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Abstract

The aim of this study was to test the influence of scanning rate and meat type, on the thermo-
physical properties of meat and content of the freezable water in frozen meat, using the
differential scanning calorimetry (DSC) method. In this study three types of meat were
investigated: beef (M. Longissimus dorsi), pork (M. Longissimus dorsi) and chicken meat
(Pectoralis major). The cooling rate affected the onset (T.on), peak (T.) and end (T.end)
temperatures of crystallization process of beef meat (p<0.05). Decreasing cooling rate from
20 °C/min to 2 °C/min resulted in significant (p<0.05) change of the crystallization enthalpy
(AH,) of beef meat, from -220.17 J/g to -168.20 J/g, respectively. Reduction of the heating
rate caused significant (p<0.05) decrease in enthalpy of melting (AH,,) for beef meat, from
228.87 J/g to 161.13 J/g. The heating rate affected the peak (T,) and end temperatures
(Tend) of melting process of beef meat (p<<0.05). The type of meat did not have effect on
AH, and AH,, as well as temperature of crystallization (T.on, T., Tcend) and temperature of
melting (T, Twend) in meat. Significant (p<0.05) change in freezable water content were

recorded between heating rate 20 °C/min and other heating rates, for all three meat types.
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Highlights

e Freezing rate influences the thermo-physical properties of frozen meat.

e Types of meat influence the thermal-physical properties of frozen meat.

e The temperatures of crystallization and melting of meat depend on freezing rate.

e  The temperature of crystallization is different from the temperature of melting of some type of
meat.

e Freezing rate affects the ratio of freezable/unfreezable water in the frozen meat.



Introduction

Differential scanning calorimetry (DSC) is a thermoanalytical technique used to study the
thermal behaviors of food and pharmaceutical systems [1-6]. This technique has some advantages over
other classical detection methods, as it is rapid and does not require additional sample preparation or
solvent utilization and therefore, it is an environmental friendly technique. A DSC generated
thermogram, in which the rate of heat transfer is plotted versus temperature for a small amount of
sample, provides information on the energy released or absorbed in the form of latent heat during
phase transition of that sample [2,7,8].

The most commonly occurring phase transitions in food are crystallization of water during
freezing and melting of ice during thawing of food [3,9-12]. These processes are extremely important,
because physico-chemical and sensory characteristics of foods may be altered after freezing and
thawing [13-17].

Freezing and thawing processes play an important role in food processing [9,18]. Freezing is
the most widely used technique for food preservation and especially if large quantities of meats are
frozen before use [6,14,19]. To optimize these processes and the quality of the final product, it is very
useful to analyze the phase transitions which occur in the product [2,20]. However, mathematical
description of phase transition is difficult because of the heterogencous nature of food [2,21-23].
Therefore, it is important to determine analytical techniques for monitoring melting and crystallization
processes in food. These techniques are based on the measurements of thermo-physical properties of
food, which change during a phase transition [2,23,24].

Thermo-physical properties of food depend to a great extent on food composition and
previous treatment, but attention must be paid to the use of different measuring techniques because
they can also influence the experimental results [23]. Calorimetry is one of the most powerful tools to
study thermo-physical properties of food and phase transition phenomena [25] and it can be used in
the analysis and characterization of oils and fats, crystallization and melting profiles, enthalpy of
transitions and polymorphic forms [1,5,8,26,27]. The procedure of determining enthalpy in foods, the
freezing and melting temperature and the content of unfreezable water by differential scanning
calorimetry (DSC) is fast and allows systematic data acquisition and processing to be obtained by
utilizing specific software [23,24]. DSC analysis can be performed with different scanning rates,
however, there are little studies in the literature which compare DSC thermograms in case of different
cooling and heating rates of food.

The aim of this study was to test the influence of selected factors, such as scanning rate and
meat type, on the thermo-physical properties of meat and content of the freezable water in frozen

meat.



Materials and methods

Standard procedure

In this study, three types of meat were investigated: beef (M. Longissimusdorsi), pork (M.
Longissimus dorsi) and chicken meat (Pectoralis major). In all experiments, we used fresh post-rigor
meat. Meat was purchased at the slaughter house.

Differential scanning calorimetry thermograms were obtained using a differential scanning
calorimeter DSC (204 F1 Phoenix, NETZSCH-Geratebau GmbH, Germany). Samples (14+2 mg)
were weighed into 25 pl capacity aluminum pans. After that, pans were hermetically sealed. An
identical empty pan was used as a reference sample during the experiments. The calibration of the cell
was made following the DSC manufacturers' recommendation. Flow rate of purge nitrogen
atmosphere was 20 ml/min.

The temperature of onset crystallization (T.on), peak crystallization (T.), end crystallization
(T.end) and enthalpy of crystallization AH, (J/g) were measured from the cooling curves and analyzed
for the crystallization process. The following temperatures were analyzed for the melting process:
temperature of onset melting (T,on), peak melting (T,,) and end melting (Tend). The melting
temperature interval was computed as width of melting peak (AT,=Tnend-T,on) and the
crystallization temperature interval was computed as width of crystallization peak (AT .=T.on -T.end).
Enthalpy of melting AH,, (J/g) was determined as the area, limited by the melting curve and base line.
The Proteus software, version 6.1.0 (NETZSCH-Gerédtebau GmbH, Germany) was used to analyze the

DSC thermograms and evaluate the thermo-physical properties of meat.

Influence of scanning rate on thermo-physical properties of beef meat

Samples of beef meat were cooled and heated at five rates (2, 5, 10, 15, 20 °C/min). In each
scan the sample was equilibrated at 20 °C for 5 min and then cooled to -40 °C at a preset rate; after an
isothermal holding stage (-40 °C) of 5 min, the sample was heated at same rate to 20 °C. All the

measurements were performed in triplicate.

Influence of meat type on thermo-physical properties of meat

Samples of beef, pork and chicken meat were cooled and heated at 10 °C/min. This scan rate
was chosen because it is the most commonly used scanning rate for DSC analysis. In each scan the
sample was equilibrated at 20 °C for 5 min and then cooled to -40 °C at a scan rate of 10 °C/min; after
an isothermal holding stage (-40 °C) of 5 min, the sample was heated at same rate to 20 °C. All the

measurements were performed in triplicate for each meat sample.

Determination of the freezable water



The percent of freezable water (FW) was calculated using the area of the integrated
endothermic peak at the range of 0 °C. The endothermic peak arises from the phase transition of ice

into water. Eq. (1) was used in order for the freezable water of the meat to be estimated [19].

FW (%)=%: (1)

Where, FW is the percent of freezable water, Q is the enthalpy of melting (J/g), H¢ represents
the heat of fusion ice—water equal with 333.50 J/g of ice/water and my is the mass of the sample. The
percent of unfreezable water (UFW) was calculated by subtracting the percent of freezable water from
the percent of total water [28].

The total water content of meat was determined by the method of drying at 105+£2 °C to

constant mass [29].

Statistical analysis

The results of this study were presented as the mean values accompanied with their standard
deviations of three measurements. One factor analysis of variance (ANOV A) was performed using the
IBM SPSS Statistics for Windows, version 22.0 (Armonk, NY, United States). Where significant
differences (p<0.05) were detected, Tukey’s multiple comparison was used to compare treatment

means and create statistically homogeneous groups.
Results and discussion

The effect of scanning rate on the crystallization and melting processes in beef meat

DSC is a suitable method to characterize phase transitions that require the intake or release of
thermal enthalpy, such as crystallization and melting [1]. Figure 1 presents crystallization curves of
beef meat obtained using different cooling rates (2, 5, 10, 15 and 20 °C/min). The shape of the curves,
as well as the width of crystallization peaks changed depending on the cooling rate (curves are
presented in the same scale). As seen in Figure 1, the width of crystallization peaks decreased with
decreasing cooling rate, which resulted in significant (p<<0.05) change of the crystallization enthalpy
(AH,) of beef meat, from -220.17 J/g for the rate of 20 °C/min to -168.20 J/g for the rate of 2 °C/min
(Table 1). Tomaszewska-Gras [8] also observed the decrease in the width of crystallization peaks of

milk fat with a decreasing cooling rate.
Figure 1
Different transition temperatures of crystallization for beef meat were recorded with various

cooling rates (2, 5, 10, 15 and 20 °C/min). The temperature at which begins the process of
crystallization (T.on) in beef meat significantly (p<0.05) changed with changing cooling rate (Table



1). Therefore, the mean values of T.on of beef meat were: -14.93, -19.40 and -18.10 °C, for the rate of
2, 10 and 20 °C/min, respectively (Table 1). The mean values of T.on did not show difference for
scanning rate from 5 to 20 °C/min (p>0.05), and T.on for 2 °C/min was only different from 10 °C/min
(p<0.05).

Table 1.

According to the physics, the onset values for pure substances should be always the same,
despite of the scanning rates. For the tested meat samples, various cooling rates caused different
courses of crystallization, which was manifested in different shapes of peaks, their sizes, as well as
different temperatures [8]. A food material is a complex biochemical system where multiple
interactions occur during any type of process [25], while the different situation is with pure
substances.

Marini et al. [30] reported that chemical composition, especially water content, presents a
great influence in thermo-physical properties of meat products. The soluble components such as
various sugars, ions and acids and soluble proteins, will contribute to the freezing point depression,
while the insoluble components such as fat and the insoluble proteins will not. Furthermore, some
components, such as protein and starch, have such high molecular masses that their contribution to the
mole fraction of solutes is negligible; it is the small molecules such as sugars, ions and acids, which
contribute appreciably [31].

Similarly, as in the case of onset crystallization temperature (T.on), the mean values of peak
temperatures (T.) and temperature of end crystallization (T.end) for beef meat significantly (p<0.05)
changed with the increase in the cooling rate (Table 1). The mean values of T, of beef meat were:
-14.93, -19.63 and -18.60 °C for the rate of 2, 10 and 20 °C/min, respectively. The mean values of T,
did not show difference for scanning rate from 5 to 20 °C/min (p>0.05), and T, for 2 °C/min was
statistically different from 10°C/min (p<0.05). The mean value of T.end of beef meat was -15.60 °C
for the rate of 2 °C/min and -22.00 °C for the rate of 20 °C/min (Table 1). Moreover, it was observed
that the cooling rate had significant (p<0.05) effect on the crystallization temperature interval (AT.)
(Table 1).

This study was also conducted on the process of melting at different scanning rates. Figure 2
presents the melting curves of beef meat obtained at different heating rates (2, 5, 10, 15 and 20
°C/min). As it is presented in Figure 2, different heating rates (from 2 to 20 °C/min) influenced
changes in the melting process (of ice) in beef meat. Similarly, as in the process of crystallization, the

shape of the curves, the position and the size of peaks changed with various heating rates.

Figure 2



The crystallization curves exhibited narrower peaks when compared to the curves of melting.
This indicated that during thawing, phase change occurred over a wider temperature range and more
gradually when compared to freezing, as was previously observed in the literature [2]. Analogously, as
in the case of crystallization, a reduction of the heating rate caused significant (p<0.05) decrease in
width of melting peak (AT,,) for beef meat. In this study, significant (p>0.05) differences were not
found between the values of onset melting temperature (T,,on) in the range of heating rates from 2 to
20 °C/min. On the other hand, significant (p<0.05) differences between mean values of peak melting
(T.) and end melting temperature (Tend) of beef meat were observed for all the heating rates. The
values of enthalpy of melting did not differ (p>0.05) for heating rates from 2 to 15 °C/min, while
significantly (p<0.05) different value was recorded for heating rate of 20 °C/min (Table 1).

Enthalpy is used for calculating the total heat to be removed and to determine the rate removal
during refrigeration and freezing of food products [32]. Peak area represents the melting latent heat of
ice in the tested frozen meat sample.

The influence of the cooling rate on the temperatures and enthalpy of crystallization for beef
meat is presented in Figure 3, and the influence of the heating rate on the temperatures and enthalpy of
melting for beef meat is demonstrated in Figure 4.

The obtained parameters which indicate the crystallization temperatures of the meat (T.on, T,
T.end) showed that these temperatures are lower when meat undergo freezing at higher freezing rate.
The width of the crystallization temperature interval (AT.), in which the crystallization process of
water in meat takes place, increased with increasing cooling rate. In addition, the enthalpy of
crystallization of meat samples gradually decreased with increasing freezing rate from 2 to 15 °C/min,
while the reduction was more pronounced at freezing rate of 20 °C/min (Figure 3). Similarly, the
width of melting peak (AT,,), in which the melting process of water in meat takes place, increased with
increasing heating rate. For faster thawing procedures, enthalpy of melting increased during the

melting of meat samples (Figure 4).

Figure 3
Figure 4

Influence of meat type on thermo-physical properties of meat

The DSC method can be used to obtain the freezing point, heat of fusion (AH) and apparent
specific heat [33]. Figure 5 and Figure 6 present the crystallization and melting DSC curves of beef,
pork and chicken meat for the scanning rate of 10 °C/min. Obtained results were analyzed statistically,
and no significant (p>0.05) effect of meat type on temperatures (T.on, T., T.end) and enthalpy of
crystallization (AH,) were observed (Table 2).



Figure 5
Figure 6
Table 2.

In the melting process, no significant (p>0.05) differences were found between meat type and
temperature of peak melting (T,,), end melting (T,,end) and enthalpy of melting (AH,,) at the scanning
rate of 10 °C/min. In this study, it was observed that the crystallization temperature interval (AT.,),
melting temperature interval (AT, and temperature of onset melting (T,on) of beef meat, were
significantly (p<0.05) different from those of pork and chicken meat (Table 2).

The DSC method can be used to obtain the freezing point, heat of fusion (AH) and apparent
specific heat [33]. The onset of melting was considered as the freezing point (Tf). Freezing is a safe
and a commonly used preservation method for meat and fish products in general [30,33].

Initial freezing point is defined as the temperature, which the first ice crystals start to form.
Marini et al. [30] reported that chicken sausages (frankfurter type), mortadela (bologna type) and
mechanically deboned chicken meat (MDCM) had very different initial freezing temperature and end
point of freezing. Initial freezing temperature and end point of freezing for mortadela (bologna) were
-4.46 and -10.14 °C, respectively. MDCM presented an initial freezing temperature of -0.43 °C and
end point of freezing of -4.46 °C, and for frankfurter sausages these temperatures were -2.49 °C and

-9.71 °C, respectively.

The effect of scanning rate on the content of freezable and unfreezable water in meat

Different type of food has different water content that may undergo the phase transition, and
hence on the basis of sample mass only partial water—ice transformations can be expected [25]. Water
present in food can be classified into two categories according to its reaction to freezing process:
freezable and unfreezable water. During freezing, only freezable water crystallizes into ice, whereas
unfreezable water undergoes no changes [34].

Unfreezable water is the amount of water unavailable for freezing in a food product at
reference temperature of -40 °C [9,32,35]. Unfreezable water is bound water, where as freezable water
fraction reflects the fraction of free water of the total water in a product.

The mean values of freezable water and unfreezable water content in three meat types are
presented in Table 3. Analogously, as enthalpy of melting, the mean values of freezable water contents
and unfreezable water contents did not differ (p>0.05) for heating rates from 2 to 15 °C/min. However,
significant (p<0.05) increase in freezable water content and the decrease in unfreezable water content
were recorded between heating rates 2 and 20 °C/min for all three meat types (Table 3).

Tolstorebrov et al. [3] were investigated phase transitions for Atlantic Salmon, Cod, Herring,

Mackerel and Rainbow Trout. The amount of unfreezable water was calculated by the DSC melting



endotherm integration for scaning rate 5 °C/min and was in the range between 5.1% and 8.6% for all

investigated samples.

Table 3.

Conclusions

The shape of the DSC cooling and heating curves of meat depended on the scanning rate.
Therefore, it was observed that crystallization and melting peaks changed with an increasing scanning
rate. The cooling rate effected the onset (T.on), peak (T.) and end temperatures (T.end) of
crystallization process for beef meat. Enthalpy of crystallization (AH,) for beef meat changed with a
changing cooling rate. The effect of heating rate on enthalpy of melting (AH,,), peak (T,) and end
temperatures (T,end) of melting process for beef meat was reported. However, the type of meat did
not influence temperatures of crystallization (T.on, T., T.end), enthalpy of crystallization (AH.),
temperatures of melting (T, Tnend) and enthalpy of melting (AH,,). In addition, the increase in
freezable water content and the decrease in unfreezable water content were recorded between heating
rates 2 and 20 °C/min for all three meat types. The information presented can be helpful for simple
and rapid engineering calculations and for implementation in complex mathematical models of heat

transfer.



References

1.

12.
13.
14.

15.
16.

17.
18.

19.

20.

21.
22.

23.
24.

25.
26.

27.

28.
29.
30.

31.

32.
33.
34.
35.

O. Dahimi, A.A. Rahim, S.M. Abdulkarim, M.S. Hassan, S.B.T. ZamHashari, A.S. Mashitoh, S.
Saadi, Food Chem. 158 (2014) 132—138.

J.S. Karthikeyan, K.M. Desai, D. Salvi, R. Bruins, M.V. Karwe, Food Res. Int. 76 (2015) 595—
604.

L. Tolstorebrov, T.M. Eikevik, M. Bantle, Food Res. Int. 55 (2014) 303-310.

I.S.M. Zaidul, N. Absar, S.-J. Kim, T. Suzuki, A.A. Karim, H. Yamauchi, T. Noda, J. Food Eng.
86 (2008) 68-73.

A. Fini, C. Cavallari, F. Ospitali, Pharmaceutics 2(2010) 136-158.

A. Soyer, B. Ozalp, U. Dalmis, V. Bilgin, Food Chem. 120 (2010) 1025-1030.

Reading M., Hourston D. Modulated-temperature differential scanning calorimetry, Springer,
Dordrecht, The Netherlands, (2006) 38-49.

J. Tomaszewska-Gras, J. Therm. Anal. Calorim. 113 (2013) 199-208.

R. Gruji¢, Lj. Petrovi¢, B. Pikula, Lj. AmidZzi¢, Meat Science 33 (1993) 301-318.

H. Kiani, D.-W. Sun, Trends Food Sci. Tech. 22 (2011) 407-426.

. V. Pitschmann, Z. Kobliha, I. TuSarova, L. Bartova, D.Vetchy, P.V Filipovi¢, L. Levi¢, B. Curcié,

M. Nicetin, L. Pezo, N. Misljenovi¢, Chem. Ind. Chem. Eng. Q. 20 (2014) 155-162.
D.Vujadinovié, R.Gryji¢, V.Tomovi¢, A.Torbica, Chem. Ind. Chem. Eng. Q. 20 (2014) 407-416.
Lj. Petrovi¢, R.Gruji¢, M. Petrovié, Meat Science, 33 (1993) 319-331.

M. Bueno, V.C. Resconi, M. Mar Campo, J. Cacho, V. Ferreira, A. Escudero, Food Res. Int. 54
(2013) 772-780.

Z. Pietrasik, J.A.M. Janz, Meat Science 81 (2009) 523-532.

S. Meziani, M. Kaci, M. Jacquot, J. Jasniewski, P. Ribotta, J.-M. Muller, M. Ghoul, S. Desobry,
J. Food Eng. 111 (2012) 336-342.

M. Holzwarth, S. Korhummel, R. Carle, D.R. Kammerer, Food Res. Int. 48 (2012) 241-248.

Sun Da-Wen. Handbook of frozen food packaging and processing, CRC Press Taylor & Francis
Group, Boca Raton (2006) 3-141.

E. Xanthakis, M. Havet, S. Chevallier, J. Abadie, A. Le-Bail, Innovative Food Sci. Emerging
Technol. 20 (2013) 115-120.

M. Castro-Giraldez, N. Balaguer, E. Hinarejos, P.J. Fito, Innovative Food Sci. Emerging Technol.
23 (2014) 138-145.

R. Gryji¢, T. Vasiljevi¢, Tehnologija mesa, 37 (1996) 133-136.

R. Gryji¢, D. Vujadinovié, G. Tadi¢, V. Tomovi¢, Proceedings of 6th Central European Congress
on Food, CEF00d2012, Novi Sad, Serbia (2012) 719-725.

A. M. Tocci, R.H. Mascheroni, LWT 31(5) (1998) 418-426.

G. Chen, C. Ohgren, M. Langton, K.F. Lustrup, M. Nydén, J. Swenson, J. Cereal Sci. 57 (2013)
120-124.

S. Zhu, A. Le Bail, H.S. Ramaswamy, J. Food Eng. 75 (2006) 215-222.

L. I. Najafabadi, A. Le-Bail, N. Hamdami, J.-Y Monteau, J. Keramat, J. Cereal Sci. 60 (2014)
151-156.

D. Mici¢, S. Ostoji¢, M. Simonovi¢, B.R. Simonovi¢, J. Process. Energy Agric.18 (5) (2014) 204-
206.

A. L. Simmons, K.B. Smith, Y. Vodovotz, J. Cereal Sci. 56 (2012) 232-238.

AOAC (2006) Official Method, 950.46.

G. A. Marini, E. M. Bainy, M. K. Lenzi, M. L. Corazza. Acta Scientiarum. Technology, 36 (2)
(2014) 361-368.

C. A. Miles, Z. Mayer, M.J. Morley, M. Houska, International Journal of Food Science and
Technology, 32 (1997) 389-400.

O. Fasina, J. Agr. Sci. and Tech. B2(2012) 1287-1292.

E. M. Bainy, M. L. Corazza, M. K. Lenzi, Journal of Food Engineering, 161 (2015) 82—86.

X. Ding, H. Zhang, L.Wang, H.Qian, X.Qi, J. Xiao, Food Hydrocolloids, 47 (2015) 32-40.
R.G.M. van der Sman, E. Boer, J. Food Eng. 66 (2005) 469—475.

10



Figure captions

Figure 1. DSC crystallization curves of beef meat at different cooling rates (2, 5, 10, 15 and 20
°C/min)

Figure 2. DSC melting curves of beef meat at different heating rates (2, 5, 10, 15 and 20 °C/min)

Figure 3. Influence of cooling rate on the temperatures and enthalpy of beef meat crystallization
(T.on - temperature of onset crystallization; T, - temperature of peak crystallization; T.end -
temperature of end crystallization; AT, - width of crystallization peak; AH. - enthalpy of
crystallization)

Figure 4. Influence of heating rate on the temperature and enthalpy of beef meat
(Tyon - temperature of onset melting; T,, - temperature of peak melting; Tend - temperature
of end melting; AT,, - width of melting peak; AH,, - enthalpy of melting)

Figure 5. DSC crystallization curves of three types of meat at cooling rate of 10 °C/min

Figure 6. DSC melting curves of three types of meat at heating rate of 10 °C/min

11



Table 1. Temperatures and enthalpies of crystallization and melting process for beef meat, in relation to diffe

Cooling/ Crystallization Melting
heati

erztlél g Temperature (°C) EHXII}IIZhy Temperature (°C)
(°Clmin) 1 on T. Teend AT, (J/g) Ton Tw T,end

-14.93>  -14.93°  -1560° 0.67° -168.20° 287 0.23° 0.60°
+1.07  +1.07 +1.13  £0.06 +6.30 +021  +006 +0.17
-16.23®  -16.40°  -17.77*  1.53°  -171.00° -1.60° 1.90° 2.93°
+231  +£231  +210 +023  +4.10 +125  +046  +0.32
-19.40° -19.63"  -21.93" 2,53 -179.70° -1.432 3.73¢ 5.27¢
+1.00 +1.05 +0.85 +0.15 +11.14 +0.06 +0.06 +0.15
-18.03" -18.33* -20.73*  2.70° -182.97° 2,63 5.10¢ 7134
+0.75 +0.75 +055 +020 +6.29 +0.06 +030 +0.25
-18.10° -18.60"  -22.00°  3.90° -220.17° 2.63° 7.60° 10.60°
+130 +£120 +090 +040  £2.55 +0.06 +0.10 +0.10

Data are expressed as mean + standard deviation.

*®Mean values in the same column followed by different letters indicate significant difference (p< 0.05)

T.on - temperature of onset crystallization; T, - temperature of peak crystallization; T.end - temperature of end crystalliz:
enthalpy of crystallization;

Ton - temperature of onset melting; T, - temperature of peak melting; Ty,end - temperature of end melting; AT, - width of

15
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Table 2. Temperatures and enthalpies of crystallization and melting process in beef, pork and chicken me

Crystallization Melt

Sample Temperature (°C) Engall{phy Temperature (°C
T.on T, T.end AT, J/g) Ton T Ten

Beef meat -19.40° -19.63% -21.93?% 2.53% -179.70% -1.43° 3.73% 5.27
+1.00 +1.05 +0.85 +0.15 +11.14 +0.06 +0.06 +0.1

Pork -16.87% -17.23*% -20.20° 3.33° -190.70* -3.07° 427 5.90
orkmeat 197 1186 +1.95 +0.31 +1.30 +0.35 +0.55 +0.7
Chicken -18.90% -19.27% -22.00° 3.10° -183.33% -2.80° 4.40° 6.20
meat +1.21 +1.15 +1.30 +0.10 +6.53 +0.00 +0.44 +0.3

Data are expressed as mean + standard deviation.
“"Mean values in the same column followed by different letters indicate significant difference (p<0.05)

T.on - temperature of onset crystallization; T, - temperature of peak crystallization; T.end - temperature of end crystallization; AT, -

crystallization;

Ton - temperature of onset melting; T, - temperature of peak melting; Tend - temperature of end melting; AT, - width of melting pea



Table 3. Content of freezable and unfreezable water in relation to different type of meat and different heating 1

Heating Beef meat Pork meat Chicken
(Oéifin) FW (%)  UFW (%) FW (%)  UFW (%) FW (%)
5 48.32° 26.52° 57.94° 15.64° 52.07°
+2.71 +2.71 +1.19 +1.19 +3.00
s 50.90° 23.94° 58.69° 14.89° 55.82%
+4.98 +4.98 +2.61 +2.61 +1.25
10 53.65° 21.19° 59.02° 14.56° 56.53%
+£3.20 +3.20 +0.02 +0.02 +£2.39
s 54.89° 19.95° 59.19* 14.39° 57.52%
+1.89 +1.89 +1.89 +1.89 +1.28
20 68.63° 6.21° 64.05° 9.53" 61.53°
+0.36 +0.36 +0.34 +0.34 +3.04

FW - freezable water

UFW - unfreezable water

“>Data are expressed as mean =+ standard deviation. Mean values in the same column followed by different |
difference (p< 0.05).
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