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ABSTRACT 
Thermal analysis of osmoticaly treated fish (Carassius gibelio) meat was performed by three thermal techniques: Differential 

Scanning Calorimetry (DSC) Modulated Differential Scanning Calorimetry (MDSC) and Thermogravimetry (TGA). 
The objective of the study was to investigate the effects of osmotic solutions (sugar beet molasses and aqueous ternary solutions) 

on the thermal characteristics of osmotically dehydrated fish meat (Carassius gibelio). 
The DSC thermograms of all samples assayed in this work, showed the characteristic glass transition, the protein denaturation 

endotherm in the range of 40 °C-90 °C and no water melting peak, as a consequence of characteristic behavior of samples with high 
non freezable water content. 

The results obtained suggest the existence of different thermal characteristics depending on osmotic solutions used in process of 
osmotic dehydration. Those changes of thermal characteristics involve differences in overall thermal stability, protein stability, and 
differences in glass transition temperature (Tg). 
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REZIME 
Termalna analiza osmotski dehidriranog ribljeg mesa (Carassius gibelio) sprovedena je pomoću tri termalne tehnike: 

Diferencijalne e kalorimetrije (DSC) Modulovane  Diferencijalne e kalorimetrije (MDSC) i thermogravimetrije 
(TGA). Cilj ovog rada je ispitivanje uticaja osmotskih rastvora h rastvora soli) na termalne 
karakteristike osmotski dehidriranog mesa ribe  (Carassius gibelio). DSC thermogrami uzoraka ribljeg mesa dobijenih u ovom radu, 
imaju karakterističan staklasti prelaz, endotermni prelaz u temperaturskom opsegu od 40°C do 90°C koji odgovara denaturaciji 
proteina i plastifikaciji materijala, te ne poseduju pik topljenja leda, što je posledica karakterističnog termalnog ponašanja uzoraka 
sa velikim udelom nesmrzavajuće vode. 

Dobijeni rezultati ukazuju na postojanje različitih termalnih karakteristika u zavisnosti od sastava osmotskog rastvora korišćenog 
u procesu osmotske dehidratacije. Ove promene termalnih osobina uključuju razlike u ukupnoj  termalnoj stabilnosti, stabilnosti 
proteina i razlike u temperaturi staklastog prelaza (Tg). 

Ključne reči: termalna analiza, riblje meso, osmotska dehdratacija. 
 

INTRODUCTION 
Preservation of fish meat has been in the focus of food 

technology. Fish meat according to its composition rapidly 
deteriorates. Traditional technologies of fish meat processing 
lake salting, drying, smoking, cooling and freezing have a 
number of advantages and disadvantages. The process of 
osmotic dehydration has benefits with respect to preserving the 
biological value of food in high extent.  Osmotic dehydration 
processing in sugar beet molasses, from a nutrition point of 
view, has an important advantage which is the enrichment of the 
food material with minerals and vitamins, which diffuse from 
molasses to the meat tissue (Grubic et al 2013; Filipović et al., 
2012). The physical, chemical and microbiological stability of 
food depends highly on the water content and its interaction with 
food ingredients. 

Thermoanalytical techniques have been extensively used for 
food characterization (Roos, 2003; Shia et al., 2009; Slade and 
Levine, 1995). These techniques are capable of providing crucial 
information about thermal stability and structural properties of 
food materials. Glass transition (Tg), a second-order phase 
transition which is a property of the food matrix, occurs over a 
characteristic glass transition temperature range (Roos, 2003), 
and it is a highly important characteristic in understanding many 
aspects of food stability and processing and also helpful in 
elucidating the time–temperature related properties, as well as 

the state of water during freezing and storage. Molecular 
mobility of glassy materials is significantly reduced below Tg. 
This in turn delays various deteriorative changes such as texture 
loss, enzymatic spoilage and flavour loss in foods during storage 
(Mitchell, 1998; Levine and Slade 1986). Structural 
characteristics and thermal stability can be highly influenced by 
composition of hypertonic solution used in process of osmotic 
dehydration. 

The objective of the study was to investigate the effects of 
osmotic solutions (sugar beet molasses and aqueous ternary 
solutions) on the thermal characteristics of osmotically 
dehydrated fish meat (Carassius gibelio). 

MATERIAL AND METHOD 
Osmotic dehydration (OD) of fish (Carassius gibelio) meat 

(Čurčić, et al., 2014; Knežević et al., 2014) has been carried out 
in four osmotic solutions: solution R1- ternary aqueous solution 
composed of saccharose 1.200 g/kg water, NaCl 350 g/kg water 
and distilled water, solution R2- composed of solution R1 with 
sugar beet molasses added in a weight ratio 1:1, solution R3 
composed of sugar beet molasses  , obtained from the sugar 
factory Pećinci, Serbia, with the initial dry matter content of 
85.04 % w/w, was diluted to the concentrations 80 % w/w and 
solution  R4- aqueous solution composed of NaCl 210 g/kg of 
water, KCl 140 g/kg of water and saccharose 1200 g/kg of water. 
Sample R0 represents osmoticaly untreated fish meat.  The 

mailto:sostojic@iofh.bg.ac.rs


Ostojić, Sanja et al. / Thermal Analysis of Osmotically Dehydrated Fish Meat 

Journal on Processing and Energy in Agriculture 19 (2015) 3 163 

Table 1. Moisture, glass transition temperature, enthalpy and peak maximums of 
transitions obtained from DSC curves of OD and osmotically untreated fish meat  

Fish meat Moist. 
(%) 

To 
(Cº) 

Tg 
(Cº) 

Tend 
(Cº) 

ΔH1 
(J/g) 

Tm1 
(Cº) 

ΔH2 
(J/g) 

Tm2 
(Cº) 

R0 
(untreated) 

3.7 -17.2 -16.0 -15.8 12.3 56.9 129.3 106.0 

OD R1 3.3 -20.1 -18.5 -17.7 10.9 56.8 155.0 104.5 
OD R2 3.06 -16.7 -15.6 -14.8 7.7 55.8 143.1 104.3 
OD R3 4.96 -16.3 -14.5 13.9 8.0 56.2 173.7 108.5 
OD R4 5.21 -18.0 -16.34 -15.9 11.0 55.7 96.4 88.9 

 

composition of sugar beet molasses  used in this work has been 
has been described elsewhere (Pavlović et al., 2014). All 
samples, after OD (48 % dry matter) and osmotically untreated 
sample, were dried at 105 ºC to obtain samples with highly 
reduced water content, so called 
“nonfreezable water”.  

Differential Scanning Calorimetry 
(DSC) and Modulated differential 
scanning calorimetry (MDSC) were 
performed on a Q1000 modulated DSC 
(TA Instruments, USA) and 
thermogravimetric analysis was 
performed on Q500 thermogravimetric 
analyzer (TA Instruments, USA). DSC 
samples of osmoticaly dehydrated fish 
were approximately 6-7 mg and TGA 
samples 10mg. DSC scans were conducted in the temperature 
range from -90 °C to 250 °C,  with heating rate of Hr= 5 °C/min, 
in N2 atmosphere. TGA scans were conducted in the temperature 
range from 25 °C to 700 °C,  with heating rate of Hr= 5 °C/min,  
in N2 N2 purge flow of 60 ml/min and 40 ml/min, in sample and  
balance, respectively. Each thermogram was analyzed by TA 
Advantage Universal analysis 2000 software to obtain the glass 
transition parameters (onset, Tonset; midpoint, Tg; final Tend,) for 
the onset, mid and end of transition, and also to obtain the 
percentage of mass loss from TGA curves.  

RESULTS AND DISCUSSION  
Thermal characterization of osmoticaly dehydrated (OD) fish 

(Carassius gibelio) meat, in four osmotic solutions (R0 to R4), 
has been provided by DSC, TGA and MDSC. The DSC curves 
of fish meat samples are shown in Figure 1. 

 

 
 

Fig. 1.  The DSC curves of osmotically dehydrated fish 
(Carassius gibelio) meat in four different osmotic solutions, and 
osmotically untreated fish meat. R1- ternary aqueous solution 

composed of saccharose 1.200 g/kg water, NaCl 350 g/kg water 
and distilled water, R2- composed of solution R1 with sugar beet 
molasses added in a weight ratio 1:1, solution R3 composed of 

sugar beet molasses with 80 % w/w solids and solution  R4- 
aqueous solution composed of NaCl 210 g/kg of water, KCl 140 

g/kg of water and saccharose 1200 g/kg of water. Sample R0 
represents untreated fish meat 

 

Generally, the DSC heat flow curves obtained for OD fish 
meat and osmotically untreated fish meat have a similar shape, 
characteristic Tg, in the low temperature region and broad 
endothermic transition in the temperature range from 40 °C -    
90 °C with no water melting peak, followed by second broad 

endothermic peak from 100 °C to 220 °C. Temperature of peak 
maximums, (Tm), enthalpy (ΔH) for defined transitions, and 
characteristic temperatures of glass transition (onset, Tonset; 
midpoint, Tg; final Tend,) are given on Table1. 

From the obtained DSC results, and taking into account 
thermal stability of OD treated samples of fish meat, it is 
obvious that OD treated samples are less stable in comparison to 
untreated fish meat, considering temperature maximums (Tm) 
and enthalpy (ΔH) of thermal transitions. Reason for that is 
modification of formed OD protein matrix into thermally less 
sable form during drying at 105 ºC.  Characteristic broad 
endothermic transition in the temperature range from 40 °C -   
90 °C with no water melting peak is consequence of common 
plasticizing effect of protein meat food matrix in the conditions 
of low water content and denaturation of proteins (Marchetti  et 
al., 2013; Schubring 2006;  Schubring 2004). Followed second 
broad endothermic peak from 100 °C to 220 °C represents 
thermal degradation of the samples (Sablani et al., 2007).  
According to our knowledge there is no literature data about 
glass transition of fish meat at low water content. Inoue et al., 
(1997) studied the glass transition of tuna flesh at different 
moistures (75.9; 70.4; 68.2; 90.3; and 85.6 %) and salt addition 
(added salt 2.3; 17.8; and 21.3 %) and found that Tg decreased 
with increasing in added salt. Considering the glass transition 
temperatures of fish meat found in our work, it appearances is a 
consequence of characteristic behavior of food matrix samples 
with non-freezable water (Shia et al., 2009; Sablani et al., 2007; 
Delgado and Sun, 2002; Rahman et al., 2003). Tg, in spite of 
similar moisture content in the samples, were different. Taking 
into account, Tg decreases with increasing moisture content 
(Ostojic et al., 2014, Marchetti et al., 2013; Shia et al., 2009; 
Kawai et al., 2005), meaning that Tg depends on moisture 
content. It can be suggested that Tg obtained in this work, has 
been influenced by osmotic solution components. Similar 
behavior of food matrix has been found by Marchetti et al 
(Marchetti et al., 2013). The authors explained that the different 
biopolymers incorporated in to the formulations with decreased 
water mobility of the systems producing changes in thermal 
properties such as Tg. When less water is available to act as 
plasticizer because it is “bound” by the added biopolymers, Tg 
increased (Marchetti et al., 2013). Also Fernández-Martín et al., 
2009 reported higher Tg values for meat batters with olive oil  
compared to the control. According to this, it can be proposed 
that interaction between osmotic solution components and fish 
meat matrix had a bigger impact on the differences in glass 
transition temperatures than the conditions of low water content 
(Marchetti et al., 2013). TGA curves obtained for samples of 
osmotically dehydrated fish (Carassius gibelio) in four different 
osmotic solutions, and untreated fish meat are presented in 
Figure 2. From TGA results obtained, thermally most stable 
sample is shown to be OD untreated fish meat sample, which is 
in agreement with obtained DSC results.  
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Fig. 2. The TGA curves of osmotically dehydrated fish 
(Carassius gibelio) meat in four osmotic solutions, and 

osmotically untreated fish meat. R1- ternary aqueous solution 
composed of saccharose 1.200 g/kg water, NaCl 350 g/kg water 
and distilled water, R2- composed of solution R1 with sugar beet 
molasses added in a weight ratio 1:1, solution R3 composed of 

sugar beet molasses with 80 % w/w solids and solution  R4- 
aqueous solution composed of NaCl 210 g/kg of water, KCl 140 

g/kg of water and saccharose 1200 g/kg of water. Sample R0 
represents untreated fish meat 

 

On Figure 3.a) and b) the MDSC of untreated fish meat is 
presented.  

 

 
a) 

 

 
b) 

 

Fig. 3. The MDSC of untreated fish meat: a) MDSC curves in 
overall temperature range, b) MDSC curves in temperature 

range from -40 ºC to 30 ºC. 1. Total heat flow (W/g); 2. 
Reversible heat flow (W/g);3.Nonreversible heat flow (W/g) 

According to the results obtained, there is no significant 
difference in reversing and nonreversing heat flow, but in the Tg 
temperature region (from -30 ºC to 0 ºC) two processes were 
found: one is a consequence of kinetic events (nonreversible heat 
flow) suggesting the existence of several glass transitions in fish 
meat material, and the other is a consequence of 
thermodynamical events (reversible heat flow) suggesting the 
coexistence of thermal transition, with peak maximum             
Tm = -7.8 ºC and enthalpy of transition ΔH= 0.30J/g, in the Tg 
temperature region (from -30 ºC  to 0 ºC). The Tg value obtained 
from the total heat flow was found to be Tg= -19.0 ºC. 

CONCLUSION 
The samples of osmotically dehydrated fish meat in different 

osmotic solutions showed decreased overall thermal stability 
compared to untreated fish meat, based on DSC and TGA 
results. According to the results obtained for glass transition 
temperature (Tg) it can be assumed that the interaction between 
osmotic solution components and fish meat matrix caused more 
significant changes in glass transition temperatures than the 
conditions of low water content. 

From MDSC results of untreated fish meat, coexistence of 
thermal transition in the same temperature region of glass 
transition (from -30 ºC to 0 ºC) can be proposed. 
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