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Abstract The aim the current study was to developed a
watermelon rind powder (WRP), watermelon pulp powder
(WPP), and beetroot powder (BP), in order to compare the
stability of L-citrulline and nitrate with that of watermelon
rind juice (WRIJ), watermelon pulp juice (WPJ), and
beetroot juice (BJ), respectively. The stability was evalu-
ated during 32 days at 25, 4 and — 20 °C. L-arginine and
L-ornithine content were also evaluated. At day 0, a sig-
nificantly higher L-citrulline and L-ornithine content in
WRP was observed when compared to WPP. However, a
significantly lower L-arginine content in WRP was
observed when compared to WPP. L-citrulline content in
WRP and WRJ was stable over 32 days in all temperatures
evaluated, whereas it reduced in WPP in 32 days at 25 °C
and it is reduced in in WPJ in day 16 and day 32 at 25 °C.
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L-arginine content in WRP and WPP was stable over
32 days in all temperatures evaluated. A reduction was
observed in WRJ at day 2, 4 and 32 at 25 °C and in WPJ at
day 2, 4, 8, 16 and 32 days at 25 °C. L-ornithine content in
WRP and WPP was stable over 32 days in all temperatures
evaluated. An increase was observed in WRIJ at day 2, 4
and 32 at 25 °C and in WPJ in day 2, 4, 8, 16 and 32 at
25 °C. Nitrate content in BP was stable over 32 days in all
temperatures evaluated, while nitrate content in beetroot
juice was reduced in day 2 at 25 °C and day 8 at 4 °C. In
conclusion, L-citrulline of the microencapsulated water-
melon rind and nitrate of the microencapsulated beetroot
were stable throughout storage.

Keywords Microencapsulation - Bioactive compounds -
L-citrulline - Nitrate - Watermelon - Beetroot

Abbreviations

NO Nitric oxide

NOS Nitric oxide synthase
WRJ Watermelon rind juice
WPJ Watermelon pulp juice
WRP Watermelon rind powder
WPJ Watermelon pulp powder
BJ Beetroot juice

BP Beetroot powder

HPLC  High performance liquid chromatography
HCLO, Perchloric acid

K,COz;  Potassium carbonate
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Introduction

The consumption of beetroot and watermelon juice has
been proposed as a nutritional strategy to promote cardio-
vascular health due to the possible effect of the nitrate and
L-citrulline present in these foods, respectively, in nitric
oxide (NO) bioconversion (Volino-Souza et al. 2018; Oli-
veira et al. 2017; Figueroa et al. 2013). Beetroot is con-
sidered a vegetable with very high nitrate content
(> 250 mg/100 g fresh weight) (Santamaria 2006), while
watermelon is the richest known source of L-citrulline,
where it is present in both the pulp and rinds of the fruit
(Akashi et al. 2017; Tarazona-Diaz et al. 2011).

NO is an important molecule involved in many physi-
ological processes in the body, especially in the cardio-
vascular system. NO regulates blood flow; platelet
aggregation; maintenance and regulation of vascular tone;
and blood pressure. Reduction in NO bioavailability is
associated with endothelial dysfunction and cardiovascular
diseases (Lundberg et al. 2015). NO is generated by nitric
oxide synthase (NOS) enzymes by using L-arginine as a
substrate (Lundberg et al. 2015), formatting L-citrulline as
a subproduct. However, L-citrulline can be recycled to
L-arginine and generates more substrate for NOS (Lund-
berg et al. 2009). Dietary nitrate can be reduced to nitrite in
the oral cavity through commensal facultative anaerobic
bacteria that express nitrate reductase enzymes. The sali-
vary-derived nitrite can be reduced to NO in the acidic
environment of the stomach or enter the systemic circula-
tion, where in conditions of low oxygen availability and
low pH, nitrite can also be reduced to NO (Lundberg et al.
2015; Lundberg et al. 2009).

Due to the importance of nitrate and L-citrulline to
enhance NO production and bioavailability, its use as a
therapeutic agent has been a prominent area of research.
Currently, the food industry is conducting research on
natural foods rich in bioactive compounds that can sub-
stitute pharmacologic products. Since watermelon is a
natural source of L-citrulline and beetroot is a natural
source of nitrate, they may indeed provide alternatives to
this end. However, the stability of nitrate and L-citrulline
present in beetroot and watermelon, as well as their food
product derivatives (juice, gel), is important when consid-
ering their functional properties. Corleto et al. (2018)
showed a decrease in nitrate content in beetroot juice
during 32 days of storage at room temperature (25 °C) and
refrigerated (4 °C) conditions. In beetroot juice, the nitrate
content was reduced by 56% after 1-day storage in room
temperature and 15% after 8 days storage in refrigerated
environment (4 °C). In watermelon juice enriched
with ~ 330% of L-citrulline, Tarazona-Diaz et al. (2017)

evaluated the stability and showed that citrulline content
was reduced 3% after 30 days of storage at 4 °C.

Microencapsulation techniques have been widely used
by the food industry to protect bioactive compounds
against degradation (Paulo and Santos 2017). In this pro-
cess, biologically active compounds are immobilized and
incorporated inside solid particles (microspheres), provid-
ing stability to the compound structure and its protection.
Therefore, spray drying has been chosen by the food
industry due to its several benefits, including its potential
for large-scale production, the simplicity and efficiency of
the equipment, the stability of the final product, and low
processing cost (Speranza et al. 2017; Madena et al. 2006).
Furthermore, food in powder form has the technological
advantages of being easy to store at room temperature and
easy to carry (Verma and Singh 2015). Although the
microencapsulation technique is widely used in food
industry for preservation of the bioactive compounds, each
compound has specific characteristics that may induce
different levels of stability. For this reason, investigating
the stability of nutrients from microencapsulated foods is
warranted (Dias et al. 2015). Moreover, to the best of our
knowledge, the stability of L-citrulline and nitrate in
microencapsulated watermelon and beetroot by spray dryer
has not been evaluated.

Based on these considerations, the aim of this study was
to investigate the stability of the L-citrulline and nitrate
present in microencapsulated watermelon and beetroot by
spray drying with them with maltodextrin over a storage
period of 32 days at three different storage temperatures
(25, 4 and — 20 °C). Proximate composition and sugar
content of the microencapsulated food products were also
evaluated. It was the hypothesis of the present paper that
the L-citrulline and nitrate in microencapsulated water-
melon and beetroot, respectively, could be more stable than
juice. Additionally, it was expected that watermelon rind
would have a lower sugar content than pulp.

Material and methods
Materials

Amino acids (L-arginine monoydrochloride, L-citrulline
and L-ornithine monoydrochloride), sugars (D-glucose,
D-sucrose and D-fructose), 2,5-Dimethyl-1H-pyrrole-3,4-
dicarbaldehyde, sodium nitrate, tetrabutylammonium
hydroxide, triethylamine and carboxymethyl cellulose were
purchased from Sigma-Aldrich (Brazil). Methanol and
acetonitrile were purchased from Tedia (Brazil). Mal-
todextrin was purchased from Athletica Nutrition (Brazil).
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Watermelon and beetroot juice preparation

All the watermelon used in the present study belongs to the
Cucurbitaceae family and the Citrullus lanatus species and
the beetroot used belongs to the Chenopodiaceae family
and the Beta vulgaris L. species. Beetroot and watermelon
were acquired in the city of Macaé, Rio de Janeiro, Brazil
(22° 22/ 15" S, 41° 47" 13" W) and were thoroughly
washed in tap water and sanitized with a chlorine solution.
The rind and pulp of the watermelon were separated and
put into a centrifuge blender (Model CE700, Black &
Decker, Baltimore, MD) for watermelon rind juice (WRJ)
and watermelon pulp juice (WPJ) production. The beetroot
juice (BJ) was also produced in a centrifuge blender. The
juices were first filtered through organza for elimination of
suspended solids.

Microencapsulation

The process of spray-drying was carried out using a mini
spray dryer (Model B-290, Biichi) having 1.0 mm standard
diameter nozzle, and evaporation capacity of 1.0 L/h. The
experiments were performed by using an inlet temperature
of 160 °C, feed rate of 30%, and air flow of 80%.

For watermelon rind powder (WRP) production, mal-
todextrin (dextrose equivalent around 10) (9.5%) and car-
boxymethylcellulose (0.5%) were added to the WRIJ. For
watermelon pulp powder (WPP) production, maltodextrin
(5%) and carboxymethylcellulose (0.5%) were added to the
WPJ. For beetroot powder (BP), maltodextrin (5%) and
carboxymethylcellulose (0.5%) were added to BJ. The
solutions were homogenized and were used as feed in the
spray drying process. The yields were 5.89%, 5.23% and
5.58% respectively.

Maltodextrin and carboxymethyl cellulose were chosen
as carrier agents since they have been widely used for
obtaining dried food products due to their low hygro-
scopicity (Verma and Singh 2015). The proportion used
was defined from preliminary tests and previous study
(Quek et al. 2007).

Storage stability procedures

The resulting powder was divided in several 15 mL conical
tubes (polypropylene) for every day of the analysis to avoid
possible contamination of the samples. The samples were
stored for 32 days in different conditions: room tempera-
ture (25 °C), refrigerated (4 °C) and in freezer ( — 20 °C).
Samples from various temperatures were taken for analysis
at0, 2, 4, 8, 16 and 32 days. First analysis after production
of the samples was considered the initial day (day 0). The
storage period (0-32 days) was chosen based on a previous
study that evaluated the stability of nitrate present in
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beetroot (Corleto et al. 2017). Since no evidence on the
stability of L-citrulline from watermelon has been previ-
ously published and in order to maintain the standardiza-
tion of the experimental procedures, the same period was
chosen to assess L-citrulline and nitrate stability in order to
allow for comparison.

Amino acids analysis

The amino acids L-citruline, L-arginine and L-ornithine
content in WRP, WPP, WRJ and WPJ were analyzed as
previously described by Gatti et al. (2010), but with some
modification. Since L-arginine and L-ornithine are
involved in L-citrulline metabolism, these amino acids
were analyzed in the current study (Arena et al. 1999).
Briefly, the WRP and WPP were solubilized and diluted in
deionized water and 100 pL of each sample were mixed
with 100 pL of the 1.5 M HCLO,. Afterwards, 750 pL of
the deionized water and 50 pL of the 2 M K,CO; were
added following centrifugation at 10,000 r.p.m. for 1 min.
After centrifugation, 50 pL of the supernatant was col-
lected, and 50 pL of the deionized water and 40 pL of the
2,5-dimethyl-1H-pyrrole-3,4-dicarbaldehyde were added
before allowing it to rest for 10 min. Finally, 360 pL of the
0.05 M triethylammonium phosphate buffer (pH 2.5) was
added into the samples and 20 pL was injected into the
HPLC system.

The HPLC system (Shimadzu, Kyoto, Japan) was fit
with C18 column (250 x 4.6 mm ACE), guard column (5-
mm, 50 x 4.6 mm) and photodiode array detector moni-
toring absorbance at 320 nm. The isocratic elution was
performed by using a mobile phase solution consisting of
0.05 M triethylammonium phosphate (pH 2.5) and
methanol (92:8; v/v), at a flow of 0.42 mL/min.

Nitrate analysis

The nitrate content in BJ and BP was analyzed as previ-
ously described by Croitoru (2012). Briefly, 125 pL of the
sample was mixed with 500 pL of the deionized water and
625 pL of the acetonitrile and centrifuged at 14,000 r.p.m.
for 10 min. After centrifugation, 150 pL of the supernatant
was collected and 150 pL of the 5 mM tetrabutylammo-
nium hydroxide (pH 2.5) was added and 150 pL of the
samples were injected into the HPLC system.

The HPLC system (Shimadzu, Kyoto, Japan) was fit
with C18 column (100 x 4.6 mm Kromasil), guard col-
umn (5-mm, 50 x 4.6 mm) and photodiode array detector
monitoring absorbance at 222 nm. The isocratic elution
was performed by using a mobile phase solution, consisting
of 5 mM tetrabutylammonium hydroxide (pH 2.5) and
acetonitrile (90:10; v/v), at flow 1.0 mL/min.
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Table 1 Amino acids content in WRP and WPP

WRP WPP
L-citrulline (mM) 72.31 £ 9.26 35.95 £ 3.15%**
L-arginine (mM) 19.75 £ 3.36 22.97 £ 2.60%*
L-ornithine (mM) 1.06 £ 0.09 0.14 £ 0.05%**

WRP, watermelon rind powder; WPP, watermelon pulp powder. Data
are expressed as means of 8 replicates (& standard deviation).
*(p < 0.05) and ***(p < 0.001) indicate significant difference from
WRP. Degree of freedom = #(14)

Proximate composition and sugar analysis

The moisture, total lipid, crude protein and ash content
were determined for WRP, WPP and BP samples as
described by AOAC (2012). Sucrose, fructose and glucose
content in WRP, WPP and BP were analyzed as previously
describe by Duarte-Delgado et al. (2015). Firstly, 1 g of the
WRP, WPP and BP were solubilized in 45 mL of the
10 mM sulfuric acid, homogenized and centrifuged at
10,000 r.p.m. for 15 min. After, 150 pL of the supernatant
was injected in the HPLC system.

The HPLC system (Shimadzu, Kyoto, Japan) was
equipped with Aminex HPX 87H column (300 x 7.8 mm,
Bio-Rad), guard column (30 x 4.6 mm) and refraction
index detector. The isocratic elution was performed by
using mobile phase solution, consisting of 10 mM sulfuric
acid, at a flow of 0.60 mL/min and a column temperature
of 18 °C.

Statistical analysis
To identify differences in L-citrulline, L-arginine and

L-ornithine between WRP and WPP, an independent
sample 7 test was performed. To identify differences in the

proximate composition and sugar content between WRP,
WPP and BP a one-way ANOVA was performed. To
identify differences in the levels of amino acids and nitrate
during storage a two-way ANOVA was performed. Addi-
tional post-hoc tests with Bonferroni adjustment were
performed. Statistical significance was set at the 0.05 level
of confidence. All analyses were performed using a com-
mercially available statistical package (IBM SPSS Statis-
tics version 23 for Mac) and the results were expressed as
means and standard deviations.

Results and discussion

Amino acids and sugar contents
of the microencapsulated L-citrulline and nitrate

WRP presented a significantly higher level of L-citrulline
and L-ornithine at initial day when compared to WPP.
However, a significant lower initial level of L-arginine was
observed compared to WPP (Table 1). These results are in
line with previous studies (Akashi et al. 2017; Rimando
and Perkins-Veazie 2005). Akashi et al. (2017) showed
higher L-citrulline concentration in peripheral portion
compared to pulp. Rimando and Perkins-Veazie (2005)
also showed that watermelon rind presented higher
L-citrulline concentration on a dry weight basis when
compared to pulp. In contrast, Joshi et al. (2019) concluded
that there was no difference in L-citrulline content between
rind and pulp. These adverse results might be explained by
differences in genotypic and environmental factors. Fish
(2014) suggests that growing conditions can influence the
L-citrulline content in watermelon rind and pulp.

WRP showed significantly lower levels of the sucrose,
glucose and fructose compared to WRP (Table 2). Akashi
et al. (2017) also showed that sucrose, fructose and glucose

Table 2 Proximate

composition and sugar content WRP WPP BP

of the WRP, WPP and BP Proximate composition
Moisture (%) 4.07 £ 0.03 391 + 0.05* 3.67 £ 0.04™
Protein (%) 8.77 £ 0.05 14.00 &+ 0.06* 11.68 + 0.05%
Lipid (%) 0.19 £ 0.03 1.78 £ 0.06" 0.71 £ 0.0%°
Ash (%) 7.93 £ 0.04 7.09 £ 0.02* 6.83 £ 0.04™
Sugar
Sucrose (mg/mL) 16.69 £+ 0.78 4551 + 6.78* 253.31 + 33.05%
Glucose (mg/mL) 25.15 £ 3.65 46.77 + 10.41* 278 + 0.97%
Fructose (mg/mL) 5732 £5.73 144.25 4+ 24.21°* 4135 + 8.97°

BP beetroot powder, WRP watermelon rind powder, WPP watermelon pulp powder. Data are expressed as
means of 8 replicates (£ standard deviation)

“denotes significant difference from WRP; bdenotes significant difference from WPP. Degree of free-

dom = F(2, 15)
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Fig. 1 Levels of L-citrulline in a watermelon rind powder, b water-
melon rind juice, ¢ watermelon pulp powder and d watermelon pulp
juice, and nitrate in e beetroot powder and f beetroot juice during
storage at 25 °C, 4 °C and -20 °C for 32 days. Differences were

were low in the peripheral portion of the watermelon when
compared to pulp. Knowledge regarding the sugar content
present in foods expected to induce change in the vascular
endothelial function (due to its bioactive components, such
as L-citrulline) is crucial, since ingestion of a high sugar
content per se might negatively modulate the vascular
response (Soares et al. 2019).
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analyzed for different temperatures and time points. Data are
expressed as means of 4 replicates (&£ standard deviation).
*(p < 0.05) and ***(p < 0.001) denote significant difference from
day 0. Degree of freedom = F(2, 9)

Stability of microencapsulated L-citrulline
and nitrate

L-citrulline in WRP and WRIJ were stable during 32 days
at 25 °C, 4 °C and — 20 °C. WPP was stable during
32 days at 4 °C and — 20 °C; however, there was a sig-
nificant reduction in WPP detected on day 32 at 25 °C,
compared to day 0. L-citrulline in WPJ was stable at 4 °C
and — 20 °C; however, there was a significant reduction
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Table 3 L-arginine stability of the WRP, WPP, WRJ and WPJ during 32 days storage at 25, 4 and —20°C
Day 0 Day 2 Day 4 Day 8 Day 16 Day 32

WRP 25 °C 19.84 + 4.38 19.90 + 3.68 19.78 4+ 2.75 18.95 + 2.63 16.79 + 1.73 12.90 + 1.31
4°C 19.71 & 2.39 16.94 + 7.45 23.62 + 7.30 19.23 4+ 4.46 12.98 + 2.67
—20°C 20.20 + 5.44 18.54 & 4.70 2245 + 2.49 21.15 + 5.72 14.00 £ 2.12

WPP 25 °C 21.52 4+ 2.58 23.74 + 3.76 23.59 + 1.83 27.13 £ 0.78 22.16 + 1.63 15.22 + 4.22
4 °C 2672 + 4.15 24.63 + 3.49 2434 + 5.02 27.01 + 3.79 18.85 + 7.28
-20°C 27.36 & 2.22 27.36 & 2.22 27.28 + 3.03 29. 79 + 2.66 18.26 & 4.77

WRJ 25 °C 3.47 +£0.93 1.31 £ 0.56™ 0.71 + 0.35" 0.49 + 0.01 0.66 + 0.43 0.11 + 0.04"
4°C 3.90 + 1.34 3.14 + 1.70 1.60 + 1.53 1.48 + 1.40 1.46 £+ 1.53
—20°C 3.90 + 1.36 3.90 + 1.36 4.06 + 1.09 4.00 £ 1.40 2.58 + 0.23

WPJ 25 °C 4.15 + 0.06 1.99 + 1.33" 1.80 + 1.58" 0.13 + 0.04" 0.15 + 0.04" 0.09 + 0.04"
4 °C 437 £ 0.19 463 £ 0.16 4.85 + 0.66 248 + 271 248 + 2.85
—20°C 437 £ 0.20 4.16 £ 0.10 5.87 +2.93 4.67 £ 021 3.08 + 1.10

WRP, watermelon rind powder; WPP, watermelon pulp powder; WRJ, watermelon rind juice; WPJ, watermelon pulp juice. Data are expressed as
means of 4 replicates (& standard deviation).*(p < 0.05) and ***(p < 0.001) denote significant difference from day 0. Degree of freedom = F(2,

9)

Table 4 L-ornithine stability of the WRP, WPP, WRJ and WPJ during 32 days storage at 25, 4 and —20°C

Day 0 Day 2 Day 4 Day 8 Day 16 Day 32
WRP 25 °C 1.06 + 0.13 1.17 £ 0.28 1.43 +0.18 1.11 £ 0.16 0.99 + 0.15 0.44 £ 0.18
4°C 1.07 + 0.19 0.88 & 0.57 1.18 £ 0.38 1.05 + 0.28 0.49 + 0.39
—20°C 0.93 4+ 0.21 0.94 + 0.23 0.99 £ 0.11 1.20 4+ 0.41 0.47 &+ 0.28
WPP 25 °C 0.13 + 0.06 0.16 &+ 0.02 0.17 & 0.01 0.17 £ 0.06 0.17 £ 0.00 0.37 & 0.29
4°C 0.20 & 0.03 0.18 & 0.00 0.14 £ 0.03 0.14 £ 0.03 0.51 & 0.38
—20°C 0.15 + 0.03 0.13 + 0.03 0.14 + 0.04 0.14 + 0.04 0.52 + 0.42
WRJ 25 °C 0.19 + 0.04 4.08 +2.19" 3.93 + 1.757 2.26 + 0.38 0.84 + 0.78 1.82 + 0.77"
4°C 0.24 + 0.09 0.20 + 0.13 3.04 +3.21 2.59 + 2.55 0.67 + 0.49
—20°C 0.21 + 0.09 0.25 + 0.03 0.20 + 0.07 0.24 + 0.12 0.09 + 0.05
WPJ 25 °C 0.02 + 0.00 1.83 £ 0.60™" 221 + 0.73" 250 + 1.62° 3.28 +2.18" 3.02 + 236
4°C 0.03 & 0.00 0.02 & 0.00 0.08 £ 0.03 0.75 + 0.25 0.33 & 0.32
—20°C 0.02 & 0.01 0.02 & 0.01 0.03 £ 0.01 0.04 £ 0.00 0.08 + 0.06

WRP, watermelon rind powder; WPP, watermelon pulp powder; WRJ, watermelon rind juice; WPJ, watermelon pulp juice. Data are expressed as
means of 4 replicates (+ standard deviation).*(p < 0.05) and ***(p < 0.001) denote significant difference from day 0. Degree of free-

dom=F (2,9)

detected on day 16 and day 32 at 25 °C, compared to day 0
(Fig. 1). Tarazona-Diaz et al. (2017) also showed a
reduction in L-citrulline present in WPJ after storage dur-
ing 30 days at 4 °C. In plants, L-citrulline can be converted
to arginine by enzymatic activity. Arginosuccinate syn-
thase (ASS) can convert L-citrulline to L-argininosuccinate
before converting it to arginine by arginosuccinate lyase
(ASL) (Joshi et al. 2019). Based on the RNAseq profiles of
watermelon fruits, Gou et al. (2013) suggested that
L-citrulline content in watermelon pulp can be regulated by
ASS and ASL-like genes, but it is unlikely to occur in

watermelon rind, thereby supporting the results of the
present study that demonstrated a reduction of L-citrulline
in WPP and WPJ, but not in WRP and WRIJ.

The L-arginine contents in WRP and WPP were
stable for 32 days at 25, 4 and — 20 °C; however,
L-arginine content in WRIJ significantly reduced on day 2,
day 4 and day 32 at 25°C compared to day 0. L-arginine
content in WPJ significantly reduced on day 2, day 4, day
8, day 16 and day 32 compared to day O ( 3). L-ornithine
contents in WRP and WPP was s during 32 days at 25, 4
and — 20 °C; however, L-ornithine content in WRJ
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significantly increased on day 2, day 4 and day 32. L-or-
nithine content in WPJ presented a significant increase on
day 2, day 4, day 8, day 16 and day 32 compared to day O (
4). The reduction of the L-arginine content observed in
WRIJ (days 2, 4 and 32) and WPJ (days 2, 4, 8, 16 and 32)
was accompanied by increased L-ornithine content.
L-arginine present in plants can be reduced to L-ornithine
by arginase activity (Ibrahim et al. 2018), which may
explain the results in the current study. In plants, the
degradation of L-arginine to L-ornithine is catalyzed by
arginase, a binuclear manganese metalloenzyme present in
bacteria, fungi and yeast (Ibrahim et al. 2018). Our data
demonstrates that L-arginine decreased when stored at 25
°C; whereas it was s at 4 and — 20°C, suggesting that
temperature might have influenced this process. It has been
reported that optimal temperature for the activity of the
arginase derived from Vigna catjang cotyledon is around
30 °C (Dabir et al. 2005), reinforcing the role of temper-
ature in arginine metabolism.

There was a significant reduction in nitrate content in BJ
25 °C on day 2, day 4, day 8, day 16 and day 32 compared
to day 0. BJ also presented a significant reduction at 4 °C in
day 8, day 16 and day 32 compared to day 0. At — 20 °C,
BJ was stable for 32 days of storage (Fig. 1). In contrast
with BJ, nitrate content in BP had not changed during
storage at 25 °C. These results are in agreement with
previous studies demonstrating reduction in nitrate content
in BJ during storage at room temperature (Corleto et al.
2018; Tamme et al. 2010; Chung et al. 2004). In
microencapsulation by spray dryer, the water content in the
food is removed by rapid evaporation on spray droplet
under high temperature exposure (Verma and Singh 2015).
For decrease water content and water activity this tech-
nique reduces the risk of chemical and biological degra-
dation (Drosou et al. 2016). A previous study that
evaluated the stability of nitrate in beetroot juice showed a
reduction at 25 °C over 32 days, for which the authors have
suggested that this reduction may have occurred due to
bacteria that express nitrate reductase (Corleto et al. 2017;
Ji et al. 2015). However, the current study did not evaluate
bacterial activity; therefore, future studies evaluating the
effect of bacteria in nitrate reduction among the different
forms of beetroot is necessary.

In the current study, it has been concluded that the
nitrate present in beetroot juice can be preserved only when
stored at — 20 °C; whereas beetroot powder maintains
unchanged throughout 32 days of storage, suggesting that
microencapsulated products would be more suitable in
terms of nitrate content. Furthermore, microencapsulated
products are not only easy to store, they require no
equipment to maintain stability during storage and they are
easy to carry.

@ Springer

Conclusion

In conclusion, these results demonstrate that L-citrulline and
nitrate from microencapsulated watermelon and beetroot are
more stable than they are in juice form over a 32-day period. It
was also demonstrated that microencapsulated watermelon
rind has a higher L-citrulline content and lower soluble sugar
content as compared to the pulp of the fruit. Therefore, con-
sidering that watermelon and beetroot are foods widely con-
sumed in human diet, the data of the current study suggest that
the consumption of nitrate and L-citrulline from microen-
capsulated watermelon rind and beetroot may be a suit-
able technological strategy to preserve and/or increase the
stability and biological properties of these nutrients in com-
mercial products while diminishing sugar ingestion.
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