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ABSTRACT	
Citrulline	is	considered	an	amino	acid	not	essential	for	the	human	body.	However,	recently,	the	interest	on	this	

compound	has	 increased,	because	of	 the	different	performance	benefits	 that	 it	 could	offer	 to	athletes,	who	

consume	 it	 as	 a	 dietary	 supplement.	 Among	 these	 benefits	 are:	 increase	 of	 energy	 synthesis,	 muscle	

development,	increasing	blood	flow,	delaying	fatigue	and	preventing	catabolism.	Citrulline	is	synthesized	and	

sold	as	citrulline	malate,	however,	it	is	found	naturally	and	abundantly	in	fruits	from	the	Cucurbitaceae	family,	

and	in	greater	proportion	in	the	watermelon	(Citrullus	 lanatus)	shell.	On	the	other	hand,	 in	the	last	decade,	

demand	for	consumption	of	functional	foods	has	increased,	thereby,	the	food	industry	has	developed	new	foods	

with	high	nutritional	value,	which	provide	health	benefits,	such	as:	snacks,	energy-protein	bars,	yogurt,	cereals,	

gums,	truffles,	etc.		The	objectives	of	this	document	are	to	describe	the	health	benefits	of	consumption	of	natural	

citrulline	 and	 its	 application	 for	 development	 of	 functional	 foods.	 Among	 the	 scientific	 advances	 to	 be	

highlighted	are:	citrulline	is	reported	to	be	of	great	ergogenic	help,	which	also	provides	benefits	for	diseases	

treatment.	Supplements	with	citrulline	significantly	increase	health	benefits,	among	the	effects	reported	are:	

decrease	of	insulin	resistance,	body	weight,	arterial	stiffness,	blood	pressure,	muscle	mass,	vasodilation,	blood	

flow,	and	elimination	of	excess	of	ammonia.	In	conclusion,	the	food	industry	is	constantly	at	the	forefront	so,	

by	developing	a	functional	food	from	a	natural	source	(watermelon),	not	only	will	it	be	taking	advantage	of	its	

nutrients	from	the	watermelon	shells,	but	it	will	also	be	minimizing	the	environmental	problems	by	using	an	

agro-industrial	waste.	
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1 Introduction 
Fruit consumption provides nutrients such as: carbohydrates, protein, fiber, vitamins, and minerals [1]. 

However, during its consumption, some plant structures such as shells and seeds are discarded, which may 

contain bioactive compounds [2]. In most cases, fruit shells are considered an agro-industrial waste, and 

are thrown into the environment, although, they are sometimes used as livestock feed [1]. However, fruit 

shell extracts contain phytochemicals that can be used to treat or prevent diseases [2]. These phytochemicals 

can also be incorporated into foods in order to confer them added-value. Currently, an important market 

has developed for this type of foods, which are marketed as: juices, breads, candies, yogurts, custards, 

truffles, etc. 

Citrulline (Table 1) is a compound present in fruit pulp and shells from the Cucurbitaceae family, mainly 

in watermelon (Citrullus lanatus). This compound may have different benefits to human health when it is 

incorporated to foods. This molecule has not received much importance, and it was classified only as a non-

essential amino acid for the human body, where its importance lay only on being an intermediary in the 

urea cycle [3], but as knowledge about this molecule accumulated, it was found to have other metabolic 

contributions, which are beneficial to human health. Recently, it has been associated with antioxidant and 

anti-cancer effects [4]. While in plants, citrulline is involved in nutrient transport, signaling, and the 

interaction process with pathogens and environmental stress. In human beings, this compound promises to 

be a good ergogenic aid, improving physical conditions, sports performance, delaying fatigue, and 

improving synthesis of nitric oxide (NO), which help to eliminating toxic compounds, and decreasing 

oxidative damage [5;6]. However, it is necessary to determine the maximum amount of citrulline that can 

be added to each food to avoid an excess in l-arginine production, since excess l-arginine consumption has 

been associated with gastrointestinal side effects, such as nausea and diarrhea, because of rapid increase in 

NO production in the gastrointestinal tract [7]. The objectives of this document are to discuss the health 

benefits of citrulline and the possibilities of its application on development of functional foods. 

 

Table 1. Physical characteristics and biological description of L-Citrulline US National Library of Medicine 

[8]. 

Features  

1.1 Chemical formula  C6H13N3O3 

1.2 Molar mass 175.19 /mol  

1.3 Chemical Structure   H2N—C—N—CH2—CH2—CH2—CH—COO- 
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2. Biological description 

2.1 Imagen SVG 

 

H—Cit—OH 

2.2 IUPAC DL-Citrulline 

1. Name and Identification  

3.1 Name IUPAC 

 

2-amino-5-(carbamoylamino)pentanoic acid.  

 

 

1.1 Citrulline synthesis  

L-Citrulline was isolated about 100 years ago from Citrullus lanatus, where its name came from. It has also 

been identified in other species from the Cucurbitaceae family [9], including melon, cucumbers, and 

pumpkin [10]. This amino acid can be synthesized by two pathways, from the amino acids L-glutamine 

(Figure 1) and L-arginine. The pathway from L-glutamine is: 

 

               Glutamine                                             Ornithine                                  L-Citrulline     

 

 

Figure 1. Citrulline synthesis in mitochondria during the urea cycle.  

The second route of citrulline synthesis is carried out by using L-arginine [12], as a precursor, which is 

catalyzed by nitric oxide synthase and co-producer of nitric oxide (NO) synthesis [3; 10]: 

L-arginine + 3 NADPH + H+ + 4 O2 à 2 L-citrulline + 2 NO + 4 H2O + 3 NADP+ 

It is not yet known at the cellular level which is the best nitric oxide precursor, arginine or citrulline [3], 

but, the best alternative could be citrulline, as it is more efficient for increasing the availability of arginine, 

obtaining a higher yield [11]. However, the human body is capable of synthesizing citrulline from other 

amino acids (from glutamine, glutamate, and proline catabolism in the small intestine), making direct 

consumption unnecessary [12]. 

Endogenous NO synthesis occurs through the L-arginine-NO pathway, whereby L-arginine is converted to 

NO and L-citrulline by nitric oxide synthase (NOS) enzymes [13]. 
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1.2 Metabolic pathway of citrulline in the human body  

    Citrulline is important during the urea cycle, because it converts ammonia into urea, a process that takes 

place in the liver. Therefore, people with problems by excreting ammonia into the blood have received 

citrulline to assist them, in this elimination [10]. In addition, combination of L-citrulline with malate (amino 

acid) can act as a mediator in the tricarboxylic acid cycle, thus increasing the rate of adenosine triphosphate 

(ATP) production cost of muscle contractile force [14], improving mitochondrial efficiency, and calcium 

handling [13].  However, excessive amounts of citrulline may cause the known disorder called citrullination, 

a chemical process that occurs when there are high amounts of citrulline, and where a process of post-

translation hydrolysis of arginine residues occurs to create citrulline and ammonia residues, with 

catalyzation by peptidylarginine deiminases (PAD), causing extensive protein modification, which could 

trigger a cascade of diseases such as multiple sclerosis, autoimmune disorders, and even cancer [10]. Being 

citrullination a promising therapeutic use for autoimmune, neurodegenerative diseases and certain cancers 

[15]. 

 

1.3 Nitric oxide (NO) and citrulline ratio  

Citrulline increases the availability of arginine, and consequently increases the synthesis of nitric oxide 

(NO) which is a gas synthesized from L-arginine and oxygen, by the endothelial nitric oxide synthetase 

(eNOS) enzyme. Nitrite (NO2-) and nitrate (NO3-) anions are NO metabolites, which are substitutivity 

measured to know endothelial NO production [16]. This gas is secreted by the endothelium and activates 

the soluble guanylate cyclase (SGC), increases production of cyclic guanosine monophosphate (cGMP), 

and promotes vasodilation of blood vessels [17].  This process aids blood circulation and effectively 

improves mitochondria function [18], especially during physical exercise [14]. 

NO regulates mitochondrial biogenesis, with increased regulation of the receptor the activation of N-

Methyl-D-Aspartate (NMDA) receptors through the excitatory action of glutamate, which induces Ca2+ 

entry into the cell. In conjunction with calmodulin, the enzyme nitric oxide synthase (NOS) is activated, 

and in the presence of other cofactors such as oxygen, NADPH, FAD, FMN and biopterin, the substrate L-

Arginine is converted to NO and L-Citrulline by the peroxisome proliferator-γ co-activator-1α (PGC-1α), 

which acts to regulate mitochondrial function. NO has a series of physiological functions among which the 

following stand out: increase the effectiveness of muscle contraction, control of oxygen consumption, relax 

of capillaries, and increase of exercise tolerance (therefore, it is an intercellular messenger, and forms 

reactive nitrogen species). In addition, this gas has certain benefits of dietary nitrite (NO3-) supplements, 

and their beneficial effects on sports performance. In contrast, other authors report no improvement in 
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endurance performance, following NO3- supplementation in highly trained athletes [18]. Nitric oxide 

deficiency has been implicated in several health problems, including mitochondrial disease, and this 

deficiency can be better remedied, with citrulline supplementation than with arginine [10]. 

1.4 Disease prevention and treatment  

Citrulline has been used as therapy for mitochondrial diseases, and it is important to note that this compound 

is well tolerated, unlike arginine supplementation [10], despite the fact that citrulline is a precursor of L-

arginine (itself a precursor of nitric oxide) [14;17]. In addition, effectiveness and benefits of L-citrulline 

administration have been proven as a therapeutic use for multiple diseases, however, its major application 

has been in athletes to increase their improvement during continuous physical activity. These diseases are 

triggered by overweight and obesity, therefore, in order to reduce weight, several hypocaloric diets have 

been proposed, which reduce weight in fat mass, preserving lean mass, as the restitution of muscle mass is 

very complicated. Leucine and citrulline are two amino acids that help preserve muscle function during 

restrictive diets. 

Recently, interest on non-essential plant-based amino acids (NPAA) has intensified, as they have been 

associated with health benefits, including antioxidant, cardioprotective and anti-inflammatory activities [17] 

(Table 2), and their incorporation into dietary supplements, and pharmacology has been investigated [4].  

In addition, citrulline has capacity to increase availability of arginine in the plasma, and later the synthesis 

of nitric oxide, performing in the process of vasodilation, blood flow, respiration of the mitochondria and 

oxidation of glucose [10], it has been suggested to be involved in physiological processes, where nitrogen 

transport occurs [4]. Citrulline is recognized as an amino acid with great contributions to cardio-metabolic 

health. Although, research continues to confirm the potential of this substance, not only as ergogenic on 

vascular function and physical performance, but also in the treatment of various diseases. 

Table 2. Function and effect of citrulline by system. 

Systems Function  Effect Reference  

Metabolism Increased glucose results 
in muscle vasodilation. 

Cellular activity increases 

Lipolysis is increased. 

Decreases insulin 
resistance. 
 
 
Energy synthesis is 
increased. 
 
Low body weight. 

[27;28] 
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Musculoskeletal Activates muscle 

synthesis. 

Muscle blood flow 

increases significantly. 

Muscle development. 

 

It anticipates catabolism. 

[5;7] 

Immunological It reduces the number of 

white blood cells 

circulating. 

The white blood cells look 

midway, in the face of 

endothelial damage. 

[31] 

Cardiovascular Synthesis of NO 

Arginine Synthesis 

Vasodilation. 

It lowers arterial stiffness. 

It lowers blood pressure. 

Prevents myocardial 

damage and endothelial 

dysfunction. 

Improve blood flow to the 

male member (helping to 

develop erections). 

[7; 16; 23; 25] 

Liver In the metabolism of urea. In the blood, it removes 

ammonia excess. 

[29] 

 

1.5 Citrulline and central nervous system   

The brain is made up of, among other things, astrocytes, which are cells responsible for detoxification of 

ammonia, by the amidation of glutamate to form glutamine. Presence of citrulline in the central nervous 

system (CNS) has been reported for more than 50 years, and it was thought that origin of citrulline was 

only hepatic, however, it was discovered over the years that this amino acid can be synthesized at the brain 

level. In the central nervous system (CNS), specifically, within the astrocytes, there is a key mechanism for 

regulation of excitatory neurotransmission in a normal way. This is evidence that citrulline is present in the 

central nervous system (CNS). In addition, presence of citrulline has been reported in neurons, microglia 

and oligodendrology, and it is suggested that this amino acid is involved in the physiology, and 

pathophysiology of the CNS [19]. 

 

1.6 Citrulline and cardiovascular disease 
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Cardiovascular diseases are result of heart and blood vessels disorders, due to: tobacco use, lack of physical 

exercise and poor diet [20]. Currently, this type of disease is increasing at an alarming rate. According to 

the global forecast for 2030, it is estimated that 23.6 million people will die from these diseases [21]. The 

first risk factor for cardiovascular disease is hypertension, which can trigger myocardial infarction, vascular 

accidents and even death. For treatment of hypertension, use of L-citrulline alone or in combination with 

L-arginine has been suggested for increase of plasma nitric oxide. However, in other qualitative and 

quantitative studies where L-citrulline is supplemented, overall, no significant effect on aortic systolic and 

aortic diastolic blood pressure was found. In order to promote the effectiveness of citrulline and obtain its 

benefits, physical activity is important, and further research and clinical trials are needed to confirm these 

effects [21]. For proper endothelial health, proper NO production is needed. When this production decreases, 

low density lipoprotein (LDL) oxidation increases and plaques form in the arteries, which trigger the 

development of cardiovascular disease [16]. 

On the other hand, it has been observed that citrulline, added to nutritional supplements, can help the blood 

flow in the male reproductive system, benefiting the impulse of erections [22;23]. The control of erectile 

dysfunction and subjective improvement in sexual relations, are some of the benefits that have been 

observed when administering this amino acid, proposing itself as a more natural alternative for those who 

suffer from mild or moderate dysfunction [24;25]. 

 

1.7 Citrulline and Diabetes Mellitus  

Diabetes is a disease that occurs when pancreas is not producing enough insulin, or when the body cannot 

effectively use the insulin that it is producing. There are 3 types of diabetes: type 1, type 2, and gestational 

diabetes, where the main problem is hyperglycaemia (increased blood glucose), which occurs when the 

disease is not controlled [26]. This metabolic disease is one of the leading causes of death in most countries. 

In 2015, the International Diabetes Federation mentioned that 8.8% of adults between 20 and 79 years of 

age suffered from this disease, and they state that by 2040 these data will increase to 10.4%, which is 

alarming, since diabetes brings with it both micro and macro vascular conditions, when patients are in 

chronic hyperglycemia [27]. Hyperglycemia produces some compounds that cause inflammation, chronic 

stimulating cytokines such as TNF-a are secreted, and over expressed in fatty and muscular tissue, giving 

a resistance to insulin. It has been mentioned that decrease of NO, affects both directly and indirectly the 

metabolism of skeletal muscle, and insulin resistance will develop. Some reports mention that citrulline can 

significantly decrease the cytokines responsible for inflammation, and also increase anti-inflammatory 

cytokines [28], this being the main reason why citrulline supplementation is believed to bring benefits in 
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diabetes [17], by increasing insulin signaling, thus improving oxidative stress, glucose tolerance, and lipid 

metabolism to prevent mitochondrial deterioration [17;28]. 

A meta-analysis on diabetes mentions that citrulline and watermelon extract supplementation have an 

antioxidant and anti-inflammatory effect. In some analyzed articles, where different metabolic variables 

related to diabetes were evaluated, it was found that supplementation offered various benefits in patients 

with diabetes, including: reduction of inflammation, improvement of glycemic status with hypolipidemic, 

and antioxidant effect [17]. On the other hand, diabetes has been associated with the risk of suffering 

cardiovascular diseases (CVD), such as hypercholesterolemia, hypertension and even activating 

inflammation, and it has been mentioned that with very low levels of citrulline, production of NO by the 

endothelium will decrease in patients with diabetes mellitus (apparently physically healthy) [16]. However, 

more studies are needed to establish the role of citrulline in patients with diabetes, as well as to determine 

optimal doses of citrulline for this condition. 

 

1.8 Citrulline and liver diseases  

The disease known as non-alcoholic fatty liver (NAFLD), is characterized by an accumulation of 5-10% of 

lipids in the liver tissue, without chronic alcohol consumption, viral infection, or other specific liver disease 

conditions. It has been reported that, 20% of patients with NASH, may have progressive liver fibrosis, 

leading to liver cirrhosis and hepatocellular carcinoma [28]. This disease is associated with obesity, insulin 

resistance, hypertension, dyslipidemias, and metabolic syndrome NASH which begins with steatosis, where 

a liver lesion is observed, and a series of inflammatory reactions and lobular bulging begins, which, if not 

treated in a timely manner, can lead to cirrhosis (irreversible disease) [29].   

The rate of inflammation, liver elasticity, and changes in an ecogenesis are some of the effects sought to be 

tested, using pancreatic enzymes in patients with NASH disease. Thus, in one study, 2 g/day were 

administered to newly diagnosed patients with NASH, without any previous treatment, significant changes 

in activity (TNF-a) (a marker of chronic inflammation) were observed. In addition to a relevant decrease 

in hepatic steatosis. However, more evidence is lacking to determine the maximum doses of the amino acid, 

which can be supplemented to patients [28]. 

 

1.9 Citrulline and exercise performance  

Recently, people's physical activity has increased, as it has been shown that regular exercise contributes to 

maintaining good physical health, and preventing disease [20]. In addition, the sports culture aims to 

develop athletes with greater mental and physical endurance, which is why the demand for ergogenic 

supplements has increased. Secondly, these supplements are intended to improve emotional stress [7]. 
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Development of nutritional supplements, that help to improve individuals' exercise performance, delay 

fatigue, or enable early recovery, must be within the legal framework [5]. Since during physical exercise, 

there are hormones that accelerate fatigue such as cortisol, lactate, ammonia, etc., supplements are intended 

to reduce the levels of these compounds (e.g. lactate) [7]. Lactate is an indicator of physical exhaustion, 

since during exercise it increases the amounts of hydrogen ions, this due to the accumulation of lactic acid. 

Citrulline activates muscle fatigue, by decreasing ammonia, promoting NO production, and increasing 

blood oxygenation [30]. It has also been reported that L-citrulline from watermelon is necessary to suppress 

activation of phosphofructokinase (PFK), and the enzyme of the glycolytic system, inhibiting the re-

synthesis of adenosine triphosphate (ATP) [7]. Citrulline supplementation increases concentration of l-

arginine more than when pure l-arginine is administered. However, excess of l-arginine generates a rapid 

production of nitric oxide (NO), which can cause gastrointestinal discomfort such as nausea and diarrhea 

[31]. 

Branched-chain amino acids (BCAAs) have been reported to help relieve post-training fatigue [32], and 

this is another application of citrulline in sports practice, as it decreases muscle pain [10]. Arginine and NO 

levels increase thanks to citrulline, therefore, more blood flows through the muscle, which increases the 

transfer of oxygen and nutrients, providing more muscle energy, and ammonia is eliminated from the body 

[5]. In addition, glucose uptake, contractility, blood flow and muscle repair are increased, thus benefiting 

sports activity [14]. On the other hand, it has been reported that women may have a greater response to 

citrulline malate (CM) supplementation, because women produce more estrogen, which regulates NO 

production [14]. 

Citrulline malate (CM) is the combination of citrulline with malic acid (malate), this mixture is part of 

certain chemical reactions useful for energy (ATP) production [33], therefore, it helps those people who in 

addition to improving their muscle composition, seek to replenish strength (more energy) in their day to 

day activity [34]. CM supplementation has been proposed to improve sports performance, since it reduces 

muscle fatigue, CM being an intermediate in the tricarboxylic acid (TCA) cycle, and when consumed, it 

improves muscle energy production and therefore physical performance. The administration of 6 g during 

15 days increases up to 20% recovery of creatine phosphate post training, controlling 40% of the sensation 

of fatigue or muscular pain, and increasing 34% production of adenosine triphosphate (ATP) [5]. 

In watermelon pulp juice, there are bioactive metabolites in addition to citrulline, which have a synergistic 

interaction with other amino acids, carotenoids, micronutrients and antioxidant enzymes, and can be used 

during production of ATP (energy), which can be used during exercise, and after training can speed up the 

recovery process. This increase production of NO, which in turn increases blood flow, that causes 

vasodilation and increased blood perfusion, thus, eliminating more toxic metabolites, such as lactate and 
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ammonia [7]. Oral consumption of citrulline and arginine mixture, has been shown to increase the 

concentration of arginine in plasma more effectively, and efficiently than if either of these compounds were 

supplied separately. Administering citrulline and arginine mixture (1:1) at a dose of 2.4 g/day for one-week, 

improved perception of "legs muscle pain" and "ease of pedaling" during an ergometry test [18]. 

 

1.10 Sources of citrulline  

Citrulline is a free amino acid found in plants of the Cucurbitaceae family, among which watermelon stands 

out [17; 35], but, it has also been identified, although in smaller quantities, in pumpkin, melon, cucumber, 

and other agricultural commodities such as: almond, cocoa (dark chocolate), chickpea, garlic, onion, nuts, 

peanuts, mushrooms, in aquaculture products such as salmon and even in certain fermented foods and 

beverages, such as: soybean, wine [30], meat, fish and vegetables [35].   

 

1.11 Citrulline supplements  

Citrulline is considered as a drug-nutrient for the human organism, since it may be able to transform itself 

into other compounds [35]. In Table 3, different supplements available in the market are shown. 

Table 3. Different citrulline products 

Product name Attributes Price, company name (city, state 

and country where it is located) 

Amazing Formulas L-

Citrulina 750 mg 90 tablets 

-Excellent cardiovascular and 

circulatory support. 

- Helps reduce fatigue and 

promotes endurance. 

- Promotes sexual health. 

- Increases physical endurance.  

$1,139.00 MXN Amazing 

nutrition Jersy City, Nueva York, 

U.S.A. 

Nutricost L-Citrulline 600 

mg, 195 scoops.  

-Increases physical endurance.  US $27.99 Simaro Nutricost, 

Vineyard, Utah. U.S.A. 

L- Citulline 120 mg Tablets -Support the extra force. 

-Aids in the function of the 

immune system. 

-Supports protein metabolism. 

-GMP certified, vegan/vegetarian. 

US $18.35 Now sports U.S.A. 
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The recommended doses for each objective have not been established, yet. However, studies are continuing. 

According to previously applied clinical trials, tentative amounts of citrulline ranging from 1 to 10 grams 

per day have been proposed [35]. The Mexican Supplements Guide proposed recommended doses for 

certain objectives, for cardiovascular health 6 to 10 g/day, sexual health 1.5 g/day, for increasing muscle 

mass, and for sports exercise performance 6 to 10 g/day.  

Information about the time of day when most absorption of the citrulline supplement is performed, is still 

lacking. For athletes, it is recommended that the intake is made 1 or 2 hours before physical exercise, and 

if the dose exceeds 1-1.5 grams, should be divided, until to complete the recommended daily grams. 

Supplements can be taken with food, since food will not affect citrulline absorption. In some supplements, 

the effects can be seen within a month or more of its consumption, however, in the case of citrulline, its 

effects have been reported since the first week of supplementation [33]. In addition, as with any dietary 

supplement, it is suggested that the product should be stored properly, tightly closed, in a cool place away 

from strong odors and sunlight. Its effectiveness may be preserved for up to two years after the date of 

manufacture [33]. 

 

1.12 Watermelon  

Watermelon [Citrullus lanatus Thunb. Matsum and Nakai] is the fruit with the highest amount of citrulline 

and is among the most important vegetable crops worldwide, its annual production reaching approximately 

118 million tons. This fruit is consumed for its great taste and nutritional content. It is primarily constituted 

of sugar, fiber, vitamin C, and minerals such as calcium, magnesium, potassium, sodium, zinc, etc. [36], 

lycopene and amino acids (citrulline and arginine) [37;38]. It is estimated that watermelon contains 0.7 and 

3.6 mg/g fresh weight [13] arginine and citrulline, respectively, and 40% more lycopene than raw tomato 

[17], other watermelon compounds are lutein and sucrose. Watermelon fruit presents a great diversity in 

terms of shape, size, color, texture, flavor, and nutritional composition [37]. However, its cropping can be 

affected by many environmental conditions such as temperature, heavy metals, soil salinity, drought, and 

pests or soil-borne pathogens [39], coupled with the fact that, it is composed of 95% water, which 

accelerates its deterioration [37;38]. In addition, at least 18 polyphenolic compounds have been reported in 

the watermelon's shell [34]. These compounds have anti-mutagenic properties that are directly related to 

cancer [40], or they promote cardiovascular health, during treatment of diabetes, etc., [41]. 

Watermelon contains large amounts of L-citrulline [31]. Although it has been reported that in watermelon, 

L-citrulline is found in seeds, leaves, xylem and phloem sap, fruit pulp and shell, although, most of this 

amino acid is observed in the shell on a dry weight basis [30]. Several authors mentioned that amount of 
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citrulline in watermelon, is increased progressively as the fruit approaches its maturity, and then, decrease 

after ripening, and this does not depend on the used watermelon cultivar [30], while the red fleshed 

watermelon has 16 mg / 100 g. It has also been reported that citrulline levels increase in the plant under 

abiotic stress conditions [4]. Watermelon chemicals have been reported to improve exercise performance 

when are orally supplied [7].  

 

1.12 Food applications  

Watermelon citrulline has been reported as an ergogenic compound [31], since it helps to improve 

performance during exercise, and it is in greater amount in watermelon shell. At industrial level, citrulline 

is produced using microbial strains. However, this amino acid is produced naturally and in large quantities 

in watermelon. From one ton of watermelon pulp and rind, 19 kg of citrulline was extracted, which makes 

this process economically viable [30]. In addition, watermelon rind is characterized by its high dietary fiber 

content, a compound used for treatment and prevention of chronic diseases [42] and bioactive compounds, 

that is why, it has been proposed for incorporation in products mainly of bakery, as substitute of flours [41], 

including in these foods also pectins [43]. In addition, flour from watermelon shell has a low energy value, 

and could help to reduce fatigue and tiredness after physical effort, and improve the cardiovascular system 

[41]. 

It has been reported that watermelon shell contains large amounts of total phenolic compounds, which are 

powerful antioxidants. This is why its incorporation into foods could be a very promising application, 

generating foods rich in natural dietary fiber, with better final product, in terms of its organoleptic 

characteristics (color, flavor, texture, aroma), with higher nutritional quality and low energy inputs [44]. In 

some countries, the lack of organization in the dates of sowing watermelon, lead to harvest concentration 

in a short time of the year, which causes that much fruit is not harvested because it is not affordable, and 

watermelon is lost [45], also in most cases, only fruit pulp is utilized, and shell or bark is only used in some 

cases as livestock feed and mostly only thrown into the environment as waste, causing serious ecological 

problems of pests, and pollution, therefore use of watermelon shells during food development is a great 

alternative. 

There are companies that aim to develop new foods which include improvements in its nutritional quality. 

According to this, in most cases, plant extracts are incorporated into foods, since these compounds have 

powerful antioxidant activity [46] and anti-cancer [47] effects, so their incorporation provides added value 

with health benefits. However, the recommended doses of its bioactive compounds in food to provide the 

desired functionality are still unknown. Therefore, it is important to establish the appropriate food 
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formulations to meet the desired functionality, which leads to the design of foods with different proportions 

of their active ingredients. 

 

1.13 Healthy eating  

Consumers' food choices have changed over the years. Nowadays, the choice of their food is based on the 

dietary preferences of each individual, as they look for low-calorie foods which may provide an extra health 

benefit, so the food industry has created a trend towards healthy food consumption [48]. 

The Codex Alimentarius defines a food as a substance prepared for human consumption from the time it is 

manufactured, prepared or treated on the food and mentions that a healthy diet protects against malnutrition, 

and a range of chronic and degenerative diseases [49]. Over the years, life style has accelerated and habits 

have been modified, including food, increasing consumption of industrialized products, high-calorie fast 

food, but in addition, without a great nutritional contribution, because its composition includes saturated 

fats, free sugars, sodium, etc. [49]. The consumption of this type of food is greater in some regions where 

"snack" is consumed, since it is a food for daily consumption due to its practicality, and can be consumed 

at any time of the day [50]. In addition, if vegetables and fruits are included daily, the risk of chronic 

diseases will be reduced [42]. 

The food industry has developed functional foods, which are classified as substances that have a basic 

nutritional value, but also provide an extra health benefit. The European Food Safety Authority requires 

that if any food is declared as functional, it must have an accepted scientific basis and justification. 

Therefore, evaluation of a food for the identification of the bioactive compound is important. However, 

many foods claimed to be functional do not have studies that validate their functionality and safety. In 

addition, there is no institution that regulates and determines the appropriate dosage, efficacy, and 

bioavailability of the active ingredient of each functional food, deliberately allowing the sale of foods with 

these characteristics. These foods are known as dietary supplements, and excessive consumption of some 

of them is associated with hepatocellular lesions and high levels of transaminases, about certain untested 

products [51]. 

1.15 Incorporation of citrulline during development of functional foods and supplements 

The selection of foods by consumers has changed over the years, they generally choose them based on their 

dietary preferences, number of calories, and benefits that they provide for health. Therefore, the food 

industry maintains a trend in the development of healthy foods [48]. Accordingly, citrulline isolated from 

agro-industrial residues of plants has the potential to formulate functional foods or food supplements. 
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Consequently, countries producing C. lanatus such as Mexico could take advantage of plant material for its 

preparation, since C. lanatus is a promising specie because it is the most studied to recover this precious 

amino acid. 

 

The citrulline content that developed foods or supplements should contain is still unknown. For that reason, 

food formulations must be established to fulfill the desired function. Therefore, it is proposed to prepare 

the product with the functional doses of synthetic citrulline established in previous studies. Since according 

to clinical trials to evaluate the biological activities of citrulline, the amino acid has a dose-effect of 1 to 10 

grams per day [35] In Table 4 is showed the recommended daily doses of citrulline to improve some health 

conditions. 

 

Table 4. Recommended daily doses to improve some health conditions. 

Property Doses 
g / day 

Reference 

Cardiovascular health 6 to 10 [18;36;52]. 

Improve erectile function 
Sexual health 

1.5 [2;23;53]. 

Increase muscle mass and 
improve athletic performance 

1-8 [4;22;23;27;28;38]. 

Hypoglycemic treatment in 
Diabetes mellitus II 

1 [16;54;55]. 

 

Athletes should ingest citrulline in divided doses 1 to 2 hours before physical exercise to complete daily 

requirements.  In addition, the effects of citrulline are manifested from the first week of consumption [33] 

Consumption of the amino acid is considered safe but should not be consumed for more than six months 

without medical supervision [56]. 

 

Information on the incorporation of citrulline in food is scarce. Although, some researchers propose its 

incorporation as a substitute for flour in bakery products [41], while others incorporate C. lanatus husk 

flour. Since it has a low energy value, and due to its citrulline content, it can reduce fatigue after physical 

effort and improve the cardiovascular system [41]. Alternatively, development of food supplements should 

include storage tests that have conditions such as a cool and dry place free of unpleasant odors and sunlight 

to keep it in excellent condition [33]. Besides, it is necessary to evaluate its effectiveness for two years after 

the date of manufacture. 
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     According to the Codex Alimentarius, a healthy diet protects from both, malnutrition and a variety of 

chronic and degenerative diseases WHO [49]. Therefore, development of a "Snack" containing citrulline 

from C. lanatus could be promising, given that this type of food has a high daily consumption due to its 

practicality [50]. Since, intake in the daily diet of plant derivatives reduces risk of chronic diseases [51;45]. 

As well, the European Food Safety authority declares it a functional food, the product developed with a 

scientific basis. As a result, evaluating food composition, its biological activities, and the reduction of the 

risk to a disease is important.  However, in Mexico, many food products affirm their functionality without 

having studies validate their function and safety. Consequently, their study represents an area of opportunity 

to investigate since currently, no institution regulates the adequate dose, efficacy, and bioavailability of the 

active ingredient of each functional food. 

 

2. Conclusion  

Citrulline is an amino acid, to which they have been attributed different health benefits and has been 

proposed to treat diseases such as diabetes mellitus, liver disease, heart disease, CNS and even cancer. 

Among the positive effects of the administration of this compound are: decreases insulin resistance, body 

weight, arterial rigidity, blood pressure, thus increasing energy synthesis, muscle mass, vasodilation, blood 

flow, and eliminating ammonia excess, besides being known as a natural Viagra. Currently, citrulline is 

added to dietary supplements, and most of the one used for this purpose is synthesized chemically or from 

microbiological origin. Citrulline is used as a sport ergogenic, because of its benefits in sports performance. 

However, watermelon is rich in citrulline, which offers the advantage that, it is of natural origin and could 

be used for development of functional foods, which is undoubtedly an excellent proposal, since it would be 

taking full advantage of natural resources that were considered agro-industrial waste (shells), and 

minimizing environmental pollution.   
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