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ABSTRACT  

Nonthermal techniques for fruit processing can be a good alternative to heat required methods, in order to produce minimally 
processed fruit and vegetables. This work presents the state of the art of some applications of osmotic dehydration (OD), vacuum im-
pregnation (VI) and ultrasound (US) treatments on minimally processed apple and kiwifruit, in order to show the potentiality of these 
techniques to preserve their quality and stability. The application of OD process resulted in several positive effect on kiwifruit overall 
quality and stability. Despite the texture improvement and the color maintenance, a decrease of water mobility and availability was 
observed. The application of US promoted the further improvement of water/solutes exchange with the modification of kiwifruit struc-
ture. VI instead was applied on apple tissue promoting a considerable weight gain and density changes. The microscopic assessment 
showed the solutes up-take inside the cells by cell membrane vesiculation.  

Key words: apple, kiwifruit, nonthermal fruit processing, osmotic dehydration, ultrasound, vacuum impregnation. 

REZIME 

Netoplotne tehnike za preradu voća mogu biti dobra alternativa za toplotne metode, kako bi proizveli minimalno obrađeno voće i 
povrće. U ovom radu je predstavljen vrhunac nekih aplikacija osmotski dehidracije (OD), vakuum impregnacije (VI) i ultrazvučnog 
(US) tretmana na minimalno prerađene jabuke i kivi, u cilju da se pokaže potencijal ovih tehnika radi očuvanja kvaliteta i stabilnost . 

Primena OD procesa rezultira sa nekoliko pozitivnih efekata na ukupan kvalitet i stabilnost kivija. Pored poboljšanja teksture i 
očuvanja boje, primećeno je smanjenje mobilnosti i dostupnosti vode. Primena US promoviše dalje unapređenje voda/rastvorak raz-
menu sa modifikacijom strukture kivija. Vakuum impregnacija (VI) primenjena na tkivo jabuke promoviše značajne promene mase i 
gustine. Mikroskopska analiza pokazala je da rastvorak ulazi unutar ćelija. 

Ključne reči: jabuka, kivi, netoplotna prerada voća, osmotska dehidracija, ultrazvuk, vakuum impregnacija. 
 

INTRODUCTION 

Thermal processing is one of the most common methods 
used for food transformation and preservation in the world 
(Zhang et al., 2011). Different thermal processes such as pasteu-
rization, sterilization, cooking, blanching etc. can be used in or-
der to allow the inactivation of the microorganism and the reduc-
tion of enzyme activity; thus results in a safe product with longer 
shelf-life, compared to its raw equivalent (Ramaswamy and 
Marcotte, 2006; Holdsworth, 2008). Concerning fruit preserva-
tion, the application of heat is one of the most effective com-
pared to freezing, fermentation and chemical preservation (Woo-
droof and Luh, 1986). 

However despite the benefits of thermal treatment, many 
changes can take place in the product that alter its final quality, 
for example loss of flavour, colour, texture, the deterioration of 
their general appearance and of thermolabile bioactive com-
pounds. Moreover in the last years consumers become more ex-
igent and they demand for high quality and convenient food 
products with natural flavor and taste, free from additives and 
preservatives (Rastogi, 2010). 

Thus nonthermal processing seems to be a good alternative 
to heat required methods in order to develop minimally 
processed (MP) fruit and vegetables. Nonthermal methods allow 
processing of fruit and vegetables, preserving at the same time 
their thermolabile nutrients, flavor, texture and overall quality. 

The most important nonthermal techniques are vacuum impreg-
nation (VI), pulsed electric field, osmotic dehydration (OD), ul-
trasound (US), cold plasma and high pressure (Rastogi, 2010; 
Karel and Lund, 2003; Castelló et al., 2006; Janositz et al., 
2011). OD is a dewatering process which consist of immersion 
of cellular tissue in a hypertonic aqueous solution (with low wa-
ter activity), in order to induce water outflows from the product 
and external solutes inflows from the solution into the tissue 
(Lazarides et al., 1999; Castro-Giráldez et al., 2011). In order to 
accelerate mass transfer during the osmotic process, US could be 
applied (Fernandes and Rodrigues, 2008; Nowacka et al., in 
press). US is a mechanical wave; it is known to operate at the 
frequency range from 20 kHz to 100 MHz, promoting the physi-
cal and chemical alteration of food products, because of the in-
duction of series compression and expansion of the material, 
usually referred as sponge effect (Knorr et al., 2004; Zeang and 
Sun, 2006). VI instead is a process of immersion of porous prod-
ucts in a liquid solution; the so obtained solid-liquid system is 
subjected to the vacuum step (application of vacuum) followed 
by atmospheric step (restoration of atmospheric pressure) (Fito, 
1994). In this way there is a replacement of air in the pores by 
external solution which could be enriched with different func-
tional substances such us antibrowing or antioxidant agents, pro-
biotics, microbial preservatives, cryoprotectans ect. (Barrera et 
al., 2009; Velicova et al., 2013). 
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This work is aimed to present the background of some appli-
cations of OD with or without US pretreatment, and VI on MP 
apple and kiwifruit. This in order to show the potentiality of 
these techniques to preserve their quality and stability. 

MATERIAL AND METHOD 

Raw material 

Kiwifruits (Actinidia deliciosa var deliciosa cv Hayward) 
and apples (Malus domestica L.var Kim) with homogeneous size 
and refractometric index of 12 ± 1 °Brix and 12 ± 0.6 °Brix re-
spectively were bought at a local market. Fruits were sorted to 
eliminate damaged or defective fruit, and refrigerated with 90-
95% of relative humidity (RH) until processing. The kiwifruits 
were hand peeled and cut into 10 mm thick slices. The apples 
with the medium size (70 ± 5 mm in height and 80 ± 5 mm in 
width)were washed, peeled and cut into 40x10mm longitudinal 
slices selected from the inner part of parenchymatic tissue. 

Osmotic dehydration treatment  

Osmotic dehydration treatment (OD) was carried out by im-
mersing the samples in 61.5% (w/w) sucrose solution for a dif-
ferent time: 0, 10, 20, 30, 60, 120 and 300 minutes at 25 °C. The 
osmotic solution to kiwifruit ratio was maintained at 4:1 (w/w), 
to avoid changes in the solution concentration during the treat-
ment. Slices from the central part of each kiwifruit were placed 
in mesh baskets and immersed in osmotic solution. The baskets 
were continuously stirred with a propeller. The rotational speed 
was experimentally determined to assure negligible resistance to 
mass transfer and it was 88 rpm. After removal from the solu-
tion, dehydrated samples from each group were rinsed with 2 L 
of distilled water for 10 s and blotted with absorbent paper to 
remove excess solution. The OD process was conducted in dup-
licate. 

Ultrasound pretreatment  

The kiwifruit slices were subjected to ultrasonic waves (US) 
in a water bath at a frequency of 35 kHz for 30 min. The ultra-
sonic bath used to generate the ultrasound (TransSonic TP 690-
A Elma, Germany) had internal dimensions of 135x100x520 
mm.  

The pre-treatment was carried out at room temperature 
(25ºC). The ratio of raw material to water was set to 1:4 (w/w), 
as recommended by Fernandes and Rodrigues (2008 a,b). After 
the treatment the kiwifruit tissue were blotted with filter paper 
and subjected to osmotic dehydration as reported above.  

Vacuum Impregnation 

Vacuum impregnation (VI) was carried out at room tempera-
ture in a chamber connected to a vacuum pump (Piab Lab Vac, 
Sigma-Aldrich). The apple pieces were immersed into the hyper-
tonic or isotonic sucrose solution for 13 min (gradual increase of 
vacuum for 4 min, holding time of 5 min at 15kPa abs pressure 
and gradual release of vacuum for 4 min). 

RESULTS AND DISCUSSION 

Application of Osmotic dehydration 

The application of OD process resulted in several positive ef-
fect on kiwifruit overall quality and stability. OD involves a 
complex mass transfer phenomena, there is a water loss from the 
kiwifruit tissue into osmotic solution and the consequently 
weight changes during OD (Rząca et al., 2009, Castro-Giráldez 

et al., 2011, Tylewicz et al., 2011, Panarese et al., 2012a, Santa-
gapita et al., 2012). Together with water loss there is also an up-
take of solids contained in the solution into the kiwifruit tissue; 
however the most important function of OD process is dewater-
ing. 

The highest water loss was observed during the first hour of 
treatment, because of the driving force (differences in chemical 
potential of water between the samples and osmotic medium), 
which is higher at the beginning of the OD process (Tylewicz et 
al., 2011) 

The water loss rate depends on kiwifruit variety and on the 
maturity of the raw material. For instance Actinidia chinensis 
presented a higher water loss than A. deliciosa (Tylewicz et al., 
2011). Santagapita et al. (2012) observed the higher water loss in 
the unripe kiwifruit (with low soluble solid content – LB); this 
probably because of lower availability of water in ripe fruit. Dif-
ferences of mass exchange phenomena during OD in ripe and 
unripe kiwifruit are shown in figure 1. Dashed lines indicate that 
shorter time (about 220 min) is needed to achieve the same water 
loss for unripe kiwifruit compare with the ripe one. 

Fig 1. Application of the Peleg’s model to mass transfer data of 
high (a) and low (b) °Brix (ripe and unripe, respectively) kiwifruit 
subjected to OD at 25 °C. ΔMt°: total mass change; ΔMt

W: water 
mass change; ΔMt

ST: soluble solids mass change (modified from 
Santagapita et al., 2012) 

 

The application of ultrasounds promoted the further im-
provement of water/solutes exchange with the modification of 
kiwifruit structure, in particular the increase of cross section area 
of the cells and microscopic channel creation (Nowacka et al., in 
press). However the increase of mass exchange rate was only 
observed in short term of OD treatment, until 60 minutes. When 
OD was applied for longer time no effect of US on mass trans-
port phenomena was observed (figure 2).  

Fig. 2. Application of the Peleg’s model to water loss data of A. 
deliciosa at 25 °C during OD without any pre-treatment (conti-
nuous line) and with 30 min (dashed line) of US pre-treatment 

 

OD maintains the colour of kiwifruit because there is a linear 
relationship between water activity and time required for colour 
degradation. In fact, the water activity reduction promoted the 
extension of the time required for the transformation of chloro-
phyll in phaeophytins (Dalla Rosa and Bressa, 1995). Tylewicz 
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Etxeberria et al., 2009, Tylewicz et al., 2012). The figure 7a 
shows the results of FM4-64 stained apple cells 30 min after VI 
with isotonic sucrose solution. It is possible to observe the intra-
cellular vesicle formation around the cells; the number of vesicle 
increase with the time of storage after VI coming to the high 
density of vesicles which could be observed 24 h after VI (figure 
7b), giving impression that they are traveling inside the cells. 
However to what extent is still unknown.  
 

 
 

Fig. 7.Vescile formation in apple tissue 30 min (a) and 24h (b) 
after VI with isotonic sucrose solution and FM4-64 dye (mod-

ified from Tylewicz et al., 2012) 

CONCLUSION 

The conclusion pointed out that the application of OD 
process on kiwifruit slices promoted several positive effects on 
kiwifruit overall quality and stability. Despite the texture im-
provement and the color maintenance, a decrease of water mo-
bility and availability was observed. Moreover the progressive 
decrease of metabolic activity (heat production) with the in-
crease of the treatment time was noticed. The application of US 
promoted the further improvement of water/solutes exchange 
with the modification of kiwifruit structure.  

VI instead promoted a considerable weight gain and density 
changes as well as the preservation of the cells viability of apple 
tissue. Moreover the microscopic assessment showed the solutes 
up-take inside the apple cells by cell membrane vesiculation.  
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