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ABSTRACT 
The aim of this study was to investigate effects of osmotic treatment on microbiological profile and water activity (aw) in celery 

leaves and root, in order to indicate the usefulness of this drying technique. Samples of celery leaves and root were dehydrated in 
sugar beet molasses and aqueous solution of sodium chloride and sucrose, at three different temperatures. aw values of processed 
celery leaves and root were determined and the change of the microbiological profile between the dehydrated celery leaves and root 
was examined. The process of osmotic treatment improve the initial microbiological profile due to increasing dry matter content and 
lowering aw value of the all processed celery samples. Better microbiological load reduction was observed in samples of leaves 
compared with samples of roots. Measuring results were fitted to mathematical models using Response Surface Methodology and 
statistically evaluated using analysis of variance.   
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REZIME 
Ovo istraživanje, sprovedeno je sa ciljem da se ispita uticaj osmotskog tretmana na mikrobiološki profil i aktivnost vode (aw), 

lišća i korena celera, kako bi se ukazalo na korisnost ove tehnike sušenja. Uzorci lišća i korena celera su dehidrirani u melasi 
šećerne repe i vodenom rastvoru natrijum hlorida i saharoze, pripremljenom korišćenjem saharoze u količini od 1200 g/kg vode, 
NaCl u količini od 350 g/kg vode (ternarni rastvor), na tri različite temperature (20oC, 35oC and 50oC), nakon 1, 3 i 5 sati. Izmerene 
su  aw vrednosti tretiranih  uzoraka lišća i korena celera, a analizirane su promene u mikrobiološkom profilu između dehidriranih 
uzoraka lišća i korena celera. Uočeno je da proces osmotske dehidratacije ne uzrokuje pogoršanje inicijalnog mikrobiološkog profila 
lišća i korena celera, već ga naprotiv poboljšava, usled povećanja sadržaja suve materije i snižavanja aw vrednosti,  kod svih 
dehidriranih uzoraka celera. Zapaženo je smanjenje mikrobiološkog opterećenja u svim tretiranim uzorcima celera. Bolji rezultati u 
smislu redukcije prisutnih mikroorganizama, dobijeni su nakon osmotskog tretmana u melasi, na višim temperaturama i nakon dužeg 
vremena imerzije, kako za lišće, tako i za koren celera. Redukcija mikrobiološkog opterećenja više je izražena u uzorcima lišća 
celera, u odnosu na uzorke korena. Rezultati su obrađeni regresionom analizom na razvijenim matematičkim modelima upotrebom 
metode odzivne funkcije, a statistička procena je urađena pomoću analize varijanse. 

Ključne reči: Osmotski tretman, lišće i koren celera, mikrobiološki profil, melasa šećerne repe. 
 

INTRODUCTION 
Celery leaves and root are a rich source of proteins, fats, 

vitamins, minerals and many bioactive components, therefore 
are widely used in human diet as a healthy vegetable and spice 
(Ponjičan et al., 2013). High water content (more than 80 %) in 
celery is the main cause of the relatively rapid perishable or 
damaging changes of the sensory and nutritive characteristics. 
To enhance the sustainability of celery, it is desirable to apply 
the appropriate method of drying (Ježek et al., 2008). The 
application of osmotic treatment (OT) at mild temperature in 
food preservation has many advantages as compared to 
traditional drying treatments. Celery is not exposed to high 
temperatures, minimizing, in that way, sensory characteristics 
changes, and preserving nutritional values of the fresh celery: 
vitamins, minerals, etc. Furthermore, OT is environmentally 
acceptable and energy efficient process due to the low 
temperature and energy requirements and low waste material 
(Ratti, 2009).  OT process represents partial removal of water 
from food (fruit, vegetable, meat), which is performed by 
immersing them in various hypertonic solution (Koprivica et al., 

2010). Mass transfer mechanism and quality of final product are 
affected by many factors such as composition and concentration 
of osmotic agents, immersion time of the product in the solution, 
agitation /circulation of osmotic solution,  operating temperature,  
solution to sample ratio, nature and thickness of food material 
(Ćurčić et al., 2013). Concentrated sucrose solution, sodium 
chloride solutions and their combinations are usually used as 
hypertonic solution (Mišljenović et al., 2010). Previous research 
of Lević at al. (2007) was shown good behavior of molasses as 
hypertonic solution in OT. High content of solids (around 80 %) 
provide high osmotic pressure in the solution and allows greater 
loss of water  during OT , enhances, on that way,  the efficiency 
of this process. On the other hand, specific chemical 
composition of molasses (over 200 nutritional valuable 
compounds) enriches chemical and nutritional composition of 
dehydrated products (Filipović et al., 2012, Ćurčić et al., 2013). 

 By OT initial microbiological profile of the celery root and 
leaves should be improved due to increasing dry matter content 
and lowered aw value of the treated samples (Filipović et al., 
2012). 

The objective in this study was to investigate the influence of 
immersion time, temperature of the process and the type of 
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osmotic solution on the microbiological profile and water 
activity (aw) in celery leaves and root, in order to indicate the 
usefulness and safety of this drying technique. Experimental 
results were compared and fitted to developed mathematical 
models, by using Responce Surface Methodology (RSM), while 
the statistical analysis was performed using  analysis of variance 
(ANOVA). 

MATERIAL AND METHOD 
Celery leaves and root (Apium graveolens) was purchased at 

local market, shortly before the treatment, to be used in the fresh 
state. Before the OT, celery leaves were cut into small pieces 
(squares approximately 1x1 cm), while root was cut into cubes 
(1x1x1 cm). Two different solutions were used as hypertonic 
mediums.  The first one, concentrated sugar beet molasses, with 
initial dry matter content of 80.00 w/w, was obtained from the 
sugar factory Pećinci, Serbia (in further text indicated as SBM). 
The second osmotic solution, mixed aqueous solution of NaCl 
and sucrose, was made from sucrose in the quantity of 1.200 
g/kg water, NaCl in the quantity of 350 g/kg water and distilled 
water (in further text indicated as ternary solution - TS). The 
material to solution ratio of 1:20 (w/w) was used during all 
experiments. The samples of celery leaves and root were 
submerged in laboratory jars at temperatures of 20 oC, 35 oC and 
50oC, in constant temperature chamber (KMF 115 l, Binder, 
Germany), under atmospheric pressure. Samples were 
withdrawn from the osmotic solution at determined intervals of 

time (1, 3, and 5 h), then lightly washed with water and gently 
absorbed with paper towels to remove adhering solution. All 
experiments were repeated three times. Water activity was 
measured by TESTO 650 (Germany) measurement device with 
an accuracy of ±0.001 at 25 ºC, (Filipović et al., 2012). / - The 
microbial profile of celery leaves and root was investigated after 
OT by total number of yeasts and molds (YM), (ISO 21527-
2:2008) and Enterobacteriaceae (Enth.) (SRPS ISO 21528-
2:2009).  Quantifications of YM and Enth. were selected as 
typical indicators for the microbiological quality and safety of 
the plant material (Stević et al., 2012). 

The RSM method was selected to estimate the main effect of 
the process variables on the microbiological profile and water 
activity (aw) in celery leaves and root, during the osmotic 
dehydration.  32 full factorial experimental design, with 2 levels 
and 3 parameters in 1 block was accepted. The independent 
variables were osmotic time of 1, 3 and 5h; and temperature of 
20, 35 and 50 oC, and the dependent variables were the 
responses: aw, YM and Enth.  

RESULTS AND DISCUSSION  
The osmotic process was studied in terms of microbiological 

profile and water activity (aw) in celery leaves and root.  
Three dimensional graphics, Fig. 1 shows the experimentally 

observed changes of aw over process time (white dots) and 
mathematical models (surface plots). Because of the great 
difference in osmotic pressure between hypertonic solution and 

      
Fig. 1. aw value, during osmotic treatment of celery leaves in a) ternary and b) sugar beet molasses solution;  

aw value, during osmotic treatment of celery root in c) ternary and d) sugar beet molasses solution 
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the celery leaves and root tissue, aw value begins to decrease 
rapidly at the beginning of the dehydration, regardless of the 
type of solution. The lower aw values  were obtained for celery 
leaves, rather than root. Using SBM as osmotic solution is more 
effective than using TS, while the optimum process parameters 
for osmotic treatment of celery leaves and root, concerning aw 
value, should be at temperature of 50 oC and treatment time of 5 
hours.In comparison to TS, SBM has a more complex chemical 
composition and higher dry matter content, thereforeprovides 
higher osmotic pressure and represents unfavorable environment 
for most microorganisms (Filipović et al., 2012). 

The ANOVA analysis, Table 1, evaluated for second order 
polynomial (SOP) model of  aw in celery leaves and root 
revealed that the linear term of temperature (T) contributed 
substantially (statistically significant at p<0.05 level, 95 % 
confidence limit) in all of the cases, regardless of the osmotic 
solution to generate a significant SOP  model. aw in celery leaves 
was also significantly affected by immersion time (t), 
statistically significant at p<0.05 level.  

3D surface plots, shown on Fig. 2 represent the 
experimentally observed changes of YM over time (white dots) 
and mathematical models (surface plots). Similarly as aw value, 
YM begins to decrease rapidly at the beginning of the OT 
process, regardless of the type of solution. Celery leaves 
obtained better results compared to celery root. Using SBM as 
osmotic solution is more effective than using TS, 

while the optimum process parameters for osmotic treatment of 
celery leaves and root, concerning YM value, should be at 
temperature of 50 oC and treatment time of 5 hours. 

According to Table 1, SOP model of YM in celery leaves 
and root is mostly affected by linear term of immersion time 
(statistically significant at p<0.05 level, 95 % confidence limit) 
in all of the cases, regardless of the osmotic solution. YM in 
celery root was also significantly affected by temperature, 
statistically significant at p<0.05 level. Enth. begins to decrease 
rapidly at the beginning of the OT process (similarly to aw and 
YM), regardless of the type of solution. Celery leaves obtained 
better results for Enth. reduction compared to celery root. 
Generally, greater microbiological load reduction was observed 
in all samples of leaves compared with samples of roots. Most 
microorganisms that are initially present in celery roots and 
leaves are soil inhabitants, but spoilage microbes can be 
introduced to the plant during harvesting and postharvest 
handling or during storage and distribution. Also cutting or 
slicing operations, make them suitable substrates for bacterial 
contamination (Prakash at al., 2000). The leaves of celery are 
less susceptible to contamination by pathogenic bacteria from 
soli, than celery roots. In addition, celery has potent 
antimicrobial activity, but it is known that leaf extracts are more 
active antimicrobial agents compared to root extracts (Sipailiene 
et al., 2005).  

 

 

        
Fig. 2. YM value, during osmotic treatment of celery leaves in a) ternary and b) sugar beet molasses solution;  

YM value, during osmotic treatment of celery root in c) ternary and d) sugar beet molasses solution 
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Enth. is most affected by linear term of immersion time 
(statistically significant at p<0.05 level, 95 % confidence limit) 
in all of the cases, regardless of the osmotic solution. Enth. in 
celery leaves was also significantly affected by temperature, 
statistically significant at p<0.05 level.  

CONCLUSION 
On the basis of presented results it can be concluded that 

both solutions are satisfying osmotic mediums, taking into 
account the considerable decrease of microbial load and aw value 
during both processes. Optimal solution, regarding for microbial 
load and aw drying of celery leaves and root was sugar beet 
molasses, while the optimum process parameters were 
immersion time of was 5 h and temperature of 50 °C. Despite the 
fact that sugar beet molasses proved to be more effective 
osmotic solution, its use is justified also from environmental and 
economic aspects, because molasses is side product of sugar 
industry. Since both osmotic treatments carried out at low 
temperature regime, it can be concluded that this is energy and 
economically favorable method of preservation. 
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Table 1.  ANOVA table (sum of squares for each assay) 
Term df aw YM × [105] Enth. × [104] 

  L1 L2 R1 R2 L1 L2 R1 R2 L1 L2 R1 R2 

T 1 0.013* 0.007* 0.000 0.001 8.3* 6.7* 3.5* 4.9* 1.6* 1.2* 0.7** 0.9* 

t2 1 0.000 0.000 0.000 0.000 2.3* 0.0 0.4 0.5 1.1* 0.2 0.4 0.0 

T 1 0.001* 0.006* 0.005* 0.003* 0.1 1.1 2.6* 1.3* 0.0 0.4 0.6** 0.4 

T2 1 0.000 0.000 0.000 0.001 0.2 0.0 0.4 0.0 0.2 0.0 0.3 0.1 

t×T 1 0.001 0.001 0.001** 0.000 1.5* 0.2 0.0 0.0 1.2* 0.6** 0.4 0.4 

Err. 4 0.000 0.003 0.001 0.001 0.4 1.2 0.4 0.5 0.5 0.4 0.4 0.4 
*Significant at p<0.05 level, **Significant at p<0.10 level, 95 % confidence limit, 

error terms have been found statistically insignificant; L - celery leaves, R - celery 
root, 1 - OT in ternary solution; 2 - OT in molasses solution; 


