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The aim of this study is to investigate the change in microbiological, physicochemical and sensory

properties of freshly-squeezed pomegranate juice using ultrasound and/or natamycin as an alternative to

pasteurization. Samples were pasteurized (80 °C, 2 min), sonicated (60 % amplitude, 26 KHz, 80 W, 5 min),

treated with natamycin (12.5 ppm) and stored at 4°C for one month. Pasteurized pomegranate juice was not

significantly changed in terms of pH, Brix, titratable acidity and total phenolic (nug gallic acid equivalent.

mL™") values compared to the treated samples ( p > 0.05). During storage, ultrasound-processed pomegranate

juice retained more than 90 % total monomeric anthocyanins. Microbial values showed a reduction in load

at a level acceptable for the general quality parameters. In the sensory analysis, the general evaluation was

accepted as ultrasound and/or natamycin. This study emphasizes the potential application of ultrasound and/

or natamyecin to increase the functional value of pomegranate juice.
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Introduction

Pomegranate (Punica granatum, L.) belongs to the family of
Punicacea, endemic in Turkey, Iran, USA, Middle East, Southeast
Asian and Arab countries and is a plant that grows in the
Mediterranean (Meerts et al., 2009). Pomegranate has fairly good
quality because of its sensory and nutritional properties (Lopez-
Rubira et al., 2005). As polyphenols, it contains flavonoids
(anthocyanins), condensed tannins (proanthocyanidins) and
hydrolysable tannins (ellagitannins and gallotannins) (Jaiswal et
al., 2010). It was reported that consumption of pomegranate fruit
has many benefits including reduced oxidative stress, effects on
LDL, anticancer, antibacterial, and antiviral properties (Qu et al.,
2010). Research reported pomegranate contains ACE (Angiotensin
Converting Enzyme) enzyme which prevents negative effects on
blood pressure and was reported to repair damaged blood vessels
(Aviram and Dornfeld, 2001). In food processing, pasteurization is
a heat treatment which is widely used in the fruit juice industry to
obtain a microbiologically safe product. However, anthocyanins
and many bioactive compounds are degraded by conventional

pasteurization processes (Aadil ez al., 2013). It has negative effects
on sensory and nutritional values. For fresh and natural fruit juices,
consumer demand is increasing, but they have limited shelf life.
Therefore, there is a need for alternative non-thermal methods that
can increase shelf life and maintain nutrition and bioactive
properties (Buzrul et al., 2008; Patras et al., 2009; Plaza et al.,
2006).

Ultrasound is a non-thermal food preservation method
which generally uses 20-40 kHz frequency, in order to
inactivate food spoilage microorganisms and enzymes (Ferrante
et al., 2007; Goémez-Lopez et al., 2010). Ultrasound, as a non-
thermal technology, with less processing time, higher efficiency
and lower energy consumption is an accepted method for fruit
juice processing (Charoux et al., 2017; Tiwari and Mason,
2012). The effect of ultrasound is primarily due to the effects
of free radicals (H and OH), to physical phenomena (acoustic
cavitation and the resulting high-speed micro-jets and shock
waves) and/or the collapse of the bubbles and the water vapor
in them (Gao et al., 2014; Herceg et al., 2013). Natamycin is a
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polyene that serves to bind membrane sterols by disrupting the
selectivity of membrane permeability (Elayedath and Barringer,
2002). Natamycin was recognized by the FDA (Food and Drug
Administration) as a GRAS (Generally Recognized As Safe)
product (Koontz et al., 2003). It is approved as a food additive
in more than 40 countries (Oll¢é Resa et al., 2016). In molds,
the mechanism of action is damaged by binding to the
ergosterol in the cell membrane (Abessinio, 2014; Balaguer et
al.,2014; Jagus et al., 2016).

The aim of this study was to investigate and compare the
physicochemical, sensory and general microbiological effects
of ultrasound and/or natamycin applications in pomegranate
juice, which has a high bioactive benefit, as an alternative to
pasteurization.

Materials and Methods

Sample preparation Pomegranates were purchased from a
local supermarket in Tekirdag (Turkey). Extracting and
cleaning operations were performed. Fruit was washed in cold
tap water prior to evacuation. Pomegranate fruits were
processed using a blender (Waring Blender, USA). Juice was
filtered a single layer of muslin cloth to filter out seeds, coarse
particles and impurities. The filtered fruit juice samples were
stored in sterile glass bottles at 4 C before being placed in the
experiment. Pimalac brand Natamycin (pimaricin) was used. In
the study, the UP200St- ultrasound device from Hielscher
Ultrasonics (Berlin, Germany) was used. Pasteurization (80 C,
2 minutes), ultrasound (80 W, 26 kHz, 60 amplitude, 5 minutes)
and natamycin (12.5 ppm) were applied to the pomegranate
juice. The analysis was carried out at 4 °C after 30 days of
storage. The ultrasound conditions for this study were selected
according to previous reports about ultrasound application in
fruit juices (Yikmis and Aksu, 2018). Classification of sample
was C: taze nar suyu, PJ: pasteurized juice, NJ: natamycin
juice, UJ: ultrasound juice, UNJ: natamycin+ultrasound juice.
All samples were prepared in triplicate.

Microbiological analysis Colony-forming units (CFU)
were determined by standard spreading plate methodologies.
Dilution of untreated pomegranate juice was done in buffered
peptone water and then, PCA (Plate Count Agar-Merck, USA)
was used for total aerobic counts (APC). For yeast and mold
count (YMC), PDA (Potato Dextrose Agar-Merck, USA) was
used. MRS (Man, Rogosa and Sharpe Agar-Merck, USA)
containing 50 mg/L tartaric acid was used to inhibit yeast
growth and anaerobic incubation was used to determine lactic
acid bacteria (LAB). Spreading method was used in the
analyzes. Pomegranate juice diluted in 0.1 mL of peptoned
juice was added to the agar media. It was calculated as
10 colony in 1 mL as limit of detection. In this method, cells
below 10 could not be detected. The plates were incubated at
30 °C for 24-96 hours.

pH, Total soluble solids (Brix) and titratable acidity

analysis  pH was measured by means of a pH meter. The pH

of the samples was analyzed using a Hanna Instruments HI
2002 pH /ORP (Romania) instrument. The number of dissolved
solids was determined by the refractometric method. ATAGO
brand RX-7000a model (Japan) abdominal refractometer was
used for this purpose. Measurements were made at 20 C and
the results were expressed in Brix. The titration acidity was
potentiometrically determined by titration of the samples with
0.1 N NaOH (Sigma-Aldrich, USA) solution to pH 8.1. From
the sample, S mL was taken and 50 mL of distilled water was
added and 10 mL of the sample was taken from the filtrate. The
results were calculated as g citric acid / L (AOAC, 1995).

Total polyphenols, total flavonoids and antioxidant activity
The total amount of phenolic material was modified
spectrophotometrically with the Folin-Ciocalteu method. The
results are given as gallic acid equivalent (GAE) (Singleton and
Rossi, 1965). The total flavonoid content was modified by the
aluminum chloride colorimetric analysis method. Total flavonoid
content was expressed as epicatechin equivalents (CE) per mL
(Zhishen et al., 1999). Antioxidant activity was measured by
Trolox Equivalent Antioxidant Capacity (TEAC) test (Pellegrini
et al., 2003). The results were expressed as TEAC in Trolox mmol
per liter of sample. The results are found using the standard
calibration curve. SP-UV/VIS-300SRB spectrophotometer
(Australia) was used for absorbance measurements.

Color analysis  Color analysis of the samples was made
using the Color Measuring Device PCE-CSM 5 (Germany) and
the liquid container. Color L, a, and b color parameters are
given (Varela-Santos et al., 2012).

Total monomeric anthocyanin and polymeric color analysis
The total monomeric anthocyanin content was determined
according to the pH differential method. Total anthocyanin
contents of pomegranate juices were determined by the pH
differential method using two buffer systems: potassium chloride
buffer (Sigma-Aldrich, USA), pH 1.0 (0.025 M), and sodium
acetate buffer (Sigma-Aldrich, USA), pH 4.5 (0.4 M)
(Cemeroglu, 2010; Giusti and Wrolstad, 2001). The samples
were diluted with distilled water according to the predetermined
dilution factor as for the determination of total monomeric
anthocyanin. For color intensity, bisulfite was calculated by the
absorbance value read from the sample which had not had
treatment applied. The analysis is based on the definition of
"color intensity" and "polymeric color" values (Giusti and
Wrolstad, 2001). SP-UV/VIS-300SRB spectrophotometer
(Australia) was used for absorbance measurements.

Sensory analysis  Sensory analyzes were performed on the
first day and last day of treatment. The panelists were asked to
evaluate taste, odor, color, texture and overall acceptability of
the samples. Fruit juice samples were studied by 10 (5 female, 5
male) panelists. All samples were randomly coded using three-
digit letters (ABC, ENO, STR & XYZ). Sensory properties were
determined using a 9-point hedonic scale (0-9). Scale scores
were excellent, 9; very good 8; good, 7; acceptable, 6; poor (first
odorless, tasteless development) <6. Acceptance of sub-points
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Table 1. Microbiological results for pomegranate juice with different processes applied

: Treatment
Microbiology (;l;l:;:)

C P N U NU
APC 5.65+0.07 ND 4.21+0.34 ND ND
YMC 1 5.15+0.03 ND 0.00+0.00 ND ND
LAB 3.96+0.21 ND 3.93+0.14 ND ND
APC 7.13+0.07 ND 4.21+0.01 ND ND
YMC 30 7.15+0.03 ND ND ND ND
LAB 7.31+0.21 ND 3.96+0.74 ND ND

C: fresh pomegranate juice; ND, not detected, log CFU/mL, all data were means + SD, n = 3.
C: fresh pomegranate juice, PJ: Pasteurized juice, NJ: Natamycin juice, UJ: Ultrasound juice

UNJ: Natamycin+Ultrasound juice

was accepted as 6. The product was described as unacceptable
after initial odor or unpleasantness (Petrou et al., 2012).

Statistical analysis Statistical analyses in the study were
conducted with SPSS 20.0 (SPSS Inc., Chicago, U.S.A) and
GraphPad Prism 7.0. One-way ANOVA was compared with
multiple comparison-Tukey tests. Statistically significant level
was determined as p < 0.05 in all analyzes. The relationships
between the variables were examined using Pearson correlation
coefficients. All measurements were done in triplicate and
results were expressed as mean value + standard deviation
(SD).

Results and Discussion

Microbiological analysis Pasteurization and sterilization
are common thermal methods to reduce microbial load in food
products. However, these thermal methods create negative
effects on the sensory quality and nutritional value of liquid
foods (Lee et al., 2013). Therefore, non-thermal technologies are
alternative methods with minimal effects on the characteristics
of the liquid food. Table 1 shows the effect of ultrasound
treatment on the microorganism content of pomegranate juice.
The natamycin sample applied to fresh pomegranate juice
showed 4.21 and 3.93 log CFU / mL values for APC and LAB,
respectively, which are not found in other applications.
Pomegranate juice was successfully passed the general
microbiological evaluation. Similar successful results were
reported when ultrasound was applied for the destruction of
microbial cells (Chemat et al., 2011). Cell disruption can be
caused by various factors such as combined physical and
chemical mechanisms and the formation of free radicals and
hydrogen peroxide, which occur during cavitation (Koda et al.,
2009; Oyane et al., 2009)

PpH, Total soluble solids (Brix) and titratable acidity The
pH, titratable acidity, and Brix values for the pomegranate
juice treated with ultrasound and/or natamycin are shown in
Table 2. As a result of this study, pomegranate juice which is
pasteurized was determined to have no significant change in

terms of pH, Brix and titration acidity compared to the treated
samples ( p > 0.05).

Non-thermal applications generally do not have a
significant effect on pH, titration acidity and brix values
(Charoux et al., 2017). Thermal treatments can vary the pH by
varying the different acids present in the juice (Maia et al.,
2007). No significant difference was observed in the pH values,
titration acidity and Brix in the studies conducted with
ultrasound applied to banana juice (sonication treatments;
treatment frequency 40 kHz, 50 W, 0-30 min) (Bora et al.,
2017), strawberry juice (sonication treatments; 0, 15 and
30min at 20 C, 25 kHz frequency) (Bhat and Goh, 2017) and
carrot-grape juice (sonication treatments; 20 kHz frequency,
70 % amplitude level (525 W power), and pulse duration 5 s on
and 5 s off, 5 min at 15 °C) (Nadeem et al., 2018).

Total polyphenols, total flavonoids and antioxidant activity
The total antioxidant, phenolic and flavonoid values for
pomegranate juice treated with ultrasound and/or natamycin are
shown in Table 3. As a result of this study, it was determined
that there is no significant change in the total phenolic substance
value (ug GAE. mL™") compared to the samples treated with
other processes ( p > 0.05). In the study, the total amount of
phenolic substances is in parallel with the literature (Caliskan
and Bayazit, 2012; Sepulveda et al., 2010). Combined processes
did not show a statistically significant difference when compared
with pasteurized pomegranate juice ( p > 0.05). Similar results
were found in research about phenolic compounds in the blends
of apple and cranberry juice treated with combined non-thermal
methods (Caminiti e al., 2011). In the ultrasound procedure
applied to a carrot-grape juice mixture during storage (1-90
days), total phenolic substance, flavonoid and antioxidant
properties were examined for the effect on the total phenolic
substances with the amount of storage which decreased during
the period (Nadeem et al., 2018). The results are in parallel with
the literature. The highest difference was for ultrasound
treatment. UJ and UNJ applications were more successful than
PJ samples. Reductions in the amount of phenolic compounds
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Table 2. The pH, titratable acidity and Brix results for different processes applied to
pomegranate juice,

Treatment Days pH TA Brix
1 3.41+0.00° 13.23+0.01° 16.40+0.00°
10 3.41+0.01° 13.31+0.01" 16.40+0.00°
¢ 20 3.43+0.01° 13.41+0.03° 16.40+0.01®
30 3.43+0.01° 13.51+0.02° 16.41+0.00°
1 3.41+0.01° 13.2440.15" 16.42+0.03°
P 10 3.41+0.01° 13.17+0.02° 16.45+0.01°
20 3.41+0.01° 13.16+0.02° 16.44+0.02°
30 3.42+0.01° 13.20+0.02° 16.45+0.03"
1 3.41+0.01° 13.25+0.03" 16.4240.02°
NJ 10 3.42+0.01° 13.26+0.02° 16.4240.01°
20 3.42+0.01° 13.26+0.02° 16.45+0.01°
30 3.41+0.01° 13.26+0.05" 16.43+0.01°
1 3.41+0.01° 13.29+0.06" 16.41+0.03"
Us 10 3.42+0.01° 13.27+0.02° 16.43+0.02°
20 3.42+0.01° 13.25+0.03" 16.43+0.02°
30 3.41+0.01° 13.30+0.05" 16.43+0.02°
1 3.41+0.01° 13.28+0.06" 16.44+0.01°
UNg 10 3.41+0.01° 13.26+0.02" 16.44+0.01°
20 3.42+0.01° 13.30+0.05" 16.43+0.02°
30 3.43+0.01° 13.51+0.04" 16.45+0.02°

All data are means = SD, n = 3. Values with different letters within one column are
significantly different ( p < 0.05). C: fresh pomegranate juice, PJ: Pasteurized juice,
NJ: Natamycin juice, UJ: Ultrasound juice UNJ: Natamycin+Ultrasound juice

are thought to be due to the polymerization of phenolic
substances or the condensation of phenolic compounds
(Klimczak et al., 2007; Wang et al., 2000).

As a result of the study, a positive correlation was found
between all samples in terms of antioxidant (1), phenolic (0.51)
and flavonoid material (0.82). As a result of the study,
statistically significant differences were found in the amounts of
total antioxidants over time and between the applications ( p <
0.05). UNJ treatment was found to be more successful in
maintaining total antioxidant capacity compared to other
treatments. Oliverira et al. (2018) reported that the results of the
non-thermal combination on acai (Euterpe oleracea) juice
showed similar results (Oliveira et al., 2018). Reductions in the
amounts of antioxidants are thought to be due to the degradation
of the antioxidant components by the ultrasound application
(Pingret et al., 2013).

Color analysis  Color is a visual indicator that is used to
evaluate the quality of fruit juices during processing and
storage and plays an important role in consumer satisfaction
(Aadil et al., 2013). The values of L (lightness-darkness), a (red
or green) and b (yellowness or blueness) for pomegranate juice
treated with ultrasound and/or natamycin are shown in Table 4.
At the end of the treatment, statistically significant differences

were determined in L, a and b values during the storage period
between P samples and other applications ( p < 0.05).

Compared with traditional thermal sterilization methods,
non-thermal sterilization is reported to provide better protection
for nutrients, flavor and color for juice (Jiménez-Sanchez et al.,
2017). Adekunte et al. (2010) reported that L, a, and b values
decreased after the sonication process applied to tomato juice. A
decrease in the L value of the fruit juice indicates redness
resulting in a darkening color or hydroxymethyl furfural (HMF)
(Mohideen et al., 2015; Tiwari et al., 2009a). It is thought that
the differences can be caused by the factors determined by other
researchers. Total anthocyanin content is known as the main
parameter behind the red color of pomegranate products. As in
the study by the researchers, Pearson's correlation coefficient in
the study showed that the total anthocyanin content was
significantly positive (Cano-Lamadrid et al., 2018).

Total monomeric anthocyanin and polymeric color
Anthocyanins are quality-determining compounds in red fruits
and fruit juices (Weber and Larsen, 2017). Total anthocyanin
content (mg cyanidin-3-glucoside / L), color density, polymeric
color and percent polymeric color values for pomegranate juice
treated with ultrasound and/or natamycin are shown in Table 5.
At the end of the treatment, statistically significant differences
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Table 3. Results of ABTS (mmol trolox.mL "), phenolic compounds (pg of acid galic.
mL™") and flavonoid compounds (ug of epicatechin. mL™") for treated pomegranate juice

ABTS (mmol Phenolic Flavonoid
Treatment Days 1 compounds (ng of compounds (pg of
trolox. mL"™) 1 1
acid galic. mL™) epicatechin. mL")
1 25.41+0.65° 1145.0+3.00° 76.86+0.63°
10 21.51+0.67° 1134.3+5.29° 71.14+0.98°
¢ 20 17.65+0.35¢ 1124.7+4.16" 68.81+1.14™
30 14.69+0.47° 1111.0+3.61° 67.74+0.91°
1 24.27+0.90° 1140.7+5.10° 76.19+0.34"
. 10 21.94+0.71° 1141.3+3.10° 73.82+0.58°
20 21.06+1.02" 1132.3+11.2° 73.43+0.27°
30 19.87+0.26° 1132.3+2.50° 71.77+0.32°
1 23.23+1.03" 1140.3+4.50° 76.04+0.09"
NJ 10 22.43+0.04° 1138.0+3.60° 73.68+0.32°
20 21.68+0.51® 1131.0+7.80° 73.47+0.20°
30 20.15+0.31° 1131.7+3.10° 71.02+0.12°
1 20.07+0.16" 1138.7+5.50° 73.74+0.77"
Ul 10 18.99+0.15° 1141.3+3.10° 72.57+0.23%
20 18.54+0.21° 1128.7+9.00™ 71.78+0.34°
30 18.06+0.10° 1123.7+1.50° 68.47+0.31°
1 19.66+0.44° 1138.0+3.00° 74 .23+1.23"
UNg 10 18.74+0.47° 1139.0+3.60° 72.99+0.33%

20 18.44+0.03°
30 17.88+0.22°

1133.3+9.00° 72.01+0.56
1133.0+1.70° 70.02+0.73°

All data are means £ SD, n = 3. Values with different letters within one column are
significantly different ( p < 0.05). C: fresh pomegranate juice, PJ: Pasteurized juice,
NJ: Natamycin juice, UJ: Ultrasound juice UNJ: Natamycin+Ultrasound juice

were found between the P samples and other applications during
the storage period in total anthocyanin content, color density and
percent polymeric color values ( p< 0.05). There were
statistically significant differences in the polymeric color values
except for ultrasound (p > 0.05). When Pearson correlation
coefficient was examined, total anthocyanin content was found
to be positively correlated with polymeric color.

Reductions in anthocyanins can occur due to high
temperature, pressure, and mechanical effects produced by
cavitation and chemical reactions due to the formation of
hydroxyl radicals (Aadil et al., 2015). Another explanation is
that the OH radicals produced by cavitation may essentially
disrupt the anthocyanins by opening the rings and due to
chalcone formation linked to the temperature rise during
sonication (Sadilova et al., 2007). In the studies conducted by
other researchers, similar changes in red grape (Tiwari et al.,
2010) and strawberry juice (Tiwari et al., 2008) were observed
after ultrasound application. In another study, it was found that
ultrasound-treated berries and strawberry juice had anthocyanin
retention levels of more than 98 %. (Tiwari et al., 2009b). At
the end of the study, retention rates in storage conditions are as

follows; C (83 %), PJ (93 %), NJ (92 %), UJ (92 %) and UNJ
(91 %). There was no statistically significant difference
between 1, 10 and 20 days after ultrasound treatment. As the
ratio of polymeric color increases, it is understood that
monomeric anthocyanins are degraded and brown color
pigments increase, and the natural color is shortened
(Cemeroglu, 2010). This increase in the amount of polymeric
color is thought to be due to the concentration of anthocyanins
with other phenolic compounds (Guerrero et al., 2001;
Monagas et al., 2005).

Sensory analysis  Sensory analysis values for ultrasound
and/or natamycin treated pomegranate juice are shown in Table
6 and Figure 1. At the end of the treatment, statistically
significant differences were not detected during the storage
period in the smell, mouth feel and clarity values between the P
sample and other applications ( p > 0.05), whereas statistically
significant differences were determined for the other properties
(p<0.05).

In the ultrasound studies applied to cranberry and apple
juice, it was determined that the taste and smell evaluations
were affected by the changes in the metal taste or free radicals
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Table 4. Results of color (L, a, b) values for treated pomegranate juice

Treatment Days L a b

1 35.35+0.16" 17.50+0.07° 11.31+0.03°

10 34.10+0.04° 17.01+0.24° 10.98+0.18°

c 20 33.77+0.05° 15.20+0.07¢ 10.44+0.13¢
30 33.38+0.15° 14.59+0.06° 10.08+0.05¢

1 35.23+0.02° 17.43+0.02° 11.35+0.15°

PJ 10 35.17+0.03% 17.18+0.11° 11.2140.08"
20 35.12+0.03" 16.82+0.12" 10.82+0.06"

30 35.06+0.02° 16.47+0.11° 10.70+0.05"

1 35.9140.16" 17.38+0.30° 11.27+0.02°

NI 10 35.75+0.01" 16.67+0.08" 10.94+0.15"
20 35.62+0.15" 16.47+0.08° 10.75+0.01°

30 35.41+0.01° 16.26+0.13° 10.56+0.02°

1 35.11+0.03" 16.45+0.03" 10.53+0.00

Us 10 35.05+0.00° 16.04+0.20™ 10.38+0.06°
20 34.89+0.06° 15.65+0.32% 9.86+0.01°

30 34.71+0.01° 15.31+0.03° 9.75+0.00°

1 35.15+0.03" 16.43+0.02° 10.78+0.04°

Ny 10 35.09+0.02" 16.30+0.02° 10.36+0.03"

20 34.99+0.06°
30 34.84+0.04°

16.26+0.14° 10.38+0.06°
15.88+0.03° 10.04+0.17°

All data are means + SD, n = 3. Values with different letters within one column are
significantly different ( p < 0.05). C: fresh pomegranate juice, PJ: Pasteurized juice,
NJ: Natamycin juice, UJ: Ultrasound juice UNJ: Natamycin+Ultrasound juice

Mouth feel

Clasity

A}l:ugea:ame

Owerall acceptabil ity

Mouth feel

Clarity

Fig. 1. Results of sensory analysis values chart for treated pomegranate juice

caused by the probes (Caminiti et al., 2011; Simunek et al.,
2013). This was not the case in the study. The researchers
evaluated the quality of ultrasound orange juice in terms of
standard parameters (taste, taste, smell, mouth sensation etc.).
It was found that the sensory properties of ultrasound-treated
orange juice were the most acceptable for consumers and were
equal to the quality parameters of fresh unprocessed fruit juices
(Khandpur and Gogate, 2015). Apple juice and nectar treated
with ultrasound were found to have better sensory acceptability

than thermally pasteurized juices. The positive effect of the
ultrasound process is attributed to the removal of oxygen.
Another explanation for the possible changes in the odor and
taste of ultrasound-treated fruit juices is the rapid isomerization
of the compounds and the emergence of oxidation (Samani et
al., 2015). As in some studies in the literature, sensory
properties were found to be less effective and acceptable than
natamycin and ultrasound applications.
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Table 5. Results of total anthocyanin content (mg cyanidin-3-glucoside / L), color density, polymeric color and
percent polymeric color values for treated pomegranate juice

Total anthocyanin

Polymeric color

Treatment Days content (mg cyanidin- Color density = Polymeric color ratio
3-glucoside / L)
1 119.51+0.25° 1.73+0.00° 0.63+0.06° 36.22+0.33°
10 110.27+0.12° 1.65+0.01° 0.61+0.00° 37.04+0.13°
¢ 20 105.30+0.06° 1.60+0.01° 0.5940.06° 37.08+0.20"
30 102.07+0.29" 1.56+0.01° 0.58+0.06° 36.89+0.50"
1 118.07+1.01° 1.72+0.01° 0.62+0.01° 36.17+0.21°
PJ 10 117.33+0.17° 1.71£0.01® 0.62+0.01° 36.19+0.60°
20 114.76+0.62° 1.70+0.01% 0.62+0.01° 36.35+0.59"
30 110.21+0.97¢ 1.69+0.01° 0.63+0.01° 37.16+0.5%
1 117.89+0.88° 1.72+0.01° 0.63+0.01° 36.82+0.18"
NJ 10 116.65+1.04° 1.71+0.01° 0.63+0.02° 36.65+0.85"
20 110.42+0.73" 1.68+0.01° 0.62+0.01° 36.63+0.30"
30 108.55+0.31° 1.70+0.02" 0.64+0.01° 37.45+0.36"
1 115.24+0.39° 1.68+0.01° 0.60+0.01° 35.59+0.84°
Ul 10 113.90+0.30° 1.65+£0.01" 0.60+0.01° 36.44+0.66°
20 108.90+0.31° 1.63+0.01° 0.60+0.01% 36.89+0.13°
30 103.76+0.35¢ 1.59+0.02° 0.63+0.02° 39.71+1.25°
1 116.18+0.06° 1.68+0.02° 0.62+0.02° 35.79+1.15
UNg 10 114.77+0.49" 1.65+0.01" 0.60+0.01° 36.49+0.43°
20 109.59+0.58" 1.63+£0.01™ 0.60+0.01° 36.53+0.62°
30 105.98+0.81° 1.61+0.01° 0.63+0.02° 39.13+0.87°

All data are means + SD, n = 3. Values with different letters within one column are significantly different
(p <0.05). C: fresh pomegranate juice, PJ: Pasteurized juice, NJ: Natamycin juice, UJ: Ultrasound juice UNJ:

Natamycin+Ultrasound juice

Conclusion

In this study, the effects of non-thermal ultrasound and
natamycin treatment on microbiological, physicochemical and
sensory properties were evaluated for pomegranate juice quality.
Ultrasound processing was found to provide more successful
results for phenolic substances, flavonoids and antioxidant
compounds in pomegranate juice. The sensory properties of the
treated products were also found to be successful. Ultrasound
and natamycin were found to be technologies with the potential
to reduce the microbial load in pomegranate juice and to protect
bioactive compounds during storage in the refrigerator. In
summary, it is concluded that natamycin combined with
ultrasound technologies will provide an alternative for the
processing of pomegranate juice.
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