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Abstract: The aim of the work was to determine the degree of watermelon (Citrullus lanatus) ther-
mostability according to the content of the present bioactive compounds and antioxidant properties.
The watermelon samples were exposed to the following temperatures/time regimes: 40, 70, and
100 °C; 2, 5, and 15 min. The sample characteristics were monitored by spectrophotometric and
chromatographic methods. Statistically significant (p < 0.05) differences were observed between the
heat-treated samples compared to the heat-untreated control sample; differences were found almost
between all samples. The total polyphenol content increased in all heat-treated samples. The highest
total polyphenol content was observed among samples treated at 40 °C for 15 min (1.38 + 0.01 mg/g).
Lycopene content (measured by spectrophotometer) also increased in the same samples exposed
to 40 °C for 5 min (65.45 + 0.20 mg/kg), though higher temperatures (70 and 100 °C) resulted in
lycopene degradation. Chromatographic method (measured by high-pressure liquid chromatog-
raphy) showed lycopene degradation after each heating treatment. Not unambiguously, results
and observations were not found in antioxidant activity due to oscillations in measured bioactive
compounds. The obtained results emphasize processes in heat-treated watermelon, and they can be
useful in the production of different products where this food commodity can be included.

Keywords: watermelon; Citrullus lanatus; lycopene; carotenoids; antioxidant activity; polyphenols;
organic acids

1. Introduction

Phytonutrients are plant-derived substances that play a key role in maintaining human
health, especially in disease prevention. These substances based on phytochemicals from
fruit and vegetables have recently become increasingly popular due to consumer aware-
ness of their health benefits. This broad group of natural substances includes phenolic
compounds and carotenoids, showing considerable antioxidant activity [1].

Due to various forms of stress on the human body, there is an increased production of
reactive oxygen species (ROS) that are highly toxic and cause damage to proteins, lipids,
carbohydrates, and DNA, leading to oxidative stress [2], in particular superoxide, hydrogen
peroxide, and hydroxyl radicals that are usually detoxified by intracellular enzymes such
as glutathione, superoxide dismutase, and catalase [3]. Oxidative stress damages tissues
and leads to many diseases. Oppositely, antioxidants neutralize these reactive oxygen
species and prevent diseases [4].

Among carotenoids, attention has been paid mainly to x- and (3-carotene due to their
provitamin properties, but lycopene has proven over time to be a key phytochemical
for its significant effects on human health. In watermelons, the lycopene content repre-
sents approximately 70-90% of all carotenoids and acts as an important phytochemical
compound [5].
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The main sources of lycopene in human diet are mainly tomatoes and tomato products,
pink guava, and pink grapefruit. Compared to tomatoes, watermelon contains higher
amounts of lycopene and its bioavailability to the human body is at the same level [6,7].

Lycopene is an acyclic polyunsaturated open-chain organic compound that contains
13 double bonds, of which 11 double bonds are conjugated and linearly arranged. Therefore,
lycopene is longer than any other carotenoid that gives some fruit a reddish appearance [8].
It is a bioactive compound that is widely recognized for its nutritional and pharmaceutical
application. In vivo clinical studies have shown that lycopene is effective in reducing
oxidative stress and inhibiting the growth of cancer cells, such as prostate, colon, breast,
and liver tumors [9]. Lycopene can be ranked among the most important and most used
carotenoids with a high antioxidant activity that may play an important role in prostate
cancer prevention [10]. Previously, tomatoes and products thereof were considered to be
the main source of lycopene, but watermelon is also an important source of lycopene [7].

The chemical composition of lycopene allows its absorption in body tissues, but due to
the absence of the 3-ionone ring it lacks the provitamin activity of vitamin A. Nevertheless,
lycopene is an effective antioxidant and its ability to scavenge free hydroxyl radicals is
higher than 3-carotene [1].

Studies showed that industrially processed tomato products are a better source of
carotenoids compared to raw tomatoes. It may be related to the better extractability of
lycopene after heat treatment or mechanical homogenization [11].

The aim of the study was to monitor changes in bioactive compounds content and
antioxidant stability in watermelon (Citrullus lanatus) under different temperature regimes.
The novelty of the study can be overseen through the gained results that have never
been obtained in this way in previous studies and published in relevant databases. These
findings will certainly be helpful for the production and management of food commodities
where the main ingredient is watermelon or where watermelon serves as the fortification
element of different food commodities.

2. Materials and Methods

In the present study, samples of a watermelon originating from Spain were pur-
chased in the Billa market network. The watermelon was divided into 10 sample groups,
where sample number 1 was a control sample that was not heat-treated. Samples number
2 to 10 were exposed to temperatures of 40, 70, and 100 °C for 2 to 15 min in a laboratory
oven. The temperature values and the time of their exposure are shown in Table 1. All
analyses were done at least in triplicates.

Table 1. Overview of Samples.

Sample Number Temperature (°C) Exposition Duration (Min)
1 - -
2 40 2
3 40 5
4 40 15
5 70 2
6 70 5
7 70 15
8 100 2
9 100 5
10 100 15

2.1. Determination of Antioxidant Capacity by the ABTS Method

One of the basic and most widely used methods for determining the total antioxidant
capacity is the ABTS method, which tests the ability of a sample to quench the ABTS
cation-radical e + (2,2-azinobis (3-ethyl-2,3-dihydrobenzothiazole-6-sulfonate)). In the
observed sample, the quenching of the ABTS e + radical by antioxidants which act as
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hydrogen donors, is monitored spectrophotometrically based on changes in the absorption
spectrum of ABTS e + [12].

The sample was weighed (0.1 g) into a dark tube and 20 mL of ethanol was added,
homogenized with the Homogenizer Witeg Germani, which was used to extract the sample
for 30 min. Prior to measurement, a reaction mixture was formed by mixing 10 mL of a
0.007 M solution of ABTS 2,2’-azinobis (3-ethyl-2,3-dihydrobenzothiazole-6-sulfonate) with
10 mL of a 0.00245 M solution of potassium persulfate and stored in the dark for 12 up to
16 h. Before the actual measurement of the samples, 1980 pL of the ABTS reaction mixture
and 20 pL of the prepared extract were used. The samples thus prepared were incubated
for 5 min in the dark, and then the absorbance at a wavelength of 735 nm was mea-
sured using CECIL CE 7210 spectrophotometer (Cecil instruments, CE7210 DIET-QUEST,
Cambridge, UK) [13].

The results were calculated according to the following formula:

ABTS (%) = [(AaBTs — Asample)/ Aaprs] x 100

2.2. Determination of Antioxidant Activity by the NOS (Nitric Oxide Scavenging) Method

To prepare the samples, 0.1 g of the sample and 20 mL of ethanol were weighed, then
the extracts were extracted in an ultrasonic water bath for 30 min and filtered. Next, a
reference solution was prepared with 2 mL of ethanol and 2 mL of nitroprusside solution
(10 mmol/L sodium nitroprusside dihydrate). A sample was prepared by mixing 2 mL of
nitroprusside solution and 2 mL of sample extract, which was then incubated for 150 min at
25 °C. After incubation, 2 mL of incubated sample and 2 mL of 5% sulfanilamide solution
were mixed, followed by incubation for 5 min at 25 °C. Finally, 2 mL of Nedde solution
(0.2% naphthylethylenediamine dihydrochloride) was added to the incubated samples,
which was again incubated at 25 °C for 30 min. Absorbance was measured at 540 nm. Prior
to measurement, the spectrophotometer was zeroed on phosphate buffer (sodium dihydro-
gen phosphate monohydrate and disodium hydrogen phosphate heptahydrate) [14].

The percentage of nitrite radical scavenging activity was calculated according to the
formula:

Scavenged nitric oxide (%) = [(Acontrol — Atest)/ Acontrol] X 100

where Apgcontrol Tepresents the absorbance of the control sample and Aypges represents the
absorbance of the measured samples.

2.3. Determination of Antioxidant Activity by the FRAP (Ferric Reducing Antioxidant
Potential) Method

The FRAP (Ferric Reducing Antioxidant Potential) method is based on the prin-
ciple of a redox reaction, in which the antioxidants present in the sample reduce the
Fe3* -2,4,6-tri(2-pyridyl)-1,3,5-triazine complex (Fe** -TPTZ). An increase in absorbance
at 593 nm, which corresponds to the amount of Fe3* -TPTZ complex, is a measure of the
antioxidant activity of the sample [12].

0.1 g of the homogenized sample was weighed and extracted in 20 mL of 75% methanol.
Extraction in an ultrasonic bath was followed by filtration, after which 180 uL of the filtered
extract with the addition of 300 uL of distilled water was incubated with 3.6 mL of working
solution (acetate buffer + TPTZ + FeClz x 6H,0 in a ratio of 10:1:1) for 8 min in the dark.
The absorbance was then measured spectrophotometrically at a wavelength of 593 nm
against a blank. The blank was prepared by mixing 960 uL of distilled water and 7.2 mL of
working solution followed by incubation in the dark for 8 min. Results were expressed in
mg/mL of Trolox, which was used as a standard.

2.4. Determination of Total Polyphenols Content

Samples were prepared by mixing 1 g of the sample with 10 mL of distilled water,
the resulting extract was then filtered, 1 mL of the filtered extract was mixed with 5 mL of
10% Folin—Ciocalteu solution and 4 mL of Na,COj3 (75 g/L). The sample thus prepared
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was incubated for 30 min in the dark. After incubation, the sample was measured at a
wavelength of 765 nm. The results were expressed in mg-mL~! equivalent of gallic acid,
which was used to generate a calibration curve [15].

The polyphenols content was calculated according to the formula:

¢ (mg/g) =x/3.0959 x 10

2.5. Determination of Lycopene Spectrophotometrically

After weighing the samples and adding the HAE solvent (hexane, acetone, and ethanol
in a ratio of 2:1:1), the lycopene is extracted for 15 to 30 min. After extraction of lycopene,
water (15 mL per 100 mL of solvent) is added to the solution, whereby phase separation
occurs. All extracted lycopene is in the upper capron phase after separation and can
be quantified spectrophotometrically at 444 nm and 503 nm, the spectrophotometer was
zeroed on HAE [16].

The lycopene content was calculated using the following formula:

c (mg/kg) = (A/172.00) x 0.55 V x 537 x 1/W x 1070 ~ 1.717 A x V/W

The more accurate lycopene content without 3-carotene interference was calculated
using the formula below:

C (mg/kg) = (6.95A_503 — 1.59A_444) x 0.55 x 537 V/W

2.6. Determination of Lycopene by the HPLC Method

An extraction mixture of diethyl ether and hexane in a ratio of 1:1 was added to the
sample. The resulting solution was then extracted for 10 min. After evaporation of the
solvents on a vacuum rotary evaporator at 40 °C, the sample was subsequently determined
by means of Agilent 1260 Infinity high performance liquid chromatography system (Agilent,
Santa Clara, CA, USA). Mobile phase ANC (acetonitrile): DCM (dichloromethane), isocratic
elution, 10 pL injection, 1 mL/min inflow, at 22 °C for 30 min. Detection was performed
by DAD (diode array detector) (at A = 470 nm), using Agilent ChemStation software
(Agilent, Santa Clara, CA, USA, revision: B.04.02) and high-pressure liquid chromatography
(producer: Agilent, Santa Clara, CA, USA). The method was modified in compliance with
the study by Anthon and Barrett (2007) [16].

2.7. Determination of Organic Acids by HPLC

For the determination of organic acids, the samples were homogenized and then
extracted for 30 min at room temperature and then centrifuged at 3000 rpm for 20 min. The
extracted sample was filtered through 0.45 um cellulose filter and used for the determina-
tion 4 mM sulfuric acid was used as the mobile phase (20 pL injection, 0.6 mL/min flow
rate, at a temperature of 65 °C for 30 min). Detection was performed by a UV detector at
wavelength of 210 nm, using ChemStation software and high-pressure liquid chromatogra-
phy (producer: Agilent, Santa Clara, CA, USA). A modified method was used in the test,
according to the study of Akagic¢ et al. (2019) [17].

2.8. Statistical Evaluation of Results

The measured absorbances obtained by spectrophotometric measurements were statis-
tically evaluated using the IBM SPSS Statistics Subscription program (SPSS Statistics 28.0.1,
IBM, Chicago, IL, USA) by one-way ANOVA, where the homogeneity of the variances
was determined based on the results of the Levene’s test. If the Levene’s test value was
p < 0.05, the Games-Howell test was used, and if the Levene’s test value was p > 0.05, the
Tukey test was applied. The overall overview of differences between the samples, principal
component analysis (PCA), with varimax rotation, was used. The results of the laboratory
analyses were reported as the mean =+ standard deviation.
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3. Results and Discussion

In water and aqueous media, lycopene tends to precipitate as crystals, resulting in
reduced absorption in human body. In nature, lycopene can occur in the trans or cis forms;
95% of lycopene occurring in the more stable trans form. In human serum, lycopene is
predominantly present in the cis form: more than 50% due to the better absorption of the
cis form in human body. Isomerization from the more stable trans- form to the less stable
mono- or poly-cis form can occur from heat, light, or chemical reactions. Therefore, human
body is better able to absorb and use lycopene from foods that have been heat-treated in
the form of juices, sauces, pastes or canned food [8]. However, only about 10-30% of the
total amount of lycopene consumed from food is absorbed. In developed countries, the
amount of lycopene ingested is approximately 5-7 mg per day [18].

Due to the high water activity that ranges from 0.97 to 0.99 and high pH (5.2-6.7),
watermelons belong among sensitive foods for the presence of pathogenic microorganisms,
specifically Gram-positive bacteria. To prolong shelf life and increase use, watermelon juice
is processed by various methods that can cause the loss of nutrients and phytochemicals.
In the production of fruit juices, the most used method is the short-term exposure to high
temperatures, resulting in an effective minimization of microorganisms but also leads to
nutritional and antioxidant losses. It was found that higher temperature negatively affects
the quality parameters of watermelon and temperature above 78 °C has an adverse effect
on color change and aroma [19].

Some studies reported that levels of mono-cis forms of lycopene decrease with increas-
ing heating time, suggesting that the rate of degradation of mono-cis lycopene is faster
than the rate of its formation. In contrast, di-cis isomers of lycopene showed an increase
during heating, probably due to the conversion of mono-cis lycopene. Di-cis lycopene
levels increase during heat treatment, but their content decreases after prolonged exposure
to heat. The largest losses of lycopene are recorded at temperatures around 150 °C [20].

Several bioavailability studies suggest that industrially processed tomato products
are a better source of carotenoids than raw tomatoes. The content of lycopene in products
processed in this way can be up to twice as high. Higher values of lycopene after heat
treatment may be related to the extractability of lycopene, which increases significantly
after heat treatment. Lycopene levels are also increased by mechanical homogenization, in
which the protein complexes to which lycopene is bound are broken [11].

Heat treatment or homogenization of food improves the bioavailability of lycopene
by breaking down the cell walls, resulting in a weakening of the bonds between lycopene
and the tissue matrix and thus increases the available area for lycopene absorption. Due to
its lipophilicity, an increase in absorbability is also achieved by the addition of fats in the
heat treatment of lycopene-containing foods [8].

Lycopene trans- isomers are stable in the plant matrix, but upon disruption they are
susceptible to heat-induced isomerization to cis isomers, which are better absorbed. The
carotenoid profile of watermelon is similar to that of tomatoes. However, watermelon is
not often heat-treated, which prevents cis-form isomerization [21]. Several studies suggest
that the availability of lycopene from watermelon, which was not heat-treated, is the same
as the availability of lycopene from heat-treated tomatoes. Unlike tomatoes, watermelon
has larger cells with thinner cell walls, and lycopene, which is freely bound to the cell walls,
can be released without heat treatment [22].

Many studies on the bioavailability of lycopene have focused on tomatoes and tomato
products, which represent 80% of the lycopene ingested in the U.S. population. According
to research, the concentration of lycopene in watermelon (4868 g /100 g) is approximately
40% higher than the annual average of raw tomatoes (3025 pg/100 g). The content of
carotenoids absorbed from plants is generally lower compared to food supplements con-
taining carotenoids. Due to its chemical structure, lycopene is relatively stable, and its
bioavailability is low, but the bioavailability of lycopene, such as (3-carotene, increases with
heating or homogenization [21].
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3.1. Lycopene Content

In recent years, attention has been focused on carotenoids that serve as vitamin A
provitamins in human body, primarily on «- and 3-carotene and their effects on human
health. Over time it was demonstrated that lycopene is a key phytochemical compound
with highly beneficial effects on human health, mainly due to its antioxidant effect [5].
The first studies of the biological activity of lycopene were performed in 1959, when
reduced mortality was found in laboratory mice after lycopene injection [23]. Lycopene
is a non-provitamin carotenoid due to the absence of 3-ionone ring, but it is still the
strongest, naturally occurring antioxidant, which has 2 times higher antioxidant capacity
than p-carotene [24].

3.1.1. Lycopene Content Determined by HPLC

A decrease in lycopene content was observed for all watermelon samples listed in
Table 2 that were exposed to 40 °C. In the case of sample number 2, only a slight decrease
was evident with a statistically insignificant difference compared to the control. This low
difference can be explained by the short exposure time. In contrast, samples number
3 and 4, which were exposed to the high temperature for a longer period, showed a
decrease in lycopene with a statistically significant difference (p < 0.05) compared to the
control. In samples number 5, 6, and 7, exposed to a temperature of 70 °C, a decrease in
lycopene was observed with a statistically significant difference (p < 0.05) compared to the
unheated sample. The table also shows changes in lycopene values in samples exposed to
100 °C. From the measured values, the degradation of lycopene was evident, increasing
with increasing heating period. Samples number 8, 9, and 10 showed a decrease with a
statistically significant difference (p < 0.05) that is consistent with the work of Yetenayet and
Hosahalli (2015), reporting that lycopene degradation increased with increasing heating
time [25]. The decrease in lycopene at 100 °C was also reported in the study examining
the effect of heat treatment on the lycopene content of tomato puree [26]. Compared to the
values from the present study, in the study conducted by Shi et al. (2003) the degradation
of lycopene was not that significant with increasing heat treatment time, and it represented
only losses from 0.15% to 3.47%, but these results also show that lycopene degradation
increases with the duration of heat treatment [26].

Table 2. Effect of sample heat treatment at 40, 70, 100 °C on the lycopene content of the watermelon determined spectropho-

tometrically and by HPLC.

Sample LYCOPENE LYCOPENE with Interference of LYCOPENE without Interference
HPLC (mg/kg) B-Carotene Pigments (mg/kg) from Other Pigments (mg/kg)
1. Control Sample 179.00 + 0.64 2 60.44 +0.152 56.94 + 4.372
2.40 °C, 2 min 176.59 & 2.72 ba 62.42 +0.392 6142 +0.37P
3.40 °C, 5 min 123.91 +1.52°¢ 66.84 +0.25°¢ 65.45 +0.20 €
4. 40 °C, 15 min 155.12 +1.214 55.61 +0.104 54.64 +0.104
5.70°C, 2 min 88.72 +0.36 ¢ 4494 + 0.05 ¢ 4421 +0.06 €
6. 70 °C, 5 min 151.63 + 0.89 fd 49.87 +0.02 f 49.00 4+ 0.03 f

7.70°C, 15 min

8. 100 °C, 2 min

9. 100 °C, 5 min
10. 100 °C, 15 min

163.15 + 0.51 8P

43.31 + 1.20 gdefi

42.30 + 0.10 &ef

152.07 + 0.15Md 60.70 + 0.04 2 59.70 + 0.05 hab
129.90 + 0.29 i 56.54 + 0.06 1 55.56 =+ 0.07
120.00 £ 0.11J¢ 44.04 + 02117 43.01 + 0.18 Jef

Explanatory notes: Lowercase

letters (a—j) in the superscript indicate a statistically significant difference (p < 0.05) within one column; the

same lowercase letters (a—j) are indicating not found statistically significant difference (p > 0.05).

3.1.2. Lycopene Content Determined by Spectrophotometry

Furthermore, the lycopene content was determined by spectrophotometry. The middle
part of the table shows the results of lycopene with interference with other pigments,
namely (3-carotene. Together with lycopene, some other pigments can be extracted into
the upper non-polar phase when measured and can thus contribute to the measured
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absorbance at 503 nm. The most significant interference is caused by [3-carotene and based
on its absorption spectrum, a few percent deviation in the determination of lycopene
content can be expected [16].

The measured results show changes in the concentration of lycopene in samples
number 2, 3, and 4, treated at a temperature of 40 °C for 2, 5, and 15 min, respectively.
Samples 2 and 3 showed an increase in lycopene content compared to the control sample.
In the case of sample 3, a statistically significant difference (p < 0.05) was evident compared
to the control sample.

The concentration of lycopene increases after heat treatment, which may be associated
with increased extractability after thermal pasteurization and mechanical homogenization,
due to the disruption of protein complexes to which lycopene is bound [11]. Sample
number 4, exposed to 40 °C for 15 min, showed a decrease with a statistically significant
difference (p < 0.05) compared to the unheated sample (control sample). This phenomenon
may be related to the duration of heat treatment. It was reported that the rate of lycopene
degradation increases with increasing temperature and time [25].

In samples number 5, 6, and 7, which were exposed to temperature of 70 °C, a decrease
in lycopene was observed with a statistically significant difference (p < 0.05) compared to
the control samples. The highest decrease was recorded for samples that were exposed to
heat for the longest time.

In samples number 9 and 10, which were exposed to the highest temperature of
100 °C, the degradation of lycopene was evident with increasing duration of temperature
exposure with a statistically significant difference (p < 0.05) compared to the control
sample. Oppositely, in sample number 8, a slight increase in lycopene was observed with
a statistically insignificant difference compared to the control samples, due to the short
heating time.

The lycopene values measured spectrophotometrically in the watermelon samples
are comparable to those reported by Perkins-Veazie et al. (2006) [27]. In their study, the
authors focused on measuring the lycopene content in various commercially available
watermelon varieties, where the average values ranged from 50 to 70 mg/kg fresh weight.
As demonstrated by the previous study, the content of lycopene in watermelon also varies
depending on the variety and growing conditions [28].

The effect of heat treatment on the lycopene content of watermelon juice was also
investigated in the study conducted by Yetenayet and Hosahalli (2015), where samples of
watermelon juice were exposed to temperatures of 70, 80 and 90 °C [25]. Heat treatment
at 70 °C was performed for 15, 25, and 35 min. For heat treatment at 80 °C, heat treatment
times were 10, 20 and 30 min, and the effect of 90 °C was examined for 5, 10, and 15 min.
Slight degradation of lycopene was found in all samples, and it increased with increasing
temperature and exposure time; however, the rate of degradation was not significant. The
highest losses of lycopene were recorded at 90 °C for 15 min, where a loss of 4.2% was
measured. Losses of lycopene at 70 °C for the same exposure time of 15 min represented only
0.8% of the total lycopene content. The previous study observed that decrease in lycopene
values is thus evident with increasing temperature and exposure time from 70 °C [25].

The right part of Table 2 shows more accurate values of lycopene after heat treatment
at temperatures of 40, 70 and 100 °C with exposure times of 2, 5, and 15 min, without
interference by other pigments. In contrast, samples number 2 and 3, which were exposed
to the temperature of 40 °C, showed an increase in lycopene content with a statistically
significant difference (p < 0.05) compared to the control. A decrease with a statistically
significant difference (p < 0.05) can be observed for the sample that has been exposed to
this temperature for the longest period compared to the unheated sample, which may be
related to the duration of the heat treatment. Samples number 5, 6, and 7 that were exposed
to 70 °C, showed a decrease in lycopene with a statistically significant difference (p < 0.05)
compared to the unheated control sample. The highest loss was observed for the sample
that was heat-treated for the longest period. Samples number 9 and 10 that were exposed
to the temperature of 100 °C, the degradation of lycopene was evident with increasing
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exposure duration with a statistically significant (p < 0.05) difference compared to control
samples. In the case of sample number 8, on the other hand, a slight increase in lycopene
content was observed with a statistically insignificant difference from the control, which
can be explained by a shorter heating exposure time.

In the study conducted by Makroo et al. (2017), the lycopene content was also moni-
tored spectrophotometrically, where the lycopene content was measured in samples of fresh
watermelon juice at 63.47 £ 0.48 mg/mL, similar results are reported by Oms-Oliu et al.
(2009) [29,30]. In samples of watermelon juice heat-treated at 90 °C for 15, 30, 45, and
60 s, the researchers recorded a slight decrease. Sharma et al. (2008), Kong et al. (2010)
also stated that higher temperatures can lead to degradation of the lycopene content in
watermelon juice [31-33]. It was reported that changes in lycopene content can be caused
by thermal destruction and oxidation, leading to the formation of products such as acetone,
methyl-heptenone, laevulinic aldehyde, and glyoxal [34].

3.2. Antioxidant Capacity

According to the available literature, antioxidant activity is defined as the reduction
of oxidation of proteins, lipids, DNA, or other molecules, which occurs by blocking the
propagation phase in oxidative chain reactions. Primary antioxidants directly scavenge free
radicals, while secondary antioxidants indirectly prevent free radical formation through
the Fenton reaction [35]. The following table shows the measured antioxidant activity
values that were determined by different methods.

3.2.1. Antioxidant Capacity Determined by the FRAP Method

The first method used to determine the antioxidant capacity was the FRAP method.
The values of the heat-treated samples at 40 °C were measured and are shown in Table 3,
where they indicate an increasing tendency of antioxidant activity with increasing duration
of temperature exposure. However, in samples number 2 and 3, a slight decrease of
antioxidant activity of about 10-19% was recorded in comparison with the control. Sample
number 4 that was exposed to the temperature of 40 °C for 15 min, showed an increase
in antioxidant activity with a statistically significant (p < 0.05) difference of 66%. Samples
exposed to 70 °C showed a higher decrease in antioxidant activity compared to samples
exposed to 40 °C. Sample number 6 showed a decrease with a statistically significant
difference (p < 0.05) in contrast to the control.

The influence of conventionally used pasteurization methods on the antioxidant
activity of watermelon juice by the FRAP method was also investigated in the study where
the samples were treated at 75 °C for 3 min [36]. The results of the study showed a decrease
of 25% in the reduction of iron ions compared to the unheated sample, which is comparable
to the result of the sample number 5 that was exposed to a temperature of 70 °C for 2 min.
This sample showed 27% decrease in the antioxidant activity. A decrease in the values of
antioxidant activity was also recorded for samples number 8, 9, and 10 that were exposed
to the highest temperature of 100 °C. For samples number 8 and 9, a decrease of about
49-60% was recorded.

3.2.2. Determination of Total Polyphenols Content

Another measured parameter was phenolic compounds which are secondary metabo-
lites in plants, whose task is to develop the color and taste of fruit juices [34]. They also act
as important antioxidants that are divided into phenolic acids, flavonoids, lignans, and
stilbenes [37]. In their study, Makroo et al. (2017) state that the content of polyphenols in
fresh watermelon juice is around 11.27 + 0.04 mg gallic acid equivalent (GAE)/100 mL,
and similar results are reported in the previous studies too [29,34].
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Table 3. Effect of sample heat treatment at 40, 70, 100 °C on the value of antioxidant activity in watermelon determined by
FRAP, NOS, ABTS methods, and total polyphenols content.

FRAP Polyphenols Content o ABTS (umol
Sample (umol (Trolox)/g) (G};Iilic Acid mg/g) NOS (%) (Trolot(l)/g

1. Control Sample 0.41 +£0.052 0.47 £0.022 13.06 + 4.17 2.25+0.042

2.40°C, 2 min 0.33 £ 0.08 2e 1.14 + 0.01 be 14.44 + 0.47 28 236+0.112
3. 40 °C, 5 min 037 £0.11% 1.12 £ 0.01¢<b 15.10 & 0.21 2 2.52 4 0.04 ¢
4. 40°C, 15 min 0.68 £0.13b 1.38 +0.014 15.33 + 0.26 2 2.61 +0.102d
5.70 °C, 2 min 0.30 £ 0.07 2e 1.04 +0.01°¢ 12.58 + 0.24 2.72 +0.03 2
6. 70 °C, 5 min 0.14 £ 0.03 ® 0.90 +0.01f 14.26 + 0.13 28 291 + 0.08 fede
7. 70 °C, 15 min 0.19 + 0.08 2® 054 +0.018 11.76 + 0.26 &b 291 + (.15 8ede
8.100 °C, 2 min 0.21 £ 0.01 2 0.99 +0.01h 930+ 0.24b 3.34 +0.13 hfs
9. 100 °C, 5 min 0.16 =+ 0.06 de 0.87 £0.011 7.69+ 0.12° 3.41 + 0.02 s
10. 100 °C, 15 min 0.38 £0.042 1.17 +0.017 10.62 £ 0.29 bi 3.49 £ 0.11 hi

Explanatory notes: Lowercase letters (a—j) in the superscript indicate a statistically significant difference (p < 0.05) within one column; the
same lowercase letters (a—j) are indicating not found statistically significant difference (p > 0.05).

The results of the determination of the total polyphenols content in the watermelon
samples are given in Table 3. All samples showed an increase in polyphenols content with
a statistically significant difference (p < 0.05) compared to control samples and a statistically
significant difference (p < 0.05) between almost all samples, except for samples number
2 and 3, between which no statistical significance was found.

In samples number 2, 3, and 4 that were exposed to 40 °C for 2, 5, and 15 min respec-
tively, more than twice the amount (178-236%) of polyphenols was measured compared to
the control samples with a statistically significant difference (p < 0.05).

All samples exposed to 70 °C showed an increase in polyphenols with a statistically
significant difference (p < 0.05), but these values were lower than those exposed to 40 °C. At
a temperature of 70 °C, the highest increase in polyphenols was recorded in sample number
5. For samples number 5, 6, and 7, there was an increase with a statistically significant
difference (p < 0.05) compared to control samples with increasing exposure time. These
samples showed statistical significance (p < 0.05) with all samples.

Similar results were obtained by the team of authors led by Dewanto et al. (2002) who
investigated the effect of 88 °C temperature with exposure times of 2, 15, and 30 min on the
total polyphenols content of tomatoes [38]. As in the case of the present study, an increase
in polyphenols was observed in all samples exposed to different temperatures with the
same decreasing tendency with increasing heat exposure time. The increase in the content
of polyphenols with a statistically significant difference (p < 0.05) compared to control
samples was also measured at a temperature of 100 °C in samples number 8, 9, and 10. The
effect of heat treatment on the total polyphenols content was also investigated by Kim et al.
(2008), reporting that heating watermelon at 150 °C increased the total polyphenol content
from 0.07 to 2.60 mg/g [39]. Previous studies demonstrated that heat treatment converts
insoluble phenolic compounds to soluble forms, allowing phenolic compounds in plants to
be released by the heat treatment process [40,41].

3.2.3. Antioxidant Capacity Determined by the NOS Method

Table 3 also shows the measured values of antioxidant activity in watermelon samples
at 40, 70, 100 °C determined by the NOS method. In samples number 2, 3, and 4, the
values of antioxidant activity were measured with a statistically insignificant difference
compared to control samples. The evaluation of the results revealed an increasing trend of
the measured values depending on the duration of exposure to high temperatures. This
phenomenon could be due to higher amounts of polyphenols and lycopene that were
measured when treated at 40 °C.

A slight increase in antioxidant activity with a statistically insignificant difference
compared to the unheated samples was also recorded in the case of sample number 6 that
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was exposed to temperature of 70 °C for 5 min. In contrast, samples 5 and 7 showed a slight
decrease in antioxidant activity with a statistically insignificant difference compared to
control samples. This decrease can be explained by the degradation of lycopene, observed
during the heat treatment at 70 °C.

A decrease in antioxidant activity was also observed in samples number 8, 9, and
10 that were exposed to a temperature of 100 °C. For samples number 8 and 10, this decrease
was recorded with a statistically insignificant difference compared to the unheated sample.
The decrease in antioxidant activity can be explained by the degradation of lycopene,
observed at 100 °C.

3.2.4. Antioxidant Capacity Determined by the ABTS Method

The ABTS method was also used to determine antioxidant activity. In comparison
with the unheated control sample number 1, the measured values demonstrated a slight
increase of antioxidant activity in all samples of watermelon that were exposed to a
temperature of 40 °C, and it gradually increased with the duration of heat exposure. For all
samples exposed to 40 °C for 2, 5, and 15 min (samples number 2, 3, and 4), this increase
was recorded with a statistically insignificant difference. The increase in antioxidant
activity determined by the ABTS method after heat treatment, can be explained by the
increased values of polyphenols or lycopene, which were measured in all samples exposed
to this temperature. A gradual increase in the values of antioxidant activity depending
on the duration of the heat treatment on the watermelon samples, was also observed in
the samples that were exposed to a temperature of 70 °C. Sample number 5 showed an
increase in antioxidant activity with a statistically insignificant difference compared to the
control, while samples number 6 and 7 showed an increase with a statistically significant
difference (p > 0.05) compared to the control sample. The increasing ability of the measured
sample to quench the ABTSe+ cation-radical can probably be attributed to polyphenols
due to their increased content, which was measured even at 70 °C, while lycopene already
showed degradation at this temperature. The gradual increase of antioxidant activity
with increasing duration of temperature exposure was also evident in the following series
of samples which were exposed to the highest temperature of 100 °C. An increase in
antioxidant activity was observed in all samples 8, 9, and 10 with a statistically significant
difference (p > 0.05) compared to the control [37].

Many antioxidant compounds in plants are present in the covalently bonded form
of compounds with insoluble polymers [42]. The effect of heat treatment on these bound
forms of antioxidants disrupts the cell wall and therefore causes the subsequent release of
antioxidant compounds from the insoluble form.

The effect of heat on the activity of scavenging free radicals in watermelon by the
ABTS method was also investigated in a study by Kim et al. (2014) in which they state that
the values of antioxidant activity also increased with increasing temperature and time of
exposure [39].

3.3. Organic Acids

The most common organic acids in watermelon include malic acid, citric acid, and
oxalic acid, of which malic acid predominates [43]. Table 4 shows the resulting values of
organic acids content with statistical evaluation between individual samples.

Table 4 shows the measured values of the above-mentioned organic acids after apply-
ing temperatures of 40, 70, and 100 °C to watermelon samples for 2, 5, and 15 min. For
the first series of samples which were exposed to a temperature of 40 °C, a decrease in
the monitored parameters was measured. A decrease in oxalic acid was observed without
a statistically significant difference (p < 0.05). For malic acid, a decrease in values was
recorded, which grew with increasing duration of heat exposure. For samples in number 2,
3, and 4, there was a decrease with a statistically insignificant difference (p < 0.05) compared
to the control. In the last determined organic acid, which was the citric acid, a decrease of
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values was also recorded with a statistically insignificant difference (p < 0.05) in all samples
compared to the control.

Table 4. Effect of sample heat treatment at 40, 70, 100 °C on the content of organic acids by the HPLC method.

Sample Oxalic Acid mg/kg Malic Acid mg/kg Citric Acid mg/kg
1. control sample 4.89 + 0.01 166.62 £+ 20.91 85.80 £+ 0.05
2. 40 °C, 2 min 3.76 +£0.012 162.51 + 0.46 2 78.00 + 0.06 @
3.40°C, 5 min 1.78 £0.01P 111.85 +£ 0.30 P 35.30 + 0.22 P
4. 40°C, 15 min 271 +£0.01°¢ 53.11+0.11°¢ 49.81 +0.31°¢
5.70°C, 2 min 3.08 + 0.08 dc 128.39 + 5.21 db 68.16 +0.10 d
6. 70 °C, 5 min 221+001¢ 130.95 + 0.11 &d 43.85+0.01°¢
7.70°C, 15 min 5.06 +0.01f 77.99 +0.12 f 63.23 +0.60
8. 100 °C, 2 min 6.32 £0.018 79.64 + 0.01 8 63.14 + 0.01 &f
9.100 °C, 5 min 5.39 + 0.01 h8 70.30 + 0.01 8 58.71 + 0.01 8
10. 100 °C, 15 min 424 4+ 0.0118 57.08 + 0.018 37.58 +£0.0118

Explanatory notes: Lowercase letters (a—i) in the superscript indicate a statistically significant difference (p < 0.05) within one column; the
same lowercase letters (a—j) are indicating not found statistically significant difference (p > 0.05).

At 70 °C, a decrease in organic acids levels was observed in almost all samples, except
for sample number 7, where an increase in oxalic acid was recorded. In the remaining
samples number 5 and 6, on the other hand, a decrease in oxalic acid was recorded without
a statistically significant difference (p < 0.05) compared to the control. With a statistically
insignificant difference (p > 0.05) from control samples, a decrease in citric acid was also
observed in all samples.

In samples exposed to 100 °C, it was possible to observe an increase in oxalic acid in
samples number 8 and 9 and a slight decrease in sample number10 which was exposed
to this temperature the longest. No statistically significant difference was found in these
samples compared to the control sample. A decrease in oxalic acid was observed in all
samples without a statistically significant difference (p < 0.05). The degradation of malic
acid in this case increased with increasing heating time. A similar declining trend with
increasing heating duration was also observed for citric acid. A decrease was observed in
all these samples with a statistically insignificant difference (p < 0.05).

The presence of organic acids in watermelon was also examined in the study by
Goliiketi and Tokgoz (2018) who reported comparable levels of malic acid with values
ranging from 67.50 mg/kg to 151.50 mg/kg with respect to different varieties of water-
melon [44]. The highest values were recorded for citric acid with values from 143.75 mg/kg
to 190.75 mg/kg, which is up to twice the values in the control of the present study. Other
acids were also determined in watermelon samples: tartaric acid and acetic acid [44].

The overall differences between samples of watermelon that included all conducted
analysis are shown in Figure 1. It can be seen, though not fully unambiguously, that control
samples (the samples of watermelon without heat treatment) are the closest to the samples
treated at lower temperatures during shorter period.
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Figure 1. Principal component analysis for all analyses obtained for analyzed samples.

4. Conclusions

The work monitored the degree of thermostability of bioactive compounds in water-
melon processed by different temperatures exposures. The study emphasized differences
between results obtained by spectrophotometric and chromatographic methods, though
concentrations of bioactive compounds were not increasing and decreasing according to the
certain pattern. It was observed that temperatures over 70 °C affected more significantly
(p < 0.05) contents of lycopene, polyphenols, same as antioxidant capacity. The obtained
results can serve as good indicators for watermelon processing and its inclusion in different
food commodities, though results are valuable information for further experiments and
research. Since, the popularity of fortified products among consumers has been growing
significantly recently these results represent important findings for the development of
products containing watermelon that can serve as the fortification element due to the high
content of bioactive compounds, especially lycopene.
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