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Abstract

Background and Objective: Pasteurization is one of the most widely used methods in _
decreasing of microbial loads in fruit juices. Unfortunately, high temperatures destroy - Received
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anthocyanins and polyphenolic compounds. Nutritional status and quality of fruit juices can :ii\é'eﬁd gf KlrJlrI”Zg(Z)gz
be improved using other decontamination methods such as ultrasound process. This study
was carried out to investigate effects of ultrasound on contents of bioactive compounds and  Keywords:
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microbial loads of red-grape juice samples. Results achieved under the optimum conditions
of ultrasonication were compared to those under thermal pasteurization.

Material and Methods: Effects of three variables of ultrasound time (2, 6 and 10 min),
temperature (0, 30 and 60 °C) and power (10, 105 and 200 W) on total phenol content,
anthocyanin and total microbial count of the red-grape juices were studied. Design of
experiments was carried out using response surface methodology (Box-Behnken design)
followed by optimization. Quality of the optimized samples was compared to the quality of | .. Nateghi *

controls pasteurized at 90 °C for 30 s. Total phenol content, anthocyanin and total microbial pepartment  of ~ Food
count were assessed using Folin-Ciocalteu assay, spectrophotometry and total plate count Science and Technology,

method, respectively. Faculty of Agriculture,
Varamin-Pishva  Branch,

Results and Conclusion: The maximum levels of phenols and anthocyanin compounds and  Islamic  Azad  University,
the minimum microbial loads were achieved at 144.34 W for 2 min at 60 °C. Based on the Varamin, Iran.

reSL_JIts, conte_nf[s of total phe_n(_)l and aqthocyanin in samples treated by u!trasound under o x+989125878775
optimal conditions were significantly higher than those in samples pasteurized by thermal
process. No significant differences were seen between total microbial counts of the samples
processed by ultrasonication and thermal pasteurization. These results indicated that more
bioactive compounds of phenols and anthocyanins could be preserved in grape juices under
ultrasonication than those under thermal processes. In addition, a similar safety scheme of
the microbial load was achieved by optimizing the conditions of ultrasound treatment.
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1. Introduction

Use of extracts or juices includes receiving of their
nutritional benefits by the consumers. Juices are often
thermally pasteurized before or after packaging. The most
common method used to pasteurize fruit juices is thermal
pasteurization. Thermal methods strongly affect inactivation
of microorganisms; however, use of high pasteurization
temperatures includes adverse effects on nutrients and
nutritional values of the foods, including loss of vitamins,
non-enzymatic browning, protein denaturation, loss of food
flavor, color changes and decrease of quality (vitamins,

phenolic compounds and anthocyanins). One of the non-
thermal methods suggested by the studies includes use of
ultrasound [1]. The word ultrasound is originated from the
Latin word of ultra (superior) and sound. Ultrasound is a
subset of sound waves generated at certain frequencies.
Accordingly, these waves include energy and are considered
non-thermal technologies [2]. This method is based on the
propagation of an acoustic wavelength with a frequency of
more than 20 kHz inside the materials. In this method,
information on the characteristics of the materials are
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achieved by assessing interactions between the wavelength
and the material [3]. Another use of ultrasound in foods
includes inactivation of bacteria. However, it is believed that
ultrasound with pressure and/or heat is more effective [4].
Some microorganisms include high thermal resistances. As a
result, use of high heats to inactivate these microorganisms
decreases nutritional value and sensory quality of the foods,
altering functional characteristics of the foods. This problem
can be solved using ultrasound. Inactivation of enzymes is
similar to that of microorganisms and use of monothermos-
onication increases the effects [5]. Juices are liquids
extracted from fruits with no fermentarions and include
major processes such as pretreatments, extraction of extracts
and post-press treatments. Fruits are usually concentrated to
decrease shipping costs and product stability. Concentrates
are easier to process, compared to fruits [6]. Commercia-
lization of red fruits and vegetables enriched with water-
soluble red pigments and polyphenols has been pupular
recently [7].

There are more than 60 types of grapes that vary in color,
taste, seed size and shape, pigments and concentrations of
chemicals [8]. Grapes are divided into seeded and seedless
and are found in red, black, yellow and green colors. Fruits
grow best in regions, where the maximum temperature is not
more than +40 °C and the minimum temperature is not less
than -15 °C [9]. fruits are rich sources of flavonoid
polyphenols such as catechins, quercetin, anthocyanins and
proanthocyanidins, which are active antioxidants [10]. The
most important plant bioactive substances found in diets with
healing characteristics include various groups of polyphenols
(anthocyanins, flavonoids, isoflavones and ellagic acid).
Phenolic compounds are not only addressed as represent-
atives of a group of antioxidant compounds, but also they are
addressed as one of the major components of antimicrobial
compounds responsible for the antimicrobial activities of
plant extracts [11]. Anthocyanins are important compounds
in red juices and are highly involved in juice color production
and antioxidant activity because these compounds play
important roles in prevention of cardiovascular diseases,
neurological diseases and cancers [12]. Therefore, it seems
necessary to develop and establish non-thermal techniques
for industrial food production that preserve anthocyanins and
decrease color changes in juices such as grape juices.
Accordingly, researchers investigate for the appropriate
alternatives of the thermal process. Treatment by ultrasound
under various conditions (temperature, power and time) can
variously affect contents of bioactive compounds and
microbial loads in fruit juices. To the best of the authors'
knowledge, optimization of ultrasound conditions in
treatment of red-grape juices has not been studied. Therefore,
this study was carried out to investigate the optimal
conditions for decontamination of red-grape juices treated by
ultrasound via retaining the most levels of bioactive
compounds. Quantity of bioactive compounds and microbial

loads of the grape juice samples treated by ultrasonication
under optimal conditions was compared to those of the
samples treated by thermal pasteurization.

2. Materials and Methods

2.1 Materials

Chemicals of Folin-Ciocalteu reagent, sodium hydroxide,
buffers (pH 4.5 and 1) and plate count agar media were
purchased from Merck, Germany.

2.2. Sample Preparation

Red grapes (Vitis vinifera L.) were purchased from the
local markets of Urmia, Western Azerbaijan, Iran. After
preparation, grapes were immediately transferred to the
laboratory and washed with tap water and their stems were
removed. Juices of the grapes were extracted using juicer
(Tefal, France) and filtered four times using cheesecloth. The
control sample was pasteurized using thermal method (90 °C
for 30 s) [10]. Other samples were treatment using ultrasonic
probe device (Model AMMM, Switzerland) based on the
response surface methodology (Box-Behnken design) at 10-
200 W for 2-10 min at 0-60 °C based on the treatment
schedule (Table 1). Quantities of the bioactive compounds
(total phenol and anthocyanins) and total counts of the
microorganisms were assessed. The optimal sample with the
maximum bioactive compounds and the minimum microbial
loads was compared with the control sample.

Table 1. Treatment characteristics desiged by response
surface methodology (Box-Behnken design)

Treatment Power (w) Temperature (°C)  Time (min)
1 105 30 6
2 10 60 6
3 10 30 2
4 200 0 6
5 10 0 6
6 105 60 10
7 105 60 2
8 105 30 6
9 200 30 10
10 105 30 6
11 105 0 10
12 200 60 6
13 10 30 10
14 105 0 2
15 200 30 2

2.3. Physicochemical Tests

The pH, acidity and Brix were assessed based on the
Iranian National Standard No. 2685 [13].

2.4. Analysis of Bioactive Compounds

Total phenol content was assessed using spectropho-
tometer (Thermo Scientific Technologies, USA). In this
method, Folin-Ciocalteu reagent was used and the adsorption
of samples was measured at 765 nm. The calibration curve
was plotted in the concentration range of 0.4-4 mg I and
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results were expressed in mg I of the sample [14].
Anthocyanin content (cyanidin-3-glucoside) was assessed
using absorption spectrophotometry in the presence of two
buffers. In this method, adsorption of the samples prepared
by buffers at pH 4.5 and pH 1 was measured at 510 nm.
Concentration of anthocyanin (ug I'Y) was calculated using
Eg. 1 [15].

C=AA/LxMxD Eq. 1

Where, D was the dilution factor, AA was the difference
between the two absorptions, M was the molar absorption of
cyanidin-3-glucoside and L was length of the cell in
centimeters.

2.5. Total Count of Microorganisms

Total count of microorganisms was carried out using plate
count agar media with incubation under aerobic conditions at
30 °C for 72 h based on the Iranian National Standard No. 1-
5272 (Food Chain Microbiology-a Comprehensive Method
for Counting Microorganisms). Results were expressed as
CFU ml [16].

2.6. Statistical Analysis

Treatments were designed and optimized using response
surface methodology (Box-Behnken design) and Minitab
Software v.16. Overall, 15 treatments were introduced by the
software. Duncan’s one-way analysis of variance and
Minitab Software v.16 were used to compare the optimal
sample with the control sample (thermal pasteurization).

3. Results and Discussion

3.1 Physicochemical Properties

Results reported pH 3.95, acidity of 0.37% and Brix of
13% for the two grape juice samples with no changes in their
highlighted characteristics after ultrasonication. Results of
this study were similar to those of other studies. Accordingly,
ultrasound processing included no significant effects on
acidity and Brix of the grape juices [2] and pH of strawberry,
carrot and barberry juices [3,4,17].

3.2. Total Phenolic Compounds

Phenolic compounds are plant secondary metabolites,
including an aromatic ring and one or more hydroxyl groups.
The most common phenolic compounds are formed by
binding to mono and/or polysaccharides or binding to one or
more other phenolic groups. These compounds primarily
play important roles in growth, reproduction, protection
against diseases, sensory characteristics and color of fruits
and vegetables [17]. Phenolic compounds are found in
vacuoles in free forms or attached to cell wall components
such as pectin, hemicellulose and lignin. Ultrasound destroys
the cell wall and consequently releases phenolic compounds
[18]. Decreases in phenol contents with increasing heat could
be attributed to decomposition of lignin and further releases
of phenols [19]. Results of ANOVA test (Table 2) and
comparison of tested and predicted results in the grape juice
samples treated by ultrasound under various conditions of
power, temperature and time are presented in Table 3. As
seen in Table 3, no significant differences were seen between
the tested and predicted phenol contents of the treated grape
juices under various conditions. However, various levels of
power, temperature and time were used when ultrasonication
significantly affected the total phenol contents of the grape
juices.

Results indicated that total phenol content in grape juices
treated by ultrasound decreased significantly (p < 0.05) by
increasing power from 10 to 200 W, temperature from 0 to
60 °C and time from 2 to 10 min. The maximum total phenol
content (15.95 mg I1) was seen in grape juice samples treated
at 10 W for 6 min at 0 °C. The minimum total phenol content
(11.15 mg I'Y) was observed at 200 W for 6 min at 60 °C.
However, degradation rate of phenolic compounds was less
than that in thermal pasteurization and their contents in
ultrasonicated samples were higher than those in control
pasteurized at 90 °C for 30 s. Similarly, Tavakoli et al.
investigated effects of ultrasound on quality characteristics
of carrot juice, showing that contents of phenolic compounds
in carrot juices decreased with increases in ultrasonic power,
temperature and time due to the synergistic interactions of
power and time [1].

Table 2. Results from ANOVA of total phenol, anthocyanin and total microbial count of the samples under ultrasonication

Total phenol (mg 1)

Anthocyanin (ug 1) Total Count (CFU ml?)

Source of variation

P-value F-value
Regression constant 0.000 49.84
Linear effects 0.000 138.64
Power (a) 0.000 342.43
Temperature (b) 0.000 65.25
Time (c) 0.035 8.25
Square effects 0.013 10.62
Power x Power (a?) 0.003 31.04
Temperature x Temperature (b?) 0.979 0.00
Time x Time (C?) 0.719 0.14
Interactions 0.851 0.26
Power x Temperature (a X b) 0.659 0.17
Power x Time (a x ¢) 0.800 0.07
Temperature x Time (b x ¢) 0.496 0.54
R? 98.90%

P-value F-value P-value F-value
0.000 40.89 0.000 141.90
0.000 112.55 0.000 367.00
0.000 282.72 0.000 913.96
0.001 50.46 0.000 175.50
0.017 9.45 0.019 11.54
0.003 28.25 0.000 52.47
0.882 40.97 0.000 157.21
0.585 0.02 0.613 0.29
0.608 0.34 0.363 1.00
0.608 0.67 0.038 6.23
0.342 1.10 0.008 18.69
0.409 0.81 1.00 0.00
0.782 0.09 1.00 0.00
98.66% 99.61%
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Table 3. Comparison between the tested and predicted phenol and anthocyanin contents and total microbial counts of the grape juice
samples treated by ultrasound at various conditions of power, temperature and time

Anthocyanin . Total phenol . Total count Total count

Treatment tested Antdh_OC)ganln [t tested Totall_fhenol predicted tested predicted
(ug 1Y) predicted (ug 1) (mg 1Y) (mg 1) (CFU ml) (CFU ml)

1 0.48 0.48 12.66 12.70 6 5.67

2 0.74 0.71 14.59 14.44 17 16.75

3 0.80 0.80 15.69 15.53 26 25.38

4 0.46 0.48 12.28 12.43 4 4.25

5 0.82 0.84 15.95 16.11 30 31.00

6 0.36 0.39 11.68 11.69 0 0.38

7 0.40 0.43 11.74 12.05 2 2.88

8 0.48 0.48 12.70 12.70 5 5.67

9 0.34 0.34 11.27 11.42 0 0.62

10 0.48 0.48 12.76 12.70 6 5.68

11 0.58 0.55 13.35 13.05 11 10.12

12 0.30 0.28 11.15 10.99 0 -1.00

13 0.78 0.78 14.77 14.91 23 22.88

14 0.64 0.61 13.81 13.80 13 12.62

15 0.42 0.42 12.04 11.90 3 3.12

In a study by Hooshyar et al., it was shown that contents
of phenolic compounds decreased significantly with
increases in ultrasound, temperature and time [20].
Saeeduddin et al., investigated quality characteristics of pear
juices treated by ultrasound (750 W for 10 min at 25, 45 and
65 °C) and industrial (65 and 95 °C for 10 and 2 min,
respectively) methods. They reported that total phenol
decreased by ultrasound in all treatments. They stated that
treatment by ultrasound at 65 °C for 10 min yielded the
highest phenolic content [21]. In a study by Radziejewska-
Kubzdela et al., effects of thermal treatment (80 °C for 5 min)
and ultrasound (frequency, 20 kHz; amplitude, 70%; power,
140 W; time, 10 min) on bioactive compounds of Berberis
amurensis water juices were investigated, resulting in a
better protection of phenols under ultrasonication [22].

3.2.1. Single Optimization for Total Phenol Content

Single optimization conditions for the total phenol content
(mg I'Y) of the grape juice treatments by ultrasound at various
levels of power, temperature and time are present in Figure
1. Single optimization conditions to achieve the maximum
phenol content (16.47 mg IY) with 100% desirability were
predicted as 0 °C, 2 min and 10 W.

3.3. Anthocyanin

Anthocyanins are the most important pigments in
flavonoids. They are often found in colored foods such as
strawberries, apples, cherries, raspberries, oranges, grapes,
figs, mangoes, pomegranates, red cabbage and sweet
potatoes [15]. Anthocyanins are highly unstable and can
degrade during the processes, losing their biologically active
characteristics during processing, high temperature, light,
oxygen and presence of enzymes and metal ions [23,24].
Anthocyanins (flavonoid compounds) are easily degraded by
heat, changing color acceptability of the juices. Their
degradation by temperature is due to oxidation and covalent
bond breakage. The rate of degradation increases by

increases in temperature. Heating intensity and duration
include major effects on the stability of anthocyanins [25].
Indeed, opening the pyrylium loop and formation of chalcone
are significant events occurred during destruction of
anthocyanins [12]. Tested and predicted anthocyanin
contents of the grape juices treated by ultrasound at various
levels of power, temperature and time are present in Table 3.
As seen in the table, no significant differences were reported
between the tested and predicted anthocyanin contents.
Although, various levels of power, temperature and time
significantly affected anthocyanin contents of the grape
juices. In addition, anthocyanin contents in grape juices
treated by ultrasound decreased significantly (p < 0.05) by
increases in ultrasonic power from 10 to 200 W, temperature
from 0 to 60 °C and time from 2 to 10 min. Similarly,
Hooshyar et al. assessed effects of ultrasound on the
characteristics of cherry juices; through which, contents of
anthocyanin compounds decreased significantly with
increases in ultrasound, temperature and time [20]. The
maximum anthocyanin content (0.82 pg mlt) was seen in
samples treated at 10 W for 6 min at 0 °C and the minimum
anthocyanin content (0.03 pg ml?) was observed in samples
treated at 200 W for 6 min at 60 °C (Table 3).

3.3.1. Single Optimization for Anthocyanin

Single optimization condition for anthocyanin contents (ug
ml%) in grape juices treated by ultrasound at various levels of
power, temperature and time are demonstrated in Figure 2.
The optimal condition to achieve the maximum anthocyanin
content (0.87 pg ml?) with 100% desirability was predicted
at 10 W, 0 °C and 2 min.

3.4. Total Microbial Count

Thermal sonication treatment accelerates inactivation of
microbes in juices. Microbial destruction is affected by
ultrasound power, processing time, treatment temperature,
volume of the processed juice and juice composition.
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Figure 1. Single optimization conditions for the total phenol content (mg I1) of the grape juices treated by ultrasound
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Figure 2. Single optimization conditions for the anthocyanin content (ug mlt) of the grape juice treated by ultrasound

Microorganisms do not respond to ultrasound treatment in
similar ways. Microbes are killed by ultrasound treatment
due to thinning of their cell membrane, local heat generation,
increased pressure and production of free radicals [26].
Moreover, physical stresses caused by ultrasonic cavitation
and collapse of bubbles produced in the process are the major
mechanisms responsible for the inactivation of microbes.
Hydrophobic surface of the microbial cell wall helps destroy
cavitation bubbles formed during ultrasonication, leading to

severe damages to the cell wall [27,28]. Tested and predicted
total counts of the grape juices treated by ultrasound under
various conditions of power, temperature and time are
demonstrated in Table 3. Based on the table, no significant
differences were seen between the tested and predicted total
counts. Although, various levels of power, temperature and
time variously affected the total counts in grape juices treated
by ultrasound. Total counts in the grape juices decreased
significantly (p < 0.05) with increases power from 10 to 200
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W, temperature from 0 to 60 °C and time from 2 to 10 min.
The maximum total count of the grape juice samples treated
by ultrasound (30 CFU ml*) was observed at 10 W, 0 °C,
time 6 min and the minimum total count (0 CFU ml) was
seen at 200 W, 30 °C and 10 min; as for the controls. This
indicated the appropriateness of ultrasonication for the grape
juice treatment. Based on the Iranian National Standard No.
3414, total count of the fruit juices must be less than 1 CFU
ml- [29]. As seen in Figure 3, the optimal conditions for the
grape juices treated by ultrasound with 100% desirability
(total count of 0 CFU ml™?) could be achieved at power of
200 W, temperature of 60 °C and time of 10 min. Saeeduddin
et al. investigated the quality characteristics of pear juices
treated by ultrasound (750 W for 10 min at 25, 45 and 65 °C)
and industrial (65 and 95 °C for 10 and 2 min, respectively)
methods. They reported that the microorganisms were
completely inactivated by thermal pasteurization at 95 °C.
Treatment by ultrasound at 750 W for 10 min at 65 °C led to
the best results [21]; similar to the current results (Figure 3)

3.4.1. Single Optimization for Total Microbial Count

Single optimization conditions for total count of
microorganisms (CFU ml?t) in grape juices treated by
ultrasound under various power, temperature and time are
present in Figure 3. To achieve 0 CFU ml! with 100%
desirability, the predicted condition included 200 W, 60 °C
and 10 min.

3.5. Multiple Optimization for Treatment of Grape Juice
by Ultrasonication

The optimized conditions by considering total phenol,
anthocyanin and total microbial count of the grape juices
treated by ultrasound at a similar time is provided in Figure
4. To achieve the maximum phenols (11.60 mg I*%) and
anthocyanin (0.37 pg ml?) and the minimum microbial load
(0 CFU ml?) in the ultrasonicated samples with 81.94%
desirability, treatment was predicted at 144.34 W, 60 °C and
2 min.

3.6. Optimal treatment by Ultrasound versus Thermal
Pasteurization

Table 4 shows comparison of the optimum sample treated
by ultrasound with the control thermally pasteurized at 90 °C
for 30 s. In general, no significant differences were reported
between the microbial loads of the grape juices pasteurized
by the two methods, while bioactive compounds of the
samples treated by ultrasound were higher than those of the
other samples. Therefore, ultrasonicated samples were
preferred to the samples pasteurized at 90 °C for 30 s in their
quality characteristics. Dubrovic et al. investigated effects of
ultrasound and pasteurization on the anthocyanin contents of
strawberries. They showed that anthocyanin contents
decreased by pasteurization due to the high temperature,
compared to untreated juices [30].
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Figure 3. Single optimization conditions for the total microbial count (CFU ml) of the grape juice treated by ultrasound
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Figure 4. Multiple optimization of phenol (mg IY) and anthocyanin (ug mlt) contents and total microbial count (CFU ml) of the grape
juice samples treated by ultrasound

Table 4. Comparison of the sample pasteurized at 90 °C (control) with the sample treated by ultrasound under optimum
condition (60 °C, 2 min, 144.34 W)

Test Optimum ultrasound  Pasteurization (90 °C for 30 s)
Total phenol (mg I'Y) 13.63 +0.11~ 10.84 +0.108
Anthocyanin (ug 1Y) 0.37 £0.024 0.13 +0.01B

Total microbial count (CFU mlt) 0.00 £0.004 0.00 £0.00

4. Conclusion

*Different uppercase letters indicate significant differences (p<0.05) in the rows.

The current study was carried out to assess and compare 1.

contents

of the phenols and anthocyanins and microbial

counts of the red-grape juices treated by ultrasound and

thermal

processes. Various levels of variables, including

ultrasound power from 10 to 200 W, temperature from 0 to
60 °C and time from 2 to 10 min, were studied. Based on the
results, quantities of total phenol and anthocyanin and
microbial counts in grape juices treated by ultrasound
decreased significantly (p<0.05) by increases in power, 3.

temperature

and time. Moreover, further bioactive

compounds of phenols and anthocyanins were preserved in

ultrasonicated grape juices with the minimum microbial

4.
loads under optimized conditions, compared to the controls.
5. Acknowledgements
The authors would like to thank staff within the labor- 5

atory, Islamic Azad University, Varamin Pishva Branch.
6. Conflict of Interest

The authors report no conflicts of interest.

References

Tavakoli Dakhrabadi M, Hamidi Esfahani Z, Abbasi S. Effects
of ultrasound waves on carrot juice quality using RSM. JIFT.
2014; 2 (5): 17-25.

http://doi.org/10.22104/jift.2014.68

Ordonez Santos LE, Martinez Giron J, Arias Jaramillo ME.
Effect of ultrasound treatment on visual color, vitamin C, total
phenols and carotenoids content in Cape gooseberry juice. Food
Chem. 2017; 233(Supplement C): 96-100.
http://doi.org/10.1016/j.foodchem.2017.04.114

Tomadoni B, Cassani L, Viacava G, Moreira MDR, Ponce A.
Effect of ultrasound and storage time on quality attributes of
strawberry juice. J Food Process Eng. 2017; 40(5): 125-133.
http://doi.org/10.1111/jfpe.12533

Jabbar S, Abid M, Wu T, Muhammad Hashim M, Hu B, Lei S,
Zeng X. Study on combined effects of blanching and sonication
on different quality parameters of carrot juice. Inter J food sci
and nut. 2014; 65(1): 28-33.
http://doi.org/10.3109/09637486.2013.836735

Mohideen FW, Mis Solval K, Li J, Zhang J, Chouljenko A,
Chotiko A. Effect of continuous ultra-sonication on microbial
counts and physicochemical properties of blueberry (Vacci-
nium corymbosum) juice. LWT-Food Sci and Techno. 2015;
60(1): 563-570.

http://doi.org/10.1016/j.Iwt.2014.07.047

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 4.0 License (CC BY-NC 4.0).
To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

223



http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://doi.org/10.22104/jift.2014.68
http://doi.org/10.1016/j.foodchem.2017.04.114
http://doi.org/10.1111/jfpe.12533
http://doi.org/10.3109/09637486.2013.836735
http://doi.org/10.1016/j.lwt.2014.07.047

Ghazaleh Abdollahi Moghaddam Masouleh, et al

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Appl Food Biotechnol, Vol. 9, No. 3 (2022)

Food Standards Agency (FSA). Available at

https://www.food.gov.uk.

2011.

Obon JM, Diaz-Garcia MC, Castellar R. Red fruit juice quality
and authenticity control by HPLC. J Food Comp and Anal.
2011; 24(6): 760-771.
http://doi.org/10.1016/j.jfca.2011.03.012

Bhat R, Kamaruddin NSBC, Min Tez L, Karim AA. Sonication
improves Kasturi lime (Citrus x Microcarpa) juice quality.
Ultrason Sonochem. 2011; 18(6): 1295-300.
http://doi.org/10.1016/j.ultsonch.2011.04.002

Gross KC, Wang CY, Saltveit M. The Commercial Storage of
Fruits, Vegetables and Florist and Nursery Stocks. United
States Department of Agriculture. 2016. Agriculture Hand-
book Number 66. P 344.
https://www.ars.usda.gov/arsuserfiles/oc/np/commercialstorag
e/commercialstorage.pdf

Danisman G, Arslan E, Toklucu AK. Kinetic analysis of
anthocyanin degradation and polymeric colour formation in
grape juice during heating. Czech J Food Sci. 2015; 33(2): 103-
108.

http://doi.org/10.17221/446/2014-CJFS

Mariem C, Sameh M, Nadhem S, Soumaya Z, Najiba Z,
Raoudha EG. Antioxidant and antimicrobial properties of the
extracts from Nitraria retusa fruits and their applications to meat
product preservation. Indust Crops Pro. 2014; 55: 295-303.
http://doi.org/10.1016/j.indcrop.2014.01.036

Enaru B, Dret,canu G, Daria Pop T, Stanil A, Diaconeasa Z.
Anthocyanins: factors affecting their stability and degradation.
Antioxidants 2021; 10: 1967.
http://doi.org/10.3390/antiox10121967.

Iranian National Standardization Organization. 2007. Fruit
juices-Test methods. Institute of Standards and Industrial
Research of Iran, Standard No. 2685.

Ainsworth EA, Gillespie KM. Estimation of total phenolic
content and other oxidation substrates in plant tissues using
Folin-Ciocalteu reagent. Nat Protoc. 2007; 2(4): 875-877.
http://doi.org/10.1038/nprot.2007.102

Cam M, Hisil Y, Durmaz G. Classification of eight
pomegranate juices based on antioxidant capacity measured by
four methods. Food Chem. 2009; 112(3): 721-726
http://doi.org/10.1016/j.foodchem.2008.06.009

Iranian National Standardization Organization. 2014. Food
Chain Microbiology-A Comprehensive Method for Counting
Microorganisms. Standard No. 1-5272.

Gomes WF, Tiwari BK, Rodriguez O, de Brito ES, Fernandes
FAN, Rodrigues S. Effect of ultrasound followed by high-
pressure processing on prebiotic cranberry juice. Food Chem.
2017; 218: 261-268.
http://doi.org/10.1016/j.foodchem.2016.08.132

Nguyen CL, Nguyen Ha VH. Ultrasonic effects on the quality
of mulberry juice. Beverages. 2018; 4(56): 1-12.
http://doi.org/10.3390/beverages4030056.

Marszalek K, Mitek M, Skapska S. The effect of thermal
pasteurization and high pressure processing at cold and mild

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

temperatures on the chemical compositions, microbial and
enzyme activity in strawberry puree. Innov Food Sci Emerg.
2015; 27: 48-56.

http://doi.org/10.1016/j.ifset.2014.10.009

Hooshyar L, Hesari J, Azadmard Damirchi S, Shengul M.
Effect of ultrasonication on microbial counts and physic-
chemical properties of sourcherry juice. J Inno Food Sci
Techno. 2021; 12 (4): 127-138.

http://jfst.iaus.ac.ir/article_ 674595 dd64bc2dab68034e4c3469

8f23bfcéde.pdf

Saeeduddin M, Abid M, Jabbar S, Wu T, Hashim MM, Awad
FN, Zeng X. Quality assessment of pear juice under ultrasound
and commercial pasteurization processing conditions. LWT-
Food Sci Techno. 2015; 64(1): 452-458.
http://doi.org/10.1016/j.lwt.2015.05.005.

Radziejewska-Kubzdela E, Szwengiel A, Ratajkiewicz H,
Nowak K. Effect of ultrasound, heating and enzymatic pre-
treatment on bioactive compounds in juice from berberis
amurensis rupr. Ultrason Sonochem. 2020; 63: 104971.
http://doi.org/10.1016/j.ultsonch.2020.104971

Tiwari BK, Patras A, Brunton N, Cullen PJ, O Donnell CP.
Effect of ultrasound processing on anthocyanins and color of
red grape juice. Ultrason Sonochem. 2010; 17(3): 598-604.
http://doi.org/10.1016/j.ultsonch.2009.10.009

Tiwari BK, O Donnell CP, Cullen PJ. Effect of sonication on
retention of anthocyanins in blackberry juice. J Food Eng. 2009;
93(2): 166-171.

http://doi.org/10.1016/j.jfoodeng.2009.01.027

Shaheer CA, Hafeeda P, Kumar R, Kathiravan T, Kumar D,
Nadanasabapathi, S. Effect of thermal and thermosensation on
anthocyanin stability in Jamun (Eugenia jambolana) fruit juice.
Inter Food Res J. 2014; 21(6): 2189-2194.

Rossi AP, Kalschne DL, Byler API, Flores ELDM, Leite OD,
dos Santos D, Barin JS, Canan C. Effect of ultrasound and
chlorine dioxide on Salmonella typhimurium and Escherichia
coli inactivation in poultry chiller tank water. Ultrason
Sonochem. 2021; 80: 105815.
http://doi.org/10.1016/j.ultsonch.2021.105815

Chandrasekhar J, Madhusudhan M, Raghavarao K. Extraction
of anthocyanins from red cabbage and purification using
adsorption. Food Bio Proc. 2012; 90(4): 615-623.
http://doi.org/10.1016/j.fbp.2012.07.004

Hooshyar L, Hesari J, Azadmard Damirchi P, Shengul M. The
effect of thermal sonication of bioactive compounds and some
of the quality parameters of sour cherry juice compared to the
usual pasteurization method. J Food Hyg. 2019; 9(1): 21-33.
http://doi.org/10.30495/JFH.2024.543643

Iranian  National Standardization Organization. 2019.
Microbiology of Soft drinks-Fruit juice, Vegetable juice and
products -Specifications and test methods. Standard No. 3414.
2nd Revision.

Dubrovic I, Herceg Z, Jambrak AR, Badanjak M, Dragovic
Uzelac V. Effect of high-intensity ultrasound and pasteurization
on anthocyanin content in strawberry juice. Food Techno Bio.
2011; 49(2): 196-204.

https://hrcak.srce.hr/file/103539

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 4.0 License (CC BY-NC 4.0).
To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

224



http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.food.gov.uk/
http://doi.org/10.1016/j.jfca.2011.03.012
http://doi.org/10.1016/j.ultsonch.2011.04.002
https://www.ars.usda.gov/arsuserfiles/oc/np/commercialstorage/commercialstorage.pdf
https://www.ars.usda.gov/arsuserfiles/oc/np/commercialstorage/commercialstorage.pdf
http://doi.org/10.17221/446/2014-CJFS
http://doi.org/10.1016/j.indcrop.2014.01.036
http://doi.org/10.3390/antiox10121967
http://doi.org/10.1038/nprot.2007.102
http://doi.org/10.1016/j.foodchem.2008.06.009
http://doi.org/10.1016/j.foodchem.2016.08.132
http://doi.org/10.3390/beverages4030056.
http://doi.org/10.1016/j.ifset.2014.10.009
http://jfst.iaus.ac.ir/article_674595_dd64bc2dab68034e4c34698f23bfc6de.pdf
http://jfst.iaus.ac.ir/article_674595_dd64bc2dab68034e4c34698f23bfc6de.pdf
http://doi.org/10.1016/j.lwt.2015.05.005.
http://doi.org/10.1016/j.ultsonch.2020.104971
http://doi.org/10.1016/j.ultsonch.2009.10.009
http://doi.org/10.1016/j.jfoodeng.2009.01.027
http://doi.org/10.1016/j.ultsonch.2021.105815
http://doi.org/10.1016/j.fbp.2012.07.004
http://doi.org/10.30495/JFH.2024.543643
https://hrcak.srce.hr/file/103539

= 000
= 0000
=0000
<< 000
Food @@
Biotechnology

APPLIED FOOD BIOTECHNOLOGY, 2022, 9 (3):217-225

Research Article

pISSN: 2345-5357
elSSN: 2423-4214

Journal homepage: www.journals.sbmu.ac.ir/afb

9 @golyd b oo Hlow HoRil ©T gLdigei jo Jlrdums j WlaS 5 g (19,50 5L duan o

.

& oly oud o ygimwly

¥ oo doguare ! AL M Ml guolo padio olllone all3E
Oyl eimolyg daig —cymalyg axly o oMol ol5T o8l ¢g5,9LiS 0aSLiils ¢ l3é mulio 5 pogle 05,5 -
Ol Ol ( Sy Gai9eT 5 Slay «Elige Ol (Pl Sligw S50 Y

Wl a6

YoTY oyl VF il
YoV oyl F sl
VXY ol TFGE i

S yb3lg

bl ®
Ozl gl ™
RN
Sgolg

J o ok 5™

b S

sasiiils “S[L.Lé é.:L.o 9 e5l.c 05))’
el of5T elSils g5l
Olrl emelyg gt =l yg 91
+AAVYOAYAYYD U.AL
+AAVAYPYYFVRY mS_e

Sy S ey
leylanateghi@yahoo.com

° .

D ibion s ogec] )3 09 ,Se b 2alS 43 g, (0 lS 5l (S S o el 3SR g Al
Sl oS 5 Gladss Candg ptioe Job (b SlaS 5 g bapmlwgl 35 G 5l el YU glos caililie
sobteds anlllas () sl Sgugs Dol )8 a8 ale loj Sogll la g, plow 5l eolaiwl b wlgs o ogae
@bt o el 5,8 5581 T ladised (05,500 1k 5 Jlbens) SlaS 3 Slgome p Sgol glyal SIS ()
2 dalio 03> 05 y5uly (sladiged s b Dgol B dige Lulph )3 ool Consay

5 (g 4z j0 72 5 7o ) Sigolyd slod (4o Vv 5 8 4Y) Sigol b o it aw i S gy g Sge
295 Ol 29,80 5 oled 5 iliwgiil ( Joid OS5 S liee p (Slg Yo 9 V00 OV 0) Dgal 3 008
s plol b aidly (sjlwatge g el (S (WST (k) Gy la gy b (a3l (b ol aslllas a3
Ol o duglie 4l Ve e 4y (ganads 4250 e )3 0o gkl 505 diged b o dingy sladiges CudeS
5 S regidy Sl 5l g dsd Slaigs b i i (29,500 IS Sijled 5 ilemssl « Jgib LS 5 S
IRCRVRNUN S PO U T R D

2533 Y oy # 00 (slad 53 (9,5 b aiaS 5 plengtl 5 J32b oS 5 ain 38 pF AR g LIS
Syl 5 b osd Jlass digas Cpuiloasstil o IS Jsid olme ol oyl guols sl Camwddy Sls VEEIVE Cigol 32005
Ol O Sildsime DS 3 Ol b oad o jgtuly diged I i (5)loGme D)gots aige Llyd o
o Siluaing b ol i @l 0 55 ssalis (51> Ggemilinyginly 9 Dyl b lasd diges g0 (S A )led
ol B b alie ;3 558l O ol bagrilowgnil 5 b Jsid 1ol (6 i Jlabunyy SLaS 5 ol o0 50l
28l S ()l gl gl b i (peml @ Gl oo Dgol P Lo Lulpd (sile dige b cogdleas 05 i

5,15 e ol HLassl b das pe xdlie (o)l 95 gt 45 oS oo pdlel a5 s @80 o ylad

' Colony

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 4.0 License (CC BY-NC
4.0). To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by-nc/4.0/

