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Fig. 3. Microscopic images of food emulsion before pressure homogenization process of the concentra-
tion of oil phase: a — 9%, b — 12%, ¢ — 18%
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b

Fig. 4. Microscopic images of food emulsion after the single-stage homogenization process at
a pressure of30 MPa of the concentration of oil phase: ¢ — 9%, b — 12%, ¢ — 18%
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Fig. 5. Microscopic images of food emulsion after the two-stage homogenization process at a pressure
of 30.6 MPa of concentration of oil phase: a — 9%, b — 12%, ¢ — 18%

The influence of homogenization and oil phase concentration type on the
droplet’s distribution in food emulsions was evaluated by the one-way analysis
of variance using an NIR test. Sources of variation under consideration were
the type of process (non-homogenized NH, one-stage homogenized H30MPa,
two-stage homogenized H30/6MPa) and the type of oil phase concentration
(9%, 12%, 18%). The obtained results of the analysis of variance indicate that
on the size of droplets in the emulsions tested 12 and 18% of the concentration
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of the oil phase had no effect. In each tested case no significant differences
between the single and two-stage homogenization were stated.
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Fig. 6. Effect of the pressure homogenization process on the mean size of the Sauter diameter D3, um—
means marked with the same letter are not significantly different (p < 0.05)

Conclusions

The tests carried out and the results obtained show that the concentration
of the oil phase had a significant effect on the change of coefficients of
consistency and the emulsions’ apparent viscosity. Submission of food emul-
sions of one- and two-stage homogenization pressure led to a similar degree of
dispersion of droplets, which had an impact on the decrease in apparent
viscosity. The homogenization process was followed by a decrease in value of
the coefficient consistency K and a slight increase in the flow index, which
reflects the effect of the homogenization process on the structure of the
emulsion and its rheological properties.
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Abstract

The aim of the study was to determine to what extent the process of expansion affects the
interaction of phenolic compounds with other dry matter components such as starch, cellulose, fiber
and protein.

As a research material millet grains and popping were used. The content of total phenolic
compounds and contents of free and liberated from the ester and glycosidic bonds phenolic acids were
determined. The content of phenolic compounds was analysed spectrophotometrically. To induce
a characteristic color reaction a Folin-Ciocalteu reagent was used. The measurement was performed
at a wavelength of 720 nm to the blank sample. Results were expressed as D-catechin.

The content of phenolic compounds, extracted with 80% methanol was 157.97 mg/100g dry
matter for millet grain and 129.45 mg/100 g dry matter for popping.
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Abstrakt

Celem pracy bylo ustalenie, w jakim stopniu proces ekspandowania wplywa na interakcje
zwigzkéw fenolowych z innymi skladnikami suchej masy np. skrobia, celuloza, blonnikiem i biatkiem.

Materialem badawczym bylo ziarno prosa oraz popping. Oznaczono zawarto$é zwigzkéw
fenolowych ogétem, zawartos§¢ wolnych i uwolnionych z polaczen estrowych i glikozydowych fenolok-
wasow. Zawartos¢ zwiazkéw fenolowych oznaczono spektrofotometrycznie. Do wywolania charak-
terystycznej reakcji barwnej stosowano odczynnik Folina-Ciocalteu. Pomiar wykonano przy dlugosci
fali 720 nm wobec préby odczynnikowej. Wyniki podano w przeliczeniu na D-katechine.

Zawarto$¢ zwigzkow fenolowych, wyodrebnionych 80% metanolem, wynosila w ziarnie prosa
157,97 mg/100 g s.m., a w poppingu 129,45 mg/100g s.m.

Introduction

The terms ,natural phytocompounds” or ,bioactive plant compounds”
apply to chemical substances which occur in plants and are potentially
bioactive, for example, as antioxidants (TROSZYNSKA, CISKA 2002, ZIELINSKIET
al. 2012, IzADI et al. 2012). Bioactive compounds differ in terms of their
physical and chemical properties and can be classified into hydrophilic ones
(phenols, vitamin C, glucosinolates), which protect the aqueous environment
of cytosol, and hydrophobic ones (tocopherols, carotenoids, phytosterols),
which protect cellular membranes and lipoproteins from the destructive action
of free radicals (KOPCEWICZ, LEWAKA 2002).

Cereal grain contains considerable amounts of bioactive compounds (poly-
phenols, tocopherols and phytosterols), which are strong antioxidants (PETER-
SON et al. 2001, WOLOCH et al. 2007, CzZAPSKI, GORECKA 2014). Moreover, they
protect grain from internal and external threats. They stimulate the growth of
microflora, the feeding of insects and rodents and heal damaged parts of plants
(KopcEwicz, LEWAKA 2002). The properties of bioactive substances depend
mainly on their chemical structure. Bioactive compounds of plant origin
include phenols, terpenoids, carotenoids, glucosinolates, alkaloids, cap-
saicinoids, betalains, allyl compounds, polyacetylenes and polysaccharides.
Phenolic compounds are among the most common bioactive substances.
Consumed with other ingredients of food, these compounds contribute to
improvement of human health and play an important role in disease preven-
tion. For example, they reduce the risk of a number of diseases, such as
cancers, heart diseases or diet-related diseases (GRAJEK 2007, CZAPSKI,
GORECKA 2014). Cereals and farinaceous products are among the most fre-
quently consumed foods. They contain a range of phenolic compounds, which
are a good source of natural antioxidants.

Millet is a cereal, which is rich in phenolic compounds. It is not very
popular and often overlooked, but is a valuable material for the production of
functional foods. It is one of the oldest crops and it used to be one of the main
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cereals (CZERWINSKA 2010). Millet grain is mainly used to produce millet
groats, but recently it has also been used to produce flakes and expanded grain
(popping). Grain changes its physical and chemical properties during the
process of expanding, for example, its volume increases many times (TYBURCY
2000). ZIELINSKI et al. (2012) report that processing grain can result in changes
in polyphenol content, which include an increase in the content of phenolic
acids.

The available literature contains a number of reports, which indicate the
possibility of the formation of strong chemical bonds between phenolic com-
pounds and components of dry matter, mainly proteins and polysaccharides
(CHANDRA, SEKARA, SHAHIDI 2010).

Therefore, the hypothetical question arises: to what extent can the thermal
energy of the expanding process cause interaction between the components
mentioned above? In order to answer this question, the aim of this study was to
evaluate the changes, which take place in phenolic compounds of millet grain
during the production process of expanded grain. It involved examination of
how the process of expanding affects interactions of phenolic compounds with
other components of dry matter, such as starch and protein.

Material and methodology

Millet grains and expanded millet grains (popping) were used as the study
material. The expanding process was conducted on a prototype device at
Przedsiebiorstwo Produkcyjno-Handlowo-Ustugowe ,,Szartat” s.c. in L.omza.
Grains containing 9-12% of moisture were heated at 280°C for a few seconds.
The experimental part was conducted in three independent replications and
the samples of the expanded grains were further analysed.

In order to verify the hypothesis put forward in this study and to achieve
the study objective, its scope was restricted to determination of the total
content of phenolic compounds, occurring both in free forms and as bound by
ester and glycoside bonds in millet grain and expanded millet grain.

The material was prepared for the experiment by grinding and degreasing
by the Soxhlet method, as per the Polish Standard (PN-ISO 6492:2005).

Phenols were isolated from the prepared material and were subsequently
analysed by the method described by ZADERNOWSKI (1987).
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Isolation of low-molecular phenolic compounds from grains
and expanded grains

A 10 g sample was taken from the ground study material, to which 50 cm?
of 1% solution of HCl in 80% MeOH was added and the whole sample was
shaken in a shaker for 20 minutes.

The extraction was conducted twice more; each time 50 cm?® of a 1%
solution of HCl in 80% methanol was used and the whole sample was shaken in
a shaker for 15 minutes. The extracts were filtered and then condensed on an
R210 rotary vacuum evaporator (Buchi Labortechnik AG, Postfach, Switzer-
land) until the solvent had evaporated completely. The condensed extract
obtained in this manner was dissolved in methanol or water at pH 2,
transferred to a 50 cm volumetric flask and made up to volume. The extract
dissolved in methanol was used to assay the total amount of phenolic com-
pounds. The extraction residue was dried and kept for further analyses.

Isolation of free low-molecular phenolic compounds (FLPC) from
a mixture of the organic compounds extracted with methanol from
millet grains and expanded millet grains

The extract isolated from ground millet grains and expanded grains, which
is a mixture of low-molecular organic compounds, was dissolved in water at pH
2. Phenolic compounds were extracted from the prepared mixture with ethyl
ether by continuous liquid-liquid extraction for 24 hours. Subsequently, ether
was evaporated and the condensed sample was transferred to a 10 mL
volumetric flask and rinsed out with 80% methanol. Free low-molecular
phenolic compounds were assayed in the prepared samples by the colorimetric
method. The FLPC extraction residue was subjected to alkaline and acidic
hydrolysis in order to isolate phenolic compounds bound by ester and glycoside
bonds with other low-molecular organic compounds soluble in 80% methanol.

Isolation of phenolic compounds bound by the ester bond with other
low-molecular organic compounds, isolated with methanol from
millet grains and expanded grains

The ether extraction residue was evaporated to dryness in a stream of
nitrogen and the sample was then dissolved in 50 cm?® of 2M NaOH and stirred
with an electromagnetic agitator for 4 hours. After that time, the sample was
acidified to pH 2 and the phenolic compounds released from esters were
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extracted with ethyl ether by continuous liquid-liquid extraction. Subsequent-
ly, ether was evaporated and the condensed sample was transferred to a 10 mL
volumetric flask and rinsed out with 80% methanol. The amount of released
compounds was determined by the spectrophotometric method using the
Folin-Ciocalteu reagent.

Isolation of phenolic compounds bound by the glycosidic bond with
other low-molecular organic compounds, isolated with methanol
from millet grains and expanded grains

The ether extraction residue was evaporated to dryness in a stream of
nitrogen and subsequently dissolved in 50 cm?® of 2M HCI and hydrolyzed for
1 hour by heating it up on a boiling water bath under a reflux condenser. After
that time, the sample was acidified to pH 2 and free phenolic compounds were
extracted with ethyl ether by continuous liquid-liquid extraction. Subsequent-
ly, ether was evaporated and the condensed sample was transferred to a 10 mL
volumetric flask and rinsed out with 80% methanol.

The amount of the phenolic compounds released from glycosides was
determined by the spectrophotometric method using the Folin-Ciocalteu re-
agent.

Isolation of phenolic compounds released from esters which are
present in extraction residue of millet grain and expanded grain

2 g portions of the methanol extraction residue were weighed after the
residue was dried and homogenized. Subsequently, 50 cm?® of 2M NaOH was
added and the whole sample was stirred with an electromagnetic agitator for
4 hours. After that time, the sample was acidified to pH 2 and free phenolic
compounds were extracted with ethyl ether by continuous liquid-liquid extrac-
tion. Subsequently, ether was evaporated and the condensed sample was
transferred to a 10 mL volumetric flask and rinsed out with 80% methanol.

The amount of phenolic compounds released from esters was determined
by the spectrophotometric method using the Folin-Ciocalteu reagent.

Isolation of phenolic compounds released from glycosides which are
present in extraction residue of millet grain and expanded grain

The extraction residue was dried and 2 g portions of it were weighed.
Subsequently, 50 cm?® of 2M HCl was added and the whole sample was
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hydrolyzed for 1 hour, heating it up in a boiling water bath under a reflux
condenser. After that time, the sample was acidified to pH 2 and free phenolic
compounds were isolated with ethyl ether by continuous liquid-liquid extrac-
tion. Subsequently, ether was evaporated, then condensed sample was trans-
ferred to a 10 mL volumetric flask and rinsed out with 80% methanol. The
amount of phenolic compounds released from the glycosides was determined
by the spectrophotometric method using the Folin-Ciocalteau reagent.

Plotting a calibration curve 100 mg of D-catechin was dissolved in methanol
and the volume was made up to 100 cm?. The stock solution was used to make
dilutions from 1 to 10, containing 0.01 to 1.0 mg of D-catechin, respectively.
0.25 cm?® of the solution was sampled from each diluted solution and the
following were added in sequence: 0.25 cm? of the Folin-Ciocalteu reagent and
0.5 ecm?® of sodium carbonate solution; the whole sample was made up with
distilled water to the volume of 5 cm?®. After 30 minutes, the absorbance was
read out at the wavelength of 720 nm against a blank sample.

Phenolic compounds assay in the sample before
and after hydrolysis

The amount of phenolic compounds released from glycosides was deter-
mined by spectrophotometry, using the Folin-Ciocalteu reagent, by the method
described in AOAC (Association of the Official Analytical Chemists 1974).

0.5 mL of the extract, 0.25 mL of Folin-Ciocalteu reagent (diluted at 1:1 v/v
with distilled water, prepared several minutes before), 0.5 mL of sodium
carbonate and 3.75 mL of distilled water were sampled to a centrifuge tube.
After all the components were added, the samples were mixed, capped with
a stopper and left for 25 minutes. After that time, they were centrifuged at
12,000 rpm in an Eppendorf centrifuge. Subsequently, absorbance was meas-
ured at the wavelength of 720 nm against a blank sample (0.25 mL of
Folin-Ciocalteu reagent, 0.5 mL of sodium carbonate and 4.25 mL of distilled
water were sampled to a centrifuge tube). The content of phenolic compounds
was converted to the content of D-catechin and is given as the number of mg
per 100 g dry matter of millet grain.

Discussion of results
An analysis of increased reactivity of phenolic compounds compared to

other components of dry matter, caused by increased energy potential during
industrial processing, should take into account the chemical diversity of this
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group of organic compounds. Phenolic compounds are a very large group of
organic substances which perform diverse, non-nutritional, functions in the
body. After they are consumed with food, the majority of phenolic compounds
retain their bioactive properties and positively affect the function of the human
body.

Literature reports have described the anti-oxidative properties of phenolic
compounds which occur in grain, grains (IZADI et al. 2012, ZIELINSKI et al. 2012,
KiM et al. 2010, TROSZYNSKA, CISKA 2002), fruit and vegetables (GRAJEK 2007,
CzAPSKI, GORECKA 2014,) and their inhibitory effect on enzyme activity
(KUBICKA, JEDRYCHOWSKI 2001, KOPCEWICZ, LEWAKA 2002). CHOI et al. (2007)
showed methanol extracts of sorghum, rice, millet and barley contain high
concentrations of polyphenolic compounds and, consequently, high anti-
oxidative activity. KOPCEWICZ, LEWAKA (2002) reported that phenolic com-
pounds in plants and crops perform the function of enzymatic activity inhibi-
tors. On the other hand, KUBICKA, JEDRYCHOWSKI (2001) claim that phenolic
compounds extracted from pumpkin with an enzyme do not have an inhibitory
effect on the enzyme activity. In their opinion, the lipoxygenase activity
depends on the chemical composition of extraction solutions.

Phenolic acids, derivatives of cinnamic and benzoic acids, are the main
group of phenolic compounds. Free phenolic acids are present in small
amounts in plants and their presence usually results from the fact that they
have not been transformed into bound forms during physiological processes.
Phenolic acids usually occur in a bound form in different parts of plants,
including grain and grain, as components of low- or high-molecular weight
polyphenolic compounds. For example, various forms of depsides are low-
molecular polyphenols. High-molecular polyphenols include lignin
procyanidins, hydrolyzing tannins, flavonoids, with which phenolic acids form
conjugates bound by ester or glycoside bonds. GAWLIK-DZIKI (2004) reports
that some derivatives of cinnamic acid are commonly present in esters with
carboxylic acids or glucose, while derivatives of benzoic acid usually occur as
glycosides. Derivatives of cinnamic acid occur as free compounds, as a depside
or as glycosides. Chlorogenic acid, which occurs in grain, in oily seeds and in
coffee, is an example of a depside. It is formed by binding caffeic acid with
quinic acid. Another example is ellagic acid, a dimer of gallic acid, whose
molecules are bound at the second position by a C-C bond and by two
symmetric ester bonds between the carboxylic group of one acid and the
hydroxyl group of the other, forming a system of four condensed rings (BOCK et
al. 1981). Esters of synapinic acid and choline, or sinapine, is a compound
which typically occurs in the Brassicaceae family plants (ZADERNOWSKI 1987).
Most depsides occur in bound forms, for example, they are parts of hydrolyzing
tannins and form complexes with proteins and polysaccharides.
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Apart from the structures described above, phenolic acids bind with lipids,
sterols, polysaccharides, peptides.

Due to the high diversity of their chemical structure and mutual relation-
ships, as well as their ability to interact with other organic compounds, such as
sugars, proteins and lipids, phenolic compounds are difficult to isolate and
assess physicochemically, for example, in terms of their antioxidative or
inhibitory properties.

Therefore, an analytical procedure was applied to extract phenolic com-
pounds in this study whose detailed description is provided in the methodology
part of the paper. Phenolic compounds are usually extracted with methanol or
acetone (SHAHIDI, NACZK 2006). Methanol is an organic polar solvent, which is
effective in the extraction of low-molecular polyphenols, such as phenolic acids,
depsides, flavonoids, glycosides and esters of phenolic acids with monosacchar-
ides, fatty acids and sterols. Acetone is used to extract procyanines, catechins,
tannins and polyphenols, typical of grain shells. In this study, phenolic acids
were extracted from millet grain and expanded grain with 80% methanol
acidified with 1% HCI. A similar extraction solvent has been used by other
researchers. It must be borne in mind that extraction of phenolic compounds is
frequently incomplete, with only free phenolic acids and their conjugates as
low-molecular esters and glycosides being isolated. This is because some
phenolic acids occur in plants as cellular walls polymers, e.g. pectin, protein,
fiber, polysaccharides.

One such example is ferrulic acid, which forms esters and glycosides
present in the cellular walls of cereals. Most of the ferrulic acid and p-coumaric
acid present in cereals is bound with arabinoxylans (SHAHIDI, NACZK 2006).
Therefore, it seems justified to conduct pre-hydrolysis and to cleave the bonds
between phenolic compounds and the protein or polysaccharide matrix. ZADER-
NOWSKI (1987), Ross et al. (2009), GARCIA-SALAS et al. (2010), WATSON (2014)
propose conducting alkaline hydrolysis with 2 M NaOH, followed by acidic
hydrolysis with 2 M HCI. Both of these methods of hydrolysis have been
applied in this study.

Fig. 2 shows the total amount of phenolic compounds found in four samples
of millet grain and in two samples of expanded grain. The amount comprises
low-molecular forms of phenolic compounds soluble in 80% methanol; these
include mainly free phenolic acids and their conjugates as well as free forms of
other polyphenols. It does not include phenolic acids bound with cellular wall
polymers because these are compounds with high reactivity and affinity, bound
by strong chemical bonds, which cannot be broken by methanol. Easy forma-
tion of complexes of phenolic acids with flavonoids, structural molecules of
plant cells (proteins, lignins, cellulose) and other acids (e.g. maleic and tartaric
acid) determines the diversity of compounds in the group and their solubility in
methanol and acetone.
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The mean total content of phenolic compounds is listed in table 1; the
values were converted to the content of catechin and expressed in mg/100 g of
sample. The total content of phenolic compounds in the samples of millet
grains under analysis ranged from 134.68 to 178.83 mg/100 g (mean
157.97+19.08 mg/100 g) and from 122.08 to 136.82 mg/100 g (mean
129.45+ 10.42 mg/100 g) in samples of expanded grains. Similar amounts of
phenolic compounds were found in millet grains by ZHANG et al. (2014)
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Fig. 2. The total content of free phenolic compounds (soluble in 80% methanol), expressed in mg per
100 g of millet grains and expanded grains

Table 1
Mean content of phenolic compounds, expressed in mg per 100 g of millet grains and expanded grains
Free phenolic acids Phenolic acids and other
and other forms forms of phenolic
Total Free of phenolic compounds compounds released by
phenolic phenolic released by hydrolysis | hydrolysis of millet grains
compounds acids of methanol extract extract residue and
[mg/100 g] | [mg/100 gl and breaking: breaking:
ester glycoside ester glycoside
bonds bonds bonds bonds
Millet grains |157.97+19.08110.98+10.15| 13.25+1.15 | 25.74+0.89 | 90.27+8.31 78.9448.01
E’;Egﬁfse'i 129.45+10.42| 98.99+5.19 | 11.83+1.06 | 17.62+1.36 | 92.87+1.51 |116.68+12.64

ZHANG et al. (2014) report that the content of free polyphenols ranged from
27.48 to 151.14 mg of gallic acid equivalent / 100 g of dry weight of a sample.
An analysis of the total content of phenolic compounds showed that
expansion resulted in an 18% reduction of the content of free low-molecular
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phenolic compounds in samples of expanded grains. Some phenolic compounds
were probably not isolated from expanded grains by extraction with methanol
because of their secondary, strong bonding with components of dry matter of
expanded grains. Such bonds are too strong to be broken by extraction of
grains and expanded grains with methanol. Bound phenolic compounds were
also present in millet grains, but their content was much smaller than in
expanded grains.

According to ZHANG et al. (2014) the amount of phenolic compounds which
occur in a bound form in millet grain ranged from 55.95 to 305.81 mg of gallic
acid equivalent per 100 g of dry matter. The contents of bound phenolic
compounds and of total phenolic compounds were 62.08% and 67.05%, respect-
ively (ZHANG et al. 2014). The interaction of free polyphenols, mainly phenolic
acids, with other substances, may result from supplying large amounts of
energy to the system during the expanding process, but it may also be caused
by changes in the ring structure in aromatic polyphenol rings.

Low-molecular phenolic compounds isolated from millet grain or expanded
grain with methanol include mainly free phenolic acids, their depsides and
conjugates with flavonoids or glycosides, which are formed by binding phenolic
acids with other polyphenols or mono- and disaccharides, inositol. The content
of free phenolic acids in millet grain was 110.98 + 10.15 mg/100 g of sample and
it was lower by 11.99 mg/100 g in expanded grain. This demonstrates that
during the expanding process, part of the free phenolic acids or their conju-
gates can form stable complexes with polymers present in dry matter, for
example, with proteins, lignins and cellulose.

The solution obtained after free phenolic acids were isolated was hy-
drolyzed in both alkaline and acidic environments. Both the methods of
hydrolysis are not fully selective and both ester and glycoside bonds can be
broken simultaneously. For example, both glycoside bonds and weak ester
bonds can be broken in an acidic environment. This increases the amount of
polyphenols released and disturbs the total balance of phenolic compounds.

Alkaline hydrolysis produced 13.25+ 1.15 mg of phenolic compounds re-
leased from esters/100 g of millet grains and 11.83 £ 1.06 mg/100 g (Fig. 3.) of
expanded grain. Many more phenolic acids were isolated by acidic hydrolysis:
25.74 +0.89 mg/100 g of millet grain and 17.62 +1.36 mg/100 g of expanded
grain. The phenolic compounds isolated from millet grain and expanded grain
by extraction with methanol were a mixture of free phenolic acids and other
species into which phenolic acids were incorporated. More phenolic acids in
these compounds were bound in the form of glycosides than as esters.

Very interesting findings were obtained in an assay of phenolic acids in the
residue after extraction of low-molecular phenolic compounds with methanol.
Phenolic acids were isolated from the extraction residue during alkaline and
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acidic hydrolysis by breaking ester and glycoside bonds. Mainly complexes of
phenolic acids with cellular wall polymers (proteins, polysaccharides) were
broken. The amount of phenolic acids released from esters in the samples
under analysis varied slightly and was 90.27 + 8.31 mg/100 g of millet grain and
92.87+1.51 mg/100 g (Fig. 4.) of expanded grain. Significant differences were
observed in terms of the amount of phenolic acids released from glycoside
compounds. Expanded grain contained 116.68 mg of free phenolic acids/100 g,
which was considerably more than in millet grain (78.94 mg/100 g). This shows
that the content of bound phenolic compounds was higher than that of free
forms. This also indicates that the process of expanding may result in some
phenolic compounds forming stable complexes with other components of dry
matter, e.g. cellular wall polymers. MAILLARD and BERSET (1995) claim that
these compounds perform various functions, e.g. they act as antioxidants.

=
— ™ =
s )
g 8 3
2 N
M — )
] o
© o0 -
© 0 < — o~
™ S S o 9 - —
< < ! 10 ) 2
~ = o) o~ ) )
— — — - —
I | |
proso (1) proso (2) mean popping (1) popping (2) mean

Il phenolic acids with esters [ phenolics acids with glicosides

Fig. 3. Content of phenolic acids released from esters and glycosides, expressed in mg per 100 g of
millet grains and expanded grains

N
© 0
©
Q = <
< - - = - O
2o | 2 S| o= 22 | 27
! o =
g < N g = > & &
© ®© o ~
H | | H
proso (1) proso (2) mean popping (1) popping (2) mean

I phenolic acids with esters [ phenolics acids with glicosides

Fig. 4. Content of phenolic acids bound with components of extraction residue, released from esters
and glycosides, expressed in mg per 100 g of millet grains and expanded grains



Effect of the expanding process on the content of phenolic... 171

Summary and conclusions

The total phenolic compounds content was higher in millet grains than in
expanded millet grains. This means that some of the phenolic compounds were
bound during the expanding process. The polyphenol content was probably
affected by the high temperature of the expanding process.

Phenolic acids bound in esters were isolated in alkaline hydrolysis. The
content of free phenolic acids was higher in millet grains than in expanded
millet grains.

Phenolic acids bound in glycosides were released in acidic hydrolysis. The
amount of free phenolic acids was higher in millet grains than in expanded
millet grains.

It may be claimed that more phenolic acids forms conjugate with carbohy-
drates (glycosides) than with proteins (esters).

The general conclusion can be drawn on the basis of the study that the
thermal energy supplied during the millet grain expanding process increases
the amount of phenolic compounds bound with other components of dry
matter of expanded grain. This may make protein in expanded grain less
digestible.

Translated by JOANNA JENSEN
Accepted for print 22.05.2015
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Abstract

In this paper the effect of soil fetilization (NH,NO; and CO(NH,),) foliar fertilization (CO(NHy)5)
with and without Ekolistem on selected grain quality parameters and the yield of Milewo variety
spring triticale was determined. It was found based on the obtained results that the nitrogen
fertilization level and the years of research affected the grain, protein yield and the concentrations of
(selected) minerals in spring triticale grain. The highest grain and protein yield of Milewo variety
spring triticale was obtained after the application of nitrogen fertilization at the rate of 120 kg ha™.
Protein yield increased with the increasing grain yield and the coefficient of determination was close
to the linear correlation coefficient (R? = 0.936). The applied nitrogen fertilization 120 kg ha™
affected grain phosphorus content. Lack of basic mineral fertilization (120 kg N ha™) supplementa-
tion with the mixed fertilizer with additional micronutrients resulted in an increase in grain
potassium content. Joint application of urea plus Ekolist with 80 kg N ha™ caused an increased
amount of magnesium compared to the higher fertilization level.
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Abstrakt

Celem pracy bylo okreslenie wplywu zréznicowanego nawozenia doglebowo (NH,NO; and
CO(NHy),) oraz dolistnie (CO(NHs),) bez i z Ekolistem na wybrane parametry jako$ciowe ziarna
i plonowanie pszenzyta jarego odmiany Milewo. Na podstawie uzyskanych wynikéw stwierdzono, ze
poziom nawozenia azotem i lata badan wplywaly na plon ziarna, biatka i koncentracje (wybranych)
skladnikéw mineralnych w ziarnie pszenzyta jarego. Najwyzszy plon ziarna i bialka pszenzyta jarego
odmiany Milewo uzyskano po zastosowaniu nawozenia azotem w dawce 120 kg ha™'. Wraz ze
wzrostem plonu ziarna wzrastal plon biatka, a wspolczynnik determinacji byl bliski wspéiczynnikowi
korelacji liniowej (R2=0,936). Nawozenie azotem w dawce 120 kg ha™! wptyneto na zawartosé fosforu
w ziarnie. Brak uzupelnienia podstawowego nawozenia mineralnego (120 kg N ha') nawozem
wieloskladnikowym z dodatkiem mikroelementéw zwiekszalo zawarto§¢ potasu w ziarnie. Laczne
stosowanie mocznika i Ekolistu w dawce 80 kg N ha™! w por6wnaniu z wyzszym poziomem nawozenia
spowodowalo wzrost ilo$ci magnezu.

Introduction

Modern plant production technology aimed at obtaining a high grain yield
of proper quality should include balanced fertilization with all necessary
nutrients (KOCON 2009).

In intensive agricultural production, the fertilization level and the time of
application is the decisive measure in achieving a high crop output with good
quality properties (KNAPOWSKI et al. 2009, JANUSAUSKAITE 2013, WARECHOWSKA
et al. 2013 ). Nitrogen is undoubtedly the key factor determining cereal yield to
the greatest degree. This nutrient modifies both the yield of its chemical
composition and the grain feed value (WROBEL 2005, KNAPOWSKI et al. 2010).
An important element of crop cultivation technology is foliar nitrogen fertiliz-
ation combined with mixed fertilizers containing a set of properly selected
micronutrients (DOMSKA et al. 2009, WOJTKOWIAK et al. 2014). This fertiliz-
ation method enables the quick provision of minerals in short supply for the
plants, both if they are deficient in soil and if the uptake is difficult. These
nutrients are responsible for the synthesis and metabolism of many com-
pounds and thus affect the quality of the obtained yield and the possibilities of
its use in human and animal nutrition. Research by MALAKOUTI (2008) shows
that the application of combined mineral and micronutrient fertilization
increases grain yield and also improves the nutritional value of cereal grain.

Spring triticale cultivation is becoming increasingly important, especially
in areas with unfavourable conditions in winter. According to SANTIVERI et al.
(2002), spring triticale grain is characterized by a higher grain yield (from 896
to 1758 kg ha™) than the winter form of triticale. According to ROYO and PARES
(1996) winter triticale yielded about 43% more forage than spring types, but
after forage removal the spring types yielded about 36% more grain than
winter triticale. The area under triticale in the world amounts to 3.7 million
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ha, with 1/3 in Poland (FAO 2013), but this is mainly winter cultivation.
Compared to winter triticale, the number of varieties is small, yet they differ
considerably in terms of many agricultural and quality traits. Nine spring
triticale varieties are currently registered in the national variety register
(COBORU 2013). The Milewo variety was developed in the Strzelce Breeding
Center (IHAR group) and entered in the register in 2008. It is the highest
yielding spring triticale variety in Poland in the years 2011 and 2012.

In this paper the effect of soil fetilization (NH,NO3; and CO(NH,),) foliar
fertilization (CO(NHy);) with and without Ekolistem on selected grain quality
parameters and the yield of Milewo variety spring triticale was determined.

Materials and Methods

A field experiment was conducted in the years 2010-2011 at the Didactic
and Experimental Station in Tomaszkowo belonging to the University of
Warmia and Mazury in Olsztyn (563°72’N; 20°42’E). The experiment was
carried out using the random block method in triplicate on surface brown soil
with the granulometric composition of light loam classified as Haplic Cambisol
according to FAO-WRB (2006). The soil was characterized by an average
abundance of phosphorus, potassium, zinc and manganese and a low abun-
dance of copper and a slightly acid reaction (Table 1).

Table 1
Soil properties (average 2010-2011)
Parameter, unit Value
Type of soil (FAO-WRB 2006) Haplic Cambisol
pH in KC1 5.05
Corg. [g kg1 7.71
Niot. [g kg 0.97
P 108.8
K 207.5
Content of mineral Mg 50.0
[mg kg!] Zn 14.5
Mn 182.0
Cu 2.10

Triple superphosphate at a rate corresponding to 30.2 kg P ha™ was used
for fertilization to enrich the soil with phosphorus, and potassium was applied
in the form of 56% potash salt at a rate equal to 83.1 kg K.

The factor differentiating the fertilized objects was the nitrogen rate and
application method and the fertilizer form (Table 2). Nitrogen fertilization was
applied in the amount of 80 and 120 kg N ha™. For soil fertilization ammonium
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nitrate (NH,NO3) and urea (CO(NH,),) was used and foliar fertilization was
done with application of urea (CO(NH,)2) with and without Ekolist. A mixed
fertilizer (Ekolist) with a specially-developed chelating complex — chelacid was
applied in the experiment. The following were introduced with Ekolist at a rate
of 2.0 dm=2 ha™ (g dm-3): N — 240.0; K- 130.0; Mg —40.0; S— 10.0; Cu—10.0; Zn
- 5.0; Mn - 1.0; Fe - 2.0; Mo - 0.04 and B - 10.0.

Table 2
Fertilization diagram
. Sum of N Applying time, and type N fertilizer (dose N kg ha™)
Object i
[kg ha™] before sowing BBCH 23-29 BBCH 31-32
soil fertilization foliar fertilization

80 - (40) CO(NHy), (40) CO(NHy),
2 80 - (40) CO(NHy), (39.76) CO(NH,),
+ (0.24) Ekolist*

3 120 (40) NH,NO4 (40) CO(NHy). (40) CO(NHy)s
120 (40) NH,NO; (40) CO(NHy). (39.76) CO(NHy),
+ (0.24) Ekolist*

CO(NHy); — urea; NH,NO; — ammonium nitrate;
BBCH - Biologische Bundesanstalt, Bundessortenamt und Chemische Industrie
* mixed fertilizer

Cultivation measures for spring triticale were conducted according to the
cultivation requirements for this species. After the forecrop was harvested,
ridge plowing for winter was performed to improve the soil structure and store
post-winter water. Spring measures were limited to shallow tillage starting
with harrowing. The next spring measure was phosphorus and potassium
fertilization, fertilization with pre-sowing nitrogen rate, cultivating, harrow-
ing, cereal sowing and post-sowing harrowing. Depending on the used vari-
ants, the fertilizers were broadcast on the field surface and during the crop’s
growing season the fertilizers were broadcast at the BBCH 23-29 stage and
applied to foliage at the BBCH 31-32 stage. The harvest was carried out within
the first ten days of August with a plot harvester.

Temperature and precipitation measurements were conducted during the
experiment. The average temperature was similar in both years of research
and the monthly temperature distribution did not diverge from the averages
from the multi-annual period (Table 3). The low precipitation in April deserves
special attention. In May 2011, the precipitation (51.1 mm) was close to the
averages from the multi-annual period and in 2010 (131.9 mm) it exceeded the
average precipitation totals for the multi-annual period by more than twice.
A higher precipitation total was recorded from July to August compared to the
multi-annual period. The month of July 2011, in which the precipitation was
very high (202.0 mm), deserves special attention.
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Table 3
Weather conditions during the study
March April May June July August | Average
Year March-
Temperature (°C) -August
2010 2.1 8.1 12.0 16.4 21.1 19.3 13.2
2011 1.6 9.1 13.1 17.1 17.9 17.6 12.7
Reference period* 1.2 6.9 12.8 15.9 17.8 17.7 12.1
Precipitation (mm)
2010 36.7 18.2 131.9 84.8 80.4 95.3 74.6
2011 16.3 22.5 51.1 81.7 202.0 82.1 75.9
Reference period* 27.6 35.7 51.9 78.5 75.1 66.1 55.8

* Monthly temperature and precipitation average in the period 1961-2005

Grain was harvested, dried and cleaned annually during the experiment.
Yields were determined and samples were collected and chemically analyzed
for macronutrient content by methods used in the agricultural chemistry.
Grain samples were wet-mineralized to determine the macronutrients in
H,S0, with an addition of H;O, as the oxidant. Nitrogen was determined by
the hypochlorite method (BAETHEN and ALLEY 1989) and phosphorus was
determined by the vanadium-molybdenum method. Potassium and calcium
were determined by the AES atomic spectrometry method and magnesium was
determined by AAS (PANAK 1997) in an AA-6800 Shimadzu apparatus. An
Infratec™ 1241 grain analyzer, which uses near infrared analysis in the
wavelength range of 570-1100 nm, was used to measure grain starch content.
Protein yield was determined by multiplying the grain nitrogen content by
a factor of 5.7 and then by grain yield. Analysis of variance, which was
consistent with the mathematical model of the experiment arrangement
(random blocks) was applied for statistical computations. Average values were
determined for individual experimental objects. In addition to the basic
statistical parameters, statistically homogeneous groups (groups without dif-
ferences between average values) were identified using Duncan’s test, at the
significance level o = 0.05. The relationships between grain protein content
and grain and protein yield were also analyzed. Excel software and the
Statistica statistical package were used to perform the statistical computations
and analyses.
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Results and Discussion

Milewo variety spring triticale grain yield was from 5.86 to 7.35 t ha™ in
own research (Fig. 1A). The applied nitrogen fertilization 120 kg ha™ in the
solid form of NH4;NO; and CO(NH;); and as foliar application of CO(NHs),,
without or together with a mixed fertilizer (Ekolist) at the BBCH 31-32 stage,
contributed to an increased grain yield. Compared to the standard adopted by
COBORU (2013) for spring triticale at an average fertilization level (90 kg
ha™), grain yield was higher by 17.2 to 47.0% in the years 2010-2011.
According to REHM (2006) and NADIM et al. (2012), micronutrients needed in
trace quantities have a positive effect on the physiological processes of crops,
which is reflected in an improved output. The effects of combining nitrogen
fertilization with the provision of micronutrients (singly or in the form of
mixed fertilizers) have been presented in many papers (KNAPOWSKI et al. 2009,
NoOGALSKA et al. 2012, WOJTKOWIAK et al. 2014,). In the conducted own
research, fertilization with the higher nitrogen rate (120 kg ha') together with

t ha? A % B
12 18
10 — 7.35° }Z 12.41¢ . 1253 1271°
b b - 12.10
o 621" 580 % B A e
% 10
6 %’ 8
4 6
4
2 2
0 0
1 2 3 4 1 2 3 4
object object
kg ha! C % D
1400 100
914.9° 930.8%
1200
773,95 80 68.337  68.07% 68.35% 68.38°
1000 : 708.4° == — == —
800 % 60
600 40
400 %
200
0 0
1 2 3 4 1 2 3 4
object object

1Mean 0OMean+SE I Mean+SD

1,2... — explanation in the Materials and Methods chapter, averages followed by the same letter are
insignificant (« < 0.05)
Fig. 1. Grain yield (A), protein content (B), protein yield (C), starch content (D)
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Ekolist at the BBCH 31-32 stage and without Ekolist contributed to obtaining
the highest yield of spring triticale (7.35 t ha™ and 7.31 t ha™!, respectively).
Increasing the fertilization level from 80 to 120 kg N ha™* affected an increase
in yield spring of triticale by 25.43% after the application of CO(NH,), together
with Ekolist and by 17.33% after spraying with a 10% CO(NH,), solution.
Statistical analysis confirmed the effect of nitrogen rates on grain and
protein yield (Table 4). Research by LESTINGI et al. (2010) proved that the
nitrogen rate for ensuring good triticale grain quality is ca. 50 kg ha™. Under
this rate, grain and protein yield increased by 14.2% and 25.0%, respectively.
According to KNAPOWSKI et al. (2009), increasing the fertilization level from 80
to 120 kg N ha™ increased grain yield spring of triticale by 9.6%. According to
JANUSAUSKAITE (2013), nitrogen rate of 90-120 kg ha™, under which grain
yield increased by 33.9 and 37.0%, respectively, compared to the object without
fertilization, proved optimally economical for achieving a high spring triticale
grain yield. The positive effect of higher nitrogen rates, 160-180 kg ha™, was
confirmed in research by CIMRIN et al. (2004) and MUT et al. (2005).

Protein, starch content and grain and protein yield of Milewo variety spring tritical:ar able 4
Average for Grain Yield Protein content | Protein Xield Starch content
[t ha™] [%] [kg ha] [%]
2010 7.127 +0.85 12.21° + 0.37 | 870.0°+118.5 | 68.08% +0.95
Year 2011 6.26°+1.04 | 12.67°+ 048 | 793.7°+135.8 | 68.50° + 1.04
Nitrogen dose 80 6.05° + 0.72 12.26° + 0.35 740.8° + 85.3 | 68.20° + 1.02
kg ha™'] 120 7.33°+0.88 | 12.62°+055 | 922.9°+97.9 | 68.36"+ 1.02

Averages in columns (separately for years and nitrogen rates) followed by the same letter are
insignificant (« < 0.05), £SD

According to KALBARCZYK (2008), a precipitation shortage at the earing-
dough stage can cause a decrease in triticale grain yield by 10-20% and at the
sowing-dough and sowing-harvest stages by 12-16% and 10-14%, respectively.
In the first year of own research, 2.6 times more precipitation was recorded in
the period of highest water needs of spring triticale (BBCH 30-39) compared to
the 2nd year of research. This affected an increased grain yield by 0.86 t ha!
and decreased protein content by 0.46%.

Depending on the fertilization variants, the average Milewo variety
triticale grain protein content was from 12.10 to 12.71% (Fiig. 1B) and varied in
the years of research (Tab. 4). Protein yield was from 708.4 to 930.8 kg ha™!
(Fig. 1C) and depended mainly on grain yield and not on protein content (Fig.
2A, B). Increasing the nitrogen rate from 80 to 120 kg ha™ by soil NH,NO;
application contributed to a significant increase in protein yield by 31.4% in
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the variants with Ekolist and 18.3% in the variants without Ekolist. According
to FAGERIA et al. (2009), foliar fertilization does not affect an increased output,
but can raise cereal protein content if used during flowering or after flowering.
ALARU et al. (2003) claim that the main factor affecting protein content and
grain yield is the variety and the least affecting factor is nitrogen fertilization.
In that research, nitrogen fertilization used in the tillering phase caused an
average increase in triticale grain protein content by 1.57%. In addition,
according to WROBEL (2005), the application of the second nitrogen rate in
a solution form did not have a significant effect on the percentage protein yield
content. According to DOMSKA et al. (2009), the action of micronutrients was
more efficient in triticale cultivation compared to fertilization with nitrogen
alone. In their research, supplementation of basic fertilization with copper,
zinc, manganese and Ekolist increased protein yield by 17.9%, 26.8%, 35.3%
and 28.1%, respectively. A high grain yield and protein concentration of
nitrogen-fertilized spring triticale in the rate range of 90-120 kg ha™ was
confirmed by the research of SPYCHAJ-FABISIAK et al. (2005).

Starch is the main reserve material stored in caryopses. Its content in
triticale grain is from 62.4-70.9% (BURESOWA 2010). According to LABUSCHAG-
NE et al. (2007), OBUCHOWSKI et al. (2010) end BECKLES and THITISAKSAKUL
(2014), the variety, nitrogen fertilization, location and years of research as well
as the internal interaction between these factors have a considerable determin-
ing effect on the starch level in triticale grain. In conducted own research, the
years of research (Tab. 4) and the fertilizer variants (Tab. 4 and Fig. 1D) did
not affect significant changes in grain starch content. On average, irrespective
of the years of research and the fertilized objects, Milewo variety spring
triticale grain contained from 68.07-68.38% starch (Fig. 1D). NOWOTNA et al.
(2007) also did not confirm an effect of nitrogen fertilization on grain starch
content. SPYCHAJ et al. (2013) even found a decreased starch content after
nitrogen fertilization. A drop in starch content by 2.0 and 3.1% was recorded
with increasing nitrogen rates (60-90-120 kg N ha™'). OBUCHOWSKI et al.
(2010) also confirm the effect of a lower fertilization level (90 kg nitrogen
compared to 140 kg ha™) on increasing starch content.

It was found, based on regression analysis that an increase in spring
triticale grain protein content was not accompanied by a yield increase (Fig. 2).
Analysis of the dependence between protein content and grain yield showed
a linear dependence. Protein yield increased with the increasing grain yield
and the coefficient of determination was close to the linear correlation coeffi-
cient (R? = 0.936).
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Fig. 2. Dependence of protein yield on grain yield

The content of minerals, among others, such as P, K, Mg, Ca, is crucial for
cereal species selection in functional food production (SIDHU et al. 2007).
According to MAKARSKA et al. (2010), nutritional value can be improved by the
proper selection of parents and selection during breeding work on
X Triticosecale Wittmack. According to KOWIESKA et al. (2011), spring triticale
grain fertilized with nitrogen in the amount from 60 to 100 kg N ha! differed
from wheat in a higher magnesium, potassium and phosphorus content. In
own research, statistical analysis confirmed the effect of the years of research
and increasing nitrogen rate, from 80 kg to 120 kg on average, on grain
phosphorus content (Tab. 5). Nitrogen, potassium content varied in the years
of research. Increasing nitrogen rate affected a decrease in magnesium content
by 0.18 g kg! of d.m.

Table 5
Mineral content in Milewo variety spring triticale grain
Content of minerals [g kg™ of d.m.]
Average for - - - -
nitrogen phosphor potassium calcium magnesium

2010 | 21.4°+0.65 | 4.21°+ 0.87 | 4.83° + 0.19 | 1.66° + 0.18 | 1.35° + 0.21
2011 | 22.2°+ 0.86 | 3.28°  0.63 | 5.12° + 0.22 | 1.61° + 0.18 | 1.22° + 0.02
1* [ 21.8°+0.78 | 3.12° + 0.45 [4.98% + 0.05 | 1.54° + 0.16 | 1.33% + 0.13
21.2°+ 0.28 | 3.13" + 0.34 [4.99% + 0.40 | 1.66° + 0.17 | 1.41° + 0.22
Object 3 22.0° + 1.07 | 4.23% + 0.93 | 5.14% + 0.20 | 1.75° + 0.16 | 1.18% + 0.07
4 [223°+096 | 4.50° +0.73 | 4.79° + 0.16 | 1.60° + 0.20 | 1.22° = 0.10
Nitrogen dose 80 |21.5a+0.62|3.12°+0.37 | 4.98° + 0.26 | 1.60° + 0.17 | 1.38° + 0.17
[kg ha'] 120 | 22.1°+0.96 | 4.36° £ 0.79 | 4.97% + 0.25 | 1.68° + 0.19 | 1.20° + 0.08

* explanation in the Materials and Methods chapter
Averages in columns (separately for years, objects and nitrogen rates) followed by the same letter are
insignificant (« < 0.05), £SD

Year
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Spring triticale grain, on average for the fertilizer variants, contained
21.2-22.3 g kg! nitrogen, 3.12-4.50 g kg! phosphorus, 4.79-5.14 g kg!
potassium, 1.54-1.75 g kg™ calcium and 1.18-1.41 g kg™! magnesium.

Increasing the fertilization level from 80 to 120 kg N ha™! contributed to
increasing phosphorus by 43.8% after foliar application of CO(NH,;), together
with Ekolist (object 2 compared to 4) and 35.6% after spraying only with
CO(NH;), at the BBCH 31-32 stage (object 1 compared to 3). Lack of basic
nitrogen fertilization (120 kg N ha™) and supplementation with Ekolist raised
grain potassium content by 7.3% (object 3 compared to 4). Joint application of
Ekolist with 80 kg N ha™* (object 2) caused an increased amount of magnesium
by 15.6% compared to the higher fertilization level (object 4). According to
WOJTKOWIAK et al. (2014), foliar application of CO(NHy), raised phosphorus,
calcium and magnesium content in the grain of the Andrus spring triticale
variety. According to KNAPOWSKI et al. (2010), increasing the fertilization level
from 80 to 120 kg N ha™ caused a significant increase in the amount of
nitrogen, phosphorus and potassium in spring triticale grain (by 5.8%, 5.8%
and 17.5%, respectively). BOBRECKA-JAMRO et al. (2013) found the highest
calcium and magnesium content after the application of 120 kg N ha™, but
without the effect of phosphorus or potassium accumulation in grain as
a result of increasing nitrogen rates. According to NOGALSKA et al. (2012), the
applied mixed fertilizers showed equal action and variation in chemical
composition occurred only between individual years of research.

Conclusions

Summing up, the highest grain and protein yield of Milewo variety spring
triticale was obtained after the application of nitrogen fertilization at the rate
of 120 kg ha™. The protein yield increased with the increasing grain yield and
the coefficient of determination was close to the linear correlation coefficient.
On average, nitrogen rate affected the protein percentage and did not change
grain starch content. The years of research and increasing nitrogen rate, from
80 kg to 120 kg on average, affected grain phosphorus content. Nitrogen and
potassium content varied only in the years of research. On average, an
increasing nitrogen rate affected a decrease in magnesium content. Basic
mineral fertilization supplementation with Ekolist in Milewo variety spring
triticale cultivation does not indicate the appropriateness of using this mixed
fertilizer in practice.

Translated by JOANNA JENSEN
Accepted for print 22.05.2015
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Abstract

The aim of this study was to characterize thermal sensations and distribution across the years
2006-2011 on the basis of two bioclimatic indicators. The study was based on hourly meteorological
data for the period April-October collected from the station, located on the eastern outskirts of
Wroctaw. TE and TRE were calculated with the use of BioKlima 2.6. software, while the evaluation of
thermal sensations by the local population was performed according to the scale developed by
Mikhailov. The average TE in the period April-October was 8.3°C and on average about 1.1°C lower
than TRE. The highest TE and TRE were recorded in the summer months. In July, their
above-average levels were most frequently reported between 9:00 and 17:00. During the 7-month-
long study period, all kinds of thermal sensations were reported; from ,very cold” to ,hot”. In
suburban Wroclaw, sensations of ,,cold” dominated. ,,Hot” temperatures were indicated only by TRE
in four months.
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Abstrakt

Celem pracy byla charakterystyka rozkladu czasowego w latach 2006-2011 i ocena odczué
cieplnych czlowieka na obszarze podmiejskim Wroctawia. W pracy wykorzystano godzinne dane
meteorologiczne w okresie kwiecien-pazdziernik, zebrane ze stacji Panstwowego Monitoringu Srodo-
wiska, polozonej na wschodnich peryferiach Wroctawia. Wartoéci wskaznikéw TE i TRE obliczono
w programie BioKlima 2.6, natomiast oceng odczu¢ cieplnych czlowieka przeprowadzono wg skali
opracowanej przez Michajlowa. Srednia temperatura TE w okresie kwiecien-pazdziernik wynosita
8.3°C i byla przecietnie nizsza, o 1.1°C, od temperatury TRE. Najwyzsze wartosSci obu rozpat-
rywanych wskaznikéw notowano w miesigcach letnich — czerwiec-sierpien. W lipcu ponadprzecietne,
dodatnie warto$ci rozpatrywanych wskaznikéw notowano najcze$ciej w godzinach 9:00-17:00. W roz-
patrywanym okresie wystapily wszystkie rodzaje odczuwalnoSci cieplnej cztowieka od ,,bardzo zimno”
do ,,goraco”. W warunkach podmiejskich Wroctawia dominujg odczucia zimna o réznym nasileniu
w kazdym z badanych miesiecy przez wieksza cze$¢ doby. Na wystapienie odczucia gorgca wskazatl
tylko wskaznik TRE w czterech miesigcach w badanym okresie, od maja do sierpnia.

Introduction

The inhabitants of large cities are exposed to thermal stress that is
usually greater than in adjacent rural areas (UNGER 1999, FORTUNIAK et al.
2006, NDETTO and MATZARAKIS 2013, MAJEWSKI et al. 2014). This adverse
effect is additionally exacerbated by air pollution, noise, and the intense pace
of life in the city, which increases susceptibility to various diseases, especially
among the elderly (DUBICKI et al. 2002, SARRAT et al. 2006, KALBARCZYK and
KALBARCZYK 2007, JOHNSON and WILSON 2009, BURKART et al. 2011, RASZKA
et al. 2014). This is one of the reasons behind the decision to move out of the
city in search of better living conditions (BASU and SAMET 2002, GABRIEL and
ENDLICHER 2012, LAAIDI et al. 2012). Polish cities are no exception; in the
2000s they saw a construction boom in the suburbs and adjacent rural areas
(with a peak in 2008) and a rapid outflow of residents from the city centers.
However, the increased intensity of settlements surrounding the cities may
contribute to the deterioration of inner thermal conditions. This hypothesis
can be partially verified by the determination and comparison of thermal
perceptibility in suburban areas with the previously known conditions in the
city center (SZYMANOWSKI 2005, SIKORA 2008). The specific aim of this
research was to analyze the temporal distribution of thermal sensations by
the population in suburban areas of the city of Wroctaw. Our analysis were
based on effective temperature (TE) and radiative-effective temperature
(TRE), the basic indicators of thermal perceptibility commonly used in
bioclimatic research (MAKOKHA 1998, TEJEDA-MARTINEZ and GARCIA-CUETO
2002, WERESKI and WERESKI 2009, POLROLNICZAK 2011, CZERNECKI and
POLROLNICZAK 2013).
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Materials and Methods

The study used hourly meteorological data for the period from April to
October, from the National Environmental Monitoring Station (PMS) in
Wroclaw belonging to the Lower Silesian Inspectorate for Environmental
Protection, located in Wroctaw, in Bartnicza Street (A=17°0828"E,
¢=51°06’58"N, hs=120 m above sea level, code — PL.L0193A), across subsequent
years 2006-2012 (Fig. 1). The data included air temperature (t, °C), relative
humidity (f, %) at about 2 m agl and wind speed (v, m s™) at about 10 m agl.
The station is located on the eastern outskirts of the city, the Psie Pole district,
at the premises of the Swojec Agricultural Experimental Station, approx. 8 km
from the center of Wroclaw. The measuring point is surrounded by single-
family houses and farmland, with no industrial areas nearby. Any missing
values of global solar radiation (Kglob, W m2) were supplemented by measure-
ments from the station located in Wroctaw-Karlowice (A=17°01'46"E,
¢=51°07"46"N, hs=121 m above sea level) located in Korzeniowskiego Street.

. Elevati
Poland Station . [}?Zia }llc;n Type
of the Longitude Latitude g
Wroctaw NEM above of area
sea level]

Lower Silesia
Province

Wroclaw —| 17009981 | | 51°06'58" N| 120 | suburban
Bartnicza

Fig. 1. Location of the national environmental monitoring station (NEM) in Wroclaw

Meteorological data collected for consecutive years across the multiannual
period 2006-2012 were used to assess human thermal sensations based on two
indicators: effective temperature (TE) and radiative-effective temperature
(TRE). TE is known as quasi temperature, describing the combined effect of
three elements: t, f and v on the human thermal comfort of a man dressed in
simple summer clothes and performing light work (eg. walking) under shade.
The TRE index, in addition to the three meteorological elements (t, f and v),
also takes into account an additional element — Kglob. The TRE index defines
human thermal sensations in the open air in direct sunlight. Before determin-
ing TE and TRE, the wind speed was reduced to a level of 2 m above the ground
level by the following formula (KRAWCZYK 1991, POLROLNICZAK 2011):
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v, = vy(hy/hy)%?

where

v, — wind velocity at a height of 2 m (m s™),

vy — wind velocity at the height of measurement (m s™),
h, - target height (m),

h,, — measurement height (m).

TE ratios and TRE were calculated based on positive air temperatures
using the procedure implemented in the BioKlima 2.6 software, developed and
then made available for research by BLAZEJCZYK (2004):

TE=t-04-(t-10.00:- (1-0.01-f), whenv<02ms!or

TE = 37 - 37—t -029-t-(1-0.01-9

1
0.68 — 0.0014 - f + 176114 v 5

when v > 0.2 m s

The lower wind velocity limit in the formulas used in the BioKlima 2.6.
software is based on the assumption that the movement of air below 0.2 m s is
experienced as no air movement.

TRE was determined according to the formula developed by BLAZEJCZYK
(2004):

TRE = TE + (1 -0.01 - ac) - Kglob - [(0.0155 — 0.00025 - TE) — (0.0043 —
- 0.00011 - TE)]

where

t - air temperature (°C),

f - relative humidity (%),

v — wind speed (m s™),

Kglob — global solar radiation (W m™),

ac — albedo of the human skin or clothing (assumed to be 31% in this paper).

The evaluation of thermal sensations on the basis of TE and TRE was
conducted according to the scale developed by Mikhailov (cited by BLAZEJCZYK
2004), in which temperature intervals correspond to thermal sensations
(Table 1).
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Temporal distribution of TE and TRE was characterized on the basis of
basic statistics; arithmetic mean (x) and standard deviation (Sd) by month for
the period April-October in both the entire multiannual period and in individ-
ual years. The study also involved the incidence of individual human thermal
sensations based on the Mikhailov scale (cited by BLAZEJCZYK 2004) in differ-
ent time steps (day, week and month).

Table 1
The scale of human heat perceptibility by Mikhailov (cited by Brazesczyk 2004)
Class of temperature (°C) Impact on the human body
<1 very cold

1-8.9 cold

9-16.9 cool
17-20.9 fresh
21-22.9 comfortable
23-26.9 warm

>27 hot

Results and Discussions

Across the period 2006-2011, in suburban Wroctaw the average daily
effective temperature (TE) for the period April-October was 8.3°C (Table 2).
Radiative-effective temperature (TRE) in the examined seven-month period
was higher than TE, on average by 1.1°C. The largest differences between the
TRE and TE were recorded in June (1.4°C) and then in July and April (1.3°C).
Much greater differences between the temperatures were found for measure-
ments at 12:00. Moreover, in the studied years in the period from April to
October, the average TE at 12:00 was about 1.5°C lower than the daily average
in the same period for Wroclaw in the multiannual period 1981-2000 (SIKORA
2008). This difference may be due to the considerable distance of the study
area from the center of Wroclaw (approx. 8 km). The studies by DUBICKI et al.
(2002) confirm the presence of an urban heat island in Wroctaw - its average
annual intensity in the hottest central area of the city ranges from 0.5°C (in the
day) to 1.6°C (at night). The influence of the urban heat island in Wroclaw can
be felt even at a distance of 5.5 km from the center, even though its average
intensity is low, from 0.1°C (in winter) to 0.6°C (in summer, at night).

In all the examined months TRE at noon was higher than TE, in April by as
much as 3.5°C. Of course the clearly higher noon TRE than TE can be
explained by the intense inflow of solar radiation. In turn, TE at 12: 00, with
the exception of April, was lower in the following months than in the
multiannual period 1981-2000 (SIKORA 2008), especially at the end of the
analyzed period, ie. in September and October, by as much as 2.5-2.7°C.
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Table 2
Mean (%) and standard deviations (Sd) of TE and TRE by month. Years 2006-2011
TE index TRE index
Month X Sd x Sd
24 hours | 12:00 |24 hours| 12:00 |24 hours| 12:00 (24 hours| 12:00
April 3.2 6.5 6.0 5.2 4.5 10.0 6.9 5.8
May 7.3 10.1 5.9 6.0 8.4 134 6.7 6.8
June 114 14.2 5.4 5.2 12.8 174 6.1 5.8
July 13.7 164 5.5 5.5 15.0 19.7 6.3 6.1
August 12.5 15.2 4.7 4.7 13.6 18.1 54 5.3
September 7.7 10.0 5.4 5.4 8.6 13.2 6.0 6.1
October 2.3 5.0 5.6 5.9 2.9 6.7 5.9 6.3

24 hours - the average of 24 measurements, 12:00 — measurement at noon

The standard deviation of TRE compared to TE was greater in all the analyzed
months.

Temporal distributions of TE and TRE - by month in consecutive years
— were similar to the distribution of air temperature; the maximum recorded in
the summer months, from June to August (Fig. 2). Similarly, the presence of
the highest average TE and TRE in July is confirmed by other studies,
including those conducted in Wroclaw, Wielkopolska and north-eastern Poland
(CHABIOR and MICHALSKA 2007, SIKORA 2008, SZYGA-PLUTA 2011). The stan-
dard deviation determined for the individual months and years, similar to the
multiannual period (Table 2), was about 0.3-1.1°C higher for TRE than TE.

index value
20

15 7

10 1

month

year
M nodata —+XTE --XTRE ®mSITE =mSdTRE

Fig. 2. Mean (¥) and standard deviations (Sd) of TE and TRE by month and year
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The values of the aforementioned indices varied depending on the month
and time of day (Fig. 3). In the summer months across the years 2006-2011,
the highest TE was primarily recorded in the hours 10:00-18:00 in the period
from 1% decade of July to 2" decade of August, and in the hours of 8:00-20:00
in the 274 decade of July. Higher ranges, were observed for longer time for TRE
between 9:00 and 17:00 in the period June-August, and from 7:00 to 20:00 in
the 2" decade of July. The values in the range of 20-25°C of TRE were
observed at 10:00-15:00 in the 2" decade of July. In the night, in the time
between sunset and sunrise, in the absence of solar radiation, TRE had the
same values as the TE in the range 5-10°C, both ratios occurring mostly from
0:00-5:00.
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Fig. 3. Temporal distribution of average decade TE and TRE in the period June-August by hour in the
analyzed multiannual period (2006-2011)

An analysis of the distribution of mean daily TE and TRE, by summer
month and by year, shows that the number of days with TE>15°C averaged
about 9 and 13 days, respectively for two indicators, the highest number in
July, the lowest in June (Fig. 4). The greatest number of days in July with the
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Fig. 5. Distribution of hourly average values of TE and TRE in July

mean daily temperature >15°C were recorded in 2006 and 2010 — 23 and 17
days for TE with 26 and 20 days for TRE, respectively. Temperatures >20°C
occurred on average on 1 day for TE and 2 days for TRE, and on 6 and 14 days,
respectively, in July 2006. TE and TRE <0°C occurred occasionally, on 1 day of
each summer month.

In the months with the highest TE and TRE, i.e. in July 2006 and July
2010, the temporal distribution was similar (Fig. 5). In July 2006, from
11:00-18:00, the TE>20°C generally occurred for 20-24 consecutive days
broken by a 4-day period. The TRE>20°C and the TRE>25°C in July 2006
occurred for longer periods than TE during the day and for a greater number of
days in the month. Lower temperatures of TE<10°C and TRE<10°C were
recorded primarily at 0:00-5:00. In July 2010, the TE>20°C and TRE>20°C
were reported primarily from 7:00-19:00 for about 10 days, the TE>25°C was
recorded for 2 days and TRE>25°C for 12 days. In contrast to 2006, TE<10°C in
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Fig. 6. The frequency of human thermal sensations determined on the basis of TE and TRE in the
analyzed multiannual period (2006-2011), by month

2010 was recorded not only at night and early morning, but also in the
daytime.

During the period from April to October, and in the analyzed multi-annual
period, all types of heat sensations on the Mikhailov scale had been reported,
i.e. from ,very cold” to ,hot” (Fig. 6). TE had been reported as ,,comfortable”
in only the three months, and for TRE this period was two months longer.
A ,comfortable” TE and TRE was reported in July, then in August and June,
similar to other studies in Wroctaw and Wielkopolska (SIKORA 2008, SZYGA-
PLuta 2011). A ,,comfortable” TRE was also recorded occasionally in May and
— even less frequently — in September. The observed low incidence of comfort-
able conditions is consistent with the opinion on the higher frequency of
climatic stimulation in suburban areas than in the city center (DUBICKI et al.
2002).

The coldest TRE conditions, ,,very cold”, were reported in April-July and
September-October, most frequently in October, then in April. Cool and cold
sensations were reported with a similar frequency for TE and TRE. The
differences between the TE and TRE gained in significance for the warmest
conditions. Sensations described as ,hot” were reported only for TRE and in
only one month. The sensation of ,,warm” was reported in five months (TRE)
or in one month (TE). The period April-October, which constitutes the warm
season in Poland, was therefore dominated by sensations of cold. The most
common among these were the sensations of cool, cold and then very cold
temperatures. The next — in terms of occurrence — was the sensation of fresh
temperatures, which ranged from 1% (April for TE and October for TRE) to
18% (July for TE and TRE). Definitely less frequent were the feelings of warm
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Fig. 7. The frequency of human thermal sensations determined on the basis of TE and TRE, by period
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temperatures (comfortable, warm and hot). Comfortable temperatures occur-
red a maximum of 6% of days in the month (July). In total, the various
sensations of warm were reported for a maximum of 18% days (for TRE) of the
hottest month of the year, i.e. July. A twice lower incidence of sensations of
warm and hot temperatures on the outskirts of the city compared with the city
center confirms the results of DUBICKI et al. (2002).

In the period April-October ,,very cold” sensations were most often re-
ported in 2010 (>20% days), while least often in 2006 (approx. 3%) (Fig. 7a).
Cold sensations of varying severity (from very cold to cool) occurred in each of
the years of the multiannual period. The most common were the sensations of
,,cool”, which — with the exception of 2010 — occurred on average 36-44% days
(TRE) or 38-48% (TE) days a year. The sensation of ,fresh” temperatures
occurred most frequently in 2006 and the least frequently in 2009. Thermal
comfort conditions were most often reported in 2006 (approx. 4.5% days) (TE)
and 2011 (TRE), while least often in 2009. Warm temperatures were reported
most frequently in 2006, and least often in 2009 (TRE) and 2008 (TE). The
occurrence ,warm” was reported only for TRE. It was the least frequently
occurring sensation in each of the years, its frequency not exceeding 2%. In
total, sensations of warmth at varying severity (comfortable-warm-hot) occur-
red most frequently in 2006, and least often in 2009.

In the period June-August the sensation of cold with varying severity was
reported on 60% of days (TRE) and 67% of days (TE) in 2006 to 86% (TRE) and
77% of days (TE) in 2009 (Fig. 7b). The sensation of ,,very cold” temperatures
occurred sporadically. Similar to the longer period of April-October, the period
of June-August was dominated by the sensation of cool temperature, with an
incidence of 46-60% days. The sensation of ,fresh” temperature occurred
relatively frequently, almost 20% days in 2006, the least often in 2009.
Sensations from ,,comfortable” to ,,hot” occurred on less than 2% of days to
22% of days. Hot temperatures (TRE) were reported only in three years (2006,
2007 and 2010). In terms of TE, a comfortable temperature was the warmest
sensation in two of the years, 2008 and 2011.

In July 2006 and 2010, the sensation of ,very cold” temperature did not
occur (Fig. 7c). The most common was the sensation of ,,cool” temperature,
especially in 2010. In 2010 the sensation of ,cold” temperature was more
frequent, even 3-4 times than in 2006. The second most common sensation
was ,,fresh” temperature, especially in 2006. In July 2006, the sensation of
,2warm” temperature was relatively frequent, more than ,,comfortable” tem-
perature (TRE). The occurrence of hot temperature was shown only for TRE,
for 7% days in July 2006, while for 4% days in July 2010. No sensation of ,,hot”
temperature was reported in terms of TE. ,,Comfortable” temperature was
more frequently reported in 2006.
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In hourly terms, it can be confirmed that the sensations of cold with
varying degrees dominated in Poland, in this case it was reported in each of the
studied months for most of the day (Fig. 8). The coolest hours of the day were
in the morning: in the spring and early autumn (April-May) at approx.
4:00-5:00, in the summer (June-August) at approx. 3:00-4:00, in the fall
(October) at approx. 5:00-6:00. The sensation of ,,very cold” temperature was
experienced at least once in each hour of the day in the months of April, May,
July and September. The sensation of ,,cold” occurred in each of the months,
similar to the sensation of ,,cool” temperature, with the only exception of April
in hours 3:00-5:00. The sensation of ,,fresh” temperature occurred on average
from an entire day in July to 6-7 hours in October. ,,Comfortable” was rarely
reported, from 13 hours a day in July to three hours a day in October. The
sensation of ,warmth” did not occur in October (in terms of TE it also did not
occur in September), and only for one hour on average, between 13:00 and
14:00 in April, but for 11-12 hours in July. Hot temperature was only indicated
by TRE in the four months during the period: May, June, July and August. The
greatest frequency of hot temperature (10-12%) was reported in the hours
13:00-14:00.

The bioclimatic conditions in the suburbs are considered to be more
beneficial to people than in the centers of large cities. In the summer, the
urban heat island strengthens the sensation of hot temperature and is a strong
burden for the human thermoregulatory system. Because of the smaller
number of frosty and ground frost days in spring, autumn and winter, the city
center contributes to a reduced thermoregulatory efficiency (DUBICKI et al.
2002). The positive aspect of the heat island is a lower risk of overcooling
during the winter season, but this season was not covered in this research.

The used indicators of thermal conditions provide a description of thermal
sensations of the inhabitants of the suburbs of Wroctaw. At the same time,
they represent a point of departure for further research with the use of more
complex and comprehensive indicators of bioclimatic conditions (LI and CHAN
2000, BLAZEJCZYK et al. 2012, SZYMANOWSKI and KRYZA 2012, MAJEWSKI et al.
2014).

Conclusions

In suburban Wroclaw, in the years 2006-2011, the courses of the effective
temperature (TE and TRE) were characterized by a great diversity not only
during the day, but also during the month and the entire analyzed period of
April-October. TRE showed a greater variability in terms of the standard
deviation in all months of the entire period, both on an annual and multian-
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Fig. 8. The frequency of human thermal sensations determined on the basis of TE and TRE in the
analyzed multiannual period (2006-2011), by month and hour

nual basis. In the period from sunrise to sunset, TRE was clearly higher than
TE, which can be explained by the difference in solar radiation. During the
period from April to October, all thermal sensations from the Mikhailov scale
were reported (from ,very cold” to ,hot”), which indicates a significant
climatic stimulation in the area.

The bioclimatological indicators TE and TRE used to evaluate the thermal
sensations differed in indications. TE showed ,,very cold” to ,fresh” sensations
2% more often than TRE, while TRE indicated ,,comfortable” to ,hot”
sensations 1.5% more often. Extremely adverse human thermal sensations in
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the period were recorded in October, mostly at night with ,,very cold”, and in
July around noon for ,hot”.

Translated by MicHAL BieLa
Accepted for print 20.05.2015
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Abstract

Cryptosporidium spp. are protozoan parasites found in the respiratory and gastrointestinal
tracts of many vertebrates. This paper aims to present information about Cryptosporidium spp.
related to their biology, life cycle, pathogenesis, infectivity, diagnostic methods and the treatment of
diseases caused by them. C. canis and C. felis are common parasites of dogs and cats, therefore
contact with ill or asymptomatically infected animals could pose a risk of infection especially for
children and people with immunodeficiency disorders. The diagnostic difficulties and inadequately
developed methods to treat pets make an infection with Cryptosporidium worse, and this has been
proven by many confirmed cases of the disease.

CRYPTOSPORIDIUM CANIS 1 C. FELIS JAKO POTENCJALNE ZAGROZENIE
DLA CZLOWIEKA
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Abstrakt

Cryptosporidium spp. sa to pierwotniaki znajdowane w ukladzie pokarmowym i oddechowym
wielu kregowcow. Praca ta ma na celu przedstawienie wiadomos$ci na temat biologii, rozwoju,
patogenezy, inwazjologii, metod diagnostycznych oraz leczenia Cryptosporidium  spp.
z uwzglednieniem tych gatunkéw, ktére mogg by¢ zagrozeniem dla czltowieka. U pséw i kotéw czesto
wystepuja C. canis i C. felis, a skazenie §rodowiska oocystami lub kontakt ze chorym zwierzeciem
moze by¢ szczegdlnie grozne dla dzieci i 0s6b z immunosupresjg. Trudnosci w diagnozowaniu i nie
w pelni opracowane leczenie zwierzat towarzyszacych poglebiajg problem zakazen ludzi kryptos-
porydioza, czego dowodem jest wiele potwierdzonych przypadkéow zachorowan.
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Cryptosporidium spp. is a genus of apicomplexan parasitic protozoans belong-
ing to Eimeria suborder of the Cryptosporidiae family. They commonly exist in
280 species of vertebrates, reptiles and fish (UPTON et al. 1985, MORGAN et al.
1999, CAVALIER-SMITH 2003). The parasite was first described in 1907 by E. E.
TYzZER, who found it in the gastric glands of mice and named it as Crypto-
sporidium muris (TYZZER 1910). These protozoans live within host epithelial
cells inhabiting the surface of the brush border, usually of the distal intestine.
They may attack the epithelium of the respiratory track and stomach of
humans especially individuals with immunosuppression. So far, 26 species and
73 genotypes have been described, including 8 that are pathogenic to human:
C. hominis, C. parvum, C. meleagridis, C. felis, C. canis, C. suis, C. muris, C.
cuniculus, C. ubiquitum, C. viatorum, C. fayeri, C. andersoni, C. bovis, C.
scrofarum, C. tyzzeri, C. erinace and C. cervine (RYAN and HIiJgawi 2015).
Weakened, young and old organisms or those with immunosuppression are
susceptible to invasion. The protozoa is transmitted through faeces, con-
taminated food, water and air. 1 g of human faeces may contain about 50,000
oocysts, which can enter the soil and water (WEBER et al. 1991). Theoretically,
one oocyst is enough to infect an individual. The most known epidemic
outbreak of cryptosporidiosis was reported in Milwaukee, USA, in 1993, when
the water supply was contaminated with oocysts of C. parvum (MAC KENZIE et
al., 1994). As a result, 100 people died, and the disease was confirmed in
403,000 cases. Pets, mainly dogs and cats, may be an important reservoir for
the germs pathogenic for humans (CAUSAPE et al. 1996, THOMPSON et al. 2008,
OVERGAAUW et al. 2009, PALMER et al. 2008, BOWMAN and LuUCIO-FORSTER
2010). In Poland, the dog population is estimated at 11 million, and cat at
6 million. This indicates that every third Pole may be a dog owner, and every
fifth may have a cat. Dogs are natural hosts to commonly occurring C. canis
and cats to C. felis. Studies confirm that these animals are susceptible to
infection with many other species/genotypes of Cryptosporidium, for example:
C. hominis, C. parvum, C. meleagridis, C. felis, C. andersoni, C. muris (FI1TZ
GERALD et al. 2011, X1A0 and FAYER 2008).

Life cycle of Cryptosporidium

Cryptosporidium spp. is a homoxenic parasite, i.e. it completes its life cycle
in a single host. The main place of residence for the parasite is villus epithelial
cells in the small intestine or epithelial cells in the respiratory tract. Humans
and animals acquire infection via the fecal-oral route and sporadically by
inhalation. Following infection, each invasive oocyst releases four mobile
sporozoites, which invade villus epithelial cells in the intestine (and/or in the
respiratory tract). They locate extracytoplasmatically in host cells within
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parasitophorus vacuoles, where they differentiate into spherical trophozoites.
Trophozoites undergo asexual multiplication to form two types of meronts:
type I meronts (containing 6 or 8 merozoites) leave the parasitophorus vacuole,
enter villus epithelial cells next and undergo asexual multiplication or develop
into type II meronts (containing 4 merozoites). The type II meronts undergo
sexual multiplication to form gamonts. Following gametogony, micro- and
macrogamont form a zygote, which develops into an oocyst. Two types of
oocysts develop during the life cycle of Cryptosporidium: thin-walled oocysts,
which initiate a new life cycle (autoinvasion), resulting in chronic infection of
the host, and thick-walled oocysts, which are shed in faeces to the environment
(BARR 1998). Oocysts are invasive immediately after excretion and very
resistant to environmental conditions, so they may be rapidly transmitted to
the next host. The incubation period of cryptosporidiosis varies and depends
mainly on the species of the parasite and its host.

Pathogenesis of the disease — The course of the disease in humans and
animals is similar. The parasites cause villous atrophy, leading to a decrease in
absorption area, especially in the duodenum and distal intestine. The mechan-
ism of diarrhoea induction has not been fully described, but it is supposed that
it is a result of secretion disorder or poor absorption. These processes are based
on abnormal secretion of prostaglandin (PGE), which stimulates the contrac-
tion of smooth muscles of the gastrointestinal tract, substance P, responsible
for an increase in the vascular permeability of endothelial cells in the intestine
and inflammations, and tumour necrosis factor (TNF), which is involved in
inflammation processes as well. Disorders of the active transport of sodium
and H20 dependent on glucose have been proven, too. It is supposed that
toxins produced during the life cycle of the parasite negatively influence the
absorption of chloride ions. Disorders of secretion of the abovementioned
components and a negative influence on the absorption mechanism lead to
villous atrophy caused by inflammation and to diarrhoea caused by poor
absorption. Inflammations in particularly chronic cases result in severe dam-
age of villus and their enterocytes. Diarrhoea is caused by disorders of the
balance of water and electrolytes. Depending on the condition of the organism,
the disease caused by Cryptosporidium spp. may be symptomless, acute or
chronic. The symptomless disease occurs in young individuals more often than
older ones. It is characterized by a lack of symptoms during pre-patent and
patent periods. These individuals are a reservoir for the parasite. While there
are no symptoms, the individual is theoretically considered as healthy. The
disease self-cures after several cycles of parasite multiplication. The chronic
disease lasts up to 21 days and is particularly dangerous for young individuals.
The patent period, i.e. the stage in which parasites enter the intestine wall,
lasts up to 7 days. Lack of appetite, slightly increased body temperature and
nausea were observed. The patent period is characterized by profuse, self-
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limited diarrhoea. Following the given period, the physical condition suddenly
improves, and the disease self-cures. The chronic disease may even last several
months. It occurs in cachectic organisms or those with immunosuppression.
Symptoms include coughing, dyspnoea, increased body temperature, vomiting,
frequent diarrhoea and, as a consequence, cachexia, body weight loss and
bloody diarrhoea. It may lead to death. Factors predisposing to the develop-
ment of the disease are, in particular, acquired immunodeficiency syndrome
and diseases causing immunosuppression, e.g. leukaemia (CLARK and SEARS
1996, LAURENT et al. 1999, KOSEK et al. 2001, TziPORI and WARD 2002,
DOMENECH et al. 2011).

Infectivity — Animals under 90 days old are most often affected (JIAN et al.,
2014). Studies carried out in many countries showed a different number of
infected animals, e.g. 2.3-26.2% of dogs and 2.3-26.2% of cats in Brazil,
7.4-9.3% of dogs and 7.3% of cats in Canada, 3.9% and 3.8%, respectively, in
Japan, 3.8% and 4% in the USA, 3.8% of dogs in China, 3.3% in Italy and 8.1%
of cats in Great Britain (ARAI et al. 1990, EL-AHRAF et al. 1991, MTAMBO et al.
1991, GENNARI et al. 1999, SHUKLA et al. 2006, GIANGASPERO et al. 2007,
MUuUNDIM et al. 2007, BALASSIANO et al. 2009, COELHO et al. 2009, YOSHIUCHI et
al. 2010, UEHLINGER et al. 2013, JIAN et al., 2014). An animal with crypto-
sporidiosis excretes in faeces invasive oocysts to the environment. They
constitute a reservoir for the animals using the waterhole. Isolation of the
parasite from water in rivers, where their number was from 2 to 112 oocysts
per litre of H20, can cause infection at a considerable distance from the source
of contamination (ONGERTH et al., 1987). Incorrect manure storage, drainage
leakage and absence of hygienic precautions in farms or other animal commu-
nities promote water contamination. It was shown that wild animals, e.g.
foxes, can constitute a serious hazard (SMITH et al., 2006). An important
transmission route is contaminated food of plant origin and gardens in
playgrounds for children. For example, it was stated in Peru that a 3-year-old
boy and his siblings were infected by a pet dog (X1A0 et al. 2007). It was
indicated that an increased incidence rate of cryptosporidiosis in people occurs
in spring and autumn during abundant rainfalls and in the summertime, when
recreation and water sports are more frequent (MAJEWSKA 2003, LAL et al.
2012). Usage of water reservoirs containing oocysts promotes infection. It was
specified that 20.5% of wild animals were infected with Cryptosporidium, so
they constitute a dangerous reservoir to the environment, animals and hu-
mans. The parasites represented 21 genotypes, and 11 of them were in water
(FENG et al. 2007). Dogs and cats infected with cryptosporidia are a source of
infection to household members, in particular to children attending public
institutions, such as nursery schools or schools, and to elderly people living in
nursing homes, etc. An outbreak of cryptosporidiosis in children attending
a nursery school in Georgia, USA, was described, where 49% of children were
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infected and as many as 70% of them suffered from diarrhoea. It should be
noted that the parasite was identified in 13% of adults who were there, too, but
the course of infection implied that children were more susceptible to infection
with the parasite (TANGERMANN et al. 1991). When elderly people are con-
cerned, cryptosporidiosis has been described in 36% of patients hospitalized in
the USA (NEILL et al. 1996). The occurrence of cryptosporidiosis has been
documented in paediatric hospitals as well, e.g. above 20 such invasions were
mentioned in 1980 in China. It has been demonstrated that 1.62% of infected
patients had 6 genotypes of C. hominis and 4 genera of Cryptosporidium,
including C. canis and C. felis (FENG et al. 2012). 159 children of 533 children
under 4 years of age examined in Peru were infected with Cryptosporidium
spp., and approx. 7% of cases were caused by cryptosporidiosis in dogs and cats.
C. canis and C. felis are a specific threat to people with immunosuppression, in
particular patients infected with HIV, which is caused by CD+ lymphocytes
deficiency. There are many indications that Cryptosporidium is a significant
pathogen that might cause death from cachexia through dehydration and
diarrhoea (BLANSHARD et al. 1992, TIANGTIP and JONGWUTIWES 2002). In
different countries, C. felis was found in 6% of people with immunosuppression
(T1IANGTIP et al. 2002). Studies carried out in Brazil showed that as many as
18.5% of people infected with HIV were carriers of C. felis, and 3.7% of C. canis
(Lucca et al. 2009). There is the possibility that one individual is infected with
various species of Cryptosporidium spp., e.g. a patient of Jamaica with
immunosuppression was infected with C. felis and C. hominis (GATEI et al.
2008). Another example is a Peruvian infected with three types of protozoan:
C. felis, C. hominis and C. meleagridis (CAMA et al. 2006). Studies by
MEINHARDT et al. (1996) showed that there were no preferences for sex of the
host regardless of parasite species or genotype. Throughout history, there have
been many mass invasions of Cryptosporidium spp. Examples given below
confirm that cryptosporidiosis poses a common threat and is a serious problem
that can affect highly developed countries, too. In 1987, 13,000 residents of the
state of Georgia, USA, were affected by an outbreak of cryptosporidiosis.
Oocysts were found in drinking water (HAYES et al. 1989). During an agricul-
tural fair in 1993, it was stated that cider was the main source of oocysts of
Cryptosporidium. 89% of individuals exposed to contact with the protozoan
were infected. This is the first description of the spread of this parasite in the
population through contaminated food (MILLARD et al. 1994). In 1997, contami-
nation of borehole water in the area in the northern part of the River Thames
in England was recorded; 746,000 inhabitants were exposed to the infection,
and 345 with documented diagnosis of cryptosporidiosis were hospitalized
(WILLOCKS et al. 1998). Other large outbreaks of cryptosporidiosis caused by
water contaminated with oocysts were described by TAYLOR et al. 1985,
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RICHARDSON et al. 1991, BRIDGMAN et al. 1995, YOKOI et al. 2005, CAUSER et al.
2006, VANDENBERG et al. 2012.

Diagnostic methods — Diagnostics of cryptosporidiosis in dogs and cats
depends on the severity of symptoms and place of residence of the parasite in
the organism. A stool examination should be performed if there are symptoms
from the gastrointestinal tract, and sputum is the material to test if respir-
atory cryptosporidiosis is considered. It is hard to find oocysts in stool, so it
should be collected over a few days. In exceptional circumstances, oocysts can
be found in bile. Biopsy of the duodenum, distal intestine or lung is undertaken
in severe cases. Microscopic examination of a stool smear stained with the use
of the acid-fast procedure (Ziehl-Neelsen), i.e. the method of Kinyouna, Gram
and Giemsa, is the simplest, but not always accurate, method for detection of
Cryptosporidium spp. (O’DONOGHUE, 1995). Specialised laboratories use im-
munological methods, i.e. western blotting, detection of antibodies in stool or
identification of oocysts by the direct immunofluorescence method (ARROWOOD
et al, 1991). PCR is the most sensitive method, as it allows to identify
particular species of Cryptosporidium, what is very useful in determining the
source of infection. An autofluorescence method can be applied in diagnostics,
too (VAREA et al. 1998).

Treatment — Methods to treat cryptosporidiosis in dogs and cats have not
been fully developed. There is no effective medication for animals with
Cryptosporidium spp. Therapy against the protozoan has been much better
developed for humans. Macrolide antibiotics azithromycin and paramycin are
applied (ARMITAGE et al. 1992, BLANSHARD et al.,, 1997). Their use has
permitted the cure of pulmonary cryptosporidiosis in an AIDS patient (PAL-
MIERI et al. 2005). Therapy with the use of spiramycin had no desired effects,
because there was no clinical improvement (WITTENBERG et al. 1989).
Nitazoxanide, applied to cure children with diarrhoea, can become a future
treatment of cryptosporidiosis (SMITH and CORCORAN 2004, FOX and SARA-
VOLATZ 2005). Halofuginone is considered to be of some significance for the
control of oocysts. It was proven in in vitro studies that use of monensin and
halofuginone can cause a decrease in the number of the oocysts by as much as
90% (MCDONALD et al. 1990, NACIRI et al. 1993). Cryptosporidium spp. oocysts
are resistant to external factors, and therefore the treatment of water supply
or food can often be unreliable. Water chlorination is unreliable too. Filters
applied to intake water for humans should have pores of a size smaller than
1 ,m to protect against oocysts.

Summation — Cryptosporidium canis and felis are important and under-
estimated human’s pathogen. Many scientific works cited in article confirms,
that this protozoan are a serious threat to young people, elders and with
immunosuppression. Illness which is caused by Cryptosporidium spp. depends
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on health status and may be symptomless, acute or chronic. Cryptosporidium
spp. that occurs in dogs and cats are able to contaminate gardens, parks and
water reservoirs. Due to high resistance of the oocysts, contamination of the
environment can take several months. There is lack of information about
prevalence of C. canis and C. felis in dogs and cats in Poland have a negative
impact on the prevention aimed against this parasite. These protozoa can
cause diarrhoea in puppies or kittens which often lead to increased mortality.
Pet animals are an important vector of the parasite due to its proximity with
humans. The exposed persons should examine their animals for the presence
of this protozoan. Early diagnosis of cryptosporidiosis prevent the spread of
Cryptosporidium spp. The aim of the veterinarian in the protection of public
health should be to minimize environmental pollution with oocysts by rapid
identification of sick animals, as well raising awareness of animal owners to
ensure hygiene which will reduce the the chance of infection to humans.

Translated by Ewa Raczkowska-BracH
Accepted for print 26.05.2015

References

Arar H., Fukupa Y., Hara T., FunakosHI Y., Kaneko S., YosHipa T., Asan1r H., Kumapa M., Kato K.,
Kovama T. 1990. Prevalence of Cryptosporidium infection among domestic cats in the Tokyo
Metropolitan District, Japan. Jap. J. med Sci. Biol., 43(1): 7-14.

ArMITAGE XK., FLANIGAN T., CAREY J., FRANK I., MACGREGOR R.R., Ross P., GoopcaME R., TURNER J.
1992. Treatment of cryptosporidiosis with paromomycin: a report of five cases. Archs. intern. Med.,
152(12): 2497-2499.

ArrowooD M.J., STERLING C.R., HEALEY M.C. 1991. Immunofluorescent microscopical visualization of
trails left by gliding Cryptosporidium parvum sporozoites. J. Parasit., 77(2): 315-317.

Barassiano B.C.C., Campos M.R., DE MEnEzEs R.D.C.A.A., PEREIRA M.J.S. 2009. Factors associated
with gastrointestinal parasite infection in dogs in Rio de Janeiro, Brazil. Prev. Vet. Med., 91(2):
234-240.

Barr S.C. 1998. Cryptosporidiosis and cyclosporiasis. Infectious Diseases of the Dog and Cat:
518-524.

BransHARD C., JacksoN A.M., SHansoN D.C., Francis N., Gazzarp B.G. 1992. Cryptosporidiosis in
HIV-seropositive patients. QJM, 85(2-3): 813-823.

BransHARD C., SHANSON D.C., Gazzarp B.G. 1997. Pilot studies of azithromycin, letrazuril and
paromomycin in the treatment of cryptosporidiosis. J. STD AIDS., 8(2): 124-129.

Bowman D.D., Lucio-ForsTeR A. 2010. Cryptosporidiosis and giardiasis in dogs and cats: veterinary
and public health importance. Expl. Parasit., 124(1): 121-127.

BribgMAN S.A., RoBERTSON R.M.P., SYED Q., SPEED N., ANDREWS N., HUNTER P.R. 1995. Outbreak of
cryptosporidiosis associated with a disinfected groundwater supply. Epidemiol. Infect., 115(03):
555-566.

Cama V., GiLMaN R.H., Vivar A,, Ticona E., Orteca Y., BERN C., X140 L. 2006. Mixed Cryptosporidium
infections and HIV. Emerg. Infect. Dis., 12(6): 1028.

Causape A.C., QUILEZ J., SANCHEZ-ACEDO C., DEL CacHo E. 1996. Prevalence of intestinal parasites,
including Cryptosporidium parvum, in dogs in Zaragoza city, Spain. Vet. Parasitol., 67(3):
161-167.

CAUser L.M., HanpzeL T., WELcH P., CARR M., CuLp D., LucHT R., MuDAHAR K., RoBINSON D., NEAVEAR
E., FENTON S., Rosk C., CraIG L., ARRowooD M., WAHLQUIST S., X140 L., LEE Y.M., MIreL L., LEvy D.,



210 Remigiusz Gatecki, Rajmund Sokét

BracH M.J., PoQUETTE G., DWORKIN M.S. 2006. An outbreak of Cryptosporidium hominis infection
at an Illinois recreational waterpark. Epidemiol. Infect., 134(1): 147-156.

CavaLier-SMiTH T. 2003. Protist phylogeny and the high-level classification of Protozoa. Europ. dJ.
Protistol., 39(4): 338-348.

Centers for Disease Control and Prevention CDC. 1996. Foodborne outbreak of diarrheal illness
associated with Cryptosporidium parvum Minnesota, 1995. MMWR. Morbidity and mortality
weekly report, 45(36): 783.

Crark D.P., SEARs C.L. 1996. The pathogenesis of cryptosporidiosis. Parasitol Today., 12(6): 221-225.

CoeLno W.M.D., AMarRaNTE A.F.T.D., SouteELLo R.V.G.D., MEIRELES M.V., Bresciant K.D.S. 2009.
Occurrence of gastrointestinal parasites in fecal samples of cats in Andradina City, Sao Paulo. Rev.
Bras. Parasitol. Vet., 18(2): 46-49.

DomeENECH C., RABODONIRINA M., BLEvzAC N., PacEs M.P., BErTRAND Y. 2011. Cryptosporidiosis in
children with acute lymphoblastic leukemia on maintenance chemotherapy. J. Pediatr. Hematol.
Oncol., 33(7): 570-572.

DuPont H.L., CHAPPELL C.L., STERLING C.R., OKHUYSEN P.C., Rosk J.B., JakuBowskl W. 1995. The
infectivity of Cryptosporidium parvum in healthy volunteers. N. Engl. J. Med., 332(13): 855-859.

EL-AHRAF A., TAcAL JR J.V., SoBiH M., AMIN M., LAWRENCE W., WIiLcKE B. W. 1991. Prevalence of
cryptosporidiosis in dogs and human beings in San Bernardino County, California. J. Am. Vet.
Med. Assoc., 198(4): 631-634.

FENG Y., ALDERISIO K.A., YaANG W., BLaNCERO L.A., KUHNE W.G., NaDARESKI C.A., REID M., X1a0 L. 2007.
Cryptosporidium genotypes in wildlife from a New York watershed. Appl. Environ. Microbiol.,
73(20): 475-6483.

FEnG Y., WaNG L., Duan L., GoMEz-PUERTA L.A., ZHANG L., ZHAO X., HU J., ZHANG N., X1a0 L. 2012.
Extended outbreak of cryptosporidiosis in a pediatric hospital, China. Emerg. Infect. Dis., 18(2):
312.

FrrzceraLD L., BENNETT M., NG J., NicHoLLs P., James F., Eruior A., StaveN M., Ryan U. 2011.
Morphological and molecular characterisation of a mixed Cryptosporidium muris Crypto-
sporidium felis infection in a cat. Vet. Parasitol., 175(2), 160-164.

Fox L.M., SaravoraTz L.D. 2005. Nitazoxanide: a new thiazolide antiparasitic agent. Clin. Infect. Dis.,
40(8): 1173-1180.

GaTEl W., BArreTT D., LinpO J.F., ELDEMIRE-SHEARER D., CamA V., X1a0 L. 2008. Unique Crypto-
sporidium population in HIV-infected persons, Jamaica. Emerg. Infect. Dis., 14(5): 843.

GENNARI S.M., Kasai N., PEna H.F., CorTEz A. 1999. Occurrence of protozoa and helminths in faecal
samples of dogs and cats from Sao Paulo city. Braz. J. Vet. Res. Anim. Sci., 36(2), 87-91 .

G1aNGASPERO A., BERrILLI F., BranDONISIO O. 2007. Giardia and Cryptosporidium and public health:
the epidemiological scenario from the Italian perspective. Parasitol. Res., 101(5): 1169-1182.

Haves E.B., MaTTE T.D., O’BrRIEN T.R., McKINLEY T.W., LoGspon G.S., Rosk J.B., Uncar B.L.P , WorD
D.M., WiLsoNn M.A, Long E.G., Hurwitz E.S, Juranek D.D. 1989. Large community outbreak of
cryptosporidiosis due to contamination of a filtered public water supply. N. Engl. J. Med., 320(21):
1372-1376.

Jian F., Q1 M., HE X, WanG R., ZHanG S., DonG H., ZHanG L. 2014. Occurrence and molecular
characterization of Cryptosporidium in dogs in Henan Province, China. Vet. Res, 10(1): 26.
Kosek M, ArcanTara C., Liva A.A., GUERRANT R.L. 2001. Cryptosporidiosis: an update. Lancet Infect.

Dis., 1(4): 262-269

LaL A., Haies S., FRENcH N., BAkErR M.G. 2012. Seasonality in human zoonotic enteric diseases:
a systematic review. PLoS One, 7(4): e31883.

LAURENT F., McCoLE D., EckMANN L., KagNorr M.F. 1999. Pathogenesis of Cryptosporidium parvum
infection. Microbes Infect., 1(2): 141-148.

Lucca P.D., DE Gaspari E.N., BozzoL1 L.M., Funapa M.R., SiLva S.0., Iuriano W., Soares R.M. 2009.
Molecular characterization of Cryptosporidium spp. from HIV infected patients from an urban area
of Brazil. Rev. Inst. Med. Trop. Sao Paulo., 51(6): 341-343.

Mac Kenzie W.R., HoxiE N.J., ProcTor M.E., GRapUS M.S., BLAIR K.A., PETERSON D.E., KAZMIERCZAK
J.J, Appiss D.G, Fox K., RosE J.B., Davis J.P. 1994. A massive outbreak in Milwaukee of
Cryptosporidium infection transmitted through the public water supply. N. Engl. N. J. Med.,
331(3): 161-167.

Masewska A.C. 2003. Pasozytnicze pierwotniaki w wodzie. Ekopartner, (12).



Cryptosporidium canis and C. felis as a potential risk to humans 211

McDonNaALD V., STABLES R., WARHURST D.C., BARER M.R., BLEWETT D.A., CHaPMAN H.D., ConnoLLY G.M.,
Cuiopini P.L., McApam K.P. 1990. In vitro cultivation of Cryptosporidium parvum and screening
for anticryptosporidial drugs. Antimicrob. Agents Chemother., 34(8):1498-1500.

MEeINHARDT P.L., CaseMore D.P., MiLLER K.B. 1996. Epidemiologic aspects of human cryptosporidiosis
and the role of waterborne transmission. Epidm. Rev., 18(2): 118-136.

MiLrarp P.S., GENsHEIMER K.F.,; Appiss D.G., SosiNn D.M., BECKETT G.A., Houck-JANKOsKI A., HUDSON
A. 1994. An outbreak of cryptosporidiosis from fresh-pressed apple cider. Jama, 272(20):
1592-1596.

Morcan U.M., X1a0 L., Faver R., LaL A A, THoMPsoN R.C. 1999. Variation in Cryptosporidium:
towards a taxonomic revision of the genus. Int. J. Parasitol., 29(11): 1733-1751.

MramBo M.M., NasH A.S., BLeweTT D.A., SmitH H.V., WRIicHT S. 1991. Cryptosporidium infection in
cats: Prevalence of infection in domestic and feral cats in the Glasgow area. The Vet. Rec., 129(23):
502-504.

Munpmv M.J.S., Rosa L.A.G., HorTENcio S.M., Faria E.S.M., Robricues R.M., Cury M.C. 2007.
Prevalence of Giardia duodenalis and Cryptosporidium spp. in dogs from different living
conditions in Uberlandia, Brazil. Vet. Parasitol., 144(4): 356-359.

Nacirt M., Mancassora R., Yvore P., PeerErs J.E. 1993. The effect of halofuginone lactate on
experimental Cryptosporidium parvum infections in calves. Vet. Parasitol., 45(4), 199-207.

NemLL M.A,, Ric S.K., AHMAD N.V., FLANIGAN T.P. 1996. Cryptosporidiosis: an unrecognized cause of
diarrhea in elderly hospitalized patients. Clin. Infect. Dis., 22(1): 168-170.

O’pONOGHUE P.dJ. 1995. Cryptosporidium and cryptosporidiosis in man and animals. Int. J. Parasitol.,
25(2): 139-195.

OnGerTH J.E., StiBBs H. H. 1987. Identification of Cryptosporidium oocysts in river water. Appl.
Environ. Microbiol., 53(4): 672-676.

OVERGAAUW P.A., vaN ZUTPHEN L., HoEk D., Yava F.O., RoeLrsEMA J., PINELLI E., vaN KNapEN F.,
KorTBEEK L. M. 2009. Zoonotic parasites in fecal samples and fur from dogs and cats in The
Netherlands. Vet. Parasitol., 163(1): 115-122.

PaLmeR C.S., TrauB R.J., RoBERTSON 1.D., DEVLIN G., REES R., THOMPSON R.C. 2008. Determining the
zoonotic significance of Giardia and Cryptosporidium in Australian dogs and cats. Vet. Parasitol.,
154(1): 142-147.

Pawmiert F., Cicanint S., Froio N., Rizzi E.B., GoLerTI D., FEsta A., MAcri G., PETROsILLO N. 2005.
Pulmonary cryptosporidiosis in an AIDS patient: successful treatment with paromomycin plus
azithromycin. Int. J. STD AIDS., 16(7), 515-517.

RicHARDSON A.J., FRANKENBERG R.A., Buck A.C., SELKON J.B., COLBOURNE J.S., PARSONS J.W., MAYON-
Wurite R.T. 1991. An outbreak of waterborne cryptosporidiosis in Swindon and Oxfordshire.
Epidemiol. Infect., 107(3): 485-495.

Ryan U., Husawr N. 2015. New developments in Cryptosporidium research. Int. J. Parasitol., 45(6):
367-373.

SHukLA R., GIraLDO P., KrALIZ A., FINNIGAN M., SANcHEZ A.L. 2006. Cryptosporidium spp. and other
zoonotic enteric parasites in a sample of domestic dogs and cats in the Niagara region of Ontario.
Can. Vet. J., 47(12): 1184.

SmitH H.V., CorcoraN G.D. 2004. New drugs and treatment for cryptosporidiosis. Curr. Opin. Infect.
Dis., 17(6): 557-564.

SmitH H.V., Caccié S.M., Tair A., McLaucHLIN J., THoMPsOoN R.C. 2006. Tools for investigating the
environmental transmission of Cryptosporidium and Giardia infections in humans. Trends
Parasitol., 22(4): 160-167.

TaNGERMANN R.H., GorDoN S., WIESNER P., KRECKMAN L. 1991. An outbreak of cryptosporidiosis in
a day-care center in Georgia. Am. J. Epidemiol., 133(5): 471-47.

TavLoR J.P., PERDUE J.N., DINGLEY D., GusTAFSoON T.L., PATTERSON M., REED L.A. 1985. Cryptosporidio-
sis outbreak in a day-care center. Am. J. Dis. Child., 139 (10): 1023-1025.

TuaompsoN R.C., PaLMER C.S., O’'HANDLEY R. 2008. The public health and clinical significance of
Giardia and Cryptosporidium in domestic animals. Vet. J., 177(1): 18-25.

TiancTIP R., JONGWUTIWES S. 2002. Molecular analysis of Cryptosporidium species isolated from HIV
infected patients in Thailand. Trop. Med. Int. Health., 7(4): 357-364.

Tyzzer E.E. 1910. An extracellular coccidium, Cryptosporidium muris (gen. et sp. nov.), of the gastric
glands of the common mouse. J. Med. Res., 23(3): 487.



212 Remigiusz Gatecki, Rajmund Sokét

Tzrport S., WarD H. 2002. Cryptosporidiosis: biology, pathogenesis and disease. Microbes Infect.,
4(10): 1047-1058.

UErHLINGER F.D., GREENwWoOOD S.J., McCLURE J., ConBoY G., O’HANDLEY R., BARKEMA H.W. 2013.
Zoonotic potential of Giardia duodenalis and Cryptosporidium spp. and prevalence of intestinal
parasites in young dogs from different populations on Prince Edward Island, Canada. Vet.
Parasitol., 196(3): 509-514.

UptoN S.J., CURRENT W.L. 1985. The species of Cryptosporidium (Apicomplexa: Cryptosporidiidae)
infecting mammals. J. Parasitol., 71(5): 625-629.

VANDENBERG O., RoBBERECHT F., DAUBY N., MoENs C., TarLaBaNI H., DupoNT E., MENOTTI J., vAN GOOL
T., LEvy J. 2012. Management of a Cryptosporidium hominis outbreak in a day-care center.
Pediatr. Infect. Dis. J., 31(1): 10-15.

Varea M., CLAVEL A., Doiz O., CastiLLo F.J., Rusio M.C., GoMEz-Lus R. 1998. Fuchsin fluorescence and
autofluorescence in Cryptosporidium, Isospora and Cyclospora oocysts. Int. J. Parasitol., 28(12):
1881-1883.

WEBER R., Bryan R.T., BisHor H.S., WAHLQUIST S.P., SULLIVAN J.J., JURANEK D.D. 1991. Threshold of
detection of Cryptosporidium oocysts in human stool specimens: evidence for low sensitivity of
current diagnostic methods. J. Clin. Microbiol., 29(7): 1323-1327.

WirLocks L., CRAMPIN A., MILNE L., SENG C., SusMAN M., Gair R., MouLsDALE M, SHAFI S, WALL R,
Wicacins R, LicHTFoOT N. 1998. A large outbreak of cryptosporidiosis associated with a public water
supply from a deep chalk borehole. Outbreak Investigation Team. Commun. Dis. Public Health,
1(4): 239-243.

WitTENBERG D.F., MiLLER N.M., vaN DEN ENDE J. 1989. Spiramycin is not effective in treating
Cryptosporidium diarrhea in infants: results of a double-blind randomized trial. J. Infect. Dis.,
159(1): 131-132.

Xia0 L., Cama V.A., CaBRERA L., ORTEGA Y., PEARSON J., GiLMAN R.H. 2007. Possible transmission of
Cryptosporidium canis among children and a dog in a household. J. Clin. Microbiol., 45(6):
2014-2016.

Xi1a0 L., Faver R. 2008. Molecular characterisation of species and genotypes of Cryptosporidium and
Giardia and assessment of zoonotic transmission. Int. J. Parasitol., 38(11): 1239-1255.

Yokor H., Tsuruta M., TaNAKA T., TsuTAkE M., AkiBa Y., Kimura T., Tokira Y., Akimoto T., Mitsut Y.,
Ocasawara Y., Ikegamr H. 2005. Cryptosporidium outbreak in a sports center. Jpn. J. Infect. Dis.,
58(5): 331.

YosuiucHt R., MaTtsuBayasa1 M., Kivata 1., Furuya M., Tant H., Sasar K. 2010. Survey and molecular
characterization of Cryptosporidium and Giardia spp. in owned companion animal, dogs and cats,
in Japan. Vet. Parasitol., 174(3): 313-316.





