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Thermal properties of selected cheeses samples
Tepelné viastnosti vybranych vzoriek syrov
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Abstract

The thermophysical parameters of selected cheeses (processed cheese and half
hard cheese) are presented in the article. Cheese is a generic term for a diverse
group of milk-based food products. Cheese is produced throughout the world in wide-
ranging flavors, textures, and forms. Cheese goes during processing through the
thermal and mechanical manipulation, so thermal properties are one of the most
important. Knowledge about thermal parameters of cheeses could be used in the
process of quality evaluation. Based on the presented facts thermal properties of
selected cheeses which are produced by Slovak producers were measured.
Theoretical part of article contains description of cheese and description of plane
source method which was used for thermal parameters detection. Thermophysical
parameters as thermal conductivity, thermal diffusivity and volume specific heat were
measured during the temperature stabilisation. The results are presented as relations
of thermophysical parameters to the temperature in temperature range from 13.5°C
to 24°C. Every point of graphic relation was obtained as arithmetic average from
measured values for the same temperature. Obtained results were statistically
processed. Presented graphical relations were chosen according to the results of
statistical evaluation and also according to the coefficients of determination for every
relation. The results of thermal parameters are in good agreement with values
measured by other authors for similar types of cheeses.

Keywords: cheese, temperature, thermal conductivity, thermal diffusivity, volume
specific heat

Abstrakt

Clanok sa zaobera vybranymi tepelnymi vlastnostami syrov (taveného syra

a polotvrdého syra). Syr je vSeobecny pojem pouzivany pre rdznorodé skupiny
mlie€nych potravin. Syry sa vyrabaju po celom svete v réznych prichutiach, texturach
a formach. V priebehu spracovania syry prechadzaju tepelnou a mechanickou
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manipuléciou a preto tepelné vlastnosti su u syrov jednymi z najdélezitejSich.
Poznatky o tepelnych vlastnostiach syrov mézu byt vyuzité pri procese hodnotenia
ich kvality. Na z&klade prezentovanych faktov boli realizované merania
termofyzikalnych parametrov vybranych syrov vyrobenych slovenskymi vyrobcami.
V teoretickej Casti ¢lanku je uvedenda véeobecna charakteristika syra a popis metddy
ploSného zdroja, ktora bola pouzita pri experimentoch. V ramci merania boli
zistované: tepelna vodivost, teplotna vodivost a objemova tepelna kapacity v
priebehu teplotnej stabilizacie. Vysledky merani su prezentované ako zavislosti
termofyzikalnych parametrov od teploty, v teplotnom intervale od 13,5°C do 24 °C.
Kazdy bod prezentovanych grafickych zavislosti je aritmetickym priemerom 50-tich
nameranych hodnét pre jednu teplotu. Ziskané vysledky boli Statisticky spracované
a prezentované zavislosti boli vybrané na zaklade Statistického vyhodnotenia
vysledkov a tiez na zaklade hodnét koeficientov determinacie pre kazdu graficku
zavislost. Vysledky merani termofyzikalnych parametrov su v dobrej zhode

S meraniami prezentovanymi inymi autormi pre podobné druhy syrov.

Kracoveé slova: objemova tepelna kapacita, syr, tepelna vodivost, teplota, teplotna
vodivost

Detailny abstrakt

V ¢lanku su prezentované vybrané tepelné parametre syrov (taveného syra

a polotvrdého syra). Syry sa vyrabaju v réznych prichutiach, textirach a formach, su
Specifické svojim zloZzenim. V priebehu spracovania syry prechadzaju tepelnou

a mechanickou Upravou a preto su tepelné vlastnosti jednymi z najdélezitejSich.
Poznatky o tepelnych vlastnostiach syrov mézu byt vyuzité ako v procese navrhu
technologickych postupov spracovania resp. ich zdokonaleni, tak aj pri procese
hodnotenia ich kvality. Na z&klade vySSie prezentovanych skuto€nosti boli
realizované merania termofyzik&lnych parametrov vybranych syrov vyrobenych
slovenskymi vyrobcami. Konkrétne boli experimentalne zistované ich tepelné
vodivosti, teplotné vodivosti a objemové tepelné kapacity.

V teoretickej Casti je pozornost venovana vSeobecnej charakteristike syrov a popisu
metddy ploSného zdroja, ktora bola pouzita v ramci realizovanych experimentov.
Princip metddy ploSného zdroja spociva v generovani prudového impulzu, ktorym je
zohrievany ploSny zdroj. Meracia sonda obsahuje plosny tepelny zdroj a termoclanok,
ktoré su v nej integrované. Pri metdde plosného zdroja sa meracia sonda v tvare
ploSného zdroja vklada do meranej vzorky. Pred meranim je potrebné realizovat
teplotnu stabilizaciu vzorky. V ramci merania boli zistované: tepelna vodivost,
teplotna vodivost’ a objemova tepelna kapacita. Vysledky merani su prezentované
ako zavislosti termofyzikalnych parametrov od teploty v teplotnom intervale od
13,5°C do 24°C. Z vysledkov prezentovanych v tabulkach 1 a 2 je evidentné, ze
pomerne mala zmena teploty ma signifikantny vplyv na hodnoty jednotlivych
termofyzikalnych parametrov vzoriek syrov. Grafické zavislosti prezentované na
Obrazkoch 2 az 7 dokumentuju fakt, Zze vo v8etkych pripadoch bol sledovany linearny
pokles meranych termofyzikalnych parametrov v zavislosti od teploty.
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Kazdy bod prezentovanych grafickych zavislosti je aritmetickym priemerom 50-tich
nameranych hodnét pre jednotlivé hodnoty teploty. Ziskané vysledky boli Statisticky
spracované a prezentované zavislosti boli vybrané na zaklade Statistického
vyhodnotenia vysledkov a tiez na zaklade hodnét koeficientov determinacie pre
kazdu graficku zavislost.

Vysledky ziskané aplikaciou termofyzikalnych meracich metéd na vzorky syrov mézu
byt porovnané iba s intervalmi hodnét termofyzikalnych parametrov podobnych
vzoriek z dévodu originalneho zloZzenia meranych vzoriek slovenskych syrov.

Poznatky o fyzikalnych vlastnostiach potravin maju rozhodujaci vplyv na
monitorovanie kvality potravin a realizaciu mnohych technologickych procesov
Termofyzikalne parametre mézu determinovat stav materialu v priebehu teplotne;
manipulacie a ich hodnoty mézu byt vyuzité pri identifikacii biologickych a
chemickych procesov v potravinarskych materialoch.

Introduction

Cheese is a diary product which belongs to milk-based food products. Styles,
textures and flavours depend on the origin of the milk. Flavours, textures, and forms
of cheeses are different throughout the world. Cheeses are made from milk, usually
the milk of cows, buffalos, goats, or ewes. According to origin of milk, cheeses have
different content of proteins and different fat content. Many different types of cheeses
are produced. In general, cheeses during processing and storage go through the
thermal or mechanical manipulation. So it is convenient to know their physical
properties, especially thermophysical and mechanical properties. Characteristics of
dairy products was examined by Hlava¢ova (2011), Bozikova and Hlava¢ (2010),
Patocka et al. (2006), Kfoury et al. (1989), Robert and Sherman (1988) pointed that
rheologic properties of cheeses are twinned with their quality. Based on presented
facts was research focused on thermal properties of cheeses especially cheeses
made by Slovak producers.

Cheese (in Latin caseus) is a generic term for a diverse group of milk-based food
products. Cheese is produced throughout the world in wide-ranging flavours, textures
and forms. Cheese consists of proteins and fat from milk, usually the milk of cows,
buffalos, goats or ewes. It is produced by coagulation of the milk protein casein. The
milk is acidified and addition of the enzyme rennet causes coagulation. The solids
are separated and pressed into final form. Some cheeses have moulds on the rind or
throughout. Most cheeses melt at cooking temperature. Hundreds of types of cheese
are produced. Their styles, texture and flavour depend on the origin of the milk
(including the animal's diet), whether they have been pasteurized, the butterfat
content, the bacteria and mould, the processing and aging. Most cheeses are
acidified to a lesser degree by bacteria, which turn milk sugars into lactic acids then
the addition of rennet completes the curdling. Cheese is valued for its portability, long
life, and high content of fat, protein, calcium and phosphorus. Cheese is more
compact and has a longer shelf life than milk. (Fankhauser and Simpson, 1979).
Selected characteristics of measured cheeses are described in the following text.

Processed cheese — there exists different modification of processed cheeses
produced by many producers around the world. In Slovakia according to “the
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Slovakian Food Codex” are processed cheeses made from one type of cheese or
different types of cheese by smashing and mixing with smelting salt and then is
cheese heated to temperature 70°C during 30 seconds without influence of other
ingredients. Smelting usually takes a few minutes. Smelting salt is the most important
ingredient and it is made on polyphosphates base. It has emulsifier function and
protects structure of cheese substance. The protection of homogeneity of cheese
substance is the function of smelting salt during processing. In Slovakia are made
various types of processed cheese with different fat content.

Half hard cheese - is natural, maturing, full cream cheese. It can be produced as
smoked or non-smoked. Evaluated Slovak half hard cheese has shape of a roll with
length 30-32 cm and with diameter 9—9.5 cm and technological process of production
is described in the following text. Milk is heated in temperature range from 73°C to
79°C. The next process is renneting, curing and curd tension. Then are prepared
cheese grains. Commixture of curd and cheese grains are filled in prepared forms.
The next process is compression molding of cheese; compression molding time is
approximately 80 minutes. After the compression the mechanical hand manipulation
with cheese continues. Producers prefer hand manipulation because they want to
protect the quality of cheese and the form of cheese. This type of cheese includes:
53.5-58.5% of dry mass, 43.0—47.5% of fat content in dry mass and maximum 2.5%
of salt. Tekov cheese is made from pasteurized milk with admixture of acid milk
cultures Lactococcus or Streptococcus (Fankhauser and Simpson, 1979).

Materials and methods

Two types of cheeses were examined. First sample was special Slovak processed
cheese which contains 17 g of fats, 5 g of saccharides and 9 g of proteins in 100
grams. Second measured sample was half hard cheese made in Slovakia which
contains 24.5 g of fats, 0.9 g of saccharides and 24.2 g of proteins in 100 grams.
Measured samples were stored in special cool box according to required storing
conditions 24 hours before the measurement.

For detection of thermophysical parameter was used modification of Dynamic plane
source (DPS) method. DPS is one of the transient methods which are convenient for
measurement of basic thermophysical parameters as thermal conductivity and
thermal diffusivity. Volume specific heat can be calculated from obtained values of
thermal conductivity, thermal diffusivity (Cviklovi¢ and Paulovi¢, 2014).

The DPS method is based on using an ideal plane sensor — PS. The PS sensor acts
both as heat source and temperature detector. The plane source method is arranged
for a one dimensional heat flow into a finite sample. The theory considers ideal
experimental conditions — ideal heater (negligible thickness and mass), perfect
thermal contact between PS sensor and the sample, zero thermal resistance
between the sample and the material surrounding sample, zero heat losses from the
lateral surfaces of the sample (Karawacki et al, 1992). If q is the total output of power
per unit area dissipated by the heater, then the temperature increase as a function of
time is given by (1) (Beck and Arnold, 2003).
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gl
AT(x,t)—Z ) lerf{Z\/EJ (1)

Where a - is thermal diffusivity, A - is thermal conductivity of the sample and ierfc is
the error function (Carslaw and Jaeger, 1959). The PS sensor is placed between two
identical samples having the same cross section as the sensor in the plane x = 0.
The temperature increase in the sample as a function of time conforms (2),

7(0,1)= ?1\/\/%\5 2)

which corresponds to the linear heat flow into an infinite medium (Karawacki and
Suleiman, 2001). The sensor is made of a Ni-foil, 23 uym thick protected from both
sides by an insulating layer made of kapton of 25 ym thick made on SAS. Several
corrections have been introduced to account for the heat capacity of the wire, the
thermal contact resistance between the wire and the test material, the finite
dimension of the sample and the finite dimension of the wire embedded in the
sample (Assael and Wakeham, 1992; Liang, 1995). Extended dynamic plane source
- EDPS method (Figure 1.) which is the modification of DPS) was used for analysis of
measured cheeses.

2
@E@

Figure 1. Extended plane source method

Obrazok 1. RozSirena metdda plosného zdroja
1 — PS sensor, 2 — sample, 3 — electric current source, 4 — milivoltmeter (Malinari¢, 2007)
1 — PS sensor, 2 — vzorka, 3 — zdroj elektrického prudu, 4 — milivoltmeter (Malinari¢, 2007)

Results and discussion

For processed cheese and half hard cheese were obtained relations between
thermophysical parameters and temperature. Every thermophysical parameter was
measured 50 times for every sample and temperature. Samples of both cheeses
were measured during the temperature stabilisation from minimal temperature
13.5°C (temperature after 10 minutes from cool box removing) to maximal
temperature 24.35°C (laboratory room temperature).

The values of thermophysical parameters as thermal conductivity, thermal diffusivity
and volume specific heat for sample of processed cheese are presented in Table 1.
and Figures 2., 3. and 4. All measured relations have linear decreasing progress.
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Graphic relations have very similar coefficient of determination approximately from
0.95 to 0.97. These coefficients are near the lower limit value of coefficient of
determination which is acceptable. When the coefficient of determination is smaller
than 0.95 it is better to choose other mathematical function for graphic characteristics.
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Figure 2. Relation of thermal conductivity to temperature in temperature range 14—
24°C - sample of processed cheese

Obrazok 2. Zavislost tepelnej vodivosti od teploty pre teplotny interval 14—-24°C —
vzorka taveného syra

The graphical characteristics have the highest values of coefficient of determination
for linear decreasing progress. For data comparison were calculated averages of
thermophysical parameters and results can be summarised in next numbers:
average temperature for relation between thermal conductivity and temperature was
20.49°C; average value of thermal conductivity for processed cheese sample was
0.334 W*m 'K "; average value of thermal diffusivity is 0.109*10° m?*s™"; temperature
average for thermal diffusivity measurement during the temperature stabilization was
20.43°C ; average for volume specific heat for processed cheese sample was
0.141*10° J*m™*K™" and temperature average during the third parameter
measurement was 17.59°C.

Sample of half hard cheese was measured during the temperature stabilisation.
Presented graphic relations (Figures 5. — 7.) have linear decreasing progresses.
Coefficient of regression for thermal conductivity is 0.956638 and the average from
measured values of thermal conductivity is 0.288 W*m™™*K™".
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Figure 3. Relation of thermal diffusivity to temperature in temperature range from 14
to 24°C - sample of processed cheese

Obrazok 3. Zavislost teplotnej vodivosti od teploty pre teplotny interval 14—24°C —
vzorka taveného syra
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Figure 4. Relation of volume specific heat to temperature in temperature range from
14 to 24°C - sample of processed cheese

Obrazok 4. Zavislost objemovej tepelnej kapacity od teploty pre teplotny interval 14—
24°C — vzorka taveného syra
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Table 1. Values of thermal conductivity, thermal diffusivity and volume specific heat
in temperature range 14—24°C for sample of processed cheese

Tabulka 1. Namerané hodnoty tepelnej vodivosti, teplotnej vodivosti a objemovej
tepelnej kapacity v teplotnom intervale 14—24°C pre vzorku taveného syra

t (°C) A, Wm K a (m**s™) t (°C) cp (J*m™*K™)
14.80 0.370 0.121*10° 14.01 2.189*10°
17.23 0.360 0.117*10® 14.54 2.183*10°
18.28 0.350 0.116*10° 15.02 2.178*10°
19.30 0.340 0.114.10°® 15.80 2.156*10°
20.10 0.330 0.111*10° 16.05 2.149*10°
21.33 0.325 0.107*10® 16.67 2.154*10°
22.19 0.330 0.103*10°® 17.00 2.138*10°
23.01 0.320 0.101*10® 17.43 2.141*10°
23.99 0.310 0.099*10° 18.01 2.129*10°
24.06 0.300 0.100*10° 18.65 2.133*10°
19.11 2.128*10°
19.72 2.122*10°
20.21 2.110*10°
20.56 2.106*10°
21.02 2.101*10°

Thermal conductivity — regression equation 4 = —0.00694485¢ + 0.475376 , Thermal conductivity
average: 0.334 W*m™*K"', Coefficient of determination: 0.955669.

Thermal diffusivity — regression equation a = —0.00255409 ¢t + 0.160977 , Thermal diffusivity
average: 0.109*10° m?s™, Coefficient of determination: 0.969536.

Volume specific heat — regression equation co =—0.01181861 +2.34898 , Volume specific heat
average: 2.141*1 0° J*m™*K", Coefficient of determination: 0.952612.

Tepelna vodivost — regresna rovnica A = —0.00694485¢ + 0.475376 , Priemerna tepelna vodivost:
0.334 W*m ™K, Koeficient determinacie: 0.955669.

Teplotna vodivost' — regresna rovnicaa = —0.00255409 ¢ + 0.160977 , Priemerna teplotna vodivost':
0.109%*10° m**s™, Koeficient determinacie: 0.969536.

Objemova tepelna kapacita — regresna rovnica cp =—0.0118186¢+2.34898, Priemerna
objemova tepelna kapacita: 2.141*10° J*m™®*K”, Koeficient determinacie: 0.952612.

Relation of thermal diffusivity has also linear decreasing progress but with better
coefficient of determination 0.966221. Thermal diffusivity average of half hard cheese
was 0.110*10° m?*s™. Values of volume specific heat were calculated from known
thermophysical parameters and density and for data reliability comparison they were
also measured by thermal analyzer Isomet 2104. Thermophysical parameters of
measured Slovak half hard cheese are not known from literature, so obtained results
were compared with values obtained by other author for similar samples.
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Table 2. Values of thermal conductivity, thermal diffusivity and volume specific heat
in temperature range 13.5-24.35°C for sample of half hard cheese

Tabulka 2. Namerané hodnoty tepelnej vodivosti, teplotnej vodivosti a objemovej
tepelnej kapacity v teplotnom intervale 13,5-24,35°C pre vzorku polotvrdého syra

t (°C) A (W*m™K™) a (m?*s™) cp (J*m3*K™)
13.50 0.330 0.116*10° 2.789*10°
14.80 0.320 0.115*10° 2.783*10°
16.05 0.318 0.114*10® 2.740%10°
16.87 0.303 0.112*10° 2.699*10°
17.54 0.300 0.112*10° 2.689*10°
18.44 0.296 0.111*10° 2.675*10°
19.07 0.293 0.110*10° 2.668*10°
19.60 0.290 0.109*10° 2.651*10°
20.00 0.287 0.109*10° 2.649*10°
20.43 0.281 0.109*10° 2.633*10°
20.68 0.277 0.108*10® 2.628*10°
21.10 0.268 0.107*10° 2.622*10°
21.67 0.259 0.106*10® 2.612*10°
22.14 0.254 0.104*10°® 2.609*10°
23.35 0.248 0.104*10° 2.605*10°

Thermal conductivity — regression equation A = —0.00849991 ¢ + 0.449901 , Thermal conductivity
average: 0.288 W*m™*K™', Coefficient of determination: 0.956638.

Thermal diffusivity — regression equation a = —0.00128751 ¢ + 0.134217 , Thermal diffusivity
average: 0.110*10°® m?s™, Coefficient of determination: 0.966221.

Volume specific heat — regression equation co = —0.0210118 ¢+ 3.06969 , Volume specific heat
average: 2.670*10°J*m K", Coefficient of determination: 0.960669.

Tepelna vodivost — regresna rovnica A = —0.00849991 ¢ + 0.449901 , Priemerna tepelna vodivost:
0.288 W*m ™K', Koeficient determinacie: 0.956638.

Teplotna vodivost — regresna rovnicaa = —0.00128751 ¢t + 0.134217 , Priemerna teplotna vodivost:

0.110*10° m®*s™, Koeficient determinacie: 0.966221.

Objemova tepelna kapacita — regresna rovnica ¢p =—0.02101187 4+ 3.06969 , Priemerna
objemova tepelna kapacita: 2.670*10° J*m™*K ™", Koeficient determinacie: 0.960669.
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Figure 5. Relation of thermal conductivity to temperature in temperature range 13.5—
24.35°C - sample of half hard cheese

Obrazok 5. Zavislost tepelnej vodivosti od teploty pre teplotny interval 13,5-24,35°C
— vzorka polotvrdého syra
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Figure 6. Relation of thermal diffusivity to temperature in temperature range 13.5—
24.35°C - sample of half hard cheese

Obrazok 6. Zavislost teplotnej vodivosti od teploty pre teplotny interval 13,5-24,35°C
— vzorka polotvrdého syra
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Figure 7. Relation of volume specific heat to temperature in temperature range 13.5—
24.35°C - sample of half hard cheese

Obrazok 7. Zavislost objemovej tepelnej kapacity od teploty pre teplotny interval
13,5-24,35°C — vzorka polotvrdého syra

Conclusions

Knowledge of food physical properties has a decisive importance for monitoring of
food quality and for the realization of many technological processes. Thermophysical
parameters are one of the most important parameters which can determine status of
material during thermal manipulation and their values can be used in identification of
biological or chemical processes in food materials. Based on the presented facts
research was realised and were identified basic thermal properties of cheeses
samples made in Slovak republic. From results presented in Table 1. and 2. is
evident that small temperature changes had significant influence to thermal
conductivity, thermal diffusivity and volume specific heat of measured cheeses
samples. In all cases were obtained linear decreasing progresses presented on
Figures 2. — 7. which can be described by linear regression equations and by
coefficients of determination. From physical point of view changes of temperature are
the cause of heat transport. Parameters as thermal conductivity and thermal
diffusivity can inform about ability of food material to conduct heat and also about
temperature equalization and the intensity of the temperature changes in the food
material.
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