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ABSTRACT 

Osmotic treatment (OT) is important food preservation method and complementary treatment in food processing industry because 
of the mild processing temperature, base waste material and low energy requirements. OT by gentle lowering the water content 
increases shelf life of food samples without unnecessary changes in dry product quality. Decrease of water content by osmosis 
involves immersion of food samples in hypertonic medium. Sugar beet molasses (SBM) in the past few years has proven to very 
efficient hypertonic solution for OT of fruit, vegetables, fish and pork meat. The process was carried out under atmospheric pressure 
at temperature of 20 °C for 5 hours in SBM osmotic solutions. The monitored responses of OT process were: dry matter content 
(DMC), water loss (WL), solid gain (SG) and water activity. After five hours of immersion in SBM (80 % w/w) solution responses 
were: DMC=58.862±1.714, WL=0.496±0.011, SG = 0.128±0.011 and aw=0.836. Microbiological profile analysis of dehydrated 
chicken meat have confirmed safety. 

Key words: chicken meat, sugar beet molasses, osmotic treatment, characterization. 

REZIME 

Оsmоtsko  sušеnjе је vаžna metoda konzervisanja hrаnе i dopunski trеtmаn u prеhrаmbеnој industriјi zbоg: blаgih tеmpеrаtura, 
male količine оtpаdnog mаtеriјаla i niskih еnеrgеtskih pоtrеba. Оsmоtski  trеtmаn (OT), na neagresivan način, smаnjuje sаdržај 
vоdе, i tako utiče na pоvеćаnje rоka upotrebe hrаnе, bеz nеpоtrеbnih prоmеnа u kvаlitеtu prоizvоdа. Smаnjеnjе sаdržаја vоdе u OT, 
pоdrаzumеvа pоtаpаnjе uzоrаkа hrаnе u hipеrtоnični mеdiјum. Dоbrо pоznаti оsmоtski rastvori zа uzorke mesa i ribe uklјučuјu 
kоncеntrovane rаstvоre šеćеrа i nаtriјum hlоrida. Меlаsа šеćеrnе rеpе se, tokom pоslеdnjih nеkоlikо gоdinа, pоkаzаla kao vеоmа 
еfikаsan hipеrtоnični rastvor zа оsmоtskо sušеnjе vоćа, pоvrćа, ribе i svinjskоg mеsа. Početni sadržaj vode u svežem pilećem mesu 
bio je 75,63% dok je početna  aw vrednost iznosila 0,935. Proces se odvijao pri atmosferskom pritisku, na temperaturi od 20°C u toku 
5 časova u rastvorima melase šećerne repe. Posmatrani odzivi nakon procesa osmotskog sušenja bili su: sadržaj suve materije 
(DMC), gubitak vode (WL), priraštaj suve materije (SG) i aktivnost vode. Nakon 5 sati osmotskog tretmana u melasi šećerne repe 
(80%), posmatrani odzivi iznosili su: DMC= 58,862±1,714, WL=0,496±0,011, SG = 0,128±0,011 and aw=0,836. Mikrobioloski 
profil dehidriranog mesa potvrdio je bezbednost primenjenog procesa. 

 Ključne reči: pileće meso, melasa šećerne repe, osmotski tretman, karakterizacija. 
 

INTRODUCTION 

Osmotic dehydration treatment (OT) has been successfully 
used to remove water from food material and increase their 
storage stability. During OT food samples are being placed in 
hypertonic solution, which creates a concentration gradient 
between the solution and the intracellular fluid. This driving 
force results in the removal of water from the food through semi-
permeable cellular membranes (Ozdemir et.al., 2008; Knežević 
et al., 2013). OT is important food preservation method and 
complementary treatment in food processing industry because of 
many advantages considering  mild processing temperature, base 
waste material and low energy requirements (El-Aouar et al., 
2006; Radojčin et.al., 2010). Many factors (the solute cost, 
organoleptic compatibility with the end product, additional 
preservation by the solutes) are considered when it comes to 
choosing the most suitable osmotic solution for the specific food 
material (Tortoe, 2010).  Sugar and salt aqueous solutions are 
usually being used for osmotic treatment of meat (Collignan et 
al., 2001). Numerous research (Koprivica et al., 2010; 
Mišljenović et al., 2012; Ćurčić et al., 2013; Filipović et al., 
2014) has shown that sugar beet molasses is an excellent 
osmotic solution for dehydration treatment of different food, 

mainly due to the high content of dry matter (80 %), which 
provides high osmotic pressure in the solution as well as the 
specific chemical composition (approximately  51 % sucrose, 1 
% raffinose,     0.25 % glucose and fructose, 5 % proteins, 6 % 
betaine,0.25 % ash, 1.5 % nucleosides, purine and pyramidine 
bases, organic acids and bases) (Pezo et al., 2013). 

The objective of the presented work was to investigate the 
effects of the processing time and  concentration of osmotic 
solutions on the mass transfer phenomena during OT of chicken 
breast cubes in sugar beet molasses. The aim was to determine 
dry matter (DM) content, water loss (WL), solid gain (SG), 
water activity (aw) and microbiological profile befor and after 
OT. 

MATERIAL AND METHOD 

Raw skinless chicken breast was purchased at the lokal shop 
in Novi Sad, shortly before use. Before the osmotic treatment, 
whole muscle, (24h post mortem,with removed fat tissue), was 
cut into cubes, dimension 1x1x1 cm, and then homogenized 
before the samples were taken for the process. Sugar beet 
molasses, was obtained from the sugar factory Crvenka, Serbia, 
with inital dry matter content of 85.04 %. Distilled water was 
used for dilution of molasses to concentrations of 60, 70 and 80 
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% w/w. The sample to molasses 
ratio was 1:5 (w/w). The process 
was performed in laboratory jars at 
temperature of 20 °C under 
atmospheric pressure, in constant 
temperature chamber (KMF 115 l, 
Binder, Germany). Meat samples 
were stirred manually on every 15 
minutes. Processing time was 1, 3 
and 5 hours after which the samples 
were taken out from solution to be 
lightly washed and gently blotted to 
remove excessive water. Dry matter 
contents of the fresh and treated 
samples, and molasses were 
determined by drying at 105 ºC in a 
heat chamber until constant mass 
was achived (Instrumentaria 
Sutjeska, Srbija). All analytical 
measurements were performed 
according to AOAC (2000). Water 
activity (aw) of the osmotic 
dehydrated samples was measured 
using a water activity measurement 
device (TESTO 650, Germany) 
with an accuracy of ±0.001 at 25 
°C. In order to describe the 
effectiveness of the mass transfer of 
the osmotic dehydration process, 
dry matter content (DMC), water 
loss (WL), solid gain (SG) were calculated for different 
processing times (τ) and concentration (C) of sugar beet 
molasses according to Filipović et. al., 2014.  

Determination of the total number of bacteria, Escherichia 
coli and Salmonella spp. was done according to SRPS EN ISO 
4833 (2008); SRPS ISO 16649-2 (2008) and SRPS EN ISO 
6579 (2008), respectively. All analyses were performed in 
triplicates and results presented as mean values. 

RESULTS AND DISCUSSION 

The changes in WL and SG in the samples during OT 
process leads to an increase in DM, WL and SG, and also the 
decrease in aw of all samples regardless of used conditions. The 
most intensive increase in DM was observed as the increase 
from initial 24.44 to 60.07 % in molasses solution, at 80 oC after 
5 hours. The most intensive increase in WL was observed at that 
same conditions, from initial 0.00 to 0.50 %. The aim of OT is 
the achievement of as low as possible solid uptake, and the result 
achieved under these conditions was 0.14 %. The best achieved 
aw value was 0.84, gained under before mentioned conditions. 

ANOVA was conducted to determine the optimum OT 
conditions (considering maximum of measured WL and DM 
with lesser SG and aw value). Table 1 shows the ANOVA 
calculation regarding the response models developed when the 
experimental data were fitted to a response surface. The response 
surface used a second order polynomial (SOP) in order to predict 
all the dependent variables. The analysis revealed that the linear 
terms of t and Conc. contributed substantially in almost all of the 
cases for SOP calculation, statistically significant at p<0.05 
level, 95 % confidence limit (except that linear term of Conc. is 
not significantly influential  for SG). The SOP calculation of 
DM, WL and SG were also significantly affected by quadratic 
term of t, statistically significant at p<0.05 level, 95 % 
confidence level.  
 

Table 1. ANOVA table (sum of squares each assay) 

Term df DM WL SG aw 
t 1 312.49* 4.64·10-2* 1.51·10-3* 1.77·10-3* 
t2 1 34.20* 5.43·10-3* 4.24·10-4* 9.34·10-5 

Conc 1 25.92* 2.97·10-3* 2.18·10-4 1.70·10-3* 
Conc2 1 0.07 3.23·10-5 1.80·10-5 9.39·10-6 

t ×Conc 1 0.15 1.07·10-5 5.07·10-5 4.00·10-4 
Error 3 0.81 2.07·10-4 1.03·10-4 1.52·10-4 

r2  0.998 0.996 0.956 0.963 
*Significant at p<0.05 level, 95 % confidence limit 

 

The analysis of dissimilarities in DM, WL, SG and aw 
between the samples was investigated by means of PCA and CA. 
The number of factors retained in the model for proper 
classification of collected data, in original matrix into loading 
(observed samples) and score matrices were determined by 
application of Kaiser and Rice’s rule. First two PCs explained 
97.99 % of the total variance in the experimental data. Projection 
of the variables on the factorial plane indicates that DM, WL and 
SG contributed mostly to the first PC (26.8 %, 26.3 % and     
25.3 % respectively), while aw contributed more to the second 
PC (78.1 %). Dot captions in Fig. 2a and 2b are defined with 
equation (1): 
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where S is the solution number (0 for sugar beet molasses, 1 
for ternary solution). 

Fig. 2b  shows the dendrogram of CA for the tested samples. 
Complete linkage algorithm and City block (Manhatten) 
distances were used as the measure of proximity among the 
samples. The PCA results harmonize with the results of CA, as 
expected among the samples.  

Fig. 1. DM, WL, SG and aw value, during osmotic treatment of chicken breast in SBM 
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Fig. 2. a) PCA biplot diagram and b) complete linkage 

dendogram, using City block (Manhatten) distances, for osmotic 
treatment of chicken breast in sugar beet molasses solution 

 

Microbiological analysis of the fresh and dehydrated meat 
presented in Table 2 indicate that the osmotic treatment has a 
significant influence on lowering total number of bacteria in the 
osmotically dehydrated meat. None of the analyzed samples 
showed traces of Salmonella spp. This indicates that the 
produced dehydrated semi-product from  chicken meat is in 
accordance with the requirements for food safety criteria of the 
Serbian National Regulation. Achieved values of the number of 
Escherichia coli in all samples from the dehydrated meats are 
negligible in comparison to the determined values and are in 
accordance with the hygiene production criteria of the Serbian 
National Regulation. 
 

Table 2. Microbiological analysis of chicken meat before(1) 
and after (2) OT 

No. Salmonella spp. Escherichia   coli 
1 0±0 <10 
2 0±0 <10 

CONCLUSION 

Acording to presenter results it can be concluded than 
monitored responces  DM, WL and SG, and also the decrease in 
aw achieved the highest values at most concentrated solution 
after 5hours of process. The microbiological profile of 
dehydrated chicken meat samples indicates that the osmotic 
dehydration is hygienically safe process that reduces the number 
of present microorganisms in chicken meat. Sugar beet molasses 
solution has proved to be efficient in reducing water content and 
aw of meat samples providing safe semi product. 
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