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Abstract— The objective of this study was to analyze the
physicochemical characteristics of extracted citrulline from
watermelon peels. Fresh watermelon fruits were selected from the
farm in Bugesera district, brought to INES’s Food Processing Unit.
Watermelon peels were collected, peeled, size reduced, soaked,
filtrated and the obtained filtrate was settled down for one hour. The
precipitate was washed, filtered and oven dried at 105°C for 5 minutes.
The maximum yield of citrulline powder of 265 grams were obtained
from 10kg of watermelon peels because efficient extraction said when
1g to 3 g of citrulline powder are obtained from 100g of watermelon
peels. The obtained citrulline powder was further physiochemically
analyzed. The results showed that the moisture content, swelling
power, solubility, pH, ascorbic acid, magnesium and total nitrogen
were 4.77+0.07, 5.28+0.58,68.89+0.34, 6.68+0.14, 0.62+0.07,
0.17+0.01 and 0.34+0.02 respectively. During sensory evaluation
using a 5-point hedonic scale, the overall acceptability from 20
panelists showed that citrulline powder had high acceptability and
potential uses of the citrulline extract in practical applications
especially in food industries as natural flavor enhancer or sweetener,
functional ingredients in supplements, pH regulator and antioxidant,
nutritional content enhancer, functional ingredient in foods and
beverages.
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I.  INTRODUCTION

Watermelon (Citrullus lanatus) is a popular fruit cultivated
worldwide. It is typically harvested by hand when the fruit
reaches maturity, which is determined by several factors such
as size, color, and sound when tapped. After harvest,
watermelon can be stored for a limited period under appropriate
conditions, including cool temperatures and high humidity, to
maintain its quality. However, watermelon is a perishable fruit,
and postharvest losses can occur due to various factors such as
physical damage, microbial spoilage, and physiological
changes (Al-Helal et al., 2019).

Ethylene production, for example, can lead to accelerated
ripening and reduced shelf life which can further reduce the
market acceptability of watermelon. To minimize losses, proper
postharvest handling practices are crucial, including prompt
cooling, careful handling to avoid bruising, and storage at
optimal temperature. To extend the shelf life of watermelon and
maintain its quality during storage and transportation, various
techniques can be employed. These include modified
atmosphere packaging, cold storage, and the application of
coatings or films to reduce water loss and microbial growth.

Furthermore, the use of natural or synthetic compounds with
antimicrobial properties can help control decay-causing
pathogens and extend the fruit's shelf life (Harker et al., 2018).

Recent research has focused on the potential utilization of
watermelon peels in various ways, such as in food processing,
dietary supplements, and functional foods. Watermelon peels
can be used to create value-added products like jams, pickles,
and even juices, contributing to waste reduction and sustainable
food practices (Malik et al., 2020). Also, the watermelon peels
can be used in the extraction of citrulline.

Citrulline is a non-essential amino acid that is naturally
found in certain foods and also produced by the human body.
Its chemical structure consists of a urea group and an amino
group attached to a five-carbon chain. The molecular formula
of citrulline is CeHi13sN3Oz. Within the body Citrulline is
involved in the synthesis of arginine, another amino acid that
plays a crucial role in protein synthesis, immune function, and
the production of nitric oxide. Nitric oxide is a molecule
involved in blood vessel dilation and regulation of blood
pressure. This, in turn, may contribute to enhanced exercise
performance and reduced muscle fatigue which shows the
health benefits of citrulline in the human body (Sureda et al.,
2019).

The content of citrulline in watermelon peels can vary based
on factors such as the variety of watermelon, growing
conditions, and the method of extraction. Watermelon peels
typically have a green color, ranging from pale to dark green.
The texture of watermelon peels is usually smooth but can be
slightly bumpy or ridged in some areas. Watermelon peels are
generally not consumed due to their bitter taste and less sweet
flavor. The flavor can be slightly astringent and may lack the
appealing sweetness of the flesh (Malik et al., 2020).

The citrulline content in watermelon peels can vary widely.
On average, it is estimated that watermelon peels contain
around 1,000 to 3,000 mg of citrulline per 100 grams of peel.
However, these values are approximate and can be influenced
by factors like the watermelon variety, growing conditions, and
extraction methods. It is important to note that while
watermelon peels do contain citrulline, the levels might not be
as high as in some other sources like citrulline supplements
(Malik et al., 2020).

Citrulline plays an important role in the urea cycle, which is
responsible for the detoxification of ammonia in the body. It
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acts as an intermediate in the conversion of ammonia into urea,
a less toxic substance that can be excreted by the kidneys.
Citrulline has gained attention as a potential dietary supplement
due to its potential benefits for exercise performance and
cardiovascular health. It is often marketed as a supplement to
enhance athletic performance and improve blood flow. Some
studies have suggested that citrulline supplementation may help
reduce muscle fatigue and improve exercise endurance. Other
natural sources of citrulline include cucumbers and pumpkins
but they all contain low citrulline content of less than 5%
compare to the citrulline contained in watermelon fresh fruit
(Curis et al., 2017). Citrulline has both physical and chemical
properties that contribute to its biological functions. Physical
Properties include its appearance which is typically a white
crystalline powder. Citrulline is soluble in water, which makes
it suitable for use in agqueous solutions and beverages. Like
other amino acids, citrulline can exist as a zwitterion in aqueous
solutions, meaning it has both a positively charged amino group
and a negatively charged carboxyl group at physiological pH.
Citrulline can undergo various chemical reactions common to
amino acids, such as forming peptide bonds in protein
synthesis. Citrulline is involved in the urea cycle, a biochemical
pathway that plays a crucial role in the detoxification of
ammonia produced during protein metabolism. It is converted
to arginine in the body, which in turn can be used for the
synthesis of nitric oxide (NO), a molecule important for blood
vessel dilation and cardiovascular health (Pérez &Bertoft,
2015).

Rwanda manufacturing industry is still small but growing
as it contributed about 17 % to the country’s GDP in 2019. The
sector is not yet expanding the basic manufacturing the more
value-adding activities in other sub-sectors that include fast-
moving consumer goods such as detergents, body care
products, paper tissues, plastic goods, papers, chemicals,
beverages, textiles, leather and footwear and cosmetics and
supplement production which sometimes considered as
pharmaceutical products like citrulline supplement. Rwanda get
citrulline from online business directories such as websites like
yellow pages and Trade India. Local pharmaceutical companies
or distributors, pharmacies and health stores, online
marketplaces, platforms like Alibaba or even Amazon could
potentially have citrulline suppliers to Rwanda (Behuria, 2019).

Il. MATERIALS AND METHODS
Raw materials preparation

The watermelon peels (10kg) used in this study were
collected watermelon fresh fruits purchased from Musanze
local market. Watermelon fruits were put in polypropylene bag
and transported to INES’s Food Processing Unit, where they
were washed with tap water, peeled. Watermelon peels were
collected, size reduced and soaked in distilled water for 8 hours
at room temperature.

Extraction of citrulline from watermelon peels

Citrulline from watermelon peels were extracted following
the procedure as described by Shi and Xue (2016) with slight
modification by maceration technique. The mixture of the
watermelon peels and distilled water was stirred for each after
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1hour. The mixture was filtrated by separating the liquid extract
from the solid sediments with cheese cloth. Solid sediments
were drained off. Liquid extract was placed in a wide-mouthed
dish and allow precipitation for 1 hour at room temperature in
a well-ventilated area. Liquid sediment was drained off.
Precipitated liquid components were crystallized by adding 30
ml of distilled water. Second precipitation process was carried
out at room temperature for 45 minutes. Liquid sediments were
drained off. Wet components were collected as the wet
citrulline. Wet citrulline which were weighing 292 grams were
oven dried at 105°C for 5 minutes. The obtained dried citrulline
powder of 265 grams were kept in air tight container for further
analysis.

Analysis of physicochemical characteristics of citrulline

Determination of moisture content

The moisture content of citrulline was determined following
the procedure described by Park, (2018) with maceration
technique. Three petri dishes were oven dried at 105°C for 15
minutes and cooled down in the dessicator for 10 minutes. The
petri dishes were weighed; 5 g of citrulline was weighed; put in
each petri dish separately and the petri dishes were well shaken.
The petri dishes were oven dried at 135°C for 2 hours and
cooled down in a dessicator for 15 minutes. The moisture
content of the citrulline powder was calculated using the Eq.
(1):
Moisture (%) =
Where:
W1 is the weight of the sample used
W?2 is the weight of the empty petri dishes
W3 is the weight of the petri dishes and sample after drying.
Determination of swelling power and solubility

The swelling power and solubility of citrulline were
determined in accordance with the method described by Hirsch
and Kokini, (2020). The quantity of 2 g from citrulline were
weighed and put in beaker of 250ml. Ten (10) ml of distilled
water was added. The solution was well mixed and poured into
graduated centrifuge tube. The centrifuge tube was shaken;
placed in a water bath incubator shaker (Manufactured by Shree
Krishna Scientifics) set at 95°C while shaking the samples
gently to ensure that the citrulline granules remain in
suspension until gelatinization occurs. The centrifuge tubes
were cooled under running water and centrifuged at 1000rpm
for 30 minutes per each. After centrifuging, the supernatants
were separated from the sediment, put on a laboratory watch
glasses previously weighed. The watch glasses were oven dried
at 105°C for 1 hour. The swelling power and solubility of

citrulline powder were calculated using the Eq. (2) and Eq. (3):
Weight of swollen sediment (2)

W1—(W3-W2)x100
w1

@

Swelling power =
gp Weight of dry citrulline

weight of dry supernatant (3)

SOlublllty - weight of citrulline sample
Determination of pH

The pH was determined following the procedure described
by Omojola, (2017) with maceration technique using a 900
multi parameter meter. Five grams (5 g) of citrulline were
separately put in different beakers of 100ml. Ten milliliters (10
ml) of distilled water was added in each beaker. The mixture
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was well shaken and the pH electrode of a 900 multi parameter
meter was dipped in each beaker and stood for 5 minutes. The
readings were recorded.
Determination of Vitamin C

Ascorbic acid was determined by lodine -Based Redox
Titration method which was described by Shrestha et al. (2016).
The volume of 20 mL aliquot of the sample solution was taken
in 250ml conical flask, one hundred fifty (150) mL of distilled
water were added and 1 mL of starch indicator solution was
added. The burette was rinsed with a small volume of iodine
solution with 0.005 mol L—1 to titrate the solution. Initial
volume was recorded. The solution was titrated until the
endpoint was reached. Titration was repeated three times,
initial, final volume and results were recorded.
Determination of Magnesium

Magnesium was determined following the procedure
described by Brown et al. (2021) by using Hess method with
slight modification. The magnesium contained in citrulline
were digested. 2g of citrulline were digested with 20ml of
sulphuric acid concentrated 98% for 30 minutes. Solution used
during titration step was prepared. An aliquot of 10ml from
digested citrulline was taken and poured in an Erlenmeyer flask
of 250ml. The solution was diluted with 150ml of distilled
water. Fifteen (15) ml of buffer solution (NH4CI-NH,OH) and
10 drops of NH.OH-HCI, KsFe (CN) and 6 drops of TEA were
added. Fifteen (15) minutes at room temperature were waited.
3 drops of Eriochrome black were added. Twenty (20) ml from
aliquot solution were taken and pour in conical flask for
titration. Titration with EDTA 0,005N was carried out until a
stable color blue appeared. Procedure was repeated for the
blank. Results were recorded. The magnesium of the citrulline

powder was calculated using the Eq. (4):
% Mg _ (T-Bl)x0.2XFCxXFDx100X10-3
4Mg =

Weight of the sample
Where:

T: ml of EDTA run out to change the color of the sample

(4)
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Bl: ml of the EDTA run out to change the color of the blank
0.2: mg of Mg in 1ml of the EDTA 0,005N
FC: Factor of correction
FD: Factor of dilution
Determination of Total Nitrogen

The total nitrogen was determined following the procedure
as described by Chavan et al. (2021) with slight modification.
The conventional test for protein measurement is based on the
digestion and spectrophotometer. One (1)g of citrulline powder
were weighed and put them in conical flask and 3g of catalyst
(selenium oxide. mercury or copper sulphate) were added. 20ml
of sulphuric acid concentrated at 98% were measured by a
pipette and pour the acid into the sample flask. The flask was
shaken gently and places it on digester power, run the digester
for 30 minutes. After clear green color appears digester was
turned off and wait to cool the flask at room temperature.
Digested sample was diluted with distilled water, 20ml of
distilled water was added into the conical flask, mix and pour
the digested sample into a 100ml volumetric flask by using a
funnel to avoid the loss and add distilled water to reach 100ml.
5ml of the sample was put in 45ml of distilled water and add
2ml of Nessler reagent then mix homogeneously in a conical
flask. Put the solution in a cuvette and read absorbance in the
spectrophotometer at 490 nm. The total nitrogen of the
citrulline powder was calculated using the Eq. (5):

__ (Abs-bl)xVx100
(%)N = 1000XW (5)
For, Abs: Absorbance

bl: Blank
V: Volume
W: Weight of sample
(%) N: Percentage of Nitrogen

I1l. RESULTS
Physicochemical characteristics of citrulline

TABLE 1: Summary of physicochemical characteristics of citrulline extracted from watermelon peels

Parameter Moisture content | Swelling power | Solubility pH Vitamin C | Magnesium | Total nitrogen
(%) (9/g) (%) -log[H'] (mg) (mg) (%)
Results 4.77+0.07 5.28+0.58 68.89+0.34 | 6.68+0.14 | 0.62+0.07 0.17+0.01 0.34+0.02

Moisture content

Moisture content in any food commodity plays a key role in
deciding its shelf life. Generally, the citrulline sample had low
moisture content; indicative of better shelf life (Smith et al.,
2023). The terms of "water content” and "moisture content"
have been used interchangeably in literature to designate the
amount of water present in foodstuffs and other substances. The
amount of moisture is a measure of yield and quantity of food
solids, and can be a direct index of economic value, stability,
and quality of food products Park, (2018). Figure 1 illustrates
the moisture contents of citrulline extracted from watermelon
peels for three trials.

The statistical analysis revealed a significant difference at
p<0.05; p=0.02. The moisture content of any substance is
affected by its initial state. Watermelon peels themselves
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contain water in range of 85-92% but the exact amount will
depend on various factors like the watermelon's freshness and
the storage conditions. This initial moisture content will
contribute to the moisture range observed in the extracted
citrulline. As result indicated in table, the moisture content of
citrulline was 4.77+0.07 %. That value was in close agreement
to that reported by Brown and Garcia (2015) which was 4-5.7%.
The process used to extract citrulline from watermelon peels
can impact the final moisture content. Different extraction
methods might involve varying degrees of drying or
concentration steps that can either reduce or maintain the
moisture content. Factors like temperature, humidity, and
duration of drying can all affect the final moisture content of
the extracted citrulline (Williams & Turner, 2016).
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Moisture content values of citrulline (%)
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Figure 1: Moisture content values
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Figure 2: Swelling power values

Environmental conditions during the extraction and
processing can play a role. Ambient humidity and temperature
can impact the moisture content of the citrulline. Natural
products like watermelon peels can have inherent variability in
their composition. Different batches of watermelon peels might
have slightly different moisture content, affecting the extracted
citrulline’s moisture content. Different testing methods can
yield slightly different results. The way the extracted citrulline
is stored after extraction can affect its moisture content. If it's
exposed to air and humidity, it might absorb moisture from the
environment (Brown & Garcia, 2015).

Swelling power

The swelling power of citrulline refers to ability of
absorbing and holding water. The swelling power of citrulline
applied in food sciences in various ways, particularly in the
fields of food processing, product development, and functional
food formulation (Rodriguez et al., 2022). Figure 2 illustrates
the swelling power of citrulline extracted from watermelon
peels for three trials.

The statistical analysis revealed a significant difference at
p<0.05, p=0.04 on the swelling power of citrulline. As result
indicated in table 1, the swelling power of citrulline was
5.28+0.58. That value was in close agreement to that reported
by Johnson, (2021) which was 4-6g/g. According to Rodriguez
et al. (2022), by extending the extraction time allows more time
for the solvent to interact with the sliced watermelon peels
which increase the swelling power due to the larger amount of
extracted citrulline available to interact with water. Too much
solvent might lead to decreased swelling power due to dilution
effects. Conducting the extraction in the presence of light and
oxygen could have varying effects. Light and oxygen exposure
might contribute to the oxidation of certain compounds,
potentially affecting the swelling power. The soaking and
crystallization steps could potentially increase swelling power,
while the filtration, drying, and blending steps might lead to a
decrease of swelling power (Johnson, 2021).

Solubility

Solubility of citrulline refers to the ability of citrulline
molecules to dissolve in a solvent, usually water, to form a
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homogeneous solution. Solubility is influenced by factors such
as temperature, pressure, and the presence of other substances
(Jackson & Harris, 2015). Figure 3 illustrates the solubility
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values of citrulline extracted from watermelon peels for three
trials.
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Figure 3: Solubility values
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Figure 4: pH values

The statistical analysis revealed a significant difference at
p<0.05, p=0.04 on solubility of citrulline. Citrulline's solubility
is relevant in the context of its use as a dietary supplement or
pharmaceutical ingredient. As result indicated in table 1, the
solubility of citrulline was 68.89+0.34%. That value was in
close agreement to that reported by Jackson and Harris (2015)
which was 50-75%. High solubility can impact the formulation
and absorption of citrulline-containing products. The solubility
of citrulline can affect its bioavailability, which is the extent to
which the substance is absorbed and available for physiological
effects within the body (Jackson & Harris, 2015).

The solubility of citrulline is relatively high due to its
molecular structure and the presence of functional groups that
interact favorably with water molecules. Citrulline contains
polar functional groups, including an amino group (-NH>) and
a carboxyl group (-COOH), both of which can form hydrogen
bonds with water molecules. These hydrogen bonds help
facilitate the dissolution of citrulline in water, making it more
soluble. Additionally, the presence of these polar groups makes
citrulline a hydrophilic (water-attracting) molecule, further
contributing to its solubility in aqueous solutions. The overall
structure of citrulline allows it to interact with water molecules
through multiple hydrogen boding sites, enhancing its solubility
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compared to nonpolar or less polar molecules (Smith &
Johnson, 2018).
pH

The pH of a substance is the degree of acidity or alkalinity
of that substance. pH is expressed on the figure shows values
range from 1 to 14 which express acidity or alkalinity of a
solution on a logarithmic scale where at value of 7 is neutral
solution, values of less than 7 are more acid solution while the
values of more than 7 are more alkaline solution (Musin et al.,
2022). Figure 4 illustrates the pH values of citrulline extracted
from watermelon peels for three trials.

The statistical analysis revealed significant difference at
p<0.05; p=0.001 in pH between three trials for citrulline as
sample. The pH of citrulline, an amino acid, generally ranges
around 7. As result indicated in table 1, the solubility pH of
citrulline was 6.68+0.14. That value was in close agreement to
that reported by Thompson et al. (2021) which was 6-7.5. This
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is because it is a neutral molecule at that pH. Citrulline, like
other amino acids, has both acidic and basic functional groups
in its structure. Citrulline contains an amino group and a
carboxyl group as two functional groups. At a pH of 7, these
two functional groups tend to balance each other out, resulting
in a net neutral charge on the citrulline molecule. Specifically,
the amino group can accept a proton to become positively
charged and the carboxyl group can lose a proton to become
negatively charged (Thompson et al., 2021).

Vitamin C

Vitamin C, also known as ascorbic acid, is water-soluble,
meaning it readily dissolves in water. This characteristic plays
a crucial role in extraction and distribution within aqueous
solutions, such as the maceration extract which is citrulline
obtained from watermelon peels (Perera et al., 2020). Figure 5
illustrates the vitamin C value of citrulline extracted from
watermelon peels for three (3) trials.

Vitamin C content of citrulline (mg)

0.8

0.7 0.67 0.64

E o5
o

— 0.4
0.3

Vitami

0.2
0.1

Trial 1 Trial 2

Trials

0.54

Trial 3

Figure 5: Vitamin C content

Watermelon peels do contain some vitamin C, although the
concentration is generally lower compared to the flesh of the
fruit. Maceration method is a common technique used for the
extraction of bioactive compounds from plant materials. In this
process, the watermelon peels once they soaked in water to
facilitate the transfer of target compounds into the solvent. The
water-soluble vitamin C is expected to be released into the
solvent during maceration where it will be combined with target
extract which is citrulline (Perera et al., 2020).

The statistical analysis revealed a significant difference at
p<0.05; p=0.0001 on vitamin C for the citrulline as sample. The
solubility level of vitamin C in water is 330 g/L at room
temperature. As result indicated in table, the Vitamin C of
citrulline was 0.62+0.07 mg. That value was in close agreement
to that reported by Huang et al. (2019) which was 23.8-35.9
mg/g in 100 grams of citrulline. It is important to consider
potential interactions between vitamin C and other compounds
present in watermelon peels. Factors such as pH, temperature,
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and time can influence the stability of vitamin C during the
maceration process. Both Vitamin C and citrulline are sensitive
to exposure to air, light, and heat.

The steps involving leaving the liquid extract in a well-
ventilated area and storing the dried citrulline in an airtight
container are generally good practices to minimize potential
degradation of these compounds. The precipitation and
filtration steps may remove some water-soluble compounds,
including a portion of vitamin C and citrulline. The drying
process carried at temperature above room temperature have an
impact on both vitamin C and citrulline content. Vitamin C is
heat-sensitive and can degrade at high temperatures. Citrulline
is less heat-sensitive compared to Vitamin C, but prolonged or
high-temperature exposure can still lead to some degradation of
vitamin C contained in citrulline powder extracted from
watermelon peels (Huang et al., 2019).

Dr Kamana Emmanuel, Dr Hakizimana Jean Nepo, Dr Mushirabwoba Jean Bernard, Tuyizere Janviére, and Mushimiyimana Leandrine,
“Physicochemical Characteristics of Citrulline Extracted from Watermelon Peels,” International Research Journal of Advanced Engineering and

Science, Volume 8, Issue 4, pp.163-171, 2023.



Magnesium

When discussing the "magnesium contained in citrulline,”
mean that magnesium is not a component of citrulline itself.
Instead, magnesium could be present alongside citrulline in
watermelon peels which gives the potential interaction or

International Research Journal of Advanced Engineering and Science

ISSN (Online): 2455-9024

correlation between magnesium and citrulline within the
watermelon peels (Garcia & Taylor, 2021). Figure 6 illustrates
the magnesium values of citrulline extracted from watermelon
peels for three trials.

magnesium content of citrulline (mg)
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Figure 6: Magnesium content
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Figure 7: Total nitrogen content

The statistical analysis revealed a significant difference at
p<0.05; p=0.004 on magnesium for the citrulline as sample. The
magnesium in citrulline is water-soluble with solubility of
about 12 mg/L at room temperature, which make magnesium to
be available in citrulline extracted from watermelon peels. As
result indicated in table, the magnesium content of citrulline
was 0.17+0.01 mg. That value was in close agreement to that
reported by Tarazona-Diaz et al. (2021) which was 10-8mg/g
in 100grams of citrulline. Magnesium is an essential mineral
that plays a crucial role in various physiological functions in the
body, including muscle and nerve function, bone health, and
maintaining a normal heart rhythm. It is important to ensure an
adequate intake of magnesium through a balanced diet, but
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citrulline extracted from watermelon peels may not provide a
substantial amount of magnesium (Tarazona-Diaz et al., 2021).

Even if the magnesium content in citrulline is not typically
a significant factor but during citrulline extraction some amount
of magnesium is included. While watermelon peels and flesh
part of watermelon do contain some amount of the magnesium,
the amount of citrulline would extract from watermelon peels is
likely to be relatively small compare to other extracts from
watermelon peels, but the yield of citrulline can be investigated
for its magnesium content. The high amount of the magnesium
content result be, indicate the high yield of citrulline extracted
from watermelon peels (Garcia & Taylor, 2021).
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Total nitrogen

Nitrogen is an essential component of amino acids like
citrulline. Smith et al. (2019) discussed the total nitrogen
content in citrulline extracted from watermelon peels can vary
depending on factors such as the variety of watermelon, the
extraction method used, and the specific conditions of the
extraction process. Figure 7 illustrates the total nitrogen values
of citrulline extracted from watermelon peels for three trials.

Extraction at room temperature is relatively mild and
prevents potential degradation of heat-sensitive compounds like
citrulline. The maceration technique has influenced the
efficiency of citrulline extraction and nitrogen content from
watermelon peels where they have combined in one product as
citrulline. Different maceration conditions, such as the duration
of maceration, solvent type, temperature, and ratio of peels to
solvent, can affect the ability to extract citrulline and its
associated nitrogen compounds (Chen et al., 2020).

The statistical analysis revealed a significant difference at
p<0.05; p=0.0010n total nitrogen for the citrulline as sample.
As result indicated in table, the total nitrogen amount of
citrulline was 0.34£0.02 %. That value was in close agreement
to that reported by Chen et al. (2020) which was 16.2-17.8% in
100 grams of citrulline. Maceration at higher temperatures
might increase the extraction efficiency of citrulline and its
nitrogen compounds. However, excessive heat might also
degrade certain compounds, leading to a potential loss of
nitrogen content. Similarly, extending the maceration time
might enhance extraction, but there's a balance to be struck
between extraction efficiency and potential degradation.

The ratio of watermelon peels to the solvent used in
maceration can also influence extraction efficiency. Using a
higher ratio of peels to solvent might lead to better extraction
but could also result in saturation and reduced extraction
efficiency. The pH of the maceration solution can impact the
stability of citrulline and its nitrogen compounds. Adjusting the
pH to an optimal range might enhance extraction process (Chen
et al., 2020).

The obtained citrulline from 10kg of watermelon peels
during experiment were 265 grams which was efficient yield as
the range of maximum vyield of citrulline extracted from
watermelon peels is in range of 100 grams to 300 grams of
citrulline from 10kg of watermelon peels. Maceration method
carried out at the optimum conditions including room
temperature, water with pH around 7 and 8 hours as period of
extraction lead to the maximum yield of citrulline powder to be
extracted from watermelon peels (Smith, 2018). The variability
in results for repeated trials on the same sample can arise from
a combination of intrinsic and extrinsic factors. Intrinsic factors
include inherent heterogeneity within the sample, leading to
variations in composition, structure, and properties. Extrinsic
factors like environmental conditions (temperature, humidity),
equipment calibration, and operator technique also influences
underlies the observed variability in experimental outcomes for
repeated trials on the same sample (Smith, 2018).
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