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ABSTRACT:

Differential Scanning Calorimetry (DSC) allows qualitative and quantitative determination of changes
heats flow in a sample by physicochemical changes such as melting or oxidation as a function of
time and temperature, during heating or cooling of the sample. The aim of the study was to deter-
mine the use of DSC in the evaluation of tvarogs. To the analysis were used 9 tvarogs with differed
fat content (skimmed, half-fat and full-fat). The basic chemical composition of tvarogs was determi-
ned (FoodScan™Lab), and tvarogs were freeze-dried (Alpha LD plus), then their chemical composi-
tion was calculated on the grounds of dry matter concentration. A Differential Scanning Calorimeter
(TA Instruments DSC Q10) with the closed cooling system (RCS) was used to determine the heat
transfer rate. Two tests were conducted. The first one in ranges of temperature from -30 to 60°C and
the second in ranges from -40 to 80°C. The graphical representations to illustrate the dependence
of heat transfer in function of temperature of the analyzed tvarogs were obtained. The full-fat tvarogs
were characterized by significant differences, as opposed to the skim and half-fat tvarogs. In the half-
-fat and full-fat tvarogs were occurred the peaks of phase change in the temperature range of 3.68 to
18.33°C. The most peaks was observed in full-fat tvarogs, where exothermic reactions were observed
more often than in the other tvarogs. The protein content in the tvarogs was not influenced to the re-
sults of DSC analysis in the range of used temperature. Differential Scanning Calorimetry can be used to
determine and compare the thermal properties of tvarogs with different fat content.
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Analiza DSC twarogow w zaleznosci od zawartosci ttuszczu
stowa kluczowe: skaningowa kalorymetria réznicowa, twardg, analiza termiczna, przemiany fazowe

STRESZCZENIE:

Skaningowa kalorymetria réznicowa (DSC) pozwala na jakoSciowe oraz ilosSciowe okreslenie zmian
przeptywu ciepta w badanej probce, ktdére zachodzg w wyniku przemian fizykochemicznych np. top-
nienia czy utleniania, w funkcji czasu i temperatury, podczas ogrzewania lub chtodzenia tej prébki.
Badania miaty na celu okreslenie mozliwosci wykorzystania DSC w ocenie twarogu. Do analiz wy-
brano 9 twarogow, ktére rdznity sie miedzy sobg zawartoscig ttuszczu (chude, pétttuste i ttuste). Do-
konano oznaczenia podstawowego sktadu chemicznego (FoodScan™Lab), twarogi zliofilizowano
(Alpha LD plus), a nastepnie na podstawie koncentracji suchej masy wyliczono ich sktad chemiczny.
Do okreslenia zaleznosci przeptywu ciepta od zmieniajacej sie temperatury prébki uzyto skaningo-
wego kalorymetru réznicowego (TA Instruments DSC Q10) z zamknietym uktadem chtodzgcym (RCS).
Przeprowadzono dwie proby. Pierwszg w zakresie stosowanych temperatur od -30 do 60°C, a drugg
od -40 do 80°C. Otrzymano wykresy zaleznosci przeptywu ciepta od temperatury analizowanych twa-
rogdw. Twarogi ttuste charakteryzowaty sie znacznymi rdznicami uzyskanych wynikéw, w przeci-
wienstwie do twarogdéw chudych i pétttustych. W twarogach poétttustych i ttustych odnotowano piki
przemian fazowych, ktére wystepowaty w zakresie temperatur od 3,68 do 18,33°C. Najwiecej pikéw
zaobserwowano w twarogach ttustych, gdzie wystgpito takze wiecej reakcji egzotermicznych niz
w pozostatych twarogach. Zawartosc biatka w badanych twarogach nie wptyneta na wyniki analizy DSC
w badanym zakresie temperatur. Metode skaningowej kalorymetrii réznicowej mozna wykorzysta¢ do

porownania twarogow, ze wzgledu na rézng zawartosc¢ ttuszczu.

1. INTRODUCTION

The physicochemical properties of food to chang-
es under the influence of temperature, during
the production, transport, storage and prepare
for consumption. The examples of technological
processes related with change of temperature
are pasteurization, freezing, drying, baking etc.
The changes of temperature of raw materials and
intermediate products cause to modify the phy-
sical and chemical properties of their structure,
which affects to properties of the final product,
including properties such as appearance, taste,
smell and consistency. The action of temperature
causes the occurrence of such chemical processes
as hydrolysis and oxidation and physical such as
evaporation, crystallization, melting. The thermal
behavior of foods strongly depends on their com-
position, in particular the major food constituents:
carbohydrates, lipids, proteins, water, the degree
of advancement of food processing [1]. Under-
standing of the effect of temperature changes for
food properties will allow manufacturers to opti-
mize the processing conditions and improve the
guality of products. The techniques, which include
differential scanning calorimetry, are grouped to-

84

gether and called the Thermal Analysis. The meth-
ods of thermal analysis allow to determine the
changes in the condition of the tested sample in
different measurement with the change of tem-
perature [2]. These methods in food technology
is relatively new. In the past they have been used
mainly as a standard method for testing polymers.
During various technological processes in food
production is a lot of phase transitions in raw food
and products. In food testing, where using diffe-
rential scanning calorimetry, many physicochem-
ical effects can be observed in the temperature
range between -50°C and 300°C [1]. The reac-
tions in the processed material can be exothermic
or endothermic, often with very little energy
change, which makes them very difficult to de-
tect [2]. The example of endothermic reactions is:
melting, denaturation, evaporation, and exother-
mic: crystallization, oxidation, fermentation [1].
The better understanding of the physicochemical
changes, which occur in food products will allow
to production more secure, customer friendly,
and also having improved organoleptic proper-
ties of products. The physicochemical changes
of foods strongly depend on their composition
including the major food constituents: proteins,
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lipids, carbohydrates, water etc. Each type of con-
stituents in a product has its own physicochem-
ical properties, what causes the thermal pheno-
mena occurring in the whole product, which are
more noticeable, when the amount of some con-
stituent in this product are greater [1]. Differen-
tial scanning calorimetry can observe changes
occurring in food, such as crystallization, melting,
evaporation, vitrification, denaturation, sublima-
tion, polymorphic transformation [3]. The main
thermal phenomena occurring in carbohydrates
are the release of crystallization water, melting,
starch gelling or retrogradation and crystalliza-
tion. In the fats are occurring mainly crystallized,
melted, oxidized and the formation of polymor-
phic forms of fat. In proteins are for example de-
naturation, vitrification (when the proteins are
in solution) and oxidation (when the proteins are
in powder form). In addition to analysis of phase
transformations, differential scanning calorime-
try can be used, for example to determine the
addition of emulsifiers [1]. The reactions occur-
ring in food often show a very small change of
energy, so they are difficult to detect, so the
measuring equipment must comply with high
demands, especially with the measuring system
and software that is used to evaluate the occur-
ring phase transitions. Differential scanning calo-
rimetry fulfills these standards, and as a result,
this method is increasingly used in the food in-
dustry for routine quality control, analysis and
also for testing products to evaluation [4] and im-
prove their quality [2, 3]. This method in the food
processing has a very wide application. It is main-
ly used to evaluate falsified products, for example
the addition of vegetable oils [5-7], the different
animals fats, than the milk fat [8-10], or water
[11] to butter, honey [12], oils [13], including oli-
ve oil [14, 15], cacoa fat [16] and also used in the
study of the thermal stability of biological materi-
als such as meat [17, 18].

The tvarogs are the kind of fresh cheese and
one of the most important dairy products in Po-
land, what causes interest in optimizing their
production and storage. Although the market of
dairy products in Poland is more and more diver-
sified, the volume of tvarog production is not de-
creasing, and moreover, a constant increase in
their consumption is observed [19]. The average
consumption of this kind of cheese in Poland is
much higher than the level of consumption of
ripened and processed cheeses, where for many
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years exceeds 6 kg per person. In 2010 the con-
sumption of white fresh cheeses in Poland was
6.60 kg per person, which was 58.5% of total che-
ese consumption [20]. Tvarogs are products with
a complex chemical composition, whose techno-
logical process requires a lot of individual opera-
tions related to temperature changes. There are
for example pasteurization, cooling, centrifuga-
tion and homogenization of milk and heating and
drying of curd. All these processes are performed
at a different temperature that is characteristic
of the process. Differential scanning calorimetry
can be an easy, quick and accurate measuring
method for tvarog testing, due to their complex
composition and the complex production process
where the temperature changes many times.

2. EXPERIMENTATION

The research material was three skimmed, three
half-fat and three full-fat tvarogs, made in three
different dairy plants located in north-eastern Po-
land. The tvarogs were labeled with letters A, B
and C denoting dairy plant and then denoted by
a numerical symbol for full-fat — 1, half-fat — 2,
skimmed — 3. The samples from the second test
were labeled with double letter symbols. The che-
mical composition of tvarogs was determined
using the FOSS FoodScan™Lab. Three repetitions
of chemical composition analysis were perfor-
med for each cheese. Average values and stan-
dard deviation were calculated, and the results
are presented in Table 1. All nine cheeses were
frozen to -80°C and then freeze-dried using the
CHRIST Alpha 1-2 LD plus with freeze-drying pa-
rameters 0.006 mbar and -64°C. The moisture
analyzer METTLER TOLEDO MJ33 was used to
determine dry matter content, and then the che-
mical composition of freeze-dried tvarogs was
calculated on the basis of the obtained dry mat-
ter concentration (Tab. 2). All freeze-dried che-
eses were weighed, and then to conduct an expe-
riment by the DSC sequences Heating/Cooling/
Heating. The measurements were conducted in
an atmosphere of nitrogen with the sample mass
in the range of 2 to 3 mg. The TA Instruments
DSC Q10 with closed RCS cooling system was
calibrated using only one standard, which was in-
dium. The analysis was performed in two tests,
using a wider range of temperatures in the sec-
ond test, which consisting of the following stag-
es — heating, cooling and heating. Both test were
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starting by setting the initial temperature to 20°C.
The first heating was increasing the temperature
by 5°C/min to 60°C in the first test (in the second
test to 80°C). The cooling was decreasing the
temperature by 5°C/min to -30°C in the first test
(in the second test to -40°C). The second heat-
ing was increasing the temperature by 5°C/min
to 20°C in the both tests. After every stage there
was a stage of holding for 6 minutes. The analysis
was repeated for each tvarog twice.

3. RESULTS AND DISCUSSION

The highest level of dry matter, fat and protein
content and acidity in fresh tvarogs was deter-
mined in tvarogs from B dairy plant, but the low-
est level of these factors was in tvarogs from A
dairy plant (Tab. 1). After freeze-drying similar
results were obtained (Tab. 2).

The results of the DSC analysis were obtained
in the form of graphs showing the relationship
of heat flow (W/g) to temperature (°C). The DSC
curve with the characteristic points of tempera-
ture were shown, where sudden changes in heat

flow were observed. The graphs showed separate
shades of DSC analysis cycles, based on the first
and second DSC analysis sequence. Graphs of
tvarogs produced at dairy plant A were presen-
ted, because they showed the largest changes
in heat flow. The DSC graphs of tvarogs from the
other dairy plants did not differ significantly from
the tvarogs produced at dairy plant A, so they
were not presented.

The analysis of Al and AAl tvarogs (Fig. 1)
showed that at the end of cycle 1, the sample
temperature of tvarog A1 was 20.08°C and the
heat flow was 0.01051 W/g, and in the sample
AA1 was 19.98°C and 0.02854 W/g. At the end
of cycle 2 in the sample of Al the heat flow was
-0.12340 W/g, when the sample temperature
was 59.05°C, and in the sample AA1l the heat
flow was -0.26060 W/g, when the sample tem-
perature was 78.64°C. The heat flow difference
between the beginning and the end of the cycle
2 in the case of Al was 0.13391 W/g, while in
the case of AA1 was 0.28914 W/g. At the end
of cycle 3 in the sample of Al the heat flow was
0.00648 W/g, when the sample temperature was

Table 1 The mean chemical composition of fresh tvarogs

- Component
Tvarog pH Fat (%) Protein (%) Dry matter (%)
Al 4.60+0.03 8.06 £ 0.03 15.42 £ 0.02 26.50 £ 0.06
A2 4.62 £ 0.00 3.85+0.03 17.35+0.05 25.13 £ 0.06
A3 4.62+0.01 0.11+0.01 17.11+0.04 23.81+0.08
B1 4,76 £0.01 8.16 £ 0.08 17.25+0.04 27.84 £ 0.06
B2 4.72 £ 0.00 4.08 £ 0.00 18.07 £ 0.10 26.51+0.12
B3 4.77 £0.01 0.14 £0.02 18.52 £ 0.16 23.88 £ 0.02
C1 4,72 £0.01 7.65 £ 0.09 16.60 + 0.05 27.58+£0.14
C2 4,74 £0.01 3.96 £0.03 17.24 £ 0.06 26.02£0.18
c3 4.70+0.01 0.10+0.01 17.60+0.12 24.15 £ 0.02
Table 2 The mean chemical composition of freeze-dried tvarogs
- Component
Tvarog Fat (%) Protein (%) Dry matter (%)
Al 7.89 15.09 25.93
A2 3.78 17.02 24.66
A3 0.11 16.69 23.23
B1 7.98 16.88 27.24
B2 4.00 17.71 25.98
B3 0.14 18.00 23.21
C1 7.41 16.07 26.70
Cc2 3.84 16.71 25.22
c3 0.10 17.09 23.45
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59.93°C, and in the sample of AA1 the heat flow
was -0.02381 W/g, when the temperature was
79.53°C. In the cycle 4 the two peaks in sample
Al occurred at the temperature of 14.2°C
(0.15580 W/g) and 6.05°C (0.20040 W/g), while
in sample AA1 the only one peak occurred at
the temperature of 3,68°C with the heat flow of
0.35380 W/g. At the end of cycle 4 in the sam-
ple of Al the heat flow was 0.10550 W/g, when
the sample temperature was -29.82°C, and in the
sample of AA1 the heat flow was -0.19170 W/g,
when the temperature was -28.86°C. The heat
flow difference between the beginning and the
end of the cycle 4 in the case of Al was
0.11198 W/g, while in the case of AA1l
0.21551 W/g. At the end of cycle 5 in the sample
of Al the heat flow was 0.00512 W/g, when the
sample temperature was -30.10°C, and in the
sample of AA1 the heat flow was -0.04836 W/g,
when the temperature was 39.48°C. At the end
of cycle 6 in the sample of Al the heat flow was
-0.14880 W/g, when the sample temperature
was 18.31°C, and in the sample of AA1 the heat
flow was -0.29180 W/g, when the temperature
was 16.79°C. In the sample of Al the peak oc-
curred at the temperature of 11.74°C and the
heat flow of -0,13090 W/g. The heat flow diffe-
rence between the beginning and the end of the
cycle 6 in the case of A1 was 0.15392 W/g, while
in the case of AA1 0.34016 W/g.

The analysis of A2 and AA2 tvarogs (Fig. 2) showed
that at the end of cycle 1, the sample tempera-
ture of tvarog A2 was 20.04°C and the heat flow
was 0.01997 W/g, and in the sample AA2 was
19.98°C and 0.01531 W/g. At the end of cycle 2 in
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the sample of A2 the heat flow was -0.14480 W/g,
when the sample temperature was 59.35°C,
and in the sample AA2 the heat flow was
-0.32170 W/g, when the sample temperature
was 79.09°C. The heat flow difference between
the beginning and the end of the cycle 2 in the
case of A2 was 0.34450 W/g, while in the case
of AA2 was 0.33701 W/g. At the end of cycle 3 in
the sample of A2 the heat flow was 0.00424 W/g,
when the sample temperature was 59.85°C,
and in the sample of AA2 the heat flow was
-0.01938 W/g, when the temperature was
79.80°C. In the sample of A2 the peak in that
cycle occurred at the temperature of 5,99°C
(0.16950 W/g). At the end of cycle 4 in the sam-
ple of A2 the heat flow was 0.11570 W/g, when
the sample temperature was -29.77°C, and in the
sample of AA2 the heat flow was 0.22850 W/g,
when the temperature was -38.77°C. In the
sample AA2 the peak occurred at the tempera-
ture of 6.51°C (0.33690 W/g). At the end of cy-
cle 5 in the sample of A2 the heat flow was
0.00835 W/g, when the sample temperature
was -30.10°C, and in the sample of AA2 the heat
flow was 0.01062 W/g, when the temperature
was -40.10°C. At the end of cycle 6 in the sample
of A2 the heat flow was -0.14430 W/g, when
the sample temperature was 16.24°C, and in the
sample of AA2 the heat flow was -0.29240 W/g,
when the temperature was 16.70°C. The heat
flow difference between the beginning and
the end of the cycle 6 in the case of A2 was
0.15265 W/g, while in the case of AA2 was
0.30302 W/g.
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Figure 1 DSC curve of tvarogs Al and AA1 — heat flow (W/g) depending on the temperature (°C)
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Figure 2 DSC curve of tvarogs A2 and AA2 — heat flow (W/g) depending on the temperature (°C)

The analysis of A3 and AA3 tvarogs (Fig. 3) showed
that at the end of cycle 1, the sample temperature
of tvarog A3 was 19.98°C and the heat flow was
0.01043 W/g, and in the sample AA3 was 20.07°C
and 0.01247 W/g. At the end of cycle 2 in the sam-
ple of A3 the heat flow was -0.14240 W/g, when
the sample temperature was 59.35°C, and in the
sample AA3 the heat flow was -0.30360 W/g,
when the sample temperature was 78.64°C.
The heat flow difference between the beginning
and the end of the cycle 2 in the case of A3 was
0.15283 W/g, while in the case of AA3 was
0.31607 W/g. At the end of cycle 3 in the sample
of A3 the heat flow was -0.14240 W/g, when
the sample temperature was 59.85°C, and in the
sample of AA3 the heat flow was -0.16810 W/g,
when the temperature was 79.80°C. At the end
of cycle 4 in the sample of A3 the heat flow was
0.08021 W/g, when the sample temperature was
-29.71°C, and in the sample of AA3 the heat flow
was 0.15310 W/g, when the temperature was
-38.95°C. The heat flow difference between the
beginning and the end of the cycle 4 in the case
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of A3 was 0.09535 W/g, while in the case of AA3
was 0.21290 W/g. At the end of cycle 5 in the
sample of A3 the heat flow was 0.00515 W/g,
when the sample temperature was -30.10°C,
and in the sample of AA3 the heat flow was
0.00691 W/g, when the temperature was
-40.10°C. At the end of cycle 6 in the sample of
A3 the heat flow was -0.08141 W/g, when the
sample temperature was 18.39°C, and in the
sample of AA3 the heat flow was -0.16820 W/g,
when the temperature was 16.87°C. The heat flow
difference between the beginning and the end
of the cycle 6 in the case of A3 was 0.08656 W/g,
while in the case of AA3 was 0.17511 W/g.

DSC curves, which showed the relationship be-
tween heat flow and temperature, allow to de-
termine and compare thermal properties of tva-
rogs with different fat content. In the skimmed
tvarogs no major differences were found be-
tween individual samples from different dairy
plants. Similarly, DSC curves of half-fat tvarogs
did not differ significantly from each other, how-
ever, there were peaks in them, which showed
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Figure 3 DSC curve of tvarogs A3 and AA3 — heat flow (W/g) depending on the temperature (°C)
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the occurrence of phase transitions. The most
noticeable differences occurred between DSC
curves in full-fat tvarogs, where the phase tran-
sitions during DSC analysis occurred in a larger
quantity than in half-fat and skimmed tvarogs.
Therefore, differential scanning calorimetry can
be used to analyze fat in tvarogs, because the
phase transitions occurred in a different tempe-
rature range for each type of tvarogs, depending
on the content of fat. The peaks of phase tran-
sitions of full-fat and half-fat tvarogs were ob-
served in the temperature range from 3.68 to
18.33°C, while in the skimmed tvarogs them were
not observed. More exothermic reactions than
endothermic were observed in the full-fat
tvarogs, and these exothermic reactions showed
higher heat flow than endothermic reactions.
The protein content of the tvarogs did not affect
the result of the DSC analysis in the used tem-
perature range. It may be related to a similar con-
tent of protein in the tvarogs (from 15 to 18%).
The temperature range of the tests influenced
the DSC curves. In the limited temperature range
(from -30 to 60°C) the peaks were more prono-
unced than in the wider range (from -40 to 80°C).
This indicates that the test temperature range
has a significant impact on the result of the anal-
ysis. Differential scanning calorimetry as a meth-
od of thermal analysis allows for quantitative and
gualitative characterization of heat flow changes

as a function of time and temperature, which
takes place during physicochemical transforma-
tions under heating or cooling conditions of the
sample. DSC is characterized by many advanta-
ges, which include the ease of sample prepara-
tion, small sample amount for analysis, a short
time of analysis compared to other analytical
methods, for example gas chromatography, as
well as the possibility of using a wide range of
temperatures to determine phase transitions.
The possibilities of using differential scanning
calorimetry in the evaluation of tvarogs require
further research.

4. CONCLUSIONS

Differential scanning calorimetry allows to deter-
mine and compare thermal properties of tvarogs
depending on the fat content. The most notice-
able differences were observed between the DSC
curves of full-fat tvarogs, where the phase tran-
sitions peaks during DSC analysis occurred more
frequently than in half-fat and skimmed tvarogs.
The cheeses from different dairy plants differed
from each other, and the most characteristic
peaks were observed in tvarogs from dairy plant
A. The results obtained in both tests were differ-
ent. In the first test the peaks were more marked
than in second test. The optimization of measure-
ment parameters requires further research.

REFERENCES

[1] Raemy A., Behavior of foods studied by thermal analysis. Introduction Journal of Thermal Analysis
and Calorimetry, 71 (2003), 273-278.

[2] Szumera M., Charakterystyka wybranych metod termicznych, Cz. 1. LAB — Laboratoria Aparatura
Badania, 17 (2012), 28-34.

[3] Bohdziewicz K., Brozek O. M., Mozliwosci wykorzystania réznicowej kalorymetrii skaningowe;j
w ocenie twarogu. Zywno$¢ a Innowacje, Krakdw, september 2016, 68.

[4] Parniakov O., Bals O., Barba F. J., Mykhailyk V., Lebovka N., Vorobiev E., Application of differential
scanning calorimetry to estimate quality and nutritional properties of food products. Critical Re-
views in Food Science and Nutrition, 58 (2018), 362-385.

[5] Tomaszewska-Gras J., Wptyw predkosci schtadzania ttuszczu mlecznego na proces krystalizacji

zawartych w nim triacylogliceroli. Zywnoé¢. Nauka. Technologia. Jako$¢, 4 (2014), 97-107.

DSC analysis of tvarogs depending on the fat content 89



(6]
(7]
(8]
[9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

90

Tomaszewska-Gras J., Rapid quantitative determination of butter adulteration with palm oil using
the DSC technique. Food Control, 60 (2016), 629-635.

Tunick M. H., Smith P. W., Holsinger V. H., Detection of recombined butter by DSC. Journal of Ther-
mal Analysis, 49 (1997), 795-799.

Aktas N., Kaya M., Detection of Beef Body Fat and Margarine in Butterfat by Differential Scanning
Calorimetry. Journal of Thermal Analysis and Calorimetry, 66 (2001), 795-801.

Coni E., Di Pasquale M., Coppolelli P, Bocca A., Detection of animal fats in butter by differential
scanning calorimetry: a pilot-study. Journal of the American Oil Chemists’ Society, 71 (1994),
807-810.

Nurrulhidayah A. F,, Arieff S. R., Rohman A., Amin ., Shuhaimi M., Khatib A., Detection of butter
adulteration with lard using differential scanning calorimetry. International Food Research Jour-
nal, 22 (2016), 832-839.

Tomaszewska-Gras J., Detection of butter adulteration with water using differential scanning ca-
lorimetry. Journal of Thermal Analysis and Calorimetry, 108 (2012), 433-438.

Tomaszewska-Gras J., Kijowski J., Zastosowanie réznicowe] kalorymetrii skaningowej DSC do oce-
ny wtasciwosci termodynamicznych miodu pszczelego i substancji stosowanych do jego fatszowa-
nia. Nauka Przyroda Technologie, 4 (2010), 1-9.

van Wetten I. A., van Herwaarden A. W., Splinter R., van Ruth S. M., Qil Analysis by Fast DSC.
Procedia Engineering, 87 (2014), 280-283.

Chatziantoniou S., Triantafillou D., Karayannakidis P., Diamantopoulos E., Traceability monitoring
of Greek extra virgin olive oil by Differential Scanning Calorimetry. Thermochimica Acta, 576
(2014), 9-17.

Tomaszewska-Gras J., Ocena autentycznosci ttuszczéw jadalnych przy wykorzystaniu techniki DSC
w potagczeniu z metodami chemometrycznymi. Zywnos$¢ dla $wiadomego konsumenta, Poznan,
2016, 124-132.

Chiavaro E., Vittadini E., Rodriguez-Estrada M. T., Cerretani L., Bendini A., Differential scanning
calorimeter application to the detection of refined hazelnut oil in extra virgin olive oil. Food Che-
mistry, 110 (2000), 248-256.

Tomaszewska-Gras J., Konieczny P., A DSC study on the effect of marination on the stability of skin
collagen from chicken wings. Acta Scientiarum Polonorum, Technol. Aliment., 9 (2010), 413-423.
Kowalska D., Réznicowa kalorymetria skaningowa DSC, ci$nieniowa rdznicowa kalorymetria
skaningowa PDSC, StepScan DSC, temperaturowo modulowana DSC, szybka i super szybka DSC
w badaniu zywnosci. ABiD, 3 (2017), 128-138.

Bohdziewicz K., Smietana Z., Twarogi—terazniejszo$¢ i przysztoé¢. Kalejdoskop Mleczarski, 2 (2007),
32-35.

Swietlik K., Spozycie mleka i jego przetworéw. Rynek Mleka: stan i perspektywy, 41 (2011), 13-15.

ABID 2/2018



