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Abstract 

Watermelon (Citrullus lanatus) is a nutritious fruit that has attracted scientific interest due to its phytonutrient content including 

carotenoids and amino acids. Watermelon juice is the richest known source of amino acids including L-arginine and L-citrulline. 

For a complete separation of amino acids in watermelon juices, a gradient mode of reverse phase high performance liquid 

chromatography (RP-HPLC) with UV detection was utilised owing to its supremacy over isocratic mode. This present study was 

aimed at achieving good separation of chromatography profiles and baseline between L-arginine and L-citrulline in red and 

yellow crimson watermelon juice extract. The edible parts of watermelons were juiced, stored at – 80 oC and freeze dried to 

obtain dried juice powder. Samples were analysed by gradient mode of RP-HPLC using 0.1% orthophosphoric acid in water 

(v/v) and acetonitrile as mobile phase A and B. The chromatograph separation was performed using Gemini C18 column at a flow 

rate of 1.0 mL/min, maintained temperature at 25 oC while detection was made at four different wavelengths; 195 nm, 200 nm, 

207 nm and 210 nm with total analysis time of 35 min. Excellent chromatographic separation was achieved at conditions of 

gradient elution (0%B - 95%B, 0-18 minutes and 95%B, 18-23 minutes, 95%B-0%B, 23-25 minutes, 0%B, 25-35 minutes) with 

baseline between L-arginine and L-citrulline in both watermelon juice extracts. The gradient mode used in this RP-HPLC 

successfully achieved efficient separation of chromatographic profile for amino acids, L-arginine and L-citrulline in the red and 

yellow crimson watermelon juice extracts. 

 

Keywords:  separation, L-arginine, L-citrulline, watermelon, juices extract 

 

Abstrak 

Tembikai (Citrullus lanatus) adalah buah yang berkhasiat yang menarik perhatian saintifik kerana kandungan fitonutriennya 

seperti karotenoid dan asid amino. Jus tembikai mempunyai asid amino yang tinggi termasuk L-arginina dan L-sitrulina. Untuk 

pemisahan lengkap asid amino dalam ekstrak  jus tembikai, mod cerun fasa terbalik kromatografi cecair prestasi tinggi (FT-

KCPT) dengan pengesanan UV dijalankan kerana kehebatannya berbanding mod isokratik. Kajian ini bertujuan mencapai 

pemisahan yang baik  bagi profil kromatografi dan garis dasar antara L-arginina dan L-sitrulina dalam ekstrak jus tembikai 

merah dan tembikai kuning. Isi buah tembikai ditapis, disimpan di – 80 oC dan diletakkan dalam proses pengeringan-beku untuk 
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mendapatkan serbuk jus kering. Sampel dianalisis menggunakan mod cerun FT-KCPT dengan 0.1% asid ortofosforik dicairkan 

dalam air (v/v) dan  asetonitril sebagai fasa bergerak A dan B. Pemisahan kromatografi dilakukan dengan menggunakan turus 

Gemini C18 pada kadar aliran 1.0 mL/min, suhu yang dikekalkan pada 25 oC dan pengesanan dibuat pada empat panjang 

gelombang yang berbeza; 195 nm, 200 nm, 207 nm dan 210 nm dengan 35 minit masa analisis keseluruhan. Pemisahan 

kromatografi yang cemerlang dicapai dengan keadaan elusi kecerunan (0% B - 95% B, 0-18 minit dan 95% B, 18-23 minit, 95% 

B-0% B, 23-25 minit, 0% B, 25-35 minit) dengan garis dasar antara L-arginina dan L-sitrulina dalam kedua-dua ekstrak jus 

tembikai. Mod cerun dalam FT-KCPT ini berjaya mencapai pemisahan profil kromatografi yang efisien untuk asid amino, L-

arginina dan L-sitrulina dalam ekstrak jus tembikai merah dan kuning. 

 

Kata kunci:  pemisahan, L-arginina, L-sitrulina, tembikai, ekstrak jus 
 

 

Introduction 

Watermelon or scientifically known as Citrullus lanatus is categorised as a member of Cucurbitaceae family that 

incorporates several other important fruits such as muskmelon, cucumber, pumpkin, bottle ground and winter melon 

[1]. Citrullus lanatus is a vine-like flowering fruit mainly found worldwide in tropical and subtropical climates 

especially in Africa, Asia and Mediterranean [2]. Watermelon contains abundant carotenoid content that includes 

lycopene, β-carotene, lutein and neoxanthin, which are responsible for different watermelon flesh colours [3]. Red 

fleshed watermelon contains rich source of lycopene as the major carotenoid and secondarily, β-carotene [3]. 

Yellow crimson, a yellow fleshed watermelon contains major carotenoid known as neoxanthin that plays specific 

role in protection against photooxidative stress [3]. Recent report from previous studies have shown that both red 

and yellow crimson watermelon juices contain high concentration of amino acids especially L-arginine and L-

citrulline [4, 5]. These amino acids are crucial in nitric oxide production for improving cardiovascular health, 

immune boosting, and sexual health benefits [6]. 

 

Amino acid profiling has been reported in numerous literatures using reverse phase high performance liquid 

chromatography (RP-HPLC) method following isocratic or gradient elution [7-10]. RP-HPLC has become the 

dominant mode for analytical analysis due to its excellent resolving power and versatile nature [11]. Previously, 

most RP-HPLC gradient methods for amino acid analysis including L-citrulline and L-arginine are performed along 

with pre- and post-column amino acid derivatisation using O-phthalaldehyde (OPA), but these methods require 

expensive equipments and tedious sample preparation [12]. Several derivatisation techniques using OPA in amino 

acid analysis have been conducted by isocratic HPLC, but the outcome was hampered by poor separation and 

overlapping of derivative peaks [13]. Recently, Jayaprakasha et al. [14] has successfully determined L-citrulline 

using isocratic elution method in reverse phase column, Gemini C18 with limitation for separation for single amino 

acid, L-citrulline. Therefore, the present study was aimed to achieve good separation of chromatography profiles 

and baseline between L-arginine and L-citrulline in two types of watermelon juices extract, the red and yellow 

crimson watermelons by gradient mode of RP-HPLC method. 

 

Materials and Methods 

Chemicals and reagents  

Pure standards of L-arginine and L-citrulline were purchased from Sigma-Aldrich (St. Louis, MO). Phosphoric acid, 

≥85% (Sigma-Aldrich) and HPLC grade deionised filtered water were used to prepare the mobile phase A. 

Acetonitrile, LiChrosolv gradient grade, was obtained from Merck (Darmstadt, Germany) as mobile phase B. All 

solutions were filtered by Durapore PVDF membrane, 0.45 µm (Merck, Germany) and degassed prior to the HPLC 

experiments. All chemicals and reagents used were of HPLC grade. 

 

Sample and standard preparation 

Locally harvested red and yellow crimson watermelons (Citrullus lanatus) were obtained from Selangor Fruit 

Valley, Rawang. Both watermelons were cleaned with filtered tap water, peeled to obtain the fleshes with the 

remaining seeds removed. Watermelons fleshes were chopped into small pieces. The fleshes were then processed 

with a commercial juice extractor (Panasonic, MY) that automatically separates the pulp and the juices. The juices 

were stored at – 80 
o
C and freeze-dried using Benchtop Freeze Dry System (Labconco, Kansas City, MO) to obtain 

dried juices powder. The freeze-dried juices were stored at – 80 
o
C until further analysis. An amount 5 mg of freeze-

dried juices was dissolved in 1 mL deionised filtered water to yield 5 mg/mL of juice extract concentration. 
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Meanwhile, pure standard of L-arginine and L-citrulline were dissolved in deionised water to obtain 1 mg/mL stock 

solution. Fresh working standard and juices extracts were prepared daily and all solutions were filtered by nylon 

syringe filter (0.45 µm). 

 

Instrumentation 

Thermo Scientific™ UltiMate™ 3000 HPLC system was utilised for analysis. The system was equipped with an 

ultra-high pressure pump, column compartment, auto sampler, on-line degasser and diode array detector (DAD). 

The chromatographic profiles and integrated data were recorded using Chromeleon software version 7. The 

chromatographic separation was achieved using reverse phase column, Gemini C18, 110 Å, 3 µm partial size, 250 x 

4.6mm (Phenomenex, USA) in gradient mode. 

 

RP-HPLC analysis 

Chromatographic profiling of red and yellow watermelon juices extracts was performed on Thermo Scientific™ 

UltiMate™ 3000 HPLC system with diode array detector (DAD) and column temperature maintained at 25 
o
C. The 

Chromeleon chromatographic software was used for data collection and processing.  A 20 μL of standard and juice 

extracts were automatically injected by the auto sampler. Elution was conducted using mobile phase A (0.1 % 

orthophosphoric acid in water (v/v)) and mobile phase B (100% acetonitrile) with a linear gradient elution 

programme (Table 1) at a flow rate of 1.0 mL/min. The following gradient was applied: 0%B – 95%B, 0-18 minutes 

and 95%B, 18-23 minutes, 95%B-0%B, 23-25 minutes, 0%B, 25-35 minutes with total analysis time of 35 minutes. 

Detection was monitored at four different wavelengths: 195 nm, 200 nm, 207 nm and 210 nm. Prior to analysis, the 

system was purged to remove bubbles from the line tubes. The column was conditioned for at least 30 minutes until 

flat baseline was achieved. In each chromatographic run, the column was flushed with 95% acetonitrile followed by 

10 minutes at solvent composition for the next injection.  

 

Table 1.   Linear gradient elution 

Time  

(minutes) 

% A 

(0.1% H3PO4) 

% B 

(ACN) 

0 100 0 

18 5 95 

23 5 95 

25 100 0 

35 100 0 

 

 

Results and Discussion 

The present study has successfully achieved excellent chromatography profiles for separation two types of juice 

extract, red and yellow crimson watermelons, using gradient mode RP-HPLC. The linear gradient profile developed 

as shown in Figure 1 resulted in lowest baseline drift and provide excellent separation of amino acid, L-arginine and 

L-citrulline. The present result showed improvement from previous study conducted by Rao and Bitla [15] that 

demonstrated incomplete separation of L-arginine and L-citrulline without baseline resolve using gradient mode 

RP-HPLC. Gradient elution was confirmed to be performed in this analysis as the ratio in retention time, Δt, 

between the first, ta, and the last peak, tz, of compounds in linear gradient was > 0.25. This gradient programme 

was selected to achieve maximum separation and sensitivity. The linear gradient phase was performed by changing 

acetonitrile composition from the starting condition of 0% acetonitrile to 95% acetonitrile from 0 to 18 min. This 

phase is called as gradient time (tg) in which the solvent composition is changed to elute compounds of different 

polarity. The presence of acetonitrile in the starting solvent for the gradient elution is necessary to ensure the elution 

of both amino acids, L-arginine and L-citrulline, within a reasonable time. Acetonitrile was preferred as organic 

solvent due to lower viscosities and low UV cut off compared to methanol that often causes a higher baseline noise 

with electrochemical detection [16]. This can be confirmed by Abdullah et al. [17] study that stated the use of 

acetonitrile resulted in sharper peak shape and better resolution in a shorter analysis time than methanol. 
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Figure 1.  The linear gradient elution from 0 to 18 minutes; the graph represents the percentage of solvent A (0.1% 

phosphoric acid) and solvent B (acetonitrile 

 

The chromatography separations of mixed standard, red and yellow crimson watermelon juice extracts at linear 

gradient phase were shown in Figure 2. The chromatographic profile of standard solution presented in Figure 2a 

showed that the standard mixture of L-arginine and L-citrulline was perfectly separated without any derivatisation. 

L-arginine was eluted first at retention time of 4.350 min followed by L-citrulline at 5.320 min. Excellent separation 

on chromatography profile in standard solution was achieved although additional minor peaks were observed, which 

might be due to reagent purity. The chromatography profiles of red and yellow crimson watermelon juice extracts 

showed well-separated peaks of 11 major compounds that were eluted including L-arginine and L-citrulline (Figures 

2b and 2c). L-arginine and L-citrulline exhibited excellent baseline separation, good resolution and peak symmetry 

with increasing steepness under the gradient elution conditions. The finding was supported by Markowski et al. [18] 

and Mao et al. [19] that demonstrated successfully separation of L-arginine and L-citrulline with good baseline and 

resolution under gradient elution. Interestingly, only small minor additional peaks were observed on the 

chromatograph results even though simple extraction step was performed without sample clean-up. This simple 

extraction method provides convenient sample preparation and reduces instrumental requirements, hence less 

equipped laboratories are required to carry out this analysis [20].  
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Figure 2.  Comparison of RP-HPLC chromatographic profiles of (a) standard mixture solution (L-arginine, 1 

mg/mL and L-citrulline, 1 mg/mL), (b) red watermelon juice extract (c) yellow crimson watermelon juice 

extract; 20 μL of mixed standard or samples were injected into the HPLC system; mobile phase flow of 

1.000 mL/min; linear gradient (ACN: 0% to 95% in 18 minutes); UV/Vis detector wavelength of 200 nm; 

column oven maintained at 25 
o
C. 

 

 

 

The effects of UV wavelengths on detection of L-arginine and L-citrulline were also determined within the range of 

195 nm to 210 nm. The selection was done based on the previous literatures conducted by Ridwan et al. [5], 

Jayaprakasha et al. [14] and Sadji et al. [21] for underivatisation amino acid analysis. Comparison on 

chromatography profiles of red and yellow crimson watermelon juice extracts at four different wavelengths 

detection of 195 nm, 200 nm, 207 nm and 210 nm are showed in Figure 3 and 4, respectively. Detection of 

compounds at 200 nm yielded most stable and low baseline noise between peak of compounds in the 

chromatography profiles. Highest signal intensity of compounds was achieved at 195 nm but the chromatography 

baseline was less stable while the detection of signal intensity was decreased at 207 nm and 210 nm. This present 

finding is in agreement with Agrafiotou et al. [22] that showed high sensitivity detection of underivatised amino 

acids mixture at wavelength 200 nm compared to 190 nm and 210 nm. The lower wavelengths ranging from 195 nm 

to 210 nm were chosen in this study since most amino acids with appropriate functional group of carboxylic group 

(-COOH) including L-arginine and L-citrulline can only be detected at low UV wavelengths [5, 22]. Hesse and 

Weller [20] supported the notion that lower UV range provides high sensitivity, but interference of solvents, buffers, 

and other additives is often prohibitive. Thus, it is crucial to used proper mobile phases as there is only limited 

number of buffer components and electrolyte additives that can function optimally at low wavelengths. The 

employed  mobile phase of 0.1% orthophosphoric acid and  acetonitrile  produced  reproducible  separation  of L-

arginine and L-citrulline in red and yellow crimson watermelon juice extracts at 200 nm. 
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Figure 3.  Comparison of chromatographic profiles obtained by gradient mode RP-HPLC in different wavelengths 

for red watermelon juice extract; (a) 195 nm (b) 200 nm (c) 207 nm (d) 210 nm; 20 μL of samples were 

injected into the HPLC system; mobile phase flow of 1.000 mL/min; linear gradient (ACN: 0% to 95% 

in 18 minutes); column oven was maintained at 25 
o
C. 
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Figure 4.  Comparison of chromatographic profiles obtained by gradient mode RP-HPLC in different wavelengths 

for yellow crimson watermelon juice extract; (a) 195 nm (b) 200 nm (c) 207 nm (d) 210 nm; 20 μL of 

samples were injected into the HPLC system; mobile phase flow of 1.000 mL/min; linear gradient 

(ACN: 0% to 95% in 18 minutes); column oven was maintained at 25 
o
C. 

 

 

Conclusion 

The gradient mode of RP-HPLC has successfully achieved efficient separation of chromatographic profile in linear 

gradient phase and baseline between L-arginine and L-citrulline in red and yellow watermelon juice extracts using 

Gemini C18 with 0.1% orthophosphoric acid in water (v/v) and acetonitrile as mobile phase at 200 nm. L-arginine 

and L-citrulline were excellently separated. The method is simple with minimum samples preparation without any 

derivatisation that could potentially solve the problems in derivatisation techniques for amino acid analysis. 

However, further study is warranted for a complete analysis of amino acid profiles using the gradient mode RP-

HPLC and to quantify its content in local watermelon. It is also necessary to explore the roles of these bioactive 

constituents in watermelon as nutritional intervention for maintaining a healthy lifestyle. 
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	Abstrak
	Tembikai (Citrullus lanatus) adalah buah yang berkhasiat yang menarik perhatian saintifik kerana kandungan fitonutriennya seperti karotenoid dan asid amino. Jus tembikai mempunyai asid amino yang tinggi termasuk L-arginina dan L-sitrulina. Untuk pemis...
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	Watermelon or scientifically known as Citrullus lanatus is categorised as a member of Cucurbitaceae family that incorporates several other important fruits such as muskmelon, cucumber, pumpkin, bottle ground and winter melon [1]. Citrullus lanatus is ...
	Amino acid profiling has been reported in numerous literatures using reverse phase high performance liquid chromatography (RP-HPLC) method following isocratic or gradient elution [7-10]. RP-HPLC has become the dominant mode for analytical analysis due...
	Materials and Methods
	Chemicals and reagents
	Pure standards of L-arginine and L-citrulline were purchased from Sigma-Aldrich (St. Louis, MO). Phosphoric acid, ≥85% (Sigma-Aldrich) and HPLC grade deionised filtered water were used to prepare the mobile phase A. Acetonitrile, LiChrosolv gradient g...
	Sample and standard preparation
	Locally harvested red and yellow crimson watermelons (Citrullus lanatus) were obtained from Selangor Fruit Valley, Rawang. Both watermelons were cleaned with filtered tap water, peeled to obtain the fleshes with the remaining seeds removed. Watermelon...
	Instrumentation
	Thermo Scientific™ UltiMate™ 3000 HPLC system was utilised for analysis. The system was equipped with an ultra-high pressure pump, column compartment, auto sampler, on-line degasser and diode array detector (DAD). The chromatographic profiles and inte...
	RP-HPLC analysis
	Chromatographic profiling of red and yellow watermelon juices extracts was performed on Thermo Scientific™ UltiMate™ 3000 HPLC system with diode array detector (DAD) and column temperature maintained at 25 oC. The Chromeleon chromatographic software w...
	Table 1.   Linear gradient elution
	The present study has successfully achieved excellent chromatography profiles for separation two types of juice extract, red and yellow crimson watermelons, using gradient mode RP-HPLC. The linear gradient profile developed as shown in Figure 1 result...
	Figure 1.  The linear gradient elution from 0 to 18 minutes; the graph represents the percentage of solvent A (0.1% phosphoric acid) and solvent B (acetonitrile
	The chromatography separations of mixed standard, red and yellow crimson watermelon juice extracts at linear gradient phase were shown in Figure 2. The chromatographic profile of standard solution presented in Figure 2a showed that the standard mixtur...
	Figure 2.  Comparison of RP-HPLC chromatographic profiles of (a) standard mixture solution (L-arginine, 1 mg/mL and L-citrulline, 1 mg/mL), (b) red watermelon juice extract (c) yellow crimson watermelon juice extract; 20 μL of mixed standard or sample...
	The effects of UV wavelengths on detection of L-arginine and L-citrulline were also determined within the range of 195 nm to 210 nm. The selection was done based on the previous literatures conducted by Ridwan et al. [5], Jayaprakasha et al. [14] and ...
	Figure 3.  Comparison of chromatographic profiles obtained by gradient mode RP-HPLC in different wavelengths for red watermelon juice extract; (a) 195 nm (b) 200 nm (c) 207 nm (d) 210 nm; 20 μL of samples were injected into the HPLC system; mobile pha...
	Figure 4.  Comparison of chromatographic profiles obtained by gradient mode RP-HPLC in different wavelengths for yellow crimson watermelon juice extract; (a) 195 nm (b) 200 nm (c) 207 nm (d) 210 nm; 20 μL of samples were injected into the HPLC system;...
	The gradient mode of RP-HPLC has successfully achieved efficient separation of chromatographic profile in linear gradient phase and baseline between L-arginine and L-citrulline in red and yellow watermelon juice extracts using Gemini C18 with 0.1% ort...
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