us qualify tomato waste prepara-
tions as potential food additives because the levels of heavy metals contained in
them do not exceed the permitted level defined in the Minister of Health’s
Regulation concerning acceptable safe limits for chemical and biological con-
taminations in foodstuffs ( Rozporzadzenie... Dz.U. nr 37. poz. 326.).

To check the effect of a tomato additive on the sensory quality of selected
food products, a sensory analysis (5-point scale) of meat products enriched by
the investigated preparation was carried out (Table 4).



128 Bozena Borycka

Table 3
Contents of selected metals in the tomato fibre preparation
4
Quantity CEC Metal levels [ug/g + SD]
mE/g cd Pb
Content 0.22 £ 0.02 0.038 = 0.005 0.25 + 0.09
Table 4
Sensory analysis results for patés with the tomato pomace preparation additive
4 Additive Statistical measures
Product (%] P S,
0 4.13 0.47
» Poultry 1 411 0.53
Paté
L. 0 4.54 0.53
Mazowiecki 1 459 0.36
Table 5
Effect if the tomato pomace additive on the sensory quality of patés — results of Student’s ¢-test
Products compared “t-value”
Poultry paté PD-0 PD-BPOM 0.102
Mazowiecki paté PM-0 PM-BPOM 0.375

[The asterisk (*) means that the F-test value allows us to reject the null hypothesis (at the level
o = 0.05)

The arithmetic mean values of the evaluation on a 5-point scale imply that
a 1% addition of tomato pomace affected the sensory quality of the final
product, which was later verified by the Student’s t-test. This led to a thesis
that a tomato fibre additive to a paté affects the sensory quality level of the
final product.

The statistical analysis results showed that a 1% additive of tomato pomace
to examined patés does not significantly affect their sensory quality.

Conclusions

1. The investigated tomato pomace fibre preparation was characterised by
a high (ca. 50%) content of dietary fibre.

2. The preparation distinguished itself among other waste fruit sources by
higher levels of lignin and hemicellulose active in metal exchange reactions.

3. Results of CEC tests indicate that the ability of the pomace preparation
to bind cations is relatively high in comparison to other waste fruit sources.
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4. The tomato preparation can be considered a potential functional food
additive.

5. Our examinations proved that the tomato pomace preparation can be an
attractive fibre additive to the patés — Mazowiecki and poultry ones — as 1% of
this additive does not have a significant effect on their sensory quality.

Accepted for print 7.01.2016
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Abstract

Plastic films are of key importance as a group of materials used for packaging food products. It is
therefore crucial that they meet specific functional and durability requirements as well as comply
with all regulations regarding food contact materials. A degree to which a set of properties of these
materials satisfies the requirements connected with their usage determines their functional value.
The level of functional value depends to a large extent on climate factors affecting these materials in
the post-production stage.

The aim of this work was to analyze the effect of climate factors on the level of changes of the
parameters characterizing the functional value of polyolefin packaging films used for food products.

The research was conducted with the main focus on the scope and intensity of changes of selected
properties of packaging films in different microclimate conditions. The results became the basis of
assessing the impact of climate factors on the level of changes of the parameters characterizing
functional value and served as a groundwork to the analysis of the correlation between the changes in
the parameters and the level of functional value of the plastic films.
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Abstrakt

Folie z tworzyw sztucznych stanowig wazng grupe materialéow wykorzystywanych w opakowal-
nictwie do pakowania m.in. produktéw spozywczych. W zwigzku z czym musza spelniaé¢ okreslone
wymagania wytrzymaloSciowe oraz wymagania stawiane materialom przeznaczonym do kontaktu
z zywno$cig. Stopien spelnienia przez materialy stawianych im wymagan z punktu widzenia ich
przeznaczenia wyznacza ich wartoS¢ uzytkowa. Poziom wartoSci uzytkowej folii jest zdeterminowany
w duzym stopniu wplywem czynnikéw klimatycznych, ktére oddzialujg na te materialy w sferze
poprodukcyjne;j.

Celem pracy jest analiza wplywu czynnikéw klimatycznych na poziom zmian parametréow
charakteryzujacych warto$é uzytkowa folii opakowaniowych z tworzyw sztucznych przeznaczonych
do pakowania produktow spozywczych.

Introduction

Plastic films belong to one of the most important groups of materials used
for packaging. Polyolefin films dominate in this group with the market share of
90%. This kind of films is widely used in several different industries with
a particular emphasis on food production performed with the use of filling and
packaging machines. Because of that, polyolefin films have to meet specific
functional and durability requirements as well as comply with all regulations
regarding food contact materials (LISINSKA-KUSNIERZ and KAWECKA 2012,
LISINSKA-KUSNIERZ and CHOLEWA-WOJCIK 2012). A degree to which a set of
properties of these materials satisfies the requirements connected with their
usage determines their functional value. A required level of the packaging
film’s functional value can be achieved by a proper selection of production
methods, extrusion parameters as well as the raw materials used. However, all
the activities leading to attaining that level cannot merely focus on the
production stage. Packaging films are subject to aging processes as a result of
which irreversible changes in their properties take place, which in turn affects
the overall functional value of the films. The level of functional value depends
to a large extent on climate factors affecting these materials in the post-
production stage. That is why, in order to create a stable level of functional
value of packaging films it is important to ensure proper storage conditions of
the films before the packaging processes take place, and then of the food
products packed in them (CHOLEWA-WOJCIK 2011). The aim of this work was to
analyze the effect of climate factors on the level of changes of the parameters
characterizing the functional value of polyolefin packaging films used for food
products.
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Materials and Methods

The empirical studies focused on polyolefin films manufactured in Poland.
Five different types of films were selected, among which homogenous films as
well as the ones produced from two kinds of polyolefin and those with extra
minerals added, such as chalk or tale, could be found. Generic presentation of
research material is shown in Table 1.

Table 1
Presentation of research material

Type of polyolefin film Trade name Producer
Multilayer film OPP Bifol BG Flexpol
Coextruded laminate OPP-PE Biaxfol Folmar
Multilayer film PE (LLDPE) Politerm TB TB Opakowania
Multilayer film PE+PP Cristel Plasticos
Multilayer film with minerals Ecor FPO WRAP Ecor

The destructive impact of the temperature, solar radiation and relative
humidity on polyolefin films was analyzed in several microclimate condition
variants. The films were stored for a period of 12 months.

Variant I - stable microclimate conditions with the following parameters:
T = 20+1°C, RH = 65+2% (normal atmospheric research conditions according
to EN-ISO 554:1996).

Variant II - stable microclimate conditions with the following parameters:
T = 40+1°C, RH = 65+2% (the temperature is 20°C higher in relation to the
normal conditions with the relative air humidity as given above).

Variant II bis — stable microclimate conditions with the following par-
ameters: T' = 40+1°C, RH = 65+2% with optional xenon lamp irradiation at
a dose of 50 MJ m™.

Variant III — stable microclimate conditions with the following parameters:
T = 20£1°C, RH = 90+2% (the temperature on a normal conditions level with
the relative air humidity on a dramatically high level).

Variant IV - stable microclimate conditions with the following parameters:

T = -20£1°C, RH = 40+2% (the conditions include the usage of films for
packing deep-frozen products).

Variant V - changeable microclimate conditions with the following par-
ameters 10£1°C < T < 22+1°C and 5612% < RH < 64+2% (monitored in the
warehouse of the packaging film manufacturer without the possibility of
regulating the conditions of the surrounding environment.

Empirical research program to assess the impact of climatic factors on
changes in the value in use of polyolefin packaging film during aging are shown
in Table 2.
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Table 2
Empirical research program to assess the impact of climatic factors on the value in use of packaging
film
Microclimate parameter Microclimate Test cycle (month) Research time
affectingon film properties condition variant ¥ (month)
Tempeture (T) T = 20°C, 40°C LII IV 1
and RH = 65% T = -20°C 4 12
and RH= 40%
UV radiation and temperature (T II BIS - 0,25-1*
T = 40°C I RH= 65%
Humidity (RH) RH = 65% I, III 1
and 90% and T = 20°C
Temperature and humidity v 1 12
fluctuations
10+1°C < T' < 2 2£1°C
56+2% < RH < 64+2%

Results and Discussion

In order to verify the hypothesis of the materiality of the impact of climate
factors (temperature, humidity and UV radiation) on changes in mechanical
parameters affecting the polyolefin films’ functional value, a one-factor analy-
sis of variance was performed with the use of ANOVA. The basis of this
analysis was formed by the values of parameters of break load and elongation
of all tested films, previously stored in different variants (I-V) of microclimate
conditions at different temperature and humidity levels as well as with a xenon
lamp irradiation option (variant II bis). Two research hypotheses were formed
for the sake of the analysis. According to the null hypothesis, microclimate
conditions do not differentiate the average levels of value of analyzed par-
ameter. The alternative hypothesis suggests that there are vital differences
between average values of parameters depending on different microclimate
conditions. In order to accept or reject the zero hypothesis, an F-statistics
method (or F-test) was used. If the final value of F-statistics calculated based
on the tests will fall within the critical set, the tested hypothesis has to be
rejected and the alternative one accepted. If, however, the value of F-statistics
will be outside the critical set, there is no reason to reject the null hypothesis.
The level of significance was set on oo = 0,05 (the probability of rejecting the
null hypothesis). Selected results of the analysis of the impact of climatic
factors on the level of changes of parameters affecting the plastic films’
functional value are presented in Table 3.

The one-factor variance analysis revealed a relevant impact of microclimate
conditions on the level of parameters characterizing functional value of all
tested polyolefin films. The probability test was lower than 0.05 in all plastic
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films that were analyzed. The only exception there was ECOR plastic film; the
variance analysis of elongation along the length did not reveal any substantial
differences in connection with storage conditions variant. The results of the
analysis show a significant statistical difference between the values obtained in
various variants of microclimate conditions. The impact of different microcli-
mate conditions on the scope of changes in break load (P) and elongation (W)
during storage in time period ¢ = 12 months in different climate variants is
presented in Figures 1-2.

40
z
: 30 M Ecor
o M Cristel
g 20 = TB
fs I Biaxfol
g 10+ W BG
~

0 -

I 11 111 v A%
microclimate condition variant

Fig. 1. The impact of different microclimate conditions on the scope of changes in break load (P)
during storage in time period ¢ = 12 months in different climate variants
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Fig. 2. The impact of different microclimate conditions on the scope of changes in elongation (W)
during storage in time period ¢ = 12 months in different climate variants

Based on the analysis of the impact of different microclimate conditions on
the scope of changes in mechanical properties during storage it can be said that
both the scope and dynamics of changes are much greater in case of elongation
than in case of break load. This, of course, means that elongation is a par-
ameter strongly responsive to the processes of thermal degradation.

Due to the fact that the variance analysis showed significant differences in
values of mechanical parameters of the plastic films stored in five microclimate
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variants, it was necessary to use post hoc tests. Further analysis was per-
formed with the application of Tukey’s HSD test (Honestly Significant Differ-
ence test) with the aim to point out the most significant differences in average
values of mechanical parameters. The results of the HSD test enabled us to
determine the microclimate condition variant pairs which do not much modify
the parameters characterizing mechanical properties. The obtained results are
presented in Table 4.

Table 4
Tukey’s HSD test results
Film’s Direction Plastic film type
parameter Biaxfol Cristel BG TB Ecor
Break load along I-1II I-1III I-III I-IIT II-111
(P) I-v I-v I-v I-v II-v
II1-v II1-v II1-v I1-v
across I-1III I-1III I-v v I-IIT
I-v I-v I-v
I1-v
Elongation along I-I11 I-I11 I-I1T I-I11
W) I-v I-v v I-Iv
II1-v III-v II1-v v
II-111
across I-III I-III I-IIT I-IIT I-II1
I-v I-v v v v
II-v III-v III-v III-v I-v
II-v

I, I etc. — microclimate condition variants

The analysis of obtained results, which are consistent with the research
carried out by Bielinski, Schael, Serge, Laurent among others, became the
basis of the evaluation of the impact of analyzed parameters on the level of
changes in functional properties of polyolefin films (BIELINSKI 2006, SCHAEL
2003, SERGE and LAURENT 2002).

The rates of dynamics of degradation presented in Tables 5-6 and a cal-
culated average period of the speed of changes in the long-term storage in two
microclimate conditions variants became the basis of one-factor variance
analysis. The aim of this analysis was to verify the hypothesis on the possibility
of determining the critical boundary property!. In the variance analysis two
hypotheses were formed. According to null hypothesis, the parameters charac-
terizing mechanical properties and structural changes do not present any
significant changes in average-term values during long-term storage.
The alternative hypothesis is based on the assumption that there are significant

! Critical boundary property is a property in the set of critical characteristics which is the first to
cease to meet the requirements related to functional value (PN-ISO 6707-1:2008).
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changes in dynamics between analyzed parameters that have an impact on the
average-term speed of changes which can be determined by the critical
boundary property. In order to decide which of the two hypotheses should be
accepted, the method of F-statistics was used. If the value of F-statistics
calculated based on the tests will fall within the critical set, the tested
hypothesis has to be rejected and the alternative one accepted. If, however, the
value of F statistics will be outside the critical set, there is no reason to reject the
null hypothesis. The level of significance was set on a = 0.05 (the probability
of rejecting the null hypothesis).

Table 5
The rate of dynamics of changes of critical properties’ parameters and the average-term speed
of decline during long-term storage in microclimate conditions variant I [%]

Average-term
o?}fl“ﬁ; Parameter |Direction Cycle of research (4 months) speez sg i}::mges
0 4 8 12 %]
Biaxfol | break load P along 100 99.3 99 98.4 -0.5
across 100 101 95 94.1 -2.0
elongation W along 100 97.3 95 94.1 -2.0
across 100 103 95 92.8 -2.5
molecular weight 100 86.4 77 71.8 -10.5
Cristel | break load P along 100 100 94 91.8 -2.8
across 100 93.9 93 92.2 -2.7
elongation W along 100 102 101 99.9 0.0
across 100 101 99 98.3 -0.6
molecular weight 100 83.9 75 69.1 -11.6
BG break load P along 100 95.3 88 87.2 -4.5
across 100 91.3 75 73.5 -9.8
elongation W along 100 87.9 79 78.8 -7.6
across 100 89.1 69 68.4 -11.9
molecular weight 100 94.4 57 33.3 -30.7
TB break load P along 100 98.5 96 95.6 -1.5
across 100 93.9 93 92.5 -2.6
elongation W | along 100 94.4 82 81.2 -6.7
across 100 103 99 96.9 -1.0
molecular weight 100 81.9 69 66.5 -12.7
Ecor break load P along 100 97.1 101 99.8 -0.1
across 100 98.4 97 95.8 -14
elongation W along 100 103 80 56.9 -17.1
across 100 93.3 72 70 -11.2
molecular weight 100 92.9 78 73.3 -9.8
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Table 6
The rate of dynamics of changes of critical properties’ parameters and the average-term speed
of decline during long-term storage in microclimate conditions variant II [%]

Average-term

0?3;,3; Parameter |Direction Cycle of research (4 months) speZcel iff?’ iﬁznges
0 4 8 12 %]
Biaxfol | break load P along 100 85.3 82 77.9 -8.0
across 100 934 83 81.2 -6.7
elongation W along 100 90.4 87 83.8 -5.7
across 100 84.9 79 76.9 -8.4
molecular weight 100 82.7 73 67.1 -12.5
Cristel | break load P along 100 96.3 89 83.2 -5.9
across 100 83.4 78 77.2 -8.3
elongation W along 100 100 97 95.1 -1.7
across 100 98.9 97 94.4 -1.9
molecular weight 100 75.5 71 61.7 -14.9
BG break load P along 100 91.3 82 75.3 -9.0
across 100 67.8 65 63.5 -14.0
elongation W | along 100 72.1 71 70.3 -11.1
across 100 70 46 44.3 -23.8
molecular weight 100 71.6 30 22.8 -38.9
TB break load P along 100 85.2 79 79.1 -1.5
across 100 88.4 86 83.2 -5.9
elongation W along 100 96.4 93 87.2 -4.5
across 100 80.4 70 68.5 -11.8
molecular weight 100 68.6 67 59.4 -15.9
Ecor break load P along 100 96.2 96 95.2 -1.6
across 100 95.9 92 91.6 -2.9
elongation W along 100 49.6 41 38.9 -27.0
across 100 86.3 65 60.4 -15.5
molecular weight 100 89.1 77 68.8 -11.7

The analysis of obtained results allows to draw a conclusion that there are
statistically significant differences in the dynamics of changes in tested
parameters. Based on the interpretation of the intensity of changes of those
parameters as well as the average-term speed of decline, a molecular weight
was observed to be the critical parameter. This result is supported by the
research results of several authors, such as DOBKOWSKI (2006), BUDTOV et al.
(2003), SCARFATO et al. (2002). They believe that, the consequence of aging as
aresult of the mechanism of thermal or photo oxidation is the fact that the first
changes appear in the structure of the polymers. The further effect of
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Table 7

A correlation of the impact of molecular weight on the changes in mechanical properties of polyolefin
films stored in microclimate conditions variant I and II

Regression model for Regression model for
Type of film Parametr |Direction variaﬁ IM, = f(P), variariII M, = f(P);
M, = (W) M, = W)
Biaxfol break load P | along M, = 19,5217 + 0,004P M, = 6,7986 + 0,0468P
across | M, = 17,5959 + 0,0179P | M, = 9,2356 + 0,0462P
elongation W | along | M, = 26,5353 + 0,0234W | M, = 17,0416 + 0,0555W
across | M, = 18,7697 + 0,0242 W | M,, = 18,7697 + 0,0242W
Cristel break load P | along | M, = 14,0906 + 0,0151 P | M, = 11,5764 + 0,022 P
across | M, = 16,1161 + 0,0163 P | M, = 17,7787 + 0,0401P
elongation W | along | M, = 47,8923 - 0,0009W | M, = 42,2957 + 0,0154W
across M, = 6,8742+0,0623W | M, = 39,0874 + 0,0059W
BG break load P | along | M, = 26,6571 + 0,0173P | M, = 20,2426 + 0,0352P
across | M, = 39,5647 + 0,0705P | M, = 28,6137 + 0,0757P
elongation W | along | M, = 40,6372 + 0,0508W | M, = 32,6285 + 0,0559W
across | M, = 35,8417+0,0153W | M, = 8,5586 + 0,0209W
TB break load P | along | M, = 17,6299 + 0,0062P | M, = 20,2426 + 0,0352P
across | M, = 17,4018 + 0,0117P | M, = 13,2864 + 0,022P
elongation W | along | M, = 18,0042 + 0,0592W | M, = 12,7647 + 0,072W
across | M, =1,9576 + 0,0358W | M, = 32,8187 + 0,0077W
Ecor break load P | along M, = 13,7 - 0,0009P M, = 20,2426 + 0,0352P
across | M, = 20,3805 + 0,004P | M, = 16,9309 + 0,0082P
elongation W | along |M, = -126,4102 + 0,503 W |M,, = -251,8698 + 0,5971W
across | M, = -46,8838 + 0,231W | M, = -26,3672 + 0,2068W

structural changes in polymer’s macromolecules is a break in the chain which
leads to a decrease in molecular weight. That is why the molecular weight can
be considered as a critical parameter and it can be thus concluded that the
changes leading towards the loss in original functional properties of the
product are initiated there. According to the research results of BIELIN-
SKI (2006), even a small share of reactions connected with a decrease in
molecular weight (chain break) leads to a deterioration in mechanical proper-
ties. Based on data presented by e.g. GALOTTO et al. (2008) it is known that
even the smallest changes in molecular weight have a negative effect on
mechanical durability of polyolefin films. Considering all of the above and the
correlation of structural changes with mechanical durability, the parameters
determining mechanical durability can be treated as pointing towards degrada-
tion rates, and based on such knowledge all trade specifications are estab-
lished. From the point of view of the practical business approach those
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parameters which determine mechanical properties are extremely useful in
terms of analysis and interpretation of changes in functional properties.

The next stage of interpretation of empirical research results focused on
the correlation analysis of the impact of critical parameter on the changes of all
other tested parameters of polyolefin films’ functional properties. A particular
focus was put on the impact of the parameters characterizing structural
changes on the level of changes of parameters describing mechanical proper-
ties. This was achieved by regression analysis, which was performed for all
tested polyolefin films including variant I and II of microclimate conditions
(different levels of temperature). In the correlation analysis, the explanatory
variable (Y) was molecular weight (Mw) whereas dependent variable (X) was
a break load (P) and elongation (W). The results of the analysis allowed to
create models of regression which are presented in Tables 7.

Based on the models of regression presented in Tables 7 a reaction force of
molecular weight changes with changes in break load and elongation at break
can be determined. The reaction force can be calculated based on directional
factor. With all this in mind, it is possible to state that regardless the
microclimate conditions variant used, a change in molecular weight has the
strongest impact on elongation. A decrease in molecular weight by 10 units
leads to an elongation change, depending on the type of film, between 0,1-5%
in case of variant I and 1-6% in case of variant II. The break load does not seem
to have such a strong effect on the films with 0,09-1,8 N in variant I and
0,2-0,7 N in variant II.

Conclusions

The analysis of obtained results proves the thesis that microclimate
conditions influence the level of changes of parameters characterizing func-
tional value of packaging films. Moreover, the tests conducted on the impact
of microclimate conditions on the scope and intensity of changes in properties
of polyolefin films allowed us to point out these particular properties which
have a significant effect on functional value. With this in mind, only such
properties were later analyzed which are responsible for changes within the
system: microclimate conditions — packaging material (plastic film). These
properties were considered to be critical ones and among them we can find all
those parameters that characterize structural changes of films and their
mechanical durability, which entails that in practical terms such films will be
used in highly efficient packaging machines and should keep the given form
intact together with the food product they contain.

Although polyolefin films do not have to meet very specific requirements
concerning the evaluation of their functional value and there are no research
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procedures to perform such evaluation, it is vital to constantly review the
properties characterizing the usability and functionality of food contact ma-
terials during storage. This approach is supported by the Systemy
zarzqdzania... PN-ISO 22000:2006 and is extremely important for businesses
as a means of creating competitive edge.

Translated by AcNIESZKA CHOLEWA-WOJCIK
Accepted for print 22.07.2016
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Abstrakt

Celem badan bylo okreélenie profilu kwasow tluszczowych tluszczu sera i twarogu uzyskanych
od lokalnych producentéw z regionu poéinocno-wschodniej Polski. Material badawczy stanowily
probki sera i twarogu wykonane z mleka krowiego, koziego i owczego. Estry metylowe kwasow
tluszezowych w tluszezu mleka przygotowano z zastosowaniem metody IDF Standard 1999 oraz
przeprowadzono metoda chromatografii gazowej. Stwierdzono réznice w procentowym udziale
poszczegblnych grup kwasow ttuszezowych w zaleznoéci od rodzaju mleka, z ktérego wytworzono ser.
Mozna stwierdzié¢, ze lokalne twarogi i sery z koziego, owczego i krowiego mleka z pdinocno-
wschodniej Polski mogg by¢ cennym zrédtem zaréwno kroétkich i §rednich tancuchéw kwaséow
tluszczowych, jak i CLA.

Introduction

Nowadays, consumers are searching for the products that offer them some
unique sensory properties and nutritional quality, standing out from the
products available on the market (RADZYMINSKA et al. 2008). Among such
products one can count those made by the local producers of raw materials
coming from the region. The notion “local” should be understood as an area
located in a proximity to a target consumer and availability on a local market,
which in turn creates a specific relation between a producer and a consumer.
Consumers are being urged to support local farmers, sustain the regional food
supply, and consume a healthier diet through the purchase of local foods
directly from producers and the production of seasonally- and geographically-
appropriate foods that have been grown and raised at home or in the local
community garden. Indeed, the “turn to quality” discourse has become an
integral component of local food consumption (WINTER 2003).

Quality control, and related to this evaluation of the authenticity of the
products manufactured by the local producers, in this case, is particularly
important. Important factors in determining the quality of local dairy products
such as milk, butter and cheese are lipids and fatty acids. A unique characteris-
tic of milk fat is the presence of the short chain fatty acids, which are a source
of readily available energy. The most important are essential fatty acid (C18:2,
C18:3), which serve a number of significant functions, including structural and
bioregulation functions (PIETRZAK-FIECKO et al. 2007). Recently, intensive
research has also been conducted on trans fatty acids and conjugated linoleic
acids (CLA) in sheep and goats milk and milk products, because of the
beneficial effects of CLA isomers on human health and the putative negative
effects of trans isomers (SCINTU and PIREDDA 2007).

It is characteristic for the local dairy production to use the raw materials
from a variety of animals including sheep and goat. However, goat’s or sheep’s
milk and its products (including cottage and ripening cheese), despite their
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popularity in the European countries, have just started to be recognized in
Poland (DMYTROW et al. 2010).

Therefore, the objective of the study was to determine the fatty acid profile
in cheese and tvorog milk fat obtained from the local producers and local raw
materials from the region of north-eastern Poland.

Material and Methods
Selection of samples of local dairy products

The selection of samples of cottage and ripening cheese for analysis of fatty
acid profile was performed in the first half of 2011 based on the database
created by the Chair of Commodity Science and Food Analysis, University of
Warmia and Mazury in Olsztyn. The database was created based on numerous
individual interviews aimed at collecting information on local products made
from goat’s, cow’s and sheep’s milk currently manufactured in agrotourist
farms and small and medium-sized local plants.

This database included basic information on manufacturers, general de-
scription of their products, origin of raw materials, sale points or details that
might influence purchase of raw materials. The study included exclusively the
products which were made of raw material of local origin. In the presented
study, all dairy products were obtained in the same season and, therefore,
seasonal variations were not expected.

Samples

The research material consisted 11 samples of tvorog (7 samples of tvorog
from cow’s milk and 4 from goat’s milk) and 14 samples of cheese made from
cow goat and sheep’s milk (8 samples cheese made from cow milk, 4 from goat
milk and 2 from sheep milk).

Analytical conditions

Fat from tvorog and cheese were separated by the Schmid-Badzynski-
-Ratzlaff method, following a description provided by PRZYSEAWSKI (2009). The
method is based on the release of fat from proteins using hydrochloric acid,
followed by extraction with organic solvents: ethyl ether, petroleum ether.

After the fat was extracted, the fatty acid profile was determined in it by
the IDF Standard method (1999). Methyl esters of fatty acids were obtained:
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solvent and KOH in methanol was added to a weight amount of fat. NaHSO,
was then added and the result was centrifuged. The methyl esters obtained in
the process were analysed.

Separation of the examined compounds was performed by gas chromatog-
raphy using gas chromatographer: HP 6890; flame ionization detector (FID);
capillary column with a length — 100 m, inside diameter of 0.25 mm; tempera-
ture: detector — 250°C, dispenser — 230°C and column - 60C (1 min) to 180°C
(At 5°C/min); carrier gas — helium, flow rate — 1.5 cm3/min, split 50:1.

The identification of fatty acids was carried out on the basis of their
retention time in relation to the retention time of standards of fatty acid
methyl esters. For this purpose, a mixture of 37 standards of Supelco 37
Component FAME Mix. For the calculation of the percentage share of fatty
acids the Chemostation computer program was used. Descriptive analysis was
used to calculate means and standard deviation.

Results and Discusion

Both in tvorog and ripening cheese the differences in the content of
saturated (SFA) and unsaturated fatty acids were detected depending on the
type of milk used to manufacture the products (Table 1, Table 2). The
composition of fatty acids in dairy products varies considerably according to
environmental factors, farming practice, and genetic and physiological factors
related to animals (COLLOMB et al. 2006, LEDOUX et al. 2005).

The content of SFA in total fat in the samples of tested tvorog was on
average 70% with a slightly higher content in the products made of goat’s milk.
In the case of ripening cheese made of goat’s and sheep’s milk the content of
SFA was by over 4% lower than in the products made of cow’s milk. The main
SFA found in fat extracted from the products made of cow’s, goat’s and sheep’s
milk included C16:0, C18:0 and C14:0 acids, similarly to the data presented by
other authors (NEUPANEY et al. 2003).

Presence of short- and medium-chain fatty acids (SCFA) is typical of milk:
the series of acids from C4:0 to C12:0 has been recognized as milk fat
component with properties beneficial to health (WHIGHAM et al. 2000). The
significantly high content of SCFA was detected in the samples of fat extracted
from goat tvorog (21.60% in total fat) and goat rennet cheese (20.34% in total
fat). In the products made of cow’s milk the average content of SCFA was
14.67% in total fat in tvorog made of cow’s milk and 15.23% for ripening cheese
made of cow’s milk. RUTKOWSKA et al. (2009) reported a significantly lower
content of SCFA in fat of cheese that originated from the dairy plants in the
northern, eastern and central Poland, especially in fat extracted from goat
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Table 1

Fatty acid composition and ¢rans fatty acid content of analysed tvorogs (mean * standard deviation)

Fatty acids Tvorog made from cow milk Tvorog made from goat milk
(g/100g of fat) (n="17 (n =4)
C4:0 3.56 £ 0.28 2.57+0.14
C6:0 2.40 £ 0.09 2.58 £ 0.22
C8:0 1.53 + 0.04 2.89 £ 0.39
C10:0 3.36 £ 0.15 947 + 145
C11:0 0.07 £ 0.01 0.10 £ 0.01
C12:0 3.75 £ 0.26 3.99 + 0.66
C13:0izo 0.08 + 0.02 0.02 £ 0.01
C13:0 0.21 £ 0.02 0.16 + 0.01
C14:0izo 0.13 £ 0.02 0.10 £ 0.01
C14:0 11.26 + 0.29 10.07 £ 0.55
C15:0izo 0.30 + 0.03 0.24 £ 0.04
C15:0aizo 0.60 + 0.05 0.43 £ 0.04
C15:0 1.27 £ 0.07 0.84 £ 0.57
C16:0izo 0.29 + 0.13 0.29 £ 0.02
C16:0 28.20 + 1.88 25.82 + 1.27
C17:0 0.66 + 0.29 0.61 + 0.41
C18:0 11.25 + 0.87 11.47 + 2.61
C19:0 0.20 + 0.02 0.19 £+ 0.03
> SFA° 69.09 + 4.52 71.83 + 8.42
C10:1 0.32 £ 0.02 0.20 £ 0.04
C12:1 0.04 £ 0.01 0.03 £ 0.01
C14:1 0.91 £ 0.07 0.35 + 0.46
C16:1 0.87 £ 0.57 0.38 + 0.26
C17:1 0.12 £ 0.14 0.14 £ 0.17
C18:1 ¢9 20.49 + 0.84 19.94 + 1.57
C18:1cl1 0.66 + 0.09 0.52 + 0.06
C18:1c12 0.18 + 0.03 0.19 £+ 0.08
C18:1c13 0.11 + 0.02 0.06 £ 0.02
C20:1 0.10 £ 0.04 0.05 £ 0.02
~ MUFA® 23.80 + 1.82 21.86 + 2.67
C18:2 1.41 +0.30 1.95 + 0.55
C18:3 0.57 £ 0.21 0.40 £ 0.14
CLAc 0.71 £ 0.37 0.54 £ 0.14
T PUFA? 2.68 + 0.88 2.89 + 0.82
t6+t9 0.44 + 0.03 0.43 £ 0.07
t10+t11 244 £ 0.90 1.65 £ 0.40
t12 0.28 £ 0.04 0.25 £ 0.05
t16 0.38 £ 0.06 0.29 £+ 0.03
t13c9 0.21 + 0.03 0.20 £+ 0.03
t12c9 0.21 + 0.02 0.23 + 0.05
t9cl2 0.04 £ 0.01 0.03 £ 0.01
tllclb 0.27 £ 0.07 0.13 £ 0.05
> TFA¢ 4.27 + 1.16 3.19 + 0.67

Explanations: “SFA — saturated fatty acid; “"MUFA — monounsaturated fatty acid; “CLA - conjugated
linoleic acid; “PUFA - polyunsaturated fatty acid; “TFA — trans fatty acid
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Table 2

Fatty acid composition and trans fatty acid content of analysed cheeses (mean + standard deviation)

Cheese made from

Cheese made from

Cheese made from

Fatty acids cow milk goat milk sheep milk
(n =8) (n =4) (n =2)
1 2 3 4
C4:0 3.27£0.91 2.48 + 0.35 3.17 £ 0.52
C6:0 2.31 £ 0.61 2.42 + 0.15 241 + 0.12
C8:0 1.68 £ 0.71 2.60 £ 0.24 1.98 £ 0.08
C10:0 4.03 £2.74 8.45 + 1.33 5.61 £ 0.36
C11:0 0.07 £ 0.04 0.13 + 0.03 0.13 + 0.05
C12:0 3.87 £ 0.64 4.26 £ 1.59 454 +£1.09
C13:0izo 0.07 £ 0.03 0.04 £ 0.03 0.07 £ 0.04
C13:0 0.19 £ 0.05 0.19 £ 0.04 0.23 £ 0.06
C14:0izo 0.10 £ 0.07 0.10 + 0.01 0.13 £ 0.04
C14:0 8.35 + 5.23 10.66 + 0.93 11.83 £ 1.78
C15:0izo 0.27 £ 0.08 0.23 + 0.05 0.31+0.11
C15:0aizo 0.52 £ 0.14 0.41 £ 0.07 0.63 £ 0.12
C15:0 1.18 £ 0.30 1.19 + 0.15 1.39 + 0.04
C16:0izo 0.32 + 0.08 0.27 £ 0.03 0.35 £ 0.06
C16:0 30.89 £ 3.23 26.12 + 1.61 28.28 + 4.90
C17:0 0.49 £ 0.41 0.77 £ 0.12 0.39 + 0.55
C18:0 9.84 + 1.57 11.54 + 3.33 10.16 £ 1.94
C19:0 0.19 £ 0.03 0.20 + 0.03 0.28 £ 0.05
C20:0 0.19 £ 0.06 0.27 £ 0.09 0.21 £ 0.07
T SFA“ 67.82 + 16.93 72.31 + 10.18 72.04 + 11.99
C10:1 0.29 £ 0.09 0.22 £ 0.06 0.22 £ 0.07
C12:1 0.04 £ 03.01 0.03 £ 0.01 0.03 £ 0.01
C14:1 0.82 £ 0.36 0.15 £ 0.07 0.15 £ 0.16
C16:1 0.98 £ 0.62 0.60 + 0.20 0.60 £ 0.08
C17:1 0.19 £ 0.13 0.27 £ 0.02 0.27 £ 0.04
C18:1 ¢9 21.66 £ 6.11 20.32 + 2.79 20.32 + 5.02
C18:1 cl11 0.69 £ 0.27 0.48 £ 0.11 0.48 £ 0.18
C18:1 c12 0.23 + 0.13 0.17 £ 0.08 0.17 £ 0.08
C18:1 c13 0.09 £ 0.02 0.05 + 0.01 0.05 £ 0.04
C20:1 0.14 £ 0.07 0.03 + 0.03 0.03 £ 0.01
= MUFA® 25.13 £ 7.81 22.31 + 3.37 22.31 + 5.68
C18:2 2.12 + 1.40 1.65 £ 0.34 1.36 £ 0.10
C18:3 0.50 £ 0.18 0.45 + 0.15 0.53 £ 0.09
CLAc 0.60 £ 0.35 0.46 £ 0.18 0.72 £ 0.17
T PUFA? 3.22 + 1.93 2.56 = 0.67 2.61 = 0.36
t16 0.31 £ 0.07 0.32 £ 0.04 0.45 + 0.11
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cont. table 2

1 2 3 4
t13c9 0.19 = 0.05 0.21 + 0.06 0.32 £ 0.13
t12c9 0.24 + 0.06 0.22 + 0.06 0.27 + 0.06
t9c12 0.06 £ 0.07 0.03 £ 0.01 0.06 £ 0.01
tllclb 0.19 £ 0.12 0.17 £ 0.08 0.51 + 0.09
t6+t9 0.53 + 0.33 0.38 + 0.04 0.49 + 0.11
t10+t11 1.96 + 0.93 1.28 £ 0.55 3.72 + 0.42
t12 0.36 £ 0.31 0.21 £ 0.05 0.35 £ 0.12
= TFA° 3.83 + 1.95 2.81 + 0.89 6.16 + 1.07

Explanations: “SFA — saturated fatty acid; “"MUFA — monounsaturated fatty acid; “‘CLA — conjugated
linoleic acid; “PUFA — polyunsaturated fatty acid; “TFA — trans fatty acid

cheese. The results confirm the statement proposed by ALONSO et al. (1999)
who assumed that dairy products made of goat’s milk had a high content of two
fatty acids, i.e. C8:0 and C10:0, in comparison with the products made from
cow’s milk. This phenomenon was detected in both cottage and ripening
cheese.

It was demonstrated that the content of monounsaturated fatty acids
(MUFA) in fat of tvorog made of cow’s milk was app. 23.80% and was slightly
higher than in the products made of goat’s milk. A similar tendency, i.e. higher
content of this group of fatty acids in total fat in the products made of cow’s
milk (25.13%), was reported for ripening cheese (Table 1, Table 2).

Among unsaturated fatty acids, polyunsaturated fatty acids (PUFA) play
an important role because of their physiological functions. C18:2 was the most
prevalent and constituted from 1.36% (in sheep rennet cheese) to 2.12% (in
cow rennet cheese) in total fatty acids depending on raw material and type of
products (Table 2).

CLAs which are found primarily in food derived from ruminants, such as
dairy products and beef, which represent a mixture of positional and geometric
isomers of linoleic acid (18:2 cis-9, cis- 12) which contain conjugated double
bonds. Data from experimental studies suggests several biological activities of
CLA, such as anti-carcinogenic properties, alteration of blood levels of choles-
terol and modulation of the immune system (PARIZA et al. 2001, WHIGHAM et al.
2000).

Tvorogs, made of goat’s milk, had a higher content of PUFA as compared to
the products made of cow’s milk. However, this relation was reversed for CLA
(Table 1). Among the samples of tvorog made of cow’s and goat’s milk tested
for the composition of fatty acids, the highest content of CLA, i.e. 1.3%, was
detected in tvorog made of cow’s milk. In dairy products manufactured with
cow’s milk, the content of CLA was more diversified with the lowest value of
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0.20% of total fatty acids in one of the samples. In the case of goat cheese, the
content of CLA was on a more comparable level — reaching on average 0.54% of
total acids. White cheese produced in Bulgaria from goat’s milk contained only
0.5% CLA (MICHAJLOVA 2007). In the fat of fresh sheep cheese, the content of
CLA is much higher, i.e. approximately 1.7% (NUDDA et al. 2005). Among the
tested types and varieties of cheese, the content of CLA was highest in Italian
Pecorino sheep cheese amounting to 0.8 mg per 100 g of fat (PRANDINI et al.
2007). Other Italian varieties of sheep cheese contained even higher amounts
of CLA - ranging from 1.0 to 2.5% of total acids (CABIDDU et al. 2006).

The highest content of CLA was detected in fat of ripening cheese made of
sheep’s milk (on average over 0.72% of total fat), whereas in other cases the
proportion of CLA in the profile of fatty acids was lower: 0.60% in fat of cow
cheese and 0.46% in fat of goat cheese. The studies conducted by BARAN et al.
(2011) also demonstrated a higher content of CLA in the total profile of fatty
acids in ripening sheep cheese in comparison with its content in cheese made of
goat’s milk and from a mixture of goat’s and sheep’s milk (Table 2).

There is a growing interest in geometric isomers of unsaturated fatty acids
in trans-configuration (TFA) found in milk fat because of their harmful impact
on human health (JUTTELSTAD 2004). TFA present in milk and meat derived
from ruminants constitute from 1% to 8% of total fatty acids. The content of
TFA in milk fat changes with season, with higher contents reported in summer
when animals graze and a lower amount is detected in winter when they are
fed with feedstuffs (FELKNER-POZNIAKOWSKA et al. 2012).

In the tested group of products, significantly higher content of TFA, i.e.
over 6%, was detected in ripening cheese made of sheep’s milk, while the lowest
content was found in cottage and ripening cheese made of goat’s milk in which
it did not exceed 3% of total fatty acids (Table 1, Table 2).

Conclusions

Today’s consumers are looking for natural, traditional food processed as
little as possible which has specific sensory features and documented quality.
With reference to the present studies, it may be concluded that local tvorog and
cheese made from goat’s, sheep’s and cow’s milk from north-eastern Poland
may be a valuable source of short- and medium-chain fatty acids as well as
CLA.

Translated by JOANNA JENSEN
Accepted for print 28.11.2014
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Abstract

This study discusses the popularity of meat from traditional and alternative poultry species in the
catering industry. Data for analysis was obtained directly from questionnaires filled out by persons
who were responsible for the selection of food ingredients in catering establishments. The respon-
dents were asked about the use of traditional and alternative poultry species in their restaurants and
the effect of menu items containing alternative poultry meat on business results.

Chicken meat was the most popular type of poultry that was served by all surveyed facilities
(100%), followed by turkey meat (83%). The meat of alternative poultry species, including quail and
helmeted guineafowl (43%) and pheasant (20%), was less frequently served on account of its lower
popularity among consumers and a high price. The average price per serving was determined at PLN
13.16 for chicken, PLN 32.15 for quail, PLN 31.77 for pheasant and PLN 30.00 for guineafowl.
Despite the fact that the meat of alternative poultry species is rarely served by catering establish-
ments, nearly 75% of the surveyed facilities claimed that its presence in the menu improves business
results.
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Abstrakt

W pracy oceniano wykorzystanie miesa drobiu typowego i nietypowego w gastronomii. Dane
pozyskano bezposrednio za pomoca kwestionariuszy ankietowych. Respondentami byly osoby od-
powiedzialne za wybér surowcéw w zakladzie. Pytania dotyczyly wykorzystania drobiu typowego
1 nietypowego oraz wplywu stosowania drobiu nietypowego na efektywno$é dziatania lokalu.

NajczeSciej stosowano w gastronomii mieso kurczaka, uzywaja go wszystkie badane zaklady
(100%), oraz indyka (83%). Wérdd drobiu nietypowego w rownej iloéci zaktady korzystaja z przepiérek
i perlic (43%), mniej z bazantéow (20%). Wplywa na to mata powszechno$¢ drobiu nietypowego oraz
jego cena, zbyt duza dla konsumentéw. Srednia cena porcji kurczaka (13,16 z1) w poréwnaniu ze
$rednig ceng porcji przepiérki (32,15 z1), bazanta (31,77 z1) czy perlicy (30,00 z1) jest znacznie nizsza.
Mimo faktu, ze dréb nietypowy pojawia sie sporadycznie, to jego obecno§é w ofercie pozytywnie
wplywa na dziatalnoéé¢ zakltadu gastronomicznego, stwierdzito tak prawie 3/4 wtascicieli lokali.

Introduction

Poultry meat was a specialty of Polish cuisine in the past. Until recently.
pheasant, quail and helmeted guineafowl were regarded as expensive deli-
cacies. The status of alternative poultry meat began to change when Poland
joined the European Union. Food suppliers have to cater to the consumer’s
needs in order to generate profits and survive on Europe’s increasingly
competitive food market (TRZISZKA et al. 2006).

Contemporary consumers are increasingly likely to explore new foods and
flavors KWIATKOWSKA and LEVYTSKA 2007). The growing interest in novel foods
prompts catering businesses to reach for long-forgotten ingredients and
recipes, and it encourages poultry breeders to expand their product range. The
supply of alternative poultry species, including pigeons, helmeted guineafowls,
quails and pheasants, is on the rise. In view of the above, the objective of this
study was to evaluate the popularity of traditional and alternative poultry
species in the catering industry.

Materials and Methods

The data obtained during the tests directly in catering establishments using
survey questionnaires. The respondents were people who by their functions in
the plant had the highest-rated knowledge on the use of the different types of
raw materials (including poultry) — owners or chefs. The questionnaire was
designed with 15 questions of which only a fraction has been included in the
present study. The questions were closed type with a choice of one answer. In
three of the questions and respond applied based on the Likert scale. The study
analyzed 135 pieces total units: restaurant — 40 pcs., pensions and - 45 pcs.,
houses wedding — 30 pcs., inns — 40 pieces. The results were processed using
Microsoft Excel 2010.
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Results and Discussion

The selection of foods served by the surveyed facilities is presented in Table 1.
The results of the survey indicate that poultry is highly popular in the catering
industry. Chicken meat was the most popular type of poultry that was served
by 100% of the analyzed establishments. It was followed by turkey meat
(83.33%) that was not served by 28.57% restaurants and 16.67% wedding
centers in the group of surveyed facilities. An analysis of waterfowl species
revealed that geese and ducks enjoyed similar popularity and were served by
more than 50% of the surveyed establishments. Goose meat was somewhat
more popular than duck meat in wedding centers and inns. Similar results
were reported for helmeted guineafowls and quails which were served by less
than half of the analyzed facilities. Pheasants were the least popular poultry
species that were found in the menus of only 20% of catering facilities.
Pheasant meat was served sporadically in the majority of the surveyed
establishments. The meat of pheasants and helmeted guineafowls was not
included in the menus of any of the analyzed inns. Pigeon meat is a relatively
popular food item at home and in regional cuisine, but despite the above, it was
not served by any of the surveyed catering facilities.

Table 1
Poultry meat most frequently served by catering facilities [%]
Specification Total |Restaurant Boarding Wedding Inn
house | center
chicken 100.00 100.00 100.00 | 100.00 | 100.00
traditional turkey 83.33 | 7143 | 100.00 | 83.33 |100.00
goose 56.67 50.00 42.86 83.33 66.67
Type duck 53.33 57.14 57.14 50.00 | 33.33
of poultry quail 4333 | 50.00 2857 | 50.00 | 33.33
pheasant 20.00 7.14 28.57 50.00 0.00
alternative helmeted
. 43.33 42.86 42.86 66.67 0.00
guineafowl
pigeon 0.00 0.00 0.00 0.00 0.00

The availability of various types of poultry meat in the investigated restaur-
ants is presented in Table 2. In most of the surveyed facilities, dishes based on
the meat of traditional poultry species were listed in the main menu. In all
restaurants, chicken and turkey were available only as part of the main menu.
In some facilities, the meat of waterfowl species, including geese and ducks.
was listed in the main menu. whereas in other restaurants, it was available
only on special order.
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Table 2
Availability of poultry meat in the offer of catering establishments [%]
Specification Total |Restaurant Boarding|Wedding Inn
house | center

chicken 100.00 100.00 100.00 | 100.00 | 100.00

traditional turkey 83.33 | 7143 | 100.00 | 83.33 |100.00
goose 23.33 21.43 14.29 33.33 33.33

duck 33.33 21.43 42.86 50.00 33.33

Menu quail 33.33 42.86 28.57 0.00 33.33
alternative pheasant 13.33 7.14 28.57 16.67 0.00
gﬁfﬁ:ﬁj& 3000 | 3571 | 2857 | 33.33 | 0.00
pigeon 0.00 0.00 0.00 0.00 0.00
chicken 0.00 0.00 0.00 0.00 0.00
traditional turkey 0.00 0.00 0.00 | 0.00 | 0.00
goose 33.33 28.57 28.57 50.00 33.33
Special order duck 20.00 35.71 14.29 0.00 0.00
quail 10.00 7.14 0.00 33.33 0.00
pheasant 6.67 0.00 0.00 33.33 0.00
alternative helmeted =\ 15 g5 | 714 1429 | 33.33 | 0.00

guineafowl

pigeon 0.00 0.00 0.00 0.00 0.00

The availability of alternative poultry meat was characterized by a supply
profile in the analyzed establishments. Dishes based on alternative poultry
meat were listed in the menu of approximately 2/3 of the surveyed restaurants,
and they were available on special order in the remaining 1/3 of the examined
facilities. It should be noted that meat served on special order does not
contribute to the popularity for less known poultry species because consumers
are reluctant to reach for products they are not familiar with (GRUNERT 1996,
IssANCHOU 1996).

A comparison of the above data with the results indicating the popularity of
various types of poultry meat among the clients of catering outlets reveals
significant discrepancies (Table 3). Chicken was the most popular poultry meat
in all of the surveyed facilities, and it was the only item with balanced supply
and demand. The demand for the remaining types of poultry meat was
significantly lower, which could be attributed to fact that alternative poultry,
in particular waterfowl species, is absent from traditional Polish cuisine.
Surprisingly, the study also revealed a relatively low demand for turkey meat.

The demand for alternative poultry meat was very low. In this group of
products, the meat of the helmeted guineafowl was most popular with clients
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in the surveyed establishments. The above can be attributed to low levels
of knowledge about the meat of alternative poultry species among consumers.

Table 3
Poultry meat most popular among consumers [%]
Specification Total |Restaurant Boarding|Wedding Inn
house | center
chicken 100.00 100.00 100.00 | 100.00 | 100.00
traditional turkey 36.67 21.43 28.57 83.33 | 33.33
goose 13.33 21.43 0.00 0.00 33.33
Type duck 13.33 14.29 14.29 16.67 0.00
of poultry quail 13.33 7.14 2857 | 1667 | 0.00
pheasant 10.00 7.14 14.29 16.67 0.00
alternative helmeted
. 26.67 28.57 14.29 50.00 0.00
guineafowl
pigeon 0.00 0.00 0.00 0.00 0.00

Restaurant menus generally reflect consumer preferences. The trends in
menu offerings are largely determined by consumers who search for outlets
that guarantee the most satisfactory sensory experience (BABICZ-ZIELINSKA
2000, BABICZ-ZIELINSKA and ZABROCKI 2007, EARLE et al. 2007).

The low popularity of alternative poultry meat among restaurant clients can
also be attributed to the high price of those products (CHMIELEWSKA 2000.
JEZEWSKA-ZYCHOWICZ 2004, KWIATKOWSKA and LEVYTSKA 2007, NOWAK and
TRZI1SZKA 2006). The average price per one serving of chicken was PLN 13.16
whereas the average prices of alternative poultry dishes were significantly
higher at PLN 32.15 for quail. PLN 31.77 for pheasant and PLN 30.00 for
helmeted guineafowl (Table 4). A comparison of different types of surveyed
facilities indicates that the highest poultry prices were charged by inns.

The data shown in Table 5 illustrates the effect of menu items containing
alternative poultry meat on business results. According to the majority of
respondents, the availability of dishes based on alternative poultry had
a positive influence on business performance. The highest number of respon-
dents arguing that alternative poultry dishes had a definitely positive effect on
business performance were representatives of inns, whereas the representa-
tives of wedding centers were least likely to share the above opinion. At the
same time, wedding center respondents were most likely to agree that alterna-
tive poultry had a positive influence on business results. Neutral responses
claiming that alternative poultry had a somewhat positive effect on business
were given by 14 to 21 of the analyzed catering establishments, excluding inns.
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Only representatives of restaurants (7 respondents) claimed that alternative
poultry did not contribute to an improvement in business performance. The
noted results seem to suggest that consumers have a growing interest in foods
characterized by high quality, supreme sensory attributes and a high nutri-

tional value (GREBOWIEC 2010, NOWAK et al. 2008, WIELEWSKA 2004).

Table 4
Price per one serving of poultry meat [PLN]
Specification Average|Restaurant Boarding Wedding Inn
house | center
chicken 13.16 12.35 11.60 12.00 16.70
traditional turkey 15.83 15.40 14.40 15.20 | 18.30
goose 19.78 17.60 17.00 18.00 | 26.50
Type duck 18.33 17.80 17.50 18.00 20.00
of poultry quail. 2965 | 28.50 3750 | 20.00 | 32.60
pheasant 32.07 32.00 29.90 34.30 -
alternative helmeted
. 30.00 28.90 31.30 29.80 -
guineafowl
pigeon - - - - -
Table 5
The effect of menu items containing alternative poultry meat on business results [%]
Specification Total Restaurant Boarding Wedding Inn
house center
Definitely yes 43.33 42.86 42.86 33.33 66.67
Yes 36.67 28.57 42.86 50.00 33.33
Neither yes nor no 16.67 21.43 14.29 16.67 0.00
No 0.00 0.00 0.00 0.00 0.00
Definitely not 3.33 7.14 0.00 0.00 0.00
Conclusions

1. The meat of traditional poultry species was served by the surveyed
catering facilities in considerably larger amounts than alternative poultry
meat which accounted for a small part of their menu offerings. Alternative
poultry meat remains relatively unpopular among consumers.

2. The low demand for the meat of alternative poultry species can be
attributed mainly to the high price of those products.
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3. Despite the fact that alternative poultry meat is sporadically served by
catering establishments, nearly 75% of the respondents were of the opinion
that the presence of alternative poultry in the menu had a positive effect on
business results.

Accepted for print 9.02.2017.
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Abstract

Isotonic drinks belong to a group of products which are becoming more and more popular among
teenagers, sportsmen, as well as the elderly and fitness-oriented people. The proper osmolality of
isotonic drinks should be of 300 mOsm kg of water +10%. The objective of this study is to analyse
whether the isotonic drinks available on the Tricity market (the area of three cities: Gdansk, Sopot,
Gdynia) are authentic isotonic drinks. For the purpose of the study 25 bottles of isotonic drinks of
different brands and flavours have been purchased. The osmolality of the majority of the drinks was
within the recommendations of European Union - from 270 to 330 mOsm kg of water. Twelve of the
drinks have not got the osmolality declared by the manufacturers. Six of them have not met the
requirements for an isotonic drink (two of these had not been declared to be isotonic drinks). It seems
that manufacturers should observe the quite broad limit of osmolality and the criterion of osmolality
is the evidence for their authenticity.
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Ewa Stasiuk, Piotr Przybylowski

Katedra Towaroznawstwa i Zarzadzania JakoScig
Akademia Morska w Gdyni
Stowa kluczowe: napoje izotoniczne, osmolalno$¢, autentyczno§é produktow.

Abstrakt

Napoje izotoniczne sg coraz popularniejszg grupa towaréw kupowang zaréwno przez mlodziez,
sportowcow, jak i osoby starsze dbajace o swojg forme. Powinny charakteryzowaé sie osmolalnoScig
300 mOsm kg wody +10%. Celem pracy byto stwierdzenie, czy napoje obecne na rynku tréjmiejskim
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sg autentycznymi izotonikami. Zakupiono 25 napojéw izotonicznych réznych marek o wielu smakach.
Wiegkszoé¢ badanych napojéw miala osmolalnoéé w granicach rekomendowanych przez Unie Euro-
pejskg — od 270 do 330 mOsm kg' wody. Dwanascie napojéw nie miato deklarowanej przez
producenta osmolalnoéci. Sposréd badanych napojow sze$¢ z nich nie spelnialo warunkéw napoju
izotonicznego (w tym dwa nie byly deklarowane jako izotoniczne). Wydaje sie, ze do§é szeroka granica
osmolalnoéci powinna by¢ przez producentéw przestrzegana, za$§ kryterium osmolalnosci jest dla
napojéw izotonicznych wyrazem ich autentycznoSci.

Introduction

Isotonic drinks belong to a group of functional beverages. It is relatively
a new category of products on the domestic market. Due to their properties,
isotonic drinks are used to replenish the loss of fluids in a human body,
especially after physical work out. These drinks may also be helpful during
dehydration therapy. isotonic drinks are intended to restore the loss of water
and minerals such as sodium, potassium, calcium and magnesium ions in
result of sweating during physical work out. The osmolality of the drinks
depends on their ingredients. They contain carbohydrates, ions of sodium,
calcium, magnesium, potassium and chloride as well as vitamins, especially
B vitamins (AMENDOLA et al. 2004). Due to the fact that osmolality of these
drinks is similar to the osmotic pressure of the human blood, the ions and
water are absorbed relatively quickly. Previously, the sports drinks of osmolal-
ity from 275 to 295 mOsm kg of water were considered as isotonic. Currently,
according to the European Union regulations, drinks containing the osmolality
of 300 mOsm kg! of water + 10%, that is from 270 to 330 mOsm kg™! of water
are isotonic drinks (Report of the Scientific Committee on Food... 2001).
Beverages of lower isotonicity are considered as being hypotonic, and these of
higher isotonicity to be hypertonic.

The objectives of the study and grounds for research

Isotonic drinks are in the same groups as energy drinks on the domestic
market and their sales rates are calculated together. 80% of the sale of
functional drinks includes energy drinks and about 20% are isotonic drinks
(the figures may differ slightly for different periods of sale). However, the sale
of isotonic drinks has been increasing and it is expected that their sale growth
will continue on the market. Supermarkets have been introducing isotonic
drinks under their own trade names (private label). This makes the drinks
more affordable and available for younger customers. The manufacturers
attempt to create an attractive packaging for the drinks (cans, PET bottles of
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different volume) and they introduce a variety of flavours and colours of
isotonic drinks. This leads to the extension of the offer for customers. The
increasing sale of isotonic drinks is also caused by changes in human behav-
iour. A healthy lifestyle, sports and recreation (e.g. jogging, biking, Nordic
walking) are being promoted. The consumers choose isotonic drinks to replen-
ish the amount of water and electrolytes in their bodies.

The market of isotonic drinks is a prospective market. Many new drinks
have been introduced into the market. Many of them are of private label and
thus of a lower price. Thus the drinks are getting more and more available to
low income and young customers. According to Nielsen’s report, 26.75 million
of litres of isotonic drinks were sold for the price of 149 million PLN in the
period from February 2011 to January 2012. (That is 21.4% of the whole
isotonic and energy drinks market). With regard to the volume, the sale
increased 10.8% in comparison to the period from February 2010 to January
2011 (the sale was 113 million of litres). This might reflect the potential of this
market. The packaging of the drinks is also of importance in terms of purchas-
ing. The majority of isotonic drinks packaging are PET bottles of 500 ml
volume, a lower number of packagings include 250 ml cans. PET bottles
of 750 ml (Oshee) and 700 ml (4move) volume are new on the market.
According to TGI research done by Millward Brown Institute SMG/KRC, the
most frequently consumed isotonic drink in the period from January 2011 to
December 2011 was Powerade (ZASADA 2012). However, according to the
research of BLASZCZYK et al. (2012), the most popular drinks were Powerade
and Oshee.

Isotonic drinks are considered as sportsmen’s beverages. Many studies are
being conducted in order to analyse the influence of different doses of sugars,
types of sugars, ions of sodium, potassium and vitamins on the efficiency of
a sportsmen’s body, their speed and exercising capacity. The research on the
optimal composition of isotonic drinks are to provide better results for
sportsmen. The ability to replenish fluids in a human body by drinking water
and isotonic drinks is also subject to analysis. An insufficient fluid intake
results in dehydration of the body. There are three types of dehydration, mild
dehydration (about 1% loss of body weight), moderate dehydration (about 4%
loss of body weight) and severe dehydration (about 10% loss of body weight
which requires emergency care). It is well known that the replenishment of
water lost during exercising is one of the most important parameters control-
led by coaches and physicians supervising their sportsmen (PASSE et al. 2009,
EWwANS et al. 2009, HILL et al. 2008).

One of the first researches on isotonic drinks was conducted by a consumer
organization and was published in Swiat Konsumenta (now ProTest) maga-
zine in 2003 and 2007 (ANONIM 2003, ANONIM 2007). The isotonicity of the
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drinks was one of assessment criterions. It is the osmolality that is essential in
terms of the authenticity of these drinks.

Therefore, the objective of this study was to confirm the authenticity
of isotonic drinks purchased on Tricity market on the basis of their osmolality.

Method

For the purpose of this study, 25 isotonic drinks of different brands have
been purchased in supermarkets (Polo, Lidl, Biedronka, Auchan, Delikatesy
ALBO) in the area of Tricity and its surroundings to be analysed in terms of
their osmolality. Only the beverages available in supermarkets have been
taken into consideration. The homemade (powdered) isotonic drinks have not
been analyzed. The purchased isotonic drinks included the folowing drinks:
Isostar, 4move, BE Sport, Oshee, Kite, Siti, Gatorade, Powerade and Iso Fresh.
The drinks have been coded. The osmolality has been measured with Marcel®
0S3000 osmometer (product of Poland — Marcel Sp. z o. 0.). The reference
standard was Funke Gerber calibration standard of the following paramaters:
-0.557°C and 300 mOsm. The osmometer measures the exact freezing point of
the liquid and the temperature is later calibrated with calibration solution.
The drinks had different packagings, the majority of them were PET bottle
of 500 ml, 555 ml, 700 ml, 750 ml volume and 250 ml cans. The research was
conducted on the drinks in the period from March to April 2013 before their
expiry date.

Results and Discussion

The results of the research are presented in Table 1.

Table 1 also shows the value of osmolality declared by a manufacturer. Up
to 12 drinks do not provide any information about their osmolality on their
labels. It seems that such information should be included on the drink’s label
because it confirms the isotonicity of the particular drink and also the fact that
the manufacturer has examined its essential parameters. Of all analysed
drinks, 6 have not had the proper osmolality for their group of drinks, 2 of
them have not had any declaration of isotonicity (drinks no. 4 and no. 9). The
drinks with non-declared isotonicity have been purchased at the isotonic
drinks shelf in the supermarket. This leads to inappropriate recognition by
customers. Drinks no. 11 and no. 12 are hypotonic drinks and drinks no. 20
and no. 23 are hypertonic drinks. The differences between the manufacturer’s
declaration and the osmolality measurement are minor for the majority
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of drinks. From 25 analyzed drinks only 19 are authentic isotonic drinks. If the
narrower scope of osmolality range, that is 275-295 mOsm kg™ of water, was
taken into consideration, only 15 out of 25 drinks would comply with the
osmolality criterion. In some opinions, the range of osmolality recommended
by European Union is too wide, and therefore only one of the anlayzed drinks
may be considered as an isotonic drink (MAUSER 2011).

Table 2 shows the contents of carbohydrates, sugars and sodium declared
by the manufacturers of the isotonic drinks. The data in this table confirm that
drinks no. 4 and no. 9 are certainly not isotonic drinks as the contents of sugars

Table 1
Osmolality of isotonic drinks
Measured Declared
No.. Drink code Taste osmolality osmolality
of drink [mOsm kg [mOsm kg
of water] of water]

1 A multifruit 289 288

2 A lemon 297 288

3 B cherry 289 290

4 B apple, white grapes, pear 155 -

5 B arapefruit 290 289

6 B orange 290 285

7 B lime, mint 287 290

8 B lemon 277 290

9 B multifruit 52 -
10 C blueberry 279 -
11 D multifruit 232 -
12 D grapefruit 228 -
13 E blackberry 311 -
14 E lemon 281 -
15 F lemon 281 -
16 F blueberry 283 -
17 G red orange 306 304
18 G mango 288 294
19 G multifruit 293 294
20 H lime, mint 334 307
21 H blueberry 282 284
22 H lemon 287 296
23 I lemon 337 -
24 I orange 305 -
25 I grapefruit 318 -
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and carbohydrates differs too much from the contents in other drinks. The
value for drink no. 4. is 2.7 g of carbohydrates (incl. 2.7 g of sugars) per 100 ml
of the drink and for drink no. 9. is 0 g of carbohydrates (incl. 0.0 g of sugars)
per 100 ml of the drink. For the other drinks the contents of carbohydrates is
between 3.9 to 6.7 g per 100 ml, including 3.8 to 6.0 g of sugars per 100 ml.
The contents of sodium in the analyzed drinks has also been different and has
oscillated between 43 and 72 mg per 100 ml of liquid. The majority of the
analyzed drinks have had the sodium contents of 45-50 mg/100 ml. The
content of sodium influences the osmolality of the drink because sodium ions
participate in osmosis.

Table 2
The content of carbohydrates, sugars and sodium in isotonic drinks declared by manufactui};:s
No.. Drink code Taste Carbohydrates Sugars Sodium
of drink [g/100 ml] [g/100 m]] | [mg/100 ml]
1 A multifruit 6.0 4.3 72
2 A lemon 6.0 4.3 72
3 B cherry 5.7 4.0 45
4 B apple, white grapes, pear 2.7 2.7 <20
5 B grapefruit 5.7 4.0 45
6 B orange 5.7 4.0 45
7 B lime, mint 5.4 3.9 45
8 B lemon 5.7 4.0 46
9 B multifruit 0 0 38
10 C blueberry 5.4 3.8 -
11 D multifruit 54 3.8 43
12 D grapefruit 5.4 3.8 43
13 E blackberry 6.0 6.0 50
14 E lemon 6.0 6.0 50
15 F lemon 5.4 3.8 50
16 F blueberry 54 3.8 50
17 G red orange 6.0 6.0 50
18 G mango 3.9 3.9 50
19 G multifruit 3.9 3.9 50
20 H lime, mint 6.7 5.8 50
21 H blueberry 5.4 3.8 50
22 H lemon 54 3.8 50
23 I lemon 6.7 5.5 70
24 I orange 6.7 5.5 70
25 I grapefruit 6.7 5.5 70
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Also the research conducted by Swiat Konsumenta (2003 and 2007), the
isotonicicty has not been stated in the drinks declared to be isotonic drinks
(ANONIM 2003, ANONIM 2007). Also the research on osmolality conducted by
METTLER et al. confirms that not all of the isotonic drinks have got appropriate
rate of osmolality. The Swiss research aimed to analyze the osmolality of
purchased liquid drinks as well as powdered drinks to be made at home. The
different ranges of osmolality have been also taken into consideration. Accord-
ing to Swiss’ law drinks of osmolality of 250-340 mmol/l may be considered as
isotonic drinks, whereas the actual range of osmolality for an isotonic drink is
280-290 mmol kg?. However, even applying the wider range of osmolality,
some of the drinks declared as isotonic have not been confirmed as isotonic
(METTLER et al. 2006).

As the market of functional drinks has been in a continuous progress the
manufacturers have been introducing new isotonic products by adding new
flavours or changing the ingredients (4 move has been the first brand in
Poland to add stevia). Due to this fact, the osmolality of these drinks should be
monitored carefully. It is also essential to analyse any homemade powdered
drinks because there is a group of consumers of these products.

The analysis of the osmolality is therefore a verification method for the
authenticity of an isotonic drink.

Conclusions

1. The majority of the analysed isotonic drinks have the osmolality rate
recommended by the European Union for their group of drinks (300 mOsm kg
of water + 10%). This is a proof of their authenticity.

2. The diferrences between the osmolality declared by manufacturers and
the measured osmolality are minor.

3. The contents of carbohydrates in the analysed isotonic drinks oscillated
between 3.9 and 6.7 g per 100 ml, and the contents of sodium oscillated
between 43 and 72 mg per 100 ml of the drink. Both the contents of
carbohydrates and sodium determine the rate of osmolality.

4. Isotonic drinks available on the market should be, therefore, monitored
in terms of their osmolality.

Translated by ALEKSANDRA FIGAs-DZIECIELSKA
Accepted for print 22.07.2016



168 Ewa Stasiuk, Piotr Przybylowski

References

AmENDOLA C., IanNILLI I., RESTUCCIA D., SANTINI L., ViNcI G. 2004. Multivariate statistical analysis
comparing sport and energy drinks. Innovative Food Sciences & Emerging Technologies, 5:
263-267.

ANoONIM. 2003. Test napojow izotonicznych. Nabici w puszke, Swiat Konsumenta, 7: 18-26.

ANoNIM. 2007. Test napojow izotonicznych. Zwyciezca jest jeden, Swiat Konsumenta, 5: 28-33.

Braszczyk E., PIORECKA B., JAGIELSKI P., SCHLEGEL-ZAWADZKA M. 2012. Spozycie napojow funkcjonal-
nych w grupie mtodziezy z regionu Podkarpacia. Bromat. Chem. Toksykol., 1: 33-38.

Ewans G.H., SHIRREFFs S.M., MAuGHAN R.J., 2009, Postexcercise rehydration in man. The effects
of osmolality and carbohydrate content of ingested drinks, Nutrition, 25: 905-913.

Hun R.J., Buuck L.J.C., Davies P.S.W. 2008. The hydration ability of three commercially available
sport drinks and water. Journal of Science and Medicine in Sport, 11: 116-123.

MEeTTLER S., RuscH C., CorLomBant P.C. 2006. Osmolality and pH of sport and other drinks available in
Switzerland. Sportmedizin und Sporttraumatologie, 3: 92-95.

Mauser M. 2011. Napoje izotoniczne test: 4Move, Gatorade, IsoPlus, Isostar, Oshee, Powerade,
Bieganie.mauser.com.pl, access: 15.05.2013, available on the web: http://bieganie.mauser.com.pl/
2011/08/03/napoje-izotoniczne-test-4move-gatorade-isoplus-isostar-oshee-powerade/.

Passe D.H., StoraN J.R., Rowe C.A., HorswiLL C.A., MuRrray R. 2009. Exercise condition affects
hedonic responses to sodium in a sport drink. Appetite, 52: 561-567.

Report of the Scientific Committee on Food on composition and specification of food intended to
meet the expenditure of intense muscular effort, especially for sportsmen. 2001. Adopted by the
SCF on 22/6/2000, corrected by the SCF on 28/2/2001. European Commission Health & Con-
sumer Protection Directorate — General, https://ec.europa.eu/food/sites/food/files/safety/docs/
sci-com_scf_out64_en.pdf, access: 7.06.2013.

ZasapA T. 2012. Zastrzyk energii. Hurt & Detal, 6: 34-35.



POLISH JOURNAL OF NATURAL SCIENCES
Abbrev.: Pol. J. Natur. Sc., Vol 32(1): 169-178, Y. 2017

THE INFLUENCE OF HYGIENIC QUALITY
PARAMETERS ON COMPOSITION AND PHYSICAL
PROPERTIES OF OLKUSKA SHEEP MILK*

Joanna Ptasinska-Marcinkiewicz

Cracow University of Economics
Department of Food Commodity Science

Key words: sheep’s milk, milk composition, physical properties, hygienic quality, correlations.

Abstract

The aim of this study was to determine the influence of sheep’s milk hygienic quality parameters
on its composition and physical characteristics. During the three-year study 140 samples of Olkuska
sheep milk were collected for analyzes. The samples were taken during the morning milking, and
then were tested to determine the composition, physical properties, the presence of inhibitory
substances, somatic cell count (SCC) and the total number of microorganisms. The increase in SCC
and the total number of microorganisms caused an increase in dry matter content, total protein,
casein, fat, total and soluble ash, pH, viscosity, conductivity and freezing point, and a decrease in
lactose content, acidity and density. Statistically significant correlations were obtained for the
relationship between SCC and the content of casein, fat, acidity, pH, density, and conductivity. As
regards the total number of microorganisms most of the correlations were statistically significant,
and the calculated correlation coefficients were higher than in case of SCC.
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Abstrakt

Celem badan bylo okreslenie wplywu parametréw jako$ci higienicznej mleka owczego na jego
sklad i cechy fizyczne. W trakcie trzyletnich badah pobrano do analiz 140 prébek mleka owiec
olkuskich. Probki pobierano z porannego udoju, nastepnie poddawano badaniom w celu okreslenia
skladu, wlasciwosci fizycznych, obecnosci substancji hamujgcych, liczby komérek somatycznych
(SCC) oraz ogoélnej liczby drobnoustrojow. Wzrost SCC i ogblnej liczby drobnoustrojéow powodowat
wzrost zawarto$ci suchej masy, biatka ogbélem, kazeiny, ttuszczu, popiotu ogblnego i rozpuszczalnego,
pH, lepkoéci przewodnoSci i temperatury zamarzania oraz spadek zawartosci laktozy, kwasowosci
i gesto$ci. Statystycznie istotne wspélezynniki korelacji uzyskano dla zaleznoSci miedzy SCC
i zawarto$cig kazeiny, tluszczu, kwasowoscia, pH, gestoScig i przewodno$cig. W odniesieniu do
ogélnej liczby drobnoustrojéow wiekszos¢ obliczonych zaleznoéci byla istotna statystycznie, a uzys-
kane wspolczynniki korelacji byly wyzsze niz dla SCC.

Introduction

The hygienic quality of milk is determined on the basis of the presence
of inhibitory substances, the total number of microorganisms and the cytologi-
cal quality, that is somatic cell count (SCC). However, the most frequently used
and found in research and literature hygienic quality indicators are the total
number of microorganisms and somatic cell count. Their widespread applica-
tion results from good accuracy of the assessment. At the same time both
indicators are closely related and in most cases high total number of microor-
ganisms is accompanied by high number of somatic cells.

Increased total number of microorganisms informs about milk bacterial
contamination and as demonstrated SEVI et al. (1999) it is closely related to the
occurrence of udder inflammation (mastitis), which is caused by pathogenic
organisms, particularly Staphylococcus and Streptococcus. Inflammatory con-
ditions also cause an increase in the number of somatic cells. The milk
originating from a healthy udder contains a small number of these cells. The
occurrence of disease states, in particular caused by novobiocin-sensitive
coagulase negative staphylococci (Streptococcus spp. and Enterococcus spp.),
leads to a significant increase in milk leukocytes (produced as a defense
reaction of the organism), thus an increase in SCC. Therefore, somatic cell
count is widely used as an indirect method of detecting udder inflammatory
conditions (ARIZNABARRETA et al. 2002, RAYNAL-LJUTOVAC et al. 2007, SEVI et
al. 1999a, TIETZE and MAJEWSKI 1995).

Increased somatic cell count and the total number of microorganisms
adversely affect the yield, composition, and physical characteristics of collected
milk, as well as the subsequent fermentation processes and the quality of
obtained final products. Studies conducted on sheep milk unquestionably
confirm the impact of mastitis on milk yield, which is significantly lower
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comparing to the quantities of milk obtained from healthy sheep. According to
numerous publications losses may range from 3% to 14% of the average milk
yield, and depend on the nature of the infection. Losses associated with the
production of cheese from milk with a high somatic cell count may be as high as
15.5% (EL-SAIED et al. 1998, GONZALO et al. 1994, 2002, LEITNER et al. 2008,
OSIKOWSKI et al. 1999, PELLEGRINI et al. 1997). Furthermore, such cheese is
characterized by up to 4% lower content of protein as compared to cheese
manufactured from low somatic cell count milk (RAYNAL-LJUTOVAC et al. 2007).
Changes in the chemical composition of the milk relate primarily to the
components synthesized in mammary gland such as fat, protein and lactose.
Chronic mastitis causes a decrease in the fat content, increase in the protein
content and at the same time a decline in the casein. This leads to reduction in
the casein number - a very important milk quality indicator from the techno-
logical point of view. In case of mastitis lactose content is reduced significantly.
It is associated with a decrease in the ability to synthesize milk constituents in
the infected udder. This is also of great technological importance, since
adequate lactose content is necessary for the proper fermentation processes
during the production of fermented milk drinks as well as in cheese produc-
tion. Lower content of calcium and phosphorus, and increased content of
chlorine, sodium, and potassium were also found in the milk of sheep with
clinical mastitis. The decline in calcium content is particularly worrying,
because it affects rennet coagulation process and determines the quality of the
clot. The milk clotting time is prolonged and obtained clot is looser. Moreover,
in the case of mastitis the pH rises and can even reach 7 as a slightly acidic
reaction of milk results from the presence of acidic phosphates and casein
(ALBENZIO et al. 2005, BONCZAR 1994, BONCZAR and PACIOREK 1999, CAROP-
RESE et al. 2006, JURCZAK 2005, KEDZIOR 2005, PIECZONKA 1999, RAYNAL-
-LJUTOVAC et al. 2007, SEVI et al. 1999).

As it was demonstrated numerous studies have shown that mastitis causes
a decrease in milk yield and affects milk composition. Especially the influence
of SCC is well documented. However scientific publications on the statistical
relationships of sheep’s milk hygienic quality parameters to its physicochemi-
cal characteristics are rare. For this reason the aim of this research was to
determine the correlations between sheep milk somatic cell count and the total
number of microorganisms and its components and physical characteristics.

Materials and Methods

The study was conducted using a flock of Olkuska sheep. The age of sheep
ranged from 2 to 8 years. Animals were under two different feeding systems:
stable-diet for the first three month of lactation and grazing at the grass
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pasture for the rest of the experiment. A single sample of experimental
material consisted of milk obtained from individual lacting sheep. Milk was
collected at monthly intervals for the first 5 months of lactation to guarantee
the sufficient amount of milk for analyzis. All analyzed samples were taken
during the morning milking. Until lamb weaning milking was carried out after
earlier (about 8 hours) separation of sheep from their lambs. Milking was
carried out manually. The milk samples in the glass bottles were placed in
cooler boxes and immediately transported to the laboratory where the analyzes
were conducted. The study was conducted for three years, a total of 140
samples was analyzed.

Analyzed milk samples were studied to determine the basic composition,
physical and hygienic quality. In particular following parameters were deter-
mined (Mleko surowe... PN-A-86036:1998, Mleko... PN-A-86122:1968, Mleko...
PN-EN ISO 8968-1:2004):

— dry matter content according to the oven-drying method,

— fat content according to Gerber method,

— proteins content according to Kjeldahl method,

— total ash content by dry mineralization in temperature + 525°C,

— soluble ash content callculated as a difference between total ash and ash
insoluble in 10% hydrochloric acid,

— lactose content,

— casein content according to Wolker method,

— casein number (the ratio of casein to total protein),

— total (titratable) acidity and pH,

— density by thermolactodensimeter,

— viscosity on Rheotest RN 3.1 apparatus,
freezing point (temperature) using Funke Gerber cryoscope,
electrical conductivity,
presence of inhibitors with STD-Abiotest,
somatic cell count (SCC) on Fosomatic 360 apparatus,
the total number of microorganisms on BactoScan 8000 apparatus.

The results were statistically analyzed aiming to determine correlations
between the parameters of hygienic quality and other parameters of the overall
quality of sheep’s milk. Statistical analyzes were performed using The Statisti-
ca 8.0 PL software.

Results and Discussion

Inhibitors in this experiment were detected in a few samples for which at
the same time both somatic cell count and the total number of microorganisms
obteined the highest values. The results confirmed the facts, ie. these sheep
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were given antibiotics because of existing strong inflammation of the udder.
The milk from these animals was not used for consumption or further
processing. Due to the small number of such samples this indicator is not taken
into account in further analyzes.

The influence of somatic cell count and the total number of microorganisms
was considered in the first place, in relation to the basic components of milk,
and then to the physical parameters.

The increase in somatic cell count in the milk of Olkuska sheep was
accompanied by an increase in the content of dry matter, total protein, casein,
fat, total and soluble ash, the number of casein and a decrease in lactose
content. However, statistically significant correlation coefficients related only
to the relationship between somatic cell count and the content of casein and
fat.

The results concerning the relationship between the total number of
microorganisms and basic chemical components of milk were very similar to
those calculated for somatic cell count (Table 1). This is due to the fact that
bacterial infections are the most common cause of increase in the number of
somatic cells. The correlations were also positive (with the exception of
relationship with the number of casein), but their strength was distinct.
Statistically significant coefficients were calculated for the corelations with dry
matter, total protein, casein, fat, total and soluble ash. The highest coeffi-
cients, close to 0.5, were obtained for the correlation between the total number
of microorganisms and total and soluble ash.

Table 1
Correlations between the basic chemical components of Olkuska sheep’s milk and somatic cell count
and the total number of microorganisms

Parameter Somatic cell count (ﬁh;izizfrg;:il:;l;
Dry mass 0,022 0,357*
Lactose -0,193 -0,048
Total protein 0,257 0,319*
Casein 0,284* 0,287*
Casein number 0,015 -0,044
Fat 0,357* 0,415*
Total ash 0,197 0,464*
Soluble ash 0,208 0,483*

* gtatistically significant correlation coefficient (a = 0.05)

The results obtained in the present study regarding the content of dry
matter, protein, fat and lactose are consistent with findings by BONCZAR on
Poland Longwool variety rzgskowska sheep milk (BONCZAR 1994). Also OLECH-
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Nowicz and STEPPA (2000) conducting research on milk of dairy sheep 05
(13/16 Friesian sheep, 3/16 Polish merino) found that milk obtained from
animals with healthy glands (somatic cell count below 250000/ml) contained
significantly lower amount of protein than milk of animals with inflammation.
At the same time the content of lactose was higher. A statistically significant
increase in protein and fat and a decrease in lactose content in the milk of
infected sheep also found WOJTOWSKI et al. (1998) and GUT et al. (1999) who
examined sheep milk of three synthetic lines among others with varying
degrees of participation of East friesian and Polish merino sheep. Calculated
correlation coefficients between the log SCC and the percentage content of
protein, fat and lactose were 0.354, 0.192 and -0.575 respectively. The increase
in protein content due to the increasing number of somatic cells was also
observed in milk of churra sheep (EL-SAIED et al. 1998, 1999), for which the
correlation coefficient between log SCC and the percentage of protein content
was 0.12 and 0.16. Results for correlation with protein content and fat are also
consistent with the results of research conducted by RIGGIO et al. (2007) and
ALBENZIO et al. (2002) and relating protein with findings by ALBENZIO et al.
(2004) LEITNER et al. (2004) and RODRIGUEZ-NOGALES et al. (2007). A statisti-
cally significant decrease in lactose content with an increase in SCC confirmed
studies by VIVAR-QUINTANA et al. (2006) carried out on milk of Assaf sheep
hybrids with churra and castellana sheep. The decrease in lactose content with
the increase in the number of somatic cells also corresponds to the findings by
other authors, among others by SEVI et al. (1999) for Comisana sheep milk,
SINAPISI et al. (2007) or LEITNER et al. (2004) and is associated with a decrease
in the ability to synthesis this component in the infected udder. Sinapis et al.
analyzing milk of Boutsiko ewes obtained correlation coefficient -0.19.
Similarly to cows milk, the percentage increase in protein content caused
by the increasing somatic cell count may be explained by the parallel increase
in blood proteins in milk of sheep with bacterial infections (EL-SAIED et al.
1998, 1999, RAYNAL-LJUTOVAC et al. 2007). Such a finding is also reported by
other authors who indicate that the increase or no change in protein content in
milk despite the decreasing casein content can be explained by an increase in
the content of blood serum proteins which are excreted in milk through the
loosened epithelial cells of infected animals (ALBENZIO et al. 2005, 2002, SEVI et
al. 2001). The increase in the percentage of fat in milk with an increased SCC,
whether caused by the occurrence of bacterial inflammation or secretion
disorders may be explained by the effect of “dilution”, as the amount of fat does
not change while the amount of milk from sick animals is greatly reduced
(ALBENZIO et al. 2002). Whereas the increase in ash content can be explained by
increasing sodium and chloride content in milk of sheep with udder inflamma-
tion. This is due to changes in the permeability of cell membranes and the
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interstitial spaces that cause the passage of these minerals from the animal’s
blood to the milk in order to maintain the osmotic equilibrium (BONCZAR 1994,
BONCZAR et al. 1994, RAYNAL-LJUTOVAC et al. 2007).

A slight increase in casein content with deteriorating hygienic quality of
milk obtained in this experiment has no confirmation in the literature. The
presence of mastitis in fact leads to the reduction in the amount of components
synthesized in sheep mammary gland and therefore to the decrease in the
amount of secreted casein (SEVI et al. 1999, 1999a). Hence, it is likely that the
relationship obtained in the experiment is accidental, especially that the
correlation coefficients are low.

The influence of somatic cell count in milk on its physical characteristics
was analyzed earlier by BONCZAR et al. (1994). She stated an increase in the pH
of milk, its viscosity and electrical conductivity and a slight decrease in density
in case of sheep udder disease states. The correlation factors, except for the
density of milk (0.1), were statistically significant and were approximately 0.3.
In addition, a relatively high correlation coefficient (-0.46) was observed for
correlation with titratable acidity. In the present experiment the results were
similar (Table 2). Statistically significant correlations were found between
somatic cell count and pH (0.48), titratable acidity (-0.36), electrical conductiv-
ity (0.33) and density (-0.31). Only for viscosity the correlation coefficient was
not statistically significant, although the results confirmed an increase in
viscosity with increasing number of somatic cells.

Table 2
Correlations between the physical characteristics of Olkuska sheep’s milk and somatic cell count and
the total number of microorganisms

Parameter Somatic cell count b 'total number
of microorganisms
Titratable acidity -0,355% -0,300%
pH 0,481% 0,640%
Density -0,309* -0,315%
Viscosity 0,127 0,139
Electrical conductivity 0,333* 0,431*
Freezing point -0,083 -0,198

* statistically significant correlation coefficient (o = 0.05)

As in the case of somatic cell count increased total number of microorgan-
isms was accompanied by an increase in pH, electrical conductivity, freezing
point and viscosity and a decrease in density and titratable acidity. Statistically
significant correlations were found for pH, electrical conductivity, titratable
acidity and density.
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The increase in pH value when somatic cell count increases was reported by
RAYNAL-LJUTOVAC et al.(2007) and VIVAR-QUINTAN et al. (2006). VIVAR-QUIN-
TAN et al. also noted lower titratable acidity of milk with somatic cell count
above 3000000/ml. Also ALBENZIO et al. (2005) and SEVI et al. (1999) observed
a statistically significant increase in pH value with an increase in SCC. This
increase was particularly noticeable in milk containing over 1000000 of
somatic cells in 1 ml compared to milk from healthy sheep (SCC < 500000/ml).
Whereas WOJTOWSKI et al. (1998) reported no significant differences in pH
values of milk from healthy sheep and from those with infected udders. They
found, however, impact of SCC on the freezing point. Milk from infected halves
of udders was characterized by freezing point at the level of -0.5866, while from
healthy at -0.5787. The correlation coefficient between log SCC and the
freezing point was 0.132.

Conclusions

The study confirmed the impact of hygienic quality parameters, in particu-
lar of somatic cell count and the total number of microorganisms, on the
composition and physical properties of sheep’s milk. Especially in the case
of the total number of microorganisms the majority of the calculated correla-
tion coefficients was statistically significant and had higher values than the
one callculated for the correlation with SCC. The deterioration of hygienic
quality of Olkuska sheep milk caused an increase in the content of dry matter,
total protein, casein, fat, ash, pH, viscosity, conductivity and freezing point and
a decrease in lactose content, acidity and density.
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Abstract

The colour of light is a very important environmental factor that affects fish physiology. The aim
of the present study was to evaluate the effects of different colours of light on weight gain, length,
condition factor and specific growth rates of the juvenile rainbow trout Oncorhynchus mykiss. The
study employed fertilized eggs that were exposed separately to seven colour lamps including white
(573 nm, control), azure (397 nm), blue (459 nm), green (524 nm), yellow (586 nm), orange (611 nm)
and red (742 nm). The experiment was conducted for 5 months (from fertilization until the fish
reached 2 g wet weight) at the Sheshpir fish farm (west of Fars province), Iran. After yolk sac
absorption, the weight and length of randomly sampled fish were measured monthly. The results
showed that weight parameters of fish exposed to yellow (0.562 + 0.13) and white (0.547 + 0.13)
coloured light were higher (p < 0.05) than fish subjected to the other colours. The highest length
growth was observed in fish exposed to yellow (3.91 + 0.16) and white (3.61 £ 0.10) light, respectively.
The highest growth rate (4.641 £ 0.29) and condition factor (2.00 £ 0.03) were observed in fish
maintained under yellow light.
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Abstract

Barwa $wiatla stanowi istotny czynnik, ktéry wplywa na pewne procesy fizjologiczne u ryb.
Badano wplyw wybranych barw §wiatta na wzrost, diugos¢ i specyficzny wskaznik wzrostu SGR oraz
wspolczynnik kondycji mlodocianych stadiéw pstraga teczowego Oncorhynchus mykiss. Eksperyment
prowadzono przez pie¢ miesiecy, od momentu zaplodnienia do uzyskania ryb o masie 2 g w Gospodar-
stwie Rybackim Sheshpir (zachodnia cze§é prowincji Fars) w Iranie. Poszczegélne grupy badawcze
podchowywano z zastosowaniem siedmiu réznych barw §wiatta: bialej (573 nm), blekitnej (397 nm),
niebieskiej (459 nm), zielonej (524 nm), z6ltej (586 nm), pomaranczowej (611 nm) i czerwonej
(742 nm). Po resorbcji woreczka z6itkowego losowo odlowione osobniki wazono i mierzono na koniec
kazdego miesigca. Wykazano, iz najwyzsze wskazniki masy ciala uzyskaty ryby eksponowane na zotte
(0.562 + 0.13) i biate éwiatlo (0.547 + 0.13) w poréwnaniu z rybami podchowywanych w innych
barwach §wiatla (p < 0.05). Najwyzsze wskazniki dlugos$ci ciala odnotowano réwniez u ryb pod-
chowywanych z zastosowaniem $wiatla o barwie z6ttej (3.91 + 0.16) i bialej (3.61 + 0.10). Ryby
eksponowane na z6ltg barwe ciala charakteryzowaly sie najwyzszymi wskaznikami wspoétczynnika
wzrostu SGR (4.64 + 0.29) oraz wspélczynnika kondycji (2.00 + 0.03).

Introduction

The rainbow trout Oncorhynchus mykiss naturally inhabits the eastern
part of the Pacific Ocean, from the Kuskokwim River in Alaska to the Rio
Santa Domingo, Baja California, Mexico. It is traditionally cultured all over the
world, including Iran (HEYDARNEJAD et al. 2013), and is one of the most
important cold water fish species for commercial fisheries and aquaculture.

The three characteristics of light: wavelength (spectral) composition, inten-
sity and duration are very important to fish life, not only in a natural
environment, but also in aquaculture facilities. Most species of fish have
well-developed light colour sensors, and are very sensitive to specific colours
(IMANPOOR et al. 2011). Some light spectra may modulate several physiological
and behavioural responses, such as feeding and growth performance (DURAY et
al., 1996, DOWING and LITvAK 2000, HEAD and MALISON 2000, OSALDE et al.
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2005, KARAKATSOULI et al. 2007, 2008a), reproduction (VOLPATO et al. 2004),
sex determination (TURNER 2008), aggression (HOGLUND et al. 2002), larval
jaw malformation (COBCROFT and BATTAGLENE 2009), the stress response
(VoLPATO and BARRETO 2001), pigmentation, survival, locomotion and early
maturation (OSALDE et al. 2005) and behaviour (MARCHESAN et al. 2005,
VOLPATO et al. 2004) in fish.

Fish vision and spectra perception are strongly adapted to each species
natural habitat and living ethology (CHINEN et al. 2005, KusMiC and GUALTIERI
2003, POINTER et al. 2005). In natural fish habitats, the wavelength of light
penetrating water varies greatly and depends on various physical, biological
and chemical factors. For example, the highest survival rate of haddock
Melanogrammus aeglefinus larvae and common carp Cyprinus carpio was
observed during rearing with application of green light (RADENKO and ALIMOV
1991, RUCHIN et al. 2002, RUCHIN 2004). Moreover, GIRI et al. (2002) have
reported that exposure of the Wallago, Wallago attu, to certain visual
wavelengths, for example red, reduced fish growth.

In the natural environment, light intensity and background colour affect
the ability of fish to detect food and thence, feeding success. Therefore, colour
can affect both fish growth and mortality. The impact of light and background
colours should, therefore, be considered during fish culture; especially in
economically important species. In general, the highest growth rate of fish
larvae has been achieved when light conditions and background colour are
optimized to contrast feed from the background (HENNE and WATANABE 2003,
JENTOFT et al. 2006, STRAND et al. 2007a).

In aquaculture, the positive influence of rearing light colour is economically
important because it may affect fish growth and development and therby lead
to enhanced efficiency of production. However, the influence of light spectra on
growth of embryos and fry of rainbow trout is surprisingly limited. According-
ly, the purpose of the present study was to evaluate the effects of different light
spectra on rainbow trout growth and development, from embryo until 2 grams
wet weight.

Material and Methods
Experimental details
The experiment was conducted at the Sheshpir fish farm in Iran (west of
Fars province). Sixty-four mature specimens of rainbow trout from the stock

population, that were exposed to natural light conditions, were randomly
caught. The spawners were of 2-5 years, with a weight of 744-3961 g (mean
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+ S.E.: 1667.78 + 86.77) and length of 39-65 cm (mean + S.E.: 50.38 £ 0.74).
The fish were maintained for 2 days in water temperature of 8°C until
spawning. Feeding was interrupted 24 hours before spawning. During artifi-
cial reproduction, collected eggs were fertilized, mixed and distributed ran-
domly into seven separate fiberglass tanks (length, height, width: 60 cm,
30 cm, and 50 cm, respectively). In each fiberglass tank 1000 eggs were
incubated under different light colours: white (573 nm, control), azure (397 nm),
blue (459 nm), green (524 nm), yellow (586 nm), orange (611 nm) and red
(742 nm). All experimental groups were maintained in a water recirculation
system (RAS). The water temperature of each tank was kept at 10°C with pH
7.66, while salinity and dissolved oxygen was kept around 2 ppt and 8.99 mg/1,
respectively. The nitrite and ammonium nitrate concentration was lower than
0.05 and 0.5 mg/l, respectively. At 24 hours post — fertilization, physically
damaged and dead eggs were removed by using a wide pipette. The tanks were
connected to outer sleeve pipes to facilitate self-cleaning and waste removal
that were cleaned twice a week. According to the methodology of LARSON et al.
(2004), a 60 W red lamp was used during all experimental steps (feeding,
biometrics and cleaning the tanks) for illumination of the external environ-
ment of the laboratory (IMANPOOR et al. 2011). During experiments, time of the
lightening was controlled with an automatic timer system with a 14/10
photoperiod.

Light exposure method

The eggs were incubated in seven separated experimental tanks that were
exposed to 5 watt fluorescent colour lamps of: white (control), yellow, green,
azure, blue, orange and red. The lamps were suspended 25 cm above the water
surface of each tank and the photophased automatically as described above.
The experiment was conducted over five months (two months as eggs/yolk sac
larvae and three months of rearing) from fertilized egg to 2 g wet weight for
each light colour. The photoperiod was provided from 06:00 to 20:00 hours and
all groups were kept in isolation throughout the experiment. After absorption
of the yolk sac, fish were fed with commercial extruded SFT-00 feed (55% crude
protein, 12% fat; Chineh, Iran) twenty-four times per day, during the first 20
days of rearing. Thereafter, fish were fed with the SFT-1 pellets (48% crude
protein, 12,5% fat; Chineh, Iran) 15 times a day for 30 days. Finally, feeding
was conducted using SFT-2 pellets (45% crude protein, 14% fat; Chineh, Iran)
ten times per day until the end of the experiment. Feeds were presented to
excess with uneaten food being removed thirty minutes after feeding.
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Sampling method

To evaluate the growth of fish in the experimental groups 45 specimens
were randomly collected from each tank (after 12 hours feed deprivation) for
weight measurement using a digital balance (Mitutoyo, Japan). The total
length of the fish was recorded by vernier caliper and was analyzed by using
a Canon Power shoot SX530 HS digital camera linked to Image Tool Software
version 3 (Japan). Then parameters of weight gain, Specific growth rate and
Fulton’s condition factor of fish were calculated monthly until study end by the
following formulas:

Weight gain (WG)

_ 100 (FW - IW)
WG = — 1w
where:

WG - weight gain [%]
FW - final weight [g]
IW - initial weight [g].

Specific growth rate (SRG)

_ 100 (In W, - In W)

SGR AL

where:

W; - the weight in grams at time ¢

W; - is the initial weight

In - stands for natural log

At - the duration of exposure of fish to light colour in days.

Fulton’s condition factor (K):

_ W-100

K i

where:
W — weight of fish [g]
L - length of fish [em].

Data analysis was performed using the statistical program SPSS version
11.5 using one way ANOVA. Differences (p < 0.05) between means were
compared by Duncan’s multiple range test at p < 0.05 as the significant level.
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Results

Weight gain of fish exposed to different colours of light for a period of
5 months is presented in Table 1. Differences in mean body weights between
groups were only detected for experimental groups exposed to white (control)
and yellow light for each month throughout the experiment (p < 0.05). However,
no differences in mean body weights of fish subjected to white and yellow light
were observed (p > 0.05). Lowest weight gain was observed in fish maintained
under green light < blue < azure < orange < red (Table 1). Nonetheless there were
no differences in overall weight gain between the latter groups.

The mean changes in group length during three month period of observation
is presented in Table 2. A similar pattern to that discerned for weight gain was
observed, with fish reared under yellow and white light being longer than all
other treatment groups (p < 0.05). Rainbow trout bred using green light were
characterized by poorest length gain < blue < azure < orange < red (Table 2).
Similar to weight gain, there were however, no diffrerences between the latter
groups in length gain.

Table 1

The effect of light colour on weight gain in breeding of juvenile rainbow trout Oncorhynchus mykiss
Month

Light M, M, M,
White 3.84 + 0.10* 1.62 + 0.08* 0.56 + 0.13*
Azure 1.95 + 0.10 0.89 + 0.09 0.35 + 0.06
Blue 1.85 + 0.21 0.85 + 0.04 0.34 + 0.06
Green 1.40 £ 0.35 0.68 + 0.10 0.29 + 0.10
Yellow 4.14 + 0.28* 1.60 £ 0.25* 0.55 + 0.13*
Orange 2.51 + 0.24 1.10 £ 0.10 0.39 + 0.08
Red 2.77+£0.24 1.21 £0.13 043 + 0.10

M, - first month, M5 — second month, M; — third month

* Significant difference with other light (p < 0.05)

Table 2
The effect of light colour on length of juvenile rainbow trout Oncorhynchus mykiss
Month

Light M, M, M

White 3.61 + 0.10* 4.35 +0.13* 6.38 + 0.25*
Azure 2.84 + 0.06 3.84 +0.12 5.75 + 0.32
Blue 2.78 £ 0.12 3.84 £ 0.17 5.56 + 0.22
Green 2.65 + 0.09 2.78 £ 0.13 4.71 £ 0.19
Yellow 3.91+0.16* 4.58 + 0.19* 6.55 + 0.38*
Orange 3.22 + 0.17 4.20 £ 0.15 6.16 + 0.34
Red 3.23+£0.14 4,18 + 0.12 6.28 + 0.28

M, - first month, M, — second month, M5 — third month

* Significant difference with other light (p < 0.05)
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The specific growth rate of the fish was characterized by a declining gradient
of yellow > white > red > orange > azure > blue > green lights (Table 3). The
highest SGR was observed in fish subjected by yellow light, while the lowest
SGR was recorded in the experimental group of fish maintained under green
light. The SGR parameters in experimental groups showed significant differen-
ces in group of fish exposed to the azure, blue and green light in comparison to
fish breed under the white and yellow (Table 3), during the first month of
breeding (p < 0.05). In the next month there were no significant differences
between treatments (p > 0.05) while, by month three post-hatch, fish reared
under yellow light were characterized by higher SGRs when compared to the
other experimental groups (p < 0.05). The highest rate of condition factor was
observed in fish breed under yellow light, during all experimental period, while
the lowest condition factor was identified in fish exposed to the green light of
colour, but differences were not significant (Table 4).

Table 3
Effect of light colour on specific growth rate (mean + S.E.M) of juvenile rainbow trout
Oncorhynchus mykiss

Month

Light M, M, M
Green 3.29 + 0.14* 2.85 + 0.27 2.38 £ 0.09
Blue 3.45 + 0.25%* 3.10 £ 0.19 2.58 +0.14
Azure 3.43 + 0.26* 3.12 £ 0.15 2.63 £ 0.12
Orange 3.88 + 0.27 3.46 + 0.22 2.75 +£0.14
Red 4.07 £ 0.09 3.47 £ 0.20 2.76 + 0.156
White 452 +0.15 3.54 + 0.17 2.88 + 0.07
Yellow 4.64 + 0.29 3.60 + 0.35 3.17 + 0.16**

M, - first month, M5 — second month, M5 — third month

* Significant difference with white and yellow lights
** Significant difference with other lights; (p <0.05)

Table 4

Effect of light colour on condition factor (mean + S.E.M) of juvenile rainbow trout
Oncorhynchus mykiss

Month

Light M, M M,

Green 0.70 + 0.02 0.92 + 0.02 1.41 +0.05
Blue 0.78 + 0.033 0.98 + 0.04 1.48 + 0.04
Azure 0.79 + 0.032 0.98 + 0.05 1.51 + 0.02
Orange 0.78 + 0.02 1.04 £ 0.03 1.60 + 0.05
Red 0.83 + 0.03 1.07 + 0.02 1.61 +0.03
White 0.88 + 0.02 1.17 +0.03 1.76 + 0.04
Yellow 0.92 + 0.04 1.19 + 0.04 2.00 + 0.03

M, - first month, M, — second month, M3 — third month
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Discussion

In aquaculture, light spectra affect fish physiology, stress response, behav-
iour and consequently growth performace (KARAKATSOULI et al. 2010). The
effect of some light colour on growth of rainbow trout could be due to colour
preference (LUCHINARI and Pirhonen 2008) and to the proportion of visual
pigments in the retina (TSIN and BEATTY 1977). Optimum assimilation effi-
ciency in fish exposed to the yellow light was described by HOANG et al. (2003)
and the low feed consumption together with faster growth were observed
because of low activity and energy saving for growth (HEYDARNEJAD et al 2013).

Different colours of light have been applied in an attempt to stimulate the
growth rate of several fish species (RUCHIN 2004, MARCHESAN et al. 2005,
STRAND et al. 2007a, LUCHIARI and FREIRE 2009, LUCHIARI and PIRHONEN
2008). The present study demonstrated that the growth rate of rainbow trout
(from fertilization to the fry of 2 g) was significantly affected by light. The
weight and length of fish reared under yellow light were highest in the third
month of the experiment. Such results were probably connected to the
rainbow trout preference to the yellow colour that does not induce the stress
in fish and saves the energy required for growth. Similar results on the
influence of yellow light on growth and stress response have been reported
previously for juvenile rainbow trout but the experimental animals were
older and hence larger (15 cm and 32 g wet weight) than used herein
(HEYDARNEJAD et al. 2013). As observed herein, the results of HEYDARNEJAD
et al. (2013) indicated best growth and also lowest stress in rainbow trout
maintained under yellow light.

PAPOUTSOGLOU et al. (2000) described that the body weight of common carp
maintained under yellow light was higher than fish held under black and green
light. TAMAZOUZT et al. (2000) reported superior growth in weight and length of
European perch Perca fluviatilis larvae under grey and white light. In con-
trast, big-belly seahorses (Hippocampus abdominalis), expressed no differen-
ces in growth or survival when maintained in white, yellow, orange or green
tanks (MARTINEZ-CARDENAS and PURSER 2007). Interestingly, red light stimu-
lates feeding of Nile tilapia (Oreochromis niloticus), but this does not translate
into extra growth (VOLPATO et al. 2013). Nevertheless, mean body weight of
Nile tilapia fingerlings bred in blue light was significantly higher than for fish
maintained under white or red light (ELSBAAY 2013). Sensitive to yellow and
green light, Atlantic herring, Clupea harengus, were recorded as feeding most
actively under a wavelength of 560 nm which borders both colours (BLAXTER
1999). Larvae of whitefish Coregonus pollan, too, were found to be sensitive to
green light but insensitive to the longer wavelength red light (DABROWSKI and
JEWSON 2001).
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The specific growth rate of fish exposed to different colours of light in this
study reveals that the growth of fry of rainbow trout is enhanced under yellow
light in comparison to other colours. The SGR of fish subjected during the first
month to azure, blue and green lights was significantly lower to other experi-
mental groups, but there were no differences in SGR between treatments in
second and third months. Yellow light had significant impact on rainbow trout
SGRs during present experiment. Significant increases in SGR were also
observed for silver perch Bidyanus bidyanus and golden perch Macquaria
ambigua larvae held under yellow and orange lights (GEHRKE 1994).

The present study demonstrated that green light had a negative effect on
growth, probably inducing stress, resulting in decreased appetite and, or feed
intake. Lower growth rates observed for fish held under darker colours may
reflect a negative impact on the visibility of feed in tanks, resulting in lower
consumption (STRAND et al. 2007a, STRAND et al. 2007b).

In conclusion, this study shows that yellow light appears to offer advantage
during the rearing of embryonic and fry stage rainbow trout up to 2 g. In older
fish, colour preference may however, change as suggested by the findings of
KARAKATSOULI et al. (2008b). Before supporting the application of yellow light
to the commercial setting however, more studies are warranted to determine
optimal colour and light intensity (lux).
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Abstract

The aim of the present study was to verify the feasibility of using live Artemia salina nauplii
embedded with fluorochromes for the mass marking of pike Esox lucius (L.) larvae. In the
experiment, pike larvae 6 days post hatch were fed ad libitum with nauplii dyed with 600 ppm
tetracycline hydrochloride (TC) or 200 ppm alizarin red S (ARS) for 3 or 6 days. The highest
percentage of marked fish (100%) and the best quality of this marking was found in the groups fed
A. salina stained with TC for either 3 or 6 days. In groups fed A. salina stained with ARS for 3 or
6 days exhibited a lower percentage of marked fish (ranging from 76.7-88.3%). No significant
differences between experimental groups were noted regarding survival rate, final body weight and
length of the reared pike larvae.
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Abstrakt

Celem badan bylto sprawdzenie mozliwoéci wykorzystania zywych naupliuséw Artemia salina
barwionych uprzednio w dwéch fluorochromach do masowego znakowania larw szczupaka Esox
lucius (L.). W eksperymencie sze$ciodniowe larwy szczupaka karmiono naupliusami solowca bar-
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wionymi w chlorowodorku tetracykliny (TC) w stezeniu 600 ppm oraz alizarynie red S (ARS)
w stezeniu 200 ppm, odpowiednio przez 3 lub 6 dni. Najwyzszy procent znakowanych otolitow/ryb
(rowny 100%) i wysoka jako§¢é znaczkéw uzyskano w grupach, w ktérych podawano naupliusy
barwione TC zaréwno przez 3, jak i 6 dni. Z kolei w grupach otrzymujacych pokarm barwiony ARS
przez 3 lub 6 dni odnotowano nizszy odsetek znakowanych osobnikéw (w zakresie 76,7-88,3%). Nie
stwierdzono jednoczesnie istotnych roznic statystycznych miedzy warto$ciami przezywalnoéci oraz
koncowa masg lub dlugosScig ciala larw szczupaka w poszczegélnych grupach do§wiadczalnych.

Introduction

Pike (Esox lucius L.) as a piscivorous fish species at the top of the trophic
food web that is an attractive prey for fishermen and anglers. It is also
a potential fish for use in aquaculture. Pike is a desirable and protected species
in many reservoirs due to its significant contribution to the management of
fish communities by effectively eliminating planktivorous fish. Stocking of pike
are used in bio-manipulation experiments as an indirect tool to reduce the
eutrophication process (PREJS et al. 1997). According to data from MICKIEWICZ
(2015), pike stocking was practiced in 91% of the fishery farms in Poland. In
the year 2014, it was ranked first with regard to the amount of material it
released into open waters as a result of stocking actions.

The production of juvenile stages of fish in hatcheries and stocking
freshwater reservoirs using these artificially propagated fish is common and
provides the opportunity for larvae or fry mass marking. Marked fish can be
used to gain an unbiased evaluation of the potential success/failure of stocking
actions and for the determination of the effectiveness of natural reproduction.
The choice of marking technique for juvenile stages must be able to be applied
to a huge number of fish at the same time, be minimally stressful and ensure
that the marks are easy to read after several months or even years (BROWN and
HARRIS 1995).

In the case of juvenile stages, chemical marking of otoliths and bones is
a commonly used and well established method (BROTHERS 1990). The first
studies of this topic were initiated in the 1960s (BROTHERS 1990). Firstly,
strontium chloride was used as an analog of calcium and incorporated in bony
fish structures (OPHELL and JUDD 1968, BAGENAL et al. 1973). The otoliths
marked by this method were analyzed using atomic mass spectroscopy and
atomic absorption spectroscopy. The second, more popular method of juvenile
stage mass marking was based on the use of fluorochromes (BROTHERS 1990).
These compounds form chelation complexes with calcium ions and are embed-
ded in the skeletal structures of fish (bones and otoliths). In this case, the
presence of the mark (i.e. illuminating calcium-fluorochrome complexes) can
be confirmed by observing these structures under ultraviolet light (BEVERAN-
DER and GOSS 1962, THOMAS et al. 1995). Commonly used chemical markers
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are tetracycline group antibiotics (i.e. tetracycline, tetracycline hydrochloride
(TC), oxytetracycline (OTC), and oxytetracycline hydrochloride) and calcein
(BABALUK and CRAIG 1990, THOMAS et al. 1995, STANCZAK et al. 2015). There
are four techniques for fluorochrome application: intraperitoneal, intramuscu-
lar, intravenous or subcutaneous injections (BEVELANDER and GOSS 1962,
BABALUK and CRAIG 1990); spraying dye onto the external surface of fish bodies
(PITCHERA and KENNEDY 1977, LESKELA et al. 2004); immersing fish in a dye
solution (HETTLER 1984, BAER and ROSCH 2008); and finally feeding fish for
several days with artificial or live feed supplemented with the fluorochrome
(THOMAS et al. 1995, STANCZAK et al. 2015).

Fluorochromes are widely applied in aquaculture today. Besides their
applicability in marking procedures, tetracycline and its derivatives are also
used as antibacterial drugs (SCHNICK et al. 1986). Therefore, labelling protocols
should take into account species specificity, because an overdose of some
fluorochromes may have unfavorable and ultimately lethal effects on the fish
(HETTLER, 1984, TSUKAMOTO 1985). Therefore, it is necessary to adjust the
dose that would enable the most effective marking of fish to ensure minimal
mortality rates for the fish stock, which is especially significant for endan-
gered/protected or commercially valuable fish species (MACFARLANE and
BEAMISH 1987).

Therefore, the goal of this study was to verify the feasibility of using live A.
salina nauplii stained with either TC or alizarin red S (ARS) for the mass
marking of pike E. lucius (L.) larvae.

Material and Metods

For our experiment, we used pike larvae 6 days post hatch (DPH), just
before the end of yolk sac resorption, that had an average total length of 13.38
+ 0.64 mm and an average body weight of 12.43 + 1.4 mg. Fish were obtained
from controlled reproduction of spawners originating from the Fish Farm
“Czarci Jar” near Olsztyn (NE Poland). During experimental rearing, the fish
were administered the live feed A. salina nauplii (Ocean Nutrition Ltd., USA),
incubated following the producer’s instructions, and then immersed in one of
two fluorescent dyes, either T'C at 600 ppm or ARS at 200 ppm (Sigma-Aldrich
Ltd.), according to the method published by STANCZAK et al. (2015).

The pike larvae were divided into five experimental groups (each experi-
ment was carried out in duplicate). The fish were placed in separate aquaria
(100 fish each) with a total volume of ca. 2 dm3 and coupled to a recirculation
system. Each experimental group was fed ad libitum manually four times
a day. Administration of stained nauplii was conducted for 3 or 6 days for both
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fluorescent dyes (TC-3 and TC-6 or ARS-3 and ARS-6 groups, respectively).
After treatment, the pike larvae were fed exclusively dye-free (pure, plain)
nauplii for the next 7 days. The control group (C) was fed only dye-free
A. salina nauplii. Throughout the experiment, the aquaria were cleaned of food
remains and fish waste once a day in the morning before the first feeding.

Survivors of the experimental rearing were counted and 30 larvae per
variant were sacrificed with an overdose of anesthetic (MS-222; 5 g dm™),
individually weighed (to the nearest 0.1 mg) and measured (to the nearest
0.01 cm). After measurements were made, larvae were preserved in 70% ethyl
alcohol and then otoliths were dissected from each specimen, placed on
microscope slides, embedded in Entellan (Sigma-Aldrich Ltd.), and the inten-
sity of the fluorescence TC in a spectrum with a UV wavelengths from 450 to
490 nm; ARS wavelengths from 510 to 560 nm, with a Nikon Eclipse 90i
fluorescent microscope equipped with a Lumen 200 UV lamp (Prior Scientific)
in order to detect the fluorescent band within the daily increments of the
otolith. The identification and evaluation of the mark quality was carried out
using a three grade scale from 0 to 2: 0 — no visible mark, 1 — a noticeable mark
and 2 - a conspicuous mark. The mark quality was separately graded twice,
and the marks were assessed a third time when the two scores were not
consistent. In each group, a mean value of the mark assessment for the 30
studied fish was calculated.

Growth parameters and survival rates were compared using one-way
ANOVA. The fit of parameters to a normal distribution was tested using
Cochran’s C test. The data, expressed in percentages, were arcsin-transformed
prior to statistical analysis. Significant differences between groups were
estimated using a post hoc LSD Fisher test (p < 0.05). Analyses were performed
using Statistica software (StatSoft).

Results

Marked otoliths were observed in all experimental groups where the pike
larvae were fed live A. salina nauplii stained with fluorochromes (Table 1). The
highest percentage of marked fish (100%) and highest quality of the mark
(1.9-2.0) were obtained from the groups TC-3 and TC-6 (Table 1, Figure 1a, b).
The group ARS-3 had the lowest percentage of marked fish (76.7%) and the
average quality of the mark was 1.6 (Table 1, Figure 1c¢). In the ARS-6 group,
the percentage of marked fish was insignificantly higher (88.6%), as well as the
quality of the marks (1.7) — Table 1, Figure 1d. No marked fish were found in
the control group (C) — Figure 1le, f. During the experiment the survival rate of
pike larvae depended on the group and varied between 90.0 and 93.5% of the
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initial stocking. At the end of the experiment, the mean total length ranged from
20.8-21.7 mm and the mean weight of the fish ranged from 38.92-40.37 mg
(Table 1). The values of final body weight and length of pike larvae did not
differ significantly between experimental groups (Table 1).

Table 1
Results of pike (Esox lucius L.) larvae experimental rearing and marking used live Artemia salina
nauplii immersed with tetracycline hydrochloride (TC) or alizarin red S (ARS)

Marked Range and
Survival otoliths (mean value)

Group TL [mm] BW [mg] [%] [%] of marks

n = 60 quality™
TC-3 21.7+1.0 39.22 + 6.03 93.5+ 2.1 100.0 1-2 (1.9)
TC-6 20.8 +0.9 38.92 + 5.36 92.5 + 0.7 100.0 2 (2)
ARS-3 21.0 £ 0.6 40.37 £ 4.78 92.0 + 2.8 76.7 1-2 (1.6)
ARS-6 21.2+0.8 39.96 + 5.34 900+ 1.4 88.3 1-2 (1.7)

C 21.0 £ 0.7 40.15 + 5.25 93.0 + 1.5 0 0

* marks quality assigned according to adopted three grade scale: 0 — the lack of fluorescent band on
otolith (no mark); 1 — the noticeable mark; 2 — conspicuous mark

No significant differences were found among treatments (One-way ANOVA, LSD Fisher post-hoc
test, p > 0.05).

Discussion

This paper demonstrates a novel and effective method for mass marking of
pike larvae by feeding them live A. salina nauplii stained with TC or ARS.
Until now, most marking procedures of pike eggs or juveniles have involved
immersing them in solutions of chemical markers. CZERKIES (1998) success-
fully marked fertilized embryos by immersing them in ARS at 200 ppm for 4-6 h
or by keeping them in a T'C bath of 800 ppm for 6 h. In the case of pike larvae,
a 3 h bath in a 150-200 ppm ARS solution or in an 800 ppm TC solution was
equally effective. Another method of fluorochrome administration was applied
by WAHL and STEIN (1987) to muskellunge (hybrid Esox masquinongy and
Esox lucius). They fed the fish fry with pelleted feed saturated with OTC at
a dose of 500 mg/kg body weight and achieved a marking success of 80-100%.
BABALUK and CRAIG (1990) also marked pike with OTC using intraperitoneal
injection at doses from 25-50 mg kg™ body weight which resulted in a 100%
marking rate with marks being visible on all analyzed bony structures as early
as 24 hours after injection.

RHOTEN et al. (2014) demonstrated that during immersion marking of
northern pike with OTC, success was dependent upon the age of the fish
subjected to the marking procedure. In the case of 7 DPH larvae, successful
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Fig. 1. Otoliths of 18-days old pike larvae after experimental rearing: a — group TC-3; b — group TC-6;
¢ — group ARS-3; d - group ARS-6; e — control group in the light UV wavelengths from 450 to 490 nm;
f — control group in the light UV wavelengths from 510 to 560 nm. Bar = 100 um

marking was noted in only 38% of individuals, whereas in newly hatched larvae
(< 1 DPH) the efficiency of marking reached 91% and the quality of the marks
was significantly higher. In our study, the marking was conducted using
6 DPH larvae fed live A. salina nauplii stained with a derivative of the same
fluorochrome. Results were very satisfactory as the marking effectiveness
reached 100% when the fish were fed the stained nauplii for both 3 and 6 days.
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The described technique of pike larvae mass marking via feeding with stained
A. salina nauplii is much easier to carry out in hatchery conditions, is less
expensive as it requires significantly smaller amounts of dyes and is signifi-
cantly safer for the fish compared to immersion methods. In the case of
fluorochrome administration to a fish body using immersion, the marking
effectiveness is determined mainly by the physicochemical properties of water.
Most of the marker application procedures significantly lower the pH of the
water, which reduces the rate of fish survival (HETTLER 1984, T'SUKAMOTO
1985). DABROWSKI and T'SUKAMOTO (1986) reported a lower efficiency from the
immersion method and the formation of a narrower daily growth ridge after
using OTC to mark otoliths of peled (Coregonus peled L.) larvae reared in
water with a temperature of 7.5°C as compared to those reared at 16.8°C.
HARRISON and HEIDINGER (1998) concluded that poorly visible marks develop
when fish are starved before and after the marking procedure. Additionally, as
stated by MEYER et al. (2012), the immersion marking method may induce not
only rapid/acute outcomes, but also chronic (sublethal) effects that could result
in growth inhibition or increased mortality of the fish.

Our feeding method transfer of fluorochromes eliminates such physiologi-
cal barriers. The marking of a comparable amount of pike larvae with this
method requires several times less dye. This result is important economically
and also important for the quality of natural environments by minimizing the
effects of water contamination and reducing post-production sludge. In addi-
tion, application of the feeding method for marking ensures that the theoreti-
cally adopted dose of fluorochrome will not be exceeded.

Many reports demonstrate that the quality of marks is affected by fish size,
dye concentration and the length of time to which a fish body is exposed to the
fluorochrome (PARTRIDGE et al. 2009). However, higher concentrations of dyes
may contribute to increased mortality rates of marked fish (UNFER and PINTER
2013). The methods of pike larvae mass marking described in this paper had no
negative impact on the survival or growth of fish (weight/total length).
Similarly positive results were obtained when marking brown trout (Salmo
trutta L.) (BAER and ROSCH 2008) or European glass eel (Anguilla anguilla L.)
(CARAGUEL et al. 2014). Thus, we conclude that mass marking with chemical
substances (fluorochromes) applied in species specific experimentally deter-
mined doses will not have any negative effects on fish growth parameters.

An important aspect of this marking technique is also the retention of
marks. According to POCZYCZYNSKI et al. (2011), the marks obtained for
vendace (Coregonus albula L.) immersed in 200 ppm ARS were detected
without any problems in fish at the age of 3 years or older. In a long-term study
on restoration of the autochthonous population of common whitefish
(Coregonus lavaretus f. lavaretus L.) from Lake L.ebsko (North Poland), the
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fluorochrome marks were identified in fish at the age of 5 years or older
(MARTYNIAK et al. 2013). KRUMME and BINGEL (2016) confirmed that the marks
obtained on cod (Gadus morhua L.) otoliths upon injection of OTC were still
clearly visible after 40 years of dark-storage at room temperature.

The results of the present study reveal a need to not only adjust marking
techniques by species but also to consider the ontogenic development of fish. In
conclusion, feeding 6 DPH pike larvae for 3 days with live nauplii of A. salina
stained in 600 ppm TC solution is recommended for effective and safe mass
marking and this method could become commonly used in fisheries.

Translated by Joanna MoLca
Accepted for print 5.09.2016
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