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Abstract

Watermelon (Citrullus lanatus) is important in the fruit juice industry. The aim of this study was to determine the pH,
titratable acidity, Brix, color properties, lycopene, ascorbic acid, total phenolic concentration, total flavonoid concentration,
antioxidant activity, hydroxy methyl furfural, sensory properties and microbial safety after ultrasound treatments (4, 8, 12
and 16 min) and the pasteurization process in red watermelon juice and yellow watermelon juice. Red watermelon juice and
yellow watermelon juice samples showed no statistically significant change in Brix and titratable acidity values at the end
of the treatments (p > 0.05). Improvements in lycopene, phenolic concentration, flavonoid concentration and antioxidant
capacity of fresh fruit juice samples was determined with US16 (sonication for 16 min). However, ultrasound treatments led
to reductions in the concentration of ascorbic acid compared to fresh juice samples. The concentration of lycopene in both
fruit juice samples was found to have a negative correlation with the HMF (hydroxymethyl-furfural) concentration. Due to the
current findings presented in this study, ultrasound treatments applied to fruit juices were found to be generally microbiologi-
cally safe. A better understanding of the improvement in bioactive components, provision of microbial safety and increased
consumer appreciation linked to ultrasound treatment of red watermelon juice and yellow watermelon juice was provided.

Keywords Antioxidant - Lycopene - Non-thermal - Ultrasound - Watermelon juice

Introduction

Fruits and vegetables are sources of antioxidants, miner-
als and fiber. Due to the bioactive substances they contain,
they help to protect against various diseases [1]. Watermelon
(Citrullus lanatus) belongs to the Cucurbitaceae family.
Depending on the concentration of lycopene and f-carotene,
it has different colors such as yellow, orange and red [2]. In
particular, consumption of lycopene-containing foods was
associated with reduced incidence of coronary heart disease
and some types of cancer. Watermelon is important in terms
of nutritional physiology due to its bioactive properties in
in vivo and in vitro studies [3-7]. Watermelon is suitable
for processing into fruit juice due to 93% water content.
Therefore, watermelon juice has been gaining popularity
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worldwide in recent years due to its sensory, physical and
nutritional properties. Thermal treatment of watermelon
juice adversely affects its quality, nutritional value and
organoleptic properties. At the same time, the typical irri-
tating odor after heating watermelon juice causes problems
in the industry [8, 9]. Another problem is that HMF is an
undesirable condition in food due to the harm to human
health, and its presence and content are also an important
quality criterion in the processing of food [10]. Non-thermal
treatments are used to obtain more acceptable watermelon
juice [3, 5, 11, 12].

Nowadays, consumers are more interested in fresh,
nutritious and safe foods. Thermal pasteurization processes
were successful in increasing the shelf life of nutrients,
but involve losses in terms of bioavailability [13, 14]. This
encourages research into innovative non-thermal process-
ing technologies that could be an alternative to thermal
processes in food. The ultrasound method or sonication is
one of the alternative non-thermal technologies in the food
industry. The sound waves that people can hear are between
20 Hz and 20 kHz. Mechanical sound waves at frequencies
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outside the range of sound that can be heard by the human
ear are called ultrasounds or ultrasound [15]. It is reported
that ultrasound applications to fruit juices provide signifi-
cant microbial and enzyme inactivation while simultane-
ously keeping nutritional losses to a minimum [14, 16, 17].

Previously, ultrasound was applied to different fruit
juices; for example, casturi lime juice [18], apple-carrot
juice [19], apple juice [20], strawberry juice [21] and mango
juice [22]. On the other hand, optimization for watermelon
juice was carried out only with the application of thermo-
sonication [3]. When the literature was examined, ultrasound
application and comparison of red and yellow watermelon
juice was not performed. Here, red watermelon and yellow
watermelon juice, which have significant potential thanks to
the nutritional properties of processed products in addition
to fresh consumption, were researched. The aim of this study
was to investigate the effects of different ultrasound treat-
ments on physicochemical properties (pH, titratable acidity,
total soluble solids and color attributes), bioactive properties
(total polyphenols, total flavonoids, total antioxidant activity,
lycopene and ascorbic acid), sensory properties and micro-
biological safety of red and yellow watermelon juice. At the
same time, HMF was investigated because it is considered to
evaluate the process applied to fruit juice during processing
and quality control.

Materials and methods
Juice sample preparation

Fresh red watermelon and yellow watermelon were collected
from local producers (Tekirdag, Turkey) and kept at 4 °C
until the experiments were performed. Shells, stems, seeds
and ripened parts were discarded. A blender (Waring Com-
mercial Blender Model HGB2WTS3, USA) was used for
crushing to extract the juice. Juice was then filtered through
sterilized double-layer muslin fabric. Red watermelon juice
was mixed with a vortex and selected as control (CRW). It
was filled into sterilized 100 mL airtight bottles. This juice
was pasteurized at 90 °C for 30 s in a water bath and cooled
to 20 °C, and then named pasteurized red watermelon juice

(PRW). Other samples were treated with ultrasound. In the
study, the UP200St- ultrasound device by Hielscher Ultra-
sonics (Berlin, Germany) was used. Samples were stored at
— 20 °C until analysis. The same procedures were applied
to the yellow-flesh watermelons. Pasteurized yellow water-
melon juice (PYW) and fresh water watermelon (CYW)
were coded. As shown in Table 1, the processing time and
operating conditions were set at 4 min (US4), 8 min (USS),
12 min (US12) and 16 min (US16). The parameters used for
ultrasound were determined by modifying previous stud-
ies and performing preliminary trials [21, 23]. The samples
were stored in glass bottles at a temperature of — 18 °C until
the tests were carried out. All treatments were carried out
in triplicate.

Microbiological analysis

Serial dilutions of juice were prepared in peptone water
solution for microbial counts. Colony forming units (CFU)
were determined by standard spreading and pouring plate
methodologies. PCA (Plate Count Agar-Merck) was used
for total aerobic plate count (TAPC). Samples were incu-
bated at 30 °C for 48 h. For yeast and mold count (YMC),
PDA (Potato Dextrose Agar-Merck) was used. Samples were
incubated at 24 °C for 3-5 days. Total Enterobacteriaceae
count (TEC) was determined in Violet Red BileGlucose
Agar-Merck (VRBG) incubated at 37 °C for 24 h. Results
are given as log colony forming units (CFU) per milliliter
of juice [24].

Determination of pH, total soluble solids (°Brix)
and titratable acidity

pH was measured using a potentiometer (Hanna Instruments
HI 2002 pH/ORP, Romania). Measurements were made at
20 °C. Soluble solids were measured using a refractometer
(ATAGO brand RX-7000a model, Japan) and the results
were expressed in Brix. The titration acidity was potentio-
metrically determined by titration of the samples with 0.1 N
NaOH (Sigma-Aldrich, USA) solution to pH 8.1. From the
sample, 5 mL was taken and 50 mL of distilled water was

Table 1 Parameters of

Sample Treatment Time (min) Frequency Amplitude (%) Power (W)
ultrasound treatments for red (kHz)
watermelon juice and yellow
watermelon juice 100 mL juice USs4 26 50 80
US8 8 26 50 80
US12 12 26 50 80
US16 16 26 50 80

US4 sonication for 4 min, US8 sonication for 8 min, US/2 sonication for 12 min, US16 sonication for

16 min

@ Springer



Sensory, physicochemical, microbiological and bioactive properties of red watermelon juice...

added and 10 mL of the sample was taken from the filtrate.
The results were calculated as g malic acid/L [25].

Color analysis

L*, a* and b* values of fruit juices were measured with a
Hunter colorimeter (Color Measuring Device PCE-CSM 5,
Germany). L* is a measure of light and darkness between
0 and 100. O corresponds to black and 100 corresponds to
white. In the color measurement system, positive (+) values
of the a* value indicate redness and negative (—) values
indicate greenness. The positive (+) values of the b* value
indicate yellow and the negative (—) values represent blue.
Chroma (C) and hue angle (h) were expressed according to
the following Egs. (1-2) [26];

Chroma, C = (a® + b*)'/? €))]

h (hue angle) = tan™! (b/a). 2)

Determination of total polyphenols, total flavonoids
and antioxidant activity

Total phenolic concentration analysis was performed accord-
ing to the Folin-Ciocalteu method [27]. Juice samples of
0.5 mL were diluted with an appropriate proportion of puri-
fied water (1:10), and 2.5 mL of 0.2 N Folin-Ciocalteu rea-
gent was added and after 3 min 2 mL of 7.5% (w/v) Na,CO,
solution was added. After incubation for 30 min in a dark
environment at room temperature, the tubes were vortexed
and absorbance measurements were performed with a spec-
trophotometer at 760 nm wavelength. The total phenolic con-
centration agent is expressed in gallic acid equivalent (mg
GAE/L). The analyses were performed in three parallels.

The total flavonoid concentration was measured with the
aluminum chloride colorimetric analysis method [28]. Each
diluted juice sample of 1 mL was added to each tube, then
4 mL of purified water and 0.3 mL of 5% sodium nitrite
(NaNO,) solution was added, after 5 min 0.3 mL of 10%
aluminum chloride (AICl;) solution was added and mixed
and left to stand for 6 min. At the end of the time, 2 mL of
1 M NaOH was added and the total volume was completed
to 10 mL with distilled water. The absorbance values of the
samples were read on a UV-VIS spectrophotometer (SP-
UV/VIS-300SRB, Australia) at a wavelength of 510 nm. The
analyses were performed in three parallels. Total flavonoid
concentration was expressed as mg catechin equivalents (mg
CE/L) per liter.

Determination of antioxidant capacity was completed
with the DPPH method, where the DPPH (2,2-diphenyl-
1-picrylhydrazyl) radical occurs based on inhibition with
some modifications [29]. First, 2.9 mL of a 0.1 mM DPPH
solution (prepared in ethanol) was added to 0.1 mL of
fruit juice sample and mixed in a vortex and left at room
temperature for 30 min in the dark. The absorbance was
then measured on a UV-VIS spectrophotometer (SP-UV/
VIS-300SRB, Australia) at a wavelength of 517 nm. The
DPPH radical scavenging activity was calculated as:

DPPH radical scavenging activity (%) = (Aq—A;)/Ay) x 100

where A, is the absorbance of the control, and A, is the
absorbance of the juice.

The CUPRAC (cupric reducing antioxidant capacity)
method was used to determine antioxidant capacity [30].
Copper chloride of 1 mL (CuCl,, Sigma Aldrich, Ger-
many), | mL of Neocuprin (Sigma Aldrich, Germany),
1 mL of ammonium acetate solution (NH4Ac, Merck,
Germany), 0.1 mL of an appropriate diluted juice sample,
and 1 mL of purified water were added to each tube in 3
parallel repetitions. These were vortexed and incubated for
I h in a dark environment. The absorbance values of the
samples were then measured at a wavelength of 450 nm.
Calculations were made by using the standard calibration
curve prepared with Trolox (Merck, Germany).

Determination of lycopene

Lycopene concentration was determined with the modified
method [7]. Approximately 0.6 g of sample was weighed
and added to 5 mL of 0.05% (w/v) BHT in acetone, 5 mL
of 95% ethanol and 10 mL of hexane. The homogenate
was centrifuged at 400 g for 15 min at 4 °C. After that,
3 mL of distilled water was added. The vials were agi-
tated for 5 min and left at room temperature to allow phase
separation to occur. The absorbance of the upper hexane
layer was measured in a 1 cm-path length quartz cuvette
at 503 nm using a spectrophotometer. Hexane was used
as blank. The absorbance (Abs503) of the upper (hexane)
layer was measured in a 1 cm path-length quartz cuvette at
503 nm blanked with hexane. The lycopene concentration
(mg/L) of each sample was estimated as follows:

Lycopene = Abs503 x MW x DF x 1000 x L (3)

where MW is the molecular weight of lycopene (536.9 g/
mol), DF is the dilution factor, L is the path length in
cm, and € is the molar extinction coefficient for lycopene
(172,000 L/mol/cm).
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Determination of ascorbic acid

Calculation of the ascorbic acid concentration of the sam-
ples was carried out with AOAC 961.27 vitamin preparation
and ascorbic acid 2,6 dichlorophenol indophenol-titrimetric
method in fruit juices (AOAC, 2000). The results obtained
are expressed as milligrams of ascorbic acid per 100 mL
sample, and the calculation was done as stated below:

Ascorbic acid mg/100 mL = (titer X dye factor
X concentration X 100)/(extract aliquot used for estimation

X volume of sample use for estimation)

Determination of HMF (hydroxymethyl-furfural)

The method used to measure the color intensity of HMF
is based on the reaction of barbituric acid and p-toluene
with the colorimetric method. Two milligrams of juice was
transferred to two different glass tubes, and then 5 mL of
p-toluidine 1 solution was added. After the mixture in the
tubes was mixed with a vortex, 1 mL of distilled water was
used as a witness for the tubes and 1 mL of barbituric acid
solution was added to the second tube. After the tubes were
again mixed with the vortex, the contents of the tube con-
taining the barbituric acid solution were recorded after wait-
ing until the tube reached maximum absorption at 550 nm
in the spectrophotometer (SP-UV/VIS-300SRB, Australia)
against the contents of the tube prepared as a blind [31].

Sensory analysis

The acceptance test was performed for color, texture (viscos-
ity), taste and aroma and overall acceptance, using a 9-point
structured hedonic scale ranging from (1) extremely dislike
to (9) like extremely. A total of 30 (17 female, 13 male)
panelists evaluated the juices. Scale scores were excellent
9; very good 8; good, 7; acceptable, 6; and poor (first odor-
less, tasteless development) < 6. Lower points were accepted
as 6. Prior to sensory evaluation, the juice samples were
cooled, randomly coded with three-digit numbers, and the
order of presentation was completely randomized for each
panelist. The evaluation was carried out in the Department
of Nutrition and Dietetics of Tekirdag Namik Kemal Uni-
versity (Tekirdag, Turkey).

Statistical analysis

All values were obtained in triplicate and expressed as
mean + standard deviation (SD). The significant differ-
ences between mean values of watermelon juice samples
were determined by analysis of variance (one way-ANOVA)
using Tukey’s HSD (Honestly Significant Difference) test
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at a significance level of p <0.05. Statistical analysis was
conducted using SPSS 22.0 software (SPSS Inc., Chicago,
USA). Pearson correlation coefficients were obtained using
OriginPro version 2017 (OriginLab, Northampton, Massa-
chusetts, USA.).

Results and discussion
Microbiological analysis

Table 2 shows the effect of ultrasound treatment on micro-
organisms in red watermelon juice and yellow watermelon
juice. In US4 treatment of fresh red watermelon juice, a
decrease in TAPC content of 1.2 log CFU/mL was detected.
Total Enterobacteriaceae could not be detected in other
treatments. A significant reduction (p < 0.05) was observed
in the TAPC of yellow watermelon juice samples subjected
to the ultrasound treatments of US4, US8, US12 and US16
compared to the CYW juice samples. US4 treatment of yel-
low watermelon juice showed a decrease of 1.2 log CFU/mL
in the content of YMC compared to the CYW sample. Cur-
rently, the Food and Drug Administration (FDA) requires a
5-log CFU/mL reduction for a relevant pathogen target in
fruit juice, but there is no specific criterion for the total plate
count. Therefore, ultrasound treatments applied to red water-
melon juice and yellow watermelon juice were successful
in the general microbiological evaluation. In addition, the
increase in the duration of treatment with the reduction of
microbial load showed similarities with the literature indi-
cating that microbial inactivation increased more with time
[18]. Similar studies reported successful use of ultrasound
treatment for pear juice, apple juice, mango juice and pur-
ple cactus juice for inactivation of microbial cells [20, 22,
32, 33]. The causes of the decrease in microbial population
include the increased pressure in the liquid with the effect of
ultrasonication and cavitation. Shock waves, cavitation and
hydroxyl radicals have destructive effects on microorgan-
isms [34, 35].

Effect of ultrasound on pH, total soluble solids
(°Brix), titratable acidity and color attributes

The results about the effect of treatments on pH, titratable
acidity (TA), total soluble solids (TSS), and color attrib-
utes in red watermelon juice and yellow watermelon juice
are shown in Table 3. In the study, minimal decreases were
determined in red watermelon juice pH (5.60-5.59) and yel-
low watermelon juice pH (5.37-5.36). Red watermelon juice
and yellow watermelon juice samples showed no statistically
significant change in TSS and TA values at the end of the
treatment (p > 0.05). Non-thermal treatments generally have
no significant effect on pH, TA and TSS values [36]. The pH
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Table 2 Effect of ultrasound

treatment on the survival
of microorganisms in red

watermelon juice and yellow

watermelon juice

Juice

Sample

TEC (log CFU/mL)

TAPC (log CFU/mL)

YMC (log CFU/mL)

Red watermelon

Yellow watermelon

CRW
PRW
US4
US8
US12
US16
CcYw
PYW
US4
Us8
US12
US16

1.00+0.03 2.72+0.06* 3.07+0.13°
ND ND ND
ND 1.52+0.13° 1.54+0.15°
ND ND ND
ND ND ND
ND ND ND
<1 2.64 +0.04% 2.79+0.14°
ND ND ND
ND 1.16+£0.02° 1.69+0.07°
ND ND ND
ND ND ND
ND ND ND

Values followed by different letters within the same column are significantly different (p<0.05)

(n=3+SD)

ND not detected, CFU colony-forming unit, CRW untreated red watermelon juice, PRW pasteurized red
watermelon juice, CYW untreated yellow watermelon juice, PYW pasteurized yellow watermelon juice,
US4 sonication for 4 min, US8 sonication for 8 min, USI2 sonication for 12 min, USI6 sonication for
16 min, TEC total Enterobacteriaceae count, TAPC total aerobic plate count, YMC yeast and mold count

Table 3 Effect of ultrasound on pH, total soluble solids, titratable acidity and color attributes in red watermelon juice and yellow watermelon

juice
Juice Sample pH TSS (°Brix) TA (%) Color attributes
L* a* b* C h
Red watermelon CRW 5.60+0.00° 7.00+0.00° 0.094 +0.00* 41.86+0.58" 26.98+0.47* 15.58£0.40°  31.15+0.61° 30.01+0.21°
PRW 5.60+0.00° 7.00+0.00° 0.094 +0.00° 41.71£0.42° 26.57+0.20° 16.02+0.16° 31.03£0.20° 31.08+0.28"
US4 5.60+0.00* 7.00+0.00* 0.094 +0.00* 41.82+0.58* 25.77+0.21° 15.09+0.01®  29.86+0.19° 30.35+0.20°
US8 5.60+0.00° 7.00+0.00°* 0.094 +0.00° 41.21+0.32° 27.04+0.11° 15.76+£0.07% 31.30+0.13° 30.23+0.02°
Usi2 5.60+0.00° 7.00+0.00° 0.094 +0.00° 41.47+0.22° 26.91+0.13° 15.73 +£0.05° 31.17+0.14° 30.31+0.04°
uUsle 5.59+0.01° 7.00+0.00° 0.094 +0.00* 41.67+0.34* 26.77 +£0.25 15.62 +0.09* 31.00+0.26 30.25+0.09°
Yellow water- ~ CYW 5.37+0.00° 6.00+0.00° 0.087 +0.00* 48.19+0.42¢ 19.66+0.48" 23.17+0.81°  30.49+0.85° 49.46+0.50°
melon PYW 5.37+0.00° 6.00+0.00° 0.087 +0.00° 48.58+0.03%¢  19.75+0.03" 2325+0.06®  30.50+£0.06°  49.65+0.04
US4 5.37+0.00° 6.00+0.00° 0.087 +0.00* 50.02+0.20° 19.94+0.09° 2329+0.10°  30.66+0.13 49.44+0.07°
Us8 5.37+0.00° 6.00+0.00° 0.087 +0.00* 48.44+0.04®  19.89+0.05° 23.60+0.05°  30.87+0.07°  49.87+0.03%°
US12 5.37+0.00° 6.00+0.00° 0.087 +0.00* 49.33+0.06° 20.15+0.12° 24.09+0.15° 31.41+0.20° 50.11+0.03°
US16 5.36+0.01° 6.00+0.00* 0.085+0.00° 48.86+0.30% 19.83+0.18* 23.10+0.19° 30.44+0.26* 49.36+£0.03°

Values followed by different letters within the same column are significantly different (p <0.05) (n=3+SD)

CRW untreated red watermelon juice, PRW pasteurized red watermelon juice, CYW untreated yellow watermelon juice, PYW pasteurized yellow
watermelon juice, US4 sonication for 4 min, USS8 sonication for 8 min, US/2 sonication for 12 min, US/6 sonication for 16 min, 7A titratable
acidity, 7SS total soluble solids, L* represents luminance value, a* represents red and greenery; b* represents yellow and blue

of red watermelon juice and yellow watermelon juice are
closely related to changes in TSS and TA values, genotype,
growing conditions and maturity of the raw material used.
Similar results regarding pH, TA and TSS were reported for
ultrasound-treated strawberry [37], orange [38], carrot [39],
casturi lime [18], carrot [40] and mango juice [22].

The color of fruit juice is generally important for con-
sumer choice. Results regarding the effect of ultrasound
treatments on color values of red watermelon juice and
yellow watermelon juice are given in Table 3. At the end

of different ultrasound treatments, statistically significant
differences in L*, a* and b*, C and h values between red
watermelon and yellow watermelon juice samples were
determined (p <0.05). At the end of the treatment, there
was no statistical difference in CYW and PYW samples for
yellow watermelon juice for L* value (p > 0.05), but statisti-
cally significant differences were found when compared with
other samples (p <0.05). Different ultrasound treatments
applied to carrot juice were reported to increase L* in the
first minutes and then to decrease it [39]. In this study, it was
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determined that the increase in the L* value of yellow water-
melon juice, especially with the US4 treatment, decreased
later. The a* and C color values of red and yellow water-
melon juice in the US4 samples were found to be statistically
different from other samples (p <0.05). The PYW sample for
red watermelon juice was found to be statistically significant
when compared with other samples for hue angle (p < 0.05).
This is considered to be a result of oxidation/isomerization
of carotenoids leading to small changes in redness and yel-
lowness in fruit juices [41]. Increases in L* values may result
from collapse of unstable particles [42]. For a decrease in
the a* values of fruit juices, anthocyanin degradation and
the formation of maillard reaction products were reported
[43]. In a study related to the decrease in color values, it can
be concluded that the total phenolic concentration in fruit
juice samples may increase as a result of cavitation [44]. On
the other hand, one of the reasons for color changes is the
formation of hydroxyl radicals as a result of cavitation and
collapse due to high pressure effects during ultrasound treat-
ment [45]. Although ultrasound treatments caused changes
in L*, a* and b* values of red watermelon juice and yellow
watermelon juice, these changes were not easily seen by the
naked eye. Therefore, ultrasound treatment can be used in
the processing of watermelon juices.

Effect of ultrasound on bioactive compounds

The results regarding the effects of treatments of red
watermelon juice and yellow watermelon juice in terms of

bioactive compounds are shown in Table 4. Different ultra-
sound applications were found to be effective on the bioac-
tive compounds (p <0.05). Phenolic compounds are very
important and beneficial to human health as they play a role
in controlling the risk of many chronic degenerative diseases
occurring in the human body [46]. In this study, decreases
in TPC (mg GAE/L) and TFC (mg CE/L) contents in both
fruit juices were found in pasteurized samples. In contrast,
increases in TPC and TFC levels were found in this study in
ultrasound-treated fruit juice samples (Table 4). With US16
treatment of red watermelon juice, the TPC content was
increased by 1.7% compared to the CRW sample. In yellow
watermelon juice, US16 treatment showed a 5.7% improve-
ment in TPC content compared to red watermelon juice
CYW sample. With the US16 treatment of red watermelon
juice, an increase of 0.016 CE mg/L was found compared to
the CRW sample. For yellow watermelon juice, the US16
treatment was detected to cause a 0.012 CE mg/L increase
compared to the CYW sample. Similar results were found
in other fruit juices (carrot, casturi lime, grapefruit and
Chokanan mango juices) as in this study [18, 22, 47, 48].
This increase in TPC and TFC contents can be attributed to
the breakage of the bonded form of phenolic content due to
cavitation pressure generated during the ultrasound process
and cell wall breakage. In addition, ultrasound-generated
hydroxyl radicals (OH™) can be explained by binding to the
aromatic ring of phenolic compounds [47]. The TPC and
TFC content in red watermelon juice and yellow watermelon
juice showed positive correlation with antioxidant capacity

Table 4 Effects of ultrasound on TPC, TFC, DPPH, CUPRAC, lycopene, vitamin C and HMF analysis of red watermelon juice and yellow

watermelon juice
Juice Sample TPC (mg TFC (mg DPPH (mg CUPRAC Lycopene Vitamin C HMF (mg/L)
GAE/L) CE/L) TEAC/mL) (mg TEAC/  (mg/100mL)  (mg/100 mL)
mL)
Red water- CRW  133.5420.29"° 37.07+0.52°  0.146+0.03°  0.212+0.02" 3433+0.09®° 523+0.03" 0.128+0.03*
melon PRW  123.1240.39* 32.92+0.30°  0.135+0.02*  0.194+0.02* 28.86+0.28"  2.59+0.13* 0.244+0.05°
US4 133.97+0.36™ 37.29+0.17°  0.150+0.03®  0214+0.01° 34.81+0.25  4.84+0.04° 0.135+0.01°
US8 134.77+0.57° 38.19+0.08°  0.153+0.02¢¢  0218+0.02° 3521+0.08%¢ 3.97+0.07¢ 0.148+0.05°
USI2 134824055 39.17+0.12¢  0.158+0.01%  0.221+0.01° 35.41+0.08¢  3.29+0.04° 0.161+0.06°
US16 135894025 39.56+0.30°  0.162+0.02°  0.226+0.02¢ 3593+0.1le  2.91+0.05> 0.177+0.01¢
Yellow water-  CYW  96.01+£0.20° 34.16+0.65*  0.103£0.01°  0.173x£0.02°  0.22+0.01  3.19+0.04" 0.108+0.04?
melon PYW  84.15+037° 27.99+0.15*  0.086+0.02*  0.158+0.00° 0.07+0.01*  1.58+0.09"° 0.143 +0.04¢
US4 97.39+0.63° 34.16+0.65°  0.105+0.01°  0.174+0.01°> 0.22+0.01® 2.93+0.06 0.119+0.03"
US8 98.72+0.11¢  3491+0.08" 0.109+£0.01°  0.176+0.07°  0.24+0.01*¢ 2.56+0.08° 0.126+0.05"
USI2  101.68+0.41° 3538+0.14°  0.112+0.01%  0.179+0.03* 0.24+0.00¢¢ 2.13+£0.07° 0.131+0.03¢
US16  101.86+0.27° 35.88+0.27° 0.115+0.02°  0.187+0.05 025+0.01°  1.77+0.00* 0.133+0.04

Values followed by different letters within the same column are significantly different (p <0.05) (n=3+SD)

CRW untreated red watermelon juice, PRW pasteurized red watermelon juice, CYW untreated yellow watermelon juice, PYW pasteurized yellow
watermelon juice, US4 sonication for 4 min, US8 sonication for 8 min, US12 sonication for 12 min, US16 sonication for 16 min, TPC total phe-
nolic concentration, TFC total flavonoid concentration, DDPH radical scavenging activity, CUPRAC cupric reducing antioxidant capacity, HMF
hydroxy methyl furfural
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of CUPRAC (mg TEAC/mL), and were statistically signifi-
cant (p>0.05). However, the contents of TPC and TFC in
red watermelon and yellow watermelon juice were nega-
tively correlated with HMF (mg/L). TPC and TFC values
showed a low degree positive correlation with the vitamin
C concentration (mg/100 mL) for fruit juice samples, but it
was not statistically significant (p > 0.05) (Table 5).

The total antioxidant capacity (DPPH and CUPRAC) of
fruit juices treated with different ultrasound processing con-
ditions were shown in Table 4. Statistically significant differ-
ences were found in DPPH and CUPRAC antioxidant capac-
ities after ultrasound treatment in red watermelon and yellow
watermelon juices (p <0.05). While antioxidant capacity of
fresh fruit juices decreased with pasteurization, it was found
to increase at the end of ultrasound processing (Table 4). At
the end of the ultrasound treatments, the highest increase in
DPPH amounts in red watermelon juice and yellow water-
melon juice samples was 9.9% and 10.4% in US16 samples,
respectively. CUPRAC amounts were also 6.6% and 7.5%

in US16 samples, respectively. As in this study, several
reports have shown positive correlations and improvements
between the total phenolics, including flavonoids, and the
antioxidant activities of fruit juices (castor lime, grapefruit,
cactus pear, strawberry and carrot-grape juice) [16, 18, 32,
47, 49]. These increases can be attributed to the increase in
phenolic substances associated with cavitation in processed
fruit juices after ultrasound [47]. A significant positive cor-
relation was found between TPC and TFC levels and total
antioxidant content (CUPRAC and DPPH). There was a
positive correlation between total antioxidant capacity and
lycopene levels of fruit juice samples (p <0.05), but it was
found to have a negative correlation with HMF concentra-
tion (Table 5). Antioxidant compounds play an important
role in preventing the risk of cancer and cardiovascular
disease, which are believed to be associated with oxidative
stress [50]. Therefore, it is thought that ultrasound-treated
red watermelon juice and yellow watermelon juice will be

Table 5 Correlation between TPC, TFC, DPPH, CUPRAC, lycopene, vitamin C and HMF of red watermelon juice and yellow watermelon juice

Juice Analysis TPC (mg TFC (mg CE/ DPPH (mg CUPRAC Lycopene Vitamin C HMF (mg/L)
GAE/L) mL) TEAC/mL) (mg TEAC/ (mg/100 mL) (mg/100 mL)
mL)
Red watermelon TPC (mg 1 0.963%* 0.890* 0.955* 0.999* 0416 - 0.826*
GAE/L)
TFC (mg CE/L) 0.963* 1 0.973* 0.995* 0.972* 0.168 —0.658
DPPH (mg 0.890* 0.973* 0.983* 0.908* —0.036 —0.484
TEAC/mL)
CUPRAC (mg 0.955% 0.995% 0.983* 1 0.965%* 0.132 —0.623
TEAC/mL)
Lycopene 0.999* 0.972%* 0.908* 0.965* 1 0.380 —0.804
(mg/100 mL)
Vitamin C 0.416 0.168 —0.036 0.132 0.380 1 —0.848*
(mg/100 mL)
HMF (mg/L) —0.826* —0.658 —0.484 —0.623 —0.804 —0.848* 1
Yellow water-  TPC (mg 1 0.988* 0.993* 0.956%* 0.976%* 0.277 —0.365
melon GAE/L)
TFC (mg CE/L) 0.988* 1 0.978* 0.941%* 0.997* 0.394 —0.485
DPPH (mg 0.993%* 0.978* 0.977* 0.962* 0.195 -0.292
TEAC/mL)
CUPRAC (mg  0.956%* 0.941* 0.977* 1 0.917* 0.106 —0.243
TEAC/mL)
Lycopene 0.976* 0.997* 0.962* 0.917* 1 0.452 —0.531
(mg/100 mL)
Vitamin C 0.277 0.394 0.195 0.106 0.452 1 —0.963*
(mg/100 mL)
HMF (mg/L) —0.365 —0.485 —0.292 —0.243 —0.531 —0.963* 1

2-tailed test of significance is used

CRW untreated red watermelon juice, PRW pasteurized red watermelon juice, CYW untreated yellow watermelon juice, PYW pasteurized yellow
watermelon juice, US4 sonication for 4 min, USS8 sonication for 8 min, US12 sonication for 12 min, US16 sonication for 16 min, TPC total phe-
nolic concentration, TFC total flavonoid concentration, DDPH radical scavenging activity, CUPRAC cupric reducing antioxidant capacity, HMF

hydroxy methyl furfural

*Correlation is significant at the 0.05 level
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very beneficial for human health with the increases in total
phenols and antioxidants shown in this study.

Lycopene is a bright red pigment from carotenoid. Lyco-
pene has strong antioxidant ability that can protect against
cancer and other degenerative diseases [51]. Lycopene con-
centration (mg/100 mL) of fruit juices treated with different
ultrasound processing conditions are shown in Table 4. In
this study, yellow watermelon juice lycopene concentration
was much lower than red watermelon juice. These results
showed that lycopene is abundant in red watermelon juice
and yellow watermelon has a lower concentration of lyco-
pene, which is consistent with the literature [52]. There were
statistically significant differences in the lycopene concentra-
tion after ultrasound treatment in red watermelon and yellow
watermelon juices (p < 0.05). The lycopene concentration
was decreased by pasteurization in both fruit juice samples
but increases were detected after ultrasound treatments.
The main causes of lycopene degradation with pasteuriza-
tion are oxidation and isomerization [9]. The increase in
lycopene in ultrasound-treated red watermelon juice was
US4=1.4%, US8=2.5%, US12=3.0% and US16=4.5%,
respectively, compared to CRW. In the thermosonication
treatment applied to watermelon juice, the researchers found
that the concentration of lycopene increased under low treat-
ment conditions and decreased at high amplitude levels [3].
There was a positive correlation between lycopene concen-
tration of red watermelon juice and yellow watermelon juice
with TPC, TFC, and total antioxidant content (CUPRAC and
DPPH) (p <0.05). The concentration of lycopene in both
fruit juice samples was found to have a negative correlation
with the HMF concentration (Table 5).

Vitamin C concentration (mg/100 mL) of fruit juices
treated with different ultrasound processing conditions
was shown in Table 4. Statistically significant differences
were found between the ascorbic acid concentrations in
red watermelon and yellow watermelon juices (p <0.05).
A study found that ascorbic acid degradation increased
when thermosonication was applied to watermelon juice at
a higher temperature. At the same time, they reported that
with the maximum amplitude and the longest processing
time, % ascorbic acid retention decreased to 50% [3]. In this
study, ascorbic acid retention in treatments of red water-
melon juice was found to be PRW =45.5%, US4=91.9%,
US8=68.3%, US12=41% and US16=20.3%, respectively,
compared to the CRW sample. Ascorbic acid retention in
treatments compared to CYW sample was determined as
PYW=49.5% US4=91.8%, US8=75.4%, US12=50.2%
and US16=19.8%, respectively. In the studies where dif-
ferent ultrasound conditions were applied, in parallel with
this study, ascorbic acid concentration decreased at the end
of the treatments [22, 53, 54]. Reductions in the amount
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of amino acids may be caused by the reduction in the con-
centration of ascorbic acid compound which is influenced
by a number of factors such as the reaction of free radicals
(especially hydroxyl), the presence of dissolved gases (O,),
acoustic power and temperature [22, 55]. Red watermelon
juice and yellow watermelon juice samples were found to
have a negative correlation between the concentrations of
vitamin C and HMF (p <0.05) (Table 5).

HMF (mg/L) of fruit juices treated with different ultra-
sound processing conditions was shown in Table 4. Red
watermelon juice and yellow watermelon juice showed sig-
nificant differences in HMF levels after treatment (p <0.05).
At the end of ultrasound treatments in both fruit juices, the
concentration of HMF increased as time increased. An
increase in the concentration of HMF of 0.049 mg/L was
detected in the maximum US16 sample compared to the
CRW sample. In yellow watermelon juice, HMW concen-
tration of 0.025 mg/L was found to be higher in US16 than
CRW. When the fruit juice results were evaluated, the HMF
levels were determined to be below 20 mg/kg maximum
according to AINP (European Fruit Juice Association) and
below 25 mg/kg maximum according to IFFJP (standards
for International Federation of Fruit Juice Producers). In
the study, cavitation occurring during ultrasound therapy
may have caused an increase in maillard reaction prod-
ucts. There was a negative correlation between HMF, TPC
(r=-0.826) and vitamin C (r=— 0.848) in red watermelon
juice (p <0.05). In yellow watermelon juice, HMF was found
to have a negative correlation with vitamin C (r=— 0.963).

Effect of ultrasound on sensory analysis

Sensory analysis of fruit juices treated with different ultra-
sound processing conditions are shown in Table 6 and
Fig. 1. Statistically significant differences were found in
color, texture, taste, aroma and overall acceptability evalu-
ations (p <0.05). In the general evaluation of the panelists,
US16 (8.63 points) was the sample with highest points for
red watermelon juice compared to CRW. For yellow water-
melon juice US8 (7.50 points) was identified as the most
popular. There were no statistically significant differences in
the aroma evaluation of yellow watermelon juice (p > 0.05).
When red watermelon juice and yellow watermelon juice
were evaluated among themselves, red watermelon juice
was appreciated more. Researchers found that the cranberry
juice [56], orange juices [57] and carrot-grapes [16] products
treated with ultrasound were generally acceptable. The posi-
tive effect of ultrasound on sensory properties is attributed to
the removal of oxygen [57]. In this study, it was determined
that the ultrasound procedure improved the sensory proper-
ties and showed parallels with the literature.
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Table 6 Results of sensory analysis values for treated watermelon juices

Juice Sample Sensory feature
Color Texture (viscosity) Taste Aroma Overall acceptability

Red watermelon CYW 7.40+0.72° 7.20+0.41° 7.37+0.56 7.47+0.51° 7.97 +0.56™
PYW 7.97+0.57° 7.47+0.51% 7.40+0.50° 7.57+£0.50® 7.63+0.76°
Us4 8.03+0.76° 7.90+0.55° 7.70+0.88" 7.70 +£0.47%¢ 8.13+0.51%
US8 8.03+0.61° 7.50£0.94% 7.40+0.81° 7.60+0.50 8.40 +0.67°¢
US12 8.40+0.56° 7.70+£0.47% 7.27+0.83% 7.90+£0.55® 8.50+0.68 4
US16 8.37+0.49° 7.30+1.02 7.40+0.77* 8.00+0.64¢ 8.63+0.56¢

Yellow watermelon CYW 7.60 +0.50° 7.20+0.48% 6.37+0.49° 7.10+0.66" 7.17+0.53%
PYW 7.63+£0.56™ 7.43£0.50 6.63+0.56™ 7.07+0.58" 6.80+£0.76°
Us4 7.60+0.67* 7.70+0.47° 7.00+0.53¢ 7.30+£0.47* 7.37+£0.56°
US8 8.07+0.58° 7.60+£0.81% 7.00+0.37¢ 7.10+0.55 7.50+£0.68°
USI12 7.73£0.64% 7.43£0.68% 6.80+£0.41% 7.20+0.61° 7.40+0.67°
US16 8.07+0.64° 7.13+0.97 7.00+0.53¢ 7.23+£0.43 7.33+£0.48°

Values followed by different letters within the same column are significantly different (p <0.05) (n=3 +SD)

CRW untreated red watermelon juice, PRW pasteurized red watermelon juice, CYW untreated yellow watermelon juice, PYW pasteurized yellow
watermelon juice, US4 sonication for 4 min, USS8 sonication for 8 min, US/2 sonication for 12 min, US16 sonication for 16 min

A

CRW
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8,4

USs16 8.0,

B)
CYw
84,

Uste N PEW
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I—l— Color —@— Texture (viscosity) —A— Taste —y— Aroma Overall accep(abilit_vl

I—l— Color —#— Texture (viscosity) —#A— Taste —y— Aroma Overall acceptability

Fig. 1 Sensory analysis values chart for treated red watermelon juice (a) and yellow watermelon juice (b)

Conclusion

In this study, it was determined that sonication treatment
improves total phenolic concentration, total flavonoid con-
centration, lycopene, total antioxidant capacity and color
values in red watermelon juice and yellow watermelon juice.
There was no significant variation in the physicochemical
parameters (pH, titration acidity, °Brix). At the same time,
it was determined that the microbial burden significantly
reduced and the levels of HMF were increased at the end
of treatments despite reliable levels. Vitamin C, a bioactive

component, was negatively affected and decreased. The sen-
sory evaluation of the panelists found both fruit juices were
successful and generally improved after treatment. Com-
pared to pasteurization, ultrasound-treated juice was found
to be more successful.

When the results are evaluated, ultrasound therapy was
shown to be successful for the health of the consumer
because it promotes the improvement in general in terms
of consumer appreciation and bioactive properties. New
research is needed to develop models such as surface
response methodology to optimize process variables during
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ultrasound procedures. It is also recommended to investigate
the use of ultrasound technology with other non-thermal
food processing technologies to improve the quality of red
watermelon juice and yellow watermelon juice.
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