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Abstract Red-coloured fruit juices, due to their main

bioactive components such as phenolic compounds and

anthocyanins, have gained much attention. Present study

was focused on the evaluation of pasteurization (at 90 �C
for 30 s), mild heat treatment (at 60 �C for 8 min), soni-

cation (at amplitude level of 42.7 lm and 25 �C for 8 min)

and thermosonication (at amplitude level of 42.7 lm and

60 �C for 8 min) preservation techniques, on physico-

chemical and safety attributes of red grape, pomegranate

and sour cherry juices. The results indicated that all four

treatment methods, had insignificant effects on brix, pH

and titratable acidity of the treated fruit. Furthermore,

while pasteurization had significant (p\ 0.05) effects on

the loss of vitamin C, total phenolic, total anthocyanin

contents, and antioxidant activity of all juices, the sonica-

tion and mild heat treatment had minimum effects on the

vitamin C and total anthocyanin contents of the juices.

Among all four selected preservative methods, ther-

mosonication significantly increased total phenolic content

of three juices and reduced existed aerobic and coliform

bacteria, moulds and yeasts population of the treated fruit

juices as compared to that of the untreated, mild heat

treated and sonicatioted samples.

Keywords Red coloured fruit juices � Pasteurization �
Ultrasonication � Thermosonication � Anthocyanins

Introduction

Fruits and vegetables are the main sources of bioactive

compounds which have vital role in prevention of many

diseases. Numerous epidemiological studies have indicated

that daily consumption of fruits reduces risks of degener-

ative diseases such as cancer and coronary heart disease

(Tiwari et al. 2010). The protective effects of fruits against

these diseases are mainly attributed to their health pro-

moting phytochemicals such as carotenoids, flavonoids,

phenolic compounds, vitamins and various antioxidant

phytonutrients (Ahdno and Jafarizadeh-Malmiri 2015;

Rawson et al. 2011). Anthocyanins are plant pigments

which present mainly in red coloured fruits such as

pomegranate, sour cherry and red grape. Anthocyanins are

known as antioxidant which has also high anti-inflamma-

tory and platelet inhibitory activities (Tiwari et al. 2009).

The anthocyanin type and content of fruits varies largely

with genotype and their variety. The most abundant

anthocyanins in red grapes are the glucoside forms of

cyanidin, malvidin, delphinidin, peonidin, petunidin and

pelargonidin (Tiwari et al. 2010). The main anthocyanin

compounds in sour cherry juice are cyanidin-3-glucosyl-

rutinoside, cyanidin-3-glucosylrutinoside, cyanidin-3-ruti-

noside, cyanidin-3-sophoroside, cyanidin-3-glucoside and

peonidin-3-rutinoside (Damar and Eksi 2012). Cyanidin-3-

glucoside, cyanidin-3,5-diglucoside, and delphindin-3-

glucoside are the main anthocyanins present in pome-

granate (Çam et al. 2009).

Fruits are highly perishable and have short shelf life.

Therefore, to ensure their year-round continuous supply,

fruits mainly have to be processed into juices. Fruit juices

are susceptible to chemical, physical and microbiological

changes (Abdullah and Chin 2014). The main concern

about raw fruit juices is microbial contamination with fungi
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(yeasts and moulds) and bacteria (acid-tolerant and

pathogenic) which decreases nutritional and sensorial

properties as well as safety aspects. On the other hand, fruit

juices are thermally sensitive. Thermal processes such as

pasteurization and sterilization are the main and commer-

cial preservation methods as compared to other food

preservation techniques, which have destructive effects on

enzymes and microorganisms, and ensure food safety and

long shelf life (Dubrovic et al. 2011). Colour is an

important attribute related to the visual appeal and the

quality of the fruit juices (Ahdno and Jafarizadeh-Malmiri

2017). Anthocyanins, as natural pigments presence in red

coloured fruit juices, are highly unstable and very sus-

ceptible to degradation. Their stability is strongly influ-

enced by two categories parameters namely; processing

conditions (e.g. temperature, pH, light and oxygen) and

presence of biological and other bioactive compounds (e.g.

enzymes, flavonoids, proteins and metallic ions) (Tiwari

et al. 2010).

Consumer demand for safe and nutritious fruit juices has

led to the development of numerous non-thermal preser-

vation techniques such as high pressure processing, irra-

diation, pulsed electric fields, power ultrasound, ozone and

oscillating magnetic fields, which avoid unwanted effects

of thermal processing techniques (Rawson et al. 2011;

Tiwari et al. 2009). Several studies have been completed on

utilizing non-thermal processing techniques on fruit juices

treatment and the obtained results revealed that apart from

ozone, the other mentioned techniques have minimal effect

on anthocyanins content of fruit juices and potential to

meet mandatory 5 log microbial reductions (Tiwari et al.

2009; Rawson et al. 2011; Awad et al. 2012; Zinoviadou

et al. 2015). On the other hand, high capital cost, mainte-

nance and energy consuming of these preservation meth-

ods, in addition to the resistance of some microorganisms

and enzymes (e.g. polyphenol oxidase and b-glucosidase)
against these techniques, are the main limitations for their

commercially applications as an alternative to heat treat-

ment (Tiwari et al. 2009).

As compared to other non-thermal preservation meth-

ods, utilizing of ultrasonication in fruit juice processing has

been more attractive due to its capability to inactivate

microorganisms without harsh effects on bioactive com-

pounds and nutritional values of the juices (Mohideen et al.

2015). Several studies have been successfully done on

application of ultrasonication, with absence of additives

and preservatives, on microbial counts and bioactive con-

tent such as anthocyanins of blueberry, tomato, apple, red

grape, sour cherry, pomegranate and strawberry juices

(Adekunte et al. 2010; Dubrovic et al. 2011; Mohideen

et al. 2015; Tiwari et al. 2010; Toydemir et al. 2013; Zhang

et al. 2012).

While, heat treatments at temperature of more than

80 �C (e.g. pasteurization and sterilization) may cause

undesirable changes in various properties of the fruit juices,

thermosonication technology, which combines moderate

heat of 37–75 �C with ultrasound treatment, is a much

more suitable alternative processing technique to enhance

inactivation of enzymes and microbial (Abdullah and Chin

2014).

Although the effects of ultrasonication and heat treat-

ments on sour cherry, red grape and pomegranate juices

have been reported separately in several studies, but, no

comprehensive study has been done on application of

thermosonications for mild processing of these juices.

Therefore, the main objectives of this study was to inves-

tigate the effect of pasteurization, mild-heat treatment,

sonication and thermosonication on functional properties

(e.g. anthocyanins, total phenolic content and antioxidant

capacity) and safety attributes (microbial count) of pome-

granate, sour cherry and red grape juices.

Materials and methods

Materials

Sodium hydroxide, 2,6-dichloroindophenol, gallic acid,

potassium chloride buffer, sodium acetate buffer, cyanidin-

3-glucoside, 2,2-diphenyl-1-picrylhydrazyl, iodine solu-

tion, phenolphthalein, oxalic acid and methanol were pur-

chased from Merck (Merck Co., Darmstadt, Germany).

Preparation of fruit juices

Same-sized red grape bunches were provided from Sar-

dasht, a town in West Azarbaijan province of Iran, and

grapes were split from bunches, washed with tap water,

drained and kept in the refrigerator (10 �C) as was usual in
fuit juice industries of Iran. Soursweet with red aril and

peel, large and average sized pomegranate were purchased

from local market (Saveh, Iran) washed and drained. After

that, pomegranate peel was manually removed and the seed

were separated by hand and stored in the refrigerator

(10 �C). Sour cherry was also provided from local market

(Maragheh, Iran) and the stems and stones were removed

by hand and the remaining fruits washed in cold tap water,

drained and stored in the refrigerator (10 �C). A mass of

1 kg of all three provided fruits were subjected into a

domestic juice extractor (MJ-176NR, Nathional Co.,

Tokyo, Japan) and the obtained thick juices were then

centrifuged using a laboratory centrifuge (D-7200, Hettich,

Germany) adjusted at 2000 rpm for 20 min. The prepared

thin fruit juices were then filtered using No. 1 Whatman
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filter paper and stored in refrigerator for further treatments

and analysis.

Fruit juices treatments

Four different treatments were done on the provided

pomegranate, red grape and sour cherry juices namely;

pasteurization, mild heat treatment, sonication and ther-

mosonication. In order to produce pasteurized fruit juices,

200 mL of the prepared fruit juices were added into

250 mL containers, sealed with aluminum foil and placed

into a laboratory autoclave which was set at temperature of

90 �C for 30 s. For preparation of mild-heat treated of the

provided three fruit juices, the prepared containers as

already mentioned were placed in autoclave adjusted at

60 �C for 8 min. According to literature reviews, ther-

mosonicated pomegranate, red grape and sour cherry juices

were provided using a ultrasonic processor (Q125 Soni-

cator, Newtown, CT, USA) with 12 mm probe for 8 min at

a constant frequency of 20 kHz and constant amplitude

level of 42.7 lm (Tiwari et al. 2010). During the ultra-

sonication of the samples, their temperature was kept at

two constant temperatures of 25 and 60 �C by circulation

of the fruit juices which were known as sonication and

thermosonication treatments, respectively. The probe was

adjusted at 25 mm below of the juices surface in the

containers.

Measurement of acidity, pH, brix and vitamin C

content of the fruit juices

A digital refractometr (LR-01, Maselli, Parma, Italy) was

used to measure the brix value of the raw and treated

pomegranate, red grape and sour cherry juices, at 20 �C.
The pH values of the fruit juices were measured using a

laboratory digital pH meter (211, Hanna, Italy). Titrat-

able acidity of the treated and untreated fruit juices was

measured using described method by Alighourchi and

Barzegar (2009). In fact, this method is based on titration

using NaOH (0.1 N) and predominate organic acids which

those are malic, tartaric and citric acids for sour cherry, red

grape and pomegranate, respectively. Vitamin c content of

the prepared juices was calculated using described method

by Nerdy (2018). This method is also an titration technique

based on utilizing 2,6-dichloroindophenol.

Measurement of total phenolic and total

anthocyanin contents of the fruit juices

Total polyphenol content of the treated and untreated fruit

juices was determined using the Folin and Ciocalteu assay

as described by Çam et al. (2009). This method is based on

measurement of the absorbance of the treated fruit juices

with related chemicals and buffers using a spectropho-

tometer (8625 UV/VIS Unicam, England) at wavelength of

765 nm. The same procedure was applied for eight stan-

dard solutions of gallic acid (0, 25, 50, 75, 100, 150 and

200 mg/L). Final results were expressed as mg gallic acid

equivalent per 1 L of the juices.

Total anthocyanin content of the prepared fruit juices

was determined spectrophotometrically by pH differential

method using two buffer systems: potassium chloride

buffer, pH 1.0 (0.025 M) and sodium acetate buffer, pH 4.5

(0.4 M), described by Hasan et al. (2014). In this method,

the amounts of anthocyanins were then calculated on the

basis of cyanidin-3-glucoside and expressed as mg cyani-

din-3-glucoside equivalent per 1 L of the juices.

Assessment of antioxidant activity of the fruit juices

The DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scav-

enging assay was used to determine the antioxidant activity

of the raw and treated pomegranate, red grape and sour

cherry juices according to the method of Brownmiller et al.

(2008). In this spectrophotometrically technique, absor-

bance of the treated juices with DPPH and methanol was

measured at wavelength of 515 nm and antioxidant activity

of the samples was calculated and expressed as inhibition

percentage.

Assessment of the fruit juices safety

All the treated and untreated pomegranate, red grape and

sour cherry juices were analyzed for aerobic plate count

(APC), total coliforms (TC), yeasts and moulds following

AOAC 990.12, 991.14 and 997.02 methods, respectively

(AOAC 2005). The petri plates which inoculated with APC

were incubated for 48 h at 35 �C and the red colonies were

counted. For TC analysis, petri film plates (3 M Microbi-

ology, St Paul, MN, USA) containing the juices were

incubated for 24 h at 35 �C and the red colonies with

formed gas were counted. Yeasts and moulds colonies were

counted after an incubation period of 3–5 days at room

temperature. In fact, yeast are typically indicated by small

blue-green colonies with diffuse edges and center foci

while molds are identified by large variably colored colo-

nies with diffuse edges and center foci (Mohideen et al.

2015). The APC, TC and yeasts and molds colonies were

counted and reported as the CFU/mL.

Experimental design and statistical analysis

A randomized full factorial design was used to evaluate the

effects of independent variables including type of treat-

ment, temperature, time and ultrasonication amplitude

levels on the dependent variables of the treated and
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untreated pomegranate, red grape and sour cherry juices

physico-chemical and microbial attributes. All of the

treatments and analyses were conducted in triplicate the

obtained results were given as mean ± standard deviation.

One-way ANOVA followed by Duncan’s test at the 5%

level of significance were used to data analysis using SPSS

16.0 statistical package (SPSS Inc., Chicago, USA).

Results and discussion

Characteristics of the untreated prepared fruit

juices

Physico-chemical attributes of untreated red grape, pome-

granate and sour cherry juices used for further processes

including, pasteurization, sonication, mild heat treatment

and thermosonication are presented in Table 1. As clearly

observed in this Table, among all three provided fruit jui-

ces, the pomegranate juice has minimum pH value (3.9)

with maximum acidity (0.8 g/100 g), vitamin C (12.90 mg/

100 mL), total phenolic content (2322 mg/L) and antioxi-

dant activity (53.67% inhibition). While, sour cherry and

red grape juices, have maximum total anthocyanin contents

of 553 and 443.9, respectively. The obtained results were

indicated that during further processes on all these three

juices, their acidity, pH and brix values did not show sig-

nificant (p\ 0.05) variation and those were nearly con-

stant. Tiwari et al. (2010), have also found and reported

that ultrasonic processing had insignificant effect on acid-

ity, pH and brix value of red grape juice. Table 2 indicates

microbial population of aerobic and coliform bacteria,

yeasts and moulds presented in three prepared raw juices,

as their safety attributes. As can be seen in this Table,

among the studied juices, the untreated red grape juice

containes minimum moulds population (3 cfu/mL) and

maximum aerobic bacteria, coliforms and yeasts counts of

62, 22 and 19 cfu/mL, respectively.

Effect of different treatments on the vitamin C

content of the prepared fruit juices

Vitamin C (ascorbic acid) is one the main water soluble

vitamins which finds mainly in fruits, especially in citrus,

and vegetables and has protecting effects against cancer

and many infectious disease (Abdullah and Chin 2014).

Figure 1a, shows the effects of different processing tech-

niques on loss of vitamin C content of the red grape,

pomegranate and sour cherry juices. As clearly observed in

this figure, pasteurization, significantly (p\ 0.05) degra-

ded vitamin C content of all three provided juices as

compared to their untreated samples. The obtained results

can be explained by the fact that vitamin C is not

stable component and it is simply oxidized under high

temperature—long time processing methods (Abdullah and

Chin 2014; Abid et al. 2013; Adekunte et al. 2010). Sta-

tistical analysis also indicated that for the red grape juice,

there was insignificant difference between vitamin C con-

tent of mild heat treated juice (8.33 mg/100 mL) and that

of its untreated. However, there was significant difference

(p\ 0.05) between vitamin C contents of untreated red

grape juice, and that of sonicated (8.03 mg/100 mL) and

thermosonicated (7.90 mg/100 mL) juices, there was

insignificant difference between vitamin C content of mild

heat treated and sonicated red grape juice. For the pome-

granate juice, there was insignificant difference between

vitamin C content of mild heat treated (12.27 mg/100 mL)

and sonicated (11.93 mg/100 mL) juices. However, there

was insignificant difference between vitamin C content of

pomegranate juices treated by sonication and thermosoni-

cation (11.33 mg/100 mL) juices. For sour cherry juice,

there were significant difference (p\ 0.05) in the value of

vitamin C content of all treated samples, as sour cherry

juice under sonication, mild heat treatment and ther-

mosonication had vitamin C content of 10.83, 10.57 and

9.73 mg/100 mL, respectively. The obtained results

revealed that, in addition to the mild heat treatment, soni-

cation and thermosonication could be easily remove dis-

solve oxygen during cavitation which it leads to less

degradation of vitamin C content of the juices as compared

Table 1 Physico-chemical properties of the untreated fruit juices

Fruit juice Acidity (g/

100 g)

Brix (�
BX)

pH Vitamin C (mg/

100 mL)

Total phenolic

content (mg/L)

Total anthocyanin

content (mg/L)

Antioxidant activity

(% Inhibition)

Red grape 0.2 ± 0.2b 15.2 ± 1a 4.3 ± 0.1a 8.53 ± 1.5b 2118 ± 100b 443.9 ± 10b 45.57 ± 3b

Pomegranate 0.8 ± 0.2a 13 ± 1b 3.9 ± 0.1b 12.90 ± 2a 2322 ± 70a 308.8 ± 10c 53.67 ± 3a

Sour cherry 0.6 ± 0.1ab 12.3 ± 1b 4.2 ± 0.1a 11.37 ± 1a 1835 ± 85c 553.0 ± 10a 40.47 ± 2c

Data are the mean values of three replications ± standard deviation. Mean values labeled with different letters for each physico-chemical

properties are significantly different (p\ 0.05)
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to the fruit juices which were exposed to serious heating for

long time (Abdullah and Chin 2014).

Effect of different treatments on the total phenolic

and anthocyanin contents of the prepared fruit

juices

Phenolic components such as anthocyanins are beneficial

to human health as those optimize the immune system and

prevent many diseases (Toydemir et al. 2013). Figure 1b,

indicates the effects of different processing techniques on

Table 2 Safety attributes (microbial count) of the untreated fruit juices

Fruit juice Aerobic plate count (cfu/mL) Total coliforms (cfu/mL) Yeasts (cfu/mL) Moulds (cfu/mL)

Red grape 61.8 ± 5a 21.83 ± 3a 18.83 ± 2a 2.96 ± 1c

Pomegranate 19.03 ± 4b 0.96 ± 1b 7.33 ± 2b 14.57 ± 2a

Sour cherry 7.76 ± 4c 1.93 ± 1b 7.93 ± 1b 10.47 ± 2b

Data are the mean values of three replications ± standard deviation. Mean values labeled with different letters for each safety attributes are

significantly different (p\ 0.05)
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Fig. 1 Effect of pasteurization,

mild heat treatment, sonication

ad thermosonication on vitamin

C content (a) total phenolic
content (b) and antioxidant

activity (c) of red grape,

pomegranate and sour cherry

juices. Data are mean values of

three replications. Mean values

labeled with different letters for

each fruit juices are significantly

different (p\ 0.05)
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changes in total phenolic content of the red grape, pome-

granate and sour cherry juices, as compared to that of their

untreated. As can be seen in this figure, the pasteurization

process decreased significantly (p\ 0.05) total phenolic

content of all three studied fruit juices. In fact, phenolic

compounds are susceptible to degradation and their sta-

bility is mainly affected by temperature (Tiwari et al.

2010). The obtained results also revealed that total phe-

nolic content of the sonicated pomegranate (2546 mg/L)

and sour cherry (1995 mg/L) juices were significantly

higher than that value for all treated and untreated samples,

and in the case of red grape, there was insignificant dif-

ference between phenolic content of the sonicated

(2257 mg/L) and untreated samples. This result can be

explained by the fact that hydroxyl radicals generated by

acoustic cavitation and food components, including phe-

nolic compounds, can be attached to the aromatic ring of

phenolic compounds and increased phenolic content (Abid

et al. 2013). The obtained result was in line with findings of

Abid et al. (2014). They also found that sonication process,

increased total phenolic contents of the pomegranate and

apple juices, respectively. The obtained results illustrated

that there was insignificant difference between phenolic

content of the untreated three fruit juices and that of those

juices treated using mild heat and thermosonication.

Anthocyanins are bioactive compounds with desirable

properties such as protecting effect against many diseases.

They are the source of the reddish purple colour in the red-

coloured fruits which can be increase organoleptic prop-

erties of their juices. Furthermore, several studies have

revealed anthocyanins have antioxidant and antimicrobial

activities (Damar and Eksi 2012; Mohideen et al. 2015;

Tiwari et al. 2009; Toydemir et al. 2013). Table 3 indicates

total anthocyanin content of the treated and untreated red

grape, pomegranate and sour cherry juices. As clearly

observed in this table, maximum anthocyanin degradation

was obtained during pasteurization process for all three

prepared fruit juices. However, for the red grape and

pomegranate juices, minimum anthocyanin degradation

was observed for all treated sample juices, and in the case

of sour cherry juice, the total anthocyanin content of the

sonicated juice was significantly (p\ 0.05) higher than

that of the untreated sour cherry juice. They also observed

that total anthocyanin content of the sonicated pomegranate

juice was increased (0.44–7.32%) as compared to that of

the untreated sample, in some sonication amplitude levels

and times. Abid et al. (2014) also observed that total

anthocyanin content of red apple juice was constant under

sonication process.

Effect of different treatments on the antioxidant

activity of the prepared fruit juices

Carotenoids, anthocyanins, lycopens are the natural

antioxidants which play important role in lowering the risk

of many diseases such as neuronal and cardio vascular

diseases, cancer and diabetes (Anarjan et al. 2017; Jabbar

et al. 2014; Mohideen et al. 2015). Effects of different

thermal and non-thermal processing techniques on the

antioxidant activity of the red grape, pomegranate and sour

cherry juices are shown in Fig. 1c. As same as other

mentioned physico-chemical properties of the studied jui-

ces, pasteurization significantly (p\ 0.05) decreased

antioxidant activity of all three fruit juices as compared to

that of the untreated samples. The obtained results revealed

that antioxidant activity of the sonicated red grape,

pomegranate and sour cherry juices were 49.50, 59.33 and

44.63% inhibition, and were significantly (p\ 0.05) higher

than that of the untreated sample juices. This result can be

explained by the fact that the cavitation and disrupting

properties of ultrasound waves causes release the bioactive

components which those enhance antioxidant activity of

the sonicated juices (Zinoviadou et al. 2015). Furthermore,

the achieved results indicated that, there was insignificant

difference between antioxidant activity of the untreated

three juices and those treated with mild heat and ther-

mosonication preservation techniques.

Effect of different treatments on the safety attributes

of the prepared fruit juices

Effects of pasteurization, mild heat treatment, sonication

and thermosonication, as preservative methods, on the

microbial counts including aerobic plate counts, total col-

iforms, yeasts and mould counts are shown in Figs. 2 and

3. As clearly can be seen in Fig. 2a, for red grape juice,

while, pasteurization killed all aerobic bacteria, ther-

mosonication, sonication and mild heat treatment

Table 3 Total anthocyanin

content (mg/L) of untreated and

treated red grape, pomegranate

and sour cherry juices

Fruit juice Untreated Pasteurization Mild heat treatment Sonication Thermosonication

Red grape 443.9 ± 10a 410.9 ± 5bc 420.2 ± 10b 416.3 ± 5b 400.8 ± 8c

Pomegranate 308.8 ± 10a 277.9 ± 5c 292.3 ± 5b 293.4 ± 4b 295.5 ± 2b

Sour cherry 553 ± 10a 518.5 ± 5c 529 ± 5b 560.7 ± 10a 549.1 ± 5a

Data are the mean values of three replications ± standard deviation. Mean values labeled with different

letters for each fruit juices are significantly different (p\ 0.05)
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decreased significantly (p\ 0.05) population of aerobic

bacteria to 6.96, 23.70 and 37.50 cfu/mL, respectively.

Same trend in reduction of aerobic bacteria population of

pomegranate juices treated with thermosonication

(1.73 cfu/mL), sonication (2.90 cfu/mL) and mild heat

treatment (9.50 cfu/mL) was observed (Fig. 2a). The

obtained results also revealed that all four treatments

completely killed the aerobic bacteria of the sour cherry

juices (Fig. 2a). As clearly observed in Fig. 2b, all four

selected treatments, completely killed total coliforms

existed in pomegranate and sour cherry. While, in the case

of red grape juice, sonication (2.13 cfu/mL), thermosoni-

cation (3.20 cfu/mL) and mild heat treatment (11.93 cfu/

mL) had strong bactericidal effects against coliforms after

pasteurization. In fact, heating by denaturation of the pro-

teins, can easily change the microorganism structure,

especially cell membrane, and inactive enzymes which

those cause microorganisms death (Abdullah and Chin

2014; Adekunte et al. 2010).

Figure 3a, indicates fungicidal effect of different four

preservative methods against yeasts of the prepared red

grape, pomegranate and sour cherry juices. As can be seen

in this figure, pasteurization and thermosonication killed

completely existed yeasts in the red grape juice and

sonication and mild heat treatment significantly (p\ 0.05)

decreased yeasts population of the red grape juice to 1.9

and 6.4 cfu/mL, respectively. The mechanism of microbial

killing is mainly caused by the thinning of cell membranes,

localized heating and pressure increase and production of

free radicals. The treatment with combination of heat and

ultrasound could give extensive cell damage and breakage

(Abdullah and Chin 2014). The obtained results were in

line with findings of Jabbar et al. (2014). They reported that

combination of sonication and other thermal processing

methods could effectively reduce the microbial counts of

the carrot juice. Adekunte et al. (2010) also revealed that

sonication could be successfully utilized to inactive pre-

sented yeasts in tomato juices. The obtained results also

revealed that for the prepared pomegranate and sour cherry

juices, all the selected preservative methods did not show

serious fungicidal effects (Fig. 3a).

Antifungal activities of the pasteurization, mild heat

treatment, sonication and thermosonication against existed

moulds in the prepared red grape, pomegranate and sour

cherry juices are presented in Fig. 3b. As clearly observed

in this figure, for all the prepared juices, pasteurization and

thermosonication killed completely the moulds. However,
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Fig. 2 Effect of pasteurization,

mild heat treatment, sonication

ad thermosonication on aerobic

total count (a) and total

coliforms (b) of red grape,

pomegranate and sour cherry

juices. Data are mean values of

three replications. Mean values

labeled with different letters for

each fruit juices are significantly

different (p\ 0.05)
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for the red grape juice, mild heat treatment and sonication

had the same fungicidal effects.

Conclusion

Demand for high quality fruit juices without additives and

preservatives has encouraged utilizing of non-thermal

techniques in juice processing. Thermosonication, as a

novel and alternative technique for conventional heat

treatment such as pasteurization and novel sonication

alone, has potential in enhancing both quality and safety of

the fruit juices, together. Furthermore, this preservative

technique is more energy and cost effective. The obtained

results in the present study indicated that as compared to

the pasteurization, mild heat treatment and sonication

alone, thermosonication did not affect negatively the val-

ues of most quality properties of the red grape, pome-

granate and sour cherry juices. However, this techniques,

could significantly increase phenolic compounds and

decrease microbial counts of the prepared juices which

accounts thermosonication for the practical application.
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