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Abstract 
This study was performed to investigate the effectiveness of ultrasound-assisted osmotic dehydration on reducing foodborne 
pathogens (Escherichia coli, Enterococcus faecalis, Salmonella Typhi and Shigella sonnei), as well as its impact on moisture 
content and antioxidant properties of Saturn peach. Peach samples were inoculated and underwent ultrasonic waves (50 and 
75% amplitudes). Afterwards, the osmotic dehydration was performed by immersing the samples in 70% sucrose solution (for 
4, 8 and 12 h). Results indicated that ultrasound pre-treatment markedly diminished the microbial count and the reduction 
levels of pathogens enhanced with the increase of ultrasound amplitude. The greatest reduction in pathogens was observed 
at 75% amplitude after 12 h storage in osmotic solution, in which the mean number of E. coli, E. faecalis, S. Typhi and S. 
sonnei was reduced to 0.1, 4.2, 3.7 and 0.1 log CFU/g, respectively. Additionally, osmotic dehydration treatment significantly 
reduced the amount of moisture content, total phenolics and DPPH antiradical activity of samples. It should be added that 
increasing the ultrasound amplitude led to a further decrease in the mentioned parameters.
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Introduction

Saturn peach (Prunus persica var. platycarpa) is one of the 
varieties of peaches that is called by this name because of its 
appearance. This type of peach is flat and plate-shaped. Its 
flesh is white with yellow and red skin, and it is smaller and 
sweeter than traditional peaches [1]. Due to the high percent-
age of moisture, this product has a high metabolic activity, 
which is effective in its transportation and storage. Micro-
bial growth, discoloration, bad taste, and reduced nutri-
tional value are common factors in quality loss that occur in 
the storage of high-moisture fruit [2]. Therefore, moisture 
removal is widely used to increase the shelf life and quality 
of agricultural products after harvest. Meanwhile, traditional 
heat treatment for reducing the amount of water in fruit is 
recommended as a suitable method for moisture reduction 
and increasing the shelf life. This process increases the sta-
bility of the food by reducing water activity and the growth 

of microorganisms. But on the other hand, this method has 
disadvantages that can be attributed to the long duration 
of the process, the reduction in nutritional value and the 
quality of the food. On the other hand, processing at low 
temperatures has been shown to increase the prevalence of 
foodborne illness in recent decades [3]. Therefore, due to the 
tendency of consumers to healthy and nutritious foods, the 
use of non-thermal methods that can effectively eliminate 
pathogens has been considered.

Osmotic dehydration (OD) is the partial separation of 
water from the plants tissues by direct contact with a suit-
able concentrated solution. In this process, by immersing 
fruit or vegetables in a hyper-tonic solution, their cell wall 
acts as a semi-permeable membrane. Due to the presence of 
concentration gradient between the hyper-tonic solution and 
the intracellular fluids, the stimulus force for the water diffu-
sion from the tissues into the osmotic solution is formed. As 
a result, water and small constituents of cells are leaked into 
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the osmotic solution and simultaneously solutes are trans-
ported to the plant cells [4]. Although several studies have 
shown that high osmotic pressure affects the population of 
pathogens and reduces their survival [5, 6], this reduction 
may not be adequate with regard to food safety. Therefore, 
in order to increase the efficiency of microbial inactivation, 
other nonthermal methods must be utilized as a hurdle tech-
nology to ensure that the number of microorganisms is suf-
ficiently diminished.

In recent years, the use of ultrasound (US) waves in the 
food industry as a method of non-destructive processing has 
received much attention [7, 8]. This technology is recom-
mended by Food and Drug Administration (FDA), which 
can be used as an alternative to the thermal treatment of 
foods [9]. The effect of US on the inactivation of microor-
ganisms is related to the cavitation phenomenon, which is 
caused by the process of formation, growth and disintegra-
tion of bubbles in the liquid medium. Since US alone can-
not completely inactivate microorganisms, this method is 
used along with other technologies or as assisted-method. 
Although many studies have demonstrated the effects of US 
and osmosis on microbial inactivation and food quality [10, 
11], very limited data have been reported about the impact of 
ultrasound-assisted osmotic dehydration (UAOD) on patho-
gens and antioxidant properties of food products. Hence, the 
objective of this study was to determine the impact of US 
treatment and OD on reducing numbers of four food-borne 
pathogenic bacteria (Escherichia coli, Enterococcus faeca-
lis, Salmonella Typhi and Shigella sonnei) on Saturn peach. 
Moreover, antioxidant properties and moisture content of the 
treated samples were assessed.

Materials and methods

Bacterial strains

Escherichia coli PTCC 1533, Enterococcus faecalis PTCC 
1393, Salmonella Typhi PTCC 1609 and Shigella son-
nei PTCC 1777 were obtained from the culture collection at 
Iran Institute of Industrial and Scientific Research (Tehran, 
Iran). Each microorganism was cultured in 25 mL Mueller 
Hinton broth (Merck KGaA, Darmstadt, Germany) at 37 °C 
for 18 h, and centrifugation was done at 3500 × g for 20 min. 
The final pellets were resuspended in buffered peptone water 
to obtain 9.1–9.3 log CFU/mL.

Sample preparation and treatments

Saturn peaches and white sugar (sucrose) were purchased 
from a local distributor and a local market, respectively, 
in Shiraz city, Fars province, Iran. Approximately, 70 g 
of sugar was dissolved in 100 mL tap water to produce a 

solution with 70% sugar (w/v). Then, heat treatment of the 
solution was done at 80 °C for 10 min. The °Brix meas-
ured was 7.3–7.4. Approximately, 100 μL of each pathogen 
resulting to 9.1–9.3 log CFU/mL of each strain separately 
was spotted on the Saturn peach samples. Subsequently, the 
samples were air dried at 25 °C for 2 h before process to 
allow microorganism attachment. For osmotic dehydration 
and sonication treatment, 25 g of inoculated samples were 
transferred into 100 mL of sugar solution in a sterile 500 mL 
flask and sonication treatment (Hielscher ultrasonic device; 
UP100H, Germany; 100 W, 30 kHz) was performed at 0, 50 
and 75% amplitudes for 15 min. Temperature of medium 
was kept at 40 °C using a water bath (ZENITH LAB, China) 
and osmotic dehydration process was carried out for 4, 8 
and 12 h.

Bacterial enumeration

Each sample was transferred to a sterile stomacher bag con-
taining 0.1% peptone water and homogenization was carried 
out for 2 min with a stomacher (BagMixer 400 W, Intersci-
ence Co., France). For enumeration of E. faecalis, Brain 
heart infusion agar was used and for other strains Nutrient 
agar was applied. After that, incubation was done at 37 °C 
for 24–48 h and colonies were counted.

Moisture content

Approximately 2 g of sample was placed in a vacuum oven 
(SH-VDO-08NG; SH-Scientific; South Korea) at 70 °C for 
24 h and moisture content (MC) was calculated [12].

Total soluble phenolics

A 50 µL of sample extract was mixed with 800 µL of water 
and 25 µL of Folin–Ciocalteu’s reagent (0.25 N), and incu-
bation was carried out for 5 min at 25 °C. After that, 100 
µL sodium carbonate (1 N) was mixed with the solution and 
incubation was done for 2 h. The absorbance was read at 
750 nm using a UV–VIS spectrophotometer [13, 14].

DPPH radical scavenging activity

Five grams of each sample was mixed with 20 mL of metha-
nol and after shaking (30 s), centrifugation was performed at 
5000 g for 15 min. Then, 150 µL of supernatant was mixed 
with 2850 µL of DPPH solution in methanol (0.047 g/L) and 
kept for 20 h at room temperature. Subsequently, absorbance 
of the solution at 517 nm was read [14, 15].
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Statistical analysis

All tests were performed in triplicate (mean ± SD) and Sta-
tistical analyses were performed with ANOVA and signifi-
cant differences at P < 0.05 were carried out by Duncan’s 
multiple range tests using SPSS package program (SPSS 
Inc., Chicago, IL, USA).

Results and discussion

Reduction levels of pathogenic bacteria in treated 
Saturn peach

The effects of US treatment and OD against pathogenic bac-
teria (E. coli, E. faecalis, S. Typhi and S. sonnei) artificially 
inoculated on Saturn peach are illustrated in Fig. 1a–d. The 
initial population of mentioned bacteria (9.1–9.3 log CFU/g) 
in Saturn peach were significantly decreased (P < 0.05) 
when subjected to US pre-treatment alone (Fig. 1a). In 
addition, reduction levels of the four pathogenic bacteria 
enhanced with the increase of US amplitudes from 50 to 

Fig. 1  Effect of ultrasound-assisted osmotic dehydration treat-
ment against pathogenic bacteria (E. coli, E. faecalis, S. Typhi and 
S. sonnei) artificially inoculated on Saturn peach. Error bars indicate 
the standard deviation of microbial population in treated samples. a 
Ultrasound pretreatment at 50 and 100% amplitude, b osmotic dehy-

dration for 4 h, c osmotic dehydration for 8 h, d osmotic dehydration 
for 12  h. The same lowercase letters are not significantly different 
between various bacteria strains within the same study treatment at 
P > 0.05
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75% compared to the control (unsonicated) sample. Treat-
ment with 50% amplitude US reduced the numbers of E. 
coli, E. faecalis, S. Typhi and S. sonnei to 8.1, 8.2, 8.4 and 
8.5 log CFU/g, respectively while the amplitude of 75%, 
decreased their population to 7.7, 7.7, 8 and 7.9 log CFU/g, 
respectively. The impact of US on the inactivation of patho-
gens is related to a physical phenomenon which is called 
cavitation [16]. Cavitation is the process by which a vapor 
bubble forms in an area of low-pressure liquid. US works 
by creating intense compressive waves in a liquid medium. 
These waves create flow in the liquid and cause the rapid for-
mation of microbubbles. The growth and unification of these 
bubbles and reaching the maximum size eventually leads to 
bursting. The shear force resulting from the explosion of 
bubbles as well as the turbulent currents caused by the sound 
vibration lead to detachment and destruction of bacterial 
cells from the food product [17]. Similarly, Sagong et al. 
[18] demonstrated that treating lettuce by US significantly 
reduced the cell number of Salmonella Typhimurium, Lis-
teria monocytogenes and Escherichia coli O157:H7 which 
was due to the physical separation of pathogens from the 
surface of lettuce. Moreover, Kordowska-Wiater and Stasiak 
[16] revealed that the US treatment led to effective reduction 
of microbial numbers on the surface of chicken skin. The 
transmission of microorganisms from the surface of food 
into the aqueous solution was recognized. As it was seen, 
with the increase in US amplitude, the number of pathogens 
notably decreased. The amplitude indicates the intensity 
and strength of the US. As the intensity of the US increases 
(high-power US), the zone of liquid medium undergoes cavi-
tation increases during US treatment. As a result, cavitation 
is increased, leading to an increase in local pressure and the 
formation of free radicals, which has a greater effect on inac-
tivating microorganisms [19]. Previous study has confirmed 
our findings about higher bacterial reduction levels at higher 
US amplitude [20].

After the US pre-treatment, the treated peaches were sub-
jected to the OD for 4, 8 and 12 h (Fig. 1b–d). Based on the 
data, it was found that the population of pathogenic bacte-
ria significantly reduced with the osmotic process duration 
(P < 0.05). The greatest impact of treatments on bacterial 
reduction was observed for E. coli and S. sonnei, followed 
by S. Typhi and E. faecalis. In addition, the results showed 
that the microbial reduction in the sonicated samples was 
markedly higher than the control sample (unsonicated) 
under OD condition. The highest decrease in the popula-
tion of studied pathogens was observed in 75% amplitude 
US, so that after 12 h of OD, the mean number of E. coli, 
E. faecalis, S. Typhi and S. sonnei was reduced to 0.1, 4.2, 
3.7 and 0.1 log CFU/g, respectively. During the OD, when 
bacterial cells are exposed to a concentrated solution with 
higher osmotic pressure than intracellular pressure, cellular 
water is diffused into the osmotic solution via the plasma 

membrane. This leads to a phenomenon called plasmolysis, 
which prevents microbial growth [21]. Studies have shown 
that osmotic treatment effectively destabilizes the cell mem-
brane and thus causes cell death. In fact, two mechanisms 
have been reported for the lethal impact of OD, one is the 
phase transition and structural modification of membrane 
phospholipids and the other is the cell volume variation [5]. 
Filipović et al. [10] demonstrated that osmotic dehydration 
markedly reduced the number of Listeria monocytogenes, 
Escherichia coli and Salmonella spp. inoculated on chicken 
meat. According to the data, higher pathogen reduction was 
observed for sonicated samples compared to the unsonicated 
ones. When US is applied, the cells become more sensitive 
to any stress, and by being in an osmotic environment, the 
cell’s integrity is severely affected, leading to cell death. 
Our results are in synchronization with the reports of Wong 
et al. [22, 23]. Furthermore, we observed that among studied 
pathogens, E. faecalis was more resistant to the treatments. 
It was revealed that gram-positive bacteria are more resistant 
to US and desiccation due to the adherent and thick pepti-
doglycan layer of their cell wall [5].

Moisture content of Saturn peaches

Figure 2 shows the moisture content (MC) data for US-
assisted osmotic dehydrated Saturn peach samples immersed 
in sugar solution. As can be seen, US pre-treatment alone 
did not significantly alter the MC of the samples (P > 0.05). 
Our findings were consistent with the reports of other 
researchers. MC of Physalis [24] and kiwifruit [25] was 
not influenced by US application prior to OD. In addition, 
an increase in the duration of OD resulted in a notable 
decrease in the MC of peaches. This could be because of 
the concentration gradient between the Saturn peach and 
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Fig. 2  Changes in moisture content (%) of Saturn peach samples. 
Error bars indicate the standard deviation of moisture content in soni-
cated (at 50 and 75% amplitude) and unsonicated (control) Saturn 
peach samples during 12 h of osmotic dehydration. The same lower-
case letters are not significantly different between various treatments 
within the same study hour at P > 0.05
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the surrounding hyper-tonic solution [26]. Similar results 
were achieved by Rahaman et al. [27]. It was also found that 
the MC of Saturn peaches exposed to US pre-treatment was 
lower than the control sample during the OD period. Several 
studies have indicated the same phenomenon on pumpkin 
[28] and pulm [27]. This process can be related to the cavi-
tation caused by US waves, which along with osmotic pres-
sure create microscopic channels and disrupt tissue cells, 
resulting in increased water transfer from the fruit tissue 
into the osmotic solution [29]. It has been stated that numer-
ous other factors can affect the reduction of MC, including: 
US treatment time, osmotic solution concentration, type of 
solute and structure of fruit [30]. Furthermore, the increase 
in US amplitude markedly decreased the MC of the samples 
(P > 0.05). After OD period, the initial moisture content of 
Saturn peaches (88%) decreased to 64, 59 and 53% in the 
control sample, 50% and 75% US amplitude treatments, 
respectively. Similarly, Bermúdez Aguirre et al. [31] dem-
onstrated that increasing the amplitude and power of US will 
generate high pressure in the surrounding medium, which 
cause an increase in the cavitation and also sponge impact of 
ultrasonic waves, thus enhance the water loss from the fruit.

Impact of UAOD on total soluble phenolics 
and antioxidant capacity

The total soluble phenolic (TSP) contents of Saturn peaches 
undergoing UAOD are illustrated in Fig. 3. According to 
the figure, there was no significant difference in TSP con-
tent in the US pretreatment samples (P > 0.05). Our results 
are in agreement with Alighourchi et al. [32], who reported 
insignificant differences for TSP in US treated pomegran-
ate juices at different amplitude levels (50, 75 and 100%). 
Whereas, Bhat et al. [33] have expressed an increase in 

total phenol content at some amplitude levels due to the 
sonochemical effect of acoustic cavitation and addition of 
hydroxyl radicals to the phenolic compounds. On the other 
hand, when the sonicated samples were subjected to the OD, 
the TSP content decreased markedly over time (P < 0.05). 
In addition, with increasing US amplitude, the amount of 
TSP decreased significantly during OD, so that the highest 
decrease in TSP was observed in treatment of 75% ampli-
tude followed by 50% as compared to the control sample. 
The initial amount of TSP in the sonicated samples prior to 
OD was 321 mg/100 g, which finally reached to 203, 178 
and 151 mg/100 g in the control sample, 50% and 75% US 
amplitude treatments, respectively, after 12 h storage in 
the osmotic solution. The considerable TSP loss that was 
noticed during the OD period may be ascribed to mass trans-
fer and physical migration of phenolic compounds into the 
sucrose solution. In addition, higher TSP loss for sonicated 
samples and also, for higher US amplitude may be ascribed 
to cavitation phenomenon and more cell structure rupture 
which along with concentration gradient in osmotic process 
causing more leakage of solutes from the Saturn peach tis-
sues and losses of the phenolics compounds during the OD 
[34, 35]. These outcomes were in agreement with the previ-
ous findings of Osae et al. [11].

The antioxidant capacity of Saturn peach samples 
undergoing UAOD was determined by the model of scav-
enging the stable DPPH radical (Fig. 4). A similar trend 
was observed for antioxidant capacity, as noticed for TSP. 
This means that US pretreatment of samples did not mark-
edly (P > 0.05) affect the antioxidant capacity, while OD 
significantly decreased (P < 0.05) the antioxidant capac-
ity of samples. Moreover, sonicated samples showed less 
antioxidant capacity than the control sample during the 
OD, and this decline enhanced with increasing the US 
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amplitude. Wong et al. [6] reported that ultrasonic pre-
treatment has no significant impact on the antioxidant 
activity of treated blackberry juice. The decrease in TSP 
during OD somehow revealed that antioxidant capacity 
and soluble phenolics are related to each other. Similarly, 
Rahaman et al. [27] stated that the loss of antioxidant 
capacity of plum fruit may be due to cell destruction and 
higher diffusion of compounds during OD which exhibit 
antioxidant activity. Also, Hamedi et al. [36] mentioned 
that higher water loss and higher leakage of compounds 
with antioxidant properties happened as a result of high 
power US during the UAOD of food model enriched with 
phenolics compounds of pomegranate peel. So it can be 
concluded that the amount of phenolics and antioxidant 
capacity of osmo-treated samples depends on OD period 
and power of US. Besides, studies exhibited other factors 
like concentration of osmotic solution, type of osmotic 
solute and temperature of treatment [36–38].

Conclusion

Based on the findings, the application of US pretreatment 
alone can effectively alleviate the studied pathogens. 
Although higher US amplitude resulted in more bacte-
rial death, it had no significant effect on moisture content, 
TSP and antioxidant capacity of sonicated samples prior 
to OD. Moreover, when samples underwent OD treatment, 
remarkable decrease was observed in the number of patho-
gens, amount of MC, TSP and DPPH radical scavenging 
activity compare to samples subjected to US pretreatment 
alone. Also, further reduction was noticed in these param-
eters in sonicated samples as compared to the unsonicated 
ones due to the microscopic channels formation and higher 
water/solute transition. It was also found that higher US 
power caused more reduction in the mentioned parameters. 
Hence, the obtained data confirmed that UAOD method 
could be used as a non-thermal technology to decrease the 
pathogenic bacteria in Saturn peach, in which higher US 
amplitude at longer OD periods was more effective. How-
ever, further research efforts are necessary to evaluate the 
impacts of UAOD method on other microorganisms and on 
the quality parameters of the treated products.
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